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METHODS OF TREATING TTR AMYLOIDOSIS USING AG10

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C § 119(e) to U.S.
Provisional Application Serial Nos. 62/647,411 filed 23 March 2018; 62/765,096 filed 17
August 2018; 62/731,629 filed 14 September 2018; 62/758,235 filed 9 November 2018; and
62/810,651 filed 26 February 2019, the disclosures of each are incorporated herein by

reference in their entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] NOT APPLICABLE

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK

[0003] This application hereby incorporates by reference, in its entirety, the sequence
listing submitted in computer readable form with this application. The submitted file is

entitled: “Sequence Listing — 051418-505.”
BACKGROUND OF THE INVENTION

[0004] Aberrant protein interaction and aggregation, either through protein misfolding or
over activation of a signaling pathway is the underlying cause of a large number of human
degenerative diseases. As such, targeting protein protein interactions (PPIs) is of therapeutic

interest.

[0005] One such example of aberrant protein aggregation is the soluble protein
transthyretin (TTR or prealbumin). TTR is a 55 kDa homotetrameric protein present in blood
and cerebrospinal fluid. When dissociated from its homotetrameric form, TTR dimers can
misfold into amyloidogenic monomers. This has been observed with the wild type TTR as
well as more than 100 different mutated variants. Research has shown that stabilizing the
tetrameric form of TTR inhibits the misfolding of amyloidogenic monomers and subsequent

TTR amyloid formation and deposition.
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[0006] A benzoxazole derivative called tafamidis (2-(3,5-dichlorophenyl)-1,3-benzoxazole-
6-carboxylic acid has been described to inhibit abnormal TTR aggregation and fibril
formation, and is undergoing clinical trials for the treatment of cardiomyopathy in familial
and wild-type TTR patients. Tafamidis is still under evaluation from the FDA, the principal

medicine registration office.

[0007] Despite continued efforts in managing and improving the treatments of subjects
with abnormal TTR aggregation and fibril formation, there remains little improvement. For
example, recent retrospective review from the Mayo Clinic, the largest amyloid referral
center in the United States, indicated that there has been no appreciable change in the overall
mortality in subjects with TTR amyloid cardiomyopathy (ATTR-CM) between 1965 and
2013 (Grogan et al. J Am Coll Cardiol 2016; 68(10): 1014-20).

[0008] As such, there exists a need in the art to provide methods for treating abnormal TTR
aggregation and fibril formation. The present disclosure addresses these needs and provides

related advantages as well.
BRIEF SUMMARY OF THE INVENTION

[0009] In some aspects, provided herein are methods of treating transthyretin (TTR)
amyloidosis in a subject in need thereof, the method comprising administering to a subject in

need thereof a therapeutically effective amount of Compound 1, having the formula:
COOH

i 0 ~ “NH
F =N

or a pharmaceutically acceptable salt thereof, wherein said therapeutically effective amount is

a total daily dosage of about 50 mg to 2,000 mg.

[0010] In some embodiments, the total daily dosage of Compound 1 is about 800 mg. In
some embodiments, the total daily dosage of Compound 1 is about 1,600 mg. In some

embodiments, the HCI salt form of Compound 1 is administered.

[0011] In some embodiments, Compound 1 is administered once daily. In some

embodiments, Compound 1 is administered twice daily.
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[0012] In some aspects, provided herein are methods of treating transthyretin (TTR)
amyloidosis in a subject in need thereof, the method comprising administering to a subject in

need thereof a therapeutically effective amount of Compound 1, having the formula:
COOH

i 9 “ “NH
F =N

or a pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount of

Compound 1 maintains a desired trough blood plasma concentration of Compound 1.

[0013] In an additional aspect, provided herein is a single unit dosage about 10-1,000 mg of

Compound 1, having the formula:

COOH

9 Z “NH

—

, or a pharmaceutically acceptable salt thereof.

[0014] In some embodiments, the single unit dosage form comprises 200 mg of Compound
1. In some embodiments, the single unit dosage form comprises 400 mg of Compound 1. In

some embodiments, the singe unit dosage comprises the HCI salt of Compound 1.

[0015] Other objects, features, and advantages of the present invention will be apparent to

one of skill in the art from the following detailed description and figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows the pharmacokinetic (PK) profiles of single ascending dose cohorts 1-
4 at 50 mg, 150 mg, 300 mg, and 800 mg oral doses of AG10 HCI.

[0017] FIG. 2 shows PK profiles of fed vs fasted subjects in single ascending dose Cohort 3
(300 mg oral dose of AG10 HCI).

[0018] FIG. 3 shows the PK profiles of multiple ascending dose cohorts 1-3 at 100 mg, 300
mg, 800 mg oral doses of AG10 HCl every 12 hours for 12 days.

[0019] FIG. 4 shows Fluorescent Probe Exclusion (FPE) assay time courses of single

ascending dose cohort 3 (300 mg oral AG10 HCI) demonstrating percent target engagement
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as a function of time. In this cohort, 6 subjects are administered Compound 1, while 2

subjects are administered a placebo. The placebo group are subjects 1 and 4.

[0020] FIG. 5 shows FPE assay time courses of single ascending dose cohort 4 (800 mg
oral AG10 HCI) demonstrating percent target engagement as a function of time. In this
cohort, 6 subjects are administered Compound 1, while 2 subjects are administered a placebo.

The placebo group are subjects 1 and 7.

[0021] FIG. 6 shows the average percent target engagement for each single ascending dose

cohort as a function of time.

[0022] FIG. 7A & FIG. 7B show western blot data for single ascending dose cohort 3 (300
mg AG10 HCI). The arrow on the side of the gel indicates the position of the TTR tetramer
based on Molecular Weight and recognition by a TTR specific antibody.

[0023] FIG. 8 shows the correlation between western blot data and FPE data for single
ascending dose cohort 3 (300 mg oral AG10 HCI).

[0024] FIG. 9 shows FPE assay time courses for multiple ascending dose cohort 1 (100 mg
oral AG10 HCI q12h) through 12 days. In this cohort, 6 subjects are administered Compound

1, while 2 subjects are administered a placebo. The placebo group are subjects 1 and 8.

[0025] FIG. 10 shows FPE assay time courses for multiple ascending dose cohort 2 (300
mg oral AG10 HCI q12h) through 12 days. In this cohort, 6 subjects are administered
Compound 1, while 2 subjects are administered a placebo. The placebo group are subjects 3

and 5.

[0026] FIG. 11 shows FPE assay time courses for multiple ascending dose cohort 3 (800
mg oral AG10 HCI q12h) through 12 days. In this cohort, 6 subjects are administered
Compound 1, while 2 subjects are administered a placebo. The placebo group are subjects 1

and 7.

[0027] FIG. 12 shows the peak, average, and trough percent target engagement for cohort 3
(800 mg oral AG10 HCI q12h) through 12 days using the FPE assay.

[0028] FIG. 13 shows western blot data for multiple ascending dose cohort 3 (800 mg oral
AG10 HCI q12h). The arrow on the side of the gel indicates the position of the TTR tetramer
based on Molecular Weight and recognition by a TTR specific antibody. Subjects 1 and 3

received AG10, while subject 2 received placebo.
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[0029] FIG. 14 shows aggregated pharmacokinetic and pharmacodynamic data from the
single ascending dose and multiple ascending dose cohorts, there is a predictable dose-

responsive PD effect.

[0030] FIG. 15 shows the synthesis of AG10 analogues 1, 2, 3, and 4. a) Sa, 1.
acetylacetone, DBU, benzene, 1t, 3 days; ii. hydrazine hydrate, ethanol, 90° C, 4 h; iii. NaOH,
MeOH/water, 50°C, 14 h; b) 5b, i. acetylacetone, DBU, benzene, rt, 3 days; ii. hydrazine
hydrate, ethanol, 900 C, 4 h; ¢) 1. NaH, Mel, DMF, rt, 12 hr; ii. NaOH, MeOH/water, 50°C,
14 h; d 5b, 1. 3,5-Heptanedione, DBU, benzene, rt, 3 days; ii. hydrazine hydrate, ethanol, 90o
C, 4 h; e) NaOH, MeOH/water, 50°C, 14 h.

[0031] FIG. 16A-C shows the binding affinities and potency of stabilizers for TTR in
buffer. (a) Interaction of TTR with stabilizers assessed by ITC. Thermodynamic data
(summarized in Table 5); AG are blue bars, AH are green bars, and -TAS are red bars. (b)
Fluorescence change caused by modification of TTR in buffer (2.5 uM) by FPE probe
monitored in the presence of probe alone (Control DMSO) or TTR stabilizers (2.5 uM; 1:1
Stabilizers to TTR ratio). (c) Bar graph representation of percent occupancy of TTR in buffer
by stabilizers in the presence of FPE probe measured after 3 hr of incubation relative to probe
alone. Error bars indicate SD (n = 3). The significance of the differences were measured by

one-way ANOVA followed by Tukey’s multiple comparison test (*p < 0.05; ***p <0.001).

[0032] FIG. 17A-D shows the efficacy of stabilizers in occupying and stabilizing TTR in
human serum. (a) Representative western blot image for the stabilization of TTR in human
serum subjected to acid-mediated (pH 4.0) denaturation in the presence of AG10 (10 uM)
and other stabilizers tested at their estimated mean clinical Cmax at steady state when
administered at the doses indicated: diflunisal (250 mg bid, 200 uM); tafamidis (80 mg qd),
20 uM; tolcapone (100 mg tid), 20 uM. (b) Bar graph representation of stabilization data
obtained from Western blot experiments. Error bars indicate SD (n = 3). (¢) Fluorescence
change caused by modification of TTR in human serum by FPE probe monitored in the
presence of probe alone (Control DMSO), AG10 (10 uM), or TTR stabilizers (at their
estimated mean clinical steady state Cmax). (d) Bar graph representation of percent occupancy
of TTR in human serum by stabilizers in the presence of FPE probe measured after 3 hr of
incubation relative to probe alone. Error bars indicate SD (n = 4). The significance of the
differences were measured by one-way ANOVA followed by Tukey’s multiple comparison

test (n.s., not significant; *p < 0.05; **p < 0.01; ***p <0.001)
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[0033] FIG. 18A-D shows crystal structures highlighting similar interactions caused by the
T119M mutation and binding of AG10 to TTR. (a) Quaternary structure of AG10 bound to
V122I-TTR (PDB: 4HIQ) shown as a ribbon representation with monomers colored
individually. Close-up views of one of the two identical T4 binding sites with different
colored ribbons for the two monomers of the tetramer composing the binding site. Key
hydrogen bonds between the pyrazole ring of AG10 and S117/117" are highlighted by dashed
lines. (b) Crystal structure of the stabilizing T119M-TTR variant (PDB: 1FHN)with dashed
lines highlighting key interactions between the hydroxyl groups of S117 and S117°. (c)
Crystal structure of TTRwt (PDB: 3CFM). (d) Crystal structure of thermodynamically
stabilized R104H-TTR (PDB: 1X7T).

[0034] FIG. 19A-E illustrates the hydrogen bonds between the pyrazole ring of AG10 and
S117/S117° of TTR are important for effective binding to TTR. (a) Chemical structures and
in silico docking study of synthesized AG10 analogues 1, 2, 3, and 4. Co-crystal structure of
AG10 bound to TTR used for the docking experiment. 1 is the iodo-analogue of AG10. 2 is
the methyl-ester form of AG10 that cannot form salt bridge with K15/15°. 3 is the methyl-
pyrazole form of AG10 that can potentially form only one hydrogen bond with either K15 or
K15°. 4 is the diethyl-pyrazole analogue of AG10 which affects both hydrogen bonds with
S117/S117°. (b) Interaction of TTR with analogues assessed by ITC. Thermodynamic data;
AG are blue bars, AH are green bars, and -TAS are red bars. (¢) Fluorescence change caused
by modification of TTR in buffer (2.5 uM) by FPE probe monitored in the presence of probe
alone (Control DMSO) or TTR stabilizers (2.5 uM; 1:1 Stabilizers to TTR ratio). (d) Bar
graph representation of percent occupancy of TTR in buffer by stabilizers in the presence of
FPE probe measured after 3 hr of incubation relative to probe alone. Error bars indicate SD (n
=3). (e) Bar graph representation of Western blot data for the stabilization of TTR in human
serum by analogues (10 uM; 2:1 Stabilizers to TTR ratio). Error bars indicate SD (n = 4). The
significance of the differences were measured by one-way ANOV A followed by Tukey’s

multiple comparison test (n.s., not significant; *p < 0.05; **p <0.01; ***p < 0.001).

[0035] FIG. 20A-F illustrates that AG10 has high selectivity for binding TTR over albumin
or other abundant human serum proteins. (a) Gel filtration and dialysis assay comparing
AG10 and tafamidis (each at 30 uM) incubated with purified human serum albumin (600
uM). The concentration of tafamidis bound to albumin after gel-filtration (i.e. dialysis time 0

hr) was normalized to 100%. Error bars indicate SD (n = 3). (b) 24 hr time-course for dialysis
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of AG10 (10 uM) incubated with purified human TTR (5 uM). Error bars indicate SD (n =
3). (c¢) Fluorescence change due to modification of purified human TTR (5 uM) by FPE
probe monitored for 6 hr in the presence of probe alone (black circles), probe plus albumin
(600 uM) (black triangles), probe plus all [fibrinogen (5 uM), albumin (600 pM), IgG (70
uM), transferrin (25 uM)]| (grey triangles); probe and AG10 (10 uM) (red squares) or probe
and AG10 plus albumin (green diamonds), probe and AG10 plus all [fibrinogen (5 pM),
albumin (600 uM) IgG (70 uM), transferrin (25 uM)] (blue circles). (d) %TTR occupancy in
buffer by AG10 in the presence of FPE probe and other serum proteins measured after 3 hr of
incubation relative to probe alone. (e, f) Same experiment described for AG10 was performed
for tafamidis. Error bars indicate SD (n = 3). The significance of the differences were
measured by one-way ANOV A followed by Tukey’s multiple comparison test (n.s., not
significant; *p < 0.05; **p < 0.01; ***p <0.001)

[0036] FIG. 21 A-D shows activity of AG10 and tafamidis in the FPE and Western blot
assays performed with pooled dog serum. (a) Fluorescence change caused by modification of
dog TTR in commercially available beagle dog serum by FPE probe monitored in the
presence of probe alone (Control DMSO, black circles), AG10 (10 uM) or tafamidis (10
uM). (b) Percent occupancy of dog TTR in dog serum by AG10 and tafamidis in the presence
of FPE probe measured after 3 hr of incubation relative to probe alone. Error bars indicate SD
(n=4). (c) Western blot image for the stabilization of TTR in pooled dog serum against acid-
mediated denaturation in the presence of AG10 (10 uM) and tafamidis (10 uM). Serum
samples were incubated with DMSO or test compounds in acetate buffer (pH 4.0) for the
desired time period (0 and 72 h) before crosslinking and immunoblotting. (d) Bar graph
representation of stabilization data obtained from Western blot experiments. Error bars
indicate SD (n = 3). The significance of the differences were measured by one-way ANOVA
followed by Tukey’s multiple comparison test (n.s., not significant; *p < 0.05; **p <0.01;
*xEp <0.001).

[0037] FIG. 22A-D shows that orally administered AG10 is effective in binding and
stabilizing TTR in dogs. (a and b) Occupancy of TTR in beagle dogs after oral administration
(q.d. for 7 days) of escalating doses of AG10. Circles (®) indicate pre-dose day 1, squares (m)
indicate pre-dose day 7 (AG10 concentration at Cmin), and triangles (A ) indicate post-dose
day 7 (AG10 concentration at Cmax). Four groups of animals were dosed: (i) 0 mg/kg (n=12, 6
males/6 females); (i) 50 mg/kg (n=4, 2 males/2 females); (ii1) 100 mg/kg (n=4, 2 males/2
females); (iv) 200 mg/kg (n=12, 6 males/6 females) (b) Bar graph representing TTR
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occupancy at 3 hr. Error bars indicate SD (n = 3). (¢ and d) Pharmacokinetic-
Pharmacodynamic (PK-PD) analysis of AG10 in dogs receiving a single oral dose of AG10
HCI at (¢) 5 mg/kg and (d) 20 mg/kg. Scatterplot of concentration [AG10] vs. %TTR
occupancy of serum samples obtained from dogs at various time points (n=4, 2 males/2
females per dosing group). Error bars indicate SD (n = 3). The significance of the differences
were measured by one-way ANOV A followed by Tukey’s multiple comparison test (n.s., not

significant; *p < 0.05; **p < 0.01; ***p <0.001).

[0038] FIG. 23 illustrates the %TTR occupancy at 3 hr in serum from 3 male cynomolgus
monkeys after oral dosing of AG10 HCI at 5 mg/kg. Data is mean + SD of 3 replicates.

[0039] FIG. 24 illustrates the dose dependent relationship between orally administered
AGI10 and TTR stabilization in monkeys.

[0040] FIG. 25 shows the standard calibration curves generated using the Prealbumin

ELISA kit (human) from Aviva Systems Biology.

[0041] FIG. 26 shows the relative change in TTR concentration over time for each MAD
cohort (Total number of Healthy Volunteers Dosed= 24; Placebo: Active = 1:3; MAD1
cohort = 100 mg Q12h for 12 days; MAD2 cohort = 300 mg Q12h for 12 days; MAD3 cohort
=800 mg Q12h for 12 days). The change was calculated by normalizing against baseline

values.

[0042] FIG. 27 illustrates the mean percent change in blood serum TTR concentration from

baseline to Day 12 in all placebo and AG10 treated MAD subjects.

[0043] FIG. 28 plots the baseline and day 12 blood serum TTR concentration in all placebo
and AG10 HCl treated cohorts (Total number of Healthy Volunteers Dosed= 24; Placebo:
Active = 1:3; MADI cohort = 100 mg Q12h for 12 days; MAD2 cohort = 300 mg Q12h for
12 days; MAD3 cohort = 800 mg Q12h for 12 days).

[0044] FIG. 29 plots the baseline and day 12 blood serum TTR concentration in all placebo
and AG10 treated cohorts (Total number of Healthy Volunteers Dosed= 24; Placebo: Active
=1:3; MADI1 cohort = 100 mg Q12h for 12 days; MAD?2 cohort = 300 mg Q12h for 12 days;
MAD?3 cohort = 800 mg Q12h for 12 days).

[0045] FIG. 30 illustrates the dose-response change in serum TTR levels for subjects in

each treatment group. The data is reported as the percent change from baseline to day 28.
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[0046] FIG. 31 shows that AG10 and TTR stabilizers Tafamidis and difusinal all increase
TTR serum concentrations. The reported TTR serum concentrations for AG10 cohorts are
after 28 days of treatment. The reported TTR serum concentration of Tafamidis is a 28 day
interpolation based on reported 2-week and 6-week values. The reported TTR serum

concentrations of Diflunisal is after 1 year of treatment.

[0047] FIG. 32 shows that AG10 treatment restores low TTR levels to the normal range in
ATTR-CM patients. The percent of ATTR-CM patients in each treatment group (placebo,
400 mg b.i.d., and 800 mg b.i.d.) that express low and normal levels of serum TTR
concentration are reported before treatment (left hand side) and after 28 days of treatment
(right hand side).

[0048] FIG. 33 plots the distribution of baseline serum TTR concentrations of each

individual participating in the phase 2 study.

[0049] FIG. 34 illustrates the percent stabilization of TTR as determined by western blot
assay for evaluating stabilization of tetrameric TTR. The data provided is for all individuals
in the study (left column), individuals with WT TTR (middle column), and individuals with

mutant TTR (right column). Error bars provided are the standard error of the mean.

[0050] FIG. 35 illustrates the % occupancy of AG10 as determined by the fluorescence
probe assay at the day 28 trough (pre-dose) and day 28 peak (1 hour after dose). The data
provided is for all individuals in the study (filled columns), individuals with WT TTR (white

columns), and individuals with mutant TTR (checkered columns).

[0051] FIG. 36 plots the relationship between fluorescence probe binding and the
concentration of AG10 in blood plasma. When the florescent probe is bound to TTR, the
probe fluorescence is measured, when the fluorescent probe cannot bind to TTR, due to the

occupancy of AG10, no fluorescence is measured.

[0052] FIG. 37 plots the relative fluorescence units measured in the fluorescent probe assay
at the indicated time points. Pre-dose is the trough level, while 1 hour pose dose is the peak
level. The y-axis represents the mean value of 60 minute relative fluorescence units
corrected for background. The data present is from individuals receiving 400 mg AG10 HCI
salt b.i.d.

[0053] FIG. 38 plots the relative fluorescence units measured in the fluorescent probe assay

at the indicated time points. The y-axis represents the mean value of 60 minute relative
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fluorescence units corrected for background. Pre-dose is the trough level, while 1 hour pose
dose is the peak level. The data present is from individuals receiving 800 mg of AG10 HCI
salt b.i.d.

[0054] FIG. 39 plots the relative fluorescence units measured in the fluorescent probe assay
at the indicated time points. The y-axis represents the mean value of 60 minute relative
fluorescence units corrected for background. Pre-dose is the trough level, while 1 hour pose

dose is the peak level. The data present is from individuals receiving placebo treatment.

[0055] FIG. 40 illustrates the % occupancy of AG10 as determined by the fluorescence
probe assay at the day 14 trough (pre-dose) and day 14 peak (0.5 hour after dose). The data
provided is for an individual in the 800 mg b.i.d dosing group. AG10 HCI treatment group
with a TTR protein having a V30M mutation.

[0056] FIG. 41 illustrates the percent stabilization of TTR as determined by western blot
assay for evaluating stabilization of tetrameric TTR. The data provided is for an individual in

the 800 mg b.i.d. AG10 HCI treatment group with a TTR protein having a V30M mutation.

[0057] FIG. 42A-D plots Random Effects (ETA) vs. Categorical Covariate Plots in a
Population PK Model. Panels A and B plot the effect on clearance, while Panels C and D
plot the effect on volume. In the plots labeled “DIS” (Panel A and C) 0 = healthy volunteers,
1 = diseased subjects. In the plots labeled “ConMed 17 (Panel B and D) 0 = Subjects
received either Furosemide or Torsemide, 1 = Patients did not receive either Furosemide or
Torsemide. DIS: 0 (n=42) = All AG10 treated healthy adult volunteers from AG10-001
(SAD and MAD). 1 (n=32) = These are all active ATTR-CM patients from AG10-201 who
were included in the population PK analysis. 16 in 400mg bid group and 16 in 800mg bid
group. ConMed 1: 0 (n=49) = Subjects not receiving concomitant diuretics: Furosemide or
Torsemide (42 healthy adult volunteers, 7 ATTR-CM patients) 1 (n=25) = subjects receiving

either Furosemide or Torsemide.

[0058] FIG. 43 plots the comparison of trough levels of AG10 on Day 12 from MAD 3
(Study AG10-001) to trough level in ATTR-CM patients dosed with 800 mg BID (AG10-
201). Box and whiskers plot shows 25" to 75" percentile of results with whiskers spanning
smallest to highest value in each group. Line denotes median and + denotes mean. Both

studies used 200 mg AG10 tablets for dosing.

10
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[0059] FIG. 44 plots the comparison of trough levels of AG10 in healthy subjects treated
with 400 mg tablets with trough level in ATTR-CM patients dosed 400 mg BID from AG10-
201. Box and whiskers plot shows 25% to 75% percentile of results with whiskers spanning
smallest to highest value in each group. Line denotes median and + denotes mean. The
healthy volunteer study (AG10-003) used 400 mg AG10 tablets for dosing and Phase 2 study
AG10-201 used 200 mg tablets for dosing.

[0060] FIG. 45 displays a summary of the trial design for the Phase 3 clinical study in
subjects with ATTR-CM

DETAILED DESCRIPTION OF THE INVENTION

1. General

[0061] Described herein are methods for treating transthyretin (TTR) amyloidosis in a
subject. The methods include specific dosing regimens that have great efficacy in treating the

subject and that are well tolerated in subjects.

II. Definitions

[0062] While various embodiments and aspects of the present invention are shown and
described herein, it will be obvious to those skilled in the art that such embodiments and
aspects are provided by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without departing from the invention.
It should be understood that various alteratives to the embodiments of the invention

described herein may be employed in practicing the invention.

[0063] The section headings used herein are for organizational purposes only and are not to
be construed as limiting the subject matter described. All documents, or portions of

documents, cited in the application including, without limitation, patents, patent applications,
articles, books, manuals, and treatises are hereby expressly incorporated by reference in their

entirety for any purpose.

[0064] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary skill in the art. See, e.g., Singleton
et al., DICTIONARY OF MICROBIOLOGY AND MOLECULAR BIOLOGY, 2nd ed., J. Wiley & Sons
(New York, NY 1994); Sambrook et al., MOLECULAR CLONING, A LABORATORY MANUAL,
Cold Springs Harbor Press (Cold Springs Harbor, NY 1989). Any methods, devices and

11
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materials similar or equivalent to those described herein can be used in the practice of this
invention. The following definitions are provided to facilitate understanding of certain terms

used frequently herein and are not meant to limit the scope of the present disclosure.

[0065] “Compound 17 refers to the chemical 3-(3-(3,5-dimethyl-1H-pyrazol-4-

yl)propoxy)-4-fluorobenzoic acid (AG10), having the formula:
COOH

¢ “ “NH

(Compound 1)
or a pharmaceutically acceptable salt thereof. When referring to specific amounts of
Compound 1 administered to patients, this application refers to the amount of Compound 1
HCI salt administered. A person of skill in the art would recognize that in order to administer
the same amount of Compound 1 in freebase or in a different salt form, small adjustments in

overall amount administered is necessary.

[0066] The terms "a" or "an," as used in herein means one or more.

99 <cr

[0067] The terms “comprise,” “include,” and “have,” and the derivatives thereof, are used
herein interchangeably as comprehensive, open-ended terms. For example, use of
“comprising,” “including,” or “having” means that whatever element is comprised, had, or
included, is not the only element encompassed by the subject of the clause that contains the

verb.

[0068] As used herein, the term "about" means a range of values including the specified
value, which a person of ordinary skill in the art would consider reasonably similar to the
specified value. In some embodiments, the term "about" means within a standard deviation
using measurements generally acceptable in the art. In some embodiments, about means a
range extending to +/- 10% of the specified value. In some embodiments, about means the

specified value.

[0069] As used herein, "treatment" or "treating," or "palliating" or "ameliorating" are used
interchangeably herein. These terms refer to an approach for obtaining beneficial or desired
results including but not limited to a therapeutic benefit. By therapeutic benefit is meant
eradication or amelioration of the underlying disorder being treated. Also, a therapeutic
benefit is achieved with the eradication or amelioration of one or more of the physiological

symptoms associated with the underlying disorder such that an improvement is observed in

12
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the subject, notwithstanding that the subject may still be afflicted with the underlying
disorder. Treatment includes causing the clinical symptoms of the disease to slow in
development by administration of a composition; suppressing the disease, that is, causing a
reduction in the clinical symptoms of the disease; inhibiting the disease, that is, arresting the
development of clinical symptoms by administration of a composition after the initial
appearance of symptoms; and/or relieving the disease, that is, causing the regression of
clinical symptoms by administration of a composition after their initial appearance. For
example certain methods described herein treat transthyretin (TTR) amyloidosis by
decreasing or reducing the occurrence, or progression of TTR fibril formation; or treat TTR

amyloidosis by decreasing a symptom of TTR amyloidosis.

[0070] An "effective amount" or a "pharmaceutically effective amount" is an amount
sufficient to accomplish a stated purpose (e.g. achieve the effect for which it is administered,
treat a disease, reduce enzyme activity, reduce one or more symptoms of a disease or
condition). An example of an "effective amount" is an amount sufficient to contribute to the
treatment, or reduction of a symptom or symptoms of a disease, which could also be referred
to as a "therapeutically effective amount." A "reduction" of a symptom or symptoms (and
grammatical equivalents of this phrase) means decreasing of the severity or frequency of the
symptom(s), or elimination of the symptom(s ). Efficacy can also be expressed as "-fold"
increase or decrease. For example, a therapeutically effective amount can have at least a 1.2-

fold, 1.5-fold, 2-fold, 5-fold, or more effect over a control.

[0071] "Patient" or "subject" or "subject in need thereof" refers to a living organism
suffering from or prone to a disease or condition that can be treated by using the methods
provided herein. The term does not necessarily indicate that the subject has been diagnosed
with a particular disease, but typically refers to an individual under medical supervision.
Non-limiting examples include humans, other mammals, bovines, rats, mice, dogs, monkeys,
goat, sheep, cows, deer, and other non-mammalian animals. In some embodiments, a patient,

subject, or subject in need thereof is a human.
III. Detailed Description of the Embodiments

Methods
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[0072] In one aspect, provided herein is a method of treating transthyretin (TTR)
amyloidosis. The method includes administering to a subject in need thereof a

therapeutically effective amount of Compound 1, having the formula:
COOH

0 Z“NH
F =N

or a pharmaceutically acceptable salt thereof, where the therapeutically effective amount is a
total daily dosage of about 10 mg to 2,000 mg. In some embodiments, the total daily dosage
of Compound 1 is about 10 mg to 50 mg, 50 mg to 300 mg, 50 mg to 150 mg, 150 mg to 8§00
mg, 800 mg to 1,600 mg or 800 mg to 2,000 mg. In some embodiments, the total daily
dosage of Compound 1 is about 10 mg to 50 mg. In some embodiments, the total daily
dosage of Compound 1 is about 50 mg to 300 mg. In some embodiments, the total daily
dosage of Compound 1 is 50 mg to 150 mg. In some embodiments, the total daily dosage of
Compound 1 is 150 mg to 800 mg. In some embodiments, the total daily dosage of
Compound 1 is 800 mg to 1,600 mg. In some embodiments, the total daily dosage of
Compound 1 is 800 mg to 2,000 mg. It is understood that in the present disclosure the
amount of Compound 1 listed is the amount of HCI salt of Compound 1 administered. A
person of skill in the art would recognize that in order to administer the same amount of
Compound 1 in freebase or in a different salt form, small adjustments in overall amount

administered is necessary.

[0073] In some embodiments the total daily dosage of Compound 1 is about 10 mg. In
some embodiments the total daily dosage of Compound 1 is about 25 mg. In some
embodiments the total daily dosage of Compound 1 is about 50 mg. In some embodiments
the total daily dosage of Compound 1 is about 1000 mg. In some embodiments the total daily
dosage of Compound 1 is about 150 mg. In some embodiments the total daily dosage of
Compound 1 is about 200 mg. In some embodiments the total daily dosage of Compound 1
is about 300 mg. In some embodiments the total daily dosage of Compound 1 is about 600
mg. In some embodiments the total daily dosage of Compound 1 is about 800 mg. In some

embodiments the total daily dosage of Compound 1 is about 1,6000 mg.

[0074] The Compound 1 can be administered once (SID or qd), twice (BID or q12h), three
(TID), or four times (QID) a day. In some embodiments, Compound 1 is administered once

daily. In some embodiments, Compound 1 is administered twice daily. In some
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embodiments, Compound 1 is administered three times daily. In some embodiments,

Compound 1 is administered four times daily.

[0075] In some embodiments, about 50 mg of Compound 1 is administered once daily. In
some embodiments, about 150 mg of Compound 1 is administered once daily. In some
embodiments, about 300 mg of Compound 1 is administered once daily. In some

embodiments, about 800 mg of Compound 1 is administered once daily.

[0076] In some embodiments, about 100 mg of Compound 1 is administered twice daily.
In some embodiments, about 300 mg of Compound 1 is administered twice daily. In some
embodiments, about 400 mg of Compound 1 is administered twice daily. In some

embodiments, about 800 mg of Compound 1 is administered twice daily.

[0077] In another aspect, provided herein is a method of treating transthyretin (TTR)
amyloidosis. The method includes administering to a subject in need thereof a

therapeutically effective amount of Compound 1, having the formula:
COOH

<SSV
F =N

or a pharmaceutically acceptable salt thereof, where the therapeutically effective amount of
Compound 1 maintains a trough blood plasma concentration of Compound 1 of at least 5 uM.
In some embodiments, the therapeutically effective amount of Compound 1 maintains a
trough blood plasma concentration of Compound 1 of at least 6 uM. In some embodiments,
the therapeutically effective amount of Compound 1 maintains a trough blood plasma
concentration of Compound 1 of at least 7.5 uM. In some embodiments, the therapeutically
effective amount of Compound 1 maintains a trough blood plasma concentration of

Compound 1 of at least 8 uM.

[0078] In some embodiments, the therapeutically effective amount of Compound 1
maintains a trough blood plasma concentration of Compound 1 from 5 to 30 uM. In some
embodiments, the therapeutically effective amount of Compound 1 maintains a trough blood
plasma concentration of Compound 1 from 5 to 25 uM. In some embodiments, the
therapeutically effective amount of Compound 1 maintains a trough blood plasma
concentration of Compound 1 from 6 to 20 pM. In some embodiments, the therapeutically

effective amount of Compound 1 maintains a trough blood plasma concentration of
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Compound 1 from 7.5 to 15 uM. In some embodiments, the therapeutically effective amount
of Compound 1 maintains a trough blood plasma concentration of Compound 1 from 7.5 to

10 uM.

[0079] In some embodiments, subjects receiving a therapeutically effective amount of
Compound 1 experience an increase in transthyretin (TTR) blood serum concentrations
relative to baseline levels. In some embodiments, subjects receiving a therapeutically
effective amount of Compound 1 experience at least about a 10, 15, 20, 25, 30% or more
increase in transthyretin (TTR) blood serum concentrations relative to baseline levels after 28
days of treatment. In some embodiments, subjects receiving a therapeutically effective
amount of Compound 1 experience at least about a 25% increase in transthyretin (TTR) blood
serum concentrations relative to baseline levels after 28 days of treatment. In some
embodiments, subject prior to treatment have TTR blood serum levels that are beneath a
baseline seru TTR concentration (20 mg/dL TTR). In some embodiments, subject receiving
an effective amount of Compound 1 for 28 days will experience increased blood serum TTR
levels such that the level of blood serum TTR is above the baseline level. In some
embodimnets, the subject experiencing increase TTR level are subjects diagnosed with

transthyretin amyloidosis (ATTR) cardiomyopathy.

[0080] There are a variety of diseases or disorders associated with transthyretin (TTR)
amyloidosis. These include, but are not limited to familial amyloid polyneuropathy, familial
amyloid cardiomyopathy, senile systemic amyloidosis, central amyloidosis, ocular
amyloidosis, Leptomeningeal amyloidosis, oculoleptomeningeal amyloidosis, vitreous
amyloidosis, gastrointestinal amyloidosis, neuropathic amyloidosis, non-neuropathic
amyloidosis, non-hereditary amyloidosis, reactive/secondary amyloidosis, cerebral

amyloidosis.

[0081] In some embodiments, the disease or disorder associated with transthretin (TTR)
amyloidosis is leptomeningeal amyloidosis. In some embodiments, subjects with
leptomeningeal amyloidosis have a transthyretin protein with an aspartic acid to glycine
mutation at position 18 (D18G). In some embodiments, subjects with leptomeningeal
amyloidosis have a transthyretin protein with a glycine to arginine mutation at position 53
(G53R). The wild-type transthyretin (TTR) protein is provided herein as SEQ ID NO: 1.

[0082] In some embodiments, subjects with leptomeningeal amyloidosis have a

transthyretin protein with a tyrosine to cysteine mutation at position 114 (Y114C). Subjects
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with the tyrosine to cysteine mutation at position 114 (Y114C) can exhibit ATTRm-PN

symptoms, leptomeningeal amyloidosis symptoms, or a combination of both.

[0083] In some embodiments, subjects with leptomeningeal amyloidosis have a
transthyretin protein with a threonine to proline mutation at position 49 (T49P). Subjects
with the threonine to proline mutation at position 49 (T49P) can exhibit ATTRm-CM

symptoms, leptomeningeal amyloidosis symptoms, or a combination of both.

[0084] In some embodiments, the transthyretin (TTR) amyloidosis disease is transthyretin
amyloidosis (ATTR) cardiomyopathy or ATTR polyneuropathy. In some embodiments, the
TTR amyloidosis is characterized by a TTR protein that comprises a threonine to alanine
mutation at position 60 (T60A). In some embodiments, the TTR amyloidosis is characterized
by a TTR protein that comprises a proline to serine mutation at position 24 (P24S). In some
embodiments, the TTR amyloidosis is characterized by a TTR protein that comprises an
aspartic acid to alanine mutation at position 38 (D38A). In some embodiments, the TTR
amyloidosis is characterized by a TTR protein that comprises a leucine to histidine mutation
at position 58 (L58H). Patients with these mutations often present a combination of both
ATTR cardiomyopathy and ATTR polyneuropathy symptoms. The wild-type transthyretin
(TTR) protein is provided herein as SEQ ID NO: 1.

[0085] In some embodiments, the transthyretin (TTR) amyloidosis disease is transthyretin
amyloidosis (ATTR) cardiomyopathy. In some embodiments, the transthyretin (TTR)

amyloidosis disease is transthyretin amyloidosis (ATTR) polyneuropathy.

[0086] ATTR cardiomyopathy includes wild-type ATTR cardiomyopathy (ATTRwt-CM)
and genetic (familial) ATTR cardiomyopathy (ATTRm-CM). ATTRm-CM is caused by a
mutation in the TTR protein, whereas ATTRwt-CM is not caused by a mutation. Instead,
ATTRwt-CM is generally an age-related process. In some embodiments, the ATTR
cardiomyopathy is ATTRwt-CM. In some embodiments, the ATTR cardiomyopathy is
ATTRm-CM. In some embodiments, subjects with ATTRm-CM have a valine to isoleucine
mutation at position 122 (V122I) in the TTR protein. In some embodiments, subjects with
ATTRm-CM have a transthyretin protein with a threonine to proline mutation at position 49
(T49P). Subjects with the threonine to proline mutation at position 49 (T49P) can exhibit
ATTRm-CM symptoms, leptomeningeal amyloidosis symptoms, or a combination of both.

The wild-type transthyretin (TTR) protein is provided herein as SEQ ID NO: 1.
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[0087] ATTR polyneuropathy includes both wild type & genetic (familial) ATTR
polyneuropathy. As discussed for cardiomyopathy, ATTRm-PN is caused by a mutation in
the TTR protein, whereas ATTRwt-PN does not include a genetic component. In some
embodiments ATTR-PN is ATTRwt-PN. In some embodiments, ATTR-PN is ATTRm-PN.
In some embodiments, the ATTRm-PN is characterized by a TTR protein that includes a
valine to methionine mutation at position 30 (V30M). In some embodiments, the ATTRm-
PN is characterized by a TTR protein that includes a phenylalanine to leucine mutation at
position 64 (F64L). In some embodiments, the ATTRm-PN is characterized by a TTR
protein that includes a tyrosine to cysteine mutation at position 114 (Y114C). Subjects with
the tyrosine to cysteine mutation at position 114 (Y114C) can exhibit ATTRm-PN symptoms,
leptomeningeal amyloidosis symptoms, or a combination of both. The wild-type

transthyretin (TTR) protein is provided herein as SEQ ID NO: 1.

[0088] ATTR cardiomyopathy (both wild-type and familial) is a slowly progressive disease
that causes heart failure and death in affected subjects. The methods of the present
disclosure, provide clinical improvement in subjects with ATTR cardiomyopathy by stopping
or slowing the accumulation of TTR fibrils in the myocardium. Through this process, the
currently described methods provide clinical improvements in ATTR cardiomyopathy
subjects. Clinical improvements include, but are not limited to, improvement in New York
Heart Association (NYHA) functional classification, improvements in Kansas City
Cardiomyopathy Questionnaire responses, EuroQoL-5 Dimensions (EQ-5D-5L),
improvement in 6 minute walk test performance, improvement in markers associated with
cardiac health such as Troponin T, Troponin I, B-type natriuretic peptide (BNP), and N-
terminal pro-BNP, decreasing the frequency of cardiovascular-related hospitalizations, and/or

decreasing mortality.

[0089] In some embodiments, the methods provided herein improve, stabilize or delay
worsening in New York Heart Association (NYHA) functional classification of subjects. The
NYHA functional classification grades the severity of heart failure symptoms as one of four
functional classes. The NYHA functional classification is widely used in clinical practice and
in research because it provides a standard description of severity that can be used to assess
response to treatment and to guide management. The NYHA functional classification is
based on severity of symptoms and limitation of physical activity:

Class I: No limitation of physical activity. Ordinary physical activity does not cause

undue breathlessness, fatigue, or palpitations.
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Class II: Slight limitation of physical activity. Comfortable at rest, but ordinary
physical activity results in undue breathlessness, fatigue, or palpitations.

Class IIT: Marked limitation of physical activity. Comfortable at rest, but less than
ordinary physical activity results in undue breathlessness, fatigue, or palpitations.
Class IV: Unable to carry on any physical activity without discomfort. Symptoms at

rest can be present. If any physical activity is undertaken, discomfort is increased.

[0090] In some embodiments, administration of a therapeutically effective amount of
Compound 1 reduces the New York Heart Association (NYHA) functional classification of
the subject. In some embodiments, the NYHA functional classification is reduced from class
IV to class III, from class IV to class II, or from class IV to class I. In some embodiments,
the NYHA functional classification is reduced from class IV to class III. In some
embodiments, the NYHA functional classification is reduced from class IV to class II. In
some embodiments, the NYHA functional classification is reduced from class III to class II.
In some embodiments, the NYHA functional classification is reduced from class III to class I.

In some embodiments, the NYHA functional classification is reduced from class II to class I.

[0091] In some embodiments, the methods provided herein improve, stabilize or delay
worsening in Kansas City Cardiomyopathy Questionnaire (KCCQ) classification of subjects.
In some embodiments, the methods described herein provide improved scores in the Kansas
City Cardiomyopathy Questionnaire (KCCQ) (Green CP, et al. (2000) Journal of the
American College of Cardiology 35: 1245-55), the contents of which are incorporated herein
by reference for all purposes. The KCCQ contains specific questions related to cardiac health
and provides valid, reliable and sensitive measures of disease-specific health-related quality
of life.

[0092] The questions of the KCCQ ask subjects to assess how limited (e.g. severely
limited, limited quite a bit, moderately limited, slightly limited, or did not limit at all) they are
in performing normal aspects of their life. In some embodiments, subjects have an average
improvement of at least one level (e.g. severely limited to limited quite a bit, limited quite a
bit to moderately limited, moderately limited to slightly limited) on all questions of the

questionnaire after treatment with Compound 1.

[0093] In some embodiments, the methods provided herein improve, stabilize or delay
worsening in EuroQoL-5 Dimensions (EQ-5D-5L) score in subjects. EQ-5D-5L is a brief,

self-administered generic health status instrument that takes about 5 minutes to
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complete. The instrument includes two parts. In the first part, respondents are asked to rate
their current health state on 5 dimensions (mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression) with each dimension having five levels of function (1-
no problem, 2-slight problem, 3-moderate problem, 4-severe problem, and 5-extreme
problem). The second part is a respondents self-rating of current health status on a Visual
Analog Scale (EQ VAS) with endpoints labeled “best imaginable health state” (score of 100)
and “worst imaginable health state” (score of 0). The scores from the 5 dimensions may be
used to calculate a single index value, also known as a utility score. The EQ-5D-5L

questionnaire is in the public domain and can be obtained from EuroQoL.

[0094] In some embodiments, patients receiving the treatment methods described herein
have an average improvement of at least one, tow, three four, five, six, seven, either, nine, or
ten points in the EuroQoL-5 Dimensions (EQ-5D-5L) utility score. In some embodiments,
patients receiving the treatment methods described herein have an average improvement of at

least five points in the EuroQoL-5 Dimensions (EQ-5D-5L) utility score.

[0095] In some embodiments, the methods described herein improve a subject’s six minute
walk test performance. The six minute walk test is a self-paced timed walk for six minutes to
assess the level of functional capacity of a subject. Subjects are allowed to stop and rest
during the test if the levels of exertion exceed their comfort level. Assessment before, after,
and during treatment is relatively easy to assess and consists of measuring the distance the
subject walks in a six-minute time period. Thus, in some embodiments, subjects increase
total distance covered in the six minute walking test after treatment with Compound 1. In
some embodiments, subjects walked at least 25 m further than a baseline distance measured
prior to treatment with Compound 1. In some embodiments, subjects walked at least 30 m
further than a baseline distance measured prior to treatment with Compound 1. In some
embodiments, subjects walked at least 50 m further than a baseline distance measured prior to
treatment with Compound 1. In some embodiments, subjects walked at least 75 m further
than a baseline distance measured prior to treatment with Compound 1. In some
embodiments, subjects walked at least 100 m further than a baseline distance measured prior
to treatment with Compound 1. In some embodiments, subjects receiving the treatment
methods described herein have a slowed reduction in six-minute walking distance. For
example, in some embodiments, a subject mantains about the same six minute walking
distance as prior to treatment. In some embodiments, a subject covers 10 m less ina a six

minute wakling test. In some embodimnets, the six minute walk test is used to compare the
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treatment group to the non-treatment group. In some embodiments, the between group mean
change from baseline is at least 10 meters. In some embodiments, the between group mean
change from baseline is at least 20 meters. In some embodiments, the between group mean
change from baseline is at least 30 meters. In some embodiments, the treatment methods
provided herein reduced the decline in the six minute walk test distance as compared to

individuals not receiving treatment.

[0096] Troponin T, Troponin I, Brain natriuretic peptide (BNP), and N-terminal pro-BNP
are polypeptides that are elevated in serum blood of subjects with poor myocardial health. In
some embodiments, the level of Troponin T, Troponin I, BNP and/or N-terminal pro-BNP
decrease after treatment with Compound 1. In some embodiments, the level of Troponin T,
Troponin I, BNP and/or N-terminal pro-BNP decrease about 10% as compared to a baseline
level of Troponin T, Troponin I, BNP and/or N-terminal pro-BNP in said subject prior to
treatment with Compound 1. In some embodiments, the level of Troponin T, Troponin I,
BNP and/or N-terminal pro-BNP decrease about 15% as compared to a baseline level of
Troponin T, Troponin I, BNP and/or N-terminal pro-BNP in said subject prior to treatment

with Compound 1.

[0097] As discussed above, a clinical improvement provided in some embodiments of the
disclosed methods, is decreasing the rate of cardiovascular related hospitalizations in subjects
receiving treatment as compared to those who do not receive treatment. In some
embodiments, piatents on average at least 0.5, 1, 1.5, 2, 3, 4, 5 fewer cardiovascular related

hospitalizations per year as compared to those who do not receive treatment.

[0098] An additional clinical benefit that is provided in some embodiments of the methods
disclosed herein, is a decrease in mortality rate as compared to individuals not receiving
treatment. In some embodiments, mortality rate is reduced by about 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30 or more percent as compared to subjects who did not receive

treatment.

[0099] ATTR polyneuropathy is a disease where TTR amyloid (ATTR) deposits impair or
otherwise compromise normal nerve function. ATTR polyneuropathy is a progressive disease
that causes cachexia and death in affected subjects. The methods of the present disclosure,
provide clinical improvement in subjects with ATTR polyneuropathy by stopping or slowing
the accumulation of TTR fibrils. Through this process, the currently described methods

provide clinical improvements ATTR polyneuropathy subjects. Clinical improvements
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include, but are not limited to, improvements in Neuropathy Impairment Score (NIS) or
modified Neuropathy Impairment Score+7 (mNIS+7), improvements in Norfolk Quality of
Life Diabetic Neuropathy questionnaire, improvements in composite autonomic symptom
score (COMPASS-31) score, improved nutritional status as measured by modified body mass

index (mBMI), and/or improvements in a subject’s 10 meter walk test.

[0100] In some embodiments, the methods described herein provide improved Neuropathy
Impairment Score (NIS). NIS refers to a scoring system that measures weakness, sensation,
and reflexes. The NIS score evaluates a standard group of muscles for weakness (1 is 25%
weak, 2 is 50% weak, 3 is 75% weak, 3.25 is movement against gravity, 3.5 is movement
with gravity eliminated, 3.75 is muscle flicker without movement, and 4 is paralyzed), a
standard group of muscle stretch reflexes (0 is normal, 1 is decreased, 2 is absent), and touch-
pressure, vibration, joint position and motion, and pinprick (all graded on index finger and
big toe: 0 is normal, 1 is decreased, 2 is absent). Evaluations are corrected for age, gender,

and physical fitness.

[0101] In some embodiments, the methods described herein slow the progression of the
disease such that the rate of NIS score increase is reduced as compared to a subject who is not
taking Compound 1. In some embodiments, the methods described herein stop the
progression of the disease such that there is no change in NIS score after treatment with

Compound 1.

[0102] In some embodiments, the methods described herein reduce the NIS score after
treatment with Compound 1. In some embodiments, the methods described herein reduced
the NIS score by at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60% as compared to a
baseline level measured prior to treatment with Compound 1. In some embodiments, the
methods described herein reduced the NIS score by at least 5 % as compared to a baseline
level measured prior to treatment with Compound 1. In some embodiments, the methods
described herein reduced the NIS score by at least 10 % as compared to a baseline level
measured prior to treatment with Compound 1. In some embodiments, the methods described
herein reduced the NIS score by at least 15 % as compared to a baseline level measured prior

to treatment with Compound 1.

[0103] In some embodiments, the methods described herein provide improved modified
Neuropathy Impairment Score (mNIS+7). mNIS+7 refers to a clinical exam-based

assessment of neurologic impairment (NIS) combined with electrophysiologic measures of
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small and large nerve fiber function (NCS and QST), and measurement of autonomic
function (postural blood pressure). The mNIS+7 score is a modification of the NIS+7 score
(which represents NIS plus seven tests). NIS+7 analyzes weakness and muscle stretch
reflexes. Five of the seven tests include attributes of nerve conduction. These attributes are
the peroneal nerve compound muscle action potential amplitude, motor nerve conduction
velocity and motor nerve distal latency (MNDL), tibial MNDL, and sural sensory nerve
action potential amplitudes. These values are corrected for variables of age, gender, height,
and weight. The remaining two of the seven tests include vibratory detection threshold and
heart rate decrease with deep breathing. The mNIS+7 score modifies NIS+7 to take into
account the use of Smart Somatotopic Quantitative Sensation Testing, new autonomic
assessments, and the use of compound muscle action potential of amplitudes of the ulnar,
peroneal, and tibial nerves, and sensory nerve action potentials of the ulnar and sural nerves
(Suanprasert, N. et al., Retrospective study of a TTR FAP cohort to modify NIS+7 for
therapeutic trials, J. Neurol. Sci., 2014. 344(1-2): pgs. 121-128). Further details of the
mNIS+7 exam can be found in US 2017/0307608, the contents of which is incorporated

herein by reference, for all purposes.

[0104] In some embodiments, the methods described herein slow the progression of the
disease such that the rate of mNIS+7 score increase is reduced as compared to a subject who
is not taking Compound 1. In some embodiments, the methods described herein stop the
progression of the disease such that there is no change in mNIS+7 score after treatment with

Compound 1.

[0105] In some embodiments, the methods described herein reduce the mNIS+7score after
treatment with Compound 1. In some embodiments, the methods described herein reduced
the mNIS+7score by at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60% as compared to a
baseline level measured prior to treatment with Compound 1. In some embodiments, the
methods described herein reduced the mNIS+7 score by at least 5 % as compared to a
baseline level measured prior to treatment with Compound 1. In some embodiments, the
methods described herein reduced the mNIS+7 score by at least 10 % as compared to a
baseline level measured prior to treatment with Compound 1. In some embodiments, the
methods described herein reduced the mNIS+7 score by at least 15 % as compared to a

baseline level measured prior to treatment with Compound 1.
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[0106] In some embodiments, the methods described herein provide improved scores in the
Norfolk Quality of Life Diabetic Neuropathy (QOL-DN) questionnaire. This questionnaire is
well known to a person of skill in the art, and is a validated questionnaire that captures pain
related to large fiber, small fiber, and autonomic neuropathy. The questionnaire includes
items related to symptoms experienced by the subject and questions related to the impact of

neuropathy on the daily activities of a subject.

[0107] In some embodiments, the methods described herein slow the progression of the
disease such that the rate of the Norfolk QOL-DN score decline is reduced as compared to a
subject who is not taking Compound 1. In some embodiments, the methods described herein
stop the progression of the disease such that there is no change in the Norfolk QOL-DN score

after treatment with Compound 1.

In some embodiments, the methods described herein slow the progression of the disease such

that there is no change in the Norfolk QOL-DN score after treatment with Compound 1.

[0108] In some embodiments, the methods described herein improve the Norfolk QOL-DN
score after treatment with Compound 1. In some embodiments, the methods described herein
improve the Norfolk QOL-DN by at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60% as
compared to a baseline level measured prior to treatment with Compound 1. In some
embodiments, the methods described herein improve the Norfolk QOL-DN score by at least 5
% as compared to a baseline level measured prior to treatment with Compound 1. In some
embodiments, the methods described herein improve the Norfolk QOL-DN score by at least
10 % as compared to a baseline level measured prior to treatment with Compound 1. In some
embodiments, the methods described herein improve the Norfolk QOL-DN score by at least
15 % as compared to a baseline level measured prior to treatment with Compound 1. In some
embodiments, the methods described herein provide a change in a subject’s Norfolk QOL-
DN of about -1.5, -2.0, -2.5, -3.0, -3.5, -4.0, -4.5,-5.0, - 5.5, -6.0, -6.7, -7.0, -7.5, -8.0, -8.5, -

9.0, -9.5, or-10.0 as compared to a subject’s baseline score.

[0109] In some embodiments, the methods disclosed herein provide imporved composite
autonomic symptom score (COMPASS-31). The composite autonomic symptom score
(COMPASS-31) is a patient questionnaire that assesses symptoms of dysautonomia. In one
embodiment, the methods of the invention provide to the subject an improvement versus
baseline in a COMPASS-31 score. Such an improvement can take the form of an increase of

at least 0.1, for example at least 0.2, at least 0.3, at least 0.4, or at least 0.5, e.g., 0.1, 0.2, 0.3,
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0.4, or 0.5, points of the subject' s COMPASS-31 score. In some embodiments, the methods
slow the progression of the disease such that there is no change in the COMPASS-31 score.
In yet other embodiments, the methods of the invention slow the rate at which a COMPASS-
31 score decreases, e.g., the rate of decrease of a COMPASS-31 score in a subject treated
with AG10 as compared to the rate of decrease of a COMPASS-31 score in a subject that is
not treated with AG10.

[0110] In some embodiments, the methods disclosed herein provide imporved nutritional
status as measured by modified body mass index (mBMI), which is determined by
multiplying the BMI of an individuals by their serum albumin levels. The calculation of
mBMI accounts for the contribution of edema to total weight. In one embodiment, the
methods of the disclosure provide to the subject an improvement versus baseline in mBMI.
Such an improvement can take the form of a mBMI score decrease of about 2, 5, 7, 10, 12,
15, 20, or about 25. In other embodiments, the methods arrest an increasing mBMI index
score, e.g., the methods result in a 0% increase of the mBMI score. In yet other embodiments,
the methods of the invention slow the rate at which mBMI score increases, e.g., the rate of
increase of a mBMI score in a subject treated with AG10 as compared to the rate of increase

of a mBMI score in a subject that is not treated with AG10.

[0111] In some embodiments, the methods disclosed herein provide improvements in the
10-meter walk test. This test measures an individuals walking speed over 10 meters. In one
embodiment, the methods of the disclosure provide to the subject an increase from baseline in
the 10-meter walk test. In some embodiments, the increase from baseline in the 10-meter
walk test is about 0.025, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,0.09, 1.0, 1.5,2.0,2.5,3.0, 3.5,

4.0. 4.5, or about 5.0 meters/second.

[0112] In some embodiments, the methods disclosed herein provide imporved
Dyck/Rankin scores. The Dyck/Rankin score is known in the art, and is assigned by a
physician after assessing the patient’s symptoms, neuropathic impairments, test results, and
reviewing a patient’s ability to perform acts of daily living. Only disability related to
peripheral neuropathy is graded. In deciding whether the patient has difficulty or inability to
perform certain tasks or acts of daily living, more than the patient’s report should be used for

judgment; the physician should use objective criteria. The stages (0-8) are outlined below:

0.  No neuropathy
e No symptoms (NSS < 1), signs (NIS < 2 points); or tests (e.g. 7 tests <
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97.5") abnormalities of neuropathy.

1. Minimal neuropathy (only one of A, B. C are abnormal)

a) Tests, are the only abnormality (e.g. 7 test > 97.5™); or

b) Neuropathy signs, are the only abnormality (e.g. NIS > 2 points); or

¢) Neuropathy symptoms are the only abnormality (e.g. NSS >1)

2. Minimal neuropathy: la + 1b.

3. Symptomatic neuropathy: la, lat+lc; latlc or 1b+1c. The patient is able to

continue with usual —acts of daily living, work or recreational activity, and

can meet usual-family and social responsibilities.

sk

Symptoms of neuropathy: NSS > 1 symptoms of muscle
weakness, atrophy or cramps; negative or positive, neuropathic
sensory symptoms (N-NNS_P-NSS); or neuropathic autonomic

symptoms.

Usual acts of daily living, work, recreational and social and family
activities: Despite neuropathic symptoms, the patient is able to work
at his usual activity, maintain his usual home obligations and
participate in recreational activities. Generally, the patient can carry-
on despite some motor, sensory or autonomic symptoms. The
patients may be unable to perform extraordinary activities e.g.

competitive sports, feats of endurance, etc.

4. Symptomatic neuropathy (defined in 3) interfering and limiting work,

usual acts of daily living, recreational activity or family and social

obligations but independent function is possible without the help of

others. At this score, there is an unequivocal limitation of usual®* work,

acts of living or recreational, family or social obligations * because of

neuropathy.

*

The degree of motor, sensory or autonomic symptoms or
impairment is of a sufficient degree to limit the ability to work, to
perform usual acts of daily living, recreational activities or to meet
family and usual social responsibilities. The use of a can or orthotic
device probably places the patient in this (or a higher) category

unless the patient is able to perform ““usual” acts of daily living,
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recreational activities and meet social and family responsibilities
(then they would fall into lower category).

5. Symptomatic neuropathy (defined in 3) restricting acts of daily living, work
and recreational activities. The help of other care-givers* (<2' hrs/day)
is needed. If use of a wheelchair is mandatory for acts of daily loving,
recreational activities or social and family responsibilities, the patient

would usually fall into this or a higher score (> 5).

* A member of the family or visiting nurse is needed to provide acts
of daily living (bathing, shaving, tooth brushing, feeding, etc.),
daily management of analgesics or opiates or help with
management of autonomic dysfunction which the patient is not
able to perform adequately or safely on their own.
6  Symptomatic neuropathy (defended in 3) requiring the help of care-
givers > 2% hrs to < 8 hrs/day as described in 5.
7. Symptomatic neuropathy (defined in 3) requiring the help of care giver > 8
hrs/day but not continuously as in stage 8.
8. Symptomatic neuropathy (defined in 3) requiring constant care in an intensive

care unit.

[0113] The time period for administration will depend on a number of factors including the
specific disease being treated. For example, in particular transthyretin (TTR) amyloidosis
diseases or condition, there is a genetic component such that chronic (i.e. continuous, long
term) administration may be required. However, in some embodiments, administration of
Compound 1 to subject with a genetic TTR amyloidosis disease will continue while the
subject is demonstrating or experiencing symptoms related to the TTR amyloidosis disease or
condition, or for a set period of time after a particular end point is met (e.g. reduction or
complete elimination of symptoms). If the symptoms of the TTR amyloidosis disease return

or begin to reappear, administration of Compound 1 is re-started.

[0114] For subjects with a non-genetic linked TTR amyloidosis disease, a number
administration options are available and will depend on the severity of the disease and the
clinical symptoms presented. In some embodiments, long term administration of Compound
1 is necessary. In some embodiments, shorter term, or acute, administration of Compound 1

is necessary. In some embodiments, administration of Compound 1 to a subject with a non-
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genetic linked TTR amyloidosis disease is continued while the subject is demonstrating or
experiencing symptoms related to the TTR amyloidosis disease or condition, or for a set
period of time after a particular end point is met (e.g. reduction or complete elimination of
symptoms). If the symptoms of the TTR amyloidosis disease return or begin to reappear,

administration of Compound 1 is re-started.

[0115] In some embodiments, Compound 1 is administered for at least 7, 8, 9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 25, 26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36, 37.
38,39, 40, 41,42, 43, 44, 45, 46, 47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63,64, 65, 66, 67, 68, 69,70, 71,72, 73, 74,75, 76,77, 78, 79, 80, 81, 82, 83 84, 853, 86, 87,
88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 days or longer. In some embodiments,
Compound 1 is administered for 7, 14, 21, 28, 35, 42, 49, or 56 days. In some embodiments,
Compound 1 is administered for 28 days. In some embodiments, Compound 1 is

administered for 56 days. In some embodiments, Compound 1 is administered for 84 days.

[0116] In some embodiments, Compound 1 is administered for at least 4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 months or. In some embodiments,
Compound 1 is administered for 10, 15, 20, 25, 30, 35, 40, 45, or 50 months. In some
embodiments, Compound 1 is administered for 6 months. In some embodiments, Compound
1 is administered for 12 months. In some embodiments, Compound 1 is administered for 18
months. In some embodiments, Compound 1 is administered for 24 months. In some
embodiments, Compound 1 is administered for 30 months. In some embodiments, Compound
1 is administered for 36 months. In some embodiments, Compound 1 is administered for 42

months.

[0117] Advantageously, agents used in diuretic therapy did not alter the exposure of AG10
during treatment. As such, patients receiving diuretic therapy can be administered AG10
without altered or specialized dosing regimens. Thus, in some embodiments, the subject
receiving AG10 is also receiving an additional diuretic therapy agent. Diuretic therapy
agents include, but are not limited to, ethacrynic acid, bumetanide, furosemide, and
torsemide. In some embodiments, the diuretic is selected from the group consisting of

furosemide or torsemide.

Pharmaceutical Compositions
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[0118] Compound 1 can be prepared in various compositions suitable for delivery to a
subject. A composition suitable for administration to a subject typically comprises
Compound 1, or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable

excipient.

[0119] The pharmaceutical compositions for the administration of Compound 1 can
conveniently be presented in unit dosage form and can be prepared by any of the methods
known in the art of pharmacy and drug delivery. All methods include the step of bringing the
active ingredient into association with a carrier containing one or more accessory ingredients.
In general, the pharmaceutical compositions are prepared by uniformly and intimately
bringing the active ingredient into association with a liquid carrier or a finely divided solid

carrier or both, and then, if necessary, shaping the product into the desired formulation.

[0120] Suitable formulations for use in the present invention are found in Remington: THE
SCIENCE AND PRACTICE OF PHARMACY, 21st Ed., Gennaro, Ed., Lippincott Williams &
Wilkins (2003), which is hereby incorporated herein by reference. The pharmaceutical
compositions described herein can be manufactured in a manner that is known to those of
skill in the art, 1.e., by means of conventional mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping or lyophilizing processes. The following

methods and excipients are merely exemplary and are in no way limiting,

[0121] Compound 1 can be incorporated into a variety of formulations for therapeutic
administration. More particularly, Compound 1 can be formulated into pharmaceutical
compositions, together or separately, by formulation with appropriate pharmaceutically
acceptable carriers or diluents, and can be formulated into preparations in solid, semi-solid,
liquid or gaseous forms, such as tablets, capsules, pills, powders, granules, dragees, gels,
slurries, ointments, solutions, suppositories, injections, inhalants and aerosols. As such,
administration of a compound of the present invention can be achieved in various ways,
including oral, buccal, parenteral, intravenous, intradermal (e.g., subcutaneous,
intramuscular), transdermal, etc., administration. Moreover, Compound 1 can be
administered in a local rather than systemic manner, for example, in a depot or sustained

release formulation.

[0122] Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,

calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
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mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.
Additionally, emulsions can be prepared with a non-water miscible ingredient such as oils

and stabilized with surfactants such as mono-diglycerides, PEG esters and the like.

[0123] Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellulose, hydroxy-
propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum
acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for example
lecithin, or condensation products of an alkylene oxide with fatty acids, for example polyoxy-
ethylene stearate, or condensation products of ethylene oxide with long chain aliphatic
alcohols, for example heptadecaethyleneoxycetanol, or condensation products of ethylene
oxide with partial esters derived from fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The
aqueous suspensions may also contain one or more preservatives, for example ethyl, or n-
propyl, p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and

one or more sweetening agents, such as sucrose or saccharin.

[0124] Dispersible powders and granules suitable for preparation of an aqueous suspension
by the addition of water provide the active ingredient in admixture with a dispersing or
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified by those already mentioned above.
Additional excipients, for example sweetening, flavoring and coloring agents, may also be

present.
Pharmaceutical Dosage Forms

[0125] The present disclosure includes pharmaceutical dosage forms of Compound 1, or a
pharmaceutically acceptable form thereof. The dosage forms described herein are suitable
for oral administration to a subject. The dosage form may be in any form suitable for oral

admuanistration, including, but not lirntted to, a capsule or a tablet.

[0126] In some embodiments, the present disclosure provides a single unit dosage capsule

or tablet form containing 10-1,000 mg of Compound 1, having the formula:
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COOH

0 “""NH
F N , or a pharmaceutically acceptable salt thereof.
[0127] In some embodiments, the amount of Compound 1 is from about 100 to 800 mg. In
some embodiments, the amount of Compound 1 is from about 150 to 600 mg. In some
embodiments, the amount of Compound 1 is from about 200 to 400 mg. In some
embodiments, the amount of Compound 1 is about 200 mg. In some embodiments, the

amount of Compound 1 is about 400 mg. In some embodiments, the singe dosage capsule or

tablet comprises the HCl salt of Compound 1.
[0128] In some embodiments, the single unit dosage form of Compound 1 is a tablet.
[0129] In some embodiments, the single unit dosage form of Compound 1 is a capsule.

[0130] In some embodiments, the single unit dosage form is in a capsule of size #0, #1, #2,
#3, #4, or #5. In some embodiments, the single unit dosage form is in a capsule of size #0.
In some embodiments, the single unit dosage form is in a capsule of size #1. In some
embodiments, the single unit dosage form is in a capsule of size #2. In some embodiments,
the single unit dosage form is in a capsule of size #3. In some embodiments, the single unit
dosage form is in a capsule of size #4. In some embodiments, the single unit dosage form is

in a capsule of size #5.
Kits
[0131] The disclosure also encompasses kits comprising pharmaceutical compositions and

dosage forms of the invention.

[0132] In some aspects, the present invention provides a kit that includes Compound 1 or a
phamectucially acceptable salt thereof. Some of the kits described herein include a label
describing a method of administering Compound 1. Some of the kits described herein
include a label describing a method of treating transthyretin (TTR) amyloidosis. In some
embodiments, the kits described herein include a label describing a method of treating Wild-
type transthyretin amyloid cardiomyopathy (ATTR-CM, also called senile systemic
amyloidosis). In some embodiments, the kits described herein include a label describing a

method of treating familial amyloid cardiomyopathy (ATTR-mCM). In some embodiments,
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the kits described herein include a label describing a method of treating familial amyloid

polyneuropathy (ATTR-PN, also called FAP).

[0133] The compositions of the present invention, including but not limited to,
compositions comprising Compound 1 in a bottle, jar, vial, ampoule, tube, blister pack, or
other container-closure system approved by the Food and Drug Administration (FDA) or
other regulatory body, which may provide one or more unit dosages containing Compound 1
or a phamectucially acceptable salt thereof. The package or dispenser may also be
accompanied by a notice associated with the container in a form prescribed by a
governmental agency regulating the manufacture, use, or sale of pharmaceuticals, the notice
indicating approval by the agency. In certain aspects, the kit may include a formulation or
composition as described herein, a container closure system including the formulation or one
or more dosage units form including the formulation, and a notice or instructions describing a

method of use as described herein.

[0134] Packaging systems such as blister packs include a thermoformable rigid film or
PVC suitable for pharmaceutical packaging and a push through type lid. The lid can include
a foil, made up of a primer/aluminum/heat-seal-coating, or may be paper based. A person of
skill in the art will readily prepare blister packs comprising Compound 1. Bottle systems
described herein can be made in various sizes (e.g., 75cc, 100cc, 200cc, etc), and generally
include child resistant closures that can be made from polypropylene. In some embodiments,
a pharmaceutical dosage form of Compound 1 is packaged in 75 cc bottles, with a child
resistant closure. A person of skill in the art can readily prepare bottle systems described

herein.

[0135] In some embodiments, the present disclosure provides kits for twice daily dosing.

These kits provide one or more unit doses comprising Compound 1 for each administration.

[0136] In some embodiments, the total daily dose of Compound 1 is 800 mg, meaning 400
mg are administered at a first dosing, and 400 mg are administered at a second dosing. In
some embodiments, two unit doses containing 200 mg of Compound 1 are administered at
the first dosing and two unit doses containing 200 mg of Compound 1 are administered at the
second dosing. In some embodiments, one unit dose containing 400 mg of Compound 1 is
administered at the first dosing and one unit dose containing 400 mg of Compound 1 is
administered the second dosing. In some embodiments, the HCI salt form of Compound 1 is

administered.
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[0137] In some embodiments, the total daily dose of Compound 1 is 1,600 mg, meaning
800 mg are administered at a first dosing, and 800 mg are administered at a second dosing.

In some embodiments, four unit doses containing 200 mg of Compound 1 are administered at
the first dosing and four unit doses containing 200 mg of Compound 1 are administered at the
second dosing. In some embodiments, two unit doses containing 400 mg of Compound 1 is
administered at the first dosing and two unit doses containing 400 mg of Compound 1 is
administered the second dosing. In some embodiments, the HCI salt form of Compound 1 is

administered.

IV. Examples

[0138] The following examples are offered to illustrate, but not to limit, the claimed

invention.

Materials and Methods
[0139] The following general materials and methods were used, where indicated, or may be

used in the Examples below:

Determination of AG10 Blood Plasma Concentration

[0140] Human plasma containing AG10 and the intemnal standard, AG10-Ds, was extracted
using protein precipitation and analyzed by a Sciex API4000 LC-MS-MS equipped with an
HPLC column. The peak area of the AG10 product ion was measured against the peak area
of the AG10-Ds internal standard product ion. Quantitation was performed using a weighted
1/x? linear least squares regression analysis generated from calibration standards prepared on

the day of extraction.

Fluorescent Probe Exclusion Assay (FPE)

[0141] Occupancy of AG10 in the thyroxine binding pocket of tetrameric TTR is
determined by the ability of a fluorescent probe (Probe) to covalently bind to free tetrameric

TTR binding sites in serum over a 6 hr reaction time.

[0142] Aliquots of each serum sample are plated in 96 well plates. The fluorescence
changes (hex = 328 nm and »em = 384 nm) after addition of probe are monitored every 15 min

using a fluorescent capable microplate for 6 hr at RT.

Western Blot for Evaluating Stabilization of Tetrameric TTR
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[0143] Stabilization of the tetramer of TTR by AG10 is determined by comparing the
amount of tetrameric TTR protein remaining after acid denaturation for 72 hr to the initial
amount of tetrameric TTR protein as determined by densitometric measurement of western

blot gels.

[0144] Blood plasma samples from the subject are diluted with acidification buffer (sodium
acetate, KCI, EDTA, DTT, pH about 4.0) for both the 0 and 72 hour time point. Time 0 hr
samples are directly cross-linked with glutaraldehyde, and then quenched. 72 hr samples are
incubated at room temperature for 72 hr and then cross-linked and quenched by the same
protocol. All samples are then denatured by adding SDS gel loading buffer and boiled prior
to gel loading. Each sample is separated in SDS-PAGE gels and analyzed by
immunoblotting using anti-TTR antiserum (Polyclonal Rabbit Anti-Human Prealbumin.
DAKO Cat# A0002). The density of all TTR bands are quantified using infrared LICOR
imaging system or Fluorescence Imaging system and reported. Normalization by IgG band

using LICOR 925-32232 or Invitrogen 84546.

[0145] In the Experiments, Tables, and Figures discussed in further detail below, nominal

times of blood draw are used for all pharmacokinetic and pharmacodynamic data.

Example 1: Preparation of AG10 « HCL.

0o o K,COs ?
AN ser e oo Ho/\/jik
(o]
I Illa v

[0146] A compound of Formula IIIa (100 g, 495 mmol 1.0 equiv.) was dissolved in acetone
(1L). A compound of Formula II (49.59 g, 495 mmol, 1.0 equiv.) was added to above
solution, followed by addition of K»COs (82.14 g, 594.38 mmol, 1.2 equiv.) and KI (41.11 g,
247 mmol, 0.5 equiv.) at room temperature with stirring. The reaction mixture was heated to
60 + 5 °C and stirred for 40 h at this temperature. The reaction mixture was filtered and then

concentrated under reduced pressure to afford a compound of Formula IV (102 g) as viscous

(0}
NoHa.H,0
HO ——— HNTY OH
Ethanol N,

0]

orange liquid.

v \"
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[0147] A compound of Formula IV (100 g, 632 mmol, 1.0 equiv.) was dissolved in ethanol
(1 L). Hydrazine hydrate (87 g, 1738 mmol, 2.75 equiv.) and conc. HCI (4.6 mL, 0.2 equiv.)
were added to above solution at room temperature. The reaction mixture was heated to 75 = 5
°C and stirred for 3 h at this temperature. After completion of reaction by TLC (70% ethyl
acetate: n-hexane, visible in iodine) and observation of product peak in mass spectrum, the
reaction mixture was concentrated under reduce pressure to afford a compound of Formula V

(70 g) as a colorless liquid syrup which was used as such for next step.

Hl}l\

PBry HNT\
OH —/3
N l\ll\ Br

v Via

[0148] A compound of Formula V (35 g, 227 mmol, 1.0 equiv.) was dissolved in 1, 2-
dichloroethane (525 mL). PBr3 (64.67mL, 681 mmol, 3 equiv.) was added in small portions at
room temperature over 30 minutes. The reaction mixture was heated up to 75 = 5 °C and
stirred for 3 h at this temperature. After completion of reaction by TLC (50% ethyl acetate: n-
hexane, visible in iodine) and observation of product peak in Mass spectrum, the reaction
mixture was diluted with dichloromethane (350mL) and quenched with saturated solution of
NaHCO:s till pH=7 to 8. Both organic and aqueous layers were separated and collected. The
organic layer was dried over MgSOy and filtered. Filtrate was concentrated under reduce

pressure to afford a compound of Formula VIa (38 g) as a viscous orange liquid.

COOMe COOMe
x Br + —_—
HN
- DMSO
N OH S = NH
F F =N
Via Vila Villa

[0149] 4-(3-Bromopropyl)-3,5-dimethyl-1H-pyrazole hydrobromide (VIa) and DMSO were
charged into vessel and agitated at 20 = 10 °C for 10 minutes. The mixture was then heated
to 55 + 5 °C with stirring. To this mixture was transferred a stirred solution containing 4-
fluoro-3-hydroxy-benzoic acid methyl ester (VIIa), potassium carbonate and anhydrous
DMSO. The DMSO solution of the alkyl bromide were slowly transferred in order to
maintaining an intermal temperature of 55.0 £ 5 °C. Addition was complete after 6 hours and
the mixture was agitated at 55.0 £ 5 °C for an additional hour at 55.0 £ 5 °C. The mixture

was cooled to 25 = 5 °C over the course of 30 minutes and water added while maintaining a
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temperature below 25 °C. The mixture was extracted with ethyl acetate and the aqueous
layer back extracted with ethyl acetate. The pooled ethyl acetate solutions were washed
brine. The combined ethyl acetate washes were concentrated under vacuum to a minimal
volume and heptane was added, which precipitates VIIIa. The mixture was heated to 75+ 5
°C and aged with stirring for 1 hour. The mixture was cooled to 25 £ 5 °C over the course of
two hours and the resulting solids collected by filtration. The filter cake was washed with
ethyl acetate in heptane (30%). Isolated solids were dried with a nitrogen flow. Solids are
charged to vessel and combined with ethyl acetate and heptane. The resulting mixture is
heated to 75 + 5 °C to dissolve solids. The solution was cooled to 25 + 5 °C over the course
of two hours and the resulting solids collected by filtration. The solids were washed with a
30% ethyl acetate/heptane solvent mixture and dried in vacuum oven at 55 °C to give VIlla in

>99.5 % purity.

COOMe COOH

————
MeOH/Water
o = o =
L NIA,NH then HCI /\/IA,NH sHCI
N F N
Villa la

[0150] A jacketed glass vessel is charged with compound of formula VIIIa (1.0 equiv.) and
methanol. The mixture is cooled with stirring to 10 = 5 °C and over the course of 20 minutes
an aqueous solution of sodium hydroxide (3 equiv.) is charged. The mixture is aged with
stirring at 20 + 5 °C for NLT 2 hours at which point the reaction is complete. Stirring is
stopped and water is added. Methanol is then removed by vacuum distillation at an internal
temperature of NMT 35 °C. The resulting concentrated, clear aqueous solution is cooled to
10 °C and concentrated HCI is added until the pH was lowered to between 1.4-1.6 (pH
meter) to precipitate the HCI salt. The solids are collected by filtration, washed with 0.2 N
HCI and dried under vacuum at 50 °C to give a compound of Formula Ia in NLT 99.5%

purity.
Example 2: Phase 1 Clinical Study

[0151] Study AG10-001 was a two-part, randomized, double-blind, placebo-controlled,
single- and multiple-ascending dose, first-in-human trial conducted in healthy adult
volunteers to evaluate safety, tolerability, PK and PD of AG10 after single and multiple
doses. This study was also designed to evaluate the effect of food on the PK of AG10.
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[0152]

and/or women were randomized to AG10 or matching placebo in a 3:1 overall ratio.

Part A was a single ascending dose (SAD) design, where 4 cohorts of 8 healthy men

[0153]

men and/or women were randomized to AG10 or its placebo in a 3:1 ratio for 12 days of

Part B was a multiple ascending dose (MAD) design, where 3 cohorts of 8 healthy

dosing. In total, 4 cohorts including 8 healthy subjects each (total of 32 subjects, 24 dosed
with AG10 HCI and 8 with placebo to match) dosed with ascending doses of 50 mg, 150 mg,
300 mg and 800 mg of blinded study medication completed the SAD portion of the study.
One of the SAD cohorts received two 300 mg doses, one under fasted conditions and the
other following a high fat test meal after an appropriate washout period. Three cohorts
including 8 healthy subjects each (total of 24 subjects, 18 dosed with AG10 HCI and 6 with
placebo to match) dosed with 100 mg, 300 mg or 800 mg of blinded study medication every
12 hrs for 12 days completed the MAD portion of the study.

Single Ascending Dose

[0154] The PK profiles observed for healthy subjects dosed with 50 mg AG10 HCI (SAD
cohort 1), 150 mg AG10 HCI (SAD cohort 2), 300 mg AG10 HCI (SAD cohort 3) and 800
mg AG10 HCI (SAD cohort 4) reveal that AG10 has rapid oral absorption with a mean Trmax
of under one hr and an elimination half-life of around 22 - 27 hrs. Table 1 lists the geometric
means of the PK parameters for SAD Cohorts 1 — 4. Moreover, as shown in FIG. 1, there is
moderate inter-subject variability in PK in SAD Cohorts 1 - 4, with %CV for Cpax ranging
from 10.0% - 41.9% and %CV for AUCix ranging from 12.5% — 40.4%.

Table 1: Geometric Means of PK Parameters for SAD Cohorts 1-4

Dose (mg)| Ty, () | Toue (1) | Couse AM) | Coy (uM) gfim (ﬁfﬁM) (ﬁffM)
50 25.0+£291(0.891 £0.736/7.20 £0.720]1.05 £ 0.130] 58.9+4.09 950+ 118197.1+12.1
150 25.1+3.58[0.849 £0.9701 11.3+4.76|1.78 £ 0.465] 93.0+16.8 166 £46.0 | 168 £46.8
300 22.0+594|10.707 £0.274] 15.1 £ 3.602.19 + 0.435 100+ 9.76 186 £73.8 | 191 +77.0
800 26.8+ 8.48(0.794 £0.258| 37.8 £ 11.3|4.51 £0.565] 176 +27.7 410+ 81.7 | 414+£87.5

Values = Geometric Mean + SD

[0155]

In addition, as shown in FIG. 2 (cohort 3 shown) the food effect portion of the SAD

study revealed minimal food effect on the pharmacokinetics of AG10 with a slight reduction

of Cmax and a slightly longer Tmax in the fed versus fasted state, but overall no significant

change in exposure as defined by AUCo24. PK data for Cohort 3 is shown below in Table 2.

Table 2: SAD Cohort 3 Fed versus Fasted PK Parameters
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Condition Tmax (hr) Cmax (uM) Czs (UM) AUCo24 (nM*hr)

Fasted

Geom. Mean 0.707 15.1 2.19 99.6

SD 0274 3.60 0.43 9.76

% CV 38.7 238 19.8 9.80
Fed

Geom. Mean 1.59 10.2 2.69 111

SD 1.17 231 0.57 13.7

%CV 73.6 22.6 213 12.3

All data presented as geometric means,

Multiple Ascending Dose

[0156]

Pharmacokinetic plots for MAD cohort 1 (healthy subjects dosed with 100 mg

AG10 HCl every 12 hr for 12 days), cohort 2 (healthy subjects dosed with 300 mg AG10 HC1
every 12 hr for 12 days), and cohort 3 (healthy subjects dosed with 800 mg AG10 HCI every

12 hr for 12 days) are shown in FIG. 3, and PK parameters are listed in Table 3. Even though

some inter-subject variability was observed in the Cmax values in each dose group, AUCo.12

values were remarkably similar with %CV values ranging from 8.8% — 22.2%. No significant

accumulation was observed over 12 days of dosing.

Table 3: MAD Cohorts 1 - 3 PK Parameters

Day 1 Day 12 A lati
ccumuiation
Dose isti ) .
Statistics T, (hr) Chax AU(io,u T,,. (hr) Cnax AUC*U,H Ratio
M) (uM*hr) (CAZY) (uM*hr)
100 mg q12h| Geom. Mean | 0.794 8.67 46.3 0.561 12.12 70.3 1.52
SD 0.585 2.97 5.96 0.204 2.18 6.19
%CV 73.6 343 129 36.4 18.0 8.80
300 mg q12h| Geom. Mean | 0.707 143 65.2 0.561 235 97.7 1.50
SD 0.274 6.20 117 0.204 12.81 9.05
%CV 38.7 434 18.0 36.4 54.6 9.26
800 mg q12h| Geom. Mean | 0.794 31.8 120 0.891 425 159 1.32
SD 0.258 16.3 20.4 0.204 20.8 353
%CV 32.5 514 17.0 22.9 49.0 22.2
AG10 Pharmacodynamics
[0157] Pharmacodynamic (PD) properties of AG10 have been assessed by use of the

Fluorescent Probe Exclusion (FPE) and Western blot assays (as described above), both of

which are established assays of TTR target engagement and TTR stabilization.

[0158]

As shown in FIG. 4 and FIG. 5, data from the FPE assay confirms target

engagement at a single dose of 300 mg and 800 mg, with complete stabilization of TTR at
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peak concentrations and sustained stabilization up to 12 hrs, ranging from 29% to 62% at 300
mg and from 56% to 82% at 800 mg. FIG. 6 shows the average percent target engagement
for each single ascending dose cohort as a function of time; this data demonstrates that
escalating doses increased stabilization. Similarly, the Western blot assay (FIG. 7A and 7B)
confirms complete stabilization of TTR at peak concentrations and sustained stabilization up
to 12 hr at a single dose of 300 mg of AG10 HCI. The results of the FPE and Western blot
assays for SAD cohort 3 correlate well with an R? coefficient of >0.9 (FIG. 8). Both

measures of pharmacologic activity are well correlated with each other.

[0159] In addition, as shown in FIG. 9, FIG. 10 and FIG. 11 after 12 consecutive days of
dosing of AG10 HCI, 100 mg q12h and, 300 mg q12h, and 800 mg q12h, data from the FPE
assay confirm sustained target engagement at steady state with mean stabilization of TTR at
the 12 hr post-dose timepoint on the last day of dosing ranging from 33% at the 100 mg q12h
dose to 89% at the 800 mg q12h dose. FIG. 12 shows the peak, average, and trough percent
% TTR target engagement over 12 days of cohort 800 mg q12h dosing with AG10 HCI.

[0160] FIG. 13 shows TTR western blot from three subjects in Cohort 3 treated with 800
mg AG10 HCI q12h. Subjects 1 and 3 were dosed with AG10, Subject 2 was dosed with
placebo. Lanes labeled O hr at day 12 predose contain samples at trough levels of AG10
collected from subjects following 11 days of dosing (22 doses total). Lanes labeled day 12
post dose show samples collected at peak levels following the 23 dose of AG10.
Acidification over a 72h period, followed by crosslinking, SDS-PAGE and immunoblotting,
as described supra, is used to detect stabilization of tetrameric TTR protein. Subject 2 shows
no remaining TTR tetramer as detected by this experimental protocol. In contrast, Subjects 1

and 3 show full stabilization of tetrameric TTR at both trough and peak levels of AG10.

[0161] The aggregate PK-PD data from the SAD and MAD cohorts shown in FIG. 14
demonstrate predictable and dose-responsive PD effect of AG10 as measured by the FPE
assay in human subjects dosed with AG10.

Summary

[0162] The data provided herein for AG10 confirm target engagement with complete
stabilization of TTR at peak concentrations after both single and multiple doses with

sustained stabilization up to 12 hrs.

Example 3: Planned Phase 2 Clinical Study
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[0163] The Phase 2 study, is planned as a randomized, multicenter, double-blind, parallel
group, placebo-controlled, dose-ranging study to evaluate the safety, tolerability, PK and PD
of AG10 in patients with ATTR-CM who are on a background of stable heart failure therapy.
Screening and randomization will be followed by a 28-day blinded, placebo-controlled
treatment period. Approximately 45 subjects are planned to enroll in the Phase 2 study. The

synopsis for the Phase 2 study is provided in Table 4.

Table 4: Synopsis for Phase 2 Study

CLINICAL STUDY SYNOPSIS: Study AG10

Methodology This prospective, randomized, multicenter, double-
blind, parallel group, placebo-controlled, dose-
ranging study will evaluate the safety, tolerability,
PK and PD of AG10 compared to placebo
administered on a background of stable heart failure
therapy. Screening and randomization will be
followed by a 28-day blinded, placebo-controlled
treatment period.

Number of Patients Approximately 45

Test Product, Dosage, and Mode of AG10 HCI, 400 and 800 mg twice daily, oral
Administration administration

Duration of Study and Treatment Study duration: Total of 58 days (Day 1 through the
last treatment taken on Day 28), followed by a 30-day
follow-up visit. In addition, there will be a 28-day
Screening period.

Treatment duration: 28 days of dosing

Reference Therapy, Dosage, and  Placebo tablets matching AG10 HCI twice daily,

.. . oral administration
Mode of Administration

PK blood samples will be collected on Days 1,
Pharmacokinetic/Pharmacodynamic 14, 28. PD blood samples will be collected on
Sampling Measures Days 1, 14 and 28.

Example 4: Enthalpy-driven Stabilization of Transthyretin by AG10 Mimics a
Naturally Occurring Generic Variation that Protects from Transthyretin
Amyloidosis

[0164] The following example describes the correlation between enthalpic binding of

AG10 and enhanced potency in stabilizing multi-protein complexes.

Materials & Methods
[0165] Isothermal Titration Calorimetry (ITC). Binding experiments were performed
using MicroCal PEAQ-ITC at 25 °C. A solution of ligand (25 uM in PBS pH 7.4, 100 mM
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KCl, 1 mM EDTA, 2.5% DMSO) was prepared and titrated into an ITC cell containing 2 uM
of TTR in an identical buffer. 19 injections of ligand (2.0 puL each) were injected into the ITC
cell (at 25, C) to the point that TTR was fully saturated with ligand. Calorimetric data were
plotted and fitted using the standard single-site binding model. For control, we tested the
enthalpy change caused by titrating bank DMSO in buffer into TTR and the resulting binding
enthalpies was < 0.4 kcal/mol. We also used ITC to titrate tafamidis and AG10 against
human serum albumin (HSA). The Ka value for tafamidis (2.3 uM) was similar to what has
been reported earlier (Ka= 2.5 uM; EMA Assesment Report EMA/729083/2011). The
binding affinity of AG10 was calculated around 8 uM, which also fits with our data in FIG.

20 (where AG10 has lower binding to albumin compared to tafamidis).

[0166] FPE assay for binding TTR in buffer and human or dog serum. The binding
affinity and selectivity of AG10 and other stabilizers to TTR in buffer and serum was
determined by their ability to compete with the binding of a fluorescent probe exclusion (FPE
probe) binding to TTRin buffer and human serum. The FPE probe is a thioester TTR ligand
that is not fluorescent by itself, however upon binding to the T4 binding site of TTR it
covalently modifies lysine 15 (K15), creating a fluorescent conjugate. Ligands that bind to
the T4 site of TTR will decrease FPE probe binding as observed by lower fluorescence. The
FPE assay was also adapted for use with dog serum. FPE with TTR in buffer: An aliquot of
98 uL of TTR in PBS (pH 7.4, final concentration: 2.5 pM) was mixed with 1 pL of test
compounds (2.5 uM) and 1 pL of FPE probe (0.18 mM stock solution in DMSO: final
concentration: 1.8 uM). The change in fluorescence (hex= 328 nm and Aem= 384 nm) were
monitored using a microplate spectrophotometer reader (SpectraMax MS5) for 6 hr at rt. FPE
with TTR in human and dog serumr: An aliquot of 98 puL of pooled human serum (prepared
from human male AB plasma, Sigma; catalog no. H4522; TTR concentration 5 pM) or dog
serum (Innovative Research, catalog no.: IBG-SER; TTR concentration 4.6 uM) was mixed
with 1 pL of test compounds [All compounds were prepared as 10 mM stock solutions in
DMSO and diluted accordingly with DMSO (final concentrations in serum were: AG10 10
uM; diflunisal 200 uM; tafamidis 20 uM; tolcapone 20 uM)] and 1 pL of FPE probe (0.36
mM stock solution in DMSO: final concentration: 3.6 uM). In the case of dog serum (after
oral treatment with AG10), 1 uL of FPE probe and 1 uL of DMSO were added to each well
and mixed with 98 uL of the appropriate dog serum sample. The change in fluorescence (hex=
328 nm and em= 384 nm) were monitored using a microplate spectrophotometer reader
(SpectraMax M5) for 6 hr at rt.
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[0167] Stability studies of TTR in serum by immunoblotting. Western blotting was
performed as reported earlier. All compounds were prepared as 10 mM stock solutions in
DMSO and diluted accordingly with DMSO (final concentrations in serum were: AG10 10
uM; diflunisal 200 uM; tafamidis 20 uM; tolcapone 20 uM). 2 uL of each compound was
added to 98 pL of human serum (TTR concentration 5 uM). The samples were incubated at
37°C for 2 hr, and then 10 uL of the samples were diluted 1:10 with acidification buffer (pH
4.0, 100 mM sodium acetate, 100 mM KC1, 1 mM EDTA, 1 mM DTT). The Western blot
assay was also performed in Urea buffer (pH 7.4) as reported earlier. The samples were
incubated at room temperature for 72 hr, cross-linked with glutaraldehyde (final
concentration of 2.5%) for 5 min, and then quenched with 10 pL of 7% sodium borohydride
solution in 0.1 M NaOH. All samples were denatured by adding 100 uL SDS gel loading
buffer and boiled for 5 min. 10 pL of each sample was separated in 12% SDS-PAGE gel and
analyzed by immunoblotting using anti-TTR antiserum (DAKO A0002, 1:10,000 dilution for
human serum and 1:2,000 for dog serum). The combined intensity of TTR bands (TTR
tetramer and tetramer bound to RBP) was quantified by using an Odyssey IR imaging system
(LI-COR Bioscience) and reported as percentage of TTR tetramer relative to TTR tetramer
density of DMSO control at 0 hr (considered 100% stabilization) and 72 hr (ranges between
10% and 35% TTR remaining). The percentage tetramer stabilization is calculated as 100 x
[(tetramer and tetramer + RBP density, 72 hr)/(tetramer and tetramer + RBP density of

DMSO, 0 hr)].

[0168] In silico structural and modeling studies. The analyses of the crystal structures of
TTR were carried out on four TTR crystal structures obtained from the RCSB PDB site.
Biological assemblies of TTR tetramers were constructed using the X-ray crystallographic
unit cellinformation given in the pdb files. When multiple models are suggested, the first
choice model was used. The initial geometries of the AG10 and its four derivatives (1, 2, 3,
and 4) built with Moldenss were used and geometry optimizations were carried out at the
hybrid density functional B3LYP level with 6-311+G(d) basis set using Gaussian’09 program
package (Wallingford, CT, USA: Gaussian, Inc., 2009). The Frequency calculations on the
optimized geometries were carried out to ensure they have no imaginary frequencies. Dock 6
program was used for the docking experiments. The crystal structure of the V122I mutant
TTR complex with AG10 (pdb id: 4HIQ) was used as the receptor. Tetrameric TTR was built
using the crystallographic data, solvent and other hetero-atoms were removed and one large

docking grid was selected including the T4 binding sites. For all the docking experiments, the
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same receptor and the grid were used. The flexible ligand docking was carried out to allow
the rotation around the torsion angles. UCSF Chimera package was used in visualization and

analyses of the 3D structures.

[0169] Binding of AG10 and tafamidis to human serum albumin, Test compounds
(AGI0 or tafamidis; both at 30 pM) were incubated with human serum albumin (HSA; 600
uM; albumin from human serum; Sigma Aldrich, catalog no.: A3782) in assay buffer (10
mM sodium phosphate, 100 mM KCI, and 1 mM EDTA, pH 7.6) for 1 hr at 37, C. 500 uL of
a solution of HAS and AGI10 or tafamidis mixture in assay buffer was subjected to gel
filtration on PD Minitrap G25 columns (GE Life Sciences, catalog no. 45-001- 529) by
gravity and the fractions containing HSA were identified by NanoDrop™. The concentration
of HSA (i.e. concentration at time zero) was also determined using NanoDrop™ (based on
calibration curves of known HAS concentrations). HSA concentration was 351 pM for the
tafamidis sample and 345 uM for AG10 sample. The concentration of test compounds in
these fractions (i.e. conc. at time zero) was evaluated using HPLC (based on calibration
curves of known concentration of test compounds). 500 uL of each HSA/test compound
samples was then added to a Slide-A-Lyzer Dialysis Cassette G2 (3.5K MWCO, Thermo
Scientific, catalog no. PI87722). The dialysis Cassettes were placed in 100 ml of assay buffer
and stirred at room temperature. After 24 hr, the samples were removed from dialysis cassette
and the volume was measured. The concentration of HAS and test compounds were

determined using NanoDrop™ and HPLC as described above.

[0170] Dialysis of AG10:TTR complex. AG10 (10 uM) was incubated with human wild-
type TTR (5 uM; purified from human plasma; Sigma Aldrich, catalog no. P1742) in assay
buffer (10 mM sodium phosphate, 100 mM KCl, and 1 mM EDTA, pH 7.6) for 1 hr at 37,C.
500 pL of each AG10/TTR solution was then added to a Slide-A-Lyzer Dialysis cassette G2.
The dialysis cassettes were placed in 100 mL of assay buffer and stirred at room temperature.
Samples from the dialysis buffer were taken at different time points (0, 0.5, 1, 2, 6, and 24
hr). After 24 hr, the samples were removed from dialysis cassette and the volume was
measured and results normalized. The concentration of TTR and AG10 obtained from the

assay buffer were determined using NanoDrop™ and LCMS, respectively.

[0171] Selectivity of AG10 and tafamidis to TTR compared to other serum proteins.
The FPE assay was modified and performed with purified human TTRwt (5 uM). Other

serum proteins were added either individually or in combination [fibrinogen (5 uM), albumin
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(600 uM), IgG (70 uM), transferrin (25 uM)] to the TTR and FPE mixture and the
fluorescence was monitored for 6 hr as described above. The percentage of FPE probe
binding to TTR in the presence of serum proteins measured after 3 hr of incubation was used

to calculate % TTR occupancy.

[0172] 7-day repeat oral dosing of AG10 to dogs. 16 Male (M) and 16 female (F) beagle
dogs, separated into four treatment groups and orally dosed by gavage with vehicle (6M/6F at
0 mg/kg) or AG10 in 0.5% methylcellulose formulation (2M/2F at 50 mg/kg, 2M/2F at 100
mg/kg, and 6M/6F at 200 mg/kg) for a total of 32 dogs. Blood (approximately 1.5 mL) was
collected from a jugular vein into serum separator tubes on study day 1 (predose D1), pre-
dose study day 7 (predose D7), and at 1 hr post-dose study day 7 (postdose D7). These serum

samples were analyzed for their TTR occupancy using the FPE assay described above.

[0173] Single oral doses of AG10 to dogs to determine an exposure-effect (PK-PD)
relationship with respect to binding to and stabilization of TTR. 4 Male and 4 female
beagle dogs, separated into two treatment groups (n=2/sex/group) for a total of 8 dogs were
evaluated to acquire simultaneous pharmacokinetic (PK) and pharmacodynamic (PD) data for
AG10 binding to and stabilization of TTR. Each animal received a single oral gavage (PO) of
AGI10 at a single dose of either 5 or 20 mg/kg in 0.5% methylcellulose. Blood was collected
and analyzed pre-dose and at 2, 4, 6, 8, 12 and 24 hr post-dose. The concentration of AG10 in
these serum samples was analyzed by LCMS and the TTR occupancy by the FPE assay.

[0174] Statistical Analysis. All results are expressed as mean+SD,. All statistical analysis
was performed with GraphPad PRISM software. The significance of the differences were
measured by one-way ANOV A followed by Tukey’s multiple comparison test (n.s., not
significant; *p <0.05; **p <0.01; ***p <0.001).

[0175] Chemistry. General. All reactions were carried out under argon atmosphere using
dry solvents under anhydrous conditions, unless otherwise noted. The solvents used were
ACS grade from Fisher. Reagents were purchased from Aldrich and Fisher, and used without
further purification. Reactions were monitored by thin-layer chromatography (TLC) carried
out on 0.20 mm POLYGRAM® SIL silica gel plates (Art.-Nr. 805 023) with fluorescent
indicator UV254 using UV light as a visualizing agent. Normal phase flash column
chromatography was carried out using Davisil® silica gel (100-200 mesh, Fisher). 'H NMR
and *C NMR spectra were recorded on a Jeol INM—ECAG600 spectrometer and calibrated

using residual undeuterated solvent as an internal reference. Coupling constants (J) were
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expressed in Hertz. The following abbreviations were used to explain the multiplicities: s =
singlet, d = doublet, t =triplet, q = quartet, m = multiplet. High-resolution mass spectra
(HRMS) were recorded by JEOL DART AccuTOF (Direct Analysis in Real Time). HPLC
analysis was performed on Agilent 1100 series HPLC system connected to a diode array
detector operating between the UV ranges of 200 — 400 nm and quantified using Agilent
Chemstation software. The HPLC analysis was performed on both Waters™ XBridge C18
column with L1 packing (4.6 X 250 mm, Spm) and SymmetricTM C4 (2.1 X 150 mm, Sum)
at ambient temperature upon injection of a 50 ul of each Blank buffer, standard and/or sample
to obtain the chromatogram. The mobile phase was composed of solvent A consisting
methanol-water (5:95, v/v) containing 0.1 % formic acid and solvent B consisting methanol-
water (95:5, v/v) containing 0.1 % formic acid. The HPLC program was a gradient separation
method increasing linearly from 0 % to 100 % solvent B from 0 to 20 min and then

maintained 100 % solvent B up to 30 min.

[0176] Key Compounds Purity: HPLC analysis was performed on both C18 and C4
reversed-phase columns. The purity for all key compounds was >95%. Description of the
purity analysis has been included in the experimental section. Detailed HPLC information of
key compounds (traces, retention times, and %Purity) are included in the supplementary

information of the revised manuscript.

[0177] Synthetic Procedures. AG10 and tafamidis were synthesized as reported earlier.
Tolcapone and Diflunisal were purchased from Fisher. All AG10 analogues were prepared as

described below.

[0178] 3-(3-(3,5-dimethyl-1H-pyrazol-4-yl)propoxy)-4-iodobenzoic acid (1a); A
solution of methyl 3-(3-bromopropoxy)-4-Iodobenzoate (5a) (834 mg, 2.1 mmol, 1 equiv) in
benzene (3 ml) was added dropwise to a solution of acetyl acetone (0.43 ml, 4.2 mmol, 2
equiv) and DBU (0.627 ml, 4.2 mmol, 2 equiv) in benzene (7 ml). The reaction mixture was
stirred at room temperature for 3 days. The mixture was filtered and concentrated. To a
solution of this intermediate in ethanol (5 ml) was added hydrazine hydrate (0.28 ml, 5.25
mmol, 2.5 equiv) and the reaction was heated under reflux for 4 hr. The reaction was
concentrated and purified by flash column chromatography (silica gel, 1-20%
MeOH/CH2CI12) to afford the methyl ester of compound 1a; Sodium hydroxide (79 mg, 1.98
mmol, 2 equiv) in water (2.5 ml) was added to a solution of ester intermediate (412 mg, 0.99

mmol) in methanol (10 ml) and the reaction was heated under reflux for 4 hr (50°C). The

45



10

15

20

25

30

WO 2019/183463 PCT/US2019/023555

reaction was concentrated and purified by flash column chromatography (silica gel, 1-5%
MeOH/EtOACc) to afford compound 1a (183 mg, 22% yield for three steps); (98.3% purity by
HPLC): R (column) (C18) = 25.72min; (R (C4) = 16.06 min. 'H NMR (CD30D, 600 MHz)
87.86(d, 1H,J=84Hz),7.41(d, 1H,J=12Hz), 7.34(dd, 1H,J=1.2 Hz and 8.4 Hz), 4.0
(t, 2H, J = 6.0 Hz), 2.67 (t, 2H, J = 7.2 Hz), 2.13 (s, 6H), 1.97-1.93 (m, 2H). *C NMR
(CD30D, 600 MHz) 6 168.5, 157.6, 142, 139.2, 133.2, 123.1, 114, 117.8,91.7, 67.5, 29.6,
18.7, 9.3; (HRMS (DART) m/z: calcd for CISH17IN203 + H+ 401.0362; found 401.0347
(M+H+).

[0179] Methyl 3-(3-(3,5-dimethyl-1H-pyrazol-4-yl)propoxy)-4-fluorobenzoate (2); A
solution of methyl 3-(3-bromopropoxy)-4-fluorobenzoate (5b) (780 mg, 2.69 mmol, 1 equiv)
in benzene (3 ml) was added dropwise to a solution of acetyl acetone (0.552 ml, 5.38 mmol, 2
equiv) and DBU (0.804 ml, 5.38 mmol, 2 equiv) in benzene (7 ml). The reaction mixture was
stirred at room temperature for 3 days. The mixture was filtered and concentrated. The
residue was purified by flash column chromatography (silica gel, 1-10% EtOAc/hexanes) to
afford the alkylated intermediate which was used in the next step directly. To a solution of
this intermediate in ethanol (5 ml) was added hydrazine hydrate (0.36 ml, 6.73 mmol, 2.5
equiv) and the reaction was heated under reflux for 4 hr. The reaction was concentrated and
purified by flash column chromatography (silica gel, 1-20% MeOH/CH:Cl.) to afford
compound 2 (288 mg, 35% yield); (96.3% purity by HPLC): tr (column) (C18) =25.11 min;
= (C4) = 14.03 min. 'H NMR (CDsOD, 600 MHz) § 7.63-7.58 (m, 2H), 7.19-7.15 (m, 1H),
4.00 (t, 2H, J = 6.0 Hz), 3.86 (s, 3H), 2.58 (1, 2H, J = 7.2 Hz), 2.12 (s, 6H), 1.97-1.92 (m,
2H). BC NMR (CD:0OD, 600 MHz) 6 168.1, 158.4, 156.7, 148.9, 128.5, 124.6, 117.6, 117.0,
115.6, 69.4, 53.3, 31.1, 20.2, 10.9; HRMS (DART) m/z: calcd for CisHisFN20s + He
307.1458: found 307.1463 (M+H.).

[0180] 4-fluoro-3-(3-(1,3,5-trimethyl-1H-pyrazol-4-yl)propoxy)benzoic acid (3): A
solution of 2 (21 mg, 0.07 mmol, 1 equiv) in DMF (3 ml) was added sodium hydride (5 mg,
0.21 mmol, 3 equiv) and methyl iodide (17 pl, 0.28 mmol, 4 equiv). The reaction mixture
was stirred at room temperature for 2 hr. The mixture was extracted with brine, filtered and
concentrated. The residue was purified by flash column chromatography (silica gel, 0.5-2%
MeOH/EtOAC) to afford the alkylated intermediate which was used in the next step directly.
Sodium hydroxide (5.6 mg, 0.14 mmol, 2 equiv) in water (0.5 ml) was added to a solution of
alkylated intermediate in methanol (2 ml) and the reaction was heated under reflux for 4 hr

(50°C). The reaction was concentrated and purified by flash column chromatography (silica
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gel, 1-5% MeOH/EtOACc) to afford compound 3 (11 mg, 52% yield for two steps); (97.8%
purity by HPLC): tr (column) (C18) = 25.25 min; tr (C4) = 15.71 min. 'HNMR (CD:0D, 600
MHz) § 7.58-7.51 (m, 2H), 7.10-7.06 (m, 1H), 3.92 (t, 2H, J = 6.0 Hz), 3.56 (s, 3H), 2.49 (1,
2H, J = 7.2 Hz), 2.05 (s, 3H), 2.01 (s, 3H), 1.83-1.88 (m, 2H). >*C NMR (CD:0D, 600 MHz)
0168.1,154.6,146.8, 1453, 137.2, 128.1, 122.8, 115.5, 1154, 114.8, 67.4,34.3, 29.4, 18.8,
10.1, 7.9; HRMS (DART) m/z: calcd for CisH1sFN20s + H+307.1458; found 307.1449 (M+H+

).

[0181] 3-(3-(3,5-diethyl-1H-pyrazol-4-yl)propoxy)-4-fluorobenzoic acid (4): Sodium
hydroxide (3.2 mg, 0.08 mmol, 2 equiv) in water (0.5 ml) was added to a solution of 6 (13
mg, 0.04 mmol, 1 equiv) in methanol (2 ml) and the reaction was heated under reflux for 4 hr
(50°C). The reaction was concentrated and purified by flash column chromatography (silica
gel, 1-5% MeOH/EtOAc) to afford compound 4 (10 mg, 80% yield); (96.0% purity by
HPLC): tz (column) (C18) = 25.16 min; tr (C4) = 15.56 min. 'H NMR (CDs0D, 600 MHz) &
7.57-7.49 (m, 2H), 7.08-7.04 (m, 1H), 3.94 (t, 2H, J = 6.0 Hz), 2.51-2.43 (m, 6H), 1.87-1.82
(m, 2H), 1.06 (t, 6H, J=7.8 Hz). 3C NMR (CD:;OD, 600 MHz)  169.8, 157.9, 156.3, 149.3,
148.5,124.6,117.2,117.1, 114.1, 69.4, 31.8, 20.1, 19.9, 14.7; HRMS (DART) m/z: calcd for
C17H21FN205 + H+321.1614; found 321.1601 (M+H-).

[0182] Methyl 3-(3-bromopropoxy)-4-fluorobenzoate (5): compound 5 was synthesized
as reported earlier. To a solution of methyl 4-fluoro-3hydroxybenzoate (1.0 g, 5.87 mmol, 1
equiv) and 1,3- dibromopropane (3.0 ml, 29.4 mmol, 5 equiv) in DMF (15 ml) was added
K>CO3 (0.98 g, 7.1 mmol, 1.2 equiv). The reaction mixture was stirred at room temperature
for 16 hours. The mixture was diluted with EtOAc (500 ml), washed with brine (3x200 ml)
and dried with Na:SOs. The solution was filtered and concentrated. The residue was purified
by flash column chromatography (silica gel, 1-10% EtOAc/hexanes) to afford compound 5
(1.3 g, 76% yield); '"H NMR (CDsOD, 600 MHz) § 7.67-7.61 (m, 2H), 7.14-7.07 (m, 1H),
421 (t, 2H, J = 5.89 Hz). 3.89 (s, 3H). 3.62 (t, 2H, J = 6.38 Hz), 2.38-2.31 (m, 2H); (ESI+)
m/z: caled for CuH12BrFOs + H+290.00; found 290.01 (M + H+).

[0183] Methyl 3-(3-(3,5-diethyl-1H-pyrazol-4-yl)propoxy)-4-fluorobenzoate (6): A
solution of 5b (100 mg, 0.35 mmol, 1 equiv) in benzene (2 ml) was added dropwise to a
solution of 3,5-heptanedione (0.095 ml, 0.7 mmol, 2 equiv) and DBU (0.104 ml, 0.7 mmol, 2
equiv) in benzene (5 ml). The reaction mixture was stirred at room temperature for 3 days.

The mixture was filtered and concentrated. The residue was purified by flash column
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chromatography (silica gel, 1-10% EtOAc/hexanes) to afford the alkylated intermediate
which was used in the next step directly. Hydrazine hydrate (0.047ml, 0.875 mmol, 2.5
equiv) was added to the alkylated intermediate in ethanol (4 ml) and the reaction was heated
under reflux for 4 hr. The reaction was concentrated and purified by flash column
chromatography (silica gel, 1-5% MeOH/EtOAc) to afford compound 6 (75 mg, 65% yield
for two steps); 'H NMR (CDsOD, 600 MHz) & 7.59-7.54 (m,2H), 7.15-7.11 (m, 1H), 3.98 (t,
2H, J = 6.0 Hz), 3.81 (s, 3H), 2.56-2.47 (m, 6H), 1.91-1.86 (m, 2H), 1.13 (t, 6H, J=7.8 Hz). C
NMR (CDsOD, 600 MHz) § 167.9, 156.6, 156.2, 148.8, 148.7, 124.4, 117.5, 117.3, 116.9,
113.9,69.5, 53.1, 31.8, 20.1, 14.7; HRMS (DART) m/z: calcd for CisH23FN20s + H+
335.1771; found 335.1773 (M+H-).

Results

[0184] Determination of Binding Affinities and Thermodynamics of Interactions Between
Stabilizers and TTR. We used isothermal titration calorimetry (ITC) to determine the binding
affinities (K4) and the mechanisms underlying molecular interactions of all TTR stabilizers in
clinical development (i.e. AG10, tafamidis, diflunisal and tolcapone) and AG10 analogues 1,
2, 3, and 4. Most of the reported TTR ligands bind to the two identical T4 binding sites of
TTR with strong negative cooperativity and therefore the binding of the first ligand will
dominate the total binding energy as well as the stabilizing effect. While some differences in
cooperativity can be observed in the ITC thermograms, these differences will have minor
influences on the binding energy as well as the stabilizing effect. Therefore, the Ka values
reported in Table 5 were based on data fitted to independent single-site binding model. The
binding affinities of AG10 and tafamidis to TTR in buffer (Ka=4.8 + 1.9 and 4.4 £ 1.3 nM,
respectively) were 4-fold higher than tolcapone (Ka= 20.6 + 3.7 nM) and ~100-fold higher
than diflunisal (Ka= 407 = 35 nM). The Kavalues for compounds 1-4 ranged from 90 to 1250
nM, and the results are summarized in Table 5. The Kqfor binding of a stabilizer to TTR is
represented by the change in Gibbs free energy of binding (AG), where AG = AH — TAS. By
analyzing the thermodynamic signature of each molecule, we can assess the relative
contributions of enthalpic (AH; representing the formation or breaking of chemical bonds)
and entropic forces (AS; associated with the amount of disorder in a system and frequently
dominated and favored by release of bound water molecule due to hydrophobic interactions).
Despite the similar binding affinities of AG10 and tafamidis to TTR in buffer (i.e., similar
AG values), their binding energetics to TTR are notably different. Whereas the binding of
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AG10 (AH =-13.60 kcal/mol and 7AS = —2.26 kcal/mol) is enthalpically driven, tafamidis
binding is approximately 50% entropic and 50% enthalpic (AH =—5.00 kcal/mol and 7AS =
6.39 kcal/mol) (FIG. 16a and Table 5). The binding of tolcapone (AH = —10.1 kcal/mol and
TAS = 0.4 kcal/mol) and diflunisal (AH = —8.38 kcal/mol and 7AS = 0.34 kcal/mol) is
entropically favorable but mainly driven by enthalpic interactions. The unfavorable entropic
binding energy of AG10 for TTR (7AS = -2.26 kcal/mol) could be due to its higher polarity
and/or conformational flexibility compared to other TTR stabilizers. The themodynamics for

the binding interactions between compounds 1-4 and TTR is discussed below.

Table 5: Comparison of TTR stabilizers
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3 214132 .8 RN S BT 20T A3208 331248
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[0185] Enthalpic Force Predicts Potency of TTR Stabilizers in Buffer and Efficacy in
Human Serum. A recent study with diflunisal and other nonsteroidal anti-inflammatory drugs
(NSAIDs) found that ligands with favorable (i.e. larger negative) AH had a proportionally
higher TTR selectivity compared to ligands with a lower influence of AH. While this study
described the correlation between enthalpic forces and selectivity of TTR stabilizers, no
correlation between binding enthalpy of ligands and potency for stabilizing TTR or, to our
knowledge, any other multimeric proteins has been reported yet. To evaluate the potency of
stabilizers in occupying and stabilizing TTR in buffer we used the fluorescence probe
exclusion (FPE) assay. The FPE assay uses a fluorogenic probe (FPE probe) that is not
fluorescent by itself, however upon binding to the T4 binding site of TTR it covalently
modifies lysine 15 (K15), creating a fluorescent conjugate. Ligands that bind to the T4 site of
TTR will decrease FPE probe binding as observed by lower fluorescence. A linear correlation
has been reported between the extent of fluorescence in the FPE assay and stabilization of

TTR. Therefore, we first used the FPE assay to measure the potency of stabilizers for binding
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and stabilizing TTR in buffer (tested at 1:1 ratio of stabilizer to TTR tetramer; FIG. 16b,c and
Table 5). The order of potency of the stabilizers for TTR in buffer was AG10 > tolcapone >
tafamidis > diflunisal.

[0186] We then employed the FPE and Western blot assays to evaluate the efficacy
(representing both potency and selectivity) of stabilizers (10 uM) in occupying and
stabilizing TTR in human serum (TTR concentration 5 pM) (Table 5). The Western blot
assay measures the amount of intact TTR tetramer after 72 h of acid treatment in the presence
and absence of stabilizers. The order of efficacy of the stabilizers in human serum was similar
to what we observed for the potency with TTR in buffer (AG10 > tolcapone > tafamidis >
diflunisal; Table 5). The potency and efficacy of diflunisal was the lowest which is predicted
based on its significantly lower binding affinity to TTR (Ka= 407 + 35 nM) compared to all
other stabilizers (20 to 80-fold lower affinity than other stabilizers). Surprisingly, there was
no correlation between the Kavalues of the three other stabilizers and their potency and
efficacy in occupying and stabilizing TTR in both buffer and human serum. For example, the
potency and efficacy of tolcapone was higher than that of tafamidis despite the fact that the
binding affinity of tolcapone to TTR (Ka=20.6 + 3.7 nM) is slightly lower than the binding
affinity of tafamidis to TTR (Ku= 4.4 + 1.3 nM). Interestingly, both potency and efficacy of
these stabilizers for TTR in buffer and serum correlated very well (R2= 0.98) with their
binding enthalpy (AH =-13.6, —10.1, and -5.0 kcal/mol; for AG10, tolcapone and tafamidis,
respectively). This data indicate that the enthalpically-driven binding of AG10 and tolcapone
to TTR (discussed in details below) is the primary driver of their efficient stabilization of

TTR compared to other stabilizers.

[0187] We then used the Western blot assay to compare the efficacy of AG10 (10 uM) to
other stabilizers at their reported mean maximum plasma concentrations in human (Cmaxof 20
uM for 80 mg tafamidis qd; 200 uM for diflunisal 250 mg bid; and 20 uM for tolcapone 100
mg dose tid). AG10 at 10 uM completely stabilized TTR in human serum (%TTR
stabilization: 95 .4 + 4.8%); the other compounds stabilized ~50-75% of tetrameric TTR at
their reported clinical Cmax(FIG. 17a,b). The pKa values for AG10 (pKa = 4.13) and tafamidis
(pKa = 3.73) are higher than that for diflunisal (pKa = 2.94). Therefore, the percentage
ionization of the carboxylic acid groups of stabilizers might vary at pH 4. This could affect
the strength of the electrostatic interaction between the carboxylic acid groups and the e-
amino groups of lysine 15 (K15) and K15 at the top of the T4 binding sites which could

affect the potency of the stabilizer. To address this concern, we performed the Western blot
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assay using Urea buffer (pH 7.4). The TTR stabilization data of in Urea buffer is similar to
the data obtained from Western blot in acidic pH and from the FPE assay at physiological
pH. Consistent with the Western blot TTR stabilization assay data, T4 binding site occupancy
by 10 uM AGI10 in the FPE assay was essentially complete (%TTR occupancy 96.6 £ 2.1%)
and higher than all stabilizers at their reported clinical Cmax. The target occupancy for
tolcapone at 20 uM (%TTR occupancy 86 + 3.2%) was higher than those of tafamidis and
diflunisal (%TTR occupancy ~65% at 20 uM and 200 uM, respectively) (FIG. 17¢,d).

[0188] Binding Interactions Between AG10 and S117/S117” of TTR Mimic Molecular
Interactions within the Disease-Protective T119M Mutation. We investigated the correlation
between binding enthalpy and TTR stabilization by comparing reported co-crystal structures
of stabilizers with TTR against the crystal structures of stabilizing TTR variants (T119M and
R104H). We hypothesized that this could allow us to identify functional groups of amino
acids within the T4 binding sites of TTR which are important for binding and stabilization of
TTR. The carboxylic acid moieties of AG10, tafamidis, diflunisal, and the hydroxyl group on
tolcapone all participate in electrostatic interactions with the e-amino groups of lysine 15
(K15) and K15' at the top of the T4 binding sites. The enthalpically driven binding of AG10
and tolcapone to TTR is driven by additional hydrogen bonds that both molecules form
within the T4 binding site. The carbonyl group of tolcapone forms one hydrogen bond with
hydroxyl side chain of T119 of TTRwt (distance ~2.6 A; ideal distance for a hydrogen bond
is <3 A). The longer distance between the carbonyl group of tolcapone and hydroxyl side
chain of T119’ on the adjacent monomer (distance ~7.6 A) preclude the formation of a
second hydrogen bond. Interestingly, this interaction is weaker between tolcapone and
V122I-TTR (distance between the carbonyl group of tolcapone and hydroxyl side chains of
T119 and T119 of V122I-TTR are ~5.5 A and ~9.6 A, respectively), which could explain the
lower binding affinity (Ka= 56 nM) and potency of tolcapone toward V122I-TTR compared
to TTRwt. In the case of tafamidis, there is no hydrogen bonding at the base of the T4 pocket;
instead, the chlorine atoms of the 3,5-dichloro ring are also placed into halogen binding
pocket (HBP) 3 and 3’, where they interact with TTR through predominantly hydrophobic
interactions. In addition to electrostatic interactions between the carboxylic acid moiety of
AG10 and K15/K15°, AG10 also forms two hydrogen bonds with the hydroxyl side chain
serine 117 (S117) and S117' (distance ~2.8 A) of adjacent monomers in the low dielectric
macromolecular interior of the T4 binding site (FIG. 18a). These additional hydrogen bonds
are likely to be responsible for the driving force for the dominant enthalpic binding of AG10
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to TTR. Remarkably, similar hydrogen bonds have been reported within the inner cavity of
the kinetically stabilizing trans-suppressor T119M-TTR variant (FIG. 18b).

[0189] The two S117 side chain hydroxyl groups of monomers A and B in T119M variant
TTR form direct hydrogen bonds with a distance of 2.8 A, which are not observed in TTRwt
(distance between the two S117 residues ~6.0 A) (FIG. 18¢). These unique hydrogen bonds
lead to closer contacts between the two dimers (~4.8 A) within the TTR tetramer and
highlight the potential importance of these hydrogen bonds in the anti-amyloidosis and
disease-protective effects of the T119M variant on the TTR tetramers. The role of S117 in
stabilizing TTR has been also suggested by the binding of flavonoids that are capable of
forming a single hydrogen bond with one S117. Interestingly, the distance between the S117
and S117’ residues in the thermodynamically stabilized R104H variant, which does not
involve kinetic stabilization of the tetrameric TTR, is similar to that of TTRwt (average
dimer—dimer distance is ~5.6 A, FIG. 18c,d). The lack of hydrogen bonding between the
hydroxyl groups of S117 and S117” in the R104H variant (which is a less potent trans-
suppressor mutant than T119M) highlights the importance of these hydrogen bonds in the
anti-amyloidogenic and disease suppressing effects of kinetically stabilizing the TTR
tetramer in the T119M variant. By forming two direct hydrogen bonds with S117 and S117°
in the TTR tetramer, AG10 creates a similar electrostatic bridge as is found in the protective
T119M variant. This data is supported by the analysis of 40 reported crystal structures which
highlighted the closer dimer—dimer contacts in the crystal structures of both TI19M-TTR
(distance ~4.8 A) and AG10—V122I-TTR (distance ~4.66 A) compared to TTRwt or TTRm
(distance ~5.5 A) (Supplementary Table 1). It is important to note that other known TTR
stabilizers do not interact with S117/S117” of TTR.

[0190] Characterization of key functional groups of AG10 important for TTR
Stabilization. In order to investigate the enthalpic contribution of each of the functional
groups of AG10 on TTR binding and stabilization, we synthesized and tested four AG10
analogues (compounds 1, 2, 3, and 4; FIG. 15) and evaluated their ability to bind and stabilize
TTR (FIG. 19). AG10 binds TTR with unfavorable entropy (7AS = -2.26 kcal/mol). The
fluorine atom of AG10 is placed into HBP1 of TTR and therefore we hypothesized that the
entropic binding of AG10 to TTR could be optimized by replacing the fluorine atom of AG10
with an iodine (compound 1a). Modeling studies suggest the iodine of 1 fits in HBP1 of TTR
(where the iodine of T4 binds) which could improve the entropic binding by displacing more

water molecules from HBP1 (FIG. 19a). Compound 1a displayed significantly lower binding
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affinity (Ka= 90 + 14 nM) to TTR in buffer compared to AG10 (Ka=4.8 = 1.9 nM). ITC
analysis showed that while the entropic interaction of 1 with TTR was more favorable
compared to AG10 (TAS =-0.21 kcal/mol and -2.26 kcal/mol, respectively), there was a
significant drop in the enthalpic contribution to the binding (AH = -9.82 kcal/mol and -13.6
kcal/mol, respectively) (FIG. 19b). As suggested by modeling, the decrease in binding
enthalpy could be explained by the decrease in strength of the salt bridge between the
carboxylic acid moiety of 1 and K15/K15° (distance ~4.7 A compared to ~2.8 A for AG10).
Compound 1a also displayed reduced potency for TTR in buffer (58.3 = 0.98%) and human
serum (75.9 = 3.1%) compared to AG10 (FIG. 19¢c-e and Table 5).

[0191] The carboxylic acid moiety of AG10 forms two salt bridges directly with the e-
amino groups of K15 and K15 at the periphery of the Ts-binding site which serve to close the
Tspocket around AG10 and partially shield it from the solvent. We synthesized a methyl-
ester analogue of AG10 (compound 2, FIG. 19a) to test the effect of modifying the two salt
bridges that AG10 forms at the periphery of the Ts-binding site. Compound 2 displayed
significantly lower affinity (Ka= 258 + 17 nM) to TTR in buffer compared to AG10 (Ka=4.8
+ 1.9 nM), which could be explained by the lower strength of potential hydrogen bonds
between the ester group of 2 and K15/K15° (AH = -6.49 kcal/mol) compared to the salt
bridge in AG10 (FIG. 19b). Compound 2 also displayed reduced potency for TTR in buffer
and human serum compared to AG10 and compound 1a (FIG. 19¢c-e and Table 5).

[0192] The 3,5-dimethyl-1H-pyrazole ring of AG10 sits deep within the inner cavity of the
Ts-binding site, and forms two hydrogen bonds with the S117 and S117’ of adjacent subunits.
By blocking these interactions, we can effectively observe their enthalpic contribution using
ITC and the FPE assay, respectively. Therefore, we synthesized compound 3 which has an N-
methyl pyrazole. The N-methyl group would restrict the pyrazole ring of 3 to form only one
hydrogen bond with one of the adjacent TTR subunits (FIG. 19a). We also synthesized
compound 4 where the dimethyl pyrazole of AG10 was replaced with diethyl pyrazole.
Modeling studies suggested that the bulk of the diethyl groups would prevent the molecules
for reaching deep in the Ts-binding site, thereby decreasing its ability to potentially form any
hydrogen bonds with S117/S117" (FIG. 19a). As predicted by modeling, both 3 (Ka=251 +
12 nM) and 4 (Ka= 1253 = 79 nM) showed greatly reduced binding affinity to TTR in buffer.
This reduced affinity was translated into a significant decrease in potency for TTR in buffer
and human serum, especially for compound 4. The order of potency for stabilizing TTR was

similar in both buffer and serum (1 >2 > 3 > 4; FIG. 19¢c-e and Table 5). As we observed with
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the clinical ATTR stabilizers, the potency of AG10 and compounds 1, 2, 3, and 4 in
occupying and stabilizing TTR correlated very well (R2= 0.98) with the binding enthalpy of
these molecules (AH =-13.6, -9.82, —6.49, -4.73, and -2.1 kcal/mol, respectively).
Interestingly, despite the similar binding affinities of 2 and 3, their potency was significantly
different (Table 5). The higher potency of 2 compared to 3 could be explained by its
favorable enthalpic binding (AH = -6.49 kcal/mol and -4.73 kcal/mol, respectively) (FIG.
19b). This observation is similar to the data obtained for AG10 and tafamidis (i.e. similar K4
values but significantly different potency) (Table 5). These results highlight the crucial role
played by the pyrazole ring and the importance of the hydrogen bonds it forms with the two
TTR dimers, mimicking the interactions in the protective T119M-TTR mutation, and

enhancing the kinetic stability of the TTR tetramer.

[0193] Examining the effect of enthalpy on the selectivity of AG10 to TTR. To examine
the role of enthalpy on the selectivity of AG10 for TTR over other abundant serum proteins,
we tested the concentration-effect relationship of AG10 and tafamidis in the FPE assay in
whole human serum. We tested AG10 and tafamidis since their binding affinities for TTR in
buffer is very similar (Ka=4.8 = 1.9 nM and 4.4 + 1.3 nM, respectively) but their
thermodynamics for binding TTR, especially the enthalpy component, is significantly
different. Therefore, the data obtained in serum would largely reflect selectivity. AG10
displayed a progressive concentration-dependent occupancy, with complete occupancy
achieved at AG10 concentrations > 10 uM. Even at sub-stoichiometric concentrations, AG10
was able to occupy and stabilize the majority of TTR (at 5 uM, TTR occupancy of 69.2% by
FPE, 74.5% stabilization by Western blot). In contrast, there was a more modest increment in
either occupancy or stabilizing activity of tafamidis at concentrations above 20 uM. A good
correlation (R2=1.0) between TTR occupancy (by FPE) and TTR stabilization (by Western
blot) was observed when the activity of AG10 was evaluated. For tafamidis, there was a good
correlation (R2= 0.87) for concentrations up to 10 uM, however, at higher concentrations

there was a plateau in the FPE assay.

[0194] The selectivity of AG10 and tafamidis for TTR was further investigated by
repeating these assays in buffer in the presence or absence of purified serum proteins. AG10
or tafamidis (30 uM) were pre-incubated with purified human serum albumin (at its
physiological concentration of 600 pM) and then subjected to gel filtration followed by
dialysis. At time 0 (immediately after gel filtration), less AG10 was bound to albumin
compared to tafamidis (18.3 £ 0.98 uM vs. 24.1 = 1.1 pM; FIG. 20a). Following dialysis vs
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buffer for 24 hr, the concentration of AG10 bound to HSA was lower than that for tafamidis
(7.8 0.1 uM vs. 18.8 + 2.1 uM). These data indicate that AG10 has a lower binding affinity
for albumin compared to tafamidis. In parallel the binding of AG10 to TTR was also
investigated in this gel filtration/dialysis assay. AG10 (10 uM) was pre-incubated with an
equimolar ratio TTR (5 uM of tetrameric TTR, representing 10 uM of TTR T4 binding sites).
The dissociation of AG10 from TTR was slow for the first six hours (AG10-TTR molar ratio

of ~1.2:1), and maintained a 1:1 molar ratio over a 24 hr incubation (FIG. 20b).

[0195] Finally, the selectivity of AG10 and tafamidis for binding to TTR in human serum
was evaluated using a modified FPE assay where human serum was replaced with purified
human TTR in buffer (PBS buffer, pH 7.4). In addition to purified TTR (5 uM), four separate
representative and abundant plasma proteins were added to the FPE assay in buffer. Addition
of albumin, transferrin, fibrinogen or immunoglobulin (IgG) did not influence TTR
occupancy by AG10 (>97% TTR occupancy in the absence or presence of any of these
proteins, FIG. 20c,d). Albumin, but not the other serum proteins tested, interfered with TTR
occupancy by tafamidis (41.5 + 0.9% vs. 68.2 + 0.1% in the absence of albumin; FIG. 20e.f).
Adding all of the tested plasma proteins simultaneously vielded identical results for AG10.
The higher selectivity of AG10 for TTR could be attributed to a number of properties,
including the enthalpic binding and greater hydrophilicity of AG10 (ClogP = 2.78) compared
to the more lipophilic tafamidis (ClogP = 4.2).

[0196] Healthy Beagle Dog is a Suitable Experimental Model for Evaluating the Efficacy
of TTR Stabilizers. We then investigated if the high potency and selectivity of AG10 for TTR
can be maintained iz vivo. Transgenic animal models that faithfully reproduce the pathology
of human ATTR-CM are not yet available. Therefore, we took an approach similar to that
currently used in the clinic to examine the efficacy of AG10 vs other TTR kinetic stabilizers.
The activity of TTR stabilizers in occupying and stabilizing TTR is commonly assessed ex
vivo in blood samples obtained from patients before and after dosing of the stabilizer. To
explore the in vivo activity of AG10, this same approach was used in the healthy beagle dog.
The healthy beagle dog was chosen as an experimental model for several reasons. All amino
acids in the T4 binding sites of TTR, where AG10 and other stabilizers bind, are conserved
between dog and human. We also tested the concentration of TTR in dog serum (~4.6 uM)
and found it similar to that of healthy humans. To confirm the suitability of assays used with
human-based reagents for dog studies, the activity of AG10 and tafamidis was evaluated in

pooled dog serum using the same FPE and Western blot assays used for the experiments
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described above. The in vitro TTR binding and stabilization concentration-effect
relationships of AG10 and tafamidis in both assays repeated using dog serum was similar to
those observed in human serum (FIG. 21). These features made the healthy canine a suitable

system for subsequent investigations.

[0197] AG10 Potently and Selectively Binds to Canine TTR Following Oral
Administration. To explore the pharmacokinetic-pharmacodynamic (PK-PD) relationship in
vivo, AG10 was administered to healthy beagle dogs daily by oral gavage for 7 days. A total
of 16 male (M) and 16 female (F) beagle dogs made up four treatment groups: (i) 6M/6F at 0
mg/kg/d (vehicle control); (i1) 2M/2F at 50 mg/kg/d; (ii1) 2M/2F at 100 mg/kg/d; and (iv)
6M/6F at 200 mg/kg/d. Timed serum samples were collected pre-dose on study day 1
(baseline), pre-dose on study day 7 (representing trough concentrations, or Cmin, at steady
state), and at 1 hr post-dose on study day 7 (representing peak concentrations, or Cmax, at
steady state). Binding occupancy of TTR by AG10 was assessed by FPE assay (FIG. 22a,b).
All samples from dogs treated with vehicle alone, and those collected from the active
treatment arms prior to exposure to AG10, showed zero TTR occupancy. Serum from AG10-
treated dogs displayed a dose-proportional response in binding occupancy at the steady state
trough (day 7 pre-dose; ~81-94% TTR occupancy), and all AG10 treated groups showed
complete (>97%) TTR occupancy at steady state Cmax(day 7 post-dose). Lower doses of
AG10 were subsequently tested to further explore the PK-PD (exposure-effect) relationship
in order to identify a minimally effective dose of AG10 that might still effectively bind to and
stabilize TTR. Eight dogs divided into two active treatment groups received either 5 or 20
mg/kg AG10 HCI as a single oral dose. These results showed enhanced TTR occupancy in
the 20 mg/kg vs. 5 mg/kg dose groups (FIG. 22c.d). The %TTR occupancy at Cmax was
significantly higher (p < 0.001) than at Cmin for both doses. There was significantly higher (p
<0.001) TTR occupancy for the 20 mg/kg dose compared to the 5 mg/kg dose at Cmin. The
data also showed that circulating plasma concentration of AG10 correlates well with %TTR

occupancy.

[0198] In summary, Beagle dogs demonstrated that AG10 is orally available at particular
dosage levels, and achieves dose-dependent plasma concentrations that potently and

selectively bind and stabilize tetrameric TTR.

Example S: A Single Dose Study in Monkeys Administered AG10 HCI by
Intravenous administration or Oral Gavage
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[0199] AG10HCI was administered at dose levels of 1 mg/kg intravenous or 5 mg/kg per
oral to 3 male cynomolgus monkeys. There was a washout period of two weeks between the
two phases. Blood samples were collected at pre-dose and at approximately 0.083 (IV only),
0.25,0.5,1,2,4,8, 12, 24, 48, 72 and 96 hours post-dose. Plasma samples were assayed for
AG10 and AG10 acylglucuronide and serum was tested in FPE assay. As shown in FIG. 23
results from FPE assay demonstrate that orally administered AG10 effectively binds to TTR

in monkey serum.

[0200] The FPE assay also demonstrated that orally administered AG10 stabilized TTR in a
dose dependent manner (FIG. 24).

Example 6: TTR blood serum concentrations increase in healthy individuals dosed
with AG10.

[0201] To measure blood serum TTR concentrations, a Prealbumin ELISA kit (human)

from Aviva Systems Biology, catalog # OKIA00081-96W, lot# KC0699 was used.

[0202] The study was performed according to the protocol supplied by the ELISA kit
manufacturer. The method was modified by addition of three standard concentrations to the
manufacturer recommended calibration curve. The supplied TTR calibrator was dissolved in
1 mL of distilled water resulting in a concentration of 8.85 ug/mL. The first additional
standard was 1000 ng/mL which was prepared by adding 178.4 uL of calibrator to 1400 uL.
of 1X diluent. The second additional standard was 200 ng/mL which was prepared by adding
32.4 uL of calibrator to 1400 pL of 1X diluent. The third additional standard was 0.78125
ng/mL which was prepared by adding 600 pL of the 1.5625 ng/mL standard to 600 uL of 1X
diluent. The ELISA kit utilizes goat polyclonal anti-TTR antibodies for capture and detection.
The antibodies were raised against native human TTR protein. Pooled human serum was

purchased from Innovative Research Inc. (Catalog # IPLA-SER, Lot # 24453).

[0203] Pooled human serum and MAD serum samples were thawed at 37°C in a water bath
for 10 minutes. All samples were diluted 1:10000 in two steps. First 5 uL of serum was
mixed with 995 pL of 1X diluent provided in ELISA kit. Second, 5 pL of the mixture was
added to 245 pL of 1X diluent in a non-binding microplate. 100 uL of each final diluted
sample was added to each well of the ELISA plate. All standards and samples were tested in
duplicate. The TTR study follows the manufacturer’s protocol from this point forward
without any further modifications. Briefly, standards and serum samples were incubated in

the ELISA plate for one hour at room temperature. The ELISA plate is washed four times
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with 1X wash buffer, then incubated with 1X horseradish peroxidase conjugate for 30
minutes at room temperature and protected from light. The ELISA plate is then washed four
times. TMB substrate is added and allowed to develop for 10 minutes before adding stop

solution. Finally, the absorbance at 450 nm is measured for each well.

[0204] The absorbance measurements were reference corrected by taking the average
absorbance at 450 nm of the duplicate 0 ng/mL wells and subtracting it from the total 450 nm

absorbance of each well.

[0205] A standard curve was generated for each ELISA plate using GraphPad PRISM
software. The log (ng/mL) of the standards were plotted on the X axis and the reference
corrected 450 nm absorbance values were plotted on the Y axis. The data were fit using a
sigmoidal 4 parameter curve. The log (ng/mL) of the pooled human serum and MAD serum
samples were interpolated from the standard curves. The log (ng/mL) values were
transformed into serum TTR concentrations in mg/L and corrected for sample dilution. The
standard curves generated using the supplied calibrant were reproducible (FIG. 25) and the
kit successfully differentiated pooled human serum samples at increasing dilution ratios from

1:5000 to 1:20000. The Aviva ELISA kit was thus used for testing.

[0206] Human normal volunteer samples from three cohorts of the MAD study (100, 300,
800 mg AG10 HCI dosed twice daily for twelve consecutive days) as well as placebo cohorts
were tested using the Aviva ELISA kit. The relative change in TTR concentration over time
for each cohort was calculated by normalizing against baseline values (FIG. 26). FIG. 27
shows the mean percent change in blood serum TTR concentration from baseline to Day 12
in all placebo and AG10 treated cohorts. FIG. 28 and FIG. 29 plot the baseline and day 12
blood serum TTR concentration in all placebo and AG10 HCI treated cohorts (Total number
of Healthy Volunteers Dosed= 24; Placebo: Active = 1:3; MADI cohort = 100 mg Q12h for
12 days; MAD2 cohort = 300 mg Q12h for 12 days; MAD3 cohort = 800 mg Q12h for 12
days).

ARUP Prealbumin Assay (Immunoturbidimetry Assay)

[0207] An ARUP Prealbumin assay was also used to analyze TTR blood serum
concentration in the MAD cohorts tested. ARUP analyzes samples for prealbumin using the
prealbumin reagent kit provided by Roche Diagnostics and run on the Roche Diagnostics

¢702 module. Lowest reportable limit is 3 mg/dL.
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[0208] Table 6 summarizes the baseline and post dose (after 24 hours) blood serum TTR
concentration measured for each cohort. In each tested group, there is a measurable increase

in TTR concentration over the 24 h measurement period.

Table 6: MAD Cohorts 1 - 3 PK Parameters -- Blood Serum TTR Concentration

Treatment Baseline Postdose Change from Baseline

(mg/dL) (mg/dL) (mg/dL)

100 mg AGIOHCI  [25.1 (17.2) [n=6] | 28.0 (14.5) [n=6] | 2.63 (38.9) [n=6]
(fasted)

300 mg AGIOHCI  [21.8(22.9) [n=6] | 23.7 (16.4) [n=6] | 2.64 (38.7) [n=6]
(fasted)

800 mg AG10 HCl 26.8 (15.2) [n=6] | 29.0 (13.0) [n=6] | 2.71 (28.4) [n=6]
(fasted)

Placebo (pooled fasted) |24.5 (12.5) [n=6] | 23.5 (13.9) [n=6]

100 mg AG10 HCI (fasted): Administration of multiple oral doses of 100 mg AG10 HCI
following an 8 hour fast

300 mg AG10 HCI (fasted): Administration of multiple oral doses of 300 mg AG10 HCI
following an 8 hour fast

800 mg AG10 HCIl (fasted): Administration of multiple oral doses of 800 mg AG10 HCI
following an 8 hour fast

Placebo (pooled fasted): Administration of placebo following an 8 hour fast

Geometric mean change from baseline for placebo was set to missing since only 1/6
subjects had positive values and were included in the calculation. The remainder of subjects
(5/6) were excluded due to negative change from baseline results.

. = Value missing or not reportable

Baseline, postdose and change from baseline values are presented as geometric mean and

geometric CV%.

Example 7: Phase 2 Clinical Study Results — Individuals with ATTR-CM

[0209] The phase 2 clinical study was performed essentially as described in Example 3. A
total of 49 patents were included instead of 45: 16 receiving 400 mg bid; 16 receiving 800 mg

bid; and 17 receiving placebo.

[0210] Baseline characteristics for the individuals participating in the study are shown in

Table 7, below.

Table 7: Baseline Characteristics
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Male. n (%) 17 (100%) 14 (88%) 14 (88%) 45 (92%)

ATTRwL, n (%) 14(82%) @ 10(63%) 11 (69%) 35 (71%)

White ' 13 (76%) 10 (63%) 12 (75%) 35(72%)

1 (6%) 4 (8%)

0224024 010+ 0.06

Troponin I (ng/ml.)?

Results

[0211] TTR stabilization was measured ex vivo using the FPE and Western blot assays
described at the beginning of the examples section. TTR stabilization was measured in vivo

by monitoring TTR serum concentrations in trial participants.

[0212] FIG. 30 illustrates the dose-response change in serum TTR levels for subjects in
each treatment group. The data is reported as the percent change from baseline to day 28.
Individuals receiving 400 mg of AG10 HCI twice a day had a mean increase in serum TTR
levels of 36%, and individuals receiving 800 mg of AG10 HCI twice a day had a mean
increase in serum TTR levels of 50%. Comparatively, the placebo treatment group had a

mean decrease in serum TTR levels of 7%.

[0213] The increase in serum TTR levels in the AG10 HCI dosing groups (both 400 mg
and 800 mg b.i.d.) tracks the previously reported observation for TTR stabilizers previously
tested. FIG. 31 plots the mean percent change from baseline to day 28 of dosing for each
treatment group in this study. Also plotted is the percent change in serum TTR levels
reported for Tafamidis Phase 2 (FDA CDER Advisory Committee Meeting background
package) and a diflunisal observational study (Hanson, J.L.S. et al. Circ Heart Fail 2018
11:¢004000). As can be seen in the figure, AG10, Tafamidis, and diflunisal all increased

serum TTR levels.
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[0214] Before treatment 40% of subjects in the 400 mg b.i.d. treatment group, and 56% of
subjects in the 800 mg b.i.d. treatment group had serum TTR levels that were below normal
TTR levels (normal levels of TTR is 20-40 mg/dL (3.6-7.3 uM)). After 28 days of treatment,
100% of each active cohort had serum TTR concentrations within normal range (i.e., all
treated patients had normal serum TTR levels by the end of the 28 day treatment regimen).
Comparatively, 18% of placebo individuals had serum TTR levels that were below normal
TTR levels before treatment. After 28 days of treatment, that number increased to 31% of
placebo individuals who did not have normal levels of serum TTR concentration. See, FIG.
32. The baseline distribution of serum TTR concentrations for the individuals in the study is

shown in FIG. 33.

[0215] Ex vivo western blot analysis confirms that each of the dosing levels of AG10 HCI,
400 mg b.i.d. and 800 mg b.i.d., effectively stabilized TTR. See, FIG. 34, illustrating high
levels of TTR stabilization the day 14 and 28 trough (h0) and peak (h1) time points as
compared to low levels of stabilization at the pre-dose time point (D1 h0). Error bars

provided are the standard error of the mean.

[0216] This western blot result is further confirmed by the fluorescence probe assay, which
shows high levels of TTR stabilization at the day 28 trough (pre-dose) and day 28 peak (1 hr
after dose) in individuals with both wild-type and mutant TTR. See, FIG. 35.

[0217] When plotting the relationship between AG10 circulating blood plasma
concentration and occupancy by AG10 in the thyroxine binding pocket of tetrameric TTR, it
was determined that significant target engagement (occupancy by AG10) occurs around a
blood plasma concentration of 5 uM and full target engagement occurs at about 7.5 uM. See,

FIG. 36

[0218] FIG. 37 and FIG. 38 plot the relative fluorescence units measured at day 1 pre-
dose, day 14 pre-dose (trough), day 14 1 hour post dose (peak), day 28 pre-dose (trough), and
day 28 1 hr post-dose (peak) for the 400 mg b.i.d. cohort (FIG. 37) and the 800 mg b.i.d.
cohort (FIG. 38) in the fluorescence probe assay. As can be seen in both figures, the
fluorescence probe assay indicates that there is near full target engagement by day 14 in both
the 400 mg b.i.d. and 800 mg b.i.d. cohorts at both the trough and peak time points.
Comparatively, FIG. 39 plots the relative fluorescence units measured at each of the above
referenced time points in the placebo control group. This plot demonstrates lack of target

engagement for the placebo control group.
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[0219] Collectively, the data presented herein indicated that AG10 was well tolerated in
symptomatic ATTR-CM patients for 28 days, AG10 increases serum TTR concentrations in a
dose —dependent manner, AG10 restores low TTR levels to normal levels, and AG10

completely stabilizes TTR across the both dosing levels tested.

[0220] When looking at wild-type and particular mutant TTR populations in the cohorts
tested, each active dosing group — regardless of TTR genotype — showed an increase in blood
serum TTR concentrations at the end of dosing as compared to the starting levels. The TTR
blood serum data was analyzed using the ARUP Prealbumin assay described in Example 6

and is shown in Table 8, below.

Table 8: Blood Serum TTR Concentration in Phase II Cohorts

400 mg 16 36% 21%
T60A 2 42% 20%
V1221 4 51% 13%
WT 10 32% 22%

800 mg 16 50% 38%
V1221 4 90% 57%
V3ioM 1 61% NA
WT 11 35% 18%

Placebo 17 -7% 15%
V1221 3 -17% 34%
WT 14 -4% 7%

[0221] Specifically looking at the data for individuals with a V30M TTR mutation (a
highly prevalent mutation associated with familial ATTR polyneuropathy (ATTRm-PN), near
complete target engagement at day 14 and near complete TTR stabilization at day 28 of
treatment was observed for this patient population using the FPE and westem blot assays,

respectively. See, FIG. 40 and FIG. 41.

Example 8: Commonly used diuretics do not interfere with exposure of AG10

[0222] ATTR-CM patients with clinical evidence of heart failure often manifest signs and

symptoms of volume overload or elevated intracardiac pressure. This requires treatment with
diuretics (Ruberg & Berk Circulation 2012 126:1286-300). Diuretics such as Furosemide or

Torsemide were the most common medications used in the AG10-201 Phase 2 study in

ATTR-CM patients. See, Table 9.

Table 9: Summary of Subjects Receiving Diuretic Treatment

62



10

15

20

25

WO 2019/183463 PCT/US2019/023555

Dose Total # of Subjects with
subjects Furosemide/Torsemide

Placebo 17 14

400 mg BID 16 14

AG10

800 mg BID 16 11

AG10

[0223] For Population PK analysis, a formal 3-step covariate selection process was
employed to investigate their impact on AG10 Pharmacokinetics. While multiple covariates
were identified as significant during forward addition, only disease state on central volume of
distribution was found to be insignificant during the backward elimination at the significance
level of o = 0.01. Thus, the final model retained disease state on the central volume of

distribution.

[0224] Population PK analysis was used to determine if co-administration of diuretics like
furosemide had any impact on the pharmacokinetics of AG10. Of the 32 subjects in Phase 2
who were dosed with AG10, 25 were being treated with furosemide or torsemide. Of the 17

subjects who were on placebo, 14 were on furosemide or torsemide.

[0225] No difference in clearance of AG10 was observed between healthy adult volunteers
in Phase 1 and subjects in Phase 2 based on patient status or diuretics (furosemide/torsemide)

(FIG. 42A B).

[0226] As previously stated, central volume of distribution was affected by disease state of
ATTR-CM. Lower volume (FIG. 42C,D) was observed in:
a) ATTR-CM patients in Phase 2 vs healthy adult volunteers in Phase 1

b) ATTR-CM patients receiving furosemide or torsemide vs not receiving
furosemide or torsemide

[0227] Thus, volume of distribution was lower in subjects on furosemide/torsemide as
compared to healthy adult volunteers. No distinction could be made between a drug-disease
interaction (i.e., the effects of chronic heart failure on volume of distribution) and a drug-drug
interaction (the effect of diuretics on volume of distribution). A variation in volume of
distribution mainly affects the peak plasma concentration of a drug. Both Phase 1 (AG10-
001) healthy adult volunteer study (MAD 3, 800 mg Q12h) and Phase 2 in ATTR-CM
patients (AG10-201) have demonstrated that a circulating trough concentration of ~ 8§ uM
AG10 is a suitable target based on stabilization of TTR. As shown in FIG. 43, 800 mg bid
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dosing of AG10 attains suitable concentrations in both patients treated with furosemide or

torsemide and in subjects who are not on concomitant diuretics.

[0228] Mean accumulation ratios for plasma AG10 Cuax in repeat dosing of healthy
volunteers ranged from 1.3 to 1.6. The accumulation ratio was used to predict
pharmacokinetic profile of dosing AG10 400 mg tablets at steady state. FIG. 44 compares
plasma level of AG10 12 hours after administration of single 400 mg AG10 tablet, predicted
trough steady state circulating concentration of AG10, assuming an accumulation ratio of
1.45 (post repeat dosing of 400 mg tablets) and actual circulating concentrations of AG10 in
ATTR-CM patients dosed with AG10 400 mg BID in Phase 2. Analogous to the results
obtained with daily 800 mg BID dose (4 X 200 mg AGI0 tablets twice daily), the predicted
trough levels with the higher dose strength tablet (400 mg) also matched trough profile of the
Phase 2 lower daily dose group of 400 mg BID (2 X 200 mg AG10 tablets twice daily).

[0229] Thus, commonly used diuretics do not interfere with exposure of AG10.

Example 9: Phase 3 Clinical Study - ATTR-CM

[0230] This prospective, randomized, multicenter, parallel-group study will evaluate the
efficacy and safety of AG10 in symptomatic subjects compared to placebo, administered on a
background of stable heart failure therapy. Screening and randomization will be followed by
a total of 30 months of blinded, placebo-controlled treatment. At the end of 12 months of
treatment (Part A) efficacy of AG10 will be assessed through analyses of the functional
(6MWT) and health-related QoL (as measured by HF-specific instrument KCCQ) endpoints.
At the end of 30 months of treatment (Part B) efficacy of AG10 will be further assessed

through analysis of all-cause mortality and CV-related hospitalization.

[0231] There are currently no approved therapies indicated for the treatment of ATTR-CM.
No other investigational treatments or therapies used off-label or as nonprescription
supplements for the treatment of ATTR-CM will be permitted. However, in the event that
other therapies are granted regulatory approval with a specific indication for the treatment of
ATTR-CM in one or more geographies during the conduct of the trial, there are several

potential pathways for study subjects:

e Subjects will be encouraged to remain in the trial for at least 12 months of blinded
study therapy regardless of the availability of any approved, indicated products. If a

subject chooses to exit the trial at any time they will be encouraged to complete an
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early termination visit and associated procedures.

e Any study subject who has already completed at least 24 months of blinded study
therapy and thereafter gains access to an approved, indicated product will be
encouraged to remain in the trial and continue blinded study treatment even after
initiating therapy with that product. Subjects initiating therapy with an approved
indicated product and remaining in the trial should have an unscheduled visit with

study assessments prior to initiation of the concomitant therapy.

[0232] All subjects who complete 30 months of blinded study therapy and the final
assessments of the double-blind treatment period may be eligible to participate in an open

label extension study of long-term AG10 treatment.

[0233] Eligible subjects will be randomized in a 2:1 ratio to AG10 800 mg or matching
placebo administered orally BID. Subjects will be stratified at randomization based on
whether they have wild-type ATTR-CM (ATTRwt-CM) or mutant ATTR-CM (ATTRm-
CM) with a targeted minimum of 20% of subjects with ATTRm-CM. Every effort will be
made to confirm TTR status (wild-type or a variant) by genotyping. In exceptional
circumstances (when subject refuses to get genetic testing), approval can be requested from
Medical Monitor or a designee to enroll a subject without a documented genotyping. If
approved, and subject is enrolled in the study, such subject with unknown TTR status will be
stratified in the "wild-type TTR" stratum. Subjects will also be stratified according to NT-
proBNP level (<3000 vs >3000 pg/mL) and renal function defined by eGFR (=45 vs <45

mL/min/1.73 m?) at Screening,

[0234] Samples for plasma PK and serum/plasma PD will be collected in the PopPK-PD
substudy.

[0235] Information on AEs and concomitant medications will be collected throughout the
study. The safety and conduct of the study will be monitored by an independent Data
Monitoring Committee (DMC).

[0236] A summary of the trial design in shown in FIG. 45.

[0237] Part A of this study will determine the efficacy of AG10 in the treatment of subjects
with symptomatic transthyretin amyloid cardiomyopathy (ATTR-CM) by evaluating the
difference between the AG10 and placebo groups in the change from baseline in the Six-

Minute Walk test (6MWT) after 12 months of treatment.
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[0238] Part B of this study will determine the efficacy of AG10 in the treatment of subjects
with symptomatic ATTR-CM by evaluating the difference between the AG10 and placebo
groups in the combined endpoint of All-Cause Mortality and the cumulative frequency of

cardiovascular (CV)-related hospitalization over a 30-month period.
Subject Population and Stratification

[0239] Approximately 510 males and females >18 and <90 years of age with chronic,
stable, symptomatic (NYHA Class I-IIT) ATTR-CM will be randomized in a 2:1 ratio (340
subjects to active treatment, 170 to matching placebo) in the study. Subjects will be stratified
at randomization according to whether they have ATTRm-CM or ATTRwt-CM with a
targeted minimum of 20% of subjects with ATTRm-CM. Every effort will be made to
confirm TTR status (wild-type or a variant) by genotyping. In exceptional circumstances
(when subject refuses to get genetic testing), approval can be requested from Medical
Monitor or a designee to enroll a subject without a documented genotyping. If approved, and
subject is enrolled in the study, such subject with unknown TTR status will be stratified in the
"wild-type TTR" stratum. Subjects will also be stratified according to NT-proBNP level
(<3000 vs >3000 pg/mL) and renal function defined by eGFR (>45 vs <45 mL/min/1.73 m?)

at Screening.
Duration of Treatment

[0240] Subjects will be treated with the study drug (AG10 or placebo) for 30 months unless
it is not well tolerated. Eligible subjects who complete 30 months of treatment may continue

to an OLE to receive AG10, at the discretion of the Investigator.

[0241] Part A, Part B and the OLE will be reported separately. The trial is complete after
data for all subjects completing a post treatment final visit have been included in the final

database and a final report of the trial has been completed.
Treatments Administered

[0242] Subjects who meet eligibility criteria will be randomized in a 2:1 manner (AG10 :

placebo) to receive the following treatment arms in a double-blind fashion:

¢ 800 mg AG10 BID, orally (two 400 mg AG10 tablets, BID)
¢ Matching placebo BID, orally (two matching placebo tablets, BID)
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[0243] In the event that the Investigator determines that a dose adjustment is warranted,
based on a subject’s report of AEs that may indicate the study medication is not well
tolerated, the blinded dose may be decreased to 400 mg AG10 or matching placebo
administered BID. This will be accomplished by having the study staff instruct the subject to
take one tablet of study medication BID instead of two. Any dose adjustment will be

documented in the database.

Prohibited Medications

1. Use of patisiran, inotersen, tafamidis [see Note below] or any other
investigational agent for the treatment of ATTR-CM is prohibited during the
study.

2. Use of diflunisal, doxycycline; natural products or derivatives used as unproven
therapies for ATTR-CM (e.g., green tea extract, tauroursodeoxycholic acid
[TUDCA]/ursodiol is prohibited.

. Use of calcium channel blockers (e.g., verapamil, diltiazem) or digitalis is

(O]

prohibited.
[0244] Note: If, during participation in the study, tafamidis becomes commercially
available and subjects have access to it, subjects will be permitted to initiate therapy with
tafamidis as a concomitant medication if they have completed at least 24 months of blinded

study therapy.
Study Procedures
Schedule of Assessments

[0245] The descriptions of the procedures to be performed throughout the study are

provided below.

Screening (Day -35 to Day -1)

[0246] Screening will be performed within 35 days before administration of the first dose
of IMP. The following procedures will be performed at Screening:

. Informed consent administration
. Review Inclusion/ Exclusion criteria to confirm subject is eligible

. Submission of source documents required for the Diagnostic Confirmation
Committee should be completed as early as possible during the Screening period
and must include either:

67



10

15

20

25

30

WO 2019/183463 PCT/US2019/023555

[0247]

1. endomyocardial biopsy report;
OR

2. planar Images of a positive 99mTc-pyrophosphate or -bisphosphonate scan,

AND clinical laboratory evidence excluding the diagnosis of AL amyloidosis
(based on both immunofixation electrophoresis (IFE) of serum and/or urine, and
serum free light chain (SFLC) analysis);

Note: subjects with concurrent monoclonal gammopathy of undetermined

significance (MGUS) may require confirmation of the diagnosis of ATTR-CM by

endomyocardial biopsy with mass spectrometric analysis.

Medical and surgical history assessment

NYHA Class assessment

Physical examination including body weight and height measurements
Vital signs assessment

12-lead resting ECG

Resting transthoracic echocardiogram (ECHO), if LV wall (interventricular
septum or LV posterior wall) thickness not documented in medical history based
on echocardiogram or CMR

Six-Minute Walk Test (6MWT), two assessments >24 hours to <2 weeks apart

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Blood sample collection for serum and plasma exploratory tests
Urine pregnancy test, female subjects of child bearing potential only

Prior medication use assessment

Treatment Days

[0248]

[0249]

Study procedures are listed below by study day, ideally performed in the order listed

below, for each day.

Day 1 and Every 3 Months (7 Days)

These assessments will occur at Day 1 and Months 3, 6, 9, 15, 18, 21, 24, and 27:

Review Inclusion/ Exclusion criteria to confirm subject is eligible (Day 1)
Randomize subject to treatment arm and assign randomization number (Day 1)
NYHA Class assessment

Physical examination including body weight measurement

Vital signs assessment
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12-lead resting ECG

Kansas City Cardiomyopathy Questionnaire (KCCQ)
EuroQoL-5 Dimensions (EQ-5D-5L)

Six-Minute Walk Test (6MWT), at Months 6, 9, 18, 24 (

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only

PD blood sample collection for analysis of TTR stabilization (predose) in
PopPK-PD substudy

PK blood sample collection (predose) in PopPK-PD substudy
Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AFE/ Vital status assessment / Hospitalization determination

IMP compliance assessment (all visits except Day 1)

Day 28 (£3 Days)

NYHA Class assessment

Physical examination including body weight measurement
Vital signs assessment

12-lead resting ECG, predose and at 1 hour postdose

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only

PD blood sample collection for analysis of TTR stabilization (predose and at 1
hour postdose) in PopPK-PD substudy

PK blood sample collection (predose and at 1 hour postdose) in PopPK-PD
substudy

Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AE/ Vital status assessment / Hospitalization determination

IMP compliance assessment

69



10

15

20

25

30

WO 2019/183463 PCT/US2019/023555

Month 12 (£7 Days)

NYHA Class assessment

Physical examination including body weight measurement
Vital signs assessment

12-lead resting ECG

Kansas City Cardiomyopathy Questionnaire (KCCQ)
EuroQoL-5 Dimensions (EQ-5D-5L)

Six-Minute Walk Test (6MWT)

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only

PD blood sample collection for analysis of TTR stabilization (predose) in
PopPK-PD substudy

PK blood sample collection (predose) in PopPK-PD substudy
Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AFE/ Vital status assessment / Hospitalization determination

IMP compliance assessment

Monthly Telephone Contact (7 Days)

These telephone contacts will occur at Months 2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19,
20, 22, 23, 25, 26, 28, and 29:

[0250]

Concomitant medication use assessment
AE/ Vital status assessment / Hospitalization determination

IMP compliance assessment

If a subject discontinues study drug and study assessments, all efforts must be made

to continue to follow the subject for the course of the study by completing monthly contact

for vital status or until withdrawal of consent.

Month 30 (£7 Days) and Open Label Extension Start

[0251]

Subjects who complete 30 months of double-blind treatment period will continue in

the OLE to receive AG10.
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NYHA Class assessment

Physical examination including body weight measurement
Vital signs assessment

12-lead resting ECG

Kansas City Cardiomyopathy Questionnaire (KCCQ)
EuroQoL-5 Dimensions (EQ-5D-5L)

Six-Minute Walk Test (6MWT)

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only

PD blood sample collection for analysis of TTR stabilization (predose) in
PopPK-PD substudy

PK blood sample collection (predose) in PopPK-PD substudy
Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AE/ Vital status assessment/ Hospitalization determination

IMP compliance assessment

Month 1 post Open Label Extension Start (£3 Days)

NYHA Class assessment

Physical examination including body weight measurement
Vital signs assessment

12-lead resting ECG

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only

PD blood sample collection for analysis of TTR stabilization (predose) in
PopPK-PD substudy

PK blood sample collection (predose) in PopPK-PD substudy
Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment

AE/ Vital status assessment/ Hospitalization determination
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IMP compliance assessment

Every 3 Months post Open Label Extension Start (7 Days)

NYHA Class assessment

Physical examination including body weight measurement
Vital signs assessment

12-lead resting ECG

Kansas City Cardiomyopathy Questionnaire (KCCQ)
EuroQoL-5 Dimensions (EQ-5D-5L)

Six-Minute Walk Test (6MWT), every 6 months

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only

PD blood sample collection for analysis of TTR stabilization (predose) in
PopPK-PD substudy

PK blood sample collection (predose) in PopPK-PD substudy
Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AFE/ Vital status assessment/ Hospitalization determination

IMP compliance assessment

Drug Concentration Measurements

PK Blood Draw Schedule

[0252]

In a subgroup of subjects at participating sites, PK samples will be collected at the

following times to determine AG10 plasma concentrations:

Day 1, and at every 3 months study visits: Predose

Day 28: Predose and at 1 hour postdose

Month 1 post OLE start and OLE every 3 months: Predose
ET

PD Blood Draw Schedule

[0253]

In a subgroup of subjects at participating sites, PD properties of AG10 will be

assessed by established assays of TTR stabilization, including fluorescent probe exclusion
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(FPE) assay and Western blot. Sampling will be done at the following times to perform these
PD assays:

. Day 1, and at every 3 months study visits: Predose

e  Day 28: Predose and at 1 hour postdose

e Month 1 post OLE start and OLE every 3 months: Predose
U ET

Prealbumin Blood Sampling Procedures

[0254] Sampling to measure prealbumin concentrations will be done at the following times:

. Days 1, 28, and at every 3 months study visits: Predose
e  Month 1 post OLE start and OLE every 3 months: Predose
. ET

Six-Minute Walk Test (6MWT)

[0255] Prior to randomization, two 6MWTs will be conducted >24 hours to <2 weeks
apart. The walking distances must be >150 meters and the distance walked must be within
15% on 2 consecutive tests on different days. If the 2 test results are not within the 15%, an
additional 6MWT should be repeated within 24 hours to 2 weeks of one of the 6MWTs. If the
last attempt is still not within 15% of one of the 6MWTs, the subject will not be eligible for

participation.

[0256] The 6MWT should be conducted after completion of the KCCQ and EQ-5D-5L at

the visits where required.

[0257] The 6MWT with Borg Scale will be conducted according to the guidelines of the
American Thoracic Society. Complete details on the procedures for the 6MWT are provided

in the Study Procedures Manual.

Kansas City Cardiomyopathy Questionnaire (KCCQ)

[0258] The KCCQ is a 23-item questionnaire developed to measure health status and
health-related quality of life in subjects with heart failure. Items include heart failure
symptoms, impact on physical and social functions, and how their heart failure impacts their
quality of life (QoL). It should be completed by the subject at predose. Complete details are

provided in the Study Procedures Manual.
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EuroQolL-5 Dimensions (EQ-5D-5L)

[0259] EQ-5D-5L is a brief, self-administered generic health status instrument that takes
about 5 minutes to complete and should be conducted after completion of the KCCQ. The
instrument includes two parts. In the first part, respondents are asked to rate their current
health state on 5 dimensions (mobility, self-care, usual activities, pain or discomfort, and
anxiety or depression) with each dimension having five levels of function (1-no problem, 2-
slight problem, 3-moderate problem, 4-severe problem, and 5-extreme problem). The second
part is a respondents self-rating of current health status on a Visual Analog Scale (EQ VAS)
with endpoints labeled “best imaginable health state” (score of 100) and “worst imaginable
health state” (score of 0). The scores from the 5 dimensions may be used to calculate a single
index value, also known as a utility score. Complete details administration and scoring are

provided in the Study Procedures Manual.

Clinical Laboratory Determinations

[0260] Blood and urine samples for clinical laboratory tests will be collected. At Screening,
the Investigator will assess the clinical significance of any values outside the reference ranges
provided by the laboratory, and subjects with abnormalities judged to be clinically significant

will be excluded from the study.
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The following clinical laboratory tests will be performed:

Hematology Hemoglobin, hematocrit, white blood cell (WBC) count, platelet
count, complete blood count (CBC), and differential

Chemistry Sodium, potassium, chloride, carbon dioxide (bicarbonate),
glucose, blood urea nitrogen (BUN), creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total
protein, albumin, prealbumin, retinol-binding protein (RBP), free
thyroxine (FT4), alkaline phosphatase, calcium, phosphorus, total
and fractionated (indirect or direct) bilirubin, uric acid, thyroid-
stimulating hormone (TSH), troponin I, creatine kinase (CK),
CK-MB, and NT- proBNP

Urinalysis Complete urinalysis (specific gravity, pH, glucose, protein,
hemoglobin, leukocyte esterase, and nitrite. Additionally,
albumin to creatinine ratio and a microscopic urinalysis will be
performed on every specimen and will specifically look for casts,
bacteria, white blood cells, epithelial cells, and red blood cells

Others Follicle-stimulating hormone (FSH) only to confirm post-
menopausal status at Screening in female subjects who do not
have menses for at least 12 months and are not using hormonal
contraception or hormone replacement therapy. A
postmenopausal state is defined as no menses for 12 months
without an alternative medical cause.

Pregnancy test Highly sensitive urine test at all visits as outlined in the Schedule
of Assessments (female subjects of childbearing potential only)

Vital Signs

[0261] Study center staff will assess vital signs pre- and postdose after a 5 minute rest. Any
abnormal vital sign that is deemed clinically significant (i.e., is associated with symptoms

and/or requires medical intervention) will be recorded as an AE.

Electrocardiograms

[0262] A standard 12-lead ECG will be assessed. ECGs will be performed in the supine
position after a 5 minute rest at predose. The 1 hour postdose ECG on Day 28 will be
conducted until additional Phase 1 data on the PK-PD relationship to QTc have been
collected and analyzed. Based on the results of the PK-PD data, the 1 hour postdose ECG on
Day 28 may no longer be required in order to reduce subject burden. All Investigators will be

informed of this change through routine communication.

[0263] The Investigator or qualified Sub-Investigator will review all ECG interpretations

and interval duration measurements for clinical significance. Any ECG interpretation deemed
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to be clinically significant (i.e., is associated with symptoms and/or requires medical

intervention) will be reported as an AE.

Physical Examinations

[0264] Subjects will undergo a complete physical examination (PE) including body weight
and height measurements, which is to be completed by a physician or an appropriately trained
health professional. Any abnormal physical examination finding that is deemed clinically
significant (i.e., is associated with symptoms and/or requires medical intervention) will be

recorded as an AE.

Definition of CV-related Hospitalization

[0265] Cardiovascular-related hospitalization is defined as non-elective admission to an
acute care setting for medical therapy that results in at least 24 hours stay (or a date change if
the time of admission/discharge is not available), or a hospital stay of less than 24 hours if the
discharge diagnosis and interventions indicate that the purpose of the hospital stay was for
intravenous diuretic therapy for management of decompensated heart failure. Investigator is
responsible for ensuring potential study endpoints, including dates of admissions and
discharge are collected and documented; providing Investigator assessment whether the
hospitalization is CV-related; and submitting Adverse Event notification for all AEs that

result in deaths or hospitalization.

Example 10: Phase 3 Clinical Study — ATTR-PN

[0266] This prospective, randomized, multicenter, parallel-group study will evaluate the
safety and efficacy of AG10 in symptomatic subjects with ATTR-PN compared to placebo.
Screening and randomization will be followed by an 18-month, double-blind, placebo-

controlled treatment period.

[0267] Eligible subjects will be randomized in a 1:1 ratio to AG10 800 mg or matching
placebo administered orally BID. Subjects will be stratified at randomization based on
Screening Neuropathy Impairment Score (NIS) cutoff of <30 points and >30 points, and
according to whether they are currently taking tafamidis (Vyndaqel®, Pfizer) or not (in those

countries or regions where it is available).

[0268] Information on AEs and concomitant medications will be collected throughout the
study. The safety and conduct of the study will be monitored by an independent Data
Monitoring Committee (DMC).
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[0269] A summary of the trial design in shown in FIG. 46.

Subject Population and Stratification

[0270] Documentation of a positive genotype is required to confirm an established
diagnosis of ATTR-PN. Key eligibility criteria were selected to identify a subject population
with disease sufficiently advanced to show progression in the placebo group, but not so
advanced as to preclude detection of a change in disease status (e.g., PND score <IIla and
Karnofsky performance score >60%). As many patients with ATTR-PN also have cardiac
involvement, subjects with NYHA Class IV symptoms are excluded given the high mortality
associated with that degree of cardiomyopathy. Concomitant use of other therapies which
modulate transthyretin production or stability are excluded (with the possible exception of
tafamidis 20 mg/d, if available) to better clarify the efficacy and safety signals attributable to
AGI10.

[0271] The Neuropathy Impairment Score (NIS) is a neurological assessment that is
relatively easy to administer representing a summation of clinical impairments (weakness,
decrease in reflexes and sensory loss) using standard groups of muscles, reflexes and sensory
modalities and specific sites. It is calculated on a scale of O to 244 with higher scores
indicating worsening of disease. Because the NIS has been shown to correlate with other
measures of disease severity and prognosis and because median values of ~30 have been
reported in large cohorts of patients with ATTR-PN, stratification of NIS score at Screening
(<30 and >30) is included to mitigate against potential imbalances in severity of neuropathy
across treatment arms (Adams 2015). Subjects will also be stratified according to whether
they are taking tafamidis 20 mg/d as indicated for the treatment of ATTR-PN in some

countries or regions where it is available.

Duration of Treatment

[0272] Subjects will be treated with the study drug (AG10 or placebo) for 18 months..
[0273] Based on longitudinal assessment observed in several published cohorts, the rate of
progression in this subject population at Month 18 would be expected to be ~12.5 to 17 points
on the mNIS+7 (Adams 2017, Berk 2013). Because disease progression in placebo subjects

as measured by mNIS+7 is gradual, a worsening of at least 12 points is expected over an 18

month trial duration (Adams 2017, Berk 2013). As AG10 is expected to halt disease
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progression by preventing ongoing amyloidogenesis, 18 months is likely to be sufficiently

long to detect a clinically meaningful placebo-adjusted change in mNIS+7 scores.

Treatments Administered

[0274] Subjects will be randomized in a 1:1 manner (AG10 : placebo) to receive the

following treatment arms in a double-blind fashion:

¢ 800 mg AG10 BID, orally (two 400 mg AG10 tablets, BID)
e Matching placebo BID, orally (two matching placebo tablets, BID)

[0275] In the event that the Investigator determines that a dose adjustment is warranted,
based on a subject’s report of AEs that may indicate the study medication is not well
tolerated, the blinded dose may be decreased to 400 mg AG10 or matching placebo
administered BID. This will be accomplished by having the study staff instruct the subject to
take one tablet of study medication BID instead of two. Any dose adjustment will be

documented in the database.

Prohibited Medications

1. Use of patisiran, inotersen, or any other approved or investigational agent for the
treatment of ATTR-PN (other than tafamidis 20 mg dose) is prohibited during the
study.

2. Use of approved products without an indication for the treatment of ATTR (e.g.,
diflunisal, doxycycline), or natural products or derivatives used as unproven
therapies for ATTR (e.g., green tea extract, tauroursodeoxycholic acid

[TUDCA]/ursodiol) is prohibited during the study.

Study Procedures

Schedule of Assessments
[0276] The descriptions of the procedures to be performed throughout the study are

provided below.

Screening (Day -28 to Day -1)

[0277] Screening will be performed within 28 days before administration of the first dose

of IMP. The following procedures will be performed at Screening:

. Informed consent administration

. Review Inclusion/ Exclusion criteria to confirm subject is eligible
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. Medical and surgical history assessment

. NYHA Class assessment

e  Karnofsky performance status

e  Physical examination including mBMI

. Vital signs assessment

. 12-lead resting ECG

. PND score

. NIS

e  mNIS+7

. 10-meter Walk Test (LOMWT), two assessments >24 hours to <1 week apart

. Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

. Blood sample collection for serum and plasma exploratory tests
. Urine pregnancy test, female subjects of child bearing potential only

. Prior medication use assessment

Treatment Days

[0278] Study procedures are listed below by study day, ideally performed in the order listed

below, for each day.

Day 1 and Every 3 Months (x7 Days)

[0279] These assessments will occur at Day 1 and Months 3, 6, 9, 15:

e  Review Inclusion/ Exclusion criteria to confirm subject is eligible (Day 1)

J Randomize subject to treatment arm and assign randomization number (Day 1)
e  NYHA Class assessment

e  Physical examination including mBMI

. Vital signs assessment

. 12-lead resting ECG

° PND score
e  Dyck/Rankin score
° mNIS+7

. Norfolk QOL-DN
. COMPASS-31
. 10-meter Walk Test (10MWT)

79



10

15

20

25

30

35

WO 2019/183463 PCT/US2019/023555

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only
PD blood sample collection for analysis of TTR stabilization (predose)
PK blood sample collection (predose)

Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AE/ Vital status assessment

IMP compliance assessment (all visits except Day 1)

Month 18 (£7 Days)

NYHA Class assessment

Physical examination including mBMI
Vital signs assessment

12-lead resting ECG

PND score

Dyck/Rankin score

mNIS+7

Norfolk QOL-DN

COMPASS-31

10-meter Walk Test (1I0MWT)

Blood sample collection for hematology, serum chemistry (including circulating
biomarkers), urinalysis

Urine pregnancy test, female subjects of child bearing potential only
PD blood sample collection for analysis of TTR stabilization (predose)
PK blood sample collection (predose)

Prealbumin blood sample collection (predose)

Dispense/ collect and administer IMP with designated witness (i.e., site
personnel)

Concomitant medication use assessment
AFE/ Vital status assessment

IMP compliance assessment

Monthly Telephone Contact (7 Days)
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These telephone contacts will occur at Months 2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17:
. Concomitant medication use assessment
. AFE/ Vital status assessment

e  IMP compliance assessment
[0280] If a subject discontinues study drug and study assessments, all efforts must be made
to continue to follow the subject for the course of the study by completing monthly contact
for vital status or until withdrawal of consent.
Drug Concentration Measurements
PK Blood Draw Schedule
[0281] In a subgroup of subjects at participating sites, PK samples will be collected at the
following times to determine AG10 plasma concentrations:

. Day 1, and at every 3 months study visits: Predose
PD Blood Draw Schedule

[0282] In a subgroup of subjects at participating sites, PD properties of AG10 will be
assessed by established assays of TTR stabilization, including fluorescent probe exclusion
(FPE) assay and Western blot. Sampling will be done at the following times to perform these
PD assays:

. Day 1, and at every 3 months study visits: Predose

Prealbumin Blood Sampling Procedures

[0283] Sampling to measure prealbumin concentrations will be done at the following times:

. Days 1, 28, and at every 3 months study visits: Predose
Assessments

[0284] The following assessments will be completed:

. 10-meter Walk Test (1I0MWT)

. Neuropathy Impairment Score (NIS)

. Modified Neurologic Impairment Score (mNIS+7)
e COMPASS-31

e  Dyck/Rankin score

. Nutritional status (calculated based on mBMI)
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10-meter Walk Test (10MWT)

[0285] The 10MWT is a performance measure used to assess walking speed in meters per
second over a short distance. It is employed to determine functional mobility, git, and
vestibular function. Prior to randomization, two 10MWTs will be conducted >24 hours to <1
week apart.

Neuropathy Impairment Score (NIS)

[0286] The NIS is a neurological assessment that represents a summation of clinical
impairments (weakness, decrease in reflexes and sensory loss) using standard groups of

muscles, reflexes and sensory modalities and specific sites.

Modified Neurologic Impairment Score (mNIS+7)

[0287] The mNIS+7 nerve test is a composite scale to assesses, in part, muscle weakness,

sensory loss, and decreased muscle stretch reflexes.

Composite Autonomic Symptom Score-31 (COMPASS-31)

[0288] The COMPASS-31 is used to quantify the impact of TTR amyloidosis on each
subject’s autonomic symptoms.

Dyck/Rankin score

[0289] Quality of Life will be assessed using the Dyck/Rankin score.

Nutritional Status

[0290] Nutritional status will be assessed based on changes in mBMI.

Clinical Laboratory Determinations

[0291] Blood and urine samples for clinical laboratory tests will be collected. At Screening,
the Investigator will assess the clinical significance of any values outside the reference ranges
provided by the laboratory, and subjects with abnormalities judged to be clinically significant

will be excluded from the study.
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The following clinical laboratory tests will be performed:

Hematology Hemoglobin, hematocrit, white blood cell (WBC) count, platelet
count, complete blood count (CBC), and differential

Chemistry Sodium, potassium, chloride, carbon dioxide (bicarbonate),
glucose, blood urea nitrogen (BUN), creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total
protein, albumin, prealbumin, retinol-binding protein (RBP), free
thyroxine (FT4), alkaline phosphatase, calcium, phosphorus, total
and fractionated (indirect or direct) bilirubin, uric acid, thyroid-
stimulating hormone (TSH), troponin I, creatine kinase (CK),
CK-MB, and NT- proBNP

Urinalysis Complete urinalysis (specific gravity, pH, glucose, protein,
hemoglobin, leukocyte esterase, and nitrite. Additionally,
albumin to creatinine ratio and a microscopic urinalysis will be
performed on every specimen and will specifically look for casts,
bacteria, white blood cells, epithelial cells, and red blood cells

Others Follicle-stimulating hormone (FSH) only to confirm post-
menopausal status at Screening in female subjects who do not
have menses for at least 12 months and are not using hormonal
contraception or hormone replacement therapy. A
postmenopausal state is defined as no menses for 12 months
without an alternative medical cause.

Pregnancy test Highly sensitive urine test at all visits as outlined in the Schedule
of Assessments (female subjects of childbearing potential only)

Vital Signs

[0292] Study center staff will assess vital signs pre- and postdose after a 5 minute rest. Any
abnormal vital sign that is deemed clinically significant (i.e., is associated with symptoms

and/or requires medical intervention) will be recorded as an AE.

Electrocardiograms

[0293] A standard 12-lead ECG will be assessed. ECGs will be performed in the supine
position after a 5 minute rest at predose. The Investigator or qualified Sub-Investigator will
review all ECG interpretations and interval duration measurements for clinical significance.
Any ECG interpretation deemed to be clinically significant (i.e., is associated with symptoms

and/or requires medical intervention) will be reported as an AE.

Physical Examinations

[0294] Subjects will undergo a complete physical examination (PE) including mBMI,
which is to be completed by a physician or an appropriately trained health professional. Any
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abnormal physical examination finding that is deemed clinically significant (i.e., is associated

with symptoms and/or requires medical intervention) will be recorded as an AE.

Karnofsky Scale
Able to carry on normal 1100 | Normal no complaints; no evidence
activity and to work; no of disease.
special care needed. 990 | Able to carry on normal activity;
minor signs or symptoms of disease.

880 | Normal activity with effort; some
signs or symptoms of disease.

Unable to work; able to 770 | Cares for self; unable to carry on
live at home and care for normal activity or to do active work.
most personal needs; 660 | Requires occasional assistance, but
varying amount of is able to care for most of his
assistance needed. personal needs

550 | Requires considerable assistance
and frequent medical care.

Unable to care for self; 440 | Disabled; requires special care and
requires equivalent of assistance

institutional or hospital 330 | Severely disabled; hospital

care; disease may be admission is indicated although
progressing rapidly. death not imminent.

220 | Very sick; hospital admission
necessary; active supportive
treatment necessary.

110 | Moribund; fatal processes
progressing rapidly.

0 |Dead

Polyneuropathy Disability Score (PND score)

Stage Description
0 No symptoms
I Sensory disturbances but preserved walking capability
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I Impaired walking capacity but ability to walk without a stick or
crutches
1A Walking with the help of one stick or crutch.
I11B Walking with the help of two sticks or crutches.
v Confined to a wheelchair or bedridden.

[0295] Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, one of skill in the art will

appreciate that certain changes and modifications may be practiced within the scope of the

appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.

Where a conflict exists between the instant application and a reference provided herein, the

instant application shall dominate.
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SEQUENCES

<210> SEQID NO: 1
<211> LENGTH: 127
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

Yoshikazu et al. J. Biol. Chem. (1974) 249(21):6796-805
<400> SEQUENCE: 1
GPTGTGESKCPLMVKVLDAVRGSPA 25
INVAVHVFRKAADDTWEPFASGKTS 50
ESGELHGLTTEEEEFVEGIYKVEIDT 75
KSYWKALGISPFHEHAEVVETANDS 100
GPRRYTTAALLSPYSYSTTAVVTNP 125
KE 127
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