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Abstract
Background and Objective
To assess the characteristics and extent of variation of the endpoints used in trials supporting
the US Food and Drug Administration (FDA) approval of medications treating migraine.

Methods
Using the Drugs@FDA online database, we identified novel prescription medications approved
by the FDA between January 2001 and September 2022, for migraine with or without aura, for
both acute and preventive treatment, and for episodic and chronic presentations. For each
medication, we used the most recent FDA-approved labeling to identify indication, mechanism
of action, mode of administration, manufacturer, approval year, number of pivotal trials, trial
design, and primary endpoints.

Results
Sixteen FDA-approved medications for the acute or preventive treatment of migraine were
supported by 45 pivotal trials. There were 5 primary endpoint types: (1) change in mean
monthly migraine days from baseline; (2) change in mean monthly migraine attacks from
baseline; (3) change in mean monthly headache days from baseline; (4) mild to no pain After
2 hours; (5) pain free at 2 hours. There were 3 combinations of coprimary endpoints: (1)
Headache Pain Free at 2 Hours and Most Bothersome Symptom Free at 2 Hours; (2) Pain
Free at 2Hours and Sustained Pain Free from 2-24 Hours Postdose; (3) Pain Free at 2 Hours
and 2–24 Hours Sustained Pain Free and 2-Hour Pain Relief. Of the 8 preventive migraine
medications, the timing of endpoint measurement included the full double-blind period,
segments of the double-blind period, and the final month of the double-blind period.

Discussion
Migraine medication trial endpoints were inconsistent within the same indication (episodic or
chronic), mechanistic class, and route of administration, frustrating direct comparison among
these medications. Furthermore, inconsistent definitions for the indications “episodic” and
“chronic” migraine were also observed. Consistent endpoint selection for medications ap-
proved for preventive and acute migraine treatment would enhance the ability of patients,
physicians, and payers to make informed choices among these medications.
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Introduction
Medication approval in the United States requires evidence of
efficacy and safety1 based on clinical trials with endpoints
chosen by manufacturers that may also be based on consul-
tation with the US Food and Drug Administration (FDA)
officials.2 A trial’s endpoints are selected based on factors such
as clinical relevance, time required for measurement, and
ability of the endpoint to differentiate the new product from
older products and are tailored to each disease and in-
dication.3 Endpoint variation can help clarify different types of
medication benefits but also frustrates direct comparison and
can imply advantages that have not been clearly established.
Use of consistent endpoints can thus be essential to informed
patient decision-making and can also help payers structure
formularies to discourage the use of high-cost medications
offering similar benefits.

Since 2001, the FDA has approved several medications for
the acute and preventive treatment of migraine. To facilitate
appropriate medication selection, patients, clinicians, and
payers need information about the expected effect of each
medication and how each compares with lower-cost generic
treatments. Because comparisons cannot easily be made
without consistent endpoints, we evaluated the variation in
trial endpoints used for FDA approval of pharmacologic
interventions for migraine.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
This review was reported according to the STROBE reporting
guidelines. No human or animal experimentation was con-
ducted, so no institutional approval, patient consent, or state
registration was necessary.

Study Design and Population
Using the Drugs@FDA online database, we conducted this
cohort study by identifying all prescription and over-the-
counter medications approved by the FDA between January
1, 2001, and September 1, 2022, for migraine with or without
aura, for both acute and preventive treatment, and for episodic
(<15migraine or headache days per month) and chronic (≥15
headache days per month, at least 8 of which are migraine)
migraine.4,5 We excluded dietary supplements, medical de-
vices, analgesics, antiemetics,6 and products if the active in-
gredients were already approved in another migraine
medication before 2001 (e.g., Depakote ER).7,8 Clinical trials
intended for other primary headache disorders were also ex-
cluded (e.g., galcanezumab cluster headache trial).9 We

cross-checked our list with published literature5 and medi-
cation databases such as Drugs.com and RxList.com to en-
sure inclusion of relevant medications.

For each medication, we used the most recent FDA-approved
labeling to identify indication, mechanism of action, mode of
administration, manufacturer, approval year, number of piv-
otal trials, trial design, and primary endpoints. Secondary
endpoints were not considered. We limited our inclusion of
pivotal trials to only those that were discussed in Section 14 of
drug labels, and we did not include additional studies that may
be listed in other FDA approval documents. FDA clinical
review documents and ClinicalTrials.gov were used to pro-
vide any missing information.10 Endpoints were classified
based on type (e.g., “Mild to No Pain After 2 Hours”) and
timing (e.g., 12-hour vs 24-hour measurement).

Data Availability
No patient data or related documents are shared in this study
because no individual patient data were collected.

Results
Sixteen medications were approved for migraine based on 45
pivotal trials between 2001 and 2022 (Table 1). Of the 8
preventive mediations (group 1), 3 were indicated for only
episodic migraine, 1 for only chronic migraine, and 4 for both
indications. Of the 9 acute medications, none explicitly dis-
tinguished between episodic or chronic indications, but trial
inclusion criteria for all 9 drugs effectively limited trial par-
ticipants to only those with episodic migraine (i.e., excluded
patients with more than 8 migraine d/mo). The number of
pivotal trials per medication ranged from 1 to 8 (median: 2).
All pivotal trials were randomized, double-blind, and placebo-
controlled, and several had study extensions. The medications
belonged to 7 mechanistic classes, the most common being
anticalcitonin gene-related peptide monoclonal antibodies
(“anti-CGRP monoclonal antibodies”) (4 medications) and
selective serotonin receptor (5-HT1B/1D) agonists (“trip-
tans”) (3 medications). There were also 3 CGRP receptor
antagonists (“gepants”), 3 nonsteroidal anti-inflammatory
drugs (“NSAIDs”), 1 serotonin 5-HT1F agonist (“ditan”), 1
SNARE neuromuscular transmission inhibitor (onabotuli-
numtoxinA), and 1 medication with multiple mechanisms
(topiramate). Three of these classes are newer: (1) anti-
calcitonin gene-related peptide monoclonal antibodies (“anti-
CGRP monoclonal antibodies”); (2) “gepants,” or calcitonin
gene-related peptide (CGRP) receptor antagonists; and (3)
“ditans,” or serotonin 5-HT1F agonists; the remaining med-
ications generally belonged to 4 older classes: (4) “triptans,”
or selective serotonin receptor (5-HT1B/1D) agonists; (5)

Glossary
FDA = The US Food and Drug Administration; NSAID = nonsteroidal anti-inflammatory drugs.
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Table 1 Medications + Pivotal Trial Endpoints FDA-Approved 2001–2022

Drug name
(brand name)

Primary endpoints used in
pivotal trials Indication Approved

Number of
trial(s) and
study NCT Manufacturer Mechanistic class

Primary endpoint complies with
applicable iteration of the IHS trial
guidelines

Group 1—Preventive
drugs

Topiramate
(Topamax)

Change in Mean Monthly
Migraine Attacks from Baseline

Episodic 2004 2
(NCT00236509;
NCT00231595)

Janssen Anticonvulsant: multiple proposed
mechanisms of action (GABA receptor
agonist, AMPA/kainite glutamate receptor
antagonist, voltage-dependent sodium
channel blocker, carbonic
anhydrase inhibitor)

No—does not comply with 2000 IHS
guidelines (used change in mean
monthly migraine attacks vs migraine
days)12

OnabotulinumtoxinA
(Botox)

Change in Mean Monthly
Headache Days from Baseline

Chronic 2010 2
(NCT00156910;
NCT00168428)

Allergan Soluble N-ethylmaleimide-sensitive factor
attachment protein receptor (SNARE)
neuromuscular transmission blocker

No—does not comply with 2000 IHS
guidelines (used change in mean
headache days vs migraine days)12

Erenumab (Aimovig) Change in Mean Monthly
Migraine Days from Baseline

Episodic,
chronic

2018 3
(NCT 02456740;
NCT 02483585;
(NCT 02066415)

Amgen Anti-CGRP monoclonal antibodies Yes

Fremanezumab
(Ajovy)

Change in Mean Monthly
Migraine Days from Baseline
(Episodic) & Change in Mean
Monthly Headache Days from
Baseline (Chronic)

Episodic,
Chronic

2018 2
(NCT 02629861;
NCT 02621931)

Teva Anti-CGRP monoclonal antibodies Yes - The episode trial is compliant
with 2012 IHS guidelines40

No - The chronic migraine trial does
not comply with 2012 nor with the
2018 IHS guidelines (used change in
mean monthly headache days vs
migraine days)38

Galcanezumab
(Emgality)

Change in Mean Monthly
Migraine Days from Baseline

Episodic,
chronic

2018 3
(NCT02614183;
NCT02614196;
NCT02614261)

Eli Lilly Anti-CGRP monoclonal antibodies Yes

Eptinezumab (Vyepti) Change in Mean Monthly
Migraine Days from Baseline

Episodic,
chronic

2020 2
(NCT02559895;
NCT02974153)

Lundbeck
Seattle

Anti-CGRP monoclonal antibodies Yes

Rimegepantb

(Nurtec ODT)
Change in Mean Monthly
Migraine Days from Baseline

Episodic 2021 1
(NCT03732638)

Biohaven CGRP receptor antagonists (gepant) Yes

Atogepant (Quilipta) Change in Mean Monthly
Migraine Days from Baseline

Episodic 2021 2
(NCT03777059;
NCT02848326)

Abbvie CGRP receptor antagonists (gepant) Yes

Group 2—Acute
treatment drugs

*Primary
endpoint
complies with
2018 FDA
guidance
documenta
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Table 1 Medications + Pivotal Trial Endpoints FDA-Approved 2001–2022 (continued)

Drug name
(brand name)

Primary endpoints used in
pivotal trials Indication Approved

Number of
trial(s) and
study NCT Manufacturer Mechanistic class

Primary endpoint complies with
applicable iteration of the IHS trial
guidelines

Almotriptan (Axert)
ADULT

Mild to No Pain After 2 Hours Unspecified 2001 for
adults

3 (N/A)c Janssen Selective serotonin receptor (5-HT1B/1D)
agonists (triptan)

No—does not comply with 2000 IHS
guidelines (used mild/no pain after 2
hours vs pain free at 2 hours)12

N/A

Almotriptan (Axert)
ADOLESCENT

2009 for
age 12–17
years

1 (N/A)c

Frovatriptan (Frova) Mild to No Pain After 2 Hours Unspecified 2001 4 (N/A)c Endo Selective serotonin receptor (5-HT1B/1D)
agonists (triptan)

No—does not comply with 2000 IHS
guidelines (used mild/no pain after 2
hours vs pain free at 2 hours)12

N/A

Eletriptan (Relpax) Mild to No Pain After 2 Hours Unspecified 2002 8 (N/A)c Upjohn Selective serotonin receptor (5-HT1B/1D)
agonists (triptan)

No—does not comply with 2000 IHS
guidelines (used mild/no pain after 2
hours vs pain free at 2 hours)12

N/A

Treximet
(sumatriptan/
naproxen) ADULT

Pain Free at 2 Hours &
Sustained Pain Free From 2-24
Hours Post-dose.

Unspecified 2008 for
adults

2 (N/A)c Currax Nonsteroidal anti-inflammatory drug
(NSAID)

Yes - Adult trials comply with 2000 IHS
guidelines12

N/A

Treximet
(sumatriptan/
naproxen)
ADOLESCENT

Pain Free at 2 Hours Unspecified 2015 for
age 12–17
years

1 (N/A)c Yes - Adolescent trial complies with
2012 IHS guidelines40

Cambia (diclofenac
potassium for oral
solution)

Pain Free at 2 Hours, 2–24
Hours Sustained Pain Free, &
2-Hour Pain Relief

Unspecified 2009 2 (N/A)c Assertio Nonsteroidal anti-inflammatory drug
(NSAID)

Yes—complies with 2019 IHS
guidelines23

N/A

Lasmiditan (Reyvow) Headache Pain Free at 2 Hours
& Most Bothersome Symptom
Free at 2 Hours

Unspecified 2019 2
(NCT02439320,
NCT02605174)

Eli Lilly Serotonin 5-HT1F agonists (ditan) Yes—complies with 2019 IHS
guidelines23

Yes

Ubrogepant (Ubrelvy) Headache Pain Free at 2 Hours
& Most Bothersome Symptom
Free at 2 Hrs

Unspecified 2019 2
(NCT02828020;
NCT02867709)

Allergan CGRP receptor antagonists (gepant) Yes—complies with 2019 IHS
guidelines23

Yes

Rimegepantb

(Nurtec ODT)
Headache Pain Free at 2 Hours
& Most Bothersome Symptom
Free at 2 Hours

Unspecified 2020 1
(NCT03461757)

Biohaven CGRP receptor antagonists (gepant) Yes—complies with 2019 IHS
guidelines23

Yes

Elyxyb (Celecoxib oral
solution)

Headache Pain Free at 2 Hours
& Most Bothersome Symptom
Free at 2 Hours

Unspecified 2020 2
(NCT03009019;
NCT03006276)

BioDelivery
Sciences
International
(BDSI)

Nonsteroidal anti-inflammatory drug
(NSAID)

Yes—complies with 2019 IHS
guidelines23

Yes

a 2018 FDA guidance states coprimary pain free at 2 h + free of most bothersome symptom at 2 h.
b Rimegepant appears in both the Preventive and Acute groups.
c NCT numbers were not found, potentially outdated.
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NSAIDs, (6) one SNARE neuromuscular transmission in-
hibitor (onabotulinumtoxinA), and (7) one medication with
multiple mechanisms (topiramate). Routes of administration
included subcutaneous (e.g., monthly [erenumab, galcane-
zumab, fremanezumab] or quarterly [fremanezumab] in-
jection with anti-CGRP antibodies), intravenous (quarterly
infusions of eptinezumab), intramuscular (quarterly injec-
tions of onabotulinumtoxinA), and oral administration (tab-
lets of NSAIDs, triptans, gepants, ditans, and topiramate).

Of 45 pivotal trials, 17 addressed medications for migraine
prevention (CGRP monoclonal antibodies, topiramate,
onabotulinumtoxinA, atogepant, and one of 2 rimegepant
studies) and 28 addressed medications for acute treatment
(triptans, NSAIDs, lasmiditan, ubrogepant, and one of 2
rimegepant studies).11

Primary Endpoint Types
As shown in Table 1, the 45 pivotal trials used 5 single primary
endpoint and 3 coprimary groups of endpoints. The 16 drugs
can be grouped into preventive medications (8 medications)
or acute medications (9 medications), as rimegepant is ap-
proved as both a preventive and an acute medication. Group 1
(Table 2) trials assessed preventive medications and were
based on endpoints related to mean monthly changes from
baseline, including Change in Mean Monthly Migraine Days
from Baseline (6 medications, 12 trials), Change in Mean
Monthly Migraine Attacks from Baseline (topiramate, 2 tri-
als), and Change in Mean Monthly Headache Days from
Baseline (2 medications, 3 trials). One medication, fremane-
zumab, used both Change in Mean Monthly Migraine Days
from Baseline (episodic migraine trial) and Change in Mean
Monthly Headache Days from Baseline (chronic migraine
trial). Generally, preventive trials published in the past 5 years
were adherent to the applicable iteration of International
Headache Society (IHS) trial design guidelines with respect
to the primary endpoint selection, but not universally so
(i.e., fremanezumab chronic migraine trial), and older trials
were generally nonadherent (see Table 1).

Group 2 (Table 3) trials assessed acute medications and were
based on endpoints related to short-term changes, including
Mild to No Pain After 2 Hours (3 medications, 16 trials), Pain
Free at 2 Hours (sumatriptan/naproxen, 1 trial), as well as the
3 groups of coprimary endpoints: Headache Pain Free at 2
Hours and Most Bothersome Symptom Free at 2 Hours (4
medications, 7 trials); Pain Free at 2 Hours and Sustained
Pain Free From 2-24 Hours Post-dose (sumatriptan/
naproxen, 2 trials); Pain Free at 2 Hours and 2–24 Hours
Sustained Pain Free and 2-Hour Pain Relief (diclofenac po-
tassium, 2 trials).

All group 2 trials, those for medications indicated for acute
treatment, did not explicitly distinguish episodic from chronic
migraine, although all of them excluded patients with more
than 8 migraine attacks per month, effectively making
these episodic migraine trials. Group 1 trials, for medications

indicated for prevention, included trials addressing episodic
migraine (11 trials) and chronic migraine (6 trials).

The grouping of trials according to the primary endpoint
generally followed a historical pattern based on commonly
used endpoints during particular eras, as reflected in mecha-
nistic classes, but this was not consistently the case. As an
example, the triptan trials were not adherent with the appli-
cable (i.e., second) iteration of IHS trial design guidelines for
primary endpoint selection (primary endpoint was mild/no
pain after 2 hours vs recommended endpoint of pain free after
2 hours).12 By contrast, the newer acute intervention trials
were all adherent with both the 2018 FDA guidance docu-
ment on the design of acute migraine trials and with the
applicable IHS guidelines (see Table 1).13 Overall, the anti-
CGRP monoclonal antibodies used the endpoint of Change
in Mean Monthly Migraine Days, defined similarly across
trials, but the fremanezumab chronic migraine trial used
Change in Mean Monthly Headache Days.

Primary Endpoint Timing
As shown in Table 2, among the group 1 (preventive) mi-
graine medications, mean monthly outcomes were calculated
differently between trials. Calculations were based on the
entire treatment period (“full period”) for 9 trials, a portion of
the treatment period (“partial period”) for 5 trials, or the final
month of treatment (“final month”) for 3 trials (Table 2). Five
of the full period trials lasted 12 weeks while the remaining 4
lasted 24 weeks. Two of the partial period trials based their
mean outcome calculations on treatment weeks 1–12 (of 24
total treatment weeks), 2 on weeks 9–26 (topiramate), and 1
on weeks 16–24 (erenumab). Of the final month analysis
group, 2 trials based calculations on weeks 8–12 (erenumab)
and 1 on weeks 9–12 (rimegepant). Acute treatments were
not considered here as all used a 2-hour endpoint (groups 2
and 3).

Primary endpoint timing of group 1 varied among pivotal
trials indicated for episodic and chronic migraine. Among the
episodic migraine pivotal trials, 5 involved full period results
analysis, 4 were partial, and 2 were final month. Among the
chronic migraine pivotal trials, 4 involved full period results
collection, 1 was partial, and 1 was final month. Further,
“episodic” and “chronic” were defined using different eligi-
bility criteria across trials (Table 2). Route of administration
also varied among full, partial, and final month periods.

Discussion
The pivotal trials supporting FDA approval of migraine
medications exhibited important variation in endpoint char-
acteristics for the type of response evaluated and, in the case of
medications indicated for preventive treatment, in the period
over which the response was measured. This lack of consis-
tency was observed among medications with the same in-
dication (episodic/chronic), the same mechanistic classes,
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Table 2 Endpoint Timing Differences Among Drugs Using Change in Mean Monthly Outcome From Baseline Endpoint (Group 1)

Drug name Endpoint
Study NCT
number

Definition of migraine
in trial design

Definition of
“month” used in
trial design

Route of
administration

Double-
blind
phase,
weeks

Time during
treatment
period when patient
outcomes were
analyzed for
comparison with
baseline

Endpoint timing
difference
classification

Erenumaba Change in Mean Monthly
Migraine Days From
Baseline

NCT02456740 Episodic: 4–14 migraine days per month 28 days Subcutaneous 12 weeks Weeks 8–12 Final month

Change in Mean Monthly
Migraine Days From
Baseline

NCT02066415 Chronic: ≥15 headache days, with ≥8 being migraine
days, per month

28 days Subcutaneous 12 weeks Weeks 8–12 Final month

Rimegepant Change in Mean Monthly
Migraine Days From
Baseline

NCT03732638 Episodic: 4–18 migraine attacks per month 28 days Oral 12 weeks Weeks 9–12 Final month

Erenumaba Change in Mean Monthly
Migraine Days From
Baseline

NCT02483585 Episodic: 4–14 migraine days per month 28 days Subcutaneous 24 weeks Weeks 16–24 Partial

Eptinezumab Change in Mean Monthly
Migraine Days From
Baseline

NCT02559895 Episodic: 4–14 headache days per month, of which at
least 4 were migraine days

28 days Intravenous 24 weeks Weeks 1–12 Partial

Change in Mean Monthly
Migraine Days From
Baseline

NCT02974153 Chronic: 15–26 headache days, with ≥8 beingmigraine
days, per month

28 days Intravenous 24 weeks Weeks 1–12 Partial

Topiramate Change in Mean Monthly
Migraine Attacks From
Baseline

NCT00236509 Episodic: 3–12 migraine attacks per month 28 days Oral 26 weeks Weeks 9–26 Partial

Change in Mean Monthly
Migraine Attacks From
Baseline

NCT00231595 Episodic: 3–12 migraine attacks per month 28 days Oral 26 weeks Weeks 9–26 Partial

Atogepant Change in Mean Monthly
Migraine Days From
Baseline

NCT03777059 Episodic: 4–14 migraine days per month 28 days Oral 12 weeks Weeks 1–12 Full

Change in Mean Monthly
Migraine Days From
Baseline

NCT02848326 Episodic: 4–14 migraine days per month 28 days Oral 12 weeks Weeks 1–12 Full

Fremanezumab Change in Mean Monthly
Migraine Days From
Baseline

NCT02629861 Episodic: <15 headache days per month 28 days Subcutaneous 12 weeks Weeks 1–12 Full

Continued
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Table 2 Endpoint Timing Differences Among Drugs Using Change in Mean Monthly Outcome From Baseline Endpoint (Group 1) (continued)

Drug name Endpoint
Study NCT
number

Definition of migraine
in trial design

Definition of
“month” used in
trial design

Route of
administration

Double-
blind
phase,
weeks

Time during
treatment
period when patient
outcomes were
analyzed for
comparison with
baseline

Endpoint timing
difference
classification

Change in Mean Monthly
Headache Days From
Baseline

NCT02621931 Chronic: ≥15 headache days per month 28 days Subcutaneous 12 weeks Weeks 1–12 Full

Galcanezumab Change in Reply to: Mean
Monthly Migraine Days
From Baseline

NCT02614183 Episodic: 4–14 migraine days per month 30 days Subcutaneous 24 weeks Weeks 1–24 Full

Change in Mean Monthly
Migraine Days From
Baseline

NCT02614196 Episodic: 4–14 migraine days per month 30 days Subcutaneous 24 weeks Weeks 1–24 Full

Change in Mean Monthly
Migraine Days From
Baseline

NCT02614261 Chronic: ≥15 headache days, with ≥8 being migraine
days, per month

30 days Subcutaneous 12 weeks Weeks 1–12 Full

OnabotulinumtoxinA Change in Mean Monthly
Headache Days From
Baseline

NCT00156910 Chronic: >15 headache days with episodes lasting 4
hours or more, with >50% being migraine/probable
migraine days, per month

28 days Intramuscular 24 weeks Weeks 1–24 Full

Change in Mean Monthly
Headache Days From
Baseline

NCT00168428 Chronic: >15 headache days with episodes lasting 4
hours or more, with >50% being migraine/probable
migraine days, per month

28 days Intramuscular 24 weeks Weeks 1–24 Full

a Erenumab appears in both the final month and partial endpoint timing length difference classifications (last column).
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Table 3 Acute Treatment Studies (Group 2)

Drug name Endpoint

Study NCT
number or trial
identifiera Age

Definition of migraine
in trial design

Route of
administration

Almotriptan (Axert) Mild to No Pain after 2 Hours CL12 Adult 1–6 migraine attacks per months
(effectively episodic)

Oral

Mild to No Pain after 2 Hours CL13 Adult 1–6 migraine attacks per months
(effectively episodic)

Oral

Mild to No Pain after 2 Hours CL14 Adult 1–6 migraine attacks per months
(effectively episodic)

Oral

Mild to No Pain after 2 Hours b“Study 1” (ped) Adolescent
(12–17
years)

Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Celecoxib oral
solution (Elyxyb)

Pain Free at 2 Hours & Most
Bothersome Symptom Free at 2
Hours

NCT03009019 Adult 2–8 migraine attacks per month
(no more than 14 headache days per
month) (effectively episodic)

Oral

Pain Free at 2 Hours & Most
Bothersome Symptom Free at 2
Hours

NCT03006276 Adult 2–8 migraine attacks per month
(no more than 14 headache days per
month) (effectively episodic)

Oral

Diclofenac potassium
for oral solution
(Cambia)

Pain Free at 2 Hours, 2–24h
Sustained Pain Free, & 2-Hour Pain
Relief

b “Study 1” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Pain Free at 2 Hours, 2–24h
Sustained Pain Free, & 2-Hour Pain
Relief

b “Study 2” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Eletriptan (Relpax) Mild to No Pain after 2 Hours b “Study 1” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 2” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 3” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 4” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 5” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 6” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 7” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 8” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Frovatriptan (Frova) Mild to No Pain after 2 Hours b “Study 1” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 2” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 3” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Mild to No Pain after 2 Hours b “Study 4” Adult Fewer than 8 migraine attacks
per months (effectively episodic)

Oral

Lasmiditan (Reyvow) Headache Pain Free at 2 Hours &
Most Bothersome Symptom Free at
2 Hours

NCT02439320 Adult 3–8 migraine attacks per month (<15
headache days per month) (effectively
episodic)

Oral

Headache Pain Free at 2 Hours &
Most Bothersome Symptom Free at
2 Hours

NCT02605174 Adult 3–8 migraine attacks per month (<15
headache days per month) (effectively
episodic)

Oral

Continued
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and within the different endpoint timing groups (full, partial,
and final month).

Although this is the first study to our knowledge that ad-
dresses variability in the use of endpoints in pivotal clinical
trials for neurology drugs, other research on the nature of
endpoints used in pivotal trials for new medications has
revealed similar trends.14-18 For example, reviews of oncology
medication approvals have identified substantial variability in
the endpoints used to support FDA approval.19 There are also
inconsistencies in the endpoints used in adult and pediatric
trials of the same medication and indication.20

Apart from differences in endpoint types and in timing
of outcome collection, there were inconsistencies in lan-
guage that yielded further variation.21 First, evaluating mean
monthly migraine days vs headache days (group 1) allows for
inconsistent data analysis given that qualifying a headache as a
migraine attack relies on stringent criteria relating to pain
severity, associated symptoms, attack duration, and treatment.
Second, the pivotal preventive trials also varied between using
migraine/headache days vs migraine/headache attacks; the
discrepancy results in variable durations of attacks eligible for
the primary outcome. Among the medications indicated for
acute treatment, the endpoints were either Mild to No Pain
After 2 Hours, Headache Pain Free at 2 Hours and Most
Bothersome Symptom Free at 2 Hours, Pain Free at 2 Hours
and Sustained Pain Free from 2-24 Hours Postdose, or Pain
Free at 2 Hours and 2–24 Hours Sustained Pain Free and
2-Hour Pain Relief. These endpoints may not be directly

comparable because a medication that reduces but does not
eliminate pain might score well on a mild-to-no pain mea-
surement, but not on a pain-free endpoint. Using coprimary
endpoints may also preclude useful comparison with medi-
cations that use only one endpoint.17,22

The distinction between episodic and chronic indications,
as used in several of these trial designs, establishes a health
care ecosystem hospitable to the selection of differing
endpoints.23,24 This is problematic in the context of the cur-
rent definitions of episodic and chronic migraine having un-
clear clinical value in distinguishing disease burden among
patients,25 as well as ongoing debates about how to best define
chronic migraine. Comparison is difficult because medica-
tions currently approved with only a chronic migraine in-
dication may also be effective against episodic migraine and
vice versa. This frequency distinction also creates the op-
portunity for selective reporting.26 There is also variability
between trials in defining the eligibility criteria for participants
with episodic migraine (e.g., lower limit of headache fre-
quency 3 vs 4 d/mo) and for participants with chronic mi-
graine (e.g., some trials use an upper limit for headache
frequency and others not) (Table 2). Finally, some trials do
not explicitly specify episodic or chronic; however, although
this was observed in the acute trials, all of them did effectively
exclude patients with chronic migraine by requiring fewer
than 8 migraine attacks per month to be enrolled in the study.
This is partly a reflection of historical changes in the definition
of chronic migraine as reflected by updates to the In-
ternational Classification of Headache Disorders; the formal

Table 3 Acute Treatment Studies (Group 2) (continued)

Drug name Endpoint

Study NCT
number or trial
identifiera Age

Definition of migraine
in trial design

Route of
administration

Ubrogepant (Ubrelvy) Headache Pain Free at 2 Hours &
Most Bothersome Symptom Free at
2 Hours

NCT02828020 Adult 2–8 migraine attacks per month
(effectively episodic)

Oral

Headache Pain Free at 2 Hours &
Most Bothersome Symptom Free at
2 Hours

NCT02867709 Adult 2–8 migraine attacks per month
(effectively episodic)

Oral

Rimegepantc (Nurtec
ODT)

Headache Pain Free at 2 Hours &
Most Bothersome Symptom Free at
2 Hours

NCT03461757 Adult 2–8 migraine attacks per month
(effectively episodic)

Oral

Sumatriptan/
naproxen (Treximet)

Pain Free at 2 Hours & Sustained
Pain Free From2-24Hours Postdose.

NCT00383162 Adult 1–8 migraine attacks per month (no
more than 15 headache days per
month) (effectively episodic)

Oral

Pain Free at 2 Hours & Sustained
Pain Free From2-24Hours Postdose.

NCT00382993 Adult 1–8 migraine attacks per month (no
more than 15 headache days per
month) (effectively episodic)

Oral

Pain Free at 2 Hours & Sustained
Pain Free From2-24Hours Postdose.

b “Study 1” (ped) Adolescent
(12–17
years)

Fewer than 8 migraine attacks per
months (effectively episodic)

Oral

a If unavailable, study name from approval packet.
b NCT Number not found; possibly outdated or unavailable.
c Rimegepant can be found in acute and preventative groups.
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definition of chronic migraine was not introduced until 2004,
in the ICHD-2, because chronic migraine was not defined in
the ICHD-1.25,27 In addition, the ICHD-2R and the ICHD-3
have made changes to the definition of chronic migraine in
2006 and 2018, respectively.25,28 There is also minor variation
in the definition of “month” (e.g., fremanezumab’s month was
30 days rather than 4 weeks).

Variability in choice of endpoint may arise from a number of
factors.29-32 Manufacturers may prefer incongruous endpoints
to differentiate newer from older products, which can help
imply superiority or frustrate cost-effectiveness comparisons.33-37

A medication’s half-life or route of administration, or new evi-
dence about the effect of a medication on the body, may sug-
gest that outcomes should bemeasured during a particular time
window.30 It is possible that pharmacokinetics may have af-
fected the time at which relevant values were collected.30

However, among the different preventive medications with
different pharmacokinetic profiles, there was no connection
between the endpoint timing groups and the analyzed period of
the treatment phase data (final month, partial, or full period).
Other reasons for endpoint variability may include endpoint
monitoring costs, attractiveness of the endpoint to potential
trial participants, and idiosyncratic investigator or corporation
preferences.30,33

In addition, as the newer mechanistic classes for migraine
medications were discovered over the 21-year study window
of this investigation (i.e., CGRP monoclonal antibodies,
gepants, and ditans), endpoint selection seems to have fol-
lowed a historical trend based on changes in FDA and in-
ternational guideline recommendations around endpoint
selection for migraine trials. The IHS has published several
guidelines for the design of clinical trials for migraine in-
terventions that have led to improvements in achieving
standardized trial design including primary endpoint
selection.12,23,38-40 In addition, in 2017, the FDA issued a
draft guidance stating that for some diseases, there are 2 or
more different features that are so critically important to the
disease that a medication will not be considered effective
without demonstration of a treatment effect on all of these
disease features and that in such cases, coprimary endpoints
should be used.2 In line with this, an FDA guidance docu-
ment for developing medications for acute migraine treat-
ment, issued in 2018, recommended 2 specific coprimary
endpoints: (1) reduction in pain and (2) reduction in most
bothersome symptom (e.g., nausea, photophobia, and pho-
nophobia).13 This FDA recommendation has been reflected
in trials published for the latest generations of acute migraine
medications (i.e., lasmiditan and ubrogepant, approved in
2019, and rimegepant, approved in 2020) and is in contrast
with the primary endpoints published for the triptan trials,
which were based on a single primary endpoint. Overall, our
data show that compliance with IHS trial guidelines and
FDA guidance has improved over time but is still not com-
plete. Although modernizing outcome measures can im-
prove understanding of a given drug’s benefit and may be

particularly important to the integration of patient-oriented
outcomes, these benefits must be considered in light of the
lack of consistency the changes create and their effect on
appropriate selection from among a broad range of potential
treatment options. At minimum, health care providers
should be made aware of the change in outcomes over time
and how this limits comparisons between drugs from dif-
ferent eras.

Business motivations may also play a role in endpoint selec-
tion, including the desire to minimize price competition
by differentiating products from those of competitors.41,42

The use of separate endpoints can make direct compari-
sons challenging even if products would perform similarly
when tested using the same endpoint. The use of different
endpoints can also be leveraged to imply an advantage over a
competitor, even if the advantage has not been established in a
head-to-head trial. For example, in 2013, onabotulinumtoxinA
(Botox) was advertised as “the first and only preventive
treatment proven to reduce headache days every month” for
patients with chronic migraine, reflecting its pivotal trial
endpoint Change in Average Monthly Headache Days from
Baseline. However, divalproex (Depakote, Abbott Laborato-
ries) was approved prior, for migraine prevention, without
regard to the distinction between chronic or episodic mi-
graine, based on mean reduction in 4-week rate of attacks of
migraine.7 Although the onabotulinumtoxinA claim was
technically true, it could be perceived to imply superiority
over divalproex.

The benefits of diverse endpoints must be weighed against
their drawbacks.43-45 Difficulty in comparison can un-
dermine physicians’ and payers’ efforts to identify optimal,
cost-effective options and lead to needless use of newer
medications when older or less expensive alternatives would
perform equally well. With consistent endpoint use for
medications of the same indication, there would be greater
clarity as to which medications perform better, which should
be offered to patients, and perhaps even which should or
should not be FDA-approved (although superiority to
existing treatments is not an approval criterion).46

Ideally, efforts should be made to standardize migraine in-
dication pivotal trial endpoints. In 2019, as part of its Patient
Focused Drug Development efforts, the FDA awarded grant
funding to the Migraine Clinical Outcome Assessment System
to develop a publicly available core set of migraine endpoints
that incorporates input from people living with migraine.47,48

This project is still in development. Nevertheless, this initiative,
the International Headache Society guidelines, and the 2017
and 2018 FDA guidance documents may eventually help re-
duce variation in migraine trial endpoints.23,38,39

Further guidance about the selection of endpoints from reg-
ulatory agencies such as FDA—and a commitment to estab-
lish such guidance early, changing it infrequently and
only when necessary—could help to ensure that, over time,
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medications will become more comparable with newer treat-
ment alternatives.2,13 The use of common endpoints for similar
medications at the time of approval could reduce the need to
later fund comparative effectiveness trials. This consideration
becomes increasingly important as the number of medications
in a therapeutic category increases, necessitating multiple pair-
wise comparisons that pharmaceutical manufacturers have little
incentive to conduct.49

This study has several limitations. Primary endpoints are not
the only trial characteristics that can prevent comparison
between clinically similar medications; we did not consider
differences in strength, dosing schedule, formulation, trial
population, disease severity, disease history, or comorbidities
of trial participants. In addition, other specifications related to
trial design and patient data collection may not have been
captured in the scope of this study (e.g., whether data were
collected using paper vs e-diaries, whether a “month” is spe-
cifically defined as 4 weeks, whether imputation procedures
were used for missing headache/migraine days, and whether
there were concerns around multiple hypothesis testing and
“cherry picking” primary endpoints).

Recent innovations in the treatment of migraine demonstrate
how new medications for similar indications can be approved
by the FDA based on different pivotal trial endpoints. The
absence of common endpoints for investigational medications
leads to confusion in the marketplace and makes it challenging
to conduct cost-effectiveness comparisons once medications
are approved. Efforts to standardize trial endpoints could im-
prove comparability and, therefore, promote cost-effectiveness
evaluations for the benefit of patients and the health care
system.
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