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Abstract Acute myeloid leukemia occurs rarely during pregnancy. When it is diagnosed remote
from term, treatment in the form of daunorubicin plus cytarabine induction with
consolidative cytarabine is typically undertaken after the first trimester. There is little
data to guide fetal monitoring, in particular, whether and how often middle cerebral
artery peak systolic velocity (MCA PSV) should be measured to screen for fetal anemia.
Cytarabine may be particularly myelosuppressive to the fetus, but information
pertaining to the management of this complication is also lacking in published
literature. To our knowledge, we present the first case of presumed severe fetal
anemia related to in utero exposure to chemotherapy that wasmanaged conservatively
with close sonographic monitoring, including serial measurement of MCA PSV. This
case suggests that in the absence of hydrops fetalis or other signs of fetal decompen-
sation, expectant management with ultrasound twice weekly, including MCA PSV, is
appropriate. Ultrasounds may be decreased to weekly when MCA PSV does not suggest
fetal anemia. Screening for fetal anemia can provide helpful information to guide the
timing of chemotherapy administration and delivery.

Key Points
• Chemotherapy for acute myeloid leukemia can cause fetal anemia.
• Fetal MCA PSV can be used to safely and effectively screen for fetal anemia.
• Observation of fetal anemia due to chemotherapy is reasonable, in the absence of hydrops.
• Monitoring of fetal MCA PSV can help guide timing of chemotherapy and delivery.
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Leukemia affects approximately one in 75,000 to one in
100,000 pregnancies, the majority of which are acute
leukemia. Approximately two-thirds of these are acute
myeloid leukemia (AML).1 Standard induction chemother-
apy generally consists of daunorubicin plus cytarabine on
a 7þ3 schedule with high-dose cytarabine and/or
hematopoietic stem cell transplant (HSCT) consolidative
therapy.1–3 Although cytotoxic therapy in the second and
third trimesters has been associated with intrauterine
growth restriction, intrauterine fetal demise, and neonatal
myelosuppression, treatment delays may pose unaccept-
able risks to the mother.1,2 Therefore, balancing the
anticipated impacts of in utero exposure to cytotoxic
drugs with risks of prematurity, chemotherapy during
pregnancy is generally undertaken if AML is diagnosed
remote from term.1,4

Given the rarity of the diagnosis and treatment of AML
during pregnancy, standards for fetalmonitoring are not well
established. The British Society for Haematology recom-
mends ultrasounds every 2 weeks to assess fetal growth
and well-being.1

However, in utero exposure to cytarabine may pose an
additional risk of fetal and neonatal anemia. While anthracy-
clines, such as daunorubicin, are thought to have limited
placental transfer (5–7% in primate studies),5 cytarabine has
wide tissue distribution and may have significantly higher
placental transfer (22.6% in mouse studies).6 Cytarabine is an
antimetabolite and is associated with prolonged myelosup-
pression.7Parrott andHollanddescribed two cases of neonatal
anemia suspected antenatally based on abnormal or border-
line middle cerebral artery peak systolic velocity (MCA PSV)
after in utero exposure to cytarabine.2

Measurement of the fetal MCA PSV is a highly sensitive
test for moderate-to-severe fetal anemia.8 MCA PSV greater
than 1.5multiples of themedian (MoM) has been reported to
have up to 100% sensitivity for moderate-to-severe anemia,
with a false positive rate of 12%.8 In a review article in the
European Journal of Haematology, Thomas recommends
screening for fetal anemia before and after chemotherapy.9

In the case series by Parrott and Holland, MCA PSV was
measured weekly.2

It is not clear how suspected fetal anemia should be
managed. In the aforementioned case series by Parrott and
Holland, both cases were delivered emergently for abnormal
fetal heart rate shortly afterMCA PSV became abnormal.2We
found only one case report in the published literature of
intrauterine transfusion (IUT) performed in the context of
chemotherapy-induced fetal anemia. In that case, the
authors described finding sonographic evidence of fetal
ascites and anemia.10 The potential benefits of treating fetal
anemiawith IUTmust beweighed against procedure-related
fetal loss, where rates have been reported in the range of 0.9
to 4.9% per IUT.11

As neonates exposed to maternal chemotherapy may be
pancytopenic, it could be anticipated that a fetus with
chemotherapy-induced anemiamight be thrombocytopenic.
Neonates who have been exposed to in utero chemotherapy
are at highest risk of myelosuppression in the first 28 days

after administration of chemotherapy.12 Udink Ten Cate et al
described a case in which a 33-week baby was delivered
1 week after chemotherapy due to premature prelabor
rupture of membranes and maternal bacteremia. The neo-
nate required platelet transfusion.13 Thrombocytopenia
could increase the risk of complications from IUT, specifically
significant bleeding from the venipuncture site.

Furthermore, the fetus would be expected to undergo
bonemarrow recovery as themother does, and therefore, the
anemiawould also be expected resolve. However, depending
on gestational age and comorbidities (i.e., prematurity),
the degree of anemia and time to recovery would be variable
and could have significant clinical implications. To our
knowledge, we present the first published case of conserva-
tive management of presumed chemotherapy-induced se-
vere fetal anemia.

Case Report

A 23-year-old G1P0 was diagnosed incidentally with AML on
routine prenatal bloodwork. Routine complete blood count
(CBC) at 14 weeks and 0 days gestation (based on first
trimester ultrasound dating) revealed hemoglobin 113 g/L,
mean corpuscular volume 99.1 fL, white blood cells
16.2�109/L, neutrophils 13.0�109/L, monocytes
0.13�109/L, circulating blasts 1.95�109/L with Auer rods
present, and platelets 119�109/L. The patient had only
noted recent mild nausea and fatigue, thought to be consis-
tent with early pregnancy. Her past medical history was
remarkable for mild asthma and a history of pyelonephritis
1 year prior to presentation. Her onlymedications or supple-
ments were prenatal vitamin and an iron supplement.

Bone marrow aspirate and biopsy revealed AML, with
karyotype showing somaticmonosomy X and between 2 and
23 double minute chromosomes. Fluorescence in situ hy-
bridization showed MYC amplification of 83%, likely origi-
nating from the double minute chromosomes. Myeloid gene
panel demonstrated an EZH2 mutation with a variant allele
frequency of 86%.

The patient was admitted to an inpatient leukemia unit
where she received standard 7þ3 cytarabine 100mg/m2 and
daunorubicin 60mg/m2 starting at 14 weeks and 6 days.
During her admission, she developed a left lower molar
dental infection with pericoronitis and culture-negative
febrile neutropenia. This was treated with meropenem,
cefuroxime, and metronidazole until tooth extraction was
completed. Amphotericin B liposomal formulation was used
for fungal prophylaxis, given the known teratogenic risks
associated with azoles.

Subsequent bonemarrow biopsy demonstrated less than 5%
blasts, consistentwithacomplete remission.Giventhehigh-risk
cytogenetic and molecular features, consolidative HSCT was
planned, although the decision was made to delay HSCT until
after delivery, if feasible. Bridging consolidative therapy with
intermediate-dose cytarabine (1000mg/m2 intravenously daily
�5 days) was therefore initiated at 20 weeks gestation.

Regular assessment of MCA PSV was started at 18 weeks
gestation. Screening for fetal anemia is not typically done
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prior to 18 weeks because IUT generally cannot be techni-
cally completed at earlier gestations. At 18 weeks and 6 days,
the MCA PSV was 1.91MoM (> 1.5 MoM is suggestive of
moderate-severe anemia). The fetus was otherwise normally
grownwith normal anatomic assessment. The amniotic fluid
volume was normal and there were no signs of hydrops
fetalis. We decided to proceed with close monitoring, with a
plan to reconsider IUT if the fetus started to show signs of
decompensation (e.g., hydrops fetalis, cardiomegaly).

We repeated ultrasounds, including MCA PSV, twice per
week while the MCA PSV was greater than 1.5 MoM. The
fetus never became hydropic. We specifically monitored for
the evidence of intracranial hemorrhage, which was never
noted. Once the MCA PSV normalized, we reverted to once
weekly ultrasound. The patient had fetal nonstress tests daily
while admitted to hospital and twice per week while an
outpatient.

Subsequent cycles of chemotherapy were delayed, within
the limits of what was felt to be clinically acceptable, to allow
for fetal bone marrow recovery. The patient received a total
of two cycles of intermediate dose cytarabine at 20 weeks
and 3 days and 26 weeks and 0 days.

As shown in ►Fig. 1, MCA PSV increased predictably
following each administration of chemotherapy, but normal-
izedwithin 5weeks. It should be noted that normalization of

fetal MCA PSV was preceded by normalization of maternal
white blood cell count after each cycle of chemotherapy.

Delivery was organized for approximately 32 weeks ges-
tation, allowing 6 weeks for maternal and fetal bone marrow
to recover after the last cycle of chemotherapy prior to
delivery. We decided to deliver prematurely rather than
pursue another cycle of consolidation chemotherapy, to
expedite definitive maternal treatment with HSCT.

The patient received two doses of intramuscular betame-
thasone for fetal lung maturity at 31 weeks gestation. She
was admitted to hospital at 31weeks and 4 days and received
cervical ripening in the form of an intravaginal dinoprostone
insert over 48hours, transcervical foley catheter over
24 hours, and two doses of intravaginal dinoprostone gel
before commencing oxytocin induction of labor with intra-
venous magnesium for fetal neuroprotection. She had a
spontaneous vaginal delivery of a female infant weighing
1,770 g (50th percentile) at 32 weeks and 1 day gestational
age. One minute of delayed cord clamping was performed.

The infant’s Apgar scores were 5 at 1minute, 8 at
5minutes, and 9 at 10minutes. She required 2minutes of
intermittent positive pressure ventilation and was then
transitioned to continuous positive pressure ventilation.
Initial CBC revealed a slightly low hemoglobin at 131 g/L,
white blood cells 14.7�109/L with neutrophils 7.109/L, and

Fig. 1 Fetal middle cerebral artery peak systolic velocity in relation to gestational age and chemotherapy.
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platelets 306�109/L. Blood cultureswere negative. No trans-
fusions were required during her admission to the neonatal
intensive care unit. Neonatal echocardiogramwasperformed
due to theoretical potential for cardiomyopathy related to
daunorubicin exposure. Echocardiogram showed normal
structure and function; a repeat scan is planned in 1 year.

The infant remained neurologically appropriate through
her admission. Head ultrasound performed on day of life 10
revealed nonspecific periventricular white matter changes.
Magnetic resonance imaging of the head was performed at
term, revealing periventricular white matter T1 hyperin-
tense foci without restricted diffusion, consistent with non-
specific sequelae of whitematter injury. Clinical neurological
examination at 1 month corrected age was within normal
limits and follow-up continues.

The patient went on to receive a myeloablative allogenic
HSCT from a 10/10 human leukocyte antigen allele-matched
unrelated male donor. Conditioning chemotherapy was with
intravenous busulfan and cyclophosphamide. The donor was
cytomegalovirus (CMV) nonreactive and the recipient was
CMV reactive. Her posttransplant coursewas complicated by
CMV reactivation, treated with valganciclovir, and grade 1
acute graft-versus-host disease of the skin, treated with
prednisone and basiliximab. Bone marrow aspirate and
biopsy at 100 days after transplant confirmed ongoing
complete remission. At 6 months postpartum, the patient
was otherwise clinically well without evidence of
recurrence.

Comment

In utero exposure to chemotherapy for AML has been asso-
ciated with fetal anemia, and recent publications advocate
for regular screeningwithMCA PSV.1,2,4,9Wehave presented
a case of presumed severe fetal anemia, diagnosed on the
basis of persistent and significant elevations of the MCA PSV
above 1.5 MoM, which was managed conservatively. Operat-
ing under the assumption that fetal myelosuppressionwould
be a self-limited reaction to chemotherapy, and that proce-
dure-related risks would be increased due to fetal thrombo-
cytopenia, we endeavored to closelymonitor for signs of fetal
decompensation, rather than to offer IUT for severe fetal
anemia. After each cycle of chemotherapy, the MCA PSV
normalized, and we never observed evidence of hydrops
fetalis or intracranial hemorrhage. The infant was delivered
after the last normalization of MCA PSV; she required no
transfusions and had no infectious complications during her
admission.

Evidence of periventricular white matter injury was ob-
served in the infant. It is reassuring that the infant has been
neurologically appropriate. While it cannot be ruled out that
this finding is related to in utero chemotherapy, it is a known
complication of preterm birth.

Other remaining questions include the ideal frequency of
fetal monitoring, including ultrasounds and nonstress tests,
and the value of screening for anthracycline-induced
cardiomyopathy.

While further evidence is required to provide strong
guidance about the management of fetal anemia in the
context ofmaternal AML treatment, this case report suggests
that conservative management with close sonographic ob-
servation is reasonable, as long as there are no signs of
hydrops fetalis or fetal decompensation. If such signs had
presented, we would have pursued IUT or delivery, depend-
ing on gestational age.

Monitoring of MCA PSV can be used to time subsequent
cycles of chemotherapy. Close collaboration between mater-
nal-fetal medicine and hematology was crucial to coordinate
modifications to the patient’s chemotherapy schedule. Cycles
of consolidative cytarabine were given approximately
6 weeks after the previous cycle. This allowed for the severe
fetal anemia to resolve, and was felt to be a reasonable
compromise that would not unduly affect maternal
treatment.

Furthermore, while the incidence of neonatal cytopenias
is low when delivery occurs more than 29 days after chemo-
therapy in general,12 there are theoretical concerns that
cytarabine may be particularly associated with increased
incidence and duration of fetal myelosuppression.2 In our
case,MCA PSVwas still elevated above 1.5MoM4weeks after
chemotherapy, and remained elevated beyond normaliza-
tion of maternal cell counts. Regular monitoring of MCA PSV
allowed us to ensure fetal bone marrow recovery prior to
delivery.
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