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MAP0004, Orally Inhaled Dihydroergotamine for Acute Treatment of Migraine:
Efficacy of Early and Late Treatments

STEWART J. TEPPER, MD; SHASHIDHAR H. Kori, MD; PETER J. GoADSBY, MD, PHD; PauL K. WINNER, DO;
MiIN H. WANG, PHD; STEPHEN D. SILBERSTEIN, MD; AND F. MICHAEL CUTRER, MD

OBJECTIVE: To evaluate the efficacy of MAP0004, an orally inhaled
dihydroergotamine, for acute treatment of migraine when admin-
istered at various time points from within 1 hour to more than 8
hours after migraine onset.

PATIENTS AND METHODS: This post hoc subanalysis was con-
ducted using data from 902 patients enrolled in a randomized,
double-blind, placebo-controlled, 2-arm, phase 3, multicenter study
conducted from July 14, 2008, through March 23, 2009. End points
were 2-hour pain relief and pain-free rates in patients who treated a
migraine in <1 hour, from >1 hour to <4 hours, from >4 to <8 hours,
or in >8 hours after onset of migraine, given that patients may be
unwilling or unable to initiate treatment at headache inception.

RESULTS: Treatment with MAP0004 was significantly more ef-
fective than placebo in relieving pain at all treatment points (<1
hour after start of migraine: 66% [74/112] for MAP0004 vs 41%
[48/118] for placebo, P<.001; >1 to <4 hours: 60% [91/153]
vs 35% [568/168], P<.001; >4 to <8 hours: 53% [36,/68] vs 30%
[16/54], P=.008; and >8 hours: 48% [25/52] vs 24% [11/46],
P=.007). Pain-free rates were also significantly higher with
MAPO0004 than placebo for treatment within 8 hours after migraine
onset (<1 hour: 38% [43/112] for MAP0O004 vs 13% [15/118]
for placebo, P<.001; >1 to <4 hours: 28% [43/153] vs 10%
[17/168], P<.001; >4 to <8 hours: 22% [15/68] vs 7% [4/54],
P<.025) but not at >8 hours (19% [10/52] vs 9% [4/46], P=.106).

CONCLUSION: This post hoc subanalysis shows that MAP0004
was effective in treating migraine irrespective of the time of
treatment, even more than 8 hours after onset of migraine pain.

Trial Registration: clinicaltrials.gov Identifier: NCT00623636
Mayo Clin Proc. 2011;86(10):948-955

AE = adverse event; Cnax = maximum concentration; DHE = dihydro-
ergotamine mesylate; FEV1 = forced expiratory volume in 1 second;
ICHD-II = International Classification of Headache Disorders, 2nd edi-
tion; mITT = modified intent-to-treat

eadache is one of the most prevalent neurologic

disorders worldwide; 46% of the adult population
report an active headache disorder, 11% of whom have
migraine.! The International Classification of Headache
Disorders, 2nd edition (ICHD-II) provides clear diag-
nostic criteria to distinguish headache subtypes.> The
classification criteria for migraine include duration
of headache from 4 to 72 hours and at least 2 of the 4
following features either untreated or unsuccessfully
treated: unilateral location, pulsation, moderate or severe
pain intensity, and aggravation by or causing avoidance
of routine physical activity.” The diagnosis of migraine
also requires either (1) nausea and/or vomiting or (2)
photophobia and phonophobia. Intuitively, one would

expect patients to take their medication as soon as a
headache starts. In reality, however, many patients delay
treatment. Factors that may cause a delay in treatment
initiation include severity of pain, presence of nonpain
symptoms, and/or availability of or willingness to take
migraine-specific medications.

Many studies show that delaying treatment after mi-
graine onset may decrease the efficacy of some migraine-
specific medications, including the selective 5-HT,,
agonists, commonly referred to as “triptans.”® Specifical-
ly, several well-controlled studies have shown that rates
of relief with triptans are highest when these drugs are
used early in an attack.*’

One proposed explanation for this drop in triptan ef-
ficacy associated with delayed treatment is the devel-
opment of central sensitization over time® that renders
the patient less responsive to triptan therapy.’ Indeed,
once central sensitization develops, it may not be revers-
ible with triptan use.!®!! Animal model studies further
suggest that sumatriptan does not inhibit either periph-
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eral or central trigeminovascular neurons. Sumatriptan,
which acts on presynaptic 5-HT ,,  receptors, does
not reverse developed sensitization.!" However, at least
3 randomized placebo-controlled studies have failed
to link allodynia and treatment outcomes with triptan
use.”!>13 These data suggest that later treatment may be
less successful simply because pain tends to be more
severe as the migraine progresses unmanaged. In at least
some patients, the efficacy of triptans may depend large-
ly on prompt dosing after onset and before development
of sensitization or onset of severe pain. Moreover, for
patients at risk of developing central sensitization, treat-
ment with an agent that does reverse this process may
confer additional therapeutic benefits.”!>!3

Although the need for early treatment in patients with
migraine is important for successful treatment with trip-
tan drugs, patients frequently do not take their medica-
tion within 2 hours after onset of pain. The reasons for
these delays vary, but delays may be exacerbated by drug
hoarding for future use for more severe migraines or by
concerns about side effects. The presence of nausea, the
most specific and sensitive single-variable migraine-asso-
ciated symptom,'* may deter patients from taking an oral
medication. Delayed treatment is also associated with
awakening with migraine pain, suggesting that the mi-
graine started hours earlier, during sleep. Finally, gastric
stasis, which has been reported to occur in migraineurs
during or even outside of a migraine event, may slow oral
drug absorption and contribute to or exacerbate nausea
associated with migraine.'

The need exists for a migraine-specific medication
that bypasses the gastrointestinal system and shows con-
sistent efficacy, whether taken early or late after onset of
a migraine and regardless of pain severity. Nasal triptan
formulations (zolmitriptan and sumatriptan) are avail-
able for acute treatment of migraine; however, these
formulations require early treatment to be most effec-
tive and are similarly associated with pharmacokinetic
variations in time to reach maximal serum concentration
(Thay),'*'7 which may be related to interindividual varia-
tions in the vascularity of the nasal mucosa, the amount
of drug deposited in the nasal passage compared with
what is lost, and the amount of dose swallowed and sub-
sequently absorbed from the gastrointestinal tract.

Dihydroergotamine mesylate (DHE) is a 5-HT .,
receptor agonist that has been used effectively to treat
migraine since 1946."® Although originally proposed to
exert its therapeutic effect solely via vasoconstrictive
action on intracranial vessels,'”” DHE is now thought to
have central activity within the brain.?**' Recent studies
further support a central modulatory effect of DHE in
animal models of pain and sensitization.??

MAP0004 FOR ACUTE TREATMENT OF MIGRAINE

Unlike triptans, DHE may reverse established cen-
tral sensitization. In an animal model, early admin-
istration of DHE, as with sumatriptan, was shown to
effectively block induction of central sensitization.?
However, when DHE and zolmitriptan were adminis-
tered after central sensitization had been established,
DHE reversed the changes in sensory thresholds but
zolmitriptan did not. These results are consistent with
earlier work showing that sumatriptan was also inef-
fective in reversing established central sensitization.?
Furthermore, in a small open-label study (N=9), intra-
muscular DHE was used to treat 2 migraines in patients
whose episodic migraines were associated with cuta-
neous allodynia. Response was compared between pa-
tients treating early (<2 hours after onset of throbbing
pain) and patients treating late (24 hours after onset of
throbbing pain). Results were similar in both groups,
with 2-hour pain relief seen in greater than 55% of pa-
tients in each group.** Although intravenous DHE and
nasal DHE formulations are commercially available in
addition to intramuscular DHE, neither of these choices
offers the preferred combination of consistent delivery,
ease of use, patient convenience, limited side effects,
and effective migraine therapy.

MAPO0004 (Levadex; MAP Pharmaceuticals, Moun-
tain View, CA) is an orally inhaled formulation of DHE
that delivers 0.6-mg emitted dose (1.0-mg nominal dose)
to the lungs using the TEMPO inhaler. MAP0004 is
quickly absorbed from the pleural mucosa into the sys-
temic circulation as demonstrated by pharmacokinetic
studies showing that maximum concentration (C_ ) is
achieved in approximately 10 minutes.” One of the ben-
efits of inhaled delivery is that the C___ is at least an order
of magnitude lower than with intravenous DHE.* Clini-
cally, this may translate into improved tolerability and
fewer adverse events (AEs) compared with intravenous
DHE.* The development of MAP0004 offers a potential-
ly effective and consistently delivered non-oral migraine
medication that may exert its antimigraine therapeutic ef-
fects both peripherally and centrally.

In a dose-finding study of MAP0004 (1.0-mg nomi-
nal dose, 2.0-mg nominal dose, and placebo), a signifi-
cantly better 2-hour migraine response was reported
for MAP0O00O4 at 1.0 mg (72%) than for placebo (33%;
P=.02).%° Pain relief with MAP0004 at 10, 15, and 30
minutes was 32%, 46%, and 55%, respectively, compared
with 0%, 7%, and 14%, respectively, for placebo, which
was significantly better (P<.05 for each). However, the
clinical efficacy of MAP0004 when taken early (before
sensitization) or late (after sensitization) had not been
studied. This report presents the results of a post hoc sub-
analysis of data from the MAP0004 phase 3 study.” This
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subanalysis evaluated the efficacy of MAP0004 when
given at various time points (<1 hour, between >1 hour
and <4 hours, between >4 and <8 hours, and >8 hours)
after onset of migraine.

PATIENTS AND METHODS

Stupy DEsiGN
This evaluation was a post hoc subanalysis of a random-
ized, double-blind, placebo-controlled parallel group
phase 3 study? that assessed the efficacy of MAP0004, a
novel, orally inhaled formulation of DHE (0.6-mg emit-
ted dose or 1.0-mg nominal dose) for acute treatment of
migraine with or without aura. This study was conducted
at 102 sites in the United States between July 14, 2008,
and March 23, 2009, and was performed in accordance
with the Declaration of Helsinki, International Confer-
ence on Harmonisation Good Clinical Practice guide-
lines, and US Food and Drug Administration regulations
for informed consent and protection of patients’ rights.
The study was reviewed and approved by the respective
institutional review boards at each of the participating
study centers. The FREEDOM-301 study was registered
at ClinicalTrials.gov (NCT00623636).

Study participants were required to visit the clinic at
least 3 separate times for screening (visit 1), random-
ization (visit 2), and study exit (visit 3) (Figure 1). Al-

though results are not reported herein, this study also
included an open-label extension phase in which eli-
gible patients could enroll in a 54-week open-label drug
safety phase and were evaluated for long-term drug
safety during clinic visits 4 to 10. During the screening
visit, patients meeting inclusion and exclusion criteria
were assigned a study identification number, entered
into a run-in period of at least 28 days’ duration, and
given an electronic diary. During the run-in period, pa-
tients were required to experience a minimum of 2 mi-
graines but no more than 8 migraines and to record their
migraine information in the diary. Patients were also re-
quired to have had at least 20 migraine-free days within
the last 28 days of the run-in period. After completion
of the run-in period, patients returned to the clinic for
randomization in visit 2.

PATIENT PARTICIPATION

Inclusion criteria. Participating patients were men
or women aged 18 to 65 years with a documented his-
tory of migraine with or without aura, as defined by
the ICHD-II classification criteria,> diagnosed before
age 50 years. Eligible patients had a diagnosis of mi-
graine for a minimum of 1 year before the study and,
in the 6 months before the screening visit, experienced
an average of 2 to 8 migraines per month. Patients were
required to have a normal or clinically insignificantly

Double-blind
period
(up to 8 wk)
+ +
I'| 395 Received |1
Run-in : MAPOOO4 ! Open-label
period - (0.6-mg emitted dose) : period
(at least 28 d) 1 | (up to 54 wk)
\ }
396 Received
placebo
Visit 1 Visit 2 Visit 3 Visit 4 — Visit 10
Screening Randomization Study exit or Open label
transition to
open label
(if eligible)

FIGURE 1. This randomized, double-blind, placebo-controlled, single-attack, parallel group study assessed the effects of MAPOOO4
for acute treatment of migraine. Patients attended the clinic for 3 visits during the blinded treatment phase. Primary efficacy and
safety results have been published previously.?® Qualifying patients were invited to participate in a 54-week open-label safety phase.
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abnormal 12-lead electrocardiogram and rhythm strip.
Patients also were required to be able to satisfacto-
rily use an electronic diary, enter data into the diary,
and hear the alarms set in the diary to capture data at
specific time points after treatment. In addition, pa-
tients were screened for pulmonary function status at
baseline and were required to have a forced expiratory
volume in 1 second (FEV ) 250% of predicted and an
FEV /forced vital capacity ratio >70% of predicted.
Patients had to satisfactorily demonstrate the use of a
trainer inhaler. Moreover, patients were required to use
adequate contraception or were sterile. Women were
required to have a negative pregnancy test result or, if
postmenopausal, to have had absence of menses for at
least 12 months.

Exclusion criteria. Study exclusion criteria includ-
ed having a history of suspected or diagnosed coronary
artery disease, coronary vasospasm (including Prin-
zmetal angina), or peripheral vascular disease; a his-
tory of a risk of or diagnosed ischemic disease (such
as ischemic bowel syndrome or Raynaud syndrome) or
cardiac disorder (such as any clinically significant dys-
rhythmia); or any history of heart attack or stroke. A
patient history of diabetes mellitus, liver or kidney dis-
ease, aortic aneurysm, or chronic pulmonary disease;
recent (within 3 months) sepsis or vascular surgery; or
recent (within 12 months) pulmonary disease (such as
chronic obstructive pulmonary disease or uncontrolled
asthma) was also cause for exclusion. A diagnosis of
cancer (other than noninvasive skin cancer) within the
past 5 years was reason for exclusion. Also excluded
were patients with intermediate or significant risk fac-
tors for cardiac disease (such as having >2 cardiac risk
factors, including cigarette smoking, hypertension, hy-
perlipidemia, or family history of premature coronary
artery disease). Any hospitalization within the prior
30 days or use of prohibited or illegal drugs within 2
weeks of screening or during the run-in period was an
additional reason for exclusion. The use of other DHE
products, triptans, or ergot-based drugs was prohib-
ited during the run-in period and during the treatment
phase. Patients with a known allergy or hypersensitivi-
ty to DHE or users of any concomitant prohibited med-
ications were also excluded. Finally, patients who had
participated in another clinical trial in the preceding
30 days, or in any other trial that included MAP0004,
or who had a history of hemiplegic or basilar migraine
were excluded.

Randomization. Patients were randomly assigned to
receive either MAP0004 or placebo in a 1:1 ratio with
no stratification. Randomization was performed by an
automated interactive voice recognition system. Neither

MAP0004 FOR ACUTE TREATMENT OF MIGRAINE

patients nor investigators were informed of treatment
assignment. Unblinding occurred only after formal da-
tabase lock after completion of the treatment phase.

Randomized patients were instructed to use the study
drug to treat a single qualifying migraine as instructed
by the electronic diary after responding to qualifying
assessment questions. Qualifying migraines were de-
fined as migraines characterized by moderate or severe
pain that was either unilateral, throbbing (pulsating), or
worsened with activity and that occurred in the pres-
ence of either nausea or vomiting or both phonophobia
and photophobia.

TREATMENT
Qualifying migraines were treated with 2 actuations of
either MAP0004 or placebo using matching TEMPO
inhalers. The MAP0O0OO4 treatment delivered a 0.6-mg
emitted dose of DHE (1.0-mg nominal dose) suspended
in a blend of hydrofluoroalkane propellants. The placebo
treatment delivered only the blend of hydrofluoroalkane
propellants. Patients then recorded specific data at se-
lected time points as prompted by the electronic diary,
including the time of treatment onset, severity of mi-
graine symptoms, and rescue medication use. The first
patient was enrolled in July 2008, and the last patient
completed this phase of the study in March 2009.
Patients were to refrain from taking any type of rescue
medication for at least 2 hours after administration of
study medication. If patients failed to respond at 2 hours,
nonergot and nontriptan rescue medications could be
taken. If there was no response at 24 hours, patients were
allowed to take ergot or triptan medications.

EFFicacy AssessMENTS AND STupy Enp PoinTs

Efficacy assessments were based on the treatment of a
single moderate to severe migraine using MAP0004 or
matching placebo. The 4 co-primary study end points
were pain relief and freedom from photophobia, pho-
nophobia, and nausea, all at 2 hours posttreatment. Pain
relief was defined as a reduction in moderate to severe
pain to mild or no pain. Freedom from photophobia and
phonophobia and from nausea was defined as a reduction
of a mild, moderate, or severe symptom to the absence of
the symptom with no rescue medication use.

The pain relief at 2 hours posttreatment was further
evaluated in this post hoc subanalysis to assess the re-
sponse at 4 time intervals at which treatment occurred
after onset of the migraine: <1 hour, from >1 to <4 hours,
from >4 to <8 hours, and >8 hours after onset. A simi-
lar post hoc subanalysis was conducted for the pain-free
assessment (moderate or severe pain to the absence of
pain), also at 2 hours posttreatment.
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SAFETY AND TOLERABILITY

Safety was assessed from spontaneous reports of AEs
and events recorded by patients in their electronic dia-
ries. All reported AEs were mapped using the Medical
Dictionary for Regulatory Activities and were grouped
by system organ class and preferred term and tabulated
by treatment group. The incidence of AEs in each treat-
ment group was also tabulated by seriousness, severity,
and relationship to study drug.

STATISTICAL ANALYSES

Investigators planned for approximately 850 randomized
patients to obtain 766 treated patients after accounting for
a 10% dropout rate. For the primary analysis, the study
power was at least 86% for a 2-sided test with a 5% type
I error rate based on assumed pain relief rates of 60% for
MAPO0004 and 40% for placebo; photophobia-free rates
of 55% for MAP0004 and 40% for placebo; phonopho-
bia-free rates of 55% for MAP0004 and 40% for placebo;
and nausea-free rates of 71.5% for MAP0004 and 60%
for placebo. A gatekeeping strategy was used to control
for the family-wise error rate of .05.

The study intent-to-treat population included all ran-
domized patients. The predefined modified intent-to-treat
(mITT) population (defined for primary, secondary, and
post hoc end points) was defined as all randomized pa-
tients who experienced a qualifying migraine, received

at least 1 dose of study drug, and had at least 1 post-
treatment efficacy evaluation. The mITT population was
further refined in this subanalysis to include only patients
who reported migraine onset. The safety population was
defined as all patients who received at least 1 dose of
study drug. The post hoc subanalysis for the end points
relative to time of treatment included all patients who
also reported the time of migraine onset.

The Cochran-Mantel-Haenszel test, stratified by base-
line pain severity, was applied to all study end points to
assess differences between treatment and placebo groups
and to follow-up pair-wise comparisons. For the post hoc
assessments, this test was applied for the overall test of
differences between treatment groups; however, these
analyses were not adjusted for multiple comparisons. All
P values were 2-tailed and significant if less than the 5%
significance level.

RESULTS

The study population included 902 patients with con-
firmed history of ICHD-II-defined migraine who were
randomly assigned to receive active treatment (n=450)
or matching placebo (n=452). The safety population
comprised 814 patients who self-treated with the study
medication (Figure 2). The 794 mITT patients who
treated a migraine of moderate to severe pain were in-

2193 Screened

Run-in phTe (=28 d)

|902 Randomized |

Y

ITT population

Y

| 450 Received MAPO0O4 |

1452 Received placebol

43 Had no gualifying migraine \ 4

¥ Safety population ¥

A4 49 Had no qualifying migraine

9 Did not receive dose

| 404 Received MAP0004 |

| 401 Received placebo| 6 Did not receive dose

3 Had no follow-up assessment

Y

A Modified ITT population A

1 Had no follow-up assessment

Y

1395 Received MAPO0O04 |

|396 Received placebo]

Subanalysis population

[ 10 Did not report time of treatment |

Y
| 385 Received MAP0004 |

v
| 386 Received placebo| |10 Did not report time of treatment |

FIGURE 2. Study population included 902 patients randomized to the treatment phase, with 55 patients in the MAPOOO4 treatment group
and 56 patients in the placebo group discontinuing or withdrawing from the study because of the lack of a qualifying migraine, not receiving
a dose of study medication, or lacking a follow-up assessment. In all, 10 patients in the MAPOOO4 treatment group and 10 patients in the
placebo group were excluded from the subanalysis population because they did not report the time of their treatment. ITT = intent-to-treat.
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TABLE 1. Patient Baseline Demographic Features

mlITT population patients

MAP0004 Placebo
Patient characteristic (n=385) (n=386)
Age (y), mean (SD)
Overall 40.2 (11.2) 39.5(11.7)
Treated in <1 h 39.5(12.2) 40.0 (11.8)
Treated >1 hto<4 h 40.9 (10.9) 38.7(11.5)
Treated >4 hto <8 h 39.4 (10.8) 38.6 (11.8)
Treated >8 h 40.7 (10.7) 42.4(12.0)
Female, No. (%)
Overall 353 (91.7) 351 (90.9)
Treated in <1 h 105 (93.8) 108 (91.5)
Treated >1 hto <4 h 138 (90.2) 150 (89.3)
Treated >4 hto <8 h 61 (89.7) 50 (92.6)
Treated >8 h 49 (94.2) 43 (93.5)
Body mass index (kg/m?), mean (SD)
Overall 27.9 (6.6) 28.0 (6.4)
Treated in <1 h 28.4 (6.8) 28.2 (6.3)
Treated >l hto<4 h 28.0(6.9) 27.7 (6.5)
Treated >4 hto <8 h 27.8 (6.7) 28.3 (6.8)
Treated >8 h 27.0 (5.1) 27.8 (6.3)
Percent of predicted FEV,, mean (SD)
Overall 91.8 (11.9) 92.8 (12.5)
Treated in <1 h 90.0 (13.8) 92.7 (12.8)
Treated >1 hto <4 h 91.5(11.3) 94.0 (12.9)
Treated >4 hto <8 h 92.0 (12.1) 92.2 (12.7)
Treated > 8 h 93.0 (11.0) 91.9 (10.6)
Moderate pain at time of treatment, No. (%)
Overall 209 (54.3) 206 (53.4)
Treated in <1 h 62 (55.4) 70 (59.3)
Treated >1 hto<4 h 89 (58.2) 83 (49.4)
Treated >4 hto <8 h 35(51.5) 30 (55.6)
Treated >8 h 23 (44.2) 23 (50.0)
Severe pain, No. (%)
Overall 176 (45.7) 180 (46.6)
Treated in <1 h 50 (44.6) 48 (40.7)
Treated >1 hto <4 h 64 (41.8) 85 (50.6)
Treated >4 hto <8 h 33 (48.5) 24 (44.4)
Treated >8 h 29 (55.8) 23 (50.0)

FEV | = forced expiratory volume in 1 second; mITT = modified intent-to-treat.

cluded in the primary efficacy analysis of the study. Of
these 794 patients, 771 reported the time of migraine
onset. The patient baseline demographics showed no
differences between treatment groups for general de-
mographic features or baseline pulmonary function
tests (Table 1). The primary end points for the study
were statistically significant for MAP0004 relative to
placebo, including pain relief (58% vs 34%; P<.001),
phonophobia-free (52% vs 34%; P<.001), photophobia-
free (46% vs 27%; P<.001), and nausea-free (67% Vs
59%; P=.02), all at 2 hours after treatment; these data
have been published previously.?’

This post hoc subanalysis of the exploratory end point
of pain relief and pain-free relative to the time of treat-
ment after the onset of migraine included 771 patients
who reported the time of migraine onset.

For pain relief, results for MAP0004 for all times to
treatment were statistically significant relative to pla-
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cebo (Figure 3). Specifically, 66% of patients (74/112)
who treated their migraine <1 hour after onset with
MAPO004 achieved pain relief at 2 hours posttreat-
ment compared with 41% (48/118) who treated with
placebo (P<.001). Results at 2 hours were similar for
patients who treated their migraine with MAP0004
vs placebo between >1 hour and <4 hours after onset
(60% [91/153] vs 35% [58/168]; P<.001), between >4
and <8 hours after onset (53% [36/68] vs 30% [16/54];
P=.008), and >8 hours after onset (48% [25/52] vs 24%
[11/46]; P=.007).

The pain-free assessments also consistently fa-
vored MAP0004 compared with placebo when patients
were treated <1 hour (38% [43/112] vs 13% [15/118];
P<.001), between >1 and <4 hours (28% [43/153] vs
10% [17/168]; P<.001); and >4 and <8 hours (22%
[15/68] vs 7% [4/54]; P<.025) after migraine onset.
When treatment was taken >8 hours after migraine on-
set, pain-free rates at 2 hours did not differ significantly
between MAP000O4 and placebo (19% [10/52] vs 9%
[4/46]; P=.106) (Figure 4).

Treatment with MAP0004 was well tolerated, and no
drug-related serious AEs were reported. One or more AEs
were reported in 119 patients (29%) in the MAP0004
treatment group compared with 95 patients (23.5%) in
the placebo group. Five patients in the MAP0004 group
and 2 in the placebo group discontinued the study be-
cause of AEs. (Full safety and tolerability results are re-
ported elsewhere.?”)

80 = MAP0004

[ Placebo

60 4

40 A

Patients (%)

20 1

FIGURE 3. Pain relief at 2 hours as a function of time of initiating treat-
ment after start of migraine. Pain reliefrates at 2 hours were significantly
higher for patients treated with MAPOOO4 than with placebo when as-
sessed at <1 hour after onset of the migraine (1P<.001), between >1
and <4 hours after onset (1P<.001), between >4 and <8 hours after
onset (¥*P=.008), and >8 hours after onset (¥P=.007). P values were
calculated using the Cochran-Mantel-Haenszel test controlling for base-
line pain score; exploratory end points were not adjusted for multiplicity.
Therapeutic gain (active minus placebo) was similar at all time points.
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FIGURE 4. Pain freedom at 2 hours as a function of time of initiating
treatment after start of migraine. Pain-free rates at 2 hours were sig-
nificantly higher for patients treated with MAPOOO4 than with placebo
regardless of the time to treatment after onset of the migraine. Spe-
cifically, early treatment, as defined as treatment within 1 hour of mi-
graine, was effective in achieving a pain-free response in significantly
more patients taking MAPOOO4 than placebo. Similarly, MAPOOO4
treatments between >1 and <4 hours and between >4 and <8 hours
were also significantly more effective than placebo in achieving pain
freedom (*P<.001 and 1P<.025, respectively). P values were calcu-
lated using the Cochran-Mantel-Haenszel test controlling for baseline
pain score; exploratory end points were not adjusted for multiplicity.

DISCUSSION

The current study showed that MAP0004 was effective
for acute treatment of migraine with or without aura, as
noted by the significantly greater improvement relative
to placebo for all 4 co-primary end points, including
2-hour pain relief and freedom from phonophobia, pho-
tophobia, and nausea. Similarly, this post hoc subanaly-
sis of the efficacy of MAP0004 when taken up to many
hours after the onset of the migraine also showed sta-
tistical significance relative to placebo. When MAP0004
was taken within the first hour after the onset of migraine
pain, 66% of patients achieved migraine pain relief, com-
pared with 41% who took placebo, and 38% achieved
complete pain freedom, compared with 13% who took
placebo. Although pain relief rates declined with increas-
ing delay for time to treatment up to more than 8 hours,
the associated therapeutic gains of approximately 25%
were comparable when treatment was taken <1 hour, be-
tween >1 and <4 hours, between >4 and <8 hours, and
even after >8 hours after migraine pain onset. Similarly,
statistically significant pain freedom was achieved when
MAPO0004 was taken at time points within 8 hours after
the onset of migraine pain.

This post hoc analysis supports the current migraine
treatment recommendations that patients treat early after
the onset of migraine pain; however, because early treat-

ment is not possible for some patients, these results also
suggest that MAP000O4 may offer a viable treatment op-
tion with similar efficacy and therapeutic gains irrespec-
tive of the time of treatment relative to migraine onset.

The underlying mechanisms that may contribute to the
consistent efficacy of MAP0004 when it is taken are not
clearly understood, but several factors may play a con-
tributing role. MAP0O004 bypasses gastrointestinal ab-
sorption associated with oral deliveries, as noted in phar-
macokinetic studies demonstrating MAP0004 plasma
levels within 5 minutes, Cmax of 10 minutes, and clinical
efficacy as early as 10 minutes.??%?® Inconsistent gastro-
intestinal absorption, which may be further exacerbated
in migraineurs because of gastric stasis, is avoided with
MAPO0004. DHE, unlike oral triptans, is also thought to
reverse central sensitization. Additional studies are war-
ranted to prospectively assess the efficacy of MAP0004
when taken anytime after the onset of migraine.

CONCLUSION

In this study, MAP0004 was effective for acute treat-
ment of migraine with or without aura in adults. In this
post hoc subanalysis, significant pain relief was achieved
when MAP0004 was taken anytime after migraine onset.
Although patients should optimally treat as soon as pos-
sible after the start of a migraine, when early treatment
is not possible, MAP0004 may be an effective treatment
option for those seeking pain relief even in excess of 8
hours after the onset of the migraine.

We thank Starr Pearlman, PhD, for her assistance in the
preparation of the initial manuscript drafft.
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