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Abstract
Background Atogepant is an oral calcitonin gene-related peptide (CGRP) receptor antagonist in development for preventive 
treatment of migraine.
Objective To evaluate potential pharmacokinetic drug–drug interactions (DDIs), safety and tolerability of atogepant co-
administered with acetaminophen or naproxen in healthy participants.
Methods This open-label, randomized, five-way crossover, single-center, phase 1 DDI trial randomized healthy adult partici-
pants to one of ten intervention sequences to receive single-dose 60 mg atogepant, 1000 mg acetaminophen, 500 mg naproxen, 
or co-administrations of atogepant with acetaminophen or naproxen, with 7-day washout periods between interventions. 
Potential DDIs were assessed using geometric mean ratios and 90% confidence intervals (CIs) calculated from maximum 
plasma drug concentrations (Cmax) and area under the plasma drug concentration-time curves (AUCs) for co-administered 
medications versus medications administered alone. Secondary pharmacokinetic parameters [time to Cmax (tmax), terminal 
elimination half-life (t1/2), volume of distribution during terminal phase (VZ/F), total body clearance (CL/F)], and safety 
were evaluated.
Results Forty participants enrolled; 35 (87.5%) completed the trial. Atogepant Cmax was unchanged, AUC 0–t and  
AUC 0–∞ both increased 13%, and tmax and t1/2 were unchanged when co-administered with acetaminophen; and acetami-
nophen Cmax decreased 11%, AUC 0–t and AUC 0–∞ both decreased 6%, and tmax and t1/2 were unchanged when co-administered 
with atogepant. Atogepant mean (SD) Vz/F and CL/F were 369.45 (255.68) L and 18.88 (9.28) L/h, respectively, when 
administered alone and 297.56 (196.01) L and 16.33 (6.11) L/h when co-administered with acetaminophen. Atogepant Cmax 
was unchanged, AUC 0–t and AUC 0–∞ both decreased 1%, and tmax and t1/2 were unchanged when co-administered with nap-
roxen; and naproxen Cmax decreased 6%, AUC 0–t and AUC 0–∞ both decreased 2%, and tmax and t1/2 were unchanged when 
co-administered with atogepant. Atogepant mean (SD) Vz/F and CL/F were 359.61 (247.99) L and 18.80 (7.78) L/h, respec-
tively, when co-administered with naproxen. Treatment-emergent adverse events (TEAEs) occurred at rates of 5.6–21.1% 
across interventions. The most commonly reported TEAEs were oropharyngeal pain (n = 2, with atogepant; not treatment 
related) and nausea (n = 2, with atogepant/acetaminophen; treatment related).
Conclusion Co-administration of 60 mg atogepant with 1000 mg acetaminophen or 500 mg naproxen was safe and well 
tolerated in healthy participants, and no DDIs were observed.
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1 Introduction

Migraine is a complex, chronic disease with recurrent 
attacks that are often incapacitating and characterized by 
headache pain as well as neurologic and autonomic symp-
toms [1–5]. Migraine is highly prevalent, affecting more 
than 1 billion individuals worldwide [6], and is a leading 
cause of years lived with disability in those under 50 years 
of age, resulting in high global and individual burden of 
disease [7, 8]. Migraine management consists of two types 
of medications: acute medications, used for the treatment of 
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Key Points 

Atogepant, an oral calcitonin gene-related peptide 
(CGRP) receptor antagonist that is in development for 
the preventive treatment of migraine, is likely to be 
co-administered with the analgesic medications acetami-
nophen or naproxen.

In this phase 1, open-label, drug–drug interaction study, 
atogepant overall exposure (area under the plasma drug 
concentration-time curve) was similar when adminis-
tered alone or co-administered with acetaminophen or 
naproxen; peak atogepant plasma concentration, time to 
peak plasma concentration, and atogepant half-life were 
also similar when co-administered with acetaminophen 
or naproxen.

Co-administration of atogepant with acetaminophen 
or naproxen appeared safe and no clinically significant 
drug–drug interactions were observed.

a migraine attack and associated symptoms, and preventive 
medications, used to reduce attack frequency, severity, dura-
tion, and disability [9, 10]. Commonly used over-the-coun-
ter acute treatments for mild to moderate migraine attacks 
include nonsteroidal anti-inflammatory drugs (NSAIDs), 
nonopioid analgesics, and acetaminophen [9, 11–13]. Aceta-
minophen and naproxen are often used in combination with 
other medications [14, 15]. They are modestly effective 
for the acute treatment of migraine attacks that are mild to 
moderate in severity, and are generally well tolerated [14]. 
Triptans, dihydroergotamine, and gepants are migraine-spe-
cific medications recommended for the acute treatment of 
moderate to severe migraine attacks [9, 16, 17].

Preventive treatment is considered when migraine attacks 
are frequent (generally around four or more monthly head-
ache days); attacks interfere with daily activities despite 
acute treatment; contraindication to, failure, or overuse of 
acute treatments exists; if the acute treatments are asso-
ciated with adverse events (AEs); or the patient prefers 
preventive treatment over acute treatment [9]. Preventive 
treatments include migraine-nonspecific medications (beta 
blockers, antiepileptics, calcium channel blockers, antide-
pressants, and onabotulinumtoxin A) [9, 10]. Recently, new 
pharmacotherapies that target the calcitonin gene-related 
peptide (CGRP) or its receptors have demonstrated effi-
cacy and been approved for the acute treatment of migraine 
attacks (ubrogepant [16], rimegepant [17]) and for the pre-
ventive treatment of migraine in adults (fremanezumab 

[18], galcanezumab [19], erenumab [20], eptinezumab [21]) 
[22].

Atogepant is an oral CGRP receptor antagonist currently 
in development for the preventive treatment of migraine. In 
a phase 2b/3, randomized, controlled trial (NCT02848326), 
treatment with atogepant led to significant reductions in 
mean monthly migraine days and was well tolerated in 
adults with a history of migraine (4–14 migraine days per 
month) [23]. A subsequent 12-week, randomized, placebo-
controlled, multidose phase 3 clinical trial (NCT03777059) 
of the use of atogepant for migraine prevention reported a 
favorable safety profile with efficacy at all doses of atogepant 
compared with placebo [24]. When used for migraine pre-
vention, atogepant is likely to be co-administered with acute 
medications for the treatment of breakthrough migraine 
attacks, including acetaminophen and naproxen. Here we 
report the results from a phase 1 trial conducted to assess 
the potential for pharmacokinetic drug–drug interactions 
between atogepant and acetaminophen and between atoge-
pant and naproxen in healthy adult participants.

2  Methods

2.1  Study Design

This open-label, randomized, five-way crossover, phase 
1 trial assessed the potential pharmacokinetic interaction 
between atogepant and acetaminophen, and atogepant 
and naproxen in healthy adult participants. The trial was 
conducted at a single site in the USA from 20 April 2019 
through 24 June 2019. Eligible participants were randomly 
assigned to one of ten intervention sequences to receive 
a single oral dose of 60 mg atogepant (1 × 60 mg tablet; 
Allergan plc, Dublin, Ireland), a single dose of 1000 mg 
acetaminophen (2 × 500 mg caplet; Tylenol Extra Strength 
caplet; McNeil Consumer Healthcare, Fort Washington, PA, 
USA), co-administration of 60 mg atogepant and 1000 mg 
acetaminophen, a single dose of 500 mg naproxen (1 × 550 
mg naproxen sodium tablet equivalent to 500 mg naproxen; 
Anaprox DS tablet; Canton Laboratories, Alpharetta, GA, 
USA), and co-administration of 60 mg atogepant and 500 
mg naproxen under fasted conditions (10 h prior to dos-
ing and 4 h following dose administration) after a screening 
period of up to 21 days. Participants were randomized based 
on a schedule prepared by the study sponsor according to 
a 5 × 5 Williams Squares design (Supplemental Table S1, 
Online Supplemental Material), and received interventions 
on days 1, 8, 15, 22, and 29 with a 7-day washout between 
interventions. A follow-up period of 30 days occurred after 
the last dose of study intervention on day 29. Because this 
was an open-label trial, investigators and participants were 
not blinded to interventions.
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The study protocol was approved by Bio-Kinetic Clinical 
Applications Institutional Review Board (Springfield, MO, 
USA). All participants provided written informed consent 
prior to initiation of any study-specific procedures. This 
study was conducted in accordance with the principles of 
the Declaration of Helsinki and the International Council 
for Harmonisation (ICH) E6 guideline for Good Clinical 
Practice.

2.2  Participants

Eligible participants were healthy adults, 18–45 years of age 
(inclusive), nonsmokers/nonusers of nicotine-containing 
products (never used or had not used within the previous 
2 years), with a body mass index (BMI) ≥ 18 and ≤ 30 kg/
m2 and sitting pulse rate ≥ 45 and ≤ 100 beats per minute 
(bpm). Participants with childbearing potential had to use 
contraception during the study, and females had to have 
a negative pregnancy result on day −1 and could not be 
breastfeeding.

Exclusion criteria included sitting systolic blood pressure 
(BP) ≥ 140 mmHg or ≤ 90 mmHg; sitting diastolic BP ≥ 90 
mmHg or ≤ 50 mmHg; abnormal electrocardiogram (ECG) 
results thought to be potentially clinically significant; or 
QT prolongation (QTcF ≥ 450 ms or ≥ 470 ms for males or 
females, respectively). Participants could not test positive 
for benzoylecgonine, methadone, barbiturates, ampheta-
mines, benzodiazepines, alcohol, cannabinoids, opioids, 
phencyclidine, or cotinine; have a clinically significant dis-
ease state; have a clinical condition that might affect the 
absorption, distribution, biotransformation, or excretion 
of atogepant, acetaminophen, or naproxen; have a history 
of alcohol or other substance abuse within the previous 5 
years; have previously participated in an investigational 
study of atogepant; or have participated in a clinical inves-
tigation (within 30 days before first administration), blood 
donation program (within 60 days before first administra-
tion) or plasma donation program (within 30 days before 
first administration).

Participants could not have consumed beverages, food, 
herbs, or dietary supplements that could affect various drug-
metabolizing enzymes and transporters within 14 days prior 
to dosing and through the end-of-dosing visit. Participants 
also had to abstain from drinking alcohol 72 h before dosing 
through follow-up and abstain from ingesting caffeine- or 
xanthine-containing products for 48 h before dosing through 
the collection of the last blood sample for pharmacokinetic 
testing.

2.3  Study Procedures

Participants were admitted to the study center on days −1, 
7, 14, 21, and 28 where they remained for 48 h after each 

intervention with the exception of administration of aceta-
minophen alone, when participants remained for 24 h after 
intervention. Study interventions were administered under 
fasting conditions (10-h overnight fast) with approximately 
240 mL of water on days 1, 8, 15, 22, and 29. Participants 
remained seated and upright for 4 h after dosing. After all 
interventions had been administered, participants returned 
to the study center within 7 days of day 32 (day 30 for par-
ticipants who received acetaminophen alone as their final 
intervention) and at day 59 (± 3) for safety evaluations.

2.4  Pharmacokinetic Assessments

Blood samples were collected into prechilled 4-mL col-
lection tubes (Vacutainer, BD, Franklin Lakes, NJ, USA) 
containing  K2 EDTA as an anticoagulant for atogepant or 
naproxen pharmacokinetic testing at 0 (predose), 0.5, 1, 
1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, and 72 h after dosing; 
samples for acetaminophen pharmacokinetic testing were 
collected at the same time points through 24 h. Atogepant, 
acetaminophen, and naproxen concentrations in plasma 
samples were measured using separate validated liquid 
chromatography with tandem mass spectrometry assays. 
The lower limit of quantitation in plasma was 1.0 ng/mL 
for atogepant, 0.1 μg/mL for acetaminophen, and 0.5 μg/
mL for naproxen.

2.5  Bioanalytical Assay

Atogepant and naproxen were extracted from 0.100 mL and 
0.0500 mL of human plasma, respectively, by protein pre-
cipitation extraction methods. Acetaminophen was extracted 
from 0.100 mL of human plasma by liquid–liquid extrac-
tion methods. Internal standards for atogepant, naproxen, 
and acetaminophen were MK-8031-D3, naproxen-D3, and 
acetaminophen-D4, respectively. The analytes were identi-
fied and quantified using reversed-phase high-performance 
liquid chromatography with triple quadrupole mass spec-
trometry detection over a theoretical concentration range of 
1.00 ng/mL to 1000.00 ng/mL of atogepant, 0.50 µg/mL to 
100.00 µg/mL of naproxen, and 0.10 µg/mL to 30.00 µg/
mL of acetaminophen. The identity of the reference stand-
ard (MK-8031-D3) had to be met and identified. The matrix 
used to prepare calibrants and quality control samples was 
screened for potential interference at the retention times and 
mass transitions of atogepant and MK-8031-D3, naproxen 
and naproxen-D3, and acetaminophen and acetaminophen-
D4. In addition to blank and zero calibrants, 11 non-zero 
calibrants (ten for naproxen and acetaminophen) and three 
levels of quality control samples (four for acetaminophen) 
containing atogepant were prepared with analyte-free human 
plasma, using  K2 EDTA as anticoagulant. When the analyte 
was atogepant, calibrant concentrations ranged from 1.00 ng/
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mL to 1000.00 ng/mL, and quality control sample concentra-
tions were 3.00 ng/mL, 500.00 ng/mL, and 750.00 ng/mL. 
When the analyte was naproxen, calibrant concentrations 
ranged from 0.50 µg/mL to 100.00 µg/mL and quality con-
trol sample concentrations were 1.50 µg/mL, 20.00 µg/mL, 
and 75.00 µg/mL. When the analyte was acetaminophen, 
calibrant concentrations ranged from 0.10 µg/mL to 30.00 
µg/mL and quality control sample concentrations were 0.30 
µg/mL, 5.00 µg/mL, 15.00 µg/mL, and 22.50 µg/mL.

2.6  Study Endpoints

Pharmacokinetic parameters of area under the plasma drug 
concentration-time curve from time 0 to time t (AUC 0–t) 
and to infinity (AUC 0–∞), and maximum plasma concen-
tration (Cmax) were used to evaluate interactions between 
atogepant and acetaminophen, and between atogepant and 
naproxen administered to healthy adults. Additional pharma-
cokinetic parameters [time to Cmax (tmax), apparent terminal 
elimination half-life (t1/2), apparent total body clearance 
from plasma after extravascular administration (CL/F), and 
apparent volume of distribution during the terminal phase 
after extravascular administration (VZ/F)] for atogepant, 
acetaminophen, and naproxen, and safety and tolerability 
were evaluated.

2.7  Safety

Safety endpoints included the incidence and types of treat-
ment-emergent adverse events (TEAEs), serious adverse 
events (SAEs), physical examinations, clinical laboratory 
tests, vital signs, and ECGs.

2.8  Statistical Analyses

A sample size of 40 participants with at least 28 completing 
the study was estimated to provide at least 90% power to 
show that the 90% confidence intervals (CIs) for the ratio of 
geometric mean values for Cmax and AUC of atogepant with 
and without co-administration of acetaminophen or nap-
roxen were within 80–125%. This sample size was based 
on the following assumptions: the within-participant coef-
ficient of variation is 25% for atogepant Cmax and AUC; the 
true geometric mean ratios (GMRs) of test:reference were 
approximately 1; and the naproxen within-participant coef-
ficient of variation after oral administration is lower at 18% 
for Cmax and 20% for AUC. This sample size also assumed 
a large dropout rate based on the length of the intervention 
periods and the number of interventions.

Pharmacokinetic parameters derived from plasma con-
centrations included Cmax, AUC 0–t, AUC 0–∞, tmax, t1/2, CL/F, 
and VZ/F and were calculated from plasma concentrations 

using Phoenix WinNonlin version 8.0 software. A lin-
ear mixed-effects model was used for the comparison of 
atogepant, acetaminophen, and naproxen log-transformed 
pharmacokinetic parameters (Cmax, AUC 0–t, AUC 0–∞) to 
co-administrations of atogepant with acetaminophen, and 
atogepant with naproxen. In this model, intervention, period, 
and sequence were fixed effects and participant within 
sequence was a random effect. To evaluate drug–drug inter-
actions, two-sided 90% CIs for the GMRs between the test 
intervention (co-administration of atogepant with acetami-
nophen or naproxen) and reference intervention (atogepant, 
acetaminophen, or naproxen alone) were constructed. In 
accordance with US Food and Drug Administration (FDA) 
guidance for studies of drug–drug interactions [25], no sig-
nificant effect between the test and reference interventions 
was concluded if the 90% CIs for the GMRs were within 
80–125%.

A TEAE was defined as any untoward medical occur-
rence in a study participant, temporally associated with 
the use of study intervention, whether or not considered 
related to the study intervention. The TEAE could include 
any unfavorable and unintended sign (including an abnor-
mal laboratory finding), symptoms, or disease (new or 
exacerbated) temporally associated with the use of study 
intervention. An SAE was defined as any untoward medi-
cal occurrence that at any dose resulted in death, was life 
threatening, required inpatient hospitalization or prolon-
gation of an existing hospital stay, resulted in persistent 
disability or incapacity, was a congenital anomaly or birth 
defect, or resulted from some other situation that may 
include: invasive or malignant cancers, intensive interven-
tion in an emergency room or at home for allergic bron-
chospasm, blood dyscrasias or convulsions that do not 
result in hospitalization, or development of drug depend-
ency or drug abuse. AE intensity was assessed as mild 
(AE that is usually transient and may require only minimal 
treatment or therapeutic intervention and does not gener-
ally interfere with usual activities of daily living), moder-
ate (AE that is usually alleviated with additional specific 
therapeutic intervention and interferes with usual activities 
of daily living, causing discomfort but poses no significant 
or permanent risk of harm to the participant), and severe 
(AE that interrupts usual activities of daily living, or sig-
nificantly affects clinical status, or may require intensive 
therapeutic intervention).

Safety analyses were conducted on the safety popula-
tion, which comprised all participants who received at least 
one intervention dose. Pharmacokinetic analysis popula-
tions for atogepant with or without acetaminophen, atoge-
pant with or without naproxen, acetaminophen with or 
without atogepant, and naproxen with or without atogepant 
included all participants who received the interventions 
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and had evaluable pharmacokinetic parameters available 
for analysis.

3  Results

3.1  Participants

A total of 40 participants enrolled and were randomized; 
35 (87.5%) completed the study (Fig. 1). Five participants 
discontinued the study: three participants withdrew consent, 
and two were lost to follow-up. The mean age of the safety 
population was 30.0 years, approximately half were female 
(47.5%), and most were White (85.0%) (Table 1). No notable 
differences in demographic characteristics between interven-
tion groups were noted. The safety population comprised all 
40 participants; populations analyzed for pharmacokinetic 
outcomes included 37 participants for atogepant with or 
without acetaminophen, 38 for acetaminophen with or with-
out atogepant, 38 for atogepant with or without naproxen, 
and 36 for naproxen with or without atogepant.

3.2  Atogepant‑Acetaminophen Drug–Drug 
Interaction

The mean (standard deviation; SD) plasma concentrations of 
atogepant with or without co-administered acetaminophen 
are shown in Fig. 2. The Cmax and overall exposure (AUC) 
of atogepant were unchanged when atogepant was co-admin-
istered with acetaminophen (Table 2, Fig. 2). The median 
atogepant tmax and mean apparent terminal t1/2 of atogepant 
with or without co-administration of acetaminophen were 
generally similar.

The mean (SD) plasma concentrations of acetaminophen 
administered alone or co-administered with atogepant are 
shown in Fig. 3a. There were no clinically relevant changes 
in acetaminophen pharmacokinetic parameters when co-
administered with atogepant compared with acetaminophen 
administered alone (Table 3, Fig. 3a).

The GMRs and their 90% CIs for the comparison of 
Cmax and AUC parameters of atogepant and acetami-
nophen co-administered versus administered alone are 
summarized in Table 4. Although atogepant AUC 0–t and 

Fig. 1  Participant disposition. 
aPharmacokinetic analysis 
populations included only those 
participants who had evaluable 
parameters
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AUC 0–∞ were 13% greater when co-administered with 
acetaminophen, the 90% CIs were contained within the 
range of 0.80 and 1.25 for AUC 0–t, AUC 0–∞, and Cmax, 
suggesting no drug–drug interaction. Similarly, while the 
Cmax of a single dose of acetaminophen co-administered 
with atogepant decreased by 11% and AUCs decreased 
by 6%, the 90% CIs were also contained within the range 
of 0.80 and 1.25, suggesting no drug–drug interaction 
(Table 4).

3.3  Atogepant‑Naproxen Drug–Drug Interaction

The mean (SD) plasma concentrations of atogepant with or 
without co-administered naproxen are shown in Fig. 4. The 
Cmax and overall exposure (AUC) (Table 2, Fig. 4) of atoge-
pant were unchanged when atogepant was co-administered 
with naproxen. The median atogepant tmax and mean appar-
ent terminal t1/2 of atogepant with or without co-administra-
tion of naproxen were generally similar.

The mean (SD) plasma concentrations of naproxen 
administered alone or co-administered with atogepant are 
shown in Fig. 3b. There were no clinically relevant changes 
in naproxen pharmacokinetic parameters when co-adminis-
tered with atogepant compared with naproxen administered 
alone (Table 3, Fig. 3b).

The GMRs and their 90% CIs for the comparison of Cmax 
and AUC parameters of atogepant and naproxen co-adminis-
tered versus administered alone are summarized in Table 5. 
Based on statistical comparisons using a linear fixed-
effects model, the GMRs for atogepant Cmax, AUC 0–t, and  
AUC 0–∞ when co-administered with naproxen were 1.00, 
0.99, and 0.99, respectively. There was no drug–drug inter-
action effect of naproxen on the pharmacokinetics of atoge-
pant because the 90% CIs were contained within the range of 
0.80 and 1.25 for AUC 0–t, AUC 0–∞, and Cmax for atogepant 
when co-administered with naproxen versus administration 
alone. The GMRs for naproxen Cmax, AUC 0–t, and AUC 0–∞ 
when co-administered with atogepant were 0.94, 0.98, and 
0.98, respectively. These findings, along with the fact that 
the 90% CIs were contained within the range of 0.80 and 
1.25 for Cmax and AUC, indicate no drug–drug interaction 
for naproxen when co-administered with atogepant versus 
administration alone.

Table 1  Demographic characteristics at baseline

Values are means (SD) unless otherwise indicated
BMI body mass index, SD standard deviation

Characteristic Atogepant  
60 mg  
(n = 38)

Acetaminophen 
1000 mg  
(n = 39)

Atogepant 60 mg +  
acetaminophen 1000 mg 
(n = 38)

Naproxen  
500 mg  
(n = 36)

Atogepant 60 mg + 
naproxen 500 mg 
(n = 38)

Age, y 29.7 (8.2) 30.0 (8.4) 30.1 (8.4) 29.7 (8.4) 29.7 (8.2)
Male sex, n (%) 19 (50.0) 20 (51.3) 19 (50.0) 17 (47.2) 19 (50.0)
Race, n (%)
 White 34 (89.5) 34 (87.2) 32 (84.2) 32 (88.9) 34 (89.5)
 Black/African American 3 (7.9) 4 (10.3) 5 (13.2) 3 (8.3) 3 (7.9)
 Asian 1 (2.6) 1 (2.6) 1 (2.6) 1 (2.8) 1 (2.6)

Hispanic ethnicity, n (%) 1 (2.6) 1 (2.6) 1 (2.6) 1 (2.8) 1 (2.6)
Weight, kg 75.7 (11.0) 76.0 (10.9) 76.2 (11.3) 75.4 (11.1) 75.7 (11.0)
Height, cm 169.2 (9.7) 169.3 (9.6) 169.3 (9.8) 169.0 (9.9) 169.2 (9.7)
BMI, kg/m2 26.4 (2.6) 26.4 (2.6) 26.5 (2.6) 26.3 (2.6) 26.4 (2.6)

Fig. 2  Mean (SD) plasma atogepant concentration-time profile fol-
lowing single-dose oral administration of 60 mg atogepant alone or 
when co-administered with 1000 mg acetaminophen to fasted healthy 
participants on a semi-logarithmic scale
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3.4  Safety and Tolerability

Overall incidences of treatment-emergent AEs were low; 
proportions of participants with treatment-emergent AEs 
considered related to study intervention ranged from 2.8 to 
13.2% across the five study interventions. No SAEs, fatal 
events, TEAEs leading to discontinuation, or potential Hy’s 
law cases were reported. The higher rate of TEAEs with 
atogepant alone or co-administered with acetaminophen was 
not attributable to any particular type or pattern of TEAEs. 
Most events were mild in intensity except for one event of 
moderate dysmenorrhea after dosing with 60 mg atogepant 
and one event of moderate oropharyngeal pain after dosing 

with 1000 mg acetaminophen. The most commonly reported 
TEAEs were oropharyngeal pain (n = 2; after dosing with 
atogepant and considered to be not related to intervention) 
and nausea (n = 2; after dosing with atogepant co-admin-
istered with acetaminophen and considered to be related to 
intervention).

Five participants had potentially clinically significant 
abnormal laboratory values. At the end of dosing, one par-
ticipant had: hematocrit ratio less than 0.9 times the lower 
limit of normal (LLN), hemoglobin less than 0.9 times LLN, 
and red blood cell count less than 0.9 times LLN; one had 
absolute neutrophil count less than 0.7 times LLN; one had 
white blood cell count less than 0.9 times LLN; and two 

Table 2  Mean (SD) pharmacokinetic parameters of atogepant following single-dose oral administration of atogepant alone or when  
co-administered with acetaminophen or naproxen

AUC 0–t area under the plasma drug concentration-time curve (AUC) from time 0 to time t, AUC 0–∞ AUC from time 0 to infinity, CL/F apparent 
total body clearance of drug from plasma after extravascular administration, Cmax maximum plasma drug concentration, t1/2 terminal elimination 
half-life, tmax time to Cmax, Vz/F apparent volume of distribution during the terminal phase after extravascular administration
a Median (range)

Pharmacokinetic parameters Atogepant 60 mg  
(n = 38)

Atogepant 60 mg + 
 acetaminophen 1000 mg  
(n = 37)

Atogepant 60 mg + 
naproxen 500 mg 
(n = 38)

Cmax (ng/mL) 788.10 (327.82) 761.56 (339.08) 765.26 (257.10)
AUC 0–t (ng·h/mL) 3628.02 (1201.26) 4125.64 (1428.11) 3537.08 (1081.78)
AUC 0–∞ (ng·h/mL) 3673.44 (1208.61) 4161.84 (1434.23) 3577.09 (1088.98)
tmax (h)a 1.50 (1.00–4.00) 2.00 (1.00–4.00) 2.00 (1.00–3.00)
t1/2 (h) 14.44 (7.91) 13.13 (7.10) 13.47 (7.69)
Vz/F (L) 369.45 (255.68) 297.56 (196.01) 359.61 (247.99)
CL/F (L/h) 18.88 (9.28) 16.33 (6.11) 18.80 (7.78)

Fig. 3  Mean (SD) plasma acetaminophen (a) or naproxen (b) concentration-time profile following single-dose oral administration of 1000 mg 
acetaminophen or 500 mg naproxen when co-administered with 60 mg atogepant to fasted healthy participants on a semi-logarithmic scale
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participants had potassium values greater than 1.1 times the 
upper limit of normal (ULN) at follow-up. Three partici-
pants had potassium values greater than 1.1 times ULN at 
interim assessments. None of the abnormal clinical labora-
tory results were reported as a TEAE, and none were con-
sidered to be clinically relevant.

Three participants had potentially clinically significant 
abnormal vital signs at the end of dosing, including one 
participant with diastolic BP ≤ 50 mmHg and decrease of 
≥ 15 mmHg, one participant with pulse rate ≤ 50 bpm and 
decreased ≥ 15 bpm, and one participant with body tem-
perature < 35 °C. Four participants had abnormal vital signs 
during interim assessments, including one participant with 
diastolic BP ≤ 50 mmHg and decrease of ≥ 15 mmHg (2 
events); two participants with pulse rate of ≤ 50 bpm and 
decrease of ≥ 15 bpm; and one participant with pulse rate 

≥ 120 bpm and increase of ≥ 15 bpm. None of the abnor-
mal vital signs were reported as a TEAE, and none were 
considered to be clinically relevant. No potentially clinically 
significant abnormal ECG parameter values were reported.

4  Discussion

This drug–drug interaction study demonstrated that co-
administration of 60 mg atogepant with 1000 mg acetami-
nophen or with 500 mg naproxen resulted in no statistically 
or clinically relevant changes in Cmax or overall systemic 
exposure to either drug and was safe and well tolerated. 
Similar to prior pharmacokinetic studies [26], atogepant 
was rapidly absorbed, with a tmax of ~1.5 h. Pharmacoki-
netic results following the co-administration of atogepant 

Table 3  Mean (SD) pharmacokinetic parameters of acetaminophen or naproxen when administered alone or when co-administered with  
atogepant

AUC 0–t area under the plasma drug concentration-time curve (AUC) from time 0 to time t, AUC 0–∞ AUC from time 0 to infinity, CL/F apparent 
total body clearance of drug from plasma after extravascular administration, Cmax maximum plasma drug concentration, t½ terminal elimination 
half-life, Tmax time to Cmax, Vz/F apparent volume of distribution during the terminal phase after extravascular administration
a Median (range)

Acetaminophen pharmacokinetics Naproxen pharmacokinetics

Pharmacokinetic parameters Acetaminophen 
1000 mg (n = 39)

Acetaminophen 1000 mg + 
atogepant 60 mg (n = 38)

Naproxen 500 mg (n = 36) Naproxen 500 mg 
+ atogepant 60 mg 
(n = 38)

Cmax (µg/mL) 15.82 (5.25) 15.04 (6.54) 79.86 (12.27) 74.52 (14.71)
AUC 0–t (µg·h/mL) 60.80 (18.61) 59.32 (18.42) 1210.00 (170.55) 1183.01 (186.88)
AUC 0–∞ (µg·h/mL) 62.30 (19.01) 60.97 (18.86) 1292.47 (201.56) 1268.05 (218.17)
Tmax (h)a 1.00 (0.50–2.00) 1.50 (0.50–4.00) 1.00 (0.50–4.00) 1.50 (0.50–6.00)
t1/2 (h) 4.67 (1.48) 5.16 (1.68) 18.66 (3.00) 19.14 (2.61)
Vz/F (L) 117.16 (46.91) 132.39 (53.52) 10.55 (1.77) 11.05 (1.55)
CL/F (L/h) 17.80 (6.29) 18.54 (8.26) 0.40 (0.06) 0.41 (0.07)

Table 4  Statistical analysis of pharmacokinetic parameters of plasma atogepant and acetaminophen administered alone and when  
co-administered

AUC 0–t area under the plasma drug concentration-time curve (AUC) from time 0 to time t, AUC 0–∞ AUC from time 0 to infinity, Cmax maximum 
plasma drug concentration, GMR geometric means ratio, LSM least squares mean

Pharmacokinetic parameters Geometric LSM GMR (test/
reference)

90% lower CI 90% upper CI

Test Reference

Plasma atogepant
Test = Atogepant +  

Acetaminophen Refer-
ence = Atogepant

Cmax (ng/mL) 717.17 717.19 1.00 0.90 1.11
AUC 0–t (ng·h/mL) 3794.44 3349.76 1.13 1.05 1.22
AUC 0–∞ (ng·h/mL) 3828.79 3395.58 1.13 1.04 1.22

Plasma acetaminophen
Test = Atoge-

pant + Acetaminophen 
Reference =  
Acetaminophen

Cmax (µg/mL) 13.27 14.96 0.89 0.81 0.97
AUC 0–t (µg·h/mL) 54.13 57.88 0.94 0.89 0.99
AUC 0–∞ (µg·h/mL) 55.61 59.29 0.94 0.89 0.99
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with acetaminophen demonstrated an increase in the over-
all exposure (AUC) of atogepant by 13% and a decrease of 
acetaminophen Cmax and AUC by 11% and 6%, respectively. 
These changes are not expected to result in any clinically 
relevant effects on efficacy or safety. Based on the GMRs 
and 90% CIs, there was no drug–drug interaction follow-
ing the co-administration of atogepant with naproxen. In a 
clinical trial to evaluate the risk of cardiac repolarization, 
atogepant administered at supratherapeutic doses of 300 mg 
was safe and well tolerated in healthy adult participants. The 
small increase in atogepant AUC when co-administered with 
acetaminophen is therefore not likely to have an impact on 
the safety of atogepant.

Our observations of the lack of pharmacokinetic interac-
tions between atogepant and acetaminophen or naproxen are 
consistent with our current understanding of how these med-
ications are absorbed and metabolized. Atogepant, aceta-
minophen, and naproxen are all extensively metabolized in 
the liver, but through different mechanisms. Atogepant is a 
substrate of P-glycoprotein (P-gp) and the cytochrome P450 
isoform CYP3A4 [26]. Acetaminophen is primarily metabo-
lized by hepatic glucuronidation and sulfation [27], and nap-
roxen is metabolized by CYP2C9 and CYP1A2 [28]. Despite 
the low likelihood of drug–drug interactions based on meta-
bolic pathways, atogepant is likely to be co-administered 
with acetaminophen or naproxen for the acute treatment of 
migraine attacks, and this study is therefore important to 
confirm the safety and tolerability of these combinations.

Co-administration of atogepant with acetaminophen or 
naproxen was safe and well tolerated with no SAEs, deaths, 
or TEAEs leading to discontinuation. Treatment-emergent 
AEs were infrequent and mostly mild in severity. Although 
a slightly higher proportion of participants experienced 
TEAEs following co-administration of atogepant with 
acetaminophen compared with the other interventions, this 
increase was not attributable to any TEAE type or pattern.

Single-dose administration of atogepant was a limitation 
of the study. As a preventive medication for migraine, atoge-
pant will be administered daily, and although atogepant does 
not accumulate upon repeated daily dosing, the pharmacoki-
netics of atogepant will be at steady state instead of being 
cleared between administrations as was done in this study. 
The interpretation of the results was limited by the small 
sample size, as is necessary for pharmacokinetic studies with 
intensive sampling, but the study was conducted according 
to guidance from the FDA [25], and the results were consist-
ent with other pharmacokinetic studies of atogepant. Finally, 
the study was conducted in healthy adult participants, and 

Fig. 4  Mean (SD) plasma atogepant concentration-time profile fol-
lowing single-dose oral administration of 60 mg atogepant alone or 
when co-administered with 500 mg naproxen to fasted healthy par-
ticipants on a semi-logarithmic scale

Table 5  Statistical analysis of pharmacokinetic parameters of plasma atogepant and naproxen administered alone and when co-administered

AUC 0–t area under the plasma drug concentration-time curve (AUC) from time 0 to time t, AUC 0–∞ AUC from time 0 to infinity, Cmax maximum 
plasma drug concentration, GMR geometric means ratio, LSM least squares mean

Pharmacokinetic parameters Geometric LSM GMR (test/
reference)

90% lower CI 90% upper CI

Test Reference

Plasma atogepant
Test = Atogepant +  

Naproxen Refer-
ence = Atogepant

Cmax (ng/mL) 718.00 717.19 1.00 0.91 1.11
AUC 0–t (ng·h/mL) 3312.38 3349.76 0.99 0.92 1.07
AUC 0–∞ (ng·h/mL) 3351.17 3395.58 0.99 0.92 1.06

Plasma naproxen
Test = Atogepant +  

Naproxen Refer-
ence = Naproxen

Cmax (µg/mL) 73.76 78.67 0.94 0.90 0.97
AUC 0–t (µg·h/mL) 1172.17 1197.13 0.98 0.96 1.00
AUC 0–∞ (µg·h/mL) 1253.82 1275.90 0.98 0.96 1.00
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the results may not be generalizable to individuals with 
migraine.

5  Conclusions

No drug–drug interactions were observed following co-
administration of 60 mg atogepant with either 1000 mg 
acetaminophen or 500 mg naproxen. Co-administration of 
atogepant with acetaminophen or naproxen was safe and 
well tolerated in the population of healthy adult participants. 
These results support the continued development of atoge-
pant for migraine prevention.
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tary material available at https:// doi. org/ 10. 1007/ s40261- 021- 01034-5.
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