Pharmaceutical Compositions

CROSS-REFERENCE TO RELATED APPLIC!/ '
This application claims priority to U.S. Application Seria, ‘No. 60/784,275, filed
on March 20, 2006 and U.S. Application Serial No. 60/871,692/ filed on Deéémber 22,
2006. The disclosures of the prior applications are considere part of (énd are

incorporated by reference in) the disclosure of this applicatipn.

TECHNICAL FIELD

This invention relates to pharmaceutical comp_ 'Sltlons and methods of making the

same.

BACKGRO IND .

It is known in the pharmaceutical arts thiat low-solubility drugs often show poor
bioavailability or irregular absorption, the de:' ee of irregularity being affected by factors
such as dose level, fed state of the patient, gid form of the drug. '
Solid dispersions of a drug in a mafrix can Be prepared by forming a _
hombgenéous solution or melt of the dry and matrix material folloWed by solidifying the
mixture by cooling or removal of solvefit. Such solid dispersions of drugs often show
enhanced bibavailability when admirfstered orally relative to oral compositions
comprising undispersed drug. v ‘

Spray drying is the most widely used industrial process involving particle
formation and drying and can bg used to pfoduce solid dispersions bf drug compounds. It
* is highly suited for the continybus production of dry solids in_.e_ith_er powder, granulate or
agglomerate form from liquifl feedstocks as solutions, emulsions and pumpable -
suspensions. Therefore, s ay drying is an ideal process where the end-product must
comply to precise quality/standards regarding particle size distribution, residual moisture

content, bulk density, ajid particle shape.



Spray drying generally involves the atomization of a liquid feedstgck into a spray
of droplets and contacting the droplets with hot air or gas in a dryiﬁg chamber. The
sprays are generally produced by either rotary (wheel) or nozzle atomjzers. Evaporation
of moisture from the droplets and formation bf dry particles proceedfunder controlled

temperature and airflow conditions.

SUMMARY

The inventors have discovered that varying the solvept, for exarripl’e including a |
non-volatile or high boiling solvent, during spray drying off drug (e.g., VX-950) or other
therapeutic agent (e.g., a solid dispersion of the drug or tly rapeutic agent) éan improve
the properties of the resulting product (e.g., a solid disp sion such as an amorphous solid

dispersion of the drug or therapeutic agent). In some jistances, including a non-volatile

oor high boiling solvent as a component of a solvent lixture in the spray drylng process

can result in an increase in the amount of time reqyfired for the resulting particles to _
solidify and/or dry, thereby in some instances prgviding improved particles, e.'g.,-particlés _
that are larger and/or denser and/or more flowa le than the same particles had they been
obtained using a solvent system without a no' Lvolatile or high boiling solvent.. In ste .
iﬁstances,: including a non-volatile or high bpiling solventas a ,cvomponvept of a solvent .
mixture in the spray drying process can h p solubilize a component (e.g., a surfactant 6r
polymer) that is present in the feed solﬁ jon (e.g., the solution or suspension being spray
dried). Spray drying to geﬁeréte a soli { dispersion can be performed, eg,ona
homogeneous solution, melt, or suspgnsion of the drug and métrix material followed by
solidifying the mixture by cooling ¢gr removal of solvent. -

In one aspect, the method fncludes a method of spray drying abdrug (e.g., VX-

950) or other therapeutic agent, the method comprising forming'a mixture of the drug in a

‘suitable solvent or combi_natio of solvents where at least one solvent is a non-volatile or

high boiling solvent to form A mixture of the.-drug and solvent, and then spray-drying the
mixture to obtain amorpho s drug product. The resulting drug product can, for examp_l‘e,
have a bulk density of abput 0.25 to about 0.50, e.g., about 0.35 to about 0.45, e.g., about
0.37 or about 0.41. Th¢ resulting drug product can, for example, have a d50 of about 35




to about 55, e.g., about 40 to about 50, ¢.g., about 43 or about 47. The mikture can be

either a solution or a suspension.
In some embodiments‘,mt'he method includes a method of spray firying a drug (e.g.,

VX-950) or other therapeutic agent, the method comprising formingfa mixture of the drug

in a suitable solvent or combination of solvents where at least one golvent is a non-
volatile or high boiling solvent to form a mixture of the drug and olvent, and then spray-

drymg the mixture to obtain amorphous dmg product, with the proviso that the drug is

* other than N-[2, 4~bIS(] 1-dimethylethyl)- 5—hydroxyphenyl] 1/4-dihydro- 4-oxoqumohne-

| 3-carboxamide. _
In some embodiments, the drug is a small moleculf drug, for example a drug

having a molecular weight of less than about 1000 daltops, e.g., less than about 750

daltons or less than about 500 daltons.
In some embodiments, the drug isa poorly sq fuble drug.

_ The drug can be selected from one of the foflowing classifications: analgesics,
" anti-inflammatory agents, antihelminthics, anti-agfhythmic agents, anti-bacterial agents,
anti-viral agents, anti-coagulants anti-depressa,"': aﬁti-diabctics, anti-epileptics, anti-
fungal agents anti-gout agents, anti- hyperten fve agents, anti-malarials, anti-migraine

agents, antl-muscanmc agents antl-neoplas fc agents, erectile dysfunctlon 1mprovement
‘agents, 1mmunosuppressants, antl-protozo'_ agents, anti-thyroid agents, anx1olytlc agents,
sedatives, hypnotics, neurol_eptlcs,-B;blo ers, cardiac inotropic agents, corticosteroids,
| diuretics, anti-parkinsonian agénts gasjto o-intestinal agents, histémine receptor
antagonists, keratolyptics, lipid regul ing agents, antl-angmal agents, Cox-2 inhibitors,

leukotriene inhibitors, macrolides, ffluscle relaxants, nutritional agents, opiod analgesics,

protease inhibitors, sex hormones stimulants, muscle relaxants, anti-osteoporosis agents,
) ant1 obesity agents, cogmtwn epfiancers, anti-urinary incontinence agents, nutritional

oils, anti-benign prostate hypejtrophy agents, essential fatty acids, or non- essential fatty

acids. _
In some preferred efibodiments, the drug is an antj-viral agent, for example an

antiviral agent used to tregt Hepatitis C(HepC), such as a HepC protease inhibitor. In

some most preferred empbodiments, the drug is VX-950:



In some embodiments; the solvent is-a combination of splvent components

including at least one non-volatile solvent. For example, the golvent is a combination of

olatile solvent.

- components that includes both a volatile solvent and a non-
Examples of suitable volatile solvents include thosg that dissolve or suspend the
drug either alone or in combination with another co- -solvgnt. In some preferred examples,

the solvent or solvent combination completely dissolves the drug

Examples of volatile solvents include methylgne chlonde, acetoue, ohloroform,
and THF. Examples of non-volatlle solvents mclu organic acids such as glacial acetic
. a01d DMSO DMF, and water.
In some embodiments, the non-volatile gblvent is a component ina solvent _
~ system. For example the non-uolatile solvent fs present as a component in e solvent from
- about 0.1% to about 20% by wt (e.g., from apout 0. 5% to about 3%, from about 1% to-
_about 5%, from about 3% to about 15%, frgm about 4% to about 12%, or from about 5%
to about 10%) '

- In some preferred embodlments the solvent system is a- combination of a volatlle

solvent or combination of solvents sugh as methylene chloride and acetone with a non-.
volatile solvent such as glacial acetif acid. For example, the solvent system comprises
from about 40% to about 80% methylene chloride, from about 20% to about 35%
acetone, and from about 0.1% to bout 15% glamal acetlc a01d (e.g., from about 50% to
' about 70% methylene chlorlde from about 25% to about 30% acetone, and from about -
3% to about 12% glacial acetjc acid).

- In some embodimenfs, the solvent system comprises glacial acetic acid.
In some embodim ts, the solvent system comprises a combination of glacial

acetic acid with at least ¢ne volatile solvent such as acetone and/or methylene chloride

(e.g., a mixture of metlfylene chloride and acetone).




In some embodiments, the mixture also includes a surfactant, for gkample, sodium

lauryl sulfate (SLS) or Vltamm E or a derivative thereof (e.g., Vitamin I TPGS)

In some preferred embod1ments the solvent system is a combifation of a volatile
solvent or combination of solvents such as methylene chloride and a etone with a non-
volatile solvent such as water. For example, the solvent system co 4 prises from about
40% to about 80% methylene chloride, from about 20% to about/35% acetone,' and from
about 0.1% to about 15% water (e.g., from about 50% to-about ' 0% methylene chloride,

* from about 25% to about 30% acetone, arld from about 1% t about 5% Water). _

In some embodiments, the solvent system compnse' water,

In some embodiments, the solvent system compri £s a combination of water with
at least one volatile solvent such as acetone and/or methflene chloride '(e.gl,- amixture of |
methylene chloride and acetone). /- ' -

‘In some embodiments, the mixture also inclyfies a‘surfactant, 'forv‘exarvr’lple, sodium
lauryl sulfate (SLS) or Vitamin E or a derivative t breof (e.g., Vitamin E TPGS).

In another aspect, 'the method of spray v ing includes forming a solid dispersion

_ of a drug (e 8., VX-950) and one or more polymers comprising formmg or prov1d1ng a
mixture of the drug and the polymer(s) in a fuitable solvent or combination of solvents
“ where at least one solvent is a non-volatil /or high boiling solvent to form a mixture of
the drug, polymer(s) and solvent, and th¢n spray-drying the mixture to obtain asolid
dispe.rsion drug product. The resulting/drug product can, for example, have a bﬁlk
density of about 0.25 to about 0.50, ¢/g., about 0.35 to about 0l45, e.g., about 0.37 or
about 0.41. The resulting drug proguct can, for example, have a d50 bf about 35 to about

55, e.g., about 40 to about 50, e.gf, about 43 or about 47. The mixture can be either a

_ solution or a suspension. Ina pfeferred embodiment, the solid dispersion productisan
van'lorphous solid dispersion. Jor example, an amorphous solid dispers-lorl that is - |

substantially free of crystalljie drug product.

ers for the solid dispersion include one or more water-soluble

polymer(s) or partially whter-soluble polymer(s). Water-soluble or partially water-

soluble polymers include but are not limited to, cellulose derivatives (e.g., '

hydroxypropylmethyjcellulose (HPMC; also known as hypromellose),



hydroxypropylcellulose (HPC)) or ethylcellulose; polyvinylpyrrolidones
polyethylene glycols (PEG); polyvinyl alcohols (PVA); acrylates, such #s
polymethacrylate (e.g., Eudragit® E); cyclodextrins (e.g., B-cyclodexifn) and copolymers
and derivatives thereof, including for example PVP-VA (polyvmylp ollidone-vinyl
acetate),

In some preferred embodiments, the pdlymer is hydrox opylmethylcellulose

(HPMC), such as HMPC60SH50, HPMC E50 or HPMCE1S. - /
In some embodiments, the polymer isa pH-‘depéndé_ enteric polymer. Such pH-
‘ dependent enteric polymers include, but are not limited lo,j_' ellulose derivatives (e.g.,

cellulose acetate phthalate (CAP)), hydroxypropyl inletliy, /cellulose phthalates (HPMCP),

hydroxypropylcellulose acetate phthalate (HPCAP R hydroxypropylmetli'yl—cellul(')se

acetate phthalate (HPMCAP), and methylcellulo e acetaterphthalate' (MCAP),or -

polymnethacrylates (e.g., Eudragit® S). / '
In some preferred embodiments, the

acetate succinate (HPMCAS), e.g., HMPC AS-HG. I 7
£1(s) is an insoluble cross-linked polymer, vfdr

lymer is hydroxypropyl methyl cellulose

In another embodiment, the pol

example a polyvmylpyrrolldone (e.g., Cfospovidone).

In some embodlments he drug is a small molecule drug, for example a drug

having a molecular weight ¢f less than about 1000 daltons, e.g., less than about 750

daltons or less than about 00 daltons.
In some embodirfents, the drug is a poo‘rly soluble drug.

The drug can by selected from one of the following classifications: analgesics,

anti=inflammatory-aggnts, antihelminthics; anti=archythmic-agents; anti=bacterialagents;,



anti-viral agents, anti-coagulants, anti- depressants anti-diabetics, anti-epifeptics, anti-

fungal agents anti-gout agents anu-hypertenswe agents, antl-malanals antl-rmgrame

agents, anti-muscarinic agents, antl-neoplastlc agents, erectile dysfung 1on improvement

agents, immunosuppressants, anti-protozoal agents, anti-thyroid age ts, anxiolytic agents,
sedatives, hypnotics, neuroleptics, B-blockers, cardiac inotropic aggnts, corticosteroids,
diuretics, anti-parkinsonian agents, gastro-intestinal agents, histafnine receptor
antagonists, keratolyptics, lipid regulating agents, anti-anginal dgents, Cox-2 inhibitors,

" leukotriene inhibitors, macrolides, muscle relaxants, nutﬁtio 4l ag_ents, epiod analgesics,
_ pfotease inhibitors, sexv hormones, stimulants, muscle relaxg ts, anti-osteoporosis.agents,
anti-obesity agents, cognition enhancers, anti-urinary mc tinence agenfs nutritional
oils, anti-benign prostate hypertrophy agents, essential fjtty acids, or non-essential fatty
acids. - / ’ -

In some preferred embodiments, the drug is gh anti-viral agent, for example an
antiviral agent used to treat HepC, such as a HepC protease inhibitor, In some most

- preferred embodiments, the drug is VX-950:

In some embodiments, the solyent is a-combination of solvent components
including at least one non-volatile s¢lvent. For example, the solvent is a combination of

components that includes both a vglatile solvent and a non-volatile solvent.

Exar_r'xples,of suitable volgtile solvents include those that dissolve or suspend the

drug either alone or in combingftion with another co-solvent. In some preferred examples,

the solvent or solvent combinftion completely dissolves the drug.

" Examples of volatilg 'Solvents include methylene chloride, acetone, chloroform,

and THF. Examples of ngn-volatile solvents include organic acids such as glacial acetic

acid, DMSO, DMF, andwater,



In some embodiments, the non-volatile solvent is a component infa solvent

system. For example the non-volatile solvent is present as a componerf in a solvent from

about 0.1% to about 20% by wt (e.g., from about 0.5% to about 3%, ffom about 1% to
about 5%, from about 3% to about 15%, from about 4% to about 12%, or from about 5%
to about 10%). v »

In some preferred embodiments, the solvent system is a fombination of a volatile

~ solvent or combination of solvents such as-methylene chlorid and acetone with a non
volatile solvent such as glacial acetic acid. For example, th. ‘ solvent syStem comprises
from about 40% to about 80% methylene chloride, from about 20% to about 35%
acetone, and from about 0.1% to about 15% giacial acéti' acid (e.g., from about 50% to

about 70% methylene chloride, from about 25% to a-bq' t 30% acetone, and from about

3% to about 12% glacial acetic acid). ,
_ In some embodiments, the mixture aléo incljfdes a surfactant, for exémple, sodium
lauryl sulfate (SLS) or Vitamin E or a derivative t ereof (e.g., Vitamin E TPGS).

In some preferred embodiments, the solynt system is a combination of a volatile
solvent or combination of solvents such as mej 'ylene chloride and acetone with a non
volatlle solvent such as water. For example, "'bhe solvent system comiprises from about

40% to about 80% methylene chloride, fro h about 20% to about 35% acetone, and from
about 0.1% to about 15% water (e.g., frogh about 50% to about 70% methylene chloride,
from about 25% to about 30% acetone, And from about 1% to about 5% water).

In some embodimehté, the miyture also includes a sﬁrfactant, for example, sodium
lauryl sulfate (SLS) or Vitamin E orA derivative thereof (e.g.; Vitamin E TPGS).

In another aspect, the procghs includes - |

a) forming or providing g mixture of a poorly water soluble drug (e.g., VX-950),
at least one 'polymer, and a solvgnt system comprising at least one non-volatile solvent;

‘and , | _ '
b) spray-drying the fnixture to form a'solid dispersion comprising a poorly water
soluble drug to obtain a s id dispersion of the drug |
The resulting dispersion can, for example, have a bulk denSIty of about 0.25 to

about 0.50, e.g., about .35 to about 0.45, e.g., about 0.37 or about 0.41. The resultmg




dispersion can, for example, have a d50 of about 35 to about 55, e.g., abouyf 40 to about

50, e.g., about 43 or about 47. .
In some embodiments the drug is a small molecule drug, for exdmple a drug
having a molecular weight of less than about 1000 daltons, ¢.g., less fhan about 750

daltons or less than about 500 daltons. _
The drug can be selected from one of the following classi] 'cationS' analgesics,

anti-inflammatory agents, antihelminthics, antl—arrhythmlc age (s, anti-bacterial agents,

" anti-viral agents, anti-coagulants, antl-depressants anti- dlabetfcs ant1 eplleptlcs anti-

fungal agents, anti-gout agents, antl-hypertenswe agents, an' [-malarials, antl-mlgrame

agents, anti-muscarinic agents, anti-neoplastic agents, erec"llle dysfunctlon improvement

agents, immunosuppressants, anti-protozoal agents ant1-v"4 yroid agents, anxiolytic agents,

sedatlves, hypnotics, neuroleptics, B-blockers, cardlac jhotropic agents, corticosteroids,

- diuretics, anti-parkinsonian agents, gastro-mtestmal ents histamine receptor

antagonists, keratolyptics, lipid regulating agents, az' ti-anginal agents, Cox-2 inhibitors,
" leukotriene inhibitors, macrolides, muscle relaxa ‘ 's, nutﬁtiona'l'-agents, opiod a‘nalges'ics, .

protease inhibitors, sex hormones, stimulants, liscle relaxants, anti- osteoporosis agents,

B antl—obesﬁy agents, cognition enhancers, anti- 'r1nary 1ncont1nence agents nutrmonal

oxls, anti-benign prostate hypertrophy agents" essential fatty acids, or non-essentlal fatty
acids. ' . o
In some preferred embodiments, the drug isan anti-viral agent, for example an

antiviral agent used to treat HepC, suchfas a HepC protéése inhivbitor. In some most

preferred embodiments, the drug is V
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VX-950.

In some embodimehts, the solvent is a combination of solvents including at least
one non-volatile solvent/ For example, the solvent is a combination of components that

includes both a volatil¢/solvent and a non-volatile solvent.



A Examples of suitable volatile solvents include those that dissolve gr suspend the
drug either alone or in éombination with another co-solvent. In some pieferred examples,
the solvent or soh}ent combination complétely dissolves the drug.

, Examples of volatile solvents include'methylene chloride, acftone, chloroform,
THF. o
Examples of non—volatlle solvents include organic ac1ds ch as glacial acetic

acid, DMSO, DMF, and water

In some embodlments, the non-volatile solvent is a cofnponent in a solvent
system. For example the non-volatile solvent is present as g component in a solvent from
about 0.1% to about 20%»by wt (e.g., from about 0.5% to "bout 3%, from about 1% to
about 5%, from about 3% to about 15%, from about 4%_‘;:o about 12%, or from about 5%
to about 10%). _ S
' In some preferred embodunents the solvent stem is a combination of a volatile
solvent or combination of solvents such as meth_ylc e chloride and acetone with a non
volatile solvent such as glacial acetic acid. For e mple, the solvent system comprises

from about 40% to about 80% methylene chlorj, 'e from about 20% to about 35%

‘acetone, and from about 0. l% to about 15% gv" cial acetic acid (e.g., from about 50% to
g

* about 70% methylene chloride, from about 26% to about 30% acetone, and from about

3% to about 12% glacial acetic acid). A L

In some preferred embodiments, the solvent mixture comprises from about 40%

" to about 80% methylene chioride, from " bout 20% to about 35% acetone, and from about

0.1% to about 15% water (e.g;, from ¢ 6ut 50% to about 7()%‘methylene chloride, from
about 25% to about 30% acetone, aghl from about 1% to ébout.S% water).

In a preferred embodiment /the solve_:nf mixture compﬁseé a percent weight ratio
of methylené chloride to acetonefto non-volatile solvent is about 75:24:1.

A In some embodiments, the mixture also includes a surfactant, for example sodium
lauryl sulfate (SLS) or Vfta fn E or a derivative thereof (e. g Vltamm E TPGS).

- Examples of polym 's for the solid dispersion include one or more water-soluble
polymer(s) or partially water-soluble polymer(s). Water—so_luble or partially water-
soluble polymers includg but are not limited to, cellulose derivatives (e.g.,
hydroxypropylmethylgellulose (HPMC), hydroxypropylcellulose (HPC))-or
10




ethylcellulose; polyvinylpyrrolidones (PVP); polyethylene glycols (PEG);
alcohols (PVA); acrylates, such as polymethacrylate (¢.g., Eudragit® E);/cyclodextrins
(e.g., B-cyclodextin) and copolymers and derivatives thereof, includin for example PVP-
VA (polyvinylpyrollidone-vinyl acetate). - '

In some preferred embodiments, the polyfner is hydroxypro
(HPMC), such as HPMC60SHS0, HPMC E50 or HPMCEIS.

In some embodiments, the polymer is a pH-dependent e,. eric polymer. Such pH-

fylmethylcellulose

dependent enteric polymers include, but are not limited to, celfulose den'yatives (eg.,
cellulose acetate phthalate (CAP)), hydroxypropyl methyl cg lulose phthalates (HPMCP),
hydroxypropyl methyl cellulose acetate succinate (HPMCS), carboxymethylcellulose
(CMC) or a salt thereof (e.g., a sodium salt soch as '(CM -:-Na))' cellulose acetate
trimellitate (CAT), hydroxypropylcellulose acetate phtlfalate (HPCAP),
hydroxypropylmethyl-cellulose acetate phthalate (HP‘V CAP), and methylcellulose
acetate phthalate (MCAP), or polymethacrylates (e - Eudrag1t® S).

In some preferred embodiments, the polynfer is hydroxypropyl methyl cellulose

acetate succinate (HPMCAS), e.g., HPMC AS- ,‘AG

In another embodiment, the polymer(s "‘1s an insoluble cross~lmked polymer for
| example a polyvmylpyrrolldone (e.g., Crosp dvi ,

~ In another embodiment, the polymef(s) is polyvmylpyrrohdone (PVP)

In some embodiments, the polymgr is a mixture of two or more polymers (e.g.,- a’
combination of two cellulosic polymerg/such as HPMC and HPMCAS).

In some embodiments, the poly er(s) is present in an amount of from about 30%

to about 90% by weight in the SOlld flispersion.

In some embodlments, the fnixture also includes a surfactant for example, sodium -

_ lauryl sulfate (SLS) or Vitamin Hor a derivative thereof (e.g., thamm E TPGS).
In another aspect, this dfsclosure provides a process for preparing a solid

dispersion of VX-950 001le y 4 |
a) forming or provig ing a solution of VX-950, a cellulosic polymer, anda-

solvent, wherein the solvefit comprises at least one‘non—vola’_cile 'solvent component (e.g.,

glacial acetic acid);

11



b) spray-drying the mixture to form a solid amorphous dispersion£omprising
VX-950 and the cellulosic polymer.

The resulting diseprsiérﬁvcan, for example, have a bulk density gf about 0.25 to
about 0.50, e.g., z_lbout 0.35 to about 0.45, eig., about 0.37 or about 0A1. The resulting
dispersion caﬁ, for example, have a d50 of about 35 to about 55, e.£., about 40 to about
50, e.g., about 43 or about 47. _

____In some embodiments, the polymer is HPMC, HPMCA. V,Fof,a n‘u'xture thereof, In

- some preferred embodiments, the polymer is HPMCAS or a pfixture of HPMC and

HPMCAS. _ .
Examples of suitable volatile solvents include thosf that dissolve or suspend the

drug either alone or in combination with another co-solvént. In some pféfeﬁ_ed examples,
the solvent or solvent combination completely dissolv { the drug.-
A ‘Examples of volatile solvents include methyl¢ne chloride, acetone, chlotoform,
THEF. | ' B
Examples of non-volatile solvents includeforganic acids such as glacial acetié-
acid, DMSO, DMF, and water.. _ /-
In some embodiments, the non-volat‘ilfv solvent is a component in a solyen;c ‘

system. For example the non-volatile solveylt is present as a component in a solvent from

-about 0.1% to about 20% by wt (e.g., fromyabout 0.5% to about 3%, from about 1% to

about 5%, from abdut 3% to about 15%, Arom about 4% to about 12%, or from about 5%
to about 10%). ' ”

In some preferred embodimenys, the solvent system is a combination of a volatile
solvent or combination of solvents guch as methylene chlbride'and acetone with a non
volatile solvent such as glacial ac fic acid or Water. For example, the solvent system

comprises from about 40% to abbut 80% methylene chloride, frbm about 20% to about

' 35% acetone, and from about (f.1% to about 15% glacial acetic acid (e.g., from about

50% to about 70% methjlen chloride, from about 25% to about 30% acetone, aﬁd from
about 3% to about 12% gl ial acetic acid). For example, the solvent 'system comprises.
from about 40% to about 80% methylene chloride, from about 20% to about 35%

acetone, and from abouy 0.1% to about 15% water (e.g., from about 50% to about 70%

12




methylene chloride, from about 25% to about 30% acetone, and from abofit 1% to about

5% water)

In some embodlments the mixture also includes a surfactant, fr example, sodium

lauryl sulfate (SLS) or Vitamin E or a denvatlve thereof (e.g., Vitamyn E TPGS).

In some embodiments, the solvent comprises a mixture of pethylene chloride,
_ acetone, and glacial acetic acid. |
In some embodiments, the solvent comprises a mixture, f3 methylene chloride,
- acetone, and water. ' | ' ‘
In another aspect, this dlsclosure provides a process for preparmg a solid
d1spersxon of VX-950 comprising ' '
a) forming or providing a mixture of VX-950, alfleast one cellulosic polymer, and
a solvent wherein the solvent comprises glacial acetic '.civd; and
b) spray-drying the-mi;@ture to form a solid v.'spersion conﬁprising VX-950.
The resulting dispersion can, for example, have a bulk density of about 0.25 to
- about 0.50, €.g., about 0.35 to about 0.45, e.g., aby .ut 0.37 or about 0.41. The resulting
dispersion can, for example, have a d50 of aboyj 35 to about 55, e.g., about 40 to about
- 50,eg, about 43 or about47. , : .
o In some embodiments, the polymer if HPMC, HPMCAS, or a rmxture thereof In
-some preferred emoodlments, the polymers HPMCAS or a mixture of HPMC and
HPMCAS. | |
In another aspect thlS d1sclosur f provides a process for preparing a solid
dispersion of VX-950 comprising
a) forming or providing a mfxture of VX-950, at least one cellulosic polymer, and
a solvent wherein the solvent com .rises water; and ' '
b) soray-drying the inix re to form a solid dispersion comprising VX-950.
s The resulting dispersiofl can, for example, have a bulk density of about 0.25 to
about 0.50, e.g., about 0.35 tgf about 0.45, e.g'., about 0.37 or about 0.41. The resulting
dispersion can, for exampl .have a d50 of about 35 to about 55, e.g., about 40 to about

50, e.g., about 43 or abouy47.

13



HPMCAS
In some embodiments, the solvent also comprises a volatile
combination of solvents that dissolve or suspend the drug and pol

preferred examples, the solvent or solvent combination complete)y dissolves the drug and

_polymer.
In some preferred embodiments, the solvent includes # mixture of methylene - |
~ chloride and acetone. A » '
. In some embodiments, the glacial acetic acid is prglent as a compo'rient ina
solvent from about 0.1% to about 20% by wt (e.g., from" bout 3% to about 15%, from
about 4% to about 12%, or from about 5% to about 10
.‘ In some embodlments the solvent comprises A mixture of methylene chloride,
acetone, and glacial acetic acid. '
In some embodiments, the solvent systemfgomprises from about 40% to abouit »
80% methylene chloride, from about 20% to ab ut 35% acetone, and from about 0.1% to ‘
;about 15% glacial acetic acid (e.g., from abouf/ 50% to about 70% methylene chlonde,
' from abou_t 25% to about 30% acetone, and from about 3% to about 12% glacial _ace’uc g
acid), - 7 | -
» Ih some erﬂbodiments, the mixturg also includes a surfactant, for example, sodium
' Iauryi sulfate (SLS) or Vitamin E or a Lrivative thereof (e.g., Vitamin E TPGS).
In some preferred embodime ,. the solvent includes a mixture of methylene
chloride and acetone. In some embgdiments, the water is present as a component in a
solvent from about 0.1% to about £0% by wt (e.g., from about 3% to about 15%, from
~ about 4% to about 12%, or fromyabout 1% to about 10%). ‘ ‘
 m some embodiments, fhe solvent comprises a mixture of methylene chloride,
acetone, and water. | A E
" In some embodimerfts, the solvent system comprises from about 40% to about
80% methylene chloride, from about 20% to about 35% ace_toné, and from about 0.1% to

about 15% water (e.g., ffom about 50% to about 70% methylene chloride, from about

O/ <110t

25% to-about 30%-acgtone;-and-from-about 1% to-about 5% water).
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In some embodiments, the mixture also includes a surfactant, for ¢xample, sodium

lauryl sulfate (SLS) or Vitamin E or a derivative thereof (e.g., Vitamin }f TPGS).

In on;a aspect, the disclosure provides pruduct made by a proc. £s deécribed herein.
For example a solid dispersion of a drug (e.g., VX-950), such as an gmorphous solid
dispersion of a drug (e.g., VX-590). For example an amorphous s iid dispersion
: including a drug (e.g., VX-950), at least one polymer, and optio: 4lly one or more
solubility enhancing surfactant (e.g., SLS or r Vitamin E TPGS) s prov1ded The
* dispersion can enhance the aqueous solubility and bioavailabflity of the drug (e.g., VX-
950) upon oral dosing of the solid dispersion to a mammal_' fe.g., 2 rat, dogor human). In
certain .aspects, at least a portion uf the drug (e.g., VX-§5_ 7) in the solid dispefsion isin
the amorphous state (e.g., at least about 50%, at least ah but 55%, at least about 60%, at -
least about 65%, at least about 70%, at least about 75°' at least about 80%, at least about’
85%, at least about 90%, at least about 95%, at leas /about 98%, or at least about 99%)

In preferred embodiments, the solid dispersion is fsentially or substantlally free of

crystalline drug (e.g., VX-950).
In a preferred embodiment the solid di
~ herein mcludes about 45% to about 85% VX: 050, about 5% to about 25% of an HPMC
polymer, such as HPMC60SHS50, about 5%jto about 30% of an HPMCAS polymer, such
as HPMCAS-HG, and about 0.1% to abo  10% of a surfactant, such as SLS or vitamin E
ora d_erivative thereof (e.g., vitamin E TPGS), wherein the HPMC and HPMCAS K
5%, about 98%, about 99%, or about 100% of the -

fpersion made by a process described

together account for about 90%, aboutf:

total polymer present.
In a preferred embodiment,fthe solid dispersion made by a prucess described :

herein exhibits a predetermined Igvel of physical and/or chemical stability. E.g., the solid
, dis_persion retains about 50%, ajout 60%, about 70%, about 80%, about .90%,'ab'out 95%,
about 98%, or about 99%, of Fmorphous VX-950 when stored at 25°C in a closed water
tight container, e.g., an ambgr glass vial or high density polyethylene (HDPE) container.

~ As would be appre fated, spray drying may be done in the presence of an inert -
' nts, processes that involve spray drying may be done in the

presence of a supercritifal fluid involving carbon dioxide or a mixture of carbon dioxide.
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A “poorly soluble drug™ as used herein means drugs that are essehtially totally
water-insoluble or sparingly water-soluble. The term applies to any bengficial therapeutic
agent having a dose (mg) to aqueous solub1hty (mg/ml) ratio greater t 'an 100 ml, where
the drug solubility is that of the neutral (e. g. free base or free acid) form in unbuffered

water. This definition includes but is not limited to drugs that hav "essentially N0 aqueous

solubility (less than 1.0 ug/mi).

fi-are set-forthin the—

- The details‘of one-or more-embodiments-of-the-inventi

- description below. Other features, objects, and advéntéges offthe invcntion will be -

apparent from the description and from the claims.

BRIEF DESCRIPTION OF TH DRAVVINGS

FIG. 1is a flowchart schematic of a spray d Jing manufacturmg process, control

sampling, and testing.
FIG. 2 is a schematic of a spray dryihg p! '_' )CEss.

FIG. 3 is a table providing the properti of VX-950 solid dlspersmns that were

- spray dried in a solvent system that contalne fwater.

FIG.4isa ﬂowchart of manufacturifig process, control, samphng, and testing.

DETAILE DESCR_IPTIAON ,

Methods of Spray Drying ‘ _
Spray D}iying. A preferred efnbodiment of this invention involves an amorphous

solid dispersion obtained by spray-firying where the solvent mixture of the starting

material includes at least one nonfvolatile solvent (e.g., glacial acetic acid or water)

- Accordingly, in another embodifnent, this 1nvent10n prov1des drymg the product obtamed

by spray drying to remove thefsolvent.

~ A pharmaceutical cofhposition, can be obtained by spray-drying a mixture
comprising a drug (o. g., VK-950), a suitable polymer(s), and an appropriate solvent
system. Spray drying is £ method that involves ‘atomivzation'_ of a liquid nlixtufe

containing, e.g., a solid/and a solvent, and removal of the solvent. Atomization may be

done, for example, thfough a nozzle or on a rotating disk.
16




Spray drying is a process that converts a liquid feed to a dried pa culate form.
Optionally, a secondary drymg process such as fluidized bed drying or vacuum drying,
may be used to reduce residual solvents to pharrnaceutlcally acceptablf levels. Typically, -
spray-drying involves contacting a highly dispersed liquid suspensiofi or solution, and a

sufficient volume of hot air or gas to produce evaporation and dryi

'drop!ets. ‘The preparation to be spray dried can be any solution, ghspension, coarse

suspension, slurry, colloidal dispersion, or paste that may be atgmized using the selected

~ spray- -drying apparatus. In a standard procedure, the preparafon is sprayed into a current
of warm filtered air or gas that evaporates the solvent and ¢ fnveys the dried product toa

collector (e.g., a cyclone or directly to a membrane ﬁlter ’ g). The spent air is then

exhausted with the solvent, or alternatively the spent airfs sent to a conidenser to capture

and potentially recycle the solvent. Commercially avallable types of appar’atu's may be

used to conduct the spray-drying. For example, comjnercial spray dryers are

manufactured by Buchi Ltd. and Niro (e.g., the PS
" Niro) (see, US 2004/0105820; US 2003/0144257). For example, a pressure nozzle, a

two-fluid electrosonic nozzle, a two-fluid nozz ¢, or a rotary atomizer can be used.

D line of spray driers manufactured by

Spray—drymg typically employs solids, foads of material from about 0.5%to about
30%, (i.e., drug plus and exmplents) prefera ly at least about 10%. In some
 ‘embodiments, loads of less than 10% may, fesult in light or porous dispersion or low bulk
densities or unacceptably long run-times/ In general, the upper limit of solids lqads 18
| governed by the viscosity of (e.g., the gbility to pump) the resuliing solution and the
solubility of the components in the sgfution. Generally, the viscosity of the solution can
determine the size of the particle infhe resulting powder product.

Techniques and methods fpr spray-drying may be found in Perry's Chemical
- Engmeermg Handbook, 6th Ed./R.H. Perry, D.W. Green & J.O. Maloney, eds.),”
- McGraw-Hill book co. (1984)fand Marshall "Atom1zat10n and Spray-Drying" 50, Chem.
Eng. Prog. Monogr. Series 2/1954). In general, the spray-drying is conducted with an
inlet témperature of from but 40 °C to about 200 °C, for example, from about 45 °‘Cto
about 150 °C, preferably from about 50 °C to about 100 °C, e.g., about 50 °C. ‘The spray-
drying is generally congucted with an outlet temperature of from about 15 °C to about
100 °C, for example ffom about 20 °C to about 75 °C, e.g., about 27 °C. V
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.involves-an-amorphous-solid-dispersion obtained by ﬂUIdIZCd

' pamcles fall to the bed. Exhaust air outlet

as tray drying,
about 60°C),

Removal of the solvent may require a subsequent drying step, su
fluid bed drying (e.g., from about room temperature to about 100 °C, e.£.,
vacuum drying, microwave dfjiing, rotary drum drying or biconical vcuum drying (e.g.,

from about room temperature to about 100 C, €.g.; about 60°C or Igwer).

Fluidized Spray Drying. Another preferred embodlmen of this invention
ray-drying-where the

- solvent mixture of the starting material mcludes_ at least one flon-volatile solvent (eg.,

glacial acetic acid or water). Accordingly, in another embg iment, this invention

provides drying the product obtained by fluidized spray dfying to remove the solvent.
The process of fluidized spray drying combinesSpray drying and fluid bed drying

technologies. Agglomerated powders are obtained b fed on the integrated fluid bed or

belt and a multi-stage process where moist powder, f roduced during the first drying

stage, forms agglomerates, which are post-dried aifd cooled in the following stages.
Briefly, a pressure nozzle, a two-fluid electrosonfc nozzle,v a two-fluid nozzle, or.a rotary
atomizer sprays the feed down into the spray d fer tewards the fluid bed. Agglomeration
incorporating finer, recycled material takes place in the spray dryer, and agglomerated
if through the roof causing ﬁlrther
agglomeration in the zone of spraying. S 'cky products can be dried successﬁllly, and the
process is ideal for drying heat sensitivefproducts, and improved aroma retention is -
accomplished. The procesé yields aggfomerated, free-flowing powders with minimal
fines. ' o |

As an example, in the sprayfdryer, feed is sprayed from the atomization nozzle
mounted on top of the drying chaynber into the drying air and down the spray chamber.

The vigoroﬁs fluidization of mofst powder in the fluid bed loc_ated at the chamber base,

plus recycle of fines from the fyclone attachment, result in spray drying taking placeina

powder-laden atmosphere. Harticles of higher'moisture content can be handled in the
drying chamber due to the esulting powdering effect overcoming the problems of
powder stickiness. Dryiyg can be completed at lower powder and exhaust air

temperatures, thus imppoving product quality while gaining from a higher thermal

efficiency-The degreg of agglomeration-and-thus the particle size distribution can be
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influenced by changing the operation conditions and the location where finks are re-
introduced mto the drying chamber. By optxrmzmg the operation condm ns, a dispersion
with propernes favorable for downstream processmg (e.g., direct comp ession), can be

obtained. _
As with conventional spray drying, a non-volatile solvent (¢/g., glacial acetic acid,
DMSO, DMF, or water) can be used in the FSD process. /
Although embodiments of the present disclosure refer to, "he use of non-volatile
* solvents with spray drying, it is to be understood that the procg s of ﬂu1d1zed spray
drying is also applicable and can be used in the embodimenty described herein. -
- A detailed description of fluidized spray drying of 7X-950 is:pro{/ided in the
provisional application filed on December 22, 2006, entl"' ed Fluidized Spray Drymg,

Attorney—Docket No. 19079-016P01.

Solvents
In general, there is a direct relationship be preen bulk density/flow and residual

solvent; the higher the bulk density/better flow, hie hlgher the residual solvent In some
- instances, the particle size and density can be g ampulated by varymg ‘the amount of time
taken for the particle to solidify and/or dry. : ‘Accordmgly, inclusion of a non-volatﬂc (or
high boiling) solvent into the mixture can P fovide for a particle product having improved
properties. For example, the addition of acial acetic acid or water into a solvent system
' comprising volatile organic solvents cay/provide larger aﬁd/op more dense particles than
the particles produces without the glaghal acetic acid or Wa_ter_. The 1arger and/or more
dense particles can have improved fJow properties, which is desirable 'f-or downstream
formulation of the particles, for exgmple into an oral dosage form such as a tablet or
_ capsule. In some embodiments, fhe solvent system prov1des partlcles that solidify after at.
least about 5 seconds, at least apout 7 seconds, at least about 10 seconds, at least about 12
seconds, at least about 15 secpnds, at least abeut 20 seconds; or more: V

‘ Additionally, it may, e advantageous to opt_imize the powder flow and bulk
density and/or use seconddry drying to remove the residual solvent. In one embodiment
of this invention, the solfd dispersion is fluid-bed dried. Fluid-bed drying at about 40°C
to about 80°C, e.g., abput 40°C to about 60°C, e.g., about 45 °C for about 8 hours has
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been found effective in certain embodiments to provide optimal effects in fertain solid
dispersion of VX-950. In other embodiments, e.g., using HPMCAS as tjfe polymer in the
solid dispersion, fluid-bed dryiiig at 45 °C for about 4 hours has been gffective to provide
acceptable levels of residual solvent in the final product.

In preferred processes, the solvent includes a volatlle solvent and a non-volatile

solvent. In some embodiments, the solvent includes a mixture offolatile solvents.

Preferable solvents include those that can dissolve both VX-95(¢/and the polymer (when

. present) and/or a surfactant (when present). Suitable solventsfnclude those described

- above, for example, methylene chloride, acetone, etc..

_ In embodiments where VX-950 is being spray dne or undergoes fluidized spray
drying, preferred solvents include a mixture of methylen ' chloride, acetone, and glacial
acetic acid. v ,

_ In other embodlments where VX-950 i is beings Sspray dned or undergoes fluidized
spray drying, preferred solvents include a mlxture of methylene chlonde, acetone, and
water. ’ :

In some cases, a solvent may react with "V-fmaterial (e.g., compound of interest,

e.g., drug or therapeutic agent) being spray dr1 ¢d. Therefore, in some embodiments, a

~ solvent that does not react with the c.ofnpbu i/l of interest is preferred when preparing a -

feed solution containing that compound. Fgr example, alcohols may react with the

compound of interest (e.g., a drug, e.g., apoorly soluble drug, e.g., VX-950) to form .

* ketals. Accordingly, a solvent that does/hot react with the compound of interest (e.g., a

drug, e.g., a poorly soluble drng, e.g. X-950) (particularly to form ketals) is preferred
when preparing a feed solution cont tning that compound. Such a solvent should not
contain an OH group or a similarl freactive moiety. Because of the reactivity of certain

compounds (e.g.,_VX-950), a pr erred solvent for use in the solvent system in

connection with this disclosureftor the preparation of a feed solution containing such a

compound is other than a pol ethylene glycol (e g., PEG 8000) (i.e., other than a polymer

having free hydroxyl moiet] 's)
In another preferrgll embodiment, the non-volatile so_lvent is water. An exemplary

percent weight ratio of glethylene chloride to acetone to water is 75:24:1.

20




In some instances, the non-volatile solvent (é.g., water) can contriffute to
solubilizing a component, e.g., a surfactant (e.g., SLS), that is present i
undergoing spray drying. o o 7

In another preferred embodiment, thé-non—volatile solvent (e,

higher bulk density.

In some embodiments, the non-volatile solvent is a compgnent in a solvent

water) has a

2,
>

mixture. For example, the non-volatile solvent is present as a ¢hmponent in 2 solvent

from about 1% to about 20% by weight (e.g., from about 1% fo about 5%, from about 3%

to about 15%, from about 4% to about 12%, or from about b to_ébout 10%). In other
embodiment, the non-volatile solvent (e.g., water) is pré's ¢ht in an amount of between
about 0% and about 5%, e.g., about 1%. /

.In some preferred embodiments, the solvent m"v tureis a combination of a volatile
solvent or combination of solvents such as methylen' chloride and acetone with a non-
volatile solvent such as water or glacial acetic a_cid" For example, the soivent mixture
" comprises from about 40% to about 80% me‘thyl‘ e chloride, from about 20% to about

35% acetone, and from about 1% to about 15%/ lacial acetic acid (e.g., from about 50%

volatile solvent (e.g., water) is 75:24:1. _ _
{ VX-950, a preferred polymer in embodiments

polymer having free hydroxyl fnoieties). v
The solvent, particle gize and the temberature drying range may be modified to
preparé an optimal solid digpersion. As would be appreciated by skilléd practitioners, a
small particle size would Jead to faster solvent renioval. Ap_pliéants have found however
that smaller particles cafl lead to fluffy particles that do not provide optimal solid
dispersions for downsfream processing such as tableting. At higher temperatures,
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crystallization or chemical degradation of VX-950 may occur. At lower tegfiperatures, a
sufficient amount of the solvent may not be removed.
Particle size distribution and densities (e.g., bulk and/or tap denglties) can be
optimized, e.g., by varying one or more of the following parameters: gutlet temperature,
and feed pressure. The suitability of a parameter variation can be e ‘aluated_. For
example, to evaluate the suitability of the outlet temperature, the tfmperature can be

increased-(e.g.; to-30°C) while keeping all other proce—ssrrparam ofers-unchanged.--The-

-properties (e.g., densities) of the dispersion obtained from sprafy drying using this

increased temperature are compared to the properties of a digpersion made according to

this disclosure (e.g., outlet temperature of 25°C), and an ey luation can be made as to

whether the temperature change was advantageous (e.g., #f the change led to an increase -

in a desired property (e.g., increased bulk density), ther/the change may be -.

advantageous). , v
Other parameters that can be varied and o_pti" ized (e.g., in an anélbgous rhanner)'

+ for the spray drying process include: choice of noyf-volatile solvent, percentage-of non- :
volatile solvent used, choice of volatile solvent( , pefcentage of volatile so’lv_ent(s) used
(e.g., total percentage and/or ratio of each vol l— ile solvent to the other if more than one

volatile solvent is used), choice of surfactant/percentage of surfactant used, choice of
polymer, p,ercentage; of polymer used, choi e of atémizer, solution feedréfe, cyclone .
pressure differential, order of solids additjfon, percentage of solids loading, and/or inlet .
tempefature. If post-spray drying is performed, the folloWing can be optimized: choice of
drying process, duration of drying profess, dryer rotation spéed, drying temperature;,
drying pressure, and/or drying time. _ ' .

The nature of the solvent cgn be modified to optimize particle size and density.

For example; increasing the amoyint of a high boiling (or non volatile) solvent component -
i'n. the solvent can increase the ngth of time required for solidification and/or drying of -
the resulting spray dried pért' les. Thereforc; in instances where it is desirable to h’ave
larger and/or more dense p ticles, an increased amount of high boiling (or non-volatile)
solvent is desirable. The lature of the high boiling- or non-volafile solvent can also be
varied depending on thefdesired properties of the dispérsed particle and/or the properties
of the-drug. For example; desirable-high boiling or non-volatile solvents-improve thc‘
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solubility of the drug or other component (e.g., surfactant, e.g., SLS; or pglymer) in the

solution and do not chemically react with or contribute to the chemical gegradation of the

drug (or surféctant or polyméf,'_ if present); For ékémple, organic acid folvent would not
be appropriate for a drug that is 'acid,sensiti\}é or which has an acid Igbile moiety. The

methods herein provide a optimal particle size and an optimal dryiy .g temperature.
" Examples of volatile solvents include ketones, alcohols, gletonitrile, methylene

chloﬁde, acetone, chloroform, and THF. As will be appreciate by the skilled artisan, the
- selection of solvents depends, at least in part, on the solubility of the composition (e.g.,

drug or other therapeutic agent) in a solvent and/or the reacifvity of the composition (e.g.,

functional group) with a particular solvent.

Examples of non-volatile solvents include 'organ_'_“ acids such as toluene, glacial
acetic-acid, DMSO, DMF, and:wat'er.' The seleétion offsolvents can depend, at least in
Jpart, on the solubility of the éompositioﬁ (e.g., drug g other therapeutic agent) in a
solvent and/or the reactivity of the compositioﬁ (e.. d., functional group) with a particular
solvent. As used herein, the term “non-volatile sglvent” refers to a liquid that has a |
boiling point greater than‘8'0°C at 1-atm. v a '

To evaluate the suitability of a solvent /ihe choice of solvent can be changed while '
| keeping all other process parameters unéhav"ed. The properties (e.g., densities) of the
: dispersioniobtainéc:i_ from spray drying usinfs this changed solvent are compared to the

properties of a dispersion made according to this disclosure using a solvent described:

hereiﬁ (e.g., water as a non—vi)latile solgent), and an evaluation can be made as to whether -

the solvent change was advantageou (e.g., if the change led td an increase in a desired

property (e.g., increased bulk densi ), then the chénge may be advantageous). In like
manner, the amount used of a givgn solvent (¢.g., water as a non-volatile solvent) can also
~ be evaluated, e.g., by corhparin ofthe resulting product to a product produced using a

‘solvent described herein in an Amount described herein, e.g., 1% water as a non-volatile

solvent.

Polymers

Products (e.g., aglomerated products such as powders or granules) béing spray

dried or undergoing fliidized spray drying, such as solid dispersions (e.g., amorphous
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_addition, the mixture that contains. the solvents.(e.g., volatile aAd non-volatile solvents)

solid dispersions) including a compound of interest (e.g., a drug, e.g., a pborly soluble
drug, e.g., VX-950) may include a polymer or plurality of polymers (oyfsolid state
carrier(s)). | '

Methods _of spray drying and FSD utilizing a non-volatile sgfvent described herein
may be used fo prepare a solid dispersion (e.g., amorphous solid dfspersion) that contains

a compound of interest (e.g., a drug, e.g., a poorly soluble drug, £.g., VX-950). In

and compound of interestb(e.g., drug) that will be »dried'may Iso contain a polymer or
plurality of polymers (or solid state carrier(s)). » .

A polymer or plurality of polymers can be used ag part of an amorphous solid
dispérsion system together with compound of interest.- For example, a polymer(s) can be

present in a feed solution (e.g., that will be dried by FAD) with a:compound of interest

(e.g., drug). Without being bound by theory, the prgsence of a polymer can help prevent,

decrease, or slow the amount or rate of crystallizaglon of the compound of interest (e.g.,
drug) as compared to the amount or rate of crystfllization that occurs in the absence of a.

polymer. For example, when a polymer is used, the amount of crystallization can be

» . decreased by at least about 10%, by at least bout 20%, by at least about 30%, by at least

about 40%, by at least about 50%, by at leagt about 60%, by at least about 70%, by at -
least about 80%, by at least about 90%, by at least about 95%, or by at least about 99%
comparéd to the aiﬁount of crystallizatigh in the absence of a polymér. For example, a-
polymer or plurality of polyrners can pfrotect a drug égainst crystallization in an aqueous
medium, such as gastric fluids and/o ih intestinal fluids. For example, HPMC can help
decrease the amount of crystallizatjon (e.g., of a compouhd of interest (e.g., a drug, e.g., 2
poorly soluble drug, ¢.g., VX-950)) in low pH, such as in gastric fluids. HPMC can

provide proiection in gastric flyfds (e.g., fasted or fed gastric ﬂuids), and simulated

' 'gaStric fluids (“SGF”) (e.g., fghted or fed SGF). As another example, HPMCAS can

provide increased physical sfability and decrease the amount of crystallization (e.g., a
compound of interest (e.g./a drug, e.g., a poorly soluble drug, e.g., VX-950)) in intestinal
fluids (e.g., fasted or fed fntestinal fluids) and simulated intestinal fluids (“SIF”) (e.g.,

fasted or fed SIF). As # result, one or more of bioavailability, solubility and absorption
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of the compound of interest (e.g., a drug, e.g., a poorly soluble drug, e.g., ¥X-950) can be

enhanced. B '
In addition, by deCreaéﬁig the rate of qrystailization, a polymef ‘can iﬁcrease fhe
shelf stability.of a composition, e.g., a dispefsion obtained by spray grying or FSDora
solid form (e.g., a directly compressed form, e.g., a tablet), containfng a compound of
interest (e.g., a drug, e.g., a poorly soluble drug, e.g., VX-950) refative to the stability of
the composition when no polymer is used by at least about 10%/(e.g., by at least about
" 20%, by at least about 30%, by at least about 40%, by at leas about SO%A, by at least -
about 60%, by at least about 70%, by at least about 80%, ot/ y at least about 90%). The
polymer can increase the -stability of the solid dispersiori { -.g;, when stored at 4°C or at
room temperature) by at least about 10% (e.g., by at leagt about 20%, b'y at least about
30%, by at least about 40%, by at least about 50%, by At least about 60%, by at least
about 70%, by at least about 80%, or by-at' least abo / 90%) as cofnpared toa 'sélid
dispersion stored under identical conditions and in fhe absence of a polymer. |
Further, without being bound by theory, tie presence ofa plurality of polymers |
can help prevent, decreasé,vor slow the amoun_:t." r raté of crystallization of the compound
- of interest (e.g., a drug, e.g., a pooﬂy soluble . frug, e.g., VX-950) as éompared to th'ev A
amount or. rate of crystélliz’ation that occurs fn the presence of ohe polyfner. For
‘example, when a plurality of polymers is bed, the amount of crystallization can be
decreased by at least about 10%, by at lepst about 20%, by at least about 30%, ‘b'y at least

about 40%, by at least about 50%, by af least about 60%, by at least about 70%, by at
least about 80%, by at least about 909

compared to the amount of crystallifation in the presence of one polymer. For example, a

6, by at least about 95%, or by at least about 99%

plurality of polymers can protect # drug against crystallization in an-aqueous medium,

_ such as gastric fluids or in intesyfnal fluids. For example, a polyiner, eﬁg.., HMPC or
HPMCAS, or plurality of polyfners, e.g., a mixture comprising HPMC and HPMCAS,
can offer increased protectiofi to a given dispersion of VX-950: for example, the HMPC
can prbtect the VX-950 fr v crystallization in gastric fluids or SGF while the HPMCAS
can protect the VX-950 ffom crystallization in intestinal fluids or in SIF. As a result, use
of a mixture can offer ighproved bioavailability, solubility, and/or absorption. ofa
compound of interest fe.g., a drug, e.g., a poorly soluble drug, e.g., VX-950). In addition,
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a plurality of polymers can increase the shelf stability of a composition, efg., a solid form
(e.g., a spray dried dispersion, a directly compressed dosage form, e.g., A tablet),
containing a corﬁpound of inferest (e.g., a drug, e.g., a pootly soluble 'rug, e.g., VX-950)
relative to the stability of the composition when no polymer is used py at least aboﬁt 10%
(e.g., by at least about 20%, by at least about 30%, by at least aboyt 40%, by at least
about 50%, by at least about 60%, by at least ébout 70%, by, at lgast abo_ut 80%, or by at

least about 90%)).- The plurality of polymers-can increase the sbiiityof-the solid -

dispersion (e.g., when stored at 4°C or at room temperature) fy at least about. 10% (e. g.,
by at least about 20%, by at least about 30%, by at least abgut 40%, by at least about

50%, by at least about 60%, by at least about 70%, by at | Last about 80%, or by at least
about 90%) as compared to a solid dispersien stored .un‘_:er identical cohditiens and
contajning no polymer. | _

" The polymer or plurality of polymers (e.g., cf htéiniﬁg one or more cellulosic v |

polymers) can be used to provide a form of aAcc_)m' v uﬁd of interest (e. g.},'a drug, eg.,a

poorly soluble drug, e.g., VX-950) such that, whﬁ administered, the area under curve :
(AUC) of the compound of interest.(e.g., a dru" e.g., a poorly soluble drug, e.g., VX-
950) would be substantxally the same in faste' and fed subjects, €.8.; reducmg or
substantlally eliminating the food effect in the subject. '

In one embodiment, a polymer or ] flurality of polymers, or one or more of the
polymers in a plurality of polymers of th€ present dlsclosure are a_ble to dissolve in -
aqueous media. The solubility of the polymer(s) may be pH-independent or pH-
dependent. The latter include one or, ere enteric polymers; The term “enteric polymer”
refers to a polymer that is preferen ally soluble in the less a01dlc environment of the
intestine relative to the more acidfenvironment of the stomach, for example, a polymer
that is insoluble in acidic aqueopis media but soluble when the pH is above 5-6.. An
appropriate polymer should b¢ chemically and biologically 1nert In order to 1mprove the
physical stability of the soh d dispersions, the glass transition temperature (Tg) of the
polymer or polymers (e.g. of a plurality of polymers, or one or more ofthe polymers in a
plurality of polymers) shpuld be as high as possible. For exarﬁple, preferred polymers
have a glass transition femperature at least equal to or greater than the glass transition

temperature-of the-cofnpound-of interest (e:g--a-drug, e-g-;-apoorly soluble drug, e.g.,
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VX-950). Other preferred polymers have a glass transition temperature th
about 10 to about 15 °C of the compound of interest (e.g., a drug, e.g., & goorly soluble
drug, e.g., VX- 95 0). Examples of suitable glass transition temperature of the polymers
include at least about 55 °C, at least about 60 °C, at least about 65 °C/fat least about 70
°C, at least about 75 °C, at least about 80 °C, at least about 85 °C, affleast about 90 °C, at
' Jeast about.95 °C, at least about 100 °C, at least about 105 °C, at I¢ast about 110 °C, at

/ least about 130 °C, at

least about 115 °C, at least about 120 °C, at least about 125 °C,
at léast about 150 °C, at

" 1east about 135 °C, at least about 140 °C, at least about 145 °C

least about 155 °C, at least about 160 °C, at least about 165 %
Vithout wishing to be bound

, at least about 170 °C, or

at least about 175 °C (as measured under dry conditions).. _
by theory, it is believed that the underlying mechanism isfthat a polymer with a higher Ty
genefally has lower molecular mobility at room tempergture, which can be a crucial
* factor in stabilizing the physical stability of the amorphous solid diépersiqn. |
v Additionally, the hygroscopicity of the polynfier (or of a plurality of polymefs, or
“one or more of the polymers in a plurality of polyniers) should be as low as possible. For A
the purpose of comparison in this application, thy hygroscoplclty of a polymer,
R 4comb1nat10n of polymers, or composition is ch fracterized at about 60% relative. hurmdlty
In some preferred embodiments, the polymerfs) has less than about 10% water

absorption, for example less than about 9% fless than about 8%, less than about 7%, less
" than ab_out 6%, less than about 5%, less than about 4%, less than about 3%, or less than
about 2% water absorption. Cellulosic golymers generally have about 3% water'

* absorption whereas PVP generally hagfabout 9% water absorption. The hygroscopicity |
can also affect the physical stability ¢f the solid dispersions. Generally; moisture
adsorbed in the polymers can grea reduce the T of the polymers as well as the
: ‘resul"ting solid dispersions, whichf/will further reduce the physicai stability of the solid
dlsperswns as described above. |

In one embodiment, a polymer or plurality of polymers, or one or more of the
polymers in a plurality of pgllymers is one or more Water—soluble_ po[ymer(s) or partially

water-soluble polymer(s). /Water-soluble or partially water-soluble polymers include but
are not limited to, cellulghe derivatives (e.g., hydroxypropylmethylcellulose (HPMC; also
known as hypromellosg), hydroxypropylcellulose (HPC)) or ethylcellulose; ’
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polyvinylpyrrolidones (PVP); polyethylene glycols (PEG); polyvinyl alcghols (PVA);
acrylates, such as polymethacrylate (e.g., EUDRAGIT® E); cyclodextrj
cyclodextin) and copolymers and derivatives thereof, including for e / mple PVP-VA
(polyvinylpyrollidone-vinyl acetate). In some preferred embodimenfs, the polymer or
one of the plurality of polymers is hydroxypropylmethylcellulose fHPMC), such as
HPMC E50 (e.g., from Dow), HPMCE135, or HPMC 60SH 50cP/(e.g., Shin-Etsu
- Metolose, HPMC60SH50). HPMC is available in-a-variety of. : ésr from Shin-Etsu;
- including SM, 60SH, 6SSH, 90SH. Each of these types vafy' Dy viscosity grade and
methoxyl and hydroxypropoxyl content. A most preferred fype for use in the spray
dispersion is HPMC 60SH. o
In some embodiments, the polymer or plurality '_: polymers, or one or more of the
polymers in a plurality of polymers are a pH-depende A- enteric polymer. Such pH-
dependent enteric polymers include, but are not limi,c_l fo, _éellulbse derivatives (e.g.,
cellulose acetate phthalate (CAP)), hydroxypropylj ethyl cellulose phthalates (HPMCP),
hydroxypropyl methyl cellulose acetate succinatgf (HPMCAS), hydroxypropyl methyl
cellulose acetate (HPMCA), carboxymethylcel 74 lose (CMC) or a salt thereof (e.g,a
sodium salt such as (CMC—Na)), cellulose ace ofate trimellitate (CAT), ’
‘ hydroxypropylcellulose acetate phthalate (HPCAP), hydroxypropylmethyl-cellulose
acetate phthalate (HPMCAP), and methylgtllulose acetate phthalate (MCAP),_ or |
polymethacrylates (e.g., EUDRAGIT® § |
or one of the plurality of polymers is by droxypropyl methyl cellulose acetate succinate
(HPMCAS). HPMCAS is available i a variety of grades from Shin~-Etsu, including AS-
LF, AS-MF, AS-HF, AS-LG, AS-MG, ASeHG; Each of these grades vary with the
percent substitution of acetate ang
dlspersmn 18 AS~HG from Shin-£tsu.
| Other polymers of HPYICAS and HPMCA with varying degrees and
bf hydroxypropoxy, methoxy, acetyl, and succmoyl groups

. In some preferred embodiments, the polymer

succinate. A most preferred grade for use in the spray -

combinations of substitution
are also known in the art (sfe e.g., WO 2005/115330), and can be used with the
inventions described herefn. For example, HPMCAS polyr_neré where the degree of
substitution of succinoyf groups (DOSg) and the degree of substitution of acetyl groups
(DOSc)-on-the HPMZAS-are DOSs>-about-0.02, DOSx>about0:65;and DOSx. |
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+DOS;s > about (.85 can be used. As other exampleé, HPMCA polymers yhere the
degree of substitution of acetyl groups (DOS,.) on the polymer is about §.6 or less, or the
degree of substitution of acetyl groups (DOS Ac) on the polyiner is at legbt about 0.15, can
be used. In other embodiments, HPMCA polymers having a solubili parameter of
about 24.0 (J/cm ) or less can be used. _ | | /
In yet another embodiment, the polymer or one or more of; fhe polymers in a
plurallty of polymers is an insoluble cross- lmked polymer for e 'ample a
- polyvinylpyrrolidone (e.g., Crospovidone). ‘ -
| In some cases, a polymer may react with a compoun 'of interest. Therefore, in
some.embodiments, a polymer that does not react with thq:‘l ompound of i mte;est is
preferred when preparing a feed solution containillg that ¢ 'ompoun'd Fof example,
alcohols may react with the compound of interest (e g ,"’ drug,e.g;a poorly soluble
drug, e.g., VX-950) to form ketals. Accordmgly, a pq ymer that does not react w1th the
compound of interest (e.g., 2 drug, €.g., a poorly solf':ble drug, e.g., VX-950) (particularly
" to form ketals) is preferred when preparing a feed Lotution 60ntaining that compound. '
Such a polymer should not contain an OH group"'c;r a éimilarly reactive moiéty. Because
of the reactivity of certain compounds (e. g VK-950), a preférred polymer for use in a
| plurallty of polymers or as the polymer in co"necuon with this dlsclosure for the
preparation of a feed solution containing s 'jh a compound is other than a polyethylene
glycol (e.g., PEG 8000) (i.e., other than a/
' " In embodiments where the com bund of interest (e.g., a drug, e.g., a poorly
soluble drug, e.g., VX-950) forms a sqflid dispersion (e. g., aggl@merated product) with a
polymer or plurality of polymers, fo example_VX-950 with an HPMC and/or an
kt of polymer(s) relative to the total .weight of the solid

olymer havmg free hydroxyl moieties). .

HPMCAS polymer, the total amo
' dlspersmn is typically at least abgut 5% (e.g., about 4% or 6%), at least about 10% (e.g.,
9% or 11%), at least about 15%f(e.g., 14% or 16%) at least about 20% (e g., 19% or
21%), and preferably at least About 30% (e.g.,- about 29% or 31%), for example, at least
about 35% (e.g., about 34% or 36%), at least about 40% (e.g., about 39% or 41%), at
least about 45% (e.g., abofit 44% or 46%)), or at leaét about 5_0%' (e.g., about 49% or
51%). The amount is typically about 99% or less, and preferably about 80% or less, for
example about 75% orfless, about 70% or less, about 65% or less, about 60% or less, or
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about 55% or less. In one embodiment, the polymer(s) is in an amount offup to about

30% of the total weight of the dispersion (and even more specifically, bgtween about

28% and 32%, such as about 29%). In one embod‘iment the polymer(#) is in an amount
of up to about 35% of the total weight of the dispersion (and even mgre specifically,
between about 33% and 37%, such as about 34%). In one embodighent, the polymer(s) is

in an-amount of up to about 40% of the total weight of the dispergion (and even more

speciﬁcéllv. between about 38% and 42%, such as about 39%)/In one embodiment, the

polymer(s) is in an amount of up to about 45% of the total wefght of the dispersion (and
even more specifically, between about 43% and 47%, such #s about 44%).
“The solid dispersiohs (e.g., agglomerated products) containing a compound of

interest (e.g., a drug, e.g., a poorly soluble drug, e.g., V. 'i-95_0)_ can contain a plurality of

polymers. For example two polymers can be used in fhe dispersion. In some

» embodlments, the plurality of polymers can include ¢gne or more than one cellulosic
vpolymer For example, a spray dried dlsperswn ca (include two cellulosic polymers, e.g.,
HPMC and HPMCAS. In some embodiments, thy sohd dispersion includes a mixture of _
HPMC and HPMCAS. The amount of each po jrmer used in the dispersion can vary, and
~ the ratio of the polymérs td each other can al§ { vary. For example, the dispersioh can
include from about 0% to about 100% by wefight of a first polymer (e.g., HPMC) and
from about 0% to about 100% by welght f a second polymer (e.g., HPMCAS) _(wherem
the percentages by~we1ght of the two poly ners add up to 100% of total polymer present
in a digpersion). Fér example, in a soli dispersionv of VX-950 containing polymers, the
first polymef is present in an amount f about 33% and the second polymer is present in
an amount of about 67% of the tota 'amount of polymer added. In another example, the
first polymer is present in an amoyint of about 55.5% and the second polymer is present in
an amount of about 44.5% of thy total amoﬁnt of polymer added. In another example, the
- first polymer is present in an 2 ount of about 63% and the second polymer is present in
an amount of about 37%'0f ¢ total amount of polymer added. In another example, the
first polymer is present iﬁ ) amount of about 50% and the second polymer is present in
an amount of about 50% $f the total amount of polymer added.' In another example, the

first polymer is presentfn an amount of about 100% and the second polymer is present in

an amount of about 0% of the total amount of polymer added.
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In one of the more specific embodiments of this disclosure, one offthe polymers is
polyvinylpyrrolidone (PVP) (e.g., PVP29/32). The PVP can be presentn an amount of
up to about 35%, up to about 40%, up to about 45%, or up to about sofe. A dispersion
comprising about 50% (e.g., about 49.5%) PVP K29/32 is included

In another embodiment, the disclosure includes a solid dis

ithin this disclosure.
rsion (e.g.,

agglomerated product) of a compound of interest (¢.g., a drug, €.£., a poorly soluble drug,

e.g., VX-950) and a cellulosic polymer, for example an HPMC/r an HPMCAS polymer.
- In some preferred embodiments, the compbund (ie., V'X-95‘0 is presentAin an amount of
at least about 50% of the dispersion, for example at least abgut 55%, at least about 60%,
at feast about 65%, at least about 70%, at least about 75%/at least about 80%, at least
about 85%, at least about 90%, or even greafer. In som: '.:preferred embodiments, the drug

is present in an amount between about 55% and about 0%, such as about 55%, about

60%, about 65%, about 70%, about 75%, about 80%7or about 85%. The amount of
polymers is present in an amount of at least about §%, at least about 10%, at least about

15%, and preferably at least about 20%, for example, at least about 25%, at least about V

30%, at least about 35%, at least about 40%, or At least about 45%. In some
embodiments, the amount is typlcally about 5‘/) or less, and preferably about 50% or
less, for example about 45% or less, about 4¢% or less, about 35% or less, about 30% or
less, about 25% or less, about 20% or less, / bout 15% or less, or about 170% or less. V

In another embodiment, the disclg/sure includes a solid dispersion (e.g.,
agglomerated product) of a bompound Jf interest (e.g., a drug, e.g., a poorly soluble drug,
¢.g., VX-950) and at least two cellulofic polymers, for 'exampl'e an HPMC and/or an
HPMCAS polymer. In some preferfed embodimerits the compound '(iv.e. VX-950) is
present in an amount of at least ab .ut 50% of the dispersion, for example at least about
55%, at least about 60%, at leas about 65%, at least about 70%, at least about 75%, at
| least about 80%, at least about 5%, at least about 90%, or even greater. In some

preferred embodiments, the dfug is present in an amount between about 55% and about

70%, such as about 55%, a out 60%, about 65%, or about 70%. As described above, the
total amount of polymers fs present in an amount of at least about 15%, and preferably at

least about 20%, for exafnple, at least about 25%, at least about 30%, at least about 35%,

at least about 40%, or At least about 45%. In some embodiments, the amount is typically
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_dispersion, for example less than about 9% by weight, less tha {about 8% by weight, less

about 55% or less, and preferably about 50% or less, for example about 45% or less,

about 40% or less, about 35% or less, about 30% or less, about 25% or Jess, about 20% or
less, about 15% or less, or about 10% or less. ” ' _

In some preferred embodiments, the dispersion furt_her incluges other minor
ingredients, such as a surfactant (e.g., SLS or Vitamin E TPGS). If some preferred

embodiments, the surfactant is present in less than about 10% by weight of the

than about 7% by weight, less than about 6% by weight, less fhan about 5% by weight,

less than about 4% by weight, less than about 3% by weighy , less than about 2% by

weight, or about 1% by weight. _

In a most preferred embodiment, the dlspersmn cludes about 49. 5% VX- 950
about 49.5% HPMCAS, and about 1% SLS.

The polymer or plurallty of polymers shouldpe present in an amount effective for
stabilizing the solid dispersion. Stabilizing 1nclud 5 inhibiting or decreaSmg the
crystallization of a compound of interest (e.g., a ':rug, e.g., a poorly soluble drug, e.g., :
VX-950). Such stabilizing would inhibit the c hversion of the compound from
amorphous to crystalline form. For exampl_e: fihe polymer(s) would prevent at.leést a
pbnion (e.g., about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,'ab'oui o
35%, about 40%, about 45%, about 50%, #bout 55%, about 60%, about 65%, about 70%,
about 75%, or greeter) of the compound/from going from an amorphbus toa cryétallin’e
form. _ - /

For example, at low pH (eg. m gastric fluid (¢.g., fasted gastric fluid) or SGF -
(e.g., fasted SGF), a compound of jterest (e g., a drug, e.g., a poorly soluble drug, e.g.,
VX-950) may dissolve, become persaturated and then crystallize. The polymer or

plurahty of polymers can preve t or decrease the crystallization of the compound in such-

“or similar conditions, or dun storage of a composition containing the compound.

Stabilization can be measurgd, for example, by measuring the glass transition temperature
of the solid dispersion, megsuring the rate of relaxation of the amorphous material, or by
measuring the solubility pr bioavailability of the eompound. ‘

A polymer or pjurality of polymers can be used in a formulation with a compound

of'interest (€.g.,-a druf; e.g.,-a poorly soluble drug, e.g., VX-950). One, more than one,
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or all of the polymers suitable for use in combination with the compound/for example to
form a solid dlspers1on (eg., agglomerated product) such as an amorphgus solid
dispersion, should have one or more of the followmg properties:

1. The glass transition temperature of the polymer or polymfrs in combination
should have a temperature of no less than about 10-15 °C lower t [ the glass transition
temperature of the compound. Preferably, the glass transition te perature of the polymer
or p.olymers in combination is greater than the glass transition femperature of the
compound, and in general at least 50°C higher than the desirgd storage temperature of the
drug product. For example, at least about 100 °C, at least goout 105 °C, at least about
105 "Cv, at least about 110 °C, at least about 120 °C, at le /st about 130 °C, at least about
140 °C, at least about 150 °C, at least about 160 °C, at | 'vast about 160 °C, or greater.

. 2. The polymer or polymers in combination sjfould be relatively non-
: ;hygroscoprc For example, the polymers should w " n stored under standard conditions,
absorb less than about 10% water, for example, le' than about 9%, less than about 8%,
less than about 7%, less than about 6%, or less t fan about 5%, less than about 4%, or less
than about 3% water. Preferably the polymer polymers will, when stored under
standard condmons be substant1ally free of of sorbed water. '

3. The polymer or polymers in conj hination should have similar or better
~ solubility‘in solvents suitable for spray d ':mg processes relative to that of the compound.

In preferred embodiments, the polymer pr polymers will dissolve in one or more of the
samevsolvents or solvent systems as thé compound. Itis preferred that the polymer or
polymers are soluble in at least one ffon-hydroxy containing solvent such as methylene
chloride, acetone, or a combinatior thereof. 7
4. The polymer or polymfrs in combination, when combined with the compound,
for example in a-solid dispersi A, should increase the solubility of the compound in
“aqueous and physiologically jtlative media either relative to the solubility of the
compound in the absence of} olymers or relatlve to the solubility of the compound when
combined with a reference polymer. For example, the polymer or polymers could
increase the solubility offamorphous compound by reducing the amount of amorphous

compound that converif to crystalline compound from a solid amorphous dlspersion_.
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5. The polymer or polymers in combination should decrease the felaxation rate of
" the amorphous substance.
6. The polymer or polymers in combination should increase tfie physical and/or
chemical stablllty of the compound.
7. The polymer or polymers in combination should improye the

~ manufacturability of the compound.

8. The polymer or polymers in combination should improve one or more of the

- handling, administration or storage properties of the compoufd.

9. The polymer or polymers in combination should/not interact unfavofably with
other pharmaceutical components, for example excipienty. - | _

The suitability of candidate polymer(s) (or othey component) can be tested using
the FSD methods described herein to form a composi ‘Aon containing an amorphous
compound. The candidate composition can be compared in terms of stabi‘lify,'resistance |
lto the formation of crystals, or other properties, andl compared to a reference préparation;
e.g., a preparation described herein, e.g., containing a compound of interest (¢.g., a drug,
€.g., a poorly soluble drug, e.g., VX-950). For gxample, a preparation of about 83%

~amorphous VX-950, abouf 17% HPMCAS, 0 vcrystalline VX—950. Eg, a candidate

~ composition could be testéd to determine whether it inhibits the time to onset of solvent

_ médi_ated crystallization, or the percent copiversion at a given time under contro_f.lled
conditions, by at léést 50 %, 75 %, 100%, or 110% as well as the reference preparation,
ora candldate composition could be tefted to determine 1f it has improved bioavailability

or solubility of VX-950 relative to ¢ stalhne VX-950.

Surfactants _ o
Products (e.g., agglomerpited produéts such as powders or granules) being spray
" dried or undergoing fluidized fpray drying, such as solid dispersions (e.g., amorphous
solid dispersions) including compound of interest (e.g., a drug, e.g., a poorly soluble
drug, e.g., VX-950) and, optionally, a polymer or plurality of polymers (or solid state
carrier(s)), may include gfsurfactant. A surfactant or surfa(_:taﬁt mixture would generally
decrease the interfacial fension between the solid dispersion and an aqueous medium. An
appropriate surfactan; for surfactant mixture may also enhance aqueous solubility and
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bioavailability of a compound of interest (e.g., a drug, e.g., a poorly solubj drug, e.g.,
ith the present
disclosure mclude but are not limited to, sorbitan fatty acid esters (e.g SPAN S®),

polyoxyethylene sorbitan fatty acid esters (e.g., TWEENS®), polysopbates, sodium lauryl
dodecylbenzene

VX-950) from a solid dlspersmn The surfactants for use in connectlon

sulfate (SLS, also known as SDS or sodium dodecyl sulfate), sodi
sulf(_)nate (SDBS).dioctyl sodium sulfosuccinate (Docusate), dio_' fcholic acid sodium salt
(DOSS), Sorbitan Monostearate, Sorbitan Tristearate, hexadec trimethyl ammonium

" bromide (HTAB), Sodium N-lauroylsarcosine, Sodium Oleat / Sodium Myristate,
Sodium Stearate, Sodium Palmitate, Gelucire 44/ 14, ethyle' diamine tetraacetic-aéid
(EDTA), vitamin E or tocol derivates, such as alpha tocdp Aer’ol, (e.g'.,d—'alpha tocopherol,
d1-alpha tocopherol, tocopherol succinate esters) and 'tq"bopheryl esters, such as
tocbpheryl acetate esters, tocopheryl succinate esters, ¢'g., Vitamin E d-alpha tocopheryl - ‘
polyethylene glycol 1000 succinate (TPGS; e.g., Vitgmin E. TPGS from Eastman), |
Lecithin, MW 677-692, Glutanic acid monosodlu /monohydrate, Labrasol, PEG 8

* caprylic/capric glycerides, Transcutol, dlethylen 'glycol monoethyl ether, Solutol HS- 15 :
polyethylene glycol/hydroxystearate, Taurochojic Acid, Pluronic F68, Pluronic F108, and -
~ Pluronic F127 (or any other polyoxyethylene-polyoxypropylene co-polymers - ' _ ‘
(PLURONICS@) or saturated polyglycolizefl glycerides (GELUCIRS®))_. Specific A: '
“example of such surfactants that may be uged in connection with this disclosure include,
but are not limited to, Span 65, Span 25,/Tween 20, Capryol 90, Pluronic F108, sodium‘ '
lauryl sulfate (SLS), Vitamin E TPGS, £ '
PC (phosphatidylcholine) (e.g., from£gg or soy), PIs (phosphatidylmositol); PAs
(phosphatidic acid), PEs (phosphatiflylethanolamine), PGs (phosphatidylglycerol). The
surfactant could also be a lipid orfaity acid.such as dipalmitoylphosphocholine (DPPC)
_or Similar lipids (DAPC, DSPC/DPPG, etc.). Such lipids can bé obtained synthetically,
‘e.g. from Genzyme or AvantifPolar Lipids. SLS (e.g., Sigma or Fischer) and Vitamin E

luronics and copolymgfs, phospholipids such as

TPGS are preferred.
The amount of the urfactant (e.g., SLS or Vitamin E TPGS) relatlve to the total

weight of the solid dlspe jon may be between about 0.1-20%. Preferably, it is from

about 1% to about 20%/ about 1 to about 15%, about 1 to about 10%, more preferably

from about 1% to abofit 5%, e.g., about 1%, about 2%, about 3%, about 4%, or about 5%.
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about 15%, about 12%, about 11%, about 10%, about 9%, about 8%, about 7%, about

6%, about 5%, about 4%, about 3%, about 2% or about 1%.

Candldate surfactants (or other components) and candld'te amounts can be tested

. for suitability for use in the disclosure in 2 manner similar to that descnbed for testmg

solvents.

Compositions/Packaging/Use

~In‘one embodiment, the solid dispersion can be-f‘ormulated into a ‘pharmaceutical
composition, e.g., a tablet. . According to a preferred mbodlment the solid chsperswn 18
present in an amount effective to have a therapeut1 effect in a patient. Altematlvely,
composition of this invention comprises another sfiditional agent as described herein
(e.g., to provide a combination therapy). Each mponent may be present in 1nd1v1dual
_ composmons combination compositions, or1 ifa single composition. -
Pharmaceutical compositions, e.g., tgblets, comprtsmg the solid dispersion

fble carrier, bmder/dlluent surfactant

- typically contain a pharmaceutically accep
d1smtegrant flow agent, lubricant, or vet cte (or camer)
For example, a solid dispersion prepared as described herein can be directly
compressed into-a dosage form. In sgf -e embodiments, the diSpersion 1s blended with -
one or more excipients prior to compression. As one exar.nple,' a detailed description of
direct compression of VX-950 is Fovided in the provisional applica_tion filed on

December 22, 2006, entitled DIRECTLY COMPRESSED DOSAGE FORMS, Attorney-
* ‘Docket No. 19079-017P01. | |
The compositions ang
more excipients (see U.S. phtent Number 6,720,003, U.S. Pub. App. No. 2004/0030151,
and/or International Appljcation WO 99/02542)). An excipient is a substance used as a

carrier or vehicle in a dgsage form, or added to a pharmaceutical composition, to improve

 processes of this invention may optionally include one or

handling, storage, or pgteparation-of a-dosage form.—Excipients-include, but-are-not
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limited to, diluents, disintegrants, adhesives, wetting agents, lubricants, gjfdants,
crystallization inhibitors, surface modifying agents, agents to mask or cgunteract a
disagreeable faste or odor, ﬂa'x}obrs, dyes, fragrancee, fillers, binders, stAbilizers and
substances to improve the appearance of a cemposition. '

As used herein, the term “comprising” is intended to be op h—ended, thus .

-indicating the potential inclusion of other agents in addition to t specified agents.

Pharmaceutically acceptable carriers that may be used jf these compositions
" include, but are not limited to, ion exchangers, alumina, alumfnum stearate, lecithin,
~ serum proteins, such as human serum albumin, buffer substAnces such as phosphates,

glycine, sorbic acid, potassium sorbate, partial glyceride hixtures of saturated vegetable

fatty acids, water, salts or electrolytes, such as protaming sulfate, disodium hydrogen
phdsphate, potassium hydrogen phosphate, sodium chjoride, zinc salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone, cellulofe based subétances; polyethylene
glycol, sodium carboxymethylcellulose, polyacrylafes, waxes, polyethylene |
" polyoxypropylene block polymers, polyethylene lycol and wool fat.
Pharmaceutical compositions, e.g.,a sojfd diepersion eg.,a spray'dried drug, can
- be formulated into tablets. For example, a sp by dispersion of a drug can be c@mbmed ‘
with a melt granulate, one or more diluents, And/or one or more dlsmtegrants, and one or
‘more lubricants, one or more other excipi ; ts, vehicles, carriers, and/or fillers, and
compressed into a tableted form. The redulting tablet can then be further processed, for -
| example, the tablet can be coated with A substance, such as a film or shellac, tovhelp
maintain the stability or integrity of tiie tablet, to facilitate the.oral administration of the
tablet, to mask the taste of the tablef, to add a flavor, to color the tablet, to regulate the
tablet once ingested and/or to mask the taste of the
-~ tableted formulation. Coatings guitable for this purpose (e.g.,,shellac,'enteric coatings to -
fegul‘ate release) are known infhe art. If desired, certain sweetening, flavoring, or
coloring agents may also be Added, to the tabiet or to the coating. Techniques and
compositions for making vlets are described, e.g., in Remington's Pharmaceutical
Sciences, Arthur Osol, editor, pp. 1553-1593 (1980). '

According to a greferred embodiment, the compositions of this invention are
formulated for pharmgceutical administration to a2 mammal, preferably a human being.
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Although the forms of tablets provided herein are preferably formulated fgr oral
administration, other formulations could be obtained.

The invention also provides pharmaceutical packs and kits confprising a tableted
formulation of amorphous VX-950, or a ph&fmaceutical compositionf according to any of

the embodiments herein.

Pharmaceutical compositions, ¢.g., containing a solid (e.g/, spray dried) dispersion

described herein, may also be prescribed to-the patient.in.“pati ' t packs” containing more

- than one dose, and preferably the whole course of treatment; #h a single package, (e.g., 2
blister pack). Patient packs have an advantage over traditiofial prescriptions, where a
- pharmacist divides a patients supply of a pharmaceutical ffom a bulk supply, in that the

patient always has access to the package insert containe in the patient pack, which is

normally missing in traditional prescriptions. The inclfision of a package insert has been
shown to improve patient compliance with the phy51 fian's instructions. Preferably the
drug is in an oral dosage, e.g., tablet, form, _

It will be understood that the administratign of the combination of the invention
by means of a single patient pack, or patient pa ks of each formulation, containing within -
a package insert instructing the patlent to the dorrect use of the disclosure is 2 desurable
additional feature of this disclosure. B v ’

\ In an alternative embodiment of th"_‘ disclosure, the pharmaceutiéal pack further
comprises one or more of additional ageylts as described herein. The additional agent or
agents may be provided in the same paf k or in separate packs

According to a further aspect pf the disclosure is a pack comprising at least any-
tableted form of the solid (e.g., sprgy dried) dispersion or any composition according to
this disclosure, and an informatiofl insert containing directions on the use of the |
compositioﬂ of the disclosure (of the use of a combination of the composition of this
disclosure and an additional aglent or agents described herein). |

Accordingly, this dis¢losure provides kits for the simultaneous or sequeniial
administration of solid (e.g/, spray dried) dispersion or any compositibn according to this
disclosure (and optionally an additional agent) or derivatives thereof that are prepared in
a conventional manner./Typically, such a kit will comprise, e.g., a composition of each
inhibiter-and-optionalfy-the-additional-agent(s)-in-a-pharmaceutically-aceeptable carﬁer
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(and in one or in a plurality of pharmaceutical formulations) and written iyfstructions for
the smultaneous or sequentxal admmlstratlon Preferably the drug is in £n oral dosage,
e.g., tablet, form

In another embodiment, a packaged klt is provided that contafns one or more
dosage forms (preferably an oral dosage form)_for self administrat";n; a container means,
preferably sealed, for housing the dosage forms during storége a Kl prior to use; and
instructions for a patient to carry out drug administration: The fnstructions will typically
" be written instructions on a package insert, a label, and/or on , ther components of the kit,
and the dosage form or forms are as described herom. Eac_' Jdosage form may be '
individually housed, as in a sheet of a metal_foil-plostic la inate with ea"ch'vdo'sage form
isolated from the others in individual cells or bubbles 0 "the'dosége foﬁns may be housed
in a single container, as in a plastic bottle or a vial. Thi present kits will also typically -
.include means for packaging the individual k1t comp' nénts, ie., the dosage forms the
container means, and the written instructions for ug. Such packaging means may take
the form of a cardboard or paper box, a plastic orffoil pouch, efe. o

Embodiments of this disclosure may z{ls" :‘involvc additional ager_lts'. Therefore, a

method of this disclosure may involve steps. £ administering such additional agents.

Dosage
Dosage levels of from about 0.0)to about 100 mg/kg body- welght per day,

prefefably from about 10 to about 100/mg/kg body weight por day of solid (e.g., spray
dried) dispersion are useful for the pjevention and treatment of the condition for which -
the subject is being treated. In son embodimenté dosage levels aref;rom about 0.4 to
about 10 g/day, for example fromfabout 1 to about 4 g/day, preferably from about 2 to
about 3.5 g/day, per person (baged on the average size of a person calculated at about 70
kg) are included. Typically, tjfe pharmaceutical compositions of, and accordmg to, this -
disclosure will be administefed from about 1'» to about 5 times per day, preferably from
about 1 to about 3 times p .day, or alternatively, as a continuous infusion. In some
embodiments, solid (e.g./spray dried) dispersion or pharmaceuticél composition

comprising it is adminjftered using a controlled release formulation. In some

39




embodiments, this can help to provide relatively stable blood levels of thefsolid (e.g.,
spray dried) dispersion..

In some ernbodiments',"'_the dose of the solid (e.g., spray dried) fispersion can be a
standard dose, e.g., about 1 g to about 5 ga day, more preferably abgut 2 g to about 4 g a
day, more preferably about 2 g to about 3 g a day, e.g., about 2.25 £ or about 2.5 g a day.
The dose can be administered e.g., as a spray»dried dispersion or As a tablet.

Such administration can be used as a chronic or acute thérapy. The amount of

- active ingredient that may be combined with the carrier materfals to produce a single

dosage form will vary depending upon the subject treated ayd the particular mode of
administration. A typical preparation will contain from abfout 5% to about 95% active
compound (w/w). Preferably, such pre'parations contain ffrom about 20% to about 80%,
from about 25% to about 70%, from about 30% to abofit 60% active compound.

} When the composmons or methods of this di "closure involve a combination of the
solid (e.g., spray dried) dispersion and one or more- dditional therapeutic or prophylactlc
agents, both the solid (e.g., spray dried) dispersio, { and the additional agent should be
present at dosage levels of between about 10 toy-':"'()O%, and more preferably between
about 10 to 80% of the dosege normally admi": istered in a monotherapy regimen; ‘

4 Upon improvement of a patient's conflition, a maintenance dose of a compound,
composition or combination of this disclo ':‘ re may be administered, if necessary. ‘
Subsequently, the ttesage or frequency o administration, or both, may be reduced, e.g., to
about 1/2 or 14 or lvess of the dosage o f frequency of administration, as a function of the
symptoms, to a level at which the imy/ eved condition is retained when the symptoms
have been alleviated to the desired Ifvel, treatment should cease. Patients may, however,

require intermittent treatment on gflong-term basis upon any recurrence of disease

symptoms

It should also be under; ood that a specific dosage and treatment reglmen for any
particular patient will depen upon a variety of factors, including the activity of the
specific compound employ, d, the age, body weight, general health, sex, diet, time of
administration, rate of exgretion, drug combination, and the judgment of the treating

physician and the severjty of the particular disease being treated. The amount of active
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ingredients will also depend upon the particular described compound and the presence or

absence and the nature of the additional anti-viral agent in the compositign.

EXAMPLES

Example 1 |

A mixture of the following components was spray dried fs provide a solid
dispersion of VX-950. VX-950/HPMCAS-HG/SLS was combified in a ratio of
© 49.5/49.5/1 wt/wt and combined in a solveht systern' at é.soli Loncentration of 10, where
the solvent system included methylene chloride/acetone/gla' fial acetic acid in a ratio of
66.6/28.5/5 to provide a product having a d50 of 43.03 aﬁ_ /2 bulk density of 0.37.

Example 2 R '

- A mixture of the following components was sp fay dried to prov1de a-solid
dispersion of VX-950. VX-950/HPMCAS- HG/SLS, fras combmed in a ratio of
49.5/49.5/1 wt/wt and combined in a solvent syster { at a solid concentratlon of 10, where
the solvent system included methylene Vchlori‘de/a_l,' etone/glaCiaI' acetic acid in a ratio of |

63/27/10 to provide a product having a d50 of .02 and a bulk density of 0.41.

Example 3 ‘
Spray dried dlspersmns of VX-950/were prepared using with multlple VX—95()

lots, HPMCAS-HG (Hypromellose Acetfte Succinate, HG grade, Shin-Etsu Chemical
Co.) polymer, and SLS (Sodium Laury} Sulfate, Fisher) Surfactiint. Spray drying and
subsequent post-drying in a biconical/dryer were perfofmed. Dry dispersioh with low
residual solvent levels and target pgfvder prop_ertieé were manufactured. Success criteria
included having acceptable procegs yield (>80%), and meeting all target drug product

~ specifications for purity, and myfching the target properties within the 'rahge specified for

physical characteristics (particfe size and bulk'density).

Formulation Comppsition and Process Outline
The overall formufation composition for each of two active dispersion -

manufactures is describgd in Table 1.
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Table 1 Formulation composition of each of the two active dispersion

manufactures based off of 116.25kg VX-950 at 13wt%.

Acetone, NF A
(for Dispersion) ;

Component Function Component / kg
API VX950 _ /I 116.25
Polymer/Dispersant Hypromellose Acetate Succinate, NE/JPE - 11625
(HPMCAS-HG) S/ , _
Surfactant Sodium Lauryl Sulfate, NF (7) - 2348 |

Process Solvent Methyicne Chloride, NF ‘ ‘ B . 7 1178.8

(for Dispersion) ' o
Process Solvent " 3772

Process Solvent -

15.7

DI Waier /




~ - (refer to Table 1).

A flowchart schematic of a manufacturing process is given in FIG/ 1.
An e)rplanation of thebrocess flow is below:

A) Preparation of Solution and Spray Dryer
' 1) Methylene chloride was prepared in the equilibration folvent tank.

2) 100kg of the prescribed acetone amount was added fo the mixing reactor

3) Methylene chloride at the appropriate amount (r fer to Table 1) was prepared
in the main solution reactor. Differential pressure cells c frfirmed the correct amounts of
charged solvents.

-4) VX-950 drug substance was charged into t '.e main solution reactor (refer to
Table 1). The overall solids loading- was at 13wt%. y sample was taken to verify the
dmg substance was dissolved by visual 1nspectron..:'

5) HPMCAS-HG was charged into the f
The overall solids loading were at 13wt%. /

in solution reactor (refer to Table 1).

6) The remaining prescribed acetone fmount was added to the mixing reactor

| (refer to Table 1). _
7). The acetone, SLS, and DI watef ‘were charged into the main solution reactor.

8) The resultant batch was tested for visual appearance and viscosity once
drssolved
9) The Spraying Systems SK MFP pressure nozzle was installed and tested for

correct atomization with the equrhb ation solvent. (Nozzles 48/21, 50/21, or 52/21 can

also be used.v)

- B) Start-up of the $pray Dryer .
1) The spray dryer was heated to the appropriate outlet temperature.
' 2) Equilibration s \}errts were sprayed until all parameters are equilibrated and
constant. ' | |
3) Spray dryinglof the feed solution was commenced once the spray dryer was
equilibrated. |
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4) Dry particles were inertially Separated from the process gas byA cyclone and

collected within polyethylene bags. The process gas was then filtered fof fine particles
and condensed to remove process solvents. ' ,
5) Initial sample was taken and tested for particle size distriblution and bulk and

tap densities.

‘a) If particle size distribution and densities were withfn acceptance criteria

*_and near targets (refer to Table 6), the process.continued and sa i ples were taken per.the

- - sampling plan. _
V b) If particle size distribution and densities werg/not within acceptance

criteria and not near targets (refer to Table 6), the process as optimized (e.g.; by

changing one or more of the following: nozzle, outlet tepiperature, feed pressure) as

needed. Collection bags were changed and the powder/outside of the acceptance criteria -
was held in quarantine. Once the sample was within fpecification, the process with

current parameters was started.

O On-going Spray Drying
1) "Took samples per sampling plan. ‘-
" 2) iNoted any changes to the processfng parameters.
~ 3) :Noted any stoppages or out of chntinuous operation occurrences. 7
45 Upon cdmpletion of spray drying the feed solution, switched to equilibration

' solvent and followed normal shut do

D) Post-Drying Process _
1) Spray dried dispersion fvas charged into a secondary dryer and dried until all -

residual solvents (methylené chlgride, acetone, ethyl acetate, and toluene) were below the

specifications established.

. Equipment
An 8000-L industrjal scale reactor equipped with a mechanical stirrer and thermal
circuit was used for mixj g of the initial solution. An industrial scale spray dryer (Niro

Pharmaceutical Spray Pryer FSD12.5CC) was used in normal co-current spray drying

44




mode. A pressure nozzle system (Spraying Systems Maximum Free Passgge SK-MFP
Series variety, orifice 48-54, core 21) was utilized. A high performancejpressure pump
with solvent-compatible/resistant gaskets pumped the feed solution th ; ugh the atomizer
into the spray drying vessel. An inertial cyClbne separated the prodyft from the process
gas and solvent vapors. A filter bag then collected the fine particleh not separated by the
cyclone. The resultant gas was condensed to ’rémove process solyents and recycled back
to the heater and spray dryer (closed cycle). ‘

FIG. 2 was a schematic of the spray drying procéss. .

The resultant product was transferred to a biconical facuum dryer for drying of

residual solvents.

Key Process Controls and Parameters

Key process controls and parameters were negded fof both the spray drying and
biconical drying process. The primary process conffols parameters have been identified

through preliminary research batches. -

Key process controls and parameters fi f the spray drying process, which were

" monitored and recorded over the entirety of $he run time, were: |

. Atomizer/nozzle Installed |

. | Feed Pressure

. Inlet: Temperature

. | Condenser Temperatu IVSet Point (at about ~10to -1 5°C)

Key process metrics for th¢ spray drying process, which were monitored and
recorded over the entirety of thefun time, were: '
» ¢  Solution Feed Rat
¢ Outlet Tempéra re

» Cyclone Press e Differential and Drying Gas Flow Rate |

Table 2 defines fpray drying process parameters/metrics, Settings/ranges, and

target guidelines.
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Table 2 Spray drying variables, settings, and targets

Variable Settmg/Range - /

Atomizer Install_ed _ Spray Systems SK- M}‘ P

"| Solution Feedrate 120-200 kg/hr /
Feed Pressure ,. 20-50 bar /
Inlet Temperature ] 50-80 °C] :
Outlet Temperature : . 25-31 /C
Cyclone Pressure 10 5-13. m H,0
Differential ' o

- Materials A
All excipients and process solvents used co blicd with the curre_nt monographs of
the European Pharmacopoeia, the Japanese Pharm ”copoela or the USP/NF as indicated
in Tables 1 and 3. All ex01p1ents and process s0. ents were purchased from approved

suppliers. Manufacturer certificates of analy31 [were accepted and all matenals recelved

o will undergo testing.




Table 3 Materials
_ Material Source ‘ /

VX-950 | , /

.| Hypromellose Acetate Shin-Etsu Chemical Co.

Succinate, NF/JPE

(HPMCAS) (Aqoat AS-

HG) .

Sodium Lauryl Sulfate Sigrna/ fisher

(SLS), NF -

Methylene Chloride, NF o /
Acetone, NF _ / ,
DI Water /

Variations in Manufacture _

Manufacture 2 used a process optlnuz" d for dispersion. Most notably thlS '

| dlsperswn had larger particle size and bulk density than Manufacture 1, as needed for '

“enhanced powder ﬂowablhty and direct cgimpression on a high-speed tab]et press. Spray
drying parameters were varied to make lich powder. Variations were also made to -

tighten the process and to avoid possibje deviations.

Example 4 , _
Spray dried dispersions offVX-950 were prepared using a solvent system that

- contained water, as described. The solvent system contained 75% methylene chloride;
'24% acetone; and 1% water (y/w/w). The dispersions contained 49. 5% VX-950 49.5%
HPMCAS-HG and 1% SLS/(w/w/w). As indicated in FIG. 3, varlous combinations of
outlet temperature, feed pr, ssure, cyclone pressure, condenser setpomt temperature,
nozzle type, solids loadinf, and solution feedrate Were tested iu the spray drying process.

As indicated in FIG. 3,/rarying these parameters varied the properties (particle size (PS)),
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span, bulk density, tap density, and levels of residual solvents) of the resufting

dispersions.

Example 5

Objectives and Success Criteria

Dry dispersion with low residual solvent levels and tar 1t powder properties are

~ manufactured. Success criteria include having acceptable profess yield (>80%), and
meeting all target drug product specifications for purity, ang/matching the target -
properties within the range specified for physical charaetej lstics (particle size and bulk

density).

Formulation Composition and Process Outfine
The overall formulation composition for theftwo active diSpersio_h manufactures is

described in Table 4,

Table 4 Formulation composition of t fe firstactive dispersion manufacture

based off of 100kg VX-950 at 15wt%.

Component Function Comp?lfent o | kg

APT vx7éo 2000

Polymer/Dispersant Hypromellose Acetate = | 100.0
uccinaté, NE/JPE

(HPMCAS-HG)

Surfactant , A Sodium Lauryl Sulfate, | 2.02 -
/ NF (SLS) '
Process Solvent " | Methylene Chloride, NF ~ | 858.6
/ (for Dispersion) ‘
Process Sleent Acetone, NF . 12747
/ (for Dispersion)

Process Solfént DI Water 114
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A flowchart schematic of the manufacturing process is given in H1G. 4.

An explanation of the process flow is below:
A) Preparation of Solution and Spray Dryer '
1) Methylene chloride is prepared in the equilibfatio_ /solvent tank:

2) DI water is charged into a secondary miking ves, ';el (réfer to Table 4).

3) Methylene chloride at the appro_priate'arhbum':_' efer to Table. 4) is
prepared in the main solution reactor. Differential présS' re cdls’ confirm the correct
amounts of charged solvents. o

4) VX-950 drug substance is chérged into t main solution reactor (refer to
Table 7). The overall solids loading are at ISWt%. A sample is taken to verify the
drug substance is dissolved by visual insp_ectién. / “ _ ., L

5) HPMCAS-HG is charged into fhe_ m fin Solution reactor (fefer to Table 4).
The overall solids loading is at 15wt%. / ' '

6) The acetone amount is added to t e mixing reactor (refer to Table 4). A
sample is taken to determine if all solids a(; dissolved. | '

7) The SLS and water are addedfo the main mixing reactor.

FP pressure nozzle is insfalléd and tested fdr

correct atomization with the equilibrafion solvent.

1) The spray dryer is hedted to.thev: appropriate ouﬂ,et température.

2) Equilibration solve ks are sprayed until all parametérs are equilibrated and
constant. | o
' 3) Spray drying of fhe feed solution is commenced once the spray dryer is
equilibrated. | » -

4) Dry particle ére inertially separated ffom the process gas by a cyclone
and collected within pplyethylene bags. The'pfocess gas is then filtered for fine

particles and condenged to remove process solvents.
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5) Initial sample is taken and tested for particle size distributign and bulk and
tap densities.

a) If particle size distribution and densities are within accgptance criteria and
near targets (refer to Table 11), the procéés continues and samplgs are taken per the

sampling plan.

~ b) Ifparticle size distribution and densities are not within acceptance criteria

and not near targets (refer to Table 1 1), the process-is-optimfzed (by changing one or

more of the following: outlet témpera’aire, feed pressure, gr condenser temperature as
needed. Collection bags are changed and the powder oyfiside of the acceptance
criteria is held in quarantine. Once the sample is withjh specification, start the

process with current parameters.

O APost;Drying-Proces_s - o
1) Spray dried dispersion is charged injb a secondary dryer.
-2) This contihues until all residual 89 fvents (methylene chloride, acetone,

~ ethyl acetate, and toluene) are below the spe ifications established.

D)  Testing, Shipment

- 1) Samples of this dispersion gre tested for release testing.

Equipment o

An 8000-L industrial scale rgactor (R240) equipped with a mechanical stirrer and
thermal circuit is used for mixing ff the initial solution. A reabtdr (R32) is used for the
SLS and water mixture. An indyftrial scale spray dryer (Niro Pharfna.ceﬁtical Spray
' Dryer FSD12.5CC) is used in 1 ormal co-current spray drying inoc_le. A pressure nozzle
system (Spraying SyStemS ximum Free Passage SK-MFP Series variety, orifice 54,
core 21) is utilized. A hig performance pressure pump with solvent-compatible/resistant
gaskets pumps the feed s fution through the atomizer into the spray drying vessel. An
inertial cyclone separateg the product from the process gas énd solvent vapors. A filter

bag then collects the fjne particles not separated by the cyclone. The resultant gas is
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condensed to remove process solvents and recycled back to the heater an¢/spray dryer

(closed cycle).
FIG. 2 is a schematic of the spray dfying process.

The resultant product is transferred to a biconical vacuuy dryer (S901) for drying
of residual solvents. The dry product is sieved within a nitrogefi swept glovebox and

packaged.

Key Process Controls and Parameters

Key process controls and parameters are need_cf_,d i‘or both the spray drying and
biconical drying process. The primary process cbntrol"‘para‘mveters' have been identified .
through preliminary research batches. : /

Key process controls and parameters for thefspray drying process, which need to
be monitored and recorded over the entirety of fh f run time, are: '

Atomizer/nozzle Installed
Feed Pressure

Inlet Temperature -
Condenser Temperature Set Point

Key process metrics for the spray/drying process; which need to be monitored and
recorded over the entirety of the run tinfe, are:

Solution Feed Rate

[
¢ Qutlet Temperature
¢ Cyclone Pressure Differentjfl and Drying Gas Flow Rate
[ ]
Table 5 defines spray dryfng process parameters/metrics, seftings/rang_es, and
~ target guidelines.
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Table 5 Spray drying variables, settings, and targets

Variable Setting/Range
Atomizer Installed Spray Systems SK-MFP
Solution Feedrate 130-180kg/hr

Feed Pressure 40-65bar

Outlet Temperature 22-29°C
Cyclone Pressure........{ 10.0-12.5cmH,0
Differential '

Materials

All excipients and process solvents used ¢ .mply_ with'the current monogr’aphs
- of the European Pharmacopoeia, the Japanese PJ annagopoeifa orthe USP/NFas
indicated in Tables 4 and 6. All excipients ang process solvents are purchased frorh' |
approved suppliers. Manufacturer certificaty of analysis are accepted and all - '

materials received uridergo testing.

Table 6 Materials:

Material
vx-950 /
Hypromeflose Acetate
Succinafe, NF/JPE
(HPMZAS) (Agoat AS-HG)

Sodiy‘n Lauryl Sulfate (SLS),
NF

M7{hylene Chloride, NF
%:etone, NF
/DI Water

Variations in Majpiufacture

The manufabtures utilize 2 10% or 30wt% solution. Also, the solution

manufacture can Je varied. In some batches, the SLS/DI Water mixture is added last

52




to the main solution reactor. Inlet temperaﬁlre of the spray dryer is mbnitored but in
some manufactures a range or a target is not defined. Reduced in-pfocess sampling

is instructed. KF testing on the polymer prior to charging can be gerformed.

A number of embodiments of the invention have been descyibed. Nevertheless, it
will be understood that various modifications may be made withgut departing from the
spirit and scope of the disclosure. Accordingly, other embodiménts are within the scope

" of the following claims.



WHAT IS CLAIMED IS:

1. Amethod of spray drying a drug, the method comprising forning or providing
a mixture of the drug in a solvent system that comprises a solvent or gombination of
components where at least one solvent is a non-volatile solvent to fgrm a mixture of the

drug and solvent, and spray-drying the mixture to obtain amorphofis drug product, with

~ 1,4-dihydro-4-oxoquinoline-3-carboxamide.

the proviso that the drug is other than N-[2,4-bis(1,1-dimethyletftyl)-5-hydroxyphenyl]-

2. The method of claim 1, wherein the mixture com fises a solution or a

suspension.
3. The method of claim 1, wherein the drug is a ginall molecule drug, for example
a drug having a molecular weight of less than about 10 0 daltons.
4. The method of claim 1, wherein the drug i iyfa poorly soluble drug
5. The method of claim 1, wherein the drugfs selected from one of the following
classifications: analgesics, anti-inflammatory age ; , antihelminthics, anti-arrhythmic
agents, anti-bacterial agents, anti viral agents, ajti- coagulants anti-depressants, anti-
diabetics, anti-epileptics, anti-fungal agents, agfti-gout agents, anti- hypertenswe agents,
ariti-malarials, anti-migraine agents, anti-mugcarinic agents, anti-neoplastic agents,

erectile dysfunction improvement agents, ifimunosuppressants, anti—pro-tozoal agents, -

antl—thyrmd agents, anxiolytic agents, sedatives, hypnotics, neuroleptlcs, B-blockers
cardiac inotropic agents, corticosteroid . dluretlcs, antl-parklnsoman agents, gastro-
intestinal agents, histamine receptor ghitagonists, keratolyptics, lipid regulating agents,
anti-anginal agents, Cox-2 inhibitorf, leukotriene inhibitors, macrolides, muscle
relaxants, nutritional agents, opiod analgesics, protease inhibitors, sex hormones,
stimulants, r‘nuscle relaxants, antf-osteoporosis agents, anti-obesity 'agen'ts, cognition
. enhancers, anti-urinary incontj ence agents, nutritional oils, antl-bemgn prostate
hypertrophy agents, essentia fatty acids, or non-essential fatty acids.

- 6. The method of ¢ aim 1, wherein the drug comprises an anti-viral agent.

7. The method offclaim 6, wherein the anti-viral agent is used to freat Hepatms C

(HepC).
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- - yolatile solvent and a non-volatile solvent.

8. The method of claim 7, wherein the anti-yiral agent comprises

protease inhibitor.
9. The method of claim 8, wherein the HepC protease inhibitor, :compn'ses VX-

950.

10. The method of claim 1, wherein the solvent system co prises a combination
of components comprising at least one non-volatile solvent.

11. The method of claim 10, wherein the combination of components comprises a

12. The method of claim 11, wherein the volatile solgent eemprises methylene
chloride, acetone, chloroform, or THF. ”' L
13. The method of claim 11, wherein the non-voj tile solvent compnses glac1al
acetic acid, DMSO, DMF, or water. ‘
14. The method of claim 11, wherein the nony olatlle solvent is present in an
amount of from about 0.1% to about 20% by wt. B
15. The method of claim 11, wherein the olvent system comprises a combmatxon
of volatile solvents with a non-volatlle solvent /
16. The method of claim 15, wherein jhe volatile solvents compnse methylene

chlonde and acetone.

. 17. The method of claim 15, wher '_.n the non-volatile solvent cornprises glaci.alt'

acetlc acid.
18. The method of cla1m 15, wherein the solvent system comprises methylene
chloride, acetone, and glacial acetic agid.
19. The method of claim 18 wherein the solvent system compﬁses from about

40% to about 80% methylene chlgfide, from about 20% to about 35% acetone, and from -

_ about 0.1% to about 15% glacialfacetic acid. v
- 20. The method of claifm 15, wherein the non-volatile solyent comprises water. -
21. The method of clfim 15, wherein the solvent system comprises methylene
chloride, acetone, and watef. |
22. The method of claim 21, wherein the selvent systern comprises from about
40% to about 80% methflene chloride, from about 20% to about 35% acetone, and fr_om
about 0.1% to about 1% water. ’
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23. The method of claim 1, wherein the solvent system comprises/glacial acetic
acid. '

24. The method of claim 1, wherein the solvent system comprjSes water.

25. The method of claim 1, wherein the mixture compnses afSurfactant.

26. The method of claim 25, wherein the surfactant compries sodium lauryl
sulfate (SLS) or Vitamin E or a derivative thereof.

27. A method of forming a solid dispersion that compri, Jes a drugand oneor

_ . more polymers, the method comprising forming or prov'idingf‘ mixture of the drug and

the one or more polymers in a solvent or combmatlon of 50 £ ents whcrem at least one

solvent is a non-volatlle solvent to form a mixture of the fug, one or more polymers and

| dispersion.
30. The method of claim 27, wherein th.e_,A i
soluble polymer or partially water-soluble polyy _
31. The method of cla1m 30, wherem . e water-soluble or partlally water—soluble
polymer is a cellulose denvanve ethylcellu Dse; polyvmylpyrrohdones (PVP) a
polyethylene glycol (PEG); a polyvinyl algohol (PVA); an acrylate ora cyclodextrm or
copolymer and derivative thereof. / V ' o
32. The method of claim 30, w, erem the water-soluble or pamally water-soluble
polymer is hydroxypropylmethylcell flose (HPMC).
33. The method of claim 27 wherein the mixture corri_prisés a pH-dependent
enteric polymer. A V ' o
34. The method of clainf 33, wheréin the pH-dependent enteric polymer is a
- cellulose derivative; a hydrox A ropyl methyl cellulose phthaléte (HPMCP);
hydroxypropyl methyl cellulfse acetate succinate (HPMCAS); cérbc_)xymethylcevllulose
(CMC) or a salt thereof; ¢ lulose acetate trimellitate (CAT); hydroxypropylcellulose
acetate phthalate (HPCAF); hydroxypr,opylmethyl-ccllulose_: acetate phthalate

(HPMCAP); methylcelfilose acetate phthalate (MCAP); or a polymethacrylate.
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35. The method of claim 34, wherein the polymer is hydroxypropyl methyl
cellulose acetate succinate (HPMCAS).
36. The method of claim 27, wherein the mixture comprises a insoluble cross-
linked polymer. -
37. The method of claim 27, wherein the mixture compris £ a
- polyvinylpyrrolidone (PVP).
A 38. The method of claim 27, wherein the mixture com fises a mixture of two or

" more polymers.

39. The method of claim 38, wherein the mixture o two or more polymers
comprises two cellulosic polymers. ' '
40. The method of claim 39, wherein the mixtug€ of two or more polymers

comprises HPMC and HPMCAS.
. 41. The method of claim 27, wherein the ongor more polymers are present in an -
amount of from about 30% to about 70% by weighf in the solid dispersion.
42. The method of claim 27, wherein the rug is a small molecule drug, for
example a drug having a molecular weight of 1gks than about 1000 daltons
43. The method of claim 27, wherem the drug is a pootly soluble drug,
44. The method of claim 27, wherejfi the drug is selected from one of the
- following classifications: analgesics, anti-inflammatory agents, antihelniinthics,_anti; |
arrhythmic agents, anti-bacterial agents, fanti-viral agents, anti-coagulants, anti-
depréssants, anti-diabetics,.anti—epilep {cs, anti-fungal agents, anti-gout agents, anti-
hypertensive agents, anti-malarials, ghti-migraine agents, anti-muscarinic agents, anti- -
neoplastic agents, erectile dysfunctfon improvement agents, immunosﬁppressants, anti-
protozoal agents, anti-thyroid agehits, anxiolytic agents, sedatives, hypnotics,
_ 'neuroleptics B-blockers, cardiaf inotropic agents, corticosteroids, diuretics, anti-
4park1nson1an agents, gastro-l estinal agents, histamine receptor antagonists,
keratolyptics, lipid regulating agents, antl—angmal agents, Cox-2 inhibitors, leukotnene
inhibitors, macrolides, mu cle relaxants, nutritional agents, opiod analgesu:s, protease
inhibitors, sex hormones/ stimulants, muscle relaxants, anti-osfeoporosis agents, anti-
obesity agents, cognitigh enhancers, anti-urinary incontinence agents, nutritional oils,

anti-benign prostate ypertrophy agents, essential fatty acids, or non-essential fatty acids.
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45. The method of claim 27, wherein the drug comprises an anti-firal agent.

46. The method of claim 45, wherein the anti-viral agent is usef to treat Hepatitis
C (Hep(). -

47. The method of claim 46, wherein the anti-viral agent cofnprises a HepC

protease inhibitor. » »
48. The method of claim 47, wherein the HepC proteasefinhibitor comprises VX-

950.

49. The method of claim 27, wherein the solvent oi_' 6mbinatio'n of solvents
comprises a combination of components corhpn'sing at leagft one non-volatile solvent.
~ 50. The method of claim 49, wherein thé combi / ti_or_l of components comprises a
volatile solvent and a non-volatile solvent. v / A
51. The method of claim 50, wherein the vol "Vile solvent g:omp_risevsvmethylene
_ chloride, acetone, chloroform, or THF. /- | 7
| 52. The method of claim 50, wherein the 1 n-volétile solvent cbmprises glacial
acetic acid, DMSO, DMF;, or water, - | _

53. The method of claim 50, wherein t] le non-volatile solvent is present iﬁ an
amount of from about 0.1% to about 20% by |

54. The method of claim 50, wherejn the solvent. system comprises a combination -
of volatile solvents with a non-volatile so rent. | ' _

55. The method of claim 54, wi réin the volatile sblvents cdmprise methylene-
chloride and acetone. V /

56. The. method of claim 54 vherein the non-volatile solvent comprises glacial
acetic acid. , » _

57. The method of claimA4, wherein the solvent or combi_nation of solvents
comprises rhethylene chloride, Acetone, aﬁd glacial acetic acid.

58. The method of' clgim 57, wherein the solvent or éombination of solvents
comprises from about 40% §b about 80% methylene chloride, from about 20% to about
35% acetone, and from abgut 0.1% to about 15% glacial acetic acid.

59. The method §f claim 54, wherein the'non-vola_tile'solvent comprises water.

60. The method of claim 54, wherein the solvent or combination of solvents

comprises methylene/chloride, acetone, and water,
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solvents

61. The method of claim 60, wherein the solvent or combination
comprises from about 40% to about 80% methylene chloride, from abouf 20% to about
35% acetone, and from about 0.1% to about 15% water.

62. The method of claim 27, wherein the solvent or combinajion of solvents
comprises glacial acetic acid. ' 7 '

63. The method of claim 27, wherein the solvent or com ‘natlon of solvents
compnses water. _ ‘

64. The method of claim 27, wherein the rhiktui’é cony

65. The method of claim 64, wherein the surfactant omprises sodlum lauryl

n'se's a suffactant

sulfate (SLS) or Vitamin E or a derivative thereof

66. A process comprising ,

~a) forming or providing a mixture of a poorly .':ater soluble drug, one or mote
polymers, and a solvent system comprising at least o ':e non-volat1le solvent and

b) spray-drying the mixture to form a sohd_' ispersion comprising a poorly water
soluble drug to obtain a solid dispersion of the dr g - o

67. The method of claim 66, wherein th" one or more ‘polymers compnse one or
more water-soluble polymer or partially watef’soluble polymer. -

68. The method of claim 67, whereip/the water-soluble or partlally water-soluble
polymer is a cellulose derivative; ethylcell 'lose, polyvinylpyrrolidones (PVP); a
polyethylene glycol (PEG); a polyvinyl glcohol (PVA); an acfylate; of a cyclodextrin or’
copolymer and derivative thereof. S ' ‘

69. The method of claim 67, herem the water—soluble or pamally water-soluble
lose (HPMC).

polymer is hydroxypropylmethylce
, wherein the one or more polymers comprise a pH-

70. The method of claim
~ dependent enteric polymer. , ' ‘
| 71. The method of claj 70, wherein the pH-dependent e_nte’ric polemer isa
cellulose derivative; a hydrofypropyl methyl-.cellulose phthalate (HPMCP); |
hydroxypropyl methyl cell ose acetate succinate (HPMCAS); carboiyinethylcellulose

(CMC) or a salt thereof; gellulose acetate trimellitéte (CAT); hydroxypropylcellulose

acetate phthalate (HPC
(HPMCAP); methylceflulose acetate phthalate (MCAP); or a polymethacrylate. '

); hydroxypropylmethyl-cellulose acetate phthalate

59



72. The method of claim 71, wherein the polymer is hydroxypropyl methyl
cellulose acetate succinate (HPMCAS).
73. The method of claim 66, wherein the one or more polymeré comprise an

insoluble cross-linked polymer. -

74. The method of claim 66, wherein the one or more polypners comprise a

polyvinylpyrrolidone (PVP).

75. The method of claim 66, wherein the mixture com fises a mixture of two or

- more polymers.

76. The method of claim 75, wherein the mixture o ftwo or more polymers
comprises two cellulosic polymerél~ : "

77. The method of claim 76, wherein the mixtu_r': of two or more polymers
comprises HPMC and HPMCAS /

78. The method of claim 66, wherem the ongor more polymers are present in an
amount of from about 30% to about 90% by we;g if in the solid dlsp'erswn.

79. The method of claim 66, wherein the ; rug is a small molecule drug, for
example a drug having a molecular weight of s Ve s than about 1000 daltons.

80. The method of clalm 66, wherein 1 e drug is selected from one of the

followmg classifications: analgesics, anti-inflammatory agents, antihelminthics, antl—

Py

arrhythnuc agents, anti-bacterial agents, a 'A i-viral agents, anti- coagulants anti-
depressants, anti-diabetics, ant1—ep11ept1 -5, anti-fungal agents, anti-gout agents, anti-
hypertenswe agents, anti- malanals anyf-migraine agents, anti-muscarinic agents, anti-
neoplastic agents, erectile dysfunctioff improvement agents, ‘iﬁununosuppre'ssants, anti-
protozoal agents, anti-thyroid agent$, anxiolytic agents, sedatives, hypnotics,
neuroleptics, B-blockers, cardiac j :otropic agents, corticosteroids, diuretics, anti-
parkinsoniaﬁ agents, gast'ro;inte tinal agents, histamine receptof antagonists,
kefatolyptics, lipid regulating Agents, anti-anginal agents, Cox-2 inhibitors, leukotriene -
inhibitors, macrolides, muscle relaxants, nutritional agents, opiod analgesics, protease
inhibitors, sex hormones, _ ivaulants, muscle relaxants, anti-osteoporosis agents, anti-
obesity agents, cognitionfenhancers, anti-urinary ihcontinence égents, nutritional oils,
anti-benign prostate hygertrophy agents, essential fatty acids, or non-essential fatty acids.
——81-—The-methdd-of claim-66,-wherein-the-drug-comprises-an-anti-viral agent.
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82. The method of claim 81, wherein the anti-viral agent is used tp treat Hepatitis

C (HepC).
83. The method of claim 82, wherein the anti-viral agent comyprises a HepC
protease inhibitor. , R '
84. The method of claim 83, wherein the HepC protease i
950. '
85. The method of claim 66, wherem the solvent syste " compnses a combination
of components comprising at least one non—volat1le solvent ,
86. The method of claim 85, wherein the solvent syhtem comprises a volatile
solvent and a non-volatile solvent. -/ ' '
87. The method of claim 86, wherein the volatil, / solvent comprises methylene
chloride, acetone, chloroform, or THF. '
88. The method of claim 86, wherein the no
acetic acid, DMSO, DMF, or water. '

89. The method of claim 86, wherein theion-volatile solvent is present in an

[-volatile solvent comprises glacial

amount of from about 0.1% to about 20% by wj.
v 90. The method of claim 86, wherem e solvent system compnses a combination
of volatxle solvents with a non-volatile solv .
91. The method of claim 90, whergin the volatile solvents comprise methylene
chloride and acetone. ‘
92. The method of claim 91, wherein the solvent systern comprises a percent
weight ratio of methylene chloride tofacetone to ‘non—vblatile sblvent of about 75:24:1.
93. The method of claim 90f wherein the non-volatile solvent éomprlses glacial
acetic acid.
94. The method of cla1 90, wherein the solvent syste_rn comprises methylene
chloride, acetone, and glacial '
95. The method of claim 94, wherein the solvent system comprises from about
40% to about 80% methyl é chloride, from abou_t 20% to about 35% acetone, and from
about 0.1% to about 15%/glacial acetic acid. '

96. The methodfof claim 90, wherein the non-volatile solvent compﬁses water.
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97. The method of claim 90, wherein the solvent or combination ¢f solvents
comprises methylene chloride, acetone, and water.

98. The method of claim 97, wherein the solvent or combinatj hn of solvents
comprises from about 40% to about 80% meihylene chloride, from gbout 20% to about

35% acetone, and from about 0.1% to about 15% water.

99. The method of claim 66, wherein the solvent or comfpination of solvents

comprises.glacial acetic acid

100. The method of claim 66, wherein the solvent 617 ombination of solvents .
comprises water. ‘ _ | |
101. The method of claim 66, wherein the mixtury / comprises a surfactant. ‘
102. The method of claim 101, wherein the surff ctant comprises sodium lauryl
sulfate (SLS) or Vitamin E or a derivative thereof. » ' '
103. A process for preparing a solid dlspers" n of VX-950 the process
comprising: : o
a) forming or providing a solution of V. '950 a cellulosic polymer, anda
solvent, wherein the solvent comprises at least fne non-volatile solvent component;
b) spray-drying the mixture to form afsolid amorphous dlspersmn compnsmg
© 'VX-950 and the cellulosic polymer. A :
104. A process for preparing a solfd dlspers1on of VX-950, the process
comprising , '
' a) forming or providihg a mixt hre of VX-950, at least one cellulosic polymer, and
a solvent wherein the solvent compriges glacial acetic acid; and
b) spray-drying the mixturg/to form a solid dispersion comprising VX-950.
105. A process for preparing a solid dispersion of VX-950, the process
- comprising . | ' '
| a) forming or providi ‘ a mixture of VX- 950 at least one cellulosic polymer and
a solvent wherein the solvenf comprises water; and '
~ b) spray-drying th mixture to form a solid dispersion compﬁSix1g VX-950.
106. A product nfade by the process of claim 1. - '
107. ‘A product fnade by the process of claim 27.
. ————108.-Aprodugt made by the process-of claim 66.
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109. A product made by the process of claim 103.
110. A product made by the process of claim 104.

111. A product made by the process of claim 105.




Pharmaceutical Compositions

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 60/784,275, filed
_ on March 20, 2006 and U.S. Application Serial No. 60/871,692, filed on December 22,
2006. The disclosures of the prior applications are considered part of (and arc

incorporated by reference in) the disclosure of this application.

TECHNICAL FIELD

This invention relates to pharmaceutical compositions and methods of making the

same.

BACKGROUND

. 1t is known in the pharmaceutical arts that low-solubility drugs often show poor
bioavailability or irregular absorption, the degree of irregularity being affected By factors
such as dose level, fed state of the patient, and form of the drug. A

_ Solid dispersions of a drug in a matrix can be prepared by forming a
hc‘)mogeneous solution or melt of the drug and matrix material followed by solidifying the
mixture by ‘cooling or removal of solvent. Such solid dispersions of drugs often show
enhanced bioavailability when administered orally relative to oral compositions
comprising undispersed drug.

Spray drying is thc most widely used industrial process involving particle
formation and drying and can be used to produce solid dispersions of drug compounds. It
is-highly suited for the continuous production of dry solids in either powder, granulate or
agglomerate form from liquid feedstocks as solutions, emulsions and pumpable

“suspensions. Thercfore, spray drying is an ideal process where the end-product must
comply to precise quality standards regarding particle size distribution, residual moisture

content, bulk density, and particle shape.



Spray drying generally involves the atomization of a liquid feedstock into a spray
of droplets and contacting the droplets with hot air or gas in a drying chamber. The
sprays are generally produced by either rotary (wheel) or nozzle atomizers. Evaporation
of moisturc from the droplets and formation of dry particles proceed under controlled

temperature and airflow conditions.

SUMMARY

The inventors have discovered that varying the solvent, for example including a
non-volatile or high boiling solvent, during spray drying of a drug (e.g., VX-950) or other
therapeutic agent (e.g., a solid dispersion of the drug or therapeutic égent) can improve
the properties of the resulting product (e.g., a solid dispérsion such as an arﬁbfphbﬁé solid
dispersion of the drug or therapeutic agent). In some instances, including a non-volatile
or high boiling solvent as a component of a solvent mixture in the spray drying process
can result in an increase in the amount of time required for the resulting particles to
solidify and/or dry, thereby in some instances providing improved particles, e.g., panicles
 that are larger and/or denser and/or more flowable than the same particles had they been
obtained using a solvent system without a non-volatile or high boiling solvent. In some
instances, including a non-volatile or high boiling solvent as a component of a solvent
mixture in the spray drying process can help solubilize a component (e.g., a surfactant or
polymer) that is present in the feed solution (e.g., the solution or suspension béing spray
dried). Spray drying to generate a solid dispersion can be performed, e.g., on a
homogeneous solution, melt, or suspension of the drug and matrix material followed by
solidifying the mixture by cooling or removal of solvent. V

In onc aspect, the method includes a method of spray drying a drug (e.g., VX-
950) or other therapeutic agent, the method comprising forming a mixture of the drug in a
suitable solvent or combination of solvents where at least one solvent is a non-volatile or |
high boiling solvent to form a mixture of the drug and solvent, and then spray-drying the
mixture to obtain amorphous drug product. The resulting drug préduct can, for example,
have a bulk density of about 0.25 to about 0.50, e.g., about 0.35 to about 0.45, e.g., about
0.37 or about 0.41. The resulting drug product can, for example, have a d50 of about 35
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to about 55, e.g., about 40 to about 50, ¢.g., about 43 or about 47. The mixture can be .
either a solution or a suspension. _

In some embodiments, the method includes a method of spray drying a drug (e.g.,
VX-950) or other therapeutic agent, the method comprising forming a mixture of the drug
in a suitable solvent or combination of solvents where at least one solvent is a non-
volatile or high boiling solvent to form a mixture of the drug and solvent, and then spray-
drying the mixture to obtain amorphous drug product, with the proviso that the drug is
other than N-[2,4-bis(1,1-dimethylethy!)-5-hydroxyphenyl]-1,4-dihydro-4-oxoquinoline-
3-carboxamide.

In some embodiments, the drug is a small molecule drug, for example a drug
having a molecular weight of less than about 1000 daltons, e.g., less than about 750
daltons or less than about 500 daltons.

In some embodiments, the drug is a poorly soluble drug.

The drug can bchsclcctcd from one of the following classifications: analgesics,
anti-inflammatory agents, antihclminthics, anti-arrhythmic agents, anti-bactenial agcnts;

-anti-viral agents, anti-coagulants, anti-depressants, anti-diabetics, anti-epilepticé, anti-
fungal agents, anti-gout agents, anti-hypertensive agents, anti—hqalarials, aﬁti—migraine
_ agents, anti-muscarinic agents, anti-neoplastic agents, erectile dysfunction impfovement
agents, immunosuppressants, anti-protozoal agents, anti-thyroid agents, anxiolytic agents,
sédatives, hypnotics, neuroleptics, B-blockers, cardiac illotl'dpic agents, corticosteroids, |
diurctics, anti-parkinsonian agents, gastro-intcstinal agents, histaminc receptor
antagonists, keratolyptics, lipid regulating agents, anti-anginal a_gents, Cox-2 inhibitors,
leukotriene inhibitors, macrolides, muscle relaxants, nutritional agents, opiod analgesics,
protease inhibitors, sex hormones, stimulants, muscle relaxants, -anti-osteoporosis agents,
anti-obesity agents, cognition énhancers, anti-urinary incontinence agents, nutritional
oils, anti-benign prostate hypcrtfophy agents, csscntial fatty acids, or non-cssential fatty
acids. _

In somc preferred cmbodiments, the drug is an anti-viral agent, for cxamplc an
antiviral agent used to treat Hepatitis C (HepC), such as a HepC protease inhibitor. In

some most preferred embodiments, the drug is VX-950:
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VX-950.

In some embodiments, the solvent is a combination of solvent components
including at least one non-volatile solvent. For example, the solvent is a combination of
.components that includes both a volatile solvent and a non-volatile solvent.

Examples of suitable volatile solvents include those that dissolve or suspend the
drug either alone or in.combination with another co-solvent.-In some preferred-examples,
the solvent or solvent combination completely dissolves the drug.

Examples of volatile solvents include methylene chloride, acetone, chloroform,
and THF. Examples of non-volatile solvents include organic acids such as glacial acctic
acid, DMSO, DMF, and water. |

In some embodiments, the non-volatile solvent is a component in a solvent

'system. For example the non-volatile solvent is present as a component in a solvent from
about 0.1% to about 20% by wt (e.g., from about 0.5% to about 3%, from about 1% to

- about 5%, from about 3% to about 15%, from about 4% to about 12%, or from about 5%
to about 10%).

In some preferred embodiments, the solvent system is a combination of a volatile
solvent or combination of solvents such as methylene chloride and acetone with a non-
volatile solvent such as glacial acetic acid. For example, the solvent system comprfses
from about 40% to about 80% methylenc chloride, from about 20% to about 35%
acctone, and from about 0.1% to about 15% glacial acctic acid (c.g.,“from about 50% to
about 70% methylene chloride, from about 25% to about 30% acetone, and from about
3% to about 12% glacial acctic acid).

In some embodiments, the solvent system comprises glacial acetic acid.

In some embodiments, the solvent system comprises a combination of glacial

acetic acid with at least one volatile solvent such as acetone and/or methylene chloride

(c.g.,-amixturc-of methylene chloride-and acctonc).



In some embodiments, the mixture also includes a surfactant, for example, sodium
lauryl sulfate (SLS) or Vitamin E or a derivative thereof (e.g., Vitamin E TPGS).

In some preferred embodiments, the solvent system is a combination of a volatile
solvent or combination of solvents such as methylenc chloride and acctone with a non-
volatile solvent such as water. For example, the solvent system comprises from about
| 40% to about 80% methylene chloride, from about 20% to about 35% acetone, and from
about 0.1% to about 15% water (e.g., from about 50% to about 70% methylene chloride,
from about 25% to about 30% acetone, and from about 1% to about 5% water).

In some embodiments, the solvent system comprises water.

In some embodiments, the solvent system comprises a combination of water with
at least one volatile solvent such as acetone and/or methylene chloride (e.g., a mixture of
methylene chloride and acetone).

In some embodiments, the mixture also includes a surfactant, for example, sodium

lauryl sulfate (SLS) or Vitamin E or a derivative thereof (c.g., Vitamin E TPGS).

In another aspect, the method of spray drying includes forming a solid dispersion
of a drug (e.g., VX-950) and one or more polymers comprising forming or providing a

mixture of the drug and the polymer(s) in a suitable solvent or combination of solvents

where at least one solvent is a non-volatile or high boiling solvent to form a mixture of

the drug, polymer(s) and solvent, and then spray-drying the mixture to obtain a solid
dispersion drug product. The resulting drug product can, for cxample, have a bulk
density of about 0.25 to about 0.50, e.g., about 0.35 to about'0.45, e.g., about 0.37 or
about 0.41. The resulting drug product can, for example, have a d50 of about 35 to about
55, e.g., about 40 to about 50,‘e.g., about 43 or about 47. The mixture can be either a
solution or a suspension. In a preferred embodiment, the solid dispérsion product is an
amorphous solid dispersion. For examplc, an arﬁorphous solid dispersion that is
substantially free of crystalline drug product. A

Examples of polymers for the sol‘id dispersion include onc or morce water-soluble
polymer(s) or partially water-soluble polymer(s). Water-soluble or partially water-
soluble polymers include but are not limited to, cellulose derivatives (e.g.,
hydroxypropylmcthylccllulose (HPMC; also known as hypromcllosc),
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hydroxypropylcellulose (HPC)) or ethylcellulose; polyvinyipyrrolidones (PVP);

polyethylene glycols (PEG); polyvinyl alcohols (PVA); acrylates, such as

polymethacrylate (e.g., Eudragit® E); cyclodextrins (e.g., B-cyclodextin) and copolyfners

and derivatives thereof, including for example PVP-VA (polyvinylpyrollidone-vinyl
acetate). '

In some preferred embodiments; the polymer-is-hydroxypropylmethylcellulose
(HPMC), such as HMPC60SH50, HPMC E50 or HPMCE1S,

In some embodiments, the polymer is a pH-dependent enteric potymer. Such pH-
dependent enteric polymers include, but are not limited to, cellulose derivatives (cg,
cellulose acetate phthélate (CAPY)), hydroxypropyl methy! cellulose phthalates (HPMCP),
hydroxypropyl methyl cellulose acetate succinéte (HPMCAS: also known as '
hypromellose acetate succinate), carboxymethylcellulose (CMC) or a salt thereof (e.g., a
sodium salt such as (CMC-Na)); cellulosé acetate trimellitate (CAT),
hydroxypropylccllulose acetate phthalaté (HPCAP), hydroxypropylmethyl-ccllulosc
acetatc phthalate (HPMCAP), and methylcellulose acctate phthalate (MCAP), or

_ polymethacrylates (e.g., Eudragit® S). v . _

In some preferred embodiments; the polymer is hydroxypropyl methyl cellulose

acetate succinate (HPMCAS), e.g., HMPC AS-HG. 7

- ‘ In another embodiment, the polymér(s) is an insoluble cross-linked polymer, for

example a polyvinylpyrrolidone (e.g., Crospovidone). A
] In another embodiment, the polymer(s) is polyvinylpyrroli_donc (PVP).
In some embodiments, the polymer is a miﬁture of two or more polymers (e.g., a
combination of two cellulosic polymers such as HPMC and -HPMCAS).
In some embodiments, the polymer(s) is present in an amount of from about 30%
to about 70% by weight in the solid dispersion. | -
In some cmbodiments the drug is a small molccule drug,- for cxamplc a drug
having a molccular weight of less than about 1000 daltons, ¢.g., less than about 750
~ daltons or lcss than about 500 daltons. ' '
In some embodiments, the drug is a poorly soluble drug.

The drug can be selected from one of the following classifications: analgesics,

anti-inflammatory agcents, antihiciminthics, anti-arrhythmic agents, anti-bactcrial agents,
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anti-viral agents, anti-coagulants, anti-depressants, anti-diabetics, anti-epileptics, anti- .
fungal agents, anti-gout agents, anti’-hypertensive agents, anti-malarials, anti-migraine
agents, anti-muscarinic agents, anti-neoplastic agents, erectile dysfunction improvement
agents, immunosuppressants, anti-protozoal agents, anti-thyroid agents, anxiolytic agents,
sedatives, hypnotics, neuroleptics, B-blockers, cardiac inotropic agents, corticosteroids,
diuretics, anti-parkinsonian agents, gastro-intestinal agents, histamine receptor
antagonists, keratolyptics, lipid regulating agents, anti-anginal agents, Cox-2 inhibitors,
leukotriene inhibitors, macrolides, muscle relaxants, nutritional agents, opiod analgesics,
proteasc inhibitors, sex hormones, stimulants, muscle relaxants, anti-ostcoporosis agents,
anti-obesity agents, cognition enhancers, anti-urinary incontinence agents, nutritional
oils, anti-benign prostate hypertrophy.agents, essential fatty acids, or non-essential fatty
acids. A .

In some preferred embodiments, the drug is an anti-viral agent, for example an
antiviral agent used to treat HepC, such as a HepC protease inhibitor. In some most

preferred embodiments, the drug is VX-950:
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VX-950.

In some embodiments, the solvent is a combination of solvent components
including at least one non-volatile solvent. For example, the solvent is a combination of
components that includes both a volatile solvent and a non-volatile solvent.

ExamplAc,s of suitablc vol'atiblc soli/_cnts include thosc that dissolve or suspend the
drug either alone or in combination with another co-solvent. In some preferred examples,
the solvent or solvent combination complctely dissolves the drug.

Examples of volatile solvents include methylene chloride, acetone, chloroform,
and THF. Examples of non-volatile solvents include organic acids such as glacial acetic

acid, DMSO, DMF, and water.



In some embodiments, the non-volatile solvent is a component in a solvent
system. For example the non-volatile solvent is present as a component in a solvent from
about 0.1% to about 20% by wt (e.g., from about 0.5% to about 3%, from about 1% to
about 5%, from about 3% to about 15%, from about 4% to about 12%, or from about 5%
to about 10%).

In-some-preferred-embodiments;-the-solvent-system-is-a-combination of-a volatile
solvent or combination of solvents such as methylene chloride and acetone with a non
volatile solvent such as glacial acetic acid. For example, the solvent system comprises
from about 40% to about 80% mecthylene chloride, from about 20% to about 35%

acetone, and from abdut 0.1% to about 15% glacial acetic acid (e.g., from about 50% to

about 70% methylene chloride, from:about 25%to about 30% acetone, and from about
3% to about 12% glacial acetic acid).

In some embodiments, the mixture also includes a surfactant, for example, sodium
lauryl sulfatc (SLS) or Vitamin E or a derivative thereof (e.g., Vitamin E TPGS).

In some preferred embodiments, the solvent system is a combination of a volatile
solvent or combination of solvents such as methylene chloride and acetone with a non
volatile solvent such as water. For example, the solvent system comprises from about
40% to about 80% methylene chloride, from about 20% to about 35% acetone, and from
about 0.1% to about 15% water (e.g.; from about 50% to about 70% methylene chloride,
from about 25% to about 30% aéetone, and from about 1% to about 5% water).

In some cmbodiments, the mixture also includes a surfactant, for example, sodium
lauryl sulfate (SLS) or Vitamin E or a derivative thereof (e.g., Vitamin E TPGS).

In another aspect, the process includes ‘

a) forming or providing a mixture of a poorly water soluble drug (e.g., VX-950),
at least one polymer, and avsolvvent system comprising at least one non-volatile solvent;
and ‘

b) spray-drying thc mixturc to form a solid dispersion comprising a poorly watcr
soluble drug to obtain a solid dispersion of the drug.

The resulting dispersion can, for example, have a bulk density of about 0.25 to

about 0.50, e.g., about 0.35 to about 0.45, e.g., about 0.37 or about 0.41. The resulting




dispersion can, for example, have a d50 of about 35 to about 55, e.g., about 40 to about
50, e.g., about 43 or about 47:

In some embodiments the drug is a smail molecule drug, for example a drug
having a molecular weight of less than about 1000 daltons, ¢.g., Iess than about 750
daltons or less than about 500 daltons.

The drug can be selected from one of the following classifications: analgesics,
anti-inflammatory agents, antihelminthics, anti-arrhythmic agents, anti-bacterial agents,
anti-viral agents, anti-coagulants, anti-depressants, anti-diabetics, anti-epileptics, anti-
fungal agents, anti-gout agents, anti-hypertensive agents, anti-malarials, anti-migrainc
agents, anti-muscarinic agents, anti-neoplastic agents, erectile dysfunction improvement
agents, immunosuppressants, anti-protozoal agents, anti-thyroid agents, anxiolytic agents,
sedatives, hypnotics, heuroleptics, B-blockers, cardiac inotropic agents, corticosteroids,
diuretics, anti-parkinsonian agents, gastro-intestinal agents, histamine receptor
antagonists, keratolyptics, lipid regulating agents, anti-anginal agents, Cox-2 inhibitors,
leukotriene inhibitors, macrolides, muscle relaxants, nutritional agents, opiod analgesics,
protease inhibitors, sex hormones, stimulants, mﬁscle relaxants, anti-osteoporosis agents,
anti-obesity agenté, cognition enhancers, anti-urinary incontinence agents, nutritional
- oils, anti-benign prostate hypertrophy agents, essential fatty acids, or non-essential fatty
acids.

- In some preferred embodiments, the drug is an anti-viral agent, for example an
antiviral agent uscd to trcat HepC, such as a HepC protcasc inhibitor. In some most -

preferred embodiments, the drug is VX-950:
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VX-950.
In some embodiments, the solvent is a combination of solvents including at least

one non-volatile solvent. For example, the solvent is a combination of components that

includcs both a \(olatilc solvent and a non-volatilc solvent.
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Examples of suitable volatile solvents include those that dissolve or suspend the
drug either alone or in combination with another co-solvent. In some preferred examptes_,
the solvent or solvent combination completely dissolves the drug.

'Examples of volatile solvents include methylenc chloride, acctone, chloroform,

" THF.

- Examples-of non-volatile solvents include organic-acids such as glacial-acetic
- acid, DMSO, DMF, and water.

~ In some embodiments, the non-volatile solvent is a component in a solvent
system. For example the non-volatile solvent is present as a component in a solvent from

about 0.1% to about 20% by wt (e.g., from about 0.5% to about 3%, from about 1% to

about 5%, fromabout 3% to about 15%; from aboiit 4% to aboiit 12%; 61 fretii aboit 5%
to about 10%). -

In some preferred embodiments, the solvent system is a combination of a volatile
solvent or combination of solvents such as methylenc chloride and acctone with a non
volatile solvent such as glacial acetic acid. For example, the solvent system comprises

_from about 40% to about 80% methylene chloride, from about 20% to about 35% _

' acetone, and from about 0.1% to about 15% glacial acetic acid (e.g., from about 50% to
about 70% methylene chloride, from about 25% to about 30% acetone, and from about
© 3% to about 12% glacial acetic acid).

In some preferred embodiments, the solvent mixture comprises from about 40%
to at)out 80% methylene chloride, from about 20% to about 35% acctone, and from about
0.1% to about 15% water (e.g., from about 50% to about 70% methylene chloride, from
about 25% to about 30% acetone, and from about 1% to about 5% water).

Ina preferred embodiment, the solvent mixture comprises a percent weight ratio
of methylene chloride to acetone to non-volatile solvent is about 75:24:1.

In some embodiments, the mixture also includes a surfactant, for cxample, sodium
lauryl sulfate (SLS) or Vitamin Eora derivative thereof (c.g., Vitamin E TPGS).

' Examples of polymcrs"for the solid dispersion include onc or morc water-soluble
polymer(s) or partially water-soluble polymer(s). Water-soluble or partially water-

soluble polymers include but are not limited to, cellulose derivatives (c.g.,

hydroxypropylmcthylcctlulose (HPMC), hydroxypropylcellulose (HPC)) or
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ethylcellulose; polyvinylpyrrolidones (PVP); polyethylene glycols (PEG); polyvinyl
alcohols (PVA); acrylates, such as polymethacrylate (e.g., Eudragit® E); cyclodextrins
(e.g., P-cyclodextin) and copolymers and derivatives thereof, including for example PVP-
VA (polyvinylpyrollidone-vinyl acctate).
In some preferred embodiments, the polymer is hydroxypropylmethylcellulose
(HPMC), such as HPMCG60SH50, HPMC E50 or HPMCEIS.
| In some embodiments, the polymer is a pH-dependent enteric polymer. Such pH-
‘dependent enteric polymers include, but are not limited to, cellulose derivatives (e.g.,
ccllulose acetate phthalate (CAP)), hydroxypropyl methyl cellulose phthalatcs (HPMCP),
hydrdxypropyl methyl cellulose acetate succinate (HPMCAS), carboxymethylcellulose
(CMC) or a salt thereof (e.g., a sodium salt such as (CMC-Na)); cellulose acetate
trimellitate (CAT), hydroxypropylcellulose acetate phthalate (HPCAP),
hydroxypropylmethyl-cellulose acetate phthalate (HPMCAP), and methylcellulose
acetate phthalate (MCAP), or polymcthacrylates (c.g., Eudragit® S).
In some preferred embodiments, the polymer is hydroxypropyl methyl cellulose
-acetate succinate (HPMCAS), e¢.g., HPMC AS-HG.
In anothef émbodiment, the polymer(s) is an insoluble cross-linked polymer, for
. example a polyvinylpyrrolidone (¢.g., Crospovidone).
" In another embodiment, the polymer(s) is polyvinylpyrrolidone (PVP).
~ In some embodiments, the polymer is a mixture of two or more polymers (e.g., a
combination of two ccllulosic polymers such as HPMC and HPMCAS).
In some embodiments, the polymer(s) is present in ari amount of from about 30%
to about 90% by weight in the solid dispersion.
In some embodiments, the mixture also includes a surfactant,-for example, sodium
. lauryl sulfate (SLS) or Vitamin E or a derivative thereof (e.g., Vitam‘i‘n E TPGS).
- In another aspect, this disclosurc provides a process for preparing a solid
~dispersion of VX-950 comprising:
a) forming or providing a solution of VX-950, a ccllulosic polymer, and a
solvent, wherein the solvent comprises at least one non-volatile solvent component (e.g.,

glacial acetic acid);



b) spray-drying the mixture to form a solid amorphous dispersion comprising _
VX-950 and the cellulosic polymer.

The resulting diseprsion can, for example, have a bulk density of about 0.25 to
about 0.50, ¢.g., about 0.35 to about 0.45, c.g., about 0.37 or about 0.41. The resulting

dispersion can, for example, have a d50 of about 35 to about 55, e.g., about 40 to about

-50;-¢.g:,-about 43-or-about-47.
In some embodiments, the polymer is HPMC, HPMCAS, or a mixture thereof. In
. some preferred embodiments, the polymer is HPMCAS or a mixture of HPMC and
HPMCAS. ' '

Examples of suitable volatile solvents include those that dissolve or suspend the

drug either alone or in combination with another co-solvent. In some preferred examples,
the solvent or solvent combination completely dissolves the drug,

Examples of volatile solvents include methylene chloride, acetone, chloroform,
THF.

Examples of non-volatile solvents include organic acids such as glaciél acctic
~acid, DMSO, DMF, and water. ‘ o

In some embodiments, the non-volatile solvent is a component in a solvent
system. For example the non-volatile solvent is present as a component in a solvent from
about 0.1% to about 20% by wt (e.g., from about 0.5% to about 3%, from about 1% to
about 5%, from about 3% to about 15%, from about 4% to about 12%, or from about 5%
to about 10%).

In some preferred embodiments, the solvent system is a combination of a volatile
solvent or combination of solvents such as methylene chloride and acetone with a non
volatile solvent such as glacial acetic acid or water. For example, the solvent system
comprises from about 40% to about 80% methylene chloride, from about 20% to about
35% acctonc, and from about 0.1% to about 15% glacial acctic acid (c.g., from about
50% to about 70% methylenc chloride, from about 25% to about 30% acctonc, and from
about 3% to about 12% glacial acctic acid). For example, the solv'vcnt systcm compriscs
from about 40% to about 80% methylene chloride, from about 20% to about 35%

acetone, and from about 0.1% to about 15% water (e.g., from about 50% to about 70%




methylene chloride, from about 25% to about 30% acetone, and from about 1% to about
5% water). |

In some embodiments, the mixture also includes a surfactant, for example, sodium
lauryl sulfatc (SLS) or Vitamin E or a derivative thereof (c.g., Vitamin E TPGS).

In some embodiments, the solvent comprises a mixture of methylene chloride,
acetone, and glacial acetic acid.

In some embodiments, the solvent comprises a mixture of methylene chloride,
acetone, and water, ’ A

Tn another aspect, this disclosure provides a process for preparing a solid
dispersion of VX-950 comprising | ‘

a) forming or providing a mixture of VX-950, at least one cellulosic polymer, and
a solvent wherein the solvent comprises glacial acetic acid; and

b) spray-drying the mixture to form a solid dispersion comprising VX-950.

The resulting dispersion can, for example, have a bulk densify of about 0.25 to
about 0.50, c.g., about 0.35 to about 0.45, ¢.g., about 0.37 or about 0.41. AThe rcsu_lting.

- dispersion can, for example, have a d50 of about-35 to about 55, e.g., about 40 to about
50, e.g., about 43 or about 47. | }

In some embodiments, the polymer is HPMC, HPMCAS, or a mixture fhereof. In
some preferred embodiments, the polymer is HPMCAS or a mixture of HPMC and
HPMCAS. ' -

In another aspect, this disclosﬁre provides a process for pfcparing a solid
dispersion of VX-950 comprising '_ _ o

a) forming or providing a mixture of VX-950, at least one cellulosic polymer, and
a solvent wherein the solvent éomprises_ water; and

b) spray-drying the mixture to form a solid dispersion compﬁsing VX-950.

The resulting dispcrsion‘can, for cxamplé? have a bulk density of about 0.25 to

~about 0.50, c.g., about 0.35 to about 0.45, c.g., about 0.37 or about 0.41. The resulting
dispersion can, for cxamplc, have a d50 of about 35 to about 55, c.g., about 40 to about

50, ¢.g., about 43 or about 47.
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In some embodiments, the polymer is HPMC, HPMCAS, or a mixture thereof.. In
some preferred embodiments, the polymer is HPMCAS or a mixture of HPMC and
HPMCAS.

In some cmbodiments, the solvent also comprises a volatile solvent or
combination of solvents that dissolve or suspend the drug and polymer. In some
preferred examples, the solvent or solvent combination completely dissolves the drug and
polymer.

In some preferred embodiments, the solvent includes a mixture of methylene
chloride and acctonc. '

In some embodiments, the glacial acetic acid is present as a component in a
solvent from about 0.1% to about 20% by wt (e.g., from about 3% to about 15%, from
about 4% to about 12%, or from about 5% to about 10%).

In some embodiments, the solvent comprises a mixture of methylene chloride,
acctonc, and glacial acetic acid,

In somc embodiments, the solvent system comprises from about 40% to about

- 80% methylene chloride, from about 20% to about 35% acetone, and from about 0.1% to

about 15% glacial acetic acid (e.g., from about 50% to about 70% methylene chloride,
from about 25% to about 30% acetone, and from about 3% to about 12% glacial acetic
acid).

In some embodiments, the mixture also includes a surfactant, for example, sodium
lauryl sulfatc (SLS) or Vitamin E or a derivative thereof (e.g., Vitamin E TPGS).

In some preferred embodiments, the solvent includes a mixture of methylene
chloride and acetone. In some embodiments, the water is present as a component in a
solvent from about 0.1% to about 20% by wt (e.g., from about 3% to about 15%, from
about 4% to about 12%, or from about 1% to about 10%). |

In some embodiments, the solvent comprises a mixture of methylene chloride,
acctone, and water.

In somc cmbodiments, the solvent system comprises from about 40% to about
80% methylene chloride, from about 20% to about 35% acctone, and from about 0.1% to

about 15% water (e.g., from about 50% to about 70% methylene chloride, from about

25% 1o about 30% acctonc, and from about 1% to about 5% water).
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In some embodiments, the mixture also includes a surfactant, for example, sodium
Jauryl sulfate (SLS) or Vitamin E or a derivative thereof (e.g., Vitamin E TPGS).

In one aspect, the disclosure provides product made by a process described herein,
For cxamplc a solid dispersion of a drug (c.g., VX-950), such as an amorphous solid
dispersion of a drug (e.g., VX-590). For example an amorphous solid dispersion
including a drug (e.g., VX-950), at least one polymer, and optionally one or more
solubility enhancing surfactant (e.g., SLS or Vitamin E TPGS) is provided. The
dispersion can enhance the aqueous solubility and bioavailability of the drug (e.g., VX-
950) upon oral dosing of the solid dispersion to a mammal (c.g., a rat, dog or human). In
certain aspects, at least a portion of the drug (e.g., VX-950) in the solid dispersion is in
the amorphous state (e.g., at least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 98%, or at least about 99%).

In preferred embodiments, the solid dispersion is essentially or substantially free of
crystalline drug (c.g., VX-950).

In a preferred embodiment, the solid dispérsion made by a process described
herein includes about 45% to about 85% VX-950, about 5% to about 25% of an HPMC
polymer, such as HPMC60SHS50, about 5% to about 30% of an HPMCAS polymer, such
as HPMCAS-HG, and about 0.1% to about 10% of a surfactant, such as SLS or vitamin E
or a derivative thereof (e.g., vitamin E TPGS), wherein the HPMC and HPMCAS
together account for about 90%, about 95%, about 98%, about 99%, or about 100% of the
total polymer present. o

In a preferred embodiment, the solid dispersion made by a process described
herein exhibits a predetermined level of physical and/or chemical stability. E.g., the solid
dispersion retains about 50%, about 60%, about 70%, about 80%, about 90%, about 95%,
about 98%, or about 99%, ofarhorphous VX-950 when stored at 25°C in a closed water |
tight container, c.g., an amber glass vial or high density polycthylenc (HDPE) container.

As would be appreciated, spray dfying may be donc in thé presence of an incrt
gas. In certain embodiments, processes that involve spray drying may be done in the

presence of a supercritical fluid involving carbon dioxide or a mixture of carbon dioxide.
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A “poorly soluble drug” as used herein means drugs that are essentially totally water-
insoluble or sparingly water-soluble. The term applies to any beneficial therapeutic agent having a
dose (mg) to aqueous solubility (mg/ml) ratio greater than 100 ml, where the drug solubility is that

of the neutral (e.g., free base or free acid) form in unbuffered water. This definition includes but is

“not limited to drugs that have essentially no aqueous solubility (less than 1.0 pg/ml).

A definition of the specific embodiment of the invention as claimed herein follows.

In a broad format, the invention provides a method of spray drying a drug, the method
comprising forming or providing a mixture of the drug in a solvent system that comprises a solvent,
or combination of components where at least one solvent.is a non-volatile solvent, and spray-drying
the mixture to obtain amorphous drug product, wherein the drug comprises VX-950.

The details of one or more embodiments of the invention are set forth in the description
below. Other features, objects, and advantages of the invention will be apparent from the

description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart schematic of a spfay drying manufacturing process, control, sampling,
and testing, _ | ‘

FIG. 2 is a schematic of a spray drying process.

FIG. 3 is a table providing the properties of VX-950 solid dispersions that were spray dried
in a solvent system that .contained water, ‘ ' o

FIG. 4 is a flowchart of manufacturing process, control, sampling, and testing.

DETAILED DESCRIPTION

Methods of Spray Drying

Spray Drying. A preferred embodiment of this invention involves an amorphous solid
dispersion obtained by spray-drying where the solvent mixture of the starting material includes at
least one non-volatile solvent (e:g., glacial acetic acid or water). Accordingly, in another .
embodiment, this invention .provide‘s_dryin’g the product obtained by spray drying to remove the
solvent. |

A pharmaceutical composition, can be obtained by spray-drying a mixture comprising a drug
(e.g., VX-950), a suitable polymer(s), and an appropriate solvent system. Spray drying is a method

that involves atomization of a liquid mixture containing, e.g., a solid and a solvent, and removal of

the solvent. Atomization may be done, forexample, through-a nozzle-oron-a rotating disk.




Spray drying is a process that converts a liquid feed to a dried particulate form. .
Optionally, a secondary drying process such as fluidized bed drying or vacuum drying,
may be used to reduce residual solvents to pharmaceutically acceptable levels. Typically,
spray-drying involves contacting a highly dispersed liquid suspension or solution, and a
sufficient volume of hot air or gas to produce evaporation and drying of the liquid
droplets. The preparation to be spray dried can be any solution, suspension, coarse
suspension, slurry, colloidal dispersion, or paste that may be atomized using the selected
spray-drying apparatus. In a standard procedure, the preparation is sprayed into a current
of warm filtered air or gas that cvaporates the solvent and conveys the dried product to a
collector (e.g., a cyclone or directly to a membrane filter bag). The spent air is then
. exhausted with the solvent, or alternatively the spent air is sent to a condenser to capture

and potentially recyclee the solvent. Commercially available types of apparatus may be
used to conduct the spray-drying. For example, commercial spray dryers are
manufactured by Buchi Ltd. and Niro (c.g., the PSD linc of spray dricrs manufactured by
Niro) (see, US 2004/0105820; US 2003/0144257). For cxample, a pressure nozzle, a
- two-fluid electrosonic nozzle, a two-fluid _nozzle,- or a rotary atomizer can be used. .
Spray—dryiﬁg typically employs solids loads of material from about 0.5% to about
~ 30%, (i.e., drug plus and excipients) preferably at least about 10%. In some
embodiments, loads of less than 10% may result in light or porous dispersion or low bulk
dénsities or unacceptably long run-times. In general, the upper.limit of solids loads is
governed by the viscosity of (c.g., thé'ability to pump) the resulting solution and the
solubility of the components in the solution. Generally, the Viséosity of the solution can
determine the size of the particlé in the resulting powder product.

Techniques and methods for spray-drying may be found in Perry's Chemical
Engineering Handbook, 6th Ed., R.H. Perry, D.W. Green & J.O. Malbney, eds.),
McGraw-Hill book co. (1984); and Marshall "At'@mizati'on and Spray-Drying" 50, Chem.
~ Eng. Prog. Monogr. Scrics 2 (1'9_54'). In general, the spray-drying is conducted with an
inlct temperaturc of from about 40 °C to about 200 °C, for cxample, from about 45 °C to
about 150 °C, preferably from about 50 °C to about 100 °C, ¢.g., about 50 °C. The spray-
drying is generally conducted with an outlet temperature of from about 15 °C to about
100 °C, for cxamplc ffom about 20 °C to about 75 °C, ¢.g., about 27 °C.
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Removal of the solvent may require a subsequent drying step, such as tray drying,
fluid bed drying (e.g., from about room temperature to about 100 °C, e.g., about 60°C),
vacuum drying, microwave drying, rotary drum drying or biconical vacuum drying (e.g.,

from about room temperature to about 100 °C, ¢.g., about 60°C or lower).

Fluidized Spray Drying. - Another preferred embodiment of this invention
involves an amorphous solid dispersion obtained by fluidized spray drying where the
solvent mixture of the starting material includes at least one non-volatile solvent (e.g.,
glacial acetic acid or water). Accordingly, in another embodiment, this invention

provides drying the product obtained by fluidized spray drying to remove the solvent.

The process of fluidized spray drying combines spray drying and fluid bed drying
technologies. Agglomerated powders are obtained based on the integrated fluid bed or
belt and a multi-stage process where moist powder, produced during the first drying
stage, forms agglomerates, which arc post-dricd and cooled in the following stages.
Bricfly, a pressure nozzle, a two-fluid clectrosonic nozzle, a two-fluid nozzle, or a rotary
atomizer sprays the feed down into the spray dryer towards the fluid bed. Agglomeration
incorporating finer, recycled material takes place in the spray dryer, and agglomerated
particles fall to the bed. Exhaust air outlet is through the roof causing further
~ agglomeration in the zone of spraying. Sticky products can be dried successfully, and the
process is ideal for drying heat sensitive products, and improved aroma retention is
accomplished. The process yiclds agglomerated, free-flowing powders with minimal
fines.

As an example, in the spray dryer, feed is sprayed from the atomization nozzle
mounted on top of the drying chamber into the drying air and down the spray chamber.
The vigorous fluidization dfmoist powder in the fluid bed located at the chamber base,
plus recycle of fines from the cyclonc attachment, result in spray drying taking place in a
powdecr-laden atmosphcere. Part‘iclcs of higher moisture content can be handled in the
drying chamber duc to the resulting powdering cffect overcoming the problems of
powder stickiness. Drying can be completed at lower powder and exhaust air

temperatures, thus improving product quality while gaining from a higher thermal

cfficicncy. The degree of agglomceration and thus the particle size distribution can be
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influenced by changing the operation conditions and the location where fines are re-
introduced into the dryihg chamber. By optimizing the operation conditions, a dispersion
with properties favorable for downstream processing (e.g., direct compression), can be
obtained.

As with conventional spray drying, a non-volatile solvent (e.g., glacial acetic acid,

DMSO, DMF, or water) can be used in the FSD process.

| Although embodiments of the present disclosure refer to the use of non-volatile
solvents with spray drying, it is to be understood that the process of fluidized spray
drying is also applicable and can be used in the embodiments described herein.

A detailed description of fluidized spray drying of VX-950 is provided in the
provisional application filed on December 22, 2006, entitled F luidized Spray Drying,
Attorney-Docket No. 19079-016P01.

Solvents

In general, there is a direct relationship between bulk density/flow and residual
- solvent; the higher the bulk density/better flow, the higher the residual solvent.. In some

instances, the parﬁcle size and density can be manipulated by varying the amount of time

~ taken for the particle to solidify and/or dry. Accordingly, inclusion of a non-volatile (or
high boiling) solvent into the mixture can provide for a particle product having improved
pi'ope_lties. For example, the addition of glacial acetic acid or water into a solvent system .'
comprising volatilc organic solvents can provide larger and/or morc densc particles than
the particles produces without the glacial acetic acid or water. The larger and/or ‘more
dense particles can have improved flow properties, which is desirable for downstream
formulation of the particles, fdr example into an oral dosage form such as a tablet or
capsule. In some embodiments, the solvent system provides particles that solidify after at
|cast about 5 scconds, at [east about 7 scconds, af lcast about 10 scconds, at lcast about 12
_ scconds, at lcast about 15 scconds, at lcast about 20 scconds, or more.

Additionally, it may be advantageous to optimize the powder flow and bulk
density and/or use secondary drying to remove the residual solvent. Inone embodiment
of this invention, the solid dispersion is fluid-bed dried. Fluid-bed drying at about 40°C
to about 80°C, c¢.g., about 40°C to about 60°C, c.g., about 45 °C for about 8 hours has
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- solvent...In-some -embodiments;-the-selvent-includes-a-mixture-of-volatile solvents:

been found effective in certain embodiments to provide optimal effects in certain solid
dispersion of VX-950. In other embodiments, e.g., using HPMCAS as the polymer in fhe
solid dispersion, fluid-bed drying at 45 °C for about 4 hours has been effective to provide
acceptable levels of residual solvent in the final product.

In preferred processes, the solvent includes a volatile solvent and a non-volatile

* Preferable solvents include those that can dissolve both VX-950 and the polymer (when

_present) and/or a surfactant (when present). Suitable solvents include those described

abové, for example, methylene chloride, acetone, etc.

In embodiments where VX-950 is being spray dried or undergoes fluidized spray
drying, preferred solvents include a mixture of methylene chloride, acetone, and glacial
acetic acid. |

In other embddiments where VX-950 is being spray dried or undergoes fluidized
spray drying, preferred solvents include a mixture of methylene chloride, acctone, and
water.

In some cases, a solvent may react with a material (e.g., compound of interest,

€.g., drug or therapeutic agent) being spray dried. Therefore, in some embodiments, a

solvent that does not react with the compound of interest is preferred when preparing a

~ feed solution containing that compound. For example, alcohols may react with the

compound of interest (e.g., a dnjg, €.g., a poorly soluble drug, e.g., VX-950) to form
ketals. Accordingly, a solvent that docs not react with the compound of interest (e.g., a
drug, e.g., a poorly soluble drug, e.g., VX-950) (particularly to form ketals) is preferred
when preparing a feed solution containing that compound. Such a solvent should not
contain an OH group or a similarly reactive moiety. Because of the reactivity of certain
compounds (e.g., VX-950), a preferred solvent for use in the solvent system in
conncction with this disclosurc for the preparation of a feed solution containing such a

compound is other than a polycthylene glycol (c.g., PEG 8000) (i.c., other than a polymer

“having frcc hydroxyl moictics).

In another preferred embodiment, the non-volatile solvent is water. An exemplary

percent weight ratio of methylene chloride to acetone to water is 75:24:1.




1n some instances, the non-volatile solvent (e.g., water) can contribute to
solubilizing a component, e.g:, a surfactant (e.g., SLS), that is present in the mixture
undergoing spray drying.

In another preferred cmbodiment, the non-volatile solvent (c.g., watcr) has a
higher bulk density.

1n some embodiments, the non-volatile solvent is a component in a solvent
mixture. For example, the non-volatile solvent is present as a component in a solvent
from about 1% to about 20% by weight (e.g., from about 1% to about 5%, from about 3%
to about 15%, from about 4% to about 12%, or from about 5% to about 10%). In othcr
embodiment, the non-volatile solvent (e.g., water) is present in an amount of between
about 0% and about 5%, e.g., about 1%.

In some preferfed embodiments, the solvent mixture is a combination of a volatile
solvent or combination of solvents such as methylene chloride and acetone with a non-
volatile solvent such as water or glacial acetic acid. For example, the solvent mixturc
comprises from about 40% to about 80% mcthylenc chloride, from about 20% to about
©-35% acetone, and from about 1% to about 15% glacial acetic acid (e.g., from about 50%
to about 70% methylene chloride, from about 25% to about 30% acetone, and from about
‘_ 3% to about 12% glacial acetic acid). As another example, the solvent mixture comprises
from about 40% to about 80% methylene chloride, from about 20% to about 35%
aéetone, and from about 1% to about 15% water (e.g., from about 50% to about 70%
methylene chloride, from about 25% to about 30% acctonc, and from about 1% to about
5% water). An exemplary percent weight ratio of methylenée chloride to acetone to non-
volatile solvent (e.g., water) is 75:24:1.

Because of the reactivity of VX-950, a preferred polymer in embodiments
including VX-950 is other than a polyethylene glycol (e.g., PEG 8000) (i.e., other than a
polymer having frce hydroxy! mOlCt]Cb).

The solvent, particle sizc and the temperature drying range may be modificd to
preparc an optimal solid dispersion. As would be appreciated by skilled practitioners, a
small particle size would lead to faster solvent removal. Applicants have found however
that smaller particles can Icad to fluffy particles that do not provide optimal solid
dispcrsions for downstrcam processing such as tableting. At higher temperatures,
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crystallization or chemical degradation of VX-950 may occur. At lower temperatures, a
sufficient amount of the solvent may not be removed.

Particle size distribution and densities (e.g., bulk and/or tap densities) can be
optimized, e.g., by varying onc or morc of the following paramecters: outlet temperature,

and feed pressure. The suitability of a parameter variation can be evaluated. For

example, to evaluate the suitability of the outlet temperature; the temperature can be

increased (e.g., to 30°C) while keeping all other process parameters unchanged. The

_properties (e.g., densities) of the dispersion obtained from spray drying using this

increased temperature arc compared to the propertics of a dispersion made according to

this disclosure (e.g., outlet temperature of 25°C), and an evaluation can be made as to

whether the temperature change was advantageous (¢.g., if the change led to an increase

in a desired property (e.g., increased bulk density), then the change may be
advantageous).
Other parameters that can be varicd and optimized (c.g., in an analogous manncr)

for the spray drying process include: choice of non-volatile solvent, percentage of non-

~volatile solvent used, choice of volatile solvent(s), percentage of volatile solvent(s) used

(e.g., total percentage and/or ratio of each volatile solvent to the other if more than one

volatile solvent is used), choice of surfactant, percentage of surfactant used, choice of

' polymer, percentage of polymer used, choice of atomizer, solution feedrate, cyclone

pressure differential, order of solids addition, percentage of solids loading, and/or inlet

temperature. If post-spray drying is performed, the following can be optimized: choice of

drying process, duration of drying process, dryer rotation speed, drying temperature,
drying pressure, and/or drying time. ' '

The nature of the solvent can be modified to optimize particle size and density.

For example, increasing the amount of a high boiling (or non volatile) solvent componént

in the solvent can increasc the length of time required for solidification and/or drying of
the resulting spray dried particlcs. Thercfore, in instances where it is desirable to have
larger and/or more dense particles, an increased amount of high boiling (or non-volatilc)
solvent is desirable. The nature of the high boiling or non-volatile solvent can also be

varied depending on the desired properties of the dispersed particle and/or the properties

of the drug. For cxample, desirablc high boiling or non-volatile solvents improve the
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solubility of the drug or other component (e.g., surfaétant, e.g., SLS; or polymer) in the.
solution and do not chemically react with or contribute to the chemical degradaﬁon of the
drug (or surfactant or polymer, if present). For example, organic acid solvent would not
be appropriate for a drug that is acid scnsitive or which has an acid labile moiety. The
methods herein provide a optimal particle size and an optimal drying temperature.

Examples of volatile solvents include ketones, alcohols, acetonitrile, methylene
chloride, acetone, chloroform, and THF. As will be appreciated by the skilled artisan, the
selection of solvents depends, at least in part, on the solubility of the composition (€.g.,
drug or other therapeutic agent) in a solvent and/or the reactivity of the composition (e.g.,
functional group) with a particular solvent. ‘

Examples of non-volatile solvents include organic acids such as toluene, glacial
acetic acid, DMSO, DMF, and water. The selection of solvents can depend, at least in
part, on the solubility of the composition (e.g., drug or other therapeutic agent) in a
solvent and/or the reactivity of the composition (c.g., functional group) with a partioular
solvent. As used herein, the term “non-volatile solvent” refers to a liquid that has a
- boiling point greater than §0°C at 1 atm. | '

To evaluate the suitability of a solvent, the choice of solvent can be changed while
keeping all other process parameters unchanged. The properties (€.g., de_nsities) of the
dispersion obtained from spray drying using this changed solvent are compared to the
ﬁl'openies of a dispersion made according to this disclosure using a solvent described
hercin (c.g., water as a non-volatile S(.)lvcnt‘), and an cvaluation can be made as to whether
the solvent change was advantageous (e.g., if the change led to 'an increase in a desired
property (e.g., increased bulk density), then the change may be advantageous). In like
manner, the amount used of a given solvent (¢.g., water as a non-volatile solvent) can also
be evaluated, e.g., by comparing the resulting product to a product pi;oduced using a
solvent described herein in an amount described thrcin,'c.g.v, 1% watcr as a hon-vola_tilc

solvent.

Polymers _
Products (e.g., agglomerated products such as powders or granules) being spray

dricd or undergoing fluidized spray drying, such as solid dispersions (c.g., amorphous
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solid dispersions) including a compound of interest (e.g., a drug, e.g., a poorly soluble
drug, e.g., VX-950) may include a polymer or plurality of polymers (or solid state -
carrier(s)).

Methods of spray drying and FSD utilizing a non-volatilc solvent described herein
may be used to prepare a solid dispersion (e.g., amorphous solid dispersion) that contains
a.compound of interest (¢.g.,-a drug, €.g:; a-poorly-soluble drug; €.g:;- VX-950).-In

addition, the mixture that contains the solvents (e.g., volatile and non-volatile solvents)

. and compound of interest (e.g., drug) that will be dried may also contain a polymer or

plurality of polymers (or solid state carrier(s)).

A polymer or plurality of polymers.can be used as part of an amorphous solid

dispersion system together with compound of interest. For example, a polymer(s) can be
present in a feed solution (e.g., that will be dried by FSD) with a compound of interest
(e.g., drug). Without being bound by theory, the presence of a polymer can help prevent,
decreasc, or slow the amount or rate of crystallization of the compound of interest (c.g.,

drug) as compared to the amount or rate of crystallization that occurs in the absence of a

polymer. For example, when a polymer is used, the amount of crystallization can be

' decreased by at least about 10%, by at least about 20%, by at least about 30%, by at least

about 40%, by at least about 50%, by at least about 60%, by at least about 70%, by at
least about 80%, by at least about 90%, by at least about 95%, or by at least about 99%
compared to the amount of crystallization in the absence of a polymer. For example, a
polymer or plurality of polymers can protect a drug against crystallization in an aqucous
medium, such as gastric fluids and/or in intestinal fluids. For example, HPMC can help
decrease the amount of crystallization (e.g., of a compound of interest (e.g., a drug,c.g., a
poorly soluble drug, e.g., VX-950)) in low pH, such as in gastric fluids. HPMC can
provide protection in gastric fluids (e.g., fasted or fed gastric fluids), and simulated
gastric fluids (“SGF”) (c.g., fasted or fcd SGF). As another cxample, HPMCAS can

provide increascd physical stability and decrcase the amount of crystallization (c.g., a

~ compound of interest (c.g., a drug, ¢.g., a poorly solublc drug, ¢.g., VX-950)) in intcstinal

fluids (e.g., fasted or fed intestinal fluids) and simulated intestinal fluids (“SIF”) (e.g.,

fasted or fed SIF). As a result, one or more of bioavailability, solubility and absorption '



of the compound of interest (e.g., a drug, €.g., a poorly soluble drug, e.g., VX-950) can be
enhanced.

In addition, by decreasing the rate of crystallization, a polymer can increase the
shelf stability of a composition, ¢.g., a dispersion obtained by spray drying or FSD or a
solid form (e.g., a directly compressed form, e.g., a tablet), containing a compound of
interest (e.g., a drug, e.g., a poorly soluble drug, e.g., VX-950) relative to the stability of
the composition when no polymer is used by at least about 10% (e.g., by at least about
20%, by at least about 30%, by at least about 40%, by at least about 50%, by at least
about 60%, by at least about 70%, by at least about 80%, or by at least about 90%). The
polymer can increase the stability of the solid dispersion (e.g., when stored at 4°C or at
room temperature) by at least about 10% (e.g., by at least about 20%, by at least about
30%, by at least about 40%, by at least about 50%, by at least about 60%, by at least
about 70%, by at least about 80%, or by at least about 90%) as compared to a solid
dispersion stored under identical conditions and in the absence of a polymer.

Further, without being bound by theory, the presence of a plurality of polymers
-can help prevent, decrease, or slow the amount of rate of crystallization of the compound
of interest (e.g., a drug, e.g., a poorly soluble drug, e.g., VX-950) as compared to the
~ amount or rate of crystallization that occurs in the presence of one polymer. For
| example, when a plurality of polymers is used, the amount of crystallization can be
decreased by at least about 10%, by at least about 20%, by at Iéast about 30%, by at least
about 40%, by at least about 50%, byb'at least about 60%, by at lcast about 70%, by at
least about 80%, by at least about 90%, by at least about 95%, or by at least about 99%
compared to the amount of crystallization in the presence of one polymer. For example, a
plurality of polymers can protéct a drug against crystallization in an aqueous medium,
such as gastric fluids or in intestinal fluids. For example, a polymer., e.g., HMPC or
HPMCAS, or plurality of polymbrs, c.g.,a mixtﬁrc comprising HPMC and HPMCAS,
can offer increascd protection to a given dispersion of VX-950: for cxample, the HMPC
can protect the VX-950 from crystallization in gastric fluids or SGF whilc thc HPMCAS
can protect the VX-950 from crystallization in intestinal fluids or in SIF. As a result, use
of a mixture can offer improved bioavailability, solubility, and/or absorption of a
compound of interest (c.g., a drug, c.g., a poorly soluble drug, ¢.g., VX-950). In addition,
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a plurality of polymers can increase the shelf stability of a composition, e.g., a solid fqrm
(€.g., a spray dried dispersion, a directly co.mpressed dosage form, e.g., a tablet),
containing a compound of interest (e.g., a drug, e.g., a poorly soluble drug, e.g., VX-950)
relative to the stability of the composition when no polymer is used by at least about 10%
(e.g., by at least about 20%, by at least about 30%, by at least about 40%, by at least
about-50%; by-at-least-about 60%; by at least-about 70%; by at least-about 80%; or by at-
least about 90%). The plurality of polymers can increase the stability of the solid ‘
dispersion (e.g., when stored at 4°C. or at room temperature) by at least about 10% (e.g.,
by at lcast about 20%, by at least about 30%, by at least about 40%, by at least about
50%, by at least about. 60%, by at least about 70%, by at least about 80%, or by at least
about 90%) as compared to a solid dispersion stored under identical conditions and
containing no polymer. |

The polymer or plurality of leyrhers (e.g., containing one or more cellulosic
polymers) can be used to provide a form of a compound of interest (¢.g., a drug, ¢.g., a

poorly soluble drug, ¢.g., VX-950) such that, when administered, the area under curve

(AUC) of the compound of interest (e.g., 2 drug,.'e.g., a poorly soluble drug, e.g., VX-

950) would be substantially the same in fasted and fed subjects, e.g., reducing or
substantially eliminating the food effect in the subject.

In one embodiment, a polymer or plurality of polymers, or one or more of the
polymers in a plurality of polymérs of the present disclosure are able to dissolve in
aqucous media. The solubility of the polymer(s) may be pH-indcpcndcnt or pH-
dependent. The latter include one or more enteric polymers. . The term “enteric polymer”
refers to a polymer that is preferentially soluble in the less acidic environment of the
intestine relative to the more acid environment of the stomach, for example, a polymer
that is insoluble in acidic aqueous media but soluble when the pH' is above 5-6. An
appropriatc polymer should be chemically and biologically incrt. In order to improve the
physical stability of the solid dispersions, the glass transition temperature (T,) of the
polymer or polymers (¢.g., of a plurality of polymers, or onc or morc of the polymers in a
plurality of polymers) should be as high as possible. For example, preferred polymers

have a glass transition temperature at least equal to or greater than the glass transition

tempcerature of the compound of interest (c.g., a drug, ¢.g., a poorly soluble drug, ¢.g.,
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VX-950). Other preferred polymers have a glass transition temperature that is within .
about 10 to about 15 °C of the compound of interest (e.g., a drug, e.g., a poorly soluble
drug, e.g., VX-950). Examples of suitable glass transition temperatures of the polymers
include at Icast about 55 °C, at lcast about 60 °C, at Icast about 65> °C, at lcast about 70
°C, at least about 75 °C, at least about 80 °C, at least about 85 °C, at léast about 90 °C, at
least about 95 °C, at least about 100 °C, at least about 105 °C, at least about 110 °C, at
| least about 115 °C, at least about 120 °C, at least-about 125 °C, at least about 130 °C, at
least about 135 °C, at least about 140 °C, at least about 145 °C, at least about 150 °C, at
lcast about 155 °C, at lcast about 160 °C, at least about 165 °C, at Icast about 170 °C, or
at least about 175 °C (as measured under dry conditions). Without wishing to be bound
by theory, it is believed that the underlying mechanism is that a polymer with a higher T,
generally has lower molecular mobility at room temperature, which can be a crucial
factor in stabilizing the physical stability of the amorphous solid dispersion.
Additionally, the hygroscopicity of the polymer (or of a plurality of polymers, or
onc or more of the polymers in a plurality of polymers) should be as low as possiblc. For
- the purpose of comparison in this application, thé hygroscopicity of a polymer,
combination of polymers, or composition is characterized at about 60% relative humidity.
~ In some preferred embodiments, the polymer(s) has less than about 10% water
absorption, for example less than about 9%, l¢ss than about 8%, less than about 7%, less
tlian about 6%, less than about 5%, less thani about 4%, less than about 3%, or less than
about 2% watcr absorption. Ccllulosi:c polymers gencerally have about 3% watcr
absorption whereas PVP generally has about 9% water absorption. The hygroscopicity
can also affect the physical stability of the solid dispersions. Generally, moisture
adsorbed in the polymers can glfeatly reduce the T, of the polymers as well as the
resulting solid dispersions, which will further reduce the physical stébility of the solid
dispcrsions as described ab‘ovc.; V -_ V
In onc cmbodiment, a pblymcr or plurality of polymers, or onc or morc of the
polymers in a plurality of polymers-is onc or more watcr-soluble polymer(s) or partially
water-soluble polymer(s). Water-soluble or partially water-soluble polymers include but
are not limited to, cellulose derivatives (¢.g., hydroxypropylmethylcellulose (HPMC; also
known as hypromcllovsc), hydroxypropylccllulose (HPC)) or cthylccllulosc;
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polyvinylpyrrolidones (PVP); polyethylene glycols (PEG); polyvinyl alcohols (PVA);
acrylates, such as polymethacrylate (¢.g., EUDRAGIT® E); cyclodextrins (e.g., B- |
cyclodextin) and copolymers and derivatives thereof, including for example PVP-VA
(polyvinylpyrollidonc-vinyl acetatc). In some preferred embodiments, the polymer or
one of the plurality of polymers is hydroxypropylmethylcellulose (HPMC), such as
HPMG-E50 (e.g.;— from-Dow), HPMCE15, or HPMC 60SH 50¢P (e.g:; Shin=Etsu
Metolose, HPMC60SH50). HPMC is available in a variety of types from Shin-Etsu,
including SM, 60SH, 65SH, 90SH.. Each of these types vary by viscosity grade and
methoxyl and hydroxypropoxyl content. A most preferred type for usc in the spray
dispersion is HPMC 60SH.

In some embodiments, the polymer or plurality of polymers, or one or more of the
polymers in a plurality of polymers ére a pH-dependent enteric polymer. Such pH-
dependent enteric polymers include, but are not limited to, cellulose derivatives (e.g.,
ccllulose acetate phthalate (CAP)), hydroxypropyl methyl cellulosc phthalates (HPMCP),
hydroxypropyl methyl cellulose acetate succinate (HPMCAS), hydroxypropyl methyl
cellulose acetate (HPMCA), carboxymethylcellﬁlose (CMC) or a salt thereof (e.g., a
sodium salt such as (CMC-Na)); cellulose acetate trimellitate (CAT),
hydroxypropylcellulose acetate phthalate (HPCAP), hydroxypropylmethyl-cellulose
acetate phthalate (HPMCAP), and methylcellulose acetate phthalate (MCAP), or
polymethacrylates (e.g., EUDRAGIT® S). In some preferred embodiments, the polymer
or one of the plurality of polymers is hydroxypropyl methy! cellulosc acctate succinate
(HPMCAS). HPMCAS is available in a variety of grades from Shin-Etsu, including AS-
LF, AS-MF, AS-HF, AS-LG, AS-MG, AS-HG. Each of these grades vary with the
percent substitution of acetate and succinate. A most preferred grade for use in the spray
dispersion is AS-HG from Shin-Etsu. A

Other polymers of HPMCAS and HPMCA with varying degrees and
combinations of substitution of hydroxypropoxy, methoxy, acctyl, and succinoyl groups
are also known in the art (scc c.g., WO 2005/115330), and can be used with the
inventions described herein. For example, HPMCAS polymers where the degree of

substitution of succinoyl groups (DOSs) and the degree of substitution of acetyl groups

(DOS, oy onthe HPMCAS arc DOSg > about 0.02, DOSA. > about 0.65, and DOS 4,
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+DOSs > about 0.85 can be used. As other examples, HPMCA polymers where the
degree of substitution of acetyl groups (DOSx.) on the polymer is about 0.6 or less, or the
degree of substitution of acetyl groups (DOSac) on the polymer is at least about 0.15, can
be used. In other ecmbodiments, HPMCA polymers having a solubility parameter of
about 24.0 (J/cm ) or less can be used.

In yet another embodiment, the polymer or one or more of the polymers in a
plurality of polymers is an insoluble cross-linked polymer, for example a

“polyvinylpyrrolidone (e.g., Crospovidone).

In somc cascs, a polymer may react with a compound of interest. Therefore, in
some embodiments, a polymer that does not react with the compound of interest is
preferred when preparing a feed solution containing that compound. For example,
alcohols may react with the compound of interest (¢.g., a drug, e.g., a poorly soluble
drug, e.g., VX-950) to form ketals. Accordingly, a polymer that does not react with the
compound of intcrest (c.g., a drug, ¢.g., a poorly solublc drug, ¢.g., VX-950) (particularly
to form ketals) is preferred when preparing a feed solution containing that compound. .

- Such a polymer should not contain an OH groupAor a similarly reactive moiety. Because
of the reactivity of certain compounds (e.g., VX-950), a preferred polymer for use in a
plurality of polymers or as the polymer in connection with this disclosure for the
preparation of a feed solution containing such a compound is other than a polyethylene
g.lycol (e.g., PEG 8000) (i.c., other than a polymer having free hydroxyl moieties).

In embodiments where the compound of interest (c.g., a drug, c.g., a poorly
soluble drug, e.g., VX-950) forms a solid dispersion (e.g., agglomerated product) with a
polymer or plurality of polymers, for example VX-950 with an HPMC and/or an
HPMCAS polymer, the total amount of_ polymer(s) relative to the total weight of the solid
dispersion is typically at least about 5% (e.g., about 4% or 6%), at least about 10% (e.g;,
9% or 11%), at lcast about '] 5% (c.g., 14% or 16%), at lcast about 20% (c.g., 19% or
21%), and preferably at Icast about 30% (c.g., about 29% or 31%), for example, at lcast
about 35% (c.g., about 34% or 36%), at lcast about 40% (c.g., about 39% or 41%), at
least about 45% (e.g., about 44% or 46%), or at least about 50% (e.g., about 49% or
51%). The amount is typically about 99% or less, and preferably about 80% or less, for
cxample about 75% or less, about 70% or less, about 65% or lcss, about 60% or Icss, or
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about 55% or less. In one embodiment, the polymer(s) is in an amount of up to about
30% of the total weight of the dispersion (and even more specifically, between about -
28% and 32%, such as about 29%). Tn one embodiment, the polymer(s) is in an amount
of up to about 35% of the total weight of the dispersion (and cven more specifically,
between about 33% and 37%, such as about 34%). In one embodiment, the polymer(s) is
in-an-amountof up to about 40%of the total weight of the dispersion-(and even-more

specifically, between about 38% and 42%, such as about 39%). In one embodiment, the

_polymer(s) is in an amount of up to.about 45% of the total weight of the dispersion (and

even more specifically, between about 43% and 47%, such as about 44%).

The solid dispérsions (e.g., agglomerated products) containing a compound of

interest (e.g., a drug; e.g., 4 poorly soluble drug, ¢.g., VX-950) can contain a plurality of
polymers. For example, two polymers can be used in the dispersion. In some
embodiments, the pfurality of polymers can include one or more than one cellulosic
polymer. For example, a spray dried dispersion can includc two ccllulosic polymers, ¢.g.,

HPMC and HPMCAS. In somc embodiments, the solid dispersion includes a mixture of

- HPMC and HPMCAS. The amount of each polymer used in the dispersion can vary, and

the ratio of the polymers to each other can also vary. For example, the dispersion can
include from about 0% to about 100% by weight of a first polymer (e.g., HPMC) and
from about 0% to about 100% by Wéight of a second polymer (e.g., HPMCAS) (wherein
the percentages by weight of the two polymers add up to 100% of total polymer present
in a dispersion). For cxample, in a so_lid dispersion of VX-950 containing polymers, the
first polymer is present in an amount of about 33% and the second polymer is present in
an amount of about 67% of the total amount of polymer added. In another example, the
first polymer is ﬁl'esent in an amount of about 55.5% and the second polymer is present in
an amount of about 44.5% of the total amount of polymer added. In another example, the
first polymer is present in an amount of about 63% and the sccond f)olymcr is present in

an amount of about 37% of the total amount of polymer added. In another cxample, the

 first polymer is present in an amount of about 50% and the second polymer is present in

an amount of about 50% of the total amount of polymer added. In another example, the
first polymer is present in an amount of about 100% and the second polymer is present in
an amount of about 0% of the total amount of polymer added.
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In one of the more specific embodiments of this disclosure, one of the polymers is
polyvinylpy‘rrolidone (PVP) (e.g., PVP29/32). The PVP can be present in an amount of
up to about 35%, up to about 40%, up to about 45%, or up to about 50%. A dispersion
comprising about 50% (c.g., about 49.5%) PVP K29/32 is included within this disclosure.

In another embodiment, the disclosure includes a solid dispersion (¢.g.,

agglomerated product) of a compound of interest (e.g., a drug, €.g., a poorly soluble drug,
| e.g., VX-950) and a cellulosic polymer, for example an HPMC or an HPMCAS polymer.
In some preferred embodiments, the compound (i.e., VX-950) is present in an amount of
at least about 50% of the dispersion, for example at Ieast about 55%, at lcast about 60%,
at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, or even greater. In some preferred embodiments, the drug
" is present in an amouht between about 55% and about 90%, such as about 55%, about
60%, about 65%, about 70%, about 75%, about 80%, or about 85%. The amount of
polymers is present in an amount of at least about 5%, at Icast about 10%, at lcast about
15%, and preferably at least about 20%, for example, at Icast about 25%, at Icast about‘

- -30%, at least about 35%, at least about 40%, or at least about 45%. In some
embodiments, the. émount is typically about 55% or less, and preferably about 50% or
 less, for example about 45% or less, about 40% or less, about 35% or less, about 30% or
less, about 25% or less, about 20% or less, about 15% or less, or about 10% or less.

‘ ~ In another embodiment, the disclosure includes a solid dispersion (e.g.,
agglomcrated product) of a compound of interest (c.g., a drug, c.g., a poorly soluble drug,
e.g., VX-950) and at least two cellulosic polymers, for example an HPMC and/or an
HPMCAS polymer. In some preferred embodiments, the compound (i.e., VX-950) is
present in an amount of at leasf about 50% of the dispersion, for example at least about
© 55%, at least about 60%, at least about 65%, at least about 70%, at léast about 75%, at

Icast about 80%, at least about 8-5%, at lcast about 90%, or cven greater. In some
preferred embodiments, the drug is present in an amount between about 55% and about
70%, such as about 55%, about 60%, about 65%, or about 70%. As dcscribed above, the
total amount of polymers is present in an amount of at least about 15%, and preferably at
least about 20%, for example, at least about 25%, at least about 30%, at least about 35%,
at lcast about 40%, orvat lcast about 45%. In somc cmbodiments, the amount is typically
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about 55% or less, and preferably about 50% or less, for example about 45% or less, A
about 40% or less, about 35% or less; about 30% or less, about 25% or less, about 20% or
less, about 15% or less, or about 10% or less.

In some preferred embodiments, the dispersion further includes other minor

ingredients, such as a surfactant (e.g., SLS or Vitamin E TPGS). In some preferred

embodiments;-the surfactant is present in less than-about 10% by weight of the
dispersion, for example less than about 9% by weight, less than about 8% by weight, less

. than about 7% by weight, less than about 6% by weight, less than about 5% by weight,
Iess than about 4% by weight, less than about 3% by weight, less than about 2% by
weight, or about 1% by weight.

In'a most preferred embodiment, the dispersion includes about 49.5% VX-950,
about 49.5% HPMCAS, and about 1% SLS.

The polymer or plurality of polymers should be present in an amount effective for
stabilizing the solid dispersion. Stabilizing includes inhibiting or decreasing the
crystallization of a compound of interest (e.g., a drug, e.g., a poorly soluble d‘ruz,, c.g.,

- VX-950).. Such stabilizing would inhibit the conversion of the compound from |
amorphous to crystalline form. For example the polymer(s) would prevent at least a
portion (e.g., about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about

' 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,

about 75%, or greater) of the compound from going from an amorphous to a crystalline

form. '
For example, at low pH (e.g., in gastric fluid (e.g., fasted gastric fluid) or SGF

(c.g., fasted SGF_), a compound of interest (e.g., a drug, e.g., a poorly soluble drug, e.g.,

VX-950) may dissolve, become supersaturated, and then crystallize. The polymer or |

plurality of polymers can prevent or decrease the crystallization of the compound in such

or similar conditions, or during storage of a composition containing the compound.

Stabilization can be mcasured, for cxamplc, by measuring the glass transition tcmpci‘aturc

of the solid dispersion, measuring the rate of relaxation of the amorphous matcrial, or by

measuring the solubility or bioavailability of the compound.

A polymer or plurality of polymers can be used in a formulation with a compound

ot tcrest (C.g., a drug, c.g., a poorly soluble drug, ¢.g., VX-950). Onc, morc than onc,
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or all of the polymers suitable for use in combination with the compound, for example to
form a solid dispersion (e.g., agglomerated product) such as an amorphous solid
dispersion, should have one or more of the following properties:

1. The glass transition tcmperature of the polymer or polymers in combination
should have a temperature of no less than about 10-15 °C lower than the glass transition
temperature of the compound. Preferably, the glass transition temperature of the polymer
or polymers in combination is greater than the glass transition temperature of the
compound, and in general at least 50°C higher than the desired storage temperature of the
drug product. For example, at least about 100 °C, at least about 105 °C, at lcast about
105 °C, at least about 110 °C, at least about 120 °C, at least about 130 °C, at least about
140 °C, at least about 150 °C, at least about 160 °C, at least about 160 °C, or greater.

2. The polymer or polymers in combination should be relatively non-
hygroscopic. For example, the polymers should, when stored under standard conditions,
absorb lcss than about 10% watcr, for example, Icss than about 9%, lcss than about 8%,
less than about 7%, less than about 6%, or less than about 5%, less than ébout 4%, or lcss
than about 3% water. Preferably the polymer or .polymers will, when stored under .
standard conditions, be substantially free of absorbed water. .

3. The polymer or polymers in combination should have similar or bettér |
solubility in solvents suitable for spray drying processes relative to that of the compound.
Tn preferred embodiments, the polymer or polymers will dissol‘ve ini one or more of the
same solvents or solvent systems as the compound. It is preferred that the polymer or
polymers are soluble in at least one non-hydroxy containing ‘solyent_ such as methylene
chloride, acetone, or a combination thereof.

4. The polymer or polymel's in combination, when combined with the compound,
for example in a solid dispersion, should increase the solubility of the compound in
aquecous and physiologically rciativc media cithér relative to the solubility of the
compound in the abscnce of polymers or relative to the solubility of the compound when
combined with a reference polymer. For cxample, the polymer or polymers could
increase the solubility of amorphous compound by reducing the amount of amorphous

compound that converts to crystalline compound from a solid amorphous dispersion.



<
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-manufacturability of the compound.

5. The polymer or polymers in combination should decrease the relaxation rate of
the amorphous substance. |

6. The polymer or polymers in combination should increase the physical and/or
chemical stability of thc compound.

7. The polymer or polymers in combination should improve the

8. The polymer or polymers in combination should improve one or more of the
handling, administration or storage properties of the compound.
9. The polymer or polymers in combination should not interact unfavorably with

other pharmaceutical components, for example excipients.

The suitability of candidate polymer(s) (or other component) can be tested using
the FSD methods described herein to form a composition containing an amorphous
compound. The candidate composition can be compared in terms of stability, resistance
to the formation of crystals, or other propertics, and compared to a reference preparation,

¢.g., a preparation described herein, ¢.g., containing a compound of interest (c.g., a drug,

_e.g., a poorly soluble drug, e.g., VX-950). For eXample, a preparation of about 83%

amorphous VX-950, about 17% HPMCAS, or crystalline VX-950. E.g., a candidate

composition could be tested to determine whether it inhibits the time to onset of solvent

" mediated crystallization, or the percent conversion at a given time under controlled

conditions, by at least 50 %, 75 %, 100%, or 110% as well as the reference preparation,
or a candidate composition could be tested to determine if it has improved bioavailability

or solubility of VX-950 relative to crystalline VX-950.

Surfactants o

Products (e.g., agglomerated products such as powders or granules) being spray
dricd or undergoing fluidized spray drying, such as solid dispersions (c.g., amorphous
solid dispersions) including a compound of interest (c.g., a drug, c.g., a poorly soluble
drug, c.g., VX-950) and, optionally, a polymer or plurality of polymers (or solid statc
carrier(s)), may include a surfactant. A surfactant or surfactant mixture would generally

decrease the interfacial tension between the solid dispersion and an aqueous medium. An

appropriatc surfactant or surfactant mixturc may also cnhance aqucous solubility and
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bioavailability of a compound of interest (¢.g., a drug, e.g., a poorly soluble drug, e.g., .
VX-950) from a solid dispersion. The surfactants for use in connecﬁon with the present
disclosure include, but are not limited to, sorbitan fatty acid esters (e.g., SPANS®),
polyoxycthylenc sorbitan faity acid csters (c.g., TWEENS®), polysorbates, sodium lauryl
sulfate (SLS, also known as SDS or sodium dodecy! sulfate), sodium dodecylbenzene
sulfonate (SDBS) dioctyl sodium sulfosuccinate (Docusate), dioxycholic acid sodium salt
(DOSS), Sorbitan Monostearate, Sorbitan Tristearate, hexadecyltrimethyl ammonium
bromide (HTAB), Sodium N-lauroylsarcosine, Sodium Oleate, Sodium Myristate,
Sodium Stecarate, Sodium Palmitate, Gelucire 44/14, cthylenediamine tetraacetic acid
(EDTA), vitamin E or tocol derivates, such as alpha tocopherol, (e.g., d-alpha tocopherol,
d1-alpha tocopherol, tocopherol succinate esters) and tocopheryl esters, such as
tocophery! acetate esters, tocopheryl succinate esters, e.g., Vitamin E d-alpha tocopheryl
polyethylene glycol 1000 succinate (TPGS; e.g., Vitamin E TPGS from Eastman),
Lecithin, MW 677-692, Glutanic acid monosodium monohydrate, Labrasol, PEG 8
caprylic/capric glycerides, Transcutol, dicthylene glycol monocthyi ether, Solutol HS-15,
- polyethylene glycol/hydroxystearate, Taurocholic Acid, Pluronic F68, Pluronic F108, and
Pluronic F127 (or any other polyoxyethylene-polyoxypropylene co-polymers
~ (PLURONICS®) or saturated polyglycolized glycerides (GELUCIRS®)). Specific
example of such surfactants that may be used in connection with this disclosure include,
but are not limited to, Span 65, Span 25, Tween 20, Capryol 90, Pluronic F108, sodium
lauryl sulfate (SLS), Vitamin E TPGS, pluronics and copolymers, phospholipids such as
PC (phosphatidylcholine) (e.g., from egg or soy), Pls (phospha‘;idyl_inositol); PAs
(phosphatidic acid), PEs (phosphatidylethanolamine), PGs (phosphatidylglycerol). The
surfactant could also be a lipid or fatty acid such as dipalmitoylphosphocholine (DPPC)
or similar lipids (DAPC, DSPC, DPPG, ctc.). Such lipids can be obtained synthetically,
c.g., from Genzyme or Avanti Polar Lipids. SLS (c.g., Sigma or Fischer) and Vitamin E
TPGS arc preferred.

The amount of the surfactant (c.g., SLS or Vitamin E TPGvS) relative to the total
weight of the solid dispersion may be between about 0.1-20%. Preferably, it is from
about 1% to about 20%, about 1 to about 15%, about 1 to about 10%, more preferably
from about 1% to about 5%, c.g., about 1%, about 2%, about 3%, about 4%, or about 5%.
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In certain embodiments, the amount of the surfactant relative to the total weight of
the solid dispersion is at least about 0.1%, preferably at least about 0.5%, and more |
preferably at least about 1% (e.g., about 1%). In these embodiments, the surfactant
would be present in an amount of no morc than about 20%, and preferably no more than
about 15%, about 12%, about 11%, about 10%, about 9%, about 8%, about 7%, about

~6%;-about-5%;-about 4%;-about-3%;about 2% or-about 1%:

Candidate surfactants (or other components) and candidate amounts can be tested
for suitability for use in the disclosure in a manner similar to that described for testing

solvents,

Comipositions/Packaging/Use

In one embodiment, the solidvdispersion can be formulated into a pharmaceutical
composition, ¢.g., a tablet. According to a preferred embodiment, the solid dispersion is
present in an amount effective to have a therapeutic cffect in a patient. Alternatively, a
composition of this invention compriscs another additional agent as described herein
(e.g., to provide a combination therapy). Each cbmponent may be present in individual
compositions, combination compositions, or in a single composition.

Pharmaceutical compositions, e.g., tablets, comprising the solid dispersion
typically contain a pharmaceutically acceptable carrier, binder/di]uént, surfactant,
disintegrant, flow agent, lubricant, or vehicle (or carrier). - ,

For example, a solid dispersion prepared as described herein can be directly
compressed into a dosage form. In some embodiménts, the dispersion is blended with
one or more excipients prior to compression. As one example, a detailed description of
direct compression of VX-950 is provided in the provisional application filed on '
December 22, 2006, entitled DIRECTLY- COMPRESSED DOSAGE FORMS, Attorney-
Docket No. 19079-017P01. '

The compositions and processcs of this invention may optionally include onc or
morce cxcipicnts (sce U.S. Patent qubcr 6,720,003, U.S. Pub. App. No. 2004/0030151,
and/or International Application WO 99/02542)). An excipient is a substance used as a

carrier or vehicle in a dosage form, or added to a pharmaceutical composition, to improve

handling, storage, or preparation of a dosage form. Excipients include, but arc not
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limited to, diluents, disintegrants, adhesives, wetting agents, lubricants, glidants,
crystailization inhibitors, surface modifying agents, agents to mask or counteract a
disagreeable taste or odor, flavors, dyes, fragrances, fillers, binders, stabilizers and
substances to improve the appcarance of a composition.

As used herein, the term “comprising” is intended to be open-ended, thus
indicating the potential inclusion of other agents in addition to the specified agents.

Pharmaceutically acceptable carriers that may be used in these compositions
include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable
fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone, cellulose based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates, waxes, polyethylenc
polyoxypropylene block polymers, polyethylenc glycol and wool fat.

Pharmaceutical compositions, e.g., a solid dispersion, e.g., a spray dried drug, can
be formulated into .tablets. For example, a spray dispersion of a drug can be combined
~ with a melt granulate, one or more diluents, and/or one or more disintegrants, and one or
more lubricants, one or more other excipients, vehicles, carriers, and/or fillers, and
cdmpressed into a tableted form. The resulting tablet can then Be further processed, for
cxample, the tablet can be coated with' a substance, such as a film or shellac, to help
maintain the stability or integrity of the tablet, to facilitate the dral administration of the
tablet, to mask the taste of the tablet, to add a flavor, to color the tablet, to regulate the '
release of the drug contained iﬂ the tablet once ingested and/or to mask the taste of the
tableted formulation. Coatings suitable for this purpose (e.g., she]laé, enteric coatings to
regulate releasce) arc known in the art. If dcsircd,r certain swectening, flavoring, or
coloring agents may also be added, to the tablct or to the coating. Tcchniques and
compositions for making tablcts arc.described, c.g., in Remington's Pharmaccutical
Sciences, Arthur Osol, editor, pp. 1553-1593 (1980).

According to a preferred embodiment, the compositions of this invention are

formulated for pharmaccutical administration to-a mammal, preferably a human being.
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Although the forms of tablets provided herein are preferably formulated for oral
administration, other formu]atidns'could be obtained.

The invention also provides pharmaceutical packs and kits comprising a tableted
formulation of amorphous VX-950, or a pharmaceutical composition according to any of

the embodiments herein.

Pharmaceutical compositions, ¢.g:, containinga solid (e.g., spray dried) dispersion
described herein, may also be prescribed to the patient in “patient packs” containing more
than one dose, and preferably the whole course of treatment, in a single package, (e.g., a
blister pack). Patient packs have an advantage over traditional prescriptions, where a

pharmacist divides a patients supply of a pharmaceutical from a bulk supply, in that the

patienit always has access to the package insert contained in the patient pack, which is
normally missing in traditional prescriptions. The inclusion of a package insert has been
shown to improve patient compliance with the physician's instructions. Preferably the
drug is in an oral dosagc, e.g., tablet, form.

It will be understood that the administration of the combination of the invention
by means of a single patient pack, or patient packs of each formulation, containing within
a package insert instructing the patient to the correct use of the disclosure is a desirable
additional feature of this disclosure.

In an alternative embodiment of this disclosure, the pharmaceutical pack further
comprises one or more of additional agents as described herein. The additional agent or
agents may be provided in the same pack or in scparate packs.

According to a further aspect of the disclosure is a pack comprising at least any
tableted form of the solid (e.g., spray dried) dispersion or any composition according to
this disclosure, and an information insert containing directions on the use of the
composition of the disclosure (or the use of a combination of the composition of this
disclosurc and an additional agent or agents described hercin).

Accordingly, this disclosurc provides kits for the simultancous or scquential
administration of solid (¢.g., spray dricd) dispersion or any composition according to this
disclosure (and optionally an additional agent) or derivatives thereof that are prepared in
a conventional manner. Typically, such a kit will comprise, e.g., a composition of each
inhibitor and optionally the additional agent(s) in a pharmaceutically acceptable carricr
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(and in one or in a plurality of pharmaceutical formulations) and written instructions for
the simultaneous or sequential administration. Preferably the drug is in an oral dosage,
e.g., tablet, form.

In another cmbodiment, a packaged kit is provided that contains onc or more
dosage forms (preferably an oral dosage form) for self administration; a container means,
preferably sealed, for housing the dosage forms during storage and prior to use; and
instructions for a patient to carry out drug administration. The instructions will typically
be written instructions on a packagg insert, a label, and/or on other components of the kit, -
and the dosage form or forms arc as described hercin. Each dosage form may be
individually housed, as in a sheet of a metal foil-plastic laminate with each dosage form
isolated from the others in individual cells or bubbles, or the dosage forms may be housed
in a single container, as in a plastic bottle or a vial. The present kits will also typically
include means for packaging the individual kit components, i.¢., the dosage forms, the
container means, and the written instructions for use. Such packaging mcans may take
the form of a cardboard or papcr box, a plastic Qr foil pouch, ctc.

Embodiments of this disclosure may also involve additional agents. Therefore, a

method of this disclosure may involve steps as administering such additional agents.

Dosage

Dosage levels of from about 0.01 to-about 100 mg/kg body weight per day,
preferably from about 10 to about 100 mg/kg body weight per day of solid (c.g., spray
dried) dispersion are useful for the prevention and treatment of the condition for which
the subject is being treated. In some embodiments, dosage levels are from about 0.4 to
about 10 g/day, for example from about 1 to about 4 g/day, preferably from about 2 to
about 3.5 g/day, per person (based on the average size of a person calculated at about 70
kg) arc included. Typically, the pharmaccutical compositions of, and according to, this
disclosurc will be administered from about 1 to about 5 times per day, preferably from
about 1 to about 3 times per day, or altcrhativcly, as a continuous infusion. In somc
embodiments, solid (¢.g., spray dried) dispersion or pharmaceutical composition

comprising it is administered using a controlled release formulation. In some



embodiments, this can help to provide relatively stable blood levels of the solid (e.g., ‘
spray dried) dispersion.

In some embodiments, the dose of the solid (e.g., spray dried) dispersion can be a
standard dosc, ¢.g., about 1 g to about 5 g a day, more preferably about 2 g to about 4 ga
day, more preferably about 2 g to about 3 g a day, e.g., about 2.25 g or about 2.5 g a day.
The dose canbe administered ¢.g.; as a spray dried dispersion oras a tablet,

Such administration can be used as a chronic or acute therapy. The amount of

.active ingredient that may be combined with the carrier materials to produce a single

dosage form will vary depending upon the subject treated and the particular mode of
administration. A typical preparation will contain from about 5% to about 95% active
compound (w/w). Preferably, such preparations contain from about 20% to about 80%,
from about 25% to about 70%, from ébout 30% to about 60% active compound.

When the cofnpositions or methods of this disclosure involve a combination of the
solid (c.g., spray dricd) dispersion and one or morc additional therapeutic or prophylactic

agents, both the solid ‘(c.g., spray dried) dispersion and the additional agent should be

_present at dosage levels of between about 10 to 100%, and more preferably between

about 10-to 80% of the dosage normally administered in a monotherapy regimen.

Upon improvement of a patient’s condition, a maintenance dose of a compound,

composition or combination of this disclosure may be administered, if necessary.

Subsequently, the dosage or frequency of administration, or both, may be reduced, e.g., to
about 1/2 or 1/4 or less of the dosage or frequency of administration, as a function of the
symptoms, to a level at which the improved condition is retained when the symptoms
have been alleviqted to the desired level, treatment should cease. Patients may, however,
require intermittent treatment on a long-term basis upon any recurrence of disease
symptoms. ' V v -

It should also be understood that a specific dosage and treatment regimen for any

particular paticnt will depend upon a varicty of factors, including the activity of the

specific compound employed, the age, body weight, general health, sex, dict, time of

administration, rate of excretion, drug combination, and the judgment of the treating

physician and the severity of the particular disease being treated. The amount of active
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ingredients will also depend upon the particular described compound and the presence or

absence and the nature of the additional anti-viral agent in the composition.

EXAMPLES

Example ]
A mixture of the following components was spray dried to provide a solid
| dispersion of VX-950. VX-950/HPMCAS-HG/SLS was combined in a ratio of
49.5/49.5/1 wt/wt and combined in a solvent system at a solid concentration of 10, where
the solvent system included methylenc chloride/acetone/glacial acetic acid in a ratio of
66.6/28.5/5 to provide a product having a d50 of 43.03 and a bulk density of 0.37.

Example 2

A mixture of the following components was spray dried to provide a solid
dispersion of VX-950. VX-950/HPMCAS-HG/SLS was combined in a ratio of
49.5/49.5/1 wi/wt and combincd in a solvent system at a solid concentration of 10, where
the solvent system included methylene chloride/acctone/glacial acetic acid in a ratio of

-63/27/10 to provide a product having a d50 of 47.02 and a bulk density of 0.41.

Example 3

© Spray dried dispersions of VX-950 were prepared using with multiple VX-950
ldts, HPMCAS-HG (Hypromellose Acetate Succinate, HG grade, Shin-Etsu Chemical
Co.) polymer, and SLS (Sodium Laury! Sulfatc, Fisher) surfactant. Spray drying and
subsequent post-drying in a biconical dryer were performed. Dry dispersion with low
residual solvent levels and target powder properties were manufactured. Success criteria
included having acceptable précess yield (>80%), and meeting all target drug product
specifications for purity, and matching the target properties within the range specified for

pﬁysical characteristics (partictc sizc and bulk density).

Formulation Composition and Process Outline

The overall formulation composition for cach of two active dispersion

manufactures is described in Table 1.
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‘Table 1 Formulation composition of each of the two active dispersion

manufactures based off of 116.25kg VX-950 at 13wt%.

(for Dispersion)

Component Function | Component kg
API VX-950 116.25
Polymer/Dispersant Hypromellose Acetate Succinate, NF/IPE 11625 |
’ (HPMCAS-HG)
Surfactant Sodium Laury] Sulfate, NF (SLS) 2.348
Process Solvent Mcthylenc Chloride, NF 1178:8
(for Dispersion)
Process Solvent Acctone, NF

377.2

Process Solvent

DI Water

15.7




A flowchart schematic of a manufacturing process is given in FIG. 1.
An explanation of the process flow is below:

A) Preparation of Solution and Spray Dryer

1) Methylene chloride was prepared in the equilibration solvent tank.

2) 100kg of the prescribed acetone amount was added to the mixing reactor
(refer to Table 1). | '

3) Methylene chloride at tﬁe appropriatc amount (rcfer to Table 1) was prepared
in the main solution reactor. Differential pressure cells confirmed the correct amounts of
charged solvents.

4) VX-950 drug substance was charged into the main solution reactor (refer to
Table 1). The overall solids loading was at 13wt%. A sample was taken to verify the
drug substance was dissolved by visual inspcction. . ,

5) HPMCAS-HG was charged into the main solution reactor (refer to Table 1).

- The overall solids loading were at 13wt%. . A

6) The remaining prescribed acetone amount was addéd to the miXing reactor
(refer to Table 1), S

7) The acetone, SLS, and DI water were charged into the main solution reactor.

8) The resultant batch was tested for visual appearance and viscosity once
dissolved.

'9) The Spraying Systems SK-MFP pressure nozzle was installed and tesfed for
correct atomization with the equilibration solvent. (Nozzles 48/21, 50/21,.01' 52/21 can

also be used.)

B) Start-up of the Sf)ray Drycr

1) The spray dryer was heated to the appropriatc outlet temperature.

2) Equilibration solvents were sprayed until all paramcters arc cquilibrated and
constant. ' 7

3) Spray drying of the feed solution was commenced once the spray dryer was
cquilibrated. |
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4) Dry particles were inertially separated from the process gas by a cyclone and
collected within polyethyiene bags. The process gas was then filtered for fine particles
and condensed to remove process solvents.

5) Initial sample was taken and tested for particle size distribution and bulk and
tap densities.

a)-~ - Ifparticle size distribution and densities were within acceptance criteria

* and near targets (refer to Table 6), the process continued and samples were taken per the
_sampling plan.

b) If particle size distribution and densities were not within acceptance
criteria and not near tafgets (refer to Table 6), the process was optimized (e.g., by
changing one or more of the following: nozzle, outlet temperature, feed pressure) as
needed. Collection bags were changed and the powder outside of the acceptance criteria
was held in quarantine. Once the sample was within specification, the process with

currcnt paramcters was started.

)] On-going Spray Drying

1) Took samples per sampling plan.

2) Noted any changes to the processing parameters.

3) Noted any stoppages or out of continuous operation occurrences.

4) Upon completion of spray drying the feed solution, switched to equilibration

solvent and followed normal shut down procedures.

D) Post-Drying Process
1) Spray dried dispersion was charged into a secondary dryer and dried until all
residual solvents (methylene chloride, acetone, ethyl acetate, and toluene) were below the

specifications cstablished.

Equipment
An 8000-L industrial scale reactor cquipped with a mechanical stirrer and thermal
circuit was used for mixing of the initial solution. An industrial scale spray dryer (Niro

———————Pharmaceutical Spray-Dryer FSD12:5CC)-was-used in-normal co=current-spray-drying
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mode. A pressure nozzle system (Spraying Systems Maximum Free Passage SK-MFP.
Series variety, orifice 48-54, core 21) was utilized. A high performance pressure pump
with solvent-compatible/resistant gaskets pumped the feed solution through the atomizer
into the spray drying vessel. An inertial cyclone separated the product from the process
gas and solvent vapors. A filter bag then collected the fine particles not separated by the
cyclone. The resultant gas was condensed to remove process solvents and recycled back
to the heater and spray dryer (closed cycle).

FIG. 2 was a schematic of the spray drying process.

The resultant product was transferred to a biconical vacuum dryer for drying of

residual solvents.

Key Process Controls and Parameters
Key process controls and parameters were needed for both the spray drying and
biconical drying process. The primary process controls parameters have been identified

through preliminary research batches.

Key process controls and parameters for the spray drying process, which were

monitored and recorded over the entirety of the run time, were:

. Atomizer/nozzle Installed

. Feed Pressure

. Inlet Temperature

. Condenser Temperature Set Point (at about ~10 to ~15°C)

Key process metrics for the spray drying process, which were monitored and
recorded over the entirety of the run time, were:

e  Solution Feed Rate v_ '

e  Qutlet Temperature

e  Cyclone Pressure Differential and Drying Gas Flow Rate

Tablc 2 defines spray drying process parameters/metrics, scttings/ranges, and
target guidelines.
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Table 2 Spray drying variables, settings, and targets

Variable Setting/Range
Atomizer Installed Spray Systems SK-MFP
Solution Feedrate 120-200 kg/hr
Feed Pressure ; ’ ~ 20-50 bar
J’hlct Temperaturc 50-80 °C
Outlet Temperature ' 25-31°C
Cyclone Pressure - ' 10.5-13.5¢m H,0
Differential |

Materials

All excipients and process solvents used complied with the current monographs of
the European Pharmacopoeia, the Japanese Pharmacopoeia or the USP/NF, as indicated
in Tables 1 and 3. All excipients and process solvents were purchased from approved

- suppliers. Manufacturer certificates of analysis were accepted and all materials received

will undergo testing.
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Table 3 Materials

Material Source

VX-950

Hypromellose Acctate Shin-Etsu Chemical Co.
Succinate, NF/JPE
(HPMCAS) (Aqoat AS-
HG) '

Sodium Lauryl Sulfate : Sigma/Fisher
(SLS), NF

Methylene Chloride, NF
Acetone, NF
DI Water

Variations in Manufacture

Manufactufe 2 used a pr.ocess, optimized for dispersion. Most notably this
dispersion had larger particle size and bulk density than Manufacture 1, as needed for
enhanced powder flowability and direct Compression on a high-speed tablet press. Spray
di’ying parameters were varied to make such powder. Variations were also made to

tighten the process and to avoid possible deviations.

Examplc 4

Spray dricd dispcrsion§ of VX-950 were prepared using a solvent system that
contained water, as described. ‘The solvent system contained 75% methylene chloride;
24%, acetone; and 1% water (w/W/w). The dispefsions contained 49.5% VX-950; 49.5%
HPMCAS-HG; and 1% SLS (w/w/w). As indicaied in F1G. 3, various combinations of
outlet temperature, feed pressure, cycloné pressure, condenser setpbint temperature,
nozzle type, solids loading, and solution feedrate were tested in the spray drying process.

As indicated in FIG. 3, varying these parameters varied the properties (particle size (PS)),
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span, bulk density, tap density, and levels of residual solvents) of the resulting

dispersions.

Example §

Objectives and Success Criteria’

Dry dispersion with low residual solvent levels and target powder propertices are
manufactured. Success criteria include having acceptable process yield (>80%), and
meeting all target drug product specifications for purity, and matching the target
properties within the range specified for physical characteristics (particle size and bulk

--density).

Formulation Composition and Process Outline

The overall formulation composition for the two active dispersion manufactures is

described in Table 4.

Table 4 Formulation composition of the first active dispersion manufacture
based off of 100kg VX-950 at 15wt%.

Component Function Component kg

API VX-950 200.0

Polymer/Dispersant Hypromellose Acetate 100.0
Succinate, NF/JPE
(HPMCAS-HG)

Surfactant - Sodium Laury!l Sulfate, | 2.02
NF (SLS) |

Proccess Solvent . Methylene Chloridé, NF | 8586
(for Dispersion)

Process Solvent -Acetone, NF 274.7
(for Dispersion)

Process Solvent DI Water 11.4
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A flowchart schematic of the manufacturing process is given in FIG. 4.

An explanation of the process flow is below:
A) Preparation of Solution and Spray Dryer

1) Methylene chloride is prepared in the equilibration solvent tank.

2) DI water is charged into a secondary mixing vessel (refer to Table 4).

3) Methylene chloride at the appropriate amount (refer to Table 4) is
prepared in the main solution reactor. Differential pressurc cells confirm the corréct
amounts of charged solvents.

“4) VX-950 drug substance is charged into the main solution reactor (refer to
Table 7). The overall solids loading are at 15wt%. A sample is taken to verify the
drug substance is dissolved by visual inspection.

5) HPMCAS-HG is charged into thc main solution reactor (refer to Table 4).
* The overall solids loading is at 15wt%. _

6) The acetone amount is added to the mixing reactor (refer to Table 4). A
sample is taken to determine if all solids are dissolved.

7) The SLS and water are added to the main mixing reactor.

8) The Spraying Systems SK—MFP pressure nozzle is installed and tested for

correct atomization with the equilibration solvent.

B) Start-up of the Spray Dryer

1) The spray dryer is heated to the appropriate outlet temperature.

2) Equilibration solvents are sprayed until all pafameters are equilibrated and
constant, ' '

3) Spray drying of the feed solution is commenced once the spray dryer is
cquilibrated.

4) Dry particles arc incrtially scparated from the process gas by a cyclone
and collected within polyethylene bags. The process gas is then filtered for fine

particles and-condensed to remove process solvents.

- 49



5) Initial sample is taken and tested for particle size distribution and bulk and
tap densities. V

a) Ifparticle size distribution and densities are within acceptance criteria and
near targets (refer to Table 11), the process continues and samples are taken per the

- sampling plan.

b) “If particle size distribution and densities are not within acceptance criteria
and not near targets (refer to Table 11), the process is optimized (by changing one or
more of the following: outlet temperature, feed pressure, or condenser temperature as
needed. Collection bags are changed and the powder outside of the acceptance

criteria is held in quarantine. Once the sample is within specification, start the

process with current parameters.

) Post-Drying Process
1) Spray dried dispersion is charged into a sccondary dryer.
2) This continues until all residual solvents (methylenc chloride, acctone,

ethyl acetate, and toluene) are below the speéiﬁcations established.

D) - Testing, Shipment

1) Samples of this dispersion are tested for release testing.

Equipment
An 8000-L industrial scale reactor (R240) cquipped with a mechanical stirrer and
thermal circuit is used for mixing of the initial solution. A reactor (R32) is used for the
SLS and water mixture. An industrial scale spray dryer (Niro Pharmaceutical Spray
Dryer FSDIZ.SCC) is used in normal co-current spray drying mode. A pressure nozzle
system (Spraying Systems Maxihnum Free Passage SK-MFP Series variety, orifice 54,
~core 21) is utilized. A high performance pressure pump with solvent-compatible/resistant
gaskets pumps the feed solution through the atomizer into the spray drying vesscl. An

inertial cyclone separates the product from the process gas and solvent vapors. A filter

bag-thencollects-the fine particles not separated by the cyclone. The resultant gas is
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condensed to remove process solvents and recycled back to the heater and spray dryer .

(closed cycle).
FIG. 2 is a schematic of the spray drying proccss.

The resultant product is transferred to a biconical vacuum dryer (S901) for drying
of residual solvents. The dry product is sieved within a nitrogen swept glovebox and

packaged.

Key Process Controls and Parameters

Key process controls and parameters are needed for both the spray drying and
biconical drying process. The primary process controls parameters have been identified
through preliminary research batches.

Key process controls and parameters for the spray drying process, which need to
be monifored and recorded over the entirety of the run time, are:

Atomizer/nozzle Installed

Feed Pressure

Inlet Temperature

Condenscr Temperature Set Point

e & o o

Key process metrics for the spray drying process, which need to be monitored and
recorded over the entirety of the run time, are:

Solution Feed Rate
Outlet Temperature
Cyclone Pressure Differential and Drying Gas Flow Ratc

¢ o o o

Table 5 defines spray drying process parameters/metrics, settings/ranges, and

target guidelines.
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Table § Spray drying variables, settings, and targets

Variable Setting/Range
Atomizer Installed Spray Systems SK-MFP
Solution Fecdrate 130-180kg/hr

Feed Pressure 40-65bar

Outlet Temperature 22-29°C

Cyclone Pressure 10.0-12.5¢mH,0
Differential

Materials

All cxcipients and process solvents used comply with the current monographs
of the Europeaﬁ Pharmacopoeia, the Japanese Pharmacopoeia or the USP/NF as
indicated in Tables 4 and 6. All excipients and process solvents are purchased from
approved suppliers. Manufacturer certificate of analysis are accepted and all

materials received undergo testing.

Table 6 Matcrials

Material

VX-950

Hypromellose Acetate
Succinate, NF/JPE
(HPMCAS) (Aqoat AS-HG)
Sodium Lauryl Sulfate (SLS),
NF

Mecthylenc Chloride, NF

Acctong, NF

DI Water

Variations in Manufacture

The manufactures utilize a 10% or 30wt% solution. Also, the solution

manufacture-can-be-varied.—In-some-batches; the SLS/DI Water mixture-is-added-last—
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to the main solution reactor. Inlet temperature of the spray dryer is monitored but in some
manufactures a range or a target is not defined. Reduced in-process sampling is instructed. KF

testing on the polymer prior to charging can be performed.

Any reference to publications cited in this speciﬂqation is not an admission that the

disclosures constitute common general knowledge in Australia.

A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope

of the disclosure. Accordingly, other embodiments are within the scope of the following claims.
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CLAIMS

1. A method of spray drying a drug, the method comprising forming or providing a
mixture of the drug in a solvent system that comprises a solvent, or combination of components
where at least one solvent is a non-volatile solvent, and spray-drying the mixture to obtain

amorphous drug product, wherein the drug comprises VX-950.
2. The method of claim 1, wherein the mixture comprises a solution or a suspension.

-3 The method of claim 1-or claim 2, wherein the solvent system comprises a combination

of components comprising at least one non-volatile solvent.

4, The method of claim 3, wherein the combination of components comprises a volatile

solvent and a non-volatile solvent.

5. The method of claim 4, wherein the volatile solvent comprises methylene chloride,

acetone, chloroform, or THF.

6. The method of any one of claims 3 to 5, wherein the non-volatile solvent comprises '

glacial acetic acid, DMSO, DMF, or water.

7. The method of any one of claims 3 to 6, wherein the non-volatile solvent is present in an

amount of from about 0.1% to about 20% by wt.

8. ‘The method of claim 4, wherein the solvent system comprises a combination of volatile

solvents with a non-volatile solvent.

9. The method of claim 8, wherein the volatile solvents comprise methylene chloride and

acctone.

10.  The method of claim 8 or claim 9, wherein the non-volatile solvent comprises glacial

acetic acid.

11. The method of claim 8, wherein the solvent system compfises‘methylene chloride,

acetone, and glacial acetic acid.

12.  The method of claim 11, wherein the solvent system comprises from about 40% to
about 80% methylene chloride, from about 20% to about 35% acetone, and from about 0.1% to

about 15% glacial acetic acid.
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13.  The method of claim 8 or claim 9, wherein the non-volatile solvent comprises water.

14.  The method of claim 8, wherein the solvent system comprises methylene chloride,

acetone, and water.

15.  The method of claim 14, wherein the solvent system comprises from about 40% to
about 80% methylene chloride, from about 20% to about 35% acetone, and from about 0.1% to

about 15% water.

16.  The method of claim 1, wherein the solvent system comprises glacial acetic acid.

17.  The method of claim 1, wherein-the solvent system comprises water.
18. The method of any one of claims 1 to 17, wherein the mixture further comprises a
surfactant.

19.  The method of claim 18, wherein the surfactant comprises sodium lauryl sulfate.

Date: 30 January 2013
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