wo 2014/197660 A1 || J1 ¥ 1 0O 000 0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

11 December 2014 (11.12.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/197660 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
A61K 9/28 (2006.01) AG61K 31/472 (2006.01)
AG61K 9/48 (2006.01)

International Application Number:
PCT/US2014/041021

International Filing Date:

5 June 2014 (05.06.2014)
Filing Language: English
Publication Language: English
Priority Data:
61/831,909 6 June 2013 (06.06.2013) US

Applicant: FIBROGEN, INC. [US/US]; 409 Ilinois
Street, San Francisco, CA 94158 (US).

Inventors: CONCA, David; ¢/o Fibrogen Inc., 409 Illinois
Street, San Francisco, CA 94158 (US). FLIPPIN, Lee, Al-
len; c/o Fibrogen Inc., 409 Illinois Street, San Francisco,
CA 94158 (US). LEIGH, Scott, David; c¢/o Fibrogen Inc.,
409 Ilinois Street, San Francisco, CA 94158 (US). WITS-
CHI, Claudia; c/o Fibrogen Inc., 409 Illinois Street, San
Francisco, CA 94158 (US). WRIGHT, Lee, Robert; c/o

(74

(8D

(84)

Fibrogen Inc., 409 Illinois Street, San Francisco, CA
94158 (US).

Agents: YANG, Junrui et al.; Fibrogen Inc., 409 Illinois
Street, San Francisco, CA 94158 (US).

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

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: PHARMACEUTICAL FORMULATIONS OF A HIF HYDROXYLASE INHIBITOR

(57) Abstract: The present disclosure

T

Before light exposure

relates to pharmaceutical formulations
of  [(4-hydroxy-1-methyl-7-  phen-
oxy-isoquinoline-3-carbonyl)-amino]-
acetic acid and methods of use thereof.

Absorbance (mAl)

After light exposure

" photorlegradation product

o

\f‘dw’}M

[ = & )

Retention Time {min}

FiG. 1



WO 2014/197660 A1 |00V 00 R A AR

TR), OAPI(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, _ before the expiration of the time limit for amending the

KM, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



WO 2014/197660 PCT/US2014/041021

PHARMACEUTICAL FORMULATIONS OF A HIF HYDROXYLASE INHIBITOR

CROSS REFERENCE TO RELATED APPLICATIONS

{0801 This application claims the benefit under 35 U.8.C. § 115{e) of United States Provisional
Application 61/831,909 filed June 6, 2013 and is hereby incorporated by reference in its entirety.

BACKGROUND

{6002] The present invention relates generally to pharmaceutical formulations of [(4-hydroxy-1-

methyl-7-phenoxy-isoquinoline-3-carbonyl}-amine}-acetic acid.

{8603] [{4-Hydroxy-1-methyi-7-phenoxy-isoguineline-3-carbonyl)-amine}-acetic acid {alternatively
referred to herein as Compound A} is a potent inhibitor of hypoxia inductble factor (HIF) prolyl
hydroxylase, as described in U.S. Patent No. 7,323 ,475. HIF prolyl hydroxylase inhibitors are useful
for increasing the stability and/or activity of HIF, and useful for, inter alia, treating and preventing

disorders asseciated with HIF, including anemia, and ischemia- and hypoxia-related disorders.

[8884] Tt has recently been discovered that Compound A undergoes decomposition after exposure to
light. Heretofore, pharmaceutical formulations of Compound A which provide the necessary

photostability of the compound have not yet been taught.
SUMMARY

[0865] The present diselosure fulfills the need of providing photostability of Compound A and
others by providing a pharmaceutical formulation comprising [{4-hydroxy-1-methyl-7-phenoxy-
isoquinoline-3-carbonyl}-amino]-acetic acid, a pharmaceutically acceptable excipient and an effective
amount of a photostabilizing agent. I one embodiment, the pharmaceutical formuation comprises
less than about 0.2% w/w (based on the amount of active pharmaceutical ingredient (“APT"))
phetodegradation product of [{(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-
acetic acid. In another embodiment, the photostabilizing agent blocks light at a wavelength range of

between about 200 and about 550 nm.

[0006] In one embodiment, the photostabilizing agent comprises titanium dioxide and at least one

additional dye. In one embodiment, the photestabilizing agent blocks light at @ wavelength range of
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between about 200 and about 550 nm. In one embodiment, the dye is selected from the group
consisting of a black dye, a blue dye, a green dye, a red dye, an orange dye, a yellow dye, and
combinations thereof. In another embodiment, the dye is selected from the group consisting of a red

dve, an orange dye, a yellow dye, and combinations thereof,

{06007] In one embodiment, the dye is selected from the group consisting of Allura Red AC, Allura
Red AC aluminom lake, iron oxide red, iron oxide yvellow, Sunset Yellow FCF, Sunset Yellow FCF

aluminum lake, Indigotine, Indigotine aluminum lake, and combinations thereof.

{0008] In one embodiment, the pharmaceutical formulation comprises from about 20 mg to about
200 mg of [{4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbony!)-amine}-acetic acid. In another
embodiment, the pharmaceutical formulation comprises about 20 mg, about 50 mg, or about 100 mg

of [{(4-hydroxy-1~-methyl-7-phenoxy-isoquinoline-3-carbony!}-amino}-acetic acid.

{6082  In one embodiment, a solid dosage form comprises the pharmaceutical formulation and the
solid dosage form is selected from a capsule, tablet, bead, granule, pellet, lozenge, pill, or gun. In
another embodiment, the solid dosage form is a tablet. In another embodiment, the solid dosage form

is a capsule.

[0018] The present disclosure provides a tablet comprising [(4-hydroxy-1-methyl-7-phenoxy-
isoquincline-3-carbonyl)-amino}-acetic acid, a pharmaceutically acceptable excipient and an effective
amount of a photostabilizing agent. In one embodiment, the tablet comprises a tablet core and a
coating. In some embodiments, the photostabilizing agent is blended into the tablet or the tablet core.
In other embodiments, the tablet core comprises [(4-hydraxy-1-methyl-7-phenoxy-isoquineline-3-
carbonyl}-amino]-acetic acid and the pharmaceutically acceptable excipient, and the coating

comprises the photostabilizing agent.

[8811] In one embodiment, the coating is present in the tablet inan amount that is from about 3% to
about 8% w/w based on the weight of the tablet core. In another embodiment, the tablet core
comprises from about 22% to about 28% w/w [(4-hydroxy-1-methyl-7-phenoxy-iscguinoline-3-
carbonyl}-amino}-acetic acid (based on the weight of the tablet core). In vet another embodiment, the
pharmaceutically acceptable excipient comprises lactose monohydrate, microcrystalline cellulose,

povidaone, croscarmetlose sodium, and magnesiym stearate.

{0012} In one embodiment, the coating comprises from about §.1% to about 50% w/w

phiotostabilizing agent (based on coating weight). In some embodiments, the photostabilizing agent

2
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comprises titaniom dioxide and at least one additional dye selected from the group consisting of
Allura Red AC, Allura Red AC aluminum lake, iron oxide red, iron oxide yellow, Sunset Yellow
FCF, Sunset Yellow FCF aluminum lake, Indigotine, Indigotine aluminum lake, and combinations
thereof. In another embodiment, the photostabilizing agent comprises titanium dioxide and Allura Red

AC aluminum lake.

{0813} The present disclosure provides a capsule comprising [(4-hydroxy-{-methyl-7-phenoxy-
isoquinoline-3-carbonyl}-amino}-acetic acid, a pharmaceutically acceptable excipient and an effective
amount of a photostabilizing agent. In one embodiment, the capsule comprises a capsule fill and a
capsule shell. In one embodiment, the capsule fill comprises [{(4-hydroxy-1-methyl-7-phenoxy-
isoquinoline-3-carbonyl)-amino}-acetic acid and the pharmaceutically acceptable excipient, and the

capsule shell comprises the photostabilizing agent.

{0014] In one embodiment, the capsule fill comprises from about 12% to about 15% w/w [(4-
hydroxy-1-methyl-7-phenoxy-isoquineline-3-carbonyl}-aminc]-acetic acid (based on the weight of the
capsule fill). In another embodiment, the pharmaceutically acceptable excipient comprises lactose

monohydrate, microcrystalline cellulose, povidone, croscarmellose sodium, and magnesium stearate.

[0G15] In one embodiment, the capsule shell comprises the photostabilizing agent in an amount of
from about 1.8% to about 6% w/w (based on the weight of the capsule shell). In some embodiments,
the photostabilizing agent comprises titanium dioxide and at least one additional dye selected from the

group consisting of Allura Red AC, iron oxide red, iron oxide yellow, and combinations thereof.

{0016] In a separate embodiment, a method of inhibiting the photodegradation of [(4-hydroxy-1-
methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid is provided. The method comprises
formulating [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino]-acetic acid with an
effective amount of a photostabilizing agent. In another embodiment, the photostabilizing agent

comprises titanium dioxide and af least one additional dye.

{0017] Inyet another embodiment, a method for treating, pretreating, or delaying onset or
progression of a condition miediated at least in part by hypoxia inducible factor (HIF) is provided.
The method comprises administering to a patient in need thereof, a pharmaceutical formulation, a

tablet, or a capsule as described herein,
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{0018] In still yet another embodiment, a method for treating, pretreating, or defaying onset or
progression of anemia is provided. The method comprises administering to a patient in need thereof,

a pharmaceutical formulation, a tablet, or a capsule as deseribed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[06019] FIG. 1 illustrates the HPLC chromatograms of Compound A powders before and after

exposure to sunlight. See Example 1 for details.

{6026] FIG. 2A and 2B illustrates the amount of photodegradation product in tablets containing
either 20 mg (FIG. 2A) or 100 mg (FIG. 2B) of Compound A upon light exposure. The tablets are
coated with a coating formula containing Altura Red AC/Indigotine /titanium dioxide (labeled as
Allura Red AC/Indigoting in figures), Allura Red AC/titanium dioxide (labeled as Allura Red AC in
figures), or red iron oxide/titanium dioxide (labeled as Red Iron Oxide in figures). See Example 2 for

details.

{0021] TIG. 3A and 3B illustrates the amount of photodegradation preduct in tablets containing
either 20 mg (F1G. 3A) or 100 mg (FIG. 3B} of Compound A upon light exposure. The tablets are

coated with a variety of pink/peach coating formulas. See Example 2 for details,

{80622} FIG. 4 demonstrates the amount of photodegradation product in capsules covered with
gelatin films containing various photostabilizing agents upon light exposure. See Example 3 for

details.

DETAILED DESCRIPTION
Definitions
{0023] As used herein, the following terms have the following meanings.

{8024] The singular forms “a,” “an,” and “the” and the like include plural referents unless the
context clearly dictates otherwise. Thus, for example, referenice to “a compound” includes both a

single compound and a plurality of different compounds.
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{8025} The term “about” when used before a numerical designation, e.g., temperature, time, amount,
and concentration, including a range, indicates approximations which may vary by £10%, £3% or

+1%.

{6026] Unless defined otherwise, alf technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, the preferred methods, devices, and materials are now
described. All pubiications cited herein are incorperated herein by reference in their entirety for the
purpose of describing and disclosing the methodologies, reagents, and tools reported in the
publications that might be used in connection with the invention. Nothing herein is to be construed as

an admission that the invention is not entitled to antedate such disclosure by virtue of prior invention.

{6027} The practice of the present invention will employ, uniess otherwise Indicated, conventional
methods of chemistry, biochemistry, molecular biology, cell biclogy, genetics, immunology, and
pharmaceutical sciences, within the skill of the art. Such techniques are explained fully in the
literature. (See, e.g., Gennaro, A.R., ed. (1990) Remington’s Pharmaceutical Sciences, 18 ed., Mack
Publishing Co.; Colowick, S. ef al., eds., Metheds In Enzymology, Academic Press, Inc.; D.M. Weir,
and C.C. Blackwell, eds. (1986) Handboolk of Experimental Immunology, Vols. {-1V, Blackwell
Scientific Publications; Maniatis, T. ef al., eds. (1989) Molecular Cloning: A Laboratory Manual, 2
edition, Vols. I, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et ol eds. (1999) Short
Protocols in Molecular Biology, 4™ edition, John Wiley & Sons; Ream ef ai, eds. {1998) Molecular
Biology Techniques: An Intensive Laboratory Course, Academic Press; Newton & Graham eds.
(1997 PCR (Introduction to Biotechniques Series), 2nd ed., Springer Verlag; Evropean
Pharmacopoeia (Ph. Eur.), 7% edition; The United States Pharmacopeia (USP) and the National
Formulary (NF), USP 35 - NF 30.

[8628] The term “API” is the abbreviation for “active pharmaceutical ingredient.” As used herein,
API refers to Compound A, or [{4-hydroxy-~1-methyi-7-phenoxy-isoquinoline-3-carbonyl}-amino}-

acetic acid.
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[0029] The term “block light™ refers to preventing or reducing the transmittance of light by
absorbing, reflecting, refracting, diffracting, dispersing, and/or scattering light. When a dye blacks
light at a certain wavelength range, the dye prevents or reduces the transmittance of light at that

wavelength range by absorbing, reflecting, refracting, diffracting, dispersing, and/or seattering light.

{6036] The term “capsule” refers to a solid dosage form of a pharmaceutical formulation that

comprises 2 capsule shell and a capsule fil.

{0031] The term “capsule fill” refers to the material enclosed within a capsule shell. Typically, the
capsule fill comprises the active pharmaceutical ingredient (API) and one or more pharmaceutically
acceptable excipients. The amount of AP in the capsule fill can be expressed as a weight percent of

API based on the total weight of the capsule fill {wiwb).

{8032} The term “capsule shell” refers to an outer layer of a capsule. The capsule shell comprises
gelatin, cellulose polymers or other suitable materials which wouid atlow for delivery of the APL The
capsuie shell may be a hard-shell consisting of a telescoping cap and body piece in a range of standard
sizes, The cap and body piece may be sealed after addition of the capsule fill. Such hard -shelled
capsules are typically used to deliver dry, powdered API in the capsule fill. The capsule shell may be
a one-piece soft-shell used to deliver AP as a solution or suspension in the capsule fill. In one
embodiment, the capsule shell may comprise the photostabilizing agent. The amount of
photostabilizing agent in the capsule shell can be expressed as a weight percent of photostabilizing
agent based on the total weight of the capsule shell (%w/w). In one embodiment, the capsule shell
comprises gelatin (a gelatin sheil). In another embodiment, the capsule shell comprises

hydroxyprepylmethylceliulose (HPMC) (an HPMC shell).

f0033] 'The term “dye” as used througheut, includes true dyes (as defined in color and dye
chemistry), dye lakes and pigments. A true dye (as defined in color and dye chemistry) is a colored
substance {including white color) that is soluble in water and/or an organic solvent and has. an affinity
1o the substrate to which it is being applied such that color is imparted to the substrate. A dye lake isa
solid, water insoluble form of a true dye. It is manufactured by mixing a true dye with an inert
material such as aluminum hydroxide (aluminum lake, commonly used), barium suifate, calcium
sulfate, aluminum oxide (aluming). The amount of true dye in the lake is expressed as “dye strength.”

A pigment is a colored substance that is insoluble in water or organic solvent.

{8034] Dyes appear in colors because they absorb light in the visible spectrum (400-700 mm) and

transmit, reflect or scatter light of other wavelengths in the visible spectrum. A “yellow dye” absorbs

6
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predominantly blue fight and appears yellow in color. An “orange dye™ absorbs predominantly green-
blue light and appears orange in color. A “red dye™ absorbs predominantly blue-green light and
appears red in color. A “blue dye” absorbs predominantly yellow light and appears blue in coler. A
“green dye” predominantly absorbs red and orange light and appears green in color. A “black dye”
absarbs light of the entire visible spectrum and appears black in color. Examples of red dye, vellow
dye, green dye, blue dye and black dye are given in the following table. In addition to absorbing light,
these dyes may block light through reflecting, refracting, diffracting, dispersing, andfor scattering
light.

{0035] Different colors can also be obtained by mixing two or more dyes. For example, orange dyes

of different shades can be obtained by mixing different amount of red and yellow dyes.

[6836] Dyes described in this application are referred to by their principal name. One of skill in the

art would be able to readily ascertain the dye’s US name or C.1. name {Color Index name). Non-

limiting examples of dyes are listed in the following table.

Ceolor Principal Name US Name C.1 Mame
White dye Titanium dioxide C.1. Pigment White 6
Beige dye Caramel C.L Natwral Brown 10
Red dye Aliura Red or FD&C Red 40 €C.1. Food Red 17

Allura Red AC
Red dye Amaranth C.1. Food Red 9
Red dye Anthocyanin
Red dye Azorubine C.I. Food Red 3
Red dye Beetroot Red
Red dye Canthaxanthin C.L Food Orange §
Red dye Carming C.I. Natural Red 4
Red dye D&C Red 33 D&C Red 33 C.L Food Red 12
Red dye Eosine YS D&C Red 22 C.1, Food Red 87
Red dye Erythrosine FD&C Red 3 {dye Cl1 Food Red 14
only)
Red dye iron oxide red or C.1. Pigment Red 101 &
Red iron oxide 102
Red dye Lithol Rubine BK D&C Red 7
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Red dye Phloxine B D&C Red 28
Red dye Ponceay 4R C.1 Food Red 7
Red dye Red 2G C.I Food Red 10
Yellow dye Beta-Carotene C.I. Food Orange 3
Yeliow dye Mixed Carotenes C.I. Food Orange S
Yellow dye Curcutnin C.L Natural Yellow 3
Yellow dye D&C Yellow 10 D&C Yellow 10 C.L Food Yellow 13
Yellow dye fron oxide yellow or C.1 Pigment Yellow
Yellow iron oxide 42&43
Yellow dye Quinoline Yellow WS C.1 Food Yellow 13
Yellow dye Riboflavin
Yellow dye Sunset Yellow FCF FD&C Yellow 6 C.L Food Yellow 3
Yellow dye Tartrazine FD&C Yellow 3 C.L Food Yellow 4
Green dye Chlorophyils and C.1 Matural Green 3
Chloraphyllins
Green dye Cu Complexes of C.L MNatural Green 3
Chiorophyils and
Chlorophyllins
Green dye Fast Green FCF FD&C Green 3 C.1. Food Green 3
Green dye Green 8 4. Food Green 4
Blue dye Brilliant Blue FCF FD&C Blue 1 CJl Food Blue 2
Blue dye Indigotine FD&C Blue 2 C.I. Food Blue 1
Blue dye Patent Blue V C.I. Food Blue 5
Black dye Brilliant Black BN C.1 Food Black 1
Black dye Iron oxide black C.1 Pigment Black 11
{or Black iron oxide)
Black dye Vegetable Carbon C.1. Food Black 3

08371 The term “pharmaceutically accepiable” indicates that the material does not have properties
P ¥ it prog

that would cause one of skill in the art to avoid administration of the material to a patient, taking into

consideration the disease or conditions to be ireated and the respective route of administration, .

Further, the material is considered to be safe for administration in humans or animals.
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{0038] The term “exeipient” or “pharmaceutically acceptable excipient” refers to
pharmacologically inactive substances that are added to a pharmaceutical preparation in addition to
the active pharmaceutical ingredient. Excipients may take the function of vehicle, diluent, release,
disintegration or dissclution modifying agent, absorption enhancer, stabilizer or a manufacturing aid
among others. Excipients may include fillers (diluents), binders, disintegrating agents, lubricants, and

glidants. Examples of excipient classes frequently used are listed below.

[0039] “Diluent or filler” refers to substances that are used to dilute the active pharmaceutical
ingredient prior to delivery. Diluents can also serve as stabilizers. Non-fimiting examples of diluents
include starch, saccharides, disaccharides, sucrose, lactose, polysaccharides, celhulose, cellufose
ethers, hydroxypropy! cellulose, sugar alcohols, xylitol, sorbitol, maltitol, microcrystalline ceflulose,
calchum or sodium carbonate, lactose, Jactose monohydrate, dicalcium phosphate, celiuinse,
compressible sugars, dibasic caleium phosphate dehiydrate, mannitol, microcrystaliine cellulose, and

tribasic calcium phosphate.

[8848] “Binder” refers to any pharmaceutically aceeptable substance which can be used to bind the
active and inert components together to maintain cohesive and discrete portions. Non-limiting
examples of binders include hydroxypropyleeliulose, hydroxypropylmethylcellulose, povidone, and

ethyl cellulose,

[6641] “Disintegrant or disintegrating agents” refers to a substance which, upon addition to a solid
preparation, facilitates its break-up or disintegration after admninistration and permits the release of an
active ingredient as efficiently as possible to allow for its rapid dissolution. Non-limiting examples of
disintegrants include maize starch, sodium starch glycolate, croscarmellose sodium, crospavidone,
micracrysialline cellulase, modified corn starch, sodium carboxymethyl starch, povidbne,

pregelatinized starch, and alginic acid.

{00421 “Lubricant” refers to an excipient which is added to a powder blend to prevent the
compacted powder mass from sticking to the equipment during the tableting or encapsulation process.
It aids the gjection of the tablet form the dies, and can improve powder flow. Non-limiting examples
of lubricants include magnesium stearate, stearic acid, silica, fats, calcium stearate, polyethylene
glycol, sodium steary! fumarate, talc, or fatty acids including lauric acid, oleic acid, and Cy/Cy, faity

acid.

{0043} “Glidant” as used herein is intended to mean agents used in tablet and capsule formulations

to improve flow-properties during tablet compression and Yo produce an anti-caking effect. Non-

9
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limiting examples of glidants include ¢colloidal silicon dioxide, tale, firmed silica, starch, starch

derivatives, and bentonite.

[0044] The term “formulate™ or “formulating” refers to combining the active pharmaceutical
ingredient with one or more other compenents, for example, including without limitation one or
more pharmaceutically acceptable excipients, stabilizing agents, photostabilizing agents, coatings,
capsule shells, eic., in a process, which produces a final medicinal product. Examples of medicinal
product include, but not limited to, tablets, pills, dragees, capsules, gels, syrups, slurries, suspensions,

aerosol sprays, and sclutions for injection.

{0045] The term “gelatin” refers to a solid substance derived from collagen and can be obiained

from various animal by-productions. It is commonly used as a gelling agent in pharmaceuticals.

{0046] The term “light exposure”, refers any light exposure, including sunlight (or natural light),
indoor light and exposure to light under International Conference of Harmonization (ICH) conditions.
“ICH light exposure” means exposure to light under ICH conditions, which may be ICH Option { or
ICH Option 2. Under ICH conditions, the samples are exposed to light providing an overall
illumination of not less than 1.2 miilion lux hours and an integrated near ultraviolet energy of not less

than 200 watt hours/square nieter, using one of the two options described below as light sources (ICH

QIB).

a. ICH Option t:

Any light source that is designed 1o produce an output similar to the DE5/ID6S5 emission standard
such as an artificial daylight fluorescent lamp combining visible and ultraviolet (V) outputs,
xenon, or metal halide lamp. D65 is the infernationally recognized standard for cutdoor daylight
as defined in ISO 10977 (1993). ID63 is the equivalent indoor indirect daylight standard. Fora
light source emitting significant radiation below 320 nanometers (nim), an appropriate filter(s)

may be fitted to eliminate such radiation.

b, ICH Option 2:
A cool white fluoréscent famp designed to produce an output similar to that specified in ISO
10977 (1993); and

16
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A near UV flucrescent lamp having a speciral distribution from 320 nm to 400 nm with a
maxinmum energy emission between 350 nm and 370 nm; a significant proportion of UV should
be in both bands of 320 to 360 nm and 360 to 400 nm,

{0047] The term “photostabilizing agent” is an agent that prevents or reduces the photodegradation
or photodecomposition of a molecule upon exposure to light (light under ICH condition, sunlight,
indoor light, etc.). In other words, the photostabilizing agent functions to prevent or reduce the
formation of photodegradation products. Typically, the photostabilizing agent prevents or reduces the
photodegradation of the light-sensitive molecule by blocking the exposure of the molecule to light
within a wavelength range. Non-limiting examples of photostabilizing agents include pigments,

dyes, dye lakes, and the like.

[0048] The term “photodegradation” and “photodecomposition” are used interchangeably throughout

the disclosure,

{88491 The term “effective amount” of a photostabilizing agent refers to the amount of a
photosiabilizing agent in a pharmaceutical formulation that is sufficient to prevent or reduce the
photodegradation of the active pharmaceutical ingredients (AP1), such that the amount of
photodegradation product(s} that is produced is limited to a desired maximum level under specified
light conditions. In the embodiments described herein, the effective amount of a photostabilizing
agent is the amount sufficient to limit the amount of photodegradation product of Compound A that is
produced to a level that is less than about 0.2% w/w Compound A (or 2000 ppm), under ICH
conditions. In some embodiments, the effective amount of photostabilizing agent may limit the
amount of photodegradation product of Compound A that is produced to a level that is less than about
0.15% wiw Compound A, less than about 0.1% w/w Compound A, or less than 0.05% wiw
Compound A, As will be apparent to one skilled in the formulations art, the effective amount of a
stabilizing agent will vary with the particular agent used. Using the disclosure herein, particolarly the
analytical methods described in the examples, and the general knowledge in the formulations art, one
of ordinary skill in the art can readily determine the amount of any particular agent {or combination of
agents) that will achieve the level of photoprotection {i.e., reduction of the production of

photodegradation product) sufficient to limit photodegradation product to the desired maximum level.

[0850] The term “photodegradation product” as used herein refers to a new molecule that is formed
from Compound A upon exposing Compound A to light. The phetodegradation product may be

detected by a variety of standard analytical methods (e.g., high-performance liquid chromatography

11
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(HPLC), liquid chromatography-mass spectrometry (LC-MS), gas chromatography (GC), nuclear
magnetic resonance (NMR), Fourier transform infrared spectroscopy (FTIR), ete.). In one
embodiment, the photodegradation product may be detected and measured by HPLC, as further

described in Example §.

{0051} The term “tablet” refers to a solid dosage form of a pharmaceutical formulation in which the
AP is blended with one or more pharmaceutically acceptable excipient and compressed into a single
solid final dosage form. Tablets can be produced in a wide variety of sizes, shapes, and surface
markings. Tablets may be uncoated or coated by a variety of technigues that are well known in the

art. Typically, a tablet comprises a tablet core and a coating.

{8652] The term “tablet core™ refers to the inner part of a tablet containing the AP and one or more
pharmaceutically acceptable excipient comypressed info the desired shape but not inchuding the
coating. The amount of API in the tablet core can be expressed as a percent of API by weight based

on the total weight of the tablet core, % w/w.

{0853] The term “coating” refers to an outer part of @ tablet. For tablets as described herein, the
coating is applied to the outer surface of the tablet core and typically adheves thereto. The coating may
provide one or more of the following properties: taste masking, protecting the API(s) from
photodegradation, ease of administration, release modification of the API(s), dust protection, or
unique appearance (colors), among other things. Non-limiting examples of coating materials include
polyvinylalcohol-based compounds, hydroxyethyleellulose, hydroxypropylmethylceliulose,
carboxymethyicellulose sodium, pelyethylene glycol 4000 and cellulose acetate phthalate, Inone
embodiment, the coating is a polyvinylalcohol-based coating. The amount of coating that is applied
over the cuter surface of tablet core can be expressed as a percent of coating by weight based on the
weight of the tablet core, % w/w. In one embodiment, the coating may comprise a photostabilizing
agent such as a dye. The amount of dye within a coating can be expressed as a percent of dye weight
based on the weight of the coating % w/w. Alternatively, the amount of dye within a coating can be

expressed as the amount of the dye applied per surface area unit of the tablet core, mg/em®.

[0054] The term “anemia™ as used herein refers to any abnormality in hemoglobin or erythrocytes
that leads to reduced oxygen levels in the blood. Anemia can be associated with abnormal
production, processing, or performance of erythrocytes and/or hemoglobin. The term anemia refers to
any reduction in the number of red blood cells and/or level of hemoglobin in blood relative to normal

blood fevels. Anemia can arise due to conditions such as acute or chronic kidney disease, infections,
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inflammation, cancer, irradiation, toxins, diabetes, and surgery. Infections may be due to, e.g., virus,
bacteria, and/or parasites, efc. Inflammation may be due to infection, astoimmune disorders, such as
theumatoid arthritis, efc. Anemia can also be associated with blood loss due to, e.g., stomach ulcer,
duodenal ulcer, hemorrhoids, cancer of the stomach or large intestine, trauma, injury, surgical
procedures, efc. Anemia is further associated with radiation therapy, chemotherapy, and kidney
dialysis. Anemia is also associated with HIV-infected patients undergoing treatment with
azidothymidine (zidovudine) or other reverse transcriptase inhibitors, and can develop in cancer
patients undergoing chemotherapy, e.g., with cyclic cisplatin- or non-cisplatin-containing
chemotherapeutics. Aplastic anemia and myelodysplastic syndromes are diseases associated with
bone marrow failure that result in decreased production of erythrocytes. Further, anemia can result
from defective or abnormal hermoglobin or erythrocytes, such as in disorders including microcytic
anemia, hypochromic anemia, etc. Anemia can result from disorders in iron transport, processing, and

utilization, see, e.g., sideroblastic anemia, efc.

{8055] The terms “disorders,” “diseases,” and “conditions™ are used inclusively herein and refer to

any condition deviating from normal.

[0056] “Treatment”, “treating”, and “treat” are defined as acting upon a disease, disorder, or
condition with an agent to reduce or ameliorate the harmful or any other undesired effects of the
disease, disorder, or condition and/or its sympioms. Treatment, as used herein, covers the treatment of
a human patient, and includes: (a) reducing the risk of oecurrence of the condition in a patient
determined to be predisposed to the disease but not yet diagnosed as having the condition, (i)
impeding the development of the condition, and/or (¢} relieving the condition, 1.¢., causing regression

of the condition and/or relieving one or more symptoms of the condition,

[00587} “Administration” refers to infroducing an agent into a patient. A therapeutic amount can be
administered, which can be determined by the treating physician or the like. An oral route of
administration is preferred for Compound A. The related terms and phrases “administering” and
“administration of”, when used in connection with & compeound or pharmaceutical formulation (and
grammatical equivalents) refer both to direct administration, which may be administratien to a patient
by a medical professional or by self-administration by the patient, and/or to indirect administration,
which may be the act of prescribing a drug. For example, a physician who instructs a patient to self-
administer a drug and/or provides a patient with a prescription for a drug is administering the drug to

the patient. In any svent, administration entails delivery of the drug to the patient.
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{9058} Hypoxia inducible factor (HIF) is a basic helix-loop-helix (BHLH) PAS (Pey/Armt/Sim)
transcriptional activator that mediates changes in gene expression in response to changes in ceflular
oxygen concentration. HIF is a heterodimer containing an oxygen-regulated a-subunit (HIFg), and a
constitutively expressed B-subunit (HIFB/ARNT). In oxygenated {normexic) cells, HIFu subunits are
rapidly degraded by a mechanisim that involves ubiquitination by the von Hippel-Lindau tumnor
suppressor (pVHL} E3 ligase complex. Under hypoxic conditions, HIFq is not degraded, and an
active HIFo/B complex accumulates in the nucleus, and activates the expression of several genes
including glycolytic enzymes, glucose transporters, erythropoietin {EPO), and vascular endothelial
growth factor (VEGF). (Jiang et al. (1996) ./ Biol. Chem. 271:17771-17778; lliopoulus et al. (1996)
Proc. Natl Acad. Sci. US4, 93:18595-10599; Maxwell et al. (1999) Nature 399:271-275; Sutter et al.
(2000) Proc. Natl. Acad. Sci. US4 97:4748-4753; Cockman et al. (2000) J. Biol. Chem. 275:25733-
25741; and Tanimoto et al. (2000) EABOC J. 19:4298-4308.)

[0059] The terms “HiF-associated conditions™ and “conditions mediated at least in part by HIF” are
used inclusively and refer to any condition that can be asseciated with below normal, abnormal, or
inappropriate modulation of HIF. HIF-associated conditions include any condition wherein an
increase in HIF level would provide therapeutic benefit. HiF-associated conditions include anemic

conditions and tissue damage or disorders associated with ischemic or hypoxic conditions.

[6868] The terms “HIF prolyl hydroxylase”, “PHD”, “EGLN”, and “HIF PH” refer 1o any enzyme
that modifies the alpha subunit of HIF protein by hydroxylation of one or more proline residues. HIF
PH includes members of the Egf{-Nine (EGLN) gene family described by Taylor (2001, Gere
275:125-132), and characterized by Aravind and Koonin (2001, Genome Biol 2: RESEARCH 0007,
Epstein er al. (2001, Celi 107:43-54), and Bruick and McKnight (2001, Science 294:1337-1340). BHIF
PH2, as used in exemplary assays described herein (infra), may be any HIF PH2, also referred to as
PHDZ, e.g., human EGLN1 {GenBank Accession No. AAG33965; Dupuy et al. (2000) Genomics
69:348-54), mouse EGLNI (GenBank Accession No. CAC425135), rat EGLNI {GenBank Accession
No. P59722), ete. Alternatively, another HIF PH may be used in the assay. Such HIF PH enzymes
include, but are not limited to HIF PHI, also referred to as PHDI, e.g., human EGLN2 isoform |
{GenBank Accession No. CAC42518; Taylor, supra), human BEGLN2 isoform 3 {GenBank Accession
No., NP_542770), mouse EGLNZ (GenBank Accession No. CAC42516), and rat EGLN2 {(GenBank
Accession No. AAQ46039), ete.; and any HIF PH3, also referred to as PDH3, e.g. human EGLN3
(GenBank Accession No. CAC42511; Taylor, supra), mouse EGLN3 (GenBank Accession No.
CAC42517), and rat EGLN3 (SM-20) {GenBank Accession No, AAAT9321). In other embodiments

of the present disclosure, EGLN mwy include Caenorhabditis elegans EGL-9 {GenBank Accession
i4
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No. AADS63635) and Drosophila melanogaster CG1114 gene product (GenBank Accession No.
AAF52050).

Pharmaceutical Formulations

{0061] The compound [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino]-acetic
acid (Compound A) is a potent inhibitor of hypoxia inducible factor (HIF) prolyl hydroxylase and has

the following formula:

OH ?k

' OH
Sy
- N o}

Compound A.

[0062] As described in the examples herein, it has recently been discovered that Compound A
undergoes photodecomposition after light exposure to convert to a photodegradation product, The
present invention provides compositions {formulations) and methods that prevent or reduce the

amount of photodegradation of Compound A and limit the amount of photedegradation product.

[6863] The pharmaceutical formulations described herein protect Compound A from
photodegradation. Accordingly, in ene embodiment the invention provides a pharmaceutical
formulation comprising [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino]-acetic
acid, a pharmaceutically acceptable excipient, and an effective amount of a photostabilizing agent. In
a further embodiment, the invention provides a pharmaceutical formulation comprising [(4-hydroxy-
1-methyl-7-phenoxy-isoquinoline-3-carbonyi)-aminol-acetic acid, a pharmaceutically acceptable
excipient, and an effective amount of a photostabilizing agent, wherein the pharmacentical
formulation comprises less than about 0.2% w/w (based on the amount of APL, [(4-bydroxy-1-methyl-
7-phenoxy-isoguinoline-3-carbonyl}-amine]-acetic acid) photodegradation prodact of [{(4-hydroxy-1-

methyl-7-phenoxy-isequinoline-3-carbonyl}-amino}-acetic acid.
yi-/-p y-1804 )

{6064] In one embodiment, the pharmaceutical formulation comprises less than about 0.2% wiw
(equivalent to 2000 ppm, based on the amount of API) photodegradation product of [{4-hydroxy-1-
methyl-7-phenoxy-isoquinoline-3-carbonyl-amino}-acetic acid after exposure of the formulation fo

light under ICH conditions. The amount of photodegradation product can be readily determined by
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one of ordinary skill in the art based on the disclosure herein using routine analytical methods. If
multiple-deterninations of the amount of photodegradation product are made, the mean value of the
amount of photodegradation product from multiple determinations is no more than about 0.2% w/w.
The condition of the light exposure (the kind of light source, the power of the light source and the
duration of light exposure} is the ICH condition defined herein. The amount of photodegradation
produet that is produced is readily determined by the methods described herein, particularty by HPLC
method. One skilled in the formulations art can readily determine the effective amount of
photostabilizing agent sufficient to limit the amount of the photodegradation product, based on the

guidance and examples provided herein.

[0865] In one embodiment, the photostabilizing agent is selected to prevent or reduce
photodegradation of Compound A. In one embodiment, the photostabilizing agent prevents or reduces
photodegradation through effectively blocking light. In one embediment, the photostabilizing agent
prevents or reduces photodegradation through effectively blocking light in the wavelength range of
about 100 to about 800 nm, about 150 to about 700 nm, about 200 to about 350 nm, or about 360 to
about 440 nm. In one embodiment, the present invention provides a pharmaceutical formulation
comprising [{4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl }-aminoe}-acetic acid, g
pharmaceutically acceptable excipient, and an effective amount of a photostabilizing agent, wherein
the photostabilizing agent comprises titanium dioxide and at least one additional dye. Inone
embodiment, the dye blocks light at 2 wavelength range of about 100 to about 800 nim, about 150 to

about 700 nm, about 200 to about 550 nm, or about 360 to about 440 nm.

{0666} In some embodiments, the photostabilizing agent comprises a soluble dye, a dye lake, a
pigment or a combination thereof. In one embodiment, the photostabilizing agent comprises titanium
dioxide and at least one additional dye. In one emboediment, the dye is selected from the group
consisting of a black dye, a blue dye, a green dyve, a red dye, an arange dye, a purple dye, a violet dye,
a yellow dye, and combinations thereof. In another embodiment, the dye is selected from the group
cansisting of a black dye, a blue dys, a green dye, ared dye, an orange dye, a yellow dye, and
combinations thereef. In yet another embodiment, the dye is selected from the group consisting of a

red dye, an orange dye, 2 yellow dye, and combinations thereof,

[8667] In another embodiment, the additional dyve is selected from the group consisting of Caramel,
iron oxide biack, iron oxide red, iron oxide yellow, Allura Red AC, Allura Red AC aluminum lake,

Carmine, Brythrosine, beta-carotene or mixtures of carotenes, Curcumin, Sunset Yellow FCF, Sunset

16



WO 2014/197660 PCT/US2014/041021



WO 2014/197660 PCT/US2014/041021

Yellow FCF aluminum lake, Tartrazine, chlorophylls and chlorophyllins or Cu complexes thereof,

Fast Green FCF, Brilliant Blue FCF, Indigotine, Indigotine aluminum lake, and combinations thereof.

{0068] In one embodiment, the additional dye is selected from the group consisting of iron oxide
black, iron oxide red, iron oxide yellow, Allura Red AC, Allura Red AC aluminum lake, Carmine,
Erythrosine, beta-carotene or mixtures of carctenes, Sunset Yellow FCF, Sunset Yellow FCF
atuminuwm lake, chlorophylls and chiorophyllins or Cu complexes thereof, Fast Green FCF,

Indigotine, Indigotine aluminum lake, and combinations thereof.

[6069] In one embodiment, the additional dye is selected from the group consisting of fron oxide
black, iron oxide red, iron oxide yellow, Allura Red AC, Allura Red AC alaminum lake, Carmine,
beta-carotene or mixtures of carotenes, Sunset Yellow FCF, Sunset Yellow FCF aluminum lake,

Indigotine, Indigotine aluminum lake, and combinations thereof,

[8678] In another embediment, the additional dye is selected from the group consisting of Allura
Red AC, Allura Red AC aluminum lake, iron oxide red, iron oxide yellow, Sunset Yellow FCF,

Sunset Yellow FCF aluminum lake, Indigotine, Indigotine aluminum lake, and combinations thereof.

{6871} Inone embodiment, the photostabilizing agent comprises titanium dioxide and Allura Red
AC aluminum lake. In one embodiment, the photostabilizing agent comprises iren oxide red and
titanium dioxide. In one embodiment, the photostabilizing agent comprises Allura Red AC, iron oxide
yellow, and titanium dioxide. In one embodiment, the photostabilizing agent comprises iron oxide red,
Allura Red AC, iron oxide yellow, and titanium dioxide. In one embodiment, the photostabilizing
agent comprises iron oxide red, iron oxide yellow, and titanium dioxide. In one embodiment, the

photostabilizing agent comprises iron oxide yellow and titanium dioxide.

{8672] In some embodiments, the photostabilizing agent comprises titanium dioxide. In some
embodiment, the photostabilizing agent comprises a dye selected from the group consisting of a black
dye, a blue dye, a green dve, a red dye, an orange dye, a purple dye, a violet dye, a yellow dye, and
combinations thereof. In another embodiment, the photostabilizing agent comprises a dye selected
from the group consisting of a black dye, a blue dye, a green dye, a red dye, an orange dye, a vellow
dye, and combinations thereof. In yet another embodiment, the photostabilizing agent comprises a dye
selected from the group consisting of a red dye, an orange dye, a yellow dye, and combinations

thereof.
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{0073] In one embodiment, the photostabilizing agent comprises a dye selected from the group
consisting of Caramel, iron exide black, iron oxide red, iron oxide yellow, Allura Red AC, Allura
Red AC aluminum lake, Carmine, Erythrosine, beta-carotene or mixtures of carotenss, Curcumin,
Sunset Yellow FCF, Sunset Yellow FCF aluminum lake, Tartrazine, chlorophylls and chlorophyllins
or Cu complexes thereof, Fast Green FCF, Brilliant Blue FCF, Indigotine, Indigotine aluminum lake,

and combinations thereof.

16674} In one embodiment, the pharmaceutical formulation comprises from about 1 mg to about 400
mg of [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminoe]-acetic acid. In another
embodiment, the pharmaceutical formulation comprises from about 20 mg to about 200 mg of [(4-
hydroxy-1-methyl-7-phenoxy-isoquincline-3-carbonyl)-amino}-acetic acid. In another embodiment,
the pharmaceutical formulation comprises about | mg, about 5 mg, about 10 mg, about 15 mg, about
20 mg; about 25 mg, about 50 mg, about 75 mg, about 100 myg, about 125 mg, about 150 mg, about
175 mg, about 200 mg, about 250 mg, about 300 mg, about 350 mg, or about 400 mg of [(4-hydroxy-
t-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino]-acetic acid. In yet another embodinent, the
pharmaceutical formulation comprises about 20 mg, about 50 mg, or about 100 mg of [(4-hydroxy-1-
methyl-7-phenaxy-isoquinoline-3~carbonyl)-amino}-acetic acid. in yet another embodiment, the
pharmaceutical formulation comprises about 20 mg, or about 50 myg of [(4-hydroxy-1-methyl-7-

phenoxy-isoguinoline-3-carbonyl)-amino}-acetic acid.

{80675] In cne embodiment, the pharmaceutical formulation comprises from about 1% to about 90%
w/w [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino}-acetic acid. In another
embodiment, the pharmaceutical formulation comprises from about 0.1% to about 50% w/w
photostabilizing agent. In another embodiment; the pharmaceutical formulation comprises from about
1% to about 7% wiw photostabilizing agent. In sach embodiment, the pharmaceutical formulation
comprises a pharmaceutically acceptable excipient. The pharmaceutically acceptable excipient may
include fillers such as sugars, including lactose, laciose monohydrate, sucrose, mannitol, or sorbitel;
cellulose preparations such as, for example, maize starch, wheat starch, rice starch, potato starch,
gelatin, gum tragacanth, methy! cellulose, hydroxypropylmethyl-cellulose, carboxymethylcellulose
sodium, microcrystalline cellulose andfor polyvinylpyrrolidone (PVP or povidone), disintegrating
agents, such as the cross-linked polyvinyl pyrrolidene, agar, croscarmeliose sodium or alginic acid or
a salt thereof such as sodium alginate, and wetting agents such as sodium dodecy! sulfate or lubricants
such as magnesium stearate. In one embodiment, the pharmaceutical formulation comprises one or
more pharmaceutically acceptable excipients selected from lactose monohydrate, microerystalline
celtulose, povidone, croscarmellose sodium, or magnesium stearate.
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[0076} In one embodiment, a solid dosage form comprises the pharmaceutical formulation and the
solid dosage form is selected from a capsule, tablet, bead, granule, pellet, lozenge, pill, or gum. In
another embodiment, the soid dosage form is a tablet. In another embodiment, the solid dosage form

is g capsule.

Tabiet

{8677] The present disclosure provides a tablet comprising [(4-hydroxy-1-methyl-7-phenoxy-
isoquinoline-3-carbonyl)-amino]-acetic acid, a pharmaceutically acceptable excipient and an effective
amount of a photostabilizing agent. In one embodiment, the tablet comprises a tablet core and a

coating.

{8078] In some embodiments, the photostabilizing agent is blended into the tablet or the tablet core.
A tablet or a tablet core is prepared by mixing API with one or more excipients such as fillers
(dituents), binders, disintegrating agents, lubricants, and glidants; and then by compressing the
mixture. In the embodiments in which the photostabilizing agent is blended into the tablet or the tablet
core, the photostabilizing agent is mixed (blended) with API and excipient, and then the mixture is
comprassed to form a tablet or a tablet core. Methods of preparing such compressed tablets and tablet

cores are well known in the pharmaceutical arts,

[0079] In one embodiment, the tablet comprises atablet core and a coating, wherein the tabler core
comprises [(4-hydroxy-1-methyl-7-phencxy-isoquinoline-3~carbonyl)-aminoc}-acetic acid and the

pharmaceutically acceptable excipient, and the coating comprises the photostabilizing agent.

[0088] Based on the description and examples provided herein and routing practices in the
formulations art, one of skill in the art will be able to determine the appropriate amount of coating
containing the photostabilizing agent in terms of density and thickness to provide the
photostabitization. In one embodiment, the ceating is present in the tablet in an amount that is about
3% to about 8% wiw based on the weight of the tablet core. For example, from about 7% to about 8%
wiw of coating can be applied to 2 80 mg tablet core; from about 5% to about 6% w/w of coating can
be applied to a 200 mg tablet core; or from about 4% to about 5% w/w of coating can be applied to a
400 g tablet core. The amount of the phetostabilizing agent in these coatings may vary and is
described herein {for example, see Exaruple 2). Non-limiting examples of coating include

polyvinylalcohol-based, hydroxyethyleellulose, hydroxypropylmethyleellulose,
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carboxymethyleellulose sodium, polyethylene glycol 4000 and celiulose acetate phthalate coatings. In

one embodiment, the coating is a polyvinylaleohol-based coating,

[0081] In one embodiment, the photostabilizing agent in the tablet comprises titanium dioxide and
at least one additional dye selected from the group consisting of Allura Red AC, Allura Red AC
aluminum lake, iron oxide red, iron oxide yellow, Sunset Yellow FCF, Sunset Yellow FCF aluminum
lake, Indigetine, Indigetine aluminum lake, and combinations thereof. In another embodiment, the

photostabilizing agent comprises titanium dioxide and Allura Red AC aluminum lake.

{0082] One of skill in the art will be able to determine the sffective amount of photostabilizing
agent needed to prevent or reduce the photodegradation. The amount of photostabilizing agent in the
coating can be described as % w/w, percent weight of the photostabilizing agent based on the coating
weight. In one embodiment, the coating comprises from about 8.1% to about 50% w/w

~ photostabilizing agent (based on coating weight). In another embodiment, the coating comprises from
about 0.5% to about 40% w/w photostabilizing agent (based on coating weight). In another
entbodiment, the coating comprises from about 2% to about 35% photostabilizing agent {based on

coating weight).

[6683] The amount of photostabilizing agent in the coating can also be described as the weight of
the photostabilizing agent applied per surface area unit of the tablet core (mg/em?®). To determine the
amount of photostabilizing agent needed to prevent or reduce photadegradation, the tablet core can be
coated with various amounts of coatings and each coating may contain different dyes at different
quantities. Photodegradation can be monitored by the appearance of photodegradation product, if any,
upon light exposure {either under ICH condition or sunlight). Example 2 describes various coatings
with different dye compositions and their photostabilization results. In the coating, when dye is
present in the form of its aluminum lake, the amount of dye refers to the total amount of pure dye in

its aluminum lake, not including other components of the aluminum lake.

[0084] In one embodiment, the photostabilizing agent in the coating comprises at least about 0.1

mg/om” titanium dioxide and at least one additional dye selected from the group consisting of:

at least about 0.1 mg/em” Allura Red AC;

at least about 0.1 mg/em® Allura Red AC in aluminum lake;

at least about 0.004 mg/em” iron oxide red;

at least about 0.009 mg/cm? iron oxide yellow;

at least about 0.01 mg/em” Sunset Yellow FCF; and

at Jeast about 0.01 mg/em”® Sunset Yetiow FCF in aluminum lake;
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wherein the amount of photostabilizing agent is based on the surface area of the tablet core.

{8085] In another embodiment, the photostabilizing agent in the coating comprises from about 0.1 to

about 2 mg/om” titanium dioxide and at least one additional dye selected from the group consisting of;

from about 0.1 to about 0.4 mg/om” Allura Red AC;

from about 0.1 to about 0.4 mg/en” Allura Red AC in aluminum lake;
from about 0.004 to about 0.4 mg/om” iron oxide red;

from about 0.009 to about 0.2 mg/em? iron oxide yellow;

from about 0.01 to 0.03 mg/em” Sunset Yellow FCF, and

from about .01 to 0.03 mg/em® Sunset Yellow FCF in aluminum lake;

wherein the amount of photostabilizing agent is based on the surface area of the tablet core.

[0686] In yet another embodiment, the photostabilizing agent in the coating comprises, based on
surface area of the tablet'core, from about 0.1 to about 2 mg,/cz_fn2 or from about 0.1 to about 0.4
mg/em” titanium dioxide, and from about 0.1 to about 0.4 mg/em® Altura Red AC or Allura Red AC

in aluminum lake.

{0887} Further examples of various suitable amounts of photostabilizing agents applied to tablet

cores are given in Example 2.

{0088] In some embodiments, the tablet core comprises from about 1% to about 90% w/w, from
about 5% to about 80% w/w, from about 5% to about 40% w/w, from about 11% to about 30% w/w,
20% to about 30% wiw or from about 22% to about 28% w/w [{4-hydroxy-1-methyl-7-phenoxy-

isoguinoline-3-carbonyi)-aminol-acetic acid, and a pharmaceutically acceptable excipient.

{0089] In some embodiments, the tablet core comprises about 1 mg to about 400 mg, or about 20
mg to about 200 mg of [(4-hydroxy-{-methyl-7-phenoxy-isoquinoline-3-carbony!}-amino}-acetic
acid, and a pharmaceutically acceptable excipient. In other ernbodiments, the tablet core comprises
about 1 mg, about 5 mg, about 10 myg, about 15 mg, about 20 mg, about 25 mg, about 3¢ mg, about 75
mg; about 100 mg, about 125 mg, about 150 mg, about 175 mg, about 200 mg, about 250 mg, about
300 mg, about 350 mg, or about 400 g of [(#-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-
carbonyl}-amino}-acetic acid, and a pharmaceutically acceptable excipient. In other embediments, the
tablet core comprises about 20 mg, about 50 mg, or about 100 mg of [(4-hydroxy-1-methyi-7-

phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid, and a pharmaceutically acceptable excipient.
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[0090] Suitable excipients are, for example, fillers such as sugars, including Jactose, lactose
monohydrate, sucrose, mannitol, or sorbitol; celhilose preparations such as, for example, maize starch,
wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, carboxymethylceflulose sodium, microcrystalline cetlulose and/or
polyvinylpyrrolidone (PYP or povidone). 1f desired, disintegrating agents may be added, such as the
cross-{inked polyvinyl pyrrolidone, agar, croscarmellose sodium or alginic acid or a salt thereof such
as sodium alginate. Also, welting agents such as sodium dodecyl sulfate-or lubricants such as

magnesivm stearate may be included.

{0091} In one embodiment, the pharmaceutically acceptable excipient comprises lactose

monohydrate, microcrystafline ceflulose, povidone, croscarmellose sodium, and magnesium stearate.

{0092] The present disclosure provides a tablet comprising a tablet core and a coating, whersin the
tablet core comprises [{4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid
and a pharmaceutically acceptable excipient, and the coating comprises an effective amount of a

photostabilizing agent, wherein the coating is present in an amount from about 3% to about 8% w/w

{(based on the weight of the tablet core).

[8693] In one embodiment, the tablet core comprises from about 22% to about 28% wiw [(4-
hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino}-acetic acid (based on the weight of the
tablet core) and a pharmaceutically acceptable excipient. In one embodiment, the pharmaceutically
acceptable excipient comprises lactose monohydrate, microcrystalline cellulose, povidone,
croscarmellose sodium, and magnesium stearate. In another embodiment, the tablet core comprises
from about 20 mg to about 200 mg [{(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-
amino]-acetic acid. In another embodiment, the tablet core comprises about 20 mg, about 50 mg or

about 100 mg [(4-hydroxy-1-methyl-7-phenoxy-isoquinotine-3-carbonyl-amino}-acetic acid.

{0094] In one embodiment, the photostabilizing agent comprises tHitanium dioxide and at least one
additional dye selected from the group consisting of Allura Red AC, Allura Red AC aluminum lake,
iron oxide red, iron oxide yellow, Sunset Yellow FCF, Sunset Yellow FCF aluminum lake, Indigotine,
Indigotine aluminun lake, and combinations thereof. In ancther embodiment, the photostabilizing
agent comprises titanium dioxide and Allura Red AC aluminum lake. In yet another embodiment, the
coating comprises from about 0.1 to about 0.4 mg/em® titanium dioxide and from about 0.1 to about
0.4 mg/em’® Allura Red AC in aluminum lake wherein the amount of titaniwm dioxide and Allura Red

AC in aluminum lake is based on surface area of the {ablet core.
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{0095] The present disclosure provides a tablet comprising a tablet core and a coating, wherein the
tablet core comprises [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid
and & pharmaceutically acceptable excipient, and the coating comprises an effective amount of a
photostabilizing agent, wherein the coating is present in an amount from about 3% to about §% w/w
(based on the weight of the tablet core), wherein the tablet core comprises about 20 mg, about 50 mg
or gbout 100 mg of [{4-hydroxy- | -methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminoj-acetic acid,
lactose monohydrate, microcrystalline cellulose, povidone, croscarmellose sodium, and magnesium
stearate; and wherein the photostabilizing agent comprises 0.1 to about 0.4 mg/em” titanium diexide
and from about 0.1 to about 0.4 mg/cm® Allura Red AC in aluminum lake wherein the amount of

titanium dioxide and Allura Red AC in aluminum lake is based on surface area of the tablet core.

Capsule

[0095] The present disclosure provides a capsule comprising [(4-hydroxy-1-methyl-7-phenoxy-
isoquinoline-3-carbonyl}-aminol-acetic acid, a pharmaceutically acceptable excipient and an effective
amount of a photostabilizing agent. In one embodiment, the capsule comprises a capsule fill and a
capsule shell, wherein the capsule fill comprises [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-
carbonyl)-aminol-acetic acid and the pharmaceutically acceptable excipient, and the capsule shell

comprises the photostabilizing agent.

[0697} Insome embodiments, the capsule {ill comprises the photostabilizing agent, {{4-hydroxy-1-
methyl-7-phenoxy-isoquinoline-3-carbonyl)-amine]-acetic acid, and the pharmaceutically acceptable
excipient. In these embodiments, the capsule fill is prepared by mixing (blending) the photostabilizing

agent with API and excipients.

[6098] Insome embodiments, the photostabilizing agent in the capsule comprises titanium dioxide
and at least one additional dye selected from the group consisting of Allura Red AC, iron oxidered,
iron oxide yellow, and combinations thereof. In ancther embodiment, the photostabilizing agent
comprises iron oxide red and titanivm diexide. In another embodiment, the photostabilizing agent
comprises iron oxide red, Allura Red AC, iron oxide yellow, and titanium dioxide. In yet another
embodiment, the photostabilizing agent comprises iron oxide red, iron oxide yellow, and titanium
dioxide. In still yet another embodiment, the photostabilizing agent comprises Allura Red AC, iron
oxide yellow, and titanium dioxide. In still yet another embodiment, the photostahilizing agent

comprises iron oxide vellow and titanium dioxide.
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[0099] Based on the disclosure herein and routine experimentation, one of skill in the art will
readily be able to determine the effective amount of photostabilizing agent needed to prevent or
redhuce the photodegradation of Compound A in the capsule. The amount of photostabilizing agent in
the capsule shell can be described as % w/w, percent weight of the photostabilizing agent based on the
capsule shefl weight. To determine the amount of photostabilizing agent needed te prevent or reduce
the photodegradation of Compound A, capsules with capsule shells containing different dyes in
different quantities can be tested for photostabilization. As an alternative, the capsule fills containing
Compound A can be covered with gelatin films containing different dyes in different quamities, and
the photodegradation of Compound A, if any, can be monitered following light exposure (either
under ICH condition or sunlight). Example 3 describes several gelatin films with various dye

compositions and their photostabilization results.

[6108] In opne embodiment, the capsule shell comprises from about 1% wiw to about 7% wiw, from
about1.8% wiw to about 6% wiw, from about 2% w/w to about 4% w/w, or from about 2% wiw to
about 3.5% w/w photostabilizing agent (based on weight of capsule shell). In another embodiment,
the capsule shell comprises from about].8% w/w to about 6% w/w photostabilizing agent (based on
weight of capsule shell). In another embodiment, the capsule shell comprises from about 2% wiw to

about 3.5% w/w photostabilizing agent (based on weight of capsule shell).

[0101] In one embodiment, the capsule shell is a gelatin shell. In another embodiment, the capsule

shell is a hydroxypropyimethylcellulose (HPMC) shell.

{8162} In one embodiment, the capsule shell comprises about 2% wiw iron oxide red and about
0.9% wiw titanium dioxide (based on weight of capsule shell); or about 0.3% w/w Allura Red AC,
about 1% w/w iron oxide yellow, and about 1% w/w titanium dioxide (based on weight of capsule
shell); or about 0.7% wiw iren oxide red, about 0.3% w/w Allura Red AC, about 1% wiw iron oxide
yellow, and about 1% w/w titanium dioxide (based on weight of capsule shell); or about 1% w/w iron
oxide red, about 1% w/w iron oxide yellow, and about 1% w/w titanium dioxide {(based on weight of
capsule shell); or aboirt 1% w/w Altura Red AC, sbout 1% wiw iron oxide yellow, and about 1% wiw
titanium dioxide (based on weight of capsule shell); or about 2% wiw iron oxide red and about 1%
wiw titanium dioxide(based on weight of capsule shell); or about 2% w/w iron oxide yellow and

about 1% w/w titanium dioxide{based on weight of capsule shell).

[0163] In some embodiments, the capsule fill comprises [(4-hydroxy--methy}<7-phenoxy-

isoquinoline-3-carbonylj-amine]-acetic acid in an amount front about 1% to about 90% w/w, from

24



WO 2014/197660 PCT/US2014/041021

about 5% to about 80% w/w, from about 5% to about 40% w/w, from about 8% to about 30% w/w,
10% to about 30% wiw or from about 12% to about 15% w/w (based on the weight of the capsule

fill}; and a pharmaceutically acceptable excipient.

{0104] In some embodiments, the capsule fill comprises about 1 mg to about 400 mg, about 5 mg to
about 250 mg, about 20 mg to about 200 mg, about 20 mg to about 100 mg or about 20 mg to about
50 mg of [{4-hydroxy-1-methyl-7-phenoxy-isoquincline-3-carbonyl)-amino|-acetic acid; and 2
pharmaceutically acceptable excipient. In other embodiments, the capsule fill comprises about 1 mg,
about 5 mg, about 10 mg, about 15 mg, about 20 mg, about 25 mg, about 50 mg, about 75 mg, about
100 mg, about 125 mg, about 150 mg, about 175 mg, about 200 mg, about 250 mg, about 300 mg,
about 350 mg, or about 400 mg of [(4-hydroxy-1-methyl-7-phenoxy-isoquineline-3-carbony!)-
aminoj-acetic acid; and a pharmaceutically acceptable excipient. In other embodiments, the capsule
fill comprises about 20 mg, or about 50 mg of [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-

carbonyl}-amino}-acetic acid; and a pharmaceutically acceptable excipient.

{0105} Suitable excipients are, for example, fillers such as sugars, including Iactose, lactose
monochydrate, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example, maize starch,
wheat stacch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulogse,
hydroxypropylmethyl-cellulose, carboxymethyleellulose sodium, microcrystalline cellulose and/or
polyvinylpyrrolidone (PVP or povidone). If desired, disintegrating agents may be added, such as the
cross-linked polyvinyl pyrrolidone, agar, croscarmeliose sodium or alginic acid or a salt thereof such
as sodium alginate. Also, wetting agents such as sodium dodecyl sulfate or lubricants such as

magnesium stearate may be included.

[0106] In one embodiment, the pharmaceutically acceptable excipient in the capsule comprises
lactose monchydrate, microcrystalline cellulose, povidone, croscarmetlose sodium, and magnesium

stearate.

{0107} The present disclosure provides a capsule comprising a capsule fill and a capsule shell,
wherein the capsule fill comprises from about 12% to about 15% w/w [(4-hydroxy-1-methyl-7-
phenoxy&soquinoiinev3-ca‘rbonyi)-amino}~acetic acid {based on the weight of the capsule fill)and a
pharmaceutically acceptable excipient, and wherein the capsule shell comprises an effective amount
of a photostabilizing agent. In one embodiment, the pharmaceutically acceptable excipient comprises
lactose monohydrate, microcrystailine cellulose, povidone, croscarmellose sodium, and magnesivm

stearate. In another embodiment, the capsule fill comprises about 20 mg or about 50 mg [(4-hydroxy-
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1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminc}-acetic acid. In yet another embodiment, the
capsule shell comprises from about 2% w/'w to about 3.5% w/w photostabilizing agent (based on the

weight of the capsule shell).

[0108]  In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of {(4-hydroxy~
I-methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminol-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monochydrate, microcrystalling cellulose, povidone, croscarmellose
sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about 2%

wiw iron oxide red and about 0.9% w/w titanium dioxide (based on the weight of the capsule shell).

{0169] In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of [(4-hydroxy-
{-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino]-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monohydrate, microcrystalline cellulose, povidone, croscarmellése
sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about
0.3% w/w Allura Red AC, about 1% w/w iron oxide yelfow, and about 1% w/w titanium dioxide

(based on the weight of the capsule shell),

[0118] In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of [{(4-hydroxy-
t-methyl-7-phenoxy-isoquinofine-3-carbonyl)-amino]-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monohydrate, microcrystalline cellulose, povidone, croscarmelliose
sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about
0.7% w/w iron oxide red, about 0.3% w/w Allura Red AC, about 1% w/w iron oxide yelfow, and

about 1% w/w titanium dioxide (based on the weight of the capsule shell).

{0111 In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of {{(4-hydroxy-
1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monohydrate, microcrystalline celtulose, povidone, croscarmellose
sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about 1%
w/w iron oxide red, about 1% w/w iron oxide yellow, and about 1% w/w titanium dioxide (based on

the weight of the capsule shell).

{0112} In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of {(4-hydroxy-
1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amine]-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monohydrate, microerystalline celtulose; povidone, croscarmellose

sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about 1%
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w/w Allura Red AC, about 1% w/w iron oxide yellow, and about 1% w/w titanium dioxide (based on

the weight of the capsule shell).

[0113] In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of [{4-hydroxy-
1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monohydrate, microcrystalline cellulose, povidone, croscarmellose
sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about 2%

wiw iron oxide réd, and about 1% w/w titantum dioxide (based on the weight of the capsule shell).

{8114} In one embodiment, the capsule fill comprises about 20 mg or about 50 mg of [(4-hydroxy-
t-methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminc}-acetic acid, and pharmaceutically acceptable
excipients comprising lactose monchydrate, microcrystalline cellulose, povidone, croscarmellose
sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell comprising about 2%

w/w iron oxide yellow, and about 1% w/w titanium dioxide (based on the weight of the capsule shell).

Routes of Administration

{0115] Suitable routes of administration may, for example, include oral, rectal, transmucosal, nasal,
or intestinal administration and parenteral delivery, including intramuscular, subcutaneous,
intramedullary injections, as well as intrathecal, direct intraventricular, intravenous, intraperitoneal,
intranasal, or intraocular injections. The pharmaceutical formulation may be administered in a local
rather than a systemic manner. For example, pharmaceutical formulation can be delivered via
injection of in a targeted drug delivery system, such as a depot or sustained release formulation. In
one entbodiment, the route of administration is oral. When the pharmaceutical formulation is

administered orally, it may be adrainistered as a tablet or a capsule.

{6116} The pharmaceutical formulations of the present disclosure may be manufactured by any of
the methods well-known in the art, such as by conventional mixing, dissolving, gramulating, dragee-
making, levigating, emulsifying, encapsulating, entrapping, or lyophilizing pracesses. As noted
above, the compositions-can include one or more pharmaceutically acceptable excipients that facilitate

processing of active molecules into preparations for pharmaceutical use.

{8117} Proper formulation is dependent upon the route of administration chosen. For injection, for

example, the composition may be formulated in agueous solutions, preferably in physiologically
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compatible butfers such as Hanks' sofution, Ringer's solution, or physiclogical saline buffer. For
transmucosal or nasal administration, penetrants appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known in the art. In one embodiment of the present
disclosure, the pharmaceutical formulations are intended for oral administration. For oral
administration, it can be formulated readily by combining Compound A with pharmaceutically
acceptable excipients well known in the art. Such excipients enable Compound A to be formulated as
tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral
ingestion by a subject. The pharmaceutical formulation may also be formulated into rectal
compositions such as suppasitories or retention enemas, e.g., containing conventional suppository

bases such as cocoa butter or other glycerides.

{0118] Pharmaceutical preparations for oral use can be obtained using solid excipients, optionally
grinding a resulting mixture, and processing the mixture of granules, after adding suitable auxiliaries,
if desired, to obtain tablets or tablet cores. Suitable excipients are well known in the art and are

described elsewhere herein.

{0119] Pharmaceutical preparations for oral administration include push-fit capsules made of
gelatin, HPMC, and other suitable materials, as well as soft, sealed capsules made of gelatin and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active ingredients in
admixture with filler such as lactose, binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft capsules, the active ingredients may be
dissolved or suspended in suitable liquids, such as fatty oils, Hiquid paraffin, or liquid polyethylene

glycols. In addition, stabilizers may be added.

{0120} The pharmaceutical formulations may also be formulated as a depot preparation. Such long
acting formulations may be administered by implantation (for example, subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, the pharmaceutical formulations
may be formulated with suitable polymeric or hydrophobic materials (for example as an emulsion in
an acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a

sparingly soluble salt.

{0121] For any composition used in the various treatments embodied herein, an effective dose (or
therapeutically effective dose) can be estimated initially using a variety of techniques well known in
the art. For example, in a cell culture assay, a dose can be formulated in animal models to achieve a

circulating concentration range that includes the ICs, as determined in cell culture. Dosage ranges
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appropriate for human subjects can be determined, for example, using data obtained from cell culture
assays and non-human animal studies. In one embodiment, the dosage may be from 0.05 mg/ke to
about 700 mg/kg. Typically, the dosage may be from about 0.05 mg/kg to about 500 mg/ke; from
about 0.1 mg/kg to about 250 mg/ke; from about 0.2 mg/kg to about 100 mg/fkg; from about 0.3
mg/kg to.about 10 mg/kg; from about 0.5 mg/kg to about § mg/kg; or from about 1 mg/ke to about 2
mg/kg. For example, the dosage may be about 0.5 mg/kg; about 0.7 mg/kg; 1.0 mg/kg; about 1.2
mg/kg; about 1.5 mg/ke: about 2.0 mg/kg; about 2.5 mg/kg; about 3.0 me/ke; about 3.5 mgrke; about
4.0 mg/kg; about 4.5 mg/ke; or about 5.0 mg/kg. The dosages may be administered at various
intervals, for example, every day, every other day, 1, 2, or 3 times a week, ete. Typically, the dosages

is administered 2 or 3 times a week,

{6122} A therapeutically effective dose of a compound refers to that amount of the compound that
results in amelioration of symptonis or a prolongation of survival in a subject. Toxicity and
therapeutic efficacy of such molecules can be determined by standard pharmaceutical procedures in
cell cultures or experimental animals, e.g., by determining the LDsg (the dose lethal to 50% of the
population) and the EDso {the dose therapeutically effective in 50% of the population). The dose ratio
of toxic to therapeutic effects is the therapeutic index, which can be expressed as the ratio LDs/EDsq.

Compounds that exhibit high therapeutic indices are preferred.

{0123} Dosages preferably fall within a range of circulating concenirations that includes the EDs,
with little or no toxicity. Dosages may vary within this range depending upon the dosage form
employed and the route of administration utilized. The exact formulation, route of administration, and
dosage should be chosen, according to methods known in the art, in view of the specifics of a

subject’s condition.

[0124] Dosage amount and interval may be adjusted individually to provide plasma levels of the
active moiety that are sufficient to modulate a desired parameter, e.g., endogenous ervthropoietin
plasma 1éveis, i.e. minimal effective concentration (MEC). The MEC will vary for each compound
but can be estimated from, for example, in vifro data. In cases of local administration or selective
uptake, the effective local concentration of the drug may not be related to plasma concentration.
Alternatively, modulation of a desired parameter, e.g., stimulation of endogenous erythropoietin, may
be achieved by 1) administering a loading dose followed by a maintenance dose, 2) administering an
induction dose to rapidly achieve the desired parameter, e.g., erythropoietin levels, within a target
range, followed by a lower maintenance dose to maintain, e.g., hematocrit, within a desired target
range, or 3) repeated intermittent dosing,
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{0123} The amount of compound or composition administered will, of course, be dependent on a
variety of factors, including the sex, age, and weight of the subject being treated, the severity of the

affliction, the manner of administration, and the judgment of the prescribing physician,

[0126] The present compositions may, if desired, be presented in a pack or dispenser device
containing one or more unit dosage forms containing the active ingredient. Such a pack or device
may, for example, comprise metal or plastic foil, such as a blister pack. The pack or dispenser device
may be accompanied by instructions for administration. Pharmaceutical formulations of the
disclosure formulated in a compatible pharmaceutical excipient may also be prepared, placed in an
appropriate container, and labeled for treatment of an indicated condition. Suitable conditions
indicated on the label may include treatment of conditions, disorders, or diseases in which anemiais a

major indication.

Methods

{8127] The present disclosure provides a method of inhibiting (preventing and/or reducing) the
photodegradation of [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl }-amino]-acetic acid
{Compound A). In one embodiment, the method comprises formulating [(4-hydroxy-1-methyl-7-
phenoxy-isoquineline-3-carbonyl)-amine]-acetic acid with an effective amount of a photostabilizing
agent. An-effective amount of photostabilizing agent is the amount sufficient to limit the amount of
photodegradation product of Compound A that is produced to a level that is less than about 0.2% wiw
Compound A (or 2000 ppm), under ICH conditions. In one embodiment, the photostabilizing agent
comprises titanium dioxide. In one embodiment, the photostabilizing agent comprises a dye. In some
embodiments, the method comprises formulating [(4-hydroxy-1-methyl-7-phenoxy-isoquinofine-3-
éarbonyl)—amjno}acetic acid with titanium dioxide and at least one additional dye. In a further
embodiment, the photostabilizing agent blocks light at a wavelength range of between about 220 and
about 550 nm. In other embodiments, the dye is selected from the group consisting of a black dye, a
blue dye, a green dye, a red dye, an orange dye, a yellow dye, and combinations thereof. In another
embodiment, the dye is selected from the group consisting of a red dye, an orange dye, a yeliow dye,
and combinations thereof. The present invention further provides a method of inhibiting (preventing
and/or reducing) the photodegradation of [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-
amino}-acetic acid (Compound A), the method comprising formulating [(4-hydroxy-1-methyl-7-

phenoxy-isoguinoline-3-carbanyl)-amino]-acetic acid with an effective amount of a photostabilizing

36



WO 2014/197660 PCT/US2014/041021

agent, and a pharmaceutically acceptable excipient. Various formulations comprising

photostabilizing agents have been described herein.

{8128] Compound A can be formulated with the photostabilizing agent in any conventional manner,
for example, by mixing or blending Compound A and photostabilizing agent together into a
homageneous dry powder, compressing into solid tablet forms, filling into capsules, efc.
Alternatively, Compound A can be formulated with the photostabilizing agent by coating a tablet core
comprising Compound A with a coating comprising the photostabilizing agent, or by enclosing a

capsule {ill comprising Compound A within a capsule shell comprising the photostabilizing agent.

{0129] In other embodiments, the method of inhibiting the photodegradation of Compound A can
be achieved with photostabilizing packaging, either as an alternative, or as an addition to the
photostabilizing formulation. Examples of photostabilizing packaging for tablets or capsules includs,
but are not limited to, opaque containers or wrappings such as, a brown bottle, a black-lined bottle, an
amber vial, an opaque blister pack, a blister pack made from a blister film containing a

photostabilizing agent, and a foil-lined packaging.

[0136] One aspect of the disclosure provides for use of the pharmaceutical formulations for the
manufacture of a medicament for use in treating various conditions or disorders as described herein.
It also provides methods of using the pharmaceutical formulation or composition or medicament
thereof, to treat, pretreat, or delay progression or onset of various conditions or disorders as described

herein.

{0131} The medicaments or compositions can be used to modulate the stability and/or activity of
HIF, and thereby activate HIF-regulated gene expression. In one aspect, the medicaments or
compositions can be used to inhibit or reduce the activity of a HIF hydroxylase enzyme, particularly a
HIF prolyl hydroxylase enzyme, for example, EGLN1, EGLN2, and BGLN3 (also known as PHDZ,
PHDI and PHD3, respectively), described by Taylor (2001,Gene 275:125-132), and characterized by
Aravind and Koonin (2001, Genome Biol 2:RESEARCHO0007), Epstein et al. (2001, Cell 107:43-54),
and Bruick and McKnight (2001, Science 294:1337-1340).

{8132] The pharmaceutical formulations described herein can be used in methods to treat, pretreat,
or delay progression or onset of conditions associated with HIF including, but not limited to, anemic,
ischemic, and hypoxic conditions. In various embodiments, the pharmaceutical formulation is
administered immediately following a condition producing acute ischemia, e.g., myocardial

infarction, pulmonary embolism, intestinal infarction, ischentic stroke, and renal ischemic-reperfusion
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injury. In another embodiment, pharmaceutical formulation is administered to a patient diagnosed
with a condition associated with the development of chronic ischemia, e.g., cardiac cirrhosis, macular
degeneration, pulmonary embolism, acute respiratory failure, neonatal respiratory distress syndrome,
and congesiive heart failure. In yet another embediment, pharmaceutical formaulation is administered
immediately afier a trauma or injury. In other embodiments, pharmaceutical formulation can be
administered to a subject based on predisposing conditions, e.g., hypertension, diabetes, occlusive
arterial disease, chronic venous insufficiency, Raynaud’s disease, chronic skin ulcers, cirrhosis,
congestive heart failure, and systemic sclerosis. In still other embediments, pharmaceutical
formulation may be administered to pretreat a subject to decrease or prevent the development of tissue
damage associated with ischemia or hypoxia. In other embodiments, the pharmaceutical formulations
and compositions can be used in a method to treat or delay progression of inflammatory bowel

disease, including various forms of colitis (e.g., ulcerative colitis) and Crohn’s disease.

[0133] The pharmaceutical formulations and compositions can be used in a method to treat anemia,
to increase blood hemoglobin levels, and/or to increase hematocrit, in a subject in need thereaf. In
one aspect, the pharmaceutical formulations and compositions can be used in a method to treat
anemia, to increase blood hemoglobin levels, and/or to increase hematoerit, in a subject with chronic
kidney disease or end stage renal disorder. In one aspect, the pharmaceutical formulations and
compositions ¢an be used in a method to treat anemia, to increase blood hemoglobin levels, and/or to

increase hematocrit, in a subject having anemia of chronic disease.

[8134] The pharmaceutical formulations and compositions can also be used in a method for
regulating glucose metabolism and achieving glucose homeostasis. Methods for decreasing blood
glucose levels, reducing insulin resistance, decreasing glycated hemoglobin levels, decreasing blood
triglyceride levels, and improving glycemic control in a subject are also accomplished by
administering the formulations or compositions described herein. Methods for treating or preventing
diabetes, hyperglycemia, and other conditions associated with increased blood glucose levels are
provided, as are methods for treating or preventing conditions associated with diabetes, e.g.,

conditions that are risk factors for or that develop in paratie] with or as a result of diabetes.

{6135] The pharmaceutical formulation can also be used to increase endogenous erythropoietin
(EPQ). The pharmaceutical formulation can be administered to prevent, pretreat, or treat EPO-
associated conditions, including, e.g., conditions associated with anemia and neurological disorders.
Conditions associated with anemia include disorders such as acute or chronic kidney disease, diabetes,

cancer, ulcers, infection with virus, e.g., HIV, bacteria, or parasites; inflammation, etc. Anemic
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conditions can further include those associated with procedures or treatments including, e.g., radiation
therapy, chemotherapy, dialysis, and surgery. Disorders associated with anemia additionally include
abnormal hemaglobin and/or erythrocytes, such as found in disorders such as microcytic anemia,

hypochromic anemia, aplastic anemia, ete.

[0136] In one aspect, the pharmaceutical formulations and compositions can be used in a method for

inducing enhanced or complete erythropoiesis in a subject.

{0137} The disclosure is also directed to use of a pharmaceutical formulation to treat, pretreat, or
delay onset of a condition associated with a disorder selected from the group consisting of anemic
disorders; neurological disorders and/or injuries including cases of stroke, trauma, epilepsy, and
neurodegenerative disease; cardiac ischemia including, but not limited to, myocardial infarction and
congesﬁve heart failure; liver ischemia including, but not limited to, cardiac cirrhosis; renal ischemia
including, but not limited to, acute kidney failure and chronic kidney failure; peripheral vascular
disorders, uloers, burns, and chronic wounds; pulmonary embolism; and ischemic-reperfusion injury.
In one aspect the formulations and compositions are useful in a method for treating nultiple sclerosis

and/or incredsing neirogenesis.

{0138]  In a further aspect, the formulations and compositions can be used in a method for reducing
blood pressure or preventing an increase in blood pressure and for treating or preventing hypertension

or prehypertension in any subject, including, but not limited to, subjects having kidney disease.

{0139} In another embodiment, the present invention provides use for the formulations and
compositions in a method for improving kidney function in a subject having or at risk for having
impaired kidney function, the method comprising administering to the subject an agent that inhibits

hypoxia inducible factor (HIF) hydroxylase activity.

{0148] In another aspect, the formalations and compositions can be used in a method for regulation
of iron processing and treatment/prevention of conditions associated with deficiencies in fron and/or
iron processing. In certain aspects, the invention contemplates use of the formulations and
compositions in methods for increasing serum iron, increasing transferrin saturation, increasing

soluble transferrin receptor levels, and increasing serum ferritin levels in a subject.

{0141} In another aspect, the formulations and compositions can be used in methods for treatment of

high cholesterol by reducing the circulating level of total cholesterol and particularly by reducing the
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circulating level of low density lipoprotein cholesterol and/or very low density lipoprotein chelesterol,

and/or increasing the ratio of high density lipoprotein cholesterol/low density protein cholesterol.

[0142] Maethods of using HIF proly! hydroxylase inhibitors, and in particular, Conpound A, to treat
various conditions and disorders have been described in numerous publications inciuding, U.S. Patent
Application Publication Nos. 2003/0176317, 2003/0153503, 2004/0204356, 2004/0235082,
2005/0020487, 2007/0042937, 2007/0004627, 2006/0276477, 2007/0293575, 2012/0149712,
2007/0259960, 2007/0292433, 201 1/0039878, 2011/0039885, 2010/0144737, 2011/0039879, and
2011/0263642; PCT Publication No. WO2012/097329, WQ2012/097331, and WO2013/070908;
International Patent Application No. PCT/US2013/029851.

[8143] The disclosure is also directed to a method of inhibiting the activity of at least one
hydroxylase enzyme which modifies the alpha subunit of hypoxia inducible factor. The HIF
hydroxylase enzyme may be a proly! hydroxylase including, but not limited to, the group consisting of
EGLN]1, EGLNZ, and EGLN3 (also known as PHD2, PHD1 and PHD3, respectively), described by
Taylor (2001,Gene 275:125-132), and characterized by Aravind and Koonin (2001, Genome Biol
2:RESEARCHO0007), Epstein et al. (2001, Cell 107:43-54), and Bruick and McKnight {2001, Science
294:1337-1340). The method comprises contacting the enzyme with Compound A. In some
embodiments, the HIF hydroxylase enzyme is an asparaginyl hydroxylase or a prolyl hydroxylase. In
other embodiments, the HIF hydroxylase enzyme is a factor inhibiting HIF, human EGLN{, EGLN2,
or EGLNS.

{D144] While this disclosure has been described in conjunction with specific embodiments and
examples, it will be apparent to a person of ardinary skill in the art, having regard to that skill and this
disclosure, that equivalents of the specifically disclosed materials and methods will also be applicable

to this disclosure; and such equivalents are intended to be included within the following claims.

EXAMPLES
Example I. Solid State Sunlight Exposure of Compound A

{0145} Approximately 500 mg of Compound A dry powder was placed in @ 1-gallon polyethylene
bag and exposed to sunlight for two months consecutively during daylight hours. The powder was in
a very thin layer and the bag was shaken often to ensure that alf the powder and not just the top layer
was exposed to sunlight. A control sample of Compound A powder was stored in an amber vial in the

dark for the same-amount of time for comparison purposes. After two months, visual inspection of

34



WO 2014/197660 PCT/US2014/041021

the two saraples indicated that the light-exposed sample had become off-white, compared to the
control sample which was yellow. The light-exposed sanple and the control sample were analyzed
by HPLC to evaluate differences in their composition. The HPLC method used a reverse phase
Zorbax Eclipse XDB-C8, 3.5 pm, 4.6 x 150mm column. The mobile phase was comprised of water
and acetonitrile mixtures acidified with trifluorcacetic acid. Gradient elution with increasing
acetonitrile provided chromatograms of the control sample of Compound A (FIG. 1, before light
exposure) and the fight-exposed sample of Compound A (FIG. 1, after light exposure) with UV
detection at 230 nm. The HPLC of the light-exposed sample shows the appearance of a new peak,
designated as “Photodegradation Product” in FIG.1.

{0146} Before exposure to sunlight, the Compound A powder had a purity value of 99.1% as
measured by reverse phase HPLC and no single impurity was present at a level above 0.2% wiw
{2000 ppm). After exposure to sunlight, the Compound A powder had a slightly lower purity value of
98.4%. After exposure to sunlight, a new peak appeared in the chromatogram evidencing a new
melecule. The new peak had an area of 0.34%. The fact that the area percent of Compound A
decreased on exposure to sunlight and the new molecule appeared suggests that a fraction of

Compound A is converting to the new molecule, a photodegradation product.

Example 2. Photostabilizing Coating of Tablet

[0147} It was found that tablets comprising [(4-hydroxy-1-methyl-7-phenoxy-isoguinoline-3-
carbonyl)-amino}-acetic acid photodegrade upon exposure to light. To reduce the photodegradation

of Compound A in the tablets, various coatings were tested for their photostabilizing properties.

[0148] Pink/Peach coating formulas tested included a coating comprising
Formula 1: iron oxide red, iron oxide yellow and titanium dioxide (“Pink/Peach #17);
Formula 2: Sunset Yellow FCF, iron oxide red and titanjum dioxide (“Pink/Peach #2™); or

Formula 3: iron oxide red, iron oxide yellow and titanium dioxide (“Pink/Peach #3”).

{0149] The red coating formulas tested included a coating comprising

Formula 4: Allura Red AC and Indigotine aluminum lakes, and titanium dioxide (“Allura Red
AC/Indigoting™);

Formula 5: Allura Red AC aluminum lake and titanium dioxide (“Allura Red AC™); or

Formula 6: Iron oxide red and titanium dioxide (“Red Tron Oxide™).
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[0150] Tablets comprising either 20 mg or 100 mg of [(4-hydroxy-1-methyl-7-phenoxy-

isoquinoline-3-carbonyl)-amino}-acetic acid were coated in an evenly distributed layer with different

PCT/US2014/041021

amounts of photostabilizing agent per tablet surface area (mg/om’) in a coating pan with reduced

lighting, Table 1 lists examples of tablet coatings at various levels using different coating formulas.

The 3%, 4%, 4.5% or 7.5% coating level is the percentage of the weight of the coating material over

the weight of the tablet core being coated.

Table I: Examples of Phetostabilizing Agents per Tablet Surface Area Present in Tablets
Coated at Different Coating Levels

20 my strength tablet with 3% target coating level

Formula Formula { Formula | Formula | Fermula | Formaula
fa 2a 34 4a 5a 6a
Total Allura Red AC (mg/cmz) 0,000 0.000 0.000 0.136 0.123 0.000
Total Indigotine (mg’cmz) 0.000 0.000 0.000 0.0005 6.000 0:800
Total Sunset Yellow FCF {mg/em?) (.000 0.009 0.000 0.000 0.000 (.000
Red iron oxide (mg/em®) 0.008 0.003 0.605 0.000 0.000 0.134
Yellow iron oxide (mg/em®) 0.043 0.000 0.005 0.000 0.000 0.000
Titanium dioxide (mgfom®) 0.621 0.609 0.661 0.126 0.125 0639
20 mg strength tablet with 4% target coating level
Formula Formula | Formula | Formela | Formula | Formula
ik 2h 3b 4b Sh 6b
Total Allura Red AL (mg/em?) 0.000 0.000 0.000 0.182 0.163 0.000
Total Indigotine (mgfem?) 0.000 0.000 0000 0.001 {.000 0.000
Total Sunset Yellow FCF (mg/ent) 0.000 0.012 0.000 0.000 0.000 0,000
Red iron oxide (mg/om®) 0.010 0.004 0.007 0.000 0.000 0.179
Yellow iron oxide (mg/cmz) 3.057 0.000 0.007 0.000 0.000 0.000
Titanium dioxide (mg/em’) 0.828 0.811 {.881 0.168 0.167 0.852
20 mg strength tablet with 7.5% target coating level
Formula Formula | Formula | Formuls { Formula | Formuia
ie 3¢ 3¢ 4e 5¢ &e
Total Allpra Red AC (mg/mn2) 0.000 0.000 0.000 0.341 §.306 0.000
Total Indigotine (mg/om®) 0.000 £.000 0.000 0.001 0.080 0.000
Totai Sunset Yellow FCF (mg/om?) 0.000 0.023 0.000 0.000 0.000 0.000
Red iron oxide (mg/em?) 0.019 0.007 0.013 0.000 0.000 0.336
Yellow iron oxide (mg/em®) 0.107 0.000 0.013 $3.000 0.000 0.000
Titanium dioxide (mg/ent’) 1.552 1.521 1.652 (.316 0.314 1.598
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100 myg strength tablet with 3% target coating level
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Formula Formula | Formula | Formula | Formulz | Formula
1d 24 3d 4d 5d &4
Tatal Allura Red AC (mgfem®) 0.000 0.000 0.008 0.240 0,216 0.000
Total Indigotine (mg/em®) 0.000 0.000 0.000 0.001 0.000 0.000
Total Sunset Yeliow FCF (mg/em®) 0.000 0.016 0.000 0.000 0.000 0.000
Red fron oxide (mg/cmz) 0.014 0.003 0.009 {1L.000 0.600 0,237
Yellow iron oxide (mg/em?) 0.075 0.000 0.009 0.000 0.000 0.000
Titanium dioxide (mg/em™ 1.694 1.073 1.165 0.222 0.221 1.127
180 mg strength tablet with 4% target coating level
Formula Formula | Formula | Formula | Fermula | Formula
1e 2e 3e 4¢ Se fe
Total Allura Red AC (mgfom®) 0:000 0.000 0.000 3.320 0.288 0.000
Total Indigotine {mg/em®) 0.000 0.000 0.000 0.001 0.000 0.000
Total Sunset Yellow FCF {mg/cm®) 0.000 0.021 0.060 0.000 0.000 0.000
Red fron oxide {mg/em®) 0,018 0.606 0.013 (.000 0.000 f.316
Yellow iron oxide (mg/em®) 0.100 0.080 0.013 0.000 0.000 0.060
Titanium dioxide (mg/em’) 1.459 1.430 1.553 0.297 0.295 1.502
100 mg strength tablet with 4.5% target coating level
Formula Formula | Formuia | Formula | Formula | Formula
if 25 3 4f 5f 6f
Total Allura Red AC {mg/em?) 0.000 0.000 0.000 0.360 0.324 0.000
Total Indigotine (mgfem®) 0.000 0.000 0.000 0.001 0.000 0.000
Total Sunset Yellow FCF (mg/em?) 0.000 0.024 0.000 0.000 {.000 0.000
Red iron oxide (mgfcm?) 0.021 0.007 0.014 0.000 8.000 0.353
Yellow iron oxide (mg/em®) 0.113 0.000 0.014 8.000 0.000 0.000
Titanium dioxide (mg/em®) 1.642 1.609 1.747 0.334 0.332 1.690

{0151] The coated tablets were exposed to light (ICH Option 2}, and tested for photedegradation by

measuring the amount of photodegradation product that was present by using reverse phase HPLC.

Dark controls were wrapped in aluminum foil. The reverse phase HPLC method used to quantify

photodegradation product had an upper quantitation limit of 0.25% or 2500 ppm. Where values above

0.25% or 2500 ppm were reported, a modified reverse phase HPLC method with a higher upper

quantitation limit, but of lower sensitivity, was used. Tables 2 and 3 show mean values (n=10) of
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photodegradation product (in ppm relative to Compound A) for each red-coated tablet batch tested.

“ND” refers to not determined. “NA” refers to not applicable.

Table 2: Photodegradation of 20 mg Strength Tablet with Red Coatings

Coating Formula Ceating Light Photodegradation Product
Eevel Exposure Mean Value
(wiw) {(ppm)
Allvira Red ACy | Formula 4a 3% 1CH Option 2 1645
Indigotine Formula 4b 4% | ICH Option2 859
| Formula Sa 3% | ICH Option 2 1816
Allura Red AC -
Formula 5b 4% ICH Option 2 859
1CH Option 2 1304
. Formula 6a 3%
Red Iron Oxide Dark Control 2
Formula 6b 4% ICH Option 2 422
) NA Dark Control <2
Uncoated :
N/A ICH Option 2 5813

Table 3: Photodegradation of 100 mg Strength Tablet with Red Coatings

Ceoating Formula Ceating Light Photodegradation Product
Level Exposure Mean Value
{wiw) {ppu}
Allura Red AC/ | Formula 4d 3% ICH Option 2 241
Indigotine Formula 4¢ 4% ICH Option 2 68
Formula 5d 3% ICH Option 2 151
Allura Red AC -
Forimula Se 4% ICH Option 2 37
Formula 6d 3% ICH Option 2 52
Red Iron Oxide -
Formula 6e 4% ICH QOption 2 8
Uncoated N/A ICH Option 2 2962

[0152] These results are depicted graphically in FIG. 2A (20 mg strength tablet) and 2B (100 mg

strength tablet).

{0153] Photodegradation resulis for tablets coated with pink/peach formulas at the 3% or 4%

coating level (based on the weight of the tablet core), after exposure to ICH Option 2 conditions are
shown in FIG. 3A and Table 4 for the 20 mg strength tablets, and in FIG. 3B and Table § for the 100

mg strength tablets,
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Table 4: Photedegradation of 20 mg Strength Tablet with Pink/Peach Coatings

Coating Formula Coating Light Photodegradation Preduct
Level Exposure Mean
(wiw) (ppm)
ICH Option 2 >2500
» 29, =
Pinl/Peach #1 | formulala | 3% e e trol 2
Formula 1b 4% ICH Option 2 2079
2 36 ICH Cption 2 2
Pink/Peach #2 Formula 2a 3% P >2500
Formula 2b 4% ICH Option 2 >2500
) ICH Option 2
Pink/Peach 43 Formula 3a 3% ; P 1.1011 >2500
Formula 3b 4% ICH Option 2 >2500

Table §: Photedegradation of 100 mg Strength Tablet with Pink/Peach Coatings

Coating Coating Light Photodegradation Product
Formaula Level Exposure Mean
{wiw) {ppm)
Pink/Peach #1 Formula 1d 39 _ICH Optfcn 2 889
Formula le 4% ICH Option 2 115
26 ICH Option 2
Pink/Peach #2 Eomluia 2d 3% Y 1173
Formula 2e 4% ICH Option 2 608
For 39 ICH Option 2
Pink/Peach #3 Formula 3d 3% p fOﬁ 1885
Formula 3e 4% ICH Option 2 1138

Example 3. Photostabilizing Gelatin Capsule

{0154] Compound A in gelatin capsules also exhibits photodegradation upon light exposure,
Gelatin film coatings containing various dye combinations were tested for their photostabilizing

properties,

{0155] Gelatin capsules comprising [{4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-
amino}-acetic acid in colorless transparent hard gelatin capsule shells were covered with a gelatin film
comprising various photostabilizing agents, exposed to light under ICH Option 2 described herein,
and tested for photodegradation of [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-
aminol-acetic acid by measuring the amount of photodegradation product using reverse phase HPLC
deseribed in Example 1. Results represent the mean value of photodegradation product measured in

10 gapsules.
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{0156] The composition of the hard gelatin filims tested is shown in Table 6 below.

Table 6: Gelatin Films

Ingredient Yo wiw
(based on weight of capsule shell)
Orange #1 Yellow iron oxide 1%
Allura Red AC 0.3%
Titanium dioxide 1%
COrange #2 Yellow iron oxide 1%
Red iron oxide 0.7%
Allura Red AC 0.3%
Titanium dioxide 1%
Orange #3 Yellow iron oxide 1%
Red iron oxide 1%
Titanium dioxide 1%
Red #1 Red iron oxide 2%
Titanium dioxide 1%
Yellow Yellow iron oxide 2%
Tianium dioxide 1%
Orange #4 Yellow iron oxide 1%
Allura Red AC 1%
Titanium dioxide 1%
Blue Indigotine 1%
Titanium dioxide 1%
Red #2 Red iron oxide 2%
Titanivm dioxide 0.9%

[8157} As shown in Table 7 and FIG. 4, the orange dyes offered the best photostabilization of

Compound A in the hard gelatin capsules.

Table 7: Photodegradation of Hard Gelatin Capsules Containing Compound A

Gelatin Film Photodegradation Product
Mean
(ppm)
Light Control (No
Gelatin Filng 10563
COrange #1 378
Orangs #2 36
Orange #3 619
Red #1 1500
Yellow 1194
QOrange #4 247
Blue 6100
Red #2 1432
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WHAT IS CLAIMED iS:

1. A pharmaceutical formulation comprising [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-
carbonyl)-amino}-acetic acid, a pharmaceutically acceptable excipient, and an effective amount of
a photostabilizing agent, wherein the pharmaceutical formulation comprises less than about 0.2%
w/w (based on the amount of [(4-hydroxy-1-methyl-7-phenoxy-isogquinoling-3-carbonyl }-amino]-
acetic acid) photodegradation product of {{4-hydroxy-1-methyl-7-phenoxy-isoquinoling-3-

carbony!}-amino}-acetic acid.

2. A pharmaceutical formulation comprising [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-
carbanyl)-amino}-acetic acid, a pharmaceutically acceptable excipient, and an effective amount of
a photostabilizing agent, wherein the photostabilizing agent comprises titanium dioxide and at least

one additional dye.

s

3. The pharmaceutical formulation of claim 1 or 2, wherein the photostabilizing agent blocks

light at a wavelength range of between about 200 and about 550 nm.

4. The pharmaceutical formulation of claim 2, wherein the dye is selected from the group
consisting of a black dye, a blue dye, a green dye; ared dye, an orange dye, a yellow dye, and

combinations thereof,

5. The pharmaceutical formulation of claim 4, wherein the dye is selected from the group

consisting of a red dye, an orange dye, a yellow dye, and combinations thereof.

6. The pharmaceutical formulation of claim 4, wherein the dye is selected from the group
consisting of Allura Red AC, Allura Red AC aluminum lake, iron oxide red, iron oxide yellow,
Sunset Yellow FCF, Sunset Yellow FCF aluminum lake, Indigotine, Indigotine aluminum fake,

and combinations thereof.

7. The pharmaceutical formulation of any one of claims 1-6, comprising from about 20 mg to
about 200 mg of [{4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3~carbonyl)-amino}-acetic acid.

8. The pharmaceutical formulation of claim 7, comprising about 20 mg, about 50 mg, or about
100 mg of [{4-hydroxy-1-methyl-7-phenoxy-isoquinotine-3-carbonyl }-amino}-acetic acid.

9. The pharmaceutical formulation of claim 7, comprising about 20 mg or about 50 mg of [(4-
hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid.

10.  The pharmaceutical formulation of any one of claims 1-9, wherein the photostabilizing agent
comprises titaninm dioxide and Allura Red AC aluminum lake.
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11. The pharmaceutical formulation of any one of claims 1-9, wherein the photostabilizing agent

comprises iron oxide red and titanium dioxide.

12. The pharmaceutical formulation of any one of claims 1-9, wherein the photostabilizing agent

comprises Allura Red AC, iron oxide yellow, and titanium dioxide.

13, The pharmaceutical formulation of any one of claims 1-9, wherein the photostabilizing agent

comprises iron oxide red, Allura Red AC, iron oxide yellow, and titanium dioxide.

14, The pharmaceutical formuiation of any one of claims 1-9, wherein the photostabilizing agent

comprises iron oxide red, fron oxide yellow, and titanium dioxide.

15, The pharmaceutical formulation of any one of claims 1-9, wherein the photostabilizing agent

comprises iron oxide yellow and titanium dioxide.

16. A solid dosage form comprising the pharmaceutical formulation of any one of claims 1-9,
wherein the solid dosage form is selected from capsule, tablet, bead, granule, pellet, lozenge, pill,

or guit.
17. The solid dosage form of claim 16, wherein the solid dosage form is tablet.
8.  The solid dosage form of claim 16, wherein the solid dosage form is capsule.

19. A tablet comprising [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbony!)-aminoe]-acetic

acid, a pharmaceutically acceptable excipient, and an effective amount of a photostabilizing agent.
20.  The tablet of claim 19, comprising a tablet core and a coating.

21, Thetablet of claim 19 or 20, wherein the photostabilizing agent is blended into the tablet or

the tablet core.

22.  The tablet of claim 20, wherein the tablet core comprises [(4-hydroxy-1-methyl-7-phenoxy-
isoquinoline-3-carbonyl)-amino}-acetic acid and the pharmaceutically acceptable excipient, and the

coating comprises the photostabilizing agent.

23.  The tablet of claim 21 or 22, wherein the photostabilizing agent comprises titanium dioxide
and at least one additional dye selected from the group consisting of Allura Red AC, Allura Red
AC aluminum lake, iron oxide red, iron oxide yellow, Sunset Yellow FCF, Sunset Yeliow FCF

aluminum lake, Indigotine, Indigotine aluminum lake, and sombinations thereof,

24.  Thetablet of claim 23, wherein the photostabilizing agent comprises titantum dioxide and
Allura Red AC aluminum lake.



WO 2014/197660 PCT/US2014/041021

25.  The tablet of claim 22, wherein the photostabilizing agent comprises at least about 0.1

mg/em’ titanium dioxide and at least one additional dye selected from the group consisting of:

at least about 0.1 mgfem” Allura Red AC;

at least about 0.1 mg/em® Allura Red AC in aluminum fake;

at least about 0.004 mg/em® iron oxide red;

at feast about 0,009 mg/cm® iron oxide yellow;

at least about 0.01 mg/cm” Sunset Yellow FCF; and

at least about 0.01 mg/em” Sunset Yellow FCF in aluminum lake;

wherein the amount of photostabilizing agent is based on surface area of the tablet core.

26.  The tablet of claim 22, wherein the photostabilizing agent comprises, from about 0.1 1o shout

2 mg/em” titanium dioxide and at least one additional dye selected from the group consisting of:

from about 0.1 to about 0.4 mg/em® Allura Red AC;

from about 0.1 to about 0.4 mg/eny” Allura Red AC in atuminum lake;
from about 0.004 to abeut 0.4 mg/em’ fron oxide red;

from about 0.009 to about 0.2 mg/em® iron oxide yellow:

from about 0.01 to 0.03 mg/em® Sunset Yellow FCF; and

from about 0.01 t0 0.03 mg/cm?‘ Sunset Yellow FCF in aluminum lake;

wherein the amount of photostabilizing agent is based on surface area of the tablet core.

27.  Actablet comprising a tablet core and a coating, wherein the tablet core comprises [(4-
hydroxy-=i—me.thyi-’?-phenoxy~i50quino]ine—S~carbonyl)namino}-ace.tic acid and a pharmaceuticalty
acceptable excipient, and the coating comprises an effective amount of a photostabilizing agent,
wherein the coating is present in an amount from about 3% to about 8% w/w (based on the weight

of the tablet care).

28.  The tablet of claim 27, wherein the tablet core comprises from about 22% to about 28% w/w
[{4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbony}-amino}-acetic acid (based on the
weight of the tablet core) and a pharmacentically acceptable excipient.

29.  The tablet of claim 28, wherein the pharmaceutically acceptable excipient comprises lactose

monohydrate, microcrystalline cellulose, povidone, croscarmeliose sodium, and magnesium

stearate.

30.  The tablet of claim 28 or 29, wherein the tablet core comprises from about 20 mg to about
200 mg {(4-hydroxy-1-methyl-7-phenoxy-isoquineline-3-carbony!-aminol-acetic acid.
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31, Thetablet of claim 30, wherein the tablet core comprises about 20 mg, about 50 mg or about

100 mg [(4-hydroxy-1-methyl-7-phenoxy-~isoquincline-3-carbonyl)-amino}-acetic acid.

32.  Thetablet of claim 27, wherein the photostabilizing agent comprises titanium dioxide and at
least one additional dye selected from the group consisting of Allura Red AC, Allura Red AC
ahuminum lake, iron oxide red, iren oxide yellow, Sunset Yellow FCF, Sunset Yellow FCF

aluminum lake, Indigotine, Indigotine aluminum lake, and combinations thereof.

33.  Thetablet of claim 32, wherein the photostabilizing agent comprises titanium dioxide and

Allura Red AC aluminum lake.

34.  Thetablet of claim 33, wherein the coating comprises from about 0.1 to about 0.4 mg/em”
titanivm dioxide and from about 0.1 to about 0.4 mg/em® Allura Red AC in aluminum take
wherein the amount of titanium dioxide and Allura Red AC in aluminwm lake is based on surface

area of the tablet core.

35.  The tablet of claim 27, wherein the tablet core comprises about 20 mg, about 50 mg or about
100 mg of {(4-hydroxy-1-methyl-7-phenoxy-iseqaincline-3-carbonyl}-amino}-acetic acid, lactose
monohydrate, microcrystalline cellulose, povidone, croscarmellose sodium, and magnesium
stearate; and wherein the photostabilizing agent comprises 0.1 to about 0.4 mg/om? titanivm
dioxide and from about 0.1 to about 0.4 mgfem® Allura Red AC in aluminum lake wherein the
arnount of titanium dioxide and Alhwa Red AC in aluminum lake is based on surface area of the

tablet core.

36. A capsule comprising [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminc}-
acetic acid, a pharmaceutically acceptable excipient and an effective amount of a photostabilizing
agent.

37.  Thecapsule of claim 36, comprising a capsule fill and a capsule shell, wherein the capsule fill
comprises {(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyi }-amino}-acetic acid and the

pharmaceutically acceptable excipient, and the capsule shell comprises the photostabilizing agent.

38.  The capsule of claim 37, wherein the photostabilizing agent comprises thtaniom dioxide and at
least one additional dye selected from the group consisting of Allura Red AC, iron oxide red, iron

oxide yellow, and combinations thereof,

39.  The capsule of claim 38, wherein the photostabilizing agent comprises iron oxide red and

titaniuny dioxide.
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40.  The capsule of claim 38, wherein the photostabilizing agent comprises Aljura Red AC, iron

oxide vellow, and titanium dioxide.

41, The capsule of claim 38, wherein the photostabilizing agent comprises iron oxide red, Allura

Red AC, iron oxide yellow, and titanium dioxide.

42.  The capsule of claim 38, wherein the photostabilizing agent comprises iron oxide red, iron

oxide yellow, and titanium dioxide.

43.  The capsule of claim 38, wherein the photostabilizing agent comprises iron oxide yellow and

titanium dioxide.

44, The capsule of claim 37, wherein the capsule shell comprises from about 1.8% to about 6%

w/w photostabilizing agent (based on the weight of the capsule shell).

45.  The capsule of claim 37, wherein the capsule shell comprises from about 2% to about 3.5%

w/w photostabilizing agent (based on the weight of the capsule shell).
46.  The capsule of claim 37, wherein the capsule shell is a gelatin shell.

47. A capsule comprising a capsule fill and a capsule shell, wherein the capsule fill comprises
from about 12% to about 15% w/w [(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-
amino}-acetic acid (based on the weight of the capsule filf) and a pharmaceutically acceptable

excipient, and wherein the capsule shell comprises an effective amount of a photostabilizing agent.

48.  The capsule of claim 47, wherein the pharmaceutically acceptable excipient comprises lactose
monohydrate, microcrystalline cellulose, povidone, croscarmellose sodium, and magnesium

stearate.

49.  The capsule of claim 47 or 48, wherein the capsule fill comprises about 20 mg or about 5¢ mg

[(4-hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbony!)-amino ]-acetic acid.

50.  the capsule of claim 47, wherein the capsule shell comprises from about 2% w/w to about

3.5% wiw photostabilizing agent (based on the weight of the capsule shell).

51, Thecapsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg [(4-
hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-aminc]-acetic acid, and pharmaceutically
acceptable excipients comprising lactose monohydrate, microcrystalline cellulose, povidone,
croscarmellose sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell
comprising about 2% w/w iron oxide red and about 0.9% w/w titanium dioxide (based on the

weight of the capsule shell).
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52. The capsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg {(4-
hydroxy-1-methy!-7-phenoxy-isoquinoline-3-carbony!)-amino}-acetic acid, and pharmaceutically
acoepiable excipients comprising lactose monochydrate, microcrystalline celiulose, povidone,
croscarmellose sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell
comprising about 0.3% w/w Allura Red AC, about 1% w/w iron oxide yellow, and about 1% w/w

titanium dioxide {based on the weight of the capsule shell).

53.  The capsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg [(4-
hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino}-acetic acid, and pharmaceutically
acceptable excipients comprising lactose monchydrate, microcrystalline cellulose, povidone,
croscarmeliose sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell
comprising about 0.7% w/w iron oxide red, about 0.3% w/w Allura Red AC, about 1% w/w iron

oxide yellow, and about 1% w/w titanium dioxide (based on the weight of the capsule shell),

54, The capsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg [(4-
hydroxy~1-methy!-7-phenoxy-isoquinoline-3-carbonyl)-amino}-acetic acid, and pharmaceutically
accepiable excipients comprising lactose monchydrate, microcrystatline cellulose, povidone,
croscarmellose sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell
comprising about 1% w/w iron oxide red, about 1% w/w iron oxide yellow, and about 1% w/w

titanium dioxide (based on the weight of the capsule sheil).

55.  The capsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg [(4-
hydroxy-1-methyl-7-phenoxy-isoquineline-3-carbonyl}-amino]-acetic acid, and pharmaceutically
acceptable excipients comprising lactose monohydrate, microcrystalling celiulose, povidone,
croscarmellose sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell
comprising about 1% w/w Allura Red AC, about 1% w/w iron oxide vellow, and about 1% wiw

titanium dioxide (based on the weight of the capsule shell).

36.  The capsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg [(4-
hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl)-amino}-acetic acid, and pharmaceutically
acceptable excipients comprising lactose monohydrate, microcrystalline ceilulose, povidone,
croscarmeliose sodivm, and magnesium stearate; and wherein the capsule shell is a gelatin shel}
comprising about 2% w/w iron oxide red, and about 1% w/w titanium dioxide (based on the weight

of the capsule shell).

57.  The capsule of claim 47, wherein the capsule fill comprises about 20 mg or about 50 mg [(4~

hydroxy-1-methyl-7-phenoxy-isoquinoline-3-carbonyl}-amino}-acetic acid, and pharmaceutically
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acceptable excipients comprising lactose monohydrate, microcrystalline cellulose, povidone,
croscarmellose sodium, and magnesium stearate; and wherein the capsule shell is a gelatin shell
comprising about 2% w/w iron oxide yellow, and about 1% w/w titanium dioxide (based on the

weight of the capsule shelf).

58. A method of inhibiting the photodegradation of {{4-hydraxy-1-methyl-7-phenoxy-
isoquinoline-3carbonyl}-amino}-acetic acid, said method comprising formulating [{(4-hydroxy-1-
methyl-7-phenoxy-isoquinoline~3-carbonyl }-amino-acetic acid with an effective amount of a

photostabilizing agent.

59.  The method of claim 58, wherein the photostabilizing agent comprises titanium dioxide and at

least one additional dye.

60. A method for treating, pretreating, or delaying onset or progression of a condition mediated at
least in part by hypoxia inducible factor (JIF), comprising administering to a patient in need
thereof, a pharmaceutical formulation of any one of claims 1-15, a tablet of any one of claims 19-

35, ora capsule of any one of claims 36-37.

61. A method for ireating, pretreating, or delaying onset or progression of anemia, comprising
administering to a patient in need thereof, a pharmaceutical formulation of any one of claims 1-15,

a tablet of any one of claims 19-35, or & capsule of any one of ¢laims 36-57.
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