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DESCRIPTION

METHODS OF TREATING ALPORT SYNDROME USING BARDOXOLONE
METHYL OR ANALOGS THEREQOF

The present application claims the prionty benefit of United States provisional
application number 62/380,597, filed November 2, 2017, United States provisional
application mumber 62/535,663, filed July 21, 2017, and United States provisional application
number 62/419.335, filed November 8, 2016, the entire contents of cach of which is

meorporated heren by reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to the fields of biology and medicine. More
particularly, it concerns, in some aspects, methods for treating or preventing Alport syndrome

or symptoms thereof using bardoxolone methvl and analogs thereof,
2. Description of Related Art

Alport syndrome is a rare and serious hereditary disease caused by mutations n the
genes encoding Type 1V collagen, a2 major structural component of the glomerular basement
membrane (GBM} in the kidney. Patients with Alport syndrome exhubit ultrastructoral
changes in the GBM due to the abnormal expression of Type IV collagen chains in the
kidney. Loss of GBM integrity resulis in abnormal leakage of proteins, such as albumin,
which are then excessively reabsorbed in the tubules and activate pro-inflammatory signaling
pathways in glomerular endothelial cclls, mesangial cells, and podocytes. Chronic activation
of pro-inflammatory pathways in these kidney cells promotes glomerular filtration rate (GFR)
loss bv several mechanisms: {(a} in glomerular endothelial cells, mflammation-associated
reactive oxvgen species (ROS) mduce the production of peroxyminte, which depletes
vasodilatory nitric oxide and results in endothebal dysfimetion, vasoconstriction and reduced
glomerelar surface area for filtration; (b} inflammation-agsociated ROS nduce a contractile
response m mesangial cells, further reducing filtration; and {¢) ROS-mediated activation of
nflammatory pathways leads to fibrosis, promoting structural alterations in the mesangiam
and GBM thickening that contributes to GFR decline. GFR decline from these processes

inevitably leads to end stage renal discase (ESRD).
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Bardoxolone methy! has been shown to improve both estimated glomerular filtration
rate (¢GFR) and measured glomerular filtration rate (mGFR) in patients with CKD doe o
Tyvpe 2 diabetes. Bardoxolone methyl and several of its analogues also have been shown to

inhibit pro-fibrotic signaling pathways and reduce oxidative stress and mflammation in

(]

multiple models of CKB. These compounds have also shown inhibition of inflammatory
signaling and fibrosis in animal models of liver, skin, and long disorders.

Despite the severe consequences of Alport syndrome including ESRD, there remain
only limited treatment options for this condition. Thercfore, there remains a therapeutic need
to develop new and effective methods of treating and/or preventing Alport syndrome, the

10 associated symptoms thereof, as well as preventing the onset of such symptoms.
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SUMMARY

In one aspect, the present invention refers toube of a compound as shown by the

following formula:

or a pharmaceutically acceptable salt thereof éngireparation of a medicament for treating
or preventing Alport syndrome in a human patientahother aspect, the present invention refers to

the use of a compound as shown by the followinmida:

or a pharmaceutically acceptable salt thereof i@ fhmeparation of a medicament for
improving kidney function of a human patient whe feeen diagnosed with Alport syndrome. In one
example, there are disclosed methods of treatingewenting Alport syndrome in a patients in need
thereof, and/or improving the kidney function oftipats who has been diagnosed with Alport
syndrome. Such methods are described in the sscbelow, including for example the claims
section, which is incorporated herein by reference.

In some examples, the compound is bardoxolone hé@RYDO-Me or RTA 402). And in
some of these examples, at least a portion of ®@Me is present as a polymorphic form,
wherein the polymorphic form is a crystalline fofmaving an X-ray diffraction pattern (CualK
comprising significant diffraction peaks at abou8,8.2.9, 13.4, 14.2 and 17.4°2In non-limiting
examples, the X-ray diffraction pattern (GuKs substantially as shown in FIG. 1A or FIG. 1B
other variations, at least a portion of the CDDO-lgl@resent as a polymorphic form, wherein the
polymorphic form is an amorphous form having anax-diffraction pattern (Cuk) with a halo peak
at approximately 13.5 82 substantially as shown in FIG. 1C, and @ Tn some variations, the
compound is an amorphous form. In some variatittrescompound is a glassy solid form of CDDO-
Me, having an X-ray powder diffraction pattern wéthalo peak at about 13.5972s shown in FIG.
1C, and a §. In some variations, theg Value falls within a range of about 120 °C to &abbsb °C.

In some variations, thegWalue is from about 125 °C to about 130 °C.
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In some examples, the compound is administered locally. In some examples, the compound
is administered systemically. In some examples, the compound is administered orally,
intraadiposally, intraarterially, intraarticularly, intracranially, intradermally, intralesionally,
intramuscularly, intranasally, intraocularly, intrapericardially, intraperitoneally, intrapleurally,
intraprostatically, intrarectally, intrathecally, intratracheally, intratumorally, intraumbilically,
intravaginally, intravenously, intravesicularlly, intravitreally, liposomally, locally, mucosally, orally,
parenterally, rectally, subconjunctivally, subcutaneously, sublingually, topically, transbuccally,
transdermally, vaginally, in crémes, in lipid compositions, via a catheter, via a lavage, via continuous
infusion, via infusion, via inhalation, via injection, via local delivery, via localized perfusion, bathing
target cells directly, or any combination thereof. For example, in some variations, the compound is
administered intravenously, intra-arterially or orally. For example, in some variations, the compound
is administered orally.

In some examples, the compound is formulated as a hard or soft capsule, a tablet, a syrup, a
suspension, a solid dispersion, a wafer, or an elixir. In some variations, the soft capsule is a gelatin
capsule. In variations, the compound is formulated as a solid dispersion. In some variations the hard
capsule, soft capsule, tablet or wafer further comprises a protective coating. In some variations, the
formulated compound comprises an agent that delays absorption. In some variations, the formulated
compound further comprises an agent that enhances solubility or dispersibility. In some variations,
the compound is dispersed in a liposome, an oil-in-water emulsion or a water-in-oil emulsion.

In some examples, the pharmaceutically effective amount is a daily dose from about 0.1 mg to
about 500 mg of the compound. In some variations, the daily dose is from about 1 mg to about 300
mg of the compound. In some variations, the daily dose is from about 10 mg to about 200 mg of the
compound. In some variations, the daily dose is about 25 mg of the compound. In other variations,
the daily dose is about 75 mg of the compound. In still other variations, the daily dose is about 150
mg of the compound. In further variations, the daily dose is from about 0.1 mg to about 30 mg of the
compound. In some variations, the daily dose is from about 0.5 mg to about 20 mg of the compound.
In some variations, the daily dose is from about 1 mg to about 15 mg of the compound. In some
variations, the daily dose is from about 1 mg to about 10 mg of the compound. In some variations, the
daily dose is from about 1 mg to about 5 mg of the compound. In some variations, the daily dose is
from about 2.5 mg to about 30 mg of the compound. In some variations, the daily dose is about 2.5
mg of the compound. In other variations, the daily dose is about 5 mg of the compound. In other
variations, the daily dose is about 10 mg of the compound. In other variations, the daily dose is about
15 mg of the compound. In other variations, the daily dose is about 20 mg of the compound. In still
other variations, the daily dose is about 30 mg of the compound.

In some examples, the pharmaceutically effective amount is a daily dose of 0.01 — 25 mg of
compound per kg of body weight. In some variations, the daily dose is 0.05 — 20 mg of compound per

kg of body weight. In some variations, the daily dose is 0.1 — 10 mg of compound per kg of body
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weight. In some variations, the daily dose is 0.1 — 5 mg of compound per kg of body weight. In some
variations, the daily dose is 0.1 — 2.5 mg of compound per kg of body weight.

In some examples, the pharmaceutically effective amount is administered in a single dose per
day. In some examples, the pharmaceutically effective amount is administered in two or more doses
per day.

In some examples, the patient is a mammal such as primate. In some variations, the primate
is a human. In other variations, the patient is a cow, horse, dog, cat, pig, mouse, rat or guinea pig.

In some variations of the above methods, the compound is substantially free from optical
isomers thereof. In some variations of the above methods, the compound is in the form of a
pharmaceutically acceptable salt. In other variations of the above methods, the compound is not a
salt.

In some examples, the compound is formulated as a pharmaceutical composition comprising
(1) a therapeutically effective amount of the compound and (ii) an excipient selected from the group
consisting of (A) a carbohydrate, carbohydrate derivative, or carbohydrate polymer, (B) a synthetic
organic polymer, (C) an organic acid salt, (D) a protein, polypeptide, or peptide, and (E) a high
molecular weight polysaccharide. In some variations, the excipient is a synthetic organic polymer. In
some variations, the excipient is selected from the group consisting of a hydroxypropyl methyl
cellulose, a poly[1-(2-oxo-1-pyrrolidinyl)ethylene] or copolymer thereof, and a methacrylic acid —
methylmethacrylate copolymer. In some variations, the excipient is hydroxypropyl methyl cellulose
phthalate ester. In some variations, the excipient is PVP/VA. In some variations, the excipient is a
methacrylic acid — ethyl acrylate copolymer. In some variations, the methacrylic acid and ethyl
acrylate may be present at a ratio of about 1:1. In some variations, the excipient is copovidone.

Any embodiment discussed herein with respect to one aspect of the invention applies to other
aspects of the invention as well, unless specifically noted.

Further aspects and embodiments of this invention are elaborated in greater detail, for
example, in the claims section, which is incorporated herein by reference.

Other objects, features and advantages of the present disclosure will become apparent from
the following detailed description. It should be understood, however, that the detailed description and
the specific examples, while indicating specific embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this detailed description. Note that simply
because a particular compound is ascribed to one particular generic formula does not mean that it

cannot also belong to another generic formula.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to
further demonstrate cortain aspects of the present mvention. The mvention may be better

understood by reference to one or more of these drawings in combination with the detailed

(]

description of specific embodiments presented herein,

FIGK, 1A-C ~ X-ray Powder Diffraction (XRPD) Spectra of Forms A and B of RTA

402. FIG. 1A shows unmicronized Form A; FIG. 1B shows micronized Form A; FIG. 1C

shows Form B.

FIG. 2 - Mean oGFR Over Time in BEACON (Safety Population). Mean observed

10 eGFR over time by treatioent week m placebo (PBO) versus bardoxolone methyl (BARD)
paticnts.  Only mcludes assessments of eGFR collected on or before a patient’s last dose of
study drug. Visits are derived relative to a patient’s first dose of study drug. Data are mean =+
SE.

FIGS. 3A-B - Percentage of eGFR Decliners in Bardoxolone Methyl vs. Placebo

15 Patients m BEACON (Safety Population}. Percentage of patients with changes in ¢GFR from
baseline of <3, <3, or <-7.5 mL/min/1.73 m? by treatment week in placebo (PBO) (FIG.
3A) versus bardoxolone methy! (BARD) (FIG. 3B) patients. Only includes assessments of
¢GFR collected on or before a patient’s last dose of study drug. Visits are derived relative to
a patient’s first dose of study drug. Percentages calculated relative to number of patients with

20 available eGFR data at each visit. The number of placebo patients with data for FIG. 3A
were 1093 at Week 0, 1023 at Week 8, 885 at Week 16, 726 at Week 24, 547 at Weck 32,
402 at Week 40, and 281 at Week 48. The number of placebo patients with data for FIG. 3B
werg 1092 at Week 0, 958 at Week 8, 795 at Week 16, 628 at Week 24, 461 at Week 32, 345
at Week 40, and 241 at Week 48,

23 FIG. 4 - Time to Compositc Primary Outcome Event in BEACON (ITT Population).
Results from a randomized, double-blind, placebo-controlled phase 3 study m T2D patients
with Stage 4 CKD (BEACON, RTA402-C-0903). Patients were admimistered placebo (PBO)
or 20 mg of bardoxolone methvl (BARD) once daily. Analysis includes only end-stage renal
disease {ESRD) or cardiovascular {CV} death evenis occurring on or prior to study drug

30 terounation date (SDTy (October 18, 2012) that were positively adjudicated by an

independent Event Adpudication Conunittee, as outlined in the BEACON EAC Charter.
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FIG. 5 Mean Serum Magnesium Levels in Bardoxolone Methyl vs. Placebo Patients
in BEACON., Mean cbserved serum magnesium levels over time by treatment week 1n
placcbo vs. bardoxolone methyl patients. Ounly mcludes assessments of serum magnesium

collected on or before a patient’s last dose of study drug. Visits are derived relative 1o a

(]

patient’s first dose of study drug. Data are mean + SE. Top line is placebo; bottom line is

bardoxolone methyl.

FiGS, 6A-B - Changes from Baseline over Time m Systolic Blood Pressure (SBP)

(FIG. 6A) and Diastolic Blood Pressure (DBP) (FIG. 6B) in Bardoxolone Methyl (BARD) vs.

Placebo (PBO} Patients m BEACON (Safety Populationd Data imcludes only wvital

10 assessments collected on or before a patient’s last dose of study drug. Visits are denved
relative to a patient’s first dose of study drug. Data arc mean + SE.

FIGS, 7TA-B - Twenty-four-hour Ambulatory Blood Pressure Monitoring (ABPM)
Sub-5tudy: Week 4 Changes from Baseline to Week 4 1o Systolic Blood Pressure (SBP)
(F1G. 7A) and Diastolic Blood Pressure (DBP) (FIG. 7B) in Bardoxolone Methyl (BARD) vs.

15 Placcho (PBO) Patients. Data include only patients with baseline and Week 4 24-h ABPM
values. Changes in sysiolic blood pressure are calculated using the averages of all valid
measurements taken from a patient’s ambulatory blood pressure monitoring device during the
entire 24-h period, daytime (6 A M. to 10 P.M), or nightiime (10 PM to 6 A M. the next
day). Data are mean + SE.

20 FiG5, 8A-B — Placebo-Corrected Changes from Baseline in Systolic Blood Pressure
on Study Days | and 6 in Healthy Voluntecrs Administered Bardoxolone Methvl (BARD).
Results from a multiple-dose, randomized, double-blind, placebo-controlled thorough QT
study in healthy volunteers (RTA402-C-1006). Patients were treated with placebo, 20 mg or
80 mg of bardoxolone methyl, or 400 mg of moxitioxacin (active comparator) once daily for

25 six consecutive days. Data are mean changes (= SD) from baseline 0-24 hours post-dose on
Study Day 1 and Study Day 6. FIG. 84 shows dosing with 20 mg BARD on Study Dayv 1.
F1G. 8B shows dosing with 20 mg BARD on Study Day 6. FIG. 8C shows dosing with 80
mg BARD on Study Day 1. FIG. 8D shows dosing with 80 mg BARD on Study Day 6.

FIiGS. 3A-B - Placebo-Corrected Changes from Baseline in QTcF m Healthy

30 Vohmieers Adnunistered Bardoxclone Methyl (BM).  Results from a multiple-dose,

randomized, double-blind, placcbo~controlled thorough QT study in healthv volunteers

(RTA402-C-1006). QTcF mterval changes in subjects administered bardoxolone methyl (20

mg or 80 mg —~ FIG. 9A and FIG. 9B, respectively) are shown relative to changes m patients

receiving placebo treatment for six consecutive days. Data are mean values + 90%
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assessed 0-24 hours post-dose on Study Dav 6, where the upper limit of the 90% CI is
cquivalent to the 1-sided, apper 95% confidence fimit. The 10 ms threshold reference line is
relevant to the upper confidence limits.

FIGS, 10A-B - Kaplan-Meier Plots for Fluid Overload Events in ASCEND (FIG.
10A) and Heart Failure Events in BEACON (ITT Population; FIG. 10B). Time-to-first event

(]

analysis for avosentan-induced fhud overload events m ASCEND and heart faihwe m
BEACON. Avoscntan-induced fluid overload events in ASCEND were taken from the
adverse event reports of the local mvestigators.  Individual signs and svmptoms on the
adverse event forms indicating fluid overload nchided: heart faithure, edema, fluid overload,

10 flmd retention, hypervolemia, dvspuoea, pleural and pericardial effusions, ascites, weight
ncrease, pulmonary rales, and pulmonary edema. Analysis includes only heart failure events
occurring on or prior to study drug termination date (October 18, 2012} that were positively
adjudicated by an independent Event Adjudication Commitiee, as cutlined in the BEACON
EAC Charter.

5 FiG, 11 - Time to First Hospitalization for Heart Failure or Death Due to Heart
Failure Event in BEACON {ITT Population}. Analysis includes only heart failurg (HF)
gvents occurring on or prior to study drug termination date (SDT) (October 18, 2012) that
were positively adjudicated by an independent Event Adjudication Committee, as outhned
the BEACON EAC Charter. Top hne is bardoxolone methyl (BARD); bottom line 1s placebo

20 (PBO).

FiG. 12 — Overall Survival of Bardoxolone Methyl vs. Placebo Patients in BEACON.
Results from a randomized, double-blind, placeho-controlled phase 3 study in T2D patients
with Stage 4 CKD (BEACON, RTA402-(-0903). Patients were admirustered placebo or 20
mg of bardoxolonc methyl once daily. Analvsis mcludes all deaths occcwrring prior to

25 database lock {(March 4, 2013). Top hine 1s bardoxolone methyvl (BARD); bottom line 1s

placebo.



WO 2018/089539 PCT/US2017/060701

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In one aspect, the present invention provides now methods for treating or preventing
Alport syndrome or a symptom thereof or proventing the onset of symptoms of Alport

syndrome in patients using bardoxolone methyl and analogs thercof. These and other aspects

(]

of the mvention are described in greater detail below.

i. Characteristics of Patients Who Should Be Excluded from Treatment with
Bardoxolone Methyl

Several clinical studies have shown that treatment with bardoxolone methyl improved
markers of renal function (ncluding estimated glomerular filtration rate, or eGFR), msulin
10 resistance, and endothelial dyvsfimction (Pergola e ol , 2011). These chservations led to the
inttiation of a large Phase 3 trial (BEACON) of bardoxclone methyl o patients with stage 4
CKD and type 2 diabetes. The prunary endpoint in the BEACON trial was a composite of
progression to end-stage renal disease (ESRDM and all-cause mortality. This trial was
terpinated due 1o excess severe adverse ovents and mortality 10 the group of patients treated

15 with bardoxolone methyl
As discussed below, subsequent analysis of the data from the BEACON trial showed
that most of the severe adverse events and mortality involved heart failure and were highly
correlated with the presence of one or more risk factors including: (a) elevated bascline levels
of B-type natriwretic peptide (BNP; e g, >200 pg/mL); (b} baschine eGFR <20; {c} lustory of
20 lefi-sided heart disease; {d) high baseline albumin-to-creatinine ratio {ACK; e.g., >300 mg/g
as defined by dipstick proteinuria of 3+); and (e} advanced age (e.g., >75 vyears}). The
analysis indicated that heart failure cvents were likely related to the development of acute
fluid overload in the first three to four weeks of bardoxolone methy! treatment and that this
was potentially due to inhibition of endothebin-1 signaling in the kidney. A previous tnal of
25 an endothelin receptor antagonist in stage 4 CKD patients was terminated dug to a pattern of
adverse cvents and mortality very similar to that found m the BEACON trial. Subsequent
non-chinical studies confirmed that bardoxolone methyl, at physiologically relevant
concentrations, inhibits endothelin-1 expression in renal proximal tubule cpithelial cells and
inhibits endothelin  receptor expression i human mesangial and endothelial cells.
30 Accordingly, patients at tisk of adverse events from inhibition of endothelin signaling should

be excluded from futare clinical use of bardoxolone methyl.
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The present invention concerns new methods of treating Alport syndrome that inchide
modification of the glomerular basement membrane as a significant contributing factor. Kt
also concerns the preparation of pharmacecutical compositions for the treatment of such
disorders. In some embodiments of the present invention, patients for treatment are selected
on the basis of several critenia: (1) diagnosis of a disorder that involves endothehal
dysfunction as a significant comtributing factor; {2} lack of elevated levels of B-type
natriuretic peptide (BNP; e.g., BNP titers must be <200 pg/mlL}); (3} lack of chronic kidney
disease {e.g., eGFR > 60} or lack of advanced chronic kidney disease {e.g., eGFR > 45); (4)
lack of a history of lefi-sided myocardial disease; and {5) lack of a high ACR {e.g, ACR
below 300 mg/g). In some embodiments of the imvention, paticnts with a diagnosis of type 2
diabetes are excluded. In some embodiments of the invention, patients with a diagnosis of
cancer are excluded. In some embodiments, patients of advanced age {e.g., >75 vears) arc
excluded. In some embodiments, patients are closely monttored for rapid weight gain
suggestive of fluid overload. For example, patients mayv be instructed to weigh themselves
daily for the first four weeks of treatment and contact the prescribing physician if increases of

greater than five pounds are observed.
A BEACON Study
1. Design of Study

Study 402-C-0903, titled “Bardoxolone Methy! Evaluation in Patients with Chronic
Kidney Disease and Type 2 Diabetes: The Oceurrence of Renal Events” (BEACON) was a
phase 3, randomized, double-blind, placebo-controlled, parallel-group, multinational
nwlticenter study designed to compare the cfficacy and safety of bardoxolone methyl
{(BARD) to placebo (PBO) n patients with stage 4 chronic kidnev disease and tvpe 2
diabetes. A total of 2,185 patients were randomized 1:1 to once-datly administration of
bardoxolone methyl (20 mg) or placebo. The primary efficacy endpoint of the study was the
time-to-first event in the composite endpoint defined as end-stage renal discase (ESRD: need
for chronic dialysis, renal transplantation, or renal death) or cardiovascular (CV) death. The
study had three secondary efficacy endpoints: (1) change 1n estimated glomerular filtration
rate (eGFR}; (2) time-to-first hospitalization for heart failure or death due to heart failure; and
(3) tme-to-first event of the composite endpoint consisting of non-fatal myocardial
infarction, non-fatal stroke, hospitalization for heart failare, or cardiovascular death.

A subset of the BEACON patients consented fo additional Z4-hour asscssments

mcluding ambulatorv blood pressure monitoring (ABPM) and 24-hour urine collections. An

10
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ndependent Events Adjudication Committee (EAC), blinded to study treatment assignment,
evaluated whether renal events, cardiovascolar events, and neurological events met the pre-
specified definitions of the prunary and secondary cndpommts. An {DMC, consisting of
external climical experts supported by an independent statistical group, reviewed unblinded

safety data throughout the study and made recommendations as appropriate.
2. Bemographics and Baseline Characteristics of the Population

Table 1 presents summary statistics on  select demographic and  baseline
characteristics of patients enrolied in BEACON., Demographic characteristics were
comparable across the two treatment groups. In all freatment groups combined, the average
age was 68.5 years and 57% of the patients were male. The bardoxolone methyl arm had
slightly more patients in the age subgroup 275 vears than the placebo arm (27%
bardoxolone methy! arm versus 24% in the placcho arm). Mean weight and BMI across both
treatment groups was 95.2 kg and 33.8 kg/m?, respectively. Baseline kidney function was
generally similar in the two treatment groups; mean bascline ¢GFR, as measured by the 4-
variable Modified Dict in Renal Discase (MDRD) equation, was 22.5 mbL/min/1.73 m? and
the geometric mean albumin/creatinine ratio (ACR) was 2155 mg/g for the combined
treatment groups.

Table 1. Select Demographics and Baseline Characteristics of Bardoxolone Methyl
{BARD) versus Placebo {PBO) Patients in BEACON (ITT Population)

BARD PBO Total
N = 1088 N = 1097 N=2185
Sex, n (%)
Male 626 (58) 625 (573 1251 {57
Female 462 {42 472 (43) 034 {43)
Age at informed consent {years)
f 1088 1097 2185
Mean (SD) 68.9¢9.7) 68.2 (9.4} 68.5 (9.6}
Range (min, max) 32,92 29,93 2993
Age subgroup, u {%e)
<75 786 (72) 829 (76) 1615 (74}
>75 302 (27) 268 {243 570 (26)
Weight (kg)
n 1087 1097 2184
Mean (SD) 95.1¢22.0) 953211 952 (21.5)
Range {min, max} 46, i94 45, 186 45, 194

11
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BARD PBO Total
N = 1088 N = 1097 N=2185
BMI (kg/m?%)
n 1087 1097 2184
Mean (SD} 33771 33.9(7.2) 338(7H)
Range {min, max} 19, 93 15, 64 19,93
eGFR (mL/min/1.73 m”) mean (SD)
i 1088 1697 2185
Mean (SD) 224¢43) 22.5 (4.6) 22.5¢4.5)
Range (min, max) 13,34 13,58 13, 58
eGFR MDRD subgroup, n (%)
15 -<20 325 (30) 347 (32} 672 (31)
20 - <25 399 (37) 366 {33} 765 (35)
25 - <30 311 (29} 318 (29 629 (29)
ACR (mg/g) geometric mean
n 1088 1097 2185
Geometric mean 2104 2207 2155
{95% Ch) {188, 236} (196, 249) {198, 234)
Range (min, max) <1, 4581 <1, 79466 <}, 79466
ACH subgroup, o {%e)
<30 200 (18) 211 {19} 411 (19)
30-300 348 (32) 308 {28} 636 (30)
=300 540 (50) 578 {53} 1118 (51}

Patients were administered placebo or 20 mg of bardoxolone methyl once daily.

B. BEACON Resulis

i Effect of Bardoxolone Methyl on eGFR

The mean «GFR values for bardoxolone methyl-treated and placebo-treated patients

are shown in FIGG. 2. On average, bardoxolone methyl patients had expected mcreases in

eGFR that occurred by Week 4 of treatment and remained above bascline through Week 48,

In contrast, placebo-treated patients on average had uvnchanged or slight decrcases from

baseline. The proportion of patients with ¢GFR declines was markedly reduced

bardoxolone methvi- versus placcbo~treated patients (FIGS. 3A-B). The ¢GFR trgjectones

and the proportions of decliners observed m BEACON after one vear of treatment were

consistent with modeled expectations and resulis from the BEAM study (RTA402-C-0804).

As shown i Table 2, the number of patients who cxperienced a renal and unmary disorder

12
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serious adverse event (SAE)} was lower i the bardoxolone methyl group than in the placebo
group (52 vs. 71, respectively). Additionally, and as discussed in the following section,
shghtly fewer ESRD events were observed in the bardoxolone methyl group than in the
placebo group. Collectively, these data suggest that bardoxolone methyl treatment did not

worsen renal status acutely or over time.

13
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Table 2. Incidence of Treatment-Emergent Serious Adverse Events in BEACON
within Each Primary System Organ Class (Safety Population)

Placebo Bardoxolone

MedDRA System Organ Class N=1(93 methyl

n {%%) N=1092

n {%)

Patients with any serious adverse event 295 (27 363 (33
MNumber of serious adverse events 357 717
Cardiac disorders g4 (8} 124 (AL
Infections and mfestations 63 (6) 79 {7}
Renal and unnary disorders 71 (6) 32 (%)
Metabolism and nutrition disorders 42 & 51 (3)
Gastrointestinal disorders 39 4 46 {4}
Respiratory, thoracic and mediastinal disorders 32 3 43 4
Nervous system disorders 35 (3) 37 (3
General disorders and administration sife conditions 200 (2 29 {3}
Vascular disorders 18 2) 20 (2
Injury, poisoning and procedural complications 17 (2 19 {23
Musculoskeletal and connective tissue disorders 13 (1) 21 (2
Biood and Iymphatic system disorders i (H 20 {2
Neoplasms benign, malignant and unspecified (incl. 10 (b 11 (1)
cysts and polyps)
Hepatobiliary disorders 3 (H 4 (<
Psychiatric disorders 30 < 30D
Eve disorders 2 =<h 30 =h
Investigations =<t 3 b
Reproductive system and breast disorders 30 D 2 (<D
Skin and subcutancous tissue disorders I < 4 (<)
Ear and labyrinth disorders 1 (<) 3D
Endocnne disorders I{&«h i (<b)

14
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Placebo Bardoxolone
MedDBRA System Organ Class N=1093 methyl
n {%) N=1092
n (%)
Immune system disorders { 2 &b
Surgical and medical procedures 0 2 <h

Table ncludes only serous adverse events with onset more than 30 days afier a patient’s last
dose of studv drug. Column header counts and denonunators are the number of paticnts in
the safety population. Each paftient is counted at most once in ¢ach Svstem Organ Class and
Preferred Term.

2. Primary Composite Qutcome in BEACON

Table 3 provides a summary of adjudicated primary endpoints that occurred on or

hefore the date of study termination (October 18, 2012}, Despite the slight reduction n the

of composite primary endpoints was equal in the two treatment groups (HR = 098y duc to a
stight increase in cardiovascular death events, as depicted 1n plots of time-to-first composite
primary event analysis (Fi(s. 4)

Table 3. Adjudicated Primary Endpoints in Bardoxolone Methyl (BARD) vs. Placebo
{(PBO) Patients in BEACON (ITT Population)

PRO BARD Hazard ratio | p-value®
N=10%7 | N=1088 {95% CI)*
o {76} 1 { %)
Composite primary efficacy 69 (6) 69 (6) (.98 (0.76, 0.92
outcome 1.37)
Patient’s first event
End stage renal disease (ESRD) 51 (5) 43 (4
Chronic dialvsis 47 (4} 40 (4
Renal transplant 3 Po(<h
Renal death 1 <1 2 (<1
CV death 18 (2) 26 (2}

3 Hazard ratio {(bardoxolone methylplacebo) and 95% confidence imterval (LI} were
estimated using a Cox proportional hazards model with treatment group, continucus baseling
eGFR, and continuous baseline log ACR as covariates. Breslow’s method of handling ties in
cvent time was used.

" Treatment group comparisons used SAS’s Type 3 chi-square test and two-sided p-value
associated with the treatment group variable in the Cox proportional hazards model.
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C. Effects of Bardoxolone Methyl on Heart Failure and Blood Pressure
i. Adjudicated Heart Fatlure in BEACON

The data in Table 4 present a post-hoc analysis of demographic and select laboratory
parameters of BEACON patients stratified by treatment group and occurrence of an
adjudicated heart failure event. The number of patients with heart faihure includes all events
through last date of contact (ITT Population).

Companison of bascline characteristics of patients with adjudicated heart faijure
events revealed that both bardoxclone methyl-treated and placebo-treated patients with heart
failure were more likely to have had a prior history of cardiovascular disease and heart fatlure
and had higher basehine values for B-tvpe natriurctic peptide (BNP) and QTc mierval with
Fredericia correction (QFcK). Even though the nsk for heart fatlure was higher in the
bardoxolone methyl-treated patients, these data suggest that development of heart fatlure m
both groups appeared to be associated with traditional risk factors for heart failure. Baschine
ACR was significantly higher in bardoxolone methyi-treated patients with heart failure events
than those without.  Also of note, the mean baseline level of BNP in patients who
experienced heart fatlure in both treatment groups was meaningfully clevated and suggested
that these patients were likely retaining fluid and in sub-chinical heart failure prior to

randomization.
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2. Assessment of Clinical Parameters Associated with BNP Increases
As a surrogate of fluid retention, a post-hoc analysis was performed on a subset of
patients for whom BNP data were available at baseline and Week 24, Patients i the

bardoxolone methyl arm experienced a significantly greater mercase in BNP than patients in

(v

the placebo arm (Mean & SD: 225 & 398 vs. 34 & 209 po/ml, p < 0.01}. Also noted was a
higher proportion of bardoxolone methyi- vs. placcho-treated patients with increases in BNP
at Week 24 (Table 3).

BNP ncreases at Week 24 did not appear to be related to basebine BNP, baseline
¢GFR, changes in eGFR, or changes in ACR. However, in bardoxolone methyl-treated
10 patients onlv, bascline ACR was significantly correlated with Week 24 changes from baseline

in BNP, suggesting that the propensity tor fluid retention may be associated with bascline
severity of renal dysfimction, as defined by albuminuria statas, and not with the general
changes in renal function, as assessed by ¢GFR (Table 6).
Further, these data suggest that increases in ¢GFR, which are glomerular in ongin, are
15 distinct anatomically, as sodium and water regulation occurs in the renal tubules.

Table 5. Analysis of BNP and eGFR Values of Bardoxolone Methyl vs. Placebo
Patients Stratified by Changes from Baseline in BNP at Week 24

WIK24 BNP Change | Treatment | N | Median BL | Mean BL Mean WKI4
BNP eGFR AeGEFR
<28% PBO i31 119.0 235 ~-(.6
Increase BARD &4 187.0 223 6.1
25% to 100% PBO 48 102.5 220 04
Increase BARD 45 119.0 227 5.5
>180% PBO 37 1435 231 0.1
Increase BARD 82 155.0 219 7.6

Post-hoc analysis of changes in BNP in BEACON at Week 24,

Table 6. Correlations between Changes from Baseline in BNP at Week 24 and

20 Baseline ACR in Bardoxelone Methyl vs. Placebo Patients in BEACON
Treatment N Correlation Coefficient P-value
PBO 216 0.03 (.5
BARD 211 0.20 <0.01

Post-hoc analysis of changes in BNP i BEACON at Week 24, Only patients with baseline
and Week 24 BNP valoes inchided in analysis.
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3. Serum Elecirolytes
No clinically meaningful changes were noted in serum potassiom or serum sodivm for
the subset of patients with 24-hr unne collections (Table 7). The change in serum
magnesiom levels i bardoxolone methyl-treated patients was consistent with changes

observed n prior studies (FIG. 5).
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4. 24-hour Urine Collections
A subset of patients consented to additional 24-hr assessments {sub-study) of
ambulatory blood pressure monitoring {ABPM) and 24-hr urine collection at selected visits.

Urinary sodium excretion data from BEACON sub-study patients revealed a chinically

(v

meaningful reduction in unne volume and excretion of sodium at Week 4 relative to bascline
in the bardoxolone methvl-treated patients (Table 8). These decreases were significantly
different from Week 4 changes in urine volume and urinary sodium observed in placebo-
treated patients. Also of note, reductions i serum magnesiam were not associated with renal
foss of magnesiom.

10 Additionally, m a phammacokinetic study in patients with type 2 diabetes and stage
3b/4 CKID admimstered bardoxolone methyl for eight wecks (402-C-1102), patients with
stage 4 CKD had significantly greater reductions of urinary sodium and water excretion than

stage 3b CKID patients {Table 9).
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Table 3. Week 8 Changes from Baseline in 24-h Urine Volume and 24-h Urinary
Soedium Bardoxolone Methyl-treated Patients Grouped by CKD Severity
{from a Patient Pharmacokinetic Study)

CRD Stage Urine Volume (mL) Urinary Sodivm {(mmol/24 h)
N WK A p-value WEE A p-value
Stage 3b 9 355 ‘ -12
: 0.04 0.02
Stage 4 6 -610 -89

Patients were treated with 20 mg bardoxolone methyl once daily for 56 consecutive days,
5  posttreatment follow-up visit occurred on Stady Dav 84, Data arc means. Data include
patients with baseline and Week 8 data.

5. Hospital Records from EAC Adjudication Packets

The first scheduled post-baseline assesament in BEACON was at Week 4. Since
many of the heart failure events occurred prior to0 Week 4, the clinical database provides
10 hmited information to characterize these patients. Post-hoc review of the EAC case packets
for heart faiture cases that occurred prior to Week 4 was performed to assess climical, vitals,
laboratory, and mmaging data collected at the time of the first heart fathure event (Tables 10
and 11).
Examination of these records revealed common reports of rapid weight gain
15 immediately  after randomizabion, dyspnea and  orthopnea, peripheral  edema,
central/pulmonary edema on imaging, elevated blood pressure and heart rate, and preserved
cjection fraction. The data suggest that heart failure was caused by rapid fluid reiention
concurrent with preserved gjection fraction and elevated blood presswre.  The preserved
giection fraction is consistent with chnical characteristics of heart failure caused by diastolic
20 dysfunction stemuming from ventricolar stiffening and umpaired diastolic relaxation.  This
collection of signs and symptoms differs in clinical characteristics from heart failure with
reduced ejection fraction, which occurs because of weakened cardiac pump function or
contractile impairment {Vasan ef a/.. 1999). Therefore, rapid fluid accumulation in patients
with stuff ventricles and minimal renal reserve likely resulted in increased fluid back-up into
25 the lungs and the noted chinical presentation.

Bascline central laboratory values from the clinical database were compared to local
laboratory values obtamed on adoussion for heart failure that were included mm the EAC
packets. Unchanged serum creatinine, sodium, and potassium concentrations in bardoxolone
methyi-treated patients with heart failure events that occurred within the first four weeks after

30 randomization {(Table 11} suggest that heart farllure was not associated with acute renal

function dechine or acute kidnev injury. Overall, the clinical data suggest that the etiology of
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heart faithure 15 not caused by a direct renal or cardictoxic effect, but 1s more likely to be due

to sodium and fluid retention.
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6. Blood Pressure in BEACON

Mean changes from basecline in svsiolic and diastolic blood pressures for bardoxolone
methyi-treated and placebo-treated patients, based on the average of triplicate standardized
blood pressure cuff measurements collected at cach visit, are shown in FIGS. 6A-B. Blood

5 pressure was increased in the bardoxolone methyl group relative to the placebo group, with
mean mcereases of 1.9 mmHg mn systolic and .4 mmHg n diastolic blood pressures noted in
the bardosclone methyl group by Week 4 (the first post-randomization assessment). The
increases in systolic blood pressure {(SBP) appeared to diminish by Week 32, while diastolic
blood pressure {DBP) increases were sustained.

10 The Week 4 SBP and DBP increases i bardoxolone methyl-treated patients relative

to placebo-treated patients were more apparent 1o the ABPM measurements (FIGS. 7A-B).
This ditfercnee in magottude could be due to the different techniques that were used or to
differences in baseline characteristics i the ABPM sub-study patients. Patients in the ABPM
sub-study had a higher baseline ACR than the entire population. Regardless, the data
15  demonsteate that bardoxclone methyl increased blood pressure m the BEACON patient

population.
7. Blood Pressure Changes in Prior CKD Studies

In an open label, dosc-ranging study i tvpe 2 diabetic patients with stage 3b-4 CKD
(402-C-0902), no dose-related trend m blood pressure changes or change at any individual
20 dose level was noted following 85 consecutive days of treatment at doses ranging from 2.5 to
30 mg of bardoxolone methvl {(amorphous dispersion formulation, as used in BEACON).
Post-hoc analysis of blood pressure data stratified by CKD stage suggests that bardoxolone
methyl-treated patients with stage 4 CKD tended to have mereases in blood pressure relative
to baseline levels, with the effect most appreciable in the three highest dose groups, whereas
25 bardoxolone methyi-treated patients with stage 3b CKD had no apparent change (Table 12).
Although sample sizes i the dose groups stratified by CKD stage are small, these data
suggest that the effect of bardoxolone methvl treatment on blood pressure may be related to

CKD stage.
Blood pressure values from a phase 2b study with bardoxolone methyl (BEAM, 402-
30 (C-0804), which used an earlier crystalline formulation of the drug and employed a titration
design, were highly vanable and despite noted increases in some bardoxolone methyl

treatment groups, no clear dosc-related trend was observed in blood pressure.
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Table 12. Changes from Baseline in Systolic and Diastolic Blood Pressure in Patients
with Type 2 Diabetes and Stage 3b-4 CKD Stratified by Baseline CKI Stage
Dosed with Bardoxclone Methyl

Bose (mg) CKD Stage hl ASBP ADBP
2.5 3b/4 14 0.1+£42 02+18
3b 10 044 142
4 4 0311 -15+£39
5 3b/4 24 -15+23 -14+£15
3b 19 2 x2 -13+£14
4 3 0.5+91 -144+£56
10 3b/d 24 24431 03+£13
3b 20 -4 2+ 3.4 03£13
4 4 6.1+67 36+45
15 3b/4 48 11423 1412
3b 26 -22433 -13+15
4 22 5+28 -06+1.9
30 3b/4 i2 72+6.2 32+£22
3b 3 04138 -18+39
4 9 97473 47+£25

Patients were admumistered 2.5, §, 10, 15, or 30 mg doses of bardoxolone methyl once daily

for 85 days.

8. Blood Pressure and QTcF in Healthy Volunteers

Intensive blood pressure monitoring was emploved in a separate Thorough QT Study,
which was conducted in healthy volunteers. In both bardoxolone methvi-treated groups, one
given the therapeutic dose, 20 mg, which was also studied 1 BEACON, and one given the
supratherapeutic dose of 80 mg, the change in blood pressure did not differ from changes
observed in placebo-treated patients (FIGS. 8A-D) atier 6 days of once daily administration.
Bardoxolone methyl did not merease QTcF as assessed by placebo-corrected QTeF changes
{(AAQFCE) after 6 days of treatment at 20 or 80 mg (FIGS. 9A-B).

Bardoxolone methy! has also been tested in non-CKD discase setiings. In carly
climcal studies of bardoxolone methyl 10 oncology patients (RTA 402-C-0501, RTA 402-C-

(702), after 21 consecutive days of treatment at doses that ranged from § to 1300 mg/day
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{crystalline formulation), no mean change m blood pressure was observed across all
treatment groups.  Similarly, i a randomized, placebo-controlled studv in patienis with
hepatic dysfunction (RTA 402-C-0701), 14 consecutive days of bardoxolone methyl
treatment at doses of 5 and 25 mg/day (crvstalline formulation) resulied in mean decreases
systolic and diastolic biood pressare (Table 13}

Collectively, these data suggest that bardoxolone methyl does not prolong the QT
interval and does not cause blood pressure increases in patients who do not have bascline
cardiovascular morbidity or stage 4 CKD.

Table 13. Changes from Baseline in Blood Pressure in Patients with Hepatic
Bysfunction Treated with Bardoxolone Methyl

Mean ASBP + SE (mmHg) Mean ADBP = SE (mmHg)
Dose N D7 D4 D7 D4
PBO 4 -10+£83 -13x£55 -46+£20 00+£31
Smg 6 ~128+52 S&+51 20+23 1 7£32
25 mg 6 -115+32 12436 -40£28 15441
9. Summary and Analysis of Heart Failure

Comparison of baseline characteristics of patients with heart failure events revealed
that while the risk for heart failure was higher in the bardoxclone methyl-treated patients,
both bardoxolone methvi-treated and placebo-treated patients with heart failure were more
likely to have had a pror history of cardiovascular disease and heart faihure and on average,
had higher baselinge ACR, BNP, and QTcF. Thus, development of heart failure in these

patients was bikely associated with traditional risk factors for heart fathwe. Additionally,

many of the patients with heart faitlure were m subclinical heart failure poor to
randomization, as indicated by their high bascline BNP levels.

As a surrogate of fluid retention after randomization, post-hoc analysis was performed
on a subset of patients for whom BNP data were available, and increases were significantly
greater in bardoxolone methvl-treated patients vs. placebo-treated patients at Week 24, with
the BNP increases in bardoxolone methyl-treated patients directly correlated with baseling
ACR. Unnary sodium excretion data from BEACON ABPM sob-study patients revealed a
clinically meaningful reduction m urine volume and excretion of sodium at Weck 4 relative
to baselme in the bardoxolone methyl-treated patients only. In another study, urinary sodium

levels and water excretion were reduced in stage 4 CKD patients bot not m stage 3b CKD
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patients. Together, these data suggest that bardoxolone methyl differentially affects sodivm
and water handling, with retention of these more pronounced in patients with stage 4 CKD.
Consistent with this phenotype for fluid retention, post-boc review of the narrative

descriptions for heart failure events provided i hospital admission notes, together with

(]

ancedotal reports from mvestigators, idicates that heart failure events in bardoxolone

methyl-treated patients were often preceded by rapid fhud weight gamn and were not

associated with acute decompensation of the kidneys or heart.

Blood pressure changes, ndicative of overall volume status, were also mcreased n
the bardoxolone methyl group relative to the placebo group as measured by standardized
10 blood pressure cuff monitoring in BEACON. Pre-specified blood pressurc analysis in

healthy volunteer studies demonstrated no changes in either sysiolic or diastolic blood
pressure.  While the intent-to-treat (ITT} analvses of phase 2 CKD studies conducted with
bardoxolone methy! showed no clear changes in blood pressure, post-hoc analyses of these
studics suggest that increases in both systolic and diastolic blood pressure are dependent on

15 CKID stage. Taken together, these data suggest that the effects of bardoxolone methyl
treatment on blood pressure may be associated with CKD discase severity.

Thus, the unnary electrolyte, BNP, and blood pressure data collectively support that
bardoxolone methy! treatment can differentially affect volume status, having no clinically
detectable effect in healthy vohumtcers or carly-stage CKD patients, while likely promoting

20 fluid retention in patients with more advanced renal dysfunction and with traditional risk
factors associated with heart failure at baschine. The increases in ¢GFR are likely due to
glomerular effects whereas effects on sodium and water regulation are twbelar in origin. As
¢GFR change was not correlated with heart failure, the data suggest that effects on ¢ GFR and
sodium and water regulation arc anatomically and pharmacologically distinet.

23 The increased risk for heart failure and related adverse events with bardoxolone
methyl treatment was not observed in prior studies {(Table 14). However, since prior studies
of bardoxolong methyl enrolled 10-fold fower patients, the increased risk, if present, may
have been undetectable. Morcover, BEACON limited enrollment to paticnts with stage 4
CKD, a population known to be at higher nisk for cardiovascular events relative 1o patients

30 with stage 3b CKD. Thus, the advanced nature of renal diseasc and significant

cardiovascular risk burden of the BEACON population {(manifested, among other markers, by

low baseline ¢GFR, high bascline ACR, and high bascline BNP levels) were likely tmportant

factors 1n the observed pattern of cardiovascular events.
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To examine further the relationship between key endpoints in BEACON and
clinically meaningful thresholds of traditional risk factors of fluid overdoad, an additional
post-hoc analysis was performed. Varous cligibility criteria related to these risk factors were

apphied to exclude patients at most nisk and explore the resulting outcomes from BEACON,

(]

Combinations of select critena, including exclusion of patients with ¢GFR of 20 mL/min/1.73
m? or less, markedly elevated levels of proteinuria, and either age over 75 or BNP greater
than 200 pg/ml. abrogate the observed imbalances (Tablc 13). Applyving these same criteria
to SAEs also markedly improves or abrogates the noted imbalances (Table 16). Taken
together, these findings suggest utility of these and other renal and cardicvascular rigk

10 markers in future selection critenia for clinical studies with bardoxolone methyl.
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B. Potential Mechanisms of Fluid Overload in BEACON
Data presented in prior sections suggest that bardoxolone methyl promotes fluid
retention in a subset of patients who are at most risk of developing heart failure independent

of drug admunistration. The data suggest that the effects are not asseciated with acute or

(v

chronic renal or cardiac toxicity. Therefore, a comprehensive list of weli-cstablished renal
mechanisms that affect volume status (Table 17} was cxplored to deternune if any of the
ctiologics maiched the chnical phenotype observed with bardoxolone methyl.

Imitial 1nvestigation focused on possible activation of the renm-angiotensin-
aldosterone system.  Activation of this pathway reduces serum potassium due to inercased
10 renal excretion. However, bardoxolone methvl did not affect serum potassium and slightly

reduced urinary potassium in the BEACON sub-study (Table 7).

Another potential mechanism that was mvestigated was whether transtubular ion
gradient changes may have resulied in sodium and conscquent water resorption, Since
bardoxolone methyl affects serum magnesium and other electrolvies.  However, this

15 mechanism also involves potassium regulation, and baseline serum magnesium did not
appear to be associated with fluid retention or heart failure hospitalizations.

After other ctiologies were excluded for reasons lisied in Table 16, suppression of
endothelin signaling was the primary remaining potential mechanism of volume regulation
that was consistent with the bardoxolone methyl treatment effect in BEACON. Thercfore, an

20 extensive investigation of modulation of the endothelin pathway as a potential explanation for

fluid retention observed in the BEACON study was conducted.
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i. Modulation of the Endothelin System

The most directly analogous clinical data for comparison of the effects of known
endothelin pathway modualators to the BEACON study are those with the endothelin receptor
antagonist {(ERA) avosentan. Avosentan was studied in stage 3-4 CKD paticnts with diabetic
nephropathy in the ASCEND study, a large outcomes study fo assess the time to first
doubling of serum creatinine, ESRD, or death (Mamn ef /., 2010). While the bascline ¢eGFR
in this study was slightly above the mean baseline eGFR i BEACON, patients in the
ASCEND study had a mean ACR that was approximately seven-fold higher than BEACON
{Table 18). Therefore, the overall cardiovascular risk profile was likely sinular between the
two shudies.

As in BEACON, the ASCEND studv was terminated prematurely due to an early
tmbalance in heart fatlure bospitalization and fluid overload events. Importantly, avosentan-
wnduced fluid overload-related adverse events, mcluding serious and non-serious, were
increased only within the first month of treatment (FIGS, 10A-B).

Examination of kev cndpoints in the ASCEND study reveals an approximate three-
fold increase in risk of congestive heart failure (CHF) with a modest, non-significant increase
in death. Additionally, a small, numencal reduction m ESRD events was also observed. The
BEACON study demonstrated similar findings, albeit with a lower incidence of heart fatlure
cvents. Nonctheless, the two studies showed striking similarities in clinical presentation and

timing of heart failure, as well as influences on other key endpoints (Table 19).
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2. Mechanism of Endothelin Receptor Antagonist-Induced Fluid
Overload

The role of endothelin in fluid overload has been extensively investigated. Through
the use of knock-out models i mige, mvestigators have demonstrated that acute disruption of
the endothelin pathway followed by a salt challenge promotes fhmd overload.  Specific
knock-out of endothelin-1 (ET-1), endothelin receptor type A (ETA), endothelin receptor
type B (ETB), or the combination of ETA and ETB have all been shown to promote fluid
overload in amimals with a clinical phenotype consistent with ERA-mediated fluid overload
in patients. These effects are caused by acute activation of the epithelial sodium channel
{(ENa(}, which is expressed in the collecting ducts of the kidney, where it reabsorbs sodium
and promotes fluid retention (Vachiery and Davenport, 20093

3. Relationship between Plasma and Urinary Eandothelin-1 in
Humans

An assessmient of plasma and urinary levels of endothelin-1 (ET-1) m humans with
eGFR values ranging from stage 5 CKD to supra-normal (8 to 131 mEL/min/1.73 m?) has been
previcusly reported (Dhaun ef o/, 2009). Plasma levels significantly and mversely correlated
with ¢GFR, but due to the modest slope of the curve, meaningful differences of ET-1 were
not readily apparent across the large ¢GFR range assessed. As a surrogate for kidney
production of ET-1, the organ where the most ET-1 is produced, fractional excretion of ET-1
was calculated by assessing the plasma and wrinary levels of ET-1. From ¢GFRs >100 to
approximately 30 mL/min/1.73 m?, urinary levels were relatively unchanged (FIG. 17).
However, E'T-1 levels appear to increase exponentially with decreasing ¢GFR in patients with
stage 4 and 5 CKD. These data suggest that renal ET-1 1s primanly dvsregulated i patients
with advanced (stage 4 and 5) CKD. Based on these published data, the inventors
hypothesized that the differential effects on fluid handling by bardoxolone methyl, if duc 1o
endothelin modulation, could be due to the disparate endogenous production of ET-1 in the
kidnev, which is meanmgfolly increased in stage 4 and 5 CKD patienis.

4. Bardoxolone Methy! Modulates Endothelin Signaling

As described above, bardoxolone methyi redaces ET-1 expression in human cell lines,
including mesangial cclls found in the kidnev as well as endothelial cell.  Furthermore, i
vifro and in vive data suggest that bardoxolone methvl and analogs modulate the endothehin
pathway to promote a vasodilatory phenotype by suppressing the vasoconsinictive ETa

recepior and restoring normal levels of the vasodilatory ETs receptor. Thus, the potent
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activation of NrfZ-related genes with bardoxolone methyl is associated with suppression of
pathological endothelin signaling and facilitates vascedilation by modulating expression of ET

recepiors.
E. Rationale for BEACON Termination
1. Adjudicated Heart Failure

Hospitalizations for heart failure or death due to heart faihie were among the
cardiovascular ¢vents adjudicated by the EAC, An imbalance in adjudicated heart failure and
related evenis was the major finding that contributed to the carly ternination of BEACON.
Additionally, heart failure-related AEs, such as edema, coninbuied to a higher
discontinuation rate than expected. The overall imbalance in time-to-first adpadicated heart
failure appeared to result from the large contribution of events occurring within the first three
to four weeks afier mitiation of treatment. The Kaplan-Mever analysis shows that after this
mtial period the event rates between the treatment arms appear to maintaim parallel
trajectories.  The pattern reflected 10 FIG. 11 suggests an acute, physiclogic effect that

precipitated hospitalization for heart failure versus a cummlative toxic offect.
2. Mortality

At the time of the termunation of the study, more deaths had occurmed in the
bardoxolone methyl group than in the placebo group, and the relationship between mortality
and heart fatlure was unclear. A majority of the fatal cutcomes (49 of the 75 deaths)
occurring prior to clinical database lock (March 4, 20613} were confirmed as being
cardiovascular in nature (29 bardoxolonc methyl patients vs. 20 placebo patients). Most of
the cardiovascular deaths were classified as “cardiac death - not otherwise specified,” based
on pre-specified definitions outlined in the BEACON EAC charter. On final analvsis, the

Kaplan-Mgcier analvsis for overall survival showed vo apparemt scparation unti
approximately Week 24 (FIG. 12). There were three fatal heart fadure events, all
bardoxolone methyl-treated patients. In addition, as reflected 1n Table 16, the percentage of
deaths occurring in patients that were over 75 years old was higher in bardoxolone methyl-
treated patients compared to placebo-treated patients. Notably, if patients over 75 years old

are excluded, the numbers of fatal events 0 the bardoxolone methyl arm compared to the

placebo arm are 20 and 23, respectively.
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3. Summary of Other Safety Data from BEACON

In addition to the effects of bardoxolone methyl treatment on eGFR and renal SAHg,
the number of hepatobiliary SAHs was reduced in the bardoxolone methyl group relative to
the placebo group (4 versus 8, respectively; Table 2), and no Hy's Law cases were observed.
The mumber of scoplasm-related SAEs was also balanced across both groups.  Lastly,
bardoxolone methvl treatment was not associated with QTc prolongation, as assessed by
ECG assessmients at Week 24 {Table 203

Table 20. Change from Baseline in QTcF at Week 24 in Bardoxolone Methy! versus
Placebo Patients in BEACON (Safety Population)

Observed Change from baseline
Placebo Bardoxolone Placebo Bardoxslone

Timepoint/ N=16%3 methyl MN=1093 methyl

Tk interval (msec) N =1092 N=1092

n 719 639 719 637

Mean (SIY) 428.8(29.2) 4258 (26.5) 3.6(16.4) -0.9 (19.2)

Range (min, max) 362, 559 355,518 ~59, 82 -8%, 69

Quartiles (25th, median, | 408, 426,445 | 407 425, 443 ~7.3, 13 -13, -1, 10
75th)

Data includes only ECG assessments collected on or before a patient’s last dose of study
dreg. Visits are derived relative to a patient’s first dose of study drug,

F. BEACON Conclusions

In summary, mterrogation of data from stadies conducted with bardoxolone methyl
revealed that the drug can differentially regulate fluid retention, with no clinically detectable
cffect in healthy volunteers or cardy-stage CKD patients, while bikely phammacologically
promoting fluid retention n patients with advanced renal dysfunction.  Since the
development of heart failure in both bardoxolone methvi- and placebo-treated paticnts was
associated with traditional risk factors for heart fatlure, this pharmacological offect in patients
with baseline cardiac dyvsfunction may explain the mcreased risk for heart failure with
bardoxolone methyl treatment in BEACON. These data suggest that decreasing the overall
risk for heart failure in future clinical studics by sclecting a patient population with lower
baschine risk for heart failure should avoid increases i heart fadure associated with
bardoxolone methyl treatment.  Importantly, the available data show that flind overload
BEACON was not caused by a direct renal or cardiac toxicity. The clinical phenotype of

fluid overoad is similar to that observed with ERAs in advanced CKD paticnts, and
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preclinical data demonstrate that bardoxclone methyl modulates the endothelin pathway. As
acute disruption of the endothelin pathway in advanced CKD patients is known to activate a
specific sodium channel (ENaC) that can promote acute sodium and volume retention

{Schneider, 2007), these mechamistic data, along with the chinical profile of bardoxolone

(]

methyl patients with heart failure, provide a reasonable hypothesis to the mechanism of flud
retention in BEACON. Because compromised renal function may be an important factor that
contributes to a patient’s inability to compensate for short-term fluid overload, and because
relatively limited numbers of patients with earlier stages of CKD have been treated to date,
exclusion of patients with CKD {e.g.. paticnts with an eGFR < 60} from treatment with
10 BARD and other AfMs may be prudent and may be included as an element of the present
nvenion,

11K Compounds for the Treatment of Alport Syndrome or Symptoms thereof or the
Prevention of Sympioms of Alport Syndrome

In one aspect of the present disclosure, there are provided methods of treating or

15 reducing the symptoms of Alport syndrome in a patient comprising administering to the
patient a therapeutically cffective amount of bardoxolone methyl, an analog thereof, or a
composition comprising cither bardoxolone methyl or an analog thercof.  Analogs of

bardoxolone methyl include compounds of the fornuula:

Ry CH,
(),
20 wherein;
Ri 18 ~CN, halo, —CF;, or ~C{O)Rs, wherein Ra 18 ~OH, alkoxycie, —NHz,

alkviaminow: -4, or ~NH~8{O)-alkykora

Rz 15 hydrogen or methyl;
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Rz and Ry are each mdependently hydrogen, hydroxy, methyl or as defined below

when either of these groups is taken together with group Re; and

Y is:

=H, —OH, -SH, —-CN, —=F, —CFs, =NH2 or =NCO;

alkvlessy, cycloalkvlces), alkenylicesy, alkynvicess), arvlcan, aralkvlcan,

heteroarvicesy, heterocyeloalkyvlean, alkoxyess, cyoloatkoxyces),
aryloxye<az.,  acvloxyiess), alkylaminowss), ovcloalkylammowas,
dialkylaminowes, arvlaminows<s. aralkylaminowss), alkyithiowes),
acvithiow<e), alkylsulfonylaminowes), cycloalkylsulfonylaminowss), or

substituted versions of any of these groups;

—alkanedivicesy—Re, —alkenedivicas—Re, or a substituted version of any of

these groups, wherein Ry 1g:

hydrogen, hydroxy, halo, amino or mercapto; or

heteroarvicesy,  alkoxvieewy,  cycloalkoxveesy,  alkenyloxyices),
aryloxycesy, aralkoxyessy,  hetercarvioxvessy, acvioxyiess),

atkvlaminowxe), cycloalkylaminoe, dialkylaminoe<s),

arylaminowxs), aralkylaminoces), hetercarylamingcss),
atkvisulfonylaminowes), cyeloalkvisulfonyviaminoess),

amidowxsy, ~OC(ONH-alkvlic<s), or a substituted version of

any of these groups;

~{CH)wC{O)Re, whereim m is (-6 and Re is:

hydrogen, hydroxy, halo, amino, -NHOH, or mercapto; or
alkviceey, cveloalkvlces),  alkenviess), alkyovicess,  arviess,
aralkvlicesy, heteroarvlcss), heterocycloalkylices), alkoxvices),

cvcloalkoxyoss), alkenvioxvice, arvioxyicss), aralkoxyioss),

heteroaryioxycas), acvioxycas, alkvianuinowse),
cveloalkylaminoges), dialkylaminowss), arylaminocs),
atkvisulfonylaminowcs), cycloalkvisulfonviaminoc<s,
amidowssy, —NH-alkoxyee, —NH-heterocvcloatkvicas),

—NH-amidow<s), or a substituted version of any of these

groups;
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R. and Rjs, taken together, are —O— or ~NRg—, wherein Ry is hydrogen

or alkylcay; or
Re and Ra, taken together, are —~O— or ~NRg—, wherein Rq is hydrogen

or alkvicay; or

~NHC(O}R., wherein Re is:
hydrogen, hvdroxy, amino; or

alkvlo<e, cycloalkvlcesy),  alkenvhow, alkynvie<,  arviocs,
aralkvlecs), hetercarvlcoss), heterocycloalkyvlioes), alkoxyees),
cycloalkoxyeoss), aryloxycss, aralkoxyese, heteroarvioxyxs),
acyloxyces, alkviaminowse), cveloalkylaminowss),
dialkylaminow<e, arvliaminowse), or a substituted version of any

of these groups;

or a pharmaceutically acceptable salt thereof
These compounds are known as antioxidant inflammation modulators.  These
compounds have shown the abilitv o activate Nrf2, as measured by elevated expression of
one or more Nrf? target genes {e.g., NQO1T or HO-1, Dinkova-Kostova ef ol |, 2005}, Further,
these compounds are capable of induect and direct inhibition of pro-inflammatory
transcription factors mcluding NF-«B and STAT3 (Ahmad ef of., 2006; Ahmad er al., 2008).
In some aspects, there are provided methods of preventing progression of Alport syndrome or
a symptom thereof in a subject or patient 1o need thereof comprising administering to the
subjoct or patient bardoxolone methyl or an analog thereof in an amount sufficient to prevent
progression of Alport syndrome or a svmptom thercof in the subject or patient. Additionally,
one or more of the compounds described herein may be used in methods to prevent the onset
of one or more svmptoms of Alport syndrome or prevent the progression of Alport syndrome.
Triterpenoids, biosynthesized in plants by the cychization of squalene, are used for
medicinal purposes in many Asian countrics; and some, soch as orsolic and oleanolic acid,
are known to be anti-inflammatory and anti-carcinogenic (Huang ef /., 1994; Nishino ef al.,
1988). However, the biological activity of these naturally-occurring molecules 1s relatively
weak, and therefore the synthesis of new analogs to enhance their potency was undertaken
(Honda ef o/, 1997, Honda ef o/, 1998). An ongoing effort for the improvement of anti-
mflammatory and antiproliferative activity of olcanolic and ursolic acid analogs led to the
discovery of 2-cvano-3,12-dioxooleane-1,9(1 [}-dien-28-0ic acid {(CDDO) and related

compounds (Honda ef ¢, 1997, 1998, 1996 2000a, 2000b, 2002; Sch er f, 1998; 1999,
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2003; Place ef af., 2003; Liby ef ol , 2005). Several potent denvatives of olganoclic acid were
identified, including wmethyvi-2-cvano-3,12-dioxooleana-1.9-dien-28-0ic acid {CDDO-Me,
RTA 402; bardoxolone methyl). RTA 402, an antioxidant inflammation modulator (ADM),
suppresses the induction of several important inflammatory mediators, such as iINGS, COX-2,
ThFa, and PNy, i activated macrophages, thereby restoring redox homeostasis i inflamed
tissues. RTA 402 has also been reported to activate the Keapl/Nrf2/ARE signaling pathway
resulting n the production of scveral anti-inflammmatory and antioxidant proteins, such as
heme oxyvgenase-1 (HO-1). It induces the cvioprotective transcription factor Nrf2 and
suppresses the activities of the pro-oxidant and pro-inflammatory transcription factors NF-xB
and STAT3. In vivo, KTA 402 has demonstrated significant single agent anti-inflaramatory
activity in several animal models of inflammation such as renal damage i the cisplatin model
and acute renal inpury in the tachemia-reperfusion model. In addition, significant reductions
in seram creatining have been observed in patients treated with RTA 402,

Accordingly, in pathologies involving oxidative stress alone or owxidative stress
exacerbated by inflammation, treatment may comprise administering to a subject or patient a
therapeutically effective amount of a compound of this wnvention, such as those described
above or throughout this specification. Treatmerdt may be admimstered preventively n
advance of a predictable state of oxidative stress {e.g, organ transplantation or the
administration of therapy to a cancer pationt}, or it may be administered therapeutically n
settings involving established oxidative stress and inflammation.

Mon-limiting examples of triterpenoids that may be used in accordance with the

methods of this mvention are shown here.

=0 O
NC NC '
OMe
© CDDO o 7 CoDO-Me
RTA 401 bardoxolone methyl
RTA 402
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, and

Table 21 summarizes i vitre results for several of these compounds in which
RAWZ64.7 macrophages were pre-treated with DMSO or drugs at various concentrations
(nM) for 2 hours, and then treated with 20 ng/m1 IFNy for 24 hours. NO concentration in the
media was determined using a Griess reagent system; cell viability was determined osing
WST-1 reagent. NQOI1 CD represents the concentration required to induce a two-fold
increase in the expression of NQOG1, an Nrf2-regulated antioxidant enzyme, in Hepalclc?
muringe hepatoma cells (Dhinkova-Kostova ef af., 2005).  All these results are orders of
magmitude more active than, for example, the parent oleanolic acid molecule. In part because
induction of antioxidant pathways resulting from Nrfl activation provides important
protective effects against oxidative stress and mflammation, analogs of RTA 402 may
therefore also be used to for the treatment and/or Alport syndrome or symptoms thereof or
prevent the onsct of symptoms of Alport syndrome.

Table 21. Suppression of [FNy-induced NO production.

Working ID RAWZ64.7 (20 ng/m L IFNy) Hepalcle7 cells
NG ICs WST-1 1Cs NGOL OB

RTA 401 ~10 nM > 200 nM 2.3 oM

RTA 402 22 nM 80 nM 1.0 nM
RTA 403 ~0.6 nM 100 nM 330M

RTA 404 5.8 nM 100 nM na

RTA 405 6 nM ~200 nM na
TP-225 ~0.4 nM 75 nM (.28 nM
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Without being bound by theory, the potency of the compounds of the present
mvention, e.g., RTA 402, 15 largely derived from the addition of o,B-unsaturated carbonyt

groups. In in vifro assays, most activity of the compounds can be abrogated by the

(v

introduction of dithiothreitcl (DTT), N-acetyl cysteine (NAC), or glutathione (GSH); thiol

containing moictics that interact with o p-unsaturated carbonyl groups (Wang er a/, 2000;

Tkeda ef af., 2003; 2004, Shishodia ef af., 2006). Biochemical assays have established that

RTA 402 directly interacts with a critical cysteine residue {C179) on IKKB (see below) and

inhibits its activity {Shishodia ef o/, 2006, Ahmad ef ol 2006}, KK controls activation of

10 NF-«B through the “classical” pathway which involves phosphorylation-induced degradation

of IxB resulting in release of NF-«B dimers to the nucleus. In macrophages, this pathway is

responsible for the production of many pro-inflammatory molecules in response to TNFo and
other pro-inflammatory stimuli.

RTA 402 also mhibits the JAK/STAT signaling pathway at multiple levels. JAK

15 proteins are recruited to transmembrane receptors {e.g., IL-6R) upon activation by ligands

such ag interferons and mterfeukins. JAKs then phosphoryiate the intracellular portion of the

receptor causing recruttment of STAT transcription factors.  The STATs arc then

phosphorviated bv JAKs, form dimers, and translocate to the nucleus where they activate

transcription of several genes involved in mflammation. RTA 402 mhibits constitutive and

20 IL-6-induced STAT3 phosphoryiation and dimer formation and directly binds fo cysteine

residues in STAT3 (C259) and in the kinase domain of JAK1 (C1077). Biochemical assavs

have also established that the triterpencids directly interact with critical cysteine residues on

Keapl {Dinkova-Kostova ef @, 2005). Keapl is an actin-tethered protein that keeps the

transeription factor Nrf2 sequestered in the cytoplasm under normal conditions (Kobayvashi

25 and Yamamoto, 2005). Oxadative stress results in oxidation of the regulatory cysieine

residucs on Keapl and causes the release of Nrf2. Nrf2 then translocates to the nucleus and

binds to antioxidant response elements {ARKEs) resulting in transcriptional activation of many

anfioxidant and anti-inflammatory genes. Another target of the Keapl/Nrf2/ARE pathway 1s

heme oxvgenase 1 (HO-1). HO-1 breaks down heme into bilirubin and carbon monoxide and

36 plavs manyv antioxidant and anti-inflammatory roles {Maines and Gibbs, 2003). HO-1 has

recently been shown to be potently induced by the triterpenoids (Liby er o/, 2003}, including

RTA 402, RTA 402 and many structural analogs have also been shown to be potent inducers

of the expression of other Phase 2 proteins (Yates e/ o/, 2007y, RTA 402 is a potent inhibitor
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of NF-xB activation. Furthermore, RTA 402 activates the Keapl/Nef2/ARFE pathway and
induces expression of HO-1.

Compounds employed mav be made using the methods described by Honda ef ol
{2000a); Honda ef ol (2000b); Honda e7 of. (2002); and U.S. Patent Application Publications
2009/0326063, 2010/0056777, 2010/0048892, 201070048911, 2010/0041504, 2003/0232786,
2008/0261985 and 2010/0048887, all of which are incorporated by refercnce herein. These
methods can be further modified and optimized wsing the principles and technigues of
organic chemistry as applicd by a person skilled in the art.  Such principles and techniques
are taught, for example, in Smith, March’s Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure (2013), which 1s incorporated by reference herein. o addition,
the synthetic methods may be further modified and optimized for preparative, pilot- or large-
scale production, either batch of continuous, using the principles and technmiques of process
chemistry as applied by a person skilled in the art. Such principles and techniques are tanght,
for example, m Anderson, Practical Process Research & Development — A Guide for
Organic Chemists (2012), which is incorporated by reference herein.

Compounds of the present invention may contain one or more asymmetrically-
substituted carbon or nitrogen atoms, and may be solated in optically active or racemic form.
Thus, all chiral, diastereomeric, racemic form, gpimeric form, and all geometric isomeric
forms of a chemical formula are intended, unless the specific stereochemistry or isomeric
form is specifically indicated. Compounds may occur as racemates and racemic mixtures,
single cnantiomers, diastercomeric mixtures and individual diastercomers.  In some
embodiments, a single diastercomer is obtained. The chiral centers of the compounds of the
present invention can have the S or the R configuration.

Chemical formulas used to represent compounds of the present invention will
typically only show one of possibly several different tautomers. For example, many types of
ketone groups are known to exist in equilibrium with corresponding enol groups. Similarly,
many tvpes of imine groups exust in equilibrium with enamine groups. Regardless of which
tautomer is depicted for a given compound, and regardless of which one 13 most provalent, all
tantomers of a given chemical formula are intended.

In addition, atoms making up the compounds of the present invention are intended to
include all isotopic forms of such atoms. Isotopes, as used hercmn, include those atoms
having the same atomic number but different mass numbers. By way of general example and
without limitation, isotopes of hvdrogen mchude tritium and deuterium, and isctopes of

carbon inctade PC and (.
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Polymorphic forms of the compounds of the present invention, e.g., Forms A and B of
CDDOG-Me, may be used in accordance with the methods of this inventions. Form B displays
a bicavailability that is surpnsingly better than that of Form A.  Specifically the

bioavailability of Form B was higher than that of Form A CBDO-Me in monkeys when the

(]

monkeys received equivalent dosages of the two forms orally, in gelatin capsules. See U.S.
Patent Application Publication 2009/6048204, which 1s incorporated by reference herein in
its entirety.

“Form A7 of CDDO-Me (RTA 402} 15 unsolvated {non-hydrous) and can be
characterized by a distingctive crystal structure, with a space group of P45 2,2 (no. 96) unit cell
10 dimensions of a = 142 A, b = 142 A and ¢ = 81.6 A, and by a packing structure, whereby

three molecules are packed in helical fashion down the crystallographic b axis. In some

embodiments, Form A can also be characterized by X-ray powder diffraction (XRPD) pattern

(CuKe) comprising significant diffraction peaks at about 8.8, 129, 134, 142 and 174 °8, In

some variations, the X-ray powder diffraction of Form A is substantially as shown n FIG. 1A
15 or FIG. IB.

Unlike Form A, “Form B” of CDDO-Me 15 1n a single phase but lacks such a defined
cryvstal stracture. Samples of Form B show no long-range molecular correlation, i.e., above
foughly 20 A, Moreover, thermal analysis of Form B samples reveals a glass transition
temperature {(Tg) mn a range from about 120°C to about 130°C. In contrast, a disordered

20 nanocrystalline material does not display a Tg but instead only a melting temperature (Tw),
above which crystalline structure becomes a hgquid. Form B is typified by an XRPD
spectrom (FIG. 1C) differing from that of Form A (FIG. 1A or FIG. 1B). Since it does not
have a defined crystal structure, Form B likewise lacks distinct XRPD peaks, such as those

that typify Form A, and instead is characterized by a general “halo” XRPD pattern. In

o
[

particular, the non-crystalline Form B falls into the category of “X-ray amorphous™ solids
because tis XRPD pattern exhibits three or fewer primary diffraction halos. Within this
category, Form B is a “glassy” material.

Form A and Form B of CDDBO-Me are readily prepared from a variety of solutions of
the compound. For example, Form B can be prepared by fast evaporation or slow
30 evaporation in MTBE, THF, toluene, or ethyl acetate. Form A can be prepared in several
ways, including via fast evaporation, slow evaporation, or slow cooling of a CDDO-Me
solution n ethanol or methanol. Preparations of CDDO-Me in acctone can produce either

Form A, using fast evaporation, or Form B, using slow evaporation.
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Various means of characterization can be used together to distinguish Form A and
Form B CDBDO-Me from cach other and from other forms of CDDO-Me. Hlustrative of the
techniques suitable for this purpose are sohid state MNuclear Magnetic Resonance (NMR), X-

ray powder diffraction {compare FIGS. 1A & B with FIG. 1), X-ray crvstallography,

(]

differential scanning calorimetry (DSC), dynamic vapor sorption/desorption (DVS), Karl

Fischer analysis (KF), hot stage microscopy, modulated differential screening calorimetry,

FT-IR, and Raman spectroscopy. In particular, analysis of the XRPD and DSC data can

distinguish Form A, Form B, and a hemibenzenate form of CDDO-Me. See U5, Patent

Application Publication 2009/0048204, which is incorporated by reference hercin i is

10 entirety.

Additional details regarding polvmorphic forms of CDDO-Me are descrbed in UK,
Patent Application Publication 2009/0048204, PCT Publication W 2009/023232 and PCT
Publication W 2010/093944, which are all incorporated herein by reference in their
cutireties.

5 Non-hmiting specific formulations of the compounds disclosed herein include
CDDO-Me polymer dispersions.  See, for example, PCT Publication WO 2010/093944,
which is incorporated herein by refercnce in s entirety.  Some of the formulations reported
therein exhibit higher biocavailability than ctther the micronized Form A or nanocrystallme
Form A formulations. Additionally, the polymer dispersion based formnilations demonstrate

20 further surprising improvements in oral bicavailability relative to the micronized Form B
formulations.  For cxample, the methacrvlic acid copolymer, Type C and HPMC-P
formulations showed the greatest bioavailability in the subject monkeys.

Compounds employed in methods of the invention may also exist in prodrig form.
Since prodrugs enhance numerous desirable qualitics of pharmaccuticals, e.g., solubility,

25 bicavailability, manufacturing, efc., the compounds emploved in some methods of the
mvention may, if desired, be delivered in prodrug form. Thus, the invention contemplates
prodrugs of compounds of the present wvention as well as methods of delivering prodrugs.
Prodrugs of the compounds emploved in the mvention may be prepared by modifying
functional groups present in the compound 1 such a way that the modifications are cleaved,

30 either in routine manipulation or in vive, to the parent compound.  Accordingly, prodrugs

inchude, for example, compounds described herein m which a bvdroxy, amino, or carboxy

group 1s bonded fo any group that, when the prodrug is adnmunistered to a subject or patient,

cleaves to form a hydroxy, amino, or carboxylic acid, respectively.
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It should be recognized that the particular anion or cation forming a part of anv salt of
this invention is not critical, so long as the salt, as a whole, 1s pharmacologically acceptable.
Examples of pharmaccutically acceptable salts and their methods of preparation and use arc
presented i Handbook of Pharmaceuiical Salts: Properties, and Use (2002}, which 1s
wncorporated herein by reference.

In some e¢mbodiments, the compounds emploved in the methods described i the
present invention have the advantage that they may be more efficacious than, be less toxic
than, be longer acting than, be more potent than, produce fower side effects than, be more
casily absorbed than, and/or have a better pharmacokinetic profile {e.g.. higher oral
binavailability and/or lower clearance) than, and/or have other useful phammacological,
physical, or chenucal properties over, compounds known in the prior art, whether for use m

the indications stated herein or otherwise.
§if. Pharmaceutical Formulations and Routes of Administration

Admmistration of the compounds of the present mvention to a patient will follow
general protocols for the adounistration of pharmaceuticals, taking into account the toxicity,
ifany, of the drug. 1 is expected that the treatment cycles would be repeated as necessary.

The compounds of the present invention may be adounistered by a wvaricty of
methods, e.g., orally or by injection {e.g., subcutaneous, mtravenous, intraperitoneal, efc.).
Diepending on the route of admunistration, the active compounds may be coated by a material
to protect the compound from the action of acids and other natural conditions which may
magctivate the compound. They may also be administered by continuous perfusion/infusion
of a disease or wound site. Specific examples of formulations, ncluding a polymer-based
dispersion of CDD(O-Me that showed improved oral bicavalability, are provided in US.
Patent Application Publication No. 2009/0048204, which is incorporated herein by reference
it entivety. it will be recognized by those skilled in the art that other methods of
manufacture may be used to produce dispersions of the present invention with equivalent
properties and vtility {see, Repka ef a/., 2002 and references cited thereiny. Such altemative
methods include but are not limited to solvent evaporation, extrusion, such as hot melt
extrusion, and other technigues.

To administer the active compound by other than parenteral admimistration, it may be
necessary 1o coat the compound with, or co-admimster the compound with, a material to

prevent ifs inactivation. For example, the active compound may be administered to a patient
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i an appropriate carrier, for example, liposomes, or a diluent. Pharmaceutically acceptable
diluents include saline and aqueous buffer sclutions. Liposomes include water-in-otl-in-water
CGF emulsions as well as conventional liposomes.

The therapeutic compound may also be admmnistered parenterally, intraperitoneally,
intraspimally, or intracercbrally. Dispersions may be prepared i, e.g., glycerol, liguid
polyethyiene glveols, mixtures thereof, and in oils. Under ordinary conditions of storage and
use, these preparations may contain a preservative to prevent the growth of microorganisms.

Pharmaceutical compositions suitable for injectable use include sterile aqueous
sohutions (where water soluble) or dispersions and sterile powders for the extemporangous
preparation of sterile mnjectable solutions or dispersion. In all cases, the composition must be
sterile and must be fluid to the extent that easy svringability exists. It must be stable under
the conditions of manufacture and storage and must be preserved against the contaninating
action of microorganisms such as bacteria and fungt. The carder may be a solvent or
dispersion medinm coutaining, for examople, water, cthanol, polyol (such as, glveerol,
propylene glycol, and liquid polyethvlene glyeol, and the like), suitable mixtures thereof, and
vegetable oils. The proper fhudity can be maintained, for example. by the use of a coating
such as lecithin, by the maintenance of the required particle size o the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
various aniitbacterial and antifungal agents, for example, parabens, chiorghutanol, phenol,
ascorbic acid, thimerosal, and the hike. In many cases, #t will be preferable to include isotonic
agents, for example, sugars, sodium chlornide, or polyalcohols such as mannitol and sorbitol,
i the composition. Prolonged absorption of the injectable compositions can be brought
about by including in the composition an agent which delays absorption, for example,
aluminum monostearate or gelatin,

Sterile mjectable solutions can be prepared by incorporating the therapeutic
compound in the required amount 1n an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization.  Generally,
dispersions are prepared by incorporating the therapeutic compound into a sterile carner
which contains a basic dispersion medium and the required other ingredients trom those
enumerated above. In the case of sterile powders for the preparation of stenle injectable
solutions, the preferred methods of preparation are vacuum drving and freeze-drving which
vields a powder of the active ingredient {i.e., the therapeutic compound) plus any additional

desired mngredient from a previously sterile-filtered solution thereof.
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The therapeutic compound can be orally administered, for example, with an mert
diluent or an assimilable edible carrier. The therapeutic compound and other ingredients may
also be enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or
incorporated divectly info the subject’s or patient’s diet. For oral therapeutic administration,
the therapeutic compound may be incorporated with excipients and used i the form of
ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and
the like. The percentage of the therapeutic compound in the compositions and preparations
may, of course, be varied. The amount of the therapeutic compound in such therapeutically
useful compositions is such that a suitable dosage will be obtained.

It is especially advantageous to formulate parenteral compositions in dosage unit form
for case of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unitary dosages for the subjects or patients to be treated;
cach unit containing a predetermined guantity of therapeutic compound calculated to produce
the desired therapeutic cffect in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the imvention are dictated by and directly dependent
on {a) the unique characteristics of the therapeutic compound and the particular therapeutic
cffect to be achieved, and (b} the limitations inbherent in the art of compounding such a
therapeutic compound for the treatment of a selected condition in a patient.

The therapeutic compound may also be administered topically to the skin, eve, or
mucosa. Alternatively, if local delivery to the fungs is desired the therapeutic compound may
be adoumistered by nhalation 1n a dry-powder or acrosol formulation.

The therapeutic compound may be formulated in a biccompatible matrix foruse ina
drug-cluting stent.

In some embodiments, the effective dose range for the therapeutic compound can be
extrapolated from effective doses determined n animal studies for a vanety of different
animals. In general a human equivalent dose (HEDY i me/kg can be calculated mn accordance
with the following formula {see, e.g., Reagan-Shaw e/ al, FASER J., 22{3):659-661, 2008,
which is incorporated herein by reference):

HED (mg/kg) = Animal dose (mg/kg) « (Animal Ke/Homan Km)

Use of the Ki factors in conversion results m more accurate HED values, which are
hased on body surface arca (BSA) rather than only on bodv mass. Km values for humans and
various animals are well known. For example, the K tor an average 60 kg human (with a

BSA of 1.6 m?) is 37, whereas a 20 kg child (BSA 0.8 m?) would have a K of 25. Ku for
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0.02 kg and BSA of 0.007); hamster Km of 5 (given a weight of 0.08 kg and BSA of 6.02); rat
Km of 6 (given a weight of 0.135 kg and BSA of 0.025) and monkey K of 12 {given a weight
of 3 kg and BSA of 0.24).

(]

Precise amoonts of the therapeutic composition depend on the judgment of the
practitioner and are peculiar to each individual. Nonetheless, a calenlated HED dose provides
a general guide. Other factors affecting the dose include the phvsical and cluical state of the
patient, the route of admumistration, the mtended goal of treatment and the potency, stability
and toxicity of the particular therapeutic formulation.

10 The actual dosage amount of a compound of the present invention or composition
compnsing a compound of the present invention administered to a subject or a patient may be
determined by phyvsical and physiological factors such as age, sex, body weight, severity of
condition, the tvpe of disease being treated, previous or concurrent therapeutic interventions,
idiopathy of the subject or the patient and on the route of admimistration. These factors may

15 be determined by a skilled artisan.  The practitioner responsible for admimistration will
typically determine the concentration of active ingredient(s} in a composition and appropriate
dose(s) for the individual subject or patient. The dosage may be adjusted by the individual
physician in the event of any comphication.

In some embodiments, the pharmaceutically effective amount is a daily dose from

20 about 0.1 mg to about 500 mg of the compound. In some variations, the daily dose s from
about 1 mg to about 300 mg of the compound. In some vanations, the daily dosc is from
about 10 mg to about 200 mg of the compound. In some variations, the datly dose is about
25 myg of the compound. In other vanations, the daily dose is about 75 mg of the compound.
In still other varnations, the daily dose is about 150 mg of the compound. In further

25 wvanations, the daily dose is from about 0.1 mg to about 30 mg of the compound. In some
variations, the daily dose is from about 0.5 mg to about 20 mg of the compound. In some
variations, the daily dose is from about 1 mg to about 15 mg of the compound. In some
variations, the daily dose is from about 1 mg to about 10 mg of the compound. In some
variations, the daily dose is from about 1 mg to about 5 mg of the compound.

30 In some embodiments, the pharmaceutically effective amount is a daily dose of 0.01 -

25 mg of compound per kg of body weight. In some variations, the daily dose 15 0.05 - 20

mg of compound per kg of bodv weight. In some vanations, the daily dose 1s 0.1 — 10 mg of

compound per kg of body weight. In some vanations, the daily dose 13 8.1 - 5 mg of
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compound per kg of body weight. In some vanations, the daily dose 1s 0.1 ~ 2.5 mg of
compound per kg of body weight,
In some embodiments, the pharmaceutically ctfective amount is a dav dose of 0.1 -

1000 mg of compound per kg of body weight. In some vanations, the daily dose 1s 0.15 - 20

(]

mg of compound per kg of body weight. In some variations, the daily dose is 0.20 - 10 mg
of compound per kg of body weight. In some variations, the daily dose 15 (.40 ~ 3 mg of
compound per kg of body weight. In some vanations, the daily dose is 0.50 — 9 mg of
compound per kg of bodv weight. In some variations, the daily dose is 0.60 ~ & mg of
compound per kg of bodv weight. In some variations, the daily dose is .70 — 7 mg of
10 compound per kg of body weight. in some vanations, the daily dosc is 0.80 — 6 mg of
compound per kg of body weight.  In some vanations, the daily dose is 0.90 — 5 mg of
compound per kg of body weight, In some vanations, the daily dose is from about 1 mg o
about 5 mg of compound per kg of body weight,
An effective amount typically will vary from about 0.001 mg/kg to about 1,000
15 mg/kg, from about 0.01 mg/kg to about 750 mg/kg, from about 0.1 mg/kg to about 500
mg/kg, from about 0.2 mg/kg to about 250 mg/kg, from about 0.3 mg/ke to about 150 mg/kg,
from about 0.3 mg/kg to about 100 mg/kg, from about 0.4 mg/kg to about 75 mg/kg, from
about 0.5 mg/kg to about 50 mg/ke, from about 0.6 mg/kg to about 30 mg/kg, from about 0.7
mg/kg to about 25 mg/kg, from about 0.8 mg/ky to about 15 mg/kg, from about 0.9 mg/kg to
20 about 10 mg/ke, from about 1 mg/ke to about 5 mg/kg, from about 100 me/kg to about 500
mg/kg, from about 1.0 mg/kg to about 250 mg/kg, or from about 10.0 mg/kg to about 1350
mg/kg, in one or more dose admunistrations daily, for one or several davs {depending, of
course, of the mode of admunistration and the factors discussed above). Other suitable dose
ranges mnclude 1 mg to 10,000 mg per day, 100 mg to 10,000 mg per dav, 500 mg to 10,000
25 mg per day, and 500 rog to 1,000 mg per day. In some particular embodiments, the amount 1s
leas than 10,000 mg per day with a range, for example, of 750 mg to 9,000 mg per day.
The effective amount may be less than 1 mg/kg/day, less than 5300 mg/kg/day, less
than 250 mg/ke/day, less than 100 mg/kg/day, less than 350 mg/ke/day. less than 25
mg/kg/dav, less than 10 mg/kg/day, or less than 5 mg/kg/day. It may altermanvely be in the
30 range of 1 mg/kg/day to 200 mg/kg/day. For example, regarding treatment of patients with
Alport syndrome, the unit dosage may be an amount that reduces urine protein concentration
by at least 40% as compared to an untreated subject or patient. In another embodiment, the
unit dosage is an amount that reduces urine protein concentration to a level that s within

+10% of the urine protein level of a healthy sobject or patient.
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In other non-hmiting cxamples, a dose may also comprise from about 1 micro-
gram/kg/body weight, about 5 microgram/ke/body weight, about 10 microgram/kg/body
weight, about 50 microgramvkg/body weight, about 100 microgram/kg/body weight, about
200 microgram/kg/body  weight, about 330 nucrogram/kg/body weight, about 3500
microgram/kg/body weight, about 1 milligram/kg/body weight, about 5 milligram/kg/body
weight, about 10 milligramvkg/body weight, about 50 milligram/ke/body weight, about 100
muligram/kg/body  weight, about 200 milligranvkg/body  weight, about 330
mithigram/kg/body weight, about 500 nulligram/kg/body weight, to about 1000 mg/kge/body

cight or more per admipistration, and anv range derivable thercin. In non-limiting
examples of a derivable range from the numbers histed herein, a range of about 1 mg/kg/body
weight to about 5 mg/kg/body weight, a range of about 5 mg/kg/body weight 1o about 100
mgke/body weight, about 5 microgram/kg/body weight to abouat 500 mulligram/kg/body
weight, efe., can be adminustered, based on the numbers descnbed above.

In certain embodiments, a pharmaceutical composition of the present mvention may
compnse, for example, at least about 0.1% of a compound of the present invention. In other
cmbodiments, the compound of the present invention may comprise between about 2% to
about 75% of the weight of the unit, or between about 25% to about 60%, for example, and
any range derivable theremn.

Single or mudtiple doses of the agents are contemplated. Desired time mtervals for
delivery of multiple doses can be determined by one of ordinary skill in the art emploving no
more than routing expenmentation. As an example, subjects or patients may be administered
two doses daily at approximately 12 hour mtervals. In some embodiments, the agent is
administered once a day.

The agent(s) may be admimistered on a routine schedule. As used hercin a routine
schedule refers to a predetermined designated period of time. The routine schedule may
encompass periods of time which are identical or which differ m length, as long as the
schedule is predetermined. For instance, the routine schedule may imvolve administration
twice a day, every dav, cverv two days, every three days, every four days, every five davs,
gvery six days, a weekly basis, a monthly basis or any set number of davs or weeks there-
between. Alternatively, the predetermined routine schedule may involve administration on a
twice daily basis for the first week, followed by a daily basis for several months, erc. In other
embodiments, the mvention provides that the ageni(s) may be taken orally and that the timing

of which is or 1s not dependent upon food intake. Thus, for example, the agent can be taken
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gvery morning and/or every evening, regardless of when the subject or patient has caten or
will eat.

Non-limiting spectfic formulations include CDDOG-Me polymer dispersions {sce U8,
Patent Application Publication No. 2009/0048204, filed August 13, 2008, which 1s
mcorporated herein by reference).  Some of the formulations reported therein exhibited
higher bioavailability than either the micronized Form A or nanocrvstalline Form A
formulations. Additionally, the polymer dispersion based fornwulations demonstrated further
surprising  mmprovements i oral bioavailability relative to the micronized Form B
formulations.  For example, the methacrylic acid copolymer, Type { and HPMC-P

formulations showed the greatest bioavailability in the subject monkevs.
iY.  Combination Therapy

In addition to being used as a monotherapy, the compounds of the present nvention
may also find use m combination therapies. Effective combination therapy may be achieved
with a single composition or pharmacological formulation that includes both agents, or with
two distinet compositions or formulations, admimstered at the same time, wherein one
composition includes a compound of this mvention, and the other mcludes the second
agent(s). Alematively, the therapy may precede or tollow the other agent treatment by
intervals ranging from minutes to months.

Various combinations may be employed, such as when a compound of the present
invention is “A” and “B” represents a secondary agent. non-limiting examples of which are

described below:

A’%,”’B I’IL/‘X B/”A/ B B/B/ [/sx LL&/IAAL!”B LL&/BI/B BI/LL&/ A’% Z%‘!iB/IB/B BI/LL&/B/ B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/A/JA/A A/B/AIA A/A/B/A

It 15 contemplated that other therapeutic agents may be used in conjunction with the
treatments of the current invention. In some embodiments, the present invention
contemplates the use of one or more other therapics for the treatment of Alport syndrome in
copjunction with the compounds described in the methods therein. These therapies include
the use of an angiotensin-converting enzyme {ACE) inhibitor, angiotensin receptor blockade

{ARB)}, or an aldosterone antagonist.  Some non-hinuting examples of ACE whibitor include

84



WO 2018/089539 PCT/US2017/060701

Ramipril, enalapril, Lisinopril, benazepnl, fosmoprl, quinapnl, cilazapul, perinopnl, or
trandolapril. Similardy, some non-hinuting examples of angiotensin receptor blockade agent
include losartan, candesartan, irbesartan, telmisartan, valsartan, or epresartan. A non-limiting

example of an aldosterone antagonist is spirolactone.
5 ¥ Diagnostic Tests

A, Measurement of B-type Natriuretic Peptide (BNP) Levels

B-type natriurctic peptide {BNP) 1s a 32-anuno acid neurchormone that is synthesized
in the ventricular myocardium and released into circulation in response to ventricular dilation
and pressure overload. The functions of BNP include natriuresis, vasodilation, inhibition of

10 the renin-angictensin-aldosterone axis, and imhibition of sympathetic nerve activity. The
plasma concentration of BNP is elevated among patients with congestive heart failure (CHF},
and increases in proportion to the degree of left ventrcular dysfunction and the severity of
CHF symiptoms.

Numerous methods and devices are well known to the skifled artisan for measuring

15 BNP levels in patient samples, including serum and plasma. With regard to polypeptides,
such as BNP, immuncassay devices and methods are often used. See, eg, U5, Patents

6,143,576, 6,113,855, 6,019,944, 3985,579; 5947124, 5,939,272, 5.922.615; 5,885,527,
5,851,776; 5,824,799; 5,679,526, 5,525,524, and 5,480,792, These devices and methods can
atihize labeled molecules in various sandwich, competitive, or non-competitive assay formats,

20 to generate a signal that is related to the presence or amount of an analyte of interest.
Addiionally, certain methods and devices, such as biosensors and optical immunoassays,
may be emploved to determine the presence or amount of analytes without the need for a
labeled molecule. See, e.g, U5, Patents 5,631,170 and 5,955,377, In a specific example, B-
type natriurctic peptide (BNP) levels may be determined by the following method(s): protein

25 immunoassays as described m US Patent Publication 2011/0201130, which 1s incorporated by
reference i ifs entirety herein. Purthermore, a number of comumercially availabic methods

cxist {e.g., Rawlins er a/., 20035, which is incorporated herein by reference 1n its entirety).
B. Measurement of Albumin/Creatinine Batio (ACE)

Conventionally, proteinuria is diagnosed by a simple dipstick test.  Traditionally,
30 dipstick protein fests are quantified by measuring the total quantity of protein in a 24-hour

urine collection test.
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Alternatively the concentration of protein in the urine may be compared to the
creatinine lovel in a spot urine sample. This is termed the protein/creatinine ratio (PCR). The
UK Chronic Kidney Discase Guidelines (2003; which are incorporated herein by reference in
thewr entirety} states PCR 1s a betier test than 24-hour wrmary protein measurement,
Proteinuria 13 defined as a protein/creatinine ratio greater than 45 mg/mmol (which s
cquivalent to albumin/creatinine ratio of greater than 30 mg/mmol or approximately 300
mg/g as defined by dipstick proteinuna of 3+) with very high levels of proteinurnia being for a
PCR greater than 100 mg/mmol.

Protein dipstick measurements should not be confused with the amount of protein
detected on a test for microalbuminuna, which denotes values for protein for urine in mg/day
versus urine protein dipstick values which denote values for protein in mg/dL.. That 1s, there
is a basal level of profeinuria that can ocawr below 30 mg/day which is considered non-
pathological.  Values between 30-300 mg/day are termed microalbuminuria which is
considered pathologic. Unine protein lab values for microalbumin of >30 mg/day correspond
to a detection level within the “trace” to 147 range of a urine dipstick protein assay.
Therefore, positive indication of any protein detected on a urine dipstick assay obviates any
need to perform a urine oucroalbunun test as the upper hmut for microalbununuria has

already been exceeded.
C. Measurement of Estimated Glomeralar Filtration Rate (eGFR}

A number of formulac have been devised to estimate GFR values on the basis of
seram coreatinine levels. A commonly used surrogate marker for estimate of creatinine
clearance {eCcr) is the Cockcroft-Gault (CG) formula, which in turn estimates GFR m
mb/min. It cmploys serum creatininge measurements and a pationt's weight to predict the
creatimine clearance. The formula, as originally published, is:

(140 — Age) x Mass(in kg)
mg>
dL

This formula expects weight to be measured m kilograms and creatinine to be measured in

eCCr =

72 X Serum creatinine (in

mg/dL, as is standard in the USA. The resulting value i1s multiplied by a constant of 0.85 if
the patient is female. This formula 1s useful because the calculations are simple and can often
be performed without the aid of a calculator,

When serum creatinine 18 measured in pmol/L, then:
(140 — Age) x Mass (in kg) x Constant

- . umol,
Serum creatinine (m‘u )

eClr
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where Constant 15 1.23 for men and 1.04 for women.

One interesting feature of the Cockeroft and Gault equation is that it shows how
dependent the estimation of Cer is based on age. The age tern 1s {140 - age). This means
that a 20-vear-old person (140-20 = 120} will have twice the creatinine clearance as an 80-
vear-old {140-80 = 60} for the same level of serum creatinine. The CG equation assumes that
a woman will have a 15% lower creatinine clearance than a man at the same level of serum
creatining,

Alternatively, eGFR values may be calculated using the Modification of Dhet in Renal
Discase (MDRD) formula. The 4-variable formula is as follows:

eGFR = 175 X Standardized serum creatinine 113 x Age %203 « ¢
where C 18 1.212 f the patient is a black male, 0.899 if the patient 1s a black female, and
(.742 if the patient is a non-black female. Serum creatimine values are based on the [DMS-
traccable creatinine determination (see below).

Chronic kidney discase is defined as a GFR less than 60 mU/min/1.73 m? that is

present for three or more months.
B. Measurement of Serum Creatinine Levels

A serum creatinine test measures the level of creatinime in the blood and provides an
cstimate glomerular filtration rate. Serum creatinine values in the BEACON and BEAM
trials were based on the isotope dilution mass spectrometry (JDMS)-traceable creatinine
determinations.  Other commonly used creatinine assay methodologies include (1) alkaline
picrate methods {e.g., Jaffe method [classic] and compensated [modified] Jaffe methods), (2)
enzyvmatic methods, (3} high-performance liquid chromatography, (4) gas chromatography,
and (5) iquid chromatography. The {DMS method is widely considered to be the most
accurate assay {Peake and Whiting, 2006, which is incorporated herein by reference in its

entirety ),
Vi. Definitions

When uvsed in the context of a chemical group: “hydrogen” means ~H; “hydroxy”
means —OH; “oxo” means =0; “carbonyl” meang ~C{=0}~; “carboxy”™ means ~C(=0)}0OH
(also written as —COOH or —CO:H), “halo” means independently —F, —Cl, —Br or L
“amino” means ~NHz, “hydroxyamine” means ~NHOH; “nitro” means ~NO2; inuno means
=NH; "tyano” means —CN; “isocvanate” means ~N={U=0; “azido” means ~N3 in a

monovalent context “phosphate” means —~OP(OYOH): or a deprotonated form thercof, 1o a
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divalent context “phosphate” means ~OPOWOHYO— or a deprotonated form thercof,
“mercapto” means —SH; and “thio” means =5; “sulfony!” means —~8{0);—; and “sulfinyl”
means —S{0)—.

In the context of chemical formulas, the symbol ™" means a single bond, *“=" means

5  adouble bond, and “=” means triple bond. The symbol “-...7 represents an optional bond,
which if present 13 either single or double. The symbol “====" represents a single bond or a

double bond. Thus, the formula covers, for example, O, @ , @ and

©u And it 15 understood that no one such ring atom forms part of more than one double

bhond. Furthermore, 1t 18 noted that the covalent bond svmbol “~7, when connecting one or

10 two stereogenic atoms, does not mdicate any preferred stercochenustry. Instead, it covers all

stercoisomers as well as mixtures thereof. The symbol WA 7 when drawn perpendicufarty

across a bond (e g.,g—CHg for methvl) indicates a point of attachment of the group. It 1s

noted that the point of attachment 1s typically only identified 1 this manner for larger groups

in order to assist the reader in unambiguously 1dentifying a point of attachment. The symbol

15 =8> means a singlc bond where the group attached to the thick end of the wedge is “out of

the page.” The symbol "8 means a single bond where the group attached to the thick end

of the wedge is “into the page”. The symbol “vWA 7 means a single bond where the

geometry arcund a double bond (e.g., cither £ or 7} is undefined. Both options, as well as

combmations thercof arc therefore mtended.  Any undefined valency on an atom of a

20 structure shown in thus application implicitly represents a hydrogen atom bonded to that

atom. A bold dot on a carbon atom mdicates that the hydrogen attached to that carbon is
oricnted out of the plane of the paper.

When a vanable 1s depicted as a “floating group” on a ting system, for example, the

group “R” in the formula:

then the vanable may replace any hyvdrogen atom attached to any of the ring atoms, including
a depicted, tmplied, or expressly defined hydrogen, so long as a stable structure is formed.
When a variable is depicted as a “floating group” on a fused ring system, as for example the

group “R” m the formula:
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Rivog E e
H

then the variable may replace any hydrogen attached to any of the ring atoms of either of the
fused rings unless specified otherwise. Replaceable hydrogens include depicted hydrogens

{e.g., the hydrogen attached to the nitrogen in the fornwla above), implied hvdrogens (e.g., a

(]

hydrogen of the formula above that 1s not shown but understood to be present), expressly
defined hydrogens, and optional hydrogens whose presence depends on the identity of a ring
atom {e.g., a hvdrogen attached to group X, when X equals —CH-), so long as a stable
structure 1s formed. In the example depicted, R may reside on either the 3~-membered or the 6-
membered ring of the fused ring svstem. In the formula above, the subscript letter 7
10 immediately following the R enclosed in parentheses, represents a numeric variable. Unless
specified otherwise, this vanable can be 0, 1, 2, or any miteger greater than 2, only limited by

the maximum number of replaceable hydrogen atoms of the ring or ring svstem.
For the chemical groups and compound classes, the number of carbon atoms in the
group or class s as indicated as follows: “Cn” defines the exact number (n} of carbon atoms
I5  n the group/class. “C<n” defines the maximum number (n) of carbon atoms that can be in
the group/class, with the munimum number as small as posaible for the group/class
question. For example, it 13 understood that the mimimum number of carbon atoms in the

29

groups “alkyvles)”. “ovcloalkancdiviesy”, “heteroarvie<s”, and “acvlew)” is one, the

minimum number of carbon atoms in the groups “alkenvlcesy”, “alkvaviee”, and

/

20 “heterocycloalkylcssy” 18 two, the minimum pumber of carbon atoms in the group

99

“cveloalkylessy” is three, and the minimum number of carbon atoms in the groups “arvice<)
and “arencdivlcesy” 15 six. “Cn~-n"" defines both the minimum () and maximum number (n')
of carbon atoms in the group. Thus, “alkvlc10)” designates those atkyl groups having from
2 to 10 carbon atoms. These carbon mumber mdicators may precede or follow the chemical
25 groups or class it modifies and it may or may not be enclosed in parenthesis, without
signifying any change in meaning. Thas, the torms “CS olefin”, “C3-olefin”, “olefinesy”, and
“olefines™ are all synonymous. When any of the chenucal groups or compound classes
defined heren 1s modified by the term “substituted”, any carbon atom in the moiety replacing
the hydrogen atom is not counted. Thus methoxvhexyl, which has a total of seven carbon

30 atoms, i3 an example of a substituted alkylcie. Unless specified otherwise, any chemigcal
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group or compound class histed i a claim set without a carbon atom limit has a carbon atom
limit of less than or equal to twelve.
The term “saturated” when used to modify a compound or chemical group means the

compound or chemical group has no carbon-carbon double and no carbon-carbon triple

(]

bonds, except as noted below. When the term 1s used to modify an atom, it means that the

atom 1s not part of any double or triple bond. In the case of substituted versions of saturated

groups, one or more carbon oxygen double bond or a carbon nitrogen double bond may be

present. And when such a bond is present, then carbon-carbon double bonds that may occur

as part of keto-enol tautomensm or imine/enamine tautomerism are not precluded. When the

10 torm “saturated” is used to modify a solution of a substance, it means that no more of that
substance can dissolve in that solution.

The term “aliphatic” when used without the “substituted” modifier signifies that the
compound or chemical group so modified is an acyclic or cyclic, but non-aromatic
hydrocarbon compound or group. In aliphatic compounds/groups, the carbon atoms can be

15 joined together in straight chams, branched chains, or non-aromatic rings (alicyehc).
Aliphatic compounds/groups can be saturated, that is joined by single carbon-carbon bonds
(alkanecs/alkvl), or umsaturated, with one or more carbon-carbon double bonds
{alkenes/alkenyl) or with one or more carbon-carbon triple bonds (alkynes/alkynyl).

The term “aromatic” when used to modify a compound or a chemical group refers to a

20 planar unsaturated ring of atoms with 4z +2 electrons in a fully conjugated cyclic w system.

The term “alkyl” when used without the “substituted” modificr refers to a monovalent
saturated aliphatic group with a carbon atom as the point of attachment, a lincar or branched
acyclic structure, and no atoms other than carbon and hydrogen. The groups —CHs (Me),
—CHoCH3 (B, —CHuCHoCHs (-Pr or propyl), —CH(CHs) (-Pr, Pr or isopropyl),

25 —CHCH2CHCHs  (2-Bu), —CH{CH:)CHCHs  (sec-butyl), —CH:CH(CH:):  (isobutyl),
~C{CHs)s (rert-butyl, -butyl, --Ba or ‘Bu}, and ~CH2U{CH3}: (meo-pentyl} are non-limiting
cxamples of alkvl groups. The term “alkanediyl” when used without the “substituted”
modifier refers to a divalent saturated aliphatic group, with one or two saturated carbon
atom(s) as the point(s) of attachment, a linear or branched acvelic structure, no carbon-carbon

30 double or triple bonds, and no atoms other than carbon and hydrogen. The groups —CHo—

(methylene), ~CH2CH—, ~CH2C(CH:2CHo—, and —CH2CH2CH— are non-limiting examples

of alkanedivl groups. The term “alkvhidene” when used without the “substituted” modifier
refers to the divalent group =CRR' mn which R and R are mdependently hvdrogen or alkyl.

Non-limiting examples of alkylidene groups inchude: =CHa, =CH(CH:CHs), and =C(CH;s).
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An “alkane” refers to the class of compounds having the formula H-R, wherein R is alkyi as
this term 15 defined above. When any of these terms is used with the “substituted” modifier,
one or more hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br, —L,
=NHz, —NO2, —CO:H, —COCHs, —CN, —SH, —0CH;, —-OCH:CHs, —C(0)CHs, —NHCH;,
~NHCH2CHs, ~N(CHs)p, ~C(O)NH;, ~-C(ONHCH;, ~COMN(CHz):, —~0OC0O)CHs,
~NHC{OYCH:, ~S(0R0H, or ~S{0)NH:. The folowing groups are non-himiting examples
of substituted alkyl groups: —CH:OH, —-CH(Cl, —CFs;, —-CHoON, -CH:C(O)OH,
~CH2C{(O3OCH:, ~CHRC(OINH:, ~CH2C{OYCHs, ~CHOCHs, ~CH2O0C(O)YCHs, ~CH:NHz,
~{CHoN{CHs}, and ~CHCHCL The term “halcalkyl™ is a subset of substituted alkyl,
which the hydrogen atom replacement is limited to halo (f.e. —F, —Cl, —Br, or —1} such that no
other atoms aswde from carbon, hydrogen and halogen are present. The group, ~CHoUl 15 a
non-himiting example of a haloalkyl. The term “Huorcalkyl” is a subset of substituted alkyl,
in which the hvdrogen atom replacement is limited to fluoro such that no other atoms aside
from carbon, hydrogen and fluonine are present. The groups —CHzF, —CFs, and —CHzCF: arc
non-limiting exampies of fluoroalkyl groups.

The term “cycloalkyl” when used without the “substitoted” modifier refers to a
monovalent saturated aliphatic group with a carbon atom as the point of attachment, said
carbon atom forming part of one or more non-gromatic rng structures, no carbon-carbon
double or triple bonds, and no atoms other than carbon and hvdrogen. Non-limiting examples
include: ~CH(CHa) {(cyclopropyl}. cyclobutyl, cyclopentyl, or cyclohexyl (Uv).  As used
herein, the term does not preclude the presence of one or more alkvl groups {carbon number
himitation permitting) attached to a carbon atom of the non-aromatic nng structure. The term
“cycloalkanedivl” when used without the “substituted” modifier refers to a divalent saturated
aliphatic group with two carbon atoms as points of attachment, no carbon-carbon double or

5-

triple bonds, and no atoms other than carbon and hydrogen. The group ¥ is a
non-limiting example of cycloalkanedivl group. A “cycloalkane™ refers to the class of
compounds having the formula H-R, wherein R is ¢vcloalkyl as this term 18 defined above.
When anv of these terms is used with the “substituted” modifier, one or more hydrogen atom
has been independently replaced by —OH, —F, —Cl, —Br, -, —NHz, —NOo, —~CO2H, —CO2CH;3,
~CN, =8H, -0OCH3; -0OCHCH;, —CO)CHs, -NHCH;, ~NHCH:CH;, —~N(CHsh,
~C{(ONHz, ~C{OWNHCH3, ~C{O)N{CHs}, ~OC{O)¥CHs, ~NHC(O)CHs, ~-S(OpOH, or
—S{OpNH.
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The term “alkenvl” when used without the “substituted” modifier refers to a
monovalent unsaturated aliphatic group with a carbon atom as the point of attachment, a
linear or branched, acyclic structure, at icast onc nonaromatic carbon-~-carbon double bond, no
carbon-carbon triple bonds, and no atoms other than carbon and hydrogen. Non-limiting
examples include: ~CH=CHy {vinyl), —~CH=CHCH;, —-CH=CHCHCH;, -CH:CH=CH:
(allivl), ~CHLCH=CHCH;, and ~CH=CHCH=CH,. The term “alkenediyl” when used without
the “substituted” modifier refers to a divalent unsaturated aliphatic group, with two carbon
atoms as points of attachment, a linear or branched, a linear or branched acyclie structure, at
least one nonaromatic carbon-carbon double bond, no carbon-carbon tripie bonds, and no
atoms other than carbon and hydrogen. The groups —CH=CH-, —CH=C(CH:CHs—,
—CH=CHCH:—, and —CH:CH=CHCH>— arc non-limiting examples of alkencdivl groups. It
is noted that while the alkenedivl group is aliphatic, once connected at both ends, this group
ig not precluded from forming part of an aromatic structure. The terms “alkene” and “olefin”
are synonvmous and refer to the class of compounds having the formmla H-K, wherein R is
alkenyl as this term 1s defined above. Similarly, the terms “terminal alkene” and “w-olefin”
are synonvmous and refer to an alkene having just one carbon-carbon double bond, wherein
that bond 1s part of a viny! group at an end of the molecule. When anv of these terms are
used with the “substituted” modifier one or more hydrogen atom has been independently
replaced by —OH, ~F, ~Cl, —Br, ~I, ~NHz, ~NQz, ~CO:H, ~C0:CHa, ~CN, ~SH, ~0OCH;,
~OCH:CHs, ~C(O)(CHs, ~NHCH:, ~-NHCH2CHs, -N{CHs), —~C(O)NH,, —~C{O)NHCH;,
—C(ON(CHz )2, —OC(O)CHy, —NHC(OYCHs, —S(0Op0OH, or —S(OpNH:. The groups
~{CH=CHF, ~CH=CH{I and ~CH=CHBr are non-limiting examples of substituted alkenyl
SIoUpS.

The term “alkynyl” when used without the “substituted” modifier refers to a
monovalent unsaturated aliphatic group with a carbon atom as the point of attachment, a
linear or branched acvelic structure, at least one carbon-carbon triple bond, and no atoms
other than carbon and hydrogen. As used hergin, the term alkynyl does not preclude the
presence of one or more non-aromatic carbon~-carbon double bonds. The groups —C=CH,
~C=CCHs, and —CHzC=CCHs are non-limiting examples of alkynyl groups. An “alkyne”
refers to the class of compounds having the formuda H-R, wherein R is alkynyl, When any
of these terms are used with the “substituted” modifier one or more hydrogen atom bas been
mdependently replaced by —OH, —F, —(l, —Br, 1, -NHz, -NOo, —-CO:H, —CO:CH;, —CN,
=8H, ~OCHs, ~OCH:CHs, ~C(O)CHs, ~NHCH:, ~NHCH:CH:, —~N(CHs),, —C{O}NH,,
~CMNHCH;, ~C{O)N(CHs o, ~OC{O)CHs, -NHC(O)YCHs, -5(0)0H, or ~5(0)NH:.
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The term “aryl” when used without the “substituted” modifier refers to a monovalent
unsaturated aromatic group with an aromatic carbon atom as the point of attachment, said
carbon atom forming part of a onc or more aromatic ring structures, cach with six ring atoms

that are all carbon, and wherein the group consists of no atoms other than carbon and

(]

hydrogen. If more than one ring is present, the rings may be fused orunfused. Unfused rings
are connected with a covalent bond.  As used herein, the term aryl does not preclude the
presence of one or more alkyl groups {carbon number limitation permitting) attached to the
first aromatic ring or any additional aromatic ring present. Non-himiting examples of aryl
groups include phenyl (Ph), methylphenyl, (dimethylphenyl, ~CsHaCH2CH3 (ethylphenyl),
10 naphthyl, and a monovalent group derived from biphenyl {e.g., 4-phenyiphenyly. The term
“arenedivl” when used without the “substituted” modifier refers to a divalent aromatic group
with two aromatic carbon atoms as points of attachment, said carbon atoms forming part of
one or more six-membered aromatic ring structures, cach with six ring atoms that are all
carbon, and wherein the divalent group consists of no atoms other than carbon and hvdrogen.
15 As used herem, the term arenediyl does not preclude the presence of one or more alkyl
groups {carbon muwmber Himitation permitiing) attached to the first aromatic ring or any
additional aromatic ring present. I more than one ring is present, the rings may be fused or
unfused. Unfused nings are connected with a covalent bond. Non-limiting examples of
arcnedivl groups inchude:
Y

o OO0 TTTHO-On L,

HaG

An “arene” refers to the class of compounds having the formula H-R, wherein R is arvl as

that term is defined above. Benzene and tolucne are non-limiting examples of arenes. When

any of these terms are used with the “substituted” modifier one or more hvdrogen atom has

25 been independently replaced by —OH, —F, —CL, —Br, -1, —-NHy, —NO», —CO:H, —CGCHa,

=CN, -SH, -0CH:, -0CH:CHs, -C(O)CHs, -NHCH;, ~NHCHCH:, -N{CHa,

~C{O)NHz, ~C{ONHCH;, ~CO)N(CHz)o, ~OC(O)CH;, ~NHC(OYCHs, -S{OR0H, or
—5(ORNHz2.

The term “aralkyl” when used without the “substituted” modifier refers to the

30 monovalent group —alkanedivi—arvi, in which the terms alkanedivl and aryl are cach used in a
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manner consistent with the definitions provided above,  Non-hmiting examples are:
phenyimethyl {benzvl Bn} and 2-phenyl-cthyl When the term aralkyl is used with the
“substituted” modifier one or more hvdrogen atom from the alkanedivl and/or the arvl group
has been independently replaced by —OH, —F, —Cl, —Br, -, —NHz, —NOo, —~CO2H, —CO2CH;3,
~CN, =8H, -0OCH; -0OCHCH:, -CO)CHs, ~NHCH:, ~NHCH:CH;, -—N(CHs),
~C(ONH,, ~C(ONHCHz, —~C{O)N{CHz)., —OC(0)YCHs, ~NHC(O)CHs, ~-S(OpOH, or

—S{OpNH2. Non-hmiting examples of substituted aralkvis are: (3-chlorophenyl}-methyl, and

(]

2-chloro-2-phenyl-eth-1-v1.
The term “betercaryl” when used without the “substituted” modifier refers to a
10 monovalent aromatic group with an aromatic carbon atom or nitrogen atom as the point of
attachment, said carbon atom or nitrogen atom forming part of one or more aromatic ring
structares, each with three to cight ring atoms, wherein at least one of the ring atoms 1s
nitrogen, oxveen or sulfur, and wherein the beteroaryl group consists of no atoms other than
carbon, hvdrogen, aromatic nitrogen, aromatic oxygen and aromatic sulfiir. If more than one
15 ring 1s present, the rings may be fused or unfused. Unfused nngs are connected with a
covalent bond. As used herein, the term heieroaryl does not preclude the presence of one or
more alkyl or aryl groups {carbon number funitation permitting) attached to the aromatic ring
or aromatic ring svstem. Non-hmuting examples of heteroaryl groups include furanyl,
mmidazolyl, indolyl, indazolyl (Im), isoxazolyl, methylpyridinyl, oxazolyl, phenylpyridinyl,
20 pyndinyl {pyndyl}, pyvrrolyl, pvrimidinyl, pyrazinvl, quinolvl, quinazolyl, quinoxalinyi,
triazinyl, tetrazolvl, thiazolyl, thienvl, and triazolyl. The term “N-heteroaryl” refers to a
heteroaryt group with a nitrogen atom as the point of attachment. A “heteroarene” refers to
the class of compounds baving the formmila H—R, wherein R is hetercaryl. Pyridine and
quinoline arc non-limiting examples of heteroarcnes. When these terms are used with the
25 “substituted” modifier one or more hvdrogen atom has been independently replaced by —OH,
~F, ~Cl, -Br, =L, ~NHz, ~NQOs, ~CO:zH, ~CO:CH;, ~CN, ~SH, ~OCH;, —~OCHCH;,
~C(O)CHs, ~NHCH;, ~NHCH:CH:, ~N(CHs ), ~C(O)NH:, ~C{OINHCH3, ~C(OIN(CH:z ),
—OC(OYCH:, -NHC(O)CHs, —S(0)0H, or —S{O)pNHs.
The term “heterocycloalkyl” when used without the “substituted” modifier refers to a
30 monovalent non-aromatic group with a carbon atom or nitrogen atom as the point of
attachment, said carbon atom or nitrogen atom forming part of one or more non-aromatic ring
structures, each with three to cight nng atoms, wherein at least one of the ring atoms 1s
nitrogen, oxvegen or sulfur, and wherein the heterocvcloalkyl group consists of no atoms other

than carbon, hydrogen, nitrogen, oxveen and sulfur. If more than one ring is present, the
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rings may be fused or unfused. As used herein, the term does not preclude the presence of
one or more atkvl groups (carbon number himitation permitting} attached to the ring or ring
systern.  Algo, the term does not preclude the presence of one or more double bonds in the
ring or rmg system, provided that the resulting group remams non-aromatic. Non-limiting
examples of heterocyveloatkyl groups include azindinyl, azetidinyl, pyrrolidinyl, piperidinyl,
piperazinvi, morpholinyl, thiomorpholinyl, tetrabydrofuranyl, tetrahydrothiofuranyi,
tetrahvdropyranvl, pyranyl, oxiranvl, and oxetanyl. The term “N-heterocveloalky!” refers to
a heterocycloalkyl group with a nitrogen atom as the point of attachment. N-pyrrolidiny! is
an example of such a group. When these terms are used with the “substituted” modifier one
or more hydrogen atom has been independently replaced by —~OH, —F, —Cl, —Br, -1, -NHa,
NGOz, —COH, —COCHs, —CN, -SH, -0CH:;, -OCHCHs, -C{O)CHs, -NHCH;,
~NHCH2CHs, ~N(CHs)p, ~C(O)NH;, ~-C(ONHCH;, ~COMN(CHz):, —~0OC0O)CHs,
~NHC(OYCHs, -5(0»0H, or ~S{(OpNH).

190

The term “acyl” when used without the “substitited” modifier refers to the group
—C{O)R, m which R is a hydrogen, alkyl, cycloalkyl, or aryl as those teoms are detined
above. The groups, ~CHO, ~C{O)CHs (acetyl, Ac), —~CIOYCH:CH;s, ~C{O)CH{CHs),
—C{OYCH(CHz)z, —~C(OyCeHs, and —C{OYCeH«CHs are non-limiting examples of acyl groups.
A “thicacvl” 1s defined in an analogous manner, except that the oxygen atom of the group
~C{(MR has been replaced with a sulfur atom, ~C(SIR. The term “aldehvde” corresponds to
an alkyl group, as defined above, attached to a ~CHO group. When any of these terms are
used with the “substituted” modifier one or more hydrogen atom (including a bydrogen atom
directly attached to the carbon atom of the carbonyl or thiocarbonyl group, if any) has been
independently replaced by ~OH, ~F, —Cl, -Br, ~{, ~NH,, ~NQy, ~COH, ~C0CH;, ~CN,
=8H, —0OCH;, —OCH:CHs, —C(O)YCHs, —NHCH:, -NHCH:CHs, —N(CHs)o, —C(O)NH3,
~C{ONHCH;, —COIN(CHs ), ~OC(OYCH:, -NHC(OYCHs, —S{0R0OH, or —S{OuNH:. The
groups, ~C{OYCHCF3, —COH {(carboxyl), —CO:CH: (methylcarboxyl), —COCH2CH;,
~C{MNH: {carbamoyl}, and ~CON{(CHs):, are non-limiting examples of substituted acyl
groups.

The term “alkoxy” when used without the “substituted” modifier refers to the group
—0R, in which R is an alkyl as that term 1s defined above. Non-himiting examples include:
—0OCH; (methoxy), —~OCH(H; (ethoxy), —OCHCH2CH;5, —OCH{(CHs): (isopropoxy), or
—OC(CHs)s (ferr-butoxy). The terms “cyvcloalkoxy”, “alkenvioxy”, “alkyvnyloxy”, “arvioxy”,
“aratkoxy™, “heteroaryloxy™, “heterocycloalkoxy”, and “acvioxy”, when used without the

“substituted™ modifier, refers to groups, defined as ~OR, i which R is cycloalkyl, alkenyl,
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alkynyl, aryl aralkyl hetercaryl, heterocveloalkyl, and acyl, respectively.  The term
“alkvithio” and “acylthic” when used without the “substituted” modifier refers to the group
—5R, in which R is an alkvl and acyl, respectively. The term “alcoho!” corresponds to an
alkane, as defined above, wherem at least one of the hvdrogen atoms has been replaced with a
hydroxy group. The term “ether” corresponds fo an alkane, as defined above, wherein at least
one of the hydrogen atoms has been replaced with an atkoxy group. When any of these terms
is used with the “substituted” modificr, one or more hydrogen aton has been independently
replaced by —OH, ~F, ~(1, =By, -1, -NHz, ~NGo, ~CG2H, ~CO:.CHs, ~CN, —8H, ~OCHz,
~OCHYCHs, ~C(O)CHs, ~NHCH;, ~NHCHCHs, ~N(CHs), ~C{O)NH,, ~C(O)NHCH:,
—C{OIN(CHs)2, —OC(OYCHs, -NHC(O)CHs, —8(0):0H, or —S{0)NH..

The term “alkyvlamuno”™ when used without the “substituted” modifier refers to the
group ~NHR, in which R s an alkyl, as that term s defined above. Non-hmiting examples
include: ~NHCH; and ~NHCH:CH;.  The term “dialkylamine™ when used without the
“substituted” modificr refers to the group —NRR/, in which R and R’ can be the same or
different alkvl groups. Noun-limiting examples of dialkvlamino groups include: —N(CHs)
and ~N(CH¥CH:CH3). The terms “cycloalkylamine”, “alkenylaming”, “alkynylamino”,
“arylanmino”, “aralkviamino”, “heteroarviamino”, “heterocycloalkviaming”, “alkoxvamino”,
“alkvlsulfonylamine”, or “cvcloalkyisulfonylamine” when used without the “substituted”
modifier, refers 1o groups, defined as ~NHR, in which R is cycloalkyl, alkenvl, alkynyi aryl)
aratkyl, heterparyl, heterocycloalkyl, alkoxy, alkyisulfonvl and cycloalkylsulfonyl,
respectively. A non-limiting example of an arviamino group is ~NHCsHs. The term “amido”
{acylamino), when used without the “substituted” modifier, refers to the group ~NHR, in
which R is acyl, as that term is defined above. A non-limiting example of an amide group is
—NHC(O)CHs. When anv of these terms 15 used with the “substituted” modifier, one or more
hydrogen atom attached to a carbon atom has been independently replaced by —OH, —-F, —Ci,
=Br, ~I, -NH, —NQOz, ~CO:H, ~Ch::CHs, ~CN, -SH, ~0OCH;, ~OCHCHs, ~C(O)CHs,
~NHCH;, ~-NHCH.CHs, ~-N(CHs), ~C{O)NH,, ~CONHCH;, -CON(CH:p,
—OC(O)YCHs, -NHC(O)CHs, —5(0):0H, or —S(O)NHz. The groups —NHC(OYOCH: and
=NHC(ONHCHS3 are non-limiting examples of substituted amido groups.

The terms “alkylsulfonyl” and “alkvisalfingl” when ased without the “substibited”
modifier refers to the groups —S{0)2R and —S{O)R, respectively, in which R is an alkyl, as
that term 13 defined above. The terms “evcloatkvisulfonyl”, “alkenvisulfonvi”,
“alkynylsulfonvl”, “arylsutfonyl”, “aralkvisalfonvl”, “heteroarylsulfonyl”, and

“heterocycloalkyisulfonyl™ are defined in an analogous manner. When any of these terms is
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ased with the “substituted” modificr, one or more hydrogen atom has been mdependently
replaced by ~OH, ~F, ~ClL, ~Br, -1, ~NHz, ~NOy, ~COoH, ~CGLCH;, ~CN, ~-8H, ~0CH;,
—OCHCHs, —C(OYCHs, —NHCH;, -NHCHCHs, —N(CHs)e, —C(O)NH., —C(ONHCH;3,
—COMN(CHs)2, ~OC(OYCH, -NHC(O)YCHs, —S(0R0H, or —S{O):NH:.

(]

The use of the word “a” or “an,” when used in conpumction with the term
“compnsing” in the claims and/or the specification may mean “one,” but it is also consistent
with the meaning of “one or more,” “at least one,” and “one or more than one.”

Throughout this application, the term “about” is used to indicate that a value mchudes
the mherent variation of error for the device, the method being employed to determine the
10 wvalue, or the variation that exists among the study subjects or patiends.

An “active ingredient” (A1) (also referred to as an active compound, active substance,
active agent, pharmaceutical agent, agent, biologically active molecule, or a therapeutic
compound) is the mngredient in a pharmaceutical drug or a pesticide that is biologically active.
The similar ferms active pharmaceutical mgredient (AP} and bulk active are also used n

15 medicine, and the term active substance may be used for pesticide formulations.

As psed herein, average molecular weight refers to the weight average molecolar
weight {Mw) as determined by static light scattering,.

The terms “comprise,” “have” and “include” are open-ended linking verbs. Any
forms or tenges of one or more of these verbs, such as “comprises,” “comprising,” “has,”

20 “having,” “mcludes” and “including,” arc also open-ended. For example, any method that
“comprises,” “has” or “includes” one or more steps is not limited to possessing only those
ong or more steps and also covers other unlisted steps.

The term “effective,” as that torm is used in the specification and/or claims, means
adequate to accomplish a desired, expected, or intended resuit. “Effective amount,”

25 “Therapeutically effective amount” or “pharmaceutically effective amount” when used in the
context of treating a patient or a subject with a compound means that amount of the
compound which, when administered to the patient or the subject for treating or preventing a
disease, is an amount sufficient to etfect the treatment or prevention of the disease. For
example, within the context of Alport syndrome, one measure of an cffective treatment is the

30 reduction of one or more urine biomarkers such as the presence of blood or protein in the

urine or the improved glomerular filtration rate. n a particular crobodiment, a measure of an

effective treatment is a reduction in the concentration of protein in the urine to less than 300

mg/dL. In a preferred embodiment, the therapy is sufficient to reduce the concentration of

protein in the urine to less than 100 mg/dl or a more preferred crobodiment, less than 30
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mg/dL. When the presence of blood is used as a marker of therapeutic effectiveness, an
cffective therapy results in the absence of macroscopic blood in the vrine while microscopic
blood mayv still be present. o a preferred embodiment, an effective therapy results in the
absence of anv blood mcluding microscopic blood which would onlv be visible using a
microscope of i an urinalysis. Finally, an effective therapy would result in an improvement
in the glomerular filtration rate. Glomenilar filtration rate can be estimated using a variety of
different methods using creatinine including the Cockerofi-Ganit formula, the Modification
of Dhiet in Renal Disease (MDRD) formula, the Chronic Kidney Disease Epidemiology
Collaboration {CKD-EPY formula, the Mayo Quadratic formula, or the Schwartz formula. In
general, the Schwartz formula may be used for children below the age of 12, These methods
are further elaborated on n the sections above and in the Examples below. For example, an
effective treatment may result a glomerular filtration rate {or an estimated glomerular
filtration rate) of greater than 60 mL/min/1.73 m?>. More preferably, the effective treatment
may result in an glomerular filtration rate of greater than 90 mE/min/1.73 ov’.

An “excipient” is a pharmaceutically acceptable substance formulated along with the
active ingredient{s) of a medication, pharmaceutical composition, formulation, or drug
delivery system. Excipients may be used, for example, to stabilize the composition, to bulk
up the composition (thus often referred to as “bulking agents,” “fillers,” or “diluents” when
used for this purpose), or to confer a therapeutic enhancement on the active mgredient in the
final dosage form, such as facilitating drug abscrption, reducing viscosity, or enhancing
solubility. Excipicuots include phammaceutically acceptable versions of antiadherents, binders,
coatings, colors, disintegrants, flavors, ghdants, lubricants, preservatives, sorbents,
sweeteners, and vehicles. The main excipient that serves as a medium for conveying the
active ingredicnt 15 usually called the vehicle. Excipients may also be used in the
manufacturing process, for example, to aid in the handling of the active substance, such as by
facilitating powder flowability or non-stick propertics, in addition fo aiding in vitro stability
such as prevention of denaturation or aggregation over the expected shelf life. The suitability
of an excipient will typically vary depending on the route of administration, the dosage form,
the active ingredient, as well as other factors.

The term “bydrate” when vsed as a modifier to a compound means that the compound
has less than one {e.g., hemihvdrate), onc {(e.g., monohydrate), or more than one (e.g.,
dihydrate} water molecules associated with each compound molecule, such as i solid forms

of the compound.
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Ag used herein, the term “1Cs0” refers to an mhibitory dose which is 50% of the
maximum response obtained. This quantitative measure indicates how much of a particelar
drug or other substance {(inhibitor) is needed to mhibit a given biological, biochemical or

chemical process (or component of a process, 1.¢. an enzyvme, cell, cell receptor or

W

microorganism) by half.

An “isomer” of a first compound is a separate compound m which each molecule
contains the same consfifueni atoms as the first compound, but where the configuration of
those atoms in three dimensions differs.

As used herein, the term “patient” or “subject” refers to a living mamumalian
10 organism, such as a human, monkey, cow, sheep, goat, dog. cat, mouse, rat, guinea pig, or

transgenic species thereof. In certain embodiments, the patient or subject is a primate. Non-
limiting examples of haman patients are adults, juveniles, infants and fetuses.
As generally used herein “pharmacceutically acceptable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
15 judgment, suitable for use in contact with the tissues, organs, and/or bodily fluids of human
beings and animals without excessive toxicity, iritation, allergic response, or other problems
or complications commensurate with a reasonable benefit/risk ratio.
“Pharmaceutically acceptable salts” means salts of compounds of the present
invention which are pharmaceutically acceptable, as defined above, and which possess the
20 desired pharmacological activity. Noun-limiting examples of such salis include acid addition
salts formed with inorganic acids such as hyvdrochlonic acid, hydrobromic acid, sulfuric acid,
nitric acid, and phosphoric acid; or with organic acids such as 1.2-gsthanedisulfonic acid,
2-hydroxyethanesulfonic  acid, 2-naphthalenesulfonic  acid,  3-phenylpropionic  acid,
4.4'-methvienebis(3-hydroxy-Z-ene-1-carboxyvlic  acid), 4-methvlbicyclo{2.2 2oct-2-cne-
25 i-carboxylic acid, acefic acid, aliphatic mono- and dicarboxylic acids, aliphatic sulfuric acids,
aromatic sulfuric acids, benzenesulfonic acid, benzoic acid, camphorsulfonic acid, carbonic
acid, cinnamic acid, citric acud, cyclopentanepropionic acid, ethanesulfonic acid, fumaric
acid, glucoheptonic acid, gluconic acid, glutamic acid, glveolic acid, heptanoic acid, hexanoic
acid, hvdroxynaphthoic acid, lactic acid, laurvisulfuric acid, maleic acid, malic acid, malonic
30 acud, mandelic acid, methanesulfonic acid, muconic acid, o-(4-hydroxybenzoviibenzoic acid,
oxalic acid, p-chlorobenzenesulfonic acid, phenvl-substituted alkanoic acids, propionic acid,
ptoluenesulfonic acid, pyruvic acid, salicylic acid, stearic acid, succmic acid, tartanc acid,
tertiarvbutylacetic acid, and trimethyvlacetic acid.  Pharmaceutically acceptable salts also

include base addition salts which may be formed when acidic protons present are capable of
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reacting with inorganic or organic bases.  Acceptable morganic bases include sodium
hydroxide, sodium carbonate, potassium hydroxide, aluminom hydroxide and calcium
bydroxide.  Non-limiting examples of acceptable organic bases include ethanolamine,
dicthanolanune, trethanolanmine, tromethamine, and N-methylgiucamine. It should be
recognized that the particular anion or cation forming a part of any salt of this invention is not
critical, so long as the salt, as a whole, is pharmacologically acceptable. Additional examples
of pharmaceutically acceptable salts and their methods of preparation and use arc prescnted
w Handbook of Pharmaceutical Salts: Properties, and Use (P. H. Stahl & €. G. Wermuth
eds., Verlag Helvetica Chimica Acta, 2002),

A “pharmaceutically acceptable carrier,” “drug camrier,” or simply “camrier” 1s a
pharmaceutically acceptable substance formulated along with the active ingredient
medication that is involved in carrving, delivering and/or transporting a chemical agent.
Drrug carriers may be used to improve the delivery and the effectiveness of drugs, including
for example, controlied-release technology to modulate drug bioavailability, decrease drug
metabolism, and/or reduce drug toxicity. Some drug carriers may increase the effectiveness
of drug delivery to the specific target sites. FExamples of camers include: liposomes,
nucrospheres {e.g., made of polyv{lactic-co-glvcolic) acid), albumin microspheres, synthetic
polymers, nanofibers, protemn-DNA complexes, protem conjugates, ervihirocyies, virosomes,
and dendrimers.

A “pharmaceutical drug” (also referred to as a pharmaceutical, pharmaceutical agent,
phammaceutical preparation, pharmaceutical composition, pharmaceutical formulation,
pharmaceutical product, medicinal product, medicine, medication, medicament, or simply a
drug) is a drug used to diagnose, cure, treat, or prevent disease. An active ingredient (Al)
{defined above} is the ingredient in a pharmaceutical drug or a pesticide that is biologically
active. The similar terms active pharmaceutical ingredient {API) and bulk active are also
used in medicine, and the term active substance may be used for pesticide formulations.
Some medications and pesticide products may contain more than ong active imgredient. In
contrast with the active ingredients, the mactive mgredients are usually called excipients
{defined above) in pharmaceutical contexts.

“Prevention” or “preventimg’ includes: (1) mhibiting the onset of a disease in a
subjoct or patient which may be at risk and/or predisposed to the disease but does not vet
experience or display any or all of the pathology or symptomatology of the disease, and/or (2)

slowing the onset of the pathology or symptomatology of a disease in a subject or patient

100



(]

10

[
L

30

WO 2018/089539 PCT/US2017/060701

which may be at risk and/or predisposed to the discase but does not vet expenience or display
any or all of the pathology or symptomatology of the discase.

“Prodrug” means a compound that is convertible #n vive metabolically into an
wnhibitor according to the present mvention. The prodrug itself may or may not also have
activity with respect to a given farget protein.  For example, a compound comprising a
hydroxy group may be administered as an ester that is converted by hydrolvsis i vive to the
hydroxy compound. Non-limiting examples of suitable esters that may be converted in vivo
nto hvdroxy compounds include acetates, citrates, lactates, phosphates, tartrates, malonates,
oxalates, salicylates, propionates, succinates, fumarates, maleates, methyieng-
his-B-hydroxyonaphthoate, gentisates, iscthionates, di-p-toluoyharirates, methancsulfonates,
cthancsulfonates, benzenesulfonates, p-toluencsulfonates, cvclohexylsulfamates, quinates,
and esters of amino acids.  Similarly, a compound comprising an amine group may be
administered as an amide that is converted by hydrolysis in vive to the amine compoond.

A “stercoisomer” or “optical isomer” is an isomer of a given compound i which the
same atoms are bonded to the same other atoms, but where the configuration of those atoms
in three dimensions differs. “Enantiomers” are stereoisomers of a given compound that are
mirror images of each other, ke left and right hands. “Diastercomers” are stercoisomers of a
given compound that are not enantiomers. Chiral molecules contain a chiral center, also
referred to as a stereocenter or stereogenic center, which 1s any point, though not necessarily
an atom, in a molecule bearing groups such that an intgrchanging of any two groups keads to a
stereoisomer. In organic compounds, the chiral center is typically a carbon, phosphorus or
sulfur atom, though it is also possible for other atoms to be stercocenters in orgamic and
mnorganic compounds. A molecule can have multiple stereocenters, giving it many
stercoisomers. In compounds whose sterecisomerism is due to tetrahedral stercogenic centers
{e.g., tetrahedral carbon), the total number of hypothetically possible stercoisomers will not
exceed 2% where n is the number of tetrahedral stereocenters. Molecules with symmetry
frequently have fower than the maximem possible namber of stereoisomers. A 50:50 mixture
of enantiomers is referred to as a racemic mixture. Alernatively, a mixture of cnantiomers
can be enantiomerically enriched so that one enantiomer is present in an amount greater than
50%. Typically, enantiomers and/or diastercomers can be resolved or separated using
techniques known in the art. ¥t is contemplated that that for any stercocenter or axis of
chirality for which stercochemistry has not been defined, that stercocenter or axis of chirality

can be present in its X form, 5 form, or as a mixture of the £ and S forms, inchiding racemic
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and pon-racemic mixtures. As used herein, the phrase “substantially free from other
sterectsomers” means that the composition contains < 153%, more preferably <10%, even
more preferably < 5%, or most preferably < 1% of another stercoisomer(s).

“Treatment” or “treating” includes (1) inhibiting a discase i a subject or patient

(]

experiencing or displaying the pathology or symptomatology of the disease {e.g., arresting
turther development of the pathology and/or symptomatclogy}, (2) ameliorating a disease n a
subject or patient that is experiencing or displaying the pathology or symptomatology of the
disease {(e.g., reversing the pathology and/or symptomatology), and/or (33 effecting any
measurable decrease in a discase in a subject or patient that is experiencing or displaying the
10 pathology or symptomatology of the discase.

The above definitions supersede any conflicting defimtion in any reference that is
mncorporated by reference herein. The fact that certain terms are defined, however, should
not be considered as mdicative that any term that is undefined is indefinite. Rather, all terms
used arc believed to descnbe the mvention in terms such that one of ordinary skill can

15 appreciate the scope and practice the present invention,
Vil. Examples

The following examples are included to demonstrate preferred cmbodiments of the
wmvention. It should be appreciated by those of skill m the art that the techmqgues disclosed in
the examples which follow represent technigues discovered by the mventor to function well

20 in the practice of the invention, and thus can be considered to constitute preferred modes for
its practice. However, those of skill m the art should, in light of the present disclosure,
appreciate that many changes can be made n the specific embodiments which are disclosed
and still obtain a hke or simular result without departing from the spirt and scope of the

mnvention.
23 Example 1 - Bardoxelone Methyl Increases Renal Function

Bardoxolone methvl has been studied in seven CKD studics enrolling approximately

2,600 patients with Type 2 diabetes and CKD. Improvements in renal fanction, including
inulin clearance, creatinine clearance, and ¢GFR, have been observed with bardoxolone
methyl treatment in 3 number of clinical studies. A recent study in Japanese CKD patients

30 demonstrated that bardoxolone methy! treatment resulted in a sigoificant umprovement in
measured OFR, as assessed by inulin clearance, after 16 weeks of treatment compared to

placebo. Moreover, measured GFR increases were significantly and positively corelated
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with improvements in ¢GFR. Two separate studies (studies 402-C-0804 and 402-C-0903)
showed that increases in ¢GFR in CKD patients treated with bardoxolone methvl were
sustained for at lcast one year. Furthcrmore, after one year of treatment, a residual eGFR

increase from baseline was observed in bardoxolone methyl patients after cessation of drug

(]

for four weeks, while an eGFR decline from bascline was observed n placebo patients. In
other CKD studies, bardoxolone methyl has been shown to significantly reduce uremic
solutes {BUN, unc acid, and phosphate) in inverse comelation to ¢GFR increases and to
numerically reduce renal SAEs and ESRD events.

The data from these studies suggest that bardoxolone methyl has the potential to
10 prevent renal function decline, which could ultimately prevent or delay ESRD. 1o Alport
syndrome patients, who have average ¢GFR declines of 4.0 mL/min/1.73 m® per vear, the
potential impact of a sustained ¢GFR merease with bardoxolone methyl treatment 13 chinically
meaningful and could provide a molti-vear delay in disease progression to ESRD.

Key features of bardoxolone methyl’s effects on renal function are summarized

15 below.

A Bardexolene Methyl Improves Kidney Function, as Assessed by
Measured GFR (Inulin Clearance), Creatinine Clearaunce, and eGFR

In a study n Japanese patients with Stage 3 CKD, bardoxolone methyl treatment
resulted in a significant improvement in measured GFR, as assessed by nuhin clearance, after

20 106 wecks of treatment compared to placebo (Table 22).

Table 22: Bardoxolone Methyl Increases GFR, as Assessed by Inulin Clearance

Change from Baseline at Week 16 Placeho Bardoxolone Methyl
(mL/min/1.73 m% (M=23) {(N=17)

Mean 4+ SD -0.42 =752 558+ 790

LS Mean -3.69 593

95% CH{LL,UL) -3.83,2.45 2.29, .60

p-value versus Placebo - 0.008

Moreover, measured GFR increases were significantly and positively correlated with
improvements in eGFR {p= 0.002). In two studies, bardoxolone methyl significantly

25 increased creatimine clearance. [mportantly, these increascs were not associated with a
change 1 total 24-hour excretion of creatinine, which demonstrates that bardoxolone methyl

does not affect creatinine metabolism. In other CKD studies, bardoxolone methyl has been

shown to significantly reduce uremic solutes (BUN, uric acid, and phosphate) in inverse
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correlation to eGFR increases and to numericaljuce renal SAEs and ESRD events.
These data demonstrate that the increases in e@®BSBrved in seven CKD studies of

bardoxolone methyl treatment reflect true increas&€sFR and support the use of eGFR as a
reliable marker of renal function (Table 23).

Table 23: Cross-Study Comparison of Increasesin eGFR, Inulin Clearance, Creatinine
Clearance with Bardoxolone M ethyl Treatment

Study Phase/Country  Patient Population Mean Placebo-correctedlAeGFR
(mL/min/1.73m?)"
402-C-0801 (Stratum 1)  2a/US Diabetic nephropathy .7 ($< 0.001)”
402-C-0801 (Stratum 2)  2b/US Diabetic nephropathy 7.2 o< 0.001p"
402-C-0804 (BEAM) 2/US CKD/Diabetes 8 <€ 0.001vs. PBO)
402-C-0902 2/US CKD/Diabetes 6p< 0.001P
402-C-0903 (BEACON) 3/Global CKD/Diabetes 6p4<(0.001vs. PBOY
402-C-1102 1/Us CKD/Diabetes 9/0< 0.05)?
RTA402-005 2/Japan CKD/Diabetes 6.6 (inulin GFR)
(TSUBAKI) (p=0.008vs. PBO)
402-C-0501 1/USs Cancer 18;2< 0.0001%
402-C-0702 1/2/US Cancer 3212 0.001P)
402-C-1302 (LARIAT)  2/US Pulmonary 14.7 ¢ < 0.001vs. PBO)
hypertension
@ Unless noted, data are differences between mebkR eBanges from baseline for bardoxolone methyl

versus placebo groups and p-values calculated aimgptae difference in means between bardoxolone
methyl and placebo groups.

@ Data are mean eGFR changes from baseline for kalate methyl patients and p-values are
calculated from two-sided pairédests comparing eGFR change to 0.

@ Study also demonstrated a significant increasedatinine clearance.

B. Bardoxolone Methyl Produces a Retained eGFR Increase After
Withdrawal of Drug
After one year of treatment with bardoxolone metlaytesidual eGFR increase from

baseline is observed after cessation of treatnwerfotir weeks, while an eGFR decline from
baseline is observed in placebo patients. Sulaeertic concentrations of drug are achieved
within approximately 10 days after drug withdrawél. studies 402-C-0804 and 402-C-0903,
approximately 20% to 25% of the on-treatment eGR&ease (or 1 to 4 mL/min/1.7¥m
improvement relative to baseline) was maintainedandoxolone methyl-treated patients
after withdrawal of drug. The increases above Ibssevere statistically significant in both
studies. Placebo-treated patients in these stimbéspproximately 1 mL/min/1.73%wover
the course of a year, and in study 402-C-0903, libss from baseline was statistically
significant.

The sustained increase in eGFR through one yeteatiment and the presence of a

sustained eGFR improvement after withdrawal of druggest that the maladaptive structural
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deficits that contribute to declining kidney function {(such as mesangium expansion and
interstitial  fibrosis} may be mmproved over the cowrse of longer-term treatment with

bardoxolone methyvl.
Example 2 - Alport Syndrome Clinical Trial

CARDINAL is an iternational, multi-center Phase 2/3 study, initiated in February
2017, envolling patients from 12 to 60 vears old with a confirmed genetic or histological
diagnosis of Alport syndrome. Patients must have baseling eGFR values between 30 o 90
mL/min/1.73 m? and must be receiving stable renin-angiotensin-aldosterone system blockade
unless contramdicated. The Phase 2 portion of CARDINAL is open-label and cnrolied 27
patients. The primary endpoint of the Phase 2 portion of the study is the eGFR change from
basecline at 12 weeks.

The Phase 3 portion of CARDINAL is designed to support regulatory approval of
bardoxolone methyl for the treatment of Alport syndrome. It will be double-blind, placebo-
controlled and will randomize 150 patients on a 11 basts to once-daily, oral bardoxolone or
placebo.  The ¢GFR change after 48 weeks will be measured while the patient is on
treatment, and after withdrawal of drug for four weeks (retained eGFR). After withdrawal,
patients will be restarted on study drug with their orignal treatment assignments and will
continue on study drug for an additional 48 weeks. The change from baseling in eGFR in
bardoxolone methyl-treated patients relative to placebo will be mcasured again at the end of
this second 48 week period (week 100 overall). The eGFR change will alse be measured
following the withdrawal of drug for four weeks (retained eGFR; week 104 overall). If the
trial is suceessful, the vear one retained ¢GFR data could support accelerated approval under
subpart H of the Food, Dmg, and Cosmetic Act, or the FDA Act, and the vear two retamed
¢GFR data could support full approval under the FDA Act,

Inclusion criteria include a positive genetic diagnosis of Alport svadrome and
evidence of impaired renal function as measured by ¢GFR. The study will exclude patients
with a history of chinically sigmificant heart disease and elevated baseline BNP, as well ag
patients with severely compromised renal function (eGFR < 45 mL/min/1.73 m? and ACR >

2000 mg/g). Patients will be carefully monitored for potential fhud overload.

A. Bevelopment of Exclusion Criteria for Clinieal Trial

Study 402-C-0903, titled “Bardoxolone Methy! Evaluation in Patients with Chronic
Kidney Discase and Type 2 Dhabetes: The Occurrence of Renal Events” (BEACON) was a
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phase 3, randomized, double-blind, placebo-controlled, parallel-gronp, multinational,
multicenter study desigued to compare the efficacy and safety of bardoxolone methyl
{(BARD) to placcbo (PBO) in paticnts with stage 4 chronic kidney discase and tvpe 2

diabetes. A total of 2,185 patients were randomized 111 to once~daily administration of

(]

bardoxolone methyl (20 mg) or placebo. The primary efficacy endpoint of the study was the
time-to-first gvent in the composite endpoint defined as end-stage renal disease {(ESRD; need
for chronic dialysis, renal transplantation, or renal death) or cardiovascular (CV) death. The
study had three secondary efficacy endpoints: (1) change in estimated glomerular filtration
rate {eGFR); (2) time-to-first hospitalization for heart failure or death due to heart failure; and
10 (3) tume-to-frst event of the composite cndpoint consisting of non-fatal myocardial
wnfarction, non-~fatal stroke, hospitalization for heart faiture, or cardiovascular death.

The BEACON trial was terminated in October 2012, due to excessive mortality and
episodes of heart fatlure in the treatment arm. Subsequent analysis ndicated that the elevated
risk was associated with fluid overload due to changes in renal processing of sodium, and was

15 largely confined to paticnts having: (a) a history of left-sided myocardial disease; or (b} an
clevated B-type natriuretic peptide {(BNP) level. An elevated albumin-creatinine ratic and
advanced (stage 4) CKID were also determined to contribute to the risk of fluid overload.

Based on this analysis, a trial of bardoxolone methyl in patients with pulmonary
arterial hypertension, known as LARIAT, was proposed and was approved by the United

20 States FDA. Exclusion critenia included the risk factors noted in the BEACON analvgis,
Basced on intial mdications of safety and efficacy in PAH patients, the LARIAT tnal was
expanded to nclude other forms of pulmonary hypertension. Based on further indications of
safety and efficacy in PAH patients, a Phase 3 trial of bardoxolone methyl in patients with
PAH associated with connective tissue discase (CTD-PAH), known as CATALYST, was

25 proposed and approved by the FDA,

Alport syndrome patients normally do not have other cardiovascular or metabolic
comorbidities {e.g.. diabetes), unbike most patients with CKD caused by diabetes. Therefore,

Alport syndrome paticnts are unlikely to sufter from the two principal risk factors wdentitied

in the BEACON analysis.

30 B. Phase 2 Results of the CARDINAL Trial

The Phase 2 portion of the trial enrolled 30 patients, and available data demonstrated
that bardoxolone significantly improved kidnev function in Alport syndrome paticnts as

measured by ecstimated glomerular filtration rate (“eGFR”).  All patients completed the

AN
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treatment period without any discontinuations.  The mean bascline ¢GFR {# 5§D} was
547 & 24 mU/min/1.73 m?,

For the first cight patients that reached Week 12, available data showed a mean
wnprovement of 6.9 mL/min/1.73 m’ at Week 4 (n = 19; p < 0.0005), increasing by
12.7 mE/min/1.73 m® at Week 12 (n = 8; p < 0.00003). Over 80% of patients demonstrated a
clinically meaningful improvement in ¢ GFR of at least 3.0 mL/min/1 73 m? by Week &, and
the 95% confidence interval at Week 12 was 7.9 mL/min/1.73 m® to 17.5 ml/min/1.73 oy,
The observed treatment cffect surpassed the threshold of 3.0 mL/min/1.73 m?, which was the
minimam ¢ffect size necessary to procesd to the Phase 3 portion of the taal.

For the full cohort of thuty patients, the mean basclinge ¢GFR (£ SD) was
54 + 24 mL/min/1.73 m?. Bardoxolone mncreased eGFR by 134 mL/min/1.73 m? (n = 3-;
p<1x107 93% CI 1054 to 16.3) after 12 weeks of treatment. All patients had
improvements from baseline, and 87% had an increase of at least 4 mL/min/1.73 m?, which is
the approximate annual rate of decline in kidney function in patients with Alport syndrome.
The improvements in eGFR translated to an improvement m CKID stage for 22/30 (73%
patients.

No serious adverse events or discontinuations were reported in the trial, and reported
adverse events were generally mild to moderate in intensity.  An mdependent data monitoring
committee reviewed all available safety data and voted to recommend opening the Phase 3

portion of the trial.

All of the methods disclosed and claimed herein can be made and executed without
undue experimentation in light of the present disclosure. While the compositions and
methods of this wnvention have becn described in terms of preferred embodiments, it will be
apparent to those of skill in the art that varations may be applied fo the methods and in the
steps or w the sequence of steps of the method described herein without departing from the
concept, spirit and scope of the invention. More specifically, it will be apparent that certain
agents which arg both chemically and physiclogically related may be substituted for the
agents described hercin while the same or similar results would be achieved. All such similar
subsuifutes and modifications apparent to those skilled n the art are deemed to be within the

spirtt, scope and concept of the invention as defined by the appended claims.
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CLAIMS

Use of a compound as shown by the following formula:

or a pharmaceutically acceptable salt thereof in the preparation of a medicament for

treating or preventing Alport syndrome in a human patient.

Use of a compound as shown by the following formula:

or a pharmaceutically acceptable salt thereof in the preparation of a medicament for
improving kidney function of a human patient who has been diagnosed with Alport

syndrome.

The use of claim 2, further defined as for treating chronic kidney disease in a patient

who has been diagnosed with Alport syndrome.

The use of any one of claims 1 to 3, wherein the patient does not have cardiovascular

disease.

The use of any one of claims 1 to 4, wherein the cardiovascular disease is left-sided
myocardial disease, atherosclerosis, restenosis, thrombosis, or pulmonary

hypertension.

The use of any one of claims 1 to 5, wherein the patient does not have Stage 4 or

higher chronic kidney disease.

The use of any one of claims 1 to 5, wherein the patient does not have an estimated

glomerular filtration rate (eGFR) less than 45 mL/min/1.73 m>.
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The use of any one of claims 1 to 5, wherein the patient does not have an elevated

albumin/creatinine ratio (ACR) is greater than 2000 mg/g.
The use of any one of claims 1 to 8, wherein the patient does not have diabetes.

The use of any one of claims 1 to 8, wherein the patient does not have a complication

associated with diabetes.

The use of any one of claims 1 to 10, wherein the patient does not have insulin

resistance.

The use of any one of claims 1 to 11, wherein the patient does not have fatty liver

disease.

The use of any one of claims 1 to 12, wherein the patient does not have hepatic

impairment.
The use of any one of claims 1 to 13, wherein the patient is not overweight.
The use of any one of claims 1 to 14, wherein the patient does not have cancer.

The use of any one of claims 1 to 15, wherein the patient does not have chronic

obstructive pulmonary disease (COPD).
The use of any one of claims 1 to 16, wherein the patient is not a smoker.

The use of any one of claims 1 and 4 to 17, wherein the patient has impaired renal

function.

The use of any one of claims 1 to 18, wherein the patient has elevated levels of at
least one biomarker associated with renal disease, which is selected from serum

creatinine, cystatin C and uric acid.

The use of any one of claims 1 to 19, wherein the Alport syndrome is X-linked,

autosomal recessive, or autosomal dominant.

The use of any one of claims 1 to 20, wherein the patient has a deletion or nonsense
mutation of COL4AS5, a splicing mutation of COL4AS5, a missense mutation of

COL4A5, a mutation in COL4A3, or a mutation in COL4A4.
The use of any one of claims 1 to 21, wherein the patient exhibits microhematuria.
The use of any one of claims 1 to 22, wherein the patient further exhibits

microalbuminuria.
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The use of any one of claims 1 to 23, wherein the patient further exhibits proteinuria.
The use of any one of claims 1 to 24, wherein the patient is less than 75 years old.

The use of any one of claims 1 to 25, wherein the patient does not have the following

characteristics:

(A) a cardiovascular disease;

(B)  anelevated baseline B-type natriuretic peptide (BNP) level;

© an estimated glomerular filtration rate (¢€GFR) < 45 mL/min/1.73 m?; and
(D)  anelevated albumin/creatinine ratio (ACR) > 2000 mg/g.

The use of any one of claims 1 to 26, wherein at least a portion of the compound is
present as a crystalline form having an X-ray diffraction pattern (CuKa) comprising

significant diffraction peaks at about 8.8, 12.9, 13.4, 14.2 and 17.4 °26.

The use of claim 27, wherein the X-ray diffraction pattern (CuKa) is substantially as

shown in FIG. 1A or FIG. 1B.

The use of any one of claims 1 to 26, wherein at least a portion of the compound is
present as an amorphous form having an X-ray diffraction pattern (CuKa) with a peak
at approximately 13.5 °26, substantially as shown in FIG. 1C, and a transition glass

temperature (Ty).
The use of claim 29, wherein the T value is in the range of 120°C to 135°C.
The use of claim 30, wherein the T, value is in the range of 125 C to 130°C.

The use of any one of claims 1 to 31, wherein the compound is to be used in an
amount from 0.1 mg to 300 mg of the compound or a pharmaceutically acceptable salt

thereof per day.

The use of any one of claims 1 to 32, wherein the medicament is to be administered

orally, intraarterially or intravenously.

The use of any one of claims 1 to 33, wherein the medicament is formulated as a hard

or soft capsule or a tablet.

The use of any one of claims 1 to 33, wherein the medicament is formulated as a solid

dispersion comprising (i) the compound and (ii) an excipient.
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41.

The use of claim 35, wherein the excipient is a methacrylic acid — ethyl acrylate

copolymer.

The use of any one of claims 1 to 36, which is characterized in that the medicament is

to be used in combination with a second drug.

The use of claim 37, wherein the second drug is an angiotensin-converting enzyme

inhibitor, an angiotensin receptor blocker, or an aldosterone antagonist.

The use of claim 38, wherein the angiotensin-converting enzyme inhibitor is
Ramipril, enalapril, Lisinopril, benazepril, fosinopril, quinapril, cilazapril, or

trandolapril.

The use of claim 38, wherein the angiotensin receptor blocker is losartan, candesartan,

irbesartan, telmisartan, or valsartan.

The use of claim 38, wherein the aldosterone antagonist is spironolactone.
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