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Hydroxyurea Exposure in Lactation: a Pharmacokinetics Study (HELPS)

Russell E. Ware, MD, PhD1,2,3, Anu Marahatta, PhD1, Julie L. Ware, MD, MPH4, Kathryn McElhinney, BS1, Min Dong, PhD3,5,

and Alexander A. Vinks, PhD, PharmD3,5

Lactation is contraindicated for women with sickle cell anemia receiving hydroxyurea therapy, despite sparse phar-
macokinetics data. In 16 women who were lactating volunteers, we documented hydroxyurea transferred into
breastmilk with a relative infant dosage of 3.4%, which is below the recommended 5%-10% safety threshold.
Breastfeeding should be permitted for women taking daily oral hydroxyurea. (J Pediatr 2020;222:236-9).
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reastfeeding is considered to be a public health imper-
ative due to the many beneficial health outcomes for
both mothers and infants. The American Academy of

Pediatrics recommends exclusive breastfeeding for about
6 months, followed by breastfeeding continuation for at least
1 year.1 Among the reasons that limit breastfeeding initiation
and continuation rates, a relatively neglected one is the use of
maternal medications listed as lactation contraindications,
due to potential or proven risks to the infant.2 Pediatricians
have a responsibility to assist mothers with questions about
the safety ofmedications prescribed for their own health while
supporting their desire to breastfeed. Published resources
such as LactMed3 and “Medications and Mother’s Milk”4

can assist pediatricians in assessing the possible effects of
maternal medications on the nursing infant, but many drugs
have not been adequately tested in the setting of lactation.

Hydroxyurea is the primary Food and Drug
Administration–and European Medicines Agency–
approved therapy for sickle cell anemia (SCA), with
evidence-based guidelines recommending treatment for
both adults and children as early as 9 months of age.5,6 As a
ribonucleotide reductase inhibitor with potential teratogenic
and mutagenic effects,7 package inserts for hydroxyurea list
pregnancy and lactation as formal treatment contraindica-
tions.8 However, because women with SCA have a high risk
of morbidity and mortality during pregnancy and post-
partum,9-12 withholding effective disease-modifying treat-
ment could harm both mothers and their babies.

One 1987 case report documented transfer of hydroxyurea
into human breastmilk, describing a mother who was
lactating with chronic myelogenous leukemia.13 She received
hydroxyurea 500 mg orally 3 times daily, and measurements
2 hours after the last dose detected hydroxyurea in the breast-
milk. Total infant exposure through breastfeeding was
�3-4 mg/day, representing <1% of the mother’s daily dose,
but the authors recommended that lactating mothers
receiving hydroxyurea should not breastfeed their infants.13
PK Pharmacokinetics

RID Relative infant dosage

SCA Sickle cell anemia
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We recently confirmed hydroxyurea transfer into breastmilk
of a lactating mother with SCA, ranging from 4 to 20 mg/mL
several hours after her daily dose.14

Recognizing that many young women with SCA now
receive hydroxyurea treatment during child-bearing years,
additional data are needed to understand potential risks of
hydroxyurea exposure during lactation. HELPS (Hydoxyurea
Exposure in Lactation: a Pharmacokinetics Study;
NCT02990598) was designed to address knowledge gaps in
lactating healthy volunteers or patients with SCA; the objec-
tives were to obtain blood, urine, and breastmilk samples
for pharmacokinetics (PK) analysis using scheduled collec-
tions; calculate distribution ratios for hydroxyurea across
biological compartments, especially plasma to milk; and
create hydroxyurea PK profiles to estimate potential infant
drug exposure.

Methods

Adult female volunteers were recruited for single-dose PK
analysis, receiving 1000 mg (�15-20 mg/kg) as a one-time
oral dose, with no food for 2 hours before or 1 hour after
drug administration. Baseline blood, urine, and breastmilk
samples were obtained before dosing and then using a frequent
collection schedule: blood collection at 15, 30, 60, 120, 180,
240, 360, 480, 540, 720, and 1440 minutes after dosing; breast-
milk on the same schedule minus the 15-minute sample, and
urine minus the 15-minute and 30-minute time points. Subse-
quently a 3-hour schedule to mimic physiological feeding was
used for blood, urine, and breastmilk collection. At each time
point including the baseline, blood was collected for plasma
analysis, all available urine was collected, and both breasts
were emptied entirely as recommended,15 using a Symphony
OH; Center for Breastfeeding Medicine, and Division of Clinical Pharmacology,
Cincinnati Children’s Hospital, Cincinnati, OH

Supported by the Cincinnati Children’s Research Foundation. R.W. has received
hydroxyurea donations from Bristol-Myers Squibb and Addmedica for use in other
clinical trials, and serves on the Advisory Board for Global Blood Therapeutics,
Agios, and Nova Laboratories. The authors declare no conflicts of interest.

0022-3476/$ - see front matter. ª 2020 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jpeds.2020.02.002

https://doi.org/10.1016/j.jpeds.2020.02.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpeds.2020.02.002&domain=pdf


Figure. Hydroxyurea concentration time profiles in plasma
(black lines) and breastmilk (gray lines) in human volunteers.A,
Average PK curves for the first 11 healthy volunteer study
participants. Hydroxyurea was detected in breastmilk within
30 minutes, with an average peak concentration of 10-15 mg/
mL at 1-3 hours, and remained at 80%-90%of corresponding
plasma concentrations, consistent with rapid equilibration
between plasma and milk compartments. A small amount of
hydroxyurea (<3 mg/mL) was detected in the breastmilk
12 hours after the dose, but none at 24 hours.B, PK curves on
3 additional healthy volunteers conducted using a more
physiologically relevant 3-hour collection schedule, with lower
peak concentrations reflecting plasma drug excretion without
accumulation in the breastmilk. C, PK curves in breastmilk for
2 mothers with SCA and 3 normal volunteers, with no signifi-
cant differences observed.
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hospital-grade double electric breast pump (Medela, Mc-
Henry, Illinois) and hands-on pumping technique. This
breastmilk collection schedule exceeds 6 time points suggested
for accurate milk PK analysis.15

Hydroxyurea concentrations were measured by validated
high-performance liquid chromatography assay, with methyl-
urea internal standard, sensitivity to 0.5 mg/mL, and intraday
and interday variability <10%.14 Data were analyzed to deter-
mine milk:plasma distribution ratios, and noncompartmental
PK analysis was conducted (WinNonlin Version 4.0.1; Phar-
sight Corporation, Palo Alto, California) using a weighted
least-squares algorithm as described.16,17 Parameter estimates
included maximal concentration, time to maximal concentra-
tion, total body clearance, volume of distribution, elimination
half-life, mean residence time, and area under the curve.

The daily hydroxyurea intake in breastfed infants was
estimated as follows: infant’s daily dose =

P

(Cavg_milk� Volmilk), where Cavg_milk is the estimated average
hydroxyurea concentrations in breastmilk during each
scheduled breastfeeding time (every 2 or 3 hours) and Volmilk

is the ingested milk volume per feeding, based on an average
150 mL/kg/d.17 Relative infant dosage (RID) was calculated
per the World Health Organization Working Group on
Drugs and Human Lactation: RID = infant’s daily dosage
(mg/kg)/mother’s daily dosage (mg/kg).4,18,19

Results

Study Cohort
In total, 16 mothers who were lactating were enrolled: 14
healthy volunteers and 2 with SCA not taking daily hydroxy-
urea. There were 11 white and 5 black women with median
age of 32 years (range 27-40 years), median weight of
76.3 kg (range 48.8-115.9 kg), and median body mass index
of 26.0 kg/m2 (range 20.2-39.3 kg/m2). Study participants
were currently breastfeeding for a mean of 9 months, range
2-22 months.

Hydroxyurea PK Analysis
After oral administration, hydroxyurea was detected in the
plasma of the first 11 women who were lactating within 15-
30 minutes, and peak concentrations of 10-40 mg/mL were
measured 60-120 minutes after dosing (Figure, A).
Similarly, hydroxyurea was detected in the breastmilk
within 30 minutes, with measured concentrations 80%-
90% of corresponding plasma concentrations, consistent
with rapid equilibration between plasma and milk
compartments. A small amount of hydroxyurea was
detected in breastmilk 12 hours after the dose, but none at
24 hours. The Table provides a summary of hydroxyurea
PK parameters for the entire study cohort.

The amount of hydroxyurea transferred into the breast-
milk was calculated, based on the concentration at each
time point multiplied by the volume of milk at each collec-
tion. An average total of 2.2� 1.0 mg hydroxyurea was trans-
ferred into the breastmilk, including 1.2 mg in the first
3 hours, followed by 0.7 mg in the next 3 hours.
Delayed-Collection Schedule
Because natural breastfeeding does not occur at such
frequent intervals, a schedule of 3-hour collections was
then conducted on the next 5 women to mimic physiological
feeding. For 3 normal volunteers, peak concentrations at
3 hours were lower, reflecting rapid drug excretion from
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Table. Hydroxyurea PK parameters in women who were lactating

Study
participants BF, mo Volume, mL Drug, mg

Cmax,
mg/mL Tmax, h

AUClast,
mg*h/mL

CL/F,
L/h Half-life, h MRT, h

V/F,
L

Plasma Milk Plasma Milk Plasma Milk Plasma Milk Plasma Milk Plasma Milk Plasma Milk

1 8.3 425 2.96 34.8 17.3 2.0 2.0 132.6 97.5 7.8 11.9 3.0 3.4 3.3 5.0 36.7 63.2
2 4.0 467 1.64 10.4 9.8 2.0 2.1 42.3 53.2 12.6 13.4 4.1 3.1 3.5 5.0 68.4 54.3
3 9.3 326 3.23 38.1 23.0 0.5 0.9 91.8 102.8 9.7 9.1 4.3 5.6 2.7 4.1 64.6 78.2
4 19.9 50 0.23 15.0 10.3 2.0 3.6 62.3 61.2 9.8 13.6 4.7 3.5 3.5 5.0 64.5 66.8
5 4.7 480 2.73 18.4 10.4 2.0 3.0 83.2 68.0 7.3 10.4 3.9 4.1 3.7 5.3 40.1 59.9
6 8.7 314 2.44 21.7 18.2 2.0 1.1 95.5 93.9 9.6 11.3 3.4 4.4 3.0 4.3 49.7 76.8
7 12.6 134 1.17 17.0 14.6 1.0 2.1 71.0 93.2 11.0 10.3 4.5 5.9 3.0 5.0 76.5 92.8
8 9.8 478 2.11 12.5 9.9 1.0 1.9 48.6 48.5 15.2 16.1 3.8 2.8 3.6 4.1 81.6 64.2
9 5.3 638 1.46 23.8 10.7 2.1 2.0 91.9 27.0 8.2 30.0 2.8 1.2 3.7 2.9 32.1 50.3
10 4.1 520 1.93 22.6 16.9 1.0 1.0 88.6 64.1 8.4 11.6 2.9 2.7 3.4 3.5 33.5 41.9
11 3.0 573 3.89 28.1 21.4 0.5 1.0 103.7 86.1 7.8 9.1 3.7 4.0 3.3 3.5 40.7 51.3
12 11.4 235 1.01 18.5 11.3 1.0 3.0 57.8 46.6 12.2 NC 2.9 NC 2.9 4.3 48.5 NC
13 22.1 280 1.41 19.3 11.3 3.2 2.8 104.3 53.9 NC NC NC NC 4.8 4.5 NC NC
14 2.5 352 0.91 6.8 6.2 3.0 3.0 37.0 27.4 NC NC NC NC 4.8 4.5 NC NC
15 3.5 154 0.057 6.6 7.2 3.0 3.0 26.5 30.0 NC NC NC NC 3.9 4.3 NC NC
16 6.5 14 0.022 18.3 8.2 1.0 3.0 59.2 46.2 10.5 NC 2.6 NC 2.9 5.0 34.2 NC
Mean 8.6 340 1.70 19.5 12.9 1.7 2.2 74.8 62.5 10.0 13.4 2.9 3.7 3.5 4.4 51.6 63.6
SD 5.6 186 1.15 8.9 5.0 0.9 0.9 28.9 25.6 2.3 5.9 1.6 1.3 0.6 0.7 17.4 14.7

AUClast, area under the curve; BF, duration of breastfeeding; CL/F, apparent hydroxyurea clearance from plasma or breastmilk; Cmax, maximum concentration in plasma or breastmilk; F, bioavail-
ability (systemic availability of the administered dose); MRT, mean residence time; NC, not calculated; Tmax, time to maximum concentration; V/F, apparent volume of distribution.
Study participants 1-11 were healthy volunteers with frequent sample collections; 12-14 had 3-hour sample collections; and 15-16 were women with SCA. Volume refers to the total amount of
breastmilk (mL) collected for analysis; drug refers to the actual measured amount of hydroxyurea (mg) in the milk; results are shown for each study participant and then summarized as mean (SD).
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plasma without accumulation in breastmilk (Figure, B). No
significant differences were noted in hydroxyurea PK
parameters between 3 healthy volunteers and 2 mothers
with SCA (Figure, C). With this collection schedule, the
total amount of hydroxyurea transferred into breastmilk
was reduced by 50% to 1.1 mg, by avoiding greater early
concentrations in both plasma and milk compartments.

Urinary Excretion
Analysis of urine documented that large amounts of hy-
droxyurea are excreted unchanged by renal clearance. An
average of 542 � 178 mg (range 295-876 mg) of the 1000-
mg dose was detected in 24-hour urine collections, and
>90% of the renal excretion occurred within 9 hours after
dosing.

PK Analysis
To estimate hydroxyurea in the milk compartment, PK anal-
ysis was performed using 150 mL/kg volume of breastmilk
consumed per 24 hours, which is standard for early months
of life.20 Calculated daily hydroxyurea exposure through
breastfeeding was 0.46 � 0.16 mg per infant kg, with 50%
occurring in the first 3 hours after maternal dosing. The hy-
droxyurea RID was calculated at 3.4%, below the suggested
10% World Health Organization safety threshold and the
more conservative 5% threshold generally considered to be
safe.21,22

Discussion

The prospective study provides novel and important data
regarding transfer of hydroxyurea into human breastmilk
238
and estimated infant drug exposure. In normal volunteers
and women with SCA, rapid bidirectional equilibration of
drug occurs between plasma and milk compartments, with
hydroxyurea initially moving into breastmilk but then mov-
ing back into the bloodstream. With physiological feedings
every 2-3 hours, the hydroxyurea RID is only 3.4%, which
is below the recommended safety thresholds.4 However, if
mothers with SCA take their hydroxyurea dose and then
discard the next feeding (“pump-and-dump” technique),
the hydroxyurea transferred through breastmilk is further
reduced by 50%. In this scenario, infant exposures would
be < 1 mg/kg/day, well below �20-30 mg/kg/day doses
that are currently used to treat young infants with
SCA.23,24 These data provide evidence that lactation should
not be contraindicated for women with SCA receiving daily
hydroxyurea. Hematologists can prescribe daily hydroxy-
urea as disease-modifying treatment for women with SCA
during lactation, because only small amounts of hydroxy-
urea will transfer to their babies through breastfeeding.
Additional data regarding maternal and infant outcomes
are being collected in the Hydroxyurea Exposure Limiting
Pregnancy and Follow-Up Lactation observational study
(HELPFUL, NCT04093986). n
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