wo 20187118369 A1 | 0E 0000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = 0T 00RO A
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 1 183 69 Al

28 June 2018 (28.06.2018) WIPO | PCT

(51) International Patent Classification:
AG61P 25/06 (2006.01) A61K 31/21 (2006.01)
A61K 31/12 (2006.01)

(21) International Application Number:
PCT/US2017/063832

(22) International Filing Date:
30 November 2017 (30.11.2017)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
15/389,828 23 December 2016 (23.12.2016) US

(71) Applicant: NEUROENERGY VENTURES,INC.
[US/US]; C/o Gellis Law Group, 641 Lexington Avenue,
14th Floor, New York, NY 10022 (US).

(72) Inventor: HASHIM, Sami; 425 Southlawn Avenue,
Dobbs Ferry, NY 10522 (US).

(74) Agent: FISHMAN, Irving, M.; 89 Headquarters Plaza,
Suite 1422, North Tower, Morristown, NJ 07960 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))
—  with amended claims and statement (Art. 19(1))

(54) Title: GLYCERYL 3-HYDROXYBUTYRATES FOR MIGRAINE SYMPTOM MANAGEMENT

(57) Abstract: A method of management of migraine symptom reduction and/or management and/or prophylaxis is disclosed using
3-hydroxybutyate glycerides is disclosed.



WO 2018/118369 PCT/US2017/063832

GLYCERYL ZHYDROXYBUTYRATES

FOR MIGRAINE SYMPTOM MANAGEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[8001] Not Apphicable.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[6802] Not Applhiecable
FIELD OF THE INVENTION
[8083]  The precent invention s directed to the field of migrane headaches and the
nmanggement of the symptomology thereof. The invention further relates to the field of

ketone bodies and further to ketone bodies in the form of 3-hydroxybutyrate glycerides.

BACKGROUND OF THE INVENTION
[0604] Migraine headache is among the most prevalent of headache related disorders. It
affects up to 5% of the population gnd is more common In women than in men. Despite
advances i the pathophysiology of migrame, conunonly svailable preventive measurgs are
only partialty effective and come with some serious adverse side effects. Note especially in
thix regard the ergot alksaloids and their analogs, Tnrecent years, there has been increasing
interest in the role of diet in the prevention and treatment of migratne headache, Ramero gt
o, Insudii senyitivily i impaired in patients with migraine, Cephalagia 25:393-397, 2005,
reported on twins with g high trequency of migraine headaches who improved dwing a

ketogenic dist. The authors ascribe the pathogenesis of migraine headache to dinunished

-1-
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insulin sensitivity In the brain with consequent diminished utilization of glucose as a source
of energy, Ramero states: “Dur data show that insulin sensifivity is impaired in migraine and
suggest a role for msulin resistance in the comorbidity between migraine and vascular

£

disease,

00851 The ketogenic dist involves severe restriction of carbobydrates and includes a high
proportion of fats. The first ketogenic diet was published in 1921 by Wilder (The gffectc of
ketonemia on the coprse of epilepsy, Mavo Bull 2:.307-308, 1921) relating {0 the teatment of
children with epilepsy that is resistant to the then available pharmacologic therapies. I termas
of energy distribution, the original ketogenic digt was 90% fat, 8% protein, and 2%

carbohydrate.

[8806] The ketogenic diet nuinues the metabolic state of total stervation. Both result in
hyperketonemia of approsimately the same degree, with blood ketove body levels of 2-7 mM
{Catill, Presidont s address: Sarvation Trans Am Clin Chmatol Assoc, 94:1-21, 19833 His
imporiant 1o emphasize that this degree of hypetketonama is fully ballered in the cirenlation,
does not induce acidows, and has been termed as “physiologic™ or “thevapeutic™ ketosis

{Hashim, et al; Ketone body therapy: from the ketogenic dict w the oral administration of

ketone ester; ¥ Lipid Res 44:1818-1826, 2014),

[6007]  Move recently, the ketogenic diet was used in the treatment 23 chronig, repetitive
migraine patients {Dilorenzo, et al;, Cortical funciion corvelaies of responsiveness to short-
lasting preventive infervention with ketogeniv died In migraine: g mulibnodal evoked
porential study, I Headache Pan 17: 58-67_2016). (Chronic, repetitive migraing patients,

afier presenting with a first nugraine episode generally lasting 4-72 hours also present with an

b2
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additional episode in less than 4 davs after the initiation of the prior episode, with many
having as many as 15 oy more gpisodes per month. “Episodic migraines” present as
apparently discrete migraines separated by more than 72 howrs:) Moreover, i order to
investigate whether the ketogenic diet had prophylactic effects i migraine, the authors
evaluated. for the st time. the influsnce of the dist for one month on the halituation of
visual and somatosensory cortical evoked potentials in a group of patients with episodic
migraine. After one month on the diet, there was a significant reduction in the mean attack
frequency and duration of migraines. The authors conchude that the ketogenic diet acis on
reguiating the balance between excitation and mbubition at the cortical level, through
wdaction of neural plasticity and enhancements in brain energy metsbolism. However, there

is no clear understanding of the mechanism of action presented.

[6868] The ketogenic diet is pot the most pleasant of divts. It rather difficult to follow,
and when followed, 1 can produce vises in LDL cholesterel, in wric aoid, and free fatty acuds.
Occastonally, the ketogenic diet may result in inereased mcidence of nephrolithiasis and
other sertous complications {Van Rallie, et al; Ketone metabolism’s ugly diwcliing; Nuir Rev.
61:327-341, 20033 Some of these adverse effects can be prevented by ensaring adequate
hydeation; and the hyperlipidemia can be avoided by boosting the proporiion of
polvunsaturated and monounsaturated fats in the diet (Fuelulem et al Differentiol metabalic
effects of satrated versus polyunsaturated fars in keiogenic diefs; § Chin Endocninol Metab
RO 1641-1645, 2004). Also, the inclusion of medium-chain trighycerides (ghycerol esters of
fatty acids having typically 8 andfor 10 carbons in the fatty acid groups) nto the ketogenic
dief may improve the tolerability of the ketogenic diet (Huttenlocher et al; Medium-Chain
wiglveerides as a therapy for intractable childhood epilepsy, Newrology, Vol 11, Nov 1971,

pp 1O97-1 103, Wa el al, Medivm-Chain Trigheerides in Infant Forsudax and their Relation
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e Plasimg Ketone Sody Concertrations, Pediatric Research, Vol 20, No. 4, pp 338-341,

19R6: Balietii et al, Ketogenio dieix: An fisiovical angiepileptic therapy with promising
e X X g A & P

porentialiies for the qging brain, Aging Research and Reviews 9 (20103 273-27%.

OBJECTS OF THE INVENTION
{6097 A object of the invention is fo provide a method of managing one or more of the
symptoms of nuigraine headache in a subject in need thereof without the need for current drug

therapies such as ergot alkalods.

[8018] Anocther objedt of the nvention is to provide a method of managing one or mors of
the symptoms of migraine headache in a subject in need thereof as a supplement o treatment

with other therapeutic treatments for mugraine.

[B011] A further object of the invention is to provide a method of managing one or more of
the symiptoms of migraine headache m a subject 1n need thereof without the need 1o resort 1o

a kelogenic died.

{012 Ap object of the ivention is o provide a method of treating one or more of the
symptoms of migraine headache in a subject in need thereof without the need for current drug

therapies such as ergot alkaloids.

[0013] Another object of the invention is to provide a method of treating one or more of the
symptoms of migraine headache in a subject in need thereof as g supplement to treatment

with other therapeutic treatments for nugraine.
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[6614] A further object of the invention is to provide a method of treating one or more of
the svmptoms of migraine headsche in a sulyect in need thereo! without the need 1o resort o

a ketogenic diet.

[0818] An object of the mvention is to provide & method of preventing ong or more of the
symytoms of nmugraine headache in a subject in need thareo! without the need for current drug

therapies sach as ergot alkaloids.

[8816] Another object of the invention 15 to provide a method of preventing one ormaore of
the symptoms of migraine headache in a subject in need thereof as a supplement to freatiment

with other therapeutic treatments for migraine.

[6817] A further object of the nvention 1§ to provide 8 method of preventing one or mose of
the symptoms of nugine headache in a subject i need thereof without the need to resort to

a Retogeme diet.

[0818] Anobject of the invention 13 & provide a wethod of preventing one or move of the
symploms of migraine headache in 2 subject having a history of episodic nugraine without

the need for current drug thergpies such as ergot alkaloids,

8619 Another object of the invention is 1o provide a method of managing one or more of
the sympioms of nigraine headache in a subject having a history of episodic migraine as a

supplement to treatment with other therapentic treatments for migraine,
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[6620] A further object of the invention is to provide a method of managing one or more of
the symptoms of migraine headache in a sulject having 3 history of episodic migraine

without the need to resort to 3 ketogenic dist,

[0621] An object of the invention is to provide & method of preventing ong or more of the
synyrtoms of migraine headache in g subject having a history of chronic repetitive migraine

without the nesd for current drog therapiss such as ergot alkaloids.

[8622] Another object of the invention is to provide 8 method of managing one or more of
the symptoms of migraine headache in a subject having a history of chronic repetitive

migraine as a supplement to treatment with other therapentic treatments for migraine.

[6823] A further object of the vention 18 to provide 8 method ol managing one or wore of
the symptoms of pugmine beadache 1o a subject baving a lustory of chronic repetitive

nugraine without the need to resort 1o 4 ketogewe diet,

{88241 Sull another ohject of the ivention 1 to achieve the foreoing obijects by
admnistration of 8 3-hydroxybutyrate-glveeride ester i an amoant of the 3-hydrogebutyroyl
(a3 &)
N g

[

HyC
countent corresponding to the oral administration of about 0.5 gikg o 2.0 g/ke of body weight

per day of ghyeervl tris{3-hydroxvbutyrate}

-
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[0825] Aneven further olyect of the mvention is o achieve the forepning ohiects by
adminisiration of a 3-hydroxybutvroyl-glveeride ester in an gmount so as to result in 3 total

ketone body blood level of aboui 2 to about 7.5 M.

{6826] Yet another object of the invention i3 to achieve the forgoing objecis by
adminisiration of the ghyveeryl<(3-hydroxybutyrate} ester(s} i a regimen of 2-3 x/day for at

b}

least 3 days for those with episodic migraine and 2-3 times/day for longer penods determined
on the basis of the patient’s history of duration of the chronic symptoms plas an additonal 4

days.

{6627] Even hurther objects of the iovention will become apparent o those ol ordingry skill

i the ant after having benefit of the instant apphcation.

BRIEF SUMMARY OF THE INVENTION
[6628] In briell the foregoing objects of the invention and others can be obtained by the
adnunisivation of a glveeryl-{3-hydroxybuivrate} ester to g subject who is having or has
recontly had g nigraine headache or (o one who is prone to migraine headaches, When the

ester i glyveeryl ris{3-hvdroxybutyrate), i is adnunisterad in an amount that is tepically in

the range of 0.5 g/kp to 2.0 pfke body weight per day in 2-3 divided doses, which for g 60-kp
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fenuale is abowt 10-40 giserving thrice daily {o about 15-60 gfserving twice datly and for a 70
kg male 15 about 12-47 p/serving thrice daily to about 17.3-70 g/serving twice daily, These
doses and serving sizes are designed to result in total ketone body blood lgvels {combimed 3-
hvdroxybatyrate and acetvacetste) bload levels of 2-7.5 oM in an average typical subject to
whom these compounds are administered. Those of ordinary skitl in the st will know how to
adpust these dosage amounts in subjects presenting with pon~typical distritugtion andfor
muetabolisms such that the foregoing doses do not result m the blood level being i the correct
range. When the esier is one of the other gsters disenssed more fally below, the dose is
calcutated to deliver a comparable amount of the 3-hydroxybutyroyl molety that is ultimately

delivered by the glveeryl tris{3-hydroxybutyrate} administered as stated above.

BRIEF DESCRIPTION OF THE DRAWING

[6629] Not Applicable

DETAILED BESCRIPTION OF THE INVENTION
BR8] The present nvention 18 divecied to the wse of compounds that have the 3-
hydroxyhutyroy] group

G o

Mt .z"" o ~ o

asterified 1o & glveero! group in the management, treatment, ov prevention of one or more of

the symptoms sssociated with mngraine beadache andfor management, reatment, of

prevention of the anderlying newrologica basis for the symploms. For the present invention
purpeses, regtment 8 intended 1o wean that adhoinistvation s during aa epsode of migraine
syInpiomns; prevention 1S intended (o mean administration of the ester 1o a subject knovwan @

3

have migrame headgches and 15 prome o the same, espevially prone o having wultiple

R
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episades (which may be as fow as 1 within abowt
intintion and as frequent ¥s pwwe than 18 gpisodes

“nrons 107 1 buendad 1o include, without Hmitation, thoss having ¢

oeechaving a Bidtory of miggames after
§ knorwnt o suspeted precipiisting event, whers the Tag time betwesn the knowa or sy i

prevpiianng event and the preventation of

nptoms being determingd from the mdividuals

i history or a generally recopnized association in the art, The esters can be those in which

3-hydroxyt

vrovl grovg

asterify b, 2, ov all 3 of the hvdroxy growps i a single ghveerol molecule, When lose than ol

three of the glveerol hydroxy groaps are estentfiad by the 3-hyvdroaybatyrovi group, the

repuaming ghveersd bydroxy groups can reman unestertfiad, be exterifiad by omega-3-1atty

soids, onmegr-6-falty acids, omega3 G-ty acids, medivm-chatn falty acids or miciures

~

thersof, (Medionrchan Bty acids are sty acids having carbons chatns of generally 8 andivy

10 carbras, xach as for sxampde, one saoh wedivm-chain Bty actd v o paified formas

=

capryiic acid ) Fach 3-bydrogybutvrov] group n each wolgcule s independentdy o sithar D

or L form and the balk compoand being admivistered com be sy of sve or all of e ssupe

(Lo oo of compounds having () dl of the groups o the D form, () albof the groups in

the 1 fovm, {0 some iy the D-form and some in the L-forwm, {d) as well as mixtwes of

compomnds selected from (Daand b, s and o and (3 a b, and o). Boththe Dand L

¥

forms of the 3hydroxvbulyrovl groups are sotive, however, the L form is witlieed wore

slowly and thus, 4 s preferable that the S-hvdroxybatyrovt groups ave substantially all in the

s

O form, In g particulaly preferred embodiment, about 0%, to 8%, more prefersbly abowt

26% of the 3-hovdroxybutyroyt groups are in the D forme. Nonetheless, utilization of other

amoums of T vs L forns are witlan the tnvention and oan be selectad from 0% Do 1008

G
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L and any mixtore of D and L forms i any proportions. i addition, mixtores of esters

having one, two, of 3 (3-hydroxybutvryl) groups with {83 no other estenficanon o (b further

eation with an omsge faity acid (erthey 3-oimera, S-omegr, or 3.6-0mega or nuxiures

pecy

7.:

therzod) oy {¢} forthe thed with g mid-chat Sty acid or tixturss of ditferent sid-chatn

€

fatty acids or {d) further extenified with both an omega fatty scid and & sud-cham fatty acid
are aleo contemplated o be within the scipe of compounds for wse i the present nveation.

A highly preferved enthodintent is one v which the compound uiilived for the present

3 g

wyvention ¥ glvesnvl a3 hvdroovtadyrate); an even move highly prefarred compound i

bed

3

ehveeryl s{DL Sdvdroaybatyrate), the DLt mg 0 the bulk compound and not

pecssaanly 8 mixtare i 2 specihic mndecude: and @ sull wore highly preferred embodiment s

eferring to the balk

compseasrd and not neceasanity 2 mikture W @ speciiic mnlecude. These compouands and a
mathod of mamfacture theveof are desertbed move fully In US 7807 718 which i

meorpotaied hetein copvenmng the desoription of the compounds snd thetr manudfhcture,

[B831]  In bnef| the foregoing object of the mvention and others'can be oblained by the
admivstration of a glhveeryb{3-hydroxybutyrate) ester 1o a sabject who 15 having or has
recently had a migraine headache or {0 one who 18 prone to nugrame headaches. When the
gster 1s glveeryl tris(3-hydroxybutyrate), it is generally orally administered tn an amount that

15 typically in the range of 0.5 g'kg to 2.0 p'ke body weight per day {more specifically 0.5

kg 0.55 pke, 0.6 gk, .65 gk, 0.7 gkg, 0.75 g/ky, 0.8 pikg, 0.85 gike, 0.9 gikg, .95

[

vhg, 1.3 g'keg L ake, 1.5 g'ke, Lo gke, 1.7 kg 1.8 kg, 1O

£
f

sk, or 2 gike, as well as amounts intermediary between any of these specificallv recuted
amountsy in 2-3 divided doses, which for a 60 kg fomale i about 10-40 giserving (more

specifically 10 giserving, 12.5 giverving, 15 gfserving, 17.5 giserving, 20 giserving, 22.5

g

~i)-
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giserving, 28 giserving, 30 giserving, 33 gfserving, 40 giserving as well a3 amounts
intermediary between any of these specifically recited amounts} thrive datly (approximately
every 8 hoursy to sbout 15-60 giserving {more specifically 15 giserving, 17.5 wserving, 20
‘serving, 22.5 gfserving, 28 giserving, 27.5 giserving, 30 gfserving, 35 gfserving, 40
gfserving, 48 giserving, 50 giserving, 535 g/serving, or 60 giserving as well as amounts
intermediary between any of these specifically recited amounis) twice datly (approximately
every 12 hours) and for a 70 kg male is abowt 12-47 giserving {more specifically 12
giserving, 15 afserving, 17.3 gfserving, 20 g/serving, 22.5 glserving, 23 gfserving, 30
afserving, 35 gfserving, 40 giserving, 45 gfserving, 47 giserving, as well as amounts
mitermediary between any of these specifically recited amounis} thrice {approximaiely every
R howrs) daily to about 17.5-70 giserving {more specifically 17.3 giserving, 20 giserving, 22.5

giserving, 25 giserving, 27.5 péserving, 30 giserving, 35 giserving, 40 giserving, 45 glserving,
50 giserving, 55 g/serving, 60 g/serving, 65 giserving, 70 gfserving, as well as amounts
intermediary betweer any of these specilically recited mnoonis) twice (approximately every
12 hours) datly. These doses and serving sives are intended 1o result in total ketone body
blood levels (combined 3+-hydroxybutyrate and acetoacetate) blood levels of 2-7.5 mM {more
specifically 2 M, 225 mM, 2.5mM, 2,75 mM, 3 mM, 325 mM, 38 mM, 4 mM, 225 mM,
45 mM, 4.6 mM, 4.7 mM, 483 M, 4.9 mM, 5.0 mM, 5.1 mM, 523 mM, 33 mM, S4mM,
3.5 mbM, 6 mM, 57 M, S8 mM, 5.9mM, 6.0 mM, 6.1 mM, 6.2 mM, 6.3 mM, 6.4 mM,
6.5 MM, 6.6 mM, 6.7 mM. 6.8 mM, 5.9 mM. 7.0 mM, 7.1 mM. 7.2 miM, 7.3 mM, 7.4 mM,
7.5 mM gs well gs intermediary levels between gny of these specifically recited levels and
any of these may serve as g lower end of a range or upper end of a range provided the upper
end of the range 1s larger than the lower end of that range) in an average typical subject to

whom these compounds are admunistered. {Acetoscetate is an oxidized form of 3~

hvdroxvbutyrate in which the 3-hvdroxy group is replaced by a 3-oxo group
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I
FaC” }\/ ™

orally, the esters are primarily hydrolyzed in the mtestinal tract due to pancreatic lipase,

{acetoacetate). When the esters used in the present nvention are mgested

releastng the 3-hydroxybutyrate motety which 15 absorbed, and the body ulilizes the 3-
hydroxvbutyrate by converting i o acetoacetate which, i turn, i3 actually used by the cells}
Those of ordinary skill m the art will know how to adjust these dosage amounts m subjects
presenting with non-typical distribution and/or metabolisms such that the foregoing doses do
not result in the blood level being in the correct range. When the ester 1s one of the other
esters discussed more fully below, the dose is calculated to deliver a comparable amount of

the 3-hydroxybutyroyl motety that is ultimately delivered by the glveervl tns(3-

hydroxyvbutyrate}.

{36321 1n the present specification, in gny case where a range of values for g particular
parameter is given and a more specific recitation of values within such range is given each
specific valug can be the basis for a new range limit as long as the lower limit is in fact less
than the upper limit. By way of example, in the forepoing paragraph, the dosage range &8

xa

given as “0.5 g/ky to 2.0 p'ke” with a more specific recitation of “0.5 g'ke, 0.535 gk, 06

ok, .65 gikp, 0.7 ke, 075 ke, 0.8 g'he, 085 ke, 0.9 gfkp, 095 gk, T ok, 11 gika.
1.2 gikp, 13 gke, L p'ke, 15 okp Lo ke, 1.7 whe, 1.8 pkg, 1.9 pfke, or 2 g'kg”, Based
thereon, any of the more specific recited amounts may be the lower Hmit of 3 new range and
any farger specific recited amonnt may be the upper Hmit of that new range and each such
construeted range shall be dsemied as specifically recited in this specification. As such the
ranges of .50 0.6, 05510 1.9, 0750 1.7, 1.8 {o 1.9, efc. are all deemed recited herein. The

same is applicable to the other parameters relating to dosages based on body weight, serving

sizes, efc. as well
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{331 The covstellation of symptoms typleally assoiatesd with nugraine headaches
priades innsient visual andfor gastroontestioal distirbancss. The headuche 15 ofte preceded
byt visoal aara of Hashing moving dois or seintiiating Hues patly obscuring vigion, disore

&

fon, andior photophobia Crrodromal disturhaness™).

w1, Surring of v

These prodromal disturbancss last betwesa 530 niinetss and are Bdlowed by the headache

fosuntly wnlaterall which miay fast for 4 10 72 bours. The present mvention is divected 1o

fiac]
F'>
5
procgd
%
A
=
foed
3
o]
&
e

reliel of the headachs entively; reduchion of the presentation of the headache in

of appearmnce andioy 1y naemsity of presentation; and prevention of Hs presentation 11 ong

'r((-

whom 3 1s known {0 appear or one in whom nngraine beadaches have previoeshy appeared
after 8 known or suspected precipiiating event. Generally, the patient’s owrs history and the

patient’s owy association of an event or stipnalas with the onsel of & migraine headache 13

selied upon for wdewtification of a “suspect precipitating event” as these ave vot well
characterivod for the general popalation of nugramenrs. The gppesrascs of ope of o of

the prodromal symptoms (nentioned Suther elsewhere i log speciflication} are peverally

constderad cues for mihatng hydroxybuiyrale ester thempy, bt these are Tassociated”

symprtoms, rather thay “precipiatiog evems, The “treavnent”, “prevention”, "reducton of

fregueney”, andfor “reduction of Intensity” i of at feast owe of the beadache Sself, andior the

pastrotniestinal disturbances, andfor the visual effects, audior the photophobla synptoms that
s

may seoompany the headache, and generally 13 more specifically applicable o at least the

headache and preferably the headache gnd one o more of these assoctgted sywpioms, Whitle

3

the treatrood, reduction of freguency, or reduction of hxensity of the prodroms! symiptonis
usunlly preceding the headache may simuliansously be achieved, they are not required as part
of the present vvention. However, i the absence of 8 recognition of any other reasan 1o
mutiate a rund of adounistration of the ghvesrvi-(3-hvdroxyvbutyvrals) esters, the presentation
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of tmie or niove of the wodromal symptoms can be used 35 2 coe o tiate such

sdministratinng or 1 alrsady having afiated sdministraticet 10 perliaps inersase the amount

{8834]  The ester conppoundy fow use in the present mversiions e administered m amangs
that deliver the ssme amount of 3-hvdroxybubvroyi molety as that when 0.5 mgke o 2.8

vl ris(3-hydroxybanvraie) s administered orally. Again, the

~

foeal point 18 to achieve the appropriate ketone body (3-hydroxybutyvroyi feval pha

seetsacedate leveld in the blood of between 2 mM and 7 midM, preferably 4.5 mM 0 7w,

more preferably 3 mb o 7 wdd. In cones whore the aotual volume or weight of this amoayt
ix too combersome oy undesivad to give as a single dose, the dose can be divided nto muliiple
drvigded doses of desivable size given weltipks times par day or i nudiipke dosage wnty given
g single dose (Lo, within g fow wontents of oue another as destved). Preforably the dose i
divided 1ot 2-3 divided doses, spaoed spart approamately equally over the cowrse of a 24-
how period, so that twice daily dosing §s approvimately every 12 bowrs and thrce daily
dosing s spproximately overy 8 hours, By way ot example, W 30 gas desred to be

administered, B can be done as o single dose of 30 ¢ iy 4 single dosage foom or distributed in

a food or drink or 8 can be gdminastered in 1 snch amonnts twice daily, or woean be

w10 o dosage units given within a few
monents of one another (preforably within a few seconds of one another when s substanusily
single dosing v desired). Where waltiple dosiugs per day are destred or saltiple dosage
unis per day at 8 single dosmg ave desired, other fractiona dosings and multiple dosage miis

A3
W &2

will be known o those ol ordinary skill in the st and mclude witheut hnutation
.

adnunistration ol 173 the sbove amwounts administered 3 pimes a day or i three umits

sdministered af substantially the same time; 174 the gbove amounts adminisiered 4 fimss a
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2

day or m foy umly adimbmstered at substantially the same time ov 2 units twize m a day. The
intered and oljentive is o iduce a therapeutic hyperketonenny characterized by blond levels
) &

- ‘ H «:"‘ML-’ "Jl\‘w
of the 3-hvdroxvhapyrovi group of 2 maM-7.5 mM, (such as 4.5 mM. 3
mbM, S5 mM, 6.0 mM, 6.5 mM, 7.0 mM or 7.5 mM, and all mM levels between any
particalar of these explicitly reciied amounts is deemed to be explicily disclosed as well)
comparable 1o those achieved by ketogenic diet or starvation. Those of ordinary skill in the

ard will apprecigte other vanations o the theme.

{063%]  Generally, upon ol adiobnistvation, the necessary blood ketone hody levels can be

gohisved wathin 24 bours, move ususily wittun 12 hours, sven wors pepcally withan 6 hours,
evia move typieally within 2 bours, vet miwe fhely within 1 hour. On orad sdmimstrstion,
the 1@ body hlood levels rise guickly and peak in abowt 30 mimutes or 45 ounutss in

hour, OUnce adoministration hes begun dug wr the presentation of (1} a nugraine headache or

(I} a preseniation of § subset of migraine headache symptoms, (€} a preseniation of tie o
msrs nuigraine hesdache wodromad symplonss, or (dh regoguition of the cocurrencs ni g

migrsing headache precipiiating svent or recognition of the cccwrenes of 2 tnigraine

headacke suspedd precipliating event has ocourred, adnunistrationt should comtime ont a daily

hasis for 2, 3, or 4 days m the case of 5 subjsct pos knows or beligves to be an spisodin
migraine subject or i the case of  sebject known (o have chirone repetitive mugrames, for ap

to 3 month, and longer after the last vepetttive migraine 1o a particelar claster. o the case of

the chronie repetilive migrame subizct, the pattient’s history as 1o how long the boads of
repetitive migrame last (Lo, without Innitation, 2 weeks, 3 weeks, 4 week, ete} can be nsed as
& gaide to how long dosing shedd continue, which should by at feast 4 davs bevond the last

:

expected nugrine in g sevten. For example, withoot being Himited thersto, s subject having a

X
o
L

[
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history of chronic repetitive nrigraines that begin oz day 1, last a couple of davs and repeat in

ronigeledy 4 dayves” time, and continue o repeal for 2 weeks so that the Iast expected roigrams

starts on day 18, adnundstration should continue af Isast through 19, and probably fora day o

pwis fonger, In the sttuation whiere one his & histovy of migrames presemting alter a spseiiic

o, admbmstranon should Be from as soon as possihl s the known

svent Hoked o the onset of syn

n)

aptorns unid 8t feast 4 or move davs affer the wsual appearmes

-

f the nugrame symploms msoctated with the event. In the sitaation where g subiect has g
fstory of approximately regudar followy ap migraing ocowrrences afler an sarlier one sy
somewhat regular infervals, sdoinisivation should be begum from a point in time before the

repent migraing headache 3 anticipated (o ocour through at lemst 4 dayys afler the expectation

of such anticipated follow-up migratne. In the present Invention, prophyviactic {preventative}

X

wae of the ghveeryl ((-hvdronvbuatyrais) esters fo provent nugraine symptoany is generally
divected o these Jast beo stiuations. In the stiuanion where the subject presents with the
prodromal sympiomology of a migrmne, adnunisivation shoold begin as soon as possible and
last as indicated above for the episodic subject ov the chronie, repetittee subieot as ndiosted

ahove, bt due to the short durtion between prodronsal symptomology presentation and

headache onset, once prodromal svmptoms have began the admisiention is considerad

treatment and ot proven ton.

o I

Rl £

and acetoacetate} of 2 miM o Tmdd.

~ {5~
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EXAMPLES

{371 The following examples exemphify, but do not Hmit, the present lnvention,

{0381  Example |

[0639] A 6l kg female presents with episodic migraines occurring ong such headache
occwrring snd then not apsin for § namber of months, At sach event, shortly before the
headache begins, the subyject has visual disturbances classic of migraine. The subject is
requested to self-administer 15 grams of glveeryl tris{3-hydroxybutyrate} upon noticing the
next time visual disbwbance of this type appear and continue to do so 3 times a day for 4
days. The subject notices sach symptoms, and ingesty 15 g of glveeryl tris{3-
hydroxybutyrate) within minotes of noticing the symptoms. The headache that follows is of

lesser duration and lesser intensity than past episodes.

{0840]  Example 2

88411 A 70 kg nwle presents with chronic repetiive migraine where past bistory shows
once g repelitive episode begins, the subject bas a fisst migraine that lasts on average of 34
hours and another one arises in 223 dayvs with thes pattern continuing for about 30 davs after
which the nugratnes sobside for 1 to 2 months and the eycle repeats agasn. There is no
known or suspect event triggenng these gvents. The subject is instructed to selfadminister
20 g of glyceryl tris(3-hydroxybutyrate) upon the onset of the migraine and to continue to
self-adminisier at this dosage 3 times a day for 35 days. The usual initial migraine is less
severe and of shorter duration than past lustory ocourrences. The repetitive niigraines are

further reduced in freguency and intensity than past listory would suggest,
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[8643] The subject of Example 2 discontinues the administration after 35 dayvs, is migraine
free for two months and 3 Buther episode occurs and Example 2 15 followed agein, counting
the start of this second migraine as day 1, except thai after ceasing the adnunistration on day
35, the subject bepins administration agatron day 90 {abouwt 5-6 days before an expected
onses of a further niigraine based on this subject’s history) and continues adminstration for
an additional 440 davs {that is for days 90 fo 1303, While expecting a migraiee 1o DoCur on or
about days 94-95, no such myigraine appears then or troughout the period of administration

ending on day 130,

{80441 Example 4

[8045] A 60 kg female presents with chronie repetitive migraine with a siomlar repetitive
pattern to the male subject of Examples 2 and 3. She is instructed to self-adminisier 18 g of
glveery! tris(3-hydroxybutyrate) upon the onset of the migraine, rather than the 20 g asn
Examples 2 and 3, but otherwise to follow the reginien in Examples 2 and 3. Sunilar relieflto

B

that shown in Examples 2-3 results.
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CLAIMS

b

A method of use of a glyeeryt (3-hydroxybutyrate) ester i the management of migraing

svoptomology comprising:

adnunistering an amount of a glveervl (3-hydroxvbutyrate)

{a} to a subject presenting with at least one mugraine symptom, wherein said amount 18
sufficient to eliminate, control, mit, or reduce samd at lzast one symptom or

{b} to a subject so as to prevent the onset of at least one of said symptoms from a

previously established pattern of mugraine symptom onset.

The method of clamn 1 wherem said glyceryl {(3-hydroxybutyrate) is selected from the
group conststing of a glyceryl tns (3-hydroxybutyrate), a glyceryl bis (3-
hydroxybutyrate), a glveeryl monof{3-hyvdroxyvbutyrate}, & glveervl bis(3-
hydroxybutyrate}mono{3-omega fatty acyl ester), a glveeryl bis{3-hvdroxybutyrate)-
mono{ G-omega fatty acyl ester}, a glyceryl mono{3-hydroxybutyrate}-di{S-omega fatty
acyl ester), a glycervl mono3-hydroxybutyrate b-mono{3-omega fatty acyl ester)-mono(6-
omega fatty acyl ester), a glycerv bis(3-hvdroxybutyrate}-mono3,6-omegs fatty acyl
ester}, a glyceryl mono{3-hydroxybutyrate)-di{ 3-omega fatty acyl ester), a glyceryl
mono3-hydroxybutyrate}-di{ 3, 6-omega fatty acyl ester), a glveeryl mono{3~
hydroxybutyrate-mono{3-omega fatty acyl ester}-monel3 S~omega fatty acyl ester), &
ghveeryl mono{(3-hydroxybutyrate)-mono{ 6-omega fatty acyl ester)-wone(3.6-omega
fatty acyl ester) any of the foregoing having one or more of the omeaga fatty acyl or
unestertfied hydroxyl groups replaced by a nuid-chaim fatty acvl ester group, and mixtures

thereof, wherein multiple omega fatty acyl groups m a single molecule may be the same

~19.
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s

or different, and whersin multiple mid chan fatty acyl groups in a single meolecule may
be the same or different; and sach 3-hydroxvbutyrate group 18 independently selected

from D and L forms thereaof,

The method of clamm 1 wheretn said ghyceryl {3-hvdroxybutvrate) is glyceryl inis (3~
hydroxybutyrate) wherein each 3-hydroxvbutyrate group s independently inthe Dar L

form and mixtures thercof

The rmethod of claim 3 wherein ghyveeryl wis (3-hydroxybutyrate) is selected from the
group consisting of glveery! tris (D-3-hydroxybutyrate), glveeryi tris (1-3-
hydroxvbutyrate), glyceryl tris {DL-3-hydroxybutyrate), and muxtures thereof, wherein
the designation “DL™ refers to the overall bulk of hydroxybutvrate groups and not any

spectfic molecule,

The method of claim 4 wherein the glveeryl inis (3-hvdroxybutyrate} is glyceryl tris {DL-

3-hydroxybutyrate).

The method of clatm 5 wherein the glveeryl tris (DL-3-hydroxybuotyrate) has an

approximate ratio of D~3-hydroxybutyrate groups to L-3-hydroxybutyrate groups of 96:4.

The method of clatm 1 wherein said amouont is an oral amount of about 0.5 g/kg of body
weight/day to about 2.0 g/kg of body weight/day based on glyceryl tris (3-
hydroxybutvrate) and the corresponding amourts that provide the same amount of the 3-

hvdroxybutyrovl group for the other esters assuming complete hydrolysis of the esters,

taken as a single dose or divided doses.

30~
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8.

9.

10

1L

12,

The method of claim 7 wherein said adminisiration is continued {a) for 2-4 days fora
subject presenting with episodic migraine or (b} for a subject presenting with a chronic
repetitive migraine history for at feast 2 to 4 davs bevond the historic chronic repetitive
cyvele as determined from satd subjects medical history or where such history is unknown

or wreliable, for abowt | month.

The method of claim 1 wherein said amount 15 sutficient to deliver a total ketone body
blood level comprising the swm of 3-hydroxybutyrovl moiety and acetoacetate selected
from a range having a lower and upper limit selected from about 2 mM, 225 mM, 2.5
mM, 75 mM, 3 mM, 3.25 mM, 35 mM, 3.75 mM, 4 mM, 425 mM, 4.5 mM, S mM,
5.5 mM, 6 mM, 6.5 mM, 7 mM and about 7.5 mM within the first 24 hours of
admimstration of saxd glyceryl (3-bvdroxybutyrate} compound, provided said apper ot

of the range is larger than the lower linut of the range.

The method of claim 9 wherein said total ketone body blood level 1s achieved within the

first & hours of administration of said ghyceryl (3-hydroxybutyrate) compound.

ks

The method of claim @ wherein said total ketone body biood level 15 achieved within the

first 2 hours of administration of said ghyceryl (3-hyvdroxybutyrate) compound.

The method of clain 9 wherein smid total ketone body blood level s achieved within the

first hour of administration of said glyceryl (3-hvdroxybutyrate) compound.

. The method of claim 1 wheretn administration is begun due to the sppearance of one or
¢ !

more prodromal svmptoms of migrame,
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14, The method of claim 1 wheremn administration is begun upon presentation of headache.

3
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AMENDED CLAIMS
received by the International Bureau on 11 April 2018 (11.04.2018)

1. (Currently Amended) A method of use of a glyceryl (3-hydroxybutyrate) ester in the
management of migraine symptomology comprising:

administering an amount of a glyceryl (3-hydroxybutyrate)

(a) to a subject presentihg with at least one migraine symptom, wherein said amount
is sufficient to eliminate, control, limit, or reduce said at least one symptom or
(b) to a subject so as to prevent the onset of at least one of said symptoms from a
previously established pattern of migraine symptom onset
wherein said glyceryl (3-hydroxybutyrate) compound is selected from compounds
which are mono, di, or triesters of glycerol with 3-hydroxybutyric acid with
any remaiﬁing glycerol hydroxyl groups independently either free OH or
esterified with one or more fatty acids selected from omega fatty acids and
mid-chain fatty acids, said omega fatty acids selected from 3-omega fatty

acids, 6-omega fatty acids, and 3,6-omega fatty acids; and

said amount of said glyceryl (3-hydroxybutyrate) compound which is administered is
to deliver a total ketone body blood level comprising the sum of 3-
hydroxybutyroyl moiety and acetoacetate selected from a range having a lower
and upper limit selected from about 5.5 mM, 6 mM, 6.5 mM, 7 mM and about
7.5 mM within the first 24 hours of administration of said glyceryl (3-
hydroxybutyrate) compound, provided said upper limit of the range is larger

than the lower limit of the range.

2. (Original) The method of claim 1 wherein said glyceryl (3-hydroxybutyrate) is
selected from the group consisting of a glyceryl tris (3-hydroxybutyrate), a glyceryl

~ bis (3-hydroxybutyrate), a glyceryl mono(3-hydroxybutyrate), a glyceryl bis(3-

23
AMENDED SHEET (ARTICLE 19)
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hydroxybutyrate)-mono(3-omega fatty acyl ester), a glyceryl bis(3-hydroxybutyrate)-
mono(6-omega fatty acyl ester), a glyceryl mono(3-hydroxybutyrate)-di(6-omega
fatty acyl ester), a glyceryl mono(3-hydroxybutyrate)-mono(3-omega fatty acyl ester)-
mono(6-omega fatty acyl ester), a glyceryl bis(3-hydroxybutyrate)-mono(3,6-omega
fatty acyl ester), a glyceryl mono(3-hydroxybutyrate)-di(3-omega fatty acyl ester), a
glyceryl mono(3-hydroxybutyrate)-di(3,6-omega fatty acyl ester), a glyceryl mono(3-
hydroxybutyrate)-mono(3-omega fatty acyl ester)-mono(3,6-omega fatty acyl ester), a
glyceryl mono(3-hydroxybutyrate)-mono(6-omega fatty acyl ester)-mono(3,6-omega
fatty acyl ester) any of the foregoing having one or more of the omega fatty acyl or
unesterified hydroxyl groups replaced by a rhid-chain fatty acyl ester group, and
mixtures thereof, wherein multiple omega fatty acyl groups in a single molecule may
be the same or different, and wherein multiple mid chain fatty acyl groups in a single
molecule may be the same or different; and each 3-hydroxybutyrate group is

independently selected from D and L forms thereof.

3. (Original) The method of claim 1 wherein said glyceryl (3-hydroxybutyrate) is
glyceryl tris (3-hydroxybutyrate) wherein each 3-hydroxybutyrate group is

independently in the D or L form and mixtures thereof.

4. (Original) The method of claim 3 wherein glyceryl tris (3-hydroxybutyrate) is
selected from the group consisting of glyceryl tris (D-3-hydroxybutyrate), glyceryl
tris (L-3-hydroxybutyrate), glyceryl tris (DL-3-hydroxybutyrate), and mixtures
thereof, wherein the designation “DL” refers to the overall bulk of hydroxybutyrate

groups and not any specific molecule.

- 24
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5. (Original) The method of claim 4 wherein the glyceryl tris (3-hydroxybutyrate) is

glyceryl tris (DL-3-hydroxybutyrate).

6. (Original) The method of claim 5 wherein the glyceryl tris (DL-3-hydroxybutyrate)
has an approximate ratio of D-3-hydroxybutyrate groups to L-3-hydroxybutyrate

groups of 96:4.

7. (Currently Amended) The method of claim 1 wherein said amount is an oral amount
of about 0.5 g/kg of body weight/day to about 2.0 g/kg of body weight/day based on
glyceryl tr/ S (3;hydroxybutyrate) and thé correspoﬁding amounts thai provide the
same amount of the 3-hydroxybutyroyl group for the mono and bis ester forms of
glyceryl (3-hydroxybutyrate) having one or two (3-hydroxybutyroy!l) groups

assuming complete hydrolysis of the esters, taken as a single dose or divided doses.

8. (Original) The method of claim 7 wherein said administration is continued (a) for 2-4
days for a subject presenting with episodic migraine or (b) for a subject presenting
with a chronic repetitive migraine history for at least 2 to 4 days beyond the historic
chronic repetitive cycle as determined from said subjects medical history or where

such history is unknown or unreliable, for about 1 month.
9. Cancel

10. (Currently Amended) The method of claim 1 wherein said total ketone body blood
level is achieved within the first 6 hours of administration of said glyceryl (3-

hydroxybutyrate) compound.

25
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11.

12.

13.

14.

15.

(Currently Amended) The method of claim 1 wherein said total ketone body blood
level is achieved within the first 2 hours of administration of said glyceryl (3-

hydroxybutyrate) compound.

(Currently Amended) The method of claim 1 wherein said total ketone body blood
level is achieved within the first hour of administration of said glyceryl (3-

hydroxybutyrate) compound.

(Original) The method of claim 1 wherein administration is begun due to the

appearance of one or more prodromal symptoms of migraine.

(Original) The method of claim 1 wherein administration is begun upon presentation

of headache.

(New) A method of use of a glyceryl tris(DL-3-hydroxybutyrate) ester said ester
having a an approximate ratio of D-3-hydroxybufyrate groups to L-3-hydroxybutyrate
groups of 96:4 in the management of migraine symptomology comprising:
administering an amount of said glyceryl tris (3-hydroxybutyrate) ester
(a) to asubject presenting with at least one migraine symptom, wherein said
" amount is sufficient to eliminate, control, limit, or reduce said at least one

symptom or

(b)  to a subject so as to prevent the onset of at least one of said symptoms

from a previously established pattern of migraine symptom onset.

26
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16. (New) The method of claim 15 wherein said amount of said glyceryl (3-
hydroxybutyrate) compound which is administe_red is to deliver a total ketone body
blood levei éompriéiﬁg the‘sum of 3-hydr0xy5utyroyl rﬁoiety .and. acétoacetate
selected from a range having a lower and upper limit selected from about 2 mM, 2.25
mM, 2.5mM, 2.75 mM, 3 mM, 3.25 mM, 3.5 mM, 4 mM, 4.25 mM, 4.5 mM, 4.6
mM, 4.7 mM, 4.8 mM, 4.9 mM, 5.0 mM, 5.1 mM, 5.2 mM, 5.3 mM, 5.4 mM, 5.5
mM, 5.6 mM, 5.7 mM, 5.8 mM, 5.9 mM, 6.0 mM, 6.1 mM, 6.2 mM, 6.3 mM, 6.4
mM, 6.5 mM, 6.6 mM, 6.7 mM, 6.8 mM, 6.9 mM, 7.0 mM, 7.1 mM, 7.2 mM, 7.3
mM, 7.4 mM, 7.5 mM within the first 24 hours of administration of said glyceryl (3-
hydroxybutyrate) compound, provided said upper limit of the range is larger than the

lower limit of the range.

27
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STATEMENT UNDER ARTICLE 19 (1)

New lines 13-19 of claim 1 narrow the ketone body blood levels to 5.5 mM to 7.5
mM. None of the refcrences relied upon discloses this more limited range, Claims 2-8 and
10-14 all depend on claim 1, and, therefore, now present an inventive step over the

references.

Claim 6 is stated as mecting all the criteria for patentability. Current claim 6
(dependent upon claim 1 and thereby narrowed by the limitations added to claim 1), is

allowable.

Claim 7 now addresses the objection by incorporating the language which the

Examincr cited in Specification paragraphs 0030-0031.

Claim 15 is an independent copy of claim 6 prior to the narrowing amendments to
claim 1, and is precisely the scope that the ISA indicated as allowable. Claim 16 depends
from claim 15, but introduces a mM limitation for ketone body blood levels (in originally

filed ¢latm 9) that is between claim 15 and that in claim 6 (as narrowed by claim 1).

28
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