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Abstract

Objective: To determine the efficacy, tolerability, and safety of ascending doses of Adhesive Dermally-Applied

Microarray (ADAM) zolmitriptan versus placebo for acute migraine treatment.

Background: ADAM is a novel patient-administered system for intracutaneous drug administration. In a phase 1

pharmacokinetic study, zolmitriptan administered using ADAM had much faster absorption than oral administration

with higher exposure in the first two hours.

Methods: This was a multicenter, randomized, double-blind, placebo-controlled, parallel-group Phase 2b/3 study eval-

uating ADAM zolmitriptan 1 mg, 1.9 mg, and 3.8 mg versus placebo. Co-primary endpoints were pain freedom and

freedom from most bothersome other migraine-associated symptom 2 hours post-dose.

Results: Of patients treated with ADAM zolmitriptan 3.8 mg or placebo, 41.5% and 14.2%, respectively were pain-free 2

hours post-dose (p¼ 0.0001) and 68.3% and 42.9% were free from their most bothersome other symptom (p¼ 0.0009).

Due to the fixed sequential testing methodology, formal statistical significance was not established for secondary end-

points. However, the proportion of patients who were photophobia-free, phonophobia-free, and nausea-free at 2 hours

post-dose was higher in the ADAM zolmitriptan 3.8 mg group compared with placebo, as were the percentages of

patients who were pain-free, and who experienced pain relief up to 48 hours post-dose. Systemic adverse events were

consistent with previous triptan trials, and included dizziness, paresthesia, muscle tightness, and nausea, all of which

occurred in< 5% of patients in any group. Application site reactions were generally mild and resolved within 48 hours,

although erythema and bruising persisted for longer periods in some patients.

Conclusion: ADAM zolmitriptan 3.8 mg provides effective relief of migraine headache and associated most bothersome

symptoms compared with placebo, and is well-tolerated.
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Introduction

The triptans, including zolmitriptan, are at the fore-
front of acute migraine treatment. They have been
available in the US market since 1992, and have good
evidence in terms of efficacy, tolerability, and safety
(1–5). The triptans are available in several formula-
tions: Oral tablet, orally disintegrating tablet, nasal
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spray, nasal powder, rectal suppository, and subcuta-
neous delivery with or without needle. The latter three
formulations are available for sumatriptan only, and
the suppository is only available outside the US.

Migraine attacks are not only associated with gastric
symptoms (most notably nausea), but also with gastric
dysfunction (gastroparesis), resulting in delayed
absorption of enterically-absorbed medications (6).
The delayed absorption particularly affects the time to
maximum plasma concentration (tmax) and negatively
affects efficacy (6,7). Delayed absorption is not only
relevant for oral tablets and orally disintegrating tab-
lets, it also pertains to nasal spray formulations as up to
86% of intranasally-administered sumatriptan (8) and
70% of intranasally-administered zolmitriptan (9) is
absorbed through the gut.

Adhesive Dermally-Applied Microarray (ADAM) is
a new drug delivery system for intracutaneous self-
administration. It consists of a 3 cm2 disposable array
of drug-coated titanium microprojections on an adhe-
sive backing. It is applied using a low-cost, reusable,
handheld applicator. The applicator is designed to
ensure that the same energy is applied across multiple
uses and is user-independent. The microprojections
penetrate the stratum corneum, where the drug coating
is rapidly reconstituted by interstitial fluid in the skin,
making it available for absorption. The shallow depth
of penetration and the minuteness of the microprojec-
tions limit the likelihood of stimulating sensory nerve
endings. The ADAM adhesive is removed manually
after 30 minutes and discarded without the need for
‘‘sharps’’ disposal (10).

Zolmitriptan has been formulated for delivery using
ADAM as an investigational product for acute
migraine treatment. In a Phase 1 study evaluating the
pharmacokinetics of zolmitriptan delivered with
ADAM, the median time to maximum serum concen-
tration (tmax) was less than 20 minutes, which was com-
parable to subcutaneously administered sumatriptan in
the same study. Absorption was considerably faster
than for oral zolmitriptan, with higher exposure in
the first two hours (10). These data suggested that
ADAM zolmitriptan may provide a promising new
option for providing rapid migraine relief while circum-
venting some of the limitations of other routes of
administration.

Here we describe a randomized, double-blind, pla-
cebo-controlled, parallel-group study evaluating ascend-
ing doses of ADAM zolmitriptan for the acute treatment
of migraine headache and associated symptoms.

Methods

This was a multicenter, randomized, double-blind, pla-
cebo-controlled, parallel group Phase 2b/3 study

conducted at 36 sites in the US. The protocol was
approved by the Quorum Review Institutional Review
Board (Seattle, WA). Patients 18–65 years old with a
greater than 1-year history of episodic migraine with
and/or without aura and with an onset prior to
50 years of age were eligible to participate. All partici-
pants gave written informed consent prior to any study
procedures being performed. During the 6 months prior
to the run-in period, they must have had at least two
and no more than eight migraine headaches per month,
with no more than 10 headache days per month. At
least five attacks must have met the International
Classification of Headache Disorders criteria for
migraine.

During a 28- to 56-day run-in period to determine
eligibility, patients recorded daily headache and
migraine symptoms using an e-diary. On the first day
of the run-in period, patients declared their most
bothersome migraine symptom (MBS) other than
pain (nausea [with or without vomiting], photophobia,
or phonophobia, which is most bothersome most of the
time with their migraine headaches). Eligible patients
had experienced two to eight migraine headaches per
28-day period and were randomly assigned in a
2:2:1:2:1 ratio to receive one 1mg ADAM zolmitriptan,
one 1.9mg ADAM zolmitriptan, one ADAM placebo,
two 1.9mg ADAM zolmitriptan (3.8mg total), or two
ADAM placebo, to treat a single qualifying migraine
headache (pain of moderate or severe intensity and
presence of MBS). Uncoated titanium microprojections
were used in the placebo. A central, permuted block
randomization scheme stratified by MBS was generated
by an independent statistician.

Patients self-administered ADAM zolmitriptan or
placebo to the upper arm, in an outpatient setting.
They used an e-diary to record symptom scores (scale:
none, mild, moderate, or severe) at 15, 30, 45, and
60 minutes, and 2, 3, 4, 12, 24, and 48 hours post-
dosing. The application site was scored for redness,
swelling, and bruising at 30 minutes, and 4, 12, 24,
and 48 hours post-dose. A follow-up visit occurred
2–7 days after the 48-hour time point.

The co-primary endpoints of the study were the pro-
portion of patients reporting pain freedom at 2 hours
post-dose and the proportion reporting freedom from
their MBS at 2 hours post-dose. Pain freedom was
defined as a score of ‘‘none’’ at 2 hours without the
use of rescue medication during the 2-hour post-dose
period. Similarly, MBS freedom was defined as the
absence of the symptom without the use of rescue medi-
cation during the 2-hour post-dose period.

The secondary endpoints were the proportion of
patients who achieved pain relief (defined as improve-
ment to mild or none) at 15 and 30 minutes, as well as
3, and 4 hours post-dose; pain freedom at 30 minutes,

216 Cephalalgia 38(2)



and 24 and 48 hours post-dose; freedom at 2 hours
post-dose from photophobia, phonophobia, or nausea
(irrespective of MBS); and the proportion of patients
who required rescue medication during the 2-hour post-
dose period.

Sample size (n¼ 360) was determined by estimating
that 15% of patients receiving placebo and 35% of those
receiving active treatment would achieve freedom from
pain or MBS at 2 hours post-dose, and allowing for 15%
dropouts. A stratified chi-square test was used to estimate
the number used to detect a treatment difference with 80%
statistical power and 5% 2-sided significance level.

The primary analysis method was a Cochran-
Mantel-Haenszel (CMH) test controlling for the ran-
domization stratification by MBS. Each individual

active treatment group was compared to the pooled
placebo group in a pairwise manner. Pooling of the
placebo groups was planned a priori for statistical
simplicity. Post hoc analyses showed no significant dif-
ferences in outcomes in the 1- or 2-patch placebo
groups, supporting the decision to pool these groups.
In addition, the Breslow-Day test was performed
to assess the homogeneity of the odds ratios across
MBS. A fixed sequential testing methodology was
applied to control the overall type 1 error. A test was
considered statistically significant only if the
corresponding CMH test had a p value< 0.05 and all
previous tests had a p value< 0.05. Last observation
carried forward (LOCF) was used to impute
missing data.

Table 1. Patient disposition.

Treatment group

ADAM zolmitriptan

Placeboa 1 mg 1.9 mg 3.8 mg Total

Randomized, n 91 90 92 92 365

Treated, n (%) 83 (91.2) 80 (88.9) 87 (94.6) 83 (90.2) 333 (91.2)

Not treated, n (%) 8 (8.8) 10 (11.1) 5 (5.4) 9 (9.8) 32 (8.8)

Reason:

No qualifying migraine, n (%) 7 (7.7) 7 (7.8) 5 (5.4) 6 (6.5) 25 (6.8)

Other, n (%) – 2 (2.2) – – 2 (0.5)

Lost-to-follow-up, n (%) – 1 (1.1) – 2 (2.2) 3 (0.8)

Patient request, n (%) 1 (1.1) – – 1 (1.1) 2 (0.5)

Randomized and completed, n (%) 83 (91.2) 79 (87.8) 87 (94.6) 83 (90.2) 332 (91.0)

Randomized and withdrawn early, n (%) – 1 (1.1) – – 1 (0.3)

Lost to follow-up, n (%) – 1 (1.1) – – 1 (0.3)

aConsisted of pooled 1-patch and 2-patch placebo groups.

Table 2. Demographics and baseline characteristics.

n (%)

Treatment group (mITT population)

ADAM zolmitriptan

Placeboa

n¼ 77

1 mg

n¼ 79

1.9 mg

n¼ 83

3.8 mg

n¼ 82

Total

n¼ 321

Female 69 (89.6) 70 (88.6) 73 (88.0) 68 (82.9) 280 (87.2)

Age, mean (SD) years 42.7 (11.5) 41.7 (11.6) 40.1 (10.9) 41.0 (11.4) 41.3 (11.3)

Race

White 59 (76.6) 58 (73.4) 54 (65.1) 67 (81.7) 238 (74.1)

MBS

Nausea 20 (26.0) 17 (21.5) 19 (22.9) 17 (20.7) 73 (22.7)

Phonophobia 21 (27.3) 21 (26.6) 22 (26.5) 22 (26.8) 86 (26.8)

Photophobia 36 (46.8) 41 (51.9) 42 (50.6) 43 (52.4) 162 (50.5)

aConsisted of pooled 1-patch and 2-patch placebo groups.
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All authors had full access to all study data.

Results

Between 16 June 2016 and 10 January 2017, 589
patients were screened, 365 were randomly assigned

to receive ADAM zolmitriptan or placebo, and 333
actually applied the study treatment (safety popula-
tion). Among the 224 who were not randomized, 77
had screening failures, 130 failed to meet the run-in
criteria, and data were missing for 17. The most
common reasons for screen failures were: 16 (17%)
clinically-relevant abnormal findings in the physical

Table 3. Characteristics of qualifying migraine.

Treatment group

ADAM zolmitriptan

n (%)

Placeboa

n¼ 77

1 mg

n¼ 79

1.9 mg

n¼ 83

3.8 mg

n¼ 82

Total

n¼ 321

Severity of pain

Moderate 44 (57.1) 37 (46.8) 33 (39.8) 43 (52.4) 157 (48.9)

Severe 33 (42.9) 42 (53.2) 50 (60.2) 39 (47.6) 164 (51.1)

Nausea present 51 (66.2) 56 (70.9) 60 (72.3) 59 (72.0) 226 (70.4)

Vomiting present 6 (7.8) 3 (3.8) 7 (8.4) 5 (6.1) 21 (6.5)

Photophobia present 75 (97.4) 73 (92.4) 77 (92.8) 78 (95.1) 303 (94.4)

Phonophobia present 72 (93.5) 70 (88.6) 75 (90.4) 71 (86.6) 288 (89.7)

Aura present 23 (29.9) 26 (32.9) 35 (42.2) 35 (42.7) 119 (37.1)

Woke up with headache 44 (57.1) 41 (51.9) 43 (51.8) 36 (43.9) 164 (51.1)

aConsisted of pooled 1-patch and 2-patch placebo groups.
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Figure 1. Primary endpoints. Proportion of patients who were

(a) pain-free or (b) free of their most bothersome other symp-

tom at 2 hours post-dose. Error bars: 95% confidence intervals.
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Proportion of patients who were (a) pain-free or (b) had pain
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exam, vital signs, or laboratory tests; 15 (16%) history
or current abuse or dependence on alcohol or drugs; 14
(15%) reason to believe that compliance with study
requirements and completion of evaluations would
not be possible. The most common reasons for run-in
failures were: 64 (50%) had more than 10 headache
days in past 28 days; 45 (35%) were not able to use
the e-diary; 44 (34%) did not have an average of at
least two qualifying migraines per 28-day period, and
17 (18%) did not have confirmation of good general
health. Note that a patient could have more than one
reason for screening or run-in failures. Of those who
applied the study treatment, 321 had at least one post-

dose assessment (modified intent to treat [mITT] popu-
lation). Table 1 presents the disposition of patients in
each group and overall.

The majority of patients were female (87%), and the
mean age was 41� 11.3 years. Demographic character-
istics were generally similar among groups, except for
the ADAM zolmitriptan 1.9mg group, in which a
smaller percentage were Caucasian (Table 2). The
characteristics of the qualifying migraine headaches
pre-treatment are shown in Table 3. The proportion
of patients with severe migraine pain was higher in
the ADAM zolmitriptan 1.9mg group than in the
other treatment groups.
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Figure 3. Secondary endpoints. Proportion of patients who, at 2 hours post-dose, were (a) photophobia-free, (b) phonophobia-free,

(c) nausea-free, or (d) took rescue medications within 2 hours post-dose. Error bars: 95% confidence intervals. *p values are nominal.
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Primary outcome measures

ADAM zolmitriptan 3.8mg was superior to the pooled
placebo group for the co-primary endpoints of propor-
tion of patients who were pain-free at 2 hours (41.5%
vs. 14.3%; p¼ 0.0001) and the proportion who were
MBS-free at 2 hours (68.3% vs. 42.9%; p¼ 0.0009)
(Figure 1). ADAM zolmitriptan 1.9mg was also super-
ior to placebo for pain freedom (27.7% vs. 14.3%;
p¼ 0.0351), but the comparison for MBS at 2 hours
was not significant. Because both co-primary endpoints
are required to be significant at the 2-sided alpha level
of 0.05, the 1.9mg group was not considered to be
statistically significantly different from placebo. In
addition, all subsequent significance tests (including

secondary endpoints) were not considered to be statis-
tically significant, and any p values provided are for
descriptive purposes only (nominal p values are shown).

Secondary outcome measures

The proportion of patients who were photophobia-free,
phonophobia-free, and nausea-free at 2 hours post-dose
was higher in all ADAM zolmitriptan groups compared
with placebo (Figure 3(a), (b), (c)). In the ADAM zolmi-
triptan 3.8mg group, 69.5% were photophobia-free
versus 41.6% in the placebo group (nominal
p¼ 0.0003). Corresponding values for phonophobia-
free were 69.5% and 55.8% (nominal p¼ 0.0060).
For nausea-free, the corresponding values were 81.7%
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Figure 4. Proportions of patients who had sustained pain freedom and relief. (a) percentage of patients who were free from

headache pain for the entire period of 2–24 hours (left panel) or 2–48 hours (right panel). (b) Percentage of patients who had pain
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versus 63.6% (nominal p¼ 0.0106). The percentage of
patients who took rescue medication within 2 hours
post-dose was small in all groups (2.4–7.8%) with no
discernable differences among them (Figure 3(d)).

The percentages of patients who were pain-free at
the pre-specified time points of 30 minutes, 24 hours
and 48 hours post-dose were 7.3%, 69.5% and
64.6%, respectively, for the ADAM zolmitriptan
3.8mg group, and 2.6%, 39.0%, and 39.0% for the
placebo group (nominal p¼ 0.1768 at 30 minutes and
p< 0.01 for both 24 and 48 hours). The time course of
pain freedom from 30 minutes to 24 hours is shown in

Figure 2. The percentages of patients who experienced
pain relief (improvement to mild or none), was also
higher for the zolmitriptan 3.8mg group than the pla-
cebo group at all time points (Figure 2). However,
among the pre-specified time points of 15 minutes, 30
minutes, and 4 hours, nominal significance was only
achieved at 4 hours (nominal p< 0.0001).

Post-hoc analysis

A post-hoc analysis showed that pain freedom was sus-
tained, as 31.7% of patients in the ADAM zolmitriptan

Table 4. Summary of treatment-emergent adverse events (safety population).

Treatment group

Placeboa

n¼ 83

ADAM zolmitriptan

n (%)

1 mg

n¼ 80

1.9 mg

n¼ 87

3.8 mg

n¼ 83

Total

n¼ 333

Patients with at least one TEAE 15 (18.1) 26 (32.5) 37 (42.5) 43 (51.8) 121 (36.3)

Treatment-relatedb 14 (16.9) 24 (30.0) 33 (37.9) 43 (50.6) 113 (33.9)

Patients with at least one TEAE within

24 hours of ADAM application

12 (14.5) 17 (21.3) 32 (36.8) 38 (45.8) 99 (29.7)

Patients with at least one TEAE by severityc

Mild 11 (13.3) 24 (30.0) 33 (37.9) 33 (39.8) 101 (30.3)

Moderate 4 (4.8) 2 (2.5) 4 (4.6) 7 (8.4) 17 (5.1)

Severe 0 (0.0) 0 (0.0) 0 (0.0) 3 (3.6) 3 (0.9)

TEAE: treatment-emergent adverse event.
aConsisted of pooled 1-patch and 2-patch placebo groups.
bPossibly or probably treatment-related. If a patient reported an event multiple times with differing relationships to study medication, only the one

most related to study medication was counted.
cIf a patient reported an event multiple times with differing severities, only the most severe was counted.

Table 5. Treatment-emergent adverse events occurring in� 2% of patients in any active treatment group (safety -population).

Treatment group

Placeboa

n¼ 83

ADAM zolmitriptan

n (%)

1 mg

n¼ 80

1.9 mg

n¼ 87

3.8 mg

n¼ 83

Total

n¼ 333

Application site erythema 9 (10.8) 13 (16.3) 17 (19.5) 22 (26.5) 61 (18.3)

Application site bruise 3 (3.6) 5 (6.3) 12 (13.8) 12 (14.5) 32 (9.6)

Application site pain 1 (1.2) 2 (2.5) 2 (2.3) 8 (9.6) 13 (3.9)

Application site hemorrhage 0 (0.0) 3 (3.8) 5 (5.7) 4 (4.8) 12 (3.6)

Application site swelling/edema 3 (3.6) 2 (2.6) 6 (6.8) 4 (4.8) 15 (4.5)

Dizziness 0 (0.0) 1 (1.3) 0 (0.0) 4 (4.8) 5 (1.5)

Paresthesia 1 (1.2) 0 (0.0) 0 (0.0) 2 (2.4) 3 (0.9)

Muscle tightness 0 (0.0) 0 (0.0) 1 (1.1) 2 (2.4) 3 (0.9)

Nausea 0 (0.0) 2 (2.5) 1 (1.1) 1 (1.2) 4 (1.2)

aConsisted of pooled 1-patch and 2-patch placebo groups.
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3.8mg group were free from pain (without the use of
rescue medications) at all time points between 2 and
24 hours versus 10.4% in the placebo group (nominal
p¼ 0.001). Sustained pain freedom between 2 and 48
hours was observed in 26.8% in the ADAM
zolmitriptan 3.8mg group and 9.1% in the placebo
group (nominal p¼ 0.0035). Pain relief was sustained
2–24 hours for 68.3% in the ADAM zolmitriptan
3.8mg group and 37.7% in the placebo group (nominal
p¼< 0.0001). Corresponding values for sustained pain
relief 2–48 hours were 63.4% and 32.5% (nominal
p< 0.0001) (Figure 4).

Safety

A high proportion of patients applied the treatment for
the full prescribed 30 minutes: 98.8% in the placebo
group, 98.8% in the ADAM zolmitriptan 1mg group,
97.7% in the ADAM zolmitriptan 1.9mg group, and
97.6% in the ADAM zolmitriptan 3.8mg group.
Table 4 provides a summary of treatment-emergent
adverse events (TEAEs). Most TEAEs were mild or
moderate in severity. The exceptions were three patients
in the ADAM 3.8mg group who reported a severe
TEAE, one with application site bruising, one with
application site pain, and one with muscle tightness.
Dosing was discontinued in two patients in the
ADAM zolmitriptan 3.8mg group due to TEAEs.
There were no serious TEAEs and no TEAEs of special
interest (defined as any application site reactions
requiring further evaluation or care or resulting in
burns or scars as determined by clinical review). The
most commonly occurring adverse event was applica-
tion site erythema, followed by application site bruis-
ing. There were no pigmentation reactions. Table 5
presents TEAEs that occurred in� 2% of patients in
any ADAM zolmitriptan treatment group.

All dermal adverse events were followed to reso-
lution and most resolved within 7 days. However,
some took 8–14 days to resolve (in the placebo,
1.0mg, 1.9mg and 3.9mg groups, redness was seen in
zero, two, five, and six patients, respectively, and bruis-
ing was seen in zero, two, five, and three patients,
respectively), and three took more than 14 days to
fully resolve (one patient in the placebo group with
redness and two patients in the 1mg group with bruis-
ing). Most patients with prolonged time to resolution of
redness or bruising were taking medications that
inhibit platelet function (NSAIDs, including aspirin,
or fish oil).

Conclusions and discussion

In this randomized, double-blind, placebo-controlled
study, ADAM zolmitriptan 3.8mg was effective and

well-tolerated for the acute treatment of migraine.
Nearly 42% of patients treated with ADAM zolmitrip-
tan 3.8mg were pain-free 2 hours after treatment and
nearly 70% were free from their most bothersome
headache-associated migraine symptom. Efficacy was
dose dependent, with the 3.8mg dose providing a
better response than the 1.9mg and 1mg doses.

Due to the statistical approach in this study (fixed
sequential testing), no formal statistical significance
could be assigned for the secondary endpoints.
However, the proportion of patients treated with
ADAM zolmitriptan 3.8mg who were free from photo-
phobia, phonophobia, and nausea was higher than for
placebo, with nominal significance achieved for photo-
phobia and nausea.

Sustained pain freedom is considered the ideal
migraine treatment response (11). It is notable that in
a post-hoc analysis efficacy was sustained, with many
patients remaining pain-free out to 48 hours. The per-
centage of patients who had sustained pain freedom in
the first 24 hours was 31.7% for ADAM zolmitriptan
3.8mg, which compares favorably with the 15–25% his-
torically seen in controlled trials of triptans in migraine
treatment (12). Onset of pain freedom and pain relief
was apparent much earlier than 2 hours, with nomin-
ally-significant differences between ADAM zolmitrip-
tan 3.8mg and placebo beginning at 45 minutes and
1 hour, respectively.

For some parameters, such as pain relief, a higher
than expected placebo response was observed. The fact
that the drug-device combination is new and innova-
tive, and that there is some sensation when the device is
applied, may have led some participants to believe they
were receiving the active agent. Additionally, because
three different doses of zolmitriptan were investigated,
patients had a 75% probability of receiving active ther-
apy, a fact of which they were aware. The odds in favor
of receiving a drug that is known to be effective may
have also elevated the placebo response (13).
Nonetheless, a clear separation was observed between
active treatment and placebo for pain relief.

As noted for the efficacy endpoints, a dose-response
effect was also observed for the occurrence of TEAEs,
which were mild to moderate in intensity. The most
common adverse events reported were those related to
the application site, and they generally resolved within
48 hours. None occurred in more than 10% of patients.
Additional adverse events were consistent with those
commonly seen in previous trials with triptans (12).

The design of this study was in accordance with the
2014 Guidance for Industry in the design of trials for
the acute treatment of migraine (14). Importantly, the
four co-primary endpoints of pain, nausea, photopho-
bia, and phonophobia have been replaced with the two
co-primary endpoints of freedom from pain and

222 Cephalalgia 38(2)



freedom from MBS, both at 2 hours. At the time of
writing, we believe this may be the first completed piv-
otal trial reported using MBS as a co-primary efficacy

endpoint. It is important to recognize these key differ-
ences in interpreting the current data in the context of
prior clinical studies in migraine.

Key findings

. Intracutaneous zolmitriptan delivery using an Adhesive Dermally-Applied Microarray (ADAM) system was
effective and well-tolerated for the acute treatment of migraine with or without aura.

. ADAM zolmitriptan was significantly more efficacious than placebo for achieving freedom from pain and
from most bothersome other migraine-associated symptoms at 2 hours post-dose.

. Most adverse events were mild to moderate in intensity and most were related to the application site and
resolved within 48 hours.
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