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ADMINISTRATION OF DHE TO ENABLE RAPID RELIEF OF MIGRAINE
WHILE MINIMIZING SIDE EFFECT PROFILE TECHNICAL FIELD OF
~WPHEGAVENTION [00011 The present invention relates to meEAGHSHes/ 001829
treatment of migraine. In particular, the present invention relates to
methods for treatment of migraine and related symptoms while minimizing
side-effects, or adverse effects, associated with administration of
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‘compositions are administered to patients for the treatment of migraine
headaches without side effects. BACKGROUND OF THE INVENTION
100021 Migraine is the most common headache causing patients to
consult a physiciaﬁggmﬁﬁlg FBHD Eﬁ]gﬁ?&mﬁ?&ﬁ tudy I,
approximately 28 million people in the United States aged 12 and older
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have been no dramatic changes in the way physicians approach the
treatment of migraine in the past 10 years. (Lipton RB et al., Headache,
(2001)41:638-645, 646- 657|2 !0003] A three-item Identification of Migraine
(ID Migraine) clinicdPA&ds &Eh%%@ﬁ%ﬂ%graine has been
developed. (Stewart WF et al., Neurology 1994;44(6 suppl 4):S17-23.) A
[6002 idfairedns ia ypmaft pimannlieadadive thanhgqaepedpleogatitepeatechn.

ver time. Migrain ' C the .
s S R N S S e Ui
Statesiegsst bhopleldetHerprminsishyis Yaesan onfoneositationiafeniom headaches that
fit the et RiNeR AraiclasBified ARLINGN WD RUIR RE I BRI AD BWRIS This

a group of WO 2008/097664PCT/US2008/001829 neurglogical ]
corresEORASHSAES (RGHIT IO ERdELTE SRS HhEY skRverRR altingfgHiage of patients

whoselRtentasy o B ehadios Yiaalynsetrddiash ofborightyingloractheicbliakingreased
lights shortly, before, the heada ain begins. Ho er, most people . .
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and vasoactive neuropeptides. The etiology of migraine has bekh studie
treatm@yfm&w&r@mt@%ww&fémﬁr&éﬁ%&%ﬂbﬁgémqﬁ,e%@;ié@%) thie638-643, 646-
657) vasodilator/vasoconstrictor mechanism of vascular headache, i.e., arterial
dilation causes pain and constriction equals relief. Research also has now
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perlvasc%ﬁar ?rlgemmal axons, which release vasdactive neuropeptides
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_mast cell degranulation which cause transmisSion of impulses to the brain
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ergot alkaloids in migraine. Trends Pharmacol, Sci 13,307-311). 10005]
Migraine therapy is either prophylactic or symptomatic. Prophylactic
medication may be selected for a patient having two to four or more
headaches per month, if they are sevére enough to interfere with daily
activities. Beta blockers such as propranolol (INDERAL(r)) are the most
commonly used. Other medications frequently used include serotonin

antagonists such as methysergide maleate (SANSERT(r)), calcium
crhanneal hlnckare (NVERAPAMI (rYY amvirvyntvliine (E1 AV (Y and

effect




WO 2008/097664PCT/US2008/001829 sumatriptan, zolmitriptan,
naratriptan, rizatriptan, eletriptan, frovatriptan and almotriptan. These
compounds bind specifically to serotonin 5-HTID/IB receptors. To a lesser
wieyediseegot alkaloids such as ergotamine tartrate (referreddaseeas/ass29
ergotamine) and dihydroergotamine mesylate (also referred to as
dihydroergotamine or DHE) are also used to a variety of disease states,
including, but not limited to the treatment of acute migraine. [0007]
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minimize metabolism before the drugs can reach the circulation because
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administration is often accompanied by side effects such as nausea,

vomiting and chest pain (Winner, et al., Arch. Neurol. 53:180 184 (1996)).

Other side effects observed from postmarketing experience in patients

receiving D.H.E. 45(r) (dihydroergotatnine mesylate) injection, USP,

include vasospasm, paraesthesia, hypertension, dizziness, anxiety,

dyspnea, headache, flushing, diarrhea, rash, increased sweating, cardiac

valvulopathy, and pleural and retroperitoneal fibrosis seen after long-term
1ea Nf dibvvdroeraontamine At leact nne cide effart nalicea Aaceclire more



10011a] In a first aspect, there is provided a compound which is
dihydroergotamine or a complex, chelate, salt, hydrate, polymorph, or ion
pair thereof for use in a method of treatment of migraine in a human
Wiadhaitatksdherein the treatment comprises delivery by pulmromary2068/00182¢
inhalation of a total dose of dihydroergotamine, or a complex, chelate,
salt, hydrate, polymorph or ion pair thereof of from 0.1 to 10 mg per
migraine; and the dose being in a solid, liquid or aerosol formulation
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rapid transport from the alveolar epithelium into the capillary circulation and because of the
relative absence of mechanisms for metabolism in the lungs. Pulmonary delivery has been
demonstrated to result in up to 92% bicavailability in the case of ergotamine tartrate. Pulmonary
inhalation administration would alsc avoid gastrointestinal intolerance typical of migraine
medications and minimize the undesirable taste experienced with nasal and sublingual
administration due to the bitterness of the ergot alkaloids. Pulmonary inhalation would minimize
the reluctance to administer treatment associated with the invasiveness of injection and the cost
of clinical supervision. Pulmonary inhalation also would allow for rapid relief from the migraine
symptoms, as it would deliver the drug to the systemic circulation as fast as an I'V bolus, less

than 30 minutes, without the invasive nature of injection.

[0008] Dihydroergotamine (DHE) was identified as an effective treatment for migraine nearly
fifty years ago (Raskin, Neurology 36:995 997 (1986); Silberstein, et al., Headache 30:334 339
(1990); Saadah, Headache 32:18 20 (1992); and Winner, Headache 33:471 475 (1993)). Despite
numerous references describing aerosol delivery of ergotamine tarirate, also referred to as
ergotamine, for pulmonary inhalation, there are few, if any, teachings related to the delivery of
DHE via pulmonary inhalation. Delivery of DHE in the same manner as ergotamine tartrate is

not easily accomplished because DHE is very difficult to stabilize in any of the above



10011e1 In a third aspect, there is provided use of a compound which is

dihydroergotamine or a complex, chelate, salt, hydrate, polymorph, or ion

pair thereof in the manufacture of a medicament for use in the treatment

Wef Inigfairedin a human individual, wherein the treatment corapvisesos/601828

delivery by pulmonary inhalation of a total dose of dihydroergotamine, or a

complex., chelate salt, hydrate, polymorph or ion pair thereof of from 0,1

to 10 mg per migraine; and the dose being in a solid, liquid or aerosol
formulafiauiation: 20 ierinyisimAmid)iedrliverdhe iRyl QergRIatIng &' A
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dampening the peak plasma concentration (C"..,) and slightly delaying the
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Neurole it RIDhESf (111G 6AINS Hymplertecto 0k 8rindfiere mistciarientyghaperience in
patienfiSERFHES IS RIBS A9 A AL R AdMINNIEN A8 RHERES38P, include vasospasm,
paraesthesia, hypertension, dizziness, anxiety, dyspnea, headache, flushing, diarrhea, rash,
increased sweating, cardiac valvulopathy, and pleural and retroperitoneal fibrosis seen after
long-term use of dihydroergotamine. At least one side effect, nausea, occurs more frequently
after intravenous administration than afier intramuscular or intranasal administration. When
given subcutaneously at a concentration of only 1.5 mM, DHE has been reported to cause nausea
in nearly 16% of treated patients (Winner, et al., Arch. Neurol. 53: 80 184 (1996)). The currently
accepted treatment algorithms for injection or IV use of DHE (see¢ Figure 6) call for the

administration of an antiemetic prior to or concurrent with administration of DHE to prevent

nausea. Patients with known cardiovascular disease are not qualified to receive DHE treatment.

[60010] Notwithstanding these undesirable side effects DHE is still considered th.e “gold
standard” for treatment of severe migraine, cluster headache, chronic daily headache. DHE has a
longer duration of action than sumatriptan, so headache recurrence rates are lower with its use.
(Winner P, et al. A double blind study of subcutaneous dihydroergotamine versus subcutaneous
surnatriptan in the treatment of acute migraine. Arch Neurol (1996) 53:180-184.) Thus, there
exists a need for procedures 1o deliver therapeutically effective amounts of DHE in a time-
sensitive manner, without precipitating the side-effects traditionally associated with its

administration.



hydrate; polymorphs, procirugs, ion pairs and metabolites thereof, to a
patient in need thereof, an amount of DHE sufficient to reduce a migraine
symptom within a 2 how period, without inducing side-effects. 100141 The
disclosure relates to methods for providing an amount of DHE to an
individual sufficient to develop a circulating plasma concentration level of
DHE effective for DILE to act as an agonist against a serotonin receptor
related to alleviating a migraine symptoms, while insufficient for active
binding to an adreneggi I %minergic receptor related to nausea and
other side effects. 100 “some embodiments, DHE displays reduced
50/ or abs nce of (<20%) active binding at dopaminergic receptors
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[0011a] Ina first aspect, there is provided a compound which is dihydroergotamine or a complex,
chelate, salt, hydrate, polymorph, or ion pair thereof for use in 2 method of treatment of migraine in a
human individual;

wherein the treatment comprises delivery by pulmonary inhalation of a

total dose of dihydroergotamine, or a complex, chelate, salt, hydrate, polymorph or
ion pair thereof of from 0.1 to 10 mg per migraine; and the dose being in a solid, liguid or
aerosol formulation adapted for administration

(i} to deliver the the dihydroergotamine, or a complex, chelate, salt, hydrate,
polymorph or ion pair thereof at such a rate that a mean peak plasma concentration (Cypy) of
dihydroergotamine is less than 15,000 pgml and & mean time to C,, (Tmex) of
dihydroergotamine is less than 30 minutes; or

(ii) to deliver the dihydroergotamine, or a complex, chelate, salt, hydrate,
polymorph or ion pair thereof at a rate such that 2 mean peak plasma concentration (Cau) of
B-hydroxy dihydroergotamine is less than 1,600pg/ml, and a mean time (o Coax (Tnax) of 8-
hydroxy dihydroergotamine is Jess than 90 minutes.

[#011b] In a second aspect, there is provided a device comprising:

an inhaler; and

one or more doses of 2 solid, liguid or aerosol formulation COmprising
dihydroergotamine, or a complex, chelate, salt, hydrate, polymorph, or ion pair thereof
suitable for adminisiration to a human individual;

wherein the inhaler is configured to administer each unit dose by pulmonary
inhalation at a rate such that



intravenous delivery,the AUC (or area of the curve of the concentration of

the drug in the systemic circulation versus time) of the drug delivered by

the method of the disclosure is within 75% of the come IV delivered dose.

10020] According to one embodiment of the disclosure the DHE

formulation is administered to an vidual by aactivated metered dose iuer,

wherein the DHE is. 'stered at a rate such that theplasma concentration

(Cm.) is less tn 10,000 pg/nal concentration in the Pin hunuinc,the time

(ton) followirRsBH RFENRIRETRA SRERTralion (Sisdb o dipimuteswhereil thes than
1 56E fotmiyaticmdswiheutindiyidagl, 100241, According o the;me 893['%3] 30
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nve, results in at least Sal relief from a migraine syndrome inclbut not
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th.a%r% minutes.

[6011c] In a third aspect, there is provided use of a compound which is dihydroergotamine or a
complex, chelate, salt, hydrate, pelymorph, or ion pair thereof in the manufacture of 2 medicament for

use in the treatment of migraine in a hurman mndividual;
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other adverse effects. 10022] According to one embodiment, the at least
nral relief from a mitnH syndrome is measured by a drop from a IRS score

of r than "0" for a mht&ne symptom at the time of administration of DHE,
to a score of < 1 at 30, 60,90 or 120 minutes following iministration,
100231 According to the methods of the disclosure, administration results

in peak plasma concentrations of the primary active metabolites,
d to 8-hydroxy ciihydroergotamine, at less than
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thereof In a preferred embodiment, an inhaler device is included. In one
embodiment of this kit, the inhaler device is loaded with a DHE
formulation. In another embodiment the kit comprises one or more unit
doses of the DHE formulation. In one embodiment, the inhaler device is a
pMDL1 such as a breath activated metered dose inhaler (TEMPO Inhaler).
concentration (C,."'x) is less than 10,000 pg/m/ concentration in the
circulating plasma in humans and the time (T) foIIowing irinisUation when

subjects obtalnln rellef from paln Wlth DHE versus 2 shows

B i

';_"..i = %
adrenergic and dopamlnerglc receptor subtypes based on dose and
%O% was classed as inactive binding. "(h)"

(o018 ABCRIPHAIA LY Iﬂ?ﬁ?an??%ecep TSt Gos: 2h@HR SemitiRtereddy 2 method of the

discl rep resents clone
c osurer%%ﬁt é%xétcﬁ@ld 10-fold or 15-fold reduced from the Cnax of DHE administered by direct or

slow bolus intravenous delivery.

[6619] According 1o one embodiment of the disclosure the Ty, of DHE administered by a method of the
disclosure is at least 1 minute delayed from the T, of DHE administered by direct
miravenous delivery, and the AUC {or area of the curve of the concentration of the drug in the

systemic circulation versus time) of the drug delivered by the method of the disclosure is within

75% of the comparable IV delivered dose.

6020} According to one embodiment of the disclosure  the DHE formulation is administered to an
individusl by a breath activated metered dose mhaiez wherein ninistered st & rate
such that the peak plasms concentration {Cm‘) is less than 10,000 pgfml concentration in the

plm conceniration is attained £s less than 20 mmutes after ady ninistTat
wherein the DHE formulation is administ
individual,

[0021] According to the methods of the disclosure, administration of the DHE to achieve Cp,, and

Tomex &5 described above, results in at least pertial relief from a migraine syndrome including bt
%, phonophobia and photophobis, within 20 minutes and sustained

ea, cardiovascular side effects or

not limited 1o pain, n
refief for 24 hours, but does not result in drug induced nays
other adverse effects,




binding. [0035j FIG 5 shows selective agonism at 5-HT15 and 5-HT25
receptors at various concentrations of DHE. 10036) FIG. 6 shows
currently accepted treatment algorithms for injection or IV administration
of DHE. 100371 FIG. 7 shows geometric mean 810H-DHE concentrations
over time following administration of DI-{E by inhalation and intravenous
(IV) routes. WO 2008/097664PCT/US2008/001829 DETAILED
DESCRIPTION OF THE INVENTION [0038] Use of the term
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California) is used to administer DHE. 9

[D028] The disclosure also relates to kits comprising BHE formulations and instructions for use

thereof. In & preferred embodiment, an inhaler device is included. In one embodiment of this ki
the inhaler device is loaded with 2 DHE formulation. In another embodiment the kit com ri!:e ;
one or more unit doses of the DHE formulation. In one embodiment, the inhaler device ispa s
PMDI such as 2 breath activated metered dose inhajer (TEMPO™ Inhaler),
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within a time period (T.) according to administration methods of this
invention are insufficient for active binding of DHE to an adrenergic or
dopaminergic receptor and causing nausea and other side effects. [0045]
When binding of DHE to an adrenergic or dopaminergic receptor is
insufficient for causing nausea and other side effects, DHE displays

reduced (less than 50%) or absence of (20% or less) binding at
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100531 According to the methods of the invention a DHE formulation may
be administered by any mode necessary to achieve the desired delivery
profile defined by Com" and Tmax values listed above, including but not
whniesdededy intravenous, intra-arterial, intraperitoneal, intrastilyaEHup#01829
oral, sublingual, buccal, intranasal, oral inhalation, intravesicular,
intramuscular, intra-tracheal, subcutaneous, iontophoretic, transdermal
administration. 100541 Typically, the DHE formulation will be distributed,

either to clinicpite ANYSSIBRSORIP PRIETSS, THETRYMISEAton Kit, and
the invention provides such a migraine treatment kit. Such kits comprise

or more of an.administration device.(e.q.. syri and.needles .
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(8040 MPretisls asiehrestbyanivated e rsecdosbripteddiofFErMPO TRy involve
provid@%@ﬁ)&l@é@é@ GO AINS DR ELIRE Jreaiment.efMigraings FPPdot timited to

) ihydroergotarnine (DHE) is a semi-synthetic ergot alkaloid, which has,
pain, ngeh e aRhARE Hrndelatp B Rig 2 ARSI, B LRI minutes
ReducShilaritiaswith Rhygieleoiaharclpsues R HRASNYIE euadgidelief for 6, 12, 18,
74 BDéw rmacology (Table 1), mediated by effects on biogenic amine receptors

or 22 gB@’E‘ﬁﬁcally serotonin (5-HT) subtypes, adrenergic (a and 13) subtypes

gnm%’%@%&%&%ﬂ ige(R) %Hrgéx&%%&rg‘é@n%qg%%%E@@é%cgé%ﬁ@o%@ﬁ@%Qore of

rgotamirte Is used extensively to tredt cluster migraine,

greatepiatflc Geenamie: isfatnsimigraboisaricae mrontdmin Adddtclea femserfys 1 at
30, 60l8lgried &0 ﬁﬁ)'Mﬁﬂﬁ&@%@&hﬂ%&r@mﬁis%ﬁds;@yar&r&yf@&aum%;ﬁ Q¥ other

and intranasally (M1GRANAL(r)- Novartis, US5942251, EP0865789A3,
severe SYMRETOUSEYIAS IEGHHOB NSNS PIJSRLRERPIIMIFSIdTR P! =0 result (score
of >1 iBtEMRYSevlatsuhnutapsiatm igiestion or by intravenous injection (D.H.E.

45(r)-Novartis) in a clinical setting. (Raskin NH, Neurol Clin. 1990 Nov;
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36 hougceptors. In acute migraine therapy, DHE is thought to mediate its effects
through 5-HT16 receptors (constriction of intracranial extra-cerebral blood
vessels) and 5-HTID receptors (inhibition of trigeminal neurotransmission).
100601 DHE is known to bind specifically to receptors as shown in Table
1. Table 1 shows affinities of DHE (measured as IC50) for specific
biogenic amine receptors. Potent act®Rity at 5- HT i B and 5-HT1 D
receptors and wide ranging receptor-binding activity is observed for DHE.
(Silberstein, S.D., McCrory, D.C. Ergotamine and dihydroergotamine:

history, pharmacology, and efficacy. Headache (2003) 43:144-166.)
100R11 The chemical ctriictiire of DHE iec chown healow:
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[00644] Further, the Cyay attained within a time period (Tmax) according to administration
methods of this invention are insufficient for active binding of DHE to an adrenergic or

dopaminergic receptor and causing nausea and other side effects.

{0045] When binding of DHE 1o an adrenergic or dopaminergic receptor is insufficient for
causing nausea and other side effects, DHE displays reduced (less than 50%) or absence of (20%
or less) binding at dopaminergic receptors such as Dy; and DHE displays reduced (less than

60%;) or absence of (20% or less) binding at adrenergic receptors.

[0046] According to the invention, DHE is administered by any method at a rate such that the
Ciax 1s less than 5,000, 10,000, 20,000, 30,000, 40,000, 50,000, or 60,000 pg/ml concentration in
the circulating plasma in humans, and the time following administration when the peak plasma
concentration is attained (T,a) occurs within 10, 15, 20, 30, 45 or 60 minutes after

administration.

{6047} According to the methods of the invention, administration results in peak plasma
concentrations of the primary active metabolites, including but not limited to 8-hydroxy
dihydroergotamine, at less than 5,000, 10,000, 20,000, 30,000, 40,000, 50,000, 60,000, 100,000
or 200,000 pg/ml at Cray. The Tyax of the primary metabolites is less than 30, 45, 60, 90, or 120

minutes after administration.

{0048] According to one aspect of the invention the Cpes of DHE administered by a method of
the invention is at least 5-fold, 10-fold, or 15-fold reduced from the C,y of DHE administered

by direct intravenous delivery.

[004%] According to one aspect of the invention the T of DHE administered by a method of
the invention is at least I, 2, 5, 10 or 15 minutes delayed from the T of DHE administered by
direct intravenous delivery, and the AUC (or area the curve of the concentration of the drug in
the systemic circulation versus time) of the drug delivered by the method of the invention is

within 75% of the comparable IV delivered dose.

{60581 In one aspect of the invention, the method involves administration of an unit dose
comprising about 0.5, 1.0, 2.0, 3.0 or 5.0 mg DHE or salts, hydrates, polymorphs prodrugs, ion

pairs and metabolites thereof.

{0851} The invention relates to packaged vials, canisters, ampoules, packs, or patches

comprising one or more unit doses of DHE. Unit doses may be formulated and packaged in a
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manner suitable for administration by intravenous, intra-arterial, intraperitoneal, intrapulmonary,
oral, sublingual, buccal, intranasal, oral inhalation, intravesicular, intramuscular, intra-tracheal,
subcutaneous, iontophoretic, transdermal delivery. In preferred embodiments, the doses of DHE

are packaged in a manner suitable for intravenous delivery or pulmonary inhalation.

[0052] The invention also relates to suitable solid, liquid or aerosol formulations of DHE that,
when administered to a mammal under appropriate conditions, achieve the desired delivery

profile defined by AUC, Cpay and Tha values listed above.

10053] According to the methods of the invention a DHE formulation may be administered by
any mode necessary to achieve the desired delivery profile defined by Cpay and Tay values
listed above, including but not limited to, by intravenous, intra-arterial, intraperitoneal,
intrapulmonary, oral, sublingual, buccal, intranasal, oral inhalation, intravesicular, intramuscular,

intra-tracheal, subcutaneous, iontophoretic, transdermal administration.

[0654] Typically, the DHE formulation will be distributed, either to clinics, to physicians or to
patients, in an administration kit, and the invention provides such a migraine treatment kit. Such
kits comprise one or more of an administration device (e.g., syringes and needles, inhalators, etc)
and a plurality of unit dosages or a reservoir or cache configured to deliver multiple unit doses of
the composition as described above. In one embodiment, the administration device is loaded
with a DHE formulation The kit can additionally comprise a carrier or diluent, a case, and
nstructions for employing the appropriaie administration device. In some embodiments, an
inhaler device is included. In one embodiment of this kit, the inhaler device is loaded with a
reservoir containing the DHE formulation. In another embodiment the kit COMPprises one or more
unit doses of the DHE formulation. In one embodiment, the inhaler device is a pMDI such as a
breath activated metered dose inhaler (TEMPO™ Inhaler).

Dihydroergotamine (DHE) for Treatment of Migraine

{0055] Dihydroergotémine (DHE) is a semi-synthetic ergot alkaloid, which has been used in
the treatment of migraine since 1946. Due to structural similarities with physioclogical molecules,
DHE has wide ranging pharmacology (Table 1), mediated by effects on biogenic amine
receptors -- specifically serotonin (5-HT) subtypes, adrenergic (o and ) subtypes and

dopaminergic (D) subtypes).

1
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[8056] Dihydroergotamine is used extensively to treat cluster migraine, pediatric migraine,
status migranosis and chronic daily headache, formerly referred to as “iransformed” migraine.
DHE is currently administered orally and intranasally (MIGRANAL®- Novartis, US5942251,
EPO865789A3, and BE1006872A). However, DHE is most often administered by
intramuscular/subcutaneous injection or by intravenous injection (D.H.E. 45%-Novartis) in a
clinical setting. (Raskin NH, Neurol Clin. 1990 Nov; 8(4):857-65.)

[8057] Dihydroergotamine binds with high affinity to 5-HTp, and 5-HTipp receptors. It also
binds with high affinity to serotonin 5-HT4, 5-HTsa, and 5-HTs¢ receptors, noradrenaline asa,

oop and o) receptors, and dopamine Dy and D; receptors.

[0058] The therapeutic activity of dihydroergotamine in migraine is generally attributed 1o the
agonist effect at 5-HTp receptors. Two current theories have been proposed to explain the
efficacy of 5-HT\p receptor agonists in migraine. One theory suggests that activation of 5-HTip
receptors located on intracranial blood vessels, including those on arteriovenous anastomoses,
leads to vasoconstriction, which correlates with the relief of migraine headache. The alternative
hypothesis suggests that activation of 5-HTp receptors on sensory nerve endings of the
trigeminal system results in the inhibition of pro-inflammatory neuropeptide release. In addition,

dihydroergotamine possesses oxytocic properties.

[0059] The ergot alkaloids are less selective than the triptans when binding to 5-HTp, 5-HT; As
5-HTa, 5-HTac, noradrenaling asa, azs, and o, dopamine Dy and Dy receptors. In acute
migraine therapy, DHE is thought to mediate its effects through 5-HT,p receptors (constriction
of intracranial extra-cerebral blood vessels) and 5-HTp receptors (inhibition of trigeminal

neurofransmission).

[6060] DHE is known to bind specifically to receptors as shown in Table 1. Table 1 shows
affinities of DHE (measured as ICsg) for specific biogenic amine receptors. Potent activity at 5-
HTp and 5-HTp receptors and wide ranging receptor-binding activity is observed for DHE.
(Silberstein, 8.D., McCrory, D.C. Ergotamine and dihydroergotamine: history, pharmacology,
and efficacy. Headache (2003) 43:144-166.)

[08061] The chemical structure of DHE is shown below:
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. CH,8OH
CaaHaONSS
serotonin | Affinity | Adrenergic | Affinity | Dopaminergic| Affinity
Receptor |IC,, (nM)| Receptor |IC,, (nivl) Receptor G, (nivVD)
Subtype Subtype Subtype
1A 04 ala 6.6 D2 1.2
S b 53 o3 54
- @22 1.9 D4 8.7
1E 1100 a2h 33
1F 180 ale 1.4
2A 9
2C 1.3 B1 3100
3 3700 B2 2700
5 680 B3 271

Table 1: Receptor binding activity of Dihydroergotamine mesylate (DHE)

Formulations and Desage Forms

[6062] A number of studies have been conducted in adults to demonstrate the efficacy and
safety of intravenous DHE. The current method of administering intravenous DHE by using
repeated intravenous doses of DHE to treat severe migraines was introduced by Raskin. (Raskin
NH. Repetitive intravenous dihydroergotamine as therapy for intractable migraine. Neurology
1986; 36: 995-997). References to "direct intravenous delivery” in the specification is
understood to refer to direct IV administration of DHE according to the procedure set forth in
Raskin (Neurology 36: 995-997 (1586)).

13
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10063} Recently, formulations of DHE by itself and in combination with nonsteroidal
analgesics have been developed for intramuscular autoinjectors (US 20030040537, US6077539,
WOO05781A3, EP1165044A2, CN1347313T, and AUCQ38825A5). DHE in combination with
potent analgesics had also been formulated for treatment by intranasal administration
(UB3756483, EPO689438A1, AUG428894A1, and W(O9422445A3). Spray or aerosol
formulations have also been developed for the sublingual administration of DHE
(US20030017994). Ergotamine tartrate has been administered by injection, rectally with
suppositories and via inhalation with metered dose inhaler (MEDIHALER-ERGOTAMINE®;
3M Health Care, Nerthridge, California), but is most commonly administered orally or
sublingually.

[0064] There are numerous recent citations of ergotamine tartrate formulations for
administration via inhalation (1JS6488648, US6451287, US6395300, US6395299, US6390291,
US 6315122, US6179118, US6119853, US6406681) and specifically in propellant based
metered dose inhaler (MDI) formulations (US5720940, US5683677, US5776434, US5776573,
US6153173, US6309624, US6013245, US6200549, US6221339, US6236747, US6251368,
US6306369, US6253762, US6149892, 1US6284287, US5744123, US5916540, US5955439,
US5992306, US5849265, US5833950, US5817293, US6143277, US6131566, US5736124,
US5696744). In the late 1980s 3M developed, received approval for and marketed a pulmonary
inhalation formulation of an ergotamine tartrate (MEDIHALER-ERGOTAMINE®). It was

removed from the market in the 1990s due to difficulties with inconsistent formulation.

{0065] Powders for inhalation in dry powder inhalation devices using ergotamine tartrate have
also been described (US6200293, US6120613, US6183782, US6129905, US6309623,
US5619984, US4524769, US5740793, US5875766, US6098619, US6012454, 1185972388,
US5922306). An aqueous aerosol ergotamine tartrate formulation for pulmonary administration
has also been described (USS5813597).

{0066} The invention is directed to a pharmaceutical composition in unit dose form containing
DHE in an amount such that one or more unit doses are effective in the symptomatic treatment
of migraine headache when administered to a patient. The composition may contain excipients.
In order to retard the rate of oxidative degradation of the composition, one or more antioxidants
may be added. Any salt of DHE may be used but the mesylate salt is preferred. In all cases,

formulations may be prepared using methods that are standard in the art (see, e.g., Remington:
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(DHE) Formulations and Dosage Forms [00621 A number of studies have

been conducted in adults to demonstrate the efficacy and safety of
WRPAYEHGE DHE. The current method of administering intrapemaissdpdAia:z29

by using repeated intravenous doses of DHE to treat severe migraines
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ampoules, bottles, jars, flexible packaging (e.g.. sealed Mylar or plastic bags), and the like.

These articles of manufacture may further be sterilized and/or sealed.

{0069] The compositions may further comprise additional ingredients, for example
preservatives, buffers, tonicity agents, antioxidants and stabilizers, nonionic wetting or clarifying

agents, viscosity-increasing agents, absorption enhancing agents, and the like.

{0070] Suitable absorption enhancement agents include N-acetylcysteine, polyethylene glycols,
caffeine, cyclodexirin, glycerol, alkyl saccharides, lipids, lecithin, dimethylsulfoxide, and the
like. '

[0071] Suitable preservatives for use in a solution include polyquaternium-1, benzalkonium
chloride, thimerosal, chlorobutanol, methyl paraben, propyl paraben, phenylethyl alcohol,
disodium edetate, sorbic acid, benzethonium chloride, and the like. Typically (but not

necessarily) such preservatives are employed at a level of from 0.001% to 1.0% by weight.

{8072] Suitable buffers include boric acid, sodium and potassium bicarbonate, sodium and
potassium borates, sodium and potassium carbonate, sodium acetate, sodium biphosphate and
the like, in amounts sufficient to maintain the pH at between about pH 6 and pH 8, and

preferably, between about pH 7 and pH 7.5.
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US6221339, US6236747, US6251368, US6306369, US6253762,
US6149892, US6284287, US5744123, US5916540, US5955439,
US5992306, US5849265, US5833950, US5817293,

WO 2008/097664 PCT/USZG08/001829

[0673] Suitable tonicity agents are dextran 40, dextran 70, dextrose, glycerin, potassium
chloride, propylene glycol, sodium chloride, and the like, such that the sodium chioride

equivalent of the ophthalmic solution is in the range 0.9 plus or minus 0.2%.

[0074] Suitable antioxidants and stabilizers include sodium bisulfite, sodium metabisulfite,
sodium thiosulfite, thiourea, caffeine, chromoglycate salts, cyclodextrins and the like. Suitable
wetting and clarifying agents include polysorbate 80, polysorbate 20, poloxamer 282 and
tyloxapol. Suitable viscosity-increasing agents include dextran 40, dextran 70, gelatin, glycerin,
hydroxyethyleellulose, hydroxmethylpropyleellulose, lanolin, methyicelluiose, petrolatum,
polyethylene glycol, polyvinyl alcohol, polyvinylpyrrolidone, carboxymethylcellulose and the
like.

Modes of administration

[0075] The compositions described herein can be administered to an individual (such as
human) via various routes, including, for example, intravenous, intra-arterial, intraperitoneal,
intrapulmonary, oral, inhalation, intravesicular, intramuscular, intra-tracheal, subcutaneous,
intraocular, intrathecal, transmucosal, and transdermal. In one embodiment of the invention,
nanoparticles (including protein or carbohydrate nanoparticles, co-formulated with drug) of the
inventive compounds can be administered by any acceptable route including, but not limited to,
orally, intramuscularly, transdermally, intravenously, through an inhaler or other air borne

delivery systems and the like.

[0076] When preparing the composition for injection, particularly for intravenous delivery, the
continuous phase preferably comprises an aqueous solution of tonicity modifiers, buffered 1o a
pH range of about 4 to about 8.5. The pH may also be below 7 or below 6. In some
embodiments, the pH of the composition is no less than about 6, including for example no less

than about any of 6.5, 7, or 8 (such as about 7.5 or 8).

[0877] In a preferred embodiment the DHE is delivered using inhalation therapy. Many
preclinical and clinical studies with inhaled compounds have demonstrated that efficacy can be
achieved both within the lungs and systemically. Moreover, there are many advanfages
associated with pulmonary delivery including rapid onset, the convenience of patient self-
administration, the potential for reduced drug side-effects, ease of delivery by inhalation, the

elimination of needles, and the like,
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US6143277, U56131566, US5736124, US5696744). In the late 1980s 3M
developed, received approval for and marketed a pulmonary inhalation
formulation of an ergotamine tartrate (MEDIHALER-ERGOTAMINE ). It
Wiaktemoised from the market in the 1990s due to difficultieewvitlys2ees/e01820

inconsistent formulation. 100651 Powders for inhalation in dry powder
inhalation devices using ergotamine tartrate have also been described
(US6200293, US6120613, US6183782, US6129905, US6309623,

[08781 S6HAR984 abladSid 4R dH R, I mD RLRA0R Y PARRBEADnd pressurized

US6012454, US5972388, US5922306). An aqueous aerosol ergotamine
meterid e R ARBR AT b’tﬂ%&?ﬁ%‘%ﬁﬁﬁrﬁ’éﬁé‘ﬁﬁ%ﬁk}%?%%“*Fe%??&é‘géﬁbed

delivetelSb 1358, BOEO) Hharinvertiomis Ailctedie, alpharmaseitical the drug
seros §SROSN IO flose foim,contaning DHE In an amaunt such fhat ong o, of
) or m re unlgt oses are effective In the symptoma IC treatment o migrain
the inyrydigachenidab, adriiivissireceate eopttibet (T Hesoohip eitioknmay notitain skilled in

the ar€XGPISASHIN &E@%fégﬂgwp%\sd&tﬁaﬂiz%iﬁ%#%ﬁ%%r " gﬁ%&;ﬁﬁa&épgﬁ generated

composition, one or more antioxidants may be added. A alt
from thebrbedise BEliTkehrsesratesSaRh e prsteder) THeancasEs bR IatibNs

multifRay beaepaedrsibgdetands ipakae siandatddn e aItAS6e, Sercritical
tmcRer}un ton: WO 2)3(3%08 097?,64P(3_'I',/li182008/0(_)1829 The Science and
XU CH LB RL R YSP B R 2 IR Pt AR LI &M \RA ises (ot Shrpropel lant

to obigjenaral; gatisntsacickivwiza fetdetosage okhehyeons@d pocdd Hm@iations are

ferabhly.0.5 to 5.0 r.more, preferably 1.0- 2.0.m r migraine
e e G SR B B A s
aﬂenti@@ﬁm%@ﬂﬁﬂﬁhﬂéﬂg%iﬂﬂﬂ@pwmm@@nfﬁﬁs'ﬂ_imﬁmdrtlaé_nﬁmiﬂmdon 10
ensureOh 3TN QR SHEDRR D ARRISNS G ese ﬁﬁ@@a@&%ﬁn%%&? !}érzl.i%icle size

.. receptor binding profile required for treating migraine without triggering
distribgiipn dedel GradRdrediggects. [0067] The term “unit dosage form" refers

0 g physically discrete unit suitable as unitary dosages for an individual,
100791, RO ARG 2 AR AT AR oA E AR R b iftad some

by vltteprodibetioe dégisdiljthérapkuticvétfect aincaskoCinfion foithiasdiiable prepared
d t&@ﬁﬁfﬂé&e ' @r' diluent. or excipient. These,unit dosage forms.can

o s G B T T QO R e use of

preseryaiyeslseomii dese rerkaladi s pentuaitic {0068 tsd ipranicett atetaginiesind

other RleManifaciuie comnYsng he.compasifigns described herein in suitable
packaging. Suitable packaging for compositions described herein are

[0080 KNP 1Be rasteasidiinel udel ey, exaMpIR, vialsn(suehi ampealad Vialahol
ampoules, bottles, jars, flexible

i caniaters Wit%@lterin valvgs, vessels
P agKaging (&.0-; sse%%%ar%ma? BPPRRM BhyST LI TG i eaLs i pokvent
and prgmﬂartqf@mm vsayl furierdibisteciibodsdQH/0s, sealbd (ODERplnencs (HF As).
Upon GAMPASHIRIS R b ther.sommriseaddiignalnarediontz ior example, .
reservatives, buffers, tonicity agen‘ts, antioxidants and stagﬁlzers,

propeligghidiahevetindeay Baan aseraRjeridhovistosmpdnSrenshibedgehtpeed ejection of
the 2cr8BSIORBHOThENBANEIRBAOENR: AN ey ikBnact ballistically on the tongue, mouth and

throat and never reach the lung.

{0081] While aerosol delivery of ergotamine tartrate for pulmonary inhalation is widely known,
delivery of DHE via pulmonary inhalation has been used rarely, as DHE is very difficult to
stabilize in formulations suitable for pulmonary delivery. To maintain potency and activity the
DHE must be formulated in a solution, powder or suspension that can be stabilized without

excipients or with excipients that are not toxic to the lungs. Since DHE is extremely sensitive
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[00701 Suitable absorption enhancement agents include N-acetylcysteine,

polyethylene glycols, caffeine, cyclodextrin, glycerol, alkyl saccharides,

lipids, lecithin, dimethylsulfoxide, and the like. [0071] Suitable
Wisereidivds for use in a solution include polyquaternium-1pcT/uszo68/061829

benzalkonium chloride, thimerosal, chlorobutanol, methyl paraben, propyl

paraben, phenylethyl alcohol, disodium edetate, sorbic acid,

benzethonium chloride, and the like. Typically (but not necessarily) such

and \ﬁ!?§§%ﬁ@@v&§e§%§%mﬁ)}{%ﬂ[aﬁﬂg%\ﬁeh%tfgg u‘ir%gi’) 049, 5:9% ba¥1 gloht a1

[0072] Suitable buffers include boric’acid so [ potassmm

COMPGRAGHERTATROES ditith rach svpes immmbiines, Sehiliretiandspetassilimachieved. The
curreGRFOONAIE NSO tiv M REGIALE, SR U RIRROSPRRILS BE‘H%Q)? %%}Q@Sﬁ%@ﬁﬁ@

Gheia;ufflment to. maintain the pH at hetween about pH 6 and 8, and
TS B SE S AB DA B 15 WREFn, (o Smbilize the DIE in
solut@@OBﬁQﬁ@ﬁ@W m&zﬁﬂﬂfﬁﬁﬂ.ﬂa& (7 Guitalilestanigity HTLPIS -0 se dark-
1ass GEXLAN, Xtr dextrose erln otass im ¢ loride, propylene
gassgyco sgglaqrﬁ ch or| 8é a%rifida the ﬁé LEeR e?trt?ﬁne SEERIATERiGrigis elor o spray
app iy M@ﬁﬁf@f%{e}npﬁm aﬁw@sbm‘awnm’ |stahb fangel4idmplfis pulminusy delivery of

DHE 8% [0074), Suliahle anti %“ﬁoaﬁ%%%ﬁﬁ REIYIESAAN G A2

bisulfite, sodium metabisulfite, sodium thiosulfite, thiourea, caffeine,

msz@hwgwmemm ﬁM@ﬁ@@%Hﬁ@%@@%%%%@ﬂ@o‘f"@ﬁ (?e@getamme or
4 amg:a‘arl agents lﬁglbﬁcte %& %so bate 80, polysorbate 20, poloxamer 282
P 8‘%y‘f8 5 of° R G OERY- IR ARt At Re s daHiesaPsHanp suspensions

via pldn‘amiary ﬁékogﬁlmhalgimeﬂmdsg{bh’myemmﬂaﬁﬂmldﬁame embodiment, DHE is used as

the m émne g%lcsg y \él)lxi %lggggfg e1 Ice%%%%%al Oﬁtgglg;gcesses which offer
significai adypnetbsadelibtasedusdonefi %meslm‘ fad minibtiaticle 0¥ 2hd beoduce
resp1r§&@ﬁ£§@l@9§ﬁﬁ§9@g% heseln g3, (?@ admipiRigrad o,a0 6?%%'%’;);)' SUChy,,

umar%éwa various routes, inclu or exampile, Intravenou
10/ 5’7%1%?&% @%Hﬂ%{B&"éBﬁé&laxﬁtvmﬁn?réw&bemmbwémm in their entirety.

veS|c lar |nt uscular, in eal, subcutaneous, intraocular,
0083 RO RE i PG T SHecEn o vated

lnhaieﬁmezhtmnhmanmpai‘ﬁ'd&ba(mc(&@mﬁmmmwcearbﬁhyd{atmﬁmwydﬁsﬁomxa)
The ﬁ&ﬁ%‘mﬂlﬂéfé? i&e g}l%ﬁmﬁ WAV (\)/see(f‘ohmpegprpﬁ) A k}c a rlgslgets? Eien(lj}tatlons

any accept route Inclu Ing, tnot mi
of sta ﬂ@rﬁﬁﬁ%h}ﬁh@lerﬁaﬁ@@@wﬁw deiag enddalg, dﬁrmghrwﬁmhaterr Shotfenpo

InhaleRFrB0INE BRIV BLEYEIRMSBALIhE %ﬁﬁ%&@%@ll}{}{@@ L CPRY ngttpeqzable dose-to-

composition for injection, partlcula y for intravenous delivery, th e
dose coptiltoY S BhisdBIsReRIg | Bmiptalasem iy et ebirsRsShesnidrantages by
combiniagifiers; duffckaditosat i@ﬂ&ﬁﬂﬂéaﬁb@jﬂ&x@@é@uhﬁgﬁr AREREIBRNeontrol

also he below 7 or,below 6. In some embodiments, the pH of the ]
chanm e S UL 3RS G Toh s hETe H cEfepcymamic

COﬂtFOébbmwm &:5,:7 cohyebistithpas o btrdat, m@)d{ﬁ@aﬁ}}dm'ar@rﬁeﬁweedonsuming
e}ectrcﬁmpqgjsmﬁ% Rﬂ%@ﬂ%ﬂ&a@@'%@f%@ig d%{)]gsalg f I}Era y. Many

preclinical and clinical studiés with in comp ave

dem rated th ¢an be achieved both within the lungs and
Meas%ﬁ?&ﬁ%ﬁf?%‘&%ﬁé 18Pty advantages associated W|th
0@84]’3%@95\%&9%3&{%9%%%%9 ﬁ%?hg@%g? he C(%raY%meP @a{ mxm izes or

self- admlnlstratlon the potentl orre uce rug side-elrects, ease O
eliminggfiidy ﬂ:fﬁenﬁﬁ%%ﬁt HreSamR EE @R Tbe vieedidesinn ¢BdiketiVIADY to provide

effect;@@@&qg}gi@%ig e@ﬁ&&%@%@%ﬁ%&y symptoms of migraine syndrome: pain, nausea,

phonophobia and photophobia. In clinical trials conducted by the inventors, an unanticipated
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100781 Inhalation aerosols from dry powder inhalers, nebulizers,

vaporizers and pressurized metered dose inhalers typically include

excipients or solvents to increase stability or deliverability of these drugs
W Aerssel form. Additionally, the particle size of the drug eeTosisienays29

be controlled to provide the uptake characteristics consistent with the

methods of the invention. Typically, particle sizes are controlled to

desirable sizes known by those skilled in the art. For example, when using

phendiyRAWAS Linkaless YRR Birihe.drugmpatiicles arsgensiated: Hamdie WK a very
high drug by attrition processes such as grinding, micronizing, milling, or by
hig ﬁmh?pﬁ%@@a&r@@%%ﬁa%wé@%é@aém%fés%;yaawﬁé tuitidnetfects of nauses,
chest pphoipiatiops: sUpesdrfieadextacion/pieaipitalion o hxaphilizatiantayigitewely
.. ders that,cap.be dispersed.in the propellant to obtain an acceptable
el A U NS TBRy TE G e A B S oo arc
i . i : o diminis
e e T
seconggsiy Ged IS iineranelBoesy sodmpiRtaibhae prsdretiampRseryipelwlent 2
hours EERIAIR A&-FRlaR) v ARUXCaiANHDaYEIlE BraRet Qﬁﬁ.&%&%sﬂ?ﬁin—fme response at
e

. distribution for delivery to the lungs. [0079j Nebulizers generate an aerosol
tme MBS SERGEE Kol By Breakesy ot iRfGHIjet am ARGl L demeet on normal
activisglration of the liquid with or without a nozzle. Liquid formulations are

prepared and stored under aseptic or sterile conditions since they can
[6086hardbfawicraprgenismstchire-upe nfipreserphtiveshahth unit plesepabkaging
scored%t@i&ﬂﬁﬁéégggﬁ%%dd% XlﬁPL\éﬁiétEe{J&%e%regfég%ﬁe”ﬁt%%ﬁ&%? @%% Lhe Society

used to stabilize the drug formulation. 10 ressurized metered dose
(IHS; intrnationsy! plordnshafogstidentivntice e dmiralobotdispbHstaine dvidésines for
contradMDIshatkage HrecesboHndina canistelynsler-hssyre with g solvent

and propellant mixture, usually chlorofluorocarbons (CFCs,), or

hgdraflauroalkanes (HEAS). Upon being dispensed a jet of the mixture is

ejectedl dmoupiera, velvieiarfdrigzaichandithad Gidpetikinitidlashes off' leaving

ah aerodohsf thepompoumthgDomtadstadiigh tspeedchdjectienief the aerosol

from senemsoleziding deriaabf e tdrery foray iovpad tbajlistideilieon the tongue,

mouth and throat and never reach the lung. 100811 While aerosol delivery
[0087 bt Hegerahsinalrartianddoispumarorripiriharkteinisovierily seabiif=debaary Ismild,

2=mokdkl: ViaRUIRONERY RBAISLIAMBAS ReBRHSEH SATe &S BHEIRMMow the
Origin%:ﬁlcult,to stabilize in formulations sujtable for. pulmonary delivery.

v To . .
D o At Aadachtigrehie Briediidis rrmtiede 4 et grgraine
therappovedit edstspaasiachthatpnhastaidizesowitious excipiepts or with
excipients that are not toxic to the lungs. Since DHE is extremely sensitive
Eﬂﬁgsw&ﬁgﬁgﬁ@@’#@ﬁﬁﬁ’@ﬂ' fu82008/001:829uiand dvitpdegredecore eXpdsurdnte of
report lﬂ)@ @ﬁs@%%g ﬁﬁgﬁﬁﬁt eﬁﬁgﬂ 'ts@ﬁbo(g?§q %‘F &3551%3{39,@&@{%% ﬁoam&%ﬁgzgé point in

_.commonly used in medicinal formulations, Stabilization IS not easi
questiop fRovy e e s AOR PRINAAD A S EHENRF) BIDiTEsydagtien i sradials of that
symptSRf @ymombyiiniestoasiaquirachelating prispmmpiaxing ﬁ&%@&?n%%@ﬁion.

dextran or cyclodextrins, to stabilize the DHE in solution. To preserve the
10089]D HEnsolutid difedihigtelgbéldiatiomét fsrseatesl itndifficul:stizd)se wasksglassith a 4
point S\éiaa}g that must be opened with a complicated opener and transferred to

Injector or spray applicator immediately prior to use. Only recently stable
farmpdations feppwmonary delivery of DHE have been described in US
App sBeuNpagd¥ey 2,012 and W02005/025506A2. 100821
WE20084:25508Aifdascribes suitable, stable formulations of
dihyeroargotarsies o phanmaggutically acceptable salts thereof, to
administer dry powders and propellant suspensions via pulmonary aerosol
inhalation or nasal spray inhalation. In one embodiment, DHE is used as
the mesylate salt. The DHE powder is generated using supercritical fluid
processes which offer significant advantages in the production of DHE
particles for inhalation delivery and prdduce respirable particles of the
desired size in a single step. The disclosures of US App. Ser. No.
10/572,012 and W02005/025506A2 are incorporated herein by reference

in their entirety. 100831 In a preferred embodiment, the inhaled dosing is
carried ot with a hreath actiiated inhalear c1ich ac the Temnorm Inhalar



[0085] Efficacy of a migraine therapy regimen can be evaluated based on
primary and secondary endpoints. Primary efficacy endpoint may be a
pain-free response rate at about 2 hours post-dose. Secondary efficacy
wEhtpangekamine 3 areas of interest: pain-free response artimeeiRIS 1529
earlier than 2 hours post-dose; non-progression of headache; and impact
on normal activities. [0086] All four migraine symptoms -- pain, nausea,
phonophobia and photophobia -- are scored at each time point on a four

60900 "ﬂﬁ&%@@a@ﬁ%@%&%ﬁ@&%@%ﬂt&& ?EM@{? Rﬁe?&ﬁ%?éx ,@g@?) at certain

.___International Headache Society Committee on Clinical Trials in Migraine.
timeppinfy aRNEe FIPICSHBIRE BRtn Bt iUy margpdifeingpdy medication using
a 7 pdutphalgdgieall@QL;: 11:1-12): 0 = none | = mild symptom, not interfering
with normal daily activities 2 -= moderate symptom, causing some
re$triciontteakoretat activities 3 = severe, leading to inability to perform
ndrmalughiBeaetivities [0087] Headache pain intensity is measured on the
4 DiptkBSedgscale (O=no pain, | =mild, 2=moderate, 3=severe). The
aveTafechtiéto headache improvement (one point below the original

infendilfflad'AYl headache, and to no headache is measured. An
eV mgEfe therapy would reduce a headache symptom to mild or
8RBy Y. B HEFs. 100881 Relief from any of the four symptoms
require a drop from a score of >0 at time of report of onset of migraine
Mechattineks (eCectiaf >1 for pain), to a score of < 1 at the time point in question.
However, freedom from pain (or other symptom) require a reduction in

10691} daisgtispiton Syrsiswing hotaiin e revatnsvoresclesarifmdgaiytedl in
Exampléd thandimepeinidn guastion. 40080k Franchionaldisabiity QPIYA: cffect profile.

... perfarm usual daily activities) is measured with a 4 point scale: 0 = not at_
Withcl iR DO LAAEY fhip LYBELESAHO BT eN HApATeFS o6 avaraigeopith DHE

withooomptetaly sdpaiffedis can be achieved by controlling the Cpay conceniration to minimize
binding to dopaminergic and adrenergic receptors and thus avoiding side effects, while

achieving sufficient serotonin receptor binding to be effective in treating migraine symptoms.

{0092] Clinical data (Table 2) show that inhaled dihydroergotamine reduces incidence of
nausea compared to intravenous administration (8% vs. 63% respectively). 5-HT; receptors are
known to be implicated in nausea. Antagonists at these receptors, such as ondansetron and
granisetren prevent chemotherapy-induced nausea and vomiting. However, a potential agonist
role of DHE at 5-HT; receptors can be ruled out by inactive binding (<20%) for all DHE
delivery routes investigated (Figure 3). Subsequent functional assays also confirmed lack of

agonist or antagonist activity at 5-HTj receptors.

[0693] The likely adverse effect profile of DHE is secondary to agonist activity at 5-HT4, 5-
HT;a, and dopamine D; receptors. (Silberstein, 8.D., McCrory, D.C. Ergotamine and
dihydroergotamine: hisiory, pharmacology, and efficacy. Headache (2003) 43:144-166.) The
similar levels of 5-HT 5 receptor binding for all doses and administration routes rules out this
receptor as the cause for the differential adverse effect profile, in particular for dizziness. Indeed,
5-HT 4 receptors are believed to play a role in DHE-mediated migraine prophylaxis. (Hanoun,
N., et al. Dihydroergotamine and its metabolite, 8-hydroxy-dihydroergotamine, as 5-HT1A
receptor agonists in the rat brain. British Journal of Pharmacology 2003; 139:424-434.)
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WO 2008/097664PCT/US2008/001829 100901 There is a further
question (How well did your Study Medication work?) at certain timepoints
asking subjects to evaluate the "global effectiveness" of their study

Wi atlhieatitrausing a 7 point categorical scale: 0 = very muchRiettes 1o8/661829
much better 2 = a little better 3 = no change 4 = a little worse 5 = much
worse 6 = very much worse Mechanisms of action [0091] Investigation of
receptor binding at the Lax concentrations described in detail in Examples

mowp?fgﬂﬁﬁhg Quidedha rationale i%éﬂ%ﬂéﬁ{?&%%? OhsepYed RANEAYEISR! activity

effect profile. Without being bound by theory, it is hypothesized that a )
at conghdehy P TWWEWB*E%%%% ARt EMRdRAHS G 1?%” Nfﬁ%‘%ﬂ%‘;@ﬁé‘&ﬁéﬁsa m
particBigraghieved By.cenirollingrhestelea’scanerNEtOM D AURINEZEb RGNS are

e SR A LR e ..

bindirigeatingnigsdine:syonpiemishf082] €li(iced datdr(Talkied} shonsttgis) at 5-HTzx
inhaled dj roergotamine reduces.incidence pf nausea compared {o

recep o G e R S LR R DR e S Oersc offec

profilkisowhaerbiitiplsatedbindian se &nArftdorists ritahaseyedeptoss 28aclyighls

signifRRSANEEIFON AN, RiSSIon proventchamotherapy:i W@%%@%%@m, in

_ vomiting. However, a potential agonist role of DHE at 5-HT3 receptors can
particyar foeerEneRisiaetka binding (<20%) for all DHE delivery routes

investigated (Figure 3). Subsequent functional assays also confirmed lack
10095 P A RS O A SRS Ve SEB R o T3 £oF RER A Attons of
5-HT adwégsarefféht pratitblobDHEs s seCongaiyd oagostisthactivitycadbaHar A 8-dilation
. ine D2 receptors. (Silberstein, S,D...M¢Crory, D,
during B B0 A B BRI L e M 0 Thcory of
migraifeatfemen ooy 48: tanel G trhecsiwikuidipg $obsia TsAye tepitrase of
neuro;l%iﬁﬁl&ég f&fn@ﬂrﬂi&%ﬁs@%m%ﬁﬂﬁﬁl@ ‘SR&%{’AB@@}Q %%@%ﬁ%g&@fré‘ﬁted

. the cause for the differential adverse effect profile, in particular for
peptidgigaindSkalimizea reig T i deep isflearaaieneaade pity & ryrpdsted to play a key
role inrdfiediatedNUIgENINS paoRhIRXIS ddpanRHDhdd RhSwith several migrainous

Dihydroergotamine and.its metabolite, 8-hydroxy-dihydroergotaminge, as )
characEE R AeERIOP LU FUOLE o B e AN S5 A h B Lo gy e
the NQ@O8z489 vhachdBdl reactions (Olesen ef al., Trends Pharmacol. Sci. 1994;15:149-153).

[0896] It has been shown that 5-HTsp receptors stimulate the NO production in cell lines
(Manivet P., et al, PDZ-dependent activation of nitric-oxide synthases by the serotonin 2B
receptor. J. Biol. Chem. 2000;275:9324-9331) and relaxation of the pig cerebral artery
(Schmuck er al., Eur. J. Neurosci. 1996;8:959-967). Thus, 5-HT,p receptorss located on
endothelial cells of meningeal blood vessels have been proposed to trigger migraine headache
through the formation of NO. The long half-life of DHE may account for the low rate of
headache recurrence at least partially through permanent inhibition of vascular 5-HTjp-
dependent second messengers (NO) vig its major active metabolite 8'-OH-DHE. (Schaerlinger
B., et al., British Journal of Pharmacoclogy {2003) 140, 277-284.)

10097} D)2 receptor antagonists, i.e. metoclopramide and domperidone, are effective anti-
nausea therapies. DHE at IV dose Ciy levels exhibits 50% receptor binding in D2 assays
(Figure 5) and therefore may result in the clinically reported nausea and dizziness, mediated

through agonist activity. Conversely, no binding affinity was reported after inhaled dosing. In
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WO 2008/097664PCT/US2008/001829 100941 DHE has excitatory

actions at vascular a-adrenergic receptors and have agonist activity at

constrictor 5-HT2A receptors. These actions underlie peripheral
Waseusistdetor effects, in particular on coronary artery smoathamnissciesdzs

such, DHE and related ergot compounds are contraindicated in coronary

and peripheral vascular disease. It is notable however that C",a, binding

activity was lower for the higher inhaled (14%) vs. intravenous dosing

additiBRORAL epbFR0 reremiers. TR slfechialAheHsE ALaNRIde sUBYRES A0d

adrenergic types on the adverse effect profile is not certain. However,

FeCe PSR BH TG SFT SRR SURRaERP TP iRERIS K rirfeasey
(McChigheHiding gy i&;&,%;)ﬂ@rﬂﬁh@%phé“ﬁ@‘ 1062%?8%31* ﬁﬂ@gvd?oé@!g@iamnéne and
ause ular for adr C : oth neuronal an
Suma{\%l el rg]n@(?k?agﬁfi?rﬁ%gﬁ%%% %%egrﬁ?i §r§§%§§§ 'is the basis of actions of 5-HT

in reigral [ f migraine s s that extracranial
e SR SRR A e e e S
unexpeEtsbtseis digralthefiagneh atshomhebisedinaigpigininaniidimatibDofEhehile

mininSluiAl SRERBIRAS SHERIBCIRURR LIRS S 1:FRIeRsRAtARHRARERYISS siightly

from primary sensory nerve terminals. Substance P, calcitonin
delay e TRIaIR AR HIGE SADRIE RS IdgP4TPOTE A t7@ LR EnPmETRsARGPYS, While
achieviageadic MOUmSUsNeciaditoiaihadey taadhavoninR Siag e MO ect of
ncaa%l?ere]tmcéose-dependent headache with several migrainous
characteristics. A cause of migraine could be increased amounts and/or
affinity of an enzyme in the NO-triggered cascade of reactions (Olesen et
al., Trends Phannacol. Sci. 19935\ LE53). 100961 It has been shown
that 5-HT2B receptors stimulate the NO production in cell lines (Manivet
[0099P . WitabuHDclepshsetbadt vatieii-afitic wddriByatAane syt Qising the
otoni receptor, J. Biol. Chem..2000:275:9324-9331) and relaxation
erece g o R el v amples
are illgsggive only. Finds 8- EMia: efbptorssiiseateiiiondéntiotivelialaogllsof whatsoever.
meningeal blood vessels have been proposed to trigger migraine
Exampeapiaciiaiasaikiaedopratinnp D@ rEhaileaadallife ol B Fmay
account for the low rate of headache recurrence at least partially through
[016CheFigarrehthonibition i asoutalis- i ¢ pentlentsecandtheg senGeikSering
ad ' ' ' -OH- Schaerlinger B., etal., .
D S R S e
Figurezhiagonists, i.e. metoclopramide and domperidone, are effective

{Gwll‘zn '.-nau%e ther ?%ﬁjff% at IV, do%e Cinax levels exhibits 50% receptor
indfigin 5P ASSAVE Pha B thefettrd Yradrrissurrsd iHe eiirreamyed to 6
inhalatepefedZnagseebmditiz purdsk:; doediateshiscogh(Ogenist ROV fine particle

f no binding affini s reported, after | d dosing..In WO
dose) B S R LS koot HR T ieree
pEasmmvekﬁa@aﬁﬂhmﬁéiﬁdiﬁgigetlwt@aﬁnds@aﬁm&@m,)bmmm ahaltiudeiivery of
DHE. MRS, QM SMATSERRIRLigosr izone M- ﬁﬁﬁ?%@’ﬂ?ﬁiﬁ%@&z@éﬂé %'asfsociated with

: McCarthy, B.G., Peroutka, S.J., Comparative neuropharrnacology o
the redeRth e fbeatmiod n desniisatmation {ERramey 5y Adadatheen 9aog IV and 0.88
mg k294 20H422.) 100981 The receptor-binding studies described in Examples
2 and 3 may explain the unexpected results from the novel method of
1010Z}trdagmg thigreineheaplelyaitto Dikl B tvi ipeiminimpizingoside effents s The
: sma concentration.(C,,, slightl
D B e sty B R o s
spike la&'reéﬁr%xémﬁs@ﬁmmmm Soffficiémt BinBIG tdrtiei seaotaniut not with
inhaled GIRARISYSHIQINAY! ' r | t: | lgraine. . ; :
Syl 100%13?§\ﬁith03? #ﬁ%hgg%%b%ﬁgt% ni,gif%1 B ANRE U eociated with
skilled in the art can, using the preceding description, utilize the present
invention to its fullest extent. The following examples are illustrative only,
and not limiting of the remainder of th2 disclosure in any way whatsoever.
Example 1: Pharmacokinetic profile of DUE required to achieve pain relief.
101001 Figure 1 shows the rapid pain relief (within 10 minutes) achieved

by administering DHE by a method that achieves the two lower peak
nlacma concantration nrofilae chown in Eictirea 2

treati



101011 Figure 2 shows DHE plasma profiles for 1 mg IV-administered
DHE, compared to 6 inhalations (1.22 mg inhaled/fine particle dose), 4
inhalations (0.88 mg inhaled/fine particle dose) and 2 inhalations (0.44 mg

wWilalsdfieeiparticle dose) of DHE respectively. A large plasmauspibsoyuags:e
observed following IV DHE administration, but not with inhaled delivery of
DUE. This plasma spike difference (of at least "10" fold) was hypothesized
to be associated with the reduced side effect profile, despite smaller

the redifftenigesivbictietwee miame d Yang 038 sAgahal etk A2 1

Figure 7 ws the plasma profile of the primary metabolite of DHE, 8'-OH
cone et AT ST P 0 AT A 6% BRI B DU than 500
pg/mb, largeppifismby $pikehim 860 bk Biydrogrgriamisecvasabsenved Tolawingbie

- IV.DHE administratio t not.wyith inhaled delivery of DHE, This plasma
A T gt e S M
Dihydroograemnésl ROF lsS2bes 01829 he rédwoed!sithe eftsstprofile. The

inhalable administration results in a peak plasma concentration of
(01033 Th dxyeaimridros: §iee ekt dssankisttlodeipinioprateralbihrsmmcokinetic

profilBiare2REhpia(ealy nMaierratemab: legs b ane AP el AL Ko i he hese
. Circulatir)g%&&zn%% he inhalable administration also results in the Troa" of
t

admineiration o‘}%fé‘é’fté‘?&.,e\/@?@ﬁ DibyryeEnHEF o EesAhf 44 me
DHE @0iipnutesathibediiautating pisficaay QR3] e iinvespis diaved only minor side

i [ t these slightl layed, lower peak pharmacokinetic
eSS NIt 0 R AR e e
higheglisitae, by thgdey ddirfiinisiratiariqeldfirespant stigimein e tkab s 21iie tviay-
result}AHEEEHNES Q188 (peANA A dAD g@éé?éﬁh%&%&%.ZT%I;&%ééR%éq?{tﬁeg%“‘%m peak

efficacy within 30 minutes, but elicited only minor side eftects wit ki

plasmg,epgediration Adfeiarre dtch wareppseivetelild ta o, byeghandy, Tres theorized

to be MNGheatewiR HeQRerViladeretnaltviRicalithe RRRILIGRRIME IrRAALLIGR: rences in
inics t0d9§é§$€le§§’d in significant side effects including nausea and
er

in.
AUC difiercsg (5o PeShieen e LY, il cep e igroied therapetic
efficaclff@tenbdivehjohrofdssapproximBigly1DwienesclowekthamiMnyvasdhaomEattion
: : [ ith the gbserved differential side effect profile, while th
o R T SR B Hgdprma
or othghp ¢SS hegimhisiealiendbhs dvive taperstic e ffivaeysifiter dbliledglpyofilesaching
peak ﬁamﬂpm@syﬁ%m@aaﬁmﬁxpgaﬁé% PRACERYNRRIBHO Y hite achieving
... administration, but could also be achieved by infusion pump, nasal, or
similafdldGheric transdermal or other routes or administration, that were
tailored to give a similar slight delay in reaching peak plasma
concentrations and a similar damping of peak concentrations, while
achieving similar AUCs. Table 2: Side effects associated with the
pharmacokinetic profiles in Figure 2 Example 2: Receptor binding at the
C.." concentrations 101041 A differential adverse effect profile was
reported in a clinical study comparing 1 mg IV-administered DHE with
inhaled DHE (Table 2). A greater incidence of adverse effects were
apparent following IV dosing. To investigate pharmacologically-mediated
adverse effect differences between (I) intravenous and (2) inhaled
Dihydroergotamine Mesylate (DUE), biogenic amine receptor binding
(serotonin (5-HT), adrenergic, dopaminergic) of dihydroergotamine
mesylate in vitro was determined, based on concentrations corresponding
to the C. levels reported following inhaled and intravenous (IV) dosing in a
clinical study. [0105] To investigate the unexpected result that the lower
spikes of DHE may have resulted in a different receptor binding profile
thus achieving efficacy, but avoiding side effects, a clinical investigation of
receptor binding at the C. concentrations were undertaken. 101061 Peak
Plasma DUE concentrations (C,,,a") were determined from plasma
samples (LCMS/MS) following intravenous administration (1 mg) by
infusion over 3 minutes, and from pl&ma samples (LC-MS/MS) following
inhaled dosing (0.88 mg and 0.44 mg doses), where doses were given by
multiple actuations from an inhaler over a period of 2-4 minutes. The

inhaled doses represent the expected systemic delivered dose and were
actimatad from the fine narticle doce AdAelivvered av-actiiataor The ohearviad



WO 2008/097664PCT/US2008/001829 [0107[ Table 3 presents in vitro
concentrations equivalent to Cm. These concentrations were selected for
receptor-binding investigations for both DHE and 8'-OH-DFIE..Dose level
itpdssergatamine Mesylate (pg/mL) 131-0H Dihydroerg_otam@mgmglgzg
1 mg IV 53,215 378 0.88 mg inhaled 4,287 149 0.44 mg inhaled

1 mg DHE 1V, (.88 mg DHE Inhaled,
=86 (%) =12 { %)

Nervous System
Dizziness 7 (44) Tr I (&)
Paresthesia 5 (31) 5r 0
Gastroingestinal
System
Nausea 10 (63} 10r 1 (8)
Vomiting 2 (I3 2r 0
General disorders
Feeling hot 3 (19) 3r 0
r = considered by investigator related io study drug

Table 2: Side effects associared with the pharmacokinetic profiles in Figure 2

Example Z: Receptor binding at the C,,,, concentrations

i0104] A differential adverse effect profile was reported in 2 clinical study comparing 1 mg [V~
administered DHE with inhaled DHE (Table 2). A greater incidence of adverse effects were
apparent following IV dosing. To investigate pharmacologically-mediated adverse effect
differences between (1) intravenous and (2) inhaled Dihydroergotamine Mesylate (DHE),
biogenic amine receptor binding (serotonin (5-HT), adrenergic, dopaminergic) of
dihydroergotamine mesylate in vitro was determined, based on concentrations corresponding to

the Crax levels reported following inhaled and intravenous {IV) dosing in a clinical study.

[0165] To investigate the unexpected result that the lower spikes of DHE may have resulted in
a different receptor binding profile thus achieving efficacy, but avoiding side effects, a clinical

investigation of receptor binding at the Cpax concentrations were undertaken.

[0106] Peak Plasma DHE concentrations (Cpa) were determined from plasma samples (L.C-
MS/MS) following intravenous administration (1 mg) by infusion over 3 minutes, and from
plasma samples (LC-MS/MS) following inhaled dosing (0.88 mg and 0.44 mg doses), where
doses were given by multiple actuations from an inhaler over a period of 2-4 minutes. The
inhaled doses represent the expected systemic delivered dose and were estimated from the fine
particle dose delivered ex-actuator. The observed Cp,y data is presented in Figure 2 for DHE. A
similar approach was also taken with the primary metabolite, 8'-OH-DHE,
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1,345 58 Table 3. Concentrations equivalent to peak plasma
concentrations investigated for receptor binding. Example 3: Serotonin,
Adrenergic and Dopaminergic Receptor Binding by DHE at
wooregnratitons Equivalent to Peak Plasma Concentrations ¥h0&boos/e01829
Radioligand receptor binding assays clearly show that DHE exhibits wide
ranging pharmacology at multiple receptor sites. (Figures 3-5.) For the
majority of receptors, DHE achieves significant binding at concentrations

[01@@9@%@@%@5&%% QWcXmgﬁ%ﬁ QQ @!ﬁgvgf&%' egéj §§1~_1Ki}%19§t%m were

Ate
ifferent profile. In most instances, bindihg is reduced’when non
selectpidfigascare (hedi4s wartimstrmior0 i Empmigraidedifsacy of DUE
is-due-to-agonist-activity at 5-HT1 B and 5-HT]1 D receptors. Eigure 3

{psidiredatoto ergi® 1EEE Piresgypetamine
i.?dica“r*g greater-responsé-at-several subtypes for | dugmi)

m—Fhe ?3“?};%:“1 "N represents-cloned hu;?éfn

RO TP STttt

OS"U.. i triat‘c.

. C%l" £Q e iilad ﬁ s were-observed-for nrlrannrniirggnd

04% 3 ol Y . '1 Vet Hreutoradtettet-gre ot
by Ing\ wanv--q crthivinoac Bi

i by ;ﬁl At +h:o:”|:::n Ntors-is.d 1
dopaminergic-subtypes-Bindidg-at-thesereceptors-is demonstifited with |
3,,m,}é,e.]:pOC%Mb!en }290%} 5-I;Ig};},a fO,HOWngkb%h 1 m% intravepous, r?nd 1_0.88 9 ecentor
binai & B doSThG RGeS FORSHIng TR A ST HENeTE F aphard 4
k@l’nding at 5-HTID receptors is lower than IV The long duration of DUE in
circulation beyond Cma,, likely is due to biphasic elimination. (Wyss, P.A.,
ExampissEnthigeetioninydelisnemicnotigDypaniptraimBeotiretiBinvéstigatidH Bfat
Conegipipsivas Famivaiend g srkiesnrpp Sempaibaéiens Eur. J. Clin. Phannacol.
991:41.:597-602). These results suggest that maxi receptor bjnding is
Eewstoggcrift?rl i r%iergges)%tggg 8?&%513%%%%?%5 YAlRea: raéts[ég BT FFKJanging
pharmgeelegn FiguitipB-Bctintol\titmetitdwesthhinfstr difomajittit thef higkpGmalHE
achieWRisILESMIAG iside ESiRCts, ANQNEH SUIRNRMSINGIRG ARG . hated binding
dopaminergic and adrenergic receptofs at concentrations equwazfent to ?He
at eaclbéaq;@ p/pggﬁq a égfﬁ@l‘(@{?ﬁ&dgﬁ Aepstonstanechy bipyibng is reduced when non-IV
methodd R QR ORARGTHIS2008/001829 administration method. Figure 4 shows
receptor binding data at adrenergic (left panel) and dopaminergic (right
[0109pafibt) aesepipinindivaiing grEdeisréspenspatsemerml subtypes 0k 5-HT,
recep B B B o e o (L epresents doned
PR liman receptor sUPpes ARdTg €ath Al Yatons serotoere! BiREhY. S16TPED:
indicathe giepenispegRs réceptorssDYape B2 arteapeimasibd nesponsitteaf@lmn.,. The

notatiGRYBSE AN BMESISH GANGRAAIQRS LANAIBNEIR NG REAK Q\l@ééuﬁg%gvnéds%or

(Cm) resulting from the novel administration method that dampene
adrencg@ingad dARARHAR S SRbmrsiBingine 2 lsshmesniayplisdereenstrated with 100%
bindingd@PArRITE GigIseaaptRIRINARdnEReGIiGaYAD B ARGHRA RSN ifgure 3.)
Foll Fqg%ul;ﬁfdj with the ultimate result of reducing hausea and emesis In the
ooV ANIR AT D0 ST PRPATEToRRTEE At &1B e BRI SIF8VGR i rEhe long
duratieh; cOESponded tuitesseyasdcpsiiictipnsaid lowglediblaodiprasau(®ets, P.A.,
RosenRIGIOY2RGHAG SKCULSIRNS I thespatients Whls (ecepior binding aL U,

adrenergic an oparmr%érglc rece&%rs Were Jower at Concentiations
dihydregfigRigramamthralber kubiasmdspikeS (o Mhawsuithd #nt tHOASAR). These results

piniRK AN SR A pindiDgAR RS Lt
oA SHOSHEN S ORI VTR
FeSpOTRR efficacious for treatment of migraine. (Figure 3.) 10113] Agonists of

5-HT, B su e receptors are known to pe useful in the treatment of
L0 e I S5 e P PR & PR T BRORS A Bl
resulted triggeriipetlehoted ensetiobbigiaipe: Figuopdnsioyis sefeatietergic receptors

j - 5-HT2B receptors fallowing high concentration

o con e S o e A B P o R B e

a markedly reduced concentration (0.25 rtM). Whereas 5-HTI9 agonism is

maintained across all concentrations, indicating high potency, agonism is

absent for orally-inhaled DHE at the 5-HT2B

25




receptors. 10114] It is noted that all three methods of administration
achieve rapid plasma levels within 20 minutes, with concentrations
sufficient to bind the serotonin receptors and effect rapid treatment of
wiigrasne /¢kigure 2). Example 4: Pulmonary Administration afddfsze0s/001829
formulations using a TEMPOTm Inhaler 101151 DHE powder is
generated using supercritical fluid processes which offer significant
advantages in the production of DHE particles for inhalation delivery and
admilRAHes FeSRia | wedisized ingle ste 8
W02005/Q25g§6A %%%%%ﬁ%%%ggg%%g Wi r%%‘%g Es‘JtO;%ir%t foehqnd
dopag el g R I e prBtEEsod ienjem i Sme rarnaTk abiy smb ot NG for
intra200800AE6ARLBALISE008/0Q1820 sk Hage sith QW s EAGe, BRAYIES 1or
subt aQQ thﬁ%f re %%nd to disperse effectively in propellant based systems. A
YEGhirSile %a‘ﬁ & & AR PRAG i BIB&Stals was chosen to ensure that a

igRifi tion of DUE waould b osited in,the lung.. [01161 A blen

L S B s G P
emes i fpfiitionR dasctopivren) fottheaiuplprod sptktdF Q.1 34esulting from the novel
amiikdab 2 IRLANURAOEIARE) in Fi -
e (1,1,1,2,3_,3,3;heptaﬂ%%%gp§§p%§eg)éﬁg§ f?%s?%é’ 8‘?05 St‘ﬁn c%int%nué%zé significantly
lowers g A RIHT BB d POt Mg 2preiidatnat Bisanitidh avabanatihBibwe 4, with
the uitheastensiiy of RikighysialedniderdanromoiapMPI suspension physical

stability. The resultant suspension did not sediment or cream (which can
[011Zprevipiatéyithe vevsibié abglemer dlieli)asicinsteat existed@sgponded to less

Sy f lated system, which is easily dispersed when ,
o B s s S R B b s Wit
recepigrmty AR ersnhdopreduit gt thednmulatiohis/prapestiesstiadons
equiviiRnwlationsenipings peethenohandng s %ﬂﬂﬁ‘@%%?Qﬁl%iﬁ%%gr?gﬁmhod, the

.. 101171 The DUE formulation was administered to patients usin
bindingragfity by st e Brekikation arhodiak risstsenintiarep PEMPROIfiRLY SHT
. was suffieienniesdbenvaciobility-associatedrwitbatandaig pressurized metered

dose inhalers (pMDI), and achieve consistent delivery of drug to the lung
[0113perighoiytsviiSrél § eantbepsysteminalirabsornad b a @650, TEMROIM of

i oralACQHRQY: I atures: 1) breath synchronous trigger - can be | .
syl T TG AR igagetpl i the
onset ghaKTaIpart GRS iﬁébﬂ%i@ﬁ%ﬁ%y%l@@@mﬁé»&ﬁ?mghd éri*i_ﬁfmimgkmcjst fidlowing
high cBIRMAQVIEhEEhABI @S Y| UTeNHNIN thesapiBAor ) MRS XING CRATRENCH and ar 2

ma.rkegfnS' ting, of porous wall, which provides an air cushion to keep the

SRR SRR RTRRaTs (R pembah Wikarsns inbtS o AaeR Badkmantaisepeross all

concemfratéptizeistivaeid piedspd phoyie it i iB AR BraIRARNAIBIND tiCat the 5-HT)g

eSrosoI in suspension and allowing the particle size to reduce as the HFA

reee tg . . .
P prropellant evaporates, and 4) dose counter - will determine the doses

0114] CRANDY ARIRICUEDL MO, InisRded maximum dose to b hi
[ _ ];dmjnistered from any one cgél?g%éggﬁigg%l%qég “and 3 fi \}%o@gfélﬁasﬁg%ﬁ within 20
minutey, yithoneamyaion aiEisimdsibiadhig Rptovis engptivpesitioficof thpid treatment
of migkmidtediRase YED), by boosting the Fine Particle Fraction (FPF). [01181
All publications and patent applications cited in this specification are
B rein i ference in their entirety as if each indjvidual -,
ma e O el VWL gnbater

[0115]PEDREDEpAAIEH Byneeliarence:.s W 209801 GPARCRIISZANE 9%?%%ﬁﬁc?m

0119f Although the foregaing invention has been described in some detal

advantages, By Bt BOSHRIh A Gt tP piRbrbgdernsiedier iy Beuradrsearsamighle
particlit wiltizedesadilysiap panesii g0x thep o of-ontimans akil J0dRe ar diehiobthecessed

chi this Invention that certain changes and modifications may be
DHE T T T Fotle o e Sppetmoot
claims.
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CLAIMS I.A compound which is dihydroergotamine or a complex, chelate,
salt, hydrate, polymorph, or ion pair thereof for use in a method of
treatment of migraine in a human individual; wherein the treatment

Vidgpmipgisgsedelivery by pulmonary inhalation of a total los® Bhos/oo1s2¢
dihydroergotamine, or a complex, chelate, salt, hydrate, polymorph or ion
pair thereof of from 0.1 to 10 mg per migraine; and the dose being in a
solid, liquid or 10aerosol formulation adapted for administration (i)to

surfacd@WMeK 158 S0erib¥aEASIg QIR MBR oA 5MPIEp Ghelaie Sally Qﬁ/gf@ﬁ%ﬂaﬂt based

polymorph or ion pair thereof at such a rate that a mean peak plasma

systerie e SHRERARA U516 SRRl B GBEARATHE NS 18ES thatea B o6 By i arkipaificant

fractiohedHPetakdne {Eragdhdiydigergotamine is less than 30 minutes;
or 15(ii)to deliver the dihydroergotamine, or a complex, chelate, salt,

[0i16hydratendofymio dphmmﬁdm@aﬁaiﬁme‘dbdﬂmmmJMM& sedanepealsart of
formumgm&sag e el A %%xd@iefg% ORISR 8505 Y HF A

22 7%&%%5@@@M%@t@g@mmgﬁhmfm@sd Poduve mmpwdr@mmam blend of
70:30 I HSB ACCoNdiNg 4, Clai wia nainHhe R A A YR IO B aMIDG.r (o

is within 15 minutes foIIowmg administration. 3. The compourid of claim |

promoly BAUPhEPSBEIGRIRTY Y6 C el o 3 hespretrrRp RISl rdiment or cream
(whmzpe@km&mat@m@&mmmggﬁmai@t@WM&%é@M@k@&%ﬂ@fﬁa}ia&i@mgzy

ﬂoccuEateQ sys@cm which is easily dispersed when shaken. Loosely fluctuated systems are well
regarded to provide optimal stability for pMDI canisters. As a resuit of the formulation’s

properties, the formulation contained no ethanol and no surfactants/stabilizing agents.

[6117] The DHE formulation was administered to patients using TEMPO™, a novel breath
activated metered dose inhaler, TEMPO™ overcomes the vartability associated with standard
pressurized metered dose inhalers (pMDI), and achieve consistent delivery of drug to the lung
periphery where it can be systemically absorbed. To do so, TEMPO™ incerporates four novel
features: 1} breath synchronous trigger — can be adjusted for different drugs and target
populations to deliver the drug at a specific part of the inspiratory cycle, 2) plume control - an
impinging jet to slow down the aerosol plume within the actuator, 3) vortexing chamber —
consisting of porous wall, which provides an air cushion to keep the slowed aerosol plume
suspended and air inlets on the back wall which drive the slowed aerosol plume into a vortex
pattern, maintaining the aerosol in suspension and allowing the particle size to reduce as the
HFA propeliant evaporates, and 4) dose counter - will determine the doses remaining and
prevent more than the intended maximum dose to be administered from any one canister.
Features 2 and 3 have been shown to dramaticaily slow the deposition and improve lung

deposition of the Emitted Dose (ED), by boosting the Fine Particle Fraction (FPF).

[0118] All publications and patent applications cited in this specification are herein
incorporated by reference in their entirety as if each individual publication or patent application

ts specifically and individually indicated to be incorporated by reference.
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pg/ml. 4. The compound of claim 1 or 3 for use according to claim | or 3

respectively, wherein the mean Tm" of 8-hydroxy dihydroergotamine is

less than 30 minutes after administration. 10 5. The compound of claim |
WidEgg#weeording to claim 1, wherein the total dose ranges ROWE2B061¢) 1829

5.0 mg. 6. The compound of claim 1 for use according to claim 1, wherein

the total dose ranges 15from 1.0 mg to 2.0 mg. 7. The compound

according to claim 1 for use according to claim 1, wherein the method

(0119 FOMPHISES RAHNISIEARA e cemPRURE A A FALR SUCh IRatidmeRNAkeas

under a curve of a concentration of dih droer otamine in systemic
lustrasion, BsH-aRte on ERATSEY oRAHLY SO diRAh Eahird! %&ﬁ?@ﬁé& fpparent to
those wiitidlépYeiafiacompanalighniaienousidy) cdelveretaeseiianteriain changes

rein the uni dose of dihydroergotarnine. oraco lex, chelate, s
and o RO BT 1 B ISb AL a2 0 o8B phe o1 e

appenéedipound of claim 1 for use according to claim 1. which comprises
dihydroergotamine mesylate. 9. The compound of claim | for use according
to claim 1, wherein the individual is suffering from a migraine with aura.
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10. The compound of claim 1 for use according to claim 1, wherein the
method comprises administration of the compound by pulmonary
inhalation by a device comprising a dry powder inhaler, nebulizer,
vaporizer, pressurized metered dose inhaler, or breath activated
ressurized metered dose inhaler. 11. The compound of claim 10 for use
@c%’?ﬁing to claim 10, wherein the method comprises administration of the
compound by a device comprising a breath activated pressurized metered

dose j he compound of claim 10 for use according to claim
}'10, Wﬁ[]erlr%!iﬁ{%&éq d;Ln%é’t ]8‘% é"onr%% :éélggrﬁo A& r8tich GYRRECoripBitnddly divdrate,

PAERE e S StisR dhargopdwdecinhalenchi3drhe compound of elaim HlafOkman
intiseiageording to claim 11, wherein the breath activated pressurized
metegv%%r%%s?e]é%hager comprises a plume control feature. 15 14. The
compound of claim 11 FF TEE ST ST 1o dmam, (vhséin tie breath
activittsd freesslidtedmretetadidose nbateil SO RIS Ssal MF@XRYpolymorph or
oS hamBereot 5 Adlevisecomprising; 20an nhaler; and |, . one or more
dos%s of a solid, liquid or aerpés.sé)llgfqrrgﬁgﬁbﬁné%{rl}]ep?%slené}emg i & solid, iquid or
R cTinY ?ngzaéﬁh?ﬁ?é’}%rfﬁrﬂfﬁb]@%%ﬁélate, salt, hydrate, polymorph, or ion
pair thkereofisuitabvie foe atministaiemiadnbUian BMdUakclae, s, hydrate,

' inhalar.i figured to administer each unit dose by
e DS S oS e i 3 U DA IR (Co) f

dilpSHREEIEmE (Emisty ohdihyHrPgorimingis lessithantime to (Tuan) Of

dibydroergotamine is less than 30 minutes: or

C

{1} to deliver the dihydroergotamine, or a complex, chelate, salt, hydrate,
polymorph or ion pair thereof at a rate such that a mean peak plasma concentration (Cppyy) of
8-hydroxy dihydroergotamine is less than 1,000pg/ml, and a mean time to C,,,, (Tipax) of 8-

hydroxy dihydroergotamine is less than 90 minutes.
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15.000 pg/ml, and mean time to C. (rma") of dihydroergotamine is less
than [[20]] 30 minutes: or (i) mean peak plasma concentration (C.) of
8-hydroxy dihydroergotamine is 30less than 1,000 pg/ml and mean time
toof 8-hydroxy dihydroergotamine is less than 90 minutes. 16. The
2. deviddotetimibofvtiermin the deviceoigiag defiréd in olaimil 3heribe T, of

diripraler daAndefinretin anyAR8 Aficaims.dhigdd, .47 The device of

claim 15, wherein the inhaler is configured to administer the

dihydroergotamine, or a complex, chelate, salt, hydrate, polymorph or ion
3. pair tfereshatadatebinlose aswdefinesitapyOripf CRHMERiailely, Merein
tmedpaLha.compound which.is dihydroergotamine, or a complex, chelate

“salt, h%dra e. polymorph, ojcr”:l}or? BAir ﬁ\%@‘gﬁWtﬁg‘ ﬁléor? ! 3%?3%66? Igss than 500
Pekdicament for use in the treatment of 10migraine in a human individual;

wherein the treatment comprises delivery by pulmonary inhalation of a
total-dose of dihydroergotamine, or a complex, chelate, salt, hydrate
4_ ] e h H ] b 1; .
poly iR i TR S R oD R0 B A i
thedpma beingf i delid ditudiboraeroselifdemulation adaptedtiaradministration.
administration 15to deliver the dihydroergotamine, or a complex, chelate,
salt, hydrate, golymorph or jon pair thereof at such a rate that a mean

> peak PESHACEBACEAFARdN Y B aRGErSeTGoTaminters s thihdpscoptees
fropdimiand admean time to Cmax (Tmax) of dihydroergotamine is less than
30 minutes; or

6. The compound of claim 1 for use according to claim 1, wherein the total dose ranges

from 1.0 mg to 2.0 mg.

7. The compound according to claim 1 for use according to claim 1, wherein the
method comprises administering the compound at a rate such that a mean area under a curve
of a concentration of dihydroergotamine in systemic circulation versus time (AUC) of the
dihydroergotamine deiivered is within 75% of a comparable intravenous (IV) delivered dose;
and

wherein the unit dose of dihvdroergotamine, or a complex, cheiate, salt, hydrate,

polymorph or ion pair thereof is less than 2.0 mg.

8. The compound of claim 1 for use according to claim 1, which comprises

dihydroergotamine mesylate.

9, The compound of claim 1 for use according to claim 1, wherein the individual is

suffering from a migraine with aura.
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(ito deliver the dihydroergotamine, or a complex, chelate, salt, hydrate,
polymorph or ion pair thereof at a rate such that a mean peak plasma
concentration (Cm",,) of 8-hydroxy dihydroergotamine is less than 1,000

pg/ml, and a mean time to C,", (T,,,a,,) of 8- hydroxy dihydroergotamine is
10.|esstharrgomsiipgite$, claim 1 for use according to claim i, wherein the method

comprises administration of the compound by pulmonary inhalation by a device comprising a
dry powder inhaler, nebulizer, vaporizer, pressurized metered dose inhaler, or breath activated

pressurized metered dose inhaler.

1t The compound of claim 10 for use according to claim 10, wherein the method
comprises administration of the compound by a device comprising a breath activated

pressurized metered dose inhaler.

12. The compound of claim 10 for use according to claim 10, wherein the method

comprises administration of the compound by a device comprising a dry powder inhaler.

13. The compound of claim 11 for use according to claim 11, wherein the breath

activated pressurized metered dose inhaler comprises a plume control feature.

14, The compound of claim 11 for use according to claim 11, wherein the breath

activated pressurized metered dose inhaler comprises a vortexing chamber.

15. A device comprising:

an inthaler; and

one or more doses of a solid, liquid or aerosol formulation comprising
dihydroergotamine, or a complex. chelate, salt, hydrate, polymorph, or ion pair thereof
suitable for administration fo a human individual:

wherein the inhaler is configured to administer each unit dose by pulmonary
inhalation at a rate such that

(i) mean peak plasma concentration (Cp,) of dihydroergotamine is less than
15,000 pg/ml, and mean time to Cyex (Tuen) of dibydroergotamine is less than 11201 30
minutes; or

(ii) mean peak plasma concentration (Cpay) of 8-hvdroxy dihydroergotamine is
less than 1,000 pg/ml and mean time 10 Cpax (Tonm) of 8-hydroxy dihydroergotamine is less

than 90 minutes.

31



A

10

16. The device of claim 15, wherein the device is as defined in claim 13 or the inhaler is

as defined in any one of claims 11 to 14.

17. The device of claim 15, wherein the haler is configured to administer the
dihydroergotamine, or a complex, chelate, salt, hydrate, polymorph or ion pair thereof at a

rate or dose as defined in any one of claims 2 to 7.

18. Use of a compound which is dihvdroergotamine or a complex, chelate, salt, hvdrate,
polymorph, or ion pair thereof in the manufacture of a medicament for use in the treatment of
migraine in a human individual;

wherein the treatment comprises delivery by pulmonary inhalation of a
total dose of dihydroergotamine, or a compiex, chelate, salt, hydrate, polymorph or ion pair
thereof of from 0.1 to 10 mg per migraine; and the dose being in a solid, liquid or aerosol
formulation adapted for administration

(1) to deliver the dihydroergotamine, or a complex, chelate, salt, hydrate,
polymorph or ion pair thereof at such a rate that a mean peak plasma concentration {Cyay) of
dihydroergotamine is less than 15,000 pg/ml and a mean time to Cuux (Tmax) Of
dihydroergotamine is less than 30 minutes; or

(ii) to deliver the dihydroergotamine, or a complex. chelate, salt, hvdrate,
polymorph or ijon pair thereof at a rate such that a mean peak plasma concentration (Cpyy) of
8-hydroxy dihydroergotamine is iess than 1,000 pg/ml, and a mean time to Cppe (Thay) of 8-

hydroxy dihydroergotamine is less than 90 minutes.



