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Abstract

Objective: Investigate whether rimegepant—an oral small molecule calcitonin gene-related peptide receptor antag-
onist for the treatment of migraine—is excreted in human milk after a single 75 mg dose and characterize its con-
centration—time profile in the plasma and milk of healthy lactating women to determine the relative infant dose (RID).
Methods: This open-label, single-center study enrolled healthy lactating women aged 18-40 years with a ges-
tation of 37-42 weeks and uncomplicated delivery of a single healthy child =2 weeks (14 days) and <6 months
before study drug administration. Plasma samples were collected 0, 1, 2, 4, and 8 hours postdose; human milk
samples were collected at 0, 1, 2, 4, 8, 12, 16, 24, 32, and 36 hours. The milk:plasma drug concentration ratio
was estimated as the ratio of the human milk:plasma areas under the curve. The RID (%) was calculated as 100
times the quotient of the body weight-normalized infant and maternal doses.

Results: Subjects (N=12) were enrolled between 25 January and 15 September 2020. The mean (standard
deviation [SD]) age was 29.8 (3.6) years; mean (SD) body mass index was 26.8 (4.9) kg/mz. The mean (SD) RID
of rimegepant was 0.51% (0.14). The mean (SD) body-weight normalized infant dose was 0.005 (0.001) mg/
kg/day, the mean (SD) body-weight normalized maternal dose was 1.04 (0.18) mg/kg/day, and mean (SD) ma-
ternal body weight was 74.0 (13.3) kg.

Conclusion: On a weight-adjusted basis, the mean RID of rimegepant was <1% of the maternal dose.
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Introduction

MIGRAINE, a chronic condition that features periodic
attacks of head pain accompanied by sensitivity to light
and/or sound and gastrointestinal distress,’ affects >30 million
women in the United States.”> Among women of reproductive
age (1549 years), migraine is the most common cause of
disability®; performance decrements ranging from mild to
incapacitating have been documented in academic, profes-
sional, and social settings.*~® Although migraine attacks of-
ten abate or cease during pregnancy, they resume within
4 weeks of childbirth in most women who have migraine
before pregnancy.” Because some migraine drugs are incom-

patible with use during lactation or have not been evaluated,
concerns about infant drug exposure may delay or limit
breastfeeding and lead to avoidance of migraine medications
or, worse, avoidance of breastfeeding.8

Rimegepant is an orally administered calcitonin gene-
related peptide receptor antagonist approved by the US
Food and Drug Administration in 2020 for the acute treat-
ment of migraine in adults; it received approval for the pre-
ventive treatment of episodic migraine in 2021.° The 75 mg
dose of rimegepant has demonstrated efficacy and safet(x in
multiple randomized, placebo-controlled clinical trials.'®™"3

Rimegepant has not previously been evaluated in lactat-
ing women. However, based on the molecular weight and
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physiochemical properties of rimegepant, we hypothesized
that levels of rimegepant in human milk after a single 75 mg
dose would be very low. The objective of this study was to
investigate whether rimegepant is excreted in human milk
after a single 75 mg dose and to determine the concentration—
time profiles of rimegepant in the plasma and human milk of
healthy lactating women to enable calculation of the relative
infant dose (RID).

Materials and Methods

This Phase 1, single-center, open-label study assessed the
excretion of a single oral dose of 75mg rimegepant in
the human milk of healthy lactating women from 2 weeks
(14 days) up to 6 months postpartum at the time of study
drug administration. The protocol, consent form, recruitment
materials, and other written information provided to sub-
jects were reviewed and approved by the institutional review
board at the Texas Tech University Health Sciences Center
(Amarillo, TX). The study was conducted in accordance
with Good Clinical Practice, as defined by the International
Council for Harmonisation and the United States Code of
Federal Regulations, Title 21, Part 50 (21CFR50).

The study included a screening period (up to 30 days)
followed by a single-dose administration of rimegepant
75 mg with 36-hour follow-up. All subjects fasted for a min-
imum of 8 hours and were dosed on Day 1. A light meal was
administered no earlier than 2 hours after the dose to mini-
mize possible analysis interference and variance caused by
food intake just before sampling. To ensure milk production
after administration, dosing did not commence until a pre-
dose milk sample had been produced by the subject.

Concomitant medications were prohibited, except acet-
aminophen and medications used in direct association with
parturition, for the treatment of adverse events (AEs), or for
treatment of noninsulin-dependent diabetes. Use of concomitant
medication(s) from 1 week before dosing and throughout the
study was recorded in the case report form, together with the
main reason for its prescription, dose, and dosage regimen.

Eligible subjects were women aged 18—40 years who had
a normal pregnancy (gestation of 37-42 weeks) without
pregnancy-induced hypertension or pre-eclampsia; were
amenable to disclosing pregnancy and infant history; and
were willing to permit the use of pasteurized donor milk,
formula, or previously pumped/stored human milk to feed
the infant. Subjects also had to have delivered a single
normal-term infant (cesarean section was allowed) who was
able to bottle feed and established lactation from 2 weeks
(14 days) up to 6 months postpartum at the time of study
drug administration; be exclusively breastfeeding or pump-
ing; and agree not to breastfeed for the 36-hour period of
human milk collection after dosing with study drug.

Participants had to have a body mass index (BMI) of 18—
34.9kg/m? and negative serum drug screen results at screen-
ing and negative urine drug screen results at the eligibility
check before dosing; a positive test for drugs used in relation
to parturition was acceptable. Eligibility was also dependent
on having a negative alcohol breath test at screening and
at the eligibility check before dosing; being a nonsmoker or
light smoker (<15 cigarettes/week in the 6 months before
signing informed consent); and having a score of 0 on the
Sheehan-Suicidality Tracking Scale'* (S-STS) at screening.

BAKER ET AL.

Subjects also had to agree to abstain from sexual inter-
course from signing of consent to the end-of-study visit
(36 hours postdose) and have a negative serum b-human
chorionic gonadotropin at screening and a negative urine
pregnancy test at the eligibility check before dosing. Subjects
could not have any clinically significant abnormality that
might introduce additional risk factors or interfere with the
study procedures; donate blood or plasma from the signing
of consent through participation in the study; or participate in
another clinical study during this study and for a minimum
of 30 days after completion of participation in this study.

Subjects were excluded from participation if they had a
history of breast cancer, breast surgery, breast augmentation
or reduction, presence of breast implants, or clinically sig-
nificant abnormalities of the breasts that might affect milk
production and/or flow. They were also excluded if they had
a history or current evidence of any unstable medical con-
ditions that might expose them to undue risk of a significant
AE or interfere with assessments of safety or efficacy dur-
ing the course of the study.

The safety population included all subjects who received
at least 1 dose of study drug. Safety outcomes included AEs;
serious AEs; treatment-emergent AEs (TEAEs); AEs lead-
ing to withdrawal; laboratory assessments; liver function
tests; vital signs; physical measurements; electrocardiogra-
phy; concomitant medications/procedures; pregnancy test-
ing; alcohol breath test; drug screen; and the S-STS. AEs
were coded using Medical Dictionary for Regulatory Activ-
ities (version 23.1).

Vital signs were recorded at screening (Days =30 to —3),
eligibility check, and at 1, 2, 4, 8, 12, 16, 24, 32, and 36 hours
postdose. Height and weight were measured at screening.
Body temperature, respiratory rate, blood pressure, and radial
artery pulse rate were collected at predose and at 1, 2,4, 8, 12,
16, 24, 32, and 36 hours postdose.

At screening, eligibility check, and 36 hours postdose, the
following were conducted and/or administered: standard 12-
lead electrocardiogram; routine physical examination, in-
cluding examination of the cardiovascular, respiratory, and
gastrointestinal systems with review of any other system
being symptom-directed; laboratory assessments, including
clinical safety laboratory tests (hematology, chemistry, and
estimated glomerular filtration rate); liver function tests for
aspartate aminotransferase, alanine aminotransferase, alka-
line phosphatase, and bilirubin (total, direct, and indirect);
urinalysis; and the S-STS.

Laboratory assessments were conducted with the subject
fasted for a minimum of 8 hours, if possible. If a subject
was not fasting at a given visit, the test was still perfor-
med, and the nonfasting status was documented. Drug
screens were conducted in serum at screening and in urine at
eligibility check. Pregnancy tests were conducted at screen-
ing (serum test), eligibility check (urine test), and 36 hours
postdose (serum test). Alcohol breath tests were conducted at
screening and eligibility check.

The pharmacokinetic (PK) population included all subjects
with at least 1 postdose PK sample; assessments included
human milk rimegepant concentrations, plasma rimegepant
exposure, milk:plasma concentration ratio, and the RID.

Rimegepant PK parameters in human milk included maxi-
mum observed concentration (C,,y), time of observed maxi-
mum concentration (T,,,,), area under the concentration—time
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curve (AUC) from time zero to the last detectable concentration
(AUCy.1a5), AUC from time zero to infinity (AUCq_i,p), AUC
from time zero to the end of the dosing interval (24 hours)
(AUC,,,), and average concentration over the dosing interval
(C4y). They were obtained by noncompartmental analysis
(Phoenix WinNonlin version 8.1, Certara, Princeton, NJ) of
observed milk rimegepant concentrations. AUC values were
generated using the linear/log trapezoidal rule.

Maternal plasma rimegepant PK parameters included
Caxs Tmaxs AUCqins, and AUC,,. Plasma rimegepant PK
parameters for further calculations were obtained through
simulations using a validated population PK model (unpub-
lished) based on plasma concentration data from 10 previous
rimegepant Phase 1 clinical studies (N=337, 25% female).
The structural model, which comprised 2 compartments with
a transit model for oral absorption, simulated a complete
predicted individual PK profile from the dose and 8-hour
observed plasma PK data for each subject.

From these simulations, the PK parameters of C,,, and
Thax in plasma were determined, and AUC, (through
24 hours) and AUC_j,¢in plasma were calculated. The C,, in
human milk was calculated as AUC s divided by 24, as-
suming AUC_;,¢ after a single dose represents steady-state
AUC,,, (tau=24 hours). Human milk and plasma concen-
trations below the limit of quantification were set to zero.
Missing values were not imputed.

The milk:plasma concentration ratio was calculated based
on the ratio of the AUC_j,s of human milk to the AUC.;,¢
of plasma.

The RID was calculated as 100 times the quotient of the
body weight-normalized infant dose and the body weight-
normalized maternal dose. The body weight-normalized in-
fant dose was defined as the product of the milk:plasma
concentration ratio, the AUC.j,sderived maternal C,,, and
standardized milk consumption (150 mL/kg/day). The body
weight-normalized maternal dose was defined as the quotient
of the maternal dose (mg/day) and the maternal weight (kg) at
screening.

Plasma samples for PK assessment were collected at pre-
dose and at 1, 2, 4, and 8 hours postdose. Human milk samples
for PK assessment were collected 15-30 minutes predose and
at0, 1, 2,4, 8, 12, 16, 24, 32, and 36 hours postdose.

Subjects washed nipples with warm water before each hu-
man milk collection time point and pumping. Milk was col-
lected from both breasts by pumping to emptiness using an
electric milk pump (12 minutes) 15-30 minutes predose (time
zero). Each breast was completely emptied at 1, 2, 4, 8, 12, 16,
24, 32, and 36 hours postdose for determination of the rime-
gepant concentration in milk at each timepoint. Samples from
both breasts were combined into a single sample. The weight
and volume of the total sample for each timepoint was noted.

Frozen plasma and human milk samples were transported
on dry ice to the bioanalytical facility. Analysis of rimege-
pant concentrations in the human milk and plasma samples
was performed using validated high-performance liquid
chromatographic methods appropriate to the matrix ana-
lyzed, with tandem mass spectrometry detection methods
(Syneos Health, Morrisville, NC); the lower limit of quanti-
fication was 0.5 ng/mL for the plasma and human milk as-
says. The Watson Laboratory Information Management
System (Thermo Fisher Scientific, Waltham, MA) was used
at different steps of the analysis.
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A sample size of 12 subjects was anticipated to be suffi-
cient to detect quantifiable concentrations of rimegepant in
human milk based on regulatory guidance and findings from
previous studies with other compounds.'>'

Results

In total, 13 subjects were enrolled and screened; 12 re-
ceived a 75 mg dose of rimegepant and completed the study
(Fig. 1). Subjects had a mean (standard deviation [SD]) age
of 29.8 (3.6) years, most subjects were white (83.3% [10/12])
and not Hispanic or Latino (75.0% [9/12]) as shown in
Table 1. Subjects had a mean (SD) weight of 74.0 (13.3) kg
and a mean (SD) BMI of 26.8 (4.9) kg/mz. Mean (SD)
postdose milk production per 24 hours was 738.0 (195.6) mL.

In addition to rimegepant, 83.3% (10/12) subjects received
concomitant medications of minerals, vitamins, and/or pro-
biotics. Two subjects (16.7%) used progestin-only oral con-
traceptives. One subject (8.3%) took acetaminophen to treat
headache, 1 subject (8.3%) used a fluticasone and salmeterol
combination inhaler to treat asthma, and 1 subject (8.3%)
took levothyroxine to treat hypothyroidism.

The PK parameters for rimegepant in human milk and
plasma are shown in Table 2. Both sample media showed
interindividual variability of <30% on C,,,x and AUC. The
geometric mean (% coefficient of variation) milk:plasma
concentration ratio was 0.20 (16.2), and the median (range)
was 0.20 (0.16, 0.27). The mean (SD) body-weight normal-
ized infant dose was 0.005 (0.001) mg/kg/day; the median
(range) was 0.005 (0.003, 0.007) mg/kg/day. The mean (SD)
body-weight normalized maternal dose was 1.04 (0.18)
mg/kg/day; the median (range) was 1.09 (0.786, 1.364).
Accordingly, the mean (SD) RID was 0.51% (0.14); the
median (range) RID was 0.462% (0.358, 0.773). The mean
(SD) human milk concentration and plasma concentration—
time curves after a single 75 mg oral dose of rimegepant are
shown in Figure 2.

There were no AEs, serious AEs, TEAEs, or deaths re-
ported; no subjects discontinued from the study due to AEs.
No clinically meaningful abnormalities were observed in
maternal vital signs, laboratory values, hematology results,
chemistry results, or urinalysis parameters.

Discussion

Rimegepant is the only migraine medication approved for
acute and preventive treatment. It is likely that the potential
treatment population for rimegepant includes many post-
partum breastfeeding women with migraine. This study
evaluated rimegepant concentrations in plasma and human
milk in lactating women and provides new information re-
garding use of the compound in this population.

Human milk concentrations of rimegepant were measur-
able in all samples taken over the 24-hour dosing period. The
mean body weight-normalized infant rimegepant dose was
0.005 mg/kg/day, and the mean estimated RID was 0.51%. The
study, therefore, showed that oral administration of rimegepant
75 mg to lactating women results in a <1% RID in human milk.

Administration of a single oral dose of rimegepant 75 mg
to lactating women under fasting conditions was safe and
well tolerated.
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FIG. 1.

Breastfeeding women with migraine may overestimate the
risks of acute medications and avoid using prescribed treat-
ments based on fear of harming their child.'” This treatment
pattern may be due to the long-standing paucity of informa-
tion about drug safety and efficacy in pregnant and lactating
women, which has been attributed to the lack of a regulatory
requirement that clinical trials of new treatments enroll such

TABLE 1. DEMOGRAPHICS
AND BASELINE CHARACTERISTICS

Variable N=12
Age, years, mean (SD) 29.8 (3.6)
Sex, n (%)

Female 12 (100.0)
Race, n (%)

White 10 (83.3)

American Indian or Alaska Native 1 (8.3)

Multiple 1(8.3)
Ethnicity, n (%)

Hispanic or Latino 3(25.0)

Not Hispanic or Latino 9 (75.0)
Weight, kgi mean (SD) 74.0 (13.3)
BMI, kg/m~, mean (SD) 26.8 (4.9)

BMI, body mass index; SD, standard deviation.

Disposition of subjects.

TABLE 2. SUMMARY OF PHARMACOKINETIC PARAMETERS
AFTER A SINGLE 75 MG DOSE OF RIMEGEPANT
TO HEALTHY LACTATING WOMEN (N=12)

Sample medium

Human milk Plasma
AUC 60 810.1 (22.4) NA
AUCip 816.1 (22.3) 4,039.9 (17.4)
AUC 798.0 (22.0) 3,811.9 (17.2)
Cnax, Ng/mL 169.6 (23.2) 759.2 (23.0)
C,v, ng/mL 34.0 (22.3) 168.3 (17.4)
maxs h® 2.0 (1.0, 2.0) 1.4 (1.2, 1.8)

Milk:plasma 0.2 (16.2)

concentration ratio

“ng*h/mL.

*Median (range).

Data are geometric mean (% coefficient of variation) unless
otherwise noted.

AUC, area under the concentration—time curve;
applicable.

NA, not
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women, medicolegal and financial disincentives to undertake
pregnancy and lactation studies, and the reluctance of preg-
nant and lactating women to participate in clinical trials.'®

This suggests an unmet need for education and guidance
about the appropriate use of pharmacotherapy during breast-
feeding by women with migraine. 19 Although a 10% RID has
been commonly cited as a safety threshold,”® with lower per-
centages indicating decreased risk, no consensus has been
reached, and exceptions (e.g., antineoplastic drugs) are evi-
dent. The favorable safety profile of rimegepant in adults,’ as
well as the very low RID demonstrated in this study, are re-
assuring. Because the treatment of migraine is a common
challenge in breastfeeding women and is an important public
health issue, the results of this study will help inform the safe
use of rimegepant by lactating women with migraine.

This study has strengths and limitations. Strengths include
its being apparently the first determination of the very limited
transfer of a member of a new class of antimigraine medi-
cations, calcitonin gene-related peptide antagonists, into hu-
man milk, as well as the first evidence specific to rimegepant.
Limitations include the small size of the trial population and
the absence of women with migraine, which may reduce the
generalizability of its findings.

Conclusion

The results of this Phase 1, single-center, open-label study
assessing the PK of a single 75 mg oral dose of rimegepant
in healthy lactating women demonstrate that the estimated in-
fant exposure to maternal rimegepant from human milk is very
low, and that rimegepant was safe and well tolerated by lac-
tating women.

Data Sharing

Biohaven Pharmaceuticals will provide access to de-
identified patient-level data that underlie the results in this
article in response to scientifically valid research proposals.
Data from this study, including the study protocol, will be
made available beginning 9 months and ending 24 months
after the publication of this article. Biohaven will consider
requests from qualified researchers for access to the data.
Biohaven will review the request using an internal committee
composed of Biohaven staff who are responsible for the pro-
gram, including a clinician, a statistician, and a data-sharing
professional.

Time (hours)

Biohaven will make reasonable efforts to fulfil all data
requests for legitimate research purposes, but there might be
instances in which retrieval or delivery of data is not feasi-
ble, such as those involving, for example, patient privacy,
requirements for permissions, contractual obligations, and
conflicts of interest. All those receiving access to data will
be required to enter into a data use agreement provided by
Biohaven, which will contain the terms under which the data
will be provided.
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