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Influenza infection may lead to serious complications in the postpartum period, therefore, oseltamivir treatment in
these patients and their breastfed infants is of great importance. However, the pharmacokinetics of oseltamivir in
postpartum lactating women with acute influenza infection, and the consequent infant exposure to oseltamivir are
still unknown, and these data would help in assessing risk and the need for dose adjustment in breastfed infants.
Six lactating women with influenza-like symptoms, at a standard dose of 75 mg oral oseltamivir twice daily for
5days, were recruited in this phase IV clinical study during the 2011,/2012 HA1N1 pandemic seasons. Breast milk/
colostrum and venous blood samples were taken at multiple timepoints, maternal urine samples were obtained
from total output within the 12-hour observational period following the seventh dose of oseltamivir. Oseltamivir
phosphate (OP) reached a maximum 69.5+29.4 ng/mL concentration in breast milk, higher than that found in
the plasma, and showed elimination within ~8hours. Oseltamivir carboxylate (active metabolite of OP) showed

a lower, nearly steady-state concentration in breast milk during the observational period (maximum plasma

concentration (C, .,

)=38.4+12.9ng/mL). Based on estimated daily milk consumption of exclusively breastfed

infants, their calculated daily exposure is <0.1% of the infant dose of oseltamivir for treatment of influenza as per
marketing authorization. Here, we provide the first maternal breast milk pharmacokinetic data for oral multiple-dose
oseltamivir in lactating patients with influenza and showed that its concentration in the breast milk is not sufficient

to reach a therapeutic dose for breastfed infants.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?

V] Oseltamivir is a neuraminidase inhibitor for the treatment
of influenza. Both oseltamivir phosphate and oseltamivir car-
boxylate are secreted into breast milk, however, there are lim-
ited data available on the pharmacokinetics of oseltamivir in
postpartum patients and the potential exposure for their in-
fants to the drug.

WHAT QUESTION DID THIS STUDY ADDRESS?

M This study evaluated the pharmacokinetic parameters of
oseltamivir in breast milk of lactating, patients with influenza
and the potential exposure of exclusively breastfed infants to os-
eltamivir to provide dosage recommendations.

Pregnancy isassociated with an increased risk of adverse outcomes,
hospitalization, and mortality from influenza infection compared
with the non-pregnant adult population. The most common

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

[ This study provided the first maternal breast milk pharmacoki-
netic data for oral, multiple-dose oseltamivir in breastfeeding pa-
tients with influenza. Oseltamivir is secreted in the breast milk of
patients with influenza, however, its concentration in the breast milk
does not reach a therapeutic dose for exclusively breastfed infants.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

[ This study demonstrates that oral oseltamivir therapy of lac-
tating patients with influenza does not influence the dosage rec-
ommendations for their infants who are at high risk for acquiring
infection.

complication is pneumonia, which frequently occurs in high-risk
. . . 1.2

patients, including pregnant and postpartum women.” Pregnant

women with severe influenza are more likely to deliver preterm
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and low-weight infants.> Antiviral treatment of documented or
suspected influenza is recommended to be started immediately
in pregnant and up to 2-weeks postpartum women irrespective of
their previous vaccination.

Newborns and infants infected with influenza virus are at great
risk of severe disease and hospitalization, usually with symptoms

57 The transmission

of fever, otitis media, pneumonia, or croup.

. . . . 8
of most viruses through breast milk to infants is rare.” For women
diagnosed with perinatal influenza, the infection risk for their
newborn may be reduced by paying attention to hand hygiene,
whereas antiviral treatment may also be protectivc.9’10 If possible,
breastfeeding should not be discontinued because it is the first line
811 11 addition,

prenatal and postpartum maternal vaccination decreases the risk

protection of infants against infectious diseases.

of influenza infection and influenza-related hospitalization among
infants.'> Vaccines are currently not available for young infants,
however, the antiviral drug oseltamivir can be used to reduce the
clinical impact of multiple types of influenza without major ad-
verse effects.!>14

Oseltamivir, approved under the trade name Tamiflu, is a neur-
aminidase inhibitor (NAI), that targets influenza-infected cells
and blocks virion release.'® For the treatment of both influenza A
and B, oseltamivir is the most frequently prescribed NAL' The
NAIs effectively reduce influenza-related complications, especially
in high-risk patients, and mortality among hospitalized patients.17
The most common adverse events associated with NAIs include
nausea and Vomiting.17 Oseltamivir treatment in adults and chil-
dren, including infants with influenza-like symptoms, was ap-
proved by the European Medicines Agency (EMA).'8 Following
absorption of the prodrug, oseltamivir phosphate (OP), there is
extensive conversion to its active metabolite, oseltamivir carbox-
ylate (OC), by hepatic esterases. Elimination is in the urine in its
active form.

The EMA released a guideline in 2009, describing the need
for clinical trials in pregnant and lactating women. "’ Currently,
there are very limited data available on the use of oseltamivir by
breastfeeding women or on excretion of oseltamivir or its active
metabolite in breast milk.2>*! In a study by Greer e¢ al.?! the phar-
macokinetics of oseltamivir in breast milk was studied in 7 healthy
women within 48 hours of delivery, where they found that OC was
present at low concentrations in breast milk. However, currently,
there are no data on the maternal breast milk pharmacokinetics
of oseltamivir in breastfeeding patients with influenza. Thus, it is
challenging to determine the appropriate dosage of antiviral treat-
ment for breastfeeding infants born to infected mothers, who are
at risk of acquiring influenza infection. Here, we investigated the
maternal breast milk pharmacokinetics of OP and its active metab-
olite, OC in postpartum lactating patients with influenza, and the
potential exposure of exclusively breastfed infants to oseltamivir to
provide dosage recommendations.

METHODS

Study design

This phase IV clinical trial was conducted in two investigation
sites, the Department of Obstetrics and Gynecology at University of
Debrecen, Debrecen, Hungary, and the Department of Obstetrics and
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Gynecology at Selye Jdnos Hospital, Kom4rom, Hungary. The study
protocol was approved by the National Institute of Pharmacy (NIP)
on April 16, 2010, approval number: OGY1/12342-6/2010, approval
number of amendment decision: OGY1/49198-4/2011, and by the
Ethics Committee for Clinical Pharmacology of Medical Research
Council, approval number: 1998-0/2010-1017EKL, approval num-
ber of amendment decision: 312424-0/2012-EKL. The study is reg-
istered in the clinicaltrials.gov database (NCT01130636), titled
An Observational Study on the Pharmacokinetics of Oseltamivir in
the Treatment of Influenza During Lactation, Phase IV Trial. The
sample collections were carried out during the pandemic seasons in
2011 QI and 2012 QI. Analytical measurements were carried out be-
tween September 28 and October 2, 2012, by BASi Laboratory (West
Lafayette, IN).

White, breastfeeding patients or women who had just given birth,
aged 18years and older, diagnosed with influenza were eligible for the
study. The patients were excluded from participation if (i) any of the p-
HCG blood test, B-HCG urine test or ultrasound examination provided
a positive result, (ii) there was suspicion of infection with bacteria or a
respiratory virus other than influenza, (iii) they had known or suspected
immunosuppression, (iv) they had an allergy or prior adverse reaction to
oseltamivir, or (v) had a history of uncontrolled seizures, central nervous
system disorders, or psychiatric disability. All recruited patients signed a
written informed consent form.

Patients received oseltamivir (Tamiflu hard capsules, provided by
Roche, Nutley, NJ) at a standard dose of 75 mg twice daily for 5 days. On
the fourth day of oseltamivir treatment, when plasma concentrations of
both oseltamivir and its active metabolite are expected to be at steady-
state,” patients were admitted for a 12-hour period to enable collection
of breast milk, blood, and maternal urine samples. Maternal peripheral ve-
nous blood was collected immediately before the first dose and 2.5 hours
after the first dose of medication (seventh dose of oseltamivir treatment).
Blood samples were processed to separate plasma and stored in fluoride/
EDTA tubes at —80°C for further analysis. Breast milk/colostrum sam-
ples were obtained at 0, 1, 2, 4, 6, 8, 10, and 12 hours following the daily
first dose (seventh dose of oseltamivir treatment), and stored in fluoride/
EDTA tubes at a temperature not exceeding —70°C until use. Maternal
urine samples were obtained from total urine output within the 12-hour
observational period and stored at a temperature not exceeding —70°C
(Figure 1). Although the study was not powered to further assess differ-
ences between subgroups, we also analyzed OP and OC concentrations
in colostrum (7 =3, <7 days after giving birth, according to Ballard and
Morrow, 2013)23 and breast milk (z=3, more than 7days after giving
birth) separately.

Day 1 Day2 Day 3 Day 4

ay 1 Day2 Day
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‘ Tamiflu, 75 mg

G Breast milk collection (3 mL)
@ Venous blood collection (3 mL)
— Urine collection (total output)

Figure 1 Breast feeding patients (n=6) with diagnosed influenza
were indicated for oseltamivir treatment at a standard dose of
75mg twice daily. On the fourth day of oseltamivir treatment, the
patients were admitted for a 12-hour period to enable collection of
pharmacokinetic specimens. Then, 3mL of breast milk and venous
blood were collected at given timepoints, whereas total maternal
urine output was collected throughout the 12-hour period.
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Analytical measurements

Plasma, breast milk, and maternal urine samples were analyzed at the
BASi Laboratory for OP and OC content using the tandem mass spec-
trometric method. OP and OC were extracted by protein precipitation
from breast milk, EDTA-plasma, and urine samples. Before extraction,
oseltamivir-d3 and oseltamivir acid-d3 were added as internal stan-
dards. After centrifugation, the supernatant was collected, evaporated
to dryness, then reconstituted with 100 pL of water, and injected into
an liquid-chromatography tandem mass spectrometry using a Kinetex
PFP analytical column with an acetonitrile/water/formic acid mobile
phase. Salt forms of the reference standards, OP and OC acid tartrate
hydrate were received and used. Correction factors were applied to ob-
tain the free base of the analytes. The lower limit of quantification
for the assay was 10 ng/mL, the upper limit was 10,000 ng/mL. The
concentrations of the study samples were reported as free bases of OP

and OC acid.

Average consumption calculation for infants

Area under the curve (AUC) was calculated using the linear trapezoi-
dal rule. AUC, |, provides an index of the total systemic exposure to
the drug and metabolite over the 12-hour observational period, and its
appearance in breast milk/colostrum and likely exposure to nursing in-
fants. The average concentration of OP or OC in breast milk was calcu-
lated based on the following equation®*

Cbreast milk,av (ng/mL) = AUCbr:ast milk 0—12h (ng/h/mL) / 12h. (1)

Table 1 The age and number of days between parturition
and sample collection for each patient

Number of days between partum

Subject # Age (years) and sample collection
201 34 4
202 27 5
301 36 13
302 31 5
303 30 69
304 33 107
Mean 31.8 33.8
SEM 1.3 17.9

The daily dose of oseltamivir for infants was estimated based on the
average oseltamivir concentration in breast milk and estimated daily breast
. . . . 25
milk consumption of exclusively breastfed infants™:

Infant dose (ng/kg/da}’) = Cbreast milk av* 150mL/kg/day (2)

Statistical analysis

The breast milk/colostrums, plasma, and maternal urine concentra-
tions of OP and OC were plotted to generate plasma and breast milk
concentration time curves as appropriate. For OP and OC, kinetic
parameters were estimated from the plasma and breast milk concen-
tration time curves. The differences in concentrations of OP or OC
between breast milk and colostrum samples was analyzed by two-way
analysis of variance.

RESULTS

Six White women who were breastfeeding or had just given birth
and had been diagnosed with influenza were enrolled in the
present study. Three patients were within 5 days of giving birth
at the time of sampling, and 3 patients were 13 days postpartum
(Table 1). The ages of the 6 patients ranged from 27 to 36years
(Table 1). The patients were prescribed 75 mg of OP orally twice
daily. On day 4 of oseltamivir therapy, patients were enrolled for a
12-hour period for sample collection.

The pharmacokinetic parameters of both OP (Table 2) and its
active metabolite OC (Table 3) were observed in breast milk sam-
ples. As shown in Figure 2, both OP and OC were found in breast
milk, plasma, and maternal urine samples. Maximal concentration
(C...) of OPwas 69.5 +29.4 ng/mL in breast milk, which is higher
compared to that found in the maternal plasma at 0 and 2.5 hours
(3.3+0.6ng/mL and 25.5+3.4ng/mL, respectively; Figure 2a).
Reaching the € of OP in breast milk was 1.33 +0.52 hours.
Elimination of OP from breast milk occurred 8 hours after the sev-
enth dose of oseltamivir treatment. The half-life of OP in breast
milk was 2.11+0.451 hours. The mean concentration of OP in
maternal urine samples was 2.05+0.410 pg/mL during the total
12-hour long observational period (Figure 3).

The C__ of OC was 38.4+12.9ng/mL in breast milk,
which is ~10-times lower compared with plasma concentra-
tions (245.8+21.5ng/mL at Ohours and 354.8 + 34.0 ng/mL at

Table 2 Pharmacokinetic parameters for oseltamivir phosphate prodrug in breast milk

Cooa T oo Crin AUC, 5, AUC, ¢ Half life
(ng/mL) (h) (ng/mL) (ng/h/mL) (ng/h/mL) (h)
N 6 6 6 6 6 6
Mean 69.5 1.33 2.17 235 242 2.11
SD 29.4 0.52 0.73 78.2 79.4 0.45
Min 40.9 1.00 1.50 153 157 1.51
Median 60.0 1.00 1.90 223 230 2.08
Max 111.0 2.00 3.30 372 380 2.83
CV% mean 42.3 38.70 33.70 33.2 32.8 21.40
Geometric mean 64.6 1.26 2.07 225 232 2.07
CV% geometric mean 43.4 37.00 33.00 32.2 32.0 21.60

AUC, area under the curve; Crrax’
maximum plasma concentration.

maximum plasma concentration; C

min’
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minimum plasma concentration; CV%, coefficient of variation percentage; T, time of
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Table 3 Pharmacokinetic parameters for oseltamivir carboxylate in breast milk

Coox T o Crin AUC, ., AUC, ¢ Half life

(ng/mL) (h) (ng/mL) (ng/h/mL) (ng/h/mL) (h)
N 6 6 6 6 6 6
Mean 38.4 5.33 24.3 382 878 12.50
SD 12.9 1.63 10.8 156 305 3.76
Min 26.8 4.00 11.5 215 471 9.74
Median 33.8 5.00 23.1 361 847 10.80
Max 63.3 8.00 43.1 678 1,280 19.40
CV% Mean 33.5 30.60 44.5 40.9 34.8 30.10
Geometric mean 37.0 5.14 22.4 360 831 12.10
CV% geometric mean 29.8 30.00 46.6 38.6 38.4 27.30

AUC, area under the curve; C_ ., maximum plasma concentration; C,

maximum plasma concentration.
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Figure 2 (a) Mean concentrations of oseltamivir phosphate in breast milk and plasma. (b) Mean concentrations of oseltamivir carboxylate in

breast milk and plasma. Data are shown as mean+SEM, n=6.

2.5 hours; Figure 2b). Reaching the Cn of OC in breast milk
was 5.33 + 1.63 hours, which is longer than that of OP. OC was
detected in the breast milk throughout the observational period.
The half-life of OC in breast milk was 12.5 + 3.76 hours, which is
higher than that of OP. The mean concentration of OC in ma-
ternal urine samples was 50.75 +9.695 pg/mL during the 12-hour
observational period (Figure 3).

Although the study was not powered to measure colostrum and
breast milk separately, we have shown the data separately regarding
the concentrations of OP and OC (Figures S1 and S2). These data
show no significant difference in the pharmacokinetics of OP and
OC between breast milk and colostrum.

Based on the measured oseltamivir concentrations in the
breast milk, the average concentrations were calculated to esti-
mate the daily exposure to oseltamivir for exclusively breastfed

infants based on their daily milk consumption. The average
concentration of OP and OC were 19.58 and 31.83 ng/mL,
respectively. The calculated daily exposure to OP and OC was
2.94 and 4.77 pg/kg/day, respectively, for exclusively breastfed
infants, which is <0.1% of the recommended therapeutic dose
for 0 to 12months old infants (3 mg/kg twice daily) accord-
ing to the summary of product characteristics of Tamiflu hard

18
capsules.

DISCUSSION

Herein, we investigated the pharmacokinetics of OP and its
active metabolite, OC, in plasma and breast milk in postpar-
tum patients with influenza and provided the first multidose,
maternal breast milk pharmacokinetic data for oral multiple-
dose oseltamivir in lactating patients with influenza. Moreover,
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Figure 3 Cumulative concentrations of oseltamivir phosphate and
oseltamivir carboxylate after 12 hours of maternal urine collection.
Data are shown as mean+SEM, n=6.

we demonstrated for the first time, that based on the estimated
daily consumption of breast milk by exclusively breastfed in-
fants, the average daily oseltamivir exposure from breast milk
is not sufficient to reach a therapeutic dose of oseltamivir for
infants (3 mg/kg twice daily).

In our present study, we analyzed the pharmacokinetic pa-
rameters of OP and OC in postpartum influenza patients with a
regular dosage of 75 mg oseltamivir twice daily. The concentra-
tion of the prodrug oseltamivir phosphate was higher in breast
milk compared with plasma, whereas the converse was true for
the metabolite. The higher concentration of OP in breast milk
compared with plasma as opposed to OC is not surprising given
the higher lipophilicity of the prodrug compared with the me-
tabolite and the relatively high lipophilicity of breast milk com-
pared with plasma.26’27 The C _of OP in the breast milk in
our study was 69.5+29.4ng/mL. In comparison, in a previous
study, Greer ez al. reported that in healthy postpartum subjects,
following a single dose of oseltamivir (75 mg), the C__of OP
was 26.9 £ 14.0 ng/mL in the breast milk.*! Influenza infection
was previously reported not to affect the pharmacokinetic pa-
rameters of oseltamivir compared with healthy subjf:cts.28 Thus,
the higher concentration of OP in the breast milk in our study
compared with Greer ¢# 4. could be explained by the prolonged
repeated dose treatment of patients with influenza for 3 days.
For OC, we found a C___ (38.4+12.9ng/mL) comparable
to that found previously in the breast milk of healthy subjects
(41.9+21.0 ng/mL).21 In a case report of an influenza-infected,
lactating woman, the steady-state concentration of OC in the
breast milk was also comparable to that found in our study.”
The time required to achieve the C__of both OP and OC in
breast milk was shorter in our study than that previously re-

ported in healthy postpartum subjects. The half-life of OP

322

was 4.2+ 1.2hours in healthy subjects, which is double the
time compared with that found in our patients with influenza
(2.11£0.5 hours).*" The half-life of OC in the breast milk has
not been previously reported. Taken together, our study pro-
vided the first maternal breast milk pharmacokinetic data for
multiple-dose OP and its active metabolite OC in lactating pa-
tients with influenza.

Breastfed infants who are born to influenza-infected mothers
are at a high risk of infection. Oseltamivir treatment of breast-
feeding women might influence the treatment recommendations
for their infants due to the potential exposure to the antiviral
drug through breast milk. Thus, it is important to determine
how oseltamivir concentration in the breast milk might influ-
ence dose recommendations for exclusively breastfed infants.
The recommended dose of oseltamivir for 0 to 12-month-old
infants is 3 mg/kg twice daily.18 In our study, the calculated daily
exposure to OP and OC (2.94 and 4.77 pg/kg/day, respectively)
was <0.1% of the recommended therapeutic dose. In the study
by Greer ez al., the infant exposure to OP was roughly estimated
based on steady-state breast milk concentrations. This calcula-
tion resulted in 0.76 pg/kg/day approximated exposure of osel-
tamivir, which is lower than our estimations.”! These differences
are probably due to the used calculation methods and the differ-
ent treatment protocols. Despite the differences between stud-
ies, our results indicate that the calculated oseltamivir exposure
is negligible and significantly lower than the recommended ther-
apeutic dosage for infants. Thus, from a benefit—risk perspective,
the oral oseltamivir treatment of breastfeeding women should
not affect the oseltamivir therapy of exclusively breastfed infants
at risk of infection, and this clinical setting should not resultin a
different drug tolerability profile in such infants compared with
influenza-infected infants treated with oseltamivir and breast
fed from non-infected (and hence non-treated) women.

In conclusion, here, we provided the first maternal breast
milk pharmacokinetic data for oral multiple-dose oseltamivir in
breastfeeding patients with influenza. This is the first demon-
stration that the concentration of oseltamivir in the breast milk
of patients with influenza is not sufficient to reach that of a
therapeutic dose for breastfed infants, thus oral oseltamivir
treatment of breastfeeding women does not influence the dos-
age recommendations for their infants who are at high risk for
acquiring infection.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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