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TOPICAL THERAPY FOR MIGRAINE

[0001] Applicant hereby claims priority of U.S. patent
application Ser. No. 11/999,093 filed Dec. 3, 2007; U.S.
patent application Ser. No. 10/163,234, filed on Jun. 5, 2002,
which claims the benefit of U.S. Provisional Patent Applica-
tion No. 60/296,286, filed Jun. 5, 2001, the disclosures of
which are incorporated herein by reference in their entireties
for all purposes.

BACKGROUND OF THE INVENTION

[0002] Migraine headaches are a debilitating condition in
which some 53 million persons per year suffer acute pain.
Frequently, migraine is accompanied by sickness and vomit-
ing and a sensitivity to light and noise.

[0003] Since the discovery of serotonin (5-hydrox-
ytryptamine, 5-HT) over four decades ago, the cumulative
results of many diverse studies have indicated that serotonin
plays a significant role in the functioning of the mammalian
body, both in the central nervous system and in peripheral
systems as well. Morphological studies of the central nervous
system have shown that serotonergic neurons, which origi-
nate in the brain stem, form a very diffuse system that projects
to most areas of the brain and spinal cord. R. A. O’Brien,
Serotonin in Mental Abnormalities, 1: 41 (1978); H. W. M.
Steinbusch, HANDBOOK OF CHEMICAL NEU-
ROANATOMY, Volume 3, Part 11, 68 (1984); N. E. Anden, et
al., Acta Physiologica Scandinavia, 67: 313 (1966). These
studies have been complemented by biochemical evidence
that indicates large concentrations of 5-HT exist in the brain
and spinal cord. H. W. M. Steinbusch, supra.

[0004] Serotonin (5-hydroxytryptamine, 5-HT) is said to
play a key role in regulating the vascular tone, and serotonin
deficiency is said to result in a vasodilatation causing the
migrainous headache. The onset of action is effected via
5-HT, -receptors in the region of the vascular walls of cerebral
arteries.

[0005] Accordingly, in the last few years, the chemical
structure of serotonin has been modified in various manners,
resulting in changes of the pharmacological properties. For
example, indole derivatives were synthesized which cause the
cerebral vessels to be selectively tonizised (contracted) com-
bined with a rapid improvement of the symptoms. These are
so-called serotonin agonists having a particular affinity for
5-HT, -receptors.

[0006] The class of serotonin agonists having a particular
affinity for 5-HT, receptors is typified, for example, by
sumatriptan, zolmitriptan, naratriptan, and rizatriptan to
name a few. Oral bioavailability is an important factor in the
efficacy of a drug and one that may account for consistency of
response with repeated use. Sumatriptan tablets have a low
oral bioavailability (14%). All of the second-generation trip-
tans have improved bioavailability (rizatriptan and zolmitrip-
tan, 40-45%; naratriptan, close to 70%). Sumatriptan, riza-
triptan, and zolmitriptan are metabolized by the MAO
system. All of these compounds, however, have some adverse
effects which require supervised administration at efficacious
doses. PHYSICIAN’S DESK REFERENCE, (48th ed.,
1994).

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide a
method for the treatment of migraines in humans via the
topical administration of a serotonin agonist.
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[0008] Itis an object of certain embodiments of the present
invention to provide a topical therapeutic formulation for the
systemic and/or regional administration of a compound hav-
ing serotonin agonist activity.

[0009] Itis an object of certain embodiments of the present
invention to provide a topical therapeutic formulation and
method for the regional administration of a compound having
serotonin agonist activity.

[0010] Itis an object of certain embodiments of the present
invention to provide a more rapid therapeutic effect than
previous routes of administration of serotonin agonist.
[0011] The above objects and others are attained by virtue
of'the present invention, which is directed in part to a method
of treating a migraine and/or cluster headache via the topical
administration and delivery of a therapeutically effective
amount of a serotonin agonist to a human in need of treatment
thereof.

[0012] In certain embodiments, the present invention is
directed to a method of treating a migraine and/or cluster
headache comprising applying a serotonin agonist to the
headache region of a human patient in an effective amount to
provide relief of a migraine and/or cluster headache which is
occurring or imminent in the human patient.

[0013] In certain embodiments, the present invention is
directed to a unit dose of a serotonin agonist for topical
administration and delivery of the serotonin agonist to a
human in need of treatment thereof.

[0014] In certain preferred embodiments, the serotonin
agonist is in a topical formulation. In certain other preferred
embodiments, the serotonin agonist is in a transdermal thera-
peutic system. Preferably the topical formulation or transder-
mal therapeutic system is applied to a predetermined area of
skin to deliver the serotonin agonist to a human.

[0015] In certain preferred embodiments, the formulations
of the present invention provide an effective dose of the
serotonin agonist at the application site, which is quickly
absorbed. Most preferably the formulations of the present
invention are immediate releasing formulations, such that a
therapeutically effective amount of the serotonin agonist is
available for rapid absorption. The formulations of the
present invention preferably are suitable for the treatment of
an acute migraine attack.

[0016] The topical formulation comprising the serotonin
agonist or transdermal therapeutic system comprising the
serotonin agonist is preferably applied to the posterior cervi-
cal region of the human experiencing or about to experience
amigraine and/or cluster headache. Most preferably, the topi-
cal formulation or transdermal therapeutic system is applied
to the back of the neck, preferably in close proximity to or on
the area of skin above the brain stem.

[0017] In certain preferred embodiments the symptoms of
the migraine or cluster headache are relieved within about 2
hours, preferably within about 5 minutes to about 2 hours,
within about 5 minutes to about I hour and most preferably
within about 5 minutes to about 30 minutes after application
of the serotonin agonist. In certain preferred embodiments,
the formulations of the present invention provide migraine or
cluster headache relief within from less than 1 minute to about
2 hours, about 1 minute to about 2 hours, preferably in about
1 minute to about 15 minutes.

[0018] In certain embodiments, the present invention is
directed towards a unit dose of a topical formulation for
treating a migraine or cluster headache comprising a seroto-
nin agonist incorporated into a pharmaceutically acceptable
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vehicle for topical administration onto the skin of a human
patient; said unit dose providing said serotonin agonist in a
form which is immediately absorbable when said unit dose is
applied onto human skin; said serotonin agonist comprising
from about 0.5 to about 200 mg of sumatriptan, by weight
based on the succinate salt, or a therapeutic equivalent dose of
another topically absorbable pharmaceutically acceptable
serotonin agonist; and said unit dose providing relief from a
migraine or cluster headache within about 2 hours after topi-
cal administration to said human patient.

[0019] In certain embodiments, the present invention is
directed to a unit dose of a topical formulation for treating a
migraine or cluster headache comprising a serotonin agonist;
and a pharmaceutically acceptable vehicle; said unit dose
containing from about 0.5 mg to about 200 mg of said sero-
tonin agonist, and providing pain relief in at least 50 percent
of'a population of patients experiencing a migraine or cluster
headache, in a time period within about 2 hours after appli-
cation of the unit dose to the headache region.

[0020] In certain embodiments, the present invention is
further directed to a method of reducing side effects of a
serotonin agonist administered in migraine or cluster head-
ache therapy comprising topically administering a therapeu-
tically effective amount of a serotonin agonist to the headache
region of a patient in need of migraine or cluster headache
therapy.

[0021] Incertain embodiments of the present invention, the
formulation comprising the serotonin agonist, further com-
prises one or more ingredients selected from the group con-
sisting of ethoxydiglycol, water, glycerine, C,,_, salkyl ben-
zoate, glyceryl stearate, dimethicone, cetearyl alcohol,
cetearyl glucoside, polyacrylamide, cetyl alcohol, magne-
sium aluminum silicate, xanthan gum, aloe vera (aloe bar-
badensis), tocopheryl acetate (vitamin E acetate), prunus
amygadalus amara (bitter almond) kernel oil, vitis vinifera
(grape) seed extract, triticum vulgare (wheat) germ oil, retinyl
palmitate (vitamin A palmitate), ascorbyl palmitate (vitamin
C palmitate), pro-lipo multi-emulsion liposomic system, tet-
rasodium EDTA, phenoxyethanol, and sodium hydroxymeth-
ylglycinate.

[0022] In certain embodiments, the methods of the present
invention further include applying an additional dose of a
serotonin agonist to the headache region about 15 minutes to
about 3 hours after the first application of a serotonin agonist,
preferably 30 minutes to about 2 hours after the first applica-
tion of a serotonin agonist, and most preferably from about 30
minutes to about 1 hour after the first application of a seroto-
nin agonist. This embodiment is considered particularly use-
ful when the first application does not alleviate the symptoms
of the migraine.

[0023] In certain preferred embodiments, the formulations
of the present invention are provided in a metered dose
device. Preferably the metered dose device provides multiple
unit doses of the topical preparation. Certain metered dose
devices include, for example and without limitation, a syringe
without a needle (e.g., a tuberculin syringe without needle, a
dropper, a metered dose spray device, metered tube, and the
like. Preferably the metered dose device includes an actuator
capable of being actuated to dispense single unit doses com-
prising the serotonin agonist from the device.

[0024] In certain embodiments, the present invention is
further directed towards a method of manufacturing the for-
mulations described herein.
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[0025] For purposes of the present invention, a “topical
formulation” includes, for example, ointments, creams,
lotions, pastes, gels, foams, viscous liquids, semisolids, etc.,
which releases one or more drugs at a predetermined rate over
a defined period of time to a defined site of application.
[0026] For purposes of the present invention, a “transder-
mal therapeutic system” is defined as a drug-containing
device (including e.g., patch, disc, etc.) which releases one or
more drugs at a predetermined rate over a defined period of
time to a defined site of application.

[0027] For purposes of the present invention, “transder-
mal” delivery is the delivery by passage of a drug through the
skin and into the bloodstream.

[0028] For purposes of the present invention the term
“immediate release” means that the serotonin agonist is avail-
able for immediate absorption (e.g., available within O to
about 5 minutes) upon application of the formulation. This is
in contrast to a delayed or prolonged absorption which typi-
cally results from, e.g., a transdermal therapeutic device).
[0029] For purposes of the present invention “therapeuti-
cally effective” or “effective” amount is meant to be a non-
toxic but sufficient amount of a compound to provide the
desired therapeutic effect, e.g., avoidance of the onset of a
migraine and or increased alleviation of the migraine and/or
cluster headache. In the present case, for example, it is the
dose of serotonin agonist which will be effective in relieving
symptoms of the migraine or cluster headache. An “effective”
amount of a permeation enhancer as used herein, for example,
means an amount that will provide the desired increase in skin
permeability and, correspondingly, the desired depth of pen-
etration, rate of administration, and amount of drug to be
delivered.

[0030] For purposes of the present invention, the term
“delivers” when used with respect to the topical formulation
or transdermal therapeutic system means that the formulation
or system provides a mean relative release rate or flux of the
drug out of the formulation or system and through the skin of
the patient.

[0031] By “predetermined area of skin” is intended a
defined area of intact unbroken living skin. In certain embodi-
ments of the present invention, the predetermined area will be
in the range of about 1 cm? to about 100 cm?, preferably in the
range of about 10 cm? to about 100 cm?, more preferably in
the range of about 20 cm?® to about 60 cm?. However, it will be
appreciated by those skilled in the art of topical delivery that
the area of skin through which drug is administered may vary
significantly, depending on the formulation, dose, the appli-
cation of the formulation, and the like.

[0032] “Penetration enhancement” or “permeation
enhancement” for purposes of the present invention relates to
an increase in the permeability of skin to a pharmacologically
active agent, i.e., so as to increase the rate at which the drug
permeates through the skin and enters the bloodstream. The
enhanced permeation effected through the use of such
enhancers can be observed by measuring the rate of diffusion
of drug through animal or human skin using a diffusion cell
apparatus.

[0033] Forpurposes ofthe present invention, the “headache
region” is defined as the skin region of the head and/or neck
above which a patient feels a migraine or cluster headache
pain is occurring or is imminent. Typically the headache
region includes, for example, the frontotemporal region and/
or upper posterior cervical area on the side of the headache.
Preferably the headache region includes the posterior cervical
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area in close proximity to the brain stem. Preferably this area
is a relatively hairless area of the patient’s head and/or neck.

DETAILED DESCRIPTION

[0034] Sickness and vomiting typically occurring in
migraine make an oral application of the active substance for
migraine treatment difficult. Therefore, the administration by
the topical administration of a serotonin agonist may offer
considerable advantages.

[0035] Certain other advantages of topical administration
may include increased efficiency by avoiding the first-pass
effect of the liver, avoiding discomfort and risks of an intra-
venous treatment, avoiding side effects in the region of the
gastrointestinal tract in the case of oral medication, and good
patient acceptance. Absorption peaks involving the risk of
systemic side effects may also be avoided.

[0036] Inthe prior art, there have been previous attempts to
provide for a more efficacious and safe treatment using sero-
tonin agonists specific for the treatment of 5-HT, receptor
subtype.

[0037] For Example, U.S. Pat. No. 5,863,935 to Robertson
et al. describes certain compounds having “5-HT,-like”
receptor agonist properties and their administration in a num-
ber of ways, including topical or intranasal application.
[0038] Additionally, U.S. Pat. No. 5,805,571 to List,
describes a transdermal therapeutic system for the systemic
administration of active substances wherein at least one of the
active substances listed is a serotonin agonist of the group
comprising indole derivatives. Typically, transdermal sys-
tems are not used in acute situations because they do not
provide an immediate effect, but rather provide prophylaxis
or prolonged effect. Transdermal systems such as that
described in the *571 patent to List require a period of time for
the drug to pass through a barrier layer and onto/into the skin
which may take e.g., a substantial period of time until the dose
of drug that is absorbed is sufficient to alleviate the pain
associated with the headache.

[0039] The above-mentioned patents do not suggest the
application of the topical formulation or transdermal thera-
peutic system on the skin above the site of the migraine or
cluster headache attack. Typically the site of administration
of'transdermal delivery systems have been selected at various
locations such as on the chest, on the arm, on the genitalia, or
on the thigh for various reasons such as desired skin perme-
ability to an agent, convenience or cosmetic reasons. Accord-
ing to the present invention the topical formulation is prefer-
ably applied to the headache region for the local (e.g.,
regional) and systemic administration of agents to the
migraine or cluster headache area and in certain embodiments
results in lower serum levels necessary to provide a therapeu-
tic effect than that reported in the prior art.

[0040] This method and the formulations described herein
allow for the headache to be treated much faster and more
effectively than such prior art modes of administration. For
example, it is contemplated that a patient experiencing a
migraine or cluster headache, or who perceives that such a
headache is imminent, can apply the dose of serotonin agonist
to the skin at that site and experience relief within, e.g., from
about 2 hours, preferably within about 5 minutes to about 2
hours, within about 5 minutes to about 1 hour, about 5 minutes
to about 30 minutes. In a most preferred embodiments, relief
is experienced within from less than 1 minute to about 2
hours, from less than 1 minute to about 30 minutes, or from
less than 1 minute to about 15 minutes after application of the
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serotonin agonist. The method of the invention further con-
templates that if the dose does not completely alleviate the
headache, that a second dose may be applied within about 3
hours, preferably within about 15 minutes to about 3 hours,
within about 30 minutes to about 2 hours, and most preferably
within about 30 minutes to about 1 hour after the first appli-
cation.

[0041] By the methods of the present invention, a substan-
tial percentage of patients experience relief within a relatively
short period of time after application. For example, as dem-
onstrated in at least one study described herein, more than 50
percent of the patients experienced pain relief within one hour
of the application of the dose of serotonin agonist to the
headache region. In certain preferred embodiments, more
than 70 percent, most preferably more than 80 percent, of the
patients experienced pain relief.

[0042] Incertain embodiments of the present invention, the
method of treating a human patient suffering from migraine
or cluster headache comprises applying a topical formulation
which comprises a serotonin agonist, as described herein, to
the headache region, such that the topical formulation deliv-
ers an amount of serotonin agonist which is therapeutically
effective. Preferably the topical formulation contains a unit
dose of the serotonin agonist that provides relief of a migraine
and/or cluster headache. In certain embodiments, the present
invention provides a method of treating an imminent
migraine attack in a patient comprising topically administer-
ing a serotonin agonist to the patient in need of such treat-
ment.

[0043] The methods of the present invention may also, if
desired, involve pre-treatment of the skin with an enhancer to
increase the permeability of the skin to the applied drug. The
methods of the present invention may include pre-treatment
or “prepping” of the skin area with a substance that opens up
the skin pores. Additionally, the methods of the present inven-
tion may include, if desired, pre-treatment or “prepping” of
the skin with an alcohol swab or the like to rid the area of dirt,
make-up, oil, and the like, prior to application of the drug.
[0044] In certain embodiments, the topical formulation of
the present invention comprises a serotonin agonist in an
amount which is therapeutically effective when administered
topically at the headache region, but which provides a plasma
concentration which is subtherapeutic if orally administered.
[0045] In certain embodiments, by applying the formula-
tion of the present invention comprising a dose of serotonin
agonist at the headache region of the migraine or cluster
headache, it may be possible for the use of lower doses of drug
or faster relief of the headache than if applied to the trunk or
limbs of a human patient, and the lower plasma levels of drug
which result from lower doses may thereby reduce unwanted
side effects of the serotonin agonist. For purposes of the
present invention, the “trunk™ of a human is the body of a
human excluding the head, neck and limbs.

[0046] The serotonin agonist for use in the present inven-
tion, includes for example and without limitation, sumatrip-
tan, naratriptan, eletriptan, rizatriptan, zolmitriptan, almot-
riptan, frovatriptan, pharmaceutically acceptable salts
thereof, mixtures thereof, and derivatives thereof. Preferably
the serotonin agonist is sumatriptan (3-(2-(dimethylamino)
ethyl)-N-methyl-1H-indole-5-methanesulfonamide), one of
its salts or derivatives. As used herein, the identification of an
agent to be delivered includes not only the serotonin agonist
per se but also its topically administrable prodrugs, active
metabolites and prodrugs of the active metabolites.
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[0047] Every triptan has a basic indole ring, but their side
chains differ. These side chains affect the pharmacokinetics
of these agents in ways that may be clinically significant and
which may make them more or less effective transdermally.
[0048] Sumatriptan, the first available drug in this class of
triptans, is a short-acting triptan with a rapid onset. It is
available in three dosage forms; in the order of decreasing
speed of onset of action, these are: subcutaneous injection,
nasal spray, and oral tablet. The second triptan on the market
was zolmitriptan, which has better bioavailability than
sumatriptan, but is otherwise quite similar in clinical use.
Zolmitriptan is available in an oral tablet formulation. Zolmi-
triptan, unlike sumatriptan does cross an intact blood-brain
barrier, but the clinical relevance of this is unclear. The third
available triptan was rizatriptan which has a rapid onset of
action and is available in a conventional oral tablet formula-
tion and also in a rapid-dissolving disc formulation, called
MLT. MLT disc rapidly dissolves in the mouth without water.
The fourth available triptan was naratriptan, which is distinc-
tive in having a slower onset of action and a longer half-life
than other triptans.

[0049] Comparative oral doses of certain triptans are as
follows: sumatriptan, 50 mg; rizatriptan, 10 mg; naratriptan,
2.5 mg; zolmitriptan, 2.5 mg; and eletriptan, 40 to 80 mg.
Therefore, one skilled in the art can readily determine thera-
peutically equivalent doses of serotonin agonists that may be
useful in the present invention. However, it is noted that the
differences in oral doses may not directly correspond to the
differences in doses that are therapeutically effective via
transdermal delivery of the serotonin agonist. Factors such as
metabolism of the serotonin agonist, the ability of the drug to
pass through the skin, among others, may affect the amount of
serotonin agonist necessary to provide a therapeutic effect.
One skilled in the art would readily understand this and adjust
for the same.

[0050] The synthesis of certain serotonin agonists of the
present invention can be carried out according to British
Patents No. 2 124 210 B and 2 162 522 B; EP-0 500 086 A,
EP-A-303 507; U.S. Pat. No. 4,997,841; EP-A-592 438; U.S.
Pat. No. 5,545,644, WO 9206973; EP-A-486 666; EP-A-636
623; U.S. Pat. No. 5,399,574; U.S. Pat. No. 5,466,699; WO
91/18897, the disclosures of which are hereby incorporated
by reference.

[0051] In certain preferred embodiments, the methods of
the present invention further include a method of treating a
human patient suffering from migraine or cluster headache
comprising applying a topical formulation, or transdermal
therapeutic system, comprising sumatriptan, a pharmaceuti-
cally acceptable salt thereof, or derivative thereof, to the
headache region of the patient, the topical formulation pro-
viding a serum level of sumatriptan from about 5 ng/ml to
about 110 ng/ml, preferably from about 10 ng/ml to about 80
ng/ml. In certain embodiments, the method provides a serum
level of sumatriptan from about 50 ng/ml to about 70 ng/ml.
[0052] Incertain embodiments of the present invention, the
serotonin agonist is in an amount of from about 0.5 mg to
about 200 mg, preferably the serotonin agonist is in an
amount of from about 0.5 mg to about 100 mg, and most
preferably from about 10 mg to about 100 mg.

[0053] In certain preferred embodiments, the formulations
of the present invention contain sumatriptan base or a phar-
maceutically acceptable salt thereof (e.g., sumatriptan succi-
nate) as the serotonin agonist. When the serotonin agonist is
sumatriptan or a pharmaceutically acceptable salt thereof, the
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amount of sumatriptan is in an amount of from about 0.5 mg
to about 200 mg, preferably in an amount of from about 5 mg
to about 200 mg, from about 5 mg to about 100 mg, from
about 5 mg to about 50 mg, or from about 5 mg to about 25
mg, and most preferably is in an amount of 12.5 mg, 25 mg,
50 mg or 100 mg.

[0054] The amount that constitutes a therapeutically effec-
tive amount may vary according to any drugs being coadmin-
istered with the serotonin agonist, desired duration of treat-
ment, the surface area of the skin over which the formulation
or device is to be placed, and other components of the formu-
lation or device. Accordingly it is not practical to enumerate
particular preferred amounts but such can be readily deter-
mined by those skilled in the art with due consideration of
these factors. Generally, however, when the serotonin agonist
is present in a device of the invention, the serotonin agonist is
present in an amount by weight ofabout 1 to about 25 percent,
preferably about 5 to 15 percent, by weight based on the total
weight of the adhesive layer.

[0055] Incertain embodiments of the present invention, the
serotonin agonist is in a topical administration form (e.g., a
topical formulation) of an ointment, cream, lotion, paste, gel,
or the like.

[0056] A topical formulation containing a serotonin-ago-
nistin accordance with this invention may be used to treat any
condition capable of treatment with serotonin agonists, e.g.,
migraine headaches and cluster headaches. The topical for-
mulation can be placed on the skin of the headache region and
allowed to remain for a time sufficient to achieve or maintain
the intended therapeutic effect.

[0057] The topical formulations of the present invention
(e.g., ointment, gel, cream, or the like), must be suitable for
topical administration of a drug, i.e., must contain pharma-
ceutically acceptable excipients compatible with application
to the skin tissue, and may optionally contain a sufficient
amount of an enhancer composition as described hereinafter.
[0058] In certain embodiments, in addition to the serotonin
agonist, the topical formulations and/or transdermal thera-
peutic systems of the present invention may include at least
one adjuvant such as a penetration enhancer, anti-oxidant,
stabilizer, carrier, or vehicle. Additionally or alternatively, the
present invention may include the application of electric cur-
rent (iontophoresis) for enhancing permeation of the seroto-
nin agonist.

[0059] In certain embodiments of the present invention,
wherein the topical formulation further includes a penetration
enhancer composition, the amount of enhancer composition
present in the formulation will depend on a number of factors,
e.g., the strength of the particular enhancer composition, the
desired increase in skin permeability, and the amount of drug
which is necessary to deliver.

[0060] In certain embodiments, the topical formulations
comprising a serotonin agonist in an ointment, gel, cream or
the like, will typically contain on the order of about 0.001 to
about 80% by weight, preferably 0.01 wt. % to 50 wt. %
serotonin agonist, and about 0 wt. % to about 50.0 wt. %,
preferably from about I wt. % to about 30 wt. % of a perme-
ation enhancer composition, with the remainder of the com-
position comprising a carrier or vehicle.

[0061] Suitable enhancers include, but are not limited to,
dimethylsulfoxide  (DMSO),  N,N-dimethylacetamide
(DMA), decylmethylsulfoxide (C,, MSO), polyethylene gly-
col monolaurate (PEGML), propylene glycol (PG), PGML,
glycerol monolaurate (GML), lecithin, the 1-substituted aza-
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cycloheptan-2-ones, particularly 1-n-dodecylcyclazacyclo-
heptan-2-one (available under the trademark Azone® from
Whitby Research Incorporated, Richmond, Va.), alcohols,
and the like. The permeation enhancer may also be a veg-
etable oil as described in U.S. Pat. No. 5,229,130 to Sharma.
Such oils include, for example, safflower oil, cotton seed oil
and corn oil.

[0062] Additional enhancers for use in conjunction with the
present invention are lipophilic compounds having the for-
mula [RCOO] R, whereinn is 1 or 2 and R is C,-C, 4 alkyl
optionally substituted with 1 or 2 hydroxyl groups, and R’ is
hydrogen or C,-C, 4 alkyl optionally substituted with 1 or 2
hydroxyl groups. Within this group, a first subset of com-
pounds are represented by the formula [CH,(CH,),,COO], R’
in which m is an integer in the range of 8 to 16, nis 1 or2, and
R'is alower alkyl (C,-C,) residue that is either unsubstituted
or substituted with one or two hydroxyl groups. Preferred
enhancers within this group include an ester which is a lower
alkyl (C,-C;) laurate (i.e., m is 10 and n is 1) such as
“PGML”. It will be appreciated by those skilled in the art that
the commercially available material sold as “PGML” is typi-
cally although not necessarily a mixture of propylene glycol
monolaurate itself, propylene glycol dilaurate, and either pro-
pylene glycol, methyl laurate, or both. Thus, the terms
“PGML” or “propylene glycol monolaurate” as used herein
are intended to encompass both the pure compound as well as
the mixture that is typically obtained commercially. Also
within this group is a second subset of compounds, namely,
esters of fatty alcohols represented by the formula CH; (CH,)
w—O—CO—CHR,R,, in which R, and R, are indepen-
dently hydrogen, hydroxyl, or lower alkyl (C,-C;), and m is
as above. Particularly preferred enhancers within this group
are lauryl lactate and myristyl lactate. In addition, a third
subset of compounds within this group are analogous fatty
acids, i.e., acids having the structural formula CH,(CH,)
,COOH where m is as above. A particularly preferred acid is
lauric acid.

[0063] Other enhancer compositions are wherein a lipo-
philic compound as just described, particularly PGML is
combined with a hydrophilic compound, such as a C,-Cq
alkanediol. One preferred hydrophilic enhancer within this
group is 1,3-butanediol. Such enhancer compositions are
described in detail in PCT Publication No. WO 95/05137,
published Feb. 23, 1995, herein incorporated by reference.
Another hydrophilic enhancer that may be included in these
compositions is an ether selected from the group consisting of
diethylene glycol monoethyl ether (Transcutol®) and dieth-
ylene glycol monomethyl ether. Such enhancer compositions
are described in detail in U.S. Pat. Nos. 5,053,227 and 5,059,
426 to Chiang et al., the disclosures of which are herein
incorporated by reference.

[0064] Other enhancer compositions may include mixture
or combinations of any of the aforementioned enhancers, and
the like.

[0065] In certain embodiments the topical formulation may
include at least one water-insoluble, pharmacologically
approved, alkyl cellulose or hydroxyalkyl cellulose, and the
like. Alky] cellulose or hydroxyalkyl cellulose polymers for
use in this invention include ethyl cellulose, propyl cellulose,
butyl cellulose, cellulose acetate, hydroxypropyl cellulose,
hydroxybutyl cellulose, and ethylhydroxyethyl cellulose,
alone or in combination. In addition, a plasticizer or a cross
linking agent may be used to modify the polymer’s charac-
teristics. For example, esters such as dibutyl or diethyl phtha-
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late, amides such as diethyldiphenyl urea, vegetable oils, fatty
acids and alcohols such as acid oleic and myristyl may be
used in combination with the cellulose derivative.

[0066] In certain embodiments, the topical formulation
may further include hydrocarbons such as liquid paraffin,
vaseline, solid paraffin, microcrystalline wax, etc.; higher
aliphatic alcohols such as cetyl alcohol, hexadecyl, alcohol,
stearyl alcohol, oleyl alcohol, etc.; esters of higher fatty acids
with higher alcohols such as beeswax, etc.; esters of higher
fatty acids with lower alcohols such as isopropyl myristate,
isopropyl palmitate, etc.; vegetable oils, modified vegetable
oils, hydrous lanolin and its derivative, squalene, squalane;
higher fatty acids such as palmitic acid, stearic acid, etc. and
the like.

[0067] In certain embodiments, the topical formulation
may further include emulsifiers and dispersing agents which
include, for example, anionic, cationic and nonionic surfac-
tants. Nonionic surfactants are preferred because of their low
levels of irritation to skin. Typical of nonionic surfactants are
fatty acid monoglycerides such as glyceryl monostearate,
etc.; sorbitan fatty acid esters such as sorbitan monolaurate,
etc.; sucrose fatty acid esters; polyoxyethylene fatty acid
esters such as polyoxyethylene stearate, etc.; and polyoxy-
ethylene higher alcohol ethers such as polyoxyethylene cetyl
ether, polyoxyethylene oleyl ether, etc.

[0068] Incertain embodiments of the present invention, the
topical formulation may include a gelling agent such as meth-
ylcellulose, ethylcellulose, hydroxyethylcellulose, hydrox-
ypropyl-cellulose,  hydroxypropylmethylcellulose, car-
boxymethylcellulose, carbomer, and the like.

[0069] In certain embodiments of the present invention, it
has been found that the percentage of patients experiencing
migraine or cluster headache pain relief may be significantly
improved based on an aqueous based topical formulation as
demonstrated by the appended examples. Some examples of
patents disclosing pharmaceutical compositions which rely
upon an aqueous gel composition as a vehicle for the appli-
cation of a drug are U.S. Pat. Nos. 4,883,660; 4,767,619;
4,511,563; 4,861,760, and 5,318,780, the disclosures of
which are herein incorporated by reference.

[0070] The topical formulation may further include one or
more preservatives, stabilizers, or anti-oxidants.

[0071] Examples of preservatives that may be used in a
formulation according to the present invention include, but
are not limited to, bacteriostatic compounds and other preser-
vatives suitable for topical administration including various
alcohols, sorbic acid and salts and derivatives thereof, ethyl-
enediamine, monothioglycerol, and thimerosal.

[0072] Examples of stabilizers that may be present in a
formulation according to the present invention include pH
buffers suitable for topical administration, complexing
agents, chelating agents and the like.

[0073] Examples of anti-oxidants that may be used in a
formulation according to the present invention include ascor-
bic acid and its derivatives, e.g., ascorbyl palmitate, as well as
butylated hydroxyanisole, butylated hydroxytoluene, sodium
bisulfite, sodium metabisulfite, and others.

[0074] Other adjuvants that may be included in the drug
formulation include carriers, tackifiers, pigments, dyes, and
other additives that do not adversely affect the mechanical or
adhesive properties of the formulation.

[0075] “Carriers” or “vehicles” as used herein refer to car-
rier materials suitable for transdermal drug administration,
and include any such materials known in the art, e.g., any
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liquid, gel, emulsion, solvent, liquid diluent, solubilizer, or
the like, which is nontoxic and which does not interact with
other components of the composition in a deleterious manner.
The term “carrier” or “vehicle” as used herein may also refer
to stabilizers, crystallization inhibitors, dispersing agents or
other types of additives useful for facilitating transdermal
drug delivery. It will be appreciated that compounds classi-
fied as “vehicles” or “carriers” may sometimes act as perme-
ation enhancers, and vice versa, and, accordingly, these two
classes of chemical compounds or compositions may some-
times overlap.

[0076] Carrier materials suitable for use in the instant com-
positions include those well-known for use in the cosmetic
and medical arts as bases for ointments, lotions, salves, aero-
sols, suppositories and the like. Suitable carriers include, for
example, water, liquid alcohols, liquid glycols, liquid poly-
alkylene glycols, liquid esters, liquid amides, liquid protein
hydrolysates, liquid alkylated protein hydrolysates, liquid
lanolin and lanolin derivatives, and like materials commonly
employed in cosmetic and medicinal compositions. Other
suitable carriers herein include for example alcohols, includ-
ing both monohydric and polyhydric alcohols, e.g., ethanol,
isopropanol, glycerol, sorbitol, 2-methoxyethanol, diethyl-
eneglycol, ethylene glycol, hexyleneglycol, mannitol, and
propylene glycol; ethers such as diethyl or dipropyl ether;
polyethylene glycols and methoxypolyoxyethylenes (carbo-
waxes having molecular weight ranging from 200 to 20,000);
polyoxyethylene glycerols, polyoxyethylene sorbitols,
stearoyl diacetin, and the like.

[0077] Incertain embodiments of the present invention, the
formulations of the present invention may be formulated as a
transdermal delivery system (also referred to herein as a
transdermal therapeutic system) such as a transdermal patch,
atransdermal plaster, a transdermal disc, iontophoretic trans-
dermal device, or the like.

[0078] In certain embodiments, the serotonin-agonist con-
taining transdermal delivery devices, as well as other trans-
dermal delivery systems in accordance with the invention can
be made in the form of an article such as a tape, a patch, a
sheet, a dressing or any other form known to those skilled in
the art. Generally the device will be in the form of a patch of
a size suitable to deliver a unit dose of serotonin agonist
through the skin. The serotonin agonist may be introduced
into a transdermal therapeutic system in different forms
(solid, in solution, in dispersion); it may also be microencap-
sulated.

[0079] In certain embodiments the present invention pro-
vides a transdermal therapeutic system comprising a seroto-
nin agonist in an amount that would provide sub-therapeutic
plasma levels if administered orally, but is therapeutically
effective when administered via transdermal delivery at the
headache region.

[0080] A transdermal delivery system for use in accordance
with the present invention can also be constructed with an
enhancer composition and other ingredients described here-
inabove with respect to the topical formulation. Preferably
the transdermal delivery system is formulated for the rapid
delivery of a serotonin agonist as would be beneficial to a
person suffering from a migraine or a cluster headache. The
targeted skin flux for delivery of a particular drug can be
achieved by adjusting vehicle composition and vehicle load-
ing, as well as by adjusting the surface area through which the
compositions are administered to skin.
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[0081] The transdermal delivery system used in the present
invention may be prepared, for example, in accordance with
U.S. Pat. Nos. 5,069,909, 4,806,341, 5,026,556, 4,588,580,
5,016,652; 3,598,122; 4,144,317, 4,201,211, 4,262,003; and
4,379,454; all of which are incorporated herein by reference.
[0082] In certain embodiments of the present invention,
wherein the transdermal delivery system is a transdermal
patch, the transdermal patch comprises a serotonin agonist
contained in a reservoir or a matrix, and an adhesive which
allows the transdermal patch to adhere to the skin, allowing
the passage of the active agent from the transdermal patch
through the skin of the patient. Once the serotonin agonist has
penetrated the skin layer, the drug is absorbed into the blood
stream where it exerts the desired pharmaceutical effects.
[0083] In certain embodiments, the dosage form can be a
transdermal patch comprising a laminated composite for
administering said serotonin agonist to an individual trans-
dermally comprising: (a) a polymer backing layer that is
substantially impermeable to said serotonin agonist; and (b) a
reservoir layer comprising a water-base acrylate pressure-
sensitive adhesive, 1 to 12% by weight serotonin agonist and
2 to 25% by weight of a permeation enhancer comprising
propylene glycol monolaurate in combination with capric
acid or oleic acid, wherein the skin contact area of the com-
posite is 10 to 100 cm?.

[0084] The dosage form can be a transdermal patch com-
prising (a) a polar solvent material selected from the group
consisting of C;-C, diols, C;-Cq triols, and mixtures thereof;
and (b) a polar lipid material selected from the group consist-
ing of fatty alcohol esters, fatty acid esters, and mixtures
thereof; wherein said polar solvent material and said polar
lipid material are present in a weight ratio of solvent material:
lipid material of from about 60:40 to about 99:1.

[0085] In certain embodiments, the dosage form also com-
prises a transdermal plaster comprising: a film layer which
comprises a polyester film of 0.5 to 4.9 um thickness, 8 to 85
g/mm strength, respectively in the two directions intersecting
substantially at right angles, 30 to 150% elongation, in the
two directions intersecting substantially at right angles and an
elongation ratio of A to B of 1.0 to 5.0, wherein A and B
represent data in two directions intersecting at right angles,
and A is greater than B, and wherein said polyester film
comprises 0.01 to 1.0% by weight, based on the total weight
of said polyester film, of solid fine particles in which (a) the
average particle size is 0.001 to 3.0 um, and (b) the average
particle size is substantially not more than 1.5 times the
thickness of said polyester film; and an adhesive layer (a)
which is composed of an adhesive containing said serotonin
agonist and further wherein said adhesive layer (a) is lami-
nated on said film layer over the surface in a 2 to 60 pm
thickness.

[0086] In certain embodiments, the dosage form can be a
transdermal disc comprising: (a) a backing layer which is
substantially impervious to said serotonin agonist; and (b) a
polymer matrix disc layer which is adhered to said backing
layer and which has microdispersed therein said serotonin
agonist, said polymer being bioacceptable and permitting
said serotonin agonist to be transmitted for transdermal
absorption, said serotonin agonist being stable in said poly-
mer matrix.

[0087] In certain preferred embodiments, the treatment of
the migraine and/or cluster headache is by application of the
transdermal therapeutic system (e.g., patch) comprising the
serotonin agonist to the headache region.
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[0088] In certain embodiments, the present invention fur-
ther provides for applying a topical formulation as described
herein for the immediate release of the serotonin agonist upon
an acute attack, plus the application of a transdermal thera-
peutic system (e.g., a patch) for the prophylactic treatment of
secondary attacks due to the delayed effect of the transdermal
therapeutic system.

[0089] In certain embodiments, in addition to the serotonin
agonist, the topical formulation or transdermal therapeutic
system may further comprise another active ingredient in
combination with the serotonin agonist, e.g., analgesics, anti-
mimetics, psychopharmacologic agents, or sedatives.

[0090] The present invention is contemplated to encompass
all transdermal formulations, e.g., the technologies described
above, with the inclusion of a serotonin agonist, such that the
administration of the serotonin agonist provides for the relief
of migraine and/or cluster headaches.

[0091] In certain embodiments, the present invention fur-
ther provides for a method of manufacturing the formulations
of the present invention comprising grinding the serotonin
agonist (e.g., sumatriptan succinate) into fine particles; mix-
ing the particles with a aqueous and/or organic solution to
provide for a solution or dispersion of the serotonin agonist;
filtering and rinsing the residue; preferably bringing the vol-
ume of the filtrate to that of the final product; preferably
concentrating the filtrate (preferably using a low pressure
vacuum) to 25% of the original volume; mixing the con-
densed filtrate with a requisite amount of a carrier (e.g.,
Lipoderm®); and preferably placing the final formulation in
a metered dosing device (or alternatively, otherwise dividing
the formulation into unit doses prior to use).

[0092] The present invention will now be more fully
described with reference to the accompanying examples. It
should be understood, however, that the following description
is illustrative only and should not be taken in any way as a
restriction on the generality of the invention specified above.

EXAMPLE 1
Transdermal Gel

[0093] A sumatriptan gel was produced with the formula
set forth in Table 1 below:

TABLE 1

Ingredient Amt/unit (mg)

Imitrex ® (sumatriptan succinate) 100 mg
tablet

2200 mg (22 tablets)

Ethoxy Diglycol Liquid 2.200 gm
Lecithin/Isopropyl Palmitate 50/50 gel 4400 gm
Pluronic F127 20% Liquid 11.286 gm

[0094] Dosage forms of the above formulation were pre-
pared according to the following procedure:

[0095] 1. 100 mg Imitrex® tablets (sumatriptan succi-
nate) are crushed and mixed with Lecithin/Isopropyl
Palmitate 50/50 gel.

[0096] 2. Thereafter, the Ethoxy diglycol liquid is added
and mixed together with 1.

[0097] 3. The pluronic F127 20% is also added to the
mixture.
[0098] 4. The resultant formulation is put through an

ointment mill and 1 ml unit doses are placed in 1 ml oral
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syringes. The syringes contain a gel having a sumatrip-
tan concentration of 100 mg/ml.

EXAMPLE 2
Drug Study Using Formulation of Example 1

[0099] An open study was conducted where physician,
pharmacist and patient were aware of the medication being
used and aware of the expected results. Two written surveys
were sent to each patient and a telephone call was placed to
those who did not respond to the written survey.

[0100] In the study, 43 patients were each given a single 1
ml oral syringe containing 100 mg/ml of a transdermal
sumatripan formulation prepared in accordance with
Example 1. Patients were instructed initially to apply 0.25 ml
(containing 25 mg sumatriptan) to the temples at the onset of
the aura of a migraine or at the onset of a migraine (whichever
occurred to them). Patients were also told to apply to the base
of'the neck if necessary. Four Band-Aids were dispensed with
each prescription and the patients were told to apply the patch
over the transdermal sumatriptan. If a 25 mg dose was not
sufficient, the patients were told they could reapply a second
25 mg dose in 2 hours after the initial dose. Patients were told
to wash their hands after application.

[0101] A. A telephone survey was conducted which gave
the following results:

[0102] 2 of 29 patients preferred injectable sumatriptan;
[0103] 2 of 29 patients preferred nasal sumatriptan;
[0104] 9 of 29 patients were unable to be reached;
[0105] 4 0f29 patients reported transdermal sumatriptan

did not work;
[0106] 6 of 29 patients did not use the transdermal
sumatriptan as of the telephone survey; and
[0107] 6 of 29 patients reported that transdermal
sumatriptan worked well.
[0108] B. Of the written surveys, fourteen were returned,
which gave the following results:

[0109] 1. With respect to time to pain relief:

[0110] 3 of 14 patients had pain relief within 10 to 15
minutes;

[0111] 3 of14 patients had pain relief within 30 minutes;

[0112] 2 of14 patients had pain relief within 60 minutes;

[0113] 1 of 14 patients had pain relief in about 120 min-
utes;

[0114] 1 of 14 patients had pain relief in longer than 120
minutes;

[0115] 3 of 14 patients did not get relief from transder-

mal sumatriptan; and
[0116] 1 of 14 patients did not “really” get relief (how-
ever, via telephone survey, patient said did get relief).
[0117] 2. With respect to recurrence:

[0118] 2 of 14 patients had no reoccurrence;

[0119] 2 of 14 patients had reoccurrence within 1 hour;
[0120] 3 of 14 patients had reoccurrence within 4 hours;
[0121] 1of14 patients had reoccurrence within 24 hours;
[0122] 6 of 14 patients did not answer the question; and
[0123] 1 of 14 patients did not get initial relief, therefore

reoccurrence was not applicable.
[0124] 3. With respect to the requirement of a second dose:

[0125] 3 of 14 patients were unable to answer the ques-
tion;

[0126] 8 of 14 patients did apply a second dose; and

[0127] 3 of 14 patients did not apply a second dose.
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[0128] 4. With respect to pain relief if a second dose was
applied:
[0129] 4 of 8 patients did not get further pain relief; and
[0130] 4 of 8 patients did not get relief with 50 mg total

dose at that point.
[0131] 5. With respect to whether patients had to use
another dosage form to obtain relief:
[0132] 5 of 14 patients did not have to use any other
dosage form to get relief;,

[0133] 3 of 14 patients used nasal as an alternate route;

[0134] 1 of 14 patients used injectable as an alternate
route;

[0135] 3 of14 patients used oral as an alternate route; and

[0136] 2 of 14 patients did not answer the question.

EXAMPLE 3
Drug Study Using Formulation of Example 1

[0137] The efficacy of topical sumatriptan was studied over
a six-week period in 22 migraineurs currently treated with
injectable, nasal spray or oral sumatriptan. The migraine fre-
quency of the migraineurs for which triptan therapy was used
ranged from 1 to greater than 4 per week. Use of the presently
marketed triptan formulations had been established in some
of the patients for years. The purpose of the study was to
determine the effectiveness and convenience of topical
sumatriptan in comparison to previous formulations.

[0138] In the study, 22 patients were each given a single 1
ml oral syringe containing 100 mg/ml of a transdermal
sumatripan formulation prepared in accordance with
Example 1. Patients were instructed initially to apply 0.5 ml
(containing 50 mg sumatriptan) to the side of the forehead
where the patient is experiencing their headache at a time that
they would usually resort to using sumatriptan for relief. The
patients were told that an additional 0.5 ml (containing 50 mg
sumatriptan) could be applied if the first dose was ineffective,
one hour after the initial dose. Application of the topical
sumatriptan took about 3 to 5 seconds by placing it on the
finger and rubbing the forehead several times.

[0139] The following are results of the eleven patients who
responded to the surveys conducted:

[0140] A. 6 out of 11 patients (55%) reported that trans-
dermal sumatriptan relieved their headache.

[0141] B. 4 out of 11 patients (36%) reported a prefer-
ence for the transdermal route over other routes, giving
the following reasons:

[0142] 1. 3 of the 4 patients indicated because it
worked quickly;

[0143] 2. 4 of the 4 patients indicated because it was
more convenient; and

[0144] 3. 3 of the 4 patients indicated because of the
lack of side effects.

[0145] C.4 outof 11 patients (36%) achieved relief with
a single 50 mg dose and indicated the following times to
relief:

[0146] 1. 1 of the 4 patients indicated relief in 10
minutes;

[0147] 2. 1 of the 4 patients indicated relief in 30
minutes;

[0148] 3.1 of the 4 patients indicated relief in 60 to
120 minutes;

[0149] 4.1 of the 4 patients did not indicate time to
relief.
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[0150] D. The following results were also indicated by
the survey:
[0151] 1.2 ofthe 11 patients indicated a preference for
the injectable sumatriptan;
[0152] 2.2 of'the 11 patients indicate a preference for
the nasal spray; and none indicated a specific prefer-
ence for the pill (oral) form.

EXAMPLE 4

Transdermal Gel

[0153] An aqueous based sumatriptan gel was produced
with the formula set forth in Table 2 below:
TABLE 2
Ingredient Amt/unit (mg)
Imitrex ® (sumatriptan succinate) 100 mg 2200 mg (22 tablets)
tablet
Lipoderm ®/LIP* q.s.

*Lipoderm ®/LIP is a commercially marketed compounding agent having the following
ingredients: Ethoxydiglycol, Water (Aqua), Glycerin, Cj> j5Alkyl Benzoate, Glyceryl
Stearate, Dimethicone, Cetearyl Alcohol, Cetearyl Glucoside, Polyacrylamide, Cetyl Alco-
hol, Magnesium Aluminum Silicate, Xanthan Gum, 4loe Vera (4loe Barbadensis), Toco-
pheryl Acetate (Vitamin E Acetate), Prunus Amygadalus Amara (Bitter Almond) Kernel Oil,
Vitis Vinifera (Grape) Seed Extract, Triticum Vulgare (Wheat) Germ Oil, Retinyl Palmitate
(Vitamin A Palmitate), Ascorbyl Palmitate (Vitamin C Palmitate), Pro-Lipo Multi-emulsion
Liposomic System, Tetrasodium EDTA, Phenoxyethanol, and Sodium Hydroxymethylgly-
cinate.

[0154] Dosage forms of the above formulation in Table 2
were prepared according to the following procedure:

[0155] 1. 100 mg Imitrex® tablets (sumatriptan succi-
nate) are crushed and mixed with a sufficient amount of
Lipoderm® to provide a sumatriptan concentration of
100 mg/ml.

[0156] 2. The resultant formulation is put through an
ointment mill and 1 ml unit doses are placed in 1 ml oral
syringes. The syringes contain a gel having a sumatrip-

tan concentration of 100 mg/ml.

EXAMPLE 5
Drug Study Using Formulation of Example 4

[0157] The efficacy of the topical sumatriptan prepared in
accordance with Example 4 was studied in 10 migraineurs
currently treated with injectable, nasal spray or oral sumatrip-
tan.
[0158] In the study, 10 patients were each given a single 1
ml oral syringe containing 100 mg/ml of a transdermal
sumatripan formulation of Example 4. Patients were
instructed initially to apply 0.5 ml (containing 50 mg
sumatriptan) to the side of the forehead where the patient is
experiencing their headache and 0.5 ml (containing 50 mg
sumatriptan) over the posterior cervical area (back-of-the-
neck region) on the same side of the headache at a time that
they would usually resort to using sumatriptan for relief. Ifthe
headache was bilaterial, the patients were instructed to apply
one-half ofthe 100 mg (0.5 ml) to each side at a time that they
would usually resort to using sumatriptan for relief. The
patients were instructed to “prep” the skin with an alcohol
swab prior to the application of the gel to rid the area of dirt,
makeup, oil, etc.
[0159] The following are results of the ten patients:
[0160] 1. There was a greater than 80% headache relief
rate as opposed to the 55% with the oil based formula of
example 1.
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[0161] 2. There was improved time to headache relief in
comparison to the oil based formula of example 1.

[0162] 3. Reliefwas apparent in most patients by 10to 15
minutes, and complete by 30 to 45 minutes post appli-
cation.

[0163] 4. The aqueous gel was more easily applied than
the oil-based formula and left little or no residue, which
could easily be wiped away with a wet cloth.

[0164] 5. The initial 100 mg dose was more effective
than the previous 50 mg applied in example 3 and was
well tolerated and without significant side effects. There
was only an occasional noting of “a tingling sensation”
of'the scalp at the site of application.

[0165] 6. The first indication of relief expressed by
patients was that of the frontotemporal scalp and neck
muscles “loosening up.” This was followed by the sen-
sation of “the head feeling lighter” with eventual relief
of throbbing head pain. Similar symptoms have been
expressed by patients habitually using sumatriptan
injection for migraine headaches.

EXAMPLE 6
Drug Study Using Formulation of Example 4

[0166] 30 established migraineurs were treated with 100
mg of transdermal sumatriptan as prepared in Example 4 for
acute moderate-to-severe attacks. Some patients used the
transdermal sumatriptan formulation on multiple occasions.
After cleansing with an alcohol swab, the sumatriptan formu-
lation (100 mg/ml) was applied to the posterior cervical area
in close proximity to the brainstem, the site of migraine
pathology, i.e., “migraine generator”.

[0167] Each patient was requested to answer a question-
naire after using the topical formulation. With respect to the
written questionnaires the patients responded as follows:
[0168] 1. With respect to the symptoms that the patient
experienced during the migraine attack:

[0169] 23 of the patients experienced nausea.

[0170] 9 of the patients experienced vomiting.

[0171] 26 of the patients experienced light sensitivity.

[0172] 16 of the patients experienced sensitivity to
sound.

[0173] 18 of the patients experienced neck pain.

[0174] 11 of the patients experienced facial pain.

[0175] 30 of the patients experienced throbbing head-
ache.

[0176] 15 of the patients experienced dizziness/light-

headedness.

[0177] 6 of the patients experienced confusion.
[0178] Other: difficulty breathing and shortness of breath
(1); syncope (1); insomnia (1); tinnitus (1); anorexia (1);
blurred vision (3); sweats (1); cold and clammy (1); neck
tightness (3); tightness behind eyes (1); shoulder tightness
(1); lethargy (1); sinus pressure (3); scalp sensitivity (1);
diarrhea (1); and arm pain (1); sinus congestion (1).
[0179] 2. With respect to when the patient first experienced
relief of any migraine symptom(s) (outside of pain relief)*:

[0180] 15 first experienced relief in less than 5 minutes.

[0181] 15 first experienced reliefin 5 minutes to 15 min-
utes.

[0182] 2 first experienced relief 16 minutes to 30 min-
utes.

[0183] none first experienced relief greater than 30 min-

utes.
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[0184] Total patients listed is 32 because two of the thirty
patients indicated different times with respect to different
occasions of using the topical formulation.

[0185] 3. With respect to when the patient experienced
initial relief of pain*:

[0186] 7 experienced initial relief of pain in less than 5
minutes.
[0187] 21 experienced initial relief of pain in 5 minutes

to 15 minutes.
[0188] 5 experienced initial relief of pain in 16 minutes
to 30 minutes.
[0189] 1 experienced initial relief of pain in greater than
30 minutes.
[0190] Total patients listed is 34 because four of the thirty
patients indicated different times with respect to different
occasions of use.
[0191] 4. With respect to when the patient experienced
complete pain relief (pain free)*:
[0192] 9 experienced complete pain relief in less than 15
minutes.
[0193] 9 experienced complete pain relief 16 minutes to
30 minutes.
[0194] 6 experienced complete pain relief in 31 minutes
to 45 minutes.
[0195] 3 experienced complete pain relief in 46 minutes
to 60 minutes.
[0196] 3 experienced complete pain relief in 61 minutes
to 90 minutes.
[0197] 3 experienced complete pain relief in 91 minutes
to 120 minutes.
[0198] 1 experienced complete pain relief in greater than
120 minutes.
[0199] Total patients listed is 34 because three of the thirty
patients indicated different times with respect to different
occasions of use (2 patients indicating 2 different times and 1
patient indicating 3 different times).
[0200] 5. With respect to when the patient experienced
relief of ALL of the patient’s migraine symptoms*:
[0201] 5 experienced relief of all migraine symptoms in
less than 15 minutes.
[0202] 10 experiencedrelief of all migraine symptoms in
16 minutes to 30 minutes.
[0203] 7 experienced relief of all migraine symptoms in
31 minutes to 45 minutes.
[0204] 3 experienced relief of all migraine symptoms in
46 minutes to 60 minutes.
[0205] 3 experienced relief of all migraine symptoms in
61 minutes to 90 minutes.
[0206] 3 experienced relief of all migraine symptoms in
91 minutes to 120 minutes.
[0207] 1 experienced relief of all migraine symptoms in
greater than 120 minutes.
[0208] Total patients listed is 32 because two of the thirty
patients indicated different times with respect to different
occasions of use
[0209] 6. With respect to if the patient experienced recur-
rence of the headache pain within 24 hours:
[0210] 28 of the patients said that they did not have a
recurrence within 24 hours.
[0211] 2 of the patients said that they did have a recur-
rence within 24 hours.
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[0212] 7. With respect to whether the patient experienced
any side effects using transdermal sumatriptan:

[0213] 25 ofthe patients said that they did not experience
any side effects.

[0214] Of the 5 patients experiencing side effects, side
effects listed were as follows:

[0215] Tingling and warmth at application site (1); tin-
gling neck and left hand (1);

[0216] Tingling of skin at application site (1); burning
sensation in scalp (1); slight tingling of skin and “warm”
feeling (1).

[0217] 8. With respect to other forms of migraine medica-
tions the patient has used in the past:

[0218] 30 of the patients said they have used a tablet
formulation to treat migraine.

[0219] 2 of the patients said that they have used a melt
formulation to treat migraine.

[0220] 3 of the patients said that they have used a nasal
spray formulation to treat migraine.

[0221] 9 of'the patients said that they have used an injec-
tion formulation to treat migraine.

[0222] 9. Comments that the patient had relative to trans-
dermal therapy:

[0223] Comments from the patients varied with respect
to the formulations. Most notably, patients comments
were as follows:

[0224] Costprohibitive (1); worked better and faster than
any other treatment she used (used tablet and injection in
the past) (1); faster relief (1); worked fast (1); able to use
14 dose transdermal with success (age 8) (1); never expe-
rienced anything to work so well or so fast (1); on two
occasions patient had taken Imitrex® tablet without ben-
efit, but responded to transdermal (1); transdermal did
not cause lethargy that pill caused (1); exclusively uses
transdermal for migraines; has used 20 times; also 3
week period of headaches stopped only with transder-
mal; cream crumbles like any cheese after applied but
“I’'m not complaining” (1); regular user of transdermal
10-15 times; transdermal is more subtle than pill (1); has
used transdermal 6-7 times and works faster than pill;
application not convenient and sometimes and pain
relief not as long as imitrex pills (1); faster than pills (1);
uses regularly (1); worked fast, easy to administer (1);
very fast without side effects (1); initial didn’t absorb,
greasy water based better (absorbed better); and won-
derful (1).

[0225] 10. With respect to whether the patient would use
transdermal sumatriptan again to treat another migraine:

[0226] All 30 of the patients said they would use trans-
dermal sumatriptan again to treat another migraine.

[0227] Typically the first relief symptom expressed by
patients using transdermal sumatriptan is the relaxation of
cervical musculature, followed by decreased nausea and pho-
tophobia and the eventual relief of throbbing head pain. It is
believed that with the local application of transdermal
sumatriptan, the brainstem and surrounding tissue are con-
centrated with the drug accounting for its rapid and prolonged
clinical effect. The relative paucity of side effects, particu-
larly the typical “triptan effects” may be explained on the
basis of minimal system absorption, with much of the drug
remaining concentrated near the site of application. In view of
the above, the data suggests that the transdermal route is as
effective as injection, but without the usual side effects.

10
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[0228] As can been seen from the above examples, the
percentage of patients experiencing migraine or cluster head-
ache pain relief may be significantly improved using an aque-
ous based topical formulation. Additionally, the percentage of
patients experiencing migraine or cluster headache pain relief
may be significantly improved without a significant increase
in side effects using an increased dose as demonstrated by the
above examples.

EXAMPLE 7

[0229] A sumatriptan formulation having a final strength of
12.5 mg/0.1 ml was prepared according to the following
procedure:

[0230] 1. Triturate the requisite amount of sumatriptan
succinate tablets in a mortar and pestle to a small particle
size.

[0231] 2. Wet the powder with 95% ethyl alcohol and
triturate. Add pure water and triturate again.

[0232] 3. Filter and rinse the residue twice with enough
water to bring the volume of'the filtrate to that of the final
product. For example, if preparing 100 ml of the trans-
dermal migraine formulation, filter until the total vol-
ume of the filtrate reaches 100 ml.

[0233] 4. Concentrate the filtrate using low pressure
vacuum to 25% of the original volume (e.g., to 25 ml in
the example).

[0234] 5. Mix the condensed filtrate and Lipoderm® in
mixing syringes to the desired volume (e.g., 100 ml in
step 3). The final strength is 12.5 mg of sumatriptan
succinate per 0.1 ml.

EXAMPLE 8

[0235] 12 migraineurs (patient 8 was treated on two occa-
sions) were each treated with 12.5 mg of sumatriptan of the
formulation prepared in accordance with Example 7. The
patients were told to clean the back of the neck with an
alcohol swab and dry with a clean tissue before application.
The patients were told withdraw 12.5 mg (0.1 ml) of the
transdermal sumatriptan gel contained in a calibrated 1 ml
syringe for metered administration, and apply 12.5 mg of the
transdermal sumatriptan gel by gently rubbing the gel into the
skin on the back of the neck at the onset of headache and
repeating in one-half hour if migraine persists. The following
table lists the results.

TABLE 4
Initial relief
of headache
and
migraine Complete
Age in Years with symptoms pain relief
Patient # years Sex migraine (minutes) (minutes)
1 50 F >20 1 10
2 42 F 16 2-3 10-12
3 47 F 20 3 25(12.5mg
reapplied
after
recurrence
with
subsequent
complete
relief)
4 45 F 11 2 15-20
5 52 F >30 3-5 15
6 37 F 11 2 15-20
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TABLE 4-continued

Initial relief

of headache
and
migraine Complete
Age in Years with symptoms pain relief
Patient # years Sex migraine (minutes) (minutes)
7 17 F 1 3-5 20-25
8(a) 17 F 1V 1 8
8(b) 2 20
9 36 F 20 2 30
10 37 F 23 3 15
11 66 F 2 years with 2 15
muscle
contraction
headaches
12 55 F 8 years with 8-10 30-45
muscle
contraction
headaches
after auto
accident
[0236] Many other variations of the present invention will

be apparent to those skilled in the art and are meant to be
within the scope of the claims appended hereto.

1. (canceled)

2. A method for treating a migraine or cluster headache
comprising:

applying a topical formulation containing an effective

amount of an indole serotonin agonist topically to the
skin at the posterior cervical area of a human patient in
close proximity to the brain stem, the topical formula-
tion comprising the indole serotonion agonist in an
immediate release topical vehicle and providing rapid
delivery of the indole serotonin agonist for immediate
absorption at the posterior cervical area of the human
patient, to provide relief of a migraine or cluster head-
ache which is occurring or is imminent in the patient.

3. The method of claim 2, further comprising preparing the
topical formulation as a preparation selected from the group
consisting of a cream, gel, lotion, emulsion, viscous liquid,
and foam.

4. The method of claim 3, further comprising preparing the
topical formulation in an aqueous based vehicle.

5. The method of claim 4, wherein the indole serotonin
agonist is in a topical formulation selected from the group
consisting of an cream, gel, lotion, emulsion, viscous liquid,
and foam.

6. The method of claim 2, wherein the patient experiences
relief of the migraine or cluster headache within about 2 hours
after applying the topical formulation.

7. The method of claim 2, wherein the indole serotonin
agonist is selected from the group consisting of sumatriptan,
naratriptan, eletriptan, rizatriptan, zolmitriptan, almotriptan,
frovatriptan, and pharmaceutically acceptable salts thereof.

8. The method of claim 7, wherein the indole serotonin
agonist is selected from the group consisting of sumatriptan,
sumatriptan succinate, and mixtures thereof.

9. The method of claim 8, wherein said amount of the
indole serotonin agonist is in an amount of from about 0.5 mg
to about 200 mg.

10. The method of claim 2, wherein said idole serotonin
agonist comprises from about 0.5 to about 200 mg of
sumatriptan, by weight based on the succinate salt of
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sumatriptan, or a therapeutic equivalent dose of another topi-
cally absorbable pharmaceutically acceptable indole seroto-
nin agonist; and said unit dose providing relief from a
migraine or cluster headache within about 2 hours after topi-
cal administration to said human patient.

11. The method of claim 2, further comprising applying a
second application of said indole serotonin agonist to the
same or different headache region within about 2 hours after
applying the first application.

12. The method of claim 2, further comprising applying the
formulation to an area of intact skin in the range of about 20
cm’ to about 60 cm>.

13. The method of claim 2, further comprising reducing the
side effects of the indole serotonin agonist as compared to
oral administration of the indole serotonin agonist by apply-
ing the formulation to the posterior cervical area.

14. A method for treating a migraine or cluster headache
comprising:

applying a dose of a topical formulation containing an

effective amount of an indole serotonin agonist topically
to the skin at the posterior cervical area of a human
patient in close proximity to the brain stem, the topical
formulation comprising the indole serotonion agonist in
an aqueous based immediate release topical vehicle and
providing rapid delivery of the indole serotonin agonist
forimmediate absorption at the posterior cervical area of
the human patient, to provide relief of a migraine or
cluster headache which is occurring or is imminent in
said patient, the dose of the indole serotonin agonist
comprising from about 0.5 to about 200 mg of sumatrip-
tan, by weight based on the succinate salt of sumatriptan,
or a therapeutic equivalent dose of another topically
absorbable pharmaceutically acceptable indole seroto-
nin agonist; wherein the dose provides relief from a
migraine or cluster headache within about 2 hours after
topical administration to the human patient.

15. The method of claim 14, wherein said indole serotonin
agonist is in a topical formulation selected from the group
consisting of cream, gel, lotion, emulsion, viscous liquid, and
foam.

16. The method of claim 15, wherein said indole serotonin
agonist is selected from the group consisting of sumatriptan,
naratriptan, eletriptan, rizatriptan, zolmitriptan, almotriptan,
frovatriptan, and pharmaceutically acceptable salts thereof.

17. The method of claim 14, further comprising reducing
the side effects of the indole serotonin agonist as compared to
oral administration of the indole serotonin agonist by apply-
ing the formulation to the posterior cervical area.

18. The method of claim 14, further comprising providing
the dose of the indole serotonin agonist in a metered dose
device containing multiple unit doses of said indole serotonin
agonist.

19. The method of claim 14, wherein the indole serotonin
agonist is selected from the group consisting of sumatriptan,
sumatriptan succinate, and mixtures thereof.

20. The method of claim 14, wherein the patient experi-
ences pain relief within less than about 30 minutes after
application of the dose.

21. A method for treating a migraine or cluster headache
comprising:

topically applying a dose of a topical aqueous based imme-

diate release formulation containing from about 0.5 to
about 200 mg of sumatriptan, by weight based on the
succinate salt of sumatriptan, to the skin at the posterior
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cervical area of a human patient in close proximity to the
brain stem, to provide rapid delivery of the sumatriptan
forimmediate absorption at the posterior cervical area of
the human patient such that the dose provides relief from
amigraine or cluster headache within about 2 hours after
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topical administration to the human patient, the opical
formulation selected from the group consisting of
cream, gel, lotion, emulsion, viscous liquid, and foam.

sk sk sk sk sk



