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Abstract:

The present disclosure provides a novel palatable pharmaceutical composition in the form of
taste-masked 2,4,6-trifluoro-N-[6-(1-methylpiperidine-4-carbonyl)-2-pyridyl]benzamide
hemisuccinate, and orally disintegrating tablets comprising the same. The taste-masked orally
disintegrating tablets of this invention will significantly reduce the potently bitter taste of lasmiditan,
and enable administration of this product form to migraine patients, in particular pediatric patients
and those suffering from nausea due to migraine attacks.

CA 03217760 2023-11-2
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TASTE MASKED COMPOSTIONS OF L 4.6-TRIFLUORO-N-[6-(I-METHYL-
PIPERIDINE-4-CARBONYL)-PYRIDIN-Z-YL|-BENZAMIDE
HEMISUCCINATE, AND ORALLY DISENTEGRATING TABLETY
COMPRISIMNG THE SAME

The embodiments of the present inventions relate to the fields of pharmaceutical

s

compostiion chemusiry and provide coated compositions, processes and {ormulations for
orally disintegrating preparations of 2,4.6-trifluoro-N-{6-(1-methyl-piperidine-4-
carbonyh-pyvnidin-2-yv1]-benzamide hemi-succinate salt, a 5-HTr receptor agonist, and
product forms made by these processes, and uses thereof for rapid oral adnunistration of
10 lasmditan for the treatment of migraine.

In October 2019, the US FDA approved the use of REYVOW® {lasmiditan) 50
and 100 mg tablets for the acute on-demand ireatment of migraine with or without aura in
adulis. Lasmiditan is a selective and highly potent 5-HT1r receplor agonist {Seee g
Rubio-Beltran et al | Pharmacol Ther 2018;186:88-97, and Lasmiditan for the Treatmen

15 of Migraine, Capr, M. et al, Expert Opiuon Investigational Drugs, (2017), Vol 26, NO.
2. 227-234) Lasmiditan {COL 144, LY 573144, CAS Regisiry No. 439239-90-4) can be
described chemically as 2.4, 6-trifluore-N-|6-( L-methyl-piperidin-4-yicarbony}-pyridin-2-
vi}-benzamide. U8, Patent No. 7,423,050 and U 8. Publication No. 20080300407
describre the henusuccinate salt of 2,4, 6-triflucro-N-{6-(1 -maethy -piperidine-4-carbonyl}-

20 pyrdin-2-ylj-benzamide having the structural formula:

fl

The currently available lasmidiian hemisuccinate solid dosage form, whichis a

tablet, 15 accepiable for the treatment purpose. However, this sohd dosage form and the

CA 03217760 2023-11-2
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potently bitter taste of lasnuditan 1mpose serous comphiance problems in patients who are
unable or unwilling to take the current solid dosage form of this compound. The solid
dosage form is generally difficult for young children and migraine patients experiencing

nausea to swallow. Although there are many methods 1o suppress cerfain undesired faste

9 4]

of drugs, there is no universal formulation capable of solving this problem due to the
unique properties of different drugs. Currently, there is no reported development of a taste

masked orally disintegrating tablet (ODT) for lasmiditan.

The taste masked coated lasmiditan orally disintegrating tablet formulation
disclosed in this patent application addresses this need. There 15 a need to develop a
10 palatable orally disiniegraiing dosage form o lasmuidilan to reduce or eliminalte iis
potently bitter taste and other undesirable palatability characteristics, and o avoid the

difficulty in swallowing solid dosage forms such ags tablets.

The current marketed dosage forms of lasmiditan are inunediate release tablets

that result in a rapid onset of action (time to symptom relief) of about 2 hours. Treatment

[
L

of migraines is complicated in thalt migrame triggers are often not known, and the timing
of a migraine 1s dufficult to predict. Conventence of administration of therapy is thus
critical to treatment. Most solid oral dosage forms are intended to be swallowed whole
and require co-administration of a liquid to facilitate swallowing, reducing convenience
of adrorusiration. Nausea is a coromon sviopiorn of magraines, making oral

2 admunsstration of medicaments challenging. 1f the dosage form requirves swallowing hquid
or if the dosage form has poor palatability, the mugrameur may be reluctant to take the
treatment, and/or the medicament may further aggravate the nausea. Further, migraine 1
one of the most coramon presenting symptoms in emergency rooms, and patients often

have difficulty administering a tablet due to nausea and/or vomiting. Generally, many

N3
v

adults, and especially children, have difficulty swallowing tablets whole even with co-
administration of liguid. Dosage forms other than immediate release tablets, that are
easier to swallow vet still possess good palatability, are desired in cases where dysphagia
is present. The aforementioned problems of delivering migraine therapy osally {o adults,
and especially pediattic patiends, voay be resolved through use of orally disintegrating or

3¢ oro-dispersable tablets if formulation and performance factors necessary for such a tablet

CA 03217760 2023-11-2
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can be satisfied. When an orally disintegrating tablet product form can be taken withowt
the need for co-administration with a liquid, it represents a clinically advantageous
solution for the migraineur. These ODTs are intended to rapidly disintegrate or disperse,
in the small volume of salvia in the mouth, into small particles which are easily

swallowed without the need for additional hiquid to facilitate swallowing.

Development of ODTs however presents many substantial technical challenges,
foremost of which is taste or palatability. Compounds, such as active pharmaceutical
ingredients, have taste profiles which vary, and some are highly undesirable. The
disagreeable taste of many medicines often requires utilization of taste masking strategies,
such as addition of flavors, sweeteners, complexing agents, or other approaches to mask
the offensive taste of the medicine. Tn some jnstances, there are other negative sensory
atiributes associated with the medicament, such as frigeminal nerve stimulation. tongue
sting, and throat burn that make development of palatable ODTs even more challenging.
The challenge of formulating ODT drug products is further complicated when the
medicine in quesiion 1s highly soluble, and a dose greater than a few tens of milhigrams is
required. Minimizing the negative sensory attribwtes of high dose, highly soluble drugs,
with poor palatability represents a challenge 10 the extent that the skilled artisan cannot
predict whether a clinically suitable QDT product form can successfully be fornmulated for
a lughly in-~palatable compound.

The technique 10 use sweetening and flavoring agenis to enhance drug taste is one
of the most widely used approaches for taste masking, especially in the case of pediatric
formudations such as chewable tablets and liquid formulations. However, this approach is
not very successful for highly bitter and highlyv water-soluble drugs. (See for example,
Approaches of taste masking. Visham et al, International Journal of Pharmacy and
fntegrated Life Sciences, April 2013, Vol 1 {3). p48-51). Lasnuditan s found {0 be highly
bitter and highlv water-soluble drug. In addition, lasmiditan has prolonged bitter taste.
Thus, it is expecied to be very challenging to make an acceptable palatable ODT dosage
form of tasmuditan. However, the present disclosure surprisingly provides phamaceutical
taste masked compositions of lasmiditan in orally disintegrating tablets. The ODT product

forms provide compliant dosage forms especially useful in pediainc populations and
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muigraine patents who experience nausea and vomiting when atterapting to swallow solid
tablets with liquids. The safe and effective treatment of migraine with lasmiditan for
patients unable to administer conventional oral tablets would be enabled by the
availability of an orally disinfegrating tablet which would not require swallowing the
tablet. The present disclosure addresses this unmet need for the recently approved
migraine treatment lasmiditan.
Sunumary

The present disclosure relates to taste masked pharmaceutical compositions of
lasmiditan. Specifically, the present disclosure relates {o taste masked pharmaceutical
compositions comprising a therapeutically effective amount of taste masked lasmiditan
particies, comprising faspuditan or a pharmacentically acceptable calt thereof, and
wherein the particles are coated with one or more faste-masking layers to taste mask the
lasmuditan, wherein said taste-masking layer comprises at least one water-insoluble
pobvmer. Preferably the water-insoluble polymer is a reverse snieric coating. Preferably
the reverse enteric coaling ts Kollicoal® Smariseal 30 1. In an embodiment the present
disclosure provides a pharmaceutical composition comprising lasmiditan, ora
pharmaceutically acceplable salt thereof, and a reverse enteric coating. In an embodiment
the present disclosure provides a pharmaceutical compostiion comprising lasmiditan
hemisuccinate and a reverse enteric coating. In an embodiment the present disclosure
provides a pharmaceutical composition comprising lasmiditan hemisuccmate and a
reverse enieric coating wherein the reverse enieric coating 1s Kollicoal® Smartseal 30 D,
which comprises methyl methacrvlate—di{ethyDaminoethyl methacrylate copolymer. fnan
embodiment the present disclosure provides a pharmaceutical composition comprising
fasmiditan hemisuccinate, wherein the tasmiditan comprises granuvlaled particles having a
size range of about 50 1o about 275 mucrons, and a reverse enteric coating wherein the
reverse enteric coating 15 Kollicoat® Smartseal 30 . In an embodiment the present
disclosure provides a pharmaceuiical composition comprising lasmiditan hemisuccinate,
wherein the lasmiditan comprises granulated particles having a size range of about 5010
about 273 nucrons, wherein the lasmiditan to be coated further comprises talc, and a

reverse enteric coating wherein the reverse enteric coating is Kollicoat® Smartseal 3¢ I,
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wherein the final coated particles have a size range between about 75 and about 300
Microns.

In an embodiment the present disclosure provides a pharmaceutical composition
comprising lasnuditan hemisuccinate, wherein the lasmiditan comprises granulated
particles having a size range of about 50 o about 275 microns, wherein the composition
further compriges abowt 20-40% coat level upon coating with Kollicoat® Smariseal 30 &

In an embodiment the present disclosure provides a pharmaceuiical composition
comaprising lasmiditan hemisuccinate, wherein the lasnuditan comprises granulated
particles having a size range of about 50 to about 275 microns, wherein the composition
further comprises about 37% coat level upon coating with Kollicoat® Smartseal 30 [

In an embodiment the present disclosure provides a pharmaceutical composiiion
comprising lasmuditan henusuccinate, wheramn the lasmiditan comprises granulated
particles having a size range of aboutl 50 to about 275 microns, wherein the lasmiditan to
be coated further comprises tale, and a reverse enteric coating wherein the reverse enteric
coating 1s Kollicoat® Swartseal 30 D, wherein the final coated particles have a size range
between abowt 75 and abowt 300 microns which further comprises:

(1} about 55.5 %w/w of lasmiditan hemisuccinate,

{11}  about 6.0 %ow/w of Hypromellose (HPMO),

(i) about 0.15 %w/w of Sodium Lawry] Sulfate,

{ivi aboul 2.8 %w/w of Triethyi Citrate,

{v} about 18.6 %w/w of Kollicoat® Smartseal 30 1, and
{vi} about 169 %w/w of Talc.

In an embodiment the present disclosure provides a pharmaceutical composition
comprising lasmiditan hemisuccinate, wherein the lasmiditan comprises granulated
particles having a size range of about 50 1o about 275 mucrons, wherein the lasmidiian to
be coated further comprises talc and a reverse enteric coating wherein the reverse enteric
coating is Kollicoat® Smartseal 30 I, wherein the final coated particles have a size range
between about 75 and about 300 microns, and a disintegrant and g lubricant.

in an embodiment the present disclosure provides a pharmaceutical composition

comprising lasmiditan hemisuccinate, wherein the lasmiditan comprises granulated
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particles having a size range of about 50 o about 275 microns, wherein the lasmaditan 1o
be coated further comprises tale and a reverse enteric coating, wherein the reverse enteric
coatinng is Kollicoat® Smartseal 30 D, wherein the final coated particles have a size range
between aboul 75 and about 300 microns. wherein the composition further comprises

Talc, Pharmaburst® 500, and sodium stearyl fumarate.

9 4]

In an embodiment the present disclosure provides a pharmacsutical composition
comprising lasnuditan hemusuccinate, wherein the lasmiditan comprises granulated
particles having a size range of about 30 to about 275 microns, wheremn the lasmiditan to
be coated further comprises talc and a reverse enferic coating, wherein the reverse enteric

10 coating 1s Kollicoai® Smariseal 30 D, wherein the final coated particles have a size range
between aboui 75 and about 300 microng, wherein the composition further comprises
Tale, Pharmaburst® 500, and Sodium Stearyl Fumarate, and wherein the composition
further comprises a sweetener and a ffavoring agent.

In an embodiment the present disclosure provides a pharmaceutical composition

15 cornprising lasmiditan hernisuccinate, wherein the lasnuditan comprises gramulated
particles having a size range of about 50 to about 275 microns, wherein the lasmiditan to
be coated further comprises tale and a reverse enteric coating, wherein the reverse enteric
coating 1s Kollicoat® Smartseal 30 D, wherein the final coated particles have a sizo range
between about 75 and about 300 microns, wherein the composition further comprises

20 Talc, Pharmaburst® 560, and Sodium Stearyl Fumarate, and wherein the composition
further comprises Aspartame and Cherry berry flavoring agent.

In an embodiment the present disclosure provides a pharmaceuiical composition
comprising lasmiditan hemisuccinate, wherein the lasmiditan comprises granulated
particles having a size range of about 50 to about 275 microns, wherein the lasmiditan 1o

25 be coated further comprises tale and a reverse enteric coating, wherein the reverse enteric
coating 1s Kollicoat® Smariseal 30 D, wherein the final coated particles have a size range
between about 75 and about 300 microns, wherein the composition further comprises
Tale, Pharmaburst® 300, and Sodiurn Stearyl Fumarate, and wherein the composition
further comprises Aspartame and Cherry berry flavoring agent, wherein the composition

30 further comprises:

CA 03217760 2023-11-2
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(i} about 40.2 % w/w of Kollicoat® Smartseal 30 13 Coated lasmiditan hernisuccinate
{(37% coat level),

{11} about G.80 % w/w of Talc,

{i1t) about 54.0 % w/w of Pharmabursi® 500,

(iv) about 2.0 % w/w of Sodium Stearvl Fumarate,

{(vy about 1.0 % w/w of Cherry berry flavoring, and

(vi) about 2.0 % w/w of Aspartame.

In an embodiment the present disclosure provides a pharmaceutical composition
comprising lasmiditan hemisuccinate, wherein the lasmiditan comprises granulated
particles having a size range of about 50 to about 275 microns, wherein the lasnudiian to
be coated further comprises tale and a reverse enteric coating, wherein the reverse enteric
coating 1s Kollicoat® Smartseal 30 D, wherein the final coated particles have a size range
between about 75 and about 300 microns, wherein the composttion further comprises
Talc, Pharmaburst® 300, and Sodium Steary! Fumarate, and wherein the composition
{urther comprises Aspartame and Cherry berry flavoring agend, wherein the composition
further comprises:

about 37% to 46% w/w of Kollicoat® Smartseal 30 D Coated Lasrniditan

Honusuccmate,

about 47% to 58% w/w of Pharmaburst® 300,

about 3.9% 1o 4.9% w/w of aspartame/Cherry berry {lavoring blend {Aspartame

about 68 % to Cherry Berry Flavor about 32 9 w/w); and

about 1 3% {o 1.7% w/w of Sodium Steary! Fumarate,

In an embodiment the present disclosure provides a pharmaceutical composition
according to any of the above embodiments, wherein the composition further comprises a
dosage of lasmiditan from aboui 23 mg 1o about 200 mg.

In an embodiment the present disclosure provides a pharmaceutical composition
according to anv of the above embodiments, wherein the composition further comprises a

dosage of lasmuditan from about 25 mg to about 100 mg.
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In an embodiment the present disclosure provides a pharmaceutical composition
according to any of the above embodiments, wherein the composition further comprises a
dosage of lasmiditan of about 25 mg.

In an embodiment the present disclosure provides a pharmaceutical composition

9 4]

according to anv of the above embodimenis, wherein the composition further comprises a

I

dosage of lasmiditan of about 30 mg.
In an embodiment the present discloswre provides a pharmaceutical composition
according 1o any of the above embodiments, wherein the coraposition further coroprises a
dosage of lasmmiditan of about 75 mg.
10 In an embodiment the present disclosure provides a pharmaceutical composition

according to any of the above embodiments, wherein the composition further comprises

@

dosage of lasmuditan of about 100 mg.

In an embodiment the present disclosure provides a pharmacsutical composition

according to any of the above embodiments, wherein the composition further comprises a
15 dosage of lasnuditan of about 150 mg

In an embodiment the present disclosure provides a pharmaceutical compostiion
according to any of the above embodiments, wherein the composition further comprises a
dosage of lasmiditan of about 200 mg,

In an embodiment the present disclosure provides a pharmaceutical composition

20 according to anv of the above embodiments, wherein the compostiion further comprises
an orally disintegrating tablet.

In an embodiment the present disclosure provides a pharmaceuiical composition
according to any of the above embodiments, wheregin the composition further comprises
an orally disintegrating tablet wherein the tablet forther comprises a umit dosage of 235 mg.

25 In an embodiment the present disclosure provides a pharmaceutical composttion
according to anv of the above embodiments, wherein the composition further comprises
an orally disintegrating tablet wherein the tablet fiwther comprises a unit dosage of 30 mg.

In an embodiment the present disclosure provides a pharmaceutical composition

according to any of the above embodiments, wherein the composttion further comprises

CA 03217760 2023-11-2
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an orally disintegrating tablet wherein the tablet further comprises a unit dosage of 100
mg.

In an embodiment the present disclosure provides a method of treating mugraine in

a patient comprising adminisiering o a patient in need of such treatment an effective

9 4]

amount of a composition according to anv of the above embodiments of lasnuditan

compositions.

In an embodiment the present discloswre provides a composition according to any
the above embodiments of lasmiditan compositions for use n therapy.
In an embodiment the present disclosure provides a composition according 1o any

10 the above embodiments of lasmiditan compositions {or use in the treatment of migraine.

The present disclosure also relates to an immediate release (IR} orally
disintegrating tablet (ODT) comprising a therapeuiically effective amount of lasnuditan
particlies wherein each particle comprises 2.4, 6-triftuore-MN-{ 6-{1-methyvi-pipendin-4-
vicarbonvi}-pyridin-2-vi}-benrzamide, or a pharmaceutically acceptable sall thersof,

15 coated with one or more taste-masking layers, wherein the {aste-roasking layver comprises
a water-insoluble polymer The present diselosure provides a palatable pharmaceutical
composition in the form of taste-masked 2,4,6~irifluoro-N-{ 6~ L-methyipiperidine-4-
carbonyly-2-pyridvlibenzarmide hemisuccinate and orally disintegrating tablets
comprising the same.

20 The present disclosure [urther provides a compressed orally disintegrating tablet
comprising a disintegrant and a plurality of unifs comprising:

1} a plurality of parficles comprising a therapeutically effective amount of
lasmiditan or a pharmaceutically acceptable salt thereof®

i) a reverse enteric coaling over the particles comprising a reverse enteric

25 polymer in an amount of 20% to 40% coat level;

wherein the disintegrant and the plrality of units are comipressed to an orally

disintegrating tablet having a friability of 196 or less when 6 kN 10 30 kN of a

cornpression force is applied during manufacturing of the tablet.

The present disclosure further provides a process of manufacturing the orally

36 disintegrating tablet of any of the above embodiments comprising:

CA 03217760 2023-11-2
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a) generating a plurality of particles comprising a therapeutically effective amount
of lasmiditan, or a pharmaceutically acceptable salt thereof:

b) applying a coating comprising a reverse enteric polymer to the particles of step
{a} thereby obtaining a plurality of units;

¢} mixing the plurality of units of step (b) with at least one tablet excipient
comprising a disintegrant thereby obtaining a blend;

dy mixing the blend of step (¢} with a flavor and a sweetener to make a taste
masked blend;

¢} nuxing the taste masked blend with g drv lubricant; and

£} compressing the blend of step () thereby obtaining the compressed orally

disintegrating tablet

The present disclosure also provides methods of making the taste masked and
ODT compositions and methods of using the present compositions {or (reating a patient
subject to migraine attacks. The taste-masked orally disintegrating tablets of this
disclosure will significantly reduce the potently bitter taste of lasmiditan and esable
administration of this product form to migraine patients, in particular pediatric patients,
and those suffering {rom nausea dus to migraine atiacks.

The present disclosure relates to a solid pharmaceutical composition comprising
tasie masked lasrauditan, or a pharmaceutically acceplable sall thereof, incorporated mlo
an orally disintegrating iablet (OIT), preferably wherein the tablet disintegrates within
about 30 seconds. The present disclosure further provides ODTe possessing desired
mechanical strength and desired m-vitro release profiles comprising taste masked

fasmmditan, along with one or more pharmaceutically acceptable excipients.

Detailed Description:

The following description includes information useful in understanding the
present disclosure.
DEFINITONS:
As used above and throughouwt the disclosure the following terms, unless

otherwise mdicated, shall be understood (o have the following memungs:
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The torm "drug™, “active”, “achive ingredient”, or "active pharmaceutical ingredient” as
used herein includes any pharmaceutically acceptable and therapeutically effective
compound or pharmaceutically acceptable salt thereof. A preferred compound of the
present disclosure is 2.4, 6-trifluoro-N-{6-{ 1 -methyi-pipenidine-4-carbonv-pynidin-2-vii-
benzamide. A preferred compound of the present disclosure 1s 2.4 6-tnifluoro-N-[6-{1-
methyl-piperidine-4-carbonyli-pyridin-2-vij-benzamide hemisuccinate. A preferred
compound of the present disclosure is 2 4 6-trifluoro-N-[ 6-(1-methvi-piperidine-4-
carbonvly-pvridin-2-vl]-benzamide hemisuccinate in solid Form A. A preferred
compound of the present disclosure is 2,4, 6-triflucro-N-[ 6~ L -methyl-piperidine-4-
carbony}-pyridin-2-yij-benzamide hemisuccinate in solid Form B.

Methods of prepanng lasmiditan and salts and certain polymorphic forms,
formulations, and dosage forms thereot, are known to the skilled artisan, and are
described for example in WO 2003/084949, WO 2011/123654, WO 2018/106657, and
WO 2021/007155. As used herein, usefud forms of lasmiditan (also referred 10 a¢
LY 573 144 mclude pharmaceutically acceptable salis thereoll including but not linuted to
2 4 6-triftuore-N-{6-(1 -methy -piperidin-4-vlcarbony -pyridin-2-yl]-benramide mono-
hydrochlonde salt, and 2,4.6-trifluoro-N-{6-(1-methyl-piperidine-4-carbonyD-pyridin-2-
vil-benzamide hemi-succinate salt. A synthetic route for the preparation of the hemi-
succinate salt of 2.4, 6-triflucoro-N-{o-{ 1 -methvi-piperidine-d-carbonyh-pyridin-2-y 1}~

benzanide has been disclosed previcusly {ses for example WO 2021/607155}.

“Pharmaceutically acceptable salis™ or “a pharmaceutically acceptable salt” refers
o the relatively non-toxic, inorganic and organic salt or salts of the compound of the
present mvention. B will be understood by the skiled artisan that compounds of the
present invention are capable of formung salis. The compounds of the present imvention
contain basic heterocveles, and accordingly react with any of a number of inorgamic and
organic acids to form pharmaceutically acceptable acid addition salts. Such
pharmaceutically acceptable acid addition salts and common methodology for preparing
them are well known in the art. See, e g, P. Stahl, et al., HANDRBQGOK OF
PHARMACEUTICAL SALTS: PROPERTIES, SELECTION AND USE,



10

o
A

20

[
L

CA 03217760 2023-11-2

WO 2022/236004 PCT/US2022/028003

-12 -

(VCHA/Wilev-VCH, 2008); S M. Berge, et al., “Pharmaceutical Salts™, Journal of

Pharmaceutical Sciences, Vol 66, No. 1, January 1977,

As used herein, the term “reverse enteric coating” means, in the broadest meaning
reverse enteric polvimers used as a barvier coat. As used herein, the ferm “reverse enteric
coating” refers to a coating comprising a “reverse enteric polymer”™ which refers to pH
sensifive polvmers, which are inseluble at pH values greater than those found i the
stomach 1 e at pH valuss greater than 5.0, while being soluble at acidic pH values.
Suitable reverse enteric polymers are thus inseluble in the oral cavity and soluble in the
stomach. In some embodiments, the reverse enteric polymer 1s a copolymer of
hyvdrophobic monomers and/or basic monomers; non-limiling exampies of such reverse
enteric polvmers are described in U.S. Patent Application No. 2006/0134054. In certain
embodiments, the monomer is an acivlic or a methacrvlic acid ester comprising, but not
limited to, methvi (methjyacrvlate, benzyl {methlacrylate, dodecyl (meth)acryviate, ociyi
{meth}acrylate, cyclohexyl {meth)acrylate, phenyl (meth)acryiate, tertiary butyl
{meth)acrylate, butyl {methdacrylate, ethyl hexyl {(meth)acryvlate, propyl {methacrylate, or
combinations thereof Each possibility represents a separate embodiment. In other
embodiments, the monomer is a substituted acrvlic or a methacryvlic acid ester
comprising, but not hmited to, dimethyl amino ethyi (meth)acrylate, diethyl amino ethyl
{meth)acrviate, piperidine ethyl (meth)acrviate, tertbutyl amino ethyvl (methjacrviate,
FUDRAGIT® E 100, Eudragit® EPO, or combinations thereot. Each possibility
represents a separate embodiment. Preferred reverse enteric coatings of the present
ernbodiments include Kollicoat® Smartseal 30 D or Kollicoat® Smartseal 100 P (The
BASF PRD number {product number} is listed as 30492630 for Kollicoat® Smartseal 30
3, and 30585559 for Kolhcoat® Smartseal 100 PY Kolhcoat® Smartseal 100 P coating
can be apphied using the 100 P (Powder) grade using an orgaruc solvent system (e g
alcohol or acetone). A particularly preferred reverse enteric coatings of the present
embodiments is Kollicoat® Smartseal 30 D (30% Dispersion). The term “umit” as used
herein, refers to applying a coating comprising a reverse enteric polymer to granulated
particles of lasmiditan, or a pharmaceutically acceptable salt thereof, thereby obtamning a

plurality of units of coated APL
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As used herein, the term “patient” refers to a human. As used herein, the terms
“reatment”, “treating”, or “mitigating” are intended to refer 1o all processes wherein there
may be a slowing, interrupting, arresting, controiling, or stopping of the progression of an
existing disorder and/or a reduction in symptoms thereof, but does not necessanly
mdicate a total ehmination of all sympioms. As used herein, the term “effective amount”
of fasmiditan, refers 1o an amount, that 1¢ a dosage, which is effective in treating migraine
in a patient. A preferred “effective amount” is determined as an amount that can treat or
eltiminate the signs and symptoms of migraine aftack i the patient, as compared to the
patient when untreated. Preferred amounts of lasmiditan include the range from 25-200
mg, and unit dosages of 23 me, 30 mg, 100 mg, and 200 mg.

A “dose” refers to a predetermuned quantity of lasmiditan caleulated to produce
the desired therapeutic effect in a patient.  As used herein “mg™ refers to nulligram As
used herein, doses described in mg, refer to the active pharmaceutical ingredient
iasmiditan as free-base gquivalent by mass, for instance a 100 mg™ dose, refers to 100
mg of the active pharmaceutical ingredient lasmaditan as free-base equivalent. As used
herein, a given dose may be interpreted to describe doses of abowt the indicated amount,
in that doses which are up to 10 percent hugher or lower than the indicated dose are
fikewiso contemplated to provide useful regimens in a manner similar {0 the indicated
dose. A pharmaceutical composition of lasmiditan of the present disclosure can be
provided in bulk or in dosage unit Form. B is especially advaniageous Lo formulate
pharmaceutical compositions of lasmudiian i dosage umt form for ease of adnunisiration
and wniformity of dosage. The term “dosage urt form” as used heren refers to physically
discrete units suitable as unitary dosages for the subject to be treated; each unit containing
a predetermined quantity of active compound lasmiditan calculated to produce the desired
therapeutic effect in association with the requived pharmaceutical carrier. A dosage unit
form can be, ¢. g, an orally disintegrating tablet comprising a preferred dose of
fasmuditan, such as 25 mg, 30 mg, 100 mg, and 200 mg.

In embodiments, the disclosure provides a pharmaceutical composition
comprising an amount of lasmiditan in ODT form as described herein wherein the amount

is from 25 mg to 200 mg per dose. In embodiments, the disclosure provides a
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pharmaceuiical composition coraprising an amount of fasnuduan m ODT form as
described herein wherein the amount 1s 25 mg, 50 mg, 73 mg, 100 mg, 150 mg or 200 mg
per dose. The forgoing doses are based on an adult hnunan of average weight, and/or the

smaller doses would be acceptable for individuals of lighter weaight, for example the
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elderly or children.

In embodiments of the present disclosure the patient is a human who has been
diagnosed as having a condition or disorder in need of treatment with a pharmaceutical
compostiion described herein. fn some embodiments, a patient s a human that 15
characterized as being at risk of a condition or disorder for which admunistration with a
10 pharmaceutical composition described herein is indicated. In those instances where the

disorders which can be treated by the methods of the present invention are known by
established and accepted classifications, such as nugraine, episodic headache, chronic
headache, chronic cluster headaches, and/or episodic cluster headaches, their
classifications can be found in various sources. For example, at preseni, the fousth edition
15 of the Dhagnostic and Statistical Manual of Mental Disorders {(DSM-IVTM} (1994,
American Psychiatric Association, Washington, D C ), provides a diagnostic tool for
identifying many of the disorders described herein. Alse, the International Classification
of Diseases, Tenth Revision (ICD-10}, provides classifications for muany of the disorders
described herein. The skilled artisan will recognize that there are alternative
20 nomenclatures, nosologies, and classification systems {or disorders described herein,
including those as described m the DSM-IV and ICD-10, and that terminology and
classification aystems evolve with medical scientific progress. Migraine patients can
further be diagnosed with migraine, with or without aura {1.1 and 1.2). as defined by
International Headache Society (JHS) International Classification of Headache Disorders,
25 3rd edition, ACHD-3) beta version {The Intermational Classification of Headache
Disorders, 3rd edition (beta version}, Cephalalgia 2013, 33: 629-808}. In some
embodiments, the human patient has been diagnosed with episodic migraine prior o
receiving admunisiration of lasnuditan to treat migraine. In some embodiments, the
human patient has been diagnosed with chromic migraine prior to recetving lasmiditan. In

36 some embodiments, the human patient experiences auras with their migraine headaches.

CA 03217760 2023-11-2
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in some embodiments, the hursan patient doos not experience auras with their magraine

headaches.

As used herein “migraine” includes but is not Lmmted 1o migraine attacks. As used
herein “migraine atlack”™ refers 1o the following description. Symptoms may overlap
within various phases of a migraine atiack and not all patients experience the same
clinical mamfestations. In the prodrome phase, the majority of patients have premonitory
symptoms that may precede the headache phase by up to 72 hours. These include
changes in mood and activity, iritability, fatigue, food cravings, repetitive yawning, stiff
neck, and phonophohia. These symptoms may endure well into the aura, headache, and
even postdrome phases. Some patients experience an aura phase, wherein about one-third
of patients experience fransient neurological deficits during attacks, The ICHD-3 defines
aura as 1 or more transient, fully reversible neurelogical deficite, of which at least | has to
have a unilateral localization, that develops over 5 nunutes or more, and of which each
deficit lasts between § and 60 mimiutes. While a visual aura, which may show positive
{fortification specira). negative {scotoma), or both phenomena, 1s found m over 90% of
the cases, and the most common deficit, sensory, motor, speech, brain stem, and retinal
aura svmpions may also occur. A transient wave of neuronal depolarization of the cortex
is believed to be the pathophysiological bram mechanism underlving the chinical
phenomenon of magrame aura. In the headache phase, headache attacks which may last 4
1o 72 hours are accompanied by nausea, photophobia and phonophobia, or both, The
headache s characterized as unilateral, pulsating, of moderate or severs ttensity, and
aggravated by physical activity; two of these charactenstics suffice to fulfill the
diagnostic criteria. In the postdrome phase, characternistic sympioms reflect those
observed during the premonitory phase. Tvpical postdrome sympioms include tiredness,
difficuliies in concentrating, and neck stiffness. I remains unclear whether these
symptoms mnitiate in the premonitory phase and persist throughout the headache phase
into the postdrome phase, if they may also initiate during the headache phase, or even
appear after the headache phase hag ended.

A “mugraing headache™ as used herein vefers to headache, with or without aura, of

> 30 munutes duration, with both of the following required features (A and B): A} at least
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2 of the following headache characteristics: 1) undateral location, 2} pulsating quahity, 3}
moderate or severe pain intensity, and 4} aggravation by or causing avoidance of routine
phvsical activity; AND B} during headache at Ieast one of the following: a} nausea and/or

vomiting, and/or b) photophobia and phonophobia A “probable migraine headache™ as

9 4]

used herein refers to a headache of greater than 30 minutes duration, with or without aura,
but missing one of the migraine features in the International Headache Society ICHD-3
definition.
The abbreviations listed below when used herein are defined as follows: “CAS
No.” means Chemical Abstracts Registry number. “hr” or “h” means hour or hours.
16 “NMT” means not mors than, “RT7 means room lemperature/ambient temperature. “sec”
means second or seconds as a anit of ime. “w/w” means weight io weight i a ratio,
Compositions, processes, product forms and uses of the present disclosure are
further described in terms of certain preferred embodiments including the preparation of
reverse enieric coated lasmiditan and orally disintegrating tablets comprising the coated
15 lasmiditan. A palatable, taste-masked conwmercially viable orally disintegrating tablet of
fasmiditan hemisuccinate was developed for introduction inio a bicequuvalence study
{LATA} Lasmiditan in this disclosure refers to 2,4, 6-trifluoro-MN-[6-{ 1 -methyvipiperidine-
4-carbonyl}-2-pyridylibenzamide per se. The particular salf used in this disclosure s the
hemisuccinate salt, however other salis such as the hydrochloride or other sutiable salts

20 are within the embodiments of the present disclosure.

Challenses {or the preparation of orally disinteerating tablets of lasmiditan:

Orally disintegrating tablets (ODTs) are solid oral dosage forms that dissolve
rapidly in the saliva of oral cavity allowing the medicine o be easily swallowed without
25 water. This is beneficial in patients with dysphagta (e ¢ pediatric), in diseases where
symptoms may preclude consuming hiquid {(nausea), and where converience of
administration is desirable (migraine). ODTs however present challenges in formulation
development beyvond the typical entical quality atiributes of immediate release tablets
{e.p. puriiy, potency ). ODTs are also required to be palatable to the patient to ensure

30  adherence; with rapid oral disinlegration and pleasant taste bemng paramount. The present

CA 03217760 2023-11-2
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disclosure addresses the challenges and provides novel solutions for an OD'T product
form for REYVOW® (lasmditan) for pediatric and/or adult populations.
Lasmuditan is highly soluble (dissolves readily in the mouth) but extremely bitter

in taste, and has other negative sensory attributes, that preclude conventional QDT
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development. For lasnuditan the solubility 15 35 10 9.8 mg/mb at pH 5 t0 6.8, which 1s
roughly the pH range of the oral cavity. The efficacious dose is from 25 to 200 mg
depending on patient weight or other factors. A taste study using trained taste panelists
and crushed 50 mg (e.g 2 x 530 myg) tablets Lasmiditan imomediate release tablets showed
that lasmiditan has very poor palatability atiributes. Extreme bitterness, mouth numbing,
10 and other negative sensory attributes are present and persist for 30 minutes.

Table 1. Laspuditan flavor profile as a fumction of time,

Intensity of sensory characteristic at lime post dose expectoration

for 100 mg Lasroiditan dose®

Flavor
Profile

Attribute /

Sensory 1 3 5 10 1s 20 25 30
Charactenistic | Inttial | mym | sun | min | min min min min min
Bitterness 3 3 3 2.5 2.5 2.5 2 2 1.5
Chally
Aromatic 1.5 1 O O O 0 0 0 0
Sour 1.5 i 0 0 0 0 O 0 0

Polyethyiene-

fike aromatic 1.5 1.5 i O 0 0 0 g 0

Chalky

mouthfeel 1.5 1 0 0 0 0 O O 0

Tannin

mouthleel 1.5 1.5 i O O 0 0 O 0]
o

Tongue sting 1 i 1.3 1.5 1.5 i 0.5 0.5 0.5

CA 03217760 2023-11-2
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Metallic
Aromatic 1.5 ) 3 1.5 15 1 i 0.5 G
Throat bwn 0 1 1 i 1 1 0 0 0
Mouth
Numbing O O ] 1.5 1.5 1.5 i i H

* The iniensity scale ranges {rom G (no indensily /non-deleciable) to
3 (highly intense}. Aversive sensory characteristics above a slight
intensity 1) are clearly perceptible to patients and are often found
{o be unacceptable.

Approaches to limit the negative sensory atiributes of particularly poorly tasting
medicine may include applving a barmer coating to the drug substance to prevent
dissoluiion in the oral cavity. An approach s o use an insoluble Glm containing soluble
pore forming agents such as cellulose acetate with polvethyviene glveol, or ethyvl cellulose
with hypromeliose. The challenge with thus approach 18 {0 balance the amount of soluble
pore former with insoluble polvimer 1o ensure the drug is properly taste masked while still
rapidly releasing in the gasiroiniestinal ract 1o ensure adeguately rapad absorpiion and
onset of action; particularly entical for migraineurs. Reverse enteric polymers have also
been used as a barrnier coat. These polymers are designed to be insoluble at the pH of
saliva but rapidly dissolve at the pH of the stomach. Reverse entenic polyroers have also
been demonstrated as pore formers m otherwise insoluble films.

US5489436 recites an example of the use of the reverse enteric polvmer
Budragit® 100F as the pore former 1 msoluble colivlose ester films. This approach has
the limutation of requiring effort 1o define the spuimal amount of pH sensitive pore former
to include in the film such 1o achieve good tasie masking performance, while not
compromusing release m-vivo due o the msoluble film coating. In the case of
medicaments for relief of migraine symptoms, any delay i drug release mav result in a
delay of absorption and a delay 1in pharmacodyvnamic effect. An i1deal taste masking film
would have almost no release in the mouth but instantaneous and complete drug release in

the GI tract equivalent to that of a conventional iramedigte release tablet.
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Orally disintegrating tablets must also meet other constrainds, such as rapid
disintegration. The FDA guidance states is that tablets must disintegrate in not more than
30 seconds using conventional USE <711> disintegration testing. The FDA also generally

recommends that the weight of the ODT tablet not exceed 500 mg: however, if a tablet

9 4]

mtended for use as an ODT weighs more than 500 myg, its ability to perform effectively as
an ODT should be justified based on product performance. Finally, ODTs must be hard
and robust enough such that the integrity and elegance of the tablet is not compromuised
during manufacturing, packaging, or handling by the patient. Achieving these
requirements for doses greater than a few tens of mg s difficult as many of the desired

106 attnibutes such as tablet hardness and rapid disintegration are at odds; meaning soft tablets
disintegrate rapidiy, but are difficult to handle, and vice versa, hard tablets are easy 1o

handle, but have slow disintegration.

Compositions and Orally Disintegrating Tablet
15 Formulations and Proeduct Forms of the Presend Disclosure
The present diselosure describes embodiments of an orally disintegrating tablet

{(ODT) form of lasmuditan, referred to herein as “lasmiditan ODT7, useful for the acute
treatment of nagratne in patients with and without aura. The following preparations of
O tablets of lasmiditan further Hlustrate the mmvention and represent typical

20 preparations. The reagents and starting malerials are readily available or may be readily
synthesized by one of ordinary skill in the art. It should be understood that the
Preparations and Examples are set forth by way of illustration, and that vanious
modifications may be made by one of ordinary skill in the art.

Preparation of the taste masked drue substancs

25 The raw medicament lasmditan henusuccinate s preferably prepared in the size
range of about 50 o no more than 275 pm 1o be suitable for small particle coating. Itis
recognized that coating of particles less than arcund 50 um, referred to as fines here, is
not generally practical or feasible. The high surface area of fines requires high levels of
coating for taste masking and/or may require a granulation step to tie up fines.

36 Turthermore, it is recognized that the persistence of fine particles should be minimuzed

CA 03217760 2023-11-2
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during coating as the presence of fine particles may lead to poor final coating and
compromise taste masking effectiveness. It is also recognired that particles greater in
size than abowut 300 pm are not desired in an QDT as theses can lead to a gritty mouthfeel
in the final product.

Small particles ag defined herein are those particles in the general range of d10 of
around 30 pm, and d90 not to excead about 275 um, and coating may be performed in a
several ways, such as coacervation and fluid bed coating. A common way is using
Wurster style fluid bed coaters as this process generally provides for an efficient coating
process and 15 a well understood process. In an embodiment of the present disclosure,
fasmuditan drug subsiance is coated using Wurster style fluid bed coating.

Pariicle size determunation is known the skilled artisan and can employ well
known methods. Maternials and Equipment used can include Malvern Mastersizer 3000
particle size analyzer with Aero 5 Modude, a Dispersing System: Micro fray standard
venturl disperser, and current windows software or equivalent with Malvern Mastersizer
3000 software {(Version 3.0 or equivaient). Measuremenis are conducied by standard
procedures {see for example Malvern Mastersizer 3000 Laser Diffraction Particie Size
Distribotion Analyzer Operation, Calibration, and Maintenance, current version of PPD
SOP [0 237, and Light Diffraction Measurement of Particle Size, current version of USE)
to calculate the average for d10, d50 and d90 of the three test article preparations.

In accordance with preferred embodiments of the preseni disclosure, the raw
medicament is first granulated/sub-~coated with HPMC ES prior (o application of the
reverse enferic co-polymer fop-coat. A surfactant may also be mcluded 10 the coating
solution 1o ensure good wetting of the coating solution onto the particle. Sodium lauryl
sulfaie is a preferred surfactant. A sub-coat/granulation step serves to both bind fine
particles into a granule, as well as provide greater particle core integnity to avoid particle
attrition during coating, both serving 1o improve vield and quality of the taste mask
coating.

In an aspect the present invention is directed to the discovery of a reverse enteric

coated lasmiditan composition, and incorporation into an ODT, which achieves a balance



9 4]

10

20

CA 03217760 2023-11-2

WO 2022/236004 PCT/US2022/028003

-21 -

between in-vitro taste masking, m-vitro dissolution {supporung rapid rate of
bioavailability), rapid disintegration time, and adequate tablet hardness.

The present disclosurs provides an ODT comyprised of lasmiditan hemisuccinate
drug substance coated with an effective amount of a polyvmer coaling for taste masking,
preferably a reverse enteric coating. Heverse enteric coatings are defined herein as
polymer or co-polvmer coatings which are not soluble at pH's greater than that which s
typical in the mouth (typically about pH 6 to 7) but are soluble in the fhuds of the
stomach having lower pH's, for exarople pH 1.0 to about 3.5-3 0. Preferably compositions
of the present disclosure comprise a coating of the reverse enteric methyl methacryiate—
difethviyanunoethyl methacryiate copolymer, Kollicoai® Smartseal 30 D {commercially
available from BASE). Prior to application of the co-polymer coating, the neat drug
substance is preferably granulated using an mert polymer, such as HPC, or HPMC, and
preferably HPMC ES. Talc mav be added to any coating to facilitate processing. The
particie size of the starting APT is preferably in the size range of approximately 5010 275
mucrons to facilitate particle coating while keeping the coated particies o a size that will
not feel gritty in the mouth in the final dosage form. The resulting coated particle may
also be dusted with an anti-caking agent such as colloidal silicon dioxide or tale,
proferably tale, to manimize caking upon storage.

The coating process is made easier with the incorporation of talc in the coating
suspensions lo munimize tackiness of the particles during coating. High tackiness during
processing leads to mncreased particle-particle sticking and agglomeration. Particle
agglomeration decreases efficiency of coating leading to erratic drug release profites from
batch to batch. In addition, if tackiness occurs extensively during processing, the
granulation will ball up into solid masses {or agglomerates) greater than 300 pum which
would have a gritty feel in the mouth. The final coated particle is desired to be in the
approximate size range of 75 to 300 um to facilitate processing into an ODT, while
avoiding a gritty feel in the mouth in the final product. The following unit formmda can be
used n manufacturing ODT lasmiditan tablets ag follows for 25 mg, 30 mg, and 100 mg
doses:

Table 2:
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Ingredient Quantity (mg/tablet) w/w%o
25 mg 50 mg 160 mg
Active
Kolhicoat® Smartseal 52.050 104,100 208.200 41 64%
30 D Coated
lasmiditan
hemisuccinate”®
Ay fasmiditan 25000 50000 100 000 20.00%
Freebase
Other Ingredients
Pharmaburst® 3007 65575 131150 262.300 52.46%
Aspartame 3.750 7.500 15.000 3.000%
N-C Cherry Berry 1.750 3560 7.000 1.400%
Flavor, Art {FONA
International product
code 825 006210
Sodium Stearvl i.875 3.730 7.500 1.500%
Fumarate
Total Weight (img) 125.0 250.0 S00.0 100%

AThe amount of drug substance {drug product intermediate, coated APT) is based on the
Assay of the active ingredient.

BThe amount of Pharmaburst® SO0 is adjusted accordingly to maintain the theoretical
tablet weight.

The taste masked coated lasmiditan 1s preferably divectly compressed with
excipients suitable to prepare ODTs. The excipienis may be any of those commonly used
in the production of ODTs such as polyols {mannitol, sorbitol), fillers (starches,
microcrysialiine cellulose), lubnicants {sodium stearvl fumarate, roagnesium stearate,
talcy, fiow aides (colloidal silicon dioxide), disintegrants {crospovidone, sodiwm

croscarmellose) Preferably ) a co-processad excipient designed for ODTs, such as
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Pharmaburst® 500 (coromercially available from SPI Pharma), mav be used to ssmphtfy
processing and optintze tablet properties. Flavors (nunt, cherry berry, peppermint and
sweeteners {aspartame, sucralose, nectame) may also be added as is common in ODT
preparations. A preferred flavor is FONA N-C Cherry Berry Flavor ART #825.00621. A
preferred swestener 1s agpartame. Alternative flavors are N-C Cherry Flavor ART-
823.0597U, Bubblegum Flavor ART-815.0084U, N-C Strawberry Flavor ART-
915.0435U, Fonatech Mango Flavor NAT WONF-870.0235U, Juicy Orange Flavor NAT
WONF-884 01071, The tablet is compressed to a solid fraction that is high enough 1o
ensure low tablet friability (less than 19%) in downstream processing, while also
maintaining an in-vitro disintegration time of not more than 30 seconds.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 Process Flow Chart for Lasnuditan ODT Drug Product
Figure 2. Process Flow Dhagram for Lasmiditan QDT Drug Product Intermediate
Figure 3 Taste Profiling of Lasmiditan ODT embodiments using a Flavor Profile
Method
Figure 4. [lustrative examples of lasmiditan hemisuccinate orally disintegrating tablets
EXAMPLES
The following examples are offered to illustrate, but not o fumt, the claimed
mventions. The results of the following methods and procedures demonsirate that the
exemplified composiiions, {formulations, and tablets of the present disclosure provide
useful drug product intermediates and drug product forms for lasmiditan for orally
disintegrating tablets, and therefore may be used for {reating migraine and or headache
disorders.

Example I-General Procedure o coat lasmiditan

The following procedure describes how to coat 1.2 kg of lasmmditan hemisuccinate
of a particle size of d10 =550 um, d50=117.9 um, and d90 = 220.9 um, or similar.
Charge the fluid bed coater as described in Table 3 with lasmuiditan hemisuccinate. There
are many vendors who supply fluid bed coaters capable of Wurster coating and the
equipment set-up may differ between vendors, particularly with respect to nozzle type

and fhudization parameters. The examples cited here are for one particular style of flud
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bed coater, but 11 1s understood that other fluid bed coaters ay be used to achieve sinular
results.

Table 3: Equipment description for fluid bed coating.

Fquipment Pregcription

Fluid bed coater CPI Model 600

Chambeor 6 “ short

Partition 37x 67 ROST

Nozzle CPI #6 generation 2 with 1 extension
Fluidizing plate W6-10-1 with 325 mesh screen

5  Prepare the sub-coat/granulating solution of HPMC ES and SLS in purified water as
shown in Tabie 4.

Table 4. Sub-~coat/granulating fluid compaosition.

Material Amount (8} | % wiw Function

Solvent {removed in

Purified water 19933 92 0 PrOCESS)
Sodiom lawyl sulfate 3.5 0.2 Wetting agent
HPMC ES 169.9 7.8 Binder
Total 21667 100.0 -

Apply the sub-coat granulating selution o the desired coat fevel. The arsount of coating

15 also referred {0 as coat level, and as delined and used herein, and for the granulation a
10 10% coat level is desirable, such that for 1 kg of final gramslated material, 900 g is the

AP and 100 g 1s the HPM{O/SLS system.

It is recogmized that similar processing results mav be achieved with varving conditions

and equipment and those presented here are example.

i3 Table 5: Processing conditions for the sub~coat/granulation siep.
Process parameter Set Point
Inlet temperature 160 (°F)
Bed temperature 100 (°F) (target}

CA 03217760 2023-11-2
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Fhudizing air 30 (cfim}
Atomizing air 30 (psi)

Spray raie

11 {(g/vun) (approximately 23% of drying capacity)

Table SA: Final theoretical composition of Lasmuditan sub-coat granulation.

Component % wiw
Lasmiditan hemisuccinate 90.0
Sodium lauryl sulfate 0.2
HPMC ES 938
Total 100

The sub-coat granulation may optionally be sieved to remove remaining fines and over-

granufated material To coat 0.3 kg of lasmuditan HPMC sub-coated/eranulation with a

top-coat of the reverse enteric Kollicoat® Smartseal 30 D the following general

procedure moay be used.

Table 6 Equipment description for flaid bed coating use in the top-coat apphication

Eguipment

Description

Fluid bed coater

TPl Model 600

Chamber 4% short
Partition 2R x Q57
Ngzzie {P1#6 generation 2 with 1 extension

Fluidizing plate

W6-10-1 with 3235 mesh screen

Prepare the top-coat taste masking dispersion of Kollicoat® Smartseal 30 D in punfied

water as shown m Table 7.
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Table 7: Top-coat/granuvlating fluid composition

Amount Function
Material {) % wiw
Triethvl cilrate 259 1.66 Plasticizer
BHT 1.6 010 Antioxidant
Purified water 888.8 37.00 Solvent (removed in process)
Kollicoat® Smartseal 30D 518.6 33.26 Taste masking polymer
Talc 1245 7.9% Detackifier
Total 13554 100 -

It 1s recognized that altemate plasticizers may be used fo ensure good fim

[

formation during coating. 1t 1s also recognized that antioxidants other than BHT may be
used, and/or excluded altogether if appropriate for product stability
Applv the top~coat dispersion o the desired % coat level for the coating.
preferably 379 theoretical coat tevel As used herein, coating level or coat level or
coating can be described as a percentage on a weighi-to~-weight bastis, of the material
10 being coated 1o the weight of the coating matenal. Thus a 37% theoretical coat level
would be represented by 1 kg of final coated API having 630 g of granulated APY and 370
¢ of the taste masking matrix, for example, top-coat taste masking dispersion of
Kollicoat® Smartseal 30 D in purified water as shown i Table 7. Usehul conditions are
noted 1in Table 8. It is recognived that similar processing resulls roay be achieved with
15 varving conditions and equipment with those presented here as an illustirative example.
Embodiments of the present disclosure include reverse enleric coating, preferably
Kollicoat® Smartseal 30 [, wherein the coat level s, for example 20-40% coat level,
preferably 30-40% coat level, more preferably about 31-38% coat level, using the
conditions described herein. Preferred embodiments of the invention are 32% coat level
20 and or 37% coat level. Particularly preferved is a coat level of 37%. Coating or coated as
used herein refers to the coat level and associated methods and specifications.

Table 8. Equipment description for thud bed coating use in the top-coat application

CA 03217760 2023-11-2
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N
Process parameter Set Point
inlet temperature 130 t0 134 (*F)
Bed temperature 84 1o 86 (°F) (targel)
Fhuadizing air 12 {cfim)
Atomizing air 20 {psi}
Spray rate 4.1 {g/min) {approximately 40% of drying capacity)

Table ©: Final theoretical comyposition of lasnudiian hemisuccinate taste masked at a 37%

target coat level

Component %% wiw

Lasnuditan henusuccinate 36.70

Kollicoat® Smartseal 300 (on a div

basis) 18.72
Triethyl citrate 3.1z
BHT (Butylated hydroxytoluene) 0.19
Talc 14.98
HPMC ES5 6.17
Sodium lauryl sulfate (.13
Total 100.0

i

The final coated malerial may oplionally be further dried at temperature of 30 o
45 *C in the fluid bed coater 1o remove residual water and tmprove the quality of the
coating. The final coated material may optionally be sieved to remove remaining fines
and/or agglomeraied material. Additional talc may be blended in with the coated APl 1o
prevent caking upon storage. Taste masking performance and subsequent release of drug
10 1n the (G} tract may be modeied by measuring the API released from a representative
dosage formousing a USP Il paddle dissolution apparatus with a pH shift method.
Representative tablet dosage forms were first prepared as shown in Tables 10 and 11.
Table 10: Unit formula of representative GDT containing coated (iaste masked)

lasmuditan.

CA 03217760 2023-11-2
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.28 .
ingredient mg/iablet % wiw | g/ batch
Kollicoat® Smartseal 30 I Coated

Lasmiditan Hemisuccinate (37% coat

fevely* 19630 3926 982
Pharmaburst® 500 (SPI Pharma) 298.70 59.74 14.94
Sodium Stearyl Fumarate (SPI Pharma} 5.00 1.69 0.25
Total S00.040 100,00 25.00

*Equivalent to 100 mg lasmiditan

Blends were prepared and blended mn a 125 mL vessel for 9 minutes at 44 rpm using a
Turbula mixer. ODTs of 100 mg Lasmiditan were compressed at about S0MPa
compression stress using a Natol single station manual tablet press and 12 mym round
concave tooling.

Table 11 Unit formula of representative O containing non-coated (non-taste masked)

fasmditan

Ingredient mg/tablel %% w/w | g/ baich
fasmiditan hemisuccinate (uncoated)* 11560 2312 5.78
Pharmaburst® 500 {(SPI Pharma) 384 .40 76.88 19.22
Total 500.00 100.00 25.00

*Equivalent to 100 mg Lasmiditan

Blends were prepared and blended in a 123 rul vessel for © minutes at 44 rpm
using a Turbula muxer. ODTs of 100 mg Lasnuditan were compressed at about a 35 MPa
compression stress using a Natoli single station manual tablet press and 12 mm round
concave toohing.

To evaluate taste masking and release properties, an ODT was placed into 200 mi
of 10mM Na phosphate/15mM Na('l dissolution media. This media was selected as it
represents the pH (about 6.5) and salinity of human saliva, While stirring at 100 rpm at
37°C the release of lasmditan from the dosage form was monitored every 10 seconds by
measuring the UV absorption at 259 nim. After 300 seconds, 1.5 mb of 3N HCI was
added to the dissolution vegsel to reduce the pH {0 about pH 2.6 10 mimic the transition {0

the gasiric compariment,
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The dissolution results as shown in Tabhle 12 demonstrate the suppressed
dissolution of lasmiditan in simulated saliva when coated with Kollicoat® Smartseal to a
37% target coat level. Similarly, the results demonstrate that upon a pH transition to about
2.6, there is rapid release of the drug from the dosage form. This is the desired release
profile 1o ensure good taste masking and rapid release in the G tract to ensure drug

absorption.
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Table 12: In-vitro dissolution resulis for representative ODTs made using taste masked

and non-taste masked drug substance.

CA 03217760 2023-11-2

Concentration of Lasmiditan (ug/ml}
100 mg ODT 166 mg ODT with
Time
4 with uncoated Smartseal coated API
(sec) ,
APl 37%CL
8] 0.00 (.00
19 .30 .01
260 24 .66% 0.10%
30 53.98 (.34
46 7841 0.70
50 90.62 1.8
e &6 95.87 1.56
Ns)
g 70 98 46 1.94
e iy 100.04 2.36
P@ Q0 100.98 297
I
ks 100 101.61 3.23
=
E 110 101.95 371
[}
120 10219 416
150 102.80 386
180 nm 771
210 nm Q.73
240 3193} 11.98
300 0nim 17.51
360 1 73.88
N
; 420 nm 106,28
= 480 nm 106.79

* Tablet completely disintegrated in dissolution

bath. o = oot measured, CL = coat level.



9 4]

10

20

CA 03217760 2023-11-2

WO 2022/236004 PCT/US2022/028003

Fxample 2: Manufacturing process for manufacture of coated lasmiditan

Preparation of cogted lasmiditan

The present disclosure provides a drug product comprising an orally disintegrating
tablet with dosage strengths from 25-200 mg, including 25mg. 30 mg, 100 mg and 200
mg. A manufacturing process for manufacture of coated lasmuditan is herein provided for
lasnmuditan hemusuccinate which is film coated for the purpose of masking its taste prior to
meorporation into orally disintegrating tablets. The lasmiditan hemisuccinate undergoes
two coating steps in a Wurster style bottom spray fluidized bed coater at the 187 scale. A
process flow chart and illustrative process controls, parameters, and proceoss ranges are
described. The lasmiditan drug product intermediate manufacturing process consists of
three main processes. These operations are HPMC granulation, Smartseal coating, and
talc blending. The process used to manutacture the lasmiditan GDT drug product
mtermediate 1s shown in Figure 2.

HPMC Granulation:

The principal objective of the HPMC granulation process is o aggiomerate the
fine particles of the active pharmaceutical ingredient to control the particle size
distribution going into the subsequent taste mask coating. The HPMC granulation process
consists of the following steps outhned below.

HPMC Solution Preparation:

Prepare HPMC solution {8% w/w solids) with an appropriate excess (if necessary}
to allow for setup of iquid addition system and losses. Fill a vessel with purified water.
Dissolve the HPMC in the purified water with the aid of a maxer providing a medium
vortex. Once the HPMC i visually dissolved, reduce the mixer speed to provide a small
vortex and continue maning 1o deaerate the solution. Increase agitation speed o provide a
medium vortex and add the sodium lauryl sulfate to the HPMC solution. Once all solids
are visually dissolved, reduce the mixing speed to provide a low vortex during suspension
deaeration. Turn the mixer off. 08 the solution to ifs final weight with purified water.
Mix solution at a low vortex for a nunimum of five and a maximum of ten minutes o

homogenize the solution. Turn off the mixer.
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HPMC Granulation:

Prepare 187 Wurster-type coater by instaliing specified coater chamber, base plate
and plate screen, nozzle, partition, plenum distribution plate, and filters. Prepare classifier
by installing specified screens. Calculate amount of HPMC solution {o deliver {target will
result in a theoretical 10% coat level for the HPMC pranulation step). Preheat the emipty
coater using the process parameters specified in the baich record. Fill the solution
delivery line and tare the scale. Lower the coater cart and charge with fasmiditan
hernisuccinate. Close the cart and adjust process parameters (o the coaling paramelers
specified in the batch record. Adjust the inlet temperature to achieve the specified target
bed temperature. Once the targei amount of solution has been delivered, adjust the coater
pararseters to the specifiad values for drving and dry the gramiation as specified.
Transter the granulation to a drum and collect knock down fines from the coater
separately. Sieve the granulation using a 249 micron screen to eliminate agglomerates and
a 73 micron screen o eliminaie fines.

Kollicoat® Smartseal 30 D Coating:

The principal objective of the Kollicoat® Smartseal 30 I¥ coating process is {o
apply a polymer coating o the HPMC granulation for the purpose of taste masking the
material. The Kollicoat® Smartseal 30 I coating process consigts of the followmg stops
outlined below.

Kollicoat® Smartsead 30 D Coating Suspension Preparation: Prepare Kollicoat®
Smartseal 30 D suspension (19.71% w/w solids) with an appropriate excess (if necessary)
to allow for set-up of iguid addition system and losses. Fill a vessel with purified water.
Set agitation speed to 50 RPM. Slowly add triethy! citrate to the water while agitating at
this apeed. Slowly add Kollicoat® Smartseal 30 D 1o the water/TEC mixture, passing it
through a 60 mesh screen. Continue o mix at 2 medium vortex without introducing foam
for a nunimum of 90 nunutes from the end of the completion of the addition of the
Kollicoat® Smartseal 30 3. Increase agitation speed to provide a medium vortex and add
tale 1o the suspension. Contitue 1o roix using a roedium vortex for a nuninum of 30
nunutes following the completion of the talc addition. Turn the nuxer off and 38 the

suspension to tts final weight with punfied water. Mix the final suspension for a
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maninam of 5 mioutes at a low vortes, Continue o mix suspension at a low vortex
throughout the coating operation.
Kollicoat® Smartseal 30 I Coating: Prepare 187 Wurster-type coater by installing

specified coater chamber, base plate and plate screen, nozzle, partition, plenum

9 4]

distribution plate, and filters (For example. setup may be: Chamber 1s 187 375C, Plate 15
WI1R-10, Plate Screen is 325 mash, Nozzle is CPI nozzle with no. 2 tip, Partition is 8.57 %
207 mounted 1.57 above the plate, Plenum Distribution Plate is 1 x Spoke Plate/ 1 x
Perforated Plate with 1/16” hole diameter, and flters are 16 x 487 16 ounce PTFE).
Prepare classifier by installing specified screens. Calculate amount of Kollicoat®

10 Smariseal 30 D suspension to deliver. Preheat the empty coater using the process
parameters specified i the baich record. Fill the solution delivery line and tare the scale.
Lower the coater cart and charge with classified HPMC granulation. Close the cart and
adiust process parameters 1o the coating parameters specified in the batch record. Adjust
the inlet temperature 1o achieve the specified target bed temperature. Once the targst

15 amount of suspension has been delivered, adjust the coater parameiers to the specified
values for the caring step and cuwre the coated API ag specified. Transfer the coated APl to
a drum and collect knock down fines from the coater separately. Sieve the coated AP
using a 300-micron soreen to eliminate agglomerates and a 75-micron screen to chminate
fines.

20 Talc Blending: The principal objective of the talc blending step is to dust the
coated AP with a small amount of talc. This 15 done {o mitigate extended disintegration
times for tablets stressed at high temperatures. These exiended disiniegration times are
due to agglomerates reiained on the disintegration basket screen. The coated API is
dusted with approsimately 2% w/w tale in a diffusion blender. Use the actual weight of

25 the coated API 1o calculate the required quantity of tale. Tale blending may be done in

one step or in sections. Tale should be sandwiched between AP additions for each

section in order to minimize loss of talc on the inside surfaces of the blender. Charge
approximately half of the coated AP into the blender. Add the tale to the blender, and

then charge the remaining coated APL Blend the mixture using the speed and time

CA 03217760 2023-11-2
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parameters spocified in the batch record. Dhscharge the final DP material into the

specified bulk packaging containers.

Unit Formda for the lasmiditan ODT drue product intermediate

To illustrate an embodiment of the present disclosure, a theoretical composition

for the lasmiditan ODT drug product intermediate is shown in Table 13. Composition

mformation provided in this table is theoretical based on 1009 process efficiency.

Composition of manufactured drug product intermediate may vary as much as + 10%

during development due 1o scale accuracies and coating efficiencics. Lasmiditan

hemisuccinate drug substance is manufactured as a single polymorphic

form (anhydrous, referred o as Form A} for the coating processes described herein

Table 13: Lasmiditan ODT Drug Product Intermediate Theoretical Composition *

Componend

Quaniity

(Yow/w of DPH

Function

Lasnuditan Hemisuccinaie 35847 Active Ingredient
Purified Water USP B Process Water
Hypromellose (HPMC) 6.0138 Bindet/AP!
Subeoat Polvmer
Sodiom Laoryl Sulfate (0.154 Wetting Agent
Triethyl Citrate 2.759 Plasticizer
Kollicoat® Smartseal 30 D | 18.593% Taste Mask
Polvmer Coating
Talc USP (1656 BC) 14.8967 Detackifter/Glidant
Talc USP (1636 BC) 2.0345 Detackafier/Glidant

A Composition information provided in the above table is theoretical based on 100%

process efficiency. Composition of manufactured drug product intermediale may vary as

much as + 10% during development due to scale accuracies and coating efficiencies.

B pyrified water is used in the both the HPMC granuiation and the Kollicoat® Smuartseal

30 D coating operation. A majority of this water is removed duning drving/curing,
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C Represents the sohd portion of the Kollicoat® Smartseal 30 D suspension. Koilicoat®

Smartseal 30 D is an aqueous suspension containing 30% solid components by weight.

B Represents the talc present in the Kollicoat® Smariseal 30 D coating suspension.

E Represents the tale used in the final blending step of the coated composition

5  manufacturing process.
Batch Formuda for the fasmiditan BT drug product intermediate:
The theoretical batch formula for the lasmiditan ODT drug product intermediate ts shown
i Table 14,
Table 14 Lasmiditan ODT Drug Product Intermediate Theoretical Batch Formula
Component Cuantity (kg)
Lasmuditan Hemusuccinate 25,0005
HPMC Granulation Solution (8.00% w/w solids)®
HPMC E5 LISP 2708
Sodium Laurvi Sulfate {3069
Purified Water® 31.944
TOTAL 34.722
Smartseal Coating Suspension (12.71% w/w solids)®®?
Triethyl Citrate 1.242
Kollicoat® Smartseal 30 DF 27.893
Talc 6704
Purified Water® 46,930
TOTAL 82.770
Talc Blending
Talc? 0.915
TOTAL MASS OF DPI 45 007
i0

CA 03217760 2023-11-2
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* the amount of API charged into the HPMC gramilation can be adjusted based on the
assay value of the APL The theoretical free base content of the APl is given by the ratios
of the molecular weights (377.36/436.41 = 0.86469}.

B Represents the amount of solution/suspension delivered during coating. An excess of
the solution/suspension may be prepared to account for priming of the delivery line, line
iosses, and in order o provide an adequate heel in the delivery tank.

C Purified water is used in the both the HPMC granulation and the Kollicoat® Smartseal
30 13 coating operation. A majority of this water 15 removed during drving/curing.

2 The amount of Kollicoat® Smartseal 30 I coating suspension 15 adjusted based on the
vield following classification of the HPMC granulation. The amount is calculated to
provide a theoretical Kollicoat® Smariseal 30 T¥ coat level of 37%.

B Kollicoat® Smartseal 30 D is an aqueous suspension containing 30% w/w solids.

¥ The amount of talc used in the final blending step is adjusted based on the vield
{oliowing classification of the Kollicoal® Smariseal 30 D coated APL The amount of tale
{0 be used in the final blending step ts 20.763 g per kg of Kollicoat® Smartseal 30 1

coated APL

Ereparation of Qrally Disindepvating Tobicts using tasie masked lasmiditan.

The unit and baich formula to prepare representaiive 100 mg Lasnuditan ODTs

are shown 1n Table 15 for a theoratical batch size of 656 tablets.
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Table 15: Unit formuda and batch tablet for QDT

Ingredient mg/lablel % wiw | g/ batch

Kollicoat® Smartseal 30 D Coated Lasmiditan

Hemusuccinate (37% coat levely* 201.17 40.23 130,76
Talc {extra fine) 4.00 0.80 2.60
Pharmaburst® 500 (SPI Pharma) 26%.83 53,97 175.39
Sodim Stearvi Fumarate (SPL Pharma) 10.00 2.00 6.50
Cherry berry flavoring 3.00 L.OO 3.25
Agpartame 10.00 2.00 6.50
Total 506.00 100,00 325.00

*Equivalent to 100 mg Lasmiditan

The coated API may be sieved through a #50 mesh to break up loose aggiomeraies
and ensure the coated API s 10 discreet parficulate form prior o further processing. The
coated API and talc were weighed info a S00mL vessel and blended on a Turbula for I8
minutes at 44 rpm.

5 The Pharmaburst® 500 is weighed into a separate 1000mL vessel, with the cherry
berry flavoring, aspartame sweetener, and sodium stearyl fumarate added on top of the
Pharmaburst® n the vessel. 'the pre-blend of API and tale 15 then added on top. The IL
vessel is then rotated on a Turbula mixer for about 10 muinutes at 44 rpm.

The inal blend was compressed on a FlexiTab single siation press using 12 mm

10 round dimpled tooling. The following compression profile was generated.

CA 03217760 2023-11-2
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Table 16; Compression profile and phvsical properties for representative ODT.

Compression stress {MPa)
42 65 73 92 109
Solid fraction (%) 0.71 (.75 0.76 (.79 (.81
Tensile sirength
{MPa) 0.2 0.4 0.5 0.8 1
Disintegration {sec) 18 18 19 20 24
Friability {%) 6.4 1.04 0.43 (.18 0.1

The results show that with as little at 65 MPa compression stress, tablets of
suffictent strength are generated to meet the target 1.0% frability target in USP<i216>,
it 15 further recognized USP <1216> test may not be appropriate for ODTs; however it 15
a recognized and accepted characterization test. Acceptable performance in this test
would be recognized as more than sufficient for an orally disintegrating tablet with
respect 1o friabilitv. The target disintegration time of not more than 30 seconds is met
across the compression profile.

A sarprising finding 1s that the use of talc not only does not have a negative effect
on the disindegration performance of the OD'T, but also serves to unprove disintegration
of ODTs when placed on stress stability. Talc is a hydrated magnesium silicate, its
crystals are thin and larmsellar forming, making it suitable as a hubricant and detackifyving
agent in pharmaceutical appheations. Hs main characteristic is that 1t 1s naturally
hvdrophobic and lipophilic, which would generally be thought to have anegative impact
on disintegration performance, if used in a dosage form at high levels,

The following coated API-ialc blends were prepared by weighing the componenis
wo a 20 mb. glass scintillation vial and blending on a Turbula muxer for 40 nunutes at 44

rpm.
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Table 17 Cogted API/ale pre-blend formulas.

Preblend (0.5% Preblend (1.0% | Preblend (2.0% Preblend (4.0%
talc) talc) talc) talc)
Mass Mass

Mass (g} | wi% {2} wi% {g} wi% Mass {g} wi%
Coated 99 50 PERIN 0601
AP 3.208 4 3.207 1 3214 97.958 3.206 7
Talc
exira
Fing
grade 0.016 0.496 0.034 1,049 0.067 2.042 .133 3.983
Total 3.224 100 3.241 100 3.281 100 3.339 100

Pharmaburst® 500 was weighed into 2 2 ounce glass jar, followed by sodium stearyl
fumarate and then the coated AFI or coated API-talc pre-blend as added on top. This

blend was rotated on a Turbula muxer for 9 nunutes at 44 rpm.

5 Table 18; Uit formulas for evaluation of impact of talc on disintegration time.
0% talc pre-blend 0.5% talc pre-blend 1% talc pre-blend
per pet pey

tablet Yo Batch tablet %% Batch tablet Yo Batch

{mg) {wiw) {mg) (mg} {wiw) {(mg) {mg) {w/w) {mg)
Coated AFT 200.00 40.00 | 3100.060 .00 0.00 .00 0.00 0.00 0.00
Preblend 0.00 0.00 0.00 20100 | 4020 | 311545 202,12 1 40.42 | 313285
Phanoaburst®
300 250.00 58.60 | 4495.00 | 28901 57.80 | 4479.66 | 28788 | 57.58 | 4462.12
S5F 10.00 2.00 135,00 16.00 2.00 155.60 10.00 2.00 155.00
Total 360,00 110000 77530.00 | 300,01 | 160,00 { 7750.11 | 500,00} 100.06 | 774999

CA 03217760 2023-11-2
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Table 18 Unit formulas for evaluation of irapact of tale on disintegration time.

{continued}
2% talc pre-blend 4% talc pre-blend

per per

tablet % Batch | tablet %6 Baich

{mg) | {(w/w) {mg} {mg) | (w/w) {mg}
Coated API .00 0.00 .00 0.00 3.60 (3.G0
Preblend 20417 1 40.83 | 3164.62 { 20830 1 41.606 | 322859
Pharmaburst®
5060 285831 5717 443037 {28171 § 53634 | 436651
SSY 10.00 | 2.00 155060 1 1000 | 2.00 155.00
Total 500.00 1 100.00 | 7749.99 | 500.01 | 100.00 | 7750.10

Tablets were compressed at 9kN using 12 mm round dimpled tooling using a Natoli

single station press. Tablets were stressed at 70°C open dish for the specified period of

time. Tablets were removed from the oven and held at room temperature until time of

analvsis. Disintegration was performed per USP<711> in replicates of ai least 3.
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Table 19: Disintegration times (first tablet and last tablet to disintegrate) for O Ts

prepared with coated API or coated APVtalc pre-blend.

Disintegration time {seconds)
Time at 76°C 0.5% 1% 2% 4%
{hrs) 0% Talc Tale Tale tale talc
Firat to
0 disiniegrale 17 15 16 15 15
Last to disintegrate 17 15 16 13 15
First to
2.25 disinteprate 120 120 22 18 18
Last to disintegrate 120 126 27 z25 23
First to
5.25 disinisgrate 120 120 34 23 25
Last to disintegrate 120 126 120 26 25
First 1o
21 disintegrate 120 120 40 28 25
Last to disintegrate 120 126 115 40 31

Surprisingly, despite the hyvdrophobic nature of talc, the disintegration
performance is not compromised for unstressed fablets. When used at fevels of 1% or
greater, imoprovement in disintegration stability is obtained for tablets exposed to exireme
temperature stresses.

Taste studiss of the lasmiditan ODT composition as described herein or known to
the skilled artisan imdicate that Cherry/Berry & Aspartame flavor sysiem has a high
overall flavor guality, Bitterness & Green Stenuny atirtbutes of flavored formulations are
considerably lower than unflavored coated granules, and that chewing of a unit, in the
svent a patient chews against label instructions, do not change the flavor quality profile.

A challenge for the compositions and tablets of the present disclosures is prevent
lasmuiditan hemisuccinate from going into solution while 1n the mouth vet ensure that it
dissolves rapidly in the stomach 30 to achieve the required efficacy with an onset of

action generally comparable to the approved tablet version. A chinically successful orally
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disintegrating tablet for lasmiditan aims to be palatable, bioequivalent to the approved

REYYVOW® tablet product forms, and consistently manufacturable.

The first hurdle to enable an ODT product form was to prepare core drug
substance particles for coating wherein the particles were of the size 75 pm to 250 um,
thus heing large enough to coat while also small enough to not feel gnitty in the mouth on
adnunistration of an orally disintegrating tablet contaming the coated particles. Prug
subetance hatches were found to meet particle size criteria enabling the composition to
use lasmuditan henusuceinate as the core for further coating rather than resorting to more
elaborate formulation approaches. Development experiments were conducted to
deierming if lasmiditan hemisuccinale particles could be coated by {luud bed processes,
and obtain good coverage of the coating on the core, minimal or acceptable losses to the
coating process. The procedures described in the present examples were determined o
meet these criteria

The compositions and orally disintegrating tablets of the present disclosure arise
from the diccovery of a successful barner coat which facilitates both oral disintegration
while at the same fime effectively masking the highly offensive taste properties of
fasmiditan. A functional coating, Kollicoat® Smartseal, was employved to mask lasmiditan
API conijaining corg particles (o provide a useful degree of suppression of dissolution in
the mouth. To achieve chimcally iolerable tasie and palatability for the target dose
strengths of 50 and 100 mg, the desired product will generally result in free (solubilized)
drug in the oral cavity of << 1% of the admunistered dose. In order to achieve
biosquivalence, the desired product will generally result in rapid dissolution in the
gastrommtestinal tract, thus providimg for good absorption of lasmuditan. While numerous
technologies and approaches exist for task masking, it cannot be predicted prior to clinical
testing, whach if any will adequately meet numerous critena tor a climically advantageous
and usefid product. To achieve the desired performance characteristics, an opfimal
coating excipient would be insoluble at pH above 5.5 but also highly soluble at pH below
3.5 1t was discovered that Kollicoat® Smartseal 30 I can be used in combination with
fasroiditan for this purpose and provides superior taste masking for thus APY inorally

disintegrating tablets. To provide the compositions capable of serving as an orally
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disintegrating tablet, conditions and procedures had {o further be tested to determine if the
fasmiditan hemisuccinate particles coated with Kollicoat® Smartseal could also be
effectively tableted. Kollicoai® Smariseal coated AP had an acceptable processing

range, masking capacily, and made effective and useful fablets meeting requared

9 4]

specifications.

Example 4 - Manufacturine process for lasmiditan orally disinteorating tablet’s

The present disclosure provides ernbodiments of drug products comprnsing an
orally disintegrating tablet with lasnuditan dosage strengths from 25-200 mg, including
10 25 mg, 50 mg, 100 mg, and 200 mg for oral adminisiration. A manufacluring process for
manufacture of lasmiditan orally disintegrating tablets is herein provided, as ilhustrated
for lasmiditan hemisuccinate, and conceived to be useful for all forms of lasmiditan,
wherein the product is film coated for the purpose of masking its taste, prior to

meorporation inio orally disintegrating tablets. A process flow chart and thustrative

o
A

process controls, parameters, and process ranges are described.

The foellowing Table 20 provides unit formulas for Kollicoat® Smartseal 30 D
Coated lasmiditan hemisuceinate Drug Product Intermediate, and 50 myg and 100 mg
examples of orally disintegrating tablets. The skilled artisan may change the amounts to
prepare for example 25 mg and/or 200 mg or other desired unit dosage form tablets. The

20 lasmuditan ODT manufacturing process is shown in Figure 1.

Table 20: Lagmiditan ODT Theoretical Unit Formudas *

Quantity

Component {mg/lablet) Fanction

SO mg FO0 mg

Kollicoat® Smartseal 30 D
Coatad

Drug Product Intermediate

CA 03217760 2023-11-2
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{DPI) BL
Lasmidilan Hemisuccinate 57 8241 1156482 Active
Lasmiditan Free Rase 30 100
Purified Water ¥ Process Water
Hypromellose (HPMC) ES 6.2643 12.5286 Binder
Sodium Laury] Sulfate 0.1606 0.3212 Wetting Agent
Triethyl Curate 2.8717 5.7433 Plasticizer
. ) Taste Mask
Kollicoal® Smariseal 30 D F 19.3550 38.7099
Polymer Agent
Tale USP (1656 BC) (Fluid o ) Detackifier/Gh
) 15,5069 31.0139
bed coating) dant
Talc USP (1636 BC} Pretackifier/Gli
21174 4.2349

(Exiragranular biend)

dant

Total DPI (Coated
fasmiditan hemisuccinate

API)

1041000

208.2000

{oated Active

Oral Disintegrating Tablet ©

Coated lasnuditan

) ) ‘ 1041 2082 Coated Active

hemisuccinate APT {DPT) ©
Pharmaburst® 300 © 13115 262.3 Disintegrant
Aspartame 7.500 5.00 Sweetener

Flavoring
Cherry Berry Flavor 3.500 7.000

Agent
Sodium Stearyl Fumarate 3.750 7.500 Lubricant
Total Tablet e
230.0 500.0 -

Weight
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Unit formula provided as ilustrative exampie.

Composition and theoretical unst formuda information provided in the drug product
mtermediate portion is theoretical based on 100% process efficiency. Composition of
manufactured drug product intermediate may vary as much as £10% during
development due 1o scale accuracies and coating efficiencies.

Prug product intermediate 1s manufactured as described herein, and/or according to
methods known (o the skilled artisan,

Purified water 1s used during the drug product infermediate process and removed
during the process.

Kollicoat® Smartseal 30 D (commercially available from BASF) is an aquecus
suspension containing a nominal 30 wiw% solid components and the amounts given in
table are the solid portion of the suspension.

A reasonable variation of £10% is allowed for each oral disintegrating tablet excipient

unless otherwise stated.

3

The gquantity of coated hemisuccinate AP will be adjusted based on the “as-¢” or
standard release potency. The guaniity of Pharmaburst® 300 will be adjusted to
maintain target tablet weight.

Acceptable ranges of components fed amounts per feeder as a percent of the total tablet

amount are listed in Table 11, For drug substance, the range is based on mamtaining a

unit dose average assay value of not more than 110% and not less than 90%. For the

Y

excipients, the ranges are based on scientific judgement of +10% reasonable varation

around the target. Calculation of values are within the knowledge of the skilled artisan,
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Table 11 Accoptable Component Fed Amount Ranges
Target | Minimum | Maxionum
Component o of %o of {% of
tablet) tablei} fablet)
Coated lasmiditan ‘
o 41.64 | 37.48 45.80
hemisuccinale APT A
Pharmaburst® 500 52.46 4721 5771
Sweetener/Flavor Pre-
4.40 3.96 4. 84
Blend F
Sodium Stearyl )
1.50 1.35 1.65
Fumarate

4 The quaniity of coated lasmiditan hemisuccinate API will be adjusted based on the “as-
is” or standard release potency. The quantity of Pharmaburst® 500 will be adjusted to
mamtain targel tablet weight. As such, the target (% of tablet) per feeder for the coated
AP and Pharmaburst® 3500 will be adjusted and 3 £10% reasonable variation allowed
around the potency-adjusted target.
See Table 22 for pre-blend matenal dispensed weight ranges.

Acceptable pre-blend component dispensed amounis as a percent of the (olal
blend weight are listed in Table 22 and based on scientific judgernent of =10% reasonable
variation on both components simultaneously. Calculation of values are within the
knowledge of the skilled arfisan.

Table 22: Acceptable Pre-Blend Dispensed Weight Ranges

Targel | Mimonom | Maximum
Component {% of {% of {"% of

blend) blend) blend)
Aspartame 8.2 63.7 72.4
Cherry Berry Flavor 318 27.6 363
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A Process Flow Chart Yor Lasnmuduan ODT Drug Product moanufacture 1s provided in
Figure 2. The following procedures further illustrate how the ODT product can be
prepared. The skilled artisan will recognize that certain variations can e employed as
needed for alternative processes.

Screening and Blending of Powders {Sweetener/Flavor Pre-Blend): Aspartame
and cherry berry flavor are security screened through a US standard #6 mesh sieve.
Materials are layered by sequentially adding the ingredients as follows into the tumble
bin: approximately half of the aspartame, all of the cherry berry flavor, the remaining
aspartame. The tumble bin is placed on a tumble bin base and blended. Prior to, or whileg,
ipading material inio the loss-in-weight {LIW) feeders, coated lasmiditan hemisuccinate
API, Pharmabursi® 500, and sodium steary] fumaraie arve security screened through a US
standard #6 mesh sieve. LIW feeder material assigniments and set-up configurations are

listed 1n Table , with the preferred configuration items i bold.

Table 23 LIW Feeder Configurations

Feeder Location / )
- . i . Outlet
# Material Size Screw Type Mixer
Screen
Inlet *
Fine or
1.Zor o T26 or _
Coated lasmiditan AP {oarse Upper /1 MNone
4 T35 4
Stamnless
Fie or
3 Pharmabursi® 300 T33 Coarse Upper/ 1 None
Stainless ®
Fine or
3 Sodium Stearyl Fumarate T20 Coarse Middle /3 MNone
Stainless
) Fine or
) Sweetener/Flavor Pre- ) ) , N
5 T20 Coarse Middle /2 Mone
Blend ‘
Stainless
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& A continuous manufacturing suite is setup for muxing by methods known to the skilled

artisan, Table 24 below illustrates equipment and setup parameters.

Table 24 Equupment List / Setup

Equipment

Mamfacturer

Equipment

Parameter

Recommended Specification®

Sweetener/Flavor Pre-Blend

Screen (secunity) ®

Tyler or equivalent

Screen Mesh

U

[72]
[#2]

td #6 (3350 acron)

Diffusion Bin L. B. Bohle, Germany | Bin Volume 1.4 ¢ {nominal } ft2)
{or equivalent) Dimensions Rectangle, Comcal bottom
Discharge Angle 907 (vertical)
Axis of wtation Horizordal
Feeding

Screen (secusity) ©

Tyler or equivalont

Screen Mesh

US Std #6 (3350 smcrom)

Feeder for

Pharmaburst® 500

Copenon K-Tron,

Germany

Loss in Weight

Feeder/Scale

T3S LIW Feeder

Feeders for

sweetener/flavor pre-

blend and sodinm

stearyl fumarate

Copenion K-Tron,

Germany

Loss in Weiglt

Feedet/Scale

T20 LIW Feeder

Feeder coated {openon K-Tron, Loss in Weiglt T23 or T35 LIW Feeder
LYS573144 Germany Feeder/Scale
hemdsuccinate AP
Mixing
Mixer Gericke, Switzedand | Model GCM356 or GOM450
Weir 180°, fully open
Vohume 8L
Paddle Paddis 1 and 12 al 457 forward.

Counliguration

Paddies 2 - 1181 22.5° odd
mimbered paddies facing
cutlet/forward, even nombered

paddies facing indet/backward.

Surge Hopper
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Hopper Lilly Design, USA Materials of FDA compliant materials
Construction
Level Sensor Fluidwell, The Model Triflex LNI 200
Netherlands Measurement 20 capacitance sensors
Tableting
Tablet Press — Power Korsch, Genmany Model Korsch X1.200

Asststed

MNuniber of Stations
Used

Fully toofed

Tarret Pitch 285 mm

Diamctor

Feeder Paddle 3 paddle, square profile
Pesign

Fill cam size

10 mm

Tooling Design,
round dimple flai-
faced, beveled edge

(FFBE) embossed

50mg: & 9.50 mm (03740
inches)
100mg: & 12.00 mm (D.4724

mches)

Punch Head Design

TSM-B Domed Head

4 Recommended specification based on typical equipment capability/specifications from

manufacturers and scientific judgement.

B mMaterials are screened prior to loading in feeders.
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Eguipmerd ‘
Equipment Manufacturer Recommended Specification”
Parameter
Powder Near-infrared
Specirometer Prozess, UUSA Model Prozess 611 NIRS
Spectrometer Type | Diode-Armay
MNoniinat Approx. 1100-2100 am
Wavelength Range
Wavelength Approx. 5 nmt
Spacing
Scan Time Approx. 1.2 sec
System Software NovaPAC
Probe Type Flat head, 6 around 1 fiber optic
Tablet Tester
Tandem Braker, Geonany Model Tandem THA

Recomnmended specification based on typical equipment capabilitv/specifications from

manufacturers.
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Table 22: Process Parameters and Recommended Ranges

A

PCT/US2022/028003

Recommended Range

Parameter Target A
Pre-Blend
. . 13 -75%
7 a i/
Fill Level N/A 8. 8.5Ks
Speed 12 rpm 10 - 15 pm
Time 8.3 nun 6.7 — 10 min
Continuious Processing
25.0-40.0kgh
Total Flow 324 Kkg/h {based on T'F NIR
calibration)
Mixer Impeller Speed 15G rpm 125 — 175 mpm

Compression Dwell Time

30mg: 7.1 ms
100 mg: 14.2 ms

50 mg: 64— 79 ms
00 mg: 116182
ms

Turret Speed

50 myg: 90 pm
100 mg: 45 rpm

50 mg: 80 - 100 mpim
100 mg 35 - 58 rpm
{based on FF NIR
calibralion)

~¥5 of turret spoed. adjust
1o mininize main

13 - S50 pm

thickness/solid fraction

Tablet Press Feeder Speed B . {based on FF NiR
compression force RSD calibration}
{5rel) at stast-up ” .
Fill Dopth Adjust ur)nsgrget tablet wa
weight
Adjust to achieve ~10%
Pre-Compression Force of main comprassion wa
force
Pre-Compression Punch
Tip-to-Tip Height (“Edge Adjust to desired force wa
Pre™)
Main Compression Punch .
Tip-t&Tip{})-Ici eht (“Edge Adjust to target n/a

Main)
Pre-Compression Panch o o N
DR 2.5 nim 2.0-3.0mm
Penetration
Main Corapression Punch "
" 2.5 mmn 2.0 -30mm
Penetration

Recommended rangs based on typical equipment capabihity, development experience.
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Mixing: A mixer is employed wherein the mixer shaft has paddles in an alternating

22.5% configuration {odd paddles facing outlet, even paddles facing mlets) except for

9 4]

paddies #1 and #12 that both face the outlet at a 457 (see Table 24) The mixer 13
equipped with an integrated adjustable weir assembly in the outlet piece, which is used to
adjust the amount of material holdup in the mixer. The weir is kept in the full open
posttion during the product collection (runtime) phase of the process. but may be adjusted
for mitigl process setup o assure uniformity while adjusting parameters for tablet weight
10 and thickness. Should the weir need 1o be closed, the impelier spead is reduced 1o no

maore than 100 rpm such that the centripetal force is less than the mmertial foree of the

powder inside the muxer (a Froude number less than 1).

Tableting: The {inal blend 1s compressed inio round dimple flat-faced, beveled edge

{FFBL) tableis of dimensions given in Table using tooling HOB numbers listed. A rotary
15 compression maching {e.g., Korsch XL200) is used to creale the tableis. Tabletl press
production rate which determines the target turret spead i1s a DCS recipe parameter. All
other tablet press process parameters for each tablet sirength are defined by tablet press
recipes. Hlustrative orslly disintegrating tablets (30 mg and 100 mg) are shown m Figure
4.

20
Table 26: Tablet Dimensions and Tooling HOB Numbers

: ilbimen.sions (Rau_n.d \:j) HOBH
Strength .8 English Metric (mm) )
TR Upper/Lower
{rog] {in.}
50 0.3740 9.50 187822/187823
100 03,4724 12.00 187825/187826

The turret speed may be adjusted to conirol the mass flow out of the press to match the
25 mass flow inio the press surge hopper from the mixer. This adjusiment may be manual or
via automation with the surge hopper level sensor to maintain to suitable column of
powder throughout the steady product collection phase.
The compression parameters are configured during setup to achieve the target

tablet physical attributes (lisied m Table 26 and Table }. The tablet press dosing 18

CA 03217760 2023-11-2
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adiusted to achieve target tablet weight. The tablet press feed frame (feeder) paddle speed
is adjusted to minimize main compression force RSD (“Srel™) which 18 an indicator of
tablet weight variation. Pre-compression and main compression tooling tip-to-tip (edge)
distances will be adjusted to achieve the desired tablet compact strength and/or thickness.
The tablet press recipe parameters are considered mitial conditions to start the process
and the parameters can be adjusied as needed to obtain the desired tablet properiies {such
as values for dosing, edge thickness, compression force, etc.).

Tablet weight, thickness, breaking force, disintegration, and friability are
evaluated at the start-up. Tablet weight and thickness, as well as the corresponding
calculated solid fraction, will be routinely evaluated throughout the compression run. All
tablets are passed through a tablet de~duster and metal checker. Tablets may be sorted, ag
needed.

Tablet Phvsical Attributes

Tableis are assessed by methods known o the skilled artisan and or described herein.
Average Tablet Weight

Average tablet weight is measured by weighing individual tablets on a balance and
calculating the average value.

Average Breaking Force (Hardness):

Tablet breaking force 1s measured under foading across the diameter of the round tablets
using a hardness tester. The maximum compressive load {breaking foree) achieved at
tablet failure is recorded for individual 1ablets and the average calculated, Refer to USP
Caadance (1217 for more information.

Average Tablet Thickness:

The largest distance belween the tablet faces s measured with a micrometer, recorded {or
mdividual tablets, and the average is calcudated.

Average Solid Fraction

Average solid fraction is calculated using Equation | and 2:

Awverage Tablet Weight

Equation 1; Solid Fraction =

Toadkiet Falume ~ Frues Jeunsity

Equation I can be Durther described for a given sel of {ablel tooling by Equation 2.
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Eqguation 2:
Average Tablet Weight

Swdid Fraciion = - - - ~ — - -
{2 w Cup Velume + 10is Hole Aren N {dvera ge Fhirkness — 2 N Cup Depthill ¥ Froe Jensity

5  Altematively, average solid fraction can be the average of the individually calculated
solid fractions for g given set of tablets, using the weight and thickness values for each
tablet.

Friability:
The total weight of de~-dusted tablets is measured before and after rotating them at 25 rpm

10 na fnability tester’s drura for 100 revolutions. To ensure the accuracy of the tablet

weights, tablets should be exposed to atmospheric room conditions prior to testing to
allow for equilibration with ambient conditions. The resulting calculated percentage
weight difference 13 the tablet fnability. Refer 1o USP Guidance (1216) {or more
information.

15 Disintegration:

Tablets are placed on separate screens while being lowered and raised in 3742 °C water
bath until all tablet pieces fall through the screen. Refer to USP Guidance (7015,

Tablet physical attributes are to be evaluated at batch start-up and periodically
during the batch to control tablet weight and monitor thickness, solid fraction, and/or

20 iablet strength,

Table 26: 30 mg Tablet Strength

Tablet Physical Atnibutes Target Recommended
A Value Range
Average Tablet Weight* 250 mg 2375 -26235mg
Average Thickness 3.21 rom 3.14 - 328 mm
Average Solid Fraction™® 0.82 .80 - .84
Average Tablet Breaking ,
45kp NLT 33 kp
Force
Tablet Friability n/a NMT 3.5%
Disintegration {(last tablet) n/a NMT 30 s

CA 03217760 2023-11-2
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~ Tablet physical attributes used as n-process controls are marked with an asterisk (%)

Table 27: 100 mg Tabletl Strength

Tablet Physical Auribuies Target Recommended
A Value Range
Average Tablet Weight® 500 mg 475 - 525 mg
Average Thickness 4.01 mun 392 -4 10 mm
Average Sohid Fraction™ 0.82 0.80 - .84
Average Tablet Breaking
6.9 kp NLT 5.1 kp
Force
Tablet Friability wa NMT 0.5%
Disintegration {last tablet} n/a NMT 30 s

& Tablet physical atiributes used as in-process controls are marked with an asterisk (*}.

Storage Conditions: USP controlled room temperature.

Taste masking can be evaluated by Taste Profiling Procedures using a Flavor
Profile Method, Sensory panclisis evaluate the samples using the Flavor Protle Method
of descriptive sensory analysis (Keane, P. The Flavoer Profile Method. In C. Hootman
{BEd.). Manual on Descriptive Analysis Testing for Sensory Evaluation ASTM Manual
Sertes: MINL 13, Baltimore, MD. (1992)). For illustration, g Taste Profiling Procedure
Tablet Evaluation Protocol 1s as follows: 1 The panchsts cleanse their palates with
spring waler and unsalted crackers. 2. One lasmiditan tablet 15 dispensed o each panelist.
3. Starting at the same time, panelisis place the tablet in the oral cavity and gently rol
after being placed on top of tongue (for QDTs) or chewed (for chewable tablets) until the
point at which the panelist normally would have swallowed. The material left in the
mouth was then expectorated and the disintegration or chew time was recorded. 4. The
panelists then independently evaluate and record the initial and aflertaste characteristics at
periodic intervals up to 30 numtes as flavor persisted. 5. The panelists recite their

idividual results and a preliminary Flavor Profile is generated for the sample. 6. Steps 1
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through 4 are repeated for a second sarple using the preliminary Flavor Profile from Step
5 as a guide, with the panelists making any necessary modifications. 7. The panelists
recite their individual resulis and a final Fiavor Profile is developed for the sample.

It was discovered that pairing the Kollicoat® Smariseal 30 D -coated AP with a
properly selected flavor & sweetener provided a palatable QDT (less than about 1 Son
bitter intensity scale}. lHusirative results for resuliing Flavor Profiles for fasmiditan ODT
embodiments are summarized below. Flavored formulations were significantly lower in
bitterness than their unflavored granules as shown in Figure 3, Taste Profiling of
Lasmiditan ODT embodiments using a Flavor Profile Method (Figure 3 dashed lines are
unflavored, solid lines are favored). Two coating levels were compared, and 32% coat
fevel was only very clightly more bitier than the 37% coated lasmiditan. Rolling and
chewing produced resulted i equivalent litterness profiles.

The sweetened/flavored lasmiditan ODT formulations of the present disclosure
are reasonably high in overall flavor quality. The target balance and fullness for oral drug
products is about 1.5 or lower, and when rolled the 37% coated flavor systern achieved
this target. Chewed tablets were only of marginally lower. The bitterness of lasnuditan
flavored ODT formulations s considerably lower than unflavored coated lasmiditan
granules. Based on flavoer quality, this sweetenod/favored lasmiditan formulation 1s
suitable for an ODT product form. Patient choice to chew would not significantly change
or worsen the favor profile of the tablets (i.e., the granule coating remains mostly intact).

In addition o the taste masking provided by the coating system, a “flavor system”
{sweetener and identifying aromatics) was added {o the lighest coal level {(37%) powder
blend 1o further improve palatabiity of the lasmiditan ODT. This effort resulted in
preferred exciptents: High Intensity (artificial) Swestener — Aspartame, and Cherry Berry
flavoning were found o offset residual ittemess and surprisingly provides a palatable
fasnuditan ODT product form. Other negative sensory aftributes such as tongue sting,
throat burn, and mouth numbing were practically eliminated. Further, in-vitro data and
modeling indicated the lasnmuditan ODT fornudation of the present disclosure 13 expecied

te be bicequivalent to the approved immediate release tablet, and this is being tested in
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chnical study LALA {(Bicequivalence of Lasmaditan Oral Disintegrating Tablet Compared

10 Current Immediate~-Release Tablet Formulation (o Support Treatment of Migraine).

Example 8 - Comparative Exampie

Surpnisingly the performance of an alternative but similar reverse enteric coating,
Fudragit® 100, was found to be inferior to that of the Kollicoat® Smariseal, both n
terms of {aste masking performance and disintegration performance when processed nto
an QDT BUDRAGUT® £ 10015 a cattonic copolvruer based on dimethylanunoethyl
methacryviate, buty! methacryviate, and methvl methacrviate manufactured by Evonik
Health care. 1t 1s supphied as the polvmer solid substance (E 100), a solution in alcohol (B
12.5) and as ready to use dry mix power. Eudragit® E is marketed as a reverse enteric
polymer for taste masking applications and would be expecied {o perform simiarly to
Kollicoat® Smartseal, also areverse enieric polvmer of similar chemical class.

The following procedure can be applied o coat 0.3 kg of lasrmiditan
hemisuccinate of a particle size of d10 = 35.0 pm, d50 = 117.9 . and d90 = 220.9 pm
or similar with Eudragit® EPO. Charge the fluid bed coater as described i Table 28 with
drug substance. There are many vendors who supply fhud bed coaters capable of Wurster
coating and the equipment set-up may differ between vendors, particularly with respect o
norzie type and fludization parameters. The example cited 15 for one particular style of
fluid bed coater, but the skilled artisan will understand that other fhud bed coaters may be
used to achieve similar resulls.

Table 28: Equipment description for fluid bed coating.

Equipment Descriplion
Fluid bed coater CPI Model 600
Chamber 4 = short
Partition 27K AT 057
Nozzie CPl A6 generation 2 with 1 exiension
Fhadizing plate W6-10-1 with 325 mesh screen

Prepare the sub-coat/granulating soluion of HPMC ES and SLS solution in purified walter
as shown in Table 29,

Table 29: Sub-~coat / granulating fluid composition.
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Material Amount {g} 9% wWiw Function
Purified water 248 % 91.99 Solvent (removed in process)
Sodium laurvi sulfate 1.7 0.16 Wetting agent
HPMC ES 80.9 7.84 Rinder
Total 1031.4 106.00 -

Apply the sub-coat granulating solution (o the desired weight gain of 510 15 wi%
gain, preferably 10% weight gain, using the larget conditions shown in Table 30, Tiis
recogrized by the skilled artisan that similar processing results may be achieved with

varving conditions and equipment and those presented here are example.

5 Table 30: Processing conditions for the sub-coal/granclation step.
Process parameter Set Point
inlet temperature 1531 t0 183 (°F)
Bed temperature 97 10 104 (°F) (target)
Fhadeang ar 11,7 10 12.3 {cfm)
Atomizing air 25 to 30 (psi}
Spray rate 3.5 {g/min) {approximately 20% of drying capacity)

Table 31: Final theoretical composition of lasmiditan sub-coat granulation.

Component Y% wiw
Lasmuditan hemisuccinate 90.0
Sodiom lawryl sulfate 0.2
HPMC ES 9.8
Total 100

The sub-cogt granulation may optionally be steved 10 remove rematning fines and

over-granulaled material. To coat 0.253 kg of Lasmiditan BPMC sub-coated/granulation

16 with a top coat of the reverse enteric Eudragit® E PO. Prepare the top-coat taste masking
dispersion of Hudragit £ PO 1 punified water as shown in Table 32

Table 32 Eudragii® E PO top-coat fluid composition

Amount

Maierial (g} % wiw Funciion

CA 03217760 2023-11-2
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Stearic acid (Kolhiwax® S 1 20 Plasticizer
Fing) 24.8
Sodium Lauryl sulfate 16.5 0.86 Wetting agent
Purified water 16309 83.00 Solvent (removed in process)
Eudragit® EPO 164.4 8.57 Taste masking polymer
Talc 821 4.28 Detackifier
Total 19187 104,00 -

Apply the top-coat dispersion to the desired weight gain of 44 wi% theoretical,

{relative to the charge weight of the granulated substrate} using the conditions described

in Table 33, Itis recogruzed by the skilied artisan that similar processing results may be

achieved with varving conditions and equipment and those presented here are example.

5  Table 33: Process parameters for fluid bed coating use in the Eudragit® E PO top coat

application

Process parameler

Set Point

infet temperature

10910 119

'QF)

Bed temperature

77 (°F) (target)

Fluidizing air

12 {cfim)

Atomiring air

20 {pst)

Spray rate 4.1 (g/man) (approximately 40% of drving capacity)
pray £ pp 3 Ving capacits

Table 34 Final theoretical composition of Lasmiditan hemisuccinate {aste masked at a

44% target coat level with Eudragii® E PO,

Component Yo wiw
Lasmiditan hemisuccinate 50.40
Fudragit® EPO 25139
Sodium lauryl sulfate (top coat} 2.523
Stearic acid {Kolliwax S fine 3,784
Tale 12.555
HPMC ES 5.490
Sodium Lauryvl sulfate {sub-coat) 0,112

CA 03217760 2023-11-2
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Total 100.0

The final coaied material may oplionally be sieved to remove remaining fines and/or

eranuiated material.

Preparation of the ODT using Budrasit® E PO cogted drug substance:

The unit and batch formuda to prepare representative 100 myg Lasmidiian ODTs is
shown in Table 33 for a theoretical baich sive of 300 tablets,

Table 35: Unit formula and baich tablet for ODT.

Ingredient mg/tablet Yo w/w | g/ batch

Fudragit® EPO Coated lasnuditan henisuccmate

{44Y% coat level)* 229.9 4598 68.97
Pharmaburst® 500 (SP] Pharma} 267.6 53.52 R80.28
Sodium Stearyl Fumarate (SPI Pharma) 2.5 0.5 3.75
Total 500G.00 160.00 150

*Eguivalent to 100 mg Lasmiditan

The coated AP may be sieved through a #50 mesh to break up loose agglomerates
and ensure the coated AP is in discreet parficulate form. The Pharmaburst® 500 1s
weighed into a 500mk vessel, then sodium stearvl fumarate the n the coated APL The
vessel is then rotated on a Turbula mixer for about 7 minuies at 44 rpm. The {inal blend
was compressed on a FlexiTab single station press using 12 nuw round convex tooling,

The following compression profile was generated.
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Table 36 Compression profie for QDT

Compression stress (MPa)

33 &0 90 118
Solid fraction (%) 0.72 .79 0.84 (186
Tensile sirength
{MPa) 0.3 0.7 i2 1.6
Disintegration {sec) 18 44 118 180
Friability £%) 2,24 (.15 0.02 0.00

The results show that with a 60 MPa compression stress, tablets of sufficient
strength are generated o mest the target 1.0% frniahility; however, the disintegration time
of 44 seconds at this compression stress exceeds the acceptable limit of 30 seconds. To
reduce the disintegrations time to a more acceptable 18 seconds, a compression stress of
33MPa is required, but this produces soft tablets as reflected in the high friability value of
2.21% preseniing risk for manufacturing and downstream handling. Thus, there is a
narrow and impractical compression operating window 1o manufacture tablets of adequate

strength with low disintegration fune.

To evaluate {asie masking and release properties of the Eudragi® E PO coated AP the
same dissolution procedure as described previously herein is used.

Table 37 shows the pH shift dissolution profiles of ODTs prepared using the
uncoaled APL Kollicoat® Smartseal coated API, and Eudragii® B PO coated APL
Dissolution of API from a tablet generally follows the sequence that the tablet musi {irst
disintegrate prior to API dissolution. In thas case, tablets made with Fudragit® E PO are
slow to disimtegrate relative o the other two tablets. As such, the early dissolution time
points for the BEudragii® E PO tablets show agtificially low drug release, as the {ablet did
not fully disintegrate uniil around 4 minutes, corapared to the preferred 20 seconds for the
other tablets. In looking at the time points from about 120 seconds and beyond, when at
least 50% of the Eudragit® E PO tablet has disintegrated, 1t is clgar that the rate of release

from the Eudragit® E PO coated AP particles s significantly greater than that of the
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Kollicoat® Smartseal coated AP particles. The data show that Budragit® E PO is less

effective at suppressing release of Lasmiditan hemisuccinate after complete tablet

disintegration. This is even more evident at the 300 second time point, just prior to the pH

shuft, where the % release 1s 17.519% for the Kollicoat® Smartseal coated API versus

53.26% for the Budragtt® E PO coated Lasmuditan hemusuccnate.

Table 37: Compression profile for ODT.

Conceniration of lasmiditan (ug/ml)
100 mg ODT with 100 mg ODT with
Time 106 mg ODT with )
Smarstseal coated APT Fudragit® EPO coated
{sec) uncoated AP i ) )
37%CL APT 449 CL
O 0.60 (.00 0.60
10 {3.30 0.01 0.02
20 24.66* 0.10% 0.05
30 33.98 0.34 0.17
40 78.41 0.70 0.32
56 94,62 ;.38 .53
. 6O 95.87 156 $6.90
é 76 98.46 1.94 1.32
\3 8G 106,04 2.36 1.85
= 90 100.9% 277 230
'?___[: 160 10161 3.23 3.26
g ERE 131.93 371 435
e 120 102.19 4.16 5309k
150 102.80 386 954
180 nm 771 15.76
210 nm 973 2415
240 nm 11.98 34.10%
360 nm 17.51 53.26
360 om 7388 0551
i 420 nm 106.28 11016
= 480 am 106.79 110.98
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* Tablet 1009 disintegrated in dissolution bath
** Tablet about 50% disintegraied at this time

mmn = not measured
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We claim:

A pharmaceutical composition comprising lasmuditan, or a pharmaceutically

acceptable salt thereof, and a reverse enteric coating,

The composition of claim 1 wherein the lasniditan, or a pharmaceutically

accepiable salt thereof, is lasmiditan hemisuccinate.

The composition of claim 1 or 2 wherein the lasmiditan comprises granulated

particies having a size range of about 50 to about 275 muerons,

The composition of any of claims 1 to 3 wherein the reverse enteric coating is
kRollicoat® Smartseal 30 D which comprises methyl methacrylate—

di{ethvDanuoocthyl methacrylate copolymer.

The composiiion of claim 4, wherein the composition further comprises about 20~
40% coat level relative to the weight of granulated lasmiditan particles upon

coating with Kollicoat® Smartseal 30 1.

The composttion of claim 5, wherein the composition further comprises about
37% coat level relative to the weaight of granulated lasniditan particles upon

coating with Kollicoat® Smartseal 30 I3

The composition of any of claims 1 1o 6 wherein the laspuditan to be coated with

Kollicoat® Smartseal 3¢ D further comprises tale.

The composition of any of claims 1 to 7 wherein the lasmditan to be coated with
Kollicoat® Smartseal 30 D further comprises tale, and the final coated paruicles

have a size range between about 75 and about 300 microns.

The composition of claim 8 further comprising Talc, Pharmaburst® 500, and

Sodium Stearyl Fumarate,
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10. The composition of claim 2 further comprising a sweetener and a flavoring agent.

11 The composition of claim 10 wherein the sweeatener 13 Aspartame and the

3 flavoring agent is Cherry berry.

12. The composition of claim 11 wherein the composition comprises:

~
Ji
I

about 379 1o 46% wiw of Kollicoat® Smariseal 30 D Coated Lasmuditan

Hemisuccinate,
10 about 47% (o 38% w/w of Pharmaburst® 500,
about 3.9% 10 4.9% w/w of aspartame/Cherry berry flavoring blend (Aspariame
about 68% to Cherry Berry Flavor about 32% wiw); and

s

abowt 1.3% {0 1.7% w/w of Sodium Steary! Fumarate.

15 13. The composition of claim 11 wherein the composition comprises:
{1} about 40.2 % w/w of Kollicoat® Smartseal 30 D Coated Lasmiditan
Hemisuccinate (about 37% coat level),
(1} about 0.80 % w/w of Tale,
(11)  about 54.0 % w/w of Pharmaburst® 500,
20 {(1v} about 2.0 Y% w/w of Sodium Stearvi Fumarate,
(v} about 1.0 % w/w of Cherrv berry flavoring, and

{(viy  about 2.0 % w/w of Aspartame.

14, The composition of any of claims 1 to 13 wherein the composition further

25 comprises a dosage of lasmuditan from about 25 mg to about 200 mg.

15. The composition of claim 14 wherein the composttion further comprises a dosage

of lasrauditan from about 23 mg to about 100 mg.

16, The composition of claim 15 wherein the composition further comprises a dosage

30 of lasmiditan of about 25 mg.

CA 03217760 2023-11-2
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. The composition of claim 15 wherein the composttion further comprises a dosage

of lasmiditan of about 50 mg.

. The composition of claim 15 wherein the composition further comprises a dosage

of lasmiditan of about 75 mg.

. The composition of claim 15 wherein the composition further comprises a dosage

of lasmiditan of about 100 mg.

The composition of claim 14 whersin the composition further comprises a dosage

of lasmiditan of about 150 my.

The composition of claims 1-20 wherein the composition further comprises an

arally disintegrating tablst.

A method of treating nugraine in a patient comprising administering o a patient in
need of such treatment an effective amount of a composition according to any one

of claims 1-20.

3. A composition according to any one of claims 1-20 for use in therapy.

1. A composition according to any one of claims 1-20 for use in the treatment of

migraine.

. A compressed orally disintegrating tablet comprising a disintegrant and a plurality

of units comprising:

1} a plurality of particles comprising a therapeutically effective amount of

lasnmditan or a pharmaceutically accepiable salt thereof;
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i1} a reverse enteric coating over the particles comprising a reverse enferic

polymer in an amount of 20% to 40% coat level;

wherein the disintegrant and the plurality of units are compressed to an orally

5 disintegrating tablet having a friability of 1% or less when 6 kN to S0 kN of a
compression force 1g apphied during manufacturing of the tablet.
26. A process of manulacturing the orally disintegrating tablet of claim 21

comprising:

10 a} generating a plurality of particles comprising a therapeutically effective amount
of lasmiditan, or a pharmaceutically acceptable salt thereof)
b} applying a coating comprising a reverse enteric polvmer to the particles of step
{a) thereby obtaining a plurality of units;

15
¢) mixing the plurality of units of step (b) with at least one tablet excipient
comprising a disintegrant thereby obtaining a blend;
dy muxing the blend of step (¢} with a flavor and a swestener 1o make a taste

20 masked blend;
e} muxing the taste masked blend with a dry lubricant; and
)} compressing the blend of step (g) thereby obtaining the compressed orally

25 distrtegrating tablet.

30

CA 03217760 2023-11-2
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