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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 62/580,597, filed November 2, 2017, United States provisional
application number 62/535,663, filed July 21, 2017, and United States provisional application
number 62/419.335, filed November 8, 2016, the cotire contents of cach of which s

incorporated herein by reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to the ficlds of biology and medicine. More
particularly, 1t concerns, in some aspects, methods for treating or proventing Alport syndrome

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

Alport syndrome is a rare and serious hereditary disease caused by mwutations in the
genes encoding Type IV collagen, a major structural component of the glomerular basement
membrane (GBM) in the kidney. Patients with Alport syndrome exhibit ultrastructural
changes in the GBM due to the abnormal expression of Type IV collagen chains in the
kidney. Loss of GBM integrity results in abnormal leakage of proteins, such as albunun,
which are then excessively reabsorbed in the tubules and activate pro-inflanumatory signaling
pathways in glomerular endothelial cells, mesangial cells, and podocytes. Chronic activation
of pro-inflammatory pathways in these kidney cells promotes glomerular filtration rate (GFR)
foss by several mechanisms: {(a} in glomerular endothelial cells, inflanunation-associated
reactive oxvgen species {ROS) mduce the production of peroxynitrite, which depletes
vasodilatory nitric oxide and results in endothelial dysfunction, vasoconstriction and reduced
glomerular surface arca for filtration; (b} inflammation-associated ROS mduce a contractile
response i mesangial cells, further reducing filtration; and (¢) ROS-mediated activation of
nflammatory pathways leads to fibrosis, promoting structural alterations in the mesangiom
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 methyl has been shown to improve both estimated glomerolar filtration
rate {(e¢GFR) and measured glomerolar filtration rate (mGFR) in patients with CKD due to
Type 2 diabetes. Bardoxolone methyl and several of its analogues also have been shown to
inhibit pro-fibrotic signaling pathways and reduce oxidative stress and inflammation in
multiple models of CKD. These compounds have also shown inhibition of inflammatory
signaling and fibrosis m animal models of liver, skin, and lung disorders.

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

associated symptoms thereof, as well as preventing the onset of such svmptoms.
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SUMMARY OF THE INVENTION

In one aspect, the present mvention provides methods of treating or preventing Alport
syndrome n a patients in need thercof, and/or improving the kidoey function of paticants who
has been diagnosed with Alport syndrome. Such methods are deseribed in the sections

5 below, including for example the claims section, which is incorporated herein by reference.

In some embodiments, the compound is bardoxolone methyl (CBDO-Me or RTA
402y, And i some of these embodiments, at least a portion of the CDDO-Me is present as a
polymorphic form, wherein the polymorphic form is a crystalline form having an X-ray
diffraction pattern {CuKa) comprising significant diffraction peaks at about 8.8, 12.9, 13.4,

10 142 and 174°20. In non-limiting examples, the X-ray diffraction pattern (CuKa) is
substantially as shown in FIG. TA or FIG. 1B, In other variations, at least a portion of the
ChBDO-Me is present as a polymorphic form, wherein the polymorphic form is an amorphous
form having an X-ray diffraction pattern (CoKo) with a halo peak at approximately 13.5 °28,
substantially as shown in FIG. 1C, and a Tq. In some variations, the compound is an

15 amorphous form. In some variations, the compound is a glassy solid form of CDD0O-Me,
having an X-ray powder diffraction pattern with a halo peak at about 13.5 °20, as shown in
FIG. 1C, and a Te. In some variations, the T, value falls within a range of about 120 °C 1o
about 135 °C. In some variations, the T value is from about 125 °C to about 130 °C.

In some embodiments, the compound is administered locally. In some embodiments,

20 the compound is administered systemically. In some embodiments, the compound is
adounistered  orally, intraadiposally. intraarterially, intraarticulady, intracranially,
mtradermally, mtralesionally, intramuscularly, intranasally, intraccularly, intrapericardially,
intraperitoncally, intrapleurally, intraprostatically, intrarectally, intrathecally, intratracheally,
intratumorally, intraumbilically, intravaginally, intravenously, mtravesiculartly, intravitreally,

25  liposomally, locallv, mucosally, orallv, parenterally, rectally, subcomjunctivally,
subcutaneously, sablingually, topically, transhuccally, 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

3¢ administered intravenously, intra-arterially or orally. For example, in some vaniations, the

compound is administered orally.
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In some embodiments, the compound is formulated as a hard or soft capsule, a tablet,
a syrup, a suspension, a solid dispersion, a wafer, or an clixir. In some variations, the soft
capsule 15 a gelatin capsule. In varnations, the compound is formulated as a solid dispersion.
In some variations the hard capsule, soft capsule, tablet or wafer further compriscs 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 enbances solubility or dispersibility. In some vanations, the compound is dispersed in a
hiposome, an cil-in-water emulsion or a water-in-oil emulsion.

In some embodiments, 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 vanatons, 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 varnations, the daily dosc 1s 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 S mg of the compound. In some
variations, the daily dose is from about 2.3 mg to about 30 mg of the compound. In some
variations, the daily dose is about 2.5 mg of the compound. In other vanations, the daily dose
is about 5§ mg of the compound. In other vartations, the daily dose is about 10 mg of the
compound. In other vartations, 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 1s about 30 mg of the compound.

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 vanations, the daily dose is 0.05 - 20
mg of compound per kg of body weight. In some vanations, the daily dose 1s 0.1 — [0 mg of
compound per kg of body weight. In some vanations, the daily dose is 0.1 — 5 mg of
compound per kg of body weight. In some variations, the datly dose is 0.1 - 2.5 mg of
compound per kg of body weight.

In some embodiments, the pharmaceutically effective amount 1s adounistered in a
single dose per day. In some embodiments, the pharmaceutically effective amount is

administered in two or more doses per day.
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In some embodiments, 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 vanations of the above methods, the compound 1 substantially free from
optical isomers thercof. In some variations of the above methods, the compound is in the
form of a pharmaceutically acceptable saft. In other variations of the above methods, the
compound is not a salt.

In some embodiments, the compoond is formulated as a pharmaceutical composition
comprsing (i} a therapeutically effective amount of the compound and (1) an excipient
sclected from the group consisting of (A} a carbohydrate, carbohydrate derivative, or
carbohvdrate polvmer, (B) a synthetic organic polymer, (C) an organic acid salt, (D) a
protein, polvpeptide, 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 hydroxvpropy! methyl celinlose, a polyfl-{2-oxo-1-
pyrrolidinyljethvlene] or copolymer thereof, and a methacrvlic acid — methylmethacryvlate
copolymer. In some vanations, the excipient is hydroxvpropyl methyl celhulose phthalate
cster. In some varnations, the excipient is PYP/VA. In some varations, the excipicnt is a
methacrylic acid — ethyl acrvlate copolymer. In some vanations, the methacrylic acid and
ethvl acrvlate 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
1o other aspects of the invention as well, unless specifically noted.

Further aspects and embodiments of this invention are elaborated in greater detail, for
cxample, in the claims scetion, which is incorporated herein by refercnce.

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 mdicating specific embodiments of the
mvention, are given by way of ilustration ounly, since various changes and modifications
within the spirit and scope of the invention will become apparent 1o those skilled m 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 certain aspects of the prescot mvention. The invention may be better
understood by reference o one or more of these drawings in combination with the detailed
description of specific embodiments presented herein.

FIGS, 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 micromized Form A; FIG. 1C
shows Form B.

FIG. 2 — Mean eGFR Over Time in BEACON (Safety Population). Mean observed
¢GFR over time by treatment week in placebo (PBO) versus bardoxolone methyl (BARD)
patients.  Only includes 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 ¢GFR Decliners in Bardoxolone Methyl vs. Placebo
Patients in BEACON (Safety Population). Percentage of patients with changes in eGFR 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
eGFR collected on or before a patient’s last dose of study dmg. Visits are derived relative to
a patient’s first dose of study drug. Percentages calculated relative to number of patients with
avatlable eGFR data at cach 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 Week 32,
402 at Week 40, and 281 at Week 48, The number of placebo patients with data for FIG. 3B
were 1092 at Week 0, 958 at Week 8, 795 at Week 16, 628 at Week 24, 461 at Week 32, 343
at Week 40, and 241 at Week 48.

FIG. 4 - Time to Composite Primary Quicome Event in BEACON (ITT Population).
Results from a randomized, double-blind, placebo-controlied phase 3 study in T2D patients
with Stage 4 CKD (BEACON, RTA402-C-0903). Patients were administered placebo (PBO)
or 20 mg of bardoxolone methvl (BARD) once daily. Analysis includes only end-stage renal
disease (ESRD) or cardiovascular (CV) death events occurring on or prior to study drug
termunation date (SDT) (October 18, 2012) that were positively adjudicated by an
ndependent Event Adjudication Comumittee, 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 observed serum magnesium levels over time by treatment week in
placebo vs. bardoxolone methyl patients. Ounly includes assessments of serum magnesium
collected on or before a patient’s last dose of study drug. Visits are derived selative to a
patient’s first dose of study drag. Data are mean + SE. Top line is placebo; bottom line is
bardoxolone methyl.

FIGS. 6A-B - Changes from Baseline over Time in Systolic Blood Pressure (SBP})
{FI(3. 6A) and Diastolic Blood Pressure (DBP) (FIG. 6B) in Bardoxolone Methyl (BARD} vs.
Placebo (PBO) Patients in BEACON (Safety Population}. Data inchudes only vital
assessments 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.

FIGK, 7TA-B - Twenty-four-hour Ambulatory Blood Pressure Monitoring (ABPM)
Sub-Stady: Week 4 Changes from Baseline to Week 4 in Systolic Blood Pressure (SBP)
(F1G. 7A) and Diastolic Blood Pressure (DBP) (FIG. 7B) in Bardoxolone Methyl (BARD) vs.
Placebo (PBO) Patients. Data include only patients with baseline and Week 4 24-h ABPM
values. Changes in sysiolic blood pressure arc calculated using the averages of all vahid
measurements taken from a patient’s ambulatory blood pressure monitoring device during the
entire 24-h perod, daytime (6 AM. to 10 P.M.}, or nighttime (10 P.M to 6 A M. the next
day). Data are mean + SE.

FIGS, 8A-D -~ Placebo-Corrected Changes from Baseline in Systolic Blood Pressure
on Study Days | and 6 i Healthy Volunteers Administered Bardoxolone Methyl (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 moxitloxacin {active comparator) once daily for
six consecutive days. Data are mean changes (= SD) from baseline 0-24 hours post-dose on
Study Day 1 and Study Day 6. FIG. 8A shows dosing with 20 mg BARD on Study Day L
FIG. 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.

FIGS. 3A-B - Placebo-Corrected Changes from Baseline in QTcF i Healthy
Volunteers Administered Bardoxolone Methyl (BM). Results from a multiple-dose,
randomized, double-blind, placebo-controlled thorough QT study in healthy volunteers
(RTA402-C-1006). QTcF interval changes n subjects administered bardoxolone methyi (20
mg or 80 mg —~ FIG. 9A and FIG. 9B, respectively) are shown relative to changes in patients

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

FIGS. 10A-B - Kaplan-Meier Plots for Flwid Overload Events in ASCEND (FIG.
10A) and Heart Fathure Events in BEACON (ITT Population; FIG. 10B}. Time-to-first event
analysis for avosentan-induced fluid overload cvents i ASCEND and heart failure m
BEACON. Avosentan-induced fluid overload events in ASCEND were taken from the
adverse event reports of the local investigators. Individual signs and symptoms on the
adverse event forms indicating fluid overload included: heart failure, edema. fluid overload,
fluid retention, hypervolemia, dyspnea, pleural and pericardial effusions, ascites, weight
merease, pulmonary rales, and pulmonary edema. Analysis includes only heart failure cvents
gccurring on or prior to study drug termination date (October 18, 2012} that were positively
adjudicated by an independent Event Adjudication Committee, as outlined in the BEACON
EAC Charter.

FIG. 11 - Tiwe to First Hospitalization for Heart Failure or Death Due to Heart
Failure Event in BEACON (ITT Population). Analysis includes only heart failure (HF)
cvents occurring on or prior to study drug tenmination date (SDT) (October 18, 2012) that
were positively adjudicated by an independent Event Adjudication Committee, as outhned m
the BEACON EAC Charter. Top hine 1s bardoxolone methyl (BARDY); bottom line 1s placebo
(PBO).

FIG, 12 - Overall Survival of Bardoxolone Methy! ve. Placebo Patients in BEACON.
Results from a randomized, double-blind, placebo-controlied phase 3 study in T2D patients
with Stage 4 CKD (BEACON, RTA402-C-0903). Patients were administered placebo or 20
mg of bardoxolone methyl once daily.  Analysis includes all deaths occurring prior to
database lock (March 4, 2013). Top hne is bardoxolone methyl (BARD): bottom line is

placcho.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In one aspect, the present invention provides new methods for treating or preventing
Alport syndrome or a symptom thercof or preventing the onset of symptoms of Alport
syndrome in patients using bardoxolone methyl and analogs thereof. These and other aspects
of the invention are described in greater detail below.

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

Several clinical studics have shown that treatment with bardoxolone methyl improved
markers of renal function (ncluding estimated glomerular filtration rate, or ¢GFR), insulin
resistance, and endothehial dyvsfunction (Pergola ef al., 2011). These observations led to the
initiation of a large Phase 3 trial (BEACON) of bardoxolone methyl in patients with stage 4
CKD and type 2 diabetes. The primary cndpoint in the BEACON trial was a composite of
progression to end-stage renal disease (ESRD) and all-cause mortality. This trial was
terminated due to excess severe adverse events and mortality 1o the group of patients treated
with bardoxolone methyl.

As discussed below, subsequent analvsis 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 baseline levels
of B-type natriuretic peptide (BNP: e g, >200 pg/mL); (b} baseline eGFR <20; (¢} history of
left-sided heart disease; {d) high basehine albunun-to-creatinine ratio (ACR; e.z., >300 mg/g
as defined by dipstick proteinuna of 3+); and (¢} advanced age {e.g., >75 vears}. 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 methyl treatment and that this
was potentially due to inhibition of endothelin-1 signaling in the kidney. A previous trial of
an endothelin receptor antagonist in stage 4 CKD patients was terpunated due to a pattern of
adverse ovents and mortality very similar to that tound m the BEACON trial. Subscquent
non-chnical studies confirmed that bardoxolone methyl., at physiologically relevant
concentrations, inhibits endothelin-1 expression in renal proximal tubule epithelial cells and
inhibits endothelin  receptor expression it human mesangial and endothelial cells.
Accordingly, patients at risk of adverse events from inhibition of endothelin signaling should

be excluded from future climical use of bardoxolone methyl
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The present invention concerns new methods of treating Alport syndrome that inchude
modification of the glomerular bascment membrane as a significant contributing factor. it
also concerns the preparation of pharmaceutical compositions for the treatment of such
disorders. In some embodiments of the present invention, patients for treatment are selected
on the basis of several criteria; (1) diagnosis of a disorder that involves endothelial
dysfunction as a significant contributing factor; (2} lack of clevated levels of B-type
natriuretic peptide (BNP: e.g., BNP titers must be <200 pg/mi); (3) lack of chronic kidney
disease (e.g., eGFR > 60) or lack of advanced chronic kidney discase {e.g., ¢GFR > 45); (4)
lack of a history of lefi-sided myocardial disease; and (5) lack of a high ACR {e.g., ACR
below 300 me/g). In some embodiments of the invention, patients with a diagnosis of type 2
diabetes are excluded. In some embodiments of the mvention, patients with a diagnosis of
cancer are excluded. In some embodiments, patients of advanced age {e.g., >75 vears) are
excluded. In some embodiments, patients are closely monitored for rapid weight gain
suggestive of fluid overload. For example, patients may be mstructed 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! FEvaluation in Paticnts with Chronic
Kidney Discase and Type 2 Diabetes: The Oceurrence of Renal Events” (BEACON) was a
phase 3, randomized, double-blind, placcbo-controlled, parallel-group, multinational,
nulticenter study designed to compare the cfficacy and safety of bardoxolone methyl
{BARD) to placcbo (PBO) in paticnts with stage 4 chromce kidney discase and type 2
diabetes. A total of 2,185 patients were randomized 1:1 to once-daily admimistration 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 cnd-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 in estimated glomerular fiftration
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
mfarction, non-fatal stroke, hospitalization for heart faiture, or cardiovascular death.

A subset of the BEACON patients consented to additional 24-hour asscssments

including ambulatory blood pressure monttoring (ABPM) and 24-hour urine collections. An

10
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independent Events Adjudication Commuttee (EAC), blinded to study treatment assignment,
evaluated whether renal events, cardiovascular events, and nourological events met the pre-
spoctfied defimitions of the primary and secondary endpoints. An IDMC, consisting of
external clinical experts supported by an independent statistical group, reviewed unblinded

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

Table 1 presents sommary statistics on select demographic and baseline
characteristics of patients enrolied in BEACON.  Demographic characteristics were
comparable across the two treatment groups. In all treatment groups combined, the average
age was 68.5 vears and 57% of the patients were male. The bardoxolone methyl arm had
slightly more patients in the age subgroup >75 years than the placebs arm (27% m
bardoxolone methy! arm versus 24% in the placebo arm). Mean weight and BMI across both
treatment groups was 95.2 ke and 33.8 kg/m?, respectively. Baseline kidney function was
generally similar in the two treatment groups; mean baseline eGFR, as measured by the 4-
variable Modified Diet m Renal Disecase (MDRD) equation, was 22.5 mb/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 (PB(O) Patients in BEACON (ITT Population)

BARD PBO Total
N = 1088 N = 1897 N=2185
Sex, n {%e)
Male 626 (58) 625 (37 1251 {57)
Female 462 {42y 472 (43) 934 (43)
Age at informed consent {years)
n 1088 1097 2185
Mean (8D} 68.9(9.7) 68.2 (9.4) 68.5 {9.6)
Range (min, max) 32,92 29, 93 29 93
Age subgroup, u {%e)
<75 786 (72) 829 {76} 1615 {74)
=75 30227 268 {24) 570(26)
Weight (kg)
n 1087 1097 2184
Mean (SD) 951 (22.9) 95321 93.2 (21.5)
Range {min, max) 46, 194 45, 186 43,194

11
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BARD PBO Total
N = 1088 N = 1097 N=12185
BMI (kg/m?%)
n 1087 1097 2184
Mean (SD) 337(7.1) 339(7.2) 338{(7.1)
Range {min, max) 19,93 19, 64 19,93
eGFR (mL/min/1.73 m*) mean (8D}
n 1088 1097 2188
Mean (SD) 224(43) 22.5 (4.6) 225 (43)
Range (min, max) 13,34 13, 58 13,58
eGFR MDRD subgroup, n (%}
15 -<20 325 (3) 347 (32 672 (31)
20 - <25 399 37y 366 (33) 765 (35)
25 - <30 311 (29 318 (2% 629 (29}
ACR (mg/g) geometric mean
n 1088 1097 2185
Geometric mean 2104 2207 21535
{95% 1) {188, 2363 (196, 249) {198, 234}
Range (min, max) <1, 4581 <1, 79466 <i, 79466
ACR subgroup, n {%)
<30 200 (18) 211 {(19) 411 (19)
30-300 348 (32) 308 (28} 656 (30}
>300 540 (30) 578 {53} 1118 ¢51)

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

B. BEACON Resulis

1. Effect of Bardoxolone Methyl on ¢eGFR

The mean GFR values for bardoxolone methyi-treated and placebo-treated patients

are shown in FIG. 2. On average, bardoxolone methyl patients had expected increases

¢(GFR that occurred by Week 4 of treatment and remained above baschine through Week 48.

in contrast, placebo-treated patients on average had unchanged or slight decreases from

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

bardoxolone methvl- versus placebo-treated patients (FIGS. 3A-B). The ¢GFR trajectornies

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

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

As shown in Table 2, the number of patients who experienced a renal and urninary disorder

12
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serious adverse event (SAE} was lower in the bardoxolone methyl group than in the placebo
group {52 vs. 71, respectively). Additionally, and as discussed in the following section,
slightly 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 Ovgan Class (Safety Population)

Placebo Bardoxolone

MedDRA System Organ Class N=1093 methyl

n {%) N = 1092

n {%6)

Patients with any serious adverse event 295 (27 363 (33)
MNumber of serious adverse events 357 717
Cardiac disorders 84 (8) 124 (1D
Infections and infestations 63 {6) 79 {7y
Renal and urmary disorders 71 {6) 52 {5
Metabolism and nutrition disorders 42 {4) Si {3)
Gastrointestinal disorders 39 @ 46 {4)
Respiratory, thoracic and mediastinal disorders 32 {33 43 &)
Nervous system disorders 35 3 37 )
General disorders and admunistration site conditions 20 (2 29 3)
Vascular disorders 18 {2) 20 (2)
Injury, poisoning and procedural complications 17 @) 19 (23
Musculoskeletal and connective tissue disorders 13 (1 21 ¥}
Blood and lymphatic system disorders 1 {H 20 {2)
Neoplasms benign, malignant and unspecified (incl. 16 (1) i1 H
cysts and polyps}
Hepatobiliary disorders 8 B 4 (<b
Psychiatric disorders 3 (< 3 <b
Eve disorders 2 (<b 30 <hH
Investigations 2 (<h 30 «h
Reproductive svstem and breast disorders 3 (<1 2 <
Skin and subcutancous tissue disorders I (<D 4 b
Ear and labvrinth disorders 1 <) 3 b
Endocrine disorders [ G} 1 (<)

14
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Placebo Bardoxolone
MedDRA System Organ Class N=1093 methyl
n (%) N=1692
n {%)
Immune system disorders il 2 b
Surgical and medical procedures 0 2 (<

Table mncludes only serious adverse events with onset more than 30 days after a patient’s last
dosc of study drug. Coluran header counts and denonunators are the number of paticnts
the safety population. Each paticot is counted at most once in cach Svstem Organ Class and
Preferred Term.

2. Primary Composite Outcome in BEACON

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

before the date of study termunation {October 18, 2012). Despite the slight reduction n the

of composite primary endpoints was equal in the two treatment groups (HR = 0.98) duc to a
slight increase i cardiovascular death events, as depicted in plots of time-to-first composite
primary event analysis (FIG. 4).

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

PRO BARD Hazard ratio | p-value®
M =1897 | N=10388 {95% Ch®
B {6} n (Yo}

Composite primary efficacy 69 (6) 69 (6) 0.98 (0.70, 0.92
outeome 1.37)

Patient’s first event

End stage renal disease (ESRD) 51 (5) 43 4
Chronic dialysis 47 {4 40 4
Renal transplant 3D I
Renal death 1 (<) 2 (<)
CV death 18 (2) 26 (2}

? Hazard ratic (bardoxolonc methyi/placebo} and 95% confidence imterval (€I} were
estimated using a Cox proportional hazards model with treatment group, continuous baseline
eGFR, and continnous baseline log ACR as covariates. Breslow’s method of handling ties in
gvent time was used.

Y 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
1. Adjudicated Heart Failure in BEACON

The data n 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 fatlure event. The number of patients with heart failure includes all events
through last date of contact JTT Population).

Companison of bascline characteristics of patients with adjpudicated heart fatdure
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 discase and heart fatlure
and had higher baseline values for B-type natriuretic peptide (BNP) and QTc interval with
Fredericia correction {(QTcF). Even though the nisk for heart failure was higher in the
bardoxolone methvi-treated patients, these data suggest that development of heart failure m
both groups appeared to be associated with traditional risk factors for heart failure. Baseline
ACR was significantly higher in bardoxolone methyl-treated patients with heart failure events
than those without. Also of note, the mean baseline level of BNP in patients who
experienced heart failure in both treatment groups was meaningfully elevated and suggested
that these patients were likely retaining fluid and in sub-clinical 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 bascline and Week 24. Patients in the

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

(v

the placebo arm (Mean + SD: 225 4+ 398 vs. 34 & 209 pg/ml, p < 0.01). Also noted was a
higher proportion of bardoxolone methvl- vs. placcho-treated patients with increases in BNP
at Week 24 (Table 5).

BNP increases at Week 24 did not appear to be related to baseline BNP, baseline
eGFR, changes in oGFR, or changes in ACR. However, in bardoxclone methyi-treated
10 paticnts only, baseline ACR was significantly correlated with Week 24 changes from baseline

in BNP, suggesting that the propensity for fluid retention may be associated with basecline
severity of renal dysfunction, as defined by albuminuria status, and not with the general
changes in renal function, as assessed by eGFR (Table 6).
Further, these data suggest that increases in ¢GFR, which are glomerular in onigin, are
15 distinct anatonucally, as sodium and water regulation occurs in the renal tabules.

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

WK24 BNP Change | Treatment | N Median BL | Wean BL Mean WK24
BNP eGFR AeGFR
<25% FBO 131 119.0 235 -0.6
Increase BARD 84 187.0 223 6.1
25% to 1006% FBO 48 102.5 220 04
Increase BARD 43 119.0 227 55
>100% PBO 37 143.5 231 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 Bardoxolone Methyl vs, Placebo Patients in BEACON
Treatment N Correlation Coefficient P-value
PBO 216 $.05 0.5
BARD 211 0.20 <0.01

Post-hoc analysis of changes in BNP 10 BEACON at Weck 24, Only patients with baseline
and Week 24 BNP valoes included in analysis.
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3. Serum Elecirolytes
No chinically meaningful changes were noted in serum potasstum or serwm sodium for
the subset of patients with 24-hr urnne collections (Table 7). The change in serum
magnesiom levels i bardoxolone methyl-treated patients was consistent with changes

observed mn 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 clinically

(v

meaningtul reduction in urine volume and excretion of sodium at Wecek 4 relative to baseline
i the bardoxolone methyl-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 in serum magnesiam were not associated with renal
foss of magnesiom.

10 Additionally

Jo

in a phamacokinetic study in patients with tvpe 2 diabetes and stage
3b/4 CKD admimstered bardoxolone methy] for eight wecks (402-C-1102), patients with
stage 4 CKD had significantly greater reductions of urinary sodium and water excretion than
stage 3b CKD patients (Table 9).

21



PCT/US2017/060701

WO 2018/089539

swoned Ogd
SNSIoA (TYVH U 535UBYD § YOO MM I0F C0'( > ¢ L (dNOIT JUdunear) Yoro UM SONJBA OUIOSE] SOSIOA § Ha0M IO 500 > 4 4 'BIZP ¥ YOO DUe

Ed

suroseq yum syooped 10§ pomnofes Ao ¢ o0 JE sodueyy Apris-gns A JY INOY-H7 o W pojforuo sjuoned NOOVHY AJU0 apnjour vle(y

£OF POF yoF L F 7 ¢F LHF 6F 6F LF PeF €8 F 48 ¥

650~ 09 0L L [49 09 [ ov1 12! Ly 6Ll PIOT | UBIN

Ov 1y 23 LS 19 Li is 9 iL €9 ¥9 £ u quvyg
voF COF SOF €F £F €F 6F g F 8F L=+ 68 F B F ERES

90~ 09 ¢L £ [49 er Pt 241 091 01t~ 86l £e0T | ueaN

9% €¢ 6¢ 79 89 8 9 89 i3 il L L3 u 0dd

VismM | vm ! VXM | M gi:! VA I gis! VM L P 14
{4 pz/jowm) {4 pe/omm) {4 pz/rour) ()
WRISPULRIY] AIRULI} WINISSBI0J AIRULI} WRIPOY ATBUL JNYO 4 SULL

spusnE g ApMS-qng WIHY 1n0Y-$7 0G308|d
S4 JAYIIIA] QUCIOXOD.ARY Ui LINISSRI0J AIPULI} PUR ‘winipos AXRuli(] ‘QUInjo A SULL(} ANOY-p7 Ul SUNOSEy WO SHBuUTY) OO g SIGRL

22



WO 2018/089539

PCT/US2017/060701

Table 3. Week 8 Changes from Baseline in 24-h Urine Volume and 24-h Urinary
Sodium Bardoxolone Methyl-treated Patients Grouped by CKD Severity

{from a Patient Pharmacokinetic Study)

{CRD Stage Urine Volume (mL) Urinary Sodium (mmol/24 h)
N WKS8 A p-value WESE A p-value
Stage 3b S 355 -12
g0 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 Study Dav 84, Data are means. Data include
patients with baseline and Week 8 data.

S, Hospital Records from EAC Adjudication Packets

The first scheduled post-baseling assessment in BEACON was at Week 4. Since
many of the heart failure events occurred prior to Week 4, the clinical database provides
10 limited information to characterize these patients. Post-hoc review of the EAC case packets
for heart failure cases that occurred prior to Week 4 was performed to assess clinical, vitals,
laboratory, and imaging data collected at the time of the first heart failure event (Tables 10
and 11).
Exammation of these records revealed common reports of rapid weight gain
15 immediately after randomization, dyspnea and orthopnea, peripheral edema,
central/pulmonary edema on imaging, elevated blood pressure and heart rate, and preserved
gjection fraction. The data suggest that heart failure was caused by rapid fluid retention
concurrent with preserved ¢jection fraction and elevated blood pressure. The preserved
cjection fraction is consistent with chnical characteristics of heart farlure caused by diastolic
20 dysfunction stemuming from ventricular stiffening and impaired diastolic relaxation. This
collection of signs and symptoms difters in clinical characteristics from heart fadure with
reduced ejection fraction, which occurs because of weakened cardiac pump fimction or
contractile impairment (Vasan ef ol 1999). Therefore, rapid fluid accumulation i paticnts
with stuff ventricles and minimal renal reserve likely resulted in increased fluid back-up into
25 the lungs and the noted chinical presentation.

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

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

function decline or acute kidney injury. Overall, the clinical data suggest that the ctiology of
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heart failure is not caused by a direct renal or cardiotoxic effect, but is more hikely to be due

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

Mean changes from bascline in systolic and diastolic blood pressures tor bardoxolone
methyl-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
pressure was increased in the bardoxolone methyl group relative to the placcho group, with
mean mereases of 1.9 mumHg m systolic and 1.4 mmHBg m diastolic blood pressures noted m
the bardoxoclone methyl group by Week 4 (the first post-randomization assessment). The
increases m systolic blood pressure (SBP) appeared to diminish by Week 32, while diastolic
blood pressure (DBP) increases were sustained.

The Week 4 SBP and DBP increases in bardoxolone methyi-treated patients relative
to placebo-treated paticnts were more apparent in the ABPM measurements (FIGS. 7A-B).
This differcnce in magoitude could be due to the different techniques that were used or to
differences in baseline characteristics n the ABPM sub-study patients. Patients in the ABPM
sub-study had a higher baseline ACR than the entire population. Regardiess, the data
demonstrate that bardoxolone methyl increased blood pressure in the BEACON patient

population.
7. Blood Pressure Changes in Prior CKD Studies

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

Blood pressure values from a phase 2b study with bardoxolone methyl (BEAM, 402-
0804}, which used an carlier crystalline formulation of the drug and employed a titration
design, were highly vanable and despite noted increases in some bardoxoclone methyl

treatment groups, no clear dose-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 Siratified by Baseline CKD Sfage
Dosed with Bardoxclone Methyl

15

Dose (mg) CKID Stage hl ASBP ADBP
2.5 3b/4 14 0.1+42 02+1.8
3b 10 044 142
4 4 03+11 -15+£39
5 3b/4 24 -154£23 -14£15
3b 19 21k2 1314
4 3 035+£91 -14+56
10 3b/4 24 2443 03+13
3b 20 ~42+34 33213
4 4 61+£67 3.6+4.5
15 3b/4 48 1.1+£23 -1+12
3b 26 -22+33 -13+15
4 22 5428 -06+1.9
30 3b/4 i2 72+£6.2 32422
3b 3 B4+ 138 -18+39
4 9 97473 47425

Patients were admunistered 2.5, 5, 10, 15, or 30 mg doses of bardoxolone methyl once daily
for 85 days.

8. Blood Pressure and QT¢F in Healthy Volunteers

Intensive blood pressure monitoring was emoploved in a separate Thorough QT Study,
which was conducted in healthy volunteers. In both bardoxolone methyl-treated groups, one
given the therapeutic dose, 20 mg, which was also studied in 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) afier 6 days of once daily administration.
Bardoxolone methyl did not merease QTcF as assessed by placebo-corrected QTeF changes
{AAQTCF) after 6 days of treatment at 20 or 80 mg (FIGS. 9A-B}.

Bardoxolone methyl has also been tested in non-CKD disease settings. In carly
climcal studies of bardoxolone methyl in oncology patients (RTA 402-C-0501, RTA 402-C-

0702), after 21 consecutive days of treatment at doses that ranged from § to 1300 mg/day
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{crystalline formulation), no mean change in blood pressure was observed across all
treatment groups.  Similarly, in a randomized, placebo-controlied study m patients with
hepatic dysfunction (RTA 402-C-0701), 14 consecutive days of bardoxclone methyl
treatment at doses of 5 and 25 mg/day (crvstalline formulation} resulted 1 mean decreases in
systolic and diastolic blood pressure {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 baseline
cardiovascular morbidity or stage 4 CKD.

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

Mean ASBP £ SE (mmHg) Mean ADBP % SE umHg)
Daose N D7 D14 D7 D14
PBO 4 1085 -1.3+£55 -4.0+£2.0 0.0x£31
Smyg 6 ~128+52 -8.8+51 -2.0+£23 -17+£32
25 mg 6 115352 -12+36 -40+£28 -15+41
9. Sumimary 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 1o the bardoxolone methyl-treated patients,
both bardoxolone methyl-treated and placebo-treated patients with beart failure were more
tikelv to have had a prior history of cardiovascular disease and heart failure and on average,
had higher baseline ACR, BNP, and QTcF. Thus, development of heart failure in these
patients was likely associated with traditional risk factors for heart failure. Additionally,
many of the pationts with heart failure werc in subclinical heart failure pror to
randomization, as indicated by their high baseline 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 methyl-treated patients vs. placebo-treated patients at Week 24, with
the BNP mcreases in bardoxolone methyl-treated patients directly correlated with basehine
ACR. Unnary sodium excretion data from BEACON ABPM sub-study patients revealed a
clinically meaningful reduction in urine volume and oxcretion of sodium at Week 4 relative
1o baseline 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 in stage 3b CKD
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patients. Together, these data suggest that bardoxolone methyl differentially affects sodium
and water handling, with retention of these more pronounced i patients with stage 4 CKD.

Consistent with this phenotype for fluid retention, post-hoc review of the narrative
descriptions for heart failure events provided in hospital admission notes, together with
anccdotal reports from investigators, indicates that heart falure events in bardoxolone
methyl-treated patients were ofien preceded by rapid fluid weight gain and were not
associated with acute decompensation of the kidoeys or heart.

Blood pressure changes, indicative of overall volume status, were also increased in
the bardoxolone methyl group relative to the placebo group as measured by standardized
blood pressure cuff monitoring in BEACON. Pre-specified blood pressurc analvsis m
healthy volunteer studies demonstrated no changes in either systolic or diastolic blood
pressure. While the intent-to-treat {ITT} analvses of phase 2 CKD studies conducted with
bardoxolone methyl showed no clear changes in blood pressure, post-hoc analyses of these
studies suggest that increases in both systolic and diastolic blood pressurc are dependent on
CKD stage. Taken together, these data suggest that the effects of bardoxolone methyl
treatment on blood pressure may be associated with CKD disease severity.

Thus, the unnary clectrolyte, BNP, and blood pressure data collectively support that
bardoxolone methy] treatment can differentially affect volume status, having no clinically
detectable effect in healthy vohumteers or ecarly-stage CKD patients, while likely promoting
fluid retention in patients with more advanced renal dysfunction and with traditional risk
factors associated with heart failure at baseline. The increases n ¢GFR are likely due to
glomerular effects whereas effects on sodium and water regulation are tubular in origin. As
eGFR change was not correlated with heast fatlure, the data suggest that effects on eGFR and
sodiurn and water regulation are anatomically and pharmacologically distinct.

The increased risk for heart failure and related adverse events with bardoxolone
methy! treatment was not observed in prior studies {(Table 14). However, since prior studies
of bardoxolone methyl enrolled 10-fold fewer patients, the increased risk, if present, may
have been undetectable. Moreover, BEACON limited cnrollment to patients with stage 4
CKD, a population known to be at higher nisk for cardiovascular events relative to patients
with stage 3b CKD. Thus, the advanced nature of renal disease and significant
cardiovascular risk burden of the BEACON population (manifested, among other markers, by
low baseline ¢GFR, high bascline ACR, and high basecline BNP levels) were likely tmaportant

factors in the observed pattern of cardiovascular events,
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To examune further the relationship between key endpoints in BEACON and
clinically meaningful thresholds of traditional risk factors of fluid overload, an additional
post-hoc analysis was performed. Various eligibility criteria related to these risk factors were
applied to exclude patients at most nsk and explore the resulting outcomes from BEACON.
Combinations of select criteria, 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 cbserved imbalances (Table 135). Applying these same criteria
to SAEs also markedly mmproves or abrogates the noted imbalances (Table 16). Taken
together, these findings suggest utility of these and other renal and cardiovascular risk

markers in fiuture sclection criteria 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 associated with acute or

(v

chronic renal or cardiac toxicity. Therefore, a comprehensive list of well-established renal
mechanisms that affect volume status (Table 17) was explored to deternune if any of the
etiologics maiched the clinical phenotype observed with bardoxolone methyl.

Initial investigation focused on possible activation of the renin-angiotensin-
aldosterone system. Activation of this pathway reduces seram potassium due to increased
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 investigated was whether transtubular ion
gradient changes may have resulted in sodium and consequent water resorption, since
bardoxolone methyl affects serum magnesium and other electrolvies.  However, this

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

After other ctiologics were excluded for reasons listed 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. Therefore, an

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

fluid retention observed m the BEACON study was conducted.
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1. Moedulation of the Endethelin System

The most directly analogous clinical data for comparison of the effects of known
endothelin pathway modulators to the BEACON study are those with the endothelin receptor
antagonist (ERA) avosentan. Avosentan was studied in stage 3-4 CKD patients with diabetic
nephropathy in the ASCEND study, a large outcomes study to assess the time to first
doubhing of scrum creatinine, ESRD, or death (Mamn er o/, 20103, While the baseline ¢GFR
in this study was slightly above the mean bascline ¢GFR in 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 similar between the
two studies.

As in BEACON, the ASCEND study was ternunated prematurely due to an early
imbalance in heart failure hospitalization and fluid overload events. Importantly, avosentan-
mduced fluid overoad-related adverse events, including serious and non-serious, were
increased only within the first month of treatment (FIGS. 10A-B).

Examination of key 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. Nonetheless, the two studies showed striking similaritics in clinical presentation and

timing of heart fatlure, as well as influences on other key endpoints {Table 19},
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2. Mechanism of Endothelin Receptor Awunfagonist-Induced Fluid
Overload

The role of endothelin in fluid overload has been extensively investigated. Through
the use of knock-out models in mice, investigators have demonstrated that acute disruption of
the endothelin pathway followed by a salt challenge promotes fluid overload.  Specific
knock-out of endothelin-1 {ET-1), endothelin receptor type A (ETA), endothelin receptor
type B (ETB), or the combmnation of ETA and ETB have all been shown to promote fluid
overload in amimals with a clinical phenotype cousistent with ERA-mediated thuid overload
in patients. These effects are caused by acute activation of the epithehial sodium channel
{ENa(}, which is expressed in the collecting ducts of the kidney, where it reabsorbs sodium
and promotes fluid retention (Vachiery and Davenport, 2009).

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

An assessment of plasma and urinary levels of endothelin-1 (ET-1) in humans with
eGFR values ranging from stage 5 CKD to supra-normal €8 to 131 mL/min/1.73 m?) has been
previously reported (Dhaun ef o/ | 2009). Plasma levels significantly and inversely correlated
with ¢GFR, but due to the modest slope of the curve, meamingful differences of ET-1 were
not readily apparent across the large eGFR 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 arinary levels of ET-1. From eGFRs >100 to
approximately 30 mL/min/1.73 m%, urinary levels were relatively unchanged (FIG. 17).
However, ET-1 lovels appear to increase exponentially with decreasing ¢GFR in patients with
stage 4 and 5 CKD. These data suggest that renal ET-1 1 primanly dysregulated in 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 due to
endothelin modulation, could be due to the disparate endogenous production of ET-1 in the
kidney, which is meaningfully increased in stage 4 and 5 CKD patients.

4. Bardoxolone Methyl Modulates Endothelin Signaling

As described above, bardoxolone methyl redoces ET-1 expression in human cell lines,
including mesangial cells found in the kidney as well as endothelial cell. Furthermore, in
vitro and in vivo data suggest that bardoxolone methyl and analogs modulate the cndothelin
pathway to promote a vasodilatory phenotype by suppressing the vasoconstrictive ETa

receptor and restoring normal levels of the vasodilatory ETs receptor. Thus, the potent
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activation of Nrf2-related genes with bardoxolone methyl is associated with suppression of
pathological endothelin signaling and facilitates vasodilation by modulating expression of ET

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

Hospitahizations for heart failure or death doe to heart faithwe were among the
cardiovascular events adjudicated by the EAC. An imbalance inn adjudicated heart failore and
related events was the major finding that contributed to the carly termination of BEACON.
Additionally, heart failuwre-related AFEs, such as edema, contributed fo a higher
discontinuation rate than expected. The overall imbalance in time-to-first adjudicated heast
failure appeared to result from the large contribution of events occurring within the first three
to four weeks affer initiation of treatment. The Kaplan-Mever analysis shows that after this
mtial period the event rates between the treatment arms appear to maintain parallel
trajectories.  The pattern reflected in FIG. 11 suggests an acute, physiclogic effect that

precipitated hospitalization for heart fatlure versus a cumulative toxic offect.
2. Mortality

At the time of the termuvation 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 outcomes (49 of the 75 deaths)
occurring prior to clinical database lock (March 4, 2013) were confirmed as being
cardiovascular in nature (29 bardoxolone methyl patients vs. 20 placebo patients). Most of
the cardiovascular deaths were classified as “cardiac death - not otherwise specified,” based
on pre-specified definttions outlined in the BEACON EAC charter. On final analysis, the
Kaplan-Meier analysis for overall survival showed no apparent scparation until
approximately Week 24 (FIG. 12}, There were three fatal beart falure events, all m
bardoxolone methyl-treated patients. In addition, as reflected in Table 16, the percentage of
deaths occurring in patients that were over 75 vears 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 in the bardosolone 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 ¢GFR and renal SAEs,
the number of hepatobiliary SAEs 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 number of neoplasm-related SAEs was also balanced across both groups. Lastly,
bardoxolone methyl treatment was not associated with QTc prolongation, as assessed by
ECG assessments at Week 24 (Table 20).

Table 20. Change from Basdline in QT cF at Week 24 in Bardoxolone Methyl versus
Placebo Patients in BEACON (Safety Population)

Observed Change from baseline
Placebo Bardoxolone Placebeo Bardoxolone

Timepoint/ N =1093 methyl MN=1093 methyl

QTcF interval (msec) MN=1092 N=1092

n 719 639 719 637

Mean (8D} 428 8 (29.2) 4258 (26.5) 3.6(16.4) -0.9(19.2)

Range (min, max) 362, 559 355, 518 -39, 82 -88, 69

Quartiles (25th, median, | 408, 426,445 | 407,425,443 ~7,3, 13 -13, -1, 10
75th)

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

F. BEACON Conclusions

In semmary, interrogation of data from studies conducted with bardoxolone methyl
revealed that the drug can differentially regulate fluid retention, with no clinically detectable
cffect in healthy voluntcers or carly-stage CKD patients, while likely phamacologically
promoting fluid retention in patients with advanced renal dysfunction.  Since the
development of heart faifure in both bardoxolone methyl- and placcbo-treated paticats was
associated with traditional risk factors for heart fadure, this pharmacological offect in paticats
with baseline cardiac dyvsfunction may esplain the increased wisk for heart failure with
bardoxolone methyl treatment in BEACON. These data suggest that decreasing the overall
risk for heart failure in future clinical studies by selecting a patient population with lower
bascline risk for heart failure should avoid increases in heart failure associated with
bardoxolone methyl treatment.  Importantly, the available data show that fluid overload in
BEACON was not cansed by a direct renal or cardiac toxicity. The clinical phenotype of

fluid overload is similar to that observed with ERAs in advanced CKD patients, and
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preclinical data demonstrate that bardoxclone methyl modulates the endothelin pathway. As
acute disruption of the endothelin pathway i advanced CKD patients is known to activate a
spoctfic sodium channel (ENal) that can promotc acute sodmm and volume retention

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

(]

methyl patients with heart failure, provide a reasonable hyvpothesis to the mechanism of fluid
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,
exchlusion of patients with CKD {(e.g.. patients with an eGFR < 60) from treatment with
10 BARD and other AIMs may be prudent and may be included as an clement of the present
mvention.

i, Compounds for the Treatment of Alpert Syndrome or Symptoms thereof or the
Prevention of Symptoms of Alpoert Syndrome

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

15 reducing the symptoms of Alport syndrome in a pationt comprising administering to the
patient a therapeutically effective amount of bardoxolone methyl, an analog thereof, or a
composition compnsing either bardoxolone methyl or an analog thereof.  Analogs of

bardoxolone methyl include compounds of the formula:

%
bk .
20 wherein
Ri s ~CN, halo, ~CF3, or ~C{ORs, wherein Ra 18 ~OH, alkoxvci-e, —~NH:z,
alkylaminow: -4, or ~NH~S{O)-alkylcia;

Rz is hydrogen or methyl;
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Rs and Ry are each independently hydrogen, hydroxy, methyl or as defined below
when cither of these groups is taken together with group Re; and

Y 1s:
—H, —OH, -8H, -CN, —F, —CF5, —-NH2 or -NCO;

v

alkviwessy, cycloalkvlcees), alkenylices, alkynvless), arylican, aralkylos<n,
heteroarykess), heterocveloalkvie<z, alkoxyess), cveloalkoxvices),
aryloxyeaz,  acyloxyess), alkylaminowss), cycloalkylaminoss),
dialkylaminowss), arviaminowss, aralkylaminowss), alkylthiowss),
acvithiow<s, atkylsulfonviaminowss, cycloalkyisulfonviaminowss), or
10 substituted versions of any of these groups;
—alkanediyvlc<sy—Re, —alkenedivlcs—Re, or a substituted version of any of
these groups, wherein Ry is:
hydrogen, hydroxy, halo, amino or mercapto; or
heteroarvhiess,  alkoxyvicssy,  oycloalkoxvicesy,  alkenyloxvcss),
15 aryloxyicssy, aralkoxyeesy, hetercarvioxyess, acvioxyicss),
alkvlaminowssy, cycloalkylaminocse), dialkylaminogess),
arylaminoss), aralkylaminocss), heteroarylamingass),
alkvisutfonylaminowss), cycloatkylsulfonylaminocss),
amido<sy, ~OC{O)NH—alkyvlic<s), or a substituted version of
20 any of these groups;
~{CHYmC{O)Rc, wherein m is 0-6 and Re 1s:
hydrogen, hydroxy, halo, amino, -NHOH, or mercapto; or
alkylesey, cvcloalkvlcss), alkenvlcss),  alkynvless,  arvhoss),

aralkvlicss), heteroarvlcsr), heterocycloalkylicss), alkoxvicss,

foe)
N

cycloalkoxyice), alkenyloxyice, arvloxyees), aralkoxycss),
heteroaryloxycsa), acvloxyicss, alkvlaminowss),
cveloatkylaminowss), dialkylaminocss), arylaminoes),
alkvlsulfonylaminocses), cycloalkylsulfonylaminowcss),
amidowsey, —NH-alkoxyeew, —NH-heterocvcloalkvicss),
30 ~NH-amidowss), or a substituted version of any of these

groups;
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R: and Rjs, taken together, are —O— or ~NRa—, wherein Rg 1s hydrogen

or alkylc<s: or
R and Ra, taken together, are —O— or ~NRa—, wherein Ra is hydrogen

or alkvlcay; or

5 ~NHC(O)R., wherein Re 1s:
hydrogen, hvdroxy, amino; or

alkvles), cycloalkyliess),  alkenvkeew, alkynvices), arvless,
aralkvlcss), hetercarvliess), heterocycloatkylicss), alkoxvicss,
cycloalkoxyvicss), aryloxyesy, aralkoxvcss, heteroarvioxycss),
10 acyloxyces), alkviaminowss), cveloalkylaminowe),
dialkylaminow <), arylamino<s), or a substituted version of any

of these groups;

or a pharmaceutically acceptable salt thereof.
These compounds are known as antioxidant inflamration modulators.  These
15 compounds have shown the ability to activate Nrf2, as measured by elevated expression of
one or more Nrf2 target genes {e.g., NQO1 or HO-1; Dinkova-Kostova ef al., 2005}, Fusther,
these compounds are capable of indirect and direct inhibition of pro-inflammatory
transcription factors mcluding NF-«B and STAT3 (Ahmad ef o/, 2006; Ahmad ef al., 2008).
In some aspects, there are provided methods of preventing progression of Alport syvndrome or
20 a symptom thereof in a subject or patient in need thercof comprising administering to the
subject or patient bardoxolone methyl or an analog thercof in an amount sufficient to prevent
progression of Alport syndrome or a syvmptom thereof in the subject or patient. Additionally,
one or more of the compounds described hercin may be used m methods to prevent the onset
of one or more synptoms of Alport syndrome or provent the progression of Alport syndrome.
25 Triterpenoids, biosynthesized i plants by the cyclhization of squalene, are used for
medicinal purposes in many Asian countries; and some, such as ursolic and oleanolic acid,
are known to be anti-inflammatory and anti-carcinogenic (Huang ef ¢/, 1994; Nishino ef /.,
1988). However, the binlogical activity of these naturally-occurring molecules 1s relatively
weak, and therefore the synthesis of new analogs to enhance their potency was undertaken
36 (Honda ef o/, 1997, Honda ef af., 1998). An ongoing effort for the improvement of anti-
inflammatory and antiproliferative activity of olcanolic and ursolic acid analogs led to the
discovery  of 2-cvano-3,12-dioxooleanc-1,9(1 1 }-dien-28-0ic  acid (CDDO) and related

compounds (Honda ef o/, 1997, 1998, 1999, 2000a, 2000b, 2002; Suh ef af., 1998; 1999,
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2003; Place ef i, 2003, Liby ef i, 2005). Several potent denvatives of oleanclic acid were
identified, including methyl-2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid {(CDDO-Me;
RTA 402; bardoxolone methyl). RTA 402, an antioxidant inflanumation modulator (AIM),
suppresses the mduction of several important inflammatory mediators, such as (NOS, COX-2,
TNFe, and IFNy, in activated macrophages, thereby restoring redox homeostasis in inflamed
tissues. RTA 402 has also been reported to activate the Keapl/Nrf2/ARE signaling pathway
resulting in the production of several anti-inflammatory and antioxidant proteins, such as
heme oxvgenase-1 (HO-1). It induces the cyioprotective 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 signiticant single agent anti-inflammatory
activity in several animal models of mnflammation such as renal damage in the cisplatin model
and acute renal mjury in the iachemia-reperfusion model. In addition, significant reductions
in serum creatining have been observed in patients treated with RTA 402,

Accordingly, in pathologies involving oxidative stress alone or oxidative stress
exacerbated by inflammation, treatment mav compnise administering to a subject or patient a
therapeutically effective amount of a compound of this invention, such as those described
above or throughout this specification. Treatment may be administered preventively i
advance of a predictable state of oxidative stress (e.g., organ transplantation or the
administration of therapy to a cancer patient), or it may be admimstered therapeutically m
settings involving established oxidative stress and inflammation.

Non-fimiting examples of iriterpenoids that may be used in accordance with the

methods of this invention are shown here.

OMe
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Table 21 summarizes in vitre results for several of these compounds in which
RAW264.7 macrophages were pre-treated with DMSO or drugs at various concentrations
(nM) for 2 howurs, and then treated with 20 ng/mL IFNy for 24 hours. N{O concentration in the
media was determined using a Griess reagent system; cell viability was determined using
WET-1 reagent. NQO1 CD represents the concentration required to induce a two-fold
merease in the expression of NQO!, an NrfZ-regulated antioxidant enzyme, m Hepalclc?
murine hepatoma cells (Dinkova-Kostova ef of., 2005).  All these results are orders of
magnitude more active than, for example, the parent oleanclic acid molecule. In part because
induction of antioxidant pathways resulting from Nrf2 activation provides important
protective effects agamst oxidative stress and inflammation, analogs of RTA 402 may
therefore also be used to for the treatment and/or Alport syndrome or symptoms thereof or
prevent the onset of symptoms of Alport syndrome.

Table 21. Suppression of IFNy-induced NO production.

Working ID RAW264.7 (20 ng/m L IFNy) Hepalcic7 cells
NQO 1Cso WET-1 1Cs NGO CD

RTA 401 ~10 nM > 200 nM 23 oM

RTA 402 22nM 80 oM 1.0 nM

RTA 403 ~0.6 nM 100 nM 33nM

RTA 404 5.8 nM 100 nM n/a

RTA 403 6 uM ~200 nM nfa
TP-225 ~0.4 nM 75 uM 0.28 oM
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Without being bound by theory, the potency of the compounds of the present
mvention, e.g., RTA 402, is largely derived from the addition of oB-unsaturated carbonyl

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

(v

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

containing moictics that interact with o, B~unsaturated carbonyl groups (Wang ef @, 2000;

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

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

inhibits its activity {Shishodia ef o/, 2006, Ahmad ef ol , 2006). IKKP controls activation of

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

of T«B 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-mflammatory stimuli.

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

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

such as interferons and interleukins. JAKSs then phosphoryiate the intracellular portion of the

receptor causing recruitment of STAT transcription factors.  The STATs are then

phosphorylated bv JAKSs, form dimers, and translocate to the nucleus where they activate

transcription of several genes involved in inflammation. RTA 402 mnhibits constitutive and

20 IL-6-induced STAT3 phosphorylation and dimer formation and directly binds to cystene

residues i STAT3 (C259) and in the kinase domain of JAK L (C1077). Biochemical assavs

have also established that the iriterpenoids directly interact with cntical cysteine residues on

Keapl (Dinkova-Kostova ef ¢/, 2005). Keapl is an actin-tethered protein that keeps the

transcription factor Nrf2 seguestered in the cytoplasm under normal conditions (Kobayashi

25 and Yamamoto, 2005). Oxidative stress results in oxadation of the regulatory cysteine

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

binds to antioxidant response elements (AREs) resulting 1o transcriptional activation of many

antwoxidant and anti-inflammatory genes. Another target of the Keap l/Nef2/ARE pathway is

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

30 plavs many antioxtdant and anti-inflammatory roles (Maines and Gibbs, 20035). HO-1 has

recently been shown to be potently induced by the triterpenoids (Liby ef af., 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 ef /., 2007). RTA 402 is a potent inhibitor
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of NF-xB activation. Furthermore, RTA 402 activates the KeapI/Nrf2/ARE pathway and
induces expression of HO-1.

Compounds cmployed may be made using the methods described by Honda ef af.
(2000a); Honda es ol. (2000b); Honda er of. (2002); and U 8. Patent Application Publications
2009/0326063, 2010/0056777, 2010/0048892, 2010/0048911, 20106/0041504, 2003/0232786,
2008/0261985 and 2010/0048887, all of which are incorporated by reference herein. These
methods can be further modified and optimized using the principles and techniques of
organic chemistry as applied 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 is mcorporated by reference herein. In 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 technmgues of process
chemistry as apphied by a person skilled in the art. Such principles and techniques are taught,
for cexample, im Anderson, Practical Frocess 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 isolated in optically active or racemic form.
Thus, all chiral, diastercomeric, racemic form, epimeric form, and all geometric isomeric
forms of a chemical formala 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 diastereomers. In some
embodiments, a single diastercomer is obtained. The chiral centers of the compounds of the
present invention can have the S or the A configuration.

Cheraical formulas used to represent compounds of the present mveotion will
typically onlv 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 exist in equilibrivim with enamine groups. Regardless of which
tautomer is depicted for a given compound, and regardless of which one 1s most prevalent, all
tautomers 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 herein, inchude those atoms
having the same atomic number but different mass numbers. By way of general example and
without limitation, isotopes of hyvdrogen imclude trittum and deuterium, and isotopes of

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

bicavailability of Form B was higher than that of Form A CDDO-Me i monkevs when the

(]

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

“Form A7 of CDDO-Me (RTA 402} is umsolvated (non-hydrous) and can be
characterized by a distinctive crystal structure, with a space group of P4s 2,2 (no. 96) unit cell
10 dimensions of a = 142 A b =14.2 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
cmbodiments, Form A can also be characterized by X-ray powder diffraction (XRPD) pattern
(CuKa) comprising significant diffraction peaks at about 8.8, 12.9, 134, 142 and 174 °8. In
some variations, the X-ray powder diffraction of Form A is substantially as shown in FIG. 1A

15 or FIG 1B
Jnlike Form A, “Form B” of CDDO-Me 15 in a single phase but lacks such a defined
crvstal stracture. Samples of Form B show no long-range molecular correlation, i.e., above
roughly 20 A, Moreover, thermal analysis of Form B samples reveals a glass transition
temperature (Tg) in 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 (Twm),
above which crystalline structure becomes a higuid. Form B is tyvpified by an XRPD
spectrum (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 instcad is characterized by a general “halo” XRPD pattern. In

o]
n

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

Form A and Form B of CDDO-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 cvaporation, slow evaporation, or slow cooling of a CDDO-Me
solution n ethanol or methanol. Preparations of CDDO-Me in acctone can produce cither

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 CDDO-Me from cach other and from other forms of CDDO-Me. Hlustrative of the
techniques suitable for this purpose are solid state Nuclear Magnetic Resonance (NMR), X-
ray powder diffraction {compare FIGS. 1A & B with FIG. IC), X-ray crystallography,
differential scanning calorimetry {DSC), dynamic vapor sorption/desorption (BVS), 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 CDD(O-Me. See US. Patent
Application Publication 2009/0048204, which is mcorporated by reference herein m s
entirety.

Addional details regarding polymorphic forms of CDDO-Me are described 1o UK.
Patent Application Publication 2009/0048204, PCT Puablication WO 2009/023232 and PCT
Publication WO 2010/093944, which arc all incorporated hercin by reference in their
cutirgties.

Non-limiting specific formulations of the compounds disclosed herein include
CDDO-Me polymer dispersions.  See, for example, PCT Publication WO 2010/093944,
which is incorporated berein by reference in its entirety.  Some of the formulations reported
therein exhibit higher bioavailability than either the micronized Form A or nanocrystalline
Form A formulations. Additionally, the polymer dispersion based formulations demonstrate
further surprising improvements in oral bicavailability relative to the micronized Form B
formulations.  For cxample, the methacrylic acid copolymer., Type C and HPMC-P
formulations showed the greatest bicavailability i the subject monkeys.

Compounds employed in methods of the invention may also exist in prodrug form.
Since prodrugs enhance numerous desirable qualitics of pharmaccuticals, e.g., solubility,
bioavailability, manufacturing, efc.. the compounds emploved in some methods of the
invention may, if desired, be delivered in prodrug form. Thus, the invention contemplates
prodrugs of compounds of the present invention as well as methods of delivering prodrugs.
Prodiugs of the compounds employed in the mvention may be prepared by modifying
functional groups present i the compound in such a way that the modifications are cleaved,
cither in routine manipulation or /» vive, to the parent compound.  Accordingly, prodrags
include, for example, compounds described herein in which a bvdroxy, amino, or carhoxy
group is bonded fo any group that, when the prodrug s administered 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 particelar anion or cation fornung a part of any salt of
this mvention is not critical, so long as the salt, as a whole, 1s pharmacologically acceptable.
Examples of pharmaceutically acceptable salts and their methods of preparation and usc are
presented . Hondbook of Pharmaceuiical Suaits: Properties, and Use (2002), which 1s
incorporated herein by reference.

In some embodiments, the compounds emploved in the methods described m 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 fewer side effects than, be more
casily absorbed than, and/or have a betier pharmacckinetic profile {e.g. higher oral
bioavailability and/or lower clearance) than, and/or have other useful pharmacological,
physical, or chemical properties over, compounds known n the prior art, whether for use i

the indications stated herein or otherwise.
1#i. Pharmaceutical Formulations and Routes of Administration

Admumnistration of the compounds of the present mvention to a patient will follow
general protocols for the administration of pharmaceuticals, taking into account the toxicity,
if any, of the drug. k is expected that the treatment cycles would be repeated as necessary.

The compounds of the present mvention may be adminisicred by a variety of
methods, e.g., orally or by injection {e.g., subcutancous, mtravenous, mtraperitoneal, efc.).
Diepending on the route of administration, the active compounds may be coated by a material
to protect the compound from the action of acids and other natural conditions which may
mactivate the compound. They may also be adnunistered by continuous perfusion/infusion
of a disease or wound site. Specific examples of formulations, imcluding a polymer-based
dispersion of CDDO-Me that showed improved oral bicavailability, are provided in U.S.
Patent Application Publication No. 2009/0048204, which is incorporated herein by reference
n its entirety. It will be recognized by those skilled i the art that other methods of
manufacture may be used to produce dispersions of the present invention with equivalent
properties and uotility (see, Repka es o/, 2002 and references cited therein). Such altemative
methods include but are not lumited to solvent evaporation, extrusion, such as hot melt
extrusion, and other techniques.

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

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

The therapeutic compound may also be administered parenterally, intraperitoneally,
mtraspinally, or intracercbrally. Dispersions may be prepared i, e.g, glycerol, liguid
polyethviene glycols, 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 agueous
sohutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. In all cases, the composition nust be
sterile and must be fluid to the extent that casy syringability exists. |t must be stable under
the conditions of mamifactare and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The carier may be a solvent or
dispersion medium contaung, for example, water, cthanol, polyol {such as, glycerol,
propylene glycol, and liguud polyethvlene glycol, and the like), suitable mixtures thereof, and
vegetable oils. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example, parabens, chiorcbutanol, phenol,
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to mchude isotonic
agents, for example, sugars, sodium chloride, or polyalcobols such as mannitol and sorbitol,
in 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 1injectable solutions can be prepared by incorporating the therapeutic
compound in the required amount in 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 carrier
which contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile 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 ingredient from a previously sterile-filtered sohution thereof.
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The therapeutic compound can be orally administered, for example, with an inert
diluent or an assimilable edible carrter. The therapeoutic compound and other ingredients may
also be enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or
meorporated directly mto the subject’s or patient’s diet. For oral therapeutic administration,
the therapeutic compound may be incorporated with excipients and used in the form of
ingestible tablets, buccal tablets, troches, capsuies, elixirs, suspensions, syrups, wafers, and
the like. The percentage of the therapeutic compound in the compeositions and preparations
may, of coarse, be varied. The amount of the therapeutic compoond in sach therapeutically
uscful compositions is such that a suitable dosage will be obtained.

1t 1s espeaially 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 suiied as unitary dosages for the subjects or patients o be treated;
each unit containing a predetermined quantity of therapeutic compound calculated to produce
the desired therapeutic effect in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the mvention 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 inherent i 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 fo the skin, eve, or
mucosa. Alternatively, if local delivery to the lungs is desired the therapeutic compound may
be admumnistered by inhalation in a dry-powder or acrosol formulation.

The therapeutic compound may be formulated in a biocompatible matrix foruse in a
drug-eluting steat.

In some embodinents, 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 (HED) in mg/kg can be calculated in accordance
with the following formula {see, e.g., Reagan-Shaw ef ol , FASER J., 22(3):659-661, 2008,
which is incorporated herein by reference):

HED (mg/kg) = Animal dose (mg/kg) # (Animal Ke/Human Kw)

Use of the Ki factors in conversion results in more accurate HED values, which are
based on body surface area (BSA) rather than only on body mass. Km values for humans and
various animals are well known. For example, the K for 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 Km of 25. K for
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some relevant animal models are also well known, mchuding: mice K of 3 {given a weight of
0.02 kg and BSA of 0.007); hamster Kw of 5 (given a weight of 0.08 kg and BSA of 0.02); 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 amounts of the therapeutic composition depend on the judgment of the
practittoner and are peculiar to each individual. Nonetheless, a calculated HED dose provides
a general guide. Other factors affecting the dose include the phvsical and clinical state of the
patient, the route of administration, the intended goal of treatment and the potency, stability
and toxicity of the particular therapeutic formulation.

The actual dosage amount of a compound of the present invention or composition
comprising a compound of the present invention administered to a subject or a patient may be
determined by physical and physiological factors such as age, sex, body weight, severity of
condition, the type of disease being treated, previous or concurrent therapeutic interventions,
idiopathy of the subject or the patient and on the route of adminmistration. These factors may
be determined by a skilled artisan.  The practitioner responsible for admimstration 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 complication.

In some embodiments, 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 vanations, 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 varations, the daily dose is about 75 mg of the compound.
In still other variations, the daily dosc 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 | mg to about 5 mg of the compound.

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 s 0.05 - 20
mg of compound per kg of body weight. In some varations, the daily dose 13 0.1 — 10 mg of

compound per kg of body weight. In some variations, the daily dose is 0.1 ~ 5 mg of
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compound per kg of body weight. In some vanations, the daily dose is 0.1 - 2.5 mg of
corapound per kg of body weight.

In some embodiments, the pharmaceutically cffective amount is a daily dose of 0.1 -
1000 mg of compound per kg of body weight. In some variations, 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 is 0.40 — 3 mg of
compound per kg of body weight. In some variations, the daily dose is 0.50 — 9 mg of
compound per kg of body weight. In some variations, the daily dose is 0.60 - & mg of
compound per kg of body weight. In some variations, the daily dose is 0.70 — 7 mg of
corapound per kg of body weight. In some variations, the daily dose is 0.80 — 6 mg of
compound per kg of body weight. Tn some vanations, the daily dose is 0.90 — 5 mg of
compound per kg of body weight. In some variations, the daily dose is from aboat 1 mg to
about 5 mg of compound per kg of body weight.

An effective amount typically will vary from about 0.001 mg/ke to about 1,000
rog/kg, from about 0.01 mg/kg to about 750 mg/ke, from about 0.1 mg/keg to about 500
mg/kg, from about 0.2 mg/kg to about 250 mg/ke, from about 0.3 mg/ke to about 150 mg/kg,
from about 0.3 me/kg to about 100 mg/kg, from about 0.4 mg/ke to about 75 mg/kg, from
about 0.5 mg/kg to about 50 mg/kg, from about 0.6 mg/ke to about 30 mg/kg, from about 0.7
mg/kg to about 25 mg/kg, from about 0.8 mg/kg to about 15 mg/ke, from about 0.9 mg/kg to
about 10 mg/kg, from about | mg/kg to about 5 mg/kg, from about 100 mg/kg to about 500
mg/ke, from about 1.0 mg/kg to about 250 mg/kg, or from about 10.0 mg/kg to about 150
mg/kg, in one or more dosc administrations daily, for one or several days {depending, of
course, of the mode of administration and the factors discussed above). Other suitable dose
ranges include 1 mg to 10,000 mg per day, 100 mg to 10,000 mg per dav, 500 mg to 10,000
mg per day, and 500 rag to 1,000 mog per day. In some particular embodiments, the amount is
fess 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 500 meg/kg/day, less
than 250 mg/kg/day, less than 100 mg/kg/day, less than 50 mg/kg/day. less than 25
mg/kg/day, less than 10 mg/kg/day, or less than 5 mg/kg/day. Tt may alternatively be in the
range of 1 mg/kg/day to 200 mg/kg/day. For example, regarding treatment of patienis 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 is within

+10% of the urine protein level of a healthy subject or patient.
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In other non-limiting examples, a dose may also comprise from about 1 micro-
gram/kg/body weight, about 5 microgram/kg/body weight, about 10 microgram/ke/body
weight, about 50 microgramvkg/body weight, about 100 microgram/kg/body weight, about
200 microgram/kg/body  weight, about 350 mucrogram/kg/body  weight, about 300
microgramvkg/body weight, about I milligram/kg/body weight, about 5 milligram/kg/body
weight, abouwt 10 milligranmvkg/body weight, about 50 milligram/kg/body weight, about 100
milligram/kg/body  weight, about 200 pulhigranvkg/body weight, about 350
milligram/kg/body weight, about 500 mulligram/kg/body weight, to about 1000 mg/ke/body
weight or more per administration, and any range derivable therein.  In non-limiting
cxamples of a derivable range from the numbers listed herein, a range of about 1 mg/ke/body
weight to about 5 mg/kg/body weight, a range of about 5 mg/kg/body weight to about 100
mg/ke/body weight, about 3 microgram/kg/body weight to about 500 milligram/kg/body
weight, efc., can be administered, based on the numbers described above.

In certain embodiments, a pharmaceutical composition of the present mvention may
comprise, for example, at least about 0.1% of a compound of the present mvention. In other
embodiments, 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 cxample, and
any range dertvable therein.

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

The agent(s) may be administered on a routine schedule. As used herein a rouwting
schedule refers to a predetermined designated period of time. The routine schedule may
encompass periods of time which are identical or which differ in length, as long as the
schedule is predetermined. For instance, the routine schedule may mvolve administration
twice a day, every day, everv two days, every three days, everv four days, cverv five days,
every six days, a weekly basis, a monthly basis or any set number of days or weeks there-
between. Alternatively, the predetermined routine schedule may mvolve administration on a
twice daily basis for the first week, followed by a daily basis for several months, efe. In other
embodiments, the invention provides that the agent(s) may be taken orally and that the timing

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

Non-limiting specific formulations include CDDO-Me polymer dispersions (sce US.
Patent Application Publication No. 2009/0048204, filed Aungust 13, 2008, which is
incorporated herein by reference). Some of the formulations reported therein exhibited
higher bioavailability than either the micronized Form A or nanocrystalline Form A
formulations. Additionally, the polymer dispersion based formulations demonstrated further
surprising improvements in oral bioavailability relative to the micronized Form B
formulations.  For example, the methacryvlic acid copolymer, Type € and HPMC-P

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

in addition to being used as a monotherapy, the compounds of the present invention
may also find use in combination therapies. Effective combination therapy may be achieved
with a single composition or pharmacological formulation that ncludes both agents, or with
two distinet compositions or formulations, administered at the same time, wherein one
composition includes a compound of this mvention, and the other includes the second
agent(s). Altematively, the therapy may precede or follow the other agent treatment by
wmtervals ranging from minutes to months.

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

described below:

A/B/A B/A/B B/B/A A/A/B A/B/BE B/A/JA A/B/B/B B/A/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  AJ/A/A/B B/AJA/A A/B/IAJA A/A/B/A

1t 15 contemplated that other therapeutic agents may be used in conjunction with the
treatments of the current nvention.  In some embodiments, the present invention
contemplates the use of one or more other therapics for the treatment of Alport syndrome m
conjunction with the compounds described in the methods therein. These therapies include
the use of an angiotensin-converting enzvme {ACE) inhibitor, angiotensin recepior blockade

{ARB), or an aldosterone antagonist.  Some non-linuting examples of ACE mhibitor include
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Ramipril, enalapril, Lisinoprid, benazepril, fosinopril, quinapnl, cilazapril, perinopnl, or
trandolapril.  Similarly, some non-limiting examples of angiotensin receptor blockade agent
include losartan, candesartan, irbesartan, telmisartan, valsartan, or cpresartan. A non-limiting

example of an aldosterone antagonist is spirolactone.
Y. Diagnostic Tests

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

B-type natriuretic peptide (BNP) 1s a 32-anuno acid neurchommone that is synthesized
in the ventricalar myocardium and released into circulation in response to ventricular dilation
and pressure overload. The functions of BNP include natriuresis, vasodilation, inhibition of
the remin-angiotensin-aldosterone axis, and inhibition of syrpathetic 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 ventricular dysfunction and the severity of
CHF symptors.

Numerous methods and devices are well known to the skilled artisan for measuring
BNP levels in patient samples, including serum and plasma. With regard to polypeptides,
such as BNP, immunoassay devices and methods are often used. See, eg, US. Patents
6,143,376; 6.113.855: 6.019.944: 3,983,579 3,047,124, 5.939,272; 5.922.615; 5,885,327
5,851,776; 5,824,799, 5,679,526, 5,525,524; and 5,480,792, These devices and methods can
utilize labeled molecules in various sandwich, competitive, or non-competitive assay formats,
to generate a signal that is related to the presence or amount of an analyie of interest.
Additionally, 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., U.S. Patents 5,631,170 and 5,953,377, In a specific example, B-
type natriurctic peptide (BNP) levels may be determined by the followmg method(s): protein
immunoassavs as described in US Patent Publication 201170201130, which 1s incorporated by
reference in s entirety herein. Furthermore, a number of commercially available methods

exist {e.g., Rawlins er a/., 2005, which is incorporated herein by reference in its entirety).
B. Measurement of Albumin/Creatinine Ratio (ACR)

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

urine collection test.
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Alternatively the concentration of protein in the arine may be compared to the
creatinine level in a spot urine sample. This is termed the protein/creatinine ratio (PCR). The
UK Chronic Kidney Discase Guidehines (2003, which are incorporated herein by reference in

thewr entirety) states PCR s a betier test than 24-hour wrnary protein measurement.

(]

Proteinunia is defined as a protein/creatinine ratio greater than 45 mg/mmol {(which is

equivalent to albumin/creatinine ratio of greater than 30 mg/mmol or approximately 300

mg/g as defined by dipstick proteinunia of 3+) with very high levels of proteinuria being for a
PCR greater than 100 mg/mmol.

Protemn dipstick measurements should not be confused with the amount of protein

10 detected on a test for microalbununuria, which denotes values for protein for urine in mg/day

versus urine protein dipstick values which denote values for protein in mg/dL. That is, there

is a basal level of proteinuria that can occur below 30 mg/day which is considered non-

pathological.  Values between 30-300 mg/day are termed microalbuminura which is

considered pathologic. Urine protein lab values for microalbumin of >30 mg/day correspond

15 1o a detection level within the “trace” to “1+7 range of a urine dipstick protein assay.

Therefore, positive indication of anv protein detected on a urine dipstick assay obviates any

need to perform a urine microalbumin test as the upper hinut for microalbununuria has

already been exceeded.
C. Measurement of Estimated Glomerelar Filtration Rate (eGFR)

20 A number of formulae have been devised to estimate GFR values on the basis of
seram creatinine levels. A commonly used surrogate marker for estimate of creatimine
clearance {eCor 18 the Cockeroft-Gault (CG) formula, which in turn estimates GFR m
mb/min. Tt erploys serum creatinine measurements and a patient's weight to predict the
creatinine clearance. The formula, as originally published, is:

(140 — Age) x Mass(inkg)
mg>
di

This formula expects weight to be measured 1n kilograms and creatinine to be measured

foe)
N

ellr =
72 X Serum creatinine {in

mg/dL, as 13 standard in the USA. The resulting value is multiplied by a constant of 0.85 if
the patient is female. This formmla is usetul because the calculations are simple and can often
be performed without the aid of a calculator,

30 When serum creatinine is measured in pmol/L, then:

(140 — Age) x Mass (in kg) x Constant

. . pmol.
Serum creatinine (m‘uL 3

eClr =
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where Constant is 1.23 for men and 1.04 for women.

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

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

eGFR = 175 X Standardized serum creatinine™15% x Age™%203 x ¢
where C s 1.212 if the patient is a black male, 0.899 if the patient 1s a black female, and
0.742 if the patient is a non-black female. Serum creatinine values are based on the IDMS-
traceable creatinine determination (see below).

Chronic kidney disease is defined as a GFR less than 60 mL/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 creatinine in the blood and provides an
estimate glomerular filtration rate. Serum creatinine values in the BEACON and BEAM
tnals were based on the isotope dilution mass spectrometry (IDMS)-traceable creatinine
determinations.  Other comumonly used creatinine assay methodologies include (1) alkaline
piorate methods {e.g., Jaffe method [classic] and compensated [modified] Jaffe methods), (2)
enzymatic methods, (3) high-performance liquid chromatography, (4) gas chromatography,
and (5) liquid chromatography. The IDMS method is widely considered to be the most
accurate assay (Peake and Whiting, 2006, which is incorporated herein by reference in ifs

cntirety).
Vi, Definitions

When used in the context of a chemical group: “hydrogen”™ means —~H; “hydroxy”
means —~OH, “oxo” means =0, “carbonyl” means ~C(=0)—; “carboxy”™ means ~C{=0)}0OH
(also written as —COOH or —CO:H); “halo” means independently —F, —CL —Br or -1,
“amino” means ~NHz, “hydroxyamine” means ~NHOH; “nitro” means ~NO»; inuno means
=NH; “cvano” means —CN; “isocvanate” means ~N=(=0; “azido” means -Nz, in a

monovalent context “phosphate”™ means —OP(OYOH): or a deprotonated form thereof! in a
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divalent context “phosphate” means —~OPONYOH)O— or a deprotonated form thereof]
“mercapte” means —~SH: and “thio” means =8§; “sulfonyl” means ~8(0)2—; and “sulfinyl”
means —S{0)—.

n the context of chemical formulas, the symbol “— means a single bond, “=" means

which if present is either singie or double. The symbol “z===" represents a single bond or a

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

©u And 1t is understood that no one such ring atom forms part of more than one double

bond. Furthermore, it is noted that the covalent bond symbol “—", when connecting one or
two stereogenic atoms, does not ndicate any preferred stercochenustry. Tostead, it covers all
stereotsomers as well as mixtores thereof. The symbol WA ™ when drawn perpendicularty
across a bond (e g.,%—CHg for methyl) indicates a point of attachment of the group. It 1s
noted that the point of attachment is typically only identificd i this manner for larger groups
it order to assist the reader in unambiguousty identifving a point of attachment. The symbol
“-=8 7 means a single bond where the group attached to the thick end of the wedge is “out of
the page.” The symbol “HHl” means a single bond where the group attached to the thick end
of the wedge 1s “into the page”. ¢ symbol “vWWA 7 means a single bond where the
geometry around a double bond (e.g , either £ or 7} is undefined. Both options, as well as
combinations thercof are therefore intended. Any undefined valency on an atom of a
structure shown in this application imphicitly represents a hydrogen atom bonded to that
atom. A bold dot on a carbon atom indicates that the hyvdrogen attached io that carbon is
oricnted out of the plane of the paper.

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

group “R” in the formula:

then the vaniable may replace any hydrogen atom attached to any of the ring atoms, including
a depicted, implied, 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” in the formula:
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Ry~ e

N X
H

)
then the variable may replace any hydrogen attached to any of the ring atoms of cither 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

5 hydrogen of the formula above that is not shown but understood to be present), expressly
defined hydrogens, and optional hvdrogens whose presence depends on the identity of a ring
atom {e.g.. a hvdrogen attached to group X, when X ecquals —CH-}, so long as a stable
structure 1s formed. In the example depicted, R may reside on either the 5-membered or the 6-
membered ring of the fused ring system. In the formula above, the subsenipt lfetter 7

10 immediately following the R enclosed in parentheses, represents a numeric variable. Unless

specitied otherwise, this vaniable can be 0, 1, 2, or any integer greater than 2, only himited by
the maximum number of replaceable hydrogen atoms of the ring or ning system.

For the chemical groups and compound classes, the number of carbon atoms in the
group or class 1s as indicated as follows: “Cn” defines the exact number (n) of carbon atoms

15 i the group/class. “C<n” defines the maximum number (n) of carbon atoms that can be m

the group/class, with the mininmwm number as small as possible for the group/class in
question. For example, it i3 understood that the minimwum number of carbon atoms in the
groups “alkvlcesy”, “cvcloalkanedivicessy”, “heteroarvicesy”, and “acvice)” is one, the
minimum number of carbon atoms in the groups “alkenylices)”, “alkynyics”, and
20 “heterocycloalkylicwsy” 1s two, the minimum pumber of carbon atoms in the group
“cveloalkylcss” 1s three, and the minimur number of carbon atoms in the groups “arvicss)”
and “arenediviicssy” 15 six. “Cn-n'"” defines both the mininwum (n) and maxinwm number (n)
of carbon atoms in the group. Thus, “alkylcz19)” designates those alkyl groups having from
2 to 10 carbon atoms. These carbon number indicators 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 terms “C5 olefin”, “CS-olefin”, “olefines)”, and
“olefines”™ are all synonymous. When any of the chemical groups or compound classes
defined herein s modified by the term “substituted”, any carbon atom in the moiety replacing
the hydrogen atom is not counted. Thus methoxyhexyl, which has a total of seven carbon

30 atoms, is an example of a substituted alkylcis Unless specified otherwise, any chemical
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group or compound class listed in 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 is 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 occor
as part of keto-enol tautomerism or imine/enamine tautomerism are not precluded. When the
term “saturated” is used to modify a solution of a substance, it means that no more of that
substance can dissolve mn 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
joined together in straight chains, branched chains, or non-aromatic rings (alicychic).
Aliphatic compounds/groups can be saturated, that is joined by single carbon-carbon bonds
(alkanes/alkvl), or umsaturated, with onc or more carbon-cartbon double bonds
{(alkenes/alkenyty or with one or more carbon-carbon triple bonds (alkvnes/alkynyi).

The term “aromatic” when used to modify a compound or a chemical group refers to a
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 pomt of attachment, a linear or branched
acyclic structure, and no atoms other than carbon and hvdrogen. The groups —CHs (Me),
~CH:CH: (B, —CHuCHCH: (n-Pr or propyl), —CH(CHs): (-Pr, 'Pr or isopropyl),
—CHCHCHRCHs  (0-Bu), —CH{CH)CHRCH3  (sec-butyvl), —CHCH(CHs)  (isobutyl),
~C{CHs)s {rert-butyl, -butyl, --Bu or Bu), and ~CH2C{CHa ) (neo-pentyl} are non-limiting
examples 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 attachiment, a linear or branched acyclic structure, no carbon-carbon
double or triple bonds, and no atoms other than carbon and hydrogen. The groups —CHe—
{(methylene), ~CH2CHu—, —CH2C(CH:):CH2—, and —CHCH:CHu— are non-limiting examples
of alkanediyl groups. The term “alkviidene”™ when used without the “substituted” modifier
refers to the divalent group =CRR’ in which R and R’ are mdependently hydrogen or alkyl.
Non-limiting examples of alkylidene groups mchude: =CHz, =CH{(CH2CH3), and =C{CH:h.
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An “alkane” refers to the class of compounds having the formula H-R, wherein R i alkyl as
this term is 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, -1,
=NHz, -NO», —CO:H, —CG.CHs, —CN, —SH, —0OCH;, —OCH:CHs, —C(O)CHs, —NHCH;,
~NHCH2CHz, ~N(CHs), ~C(OWNH,, -C(ONHCHs, ~C{ON(CHa), -0OC(D)CHs,
~NHC(OYCH:, ~S{(0)0H, or ~S(0)NH:. The following groups are non-limiting examples
of substitted alkyvl groups: —CHoOH, -CHCl, —CF;, —CHCN, -CHC(O)OH,
—CH2C{GYOCHs, ~CHC(OINH,, ~CHYC(O)YCHs, ~CH20CHs, ~CHOC(O0)CHS, ~CH:aNH:,
~CHoN(CHs)o, and ~CHoCH2CL The term “haloalkyl™ is a subset of substituted alkyl, in
which the hydrogen atom replacement is Hnuted to halo (7e. —F, —Cl, —Br, or -1} such that no
other atoms aswde from carbon, hydrogen and halogen are present. The group, —CH(l is a
non-hmuting example of a haloaltkvl. The term “fluoroalkyl” is a subset of substitated alkyl,
in which the hvdrogen atom replacement is imited to flucro such that no other atoms aside
from carbon, hvdrogen and fluorine are present. The groups —CH:F, —CFs, and —CHz2CFs arc
non-limiting examples of fluoroalkyl groups.

The term “cycloalkyl” when used without the “substituted” modifier refers o a
monovalent saturated aliphatic group with a carbon atom as the point of attachment, said
carbon atom forming part of one or more non-aromatic ring structures, no carbon-carbon
double or triple bonds, and no atoms other than carbon and hydrogen. Non-limiting examples
include: ~CH{CHap (cyclopropyl). cyclobutyl, cyclopentyl, or cyclohexyl (Cyv).  As used
herein, the term does not preclude the presence of one or more alkyl groups {carbon number
Limitation pernutting) attached to a carbon atom of the non-aromatic ning structure. The term
“cycloatkanedivl” 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

rs

triple bonds, and no atoms other than carbon and hvdrogen. The group ¥ is a
non-timiting example of cycloalkanedivl group. A “cycloalkane™ refers to the class of
compounds having the formula H-R, wherein R is eycloalkyl as this term is defined above.
When anv of these torms is used with the “substituted” moedifier, one or more hydrogen atom
has been independently replaced by —OH, —F, —Ci, —Br, —I, —NHz, -NOQ», —-CO2H, —CO2CH,
~CN, -8H, -OCH3, -~OCH:CHs, ~-C(O)CHs, -NHCHs;, -~NHCH:.CH;, -~N(CHs),
~C(O)NH2, ~C{ONHCHs, ~C{OIN{CH3), —~OC(0)CHs, ~NHC(O)CHs, —S(ORpOH, or
—S(ORNH..
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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 least one nonaromatic carbon-carbon double bond, no
carbon-carbon triple bonds, and no atoms other than carbon and hydrogen. Non-limiting
examples include: ~CH=CHy (vinyD), ~CH=CHCHs, ~CH=CHCH:CH;, ~CH:CH=CH:
(aliyl), ~CHyCH=CHCH;, and ~CH=CHCH=CH,. The term “alkencdiy!” when used without
the “substituted” modifier refers to a divalont unsaturated aliphatic group, with two carbon
atoms as points of attachment, a linear or branched, a hnear or branched acyclic structure, at
least one nonaromatic carbon-carbon double bond, no carbon-carbon triple bonds, and no
atoms other than carbon and hydrogen. The groups —CH=CH-, —-CH=C(CH;)CH:—,
—CH=CHCH:—, and ~CHCH=CHCHx— are non-limiting examples of alkenedivl groups. It
1s noted that while the alkenedivl group is aliphatic, once connected at both ends, this group
is 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 formula H-K, whercin R is
alkenyl as this term 1s defined above. Similarly, the terms “terminal alkene” and “o-~olefin”
are synonyvmous 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 any of these terms are
used with the “substituted” modifier one or more hydrogen atom has been independently
replaced by ~OH, ~F, ~Cl, -Br, - ~NHz, ~NGQGa, ~CO:H, ~CO:CHs, ~CN, —SH, ~OCH;,
~OCH2CH3, ~C{O)CHs, ~NHCHs, ~NHCH2CH;, -N(CH3):, ~C{O)NH,, ~C{O)NHCH;,
—C{ON(CHz)z, —OC(OYCHs, —NHCO)YCH;, —S(0RO0OH, or —S{ORNH:. The groups
~CH=CHF, ~CH=CHC(] and ~CH=CHBr are non-limiting cxamples of substituted alkenvl
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 acvclic structure, at least one carbon-carbon tripie bond, and no atoms
other than carbon and hydrogen. As used herein, the term alkvnyl does not preclude the
presence of one or more non-aromatic carbon-carbon double bonds. The groups —C=CH,
—C=CCHz, and —CHxC=CCHs are non-limiting examples of alkynyl groups.  An “alkvne”
refers to the class of compounds having the formula H-R, wherein R is alkynyl. When any
of these terms are used with the “substituted” modifier one or more hydrogen atom has been
ndependently replaced by —QH, —F, =1, —Br, —1, -NHz, —-NGO2, —CO:H, —CO:CHi, —CN,
~8H, ~OCH;, ~OCHCH:, ~CO)CH;, ~NHCH:, ~NHCH:CH:, ~N(CHs), ~C{O}NH,,
~C{OINHCH:, ~C(ON(CHs o, ~OC{O)CH;z, -NHC(O)YCHs, —5{(0OpOH, or —S(OpNH>.
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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 one or more aromatic ring structures, cach with six ring ators

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 or unfused. Unfused rings
are connected with a covalent bond.  As used herein, the term arvl does not preclude the
presence of one or more alkyl groups (carbon number lumitation permitting) attached to the
first aromatic ring or any additional aromatic nng present.  Non-limiting examples of aryl
groups include phenyl (Ph), methylphenyl, {(dimethvliphenyl, ~CsHsCH2CH3 {ethyliphenyl),
10 naphthyi, and a monovalent group derived from biphenyl (e.g., 4-phenyiphenyl). The term

“arenediyl” 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

onc of more six-membered aromatic ring structures, each with six ring atoms that are all

carbon, and wherein the divalent group consists of no atoms other than carbon and hydrogen.
15 As used herein, the term arenediyl does not preclude the presence of one or more akkyl
groups {carbon mumber limitation permitting) attached to the first aromatic ring or any
additional aromatic ring present. If more than one ring is present, the rings may be fused or
unfused. Unfused rings are connected with a covalent bond. Non-hmiting examples of

arenedivl groups inchude:

& . & B2 a1 »
N YR v e v v
HG
44/ §—‘

An “arene” refers to the class of compounds having the formula H-R, wherein R is aryl 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 hydrogen atom has

25 been independently replaced by —OH, —F, —Cl, —Br, -1, -NHz, -NO», —CO:H, —CO2CH:,

=CN, —SH, ~0OCH:, ~OCH:CH;, ~C{O)CH:, ~NHCH; -~NHCHCHs, ~N{CHai),

~C{O)NH2, ~C(O)NHCH;, ~C(ON(CHs), ~0OC(0)CH;, ~-NHC(O)CHs, —S{On0H, or
—S(0)NH:.

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

30 monovalent group —alkanediyl-aryl, in which the terms alkanediyl and aryl are cach used im a

93



(]

10

15

20

WO 2018/089539

PCT/US2017/060701

manner consistent with the definitions provided above. Non-himiting examples are:
phenvimethyl (benzyl, Bn} and Z-phenyl-ecthyl. When the term aralkyl is used with the
“substituted” modifier one or more hvdrogen atom from the alkanediyl and/or the aryl group
has been independently replaced by —OH, —F, —Cl, —Br, -, -NHz, —NO», —~COH, —CO.CH;,
~CN, -8H, ~0OCH; ~OCHCHs, ~CO)CHs, ~NHCH:, ~NHCH:CH;, ~N(CHs),
~C{OINHz, ~C(ONHCH:, —~C{ON({CHz):, —~OC(0)CHs, ~NHC(O)CHs, —S(OpOH, or
—S{(OpNH2. Non-limiting examples of substituted aralkyls are: (3-chlorophenyl}-methyl, and
2-chloro-2-phenyl-eth-1-v1.

The term “hetercaryl” when used without the “substituted” modifier refers to a
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
structures, each with three to eight ring atoms, wherein at least one of the ring atoms is
nitrogen, oxveen or sulfur, and wherein the heteroaryl group consists of no atoms other than
carbon, hvdrogen, aromatic nitrogen, aromatic oxygen and aromatic sulfur. If more than one
ring is present, the rings may be fused or unfused. Unfused rings are connected with a
covalent bond. As used herein, the term heteroaryl does not preclude the presence of one or
more alkyl or arvl groups {carbon number limitation permitting) attached to the aromatic ring
or aromatic ring system. Non-hmiting examples of heteroarvl groups nclude furanyl,
mmidazolyl, indolyl, indazolyl (Im), isoxazolvl, methylpyridinyl, oxazolyl, phenylpyridinyi,
pyridinyl {pyndyl), pyrrolyl, pyrimidingl, pyrazinyl, quinolyl, quinazolyl, quinoxalinyl,
triazinyl, tetrazolyl, thiazolyl, thienvl, and triazolyl. The term “N-hetcroaryl” refers to a
heteroaryt group with a nitrogen atom as the point of attachment. A “heteroarene” refers to
the class of compounds having the formula H-R, wherein R is heteroaryl. Pyridine and
quinoline arc non-~limiting examples of heteroarencs. When these terms are used with the
“substituted” modifier one or more hvdrogen atom has been independently replaced by —OH,
~F, =CI, -Br, ~I, ~NHz, ~-NQs, ~CQO:H, ~CO:CHs, ~CN, ~SH, ~OCH;, ~OCHH;,
~C(O)CHs3, -NHCH:, -NHCH:2CHz, ~N(CHs), ~C(O)NH:, ~C{O)NHCHs, ~C(OIN(CHs ),
—OC(OYCH:, -NHC(O)CHs, —S(0):0H, or —S(0):NH..

The term “heterocycloalkyl” when used without the “substituted” modifier refers to a
monovalent non-aromatic group with a carbon atom or nitrogen atom as the pomt of
attachment, said carbon atom or nitrogen atom fornung part of one or more non-aromatic ring
structures, each with three fo cight ring atoms, wherein at least one of the ring atoms is
nitrogen, oxyeen or sulfur, and wherein the heterocycloalkyl group consists of no atoms other

than carbon, hvdrogen, nitrogen, oxygen 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 alkyl groups {carbon number imitation permitting) attached to the ring or ring
system. Also, the term does not preclude the presence of one or more double bonds in the
ring or ring system, provided that the resuiting group remaims non-aromatic. Non-limiting
examples of heterocveloalkyl groups include aziridinyl, azetidinyl, pyrrolidinyl, pipenidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, tetrahydrofuranyl, tetrahydrothioturanyl,
tetrahydropyranyl, pvranyl, oxiranyl, and oxetanyl. The term “N-heterocyveloalkyl” refers to
a heterocycloatkyl group with a nitrogen atom as the point of attachment. N-pyrrolidinyl i3
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, —ClI, —-Br, -1, -NH.,
=NGz, —-CO:H, —COCHs, —CN, -SH, —-OCH:;, —-OCH:CHs;, —-C(0)CHs;, -NHCH;,
~-NHCHCHz, ~-N(CHs), -C(ONH,, ~CONHCH;, ~CON(CHay, —-0C(O)CH;,
~NHC(O}CHs, ~8{03z0H, or ~S(0)NH..

The term “acyl” when used without the “substituted” modifier refers to the group
—C(O)R, m which R is a hydrogen, alkyl, cycloalkyl, or aryl as those terms are defined
above. The groups, ~CHO, ~C{O)CHs {acetyl, Ac), ~C(OYCH:CH;, ~C(O)YCH{CH:),
—COYCH(CH ), —C{O)Cels, and —C{OYCHCHs are non-limiting examples of acy! groups.
A “thioacyl” is defined m an analogous manner, except that the oxygen atom of the group
=C{(R has been replaced with a sulfur atom, ~C{$)R. 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 onc or more hydrogen atom (including a hydrogen atom
directly attached to the carbon atom of the carbonyl or thiocarbonyl group, if any) has been
independently replaced by ~OH, —F, —Cl, —Br, 1, ~NHz, ~NQa, ~CO:xH, ~C0xCHs, ~CN,
—SH, —0CH:;, ~OCH:CHs, —C{O)CHs, -NHCHs, -NHCH2CHs, —N{CHz)2, —C{O)NH>,
—C{ONHCH:, —CON(CHz), —OC(O)CHs, —-NHC{O)CHs, —S(OR0H, or —S(O)NH:. The
groaps, —~C(OYCHRCF;, —~COH {carboxyl), —~CO:CH: (methylcarboxyl), —~COCH2CH;,
~C{OINH: (carbamoyl), and ~CON(CHs)2, are non-limiting examples of substituted acyl
SIOUpS.

The term “alkoxy” when used without the “substituted” modifier refers to the group
~0OR, in which R 15 an alkyl, as that term is defined above. Non-limiting examples include:
—OCH:; (methoxy), “OCH:CH; {(cthoxy), —OCHCH2CH:, —OCH(CHs): (isopropoxy), or
—OC(CHs)s (fert-butoxy). The terms “cycloalkoxy”, “alkenvioxy”, “alkynyloxy”, “arvioxy”,
“aralkoxy”, “hetercaryloxy”, “heterocycloalkoxy”, and “acvioxy”, when uvsed without the

“substituted” modifier, refers to groups, defined as ~OR, in which R is cveloalkyl, alkenyl,

95



(]

10

15

20

WO 2018/089539 PCT/US2017/060701

alkynyl, aryl, aralkyl, hetercarvl, heterocyveloalkyl, and acyl, respectively. The term
“alkyithio” and “acylthio” when used without the “substituted” meodificr refers to the group
—SR, in which R 1s an alkyl and acyl, respectively. The term “alcchol” corresponds to an
alkane, as defined above, wherein at least one of the hvdrogen atoms has been replaced with a
hydroxy group. The term “ether” corresponds to an alkane, as defined above, wherein at least
one of the hydrogen atoms has been replaced with an alkoxy group. When any of these terms
is used with the “substituted” modificr, one or more hydrogen atom has been independently
replaced by ~OH, —-F, -1, -Br, I, -NHz, -NO,, ~CO:H, ~CG:CH;, ~CN, —8H, ~0CH;,
~OCHCHs, ~C(O)CH3, ~NHCH:, ~NHCH:CHs, ~N(CHs), ~C(ONH2, ~C(ONHCH;,
—C{OIN(CHz)2, —OC(O)CHs, -NHC(O)CH:, —S(0):0H, or —S{O)RNH..

The term “alkylammo™ when used without the “substituted” modifier refers to the
groop ~NHR, in which R is an alkyl, as that term is defined above. Non-himiting examples
inclade: ~NHCH; and ~NHCH:CH:.  The term “dialkvlamino” when used without the
“substituted” modifier refers to the group —NRR', in which R and R’ can be the same or
different alkyl groups. Nowv-linuting examples of dialkylamino groups include: —N(CHs)2
and ~N{CH:YCH2CHz). The terms “cveloalkylamino”, “alkenylaming”, “alkynylamino”,
“arvlamino”, “aralkylamino”, “hetercarylamino”, “heterocyeloatkylaming”. “alkoxyvamino”,
“alkylsulfonylamimno”, or “cycloatkylsulfonylamine” when used without the “substituted”
modifier, refers to groups, defined as ~NHR, in which R 18 cycloalkyl, alkenvl, alkynyl, aryl,
aralkyl, hetercaryl, heterocycloalkyvl, alkoxy, alkylsulfonvl, and c¢ycloalkvlsulfonyl,
respectively. A non-luniting example of an arvlamino group is —NHCeHs. The term “amido”
{acylamino), when used without the “substituted™ modificr, refers to the group ~NHR, in
which R is acyl, as that term is defined above. A non-limiting example of an amido group is
—NHC(O)CHa. When anv of these torms 1s used with the “substituted” modificr, one or more
hvdrogen atom attached to a carbon atom has been independently replaced by —OH, —F, —-Cl,
~Br, ~L, ~NH, -NQ;, ~COH, ~CO:CHs, ~CN, ~SH, ~OCH;, ~OCHCH;, ~C(O)CH;,
“NHCH:, ~NHCH)CH;, ~N(CHs), ~C(ONH,, ~C(ONHCH:, ~CONCHsh,
—OC(OYCH:, -NHC(O)CHs, —8(0):0H, or —S(0)NHz. The groups —NHC(OYOCHs and
—NHC(O)NHCH; are non-limiting examples of substituted amido groups.

The terms “alkvlsulfonyl” and “alkylselfingl” when vsed without the “substituted”

modifier refers to the groups —S(O)RR and —S(O)R. respectively, in which R is an alkyl, as

that term is defined above. The terms “cvcloalkvisulfonyl”, “alkenylsulfonvi”,
“alkynylsulfonyl”, “arylsuifonyl”, “aralkylsulfonyi”, “heteroarylsutfonyl”, and

“heterocycloatkylsulfonyl™ are defined in an analogous manner. When any of these terms is
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used with the “substituted” modifier, one or more hydrogen atom has been independently
replaced by ~OH, —F, ~Cl, —Br, ~1, ~NHa, ~NO», ~COoH, ~CO:.CH;, ~CN, ~8H, ~OCH;,
—OCHCHs, —C(OYCHs, —-NHCH:, —-NHCHuCHs, —N(CHs), —C(O)NH2, —C(OINHCHs,
=C{OMN(CHs)2, —OC(O)CHs, —-NHC(O)YCH:, —S(0):0H, or —S{0):NH:.

The wvse of the word “a” or “an,” when used in conjunction with the term
“comprising” in the claims and/or the spectfication 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” i3 used to indicate that a value mchudes
the mherent vanation of error for the device, the method being emploved to determine the
value, or the variation that exists amoung the study subjects or patients.

An “active mgredient” (AT) {also referred to as an active compound, active substance,
active agent, pharmaceutical agent, agent, biologically active molecule, or a therapeatic
compound) 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 n
medicine, and the term active substance may be used for pesticide formulations.

As used herein, average molecular weight refers to the weight average molecular
weight (Mw) as determined by static light scattering.

k]

The terms “comprise,” “have” and “include” are open-ended linking verbs. Any

P

forms or tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,”
“having,” “includes” and “including,” arc also open-ended. For example, any method that
“comprises,” “has” or “includes” one or more steps is not himited to possessing only those
one or more steps and also covers other unlisted steps.

The term “effective,” as that torm 1s used i the specification and/or claims, means
adequate to accomplish a desired, expected, or intended resnlt. “Effective amount,”
“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, 1s an amount sufficient to effect the treatment or prevention of the discase. For
example, within the context of Alport syndrome, one measure of an effective treatment is the
reduction of one or more urine biomarkers such as the presence of blood or protein in the
urine or the improved glomerular filtration rate. In a particular cmbodiment, a measure of an
effective treatment is a reduction in the concentration of protein in the wrine 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 embodiment, less than 30
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mg/dL. When the presence of blood is used as a marker of therapeustic effectiveness, an
cffective therapy results in the absence of macroscopic blood in the urine while microscopic
blood may still be present. In a preforred embodiment, an effective therapy resulis in the
absence of any blood including nucroscopic blood which would only be visible using a
microscope or in an urinalysis. Finally, an effective therapy would result in an improvement
in the glomerular filtration rate. Glomerular filtration rate can be estimated using a variety of
different methods using creatinine including the Cockeroft~Gault formula, the Modification
of IHet in Renal Disease (MDRD) formuda, the Chronic Kidney Disease Epidemioclogy
Collaboration ({CKD-EPI) formula, the Mavo Quadratic formula, or the Schwartz formula. In
gencral, the Schwartz formula mav be used for children below the age of 12, These methods
are further elaborated on in the sections above and in the Examples below. For example, an
effective treatment may result a glomerular filtration rate (or an estimated glomerular
filiration 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 mL/min/1.73 n’.

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 ingredient in the
final dosage form, such as facilitating drug absorption, reducing viscosity, or enhancing
solubility. Excipicnts include phammaceutically acceptable versions of antiadherents, binders,
coatings, colors, disintegrants, flavors, ghidants, lubricants, preservatives, sorbents,
sweeteners, and vehicles. The main excipient that serves as a medium for conveying the
active mgredient s usually called the vebicle. Excipicnts may also be used m the
manufacturing process, for example, to aid in the handling of the active substance, such as by
facilitating powder flowability or non-stick properties, in addition to aiding in vitro stability
such as prevention of denaturation or aggregation over the expected shelf life. The suitability
of an exciptent will typically vary depending on the route of administration, the dosage form,
the active ingredient, as well as other factors.

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

of the compound.
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As used herein, the term “ICs0” refers to an whibitory dose which 1s 50% of the
maximum response obtained. This quantitative measure indicates how much of a particular
dmg or other substance (inhibitor) is needed to inhibit a given biological, biochemical or
chemical process (or component of a process, i.e. an enzyme, coll, cell receptor or
microorganism) by half.

An “isomer” of a first compound is a separatc compound 1 which each molecule
contains the same constituent 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 mammalian
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 “pharmaccutically acceptable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, saitable for use in contact with the tissues, organs, and/or bodily fhuds of human
beings and animals without excessive toxicity, irritation, allergic response, or other problems
or complications commensurate with a reasonable bencefit/risk ratio.

“Pharmaceutically acceptable salts” means salts of compounds of the present
invention which are phammaceutically acceptable, as defined above, and which possess the
desired pharmacological activity. Non-limiting examples of such salts include acid addition
salts formed with inorganic acids such as hvdrochioric acid, hydrobromic acid, sulfuric acid,
nitric acid, and phosphoric acid; or with organic acids such as 1,2-cthanedisulfonic acid,
2-hydroxyethanesolfonic  acid, 2-naphthalenesulfonic acid, 3-phenylpropionic  acid,
4.4'-methylencbis(3-hydroxv-Z-ene-i~carhoxylic  acid), 4-mothvibicyelo{2.2.2}oct-2-cne-
I-carboxylic acid, acetic 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, cthanesulfonic acid, fiumaric
acid, glucoheptonic acid, gluconic acid, ghutamic acid, glycolic acid, heptanoic acid, hexanoic
actd, hydroxynaphthoic acid, lactic acid, lauryisulfuric acid, maleic acid, malic acid, malonic
acid, mandelic acid, methanesulfonic acid, muconic acid, o-{(4-hydroxybenzovlibenzoic acid,
oxalic acid, p~chlorobenzenesulfonic acid, phenvl-substituted alkanoic acids, propionic acid,
p-toluenesulfonic acid, pyvruvic acid, salicylic acid, stearic acid, succinic 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 inorganic bases mchude sodium
hydroxide, sodium carbonate, potassium hydroxide, aluminum hydroxide and calcmm
bydroxide. Non-luniting examples of acceptable organic bases include ecthanolamine,
dicthanolanune, tricthanolanune, tromethamine, and Nemethylglucanune. It should be
recognized that the particular anion or cation forming a part of any salt of this invention s 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 are presented
i Handbook of Pharmaceutical Salts: Properties, and Use (P. H. Stahl & €. G. Wermuth
eds., Verlag Helvetica Chimica Acta, 2002).

A “pharmaceutically acceptable carrier,” “drug carrer,” or simply “carrier” is a
pharmaceutically  acceptable substance formulated along with the active ingredient
medication that s involved in carryving, delivering and/or transporting a chemical agent.
Drug carricrs may be used to improve the delivery and the effectiveness of duugs, including
for example. controlled-release technology to modulate drug bicavailability, decrease drug
metabolism, and/or reduce drug toxicity. Some drug carriers may increase the effectivencss
of drug delivery to the specific target sites. Examples of carriers include: liposomes,
microspheres (e.g., made of poly{lactic-co-glycolic) acid), albumin microspheres, synthetic
polymers, nanofibers, protein-DNA complexes, protein conjugates, ervthrocyles, virosomes,
and dendrimers.

A “pharmaceutical drug” {also referred to as a pharmaceutical, pharmaceutical agent,
pharmaceutical preparation, pharmaceutical composition, pharmaccutical  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 mgredient n a pharmaceutical drug or a pesticide that is biologically
active. The similar terms active pharmaceutical mgredient (AP 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 one active ingredient. In
contrast with the active ingredients, the inacttve ingredients are usually called cxcipients
{defined above} in pharmaceutical contexts.

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

slowing the onset of the pathology or symptomatology of a disease in a subject or patient
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which may be at risk and/or predisposed to the discase but does not yet expenience or display
any or all of the pathology or symptomatology of the discase.
“Prodrug” means a compound that is comvertible in vive metabolically into an

wmhibitor according to the present invention. The prodrug iself may or may not also have

(]

activity with respect to a given target protein.  For example, a compound comprising a
hvdroxy group may be administered as an ester that is converted by hydrolvsis in vive to the
hydroxy compound. Non-limiting cxamples of suitable esters that may be converted in vivo
into hvdroxy compounds include acetates, citrates, lactates, phosphates, tartrates, malonates,
oxalates, salicvlates, propionates, succinates, fumarates, maleates, methylene-
10 his-B-hydroxynaphthoate, gentisates, iscthionates, di-p-toluoyltartrates, methanesulfonates,
cthanesulfonates, benzenesulfonates, p-toluenesulfonates, cvclohexylsulfamates, quinates,
and esters of amino acids. Similarly, a compound comprising an amine group may be
administered as an amide that is converted by hyvdrolysis in vive to the amine compound.
A “stercoisomer” or “optical isomer” is an isomer of a given compound in which the
15 same atoms are bonded to the same other atoms, but where the configuration of those atoms
n three dimensions differs. “Enantiomers” are stercoisomers of a given compound that are
mirror images of each other, like left and right bands. “Diastereomers” are stercoisomers of a
given compound that are not enantiomers. Chiral molecules contain a chiral conter, also
referred to as a stereocenter or stereogenic center, which is any point, though not necessarily
20 an atom, in a molecule bearing groups such that an interchanging of any two groups leads to a
stercoisomer. 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 organic and
morganic compounds. A molecule can have multiple stereocenters, giving it many

stercoisomers. In compounds whose stereoisomerism is due to tetrahedral stereogenic centers

joe)
(=

{e.g., tetrabedral 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 fewer than the maximum possible namber of stereoisomers. A 350:50 mixture
of enantiomers is referred 0 as a racemic mixture. Alternatively, a muxture of enantiomers
can be enantiomerically enriched so that one enantiomer s present in an amount greater than
36 50%. Typically, enantiomers and/or diastercomers can be resolved or separated using
techniques known in the art. ¥t is contemplated that that for any stereccenter or axis of
chirality for which stercochemistry has not been defined, that stercocenter or axis of chirality

can be present in its X form, S form, or as a mixture of the R and § forros, including racenuc
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and non-racomic mixtures. As used hercin, the phrase “substantially free from other
stereotsomers” means that the composition contains < 15%, more preferably < 10%, cven
more preferably < 5%, or most preferably < 1% of another stereoisomer(s}).

“Treatment” or “treating” includes (1) inlubiting a disease n a subject or patient
experiencing or displaying the pathology or syvmptomatology of the discase (e.g., arresting
further development of the pathology and/or symptomatology), (2} ameliorating a discase in a
subject or patient that 1s experiencing or displaying the pathology or symptomatology of the
disease (e.g., reversing the pathology and/or symptomatology), and/or (3} effecting any
measurable decrease in a discase in a subject or patient that is experiencing or displaying the
pathology or symptomatology of the disease.

The above definitions supersede any conflicting definttion in any reference that 1s
incorporated 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 are believed to describe the invention in terms such that onc of ordinary skill can

appreciate the scope and practice the present invention,
ViI. Examples

The following examples are included to demonstrate preferred embodiments of the
wmvention. [t should be appreciated by those of skill in the art that the techmigues disclosed i
the examples which follow represent techmgues discovered by the inventor to function well
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 like or similar result without departing from the spirit and scope of the

mvention.
Example 1 - Bardoxolone Methyl Increases Renal Function

Bardoxolone methyl has been studied in seven CKD studies enrolling approximately
2,600 patients with Tvpe 2 diabetes and CKD. Improvements in renal function, including
mnulin clearance, creatining clearance, and ¢GFR, have been observed with bardoxolone
methyl treatment in a number of clinical studics. A recent study in Japanese CKD patients
demonstrated that bardoxolone methyl treatment resulted in a significant improvement in
measured GFR, as assessed by inulin clearance, after 16 weeks of treatment compared to

placebo. Moreover, measured GFR increases were significantly and positively correlated
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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 methyl were
sustained for at least one vear. Furthermore, after one year of treatment, a rosidual ¢eGFR
merease from bascline was observed in bardoxolone methy! patients after cessation of drug
for four weeks, while an eGFR decline from baseline was observed 1n placebo patients. In
other CKD studies, bardoxolone methyl has been shown to significantly reduce wremic
solutes (BUN, uric acid, and phosphate} in inverse correlation to ¢GFR increases and to
numertcally reduce renal SAEs and ESRD events.

The data from these studies suggest that bardoxolone methyl has the potential to
prevent renal function decline, which could uitumately prevent or delay ESRD. In Alport
syndrome patients, who have average eGFR declines of 4.0 mL/min/1.73 m? per year, the
potential impact of a sustained eGFR inerease with bardoxolone methy! treatment is clinically
meaningful and could provide a multi-vear delay in discase progression to ESRD.

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

below.

Al Bardoxolone Methyl Improves Kidney Function, as Assessed by
Measured GFR {(Inulin Clearance), Creatinine Clearance, and eGFR

In a studv i Japancse patients with Stage 3 CKD, bardoxolone methyl treatment
resulted in a significant improvement in measured GFR, as assessed by inulin clearance, after

16 weeks of treatment compared to placebo (Table 22).

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

Change from Baselice at Week 16 Placebo Bardoxslene Methyt
(meL/min/1.73 m?) (MN=23) N=1T)

Mean + SD -0.42+£7.52 5.38£7.90

LS Mean -.69 5.95

95% CI(LL,UL) -3.83,2.45 2.29,9.60

p-value versus Placebo - 0.008

Moreover, measured GFR increases were significantly and positively correlated with
improvemenis in eGFR {(p= 0.002). In two studies, bardoxolone methyl sigmificantly
increased creatinine clearance. [Importantly, these increases were not associated with a
change in 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) m inverse
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correlation to eGFR increases and to numerically redoce renal SAFEs and ESRD events.
These data demonstrate that the increases in eGFR observed in seven CKD studies of
bardoxolone methyl treatment reflect true increases i GFR and support the use of ¢GFR as a
rehable marker of renal function (Table 23),

Table 13: Cross-Study Comparison of Increases in eGFR, Inulin Clearance, Creatinine
Clearance with Bardoxolone Methyl Treatment

Stedy Phase/Country Patient Population Mean Placebo-correcied AcGFR

(mLimin/1.73m%"

(€3]
402-C-0801 (Stratum 1)  2a/US Diabetic nephropathy 6.7 (p <0.001)
402-C-0801 (Stratum 2)  Zb/US Driabetic nephropathy 7.2 (p<0.001) i
402-C-0804 (BEAM) 2/US CKD/Diabetes 8.6 (p <0.001 vs. PBO)
402-C-0902 2/U8 CKD/Diabetes 6.5 (p <0.001%
402-C-0903 (BEACON)  3/Global CKD/Diabetes 6.4 {p <0.001 vs. PROY’
402-C-1102 1AJS CKD/Diabetes 9.0 (p <0.05)@
RTA402-005 2/Japan CKD/Diabetes 6.6 (inulin GFR)
(TSUBAKD {p = 0.008 vs. PBO}
402-C-6501 1AJS Cancer 18.2 (p <0.0001)?
402-C-0702 172708 Cancer 322 (p=0.001)%
402-C-1302 (LARIAT)  2/US Pulmanary 14.7 (p <0.001 vs. PBO)
hyperttension

Error! Reference source not found. Unless noted, data are differences between mean ¢GFR changes

from baseline for bardoxolone methyl versus placebo groups and p-values calculated comparing the difference
in means between bardoxolone methyi and placebo groups.

@ Data are mean eGFR changes from basehue for bardoxolone methy] patients and p-vahues are
calculated from two-sided paired i-tests comparing eGFR change to 0.

@ Study also demonstrated a significant increase in creatinine clearance.

B, Bardoxolone Methyl Produces a Retained eGFR Increase After
Withdrawal of Brug
After one year of treatment with bardoxolone methyl a residual ¢GFR increase from

baseline is observed afier cessation of treatment for four weeks, while an eGFR decline from
baseline 1s observed in placebo patients. Sub-therapeutic concentrations of drug are achieved
within approximately 10 days after drug withdrawal. In studies 402-C-0804 and 402-C-0503,
approximately 20% to 25% of the on-treatment eGFR increase {or 1 to 4 mL/min/1.73 m?
improvement relative to bascline) was maintained in bardoxolone methyi-treated paticnts
after withdrawal of drug. The increases above baseline were statistically significant in both
studics. Placebo-treated patients in these studies lost approximately 1 mL/min/1.73 m? over
the course of a vear, and in study 402-C-0903, this loss from baseline was statistically
significant.

The sustained mcrease in oGFR through one year of treatment and the presence of a

sustained ¢GFR improvement after withdrawal of drug suggest that the maladaptive structural

104



10

20

b
(¥4

WO 2018/089539 PCT/US2017/060701

deficits that coniribute to declining kidney function (such as mesangium expansion and
interstitial fibrosis) may be improved over the course of longer-term treatment with

bardoxolone methyl.
Example 2 — Alport Syndrome Clinical Trial

CARDINAL 15 an international, multi-center Phase 2/3 study, initiated in February
2017, enrolling patients from 12 to 60 vears old with a confirmed genetic or histological
diagnosis of Alport syndrome. Patients must have baseline eGFR values between 30 to 90
mL/min/1.73 m? and must be receiving stable renin-angiotensin-aldosterone system blockade
unless contraindicated. The Phase 2 portion of CARDINAL is open-label and enrolied 27
patients. The primary endpoint of the Phase 2 portion of the study 1s the eGFR change from
baseline 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 1:1 basis 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 original treatment assignments and will
continue on study drug for an additional 48 weeks. The change from baseline in ¢GFR in
bardoxolone methyl-treated patients relative to placebo will be measured again at the end of
this second 48 week period {week 100 overall). The eGFR change will also be measured
following the withdrawal of drug for four weeks (retained eGFR; week 104 overally. If the
trial is suceessful, the vear one retained e GFR data could support accelerated approval under
subpart H of the Food, Drug, and Cosmetic Act, or the FDA Act, and the vear two retained
¢GFR data could support full approval under the FDA Act.

Inclusion criteria include a positive genetic diagnosis of Alport syndrome and
cvidence of impaired renal function as measured by ¢GFR. The study will exclude patients
with a historv of chinically significant heart disease and elevated baseline BNP, as well as
patients with scverely compromised renal function (¢GFR < 45 mL/min/1.73 m” and ACR >

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

A. Development of Exclusion Criteria for Chinical Trial

Study 402~C-0903, titled “Bardoxolone Methy! Fvaluation in Paticnts with Chronic
Kidney Disease and Type 2 Dhabetes: The Occurrence of Renal Events” (BEACON) was a
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-

phase 3, randomized, double-blind, placcbo-controlled, parallel-group, multinational,
multicenter study designed to compare the cfficacy and safety of bardoxolone methyl
(BARD) to placebo (PBO) in paticnts with stage 4 chronic kidney discase and type 2
diabetes. A total of 2,185 patients were randomized 11 to once~daly admimstration 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 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
(3) time-to-fust ovent of the composite cndpoimt consisting of non-fatal myocardial
wmfarction, 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 failure in the treatment arm. Subsequent analysis indicated that the elevated
risk was associated with fluid overdoad due to changes in renal processing of sodium, and was
largely confined to paticnts having: (a) a history of left-sided myocardial discase; or (b} an
clevated B-type natriuretic peptide (BNP) level. An elevated albumin-creatinine ratio and
advanced {stage 4) CKID were also determined to contribute to the nisk of fluid overload.

Based on this analysis, a trial of bardoxolone methyl mn patients with pulmonary
arterial hypertension, known as LARIAT, was proposed and was approved by the United
States FDA. Exclusion criteria included the risk factors noted in the BEACON analysis.
Based on mtial indications of safety and efficacy in PAH pationts, the LARIAT trial was
expanded to include other forms of pulmonary hypertension. Based on further indications of
safety and efficacy in PAH patients, a Phase 3 tral of bardoxolone methyl in patients with
PAH associated with connective tissue discase (CTD-PAH), known as CATALYST, was
proposed and approved by the FDA.

Alport syndrome patients normally do not have other cardiovascular or metabolic
comorbidities {e.g., diabetes), unlike most patients with CKD caused by diabetes. Therefore,
Alport syndrome patients are unlikely to suffer from the two principal risk factors identified
m the BEACON analysis.

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 m Alport syndrome paticnts as

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

X
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treatment period without any discontinuations.  The mean baseline eGFR (= §D) was
547 £ 24 mL/min/1.73 m?,

For the first cight pationts that reached Week 12, available data showed a mcan
improvement of 6.9 mL/min/1.73 nm® at Week 4 (n = 19; p < 0.0005), increasing by
12.7 mL/min/1.73 m* at Week 12 (n = 8; p < 0.00005). Over 80% of patients demonstrated a
clinically meaningful improvement in eGFR 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 7.5 mL/min/ 1. 73 mt.
The observed treatment effect surpassed the threshold of 3.0 mL/min/1.73 m?, which was the
minimum effect size necessary to proceed to the Phase 3 portion of the trial.

For the full cohort of thuty patients, the mean bascline eGFR (= SD) was
534+ 24 mL/min/1.73 m?.  Bardoxolone mcereased ¢GFR by 134 mL/min/1.73 m? (n = 3-;
p<1x10% 95% (I 1034 to 163) after 12 weeks of treatment. Al 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 i kidney function in patients with Alport syndrome.
The improvements in ¢GFR translated to an improvement in CKD 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 independent data monitoring
commiftee 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 exccuted without
undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the methods and in the
steps or n the sequence of steps of the method described herein without departing from the
concept, spirit and scope of the invention. More specifically, 1t will be apparent that certaim
agents which are both chemically and physiclogically related may be sobstituted for the
agents described herein while the same or similar results would be achieved. Al such similar
substitutes and modifications apparent to those skilled in the art are deemed to be within the

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