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1 | INTRODUCTION

Triptans are selective serotonin 5-HT /;, receptor agonists com-
monly used for the acute treatment of migraine headaches and
are often considered as first-line therapy for patients with mod-
erate to severe migraine.l Seven triptans are currently available
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Abstract

Clinical data on the transfer of triptans into human breast milk remain scarce. In
a lactation study including 19 breastfeeding women with migraine, we examined
the excretion of six different triptans into milk. Following intake of a single dose,
each participant collected seven breast milk samples at predefined intervals up to
24 hours after dose. Triptan concentrations in milk were measured using liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Infant drug exposure
was estimated by calculating the relative infant dose (RID). Twenty-two breast milk
sample sets were obtained for sumatriptan (n = 8), rizatriptan (n = 5), zolmitriptan
(n = 4), eletriptan (n = 3), almotriptan (n = 1) and naratriptan (n = 1). Based on
the average concentration in milk throughout the day, estimated mean RIDs (with
range in parenthesis) were as follows: eletriptan 0.6% (0.3%-0.8%), sumatriptan 0.7%
(0.2%-1.8%), rizatriptan 0.9% (0.3%-1.4%), almotriptan 1.8% (-), zolmitriptan 2.1%
(0.7%-5.3%) and naratriptan 5.0% (-). Infant drug exposure through breastfeeding ap-
pears to be low and indicates that use of the triptans in this study is compatible with
breastfeeding. Naratriptan may not be first choice in breastfeeding mothers initiating

triptans during the neonatal period.
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worldwide: almotriptan, eletriptan, frovatriptan, naratriptan,
rizatriptan, sumatriptan and zolmitriptan. These are rapid- and
short-acting drugs due to their pharmacokinetic properties.2
Clinical data on the use of triptans in breastfeeding women
are extremely limited, and their safety profile during breastfeed-
ing is not established. Although many women with migraine
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experience an improvement of their disease during pregnancy,
the recurrence of symptoms generally appears shortly following
delivery.3'5 Making recommendations about the use of triptans
during breastfeeding is at present hindered by the limited data
available, possibly leaving many women with suboptimal mi-
graine treatment during this period. Since the marketing of su-
matriptan, as the first drug of this class, in the early 1990s, only
two studies have examined the excretion of triptans into human
breast milk, one for sumatriptan6 and one for eletriptan.’

Wojnar-Horton et al® measured the concentration of su-
matriptan in breast milk and plasma of five lactating women
given a 6-mg-dose by subcutaneous injection. The mean
milk/plasma (M/P) ratio was 4.9. The mean total recovery of
sumatriptan excreted in milk over the 8-hour collection period
was 14.4 ng, which equals 0.24% of the administered maternal
dose. This corresponds to a mean relative infant dose (RID)
of 3.5% of the maternal weight-adjusted dose. Considering
that the drug is not given continuously and that sumatriptan
has low oral availability (14%), the authors concluded that
sumatriptan exposure through breastfeeding is not likely to
cause any pharmacological effects in the breastfed infant.®

In an unpublished study conducted by the manufacturer
and briefly cited in a handbook,7 the excretion of eletriptan in
breast milk was investigated in eight women following intake
of a single oral dose of 80 mg. The M/P ratio was 0.25, and the
mean total dose excreted in breast milk over the 24-hour col-
lection period was 12.9 ug, or 0.02% of the administered ma-
ternal dose. Low concentrations (mean 1.7 ng/mL) were still
present in the milk 18-24 hours after dose. The active metabo-
lite N-desmethyleletriptan was not analysed in the breast milk,
neither were infant dose estimates reported in this study.7

No adverse effects in infants exposed to triptans through
breastfeeding have been reported in the scientific literature.
Despite little theoretical grounds for concern, the currently
available documentation is not sufficient for giving conclusive
advice. Thus, the product monographs for these medications
generally include a warning about use during breastfeeding
(see Table S1). At this time, sumatriptan is recommended as
the preferred triptan for use in breastfeeding women.’

The aim of the present study was to quantify the excretion
of almotriptan, eletriptan, naratriptan, rizatriptan, sumatrip-
tan and zolmitriptan and relevant active metabolites (ie N-
desmethyleletriptan and N-desmethylzolmitriptan), into
breast milk. In addition, we estimated potential infant drug
exposure through breastfeeding.

2 | MATERIALS AND METHODS

2.1 | Study participants

Breastfeeding women with migraine reporting use of any of
the six triptans under study were eligible to participate. We

excluded women using frovatriptan due to ethical considera-
tions related to its prolonged elimination half-life (26 hours),
causing a possibly higher potential for adverse drug reactions
in breastfed infants. Inclusion criteria were age > 18 years,
being at least one month postpartum, and having established
breastfeeding. The study period lasted from December 2015 to
December 2017. Women were recruited through advertising
on the website of the Norwegian teratology information ser-
vice for the public; SafeMotherMedicine (www.tryggmamma
medisin.no), a free-of-charge online service providing an-
swers about medication use during pregnancy and breastfeed-
ing. Information about the study was also posted on selected
Norwegian websites specifically directed towards pregnant
women and new mothers. In addition, posters with informa-
tion of the study were distributed to paediatric clinics and mid-
wife centres in the city of Tromsg in Northern Norway.

2.2 | Ethics and approvals

The study was approved by the Regional Committee for
Medical and Health Research Ethics in Northern Norway
(2013/1757) and the Data Protection Officer at the University
Hospital of North Norway (UNN). All women gave their
written informed consent prior to inclusion in the study. The
study was conducted in accordance with the Basic & Clinical
Pharmacology & Toxicology policy for experimental and
clinical studies® and designed in line with the US Food and
Drug Administration (FDA) recommendations for clinical
lactation studies.’

2.3 | Milk sampling procedure

The participants were supplied with a kit including all neces-
sary sampling equipment (sample containers, label stickers and
a breast pump, if needed), and they conducted the sampling at
home. When using the triptan prescribed by their doctor, they
expressed mid-feed breast milk samples (approximately 5 mL
from each breast) at the following predefined time intervals:
0 hour (pre-dose), 1, 2, 4, 8, 12 and 24 hours after dose intake,
respectively. The samples were collected by use of a manual or
electric breast pump, as preferred by the mother. The women
were instructed to seal each container tightly and to freeze the
milk samples in their home freezer immediately after sampling.
We recommended the women to bottle-feed their infants with
previously expressed breast milk for a period after dose equal to
five elimination half-lives of the triptan administered to ensure
no drug exposure to the infant.

The women recorded the date and time of dose intake, the
date and time of each milk sampling, and labelled each of
the containers correspondingly. In addition, they filled out a
questionnaire covering maternal age, body-weight, height, a
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complete list of any other medication(s) used, and the infant's
age, body-weight and mode of nutrition (fully breastfed, par-
tially breastfed, formula-fed, eating solid food etc).

After the last breast milk sample was collected, the frozen
samples were transported in insulated containers with fro-
zen gel packs and delivered by express courier service to the
Department of Laboratory Medicine, UNN, Tromsg. Upon
arrival, the samples were examined to make sure that they
were still in a frozen state, and they were subsequently stored
at — 35°C until the day of analysis. All sample sets were anal-
ysed within a week after being received. Prior to the study, we
performed a stability analysis of human breast milk samples
spiked with the six triptans to evaluate whether temperature
impacted drug stability in milk. Triplicates of each triptan
were stored at ambient temperature (22°C) for 24 hours, and
4°C for 24 hours and 8 days, before reanalysis of the samples.
The stability proved satisfactory for all drugs, with no or only
minor reductions in concentration (up to 5% for the samples
stored at 4°C for 8 days), compared with baseline (0 hours).

2.4 | Quantification of triptan
concentrations in breast milk

Quantification of the triptan and metabolite concentrations
in milk was performed with liquid chromatography-tandem
mass spectrometry (LC-MS/MS). The analytical method was
developed and validated at the Department of Laboratory
Medicine, UNN, Tromsg.

2.4.1 | Chemicals and solutions

Sumatriptan and zolmitriptan were purchased from LGC
GmbH, Luckenwalde, Germany. Almotriptan, eletriptan,
naratriptan, rizatriptan and the deuterated almotriptan-d6,
naratriptan-d3, rizatriptan-d6, sumatriptan-d6 and zolmi-
triptan-d6 were purchased from Toronto Research Chemicals
Inc. N-desmethyleletriptan and N-desmethylzolmitriptan
were purchased from Santa Cruz Biotechnology. Blank
human donor milk for the set-up of the analytical method
and for the quality control (QC) samples was supplied by the
Mothers’ Milk Bank, UNN, Tromsg. LC-MS grade methanol
and formic acid were purchased from Fluka (Sigma-Aldrich).
Ultrapure water (18.2 MQ) was obtained from a Millipore
Advantage Milli-Q system (Millipore SAS).

2.4.2 | Liquid-liquid extraction

Milk samples, spiked standards and QC samples were ex-
tracted as follows: 50 pL sample, 25 pL internal stand-
ard solution, 25 pyL 0.1 mol/L Na,CO; (pH 11) and 1 mL
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n-chlorobutane:acetonitrile (4:1) were mixed and centri-
fuged. The organic phase was pipetted off, transferred to new
tubes and evaporated to dryness under a stream of nitrogen
at 40°C, and the remaining extracts were reconstituted in
100 pLL water:methanol (95:5) with 0.1% formic acid.

2.4.3 | Liquid chromatography-tandem mass
spectrometry

Samples were analysed by LC-MS/MS using a Waters
Acquity UPLC system with an autosampler and a binary
solvent delivery system (Waters) interfaced to Waters
Xevo TQ-S benchtop tandem quadrupole mass spectrom-
eter (Waters). Separation was performed on a 2.1 X 100 mm
Waters Acquity HSS T3 column maintained at 50°C.

Lower limit of quantification (LLOQ) was found to be
0.25 nM for almotriptan and naratriptan, 0.5 nM for su-
matriptan, zolmitriptan and rizatriptan, and 1 nM for eletrip-
tan, N-desmethyleletriptan and N-desmethylzolmitriptan.
For a more detailed description of the LC-MS/MS method,
preparation of calibrators and controls, and precision and ac-
curacy, see Appendix S1.

2.5 | Pharmacokinetic analysis

Maximum milk drug concentration (C,,,) and the cor-
responding time to maximum concentration (f,,,) were
obtained directly from the measured values. Other pharma-
cokinetic variables were calculated using the pharmacoki-
netic program package Kinetica, version 5.1 (Thermo Fisher
Scientific). Area under the milk concentration-time curve
(AUC) was calculated using a mixed log-linear model with
extrapolation to infinity. The parameter estimate describing
the decrease of the log-concentration (A,) was calculated
using the best-fit log-linear regression line of the samples
representing the elimination phase. The elimination half-life
(t,,,) was calculated as In2/ A,. Data were presented graphi-
cally using SigmaPlot, version 14.0 (Systat Software).

2.6 | Estimation of infant drug exposure

We estimated the theoretical weight-adjusted absolute in-
fant dose (AID) (pg/kg/day) received through breast milk if
breastfeeding had continued post-dose, by multiplying the
milk drug concentration (pg/L) by the daily milk intake, as-
suming an average daily infant milk intake of 150 mL/kg.10
For these calculations, we used the average triptan concentra-
tion (Cyy,) in milk (pg/L) throughout the 24-hour sampling
period, calculated as the AUC during the sampling period
of 24 hours divided by 24. The RID was calculated as the
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weight-adjusted AID (pg/kg/day) expressed as a percentage
of the weight-adjusted maternal dose (pg/kg/day).
For medications with short elimination half-lives, such as

Basic & Clinical

most triptans, it is often considered more relevant to report
the infant dose ingested in a feed.'" Therefore, assuming an
average infant milk consumption in a feed of 30 mL/kg,"
we also estimated the absolute and relative maximum infant
dose in a feed, calculated at C,,, in milk, that is visualizing a
worst-case scenario of exposure if the infant was breastfed at
the time of the peak concentration in milk.

3 | RESULTS

A total of 19 breastfeeding women with migraine participated
in the study. The mean age of the women was 32.8 years
(range 26-41 years). Mean age of the infants was 9.4 months
(range 6 weeks to 30 months), and their mean body-weight
was 8.9 kg (range 4.8-15.5 kg). Five of the women reported
exclusive breastfeeding at the time of inclusion, whereas the

remaining women were partially breastfeeding. The demo-
graphics of the mothers and their infants are summarized in
Table 1.

All participants reported use of triptans for migraine
treatment. Two women (individual 5 and 6) reported inter-
changeable use of two different triptans, whereas one woman
(individual 12) used two different formulations of the same
triptan (Table 2). These three women each volunteered to
submit two sample sets, on two separate occasions at least
one week apart. The other 16 women each submitted one
sample set, resulting in a total of 22 breast milk sample sets;
sumatriptan (n = 8), rizatriptan (n = 5), zolmitriptan (n = 4),
eletriptan (n = 3), almotriptan (n = 1) and naratriptan (n = 1).
The doses of the triptans administered were all within the
recommended adult dose ranges for the respective drugs
(Table 2).

Pharmacokinetic parameters in breast milk (Cyyo, Crraxs Imaxs
AUC and ¢,,) of the six triptans are presented in Table 2. Milk
drug levels of the two active metabolites N-desmethyleletriptan
and N-desmethylzolmitriptan were very low to barely detectable

TABLE 1 Demographics of the study participants (n = 19) and their infants (n = 19) at the time of study inclusion
Maternal Infant
Age Weight Height BMI* Age Weight Mode of

Individual (years) (kg) (m) (kg/mz) (months) (kg) breastfeeding Maternal co-medication

1 26 51 1.65 18.7 12.5 9.2 Partial N/A

2 41 86 1.73 28.7 12 12.5 Partial N/A

3 35 65 1.71 222 2.5 4.8 Exclusive Cetirizine

4 30 62 1.62 23.6 17 11.9 Partial N/A

5 33 65 1.72 22.0 1.5 4.8 Partial Botulinum toxin A

6 36 59 1.70 20.4 7.5 8.3 Partial N/A

7 33 61 1.78 19.3 3 6.2 Exclusive Paracetamol

8 38 68 1.71 23.3 14 12.0 Partial Fluticasone

9 27 78 1.74 25.8 15 11.0 Partial N/A

10 33 62 1.75 20.2 11 9.0 Partial N/A

11 38 58 1.58 23.2 3 7.0 Exclusive Ibuprofen, paracetamol

12 35 66 1.83 19.7 5 9.7 Partial Desogestrel

13 27 60 1.70 20.8 4 6.7 Partial N/A

14 30 90 1.73 30.1 14 8.8 Partial Mometasone

15 38 65 1.75 21.2 30 15.5 Partial N/A

16 32 66 1.70 22.8 4.5 7.2 Exclusive Botulinum toxin A

17 31 90 1.73 30.1 13 10.6 Partial N/A

18 32 87 1.71 29.8 4 6.2 Exclusive Levothyroxine,
propranolol

19 28 88 1.72 29.7 6 7.0 Partial N/A

Mean 32.8 69.8 1.71 23.8 9.4 8.9 — —

SD 43 124 0.05 4.0 7.1 2.9 — —

Note: Abbreviations: BMI, body mass index; N/A, not applicable; SD, standard deviation.

“BMI is the person's weight in kilograms divided by the square of the height in metres.
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TABLE 2 Pharmacokinetic parameters of triptans in breast milk following intake of a single dose in 19 women (n = 22 sample sets®), sorted

according to triptan, administration form and dose

Administration Dose

Individual Triptan form (mg)
1 Almotriptan Tablet 12.5
2 Eletriptand Tablet 40

3 Eletriptan’ Tablet 40
4 Eletriptan’ Tablet 20
Sa Naratriptan Tablet 2.5
5b Rizatriptan Tablet 10
6a Rizatriptan Tablet 10

7 Rizatriptan ODT 10

8 Rizatriptan ODT 10

9 Rizatriptan ODT 10
10 Sumatriptan S.c. injection 6
11 Sumatriptan Nasal spray 20
12a Sumatriptan Nasal spray 20
12b Sumatriptan Tablet 50
13 Sumatriptan Tablet 50
14 Sumatriptan Tablet 50
15 Sumatriptan Tablet 50
16 Sumatriptan Tablet 100
6b Zolmitriptan® Nasal spray 5
17 Zolmitriptan ODT 2.5
18 Zolmitriptan Tablet 2.5
19 Zolmitriptan* Tablet 2.5

Cog Ci AUC* tp
(ng/L)’ (ng/L) fmax ) (ngeh/L) (h)
29.6 106.2 2 709 4.0
23.5 102.4 2 565 3.7
24.0 78.1 2 575 5.1
5.7 18.2 2 136 4.0
12.8 23.4 4 308 6.5
14.2 95.5 2 340 2.6
5.6 37.8 2 134 1.6
14.8 105.6 2 356 3.1
8.0 38.6 4 191 1.8
2.6 14.6 2 63 2.0
114 24.6 2 273 4.8
10.0 29.8 2 241 3.8
7.7 333 2 185 4.7
10.7 40.0 2 256 59
31.1 83.9 4 747 4.5
50.6 112.8 4 1215 5.7
22.2 62.0 4 532 3.6
42.0 88.1 4 1007 5.9
4.1 8.2 8 98 4.8
1.5 2.5 12 37 7.4
10.1 18.1 4 242 53
2.6 3.9 8 62 8.6

Note: Abbreviations: AUC, area under the milk concentration-time curve; C,,, average concentration; C,,,,, maximum concentration; ODT, orally disintegrating

tablet; s.c., subcutaneous; 7, ,, elimination half-life; #,,, time to maximum concentration.

* Three of the study participants (individual 5, 6 and 12) each submitted two sample sets (a and b).

®Average concentration in milk during the 24-hour sampling period (AUC/24).

¢ The AUC values represent AUC from zero to infinity. The percentage extrapolated, representing the part of the area after the sample obtained 24 hours after dose,
was below 8% with a few exceptions: For naratriptan (individual 5a), it was 10.0%. For zolmitriptan, it was 21.9% in one individual (individual 18) and 16.6% in

another individual (individual 17).

IThe active N-desmethyl metabolite is not included in the calculations.

(below the assay LLOQ of 1 nM) and were not included in the
calculations.

The individual triptan concentration-time profiles in
breast milk during the 24-hour sampling period are depicted
in Figure 1. In 19 out of the 22 samples, traces of triptans
were still recovered in breast milk 24 hours after dose. For
rizatriptan, however, there was no trace of drug in breast milk
24 hours after dose in three of five samples.

Table 3 shows the estimated theoretical AIDs and RIDs
in a feed and in a day, respectively. Based on the C,,, in milk
throughout the 24-hour sampling period, estimated RID val-
ues (mean with range in parenthesis) were as follows: almo-
triptan 1.8% (-), eletriptan 0.6% (0.3%-0.8%), naratriptan
5.0% (-), rizatriptan 0.9% (0.3%-1.4%), sumatriptan 0.7%
(0.2%-1.8%) and zolmitriptan 2.1% (0.7%-5.3%).

When considering potential infant drug exposure based
on C,,, in milk during the day, calculated RID values in a
day would still be < 10% of the maternal weight-adjusted
dose for all the six triptans (mean with range in parenthesis):
almotriptan 6.5% (-), eletriptan 2.0% (0.8%-3.3%), naratrip-
tan 9.1% (-), rizatriptan 5.6% (1.7%-9.7%), sumatriptan 1.8%
(0.8%-3.8%) and zolmitriptan 3.6% (1.4%-9.4%).

4 | DISCUSSION

The principal finding in the present study was that the excre-
tion of triptans into breast milk seems to be low, with mean
RID values varying from 0.6% to 0.7% for eletriptan and su-
matriptan to 5.0% for naratriptan. Our results add to the sparse
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existing knowledge on triptan excretion into breast milk and ex-
tend it to also include agents not previously studied. Moreover,
this study is, to our knowledge, the first to analyse relevant
active triptan metabolites, that is N-desmethyleletriptan and
N-desmethylzolmitriptan, in breast milk.

This study has some limitations, but also some strengths,
that should be addressed. One strength is that all partici-
pants submitted complete sample sets. This enabled us to
monitor the triptan concentrations in breast milk at mul-
tiple time-points throughout the whole 24-hour sampling
period. For each triptan, we covered all the different routes
of administration available in Norway at the time of the
study, with the exception of sumatriptan rectal supposito-
ries (withdrawn from the market in 2017). Furthermore, we
used a validated, sensitive and robust LC-MS/MS method
for analysis.

BCPT
Basic & Clinical Toxicology

Some limitations of this study also need to be discussed.
The extent of transfer into milk of a given drug may vary
according to the composition of the milk, with factors such as
pH and lipid and protein content.'” Moreover, the lipid con-
tent varies within a feed, with hindmilk containing two- to
threefold more fat than foremilk.'> Whereas the women in
this study did not empty the breasts completely at each sam-
pling, they collected mid-feed samples from each breast, as a
means to obtain a representative sample of a feed. However,
we did not analyse the milk samples with respect to pH and
lipid and protein content and were thus unable to ascertain
whether differences in milk composition affected the triptan
concentrations.

Secondly, we did not collect concomitant blood samples
from the participants, which prevented us from calculating
M/P ratios. Although the M/P ratio is useful for assessing

TABLE 3 Estimated absolute and relative infant doses of triptans in 19 breastfed infants (n = 22 sample sets), sorted according to triptan,

maternal administration form and dose

Administration Dose

Individual Triptan form (mg)
1 Almotriptan Tablet 12.5
2 Eletriptancl Tablet 40

3 Eletriptan’ Tablet 40
4 Eletriptan’ Tablet 20
Sa Naratriptan Tablet 2.5
5b Rizatriptan Tablet 10
6a Rizatriptan Tablet 10

7 Rizatriptan ODT 10

8 Rizatriptan ODT 10

9 Rizatriptan ODT 10
10 Sumatriptan S.c. injection 6
11 Sumatriptan Nasal spray 20
12a Sumatriptan Nasal spray 20
12b Sumatriptan Tablet 50
13 Sumatriptan Tablet 50
14 Sumatriptan Tablet 50
15 Sumatriptan Tablet 50
16 Sumatriptan Tablet 100
6b Zolmitriptan® Nasal spray 5
17 Zolmitriptan® ODT 2.5
18 Zolmitriptan Tablet 2.5
19 Zolmitriptan Tablet 2.5

AID (png/kg) RID (%)*

Maximum in a Ina Maximum in a Ina
feed” day” feed” day”
32 44 1.3 1.8
3.1 3.5 0.7 0.8
2.3 3.6 0.4 0.6
0.5 0.9 0.2 0.3
0.7 1.9 1.8 5.0
2.9 2.1 1.9 1.4
1.1 0.8 0.7 0.5
32 22 1.9 1.4
1.2 1.2 0.8 0.8
04 0.4 0.3 0.3
0.7 1.7 0.8 1.8
0.9 1.5 0.3 0.4
1.0 1.2 0.3 0.4
1.2 1.6 0.2 0.2
2.5 4.7 0.3 0.6
3.4 7.6 0.6 1.4
1.9 33 0.2 0.4
2.6 6.3 0.2 0.4
0.2 0.6 0.3 0.7
0.1 0.2 0.3 0.8
0.5 1.5 1.9 5.3°
0.1 0.4 04 1.4

Note: Abbreviations: AID, absolute infant dose; ODT, orally disintegrating tablet; RID, relative infant dose; s.c., subcutaneous.

“Assuming an average infant milk intake of 30 mL/kg body-weight peer feed, calculated at milk C,,,,.

®Assuming exclusive breastfeeding with an average infant milk intake of 150 mL/kg body-weight per day, calculated at milk Caver

“Infant dose per kg body-weight expressed as a percentage of the maternal dose per kg body-weight.

“The active N-desmethyl metabolite is not included in the calculations.

¢ Individual 18 reported concomitant use of propranolol. See text for further discussion.
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the extent to which a medication transfers from the mother's
blood into her milk, it is not a clinically applicable variable
to predict the risk of infant drug exposure. As the amount
of drug transfer to milk is largely determined by the drug
level in maternal plasma, even medications with a high M/P
ratio may still result in low total drug milk concentrations
if the maternal plasma concentration is low. Collection of
concomitant blood samples could also have confirmed par-
ticipants’ adherence to dose intake. Nevertheless, we had no
reason to suspect non-adherence in this study as the displayed
concentration-time curves in milk for all volunteers were
in concordance with intake of a single dose, with no drug
present at baseline (0 hours). The FDA recommendations
underline the importance of minimizing the burden of data
collection while at the same time obtaining adequate data,
and generally recommend milk-only studies unless there is a
specified reason to conduct another type of clinical lactation
study.9

Thirdly, we had to rely on participants’ self-reporting
of timing, as we were not able to verify that the women
conducted the breast milk sampling at the assigned times.
Neither could we confirm that they followed the instructions
of freezing the samples immediately after sampling. In both
situations, deviations from the instructions could potentially
influence the estimates presented. Finally, the relatively
small study size means that generalization of the results must
be made with caution, especially for the substances used by
only one, or a few of the participants. Our results must be
interpreted with these limitations in mind.

Our findings show that all the six triptans under study
were found in breast milk after administration of a single
dose. As illustrated in Figure 1, there was a relatively large
interindividual variability in the concentrations of each
specific triptan, even when taking into consideration dose
and administration form. Of special note, we observed a
28% higher C,,,, in individual 14 taking an oral dose of
50 mg sumatriptan than in individual 16 taking the double
dose. In individual 18 taking zolmitriptan 2.5 mg we ob-
served substantially higher C,,,, and AUC values in milk
compared with the other participants using zolmitriptan in
equal or higher doses (see Table 2). This woman reported
concomitant use of propranolol for migraine prevention
in a total daily dose of 80 mg. In a randomized crossover
study including 12 healthy volunteers, pretreatment with
propranolol 160 mg/day for 7 days was found to increase
mean zolmitriptan C,,,, and AUC by 56% and 37%, re-
spectively.> Thus, concomitant use of propranolol might
explain the observed higher C,,, and AUC in milk in indi-
vidual 18. These findings demonstrate that the individual
disposition of a drug is highly variable. As most lacta-
tion studies are conducted in a relatively small number of
women, individual variances in maternal pharmacokinetics

must always be considered when extrapolating individual-
level end-points to a population level.

Only one of the participants in our study reported use of
sumatriptan by subcutaneous injection, which also was the
route of administration examined in the previous study of
sumatriptan excretion in milk.® The observed f,,,, (2 hours)
in our individual was in agreement with the values reported
previously (median 2.5 hours; range 1.7-3.5 hours). In the
current study, however, we observed a substantially lower
Cpax (24.6 pg/L) compared with the previous study where
the mean C,,, was 87.2 ug/L (range 61.9-112.5 ng/L).
Moreover, the t;;, in our study individual (4.8 hours) was
prolonged compared with the previously reported mean t,,,
of 2.2 hours (range 1.2-3.1 hours). Their estimated RID
(mean 3.5%; 95% CI 0.3%-6.7%) was based on the cumu-
lative excretion of drug into milk,° making direct compari-
son with our results difficult. In contrast, the estimated RID
in our study was 0.7% based on the average concentration
throughout the day.

The presence of active metabolites should always be taken
into account when assessing possible risks to an infant fol-
lowing drug exposure through breastfeeding. The metabolite
concentrations should also be included in the estimations of
the infant dose. In our material, the milk concentrations of the
active metabolites of eletriptan and zolmitriptan were very
low to barely detectable (below the assay LLOQ). As such
low concentrations would not be expected to contribute sig-
nificantly to the overall infant drug exposure, they were not
included in the calculations.

An RID of 5%-10% may be considered a threshold value
in safety assessment.'™'*'® For most medications (with the
exception of highly toxic agents), an RID below 10% would
generally be considered compatible with breastfeeding.” For
all the six triptans in this study, the estimated RID values
were well below this level, indicating that infant drug expo-
sure of triptans through breastfeeding is low. Moreover, if the
oral bioavailability in infants is the same as in adults, sys-
temic exposure would be further reduced. In adults, triptans
have an oral bioavailability ranging from 14% (sumatriptan)
to 74% (naratriptan) and have relatively short half-lives,
ranging from 2 hours (sumatriptan and rizatriptan) to 6 hours
(naratriptan). Frovatriptan differs from the other agents in
this class with a significantly prolonged elimination half-life
of 26 hours.

Even when C,,,, in milk was used to calculate RID val-
ues, that is depicting a worst-case scenario for potential infant
exposure, they were still below the threshold of 10% of the
maternal dose. For rizatriptan, with its demonstrated short t,,,
the estimated RID in a feed at C,,,, equalled or exceeded the
corresponding RID in a day calculated at C,,. Thus, withhold-
ing breastfeeding for 4 hours after intake of rizatriptan would
cause a larger decrease in exposure than for the other triptans.
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Disregarding the individual zolmitriptan RID of 5.3% in
individual 18, naratriptan was the substance with the highest
estimated RID (5.0%) in this study. Although the estimated
RID is based on only one individual, considering naratrip-
tan's high oral bioavailability (74%) and thus its higher po-
tential of infant exposure, caution might be advisable in
mothers breastfeeding newborn infants. Some caution with
generalization is also advisable for almotriptan, as only one
individual used this triptan, although the calculated RID was
reassuringly low.

Sources differ in their recommendations as to whether it
is necessary to withhold breastfeeding after maternal treat-
ment with triptans. The recommendations in the product
monographs for these agents are in general precautious due
to lack of breastfeeding data and recommend for most trip-
tans that breastfeeding should be avoided for 24 hours after
treatment (see Table S1). A less strict warning is given in
the product monograph for sumatriptan, stating that infant
drug exposure can be minimized by avoiding breastfeeding
for 12 hours after treatment. In the aforementioned study
on sumatriptan, the authors suggested expressing and dis-
carding milk for 8 hours after the dose as a means to reduce
the amount of drug ingested by the breastfed infant.® The
findings from the present study are generally reassuring,
and we consider it being a too conservative approach to
categorically advise women to withhold breastfeeding.
Instead, we suggest that the mother may resume breast-
feeding as soon as practically feasible after she recovers
from the migraine attack, without discarding milk. As a
general rule of thumb, if equally effective for the mother,
triptans with shorter elimination half-lives should be pre-
ferred during breastfeeding, as they are eliminated more
rapidly from maternal plasma, and consequently also from
the milk compartment.

In conclusion, our findings demonstrate low excretion into
breast milk of the triptans studied, including relevant active
metabolites. The estimated RID values indicate that infant
drug exposure is low and suggest that use of the triptans in-
cluded in the present study is compatible with breastfeeding.
Still, for each patient, an individual assessment needs to be
made. Caution might be warranted in women breastfeeding
newborn infants when using naratriptan.
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