DELAYED RELEASE, ORAL DOSAGE COVPOSI TI ONS THAT CONTAI N AMORPHOUS CDDO- VE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit uwmden103B3444S. C.  119(e) of U.S. Provisional Applpceatsean/osaei al No.
61/ 152,608, filed February 13, 2009, the content of which is incorporated
by reference into the present disclosure in its entirety. BACKGROUND OF THE
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—

2 diabetes.

15 [0003] In these studies bardoxolone methyl was administered orally in a crystalline form
(“Form A”), once daily, at a variety of doses. In addition to the significant clinical efficacy
noted in these studies, Form A bardoxolone methyl showed an excellent tolerability profile
with very few drug-related side effects noted.

[0004] Pharmacokinetic data from these studies indicated, however, that Form A

20  bardoxolone methyl has relatively low oral bioavailability. Fortunately, a non-crystalline
form of bardoxolone methyl (“Form B”) also has been identified, which shows markedly
superior oral bioavailability compared to Form A.

[0005] It is well understood that improved oral bioavailability is a desirable feature of a
drug formulation, since it reduces the per-dose cost of active material and is consistent with

25  the general medical principle of administering the lowest amount of a drug that is known to
produce the desired effect. Conversely, low aqueous solubility resulting in poor oral
bioavailability of potential drug candidates has been recognized as a significant challenge
facing the pharmaceutical industry.

[0006] In fact, an estimated 25-30% of compounds in early development have poor

30  bioavailability due to low solubility. The United States Food and Drug Administration has
1



[0006] In fact, an estinmated 25-30% of compounds in early devel opnment have
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they can be developed, often behave differently in vivo, relative to those formulations
20  containing the corresponding drug in a crystalline form. Formulations containing
amorphous drug substances have been reported to produce bioavailability enhancements
and have area-under-curve (AUC) values several-fold higher than formulations containing
the corresponding crystalline form of the drug substance on an equivalent dose basis. While
it is not unusual for amorphous forms of drugs, once absorbed into general circulation, to
25  exhibit similar metabolism, distribution, and excretion profiles, the time to maximal plasma
concentration (Tmax) and the maximal concentration observed (Cmax) often are altered
markedly in formulations containing amorphous drugs compared to their crystalline
counterparts.
[0009] If a drug exhibits toxicity or is associated with an increased frequency of adverse
30  events above a certain limiting plasma concentration, then maintaining therapeutic plasma
levels safely below such a limiting level may be of paramount importance. Thus, even if a
drug has a broad therapeutic window and is otherwise safe and effective, the control of
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counterparts. [0009] If a drug exhibits toxicity or is associated with an
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matri X, i e .0bt ai exa roduct of r SS
that comptrBlEAD0R0 nRoRuety Ll R R BBk B0 R M o RS
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[0012] | YEECoPEEne ecalinfaset hiAdternieply: hyseonhilifodrindssnmay bhet my@Edphi 1 c
bi nder: | i i re may be between about 1% and
abou?5403??Wf@%C%$g?%%g%5%§i ?g?%ﬁﬁgﬁ?%ﬁﬁggﬁﬁf, bet ween about 2% and about
20% (W w)[00Bout Tt ¥marehtmbouent 16f%he invention, the particles (A) consist essentially of

amorphous bardoxolone methyl. In another embodiment, the particles (A) are comprised of

a solid dispersion of amorphous bardoxolone methyl in a glassy matrix, which can be
obtained, for example, as the product of a process that comprises spray drying a mixture of
20  bardoxolone methyl and a methacrylic acid copolymer. Such spray drying can involve, for
instance, using a 4:6 mixture of bardoxolone methyl and a methacrylic acid copolymer.
[0012] In accordance with this invention, the proportion of the hydrophilic binder in a
solid dosage form as described here may be between about 1% and about 40% (w/w) of the
total formulation, e.g., between about 2% and about 20% (w/w), about 4% and about 10%
25  (w/w), about 5% and about 7.5% (w/w), or about 7% and about 7.5% (w/w) or at about 7%
(w/w) of the total formulation.
[0013] Formulations of the present invention exhibit modified Cmax profiles relative to
formulations that lack hydrophilic binding agents. More particularly, an inventive
formulation produces a significantly lower Cmax than that obtained with a comparable

30  formulation containing the amorphous dispersion but lacking the hydrophilic binding agent.



(ww), about 5% and about 7.5% (W w), or about 7% and about 7.5% (w w) or
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15  Dbardoxolone methyl in clinical studies, the present inventors sought to identify a

By

formulation containing an amorphous dispersion of bardoxolone methyl that would
maintain the advantage of improved oral bioavailability while producing a plasma
concentration curve more closely resembling that associated with Form A. This would
afford greater confidence that the efficacy and tolerability profile of such a formulation in
20  subsequent clinical studies would be consistent with that observed in studies using Form A
material.
[0017] By virtue of this investigation, the present inventors discovered that a modified
formulation of a solid dispersion of bardoxolone methyl, containing as an additive one or
more hydrophilic binding agents, for example, cellulose-based binders, such as
25 hydroxypropyl methyl cellulose, showed the desired properties. These hyrdophilic binding
agents are believed to modulate dissolution rate, providing not only oral bioavailability that
is several-fold greater than that of Form A material but also, following oral dosing, a lower
Cmax than previous Form B formulations. Consequently, a formulation of the invention
yields an overall plasma concentration curve (PCC) that more closely resembles the PCC

30  associated with Form A material.
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a single glass transition temperature (Tg), which can be measured via differential scanning
calorimetry. Each non-crystalline form of bardoxolone methyl also has a characteristic,
20  broad halo peak, observed by X-ray powder diffraction (XRPD), which is indicative of the
presence of an amorphous form.
[0021] A solid dispersion of bardoxolone methyl employed in accordance with one aspect
of the present invention may be produced with any of various glass-forming materials, used
as excipients. Thus, one embodiment of the invention is a formulation in which particles of
25 such a solid dispersion of bardoxolone methyl are admixed with particles of a hydrophilic
binder, optionally with particles of other excipients. The resulting admixture, when
administered to a subject by oral dosing or other means, produces a modified plasma
concentration curve compared to formulations containing the same amount of the solid
dispersion of bardoxolone methyl but lacking the hydrophilic binder.
30 [0022] This modified plasma concentration curve is characterized by a lower Cmax
relative to the formulation that lacks the hydrophilic binder. By the same token, admixing
particles of pure Form B bardoxolone methyl with particles of a hydrophilic binding agent,
5
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form ng excipient that are other than t ;6 ratio referenced below. As a
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and pol yahly?irnoixr;qe)l)ro'pyl cellulose), acrylic acid derivatives and other synthetic polymers (e.g.,
polyvinyl pyrrolidone and copovidone), organic acid salts, and proteins and peptides (e.g.,
albumin and polyalanine).

20 [0026] A solid dosage form of the invention may be administered by other than oral
dosing. These other, suitable administration routes include but are not limited to nasal,
pulmonary, transmucosal, and transdermal delivery.

[0027] Solid dispersions of Form B (amorphous) bardoxolone methyl have exhibited
superior oral bioavailability compared to formulations containing pure Form B bardoxolone

25  methyl (data not shown). Still, both types of amorphous material have displayed
dramatically improved oral bioavailability compared to crystalline forms of bardoxolone
methyl.  Accordingly, the present invention encompasses, in one of its aspects, a
formulation that contains pure Form B bardoxolone methyl admixed with one or more
hydrophilic binding agents, such that the admixture achieves an overall plasma

30  concentration profile similar to the formulations exemplified below. Such admixing does
not yield a solid dispersion, regardless of whether the hydrophilic binder could serve as a

glass-forming excipient in another context. This is so because the admixing process
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overal |e g g@n s eﬁuﬁg{dﬁg@r{ prepr}%gsqrtlgllljscql}ygropthlhct i %‘tétag ive, %?(;l’lilllga?r\é vift!

exenplsi f Iaefbrbﬁla@ﬂdn uedniagdni ¥ilRgdidpasion W Hdrel 8, an 90ddrdodichiRet SthoRiesired
regardl ess of whether the h]%/edrophl lic binder could serve as.a gl ass-form ng
exci pi entP itslmaa?ﬂﬂca@rat@arﬁreﬁ Fyj igstpaces ¢ Ipeeha@euntel hienhiligbinder versus

processacenydiifldediond ﬁfg}% méergﬁ{éﬁ’%lih%()@érnﬁéﬁsaﬂg%f)ltﬂeel &PFioavaildbilit Jﬂ # &ing

bot h materlas na so en spray-drying, that are requi
t he f or metormnB efaterisolelativeits peold dispersd@28htamifioa mfuﬂn@aﬂable ammmmaof\Fmgn Bur e

Form B bar doxal one nethyl, purs nt to the inven re uire.diff rent
proporti SRR By s ediend Orﬁog%ﬂefam\\/ B miAFB TR Iehe R PRSORIAE Pon

cont gipni NEdaphald &n@é&d@% %l:t‘?&b Rﬁgkﬁ%r?e%uréd”to%dﬂ?ervettﬁe et AvRsiiRew iR PufLd
pl asma concentration profile. For instance, a | ower anount of hydrophilic

bi nder vd?osmsBamtateVIel i depeetingon thicgimturoeofy thuhydgdph:lbc dorjyen sged ¢roagetnlfﬂe

| bi b I f F B
i sper i o swe A e e8P AR i oo ReB IRFe TR Gescr bed

above. Mjpg2genar @shye f@ﬂrﬁ hﬁ’rthboml%ntféh YoARY dPhRRAr b itaap&ftichldrepRblivd C
bi nder (s)-to-active m ght be reqblre to achl eve the desired results with

pur e For rAnRuRht @ff  amorpiaise batdegolonc t methyht urle diist rgarfy derophpRt lﬁlileﬁdilmg
f
agent i ﬂg{f‘%}eﬁ 18%$YG%QV§ nlg ﬂ.’)@%ﬁt keg ttl%at% th$ f\]?% S1 eﬁ%{l\’hg IpSt%w% 1It11 @ rc%qgt}/ngcal ly

present at’r on osage Fnvent on

cont ai ns tﬂodd”leélaspelﬂebcahikuweféteﬂtl(\ZGOQ)rTBLUSt Onkt, a(m)eRIUS bﬂbﬂogﬁie@ﬂ@ a
methyl. In this regard, an amount that is "therapeutlcally effective” is
suffi ci eﬁberﬁbellézeﬁlﬂx/aﬁf@wﬁ emQupbcagy bndgteriyneshemmngyalin by ekntnse ithg msHisd
cells. Segpl c%hbeﬁ%’ﬁ’@te?st al, (2009) PloS One, 4(12):e8391. More generally, a

[0030] To illustrate the invention, amorphous bardoxolone methyl-containing
20  compositions were prepared as a spray-dried dispersion (SDD). A solid dispersion of
Form B, each of the SDD compositions was produced by spray-drying solutions that
contained a 4:6 ratio of bardoxolone methyl (Form B) to a glass-forming excipient,
methacrylic acid copolymer Type C, USP. A formulation was prepared by blending the
resultant particles of a given SDD with a hydrophilic binding agent, such as hydroxypropyl
25  methyl cellulose, together with other excipients, as shown below in Table 1, followed by
roller compaction of the blend, milling, and encapsulation of the granules thus obtained.
[0031] In general terms, the final product of this exemplary process was a mixture in
granular form, each granule containing (i) particles of an amorphous dispersion containing
Form B bardoxolone methyl, (ii) particles of the hydrophilic binder(s), and (iii) particles of
30  the other excipients. An analogous process could be used, varying in the nature of the
starting material, i.e., pure Form B rather than a solid dispersion containing Form B, to
produce a mixture in granular form. In this instance, each granule would contain (1)

7



therapeutically effective amount can be determ ned enpirically, by
reference to a patient's clinical paranmeters. [0030] To illustrate the

i nvent i onvoanwqbaus bar doxol one net hyl - cont ai ni ng conp@®@siritisens/onaee
prepared as a spray-dried dispersion (SDD). A solid dispersion of Form B,
each of the SDD conpositions was produced by spray-drying solutions that
contai ned a. atl of doxol.one t.hyl (Eorm o] as

exci pi eneirdaiays Pot i 3 EREGY S er BB IGERn o i SAPRS
preparedggyoﬂkﬁggﬁﬁgnﬂge resultant particles of a given SDD mnth a

hydrophilic blndlggra gent, such as hydroxypropyl nethyl cel | ul ose, together
wi t h ot hdP0Fdci Hb ehown ias Teblowh ts&rongei PoTablation #1 ofidennidad bg Fighteed as

conpacti Q f th € and eng Ca, sul tlon of t nuIe hus
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process waﬁer@cmfxfmmemm @t dficdtioh Moneidsihg gfoamﬁoeldc)ﬁat atRl Podided and

particles of an anDrBhous dlsperS|on cont ai ni ng Form B bar doxol one net hyl

(ii) par tooafaEedofromn8%n el r495hi i &vershh iy bzqroxmﬁapxll methylssHelpeg dEPHCK He

ot her ex a d ar t ture
of the s?g F%%%ﬁﬁﬁﬁg}?% kg?&&éﬂﬂ&%fe E%?HHﬁ P%@ﬁggﬂgﬁgn aygggnggﬁlggggglon
COﬂt&lﬂlﬁch&mm Bictdso gprdochicrecystallicucadlulase gwarubdustédrdownivard hicsordmgtyance,
each gran %guld contain (1l)particles of pure FormB, (2) particles of
the hydrd; HWF bi nder (s), and (3) particles of the any other excipient(s).
[0032] As shown in Table 1, reference "fornulation #1" (identified in

Fi gurie 1 mple1EudCagpésitoldf conaiol Bimaskidhamna Yérdantion modificadhegnaditinn agent .

Modi fi cations tonﬁhegmeﬁ@mﬂmQEumﬁmﬁylatlon each nodi fication contalnlng no
copovi done—w 2 5 we
hydroxypnmmmbmmathylcelIulose (HPNt) a#zepresenﬁmilve oﬂmthe #5

cel | ul oseasRRafM ByEy QM) 1 C DI mds@% subplsags. Paseent ages: Qjy, t he expipi ents
| act ose gp Egﬁ%%ﬁﬂgﬁﬁ%bﬁJl'ne cgl ?Ioseﬂﬂﬁge adby?&gd dog@%@Jd ac%g%glngly

(Tabl e tion of cont ro fornulati on and formulation

nDdlflcaﬂﬁﬁﬁﬁk@HWVQWﬁlng hydr oXyPropyl Heltyl ceftUPose EoMbnent W #2 #3
#4 #5 Bar(@oxalogave: net hyl ( SDD) 999050% 290°50% 120806 12. 595012, 50940%

Sodium Lauryl Sulfate 3.00% 3.00% 3.00% 3.00% 3.00%
Colloidal Silicon Dioxide 1.00% 1.00% 1.00% 1.00% 1.00%
Magnesium Stearate 1.00% 1.00% 1.00% 1.00% 1.00%
HPMC 0.00% 0% 5.00% 20.00% 40.00%
Total 100.00% 100.00% 100.00% 100.00% 100.00%

[0033] Table 2 details the constituents of capsules that contain 50 mg of active ingredient,
micronized crystalline (Form A) bardoxolone methyl. In Table 3 this formulation is

designated “CTM.”

15 Table 2. Composition of bardoxolone methyl capsules containing micronized crystalline form of the
drug substance

Identity % wiw mg per capsule
Bardoxolone Methyl (Micronized) 18.18 50.0
Microcrystalline Cellulose 18.55 51.0
Pregelatinized Starch 53.45 147.0
Copovidone 8.72 24.0
Colloidal Silicon Dioxide 0.55 1.5
Magnesium Stearate 0.55 1.5
Total Capsule Contents 100.00 275 mg

[0034] Pharmacokinetic studies were carried out in fasted cynomolgus monkeys with an

average body mass of 3 Kg. In animals treated with the formulations shown in Table 1, a
8



M crocrystal line Cellul ose 20.00% 29. 00% 24. 00% 29. 20% 22. 50% Lact ose
Monohydrate 53.50% 53. 50% 53. 50% 33. 30% 20. 00% Copovi done XL 9. 00% 0. 00%
0. 00% 0. O9®:201000%9%4%0di um Lauryl Sul fate 3.00% 3. 00% 3. 00UTRISRYH03410D%
Colloidal Silicon Dioxide 1.00% 1.00% 1.00% 1. 00% 1. 00% Magnesi um St ear at e
1.00% 1. 00% 1. 00% 1. 00% 1. 00% HPMC 0. 00% 0% 5 00% 20. 00% 40. 00% Tot al

100. 00% 100.,00% 100. OOCV 100. 00{ 100. 00% Tahl gr & % d
const i t uetise §#Psuiep¥ey & dinpygre %’P{t%ﬁhg% Bfan%%? gt n’imcromze

M croni zegdy®dIMsd fir d%%hG%ﬁrlm%lebﬁ"cQQ%%s‘Mb@ weet BYtinidtéred %2'&2113};&&5%65 The
formulation is designated "CTM " Table 2. Conposi ti on of Dbardoxol one net hyl

capsul es dosgeaifrihary frrﬁmecfnrrz@latlm aysit@rmulﬁ@on oroiftsetiomerraicngdsufsblarceas

ldentity Vo W/W suI X0l o M.cr oni. zed 8..18.50.0
M or oor 5 Rl R R a2 R SR RS A g My G R BN f S pnfiin 470

CopOVISdOI’tmc?on_fz%dMys@alﬁ?l‘iﬁ fo@mdﬂlthe?drhgmmDBQﬁng 0.55 1.5 Ivagne5| um Stearate
0.55 1.5 Total Capsule Contents 100.00 275 ng [ 0034] Pharnacokinetic
st udi es v[@P%SlcaB#Opédvaéuﬁvlth%aWIa&oaHeWrﬁélﬁwlgafsthﬁﬁmf‘ep%mw ingicafrd %Er@g%lbody
1SS oo dnli%och ARNTELS, (AEREEN 11 BolddRoRE LAY QORCANAWN ) Talfed
asingl e capsa[e was adm ni Stere ora gavage. 1n aninmals t eate W th
the m cr drC/MMS mmaadljrtwabteﬁt)mmhad ghowhainmcokinkbic 2ata bbaiedpsepesentst @
adm ni ste](:ﬂ%ﬁjer@y oral gavage. The dosage of the reference formulation and
formul ati difications presented in Table 1 was approximately 10.0 ngy /
kg, while the dosage of the formnulati on conposition containing the
m cr oni Zeghplerdy St fhdria@KiRifpAhmeRLestindes Nam bloddbidkthed fdGwink @3 2dpsk 00d was
Wi t hdrawn from eadhinltrafidl of 10inglKa RTA 402 f@QiatH iSivdstight@iat wdaditTon@atiod akd

33 mg/kg RTA 402 crystalline (Form A) CTM [mean (n=5); pharmacokinetic

parameter estimates generated via non-compartmental analysis (WinNonlin™

software version 5.2)]

ID in
RTA 402 Oral Dose Table | Cpax | Tmax | CI/F Cl VJ/F| V., | Tin
Formulation 1 |ng/ml| hr [L/hr/kg|L/hr/kg| L/kg |[L/kg| hr |AUCo. 70| %F

Eudragit SDD, 0% HPMC #2 | 27.6 | 6.00 | 253 39 1467 |71 | 129 433 15.2

Eudragit SDD, 5% HPMC #3 12241560 [ 29.6 35 529163124 339 11.9

Eudragit SDD, 20% HPMC | #4 | 114 | 6.40 | 45.5 3.7 883 | 72 | 13.6 230 8.1

Eudragit SDD, 40% HPMC | #5 | 16.0 [10.00] 36.7 39 | 797 | 84 |153 297 10.5

Eudragit SDD, control #1 | 34.8 | 4.00 [ 23.6 3.7 455171 1134 444 15.6
Crystalline micronized
(Form A), CTM NA | 10.2 [12.00| 126.6 | 3.5 |2706| 76 | 14.8 258 2.8

15
CTM: clinical trial material, HPMC: hydroxypropyl methylcellulose, ND: not determined, SDD: spray dried-
dispersion
Pharmacokinetic parameters defined:
C iy, maximum observed concentration; Ty, time of achieved maximum observed concentration; CI/F, the apparent
20 oral clearance assuming 100% bioavailability of drug; Cl, total body clearance ot drug corrected for fraction of drug
absorbed; V/F, the volume of distribution of drug assuming 100% bioavailability of drug, calculated from the
terminal phase; V,, volume of distribution of drug corrected for fraction of drug absorbed and calculated from the
terminal phase; Ty, the estimated pharmacologic half-life of the drug, AUC,_,, is the estimated drug area under the
curve from time zero through 72 hours of blood sampling; %F, percentage of drug absorbed relative to intravenous
25 administration.

[0036] Figure 1 shows that the use of HPMC in a SDD containing Form B bardoxolone
methyl (designated “RTA 4027) alters the in vivo pharmacokinetic profile of the drug. For

instance, increasing concentrations of HPMC lower the mean blood concentration of RTA
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[0038] In light of these results, the 5.0% and 7.5% HPMC formulations were selected for

comparative pharmacokinetic studies in cynomolgus monkeys, with a control in the form of

10

the crystalline micronized Form A bardoxolone formulation described in Table 2. Each of

the HPMC/Form B formulations was administered in capsules, via oral gavage, at doses of

either 30 mg or 10 mg. The Form A control formulation was administered at a dose of

100 mg. Results (blood plasma concentration of RTA 402 vs. time) are shown in Figure 2.

[0039] An HPMC formulation containing Form B bardoxolone methyl also was prepared

15  for human

clinical studies.

Bardoxolone methyl capsules were formulated at 15 mg

strength. Table 4 depicts the components used on a per capsule basis. Table 5 presents the

composition in a percentage basis.

[0040] As described above, the SDD contained 40% bardoxolone methyl active

pharmaceutical ingredient (API). As a result, the use of 37.5 mg of SDD per capsule

20

10

resulted in 15 mg of bardoxolone methyl per capsule.
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In Tables 4 and 5,

"SMCC"' denot es

silicicfi i,crogrystal lipe.cellulo oprocessed excipient conprised of
Comperdi s Bsci pr AN terngy BR 15 8 tafRue e fRR R RRITHOLY St
Qui de. Ta T 1 h bar doxol one net hyl capsul es
on a per | ¢apskthg: basi s 15 ng I ngredi eptgapsild/ Capsul e RTA-402 SDD (40%
Di sper si omT@al20A8h1) (46%. DaspoMbforWPOLM 12031.@act 0se Monohydrate 135
Hydr oxypr epyl gethyl cel lul ose 22 5 Siliaon D oxi de Colloidal i Magnesi um
St ear at e | iLaGedMomhydgur vyl Sul phate 9 Tot abs Capsule Fill Wight: 330 ng
Capsul e $Hxéogproldbkéy&liBatech fornul a 182Hg strength bardoxol one net hyl
capsul es | dhicpdiieeditatddsbasi s 15 ng | ngredi ents: ng/ Capsul e RTA-402 SDD (40%
Di sper si oNagfesiapPrarglq 3604 3
Sodum La; Sulphate 9
Total Capsule Fill Weight: 330 mg
Capsule Size #1
Table 5 Batch formula 15 mg strength bardoxolone methyl capsules on percentage basis
15 mg
Ingredients: mg/Capsule
RTA-402 SDD (40% Dispersion of API) 11.36%
SMCC (90LM) 36.36%
Lactose Monohydrate 40.91%
Hydroxypropyl methylcellulose 6.82%
Silicon Dioxide Colloidal 0.91%
Magnesium Stearate 0.91%
Sodium Lauryl Sulphate 2.73%
Total 100.00%
10 [0042] To demonstrate that the Form B formulations of the present invention can maintain
high bioavailability and achieve the desired PCC in humans, clinical pharmacokinetic
studies were carried out in healthy volunteers. The volunteers received a single dose of
either 150 mg crystalline bardoxolone methyl (Form A; 3 50 mg capsules) or 30 mg
amorphous bardoxolone methyl (Form B; 2 15 mg capsules). Repeated blood samples were
15 subsequently taken and analyzed for plasma concentrations of the drug. After a 10-day

washout period, each patient was given the form of the drug that was not administered the

first time. A plasma concentration profile was measured again for each patient after the

second treatment.

11



SMCC (90LM 36. 36% Lact ose Monohydrate 40.91% Hydr oxypropyl nethyl cell ul ose
6.82% Si |l i con Di oxi de Col | oi dal 0.91% Magnesi um Stearate 0. 91% Sodi um
Lauryl Suwphato929443% Tot al 100. 00% [ 0042] To denonst r aPteTiUusat10toba2For m B
fornmul ati ons of the present invention can maintain high bioavailability and
achieve the desired PCC in humans clinical pharmacokinetic studies were
carried g‘%" |n hgalth aunrlk'gc me ;I'rgl%et\ér% t?t qe;cgltgﬁgesl ved a single dose of
either 1 rrg crys tarte | BRO%r Bhé matﬁ OrmA =3 50 ny capsul es) or

30 ng anoTRiOrs b guxg) oe pEL:

V ) . CA Ed
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given the formof the drug that was not adm nistered the first tine. A

pl asma conck®mt rat i onlpr of i IGyswdisneredsur edD.@gai n £.8r eachl.pati ent6ldfter the
second treafpent. Tabbe 6 Summary of pharmggoki netj;g: par amset ers c5f]6the
clinical teggings Patient Treatnent Dose)fpse max;{ 48h AYC entry no.
Period for an) (h)l(ng/m_) (ng/ m) (ng:ép %_9}91 %Os%yalllneS 0 30.0
1.89 1.31 0 102 2 24.0 1.89 1.57 51.6 4 59 31 104 1
30.0 2.19 01087 51.7 105 1 24.0 0.73 0.302%%. 5 10@3732 48. 0. 79 0.229 22.7
Mean 30.0 11043 0.91 40.2 SD 9.3 0.63 0.448.06.6 O/(¥ 31.@/U4.28 BT. 50 41.3

101 2 Anorphous 3@eash. 0 1.79 0.24 29.1  30.0 1.43 0.91 40.2
SD 9.3 0.63 0.47 16.6

CV(%) 31.0 44.28 51.50 41.3

101 2 Amorphous 30 4.0 1.79 0.24 29.1
102 1 4.0 5.03 0.25 37.9
103 1 2.0 3.83 0.27 49.1
104 2 8.0 343 0.47 55.4
105 2 2.0 1.98 0.15 * 19.2
106 1 2.0 4.13 0.25 30.9
Mean 3.6 3.68 0.28 38.5

SD 2.6 1.12 0.12 14.4

CV(%) 72.4 30.38 42.13 37.4

? Less than the limit of detection

5 [0043] As shown in Table 6, the Form B formulation showed higher bioavailability while
achieving an overall exposure profile similar to the crystalline formulation, as measured by

the 48 hr AUC values.

[0044] In above-described, exemplary compositions of the invention, HPMC illustrates

the subclass of cellulose-based binders, including other Cs;-Cyo alkyl and aryl substituted
10 cellulose derivatives, that are suitable for use in this context. This subclass of the larger

category of hydrophilic binding agents is illustrated as well by methyl cellulose, ethyl

cellulose, propyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose,

hydroxypropyl methyl cellulose, and cellulose acetate.

[0045] For purposes of the present invention, preferred as binding agents are alkyl
15 cellulose derivatives, such as hydroxypropyl methyl cellulose, which is commercially

available in various molecular weight ranges. Other hydrophilic binding agents also may be
12



102 1 4.0 5.03 0.25 37.9 103 1 2.0 3.83 0.27 49.1 104 2 8.0 3.43 0.47 55.4
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various fﬂ%hg&é“ fﬁ'lat( ‘é\@%g%%lgﬁ“?@%&@ﬁ@?bﬁﬁﬂ{gf%%f Y aﬁg@e“ta;it_eg'_ %1% may

beused, such as: nat ur rring ¢ ate polyners,
st ar ch andapnagkinatic praf@ld ¢t aneiphoysbpardoxaone npdiy mers, lesst ghree aeayg) keachaci d

h | _cross-|inked with allyl - allyl pent 1ol
ool yrtar 3 G TISEng b sepheos ey s Tt i e Batatal i A g Pyt
gel atjon aervaRdifd SHlaged it 84%?& Ep RO PrURS b tddb G be AHBOANENRAE the

polyners, e.g., chitosan. 0 Wt hout being bound to any particul ar
mechani snesdtanhpatigles tdgether esé i farmy e ntronger beldigy emph@thdsh erivary paisicles.

EAL QY ERUR TR CTNTELT O I SV o e
disintegrate more slowly than would be the case otherwise. Second, during dissolution the
binder agent or agents form a viscous gel that adheres the Form B-containing particles (and

15 the granules themselves) together, thus further slowing disintegration.  Third, the
aforementioned viscous gel increases local viscosity in the presence of the dissolution
medium. The increase in local viscosity slows diffusion of drug and, hence, dissolution as

well.
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contributing to a slower dissolution. First, the hydrophilic material (s),
illustrated by HPMC, serves as a binder during the roller conpaction
process, WO 208@9844bed above, to hold the resultant partipcras2aiogetiber and
to forma stronger binding anong those prinmary particles. As a consequence,
during dissolution the granules fornmed by the roller conpaction
disintegrate nore slowy than would be the case otherw se. Second, during
diSSO|Uti$ﬁ%§ﬂﬁ%§L iﬁ@?ﬁﬁgnt or agents forma viscous gel that adheres the
Form B-co %’ cles (and the granul es thensel ves) together, thus
further slow ng disintegration. Third, the aforenentioned viscous gel

i ncreases |ocal. VAsg@ifd tdosagde fdren poageRhg OA) tpaetidéss somptiban offeghhoifhodshe
increase in local viscosity slows diffusion of drug and, hence, dissolution

as wel | . qudpxp@nampwgbad@xeﬂ WAhs@)uwr@@%Sa@@m%m eﬁﬁbﬁwt 98¢ (WA rPAItG ¢l es
conpri Seﬂmgcjer,at ePé?f?U&lé’g[SaﬁR%‘}QA thﬁkﬁl 05 B}{Jte aad%é&% LoMchin, (& cﬂé‘é tdrﬁ(%lﬁl%

conpri se east on rop I nder, rein sal d particles
constBtuﬂﬁwmmbhmeaﬁmmﬂicaIIy effective anount of bar doxol one met hyl. 2. The
solid dosage formof claiml1, wherein the hydrophilic binder is a

cel l ul osebased excipient. 3. The solid dosage formof claim1, wherein said

particles (A) Zar eTboshididoseredbrma of eleirg 1dwdpisinsihe hydophikisbtistss deallatosel one

met hyl |qmg(g£% ntmatrlx 4. The solid dosage formof claim3, wherein
sai d partlc ﬁ’? are the product of a process that conprises spray drying
a mxture of bardoxolone met hyl and a nethacrylic acid copolynmer. 5. The

sol i d dosage fr mrpf (qHdaddihd foﬂﬁ%‘f%laﬂnqameﬁéﬁp&?@ﬁarﬁé’l@EA)S% céﬂbﬁé{eddc{ﬂa! ng a
4:6 m xture of bardoxol one Tet hyl a methacrylic acid copolyner.

sol i d dosabe dispemnsionfof @hmirphoRs bwldex@mme mhéhytml 4 glhogendtased exci pi ent | s
selected fromthe group consisting of C-Cl10O al kyl hydroxynet hyl cell ul ose,
aryl hydroxynethyl cellul ose, and substituted aryl hydrogénethyl cel | ul ose.

7. THE solid dbsagee sdidHasrecioannls aigish mdicrein paid particlisdde afsabe aredvst off ent
C3-
is a g s%ftl yI ﬂfgg%%(%@é %iry(ﬁ?é b Wiosee SEL&ALESHoAL &@hglhgn(gﬁ%'&hacryhc

consi st I’]
acid copolymer.

5. The solid dosage form of claim 4, wherein said process comprises spray drying

a 4:6 mixture of bardoxolone methyl and a methacrylic acid copolymer.

15 6. The solid dosage form of claim 2, wherein the cellulose-based excipient is
selected from the group consisting of C;-Cjp alkyl hydroxymethyl cellulose, aryl
hydroxymethyl cellulose, and substituted aryl hydroxymethyl cellulose.

7. The solid dosage form of claim 5, wherein the cellulose-based excipient is a Cs-
Cyo alkyl hydroxymethyl cellulose selected from the group consisting of methyl cellulose,
20  ethyl cellulose, propyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose,

hydroxypropyl methyl cellulose, and cellulose acetate.

8. A solid dosage form of claim 6, wherein the cellulose-based excipient is

hydroxypropyl methyl cellulose.

9. The solid dosage form of claim 1, wherein the hydrophilic binder is a naturally
25  occurring carbohydrate polymer.
14



et hyl cellul ose, propyl cellul ose, hydroxymethyl cellul ose, hydroxypropyl
cel l ul ose, hydroxypropyl nethyl cellul ose, and cellul ose acetate. 8. A
sol i d doswigeofoo9se4af claim 6, wherein the cell ul ose-basedTasedpioanr7 i s
hydr oxypropyl nethyl cellulose. 9. The solid dosage formof claiml,
wherein the hydrophilic binder is a naturally occurring carbohydrate

Dintor i 5 an ot ont i g oo Hes B et SRR RO A £ cifer i

sai d pargj (A) consist essentially of anmorphous bardoxol one nethyl. 12.
The soli osage formof claim1l, wherein the proportion of the hydrophilic
bi nder is between about 1% and about.40@6ém/m0 of the total formulation.

13. The sol i d deshbesdligrdesede fermiohrleim lywyaereinpaidrarielep@yidonsisigisantially

hydr ophi | | [ ' out 2% and about 20% (ww) of the total
fornulatf%%@gﬁagﬁ%ﬁgﬁggﬁ%ﬁgﬁgggge formof claim 12, wherein the proportion
of the hydrophilic binder is between about 4% and about 10% (w w) of the

t ot al 5f or mul atli2onThd &liddesagedbim oflolaag e, Wbeminahe ptoportiohayf thhigrdeophitidie

proportiqn of .the hydrophilic bjnder j t ween about 5% and about 7.5%
(Ww of onr i Rl g 2bag 2030, B 85 of ool gogmrl iRof claim 12,
wherein the proportion of the hydrophilic binder is between about 7% and

about 7. 5% (WM) Phe §dHR doRiR! folR o blasth 1 9Nwhdkéin tHOSropOMiot otaragRrdghilg of

claim 12, wherein the proportion of the hydrophilic binder is about 7%
(w w) of hikderisohehivednorbout ‘altoiand aba.20Thev/solof thedoghtpemiistionof any of cl ai ns
12-17, wherein the hydrophilic binding agent is hydroxypropyl

met hyl cel I ul OS{%:  The solid dosage form of claim 12, wherein the proportion of the hydrophilic

10 binder is between about 4% and about 10% (w/w) of the total formulation.

15. The solid dosage form of claim 12, wherein the proportion of the hydrophilic

binder is between about 5% and about 7.5% (w/w) of the total formulation.

16. The solid dosage form of claim 12, wherein the proportion of the hydrophilic

binder is between about 7% and about 7.5% (w/w) of the total formulation.

15 17. The solid dosage form of claim 12, wherein the proportion of the hydrophilic

binder is about 7% (w/w) of the total formulation.

18. The solid dosage form of any of claims 12-17, wherein the hydrophilic binding
agent is hydroxypropyl methylcellulose.
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