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ORAL COMPOSITIONS OF MK2 PATHWAY INHIBITOR FOR TREATMENT OF
IMMUNE CONIHTIONS
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63/018,954, filed on May 1, 2020; Serial No. 63/022,301, filed on May 8, 2020, Serial No.
63/022,298, filed on May 8, 2020, Serial No. 03/024,160 filed on May 13, 2020, Serial No.
63/053,903, filed on July 20, 2020, Serial No. 63/076,689, filed on September 10, 2020, Serial
No. 63/126,173, filed on December 16, 2020, Serial No. 63/128,523, filed on December 21,
2020; Serial No. 63/136,080, filed on January 11, 2021, Serial No. 63/136,967, filed on January
13, 2021, Serial No. 63/138,0672, filed on January 18, 2021, Serial No. 63/140,116, filed on
Jaruary 21, 2021, and Serial No. 63/149,230, filed on February 13, 2021, each of which is

hereby incorporated by reference in its entirety.

SUMMARY
[6002] The present disclosure 18 directed to a method of treating an inflammatory condition
comprising administering to a human subject having an inflammatory condition, an oral dose of

5 mg/day to 300 mg/day of Compound 1 having the following structure:
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or a derivative thereof to treat said inflammatory condition.
{0003] The present disclosure is further directed to oral pharmaceutical compositions
comprising Compound I or a derivative thereof, where the oral compositions comprise 5 mg to
300 mg of Compound I and a pharmaceutically acceptable carrier.
[0004) As used throughout this disclosure, recitation of “Compound I encompasses
atropisomer compounds (P)-1 and (M)~ as disclosed below in any molar ratio from 4.1 ({(P)-

E{M-1) to 999:1, and also includes embodiments where Compound (P)-1 is substantially free
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from Compound (M}l Compounds (7)1 and (M)-1 can be in any form {e.g., free base,

crystalline form, etc.) as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
{6005] Figure 1 is a graph showing the mean (SD) plasma concentration-time profiles of
ATI-450 afier a single dose under fasted conditions, serui-log scale.
[6006] Figure 2 is a graph showing mean {(SD) plasma concentration-time profites of AT
450 after 7 days of BID (twice daily) dosing under fasted conditions, semi-log scale.
[0007] Figure 3 shows ATI-450 modulation of ex vive LPS stimulated cytokine/chemokine
production in blood samples taken from subjects dosed with placebo or 50 mg/BID ATI-450.
[0008] Figures 4A-4E are graphs showing ex vive LPS stimulated production of pHSP27
(Figure 4A, top), TNF-u (Figure 48, top), IL-1B (Figure 4C, top), IL-8 (Figure 4D, top), IL-6
{Figure 4E, top} in Day 7 blood samples taken from subjects dosed with 10 mg, 30 mg, 50 mg,
80 mg, and 120 mg of ATI-450 or placebo. Figures 4A-4E also show mean (= SEM) levels of
pHSP27 (Figure 4A, bottom), TNF-a (Figure 4B, bottom), 1L-15 (Figure 4C, bottom), IL-8§
(Figure 4D, bottom), IL-6 (Figure 4E, bottom) in subjects administered 10 mg, 30 mg, 50 mg,
80 mg, and 120 mg twice daily, comparing day 1 pre~-dosing values {set to 100%) with day 7
values 4 hours after dosing (approximate Cuux} and 12 hours after dosing {(Cuoug).
[6009] Figure 5 18 a graph showing differential modulation of ex vive stimulated IL-10
versus TNF-g and H.~18 in blood samples taken from subjects dosed with placebo or 80 mg or
120 mg of ATI-450.
[60106] Figure 6 depicts three graphs comparing ATI-450 modulation of LPS and 1L-1B
stimnulated TNF-a (far left), IL-6 {(middie), and IL-8 {far right) production.
[0011] Figures TA-7C show pharmacckinetic (PK) data of ATI-450 following
administration of at 80 mg or 120 mg BH>. The graphs of Figure 7A show mean plasma
concentration-time profiles of ATI-450 after 1 day (top) and 7 days (middle and bottom) of BID
dosing, semi-tog scale. Figure 7B are graphs showing mean (+/- std. dev.} plasma concentration-
time profiles of ATI-450 dosed at 120 mg BID. Figure 7C are graphs showing the plasma
concentration-time profiles of ATE450 in individual subjects at days 1 (left) and 7 (right)
following 120 mg BID dosing.
[B8012] Figure 8 is a graph showing the median change in DAS28-CRP from baseline for all
patients in placebo and ATI-450 (50 mg/BID) treatment groups at dayvs 1, 7, 14, 28, 42, 56, and
84 of treatment and after treatment ended at day 112, The numbers on each line represent the

aurmber of patients at each timepoint.
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[6013] Figure 9 is a graph showing the percent of patients having DAS-28 <26 and < 3.2
over the course of treatment (through day 84).

[0014] Figure 10 is a graph showing the median percent change in high sensitivity C-
reactive protein {(hsCRP) {mg/mL) from baseline for all patient in placebo and ATI-450
(50 mg/BID) treatment groups at days 1, 7, 14, 28, 42, 56, and 84 of treatment and after
treatment ended at day 112, The numbers on each line represent the mumber of patients at each
timepoint,

[6015] Figure 11 is a graph showing the median percent change in swollen joint count from
baseline for all patients in placebo and ATI-450 (50 mg/BID) treatment groups at days 1, 7, 14,
28, 42, 56, and 84 of treatment and after treatment ended at day 112, The numbers on each line
represent the number of patients at each timepoint.

[0016] Figure 12 is a graph showing the median percent change in tender joint count from
baseline for all patients in placebo and ATI-450 (50 mg/BID) treatment groups at days L, 7, 14,
28, 42, 56, and 84 of treatment and after treatment ended at day 112, The numbers on each line
represent the number of patients at each timepoint.

{0017} Figures 13A-13D are graphs showing median percent change in patient visual analog
scale (VAS) for disease activity (Figure 13A), patient VAS for arthritic pain (Figure 13B),
Health Assessment Questionnaire (HAQ) Disability Index (BI) (Figure 13C), and physician
VAS scores for disease activity (Figure 13C).

[8018] Figure 14 shows the ACR20/50/70 response over the course of the study (through
day 112} for placebo and ATI-450 (56 mg/BID) treatment groups.

[0019] Figure 15 is a graph showing the percent of patients responsive to ATE450 treatment
as assessed by the Hand-Wrist MRI RAMRIS. The RAMRIS provides sub-scores for CARLOS
{cartilage loss), erosion, osteitis, synovitis, and the graph of Figure 15 is showing percent
responsiveness o these endpoints by treatment and hand. A patient was deemed responsive if at
least a 1-point improvement in any hand was observed.

[0020] Figure 16 is a graph showing the change in baseline at day 84 for CARLOS, erosion,
osteitis, and synovitis endpoints in placebo and ATI-450 (50 mg BID) patients. The data
represents the average of both hands as assessed by the Hand-Wrist MRI RAMRIS. Diamonds
represent mean values.

0021} Figure 17 is a graph showing the change in baseline at day 84 for CARLOS, erosion,
osteitis, and synovitis endpoints for each hand in placebo and ATE-450 (50 mg BID) patients.
The data the average of each hand as assessed by the Hand-Wrist MRI RAMRIS. Diamonds

represent mean values,
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[8622] Figures 18A~188 are a graphs showing ex vive LPS-stimulated cyiokines, including
TNF-o and IL-10 (Figure 18A) and IL-6 and 1L-8 (Figure 18B), at day I versus day 84 in blood
samples from patient in placebo and ATI-450 (50 mg/BID) treatment groups.
[6023] Figures 19A-19B show the impact of ATE450 treatment (SO mg/BID) on
endogenous plasma levels of the pro-inflammatory cytokine, TNF-a (Figure 194), and the anti-
inflammatory cytokine, IL-1RA (Figure 19B), at days 1, 28, 56, and 84 of treatment.
[B024] Figures 20A-20D shows the impact of ATE450 treatment (SO mg/BID) on
endogenous plasma levels of TNF-a (Figure 20A), TL-8 (Figure 208}, 1L-6 (Figure 20C), and
MIP1B (Figure 20D) at days 1, 28, 56, and 84 of treatment.
[0025] Figure 21 is a graph showing ATI-450 mediated increase in T regulatory (Treg) cells
in a murine collagen-induced arthritis model. The timeline above the graph depicts timing and
dose of ATE450 and ENBREL® {(tumor necrosis factor inhibitor) in mice following collagen
administration. Treg cells were identified as Foxp3"/CD4" cells.
[0026] Figures 22A-22C are graphs showing ATI-450 inhibition of TLR4 wmediated
cytokine release (Figure 22A), TLR3 mediated cytokine release (Figure 22B), and TLR7 8
mediated cytokine release (Figure 22C).
{0027} Figure 23 is a graph showing that AT]450 dose-dependently inhibits TLR2
mediated induction of TNF-o production.
{0628} Figure 24 shows that ATI-430 inhibits H.-17A production in TH17 cells.
[0029) Figure 25 shows that ATL-450 inhibits IL-1P stimulated TNF-o, 1I-6, and IL-8
production.
[6030] Figures 26A-26B show that ATI-450 inhibits both IL-1u biosynthesis in human
peripheral blood mononuclear cells (Figure 26A) and HL-1a activity in neutrophils (Figure 268},
j0031] Figure 27 shows a PXRD of Compound {(P)-L
{B8032] Figure 28 shows TGA {top trace} and DSC (bottom trace) curves for Compound (P)-
L

DETAILED DESCRIPTION
[8633] Befinitions
[06034] Before the present compositions and methods are described, it is to be understood
that this invention is not limited to the particular processes, formulations, compositions, or
methodologies described, as these may vary. It is also to be understood that the terminology used
in the description is for the purpose of describing the particular versions or embodiments only,
and is not intended to limit the scope of embodiments herein which will be limited only by the

appended claims. Unless defined otherwise, all technical and scientific terms used herein have
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the same meanings as conmmonly understood by one of ordinary skill in the art. Although any
methods and materials similar or equivalent to those described herein can be used in the practice
or testing of embodiments herein, the preferred methods, devices, and materials are now
described. All publications mentioned herein are incorporated by reference in their entirety.
Nothing herein is to be construed as an admission that embodiments herein are not entitled to
antedate such disclosure by virtue of prior invention.

[B035] As used heretn and in the appended claims, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly dictates otherwise. Thus, for example,
reference to a “MK2 inhibitor” is a reference to one or more MK2 inhibitors and eguivalents
thereof known to those skilled in the art, and so forth.

{0036} The transitional term “comprising,” which is synonymous with “including,”
“contatning,” or “characterized by,” is inclusive or open-ended and does not exclude additional,
non-recited elements or method steps. By contrast, the transitional phrase “consisting of”
excludes any element, step, or ingredient not specified in the claim. The transitional phrase
“consisting essentially of” limits the scope of a claim to the specitied materials or steps “and
those that do not materially affect the basic and novel characteristic{s}y” of the claimed invention.
The compositions and methods of the present disclosure can comprise, consist essentially of, or
consist of, the components or steps disclosed.

{0637} As used herein, the term “about” means plus or minus 10% of the numerical value of
the number with which it is being used. Therefore, about 50% means in the range of 45%-55%.
{0038] “Administering” when used in conjunction with a therapeutic means to administer a
therapeutic to a patient whereby the therapeutic positively impacts the tissue to which it is
targeted. Thus, as used herein, the term “administering”, when used in conjunction with a MK2
inhibitor compound, can include, but 1s not limited to, providing a MK2 inhibitor compound into
or onto the target tissue, providing a MK2 inhibitor compound systemically to a patient by, e.g,,
oral administration whereby the therapeutic reaches the target tissue.

{0639} As used herein, the term “a derivative thereof” refers to a salt thereof, a
pharmaceutically acceptable salt thereof, an ester thereotf] a free acid form therecf, a free base
form thereof, a solvate thereof, a deuterated derivative thereof, a hydrate thereof, an N-oxide
thereof, a clathrate thereof, a prodrug thereof, a polymorph therecf, a sterecisomer thereof, a
geometric isomer thereof, a tautomer thereof, a nmuxture of tautomers thereof, an enantiomer
thereof, a diastereomer thereof, a racemate thereof, a mixture of sterecisomers thereot, an isotope

thereof (e.g., tritium, deuterium), or a combination thereof.
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[06040] The term “substantially free” as used herein, alone or in combination, refers to the
absence of isomers within the limits of detection of analytical methods such as nuclear magnetic
resonance (NMR), gas chromatography/mass spectroscopy (GC/MSY, high performance liguid
chromatography (HPLC), or liguid chromatography/mass spectroscopy (LC/MS).

[0041] The term “condition” as used herein is intended to be generally synonymous, and is
used interchangeably with, the terms “disorder,” “syndrome,” and “disease”, in that all reflect an
abonormal condition of the human or animal body or of one of its parts that impairs normal
functioning, is typically manifested by distinguishing signs and symptoms, and causes the human
or animal to have a reduced duration or quality of life.

[0042] The term "combination therapy” means the administration of two or more therapeutic
agents to treat a therapeutic condition or disorder described in the present disclosure. Such
adminisiration escompasses co-administration of these therapeutic agents in a substantially
simultancous manner, such as in a single capsule having a fixed ratio of active ingredients or in
multiple, separate capsules for each active ingredient. In addition, such administration also
encompasses use of each type of therapeutic agent in a sequential manner. In either case, the
treatment regimen will provide beneficial effects of the drug combination in treating the
conditions or disorders described herein.

[8043] “MKZ inhibitor” is used herein to refer to a compound that exhibits an ICso with
respect to mitogen-activated protein kinase-activated protein kinase 2 ("MK2”}y activity of no
more than about 100 pM and more typically not more than about 50 uM, as measured in the
MK?Z enzyme assays. ICso is the concentration of inhibitor which reduces the activity of an
enzyme {e.g., MK2)} to half-maximal level. Compounds disclosed herein have been discovered to
exhibit inhibition against MK2. In some embodiments, the compounds will exhibit an ICse with
respect to MK2 of no more than about 1 nM. In some embodiments, the compounds will exhibit
an ICso with respect to MK2 of no more than about 1 uM. Tu sorve emobodiments, the compounds
will exhibit an ICso with respect to MK2 of about T pM to about 50 uM. In certain embodiments,
coropounds will exhibit an ICso with respect to MK2 of vo more than about 10 uM; in further
embodiments, compounds will exhibit an ICso with respect to MK2 of no more than about § uM;
in yet further embodiments, compounds will exhibit an ICso with respect to MK2 of not more
than about 1 pM; in vet further embodiments, compounds will exhibit an ICsp with respect to
M2 of not more than about 300 nM, as measured in the MK2 assay described herein.

[0044] As used herein, the term “pharmaceutically acceptable salt” refers to a salt prepared
from a base or acid which is acceptable for administration to a patient, such as & mammal. The

term “pharmaceutically acceptable salts” embraces salts commonly used to form alkali metal
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salts and to form addition salts of free acids or free bases. The nature of the salt is not critical,
provided that it is pharmaceutically-acceptable. Such salts can be derived from pharmaceutically-
acceptable inorganic or organic bases and from pharmaceutically-acceptable inorganic or organic
acids.

[0045] Suitable pharmaceutically accepiable acid addition salis of the compounds of
embodiments herein may be prepared from an inorganic acid or an organic acid. All of these
salts may be prepared by conventional means from the corresponding compound of
embodiments herein by treating, e.g., the compound with the appropriate acid or base.

[0046] Pharmaceutically acceptable acids include both inorganic acids, for example
hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric, phosphoric and diphosphoric
acid; and organic acids, for example formic, acetic, trifluoroacetic, propionic, succinie, glycolic,
embonic (pamoic), methanesulfonic, ethanesulfonic, 2-hvdroxyethanesutfonic, pantothenic,
benzenesulfonic, toluenesuifonic, sulfanilic, mesylic, cyclohexylaminosulfonic, stearic, algenic,
B-hydroxybutyric, malonic, galactic, galacturonic, citrie, fumaric, gluconic, ghitamic, lactic,
maleic, malic, mandelic, mucic, ascorbic, oxalic, pantothenic, succinic, tartaric, benzoic, acetic,
xinafoic {(1-hydroxy-2-naphthoic acid), napadisilic {1,5-naphthalenedisulfonic acid) and the like.
[0047] Salts derived from pharmaceutically-acceptable inorganic bases suitable for the
formulations as described herein include alominum, ammonium, calcium, copper, ferric, ferrous,
lithium, magnesium, manganic, manganous, potassium, sodium, zinc and the like. Salts derived
from pharmaceutically-acceptable organic bases include salts of primary, secondary and tertiary
amines, including alky! amines, arylalkyl amines, heterocyelyl amines, cyclic amines, naturally-
occurring amines and the like, such as arginine, betaine, caffeine, choline, chloroprocaine,
diethanclamine, N-methyiglucamine, N N'-dibenzylethylenediamine, diethylamine, 2-
diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine,  N-
cthylworpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabarive,
isopropylamine, lysine, methylghuicamine, morpholine, piperazine, piperidine, polyamine resins,
procaine, putines, theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine
and the like.

[80438] Other preferred salts according to embodiments herein are guaternary ammonium
compounds wherein an equivalent of an anion (X-} is associated with the positive charge of the
N atom. X- may be an anion of various mineral acids {e. g, chloride, bromide, 10dide, sulfate,
nitrate, phosphate}, or an anion of an organic acid {e.g., acetate, maleate, fumarate, citrate,
oxalate, succinate, tartrate, malate, mandelate, trifluoroacetate, methanesulfonate, p-

toluenesuifonate}. X is preferably an anion selected from chloride, bromude, iodide, sulfate,
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nitrate, aceiate, maleate, oxalate, succinate or triffuoroacetate. More preferably X is chloride,
bromide, triflucroacetate or methanesulfonate.

[6049] The compounds of embodiments herein may exist in both non-solvated and solvated
forms. The term solvate 1s used herein to describe a molecular complex comprising a compound
of embodiments herein and an amouni of one or more pharmaceutically acceptable solvent
molecules. The term hydrate is employed when said solvent is water. Examples of solvate forms
include, but are not limtted to, compounds of embodiments herein in association with water,
acetone, dichloromethane, 2-propanol, ethanol, methanol, dimethyl sulfoxide (DMSQ), ethyl
acetate, acetic acid, ethanolamine, or mixtures thereof It is specifically conternplated that in
embodiments herein one solvent molecule can be associated with one molecule of the
compounds of embodiments herein, such as a hydrate.

(LRI In some embodiments herein one solvent molecule can be associated with one
molecule of the compound described herein, such as a hydrate. In some embodiments, more than
one solvent molecule may be associated with one molecule of the compound described herein,
such as a dihydrate. Additionally, in some embodiments herein less than one solvent molecule
may be associated with one molecule of the compound described herein, such as a hemihydrate.
Furthermore, solvates of embodiments herein are contemplated as solvates of the compound
described herein that retain the biological effectiveness of the nov-solvate form of the
compounds.

[B051] Embodiments herein also includes isotopically-labeled compounds of embodiments
herein, wherein one or more atoms is replaced by an atom having the same atomic number, but
an atomic mass or mass number different from the atomic mass or mass number usually found in
nanire. Examples of isotopes suitable for inclusion in the compounds of embodiments herein
include isatopes of hydrogen, such as *H and H carbon, such as 'C, PC and YC, chlorine, such
as "'Cl, fluorine, such as *°F, iodine, such as T and '], nitrogen, such as PN and 15N, oxygen,
such as 0, Y0 and "0, phosphorus, such as **P, and sulfur, such as 8. Certain isotopically-
fabeled compounds of embodiments herein, e.g., those incorporating a radicactive isolope, are
useful in drug and/or substrate tissue distribution studies. The radicactive isotopes tritium, “H,
and carbon-14, MC, are particularly useful for this purpose in view of their ease of incorporation
and ready means of detection. Substitution with heavier isotopes such as deuterium, “H, may
afford certain therapeutic advantages resulting from greater metabolic stability, e.g , increased in
vivo half-life or reduced dosage requirements, and hence may be preferred in some

circurnstances. Substitution with positron emitting isotopes, such as ''C, ¥F, 0 and PN, can be
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useful in Positron Emission Topography (PET} studies for examining substrate receptor
OCCUpancy.

[0052] Isotopically-labeled compounds of embodiments herein can generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to those
described herein, using an appropriate isotopically-labeled reagent in place of the non-labeled
reagent otherwise employed.

[BOS3] Preferred isotopically-labeled compounds include deuterated denvatives of the
compounds of embodiments herein. As used herein, the term deuterated derivative embraces
compounds of embodiments herein where in a particular position at least one hydrogen atom is
replaced by deuterium. Deuterium (I or “H) is a stable isotope of hydrogen which is present at a
natural abundance of 0.015 molar %.

[0034] Hydrogen deuterium exchange (deuterium incorporation) is 3 chemical reaction in
which a covalently bonded hydrogen atom is replaced by a deuterium atom. Said exchange
{(incorporation) reaction can be total or partial,

[6055] Typically, a deuterated derivative of a compound of embodiments herein has an
isotopic enrichment factor (ratio between the isotopic abundance and the patural abundance of
that isotope (the percentage of incorporation of deuterium at a given position in a molecule in the
place of hydrogen) for each deuterium present at a site designated as a potential site of
deuteration on the compound of at least 3500 (52.5% deuterium incorporation).

[0056) In some embodiments, the isotopic enrichment factor is at least 5000 (75%
deuterium}. In some embodiments, the isctopic enrichment factor is at least 63333 (95%
deuterium incorporation). In some embodiments, the isotopic enrichment factor is at least 66333
{99.5% deuterium incorporation). it is undersiood that the isotopic enrichment factor of each
deuterium present at a site designated as a site of deuteration is independent from the other
deuteration sites.

{6057} The term “subject” as used herein and interchangeably with “patient”, includes, but
is not limited to, humans and non-human vertebrates such as wild, domestic, and farm animals.
In certain embodiments, the subject described herein is an animal. In certain embodiments, the
subject is a mammal. In certain embodiments, the subject is a human. In certain embodiments,
the subject is a non-human animal. In certain embodiments, the subject is a non-human mammal.
In certain embodiments, the subject is a domesticated animal, such as a dog, cat, cow, pig, horse,
sheep, or goat. In certain embodiments, the subject is a companion animal such as a dog or cat.
In certain embodiments, the subject is a livestock animal such as a cow, pig, horse, sheep, or

goal. In another embodiment, the subject is a research animal such as a rodent, dog, or non-
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human primate. In certain embodiments, the subject is a non-human transgenic animal such as a
transgenic mouse or transgenic pig.

[6058) The phrase "therapeutically effective” is intended to qualify the amount of active
ingredients used in the treatment of a disease or disorder or on the effecting of a clinical
endpoint.

[0059] The term “therapeutically acceptable” refers to those compounds, and a derivative
thereof, which are suitable for use in contact with the tissues of patients without undue toxicity,
irritation, and allergic response, are commensurate with a reasonable benefit/risk ratic, and are
effective for their intended use.

[0060) The terms "ireat," "treated," "treating”, or “treatment” as used herein refers to both
therapeutic treatment and prophylactic or preventative measures, wherein the object is to prevent
or slow down (lessen) an undesired physiological condition, disorder or disease, or 1o obtain
beneficial or desired clinical results. For the purposes of this invention, beneficial or desired
clinical results include, but are not limited to, alleviation of symptoms; diminishment of the
extent of the condition, disorder or disease; stabilization (7.e., not worsening) of the state of the
condition, disorder or disease; delay in onset or slowing of the progression of the condition,
disorder or disease; amelioration of the condition, disorder or disease state; and remission
{(whether partial or total, whether induction of or maintenance of), whether detectable or
undetectable, or enhancement or improvement of the condition, disorder or disease. Treatment
includes eliciting a clinically significant response without excessive levels of side effects.
Treatment alsc includes prolonging survival as compared to expected survival if not receiving
treatment.  Treatment may also be preemptive in nature, ie., it may include prevention of
disease. Prevention of a disease may involve complete protection from disease, for example as in
the case of prevention of infection with a pathogen, or may involve prevention of disease
progression. For example, prevention of a disease may not mean complete foreclosure of any
effect related to the diseases at any level, but instead may mean prevention of the symptoms of a
disease to a clinically significant or detectable level. Prevention of diseases may also mean
prevention of progression of a disease to a later stage of the disease and prolonging discase-free
survival as compared to disease-free survival if not receiving treatment and prolonging disease-
free survival as compared to disease-free survival if not receiving treatment.

[0061] Embodiments herein are directed to oral pharmaceutical compositions that inhibit
MEK?2 activity and methods of treatment that involve administering to a subject in need thereotf an

oral dose of the MK2 ishibitor compound. Some embodiments include methods for the

10
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treatment of diseases in a subject in need thereof that comprise orally administering the MK2
inhibitor compound described herein.

[6062] The oral compositions disclosed herein possess a specific MK2 inhibitor which
prevents p38 MAP Kinase mediated inflammatory signaling, and thus, can be used in the
treatment or prophylaxis of a disease or condition in which p38 MAP Kinase inflaromatory
signaling plays an active role. Thus, embodiments provide oral pharmaceutical compositions
comprising the MK2 inhibitor disclosed herein together with a pharmaceutically acceptable
carrier, as well as methods for using the compounds and compositions. Certain embodiments
provide methods for inhibiting p38 MAP kinase inflammatory signaling using compounds of
embodiments herein. Other embodiments provide methods for treating a p38 MAP Kinase-
mediated disorder in a patient in need of such treatment, comprising administering to said patient
a therapeutically effective amount of a MK2 inhibitor compound or composition comprising the
same according to the present disclosure. Also provided is the use of the specific MKZ2 inhibitor
disclosed herein for use in the manufacture of a medicament for the treatment of a disease or
condition ameliorated by the inhibition of p38 MAP Kinase.

{0063] Also provided are embodiments wherein any embodiment described herein may be
combined with any one or more of these embodiments, provided the combination is not mutually
exclusive.

[6064] Oral Compositions

[0065] Embodiments herein are directed to pharmaceutical compositions formulated for oral
administration (“oral pharmaceutical composition”}, comprising about 5 mg to about 300 mg of

Compound I as shown below

£y

or a derivative thereof, and a pharmaceutically acceptable carrier.
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[0066] Compound 1 is also referred to herein by its chemical name, i.e., 3-chloro-4-{(3.5-
difluoropyridin-2-vDmethoxy)-2'-(2-(2-hvdroxypropan-2-ylpyrimidin-4-v1 }-5' 6-dimethyl-2 H-
{14 -bipyridin}-2-one.

0067} Compound I may be prepared according to the methods described in U.S. Patent No.
9,115,089, which is hereby incorporated by reference in s entirety. Compound | may also be
obtained from Aclaris Therapeutics, Inc. (640 Lee Road, Suite 200, Wayne, FA 19087, USA).
[B0638] There are two atroptsomers of 3-chloro-4-((3,5-difluoropyridin-2-yDimethoxy)-2'-(2-
{2-hydroxypropan-2-vhpyrimidin-4-y1}-5',6-dimethyl-24-[1,4"-bipyridin]-2-one,  which  are
depicted below as Compound (P)-1 ({(F)- 3-chloro-4-((3,5-difluoropyridin-2-ylmethoxy)-2'-(2-
(2-hydroxypropan-2-yhpyrimidin-4-yi)}-5' o-dimethyl-2H-[ 1, 4'-bipyridin]-2-one} and Compound
M1 {(M)y- 3-chloro-4-((3,5-difluoropyridin-2-yDmethoxy)}-2'-(2-(2-hydroxypropan-2-
yhpyrimidin-4-y1)-5' 6-dimethyl-25-{1 4'-bipyridin}-Z-one).

(7)1 and (-1,
{0669} The term “atropisomerism” refers to a type of isomerism resulting from hindered
rotation around a single bond due to steric strain of the substituents. This phenomenon creates
sterecisomers which display axial chirality. Atropisomers may be separated (resolved) via
supercritical  fluid chromatography using & mobile phase of carbon dioxide and
cthanol/methanol.  Chiral resolution of the P and M atropisomers of 3-chloro-4-((3 5-
difluoropyridin-2-yDimethoxy-2'-(2-(2-hydroxypropan-2-yDpyrimidin-4-y1}-5".6-dimethyl-2 H-
{1,4-bipyridin]-2-one is described in the Examples herein.
[6070] As used throughout this disclosure, recitation of “Compound I” encompasses
atropisomer compounds (P and (M4)-1 as depicted above in any molar ratio from 4:1 {{(F)-
L{AD-1) t0 999:1 and also includes embodiments where Compound (P)-1 is substantially free
from Compound (M)-1.  Compounds (#}-I and (Af}-I can be in any form (e.g., free basg,
crystalline form, etc.) as described herein.
[0071] In any embodiment, Compound I of the oral composition as disclosed herein

comprises Compound () and Compound (A4)-1 in a molar ratic of about 4:1 {(P3-L{AN-1) to
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about 999:1. In any embodiment, the molar ratio of (F)-1 to (M)-1 is about 4.3:1, about 4.6:1,
about 4.9:1, about 5.25:1, about 5.7:1, about 6.1:1, about 6.7:1, about 7.3:1, about 8.1:1, about
S:1, about 10:1, about 11.5:1, about 13.3:1, about 15.7:1, about 19:1, about 241, about 32.3:1,
about 49:1, about 91:1, about 110.1:1, about 124:1, about 141.9:1, about 165.7:1, about 199:1,
about 2491, about 332.3:1, about 3991, about 499:1, and about 9991, In a preferred
embodiment, the molar ratio of (£)-1 to (A£)-1 is about 399:1.

{8072 Satd another way, in any embodiment, Compound I of the oral composition as
disclosed herein comprises at least 80 mol% of Compound (#}-I. In any embodiment the oral
composition as disclosed herein comprises at least 81 mol% of Compound (P)-I, at least 82
mol% of Compound (F)-1, at least 83 mol% of Compound (P)-1, at least 84 mol% of Compound
()1, at least 85 mol% of Compound (P)-1, at least 86 mol% of Compound {(#)-1, at ieast 87
mol% of Compound ()1, at least 88 mol% of Compound (£3-1, at least 89 mol% of Compound
{(F)-L, at least 90 mol% of Compound (P)-1, at least 91 mol% of Compound (P)-1, at least 92
mol% of Compound (F)-1, at least 93 mol% of Compound (#)-1, at least 94 mol% of Compound
{(P)-1, at least 95 mol% of Compound (F)-1, at least 96 mol% of Compound (F)-1, at least 97
mol% of Compound (£)-1, at least 98 mol® of Compound (P)-1, at least 99 mol% of Compound
()L at least 99.1 mol% of Compound {(P)-1, at least 99.2 mol% of Compound {F}-1, at least
99.3 mol% of Compound (£)-1, at least 99.4 mol% of Compound (£)-1, at least 99.5 mol% of
Compound (F)-1, at least 99.6 mol% of Compound (£)-1, at least 99.7 mol% of Compound (P)-1,
at least 99.8 mol% of Compound {(#)-L, at feast 99.9 mol% of Compound (#}-1. In a preferred
embodiment the oral composition as disclosed hercin comprises at least 99.75 mol% of
Compound (P)-I. In any embodiment, Compound 1 of the oral composition as disclosed herein
comprises Compound (#7)-1 substantially free from Compound (ML

{0073} In any embodiment, the oral pharmaceutical composition disclosed herein comprises
10mg of Compound L In any embodiment, the oral pharmaceutical composition disclosed
herein comprises 40 mg of Compound I In any embodiment the oral pharmaceutical
coroposition disclosed herein comprises 50 mg of Compound L To any embodiment, the oral
pharmaceutical composition disclosed herein comprises 60mg of Compound I In any
embodiment, the oral pharmaceutical composition disclosed herein comprises 80 mg of
Compound I In any embodiment, the oral pharmaceutical composition disclosed herein
comprises 100 mg of Compound I In anv embodiment, the oral pharmaceutical composition
disclosed herein comprises 120 mg of Compound L. In any embodiment, the oral pharmaceutical
composition disclosed herein comprises 160 mg of Compound I In any embodiment, the oral

pharmaceutical composition disclosed herein comprises 200 mg of Compound 1. In any
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embodiment, the oral pharmaceutical composition disclosed herein comprises 240 mg of
Compound L

[06074] In any embodiment, the oral pharmaceutical compositions described herein comprise
Compound I in an amount of about 5 mg to about 200 mg. In any embodiment, Compound 1 is
present in the pharmaceutical composition as described herein in an amount of about 5 mg to
about 300 mg, about 7.5 mg to about 300 mg, about 10 mg to about 300 mg, about 12.5 mg to
about 300 mg, about 15 mg to about 300 mg, about 17.5 mg to about 300 mg, about 20 mg to
about 300 mg, about 22.5 mg to about 300 mg, about 25 mg to about 300 mg, about 27.5 mg to
about 300 mg, about 30 mg to about 300 mg, about 32.5 mg to about 300 mg, about 35 mg to
about 300 mg, about 37.5 mg to about 300 mg, about 40 mg to about 300 mg, about 42.5 mg to
about 300 mg, about 45 mg to about 300 mg, about 47.5 mg to about 300 mg, about 50 mg to
about 300 mg, about 50 mg to about 290 mg, about 50 mg to about 280 mg, about 530 mg to
about 270 mg ,about 50 mg to about 260 mg, about 50 mg to about 250 mg, about 50 mg to
about 240 mg, about 50 mg to about 230 mg, about 50 mg to about 220 mg, about 50 mg to
about 210 mg, about 50 mg to about 200 mg about 50 mg to about 190 mg, about 50 mg to about
180 mg, about 50 rug to about 170 mg ,about 50 mg to about 160 mg, about 50 mg to about
150 mg, about 50 mg to about 140 mg, about 30 mg to about 130 mg, about 50 mg to about
120 mg, about 50 mg to about 110 mg, about 50 mg to about 100 mg, about 50 mg to about
90 mg, about 50 mg to about 80 mg, about 50 mg to about 70 mg, about S0 mg to about 60 mg,
about 40 mg to about 50 mg, about 30 mg to about 60 mg, about 20 mg to about 70 mg, about
15 mg to about 80 mg, about 10 mg to about 90 mg, about $ mg to about 100 mg, or any amount
in between. In a preferred embodiment, the oral pharmaceutical compositions described herein
comprise Compound [ in an amount of about 50 mg to about 240 mg.

[0075] In any embodiment, Compound I is present in the pharmaceutical composition as
described herein in av amount of about S mg, 7.5 mg, 10 mg, 12.5 mg 15 mg, 17.5 g, 20 mg,
225 mg, 25 mg, 27.5 mg, 30 mg, 32.5 mg, 35 mg, 37.5 mg, 40 mg, 425 mg, 45 mg, 47.5 mg,
50mg, 525 mg, 55 mg, 575 mg 60mg 625mg 65Smg 67 5mg 70mg 72.5mg 75mg,
77.5mg, 80 mg, 32.5mg, 85 myg, 87.5mg, 90 mg, 92.5 mg, 95 mg, 97.5 mg, 100 mg, 105 myg,
1075 mg, 110mg, 1125 mg, 115 mg, 1175 mg, 120 mg, 122 5mg, 125 mg, 127 5 mg, 130 mg,

132.5 mg, 135 mg, 137.5 mg, 140 mg, 142.5 mg, 145 mg, 1475 mg, 150 mg, 152.5 mg, 155 mg,

1575 mg, 160 mg, 1625 mg, 165 mg, 1675 mg, 170mg, 172.5mg, 175 m

2075 mg, 210 mg, 212 5 mg, 215 mg, 217.5 mg, 220 mg, 222.5 mg, 225 mg, 227.5 mg, 230 mg,

235 mg, 237.5 mg, 240 mg, 242.5 mg, 245 mg, 2475 mg, 250 mg, 252.5 mg, 255 mg,
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2575 mg, 260 mg, 202.5 mg, 265 mg, 2075 mg, 270 mg, 272 .5 mg, 275 mg, 277.5 mg, 280 mg,
2825 mg, 285 mg, 287 Smg 290 mg 292.5 mg, 295 mg, 2975 mg, or 300 mg. In preferred
embodiments, Compound 1 is present in the pharmaceutical composition as described herein in
an amount of 50 mg, 80 mg, 100 mg, 120 mg, 160 mg, or 240 mg.

[06076] In any embodiment, Compound 1 of the oral composition as disclosed herein
comprises a free base. In any embodiment, Compound I of the oral composition as disclosed
herein comprises a pharmaceutically acceptable salt.

{6077} In any embodiment, Compound I of the oral composition comprises Compound (31
and Compound (A)-1 as disclosed herein in the free base form. In any embodiment, Compound 1
of the oral composition comprises Compound (I)-1 and Compound {AM)-1 as disclosed herein in
form of pharmaceutically acceptable salts.

[0D78] In any embodiment, the pharmaceutically acceptable salt is an acid addition salt.
Suitable acid addition salts include those formed with both organic and inorganic acids.
Pharmaceutically acceptable acids include both inorganic acids, for example hydrochloric,
hydrobromic, hydroiodic, mitric, carbonic, sulfuric, phosphoric and diphosphoric acid; and
organic acids, for example formic, acetic, trifluoroacetic, propionie, succiuic, glycolic, embonic
{pamoic},  methanesulfonic,  ethanesulfonic,  Z-hydroxyethanesulfonic,  pantothenic,
benzevesulfonic, toluenesulfonic, sulfanilic, mesylic, cyclohexylaminosulfonic, stearic, algenic,
B-hydroxybutyric, malonic, galactic, galacturonic, citrie, fumaric, gluconic, glutamic, lactic,
maleic, malic, mandelic, mucic, ascorbic, oxalic, pantothenic, succinic, tartaric, benzoic, acetic,
xinafoic {(1-hydroxy-Z-naphthoic acid), napadisilic {1,5-naphthalenedisulfonic acid) and the like.

[6079] In any embodiment, the pharmaceutically acceptable salt is a basic addition salt.
Basic addition salts can be prepared during the final isolation and purification of the compounds
by reacting a carboxy group with a suitable base such as the hydroxide, carbonate, or bicarbonate
of a metal cation or with amionia or an organic primary, secondary, ot tertiary amine. The
cations of therapeutically acceptable salts include lithium, sodium, potassium, calcium,
magnesiur, and aluminum, as well as nountoxic quatemnary amine cations such as ammonium,
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, timethylamine,
triethylamine, diethvlamine, ethylamine, tributylamine, pyndine, NN- dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine, N N-
dibenzylphenethylamine, {-ephenamine, and N N'-dibenzylethylenediamine. Other
representative organic amines usefid for the formation of base addition salis include

cthylenediamine, ethanclamine, diethanolamine, piperidine, and piperazine.
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[0080] In any embodiment, Compound 1 of the oral compositions is a non-solvated form or
in a solvated form. In anv embodiment herein one solvent molecule can be associated with one
molecule of Compound [ described herein, such as a hydrate. In some embodiments, more than
one solvent molecule may be associated with one molecule of Compound T as described herein,
such as a dihydrate. Additionally, in some emwbodiments herein less than one solvent molecule
may be associated with one molecule of Compound I described herein, such as a hemihydrate.
Furthermore, solvates of embodiments herein are contemplated as solvates of Compound 1 as
described herein that retain the biclogical effectiveness of the non-solvate form of Compound 1
0081} In any embodiment, Compound 1 of the oral composition is a deuterated derivative.
As used herein, the term deuterated derivative embraces compounds of embodiments herein
where in a particular position at least one hydrogen atom is replaced by deuterium. Deuterium (D
or “H) is a stable isotope of hydrogen which is present at a natural abundance of 0.015 molar %.
[06082] In any embodiment, Compound 1 of the oral composition as disclosed herein
comprises Compound (P31 (free base) in a erystalline form. In any embodiment, the crystalline
torm of Compound (P)- is crystalline Form A as disclosed and characterized herein.

{0083] For example, the crystalline form A of Compound (F)-1 of the oral composition may
be characterized by its PXRD pattern. Thus, in any embodiment, the crystalline Form A of
Compound (£3-1 18 characterized by an PXRD pattern having 4 peak expressed in degrees 26 at
about 978 + 0.2. In any embodiment, the crysialline Form A of Compound (F)-1 is
characterized by an PXRD pattern having peaks expressed in degrees 26 at 978 £ 0.2 and 15.51
+ 0.2. In any embodiment, the crystalline Form A of Compound (F}-I is characterized by an
PXRD pattern having peaks expressed in degrees 20 at 978 £ 0.2, 1551+ ¢.2, 19.6+ 0.2, and
2592 £ 0.2, In any embodiment, the crystalline Form A of Compound ()1 is characterized by
an PXRD pattern having peaks expressed in degrees 20 at 978 + 02, 1534+ 0.2, 1551 £ 0.2,
106 + 02, 2057 £ 02, 21.01 £ 02, 2592 + 0.2 2905 4+ 0.2, and 2948 + 0.2 In any
embodiment, the crystalline Form A of Compound (F)-1 is characterized by an PXRD pattern of
Figure 27.

[0084] The crystalline Form A of Compound (P}-I of the oral composition disclosed herein
may be additionally or alternatively characterized by thermogravimetric analysis (TGA).
Samples of crystalline Form A of (P}l yielded a TGA curve revealing that, in the sample
analyzed, negligible weight loss was observed. Weight loss {0.7%) is observed between 25°C
and 256°C by TGA for freebase crystalline Form A, suggesting that crystalling form A of (P)-1is

substantially anhydrous.
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[0085] The crystalline form A of ()1 may additionally or alternatively be characterized by
differential scanning calorimetry {DSC). Thus, in any embodiment, the crystalline Form A of
Compound (#}-1 is characterized by a I3SC plot comprising an initial endothermic melting event
with an onset temperature of about 188°C, followed by an exothermic recrystallization event at
about 196°C, with a final sharp endothermic melting event at about 254°C.

[0086] In any embodiment, the oral composition of the present disclosure comprises
Compound I as disclosed herein formulated by admixture with & pharmaceutically acceptable
carrier or excipient. In certain embodiments, the pharmaceutical compositions include the
therapeutically effective amount of Compound T and a physiolegically acceptable diluent or
carrier. In certain embodiments, the pharmaceutical composition further includes one or more
additional therapeutic components and/or adjuvants,

[0087] fn any embodiment, the oral compositions disclosed herein may further comprise
pharmaceutically acceptable diluents, fillers, disintegrants, binders, lubricants, surfactants,
hydrophobic vehicles, water soluble vehicles, emulsifiers, buffers, humectants, moisturizers,
solubilizers, preservatives and the like. The means and methods for preparation and
adminisiration are known iu the art and an artisan can refer to various pharmacologic references
for guidance. For example, Banker, G. 8., & Rhodes, C. T. (2002). Modern pharmaceutics. New
York: Marcel Dekker.; and Goodman, L. S., Brunton, L. L., Chabner, B., & Koollmann, B. C.
(2011). Goodman & Gilman's pharmacological basis of therapeutics. New York: McGraw-Hill.
can be consulted.

{0088] The oral pharmaceutical compositions as disclosed herein can be formulated readily
by combining Compound [ with pharmaceutically acceptable carriers well known in the art. Such
carriers enable the compounds of embodiments herein to be formulated as nanoparticies,
nanoparticle suspension, tablets, troches, pills, dragees, capsules, powders, liquids, gels, syrups,
slurries, suspensions and the like, for oral ingestion by a subject to be treated. Oral compositions
can also be prepared using a fluid carrier for use as a mouthwash, wherein the compound in the
fluid carrier is applied orally and swished and expectorated or swallowed. Pharmaceutical
preparations for oral administration can be obtained by adding a solid excipient, opticnally
grinding the resulting mixture, and processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suiiable excipients include, but are not
fimited to, fillers such as sugars, including, but not limited to, lactose, sucrose, mannitol, and
sorbitol; cellulose preparations such as, but not limited to, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropyl methyicellulose

b=

{HPMC), sodium carboxymethylcellulose {CMC), and polyvinyipyrrolidone (PVP). I desired,
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disintegrating agenis can be added, such as, but not limited to, the cross-linked PVP, agar, or
alginic acid or a salt thereof such as sodium alginate.

[6039] Drragee cores can be provided with suitable coatings. For this purpose, concentrated
sugar solutions can be used, which can optionally contain gum arabic, talc, PVP, carbopol gel,
polyethylene glycol (PEG), and/or titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs or pigments can be added to the tablets or dragee
coatings for wdentification or to characterize different combinations of active compound doses.
[6098) Pharmaceutical preparations which can be used orally include, but are not limited to,
push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active ingredient in
an admixture with one or more fillers {e.g., lactose), one or more binders {(e.g, starches), and/or
one or more lubricants (e.g., talc or magnesium stearate) and, optionally, one or more stabilizers.
In soft capsules, the active compound can be dissolved or suspended in suitable liquids, such as
fatty oils, liquid paraffin, or liquid PEG. In addition, stabilizers can be added. All compositions
tor oral administration should be in dosages (e.g., about 5 mg to about 300 mg) suitable for such
administration.

[0091] In some embodiments, the oral compositions may take the form of, e.g, lozenges,
tablets or capsules prepared by conventional means with pharmaceutically acceptable excipients
such as binding agents {e.g., pregelatinized maize starch, PVP or HPMC); fillers (e.g., lactose,
microcrystalline cellulose or calcium hvdrogen phosphate); lubricants {e.g., magnesium stearate,
talc or silica), disintegrants {(e.g., potato starch or sodium starch glycolate}, or wetting agents
{e.g,, sodium lauryl sulfate). The tablets may be coated by methods well known in the art with,
e.g., sugars, films or enteric coatings. Additionally, the pharmaceutical compositions containing
Compound I as disclosed herein can be in any form suitable for oral use, including, e g | troches,
lozenges, agueous ot oily suspensions, dispersible powders or granules, emulsions, hard or soft
capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according to
any wethod known to the art for the manufacture of pharmaceutical compositions and such
compositions may contain one or more agents selected from the group consisting of sweetening
agents, flavoring agents, coloring agents and preserving agents in order to provide
pharmaceutically elegant and palatable preparations.

06692} In one embodiment, the oral pharmaceutical composition as disclosed herein is a
tablet.  Tableis may contain Compound @ in admixiure with non-toxic pharmaceutically
acceptable excipients which are suttable for the manufacture of tablets. These excipients may be

e.g., inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or
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sodium phosphate; granulating and disintegrating agents {e.g., corn starch, or alginic acid);
binding agents (for example starch, gelatin or acacia), and lubricating agents (for example
magnesium stearate, stearic acid or talc). The tablets may be uncoated or they may be coated by
known techniques to delay disintegration and absorption in the gastrointestinal tract and thereby
provide a sustained action over a longer period. In some embodiments, the tablet is formulated
for immediate release. In some embodiments, the tablet is formulated for controlled release. For
example, a time delay waterial such as glycervl monostearate or glyceryl distearate may be
employed. They may also be coated by the techniques described in the U.S. Pat. Nos. 4,250,108,
4,166452; and 4265874 to form osmotic therapeutic tablets for control release. The
pharmaceutical compositions described herein may also be in the form of oil-in-water emulsiocns.
[6093] In some embodiments, the oral composition comprises Compound [ and a buffer. In
some embodiments, the buffer may be selected from the group consisting of citric acid
monohydrate, sodium phosphate, water, and a combination thereof. In some embodiments, the
oral composition comprises Compound I and a stabilizer. In some embodiments, the stabilizer is
selected from a group consisting of povidone, sodium benzoate, water, sodium lauryl sulfate, and
a combination thereof. In some embodiments, the oral composition further includes a buffer, an
acid, sodium benzoate, sodium phosphate, citric acid, or a combination thereof. In some
emwbodiments, the oral composition comprises Compound I and a stabilizer and a buffer. In some
embodiments, the oral composition further comprises a lubricant, a pH modifier, a binder, a
diluent, a granulating agent, a glidant, a disintegrant, a filler, a sorbent, an anti-adherent, a
coloring agent, a compression aid, a coating material, a sweetener, a preservative, an antioxidant,
or a combination thereof. In some embodiments, Compound [ is in a therapeutically effective
amount {e.g., about 5 mg to about 200 mg}. In some embodiments, the oral composition is a
suspension, tablet, capsule, nanoparticle powder, nanoparticle suspension, cachet, pellet, pili,
powder, granules, or a combination thereof

{6094} In some embodiments, the lubricant may be selected from the group consisting of
stearic acid or its salts {e.g., magnesium stearate, calcium stearate), sodium lauryl sulfate, PEG,
mineral oil, sodium benzoate, glyceryl palmitostearate, glyceryl behenate, sodium stearyl
fumarate, and a combination thereof.

[6095) In some embodiments, the pH modifier may be an acid {(e.g, hydrochloric acid,
acetic acid, citric acid, phosphoric acid, sulturic acid, or a combination thereof).

[0096] In some embodiments, the binder may be selected from the group consisting of a
natural or synthetic polymer {(e.g., starches, sugars, sugar alcohols, or cellulose derivatives) such

as gelatin, glucose, lactose, sorbitol, xylitol, maltitol, methyl celivlose, microcrysialline celhulose
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(MCC), ethvl cellulose, HPMC, hydroxypropyl cellulose (HPC), starch, PVP, PEG, sodium
alginate, CMC, and a combination thereof.

[6097] In some embodiments, the compression aid may be selected from the group
consisting of silicified microcrystalline cellulose, microcrystalline cellulose, a physical mixture
of MCC-colloidal silicon dioxide, and a combination thereof.

[0098] In some embodiments, the disintegrant may be selected from the group consisting of
starch, cellulose derivatives and alginates, PVP, croscarmellose sodium, sodium starch glycolate,
and a combination thereof,

[06699] In some embodiments, the filler may be selected from the group consisting of
lactose, sucrose, glucose, mannitol, sorbitol, calcium carbonate, magnesium stearate, plant
cellulose, dibasic calcium phosphate, dibasic sodium phosphate, vegetable fats and oils, and a
combination thereof.

[6108] In some embodiments, the diluent may be selected from the group consisting of
sugar compounds {e.g., sucrose, lactose, dextrin, glucose, sorbitel, or the like), inorganic
compounds {e.g., silicates, calcium salts, or magnesium salts), sodium chloride, potassium
chioride, and a combination thereof

[0101] In some embodiments, the preservative may be selected from the group consisting of
an antioxidant {e.g., vitamin A, vitario B, vitamin C, retinyl palmitate, and selenium), an amino
acid {e.g., cysteine, or methionine}, citric acid, sedium citrate, a synthetic preservative {e.g, a
paraben such as methyl paraben or propyl paraben), and a combination thereof.

[0102] In some embodiments, the glidant may be selected from the group consisting of
colloidal anhydrous silicon and other silica compounds, such as fumed silica, magnesium
carbonate, colloidal silicon dioxide (AERGSIL®), cornstarch, talc, and a combination thereof.
{0103} In some embodiments the oral composition comprising Compound I is a capsule. In
some embodiments, the capsule comprises an inner coating made from a high fat erulsion. In
some embodiments the capsule comprises a high fat coating that is either on the inside or the
outside of the capsule. In some embodiments the capsule comprises HPMC. In some
embodiments, the capsule may be a HPMC capsule. In some embodiments, the capsule may be
enteric coated. In some embodiments, the capsule may be a silica capsule, such as silica sold
under the trade name SYLOID®. In some embodiments, the capsule comprises cyclodextrin. In
some embodiments, the capsule may be a cyclodextrin complex enteric capsule.

[0104] In some embodiments the cral formulation comprising Compound 1 is a tablet. In
some embodiments the tablet contains Compound 1 in the form of nanoparticles. In some

embodiments, the tablet may be coated. In some embodiments, the tablet may be coated with an
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enteric coating. In some embodiments, the tablet may be coated with a coating selected from a
sugar coating, film coating, organic film coating, aqueous film ceating, pan coating, dip coating,
electrostatic coating, compression coating, plasticizer dry coating, heat dry coating, electrostatic
dry coating, or the like. Some ingredients used for coating may include aqueous acrylic enteric
system such as that sold under the trade name ACRYL-EZE®, film coating system sold under
the trade name OPADRY®, HPMC, methyl hydroxyethyl cellulose, ethylcellulose, povidone,
cellulose acetate phthalate, acrylate polyrers (such as those sold under the trade vame
EUDRAGIT® L & EUDRAGIT® §), HPMC phthalate, or a combination thereof.

0105} In some embodiments the oral composition comprises Compound I in the form of a
nanoparticle suspension (nanosuspension}. In some embodiments, the nanosuspension comprises
Compound I, a stabilizer, and a buffer. In some embodiments, the nanosuspension may further
comprise a pH modifier. In some embodiments, the pH modifier may be selected from a group
consisting of hydrochloric acid, acetic acid, citric acid, phosphoric acid, sulfuric acid, and a
combination thereof. In some embodiments, the pH modifier may be hydrochloric acid. In some
embodiments, the hydrochloric acid may be 1.ON hydrochloric acid. In some embodiments, the
stabilizer may be selected from the group cousisting of povidone, sodium lauryl sulfate, sodium
benzoate, WFI quality water such as that sold under the tradename HYCLONE™, or a
combination thereof. In some embodiments, the buffer solution may include WFI quality water,
sodium phosphate (dibasic, 7-hydrate, crystal), citric acid monohydrate, or a combination
thereof.

[0106] The nanoparticle suspension may be manufactured by suspending particles of the
active in the excipients, reducing particles to the desired particle size using grinding media in a
mill, and then diluting the suspension to the final volume. In some embodiments, the grinding
media used may be selected from ceramic, agate, silicon nitride, sintered corundum, zirconia,
stainless steel, chrome steel, Cr—Ni steel, tungsten carbide, glass {yttrium-stabilized), cross-
linked polystyrene resins, plastic polvamide, pearls, or a combination thereof In some
embodiments, the mill may be a stationary agitated vessel or a recirculating mifl.

{0107} A tablet may be manufactured by spraying the nanosuspension {above) onto sucrose
to form a spray granulate intermediate, granulating the spray granulate intermediate with
excipients to form a final granulation, and compressing the final granulation to form a tablet. The
sucrose could be any sugar, including, e.g., glucose, fructose, maltose, galactose, lactose, or the
like. In some embodiments, the excipients for the tablet formulation may include lactose

monochydrate, PVP, silicified microcrystalline cellulose {eg, sold under the trade name

21



WO 2021/195562 PCT/US2021/024482

PROSOLYV® SMCC HD 90), magnesium stearate, or a combination thereof. In some
embodiments, the tablet comprises about 5 mg to about 300 mg of Compound L

{019038] In some embodiments the oral composition as described herein is a dry powder. In
some embodiments, the dry powder may be encapsulated or made into a suspension. In some
embodiments, the suspension may be a nanoparticle suspension or a milled suspension.

[0109] In some embodiments, liguid preparations for oral administration may take the form
of, e.g., elixirs, solutions, syrups or suspensions, ot they may be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liguid preparations may be
prepared by conventional means with pharmaceutically acceptable additives such as suspending
agents (e.g., sorbitel syrup, cellulose derivatives or hydrogenated edible fats);, emulsifying agents
{e.g., lecithin or acacia); non-aqueous vehicles {e.g, almond oil, oily esters, ethyl alcohol,
CREMOPHORE® or fractionated vegetable oils), and preservatives {e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts, preservatives,
flavoring, coloring and sweetening agents as appropriate.

{6116} Pharmaceutical compositions of the compounds also can comprise suitable solid or
gel phase carriers or excipients. Examples of such carriers or excipients include bui are not
limited to calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives,
gelatin, and polymers {e.g., PEG).

{0111} The compositions can further include one or more additional pharmaceutical agents
such as an anti-inflammatory drug, an anti-atherosclerotic drug, an immunosuppressive drug, an
immunomodulatory drug, a cytostatic drug, an angiogenesis inhibitor, a kinase inhibitor, a
cytokine blocker, and an inhibitor of cell adhesion molecules.

[6112] Methods of Use

{0113} Another aspect of the present disclosure relates a method for treating an
inflaromatory condition 1o a subject in need thereof. This method comprises administering, to a
human subject having an inflammatory condition, an oral dose of 5 mg/day to 300 mg/day of
Compound [, i.e., Compound (#)-I and (A)-I in any molar ratio as described supra and in any
form {e.g., free form, crystalline form) as described supra. A particularly useful oral dose of
Compound I for use in the methods described herein comprises an oral dose of 100 mg/day to
240 mg/day of Compound [ comprising greater than 80 mol% of Compound (£)-L

0114} Suitable inflammatory conditions that can be treated in accordance with the methods
disclosed herein include any inflammatory condition involving the p38 MAP kinase-mediated
inflammatory signaling. In some embodiments the inflammatory condition is a chronic

inflammatory condition. In some embodiments, the inflammatory condition is an acute
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inflammatory  conditicn. In  some embodiments, the inflammatory condition is  an
autoinflammatory  condition. In some embodiments, the inflammatory condition i3 an
autoimmune condition. In  some embodiments, the inflammatory condition s
inflammasomopathy.

[8115] For example, in any embodiment, the methods and compositions disclosed herein are
suitable for treating chronic or acute inflammatory or autoimmune gastrointestinal disorders,
nflaromatory or astoimroune skin disorders, neuroinflammatory disorders, inflammatory heart
disease, inflammatory lung diseases, inflammatory myopathies, inflammatory bone disorders or
diseases, periodic fever syndromes, as well as pain or pruritus associated with any
aforementioned disease,

{0116} Compound L in any embodiment, also be used to treat scarring/fibrotic diseases or
disorders and various types of cancers and hyper proliferative disorders.

{6117} For example, in any embodiment, the methods and compositions disclosed herein are
suitable for treating inflammatory arthritis, such as rheumatoid arthritis (RA), spondyloarthritis
such as ankylosing spondylitis, psoriatic arthritis, reactive arthritis and Reiter’s syndrome,
juvenile rheumatoid arthritis (JIA), systemic-onset juvenile rheumatoid arthritis, idiopathic
arthritis (JIA) (including systemic (8JIA)}), and gout; cryopyrin-associated autoinflammatory
syndromes (CAPS), including Muckle-Wells syndrome (MWS), neonatal-onset multisystem
inflammatory disease (NOMID), and familial cold autoinflammatory syndrome (FCAR); chronic
obstructive pulmonary diseases {COPD), including emphysema, chronic bronchitis, and asthma
{allergic and non-allergic), inflammatory skin conditions, including, but not limited to
hidradenitis suppurativa (HS), psoriasis, such as plaque psoriasis, pyoderma gangrenosum, HL-17
associated skin condition, pruritus; colitis from an inflammatory bowel disease (B3} such as
Crohn’s disease or ulcerative colitis and inflammatory bowel disease-associated arthrnitis;
pericarditis, iocluding acute pericarditis, recurrent peticarditis, and chronic pericardiiis;
pulmonary inflammation or fibrosis, including idiopathic pulmonary fibrosis and interstitial lung
disease; metastatic breast cancer, and pancreatic cancer.

[0118) In any embodiment, the methods and compositions disclosed herein are suitable for
treating Familial Mediterranean Fever (FMF); tumor necrosis factor receptor-assoctated periodic
syndrome (TRAPS);, adult-onsgt Still's disease; pyoderma gangrenosum; bone-resorption
disorders (such as those associated with cancer {e.g, breast cancer)), metastatic melanoma,
Castleman disease; and chironic atypical neutrophilic dermatosis with lipodystrophy (CANDLE).
[6119] In some embodiments, the condition that is treated in accordance with the methods

described here is pruritus, which may be associated with any other condition, for example,

23



WO 2021/195562 PCT/US2021/024482

prusitus associated with hidradenitis suppurativa, pruritus asscciated with inflammation, pruritus
associated with rheumatoid arthritis, pruritus associated with psoriasis, and pruritus associated
with TH17-associated inflammation.

[6120] In any embodiment, the methods and compositions disclosed herein are suitable for
treating Lyme disease; cytokine release syndrome (CRS); acute respiratory distress syndrome
{(ARDSY; chronic or acute bronchitis; epidermolysis bullosa (EB}; bullous pemphigoid; juvenile
dermatoroyositis; inflammatory vitthigo (including margival);, perphigus vulgaris; enterocolitis;
polymyositis; myositis, bone cancer; lung cancer; inflammatory bone disorders such as chronic
recurrent multi osteomyelitis {CRMO), Synovitis, acne, pustulosis, hyperostosis, and osteitis
(SAPHO) syndrome, Majeed syndrome, deficiency of interleukin-1 receptor antagonist (DIRA)
and cherubism; bone resorption {(such as is associated with an autoimmune disease);
neuroinflammatory diseases such as Alzbheimer's disease (AD), Parkinson’s disease (PD),
multiple sclerosis (MS), acute disseminated encephalomyelitis {(ADEM), acute optic neuritis
{(AON), transverse myelitis, and neuromyelitis optical (NMO), Behcet’s disease; endotoxic
shock (e.g, toxic shock syndrome (TS8) and other systemic gram-negative bacterial infections};
enthesitis; polyarteritis nodosa (PAN}); chronic pain; polymyalgia rheumatica; chronic allograft
rejection; Sjogren’s syndrome; and Schnitzier’s syndrome {SchS).

[8121] In any embodiment, the condition that is treated in accordance with the methods
described here is arthritis, such as inflammatory arthritis, rheumatoid arthritis (RA),
spondyloarthritis such as ankylosing spondylitis, psoriatic arthritis, reactive arthritis and Reiter’s
syndrome, juvenile rheumatoid arthritis (JIA), systemic-onset juvenile rheumatoid arthritis,
idiopathic arthritis (JIA) (including systemic (SJIA}), gout, and inflammatory bowel disease-
associated arthritis.

{0122} In any embodiment, the condition to be treated is rheumatoid arthritis, ankylosing
spondylitis, or psoriatic arthritis.

{6123} In any embodiment, the condition that is treated is an inflammatory skin condition,
such as, hidradenitis suppurativa, psoriasis, such as plaque psoriasis, pvoderma gangrenosum, an
1L-17 related inflammatory skin condition, and a IL-1¢ related inflammatory skin condition.
j0124] In any embodiment, the condition to be treated is cryopyrin associated periodic
syndrome {CAPS), including MWS, NOMIDS, and FCAS.

[0125] In any embodiment, the condition to be treated is irritable bowel disease, including

colitis, Crohn’s disease and ulcerative colitis.

24



WO 2021/195562 PCT/US2021/024482

{0126} In any embodiment, the condition to be treated is cyiokine release syndrome, for
example, CAR-T cell induced cytokine release syndrome, and acute respiratory distress
syndrome.

[6127] In any embodiment, the condition to be treated is cancer, including, but not limited
10, metastatic breast cancer, pancreatic cancer, colorectal cancer and lung cancer,

[0128) In any embodiment, the condition to be treated is chronic obstructive pulmonary
diseases {COPD), including emphysema, chronic bronchitis, and asthma {allergic and non-
allergic).

0129} In any embodiment, the condition to be treated is pulmonary fibrosis, including
idiopathic pulmonary fibrosis and interstitial lung disease.

{0136} Other conditions that may be treated in accordance with the methods and
compositions disclosed herein inchide inflammatory and/or autoimmune conditions such as
allergic and non-allergic asthma, pancreatitis, auvtoimmune encephalomyelitis, autoimmune
myositis, giant-cell arteritis, episcleritis, glomerulonephritis, Hashimoto’s thyroiditis, keratitis,
lupus nephritis, myocarditis, enteritis, neutrophilic eccrine hidradentitis, nonalcoholic
steatohepatitis, periodontitis, polychondritis, primary sclerosing cholangitis, schleritis, sinusitis,
small vessel wvasculitis, large wvessel wvasculitis, Takayasu’s arteritis, atopic dermatitis,
sutoimmune and toflammatory hepatitis, autoimmune atrophic gastritis, antoimmune orchitis,
bronchiolitis, bronchicligis obliterans, carditis, chortitis, esophagitis, hepatitis C, optic neurotis,
uveitis, tinea capitis, acne vulgaris, and hypophysitis, lupus, myasthemia gravis, pernicious
anemia, type I diabetes, Addison’s disease, Chagas disease, peripheral neurcpathy, hypoxia or
ischemia induced inflammation, autoimmune nephropathy, cicatricial  pemphigoid,
Goodpasture’s Disease, Graves™ disease, histiccyioid neutrophilic dermatosis, hypereosinophilic
svidrome, stimulator of interferon genes-associated vasculopathy with onset in infancy (SAVE),
Churg-Strauss  syndrome, Guillain-Barret syndrome, jmmuse-mediated  glomerulonephbritis,
linear IgA disease, sarcoidosis, sympathetic ophthalmia, and type 3 hypersensitivity reaction
disease.

{0131} Gther conditions that may be ftreated in accordance with the methods and
compositions disclosed herein include any condition where MK2 inhibition is therapeutically
beneficial, such as cancer {e.g., head/neck cancer, bladder cancer, intestinal cancer, non-small
cell lung cancer, astrocytoma, small cell lung cancer, colon cancer, colorectal cancer, esophageal
cancer, fibrotic cancers, hepatic cancers, leukemia, kidney cancer, larynx cancer, multiple
myeloma, Merkel cell carcinoma, mouth or pharynx cancer, nerve cancer, non-melanoma skin

cancer, ovarian cancer, prosiate cancer, renal cancer, seminoma, squamous cell carcinoma,
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stomach  cancer, schwannoma, teratocarcinoma, testicular  cancer,  osteosarcoma,
thabdomvosarcoma, Wegener's granulomatosis, keratocanthoma, Kaposi’s  sarcoma,
glioblastoma, glioma, t-cell lymphoma, throat cancer, thyroid cancer, thyroid follicular cancer,
and uterine cancer), tibrotic conditions {e.g., atrial fibrosis, cardiac fibrosis, cystic fibrosis,
endomyocardial fibrosis, hepatic fibrosis, idiopathic myelofibrosis (IMF), mediastinal fibrosis,
myelofibrosis, nephrogenic systemic fibrosis, renal fibrosis, retroperitoneal fibrosis,
fibroadenomas, fibromyalgia, fibrosarcomas, fibrosclerosis, fibroids, fibroma, fibrosing alopecia,
glomerulosclerosis, juvenile scleroderma, membranous glomerulopathy, schleroderma, and
cardica-allograft vasculopathy), and gastrointestinal fibrosis), retinopathy, cirrhosis, and
keratopathy.

[0132] As described supra, the oral composition suitable for administration in accordance
with the methods described herein comprises a therapeutically effective amount {g.g., about
50 mg/day to about 300 mg/day) of Compound I (ie., in a molar ratic of Compound (P)-1
Compound (M-I} of 4:1 10 999:1) or an oral pharmaceutical composition comprising the same.
{6133} The specific dose level for any particular patient will depend upon a variety of
factors including the activity of the specific compound eroploved, the age, body weight, general
health, sex, diet, time of administration, rate of excretion, drug combination, the precise disorder
being treated, and the severity of the indication or condition being treated.

[0134] In some embodiments, administration of Compound 1 (e, in a molar ratio of
Compound (P)-1 . Compound (AM)-I) of 4:1 to 999:1) or an oral pharmaceutical composition
comprising the same is effective to cause at least partial remission of the symptoms that
characterize the disease. In some embodiments, administration of one or more of the presently
disclosed oral compositions of embodiments herein is effective to cause at least full remission of
the symptoms that characterize the disease.

[8135] In any embodiment, administration of a composition comprising Compound 1 as
described herein is effective to cause inhibition of p38 MAP kinase-mediated pro-inflammatory,
but not anti-inflammatory signaling. In some embodiments, administration of one or more of the
presently disclosed oral compositions of embodiments herein is effective to cause inhibition of
MK?2 inflammatory signaling. Inhibition of p38 MAP kinase and MK2 mediated inflammatory
signaling can be measured or assessed by i vivo serum levels of one or more inflammatory
cytokines, including, but not limited to TNF-q, IL-153, IL-6, IL-8, IFNy, IL-17, [L-18, IL-1a, and
MIP1[. Thus in any embodiment, administration of a composition comprising Compound I, in
particular, a composition comprising at least 80 mol%%, at least 90 mol%, at least 95 mol%, or at

feast 99 mol% of Compound (F)-I at the dosages described herein {e.g, 100 mg/day, 160
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meg/day, or 240 mg/day} reduces the in vive serum levels of one or more cytokines selected from
TNF-u, IL-18, IL-6, IL-8, TFNy, IL-17, IL-18, IL-1o, and MIP1P in a subject as compared to the
in vivo serum levels of the corresponding cytokines prior to treatment of the subject with the
composition comprising Compound L

[0136] In one embodiment, the inflammatory condition to be treated in accordance with the
methods and compositions comprising Compound 1 described herein is arthritis, in particular
moderate to severe rheumatord arthritis. In some embodiments, treatment of a subject having
moderate to severe rheumatoid arthritis in accordance with the methods and compositions
comprising Compound I as described herein, alone or in combination with methotrexate, is
effective to inhibil progression of joint damage, improve synovitis, or both as assessed by
magnetic resonance imaging (MR},

[0137] In some embodiments, treatment of a subject having moderate to severe rheumatoid
arthritis in accordance with the methods and compositions comprising Compound T as described
herein, alone or in combination with methoirexate, is effective to reduce high sensitivity C-
reactive protein (hsCRP) levels in the subject. In some embodiments, hsCRP is reduced relative
to the baseline level (i.e., the hsCRP level prior to treatment) by at least 10%, by at least 20%, by
at least 30%, by at least 40%, or by greater than 40%. Preferably, treatment with the Compound
I reduced hsCRP levels by greater than 40% relative to baseline.

[0138] In some embodiments, treatment of a subject having moderate to severe rheumatoid
arthritis in accordance with the methods and compositions comprising Compound 1 as described
herein, alone or in combination with methotrexate, is effective to reduce the subject’s Disease
Activity Score for 28 Joint Count (DAS28). The DAS2E consists of a composite score of the
foliowing variables: tender joint count, swollen joint count, CRP, and Patient’s Global
Assessment of Disease Activity score. Interpretation of the DAS2S (CRP) disease activity
measure is on a scale of ¢ to 9.4, where: <2.6 15 considered remission, 2.6 to <3 .2 is considered
low/mimmal, >3.2 to <5.1 is considered moderate, and >5.1 is considered high/severe {Anderson
et al., “Rheumatoid arthritis disease activity measures: American College of Rheumatology
recommendations for use in clinical practice,” Arthritis Care Res (Hoboken) 64(5):640-7 (2012},
which is hereby incorporated by reference in its entivety). Thus, in some embodiments,

treatment of moderate to severe rheumatoid arthritis in accordance with the methods and
compositions comprising Compound [ as described herein is effective to reduce the
DASZB(CRP} score to <3.2 over the course of treatment as an indicator of low disease activity of

remission. In some erbodiments, treatment of severe rheumatoid arthritis in accordance with
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the methods and compositions comprising Compound | as described herein is effective to reduce
the DAS28(CRP) score to < 2.6 over the course of treatment as an indicator of remission.

[0139) In some embodiments, treatment of a subject having moderate to severe rheumatoid
arthritis in accordance with the methods and compositions comprising Compound [ as described
herein, alone or in combination with methotrexate, is effective to achieve at least 20%
improvement in the swollen and tender joints counts and an improvement of least 20% in at least
3 of the following 5 measures: (1) Patient’s Global Agsessmuent of Disease Activity (VAS), (i)
Patient’s Assessment of Arsthritis Pain (VAS), (i) Patient’s Assessment of Physical
Function/Health Assessment Questionnaire — Disability Index (HAQ-DI), (v) Physician’s
Global Assessment of Disease Activity {(VAS), (v} Acute phase reactant as measured by hsCRP.
In some embodiments, treatment with compositions comprising Compounds I as describe herein,
alone or in combination with methotrexate, is effective to achieve at least 50% improvement in
the swollen and tender joints counts and an improvement of least 50% in at least 3 of the S above
noted measures.  In some embodiments, treatment with compositions comprising Compound |
as describe herein, alone or in combination with methotrexate, 1s effective to achieve at least
70% improvement in the swollen and tender joints counts and an improvement of east 70% in at
least 3 of the 5 above noted measures.

(0148 In some embodiments, treatment of a subject having moderate to severe rheumatoid
arthritis in accordance with the methods and compositions comprising Compound { as described
herein, alone or in combination with methotrexate, is effective to significantly reduce predosing
levels of one or more inflammatory cytokines. In some embodiments, treatment of a subject
having severe rheumatoid arthritis with a composition comprising Compound I, alone or in
combination with methotrexate, is effective to significantly reduce predosing levels of one or
more of TNF-g, IL-6, IL-8 IL-15, and MIPI1B. In any embodiment, the aforementioned cytokine
levels are reduced by feast 10%, at least 15%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, or greater than 75% following administration of a composition
coroprising Coropound I as disclosed in the Examples herein.

{0141} In some embodiments, treatment of a subject having moderate to severe active
psoriatic arthritis in accordance with the methods and compositions comprising Compound T as
described herein, alone or in combination with methotrexate, is effective to achieve at least a
20% reduction (improvement) compared with baseline in tender joint count (TIC), swollen joint
count (8JC), and an improvement of least 20% in at least at least 3 of the 5 remaining ACR core

set measures: (1) patient's assessment of pain, (ii) patient's global assessment of disease activity
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{(PtGA); (1) physician's global assessment of disease activity {(PhGA), (3v} Health Assessment
Guestionnaire - Disability Index (HAQ-DI), and (iv) high sensitivity C-reactive protein (hsCRP).
[0142] In some embodiments, treatment of a subject having moderate to severe active
psoriatic arthritis in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with methotrexate, is effective to achieve a static
Investigator Global Assessment (sIGA) of Psoriasis of O or 1 and at least a 2-point improvement
from baseline {pre-treatment) siGA levels.

{0143} In some embodiments, treatment of a subject having moderate to severe active
psoriatic arthritis in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with methotrexate, is effective to achieve a psoriasis
area severity index (PAST) 75 response (for participants with at least a 3% BSA psoriasis as
haseline}.

[0144] In some embodiments, treatment of a subject having moderate to severe active
psoriatic arthritis in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with methotrexate, is effective to achieve minimal
disease activity (MDA), determined based on meeting 5 of 7 cutcome measures: TIC <1; 8IC <
1; PASI <1 or BSA-Ps < 3%; Patient's Assessment of Pain NRS < 1.5; PtGA-Disease Activity
NRS <2.0; HAQ-DI score < 0.5; and tender entheseal points < 1.

[0145] In some embodiments, treatment of a subject having moderate to severe active
psoriatic arthritis in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with methotrexate, is effective to significantly reduce
predosing levels of one or more of TNF-o, IL-1f, 1L-6, IL-8, Ny, IL 17, BL-18, IL-1g and
MIPIB. In any embodiment, the aforementioned cytokine levels are reduced by least 10%, at
east 15%, at least 20%, at least 30%, at least 40%4, at least 50%, at least 60%, at least 70%, or
greater than 75% following adminisiration of a composition comprising Compound L

{6146} In some embodiments, treatment of a subject having moderate to severe Hidradenitis
Suppurativa {HS) in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with antibiotics, is effective to achieve a Hidradenitis
Suppurativa Clinical Response (HiSCR) during the course of treatment, where HiSCR is defined
as at least a 50% reduction from baseline in the total abscess and inflammatory nodule (AN)
count, with no increase in abscess or draining fistula counts.

0147} In some embodiments, treatment of a subject having moderate to severe Hidradenitis
Suppurativa {(HS) in accordance with the methods and compositions comprising Compound I as

described herein, alone or in combination with antibiotics, is effective to achieve at least 30%
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reduction from baseline (pre-treatment) level in Numerical Rating Scale (NRS30) in Patient's
(Global Assessment of Skin Pain (PGA Skin Pain) during the course of treatment.

[0148] In some embodiments, treatment of a subject having moderate 1o severe Hidradenitis
Suppurativa (HS) in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with antibiotics, is effective to achieve at feast 25%
decrease in AN counts with a minimum increase of 2 relative to baseline over the treatment
period.

[0149) In some embodiments, treatiment of a subject having moderate to severe Hidradenitis
Suppurativa (HS) in accordance with the methods and compositions comprising Compound 1 as
described herein, alone or in combination with aniibiotics, is effective to achieve at least one or
more of the following: increase from baseline in Dermatology Life Quality Index (DLQI) with
treatment (the DL is a 10-item validated questionnaire used 1o assess the impact of HS disease
symptoms and treatment on quality of life (Qol); decrease from baseline in HS-related swelling
assessed based on the Hidradenitis Suppurativa Symptom Assessment (HSSA} with treatment
(HSSA is a 9-item patient reported outcome (PRO} questionnaire developed to assess the
symptoms of HS on a 0 to 11-point NRS, where 0 represents no sympioms and 10 represents
extreme symptom experience}; decrease from baseline in HS-related odor assessed based on the
HSSA over 12-weeks; change from baseline in HS-related worst drainage assessed based on the
HSSA with treatment.

[0156] In some embodiments, treatment of a subject having moderate to severe Hidradenitis
Suppurativa (HS} in accordance with the methods and compositions comprising Compound I as
described herein, alone or in combination with antibiotics, is effective to achieve decrease from
baseline in one or more endogenous cytokine levels selected from TNF-g IL-1j, 1L-6, IL-8,
IFNy, 1L 17, IL-18, MIPIB, and [L-1a. In any embodiment, the aforementioned cytokine levels
are reduced by least 10%, at least 15%, at least 20%, at least 30%, at least 40%, at least S0%, at
least 60%, at least 70%, or greater than 75% following administration of a composition
comprising Coropound L

[0151]) In some embodiments, treatment of a subject having a Cryopyrin-associated Periodic
Syndrome (CAPS) (e g, Familial Cold Autoinflammatory Syndrome, Muckle-Wells Syndrome,
or Neonatal Onset Multisysiem Inflammatory Disease) in accordance with the methods and
compositions comprising Compound [ as described herein, is effective to cause disease remission
as defined by one or both of (i) a Physician Global Assessment (PGA) score of absent or
minimal, and (i1} a high sensitivity C-reactive protein (hsCRP) and serum amyloid A (SAA)

value within the normal range (<10 mg/L} or within 30 percent of the baseline value.
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[8152] In some embodiments, treatment of a subject having a Cryopyrin-associated Periodic
Syndrome (CAPS) (e g, Familial Cold Autoinflammatory Syndrome, Muckle-Wells Syndrome,
or Neonatal Onset Multisysiem Inflammatory Disease) in accordance with the methods and
compositions comprising Compound T as described herein, is effective to cause clinical
remission as defined by a Physician Global Assessment (PGA) score of absent or minimal.
[0153] In some embodiments, treatment of a subject having a Cryopyrin-associated Periodic
Syndrome (CAPS) (e.g, Familial Cold Autoinfiammatory Syndrome, Muckie-Wells Syndrome,
or Neonatal Onset Multisystem Inflammatory Disease) in accordance with the methods and
compositions comprising Compound I as described herein, 1s effective to maintain a mean Key
Symptom Score (K8S) of no more than 2 points higher than baseline with treatment. KSS is
derived from the patient-administered daily health assessment form (DHAF), and is the average
on a 010 10 scale (0 = None, 10 = Very Severe) of 5 separate scales — rash, feeling of fever and
chills, joint pain, eye redness and pain, and fatigue.

[0154] In some embodiments, treatment of a subject having a Cryopyrin-associated Periodic
Syndrome (CAPS) (e g, Familial Cold Autcinflammatory Syndrome, Muckle-Wells Syndrome,
or Neonatal Onset Multisystern Inflammatory Disease) in accordance with the methods and
compositions comprising Compound [ as described herein, is effective to significantly reduce
predosing levels of one or more of TNF-g, IL-6, [L-8, 1L-1f, and MIPIB. In any embodiment,
the aforementioned cytokine levels are reduced by least 10%, at least 15%, at least 20%, at least
30%, at least 40%, at least 30%, at least 60%, at least 70%, or greater than 75% following
administration of a composition comprising Compound L

[0155] In any embodiment, the oral compositions of Compound 1 described herein may be
administered at a first dose to prevent progression, at a second dose to induce remission, and/or a
third dose to prevent the disease and/or maintain remission of the disease. Such doses may be the
same dose, a fower dose, or a higher dose. The dose may be administered more frequently, less
frequently or at the same frequency. In some embodiments, the dose may be administered in
combination with another therapy, a therapeutic, an adjuvant, or the like.

[0156] As described supra, subjects suitable for treatment in accordance with the methods
described herein include, humans and non-human vertebrates such as wild, domestic, and farm
animals. In some embodiments, the subject described herein is an animal. In some embodiments,
the subject is a mammal. In come embodiments, the subject is a human. In some embodiments,
the subject is a non-human animal. In some embodiments, the subject is a non-human mammal.

[8157] Basing Regimen
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[8158] Compound I, 7.e., Compound (£)-I and (M)-I in any molar ratic as described supra
and in any form {e.g., free form, crystalline form) as described supra, or an oral pharmaceutical
composition comprising the same is administered in an amount effective to inhibit p38 MAP
Kinase-mediated inflammatory signaling tn a subject in need thereof. Subjects in need of such
therapy are disclosed above. In some embodiments, the subject is one having an inflaromatory
condition, .¢, a chronic inflammatory condition, an acute inflammatory condition, an immune-
nflaromatory condition, an autounumune condition, or an inflammasomopathy. In accordance
with the methods disclosed herein, a therapeutically effective amount comprises 5 mg/day to
300 mg/day of Compound 1. The dosage to be administered to a particular subject will depend
on the characteristics of the subject being treated, e.g., the particular subject treated, age, weight,
health, types of concurrent treatment, if any, and frequency of treatments, and can be easily
determined by one of skill in the art {e.g., by the clinician).

[6159] In any embodiment, 10 mg/day of Compound I 1s administered to a subject having a
condition disclosed herein. In any embodiment, 40 mg/day of Compound { is administered to a
subject having a condition disclosed herein. In any embodiment, 50 mg/day of Compound { is
administered to a subject haviog a condition disclosed herein. In any embodirnent, 60 mg/day of
Compound 1 is administered to a subject having a condition disclosed herein. In any
embodiment, 8¢ mg/day of Compound {is admimstered to a subject having a condition disclosed
herein. In any embodiment, 100 mg/day of Compound [ is administered to a subject having a
condition disclosed herein. In any embodiment, 120 mg/day of Compound 1 is administered to a
subject having a condition disclosed herein. In any embodiment, 160 mg/day of Compound I is
administered to a subject having a condition disclosed herein. In any embodiment, 200 mg/day
of Compound [ ts administered to a subject having a condition disclosed herein.  In any
embodiment, 240 mg/day of Compound 1 is administered to a subject having a condition
disclosed herein.

{6160} In any embodiment, the therapeutically effective amount of Compound {15 5 mg/day
10 300 mg/day, about 7.5 mg/day to about mg/day, about 10 mg/day to about 300 mg/day, about
12.5 mg/day to about 300 mg/day, about 15 mg/day to about 300 mg/day, about 17.5 mg/day to
about 300 mg/day, about 20 mg/day to about 300 mg/day, about 225 mg/day to about
300 mg/day, about 25 mg/day to about 300 mg/day, about 27.5 mg/day to about 300 mg/day,
about 30 mg/day to about 300 mg/day, about 32.5 mg/day to about 300 mg/day, about 35 mg/day
to about 300 mg/day, about 37.5 mg/day to about 300 mg/day, about 40 mg/day to about
300 mg/day, about 42.5 mg/day to about 300 mg/day, about 45 mg/day to about 300 mg/day,

about 47.5 mg/day to about 300 myg/day, about 50 mg/day to about 300 mg/day, about 50 mg/day
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10 about 290 mg/day, about 50 mg/day to about 280 mg/day, about 50 mg/day to about
270 mg/day, about 50 mg/day to about 260 mg/day, about 50 mg/day to about 250 mg/day, about
50 mg/day to about 240 mg/day, about 50 mg/day to about 230 mg/day, about 50 mg/day to
about 220 mg/day, about 50 mg/day to about 210 mg/day, about 50 mg/day to about 200 mg/day,
about SO mg/day to about 190 mg/day, about 50 mg/day to about 180 mg/day, about S0 mg/day
to about 170 mg/day, about 50 mg/day to about 160 mg/day, about 50 mg/day to about
150 mg/day, about 50 myg/day to about 140 mg/day, about 50 mg/day to about 130 mg/day, about
50 mg/day to about 120 mg/day, about 50 mg/day to about 110 mg/day, about 50 mg/day to
about 100 mg/day, about 30 mg/day to about 90 mg/day, about 30 mg/day to about 80 mg/day,
about 50 mg/day to about 70 mg/day, about SO mg/day to about 60 mg/day, about 40 mg/day to
about 50 mg/day, about 30 mg/day to about 60 mg/day, about 20 mg/day to about 70 mg/day,
about 15 mg/day to about 80 mg/day, about 10 mg/day to about 90 mg/day, about 5 mg/day to
about 100 mg/day, or any amount in between. In a preferred embodiment the therapeutically
effective amount of Compound s about 100 mg/day to about 240 mg/day.

{0161}

5 mg/day,

22.5 mg/day,

In some embodiments the therapeutically effective amount of Compound 1 comprises
7.5 mg/day,
25 mg/day,

0 mg/day, 12.5 mg/day,

27.5 mg/day, 30 mg/day,

15 mg/day  17.5 mg/day, 20 mg/day,

2.5 mg/day, 35 mg/day, 37.5 mg/day,

40 mg/day, 425 mg/day, 45 mg/day, 475 wmg/day, 50 mg/day, 52.5 mg/day, 55 mg/day,
57.5 mg/day, 60 mg/day, 02.5 mg/day, 65 mg/day, 67.5 mg/day, 70 mg/day, 72.5 mg/day,
75 mg/day, 775 mg/day, 80 mg/day, 825 mg/day, 85 mg/day, 875 mg/day, 90 mg/day,
92.5 mg/day, 95 mg/day, 97.5 mg/day, 100 mg/day, 105 mg/day, 107.5 mg/day, 110 mg/day,

112.5 my/day,

27.5 mg/day,
142.5 mg/day,
157.5 mg/day,
172.5 mg/day,

115 mg/day,
130 mg/day,

145 mg/day,

160 mg/day,
175 mg/day,

117.5 myg/day,
132.5 myg/day,
1475 mg/day,
162.5 mg/day,
177.5 mg/day,

120 mg/day,
135 me/day,
150 mg/day
165 mg/day,
180 mg/day,

E

1225 mg/day,
137.5 mg/day,
152.5 mg/day,
167.5 mg/day,
1825 mg/day,

125 mg/day,
140 me/day,
155 mg/day
170 mg/day,
185 mg/day,

187.S myg/day, 03 meday,
207.5 mg/day,
2225 mg/day,

237.5 mg/day,

190 mg/day, 192.5 mg/day, 195 mg/day, 197.5 mg/day, 200 mg/day, 2(

210 mg/day, 212.5 mg/day,

B2
-
s
3
i)
o
o
=

217.5 myg/day,

227 5mg/day, 230 mg/day, 232.5 mg/day,

220 mg/day,
225 mg/day,
240 myg/day,
255 mg/day

235 mg/day,

2425 mg/day, 245 mg/day, 2475 mg/day, 250 mg/day,

575 mg/day, 260 mg/day, 2625 mg/day, 265 mg/day,

[N

2525 mg/day,
267.5 mg/day,

282.5 mg/day,

270 mg/day, 2725 mg/day, 275 mg/day, 277.5 mg/day,

2925 mg/day,

280 mg/day,

285 mg/day, 287.5mg/day, 290 mg/day, 295 mg/day,
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297.5 mg/day, 300 mg/day. In preferred embodiments, the therapeutically effective amount of
Cormpound I comprises 100 mg/day, 160 mg/day, or 240 mg/day.

[0162] In any embodiment, the oral dose of Compound 1 that is administered to the subject
in accordance with the methods disclosed herein comprises Compound (F)-1 and Compound
(M)-1in a molar ratio of about 4:1 ((F}-LAN-D. In any embodiment, the roolar ratio of (P)-] to
{M)-1is about 4.3:1, about 4.6:1, about 4.9:1, about 5.25:1, about 5.7:1, about 6.1:1, about 6.7:1,
about 7.3:1, about 8.1:1, about 9:1, about 161, about 11.5:1, about 13 .31, about 15.7:1, sbout
19:1, about 24:1, about 32.3:1, about 49:1, about 91:1, about 110.1:1, about 124:1, about
141 9:1, about 165.7:1, about 199:1, about 2491, about 332.3:1, about 399:1, about 499:1, and
about 999:1. A particularly useful oral dose of Compound I comprises a molar ratio of (£)-1 to
(M)-1is about 399:1.

[0163] fn any embodiment, the oral dose of Compound 1 that is administered 1o the subject
in accordance with the methods disclosed herein comprises at least 80 mol% of Compound (P)-1.
In any embodiment the oral composition as disclosed herein comprises at least 81 mol% of
Compound (P¥-1, at least 82 mol% of Compound {(F)-1, at least 83 moi% of Compound (£}, at
least 84 mol% of Compound (F)-1, at least 85 mol% of Compound ()-1, at least 86 mol% of
Compound (P)-1, at least 87 mol% of Compound (P)-1, at least 88 mol% of Compound (P)-1, at
feast 89 mol% of Compound (P)-1, at least 90 mol% of Compound (F)-1, at least 91 mol% of
Compound (£)-1, at least 92 mol% of Compound (£}-1, at least 93 moi% of Compound (F)-1, at
least 94 mol% of Compound (F)-1, at least 95 mol% of Compound (P)-1, at least 96 mol% of
Compound (P)-1, at least 97 mol% of Compound (P}3-1, at least 98 mol% of Compound (P)-], at
feast 99 mol% of Compound {7)-1, at least 99.1 mol%% of Compound (F)-1, at least 99.2 mol% of
Compound (7)1, at least 99.3 mol% of Compound (£)-1, at least 99.4 moi% of Compound (F}-],
at least 99.5 mol% of Compound (F)-1, at least 99.6 mol% of Compound {P)-1, at least 99.7
mol% of Compound (£)-1, at least 99.8 mol®% of Compound (#)-L, at least 99.9 rol% of
Compound (P)-I. A particularly useful oral dose of Compound 1 comprises at least 99.75 mol%
of Compound {(#)-L

[0164] In any embodiment, the oral dose of Compound 1 that is administered to the subject
in accordance with the methods disclosed herein comprises Compound (#)-1 substantially free
from Compound (M-1

[6163] In any embodiment, the oral dose of Compound 1 that is administered to the subject
in accordance with the methods disclosed herein comprises a free base. In any embodiment, the
oral dose of Compound 1 that is administered to the subject in accordance with the methods

disclosed herein comprises a pharmaceutically accepiable salt.
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[8166] In any embodiment, the oral dose of Compound 1 that is administered to the subject
in accordance with the methods disclosed herein comprises Compound (P)-I and Compound
{AM)-1 as disclosed herein in the free base form. In any embodiment, Compound I of the oral
composition comprises Compound (P)-1 and Compound (AN-1 as disclosed herein in form of
pharmaceutically acceptable salis.

{0167} In any embodiment, the oral dose of Compound 1 that is administered to the subject
in accordance with the methods disclosed herein comprises Compound (P31 (free base) 1o a
crystalline form. In any embodiment, the crystalline form of Compound (P)-1 is crystalline Form
A as disclosed and characterized heretn.

[0168] For example, the crystalline form A of Compound ()1 of the oral composition may
be characterized by its PXRD pattern.  Thus, in any embodiment, the crystalline Form A of
Compound (7)1 is characterized by an PXRD pattern having a peak expressed in degrees 28 at
about 978 = 02, In any embodiment, the crystalline Form A of Compound (Py1 is
characterized by an PXRD pattern having peaks expressed in degrees 26 at 9.78 +: 0.2 and 15.51
+ 02, In any embodiment, the crystalline Form A of Compound (F)-1 is characterized by an
PXRD pattern baving peaks expressed in degrees 26 at 978 £ 0.2, 1551+ 02, 196 £ 0.2, and
2592 £ 0.2, In any embodiment, the crystalline Form A of Compound (#3-1 is characterized by
an PXRD pattern having peaks expressed in degrees 26 at 978 £ 0.2, 1534 = 0.2, 1551 £ 0.2,
196 = 02, 2057 + 6.2, 21.01 + 0.2, 2592 = 02, 2905 = 02, and 2948 + 0.2. In any
embodiment, the crystalline Form A of Compound (P)-1 is characterized by an PXRD patiern of
Figure 27

[0169] The crystalline form A of (P)-1 may additionally or alternatively be characterized by
differential scanning calorimetry (BSCy. Thus, in any embodiment, the crystalline Form A of
Compound (#3-1 is characterized by a DSC plot comprising an initial endothermic melting event
with an onset temperature of about 188°C, followed by an exothermic recrystailization event at
about 196°C, with a final sharp endothermic melting event at about 254°C.

[017¢] In some embodiments, treatment of a subject having an inflammatory condition in
accordance with the methods and compositions comprising Compound 1 as described herein, is
effective to achieve a maximum plasma concentration {Cua) of Compound I of 39 £ 10.4 ng/ral
with a8 median tmax (time for Compound I to reach Cua) of 2.0 hours and time-averaged
concentration of Compound { circulating in the plasma (i.e., AUCo.) of 276 £ 77.8 h*ng/mL.
{8171} In another embodiment, administration of a composition comprising Compound { to
a subject baving an inflammatory condition is effective to achieve a Cuax of 122.0 £ 334 with a

median tmax of 4.0 (range 2.0-4.1) hours and AUCo4 of 1074.0 £ 243 .5 h¥*ng/ml.
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[8172] in ancther embodiment, adminisiration of a composition comprising Compound [ to
a subject having an inflammatory condition is effective to achieve a Cuux of 1607 £ 204 with a
median twax of 3.0 {range 2.0-4.0) hours and AUCo. of 1430.0 £ 254.0 h*ng/mb.

{0173} In another embodiment, administration of a composition comprising Compound 1 to
a subject having an inflammatory condition 1s effective to achieve a Cpax 07426 0 £ 11060 with a
median tuax of 2.0 (2.0-4.0) hours and AUCo, of 3489 8 £ 4757 h*ng/ml.

[0174] In anocther embodiment, administration of a composition comprising Compound { to
a subject having an inflammatory condition is effective to achieve a Cuax of 51.8 £ 158 with a
median toae 0f 2.0 (2.0-2.0) hours and AUCo+ 0 364.6 & 110.7 h*ng/mL.

[8173] In another embodiment, administration of a composition comprising Compound I to
a subject having an inflammatory condition is effective 10 achieve a Cpax of 1465 £33 6 with a
median tmay of 2.0 (1.0-4.0) hours and AUCo of 1204.6 £309.1 h*ng/mbL

[0176] Preferably, administration of a composition comprising Compound 1 to a subject
having an inflammatory condition is effective to achieve a Caa of 219.0 £ 77 8 with a median
twmax ©f 3.0 (1.0-4 .0} hours and AUC. of 22603 + 1074.7 h*ng/mlL.

[B8177] Preferably, administration of a composition comprising Compound 1 to a subject
having an inflammatory condition is effective to achieve a Cipas 0 389 + 181 with a median tmax
of 2.0 (2.0-3.0) hours and AUUCe1 0f 43110 £ 1170 h*ng/mi.

[0178) Preferably, administration of a composition comprising Compound 1 to a subject
having an inflammatory condition is effective to achieve a Cua of 417 £ 123 with a median tuax
of 2.0 {1.0-4.0) hours and AUCq of 4270 + 2130 h*ng/mL

[6179] In any embodiment a subject having an inflaromatory condition 15 administered
5 mg/day to 300 mg/day of Compound {. In accordance with this embodiment the subject has an
nflaromatory condition selected from rheurnatoid arthritis, hidradenitis suppurativa, gout, plague
paoriasis, psoriatic arthritis, ankylosing spondylitis, pericarditis, including acute pericarditis,
recurrent pericarditis, and chronic pericarditis, cryopyrin associated periodic syndrome (CAPS),
including Muckie Wells Syndrome and familial cold autoinflammatory syndrome, pyoderma
gangrenosum, irritable bowel disease, including Crohi’s disease and ulcerative colitis, Stills
disease, also referred to as juvenile idiopathic arthritis, atopic dermatitis, acute coronary
syndrome, heart failure, and cancer, including, but not limited to, breast cancer, pancreatic
cancer, colorectal cancer and lung cancer.

[0180] In any embodiment, & subject having inflammatory arthritis, such as rheumatoid

arthritis (RA), spondyioarthritis (such as ankylosing spoundyiitis and psoriatic arthritis), juvenile
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rheumatoid (JIA} or idiopathic arthritis (JIA} (including systemic (8JIA)), and gout; crvopyrin-
associated autoinflammatory syndrome {(CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMID), and familial cold autoinflammatory
syndrome (FCAS);, chronic obstructive pulmonary diseases (COPD), hidradenitis suppurativa
(HS); psoriasis, such as plague psoriasis, colitis fror an inflammmatory bowel disease (IBD) like
Crohn’s disease or nlcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer
is administered an oral composition comprising 100 mg of Compound 1 thereof once daily.
{0181} In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyloarthritis {(such as ankylosing spondylitis and psoriatic arthritis), juvenile
rheumatoid (JIA) or idiopathic arthritis (JIA) (including systemic (831A)), and gout; cryopyrin-
associated autoinflammatory syndrome (CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMIDY, and familial cold antoinflammatory
syndrome {FCAS), chronic obstructive pulmonary diseases {COPD), hidradenitis suppurativa
(HS); psoriasis, such as plaque psoriasis; colitis from an inflammatory bowel disease (IBD) like
Crohn’s disease or ulcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer
is administered an oral composition comprising 160 g of Compound [ once daily.

[0182] In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyicarthritis {such as ankylosing spondylitis and psoriatic arthritis), juvenile
rheumatoid (JIA} or idiopathic arthritis (JIA} (including systemic (8JTA)), and gout; cryopyrin-
associated autoinflammatory syndrome (CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMID), and familial cold autoinflammatory
syndrome (FCAS), chronic obstructive pulmonary diseases (COPD), hidradenitis suppurativa
{HS); psoriasis, such as plaque psoriasts; colitis from an inflammatory bowel disease (1BD) like
Crohn’s disease or ulcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer
is administered an oral composition comprising 200 mg of Compound T once daily.

{6183} In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyloarthritis (such as ankylosing spondylitis and psoriatic arthritis), juvenile
rheumatoid (J{A) or idiopathic arthritis (JIA) (including systemic (81A}), and gout; cryopyrin-
associated autoinflammatory syndrome {CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMID), and familial cold autoinflammatory
syndrome (FCAS), chronic obstructive pulmonary diseases (COPD), hidradenitis suppurativa
(HS8); psoriasis, such as plaque psoriasis; colitis from an inflammatory bowel disease (IBD) like
Crohn’s disease or ulcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer

is administered an oral composition comprising 240 mg of Compound | once daily.
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[6184] In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyioarthritis (such as ankylosing spondylitis and psoriatic arthritis), juvenile
rheumatoid (JIA) or idiopathic arthritis {(J1A) (including systemic (SJIA}}, and gout; cryopyrin-
associated autointlammatory syndrome (CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystern inflamnmatory disease (NOMID), and farnilial cold autoinflamamatory
syndrome (FCAS); chronic obstructive pulmonary diseases (COPD), hidradenitis suppurativa
{HS); psoriasis, such as plagque psoriasis; colitis from an inflammatory bowel disease (IBD) like
Crohn's disease or ulcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer
is administered an oral composition comprising 50 mg of Compound I twice daily.

[0185] In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyioarthritis (such as ankylosing spondylitis and psoriatic arthritis), juvenile
theumatoid (J1A) or idiopathic arthritis (JIA) (including systemic {(SJIA}}, and gout; cryopyrin-
associated autoinflammatory syndrome (CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMID), and familial cold autoinflammatory
syndrome {(FCAS), chronic cobstructive pulmonary diseases (COPD), hidradenitis suppurativa
{HS); psoriasis, such as plaque psoriasis; colitis from an inflammatory bowel disease (IBD) like
Crohn’s disease or ulcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer
15 administered an oral composition comprising 80 mg of Cormpound [ twice daily.

[0186] In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyioarthritis {such as ankylosing spondylitis and psoriatic arthritis), juventle
theumatoid (HA) or idiopathic arthritis {J1A) (including systemic {SJ1A}), and gout; cryopyrin-
associated autoinflammatory syndrome (CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMID), and familial cold autcinflammatory
syndrome (FCAS), chronic obstructive pulmonary diseases (COPD), hidradenitis suppurativa
{HS); psoriasis, such as plaque psoriasis; colitis from an inflammatory bowel disease (IBD) like
Crohn’s disease or ulcerative colitis; pericarditis, metastatic breast cancer, and pancreatic cancer
is administered an oral composition comprising 100 mg of Compound [ twice daily.

[0187] In any embodiment, a subject having inflammatory arthritis, such as rheumatoid
arthritis (RA), spondyioarthritis (such as ankylosing spondylitis and psoriatic arthritis), juvenile
rheumatoid (J1A) or idiopathic arthritis {(J1A) (including systemic (SJIA})}, and gout; cryopyrin-
associated autointlammatory syndrome (CAPS), including Muckle-Wells syndrome (MWS),
neonatal-onset multisystem inflammatory disease (NOMID), and familial cold autcinflammatory
syndrome (FCAS), chronic obstructive pulmonary diseases (COPD), hidradenitis suppurativa

{HS), psoriasis, such as plagque psoriasis; colitis from an inflammatory bowel disease (IBD} like
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Crohn’s disease or ulcerative colitis; pericarditis; metastatic breast cancer, and pancreatic cancer
is administered an oral composition comprising 120 mg of Compound 1 twice daily.

{01838] fn any embodiment, a subject having rheumatoid arthritis is administered orally
50 mg/day to 300 mg/day of Compound I In some embodiments, the subject having rheumatoid
arthritis is administered an oral composition comprising Compound | once a day. In some
embodiments, the subject having rheumatoid arthritis is administered a composition comprising
Compound 1 twice a day. In some embodiments, the subject having rheumatoid arthritis is
administered an oral composition comprising 10 mg, 30 mg, 50 mg, 80 mg, 100 mg 120 mg,
160 mg, 200 mg, or 240 mg of Compound I once daily.

[0189] In any embodiment, the subject having theumatoid arthritis is administered an oral
composition comprising 100 mg of Compound T once daily.

[0190] In any embodiment, the subject having rheumatotd arthritis is administered an oral
composition comprising 160 mg of Compound 1 once daily.

[0191] In any embodiment, the subject having theumatoid arthritis is administered an oral
composition comprising 200 myg of Compound 1 once daily.

[0192] In any erobodiruent, the subject having rheumatotd arthritis is administered an oral
composition comprising 240 mg of Compound 1 once daily.

[6193] In any embodiment, the subject having rheumatoid arthritis 18 administered an oral
composition comprising 10 mg, 30 mg, 50 mg, 80 mg, 100 mg, or 120 mg of Compound 1 twice
daily.

[0194] In any embodiment, the subject having rheumatoid arthritis is administered an oral
composition comprising 50 mg of Compound [ twice daily.

[0195] In any embodiment, the subject having rheumatoid arthritis is administered an oral
composition comprising 80 mg of Compound [ twice daily.

{0196] In any ersbodiruent, the subject having rheumatotd arthritis is administered an oral
composition comprising 100 mg of Compound { twice datly.

[6197] In any embodiment, the subject having theumatoid arthritis 1s administered an oral
composition comprising 120 mg of Compound 1 twice daily.

[6198] The dosage administered is a therapeutically effective amount of the composition
sufficient to result in amelioration of a symptom or symptoms, and can vary depending upon
known factors such as the pharmacodynamic characteristics of the active ingredient and its mode
of administration; age, sex, health and weight of the recipient; nature and extent of symptoms;

kind of concurrent treatment, frequency of treatment and the effect desired.
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[6199] In some embodiments, the oral composition comprising Compound | as described
herein can be administered to the subject once {e.g., as a single dose or application). In some
embodiments, the oral composition of embodiments herein is administered at least once daily,
such as at least two, three or four times daily. In some embodiments, the oral composition of
embodiments herein may be administered datly, twice daily, three times daily, weekly, twice
weekly, every two weeks, every three weeks, monthly, as needed, or as otherwise directed by a
physician. The oral composition of embodiments herein may be administered at any interval to
achieve the therapeutically desired effect, e.g., induction or maintenance of remission, prevention
or relief of a symptom or symptoms. In some embodiments, the oral composition of
embodiments herein may be administered to a subject for a period of 1, 2, 3, 4, 5, 6 days, about a
week, about two weeks, about three weeks, about four weeks, about five weeks, about six weeks,
about two months, about three months, about four months, about five months, about six months,
or a range of any two of these values. In some embodiments, treatment may be continued for at
least a week, a month, 3 year, or as otherwise directed by a physician. In some embodiments,
treatment may extend over multiple years, the duration of disease, or the lifetime of the subject.
In some embodiments, the oral composition of embodiments herein can be administered once or
twice daily to a subject it need thereof for a period of about two to about twenty-eight days, or
from about seven to about ten days. The oral composition of embodiments herein can also be
administered once, twice, or three times daily to a subject foraperiod of 1,2, 3,4, 5,6, 7, &, 9,
10, 11, 12 umes per year, or a combination thereof.

[0208] In some embodiments the oral composition comprising Compound 1 as described
herein is administered before, after, or with a meal. In some embodiments the oral composition
described herein is administered before, after, or with a high fat meal. In some embodiments, the
oral composition described herein is administered before, after, or with a standardized high fat
meal. In some embodiments, the high-fat meal is a high-calorie, high-fat weal. In some
embodiments, the high fat meal follows the FDA guidance on a high-fat meal. In some
embodiments, the high-calorie, high-fat meal follows the FBA guidance on a high-fat and high-
calorie meal. In some embodiments, the high-fat meal comprises a fat content of about 50% or
greater of total caloric content of the meal. See U S, Department of Health and Human Services
Food and Drug Administration Center for Drug Evaluation and Research, (2002). Guidance for
Industry: Food-Effect Bioavailability and Fed Bioequivalence Studies. Office of Training and
Communications Division of Drug Information, HFD-240. In some embodiments, the high-
calorie, high-fat meal comprises a fat content of at least 50% of total caloric content of the meal

and a total of about 00 to about 1000 kilocalorie content.

40



WO 2021/195562 PCT/US2021/024482

[0201] In some embodiments the oral composition described herein is administered
following an overnight fast. In some embodiments, the overnight fast is at least about 6 hours, at
{east about 7 hours, at feast about & hours, at least about 9 hours, or at feast about 10 hours. For
example, the oral composition described herein may be administered following a high-fat meal,
high-calotie meal following an overnight fast of at least 10 hours.

[6202] Combination Therapy

[6203] Compound I, fe., Compound (F)-I and (M-I in any molar ratio as described supra
and in any form {e.g, free form, crystalline form} as described supra, and oral compositions
comprising the sarme can be used alone or in combination with other pharmaceutically active
compounds, to treat conditions such as those described above. The compound(s) of the present
invention and other pharmaceutically active compound(s} can be administered simuitaneously
{either in the same dosage form or in separate dosage forms) or sequentially. Accordingly, in one
embodiment, the present invention comprises methods for treating a condition by admintstering
to the subject a therapeutically-effective amount of the oral pharmaceutical composition
described herein and one or more additional pharmaceutically active compounds.

[0204] In certain instances, it may be appropriate to administer the compositions described
here in combination with another pharmaceutical agent. By way of example only, if one of the
side effects experienced by a patient upon receiving the composition herein is hypertension, then
it may be appropriate to administer an anti-hypertensive agent in combination with the initial
pharmaceutical agent. Or, by way of example only, the therapeutic effectiveness of the
composition described herein may be enhanced by administration of an adjuvant {e.g., by iiself
the adjuvant may only have minimal therapeutic benefit, but in combination with another
pharmaceutical agent, the overall therapeutic benefit to the patient is enhanced). Or, by way of
example only, the benefit experienced by a patient may be increased by administering the
composition described herein with another pharmaceutical agent (which also includes a
therapeutic regimen) that also has therapeutic benefit. By way of example only, in a treatment for
rheumatoid arthritis involving administration of the composition described herein, increased
therapeutic benefit may result by also providing the patient with ancther pharmaceutical agent
for rheumatoid arthritis. In any case, regardless of the disease, disorder, or condition being
treated, the overall benefit experienced by the patient may simply be additive of the two
pharmaceutical compositions or the patient may experience a synergistic benefit.

[0205] The combination methods, compositions and formulations are not to be limited to the
use of only two agents, the use of multiple therapeutic combinations are also envisioned. It is

understood that the dosage regimen to ireat, prevent, or ameliorate the condition{s} for which
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relief ts sought, is optionally modified in accordance with a variety of factors. These factors
include the disorder from which the subject suffers, as well as the age, weight, sex, diet, and
medical condition of the subject. Thus, the dosage regimen actually employed varies widely, in
some embodiments, and therefore deviates from the dosage regimens set forth herein.

[0206] In any case, the multiple therapeutic compositions (at least one of which is the
composition disclosed hereiny may be admunistered concomitantly in any order or even
simultaneously. If simultaneously, the multiple therapeutic compositions may be provided in a
single, unified form, or in multiple forms (by way of example only, either as a single pill or as
two separate pills). One of the therapeutic compositions may be given in multiple doses, or both
may be given as multiple doses. If not simultaneous, the timing between the multiple doses may
be any duration of time ranging from a few minutes to cight weeks or at any interval appropriate
to maintain the desired therapeutic efficacy. In some embodiments, the timing between the
multiple doses may be a minute, an hour, six hours, a day, two days, three days, four days, five
days, six days, 3 week, two weeks, three weeks, four weeks, five weeks, six weeks, seven weeks
or eight weeks.

[0207] Thus, in another aspect, certain embodiments provide rethods for treating an
inflammatory condition in a human or animal subject in need of such treatment comprising
administering to said subject an amount of an oral composition comprnising Compound 1 as
disclosed herein in an amount of § mg/day to 300 mg/day to reduce or prevent said condition in
the subject, in combination with at least one additional agent for the treatment of said disorder
that is known in the art. In a related aspect, certain embodiments provide the therapeutic
composition disclosed herein in combination with one or more additional pharmaceutically
active compounds and a pharmaceutically acceptable carmrier for the treatment of the
inflarnmatory condition.

{06208] The oral compositions comprising Compound I described herein are also optionally
used in combination with other therapeutic reagents that are selected for their therapeutic value
for the condition to be treated. In general, the compositions described herein and, in
embodiments where combinational therapy is employed, other agents do not have to be
administered in the same pharmaceutical composition, and, because of different physical and
chemical characteristics, are optionally administered by different routes. The initial
administration 18 generally made according to established protocols, and then, based upon the
observed effects, the dosage, modes of administration and times of administration subsegquently

modified.
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[0209] In some embodiments, the one or more additional pharmaceutically active
compounds is selected from the group consisting of anti-inflammatory drugs, anti-atherosclerotic
drugs, immunosuppressive drugs, immunomodulatory drugs, cytostatic drugs, anti-proliferative
agents, angiogenesis inhibitors, kinase inhibitors, cytokine blockers and inhubitors of cell
adhesion molecules.

[8216] In some embodiments, a subject suffering from or at risk of suffering from an
nflaromatory condition 15 administered an oral composition comprising Compound 1 together
with one or more agents or compositions known for treating an inflammatory condition in any
combination.

{0211} Specific, non-limiting examples of possible combination therapies for any of the
inflaramatory conditions listed supra include the oral composition comprising Compound T as
described herein in combination with: {1} corticosteroids, including but not limited to cortisone,
dexamethasone, and methylprednisolone; (2) nonstercidal anti-inflammatory drugs (NSAIDs),
including but not limited to ibuprofen, naproxen, acetaminophen, aspirin, fenoprofen
(NALFON™;}  flurbiprofen (ANSAID™)  ketoprofen, oxaprozin (DAYPRO™)  diclofenac
sodium (VOLTARENT),  diclofenac potassium (CATAFLAM™),  etodolac (LODINETM),
indomethacin (INDOCIN™G ketorolac (TORADOL™) sulindac (CLINGRIL™)  tolmetin
(TOLECTIN™,  meciofenamate  (MECLOMEN™Y,  mefenamic  acd  (PONSTEL™),
nabumetone (RELAFEN™ and piroxicam (FELDENE™); (3) immunosuppressants, including
but not limited to methotrexate (RHEUMATREX™) leflunomide {ARAVA™) gzathioprine
{IMURANY, cyclosporine {(NEORAL™ SANDIMMUNETM), tacrolimus  and
cyclophosphamide (CYTOXAN™); (4) CD20 blockers, including but not limited to rituximab
(RITUXAN™). (S} Tumor Necrosis Factor (TNF) blockers, including but not limited to
ctanercept (ENBREL™), infliximab (REMICADE™) and adalimumab (HUMIRA™), (6)
interfeukin-1 receptor antagouvists, including but not limited to anakinra (KINERET™),
rilonocept (ARCALYST™)  and canakinumab (ILARIS™Y; (7) interleukin-6 inhibitors,
including but not limited {0 tocilizumab {ACTEMRAT); (8) interleukin-17 inhibitors, including
but not limited to secukinumab (COSENTYX™, AIN457), ixekizumab (TALTZ®) and
brodalimumab; (9) Janus kinase inhibitors, including but not limited to tofacitinib; and (10) svk
inhibitors, including but not limited to fostamatinib.

0212} Where a subject is suffering from or at risk of suffering from rheumatoid arthritis or
a condition that is associated with rheumatoid arthritis, an oral composition comprising
Compound I as described herein is optionally administered together with one or more agents

suitable for treating rheumatotd arthritis or a condition that is associated with rheumatoid
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arthritis in any combination. Examples of therapeutic agents/treatments for inflammatory
conditions, such as rheumatoid arthritis or a condition that is associated with rheumatoid
arthritis, that can be administered in combination with Compound 1 include, but are not limited,
non-steroidal anti-inflammatory drugs (NSAIDs), steroids (e g, prednisone), corticosteroids, and
disease modifying drugs (DMARDs) such as methotrexate, leflunomide, hydroxychloroguine,
sulfasalazine, Janus kinase (JAK) inhibitors (e.g., tofacitinib, upadacitinib, baricitinib, filgotinib,
rwxolitinitb,  oclacitinib, peficitintb, fedratinib, cerdulatinib, gandotimb,  lesarturtioib,
momelotinib, pacritinib, abrocitinib, and BMS-9861635), tumor necrosis factor inhibitors {e.g,,
adalimumab, etanercept, golimumab, infliximab, certolizomab), anti-B-cell antibodies {e.g,
rituximab), anti-11-6 antibodies {e.g., sarlumab, tocilixumab), interleukin-1 receptor (IL.-1)
antagonist {¢.g , anakinra), and T-cell activation inhibitors {e.g., abatacept).

[0213] In any embodiment, Compound 1 is administered in combination with methotrexate
for the treatment of rheumatoid arthritis or other inflammatory condition as described herein,
[0214] In any embodiment, Compound [ is administered in combinaticn with a JAK
inhibitor for the treatment of rheumatoid arthritis or other inflammatory condition as described
herein. Suitable JAK ivhibitors for admiuistering in combination with Compound I for the
treatment of rheumatoid arthritis or any of the other inflammatory conditions disciosed herein
include, without limitation, tofacitinib, wupadacitinib, baricitinib, filgotintb, ruxolitinib,
oclacitinib, peficitinib, fedratinib, cerdulatinib, gandotinib, lesarturtinib, momelotinib, pacritinib,
abrocitinib, and BMS-986165.

{0215] In any embodiment, Compound 1 is administered in combination with a TYK2
inhibitor for the treatment of rheumatoid arthritis or other inflammatory condition as described
heretn. Suitable TYK2 inhibitors for administering in combination with Compound I for the
treatment of rheumatoid arthritis or any of the other inflammatory conditions disclosed herein

include, without linutation, PF-00826647 (1r,3r)-3~(cyanomethyi}-3-(4-(6-(1-methyi-14-

pyrazol-4-yhpyrazolof 1, 5~¢lpyrazin-4-y)-1H-pyrazol-1-yhcyclobutane-1-carbonitrile), 3~
pyridazinecarboxamide, tofacitinib, upadacitinib, deucravacitinib {6~

{cyclopropanecarbonylamino)-4-[2-methoxy-3-(1-methyl-1,2 4-triazol-3-yDanilino }-N-
(trideuteriomethyvljpyridazine-3-carboxamide), cerdulatinib, AT9283 (1-Cyclopropyl-3-(3-(5-
{morpholinomethyl)-14-benzo[dfimidazol-2-y1}-1H-pyrazol-d-ylurea), Nvp-bsk8052HCI (4-
(2,6-difluoro-4-(3-(1«(piperidin-4-y1)-1 H-pyrazol-4-yDquinoxalin-3-yhbenzyl imorpholine
dihydrochloride}, S-ruxolitinib, gandotinib, pacritinb, baricitinib, filgotinib, izencitinib, NDI-
031301 (Akahane et al, Blood 128:1596, 2016), and XLO19 ((2R)-N-[4-[2-(4-morpholin-4-

vianilingpyrimidin-4-yliphenyilpyrrolidine-2-carboxamide), brepocitinib {[{(18}-2,2~

44



WO 2021/195562 PCT/US2021/024482

difluorocyclopropyl -1 8,5R -3+ 2-{{ 1 -methvlpyrazol-4-ylaminolpyrimidin-4-yi}-3,8-
diazabicyclo]3 2. 1joctan-§-ylimethanone), VTX-958 (a selective allosteric TYKZ2 inhibitor
developed by Ventyx Biosciences), and NDI-031407 (a selective TYK? inhibitor developed by
MNimbus Therapeutics and disclosed in Gracey, E., et al. J. Clin. nvesr. ) 130(4):1863-1878 (2020,
which is hereby incorporated by reference in its entirety).

[0216] In any embodiment, Compound I is administered in combination with a BTK
inhibitor for the treatment of rheumatoid arthritis or other wflammatory condition as described
herein. Suitable BTK inhibitors for administering in combination with Compound 1 for the
treatment of rheumatoid arthritis or any of the other inflammmatory conditions disclosed herein
include, without limitation, ibrutinib, acalabrutinib, fenebrutinib, and zanubrutinib.

[06217] In any embodiment, Compound 1 is administered in combination with an IRAK4,
KK, tpi2, or CTLA4 inhibitor for the treatment of rheumatoid arthritis or other inflammatory
condition as described herein. Suitable IRAK4, KK, ipl2, and CTLA4 inhibitors for
administering in combination with Compound [ for the treatment of rheumatoid arthritis or any
of the other inflammatory conditions disclosed herein include, without limitation, N-[1-(2-
morpholin-4-ylethylbenziridazol-2-y1}-3-nitrobenzamide, N-{1-phenyl-S-(piperidin-1-
vimethyl)-1H-benzo[dimidazol-2-y1}-3-(trifluoromethyl), benzamide, ibmtinib, {(#-6-((1,6-
naphthyridin-2-yvharino}-4-(cyclopropviamine 3-N-(2-fluoro-3-hydroxy-3-
methytbutyDnicotinamide, N-{4-morpholin-4-ylcyclohexyl)-5-(oxan-4-y1}-7H-pyrrolo]2,3-
dlpyrimidin-4-amine, N-(trans-4-morpholinocyclohexyl)-5S-(tetrahydro-2H-pyran-4-y13-7H-
pyrrolo] 2, 3-dlpyrimidin-d-amine, 4-[{(4-morpholin-4-ylevclohexyljJaminojquinazoline-6-
carbonitrile, 1-11(28,3§,48)-3-Ethyl-4-fluoro-5-oxo-2-pyrrotidiny! jmethoxy - 7-methox y-6-
isoquinclinecarboxamide, 2-{4-fluorophenyl }-6-methyt-4-(3-{triffucromethylphenyi-1,2-
dihydrodipyrazolof3,4-b:3" 4'-d]pyridin-3(6/)-one,  ipilimumab, abatacept, 4-(3-chloro-4-
Huoroanilino}-6-(pyridin-3-ylmethylamino)-1, 7-vaphthyridine-3-carbouitrile,  6-[7-{3-cyano-4-
{oxan-4-yloxy)phenylifurof3,2-blpyridin-2-yil}-5-methoxy-N, N-dimethyipyridine-3-
carboxamide.

[0218] Specific, non-limiting examples of possible combination therapies for the treatment
of cancer include the oral composition comprising Compound [ as described herein in
combination with: (1} alkylating agents, including but not limited to cisplatin (PLATIN™),
carboplatin  (PARAPLATIN™YG, oxaliplatin (ELOXATINT) streptozocin (ZANOSAR™)
busulfan (MYLERAN™)} and cyclophosphamide (ENDOXAN™) (2} anti-metabolites,
including but not limited to mercaptopurine (PURINETHOL™), thioguanine, pentostatin

{NIPENT™} cytosing  arabinoside {(ARA-C™) gemcitabine {(GEMZAR™Y  flyorouracil
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(CARAC™) leucovorin (FUSILEV™) and methotrexate (RHEUMATREX™); (3} plant
alkaloids and terpencids, including but not limited to vineristine (ONCOVIN™Y, vinblastine and
paclitaxel (TAXOL™); (4) topoisomerase inhibitors, including but not limited to irinotecan
{CAMPTOSAR™) fopotecan (HYCAMTIN™) and etoposide (EPOSINT™Y. (5} cytotoxic
antibiotics, including but not limited to actinomycin D (COSMEGEN™), doxorubicin
(ADRIAMYCIN™}  bleomycin (BLENOXANE™) and mitomycin (MITOSOL™), (6}
angiogenesis inhibitors, including but not limited to sunitinib (SUTENT™} and bevacizamab
{AVASTIN™Y, (7} tyrosine kinase inhibitors, including but not limited to imatinib
{(GLEEVEC™), erlotinib {TARCEVA™) lapatininb (TYKERB™) and axitinib (INLYTA™;
and (8) immune checkpoint inhibitors, including but not limited to atezolizumab
{(TECENTRIQ™),  avelumab (BAVENCIO™)  durvalumab  (IMFINZI™Y,  ipilimumab
{YERVOY™) pembrolizumab (KEYTRUDA™) nivolumab (OPDIVO™), and tremelimumalby.
[6219] In some embodiments, the oral composition described herein is administered in
combination with an additional therapeutic agent selected from a chemotherapeutic or anti-
proliferative agent, antiviral, antibiotic, antihistamine, an emollient, systemic phototherapy,
psoralen photochemotherapy, laser therapy, hotmone replacement therapy, an anti-inflammatory
agent, an immunomodulatory or immunosuppressive agent, an agent for treating cardiovascular
disease, an agent for treating diabetes, an agent for treating immunodeficiency disorders, or any
combination thereof.

[8220] In any embodiment, Compound I may be administered to a subject having psoriatic
arthritis in combination with one or more JAK inhibitors including, but limited to, tofacitinib,
upadacitinib, baricitinib, filgotinib, ruxolitinib, oclacitinib, peficitinib, fedratinib, cerdulatinib,
gandotinib, lesarturtinib, momelotinib, pacritinib, abrocitinib, and BMS-986165, or BTK
inhibitors, including, but not limited to, ibrutinib, acalabrutinib, fenebrutinib, and zanubrutinib.
In any embodiment, Compound I may be administered to a subject having psoriatic arthritis in
combination with one or more of the following: NSAIDs; one or more DMARDs such as
methotrexate, sulfasalazine, leflunomide, sbatacept, adalimumab, certolizumab, etanercept,
golimumab, infliximab, ixekizumab, secukinumab, tocilizumab, tofacitinib, ustekinumab; one or
more immunosuppressants such as azathioprine or cyclosporineg; apremilast, or steroid
{injection}.

0221} In any embodiment, Compound I may be administered to a subject having psoriasis
in combination with one or more JAK inhibitors, including, but limited to, tofacitinib,
upadacitinib, baricitinib, filgotinib, ruxolitinib, oclacitinib, peficitinib, fedratinib, cerdulatinib,

gandotinib, lesarturtinib, momelotinib, pacritinib, abrocitinib, and BMS-986163, or BTK
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inhibitors including, but not limited to, ibrutinib, acalabrutinib, fensbrutinib, and zanubrutinib.
In any embodiment, Compound I may be administered to a subject having psoriasis in
combination with one or more of the following: corticosteroids; vitamin I} analogues; retinoids;
calcineurin inhibitors; salicylic acid; anthralin; cyclosporine; one or more DMARDs such as
methotrexate, etanercept, infliximab, adalimumab, ustekinumab, secukinumab, ixekizumab;
thioguanine, hydroxyurea, apremilast, coal tar in optional combination with light therapy {e.g,,
Goeckerman therapy), or any natural or alternative treatments such as aloe exiract cream, fish
oil, Oregon grape, or essential oils.

[6222] In any embodiment, Compound I may be administered to a subject having
hidradenitis suppurativa (HS} in combination with one or more JAK inhibitors, including, but not
limited to, tofacitinib, upadacitinib, baricitinib, filgotinib, ruxolitinib, oclacitinib, peficitinib,
fedratinib, cerdulatinib, gandotinib, lesarturtinib, momelctinib, pacritinib, abrocitinth, and BMS-
9861635, tumor necrosis factor inhibitors including, but not limited to, adalimumab, etanercept,
golimumab, infliximab, certolizumab; IL-1J and [L-1a inhibitors, including, but not limited to,
anakinra, rilonacept, canakinumab, gevokizumab, LYZ2189102 ((Bihorel et al,K A4PS
Jo16(53:1009-1117, 2014), and bermekimab. Io any embodiment, Compound I may be
administered to a subject having hidradenitis suppurativa (HS) in combination with one or more
of the following: auntibiotics such as chindamycin, gentamicin, rifampin, doxyeycline,
minocycline, one or more DMARDs such as methotrexate, adalimumab, infliximab, anakinsa,
canakinumab, ustekinumab; one or more NSAIDs; one or more retincids, such as isotretinoin
and acetretin; resorcinol {e.g., topical), one or more hormones such as spirolactone, finasteride;
or metformin.

[0223] In any embodiment, Compound I may be administered to a subject having cryopyrin-
associated autoinflammatory syndrome (CAPS) in combination with one or more interleukin-1
receptor  antagouists, iucluding but wnot limited to anakinra (KINERET™), nlonocept
{(ARCALYST™)} and canakinumab ((LARIS™)  In some embodiments, the combination of
Compound I and IL-1 avtagonist is used to induce remission and then remission is maintained
with administration of Compound I In other embodiments, Compound { may be administered to
a subject having cryopyrin-associated autoinflammatory syndrome ({CAPS) in combination with
one or more of the following: rilonacept, canakinumab, anakinra, methotrexate, one or more
steroids, or one or more NSAIDs.

[0224] These various agents/compositions that are used in combination with the oral
compositions described herein can be used in accordance with their standard or common

dosages, as specified in the prescribing information accompanying commercially available forms
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of the drugs (see also, the prescribing information in the 2006 Edition of The Physician's Desk
Reference). In some embodiments, standard dosages of these agents may be reduced when used
in combination with the oral compositions described herein. Without limiting the scope of this
disclosure, it is believed the such combination may result in synergistic resulis with better
efficacy, less toxicity, longer duration of action, or guicker response to therapy. In some
embodiments, the combination therapies in embodiments herein may be administered in sub-
therapeutic amounts of either the oral compositions described herein or the additional
pharmaceutical agents, or both.

[6223] Although preferred embodiments have been depicted and described in detail herein,
it will be apparent to those skilled in the relevant art that various medifications, additions,
substitutions, and the like can be made without departing from the spirit of the invention and
these are therefore considered fo be within the scope of the invention as defined in the claims
which follow.

Fmbodiments of the Disclosure

{6226} The invention provides also the following non-limiting embodiments.
[0227] Embodiment s 1 a method for treating an inflammatory condition that involves

administering, to a human subject having an inflammatory condition, an oral dose of 5 mg/day to

300 mg/day of Compouund |
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& , ot a derivative thereof to treat said inflammatory condition.
{6228} Embodiment 2 is the method of Embodiment 1, wherein 50 mg/day of the compound

is administered to satd subject.

[98229] Embodiment 3 is the method of Embodiment 1, wherein 100 mg/day of the
compound is administered to said subject,

[0230) Embodiment 4 is the method of Embodiment 1, wherein 160 mg/day of the
compound is administered to said subject.

{8231} Embodiment 5 is the method of Embodiment 1, wherein 200 mg/day of the
compound is administered to said subject.
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[6232] Embodiment 6 is the method of Embodiment 1, wherein 240 mg/day of the
compound is administered to said subject.

[0233] Embodiment 7 is the method of any one of Embodiments 1-6, wherein the compound
is administered once a day.

[0234] Embodiment 8 is the method of any one of Embodiment 1-6, wherein the compound
is administered twice a day.

{8235 Hmbodiment 9 1s the method of claim 1, wherein S0 mg of the compound is
administered to the subject twice daily.

{0236} Embodiment 10 is the method of claim 1, wherein 80 mg of the compound is
administered to the subject twice daily.

{0237} Embodiment 11 is the method of Embodiment 1, wherein 120 mg of the compound
is administered to the subject twice daily.

[0238] Embodiment 12 is the method of any one of Embodiments [-11, wherein Compound
Iis deuterated.

[6239] Embodiment 13 is the method of any one of Embodiments claims 1-12, wherein
Compound I comprises the Compound (#3-1
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N/ ot
(#3-1, and the Compound (A)-1 Myl ina
molar ratio of (F)-1 to (Ad)-I of about 4:1.
[6246] Embodiment 14 is the method of Embodiment 13, wherein the molar ratio of (P)-1
to (M)-11s about 9:1.
[0241] Embodiment 15 is the method of Embodiment 13, wherein the molar ratio of (F)-ito
{M)-11s about 99:1.
8242} Embodiment 16 is the method of Embodiment 13, wherein the molar ratio of (P)-f to
{M)-11is about 199:1.
{8243} Embodiment 17 is the method of Embodiment 13, wherein the molar ratio of (F)-1 to
{My-Tis about 399:1.
[8244] Embodiment 18 is the method of Embodiment 13, wherein the molar ratio of (#3-f to

{M)y-1is about 999:1.
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[0245] Embodiment 19 is the method of any one of claims 1-12, wherein Compound |
comprises the Compound {£)-1 substantially free of Compound (A)-L
[0246] Embodiment 20 is the method of any one of Embodiments claims 1-12, wherein

Compound I comprises at least 80 mol% of Compound (F)-1

1 et
;-Q\\;r ij

{F)-L
{0247} Embodiment 21 is the method of Embodiment 20, wherein Compound I comprises at
least 90 mol% of Compound (F)-L.
[0248] Embodiment 22 is the method of Embodiment 20, wherein Compound I comprises at
{east 95 mol% of Compound (#}-1
[06249] Embodiment 23 s the method of Embodiment 20, wherein Compound I comprises at
least 99 mol% of Compound (P)-L
[0256] Embodiment 24 is the method of any one of Embodiments 1-23, wherein Compound
{115 a free bagse.
0251} Embodiment 25 1s the method of any one of Embodiments 1-23, wherein Compound
{#¥-11s a pharmaceutically acceptable salt.
{0252} Embodiment 26 is the method of any one of Embodiments 1-23, wherein Compound
{1 is crystatline form.
{62531 Embodiment 27 is the method of Embodiment 26, wherein the crystalline form of
Compound {(F)-1 is crystallive Form A characterized by an PXRD paitern having a peak
expressed in degrees 26 at about 9.78 = 0.2
[8254] Hmbodiment 28 1s the method of Embodiment 26, wherein the crystalline form of
Compound {#)-1 is the crystalline Form A characterized by an PXRD pattern having peaks
expressed in degrees 28 at9.78 =02 and 1551 £ 0.2
[8255] Embodiment 29 is the method of Embodiment 26, wherein the crystalline form of
Compound {(F)-1 is the crystalline Form A characterized by an PXRD pattern having peaks
expressed in degrees 20at9.78 2 0.2, 15514 02,196 0.2, and 2592 £ 0.2.
[0256] Embodiment 30 is the method of Embodiment 26, wherein the crystalline form of

Compound {(£)-I 1s the crystalline Form A characterized by an PXRD patters baving peaks
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expressed in degrees 20 at 978 £ 0.2, 1534402, 1551402, 196402, 2057+ 02,2101 +
0.2,2592+£072, 290502 and 2948 £ 0.2,

{98257} Embodiment 31 is the method of any one of Embodiments 1-30, wherein the
inflammatory condition is theumatoid arthritis.

[0258] Embodiment 32 is the method of any one of Embodiments 1-30, wherein the
inflammatory condition is psoriatic arthritis.

[6259] Embodiment 33 is the method of any owve of Embodunents 1-30, wherein the
inflammatory condition is a cryopyrin-associate pericdic syndrome.

[0268] Embodiment 34 is the method of any one of Embodiments 1-30, wherein the
inflammatory condition is Hidradenitis suppurativa.

[8261] Embodiment 35 is the method of any one of Embodiments 1-30, wherein the
inflammatory condition is selected from the group consisting of psoriasis, juvenile idiopathic
arthritis, ulcerative colitis, Crohn’s disease, ankylosing spondylitis, pancreatic cancer, metastatic
breast cancer, gout, recurrent pericarditis, and idiopathic pulmonary fibrosis.

[6262] Embodiment 36 is the method of any one of Embodiments 1-30, wherein the
inflarnmatory condition is selected from spondyloarthritis such as aokylosing spondylitis,
psoriatic arthritis, reactive arthritis and Reiter’s syndrome, juvenile rheumatoid arthritis (JA)},
systemic-onset juvenile rheumatoid arthritis, idiopathic arthritis (JIA) (ncluding systemic
(SHA)Y, and gout, cryopyrin-associated autcinflammatory syndromes (CAPS), including
Muckle-Wells syndrome (MWS), neonatal-onset multisystem inflammatory disease (NOMID),
and familial cold autoinflammatory syndrome (FCAS), chronic obstructive pulmonary diseases
(COPD), including emphysema, chronic bronchitis, and asthma {allergic and non-allergic),
hidradenitis suppurativa (HS}, psoriasis, such as plague psoriasis; colitis from an inflammatory
bowel disease (IBD) like Crohn’s disease or ulcerative colitis and inflammatory bowel disease-
associated arthritis; pericarditis, including acute pericarditis, recurrent pericarditis, and chronic
pericarditis; pulmonary inflammation or fibrosis, including idiopathic pulmonary fibrosis;
metastatic breast cancer, and pancreatic cancer.

[8263] Embodiment 37 is the method of any one of Embodiments 1-30, wherein the
inflammatory condition is selected from Familial Mediterranean Fever (FMF), tumor necrosis
factor receptor-associated periodic syndrome (TRAPS), adult-onset Still's disease; pyvoderma
gangrenosum; bone-resorption disorders (such as those associated with cancer {e.g., breast
cancer)); metastatic melanoma; Castleman disease; and chronic atypical neuirophilic dermatosis

with lipodystrophy (CANDLE).
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[8264] Embodiment 38 is the method of any one of Embodiments 1-30, wherein the
inflarnmatory condition is pruritus, which may be associated with any other condition, for
example, pruritus  asscciated  with  hidradenitis  suppurativa, pruritus  associated with
inflammation, pruritus associated with rheumatoid arthritis, pruritus associated with psoriasis,
and pruritus associated with TH17-associated inflarnmation.

[8265] Embodiment 39 is the method of any one of Embodiments 1-30, wherein the
nflaromatory condition i3 selected from Lyrme disease; cytokine release syndrome (CRS); acute
respiratory distress syndrome (ARDSY; chronic or acute bronchitis; epidermolysis bullosa (EB);
bullous pemphigoid; juvenile dermatomyositis; inflammatory vitiligo {(including marginal);
pemphigus vulgaris;, enterocolitis; polymyositis; myositis, bone cancer; lung cancer,
inflarnmatory bone disorders such as chronic recurrent multi osteomyelitis (CRMO), Synovitis,
acne, pustilosis, hyperostosis, and osteitis (SAPHO)} syndrome, Majeed syndrome, deficiency of
interleukin-1 receptor antagonist {DIRA) and cherubism; bone resorption {(such as is associated
with an autoimmune disease), neuroinflammatory diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), multiple sclerosis (MS8), acute disseminated encephalomyelitis
{ADEM), acute optic neuritis {(AON), transverse myelitis, and neuromyelitis optical (NMO});
Behcet’s disease; endotoxic shock (e.g., toxic shock syndrome (TSS) and other systemic gram-
negative bacterial infections); enthesitis; polyarteritis nodosa (PAN); chronic patn; polymyalgia
rheumatica, chronic altograft rejection; Sjogren’s syndrome; and Schuitzier’s syndrome (SchS).
[8166] Embodiment 40 is the method of any one of Embodiments 1-30, wherein 50 mg of
the compound is administered to a subject having rheumatoid arthritis twice daily.

[0267] Embodiment 41 is the method of any one of Embodiments 1-30, wherein 80 mg of
the compound is administered to a subject having rheumatoid arthritis twice daily.

[6268] Embodiment 42 is the method of any one of Embodiments 1-30, wherein 120 mg of
the compound is administered to a subject having rheumatoid arthritis twice daily.

[6269] Embodiment 43 is the method of any one of Embodiments 36-38, wherein said
administering is carried out under conditions effective to inhibit progression of joint damage,
improve synovitis, or both in said subject as assessed by magnetic resonance imaging (MR},
[8276] Embodiment 44 is the method of any one of Embodiments 1-43, wherein said
administering is casried out under conditions effective to significantly reduce in vive serum
ievels of one or more inflammatory cytokines as compared to in vive serum levels of the one or

more inflammatory cytokines in a subject administered a placebo.
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{8271} Embodiment 45 is the method of Hmbodiment 44, wherein the one or more
inflarnmatory cvtokines is selected from the group consisting of TWNF-q, IL-1§, IL-6, IL-8, IFNy,
1£.-17, IL-18, HL.-10 and MIP1}.

[68272] Hrmbodiment 46 is the method of any one of Embodiments 1-45, wherein said
adroinistering is carried out for greater than 12 weeks without tachyphylaxis.

[8273] Embodiment 47 is the method of any one of Embodiment 1-45, wherein
administering further comprises: administering one or more additional therapeutic agents in
conjunction with Compound L

0274} Embodiment 48 is the method of Embodiment 47, wherein said one or more
additional therapeutic agents is administered simultaneously with Compound L.

[B275] Embodiment 49 is the method of Embodiment 47, wherein said one or more
additional therapeutic agents is administered sequentially with Compound L

[8276] Embodiment S0 is the method of any one of Embodiments 47-49, wherein the one or
more additional therapeutic agents is selected from the group consisting of an anti-inflammatory
drug, an anti-atherosclerctic drug, an immunosuppressive drug, an immunomodulatory drug, a
cyitostatic drug, an angiogenesis inhibitor, a kinase inhibitor, a cytokine blocker, and an inhibitor
of cell adhesion molecules.

[8277] Ewbodiment 31 is the method of any one of Embodiments 47-49, wherein
Compound 1 as defined in any one of Embodiments 2-30 is administered to a subject having
rheumatoid arthritis in conjunction with a JAK inhibitor.

[0278] Embodiment 52 is the method of any one of Embodiments 47-49, wherein
Compound 1 as defined in any one of Embodiments 2-30 is administered to a subject having
rheumatoid arthritis in conjunction with a TYK?Z inhibitor.

[8279] Embodiment 53 is the method of any one of Embodiments 47-49, wherein
Compound T as defined in any one of Embodiments 2-30 is adounistered to a subject having
rheumatoid arthritis in conjunction with a BTK inhibitor.

[0280] Embodiment 54 is the method of any one of Hmbodiments 47-49, wherein
Compound { as defined in any one of Embodiments 2-30 is administered to a subject having
theumatoid arthritis in conjunction with a IRAK4 inhibitor.

[0281] Embodiment S5 is the method of any one of Embodiments 47-49, wherein
Compound 1 as defined in any one of Embodiments 2-30 is administered to a subject having

rheumatoid arthritis in conjunction with a IKK1 inhibitor.
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[0282] Embodiment 56 is the method of any one of Hmbodiments 47-49, wherein
Compound 1 as defined in any one of Embodiments 2-30 is administered to a subject having
rheumatoid arthritis in conjunction with a tpl2 inhibitor.

[8283] Hmbodiment 57 is the method of any one of Embodiments 47-49, wherein
Compound 1 as defined in any one of Embodiments 2-30 is admiuistered to a subject having
rheumatoid arthritis in conjunction with a CTLA4 inhibitor.

[6284] Hmbodiment 58 1s the method of any one of Embodiments 1-57, wherein the
compound is formulated as a solid dosage form selected from a tablet, a capsule, a lozenge, a

sachet, a powder, granules, and orally dispersible film.

[0285] Embodiment 59 is the method of Embodiment 58, wherein the solid dosage form is a
tablet.
[0286] Embodiment 60 ts the method of any one of Embodiments 159, wherein the

compound is administered as an immediate release formulation.
[8287] Embodiment 61 is the method of any one of Embodiment 159, wherein the
compound is administered as a controlled release formulation.

{6288] Embodiment 62 is an oral pharmaceutical composition comprising. Compound I

F
O 2
) ')’\f o
XL,
]
H?<( A
N
b , or a derivative thereof in an amount of S mg to 300 mg, and

a pharmaceutically acceptable carrier.

[0289] Embodiment 63 is the oral composition of Embodiment 62, wherein said

composition comprises 50 mg of Compound L
[6290] Embodiment 64 is the oral composition of Embodiment 62, wherein said
composition comprises 30 mg of Compound 1.
[0291] Embodiment 65 is the oral composition of Embodiment 62, wherein said
composition comprises 100 mg of Compound L
{0292} Embodiment 66 is the oral composition of Embodiment 62, wherein said

composition comprises 120 mg of Compound £
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[6293] Embodiment 67 is the oral composition of Embodiment 62, wherein said
composition comprises 160 mg of Compound L

[0294] Embodiment 68 is the oral composition of Embodiment 62, wherein said
composition comprises 200 mg of Compound L

[0295] Embodiment 69 is the oral composition of Embodiment 62, wherein said
composition comprises 240 mg of Compound L

[829s] Embodiment 70 is the oral composition of any one of Embodiments 62-69, wherein
Compound I is deuterated.

0297} Embodiment 71 13 the oral composition of any one of Embodiments 62-69 wherein

Compound | comprises the Compound (#)-1
F-

’A‘T/L\j\

O
A A
PN

X

i -~
N
NZ Yo

(£-1 and the Compound (M)-1 (A1,

in a molar ratio of {F)}-1to (AM)-1 of about 4:1.
[6293] Embodiment 72 is the oral composition of Embodiment 71, wherein the molar ratio

of (Fy-1 1o (Ay-1is about 9:1.

i
i

Of

[6299] Hmbodiment 73 is the oral composition of Embodiment 71, wherein the molar ratio
of (P)-Fto (M)-11is about 99:1.

{8300} Embodiment 74 is the oral composition of Embodiment 71, wherein the molar ratio
of (Py-11o (M)-1is about 199:1.

{6301} Embodiment 75 is the oral composition of Embodiment 71, wherein the molar ratio
of {(£3-Ito (M)-1is about 399:1.

6302} Embodiment 76 is the oral composition of any one of Embodiments 62-69, wherein
Compound I comprises the Compound (P3-1 substantially free of Compound (M)-L

{6303] Embodiment 77 is the oral composition of any one of Embodiments 62-69, wherein

Compound I comprises at least 80 mol% of Compound (F)-1
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[8364] Embodiment 78 is the oral composition of Embodiments 62-69, wherein Compound
I comprises at least 90 mol% of Compound (F)-1
[B8385] Embodiment 79 is the oral composition of Embodiments 62-69, wherein Compound
I comprises at least 95 mol% of Compound (F)-L
[8306] Embodiment 80 is the oral composition of Embodiments 62-09, wherein Compound
I comprises at least 99 moi% of Compeund (F)-1
[0307] Embodiment 81 is the oral composition of any one of Embodiments 62-80, wherein
Compound {F}-1 is a free base.
[0308] Embodiment 82 is the oral composition of any oue of Embodiments 62-80, wherein
Compound | {(P)-] is a pharmaceutically acceptable salt.
[0309] Embodiment 83 is the oral composition of any one of Embodiments 62-80, wherein
Compound I (7)1 is crystalline form.
[6318] Embodiment 84 is the oral composition of Embodiment 83, wherein the crystalline

form of Compound (#)-1 is crystalline Form A characterized by an PXRD pattern having a peak
expressed in degrees 28 at about 978 £ 0.2

{8311} Embodiment 85 is the oral composition of Embodiment 83, wherein the crysialline
form of Compound (#}-1 is the crystalline Form A characterized by an PXRID pattern having
peaks expressed in degrees 20 at 978 £ 0.2 and 1551 = 0.2,

[8312] Embodiment 86 is the oral composition of Emboediment 83, wherein the crystalline
torm of Compound {(P)-I is the crystalline Form A characterized by an PXRD pattern having
peaks expressed in degrees 28at 978 £ 0.2, 1551+ 02, 196+ 0.2, and 2592+ 0.2,

[8313] Embodiment 87 is the oral composition of Embodiment 83, wherein the crystalline
form of Compound (F)-I is the crystalline Form A characterized by an PXRD patiern having
peaks expressed in degrees 28 at 978 £ 0.2, 1534 £ 02, 1551 £02, 196 +£0.2 2057+ 02,
21.01+£02,259240.2,2905+02, and 2948 + 0.2,

[0314] Embodiment 88 is the oral composition of any one of Embodiments 62-87, wherein
said composition is formudated into a solid dosage form selected from a tablet, a capsule, a

lozenge, a sachet, a powder, granules, and an orally dispersible film.
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[8315] Embodiment &9 is the oral composition of any one of Embodiments 62-87, wherein
said composition is formulated into a tablet.

[6316] Embodiment 90 is the oral composition of any one of Embodiments 62-87, wherein
the composition is an immediate release formulation.

[6317] HEmbodiment 91 is the oral composition of any one of Embodiments 62-87, wherein

the composition is a controlled release formulation.

EXAMPLES
[0318] As described in detail above, 3-chlore-4-{(3,5-ditluoropyridin-2-yDmethoxy)-2'-(2-
(2-hydroxypropan-2-yhpyrimidin-4-y1)-5',6-dimethyl-2H-[ 1,4'-bipyridin]-2-one (i.e, Compound
I) exists as a P atropisomer and an M atropisomer. [In the Examples and Figures of this
disclosure, “ATI-450” refers to the aforementioned compound containing about 99.75 mol% of

the P atropisomer and 0.25 mol% of the M atropisomer.

EXAMPLE 1: Safety, Pharmacokinetics and Pharmacodynamics of Orally
Administered ATI-450,
[6319] ATIE-450 is an oral, small molecule inhibitor of the p38a mitogen-activated protein

kinase (MAPKYMAPK-activated protein kinase 2 (MK2) inflammatory signaling pathway. This
Phase 1, single and multiple ascending dose (SAD, MAD}, study evaluated ATI-450for safety,
tolerability, pharmacokinetics, and pharmacodynarsics. Healthy adults were randomly assigned
10 SAD (10, 30, 50, 100 mg, n=24} and MAD {10, 30, 50 mg twice daily (BID) for 7 days; n=24)
cohorts of ATI-450 or placebo (n=14) Safety and tolerability were evaluated through clinical
and laboratory assessments. Blood PK parameters were determined and pharmacodynamic
inhibition of ex vive, endotoxin-induced tumor necrosis factor a (FNF-a), interleukin (IL)-15,
1L-6, T1L.-8, and phosphorylation of the MKZ substrate, phosphorylated heat shock protein 27 (p-
HSP27) was quantitated. The most common adverse events were headache (10/48, 20.8%),
dizziness (6/48, 12.5%), upper respiratory fract infection (3/48, 6.3%), and constipation {3/48,
6.3%). ATI-450 had dose proportional pharmacokinetics with a terminal halfife of 9-12 hours
in the MAD cohorts on day 7. Dose- and concentration-dependent inhibition of ex vivo
stimulated cytokines and target biomarker was observed. (n day 7, patienis in the 50 mg BID
dose cohort recorded mean trough drug levels that were 1.4, 2.5, 2.5, and 2 4 times greater than
the 1Tz for TNF-g, [L-1§, [L-8, and p-HSP27, respectively. Mean Crax drug levels were 3.6,
6.4, 6.2, and 6.0 times greater than the ICg for TNF-o, IL-10, IL-8, and p-HSP27, respectively.
IL-6 inhibition >50% was noted for part of the dosing toterval. These results support further

study of ATI-450 in immunc-inflammatory diseases.
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{8328} The p38 mitogen-activated protein kinase (p38MAPK) signaling pathway has been a
target for therapeutic intervention for inflammatory diseases because of its involvement in the
regulation and expression of muliiple cvtokines {e.g., tumor necrosis factor o [TNF-o],
interleukin [I1L] 1B, and IL-6) and other inflammatory signals. Small-molecule inhibitors of
p3BMAPK have been evaluated in clinical trials for the treatment of inflammatory diseases;
however, clinical development of these compounds has been limited by toxicity and lack of
sustained efficacy. A key challenge with global p38MAPK inhibition is its ubiquitous expression
and the broad effects it exerts on cellular physiology as a consequence of the more than 60
substrates that it regulates. Through phosphoryiation of these substrates, p38MAPK regulates
negative feedback loops and anti-inflammatory pathways, which are both involved in
downregulating inflammation; thus, global blockade of p38MAPK pathways may inhibit both
pro-inflammatory and anti-inflammatory pathways, limiting its potential efficacy in some disease
states. Furthermore, several p38MAPK substrates are iovolved in the regulation of cellular
function and inhibition of these proteins may result in foxicity.

06321} The clinical efficacy achieved with p3SMAPK inhibitors has been generally
disappointing. Of note, there is evidence in certain autoimmune diseases that p38MAPK
inhibitors exhibit tachyphylaxis after multiple treatments, making sustained inhibition of the
inflammmatory response difficult to achieve in these therapeutic indications. Tachyphylaxis may
be explained by the negative feedback and/or anti-inflammatory target substrates described
above. Therefore, the approach of targeting key dowunstream kinase substrates of p38MAPK that
specifically regulate inflammatory cytokines to potentially achieve greater specificity for
blockade of pathological inflammation has gained interest. MAPK-activated protein kinase 2
{MK2} is a direct downstream substrate of p38MAPK, which has been recognized as a key
driver of inflammation. Inflammatory cytokines activated through the p3SMAPK/MK2 pathway
include TNF-ou, [L-18, 1L-6, and [L-8.

[B8322] The novel appreoach of selectively inhibiting the p38MAPK/MKZ biomolecular
complex instead of p3SMAPK alone results in effective blockade of the proinflammatory axis
while sparing the anti-inflammatory pathways, negative feedback substrates, and proteins that
regulate general cellular function. This approach has the potential to generate safer compounds
with greater and more sustained anti-inflammatory efficacy compared with global p38MAPK
inhibitors. Unfortunately, directly targeting MK2 has been largely unsuccessful.

[0323] ATE450, a recently developed MK2 inhibitor, has a novel mechanism of action by
which it targets the modified p38MAPK ATP binding pocket and juxtaposed MK2 formed upon
the interaction between p38MAPK and MEZ2. The p38MAPK binding site on MK2 1s located
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within the C terminus; thermodynamic studies have shown that the 2 proteins in the complex
bind tightly, and deletion of the binding sequence in MK2 abrogates p38-dependent
phosphorylation and activation of MK2. Following the formation of the p38MAPK-MK?2
biomolecular complex, ATI-450 binds to the interface of the complex with significantly higher
affinity than to either kinase alove, thereby selectively inhibiting p38MAPK phosphorylation of
MK?2 and locking MKZ in an inactive conformation. MKZ regulates inflammatory cytokine
mRINA stability and translation through phosphoryiation of downstream effectors including
adenvlate-uridylate-rich element-binding proteins {e.g., tristetraprolin). Therefore, inhibition of
p38aMAPK-MEK2 blocks downstream MK2-mediated inflamamatory actions.

[0324] Preclinical animal disease models have been used to predict the potential of ATI-450
as a treatment in several immune-mediated inflammatory diseases. In a rat streptococcal cell wall
arthritis model for rheumatotd arthsitis, ATH450 showed joint protective effects and preserved
bone mineral density. ATL450 also was studied in a murine model of neonatal-onset
multisystem inflammatory disease (NOMID), which is a severe form of a cryopyrin-associated
periodic syndrome; NOMID and other cryopyrin-associated periodic syndromes comprise a
spectrum of rare hereditary autoinflammatory disorders in which H-18 and H.-18 are
overproduced. A dramatic aticnuation of disease was observed in this transgenic animal model,
including a reduction in bone marrow levels of IL-10 in mice treated with ATI-450 relative to
those treated with placebo. These prechinical results support clinical developent of ATE-450 in
humans for autoimmune and autoinflammatory diseases driven by the cytokines TNF-g, [L-1(
and 1L-6.

{8325} As described herein, a first-in-human, Phase 1, randomized, observer-blind, placebo-
controlled study was conducted to evaluate the safety, tolerability, PK, and pharmacodynamic
{PD) of ATI-450 n single and multiple ascending dose {SAD and MAD) cohorts in healthy
subjects. In addition, the study included separate cohorts that evaluated the PK of fed versus
fasting adminisiration and of co-administration with methotrexate. Herein is reported the data
from the SAD and MAD cohorts.

RESULTS

[0326] Study Subjects. In the SAD cohorts, 32 subjects were enrolled, randomized, and
included in the safety set. A total of 31 subjects completed the study; 1 subject in the 30 mg ATH-
450 cohort withdrew from the study for non-safety reasons after receiving a single dose on day 1
and thus did not complete all study assessments. PK and PD analyses included the 24 subjects
who received ATI-450. The majority of subjects in the SAD cohorts were female (84%; Table 1)

and ages ranged from 18 to 51 years.
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{8327} In the MAD cohorts, 30 subjects were enrolled, randomized, and completed the
study, and all subjects were included in the safety set; the 24 subjects who received ATI-450
were included in the PK and PD sets. These cohorts were more evenly split between female and
male subjects (57% female, 43% male) and ages ranged from 21 to 53 years.

[6328] Safety and Telerability. No clinically significant findings in vital signs,
clectrocardiograms, or clinical laboratory values were observed. The most common treatment-
emergent adverse events (TEAEs) among all study participants are shown in Table 2. To the SAD
cohorts, 15 TEAEs were reported by 7 of 24 (29%;} subjects who received ATI-450 and 6 TEAEs
were reported by 4 of § (50%) subjects who received placebo. No deaths or serious adverse
events {SAEs) and no discontinuations due to THEAEs occurred. All TEAEs were mild, transient,
and resolved without sequelae by the end of the study. Four of 24 (17%;) subjects who received
ATT 450 reported TEAES that were considered by the investigator to be related to the study drug
{0 subjects in the 10 mg cohort; 2 {33%] subjects in the 30 mg cohort [1 event of nausea and 2
events each of headache and dizziness], 1 [17%] subject in the 50 mg cohort [1 event of
headache]; and 1 subject in the 100 mg cohort [2 events of dizziness]}.

{6329] In the MAD cohorts, there were 24 TEAEs reported by 12 of 24 (50%) subjects who
recetved ATI-450 and 3 TEAESs reported by 3 of 6 (50%) subjects who received placebo. Asin
the SAD cohorts, there were no deaths or SAEs and no subjects discontinued the study due to
TEAEs; all THAEs were mild, transient, and resolved without sequelae by the next visit. Nine of
24 (38%) subjects who received ATI-450 reported TEAEs that were considered by the
investigator to be related to the study drug (1 of 8 [13%] subjects in the 10 mg BID cchort [1
event of headache], 5 of § [63%] subjects in the 30 mg BID cohort {1 event each of blurred
vision, constipation, abdominal pain, diarthea, arthralgia, dizziness, and oropharyngeal pain],
and 3 of § [38%] subjects in the 50 mg BID cohort [1 event of headache and 2 events of
dizziness]). In the placebo group, 2 of 6 (33%) subjects had TEAEs that were considered by the
investigator to be related to the study drug (1 event each of vomiting and headache).

[6330] Laboratory changes were generally unremarkable. There was a dose dependent
reduction in neutrophils observed with the maximum effect in the MAD cohort observed at Day
2 to Day 5. The mean reduction at day 7 in the 530 mg BID group was 24% (3318 4 cells/ulat
baseline versus 2514 4 cells/ul. at day 7).

(8331} Pharmacokinetics ~ SAD cohorts. As shown in Figure 1, administration of ATI-450
at single doses of 10 mg, 30 mg, 50 mg, and 100 mg under fasting conditions resulted in ATI-
450 post-dose mean plasma concentrations above the lower limit of quantification through 24

hours after dosing at 10 mg and through 48 hours after dosing at all other dose levels. ATI-450
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mean piasma concentrations increased with increasing doses (Figure 1) Systemic exposure
increased in a dose-proportional manner across the ATE-450 dose range from 10 to 100 mg, with
approximately 108~ 12.6-, and 12.8&-fold increases in Cmax, AUCO-, and AUCO-n]
respectively {Table 3). Statistical analysis for dose proportionality using the power model is
shown in Table 8, where systemic exposure (Cpax, AUCo., and AUCqw) increased in proportion
to ATI-450 dose after single dosing as indicated by the slope estimates near unity and the 90%
Cls including unity. ATI-450 concentrations appeared rapidly in plasma, with median Thax
ranging from 2 to 4 hours across the dose cohorts. Mean 12 of ATI-450 in plasma ranged from
8.5 to 11.2 hours. Cuw, Tma, and ti2 values showed no clear relation with dose over the dose
range of 10 mg to 100 mg. Across the dose cohorts, low inter-subject variability in Cuax, AUCo.
o, and AUCe was observed with coefficients of variation ranging from 12.7% to 28.1%.

[0332] Table 1, shown below, summarizes the pharmacokinetic data for the SAD cohort fed
versus fasting subjects.

Table 1. Mean (5D) Pharmacokinetic Parameters of ATL-450 after Single Oral Doses {o
Healthy Subiects in the Fasted or Fed State (n=6 per Dose Cohert)

o | et | Gy |ty e )
16 Fasted 39.4 (10.4) 2.0(2.0,4.0) 2853 (78.4) 8.5 (3.2)
30 Fasted 1220(334) | 40(20,4.1) 1102.4 (2474) | 107 (3.3)
50 Fasted 160.7 20.4) 30(2.0,4.0) 1464.7 (269.5) 9124
169 Fasted 426.0 (110.6) 2.020,40) 3654.8 (522.9) 112(58)
160 Fed' 3707(101.0) | 6.0(40,120) | 40985(11772) | 63(1.6)

a Values are median (min, max)

b Subjects received a standardized high-fat, high-calorie breakfast 30 minutes before dose
administration.

{6333} In the fasted state, ATI-450 was rapidly absorbed {Twax of 2.0 hours to 4.0 hours).
Approximately dose-proportional increases in mean Cuax and AUC were observed, indicating
linear PK. Moderately slow elimination (terminal ty2 of about 9 to 11 hours) was observed. In
the fed state, absorption was delayed (median Tmax of 6.0 hours versus 2.0 hours}, but there did
not appear to be any appreciable impact on systemic exposure to ATE-450 (Cuax was about 9%
lower and AUCn.« was about 24% higher in the fed state).

[8334] Pharmacokinetics - MAD echorts. Figure 2 shows the mean (SD) plasma
concentration-time profiles of ATI-450 from 0 hours to 72 hours after the last dose on day 7,

representing dose-proportional PK for the MAD cohorts, and Table 3 shows ATI-450 PK
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parameters on day 7 after multiple doses. The results obtained after the first dose on day 1 in the
MAD cohorts were consistent with those obtained after single doses in the SAD cohorts (data not
shown}. Tmax appeared to be independent of dose, with median values ranging from 2 to 3 hours
foliowing the final dose admimstration on day 7. Mean tyz was similar across doses following
repeated dose administration (from 9.6 to 11.6 hours). AUCw and Crax increased with escalating
doses and there was slight accumulation after multiple doses. Over the dose range of 10 mg to
50 mg BID, Caax, and AUCkw, increased 5.4~ and 5.9-fold on day 1, respectively, and 4.2- and
5.2-fold on day 7, respectively. Steady state appeared to be reached by day 2 of administration at
all dose levels based on the similarity in the mean Cuougn of ATEH450 on days 2 through 6. Mean
accumulation of ATI-450 after 7 days of BID dosing ranged from 1.17- to 1.57-fold for Cuax and
1.29- to 1 44-fold for AUCu,. The mean values of tin, CL, and apparent volume of distribution
after multiple doses were comparable to those after a single dose, indicating time-independent
PK of ATI-450 after 7 days of BID administration. Statistical analysis of dose proportionality on
day 7 using the power model is shown in Table 9, where systemic exposure {Chay, AUCw)
toliowing BID administration of ATE-450 increased in proportion to dose over the 5-fold dose
range as indicated by the slope estimates near unity and the 90% Cls including uunity.

[0335]
at 10, 30, or 50 mg BID.

Table 2 below summarizes the PK parameters of ATE-450 on days 1 and 7 of dosing

Table 2 Mean (SD} Pharmacokinetic Parameters of ATE450 after Twice-daily Oral Doses
{0 Healthy Subjects in the Fasted State (n=8 per Dese Cohort)

Day Dose Conas T () Ao t,, ()
i (mg) {ng/mL) {ng.h/mL) ’
10 34357 20(2.0,40) 199.5(35.9) NC?
1 30 1265214y 20(1.0,40) 680.8 (98.8) N
50 186.7(66.8) | 2.0(2.0,4.0) 1179.5 (340.1) NC
10 51.8{(158) 2.0(2.0,2.0) 287 8(81.5) 9.6 (2.1)
” 30 1465(33.6) | 20(1.0,40) 908.9 (163.1) 103(3.2)
50 2190778y | 3.0(1.0,40) 1507.8 {(659.9) 11637
a Values are median {min, max}
b NC: Not calculable
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The PK on day 1 in the MAD cohorts was consistent with PK from the SAD cohorts.

Linear (dose-and time-independent) PR after multiple-dosing was observed. Moderately slow

elimination {terminal t1» of about 9-12 hours) was also cbserved. The trough concentrations

were generally similar on days 2 through 7, suggesting that the subjects were at or near steady-

siate by day 2 of twice-daily administration. Small amount of accumudation (up to 1 4-fold) after

multiple dosing

[0337)

alone or in combination with ATI-450 as shown.

Table 3 below summarizes the PK parameters in subjects dosed with methotrexate

Table 3 Mean (5D} Pharmacokinetic Parameters of ATE-450¢ and Methotrexate after Oral
Administration Alone or in Combination to Healthy Male Subjects in the Fasted State

(=15}
b T .
Dose - o T AUC, AUC,
Drug Treatment o max e > £y ()
{mg) (ng/mL} (h) (ngh/mL} | (ng.h/ml)
ey 1633 1.0(0.5 o 562.2 3.1
7.5 TX . A
: MEX 35.6) 2.5) NA (1022) | ©7
MTX (
- MTX + ATI- 142.6 1510, - 3.0
75 50 (15.6) 25 NA 5189(70.2) | o'
50 < 2190 3.0(1.0, 15078 o
ATL | BID | ATHO (77.8) 4.0) (659.9) NA NE
458 < ARG - S g (080
50 ATT ?‘5() (182;1 20010, E(Jg 5 NA NC
BID MTX (31.5) 4.0) (262.2)

a Subjects received single 7. 5-mg oral doses of MTX on days 1 and 8, single 15-mg oral doses of
{eucovorin on days 2 and 9, and twice-daily 50-mg oral doses of ATH450 on days 3-9.
b Values are median (min, max).
¢ Values are from the group of subjects (n=8) administered twice-daily oral doses of ATI-450 at 50
img during the MAD portion of the study.

MTX: Methotrexate; NA: Not applicable; NC: Not calculable.

[0338]

The pharmacckinetics of MTX was similar with or without ATE450 exposure.

Systemic exposure to ATI-450 appeared to be slightly decreased (about 17% for Crax and about

27% for AUC) in the presence of MTX based on a between-group comparison to the 50-mg

ATE450 data from the MAD portion of the study.

[$339]
[0340]

Pharmacodynamics

A relationship between concentrations of each analyte and ATI450 plasma levels

was developed and the data were then fit to a nonlinear inhibitory Ema model, from which ICse

and ICg concentrations were established. The p-HSP27 and cytokine inhibition parameters

generated from the model are shown in Table & Target modulation for ATI-450 was similar to
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potencies for inhibition of production of 3 of the 4 cytokines, TNF-q, IL-15, and IL-8, but the
potency for inhibition of IL-6 production was fower (less potent). Imax was greatest for p-
HSP27, TNF-g, and IL-6, with greater than 96% inhibition, and lower for IL-1B (74%) and IL-8
(57%).

[8341] For the 50 mg BID dose MAD cohort, concentrations at Cuougn were in excess of the
refative iCgo concentrations (1.4~ to 2.4-fold}) for the target biomarker p-HSP27 and for 3 of the 4
cytokines {TNF-¢, IL-1B, and 1L.-8), but not for IL-6 (Table 4}, TNF-a and [L-1 were inhibited
by up to 92.7% and 83.0%, respectively, versus baseline. Plasma levels were greater than the
ICso for IL-6 for at least part of the dosing interval. The effects of ATE-450 dose on the relative
concentration of each cytokine analyte and the biomarker p-HSP27 in the ex vive stimulated
assay, expressed as a percentage of pre-dosing analyte levels (set to 100%) for the 10 mg, 30 mg,
and 50 mg BID MAD cohorts on day 7, 4 hours after dosing and 12 hours after dosing, are
shown in Figure 4A-4E, respectively. The 4-hour after dosing day 7 samples reflected
approximate steady-state Cmax ATI-450 concentrations while the 12-hour afier dosing day 7
samples reflected steady-state Cuougn concentrations of the drug A marked dose-dependent
reduction in concentration was observed for all 4 cytokines at the 4-hour time point and persisted
through 12 hours. TNF-¢, WL-1B, IL-8, and p-HSP27 all demonstrated a reduction in
concentration that persisted for the entive dosing interval. Concentration-dependent and dose-~
dependent modulation of p-HSP27 and inhibition of the 4 cytokines analyzed were
demonstrated.

[06342] The graph of Figure 3 shows the inhibition of LPS-stimulated cyickine and
chemokine production in Day 7 blood samples taken from subjects dosed with 50 mg BID of
ATER450 (MAD cohort).

[0343]  DISCUSSION

{3344] Administration of ATI-450 was generally safe and well tolerated by healthy subjects
over a range of single doses up to 100 mg and multiple doses up to 50 mg BID for 7 days. All
TEAEs resolved without sequelae and there were vo discontinuations due to adverse events.
Dizziness cccurred more frequently in the active arms but there was no clear dose response; the
events were generally transient in nature and almost all resolved while on study drug. A dose
dependent reduction in neutrophils was observed and was consistent with the mechanism of
action of ATI450 PK parameters demonstrated that plasma concentrations of ATI-450
increased in a dose-proportional manner after adminisiration of single or multiple ascending
doses, which was also confirmed by statistical analysis with the power model for both SAD and

MAD cohorts. Across all SAD and MAD cohorts, median Tmax ranged from 2 1o 4 hours and
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mean ti2 ranged from approximately 9 to 12 hours with no clear relationship to dose. ATI-450
demonstrated concentration-dependent and dose-dependent modulation of the target biomarker
p-HSP27 and inhibition of the production of TNF-q, IL-1§, IL-6, and 11.-8.

[8343] ATE-450 presents a novel mechanism by which to inlibit MK2 and the pro-
inflammatory cytokines activated by the p38MAPK pathway. As an orally administered drug,
ATI-450 provides a potential alternative to injectable biologic medications that treat immune-
mediated nflammatory diseases. ATI-450 has demonstrated efficacy 1o animal models for
various immune-mediated inflammatory diseases and some types of cancer ™’ Inhibition of
TWF-a and IL-18 observed in healthy subjects in this study align with inhibition of the same
cytoking biomarkers demonstrated in animal models for rheumatoid arthritis and cryopyrin-
associated periodic syndromes.’

[0346] The PD responses in this study have been expressed as ratios of plasma
concentrations of ATE450 to the ICso for each cytokine. This measurement assists in
identification of the key biomarkers that are modulated in response to ATI-450 and allows for
adiustment of ATE-450 dosing to maintain plasma concentrations that are above the ICs for
those biomarkers. ATI-450 demoustrated potent inhibition of 4 of the S biomarkers (p-HSP27,
TWNF-q, IL-1§8, and L.-8). This inhibition was observed even at trough levels, as demonstrated in
the SO mg BID cohort, 1o which systernie drug concentrations in excess of the I were
achieved for p-HSP27, TNF-g, IL-1, and IL-8 at Cuax (3.5x to 6.0x}) and Cuongn {1 .4x to 2.4%).
The more modest inhibition by ATI-450 of IL-6 induction in healthy subjects observed in this
study may not be indicative of response in patients with rheumatoid arthritis because it does not
take into account the impact of inhibiting IL-1B on downstream [L-6 release. Studies evaluating
the potency of ATL-450 in human whole blood stimulated with 1L-18 demonstrated potency for
inhibiting -6 that was comparabie to that for TNF-¢ and [L-8 {data not shown)}.

[8347] ATE450 was well tolerated at the doses investigated, exhibited dose- and time-
independent (i.e., linear) PK, and dose-related PD effects. Results of this study support the
progression of ATI-450 into Phase 2 development for the treatment of rheumatoid arthritis and

other immune-mediated inflammatory diseases.
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Table & Most Common Treatment-Emergent Adverse Lvents Occurring in 2 or

More Subjects {Safety Set}

Bvent ATE-459, n (%) Placebo, n {Ye)
{n=48) {n=14)
Dzziness 6{12.5) ¢
Headache 10 {20.8) 2(143
Upper F‘espirf'm}ry tract 3(63) RCAS
infection '
Constipation 3(6.3) 1(7.1
Nausea 2{4.2) 1{7.1)
Abdominal pain 2{(42) ¢
Vomiting 0 2{14.3)
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Table 7. Cytokine and Biomarker ICss Values and Multiples Across the Dosing

Interval in the 56 mg BID Dose Coheort

N s (:lmughb Cmaxb
5 3 ¢
Biomarker 1Co" (ng/mb) (Multiple of ICw) (Multiple of 1Cs0)

o-HSP27 36.7 2 dx 6.0%
TNF-o. 62.6 1.4x 3 5%
L-1B 40.8 2% 5 4x
16 7478 G 1x 0 3x
1.8 388 2 3% 5 6

MCsn values generated from combined SAD and MAD ATI-450 concentration and ex vivo
inhibition data using the WinNonlin inhibitory Emay model 104,
Values are from 50 mg BID MAD cohort on day 7, Cuoner = 87.9 ng/mb and Camar = 219
ng/mk.
BID, twice daily, Cupa, maximum observed plasma concentration; Cieepn, measured
concentration at the end of a dosing interval; ICse, concentration for 80% of maximal
inhibition; 1L, interleukin;, MAD, multiple ascending dose; p-HSP27, phosphorylated heat
shock protein 27; SAD, single ascending dose; TNF-g, tumor necrosis factor o
METHODS
{03438] Study Design. PRA Health Sciences led the study at a clinical site in Lenexa,
Kansas, and prepared the randomization scheme for all cohorts while maintaining blinding of
observers associated with the study. PRA assigned randomization codes sequentially as healthy
subjects became eligible for randomization after enrolling in the study. For each SAD dose
cohort, subjects were randomly assigned to ATI-450 or placebo in an overall 6:2 ratio. For each
MAD dose cohort, subjects were randomly assigned to ATI-450 or placebo in an overall 8:2
ratio.
[8349] Single ascending dose (SAD) cohorts, Thirty-two subjects were randomly assigned
to 1 of 4 cohortts to receive ATI-450 doses of 10, 30, 50 or 100 mg (n=6 per cohort) or placebo
{n=2 per cohoert). Each subject received a single oral dese of ATI-450 or placebo in the morning
on an empty stomach. All subjects were admitted to the clinical study facility on day —1 and
stayed until 48 hours after ATI1-430 or placebo administration,
[8350] Multinle ascending dose (MAD) cohorts, Thirty subjects were randomly assigned
to 1 of 3 cohorts to receive ATI-450 doses of 10, 30, or SO mg BID (n=8 per cohort) or placebo
{n=2 per cohort}. Subjects received each dose of ATI-450 or placebo on an empty stomach for 7
days, 1o the morning and the evening, with the final dose administered on the rooring of day 7.
Subjects were admitted to the clinical facility on day —1 and remained at the site until 72 hours
after the morning dose on day 7.
{8354} Subjects. Subjects were healthy males or females between 18 and 55 vears of age,

inclusive; had a body mass index between 18 and 32 kg/m2, inclusive, with a minimum body
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weight of 50 kg, and tested negative for HIV-1 and HIV-2 antibodies, hepatitis B surface
antigen, and hepatitis C virus antibody at screening. Female subjects were not pregnant or
nursing and agreed to use 2 effective methods of contraception if heterosexually active and of
childbearing potential.

{0352} Subjects were excluded from the study if they had a current acute or chronic disease
or used medications that may have affected their safety or other study assessments within 2
weels of admission.

0353} The study was conducted in accordance with the principles of the Declaration of
Helsinki and in compliance with the International Council for Harmonization E6 Guideline for
Good Clinical Practice, and any applicable national and local laws and regulations. The clinical
study protocol, informed consent forms, and amendments to all documents were reviewed and
approved by Midlands Independent Review Board of Gverland Park, Kansas. Informed consent
was obtained from all subjects before any study-related procedures began.

[0354] Safety and Tolerability Assessments, Adverse gvents, clinical laboratory tests, vital
signs, an electrocardiogram, Holter monitoring, and physical examination results were evaluated
for each subject in both parts of the study.

[0355] Bieod Sampling and Bisanalysis. Two-miililiter blood samples were collected for
PK analysis. For the SAD cohorts, blood was collected before dosing and 0.5, 1, 2, 4, 6, 8, 12,
24, 36, and 48 hours after dosing. For the MAD cohorts, blood was collected on day 1 prior to
the morning dose and 0.5, 1, 2, 4, 6, 8, and 12 hours after dosing (before the evening dose);
before the morning dose on days 2 through 6; and on day 7, before the morning dose and 0.5, 1,
2,4,6,8,12, 13, 14, 24, 36, 48, and 72 hours after the moring dose.

[0356] Blood samples of 10 mL were collected for PI¥ analysis. For the SAD cohorts, blood
was collected before dosing and 1, 12, and 24 hours after dosing. For the MAD cohorts, on day 1
blood was collected before the morning dose and 4 and 12 hours after the morning dose {prior to
the evening dose}; on day 7, blood was collected before the morning dose and 4 and 12 hours
after the moming dose.

{0357} ATE-450 concentrations in plasma samples were determined by PRA Health
Sciences-Bioanalytical Laboratory (Lenexa, Kansas) using a validated ultra-performance liquid
chromatography with tandem mass spectrometry method (details in Supplementary Information).
The lower limit of quantification was 0.500 ng/mL.

[0358] PE} bicanalysis {performed by Confluence Discovery Technologies, Inc. [St. Lowis,
Missouri]y of phosphorvlated heat shock protein 27 (p-HSP27), IL-1f, IL-6, [L-8, and TNF-q

-

fevels in blood samples were analyzed under 3 conditions: (1) unstimulated, (2} ex vivo
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lipopolysaccharide stimulation, and (3) ex vivo lipopolysaccharide stimulation in the presence of
exogenously added 10 uM ATI-450. Historical data show the percentage of maximum inhibition
by ATI-450 achieved for a given analyte is consistent and therefore useful for normalization
across samples. Additional details of the assays for analyzing p-HSP27 and cytokines are
included in the Supplementary Information.

[0359] SAD cohort data were calculated for each subject set (day 1-pre-dosing, day 1-1 hour
after dosing, day 1-12 hours after dosing, and day 2-24 hours after dosing) as the % of day 1 pre-
dosing using the ex vivo lipopolysaccharide stimulation as the maximum signal and normalizing
across the sample set using the day 1 ex vivo lipopolysaccharide plus 10 pM ATI-450 as
maximum inhibition,

[03560] MAD cohort data were calculated for each subject set {(day I - pre-dosing, day 1-4
hours after dosing, day 1-12 hours after dosing, day 7 ~ pre-dosing, day 7-4 hours after dosing,
and day 7-12 hours after dosing) as the % of day 1 pre-dosing using the ex vive
lipopolysaccharide stimulation as the maximum signal and normalizing across the sample set
using the day 1 ex vive lipopolysaccharide plus 10 pM ATI-450 as maximum inhibition.

{0361} Pharmacokinetics. ATI-450 plasma concentrations and PK parameters were
determined for all SAD and MAD cohorts. Noncompartmental analysis with Phoenix
WinNoolin™, version 8.1 (Certara, Princeton, NI} was used to determine the following PK
parameters from the plasma conceniration-time data for ATE-450: maximum observed plasma
concentration {Cmax); time to maximum observed plasma concentration {Tma); area under the
plasma concentration-time curve from time 0 through time t (AUCo4), where t is the time of the
fast quantifiable concentration; area under the plasma concentration-time curve from time 0 to
infinity {AUCou,; apparent terminal elimination rate constant (Az) and associated halftife (tin);
apparent clearance (Cuy), and apparent volume of distribution (Vur). For the MAD cohorts,
several additional PK  parameters were determined, including area under the plasma
concentration-time curve over the 12-hour dosing interval, tau (AUC);, minimum observed
plasma concentration in the dosing interval after multiple dosing, on day 7 {Cmiw); average
plasma concentration after multiple dosing, on day 7 (Cavy); measured concentration at the end of
a dosing interval {Cuongn); accumulation ratio for Caa and AUCu (Rae,Cmax and R, AUC ),
apparent clearance at steady state {CLs/F); and apparent volume of distribution at steady state
(V/F).

{0362} Pharmacodynamics. PD data analysis was conducted using Microsoft Excel 2010
{(Microsoft, Redmond, WA), Meso Scale Discovery Workbench® analysis software (Rockville,

MB), and Phoenix WinNonlin, version 8.2, For the PK/PD analysis in Phoenix WinNonlin, the
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ATE-450 plasma concentrations and the percentages of inhibition of production of
lipopolysaccharide-stimulated p-HSP27, TNF-u, H-18, IL-6 and IL-8 levels in human whole
Bood from all SAIVMAD cohorts were simultaneously fit using an inhibitory Eaax model
{(WinNounlin, model 104). The parameters estimated by the model for each biomarker were the
baselive effect at zero concentration (Eo), the maximurn percent inhibition (Imax), and the ATI-
450 plasma concentration at half maximal inhibition (]Cso}. The ATE-450 concentrations at 80%
inhibition (ICa0) were subsequently calculated from the ICso estunates using the following
equation: ICy = (/100—xy*1Cs, where x is the percent inhibition (e.g., 80%). Additionally,
multiples of the peak and trough concentrations of ATI-450 at 50 mg BID on day 7 to the ICso
and 1Cs estimates for p HSP27 and each cytokine were determined.

{0363} Sample size calculations, No prospective calculations of statistical power were
made for sample size. Sample sizes of 32 subjects and 30 subjects for the SAD and MAD
cohorts, respectively, were selected and are typical for a first-in-human study.

[0364] Bicanalysis Assay of ATL-450. Sample processing was performed by protein
precipitation using a 30.0-ul. sample volume. Separation between potential metabolites and
interfering endogenous compounds was achieved by liguid chromatography with tandem mass
spectrometry using a Waters Acquity UPLC BEH C18 column (2.1 x 30 mm, 1.7 pm particle
sizey at 40°C using 10 oM ammonium formate with 0.3% formic acid as mobife phase A and
50:50:0.3 acetonitrile:methanol.formic acid as mobile phase B, operating at isocratic conditions
{with post-elution gradient wash-off} with a flow rate of 0.700 mL/min. A triple quadrupole
6500 mass spectrometer equipped with a turbo-ion spray source was used for detection in
positive ion mode. Quantification was based on multiple reaction monitoring of the transitions of
m/z 514.3-3297.2 for ATI-450 and 517.3-$336.2 for the internal standard, ATI-450-YCs. A
linear calibration curve ranging from 0.500 to 500 ng/mL with a 1/x* weighting factor was used.
The method was minimally required to have intra- and inter-day precision (coefficients of
variation} for pooled plasma quality control samples of <15% except at the lower limit of
quantitation, where <20% was acceptable. The caleulated concentrations (both inter- and intra-
day) were required to be within 15% of nominal at all concentrations except the lower limit of
quantitation, where up to 20% deviation from nomwinal was acceptable. The precision and
accuracy of the method exceeded these minimum requirements for assay validation. In addition,
stability of the analyte v frozen Ku-EDTA buman plasma was demonstrated for periods
exceeding the storage periods of the samples prior to analysis, as well as under all conditions to

which study samples or working solutions were subjected.

73



WO 2021/195562 PCT/US2021/024482

[0365] Sample Preparation for p-HSP27 Analysis. For p-HSP27 analysis, 1-mi. aliguots of
each sample were transferred into six 2-mL microtubes with subsequent treatment designation:
‘A’ for lipopolysaccharide stimulation only (maximum signal), ‘B’ for ex vive added ATI-450
samples that received lipopolysaccharide stimulation (maximurm inhibition), ‘C for
unstimulated. Treatment groups consisted of 3 tubes for group “A’, 2 tubes for group ‘B, and 1
tube for group "C’.

[B8366] Dimethyl sulfoxide (DMSO) was added to all tubes 1o groups A’ and “C to a final
concentration of 0.1% (10 pul per mbL of a 10% DMSO solution in Dulbecco’s Modified Hagle
Medium  (DMEM)  containing  10%  fetal  bovine serum (FBS) and 1%
penicillin/streptormycin/glutamine). Samples were then rocked gently at room temperature. A
stock solution of ATE-450 at 10 mM in 100 BMSO was diluted to 1 mM in BDMEM containing
10% FBS and 1% penicillin/streptomycin, and 10 ub of this working solution was added per mL
of blood in group ‘B’ samples to give a final concentration of 10 uM in 0.1% DMSG. Samples
were then rocked gently at room terperature for a minimum of 1 bour.

[8367] Samples in groups “A’ and ‘B’ were stimulated with lipopolysaccharide at a final
concentration of 100 ng/mL for 22 minutes at room temperature. A stock solution of
lipopolysaccharide at 1 mg/mb in DMEM containing 10% FBS and 1% penicillin/streptomyein
was dituted to 10 pg/mL in DMEM containing 10% FBS and 1% penicillin/streptomycin, and
10 ul of this working solution was added per mL of blood. Samples were gently rocked at room
temperature for 11 minutes, then placed upright for 11 minutes prior to peripheral blood
mononuclear cells (PBMC) isclation.

[06368] Ten pl of DMEM containing 10% FBS only was added per mL of blood in group
‘C’ for all patient samples {(unstimulated saruples). Samples were gently rocked at room
temperature for 11 minutes, then placed upright for 11 minutes prior to PBMC isolation.

[0369) Upon completion of treatment (lipopolysaccharide stimulated or unstimulated) for
each sample, PBMUCs were isolated from each human whole blood aliquot in all treatment
groups. One mL of blood from each sample was gently layered onto 0.75 mL of Histopaque-
1077 in a 2-ml microcentrifuge tube. Histopaque-1077 was matntained at room temperature.
The samples were centrifuged for 2 minutes at 16,000 x ¢ in an Eppendort microcentrifuge. The
interface and upper layers were removed and added to tubes containing 1 L cold Dulbecco’s
phosphate-buffered saline (DPBS). These samples were then centrifuged for 30 seconds at
16,000 x g in an Eppendorf microcentrifuge to pellet the cells. The buffer supernatant was
removed by aspiration and the pellets were re-suspended in 1 mL of cold DPBS. The pellets

from each sample were then re-pelleted, as described above The buffer was removed by
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aspiration and the final pellets were lysed in 100 pl of complete lysis buffer (MSE Tris lysis
buffer, 1X Halt'™ Protease inhibitor cocktail, 1X phosphatase inhibitor cocktail 2, 1X
phosphatase inhibitor cocktail 3, 2 mM PMSF, 2 mM sodium fluoride and 1 mM sodium
vanadate). Samples were vortexed until the cell pellet filly dissolved and then were flash frozen
on dry ice.

[B6370] Analysis of p-HSP27 (Ser78) Levels Using Luminex Technology. The lysates
were analyzed for HSP27 phosphorylation with a custom Milliplex® MAP Human Phospho-
HSP27(Ser78) Cell Signaling Magnetic Bead Kit from Millipore Sigma (Burlington, MA) using
the kit-prescribed immunocassay protocol for a 96-well solid plate and hand-held magnetic
separation block. Once all sample lysates from a given cohort were generated, the lysates were
thawed at 4°C and transferred to a round-bottom 96-well polypropylene master plate. A daughier
plate consisting of a 2-fold dilution of each lysate (17 uL of lysate plus 17 pL of Milliplex®
MAP assay buffer 2) was generated for each master plate. The dituted lysates from the daughier
plates were used in the assay.

{6371} The 96-well, flat-bottom, clear-bottom black plates provided in the kit were
prewashed with 50 ul/well of assay buffer 2 for 10 minutes. The wash was decanted and 1X
HSP27 magnetic beads in assay buffer 2 were added to each well at 25 pl/well. The diluted
tysates from the danghter plates were then added at 25 ul/well. The plates were sealed and
incubated overnight at 4°C with shaking in the dark.

{6372} After the overnight incubation, using the hand-held magnetic separation block, the
samples were decanted and plates were washed 2 times with assay buffer 2. Biotin-labeled
detection antibody (1X in assay buffer 2) was added at 25 ul/well to all plates and incubated for
1 hour. Al incubations were at room temperature with shaking in the dark. The detection
antibody was then decanted using the hand-held magnetic separation block and streptavidin-
phycoerythrin (PE; 1X in assay buffer 2} was added to each well at 25 pl/well. The plates were
then incubated for 1S minutes. Amplification buffer (1X in assay butfer 2) was added to the
streptavidin-PE—containing wells at 25 ul/well and incubated an additional 15 minutes. Using
the hand-held magnetic separation block, the streptavidin-PE/amplification buffer was removed
by decanting. Assay buffer 2 was added to each well at 150 ul/well. The plates were placed on
the plate shaker for a minimum of 5 minutes, then analyzed using the Luminex® 100/200
Instrument (Luminex Corp, Austin, TX).

{0373} Sample Preparatien for Cytekine Analysis. For each sample, 180 pL aliquots
were transferred into 7 wells of a round bottom 96 well tissue culture polystyrene low
evaporation plate. Of the 7 wells for each sample, 3 were designated ‘A’ for lipopolysaccharide
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stimulation only {maximum signal}, 2 were destignated ‘B’ for ex vivo added ATI-450 samples
that received lipopolysaccharide stimulation (maximum inhibitton), and 2 were designated *C’
for unstimulated lipopolysaccharide. No outer wells on the plates were used and all wells
surrounding the samples contained 200 ulL of phosphate buffered saline.

{8374} DMSO was added to all wells in groups "A” and ‘C’ to a final concentration of 0.1%
(10 L/well of a 2% DMSO solution in DMEM containing 10% FBS and 1%
penicillin/streptomycin/glutamine). A stock solution of ATE450 at 10 mM in 100% DMSO was
difuted to 200 mM 1w DMEM containing 10% FBS and 1% penicillin/streptomyein, and 10 wl
of this working solution was added per well to all wells in group *B’ to give a final concentration
of 10 mM in 0.1% DMSQO. Samples were mixed gently for 30 seconds on a plate shaker using
pin tools, then placed in an incubator at 37°C/5% CO: for 1 hour.

[6375] Samples in groups ‘A’ and ‘B’ were stimulated with lipopolysaccharide at a final
concentration of 100 ng/ml. A stock solution of lipopolysaccharide at 1 mg/mbL in DMEM
containing 10% FBS and 1% penicillin/streptomycin was diluted to 2 mg/mL in DMEM
containing 10% FBS and 1% penicillin/streptomycin, and 10 mL of this working solution was
added per well of blood for all samples in groups ‘A’ and ‘B’. Ten mL of DMEM containing
10% FBS only was added per well of blood for all samples in group ‘C° (unstimulated samples).
Samples were mixed gently for 30 seconds on a plate shaker using pin tools, then placed in an
incubator at 37°C/5% CO; for 5 hours.

{06376} Following the incubation, the plates were removed from the incubator and sealed
with adhesive clear plate seals. The plates were then centrifuged for 10 minutes at 1800 x ¢ at
room temperature. Seventy-five mb of plasma was removed from each well and transferred to a
96-well polypropylene round bottom master plate, which was then sealed and frozen at —80°C
until all samples from the respective cohort were generated. Once all samples from a given
cohort were generated, the samples were analyzed for cytokine (TNF-g, IL-1b, IL-6, and IL-8)
production using Meso Scale Discovery Technology.

{8377} Analysis of Cytokine Levels Using Meso Scale Discovery Technology. All
lipopolysaccharide plasma saroples were analyzed for cytokine production with a V-Plex Human
Proinflammatory Panel 1 (4-Plex} Kit from Meso Scale Discovery (Rockville, MD). The master
plates containing the plasma samples were thawed on ice, and a daughter plate consisting of a
25-fold dilution of each plasma sample (3 ubL of plasma plus 72 ul of Mese Scale Discovery
Diluent 2) was generated for each master plate. The diluted plasma samples from the daughter
plates were used in the cytokine analysis. The Meso Scale Discovery 4-plex plates were washed

3 times with 150 ul/well of wash buffer (1X KPL phosphate buffered saling with Tween 20
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from SeraCare [Milford, MAJ). Prepared calibrators and the samples from the daughter plates
were added to the washed Meso Scale Discovery 4-plex plates at 50 pl/well. The 4-plex plates
were sealed and shaken overnight at 4°C.

0378} After the overnight incubation, the samples were removed by decanting. The 4-plex
plates were then washed 3 times with 150 pl/well of wash buffer. A detection antibody mix
consisting of sulfo-tagged anti-human IL-15, sulfo-tagged anti-human IL-6, sulfo-tagged anti-
homan [L-8, and sulfo-tagged anti-human TNF-o antibodies in Meso Scale Discovery Diluent 3
was added to cach well at 25 pl/well, and the plates were sealed and incubated for 2 hours at
roomn temperature with shaking. Following the incubation, the detection antibodies were
removed by decanting. The 4-plex plates were washed 3 times with 150 ul/well of wash buffer
after which 2X Read Buffer was added at 150 ul/well to all wells. The plates were then read
using a Meso Scale Discovery Sector § 600 instrument. Calculations to establish cytokine
calibration curves and to determine analyte concentrations in the samples were carried out using
the Meso Scale Discovery Workbench analysis software.

Table 8, Statistical Analysis of Dose Proportionality of ATE450 in SAD Cohorts

90% 1 of

PK Parameter n | Intercept | Slope
Slope
Crax {(ng/mb) 24 1.302 1.006 (0902, 1.111)
AUCo{(h*ng/ml) | 23 3113 1,088 {0,997, 1.180)

(h§§15?11?) 23 3.134 1.091 | (0.999, 1.184)

The dose proportionality analyses were performed using the power model. In{PK) = intercept +

slope®*In(dose) + e, where PK is the PK parameter and e is the error terro. A value of slope = 1
indicates dose proportionality. In Table &, the following terms are used: AUC, area under the
concentration-time curve; Cua, maximal plasma concentration; CL confidence interval, n,
number of observations; PK, pharmacokinetic.

Table 9, Statistical Analysis of Dose Proportionality of ATH-450 in MAD Cohorts

0% C1 of
Slope
Cinax {ng/mk.) 24 1.857 (.899 {0.757,1.042)

AUCu (h*ng/mL) | 24 3292 1.019 (0.872, 1.167)

The dose proportionality analyses were performed using the power model: In(PK) = intercept +

PK Parameter B Intercept | Slope

slope*In{dose) + ¢, where P i3 the PK parameter and ¢ is the error term. A value of slope = 1
indicates dose proportionality. In Table 9, the following terms are used: AUC, area under the
concentration-time curve, Cuax, maximal plasma concentration, CI confidence interval, n,

number of observations; PK, pharmacokinetic.
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Table 10, Inhibitory Huax Model Parameters

p-HSPI7 | TNF-g | IL-18 | 06 | IL-8

ICso, ng/mL 9.2 15.6 10.2 186.9 8.7
1Cq0, ng/ml 36.7 62.6 40.8 7478 | 38.8
Imax, 0 110.6 96.5 743 1164 ¢ 571

In Table 10, the following terms are used: ICss, plasma concentration at half maximal
inhibition; 1Cso, plasma conceniration at 80% of maximal inhibition; IL, interleukin; Imax
T

roaximum percent inhibition; p-HSP27, phosphorylated heat shock protein 27, TNFE, tumor

necrosis factor.

EXAMPLE 2: Extension Study of Higher Doses of Grally Administered ATE-456,

{6375} This extension of the Phase 1 clinical study described 1n Example 1 was carried out
to establish the safety and tolerability of higher doses (80 mg and 120 mg twice daily) of ATI-
450 in healthy volunteers.

[0330] Methods: Safety, pharmacokinetics (PK)} and pharmacodynamics (PD) were
assessed in two cohorts of subjects in a randomized, observer-blind, placebo-controiled study in
male and female healthy subjects aged 18-55 {p=77}. The study consisted of twenty (20} subjects
enrolled into 2 cohorts. At each dose level/cohort a total of 10 subjects were randomized to
receive multiple oral doses of ATI-430, 1e, 80 mg or 120 mg (n=8), or placebo (n=2) twice
daily (BID) for 7 days. The final dose was administered in the morning on Day 7. Blood samples
were obtained Day 1 — before dosing, Day 1 — 4 hours after dosing and Day 1 — 12 hours after
dosing and Day 7 — before dosing, Day 7 — 4 hours after dosing, day 7 — 12 hour after dosing and
Day 7 — 24 hours after dosing for each subject.

[0381] Results. The graphs of Figure 4A-4E show the continued dose-dependent inhibition
of LPS-stimulated pHSP27 (Figure 4A, top), TNF-u (Figure 4B, top), IL-1B (Figure 4C, top), IL-
8 (Figure 4D, top}, 1L-6 (Figure 4E, top) from Day 7 blood samples taken from subjects dosed
with 10 mg, 30 mg, 50 mg, 80 mg, and 120 mg of ATI-450. Figures 4A-4E also show mean (+
SEM) levels of pHSP27 (Figure 4A, botiom), TNF-g (Figure 48, bottom), 1L-1§ (Figure 4C,
bottom), H-8 (Figure 4D, bottom), H.-6 (Figure 4E, bottom) in subjects administered 10 mg,
30 mg, S0 mg, 80 mg, and 120 mg twice daily, comparing day 1 pre-dosing values (set to 100%)
with day 7 values 4 hours after dosing (approximate Cumn) and 12 hours after dosing (Ceonpn).
These results extend the findings of Example 1 to show that higher doses of ATI-450 have
increased benefit in the inhibition of pro-inflammatory cytokines.

{6382} ATI-450 at the higher doses does not inhibit the regulatory anti-inflammatory

cytoking 1L-10 to the same extent as pro-inflammatory cytokines. Figure 5 is a graph showing
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ditferential modulation of ex vive stimulated H.~10 versus TNF-¢ and IL-18 in blood samples
taken from subjects dosed with placebo or 80 mg or 120 mg of ATI-450. I1L-10 was only
modulated 25-30% at doses of drug that generated near maximal inhibition of proinflammatory
cytokines (TNF-g and IL-1B).

[0383] ATI-450 potently inhibits ex vive IL~1B-induced pro-inflammatory cytokines TNF-g,
11-6, and -8 whether stimulated by LPS or IL-1B. Figure ¢ depicts three graphs comparing
ATI450 modulation of LPS and TL-10 stimulated TNF-o {(far left), IL-6 (middle), and IL-8 {far
right) production.

[0384] Figures 7TA-7C and Table 8 below suramarize the pharmacokinetic data of ATI-450
following 80 mg and 120 mg BID dosing Figure 7A depict graphs showing mean plasma
concentration-time profiles of ATI-450 atter 1 day (top) and 7 days (middle and bottom) of BID
dosing, semi-log scale. BID, twice daily. Figure 7B shows mean (& sid dev) plasma
concentration-time profiles of ATI-450 dosed at 120 mg BID. Figure 7C depicts graphs showing
the plasma concentration-time profiles of ATI-450 in individual subjects at days 1 (left) and 7
{(right} following 120 mg BID dosing.

{0385] A summary of the mean pharmacokinetic parameters of ATI-450 80 mg and 120 mg
BID dosing is provided in Table 11 below. The corresponding parameters for the 50 mg BID

cohorts 13 included for comparisou.
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[0386] (uantitation of changes in analyte concentration relative to ATI-450 dose in the five

MAD cohorts is summarized in Table 12 and Figures 4A-4E.

Table 12
Biomarker | Dose Level (mg BID) p— HCs - - AR - - 1 -
{/ frough (,max ( trough f_, wAx ( frough Cm X
IL-1p 10 0.7 3.2 0.2 0.8 0.1 0.4
-6 10 0.1 0.4 0.0 0.1 0.0 0.0
1L-8 10 0.5 2.3 0.1 0.6 0.1 0.3
pHSP27 10 1.3 3.8 03 1.4 0.1 0.6
TNF-a 10 0.7 3.1 0.2 0.8 0.1 0.3
IL-18 30 2.6 8.2 0.6 2.3 0.3 1.0
IL-6 30 03 i.2 0.1 03 0.0 0.1
1L-8 30 1.8 6.4 0.5 i.6 0.2 0.7
pHSP27 3 4.6 16.3 1.1 4.1 0.5 1.8
TNF-a 30 2.5 8.8 0.6 2.2 0.3 1.0
-18 50 5.5 13.7 i.4 3.4 0.6 1.5
1L-6 50 0.7 1.7 0.2 0.4 0.1 0.2
-8 50 3.8 8.6 1.0 2.4 0.4 1.1
pHSP27 50 9.8 24.3 1.5 6.1 1.1 27
TNF-g, 50 5.3 i3.1 1.3 3.3 0.6 1.5
L-1p 80 9.9 24.3 2.5 6.1 1.3 2.7
iL-6 80 1.2 3.1 03 08 0.1 0.3
-8 &0 6.9 17.08 1.7 4.3 0.8 1.9
pHSP27 80 176 | 43.2 4.4 0.9 2.0 4.8
TNF-a 80 9.5 233 2.4 5.8 1.1 2.6
-8 120 8.7 26.0 2.4 6.5 1.1 2.8
IL-6 120 1.2 3.3 0.3 0.8 0.1 (0.4
-8 120 6.8 18.2 i.7 4.6 03 2.0
pHSP27 120 17.3 | 46.3 4.3 11.6 1.9 5.2
TNF-g, 120 9.3 4.9 2.3 6.2 1.6 2.8
[6387] The data in Table 12 summarizes the inhibitory concentrations of pHSP27 and the

four cytokines by ATI-450 relative 1o the Crougn and Crax 10t the 5 MAD dose cohorts (10 mg,
30 mg, 50 mg, 80 mg and 120 mg). The data is expressed as the ratio of ATI-450 concentrations
8t Cinax and Crongr within the various dose cohorts relative to the ICss, ICss and ICsn estimates for
each analyte. The respective mean Ceonpn and Crax values of ATI-450 on day 7 were 11.83 and
51.8 ng/mkL at 10mg BID, 41.14 and 146.5 ng/rol. at 30r0g BID,87.94 and 219.0 ng/ml at SOmg
BID 15825 and 388.8 ng/mL at 80 mg BID, and 15581 and 4165 ng/mb at 120 mg BID. A
ratio of 1.0 indicates a concentration that is equivalent to the IC value being compared. Ratios
that are less than 1 are shown in normal type-face, ratios that are > 1 are bolded. For the 50 mg

BID dose cohort, concentrations at Cuougn were similar to or in excess of the relative 1Csw
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concentrations (1.0 to 2.5-fold) for the target biomarker pHSP27 and three of the four cytokines
(TNF-o, IL-18, and [L-8) but not for IL-6. Trough concentrations from the 80 mg BID and
120 mg BID doses produced larger, but comparable, multiples of the 1Cgo concentrations for
pHSP27, TNF~o, IL-1B, and IL-8 (1 .7- 10 4 4-fold and 1.7- 1o 4 3-fold, respectively) relative to
50 mg BID. The effect of ATI-450 dose on the relative concentration of each cytokine analyie in
the ex vivo stimulated assay expressed as a percentage of pre-dosing analyte levels (set to 100%)
for the 10 mg, 30 wg and 30 mg BID MAD cohorts on Day 7, 4 hours after dosing and 12 hours
after dosing is shown in Figures 4A-4E. The 4-hour after dosing Day 7 samples were utilized to
reflect approximate steady state Cua ATE-450 concentrations while the 12-hour after dosing Day
7 samples were used to reflect steady-state Cuougn concentrations of the drug. A marked dose-
dependent reduction in concentration is observed for all four cytokines at the four-hour time-
point and persists through twelve hours. TNF-g, IL-10, and {L-8 all demonstrated a reduction in
concentration that persisted for the entire dosing interval and did not appreciably change between
4 and 12 hours after dosing,

[6388] ATI-450 demonstrated both concentration-dependent and  dose-dependent
modulation of the target biomarker pHSP27 and inhibition of the production of the four
cytokines analyzed, TNF-o, IL-18, I1-6, and {L.-8. Concentration-response parameters for ATI-
450 reduction of pHSP27, TNF-¢, IL-1B, and [L-8 were comparable, while the parameters for
-6 were higher. At the 50 mg BHD dose, concentrations at Ceonen following seven days of
dosing were similar to or in excess of the ICg for ATI-450 reduction of pHSP27, as well as for
ATI-450 inhibition of production of TNF-qr, IL-10, and [L-8. Trough concentrations from the 80
mg BID and 120 mg BID doses produced larger, but comparable, multiples of the IC80
concentrations relative to S0 mg BID suggesting that a greater level of target inhibition may be
achieved at these higher doses.

{06389] The higher dosing regimens, i.e., 80 mg and 120 mg BID, were well tolerated with

no severe adverse effects reported. A summary of the safety data is provided in Table 13 below.
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Table 13, Preliminary Safety Bata in Patients Administered 80 mg or 120 mg BID

AR Cohort 1 (80 Cohort 1 Cohort 2 (120 Cohort 2 ntensity
” mig BID, n=8) {placebo) mg BID, n=8) {placebo) T
Headache 2 (25%) 1 {50%) 7 (88%) 1 {50%) Mild
Dizziness 2{25%) 6 (75%) Mild
Xerosis 1 (13%) S (63%) Miid
Constipation 1 {(14%) Mild
Nausea 2 {25%) Mild
Parasthesia 2 {25%) Miid
Abdominai 1 (13%) Mild
Pain
Loose stools 1{13%] Mild
Pharyngitis 1 {(13%) Mild
# only 1% or 2% day
+ 7 cases resolved on drug
* After stopping drag
EXAMPLE 3: Nor-Clinical Safety Assessment of 13-Week Oral Administration of
ATE-458
[639¢] Study Design. I this study, 13~-week oral administration of ATE-450 was tested n

rate and mini-pigs. Rats were administered O {vehicie), 3, 10 and 30 mg/kg/day, and Mini-pigs
were administered 0 (vehicle) 10, 30 and 60 mg/kg/day

{8391} Results: The no-observed adverse effect level (NOAEL} for rat was 30 mg/kg/day,
and for mini-pig was 60 mg/kg/day. No study drug-related mortality was observed.

{6392} Rat non adverse findings. minimal slceration/mixed cell inflammation was observed
around nasal area in several animals at mid and high dose. Minimal to moderate degeneration of
myocytes at all doses, including control animals. However, complete recovery following 28-day
non-dosing period was observed.

[6393] Mini-pig non-adverse findings: clinical observations at > 30 mg/kg/day.  Slightly
increased neutrophil, lvmphocyte and platelet counts were observed along with decreased red

cell mass in males at > 10 mg/kg/day and females at 60 mg/kg/day.
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Table 14, Mean Systemic Exposures (Comax and AUCo24) in Rats and Minipigs Given Daily
Oral Beoses of Study Drug for 13-weeks Compared to Preliminary Mean Systemie
Exposures {Cmax and AUCs12) in Healthy Human Subjects Given Twice Baily Oral Doses
of 3¢ mg, 80 mg, and 120 mg Study Drug for 6.5 days.

Exposure Multiples

Stu dy Crnax AUCo24

Species Dose Rat/Human | Minipig/Human

Bay {ng/ml} | (ngh/mi} c e C AUC
AN LI — {EEdX S WL

e " M=3260 | M =36400
Rat 30 mg/kg/day 83 F 5440 | F = 43500 - - - -

s - o M=1670 § M= 14400
Minipig | 60 mg/kg/day 90 F=2360 | F=22600 - - - -

. , N i 15 1, 7.6 o

50 mg BID 7 219.0 30427 s | 12140 | 4774
. . i~ 43

Human | 80 mgBID 7 388.8 50968 Ba- ) T ' 2.8-4.4
4 | &5 6.1

120 mg BID 7 416.5 5156° Lol R Bl T P

13 &4 5.7

Human AUC value represents the total daily exposure calculated as AUCo12x 2

EXAMPLE 4: Oral Compaosition of ATI-450 for Treatment of Rheumatoid Arthritis
[6394] A Phase 2a, randomized, investigator and patient-blind, sponsor-unblinded, paraliel

group, placebo-controlled study was conducted to investigate the safety, tolerability, PK, and PD
of ATI-450 plus MTX versus MTX alone in patients with moderate to severe RA.

[6395] Approximately 19 patients were enrolled with the expectation that at least 15 patients
would complete the 12-weeks of treatment. The study cousists of an up to 28-day screening
period, a 12-week treatment period, and a 4-week follow-up period. The total duration of the
study for patients remaining until their final follow-up assessment 1s 20 weeks.

[0396] The primary objective was o evaluate the safety and tolerability of ATI-450 plus
MTX in patients with moderate to severe rheumatoid arthritis (RA). The secondary objective of
the study was to assess (i} the PD profiles of ATE-450 plus MTX in patients with moderate to
severe RA, and (it} the pharmacokinetics of ATI-450 in patients with moderate to severe RA
who are recetving concomitant MTX. In addition to the primary and secondary objectives, the
PD profiles of AT1-450 plus MTX in patients with moderate to severe RA was assessed.

[8397] Patient elignbility was assessed based on the following criteria; (i) a diagnosis of
adult onset RA (ACR/EULAR classification criteria), (ii) DAS28-CRP > 32 defined as
moderate to high disease activity; (iit) moderately to severely active RA defined by at least 4/28
tender and 4/28 swollen joints; (iv) hsCRP > 5 mg/L. at screening; {(v) definitive intra-articular
synovitis or osteitis defined as a score of 1 or greater on a Hand-Wrist MRI (using RAMRIS);
(vi} stable MTX dose {defined as 7.5 mg to 25 mg weekly) for at least 4 weeks prior to the

screening visit. Patients whose eligibility was confirmed at baseline were randomized in a 3:1
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ratio 1o receive either ATI-450 tablets (50 mg twice daily [BID1) plus MTX, or matching placebo
tablets plus MTX Study medications were administered orally for 12 weeks. Patients were
required to remain on a stable dose of MTX (7.5 mg to 25 mg/week) and a stable dose of folic or
folinic acid (= S mg/week) for the duration of the study.

[0398] Patients attended clinic visits on Days 7, 14, 28, 42, 56, and 84 (=1 day) for safety,
efficacy, PK, and PD assessments. The moring dose of study medication was administered in
the clinic on each study visit day.

[06399) At the completion of 4 weeks of treatment (Day 28), each patient’s safety data {(e.g,,
AEs, laboratory values, vital signs, and ECGs) will be reviewed to ensure that the patient is
tolerating the treatment regimen and is deemed suitable to continue treatment for the next
8 weeks.

[0400] On Day 84 (Week 12), patients will complete the end of study assessments. A safety
foliow-up visit will be conducted 30 days (+7) after the last dose of study medication.

[6461] Efficacy Assessments and Results

{6402} A summary of patient demographic is provided in Table 15 below.

Table 15, Patient Demographics

Parameter Statistic/Category Placebe ATI-450
Age (vear} 5] 3 16
Mean (SD) 5533 (6.807) | 55.88(9.926)
Median 53 59.5
Min - Max 50 - 63 32-65
Sex Female 3/7300%) (11716 (68.75 %)
Male 0/0 (0%) 5/16(31.25 %)
Weight (kg} i 3 16
Mean (SD) 08.93 (14.016)| 92.74 (25.504)
Median 105 4 88.15
Min - Max 82.2-1092 52.7-1415
BMI n 3 16
Mean (8D) 36.53(4.737y | 33.37(8.829)
Median 387 30.6
Min - Max 31.1-398 206-517
Duration of Pisease n 3 16
Mean (SD) 7.5{(11.364) 0,98 (9.554)
Median 1.6 6.45
Min - Max 0.3-206 03-334
BsCRP (mg/L) it 3 16
Median 213 11.7
Min - Max 126-312 26205
DAS-28 it 3 16
Median 53 5.65
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Parameter Statistie/Category Placebo ATI-450
Min - Max 53-6.7 39-74
Mean (SD) 5.77 (6.808) 5.71 (0937
Race Black Or African American |1/3{33.33 %)
Asian 1716 (6.25 %)
White 2736667 %) 15/16{(93.75%)
Ethunicity Hispanic Or Latino 4/ 16 (25 %)
Not Hispanic Or Lativo 3/3¢100%) | 12/16 (75 %)

[0403) Overall the patient population exhibited high disease activity as indicated by the
median Disease Activity Score for 28 Joint Count {BAS-28) (see Sruolen et al., “Validity and
reliability of the twenty-eight~joint count for the assessment of rheumatoid arthritis activity”
Arthritis Rhewm 38(1).38-43 (1995), which is hereby incorporated by reference in its entirety)
for both the treatment group (5.65) and the placebo group (6.0). In addition, the patient
population exhibited a broad range of disease duration of 0.3-34 years, with many patient having
high hsCRP despite long history and multiple treatment option. This suggests a relatively
refractory group of patients.
0404} Bisease Activity Score for 28 Joint Count. Assessments of RA by the Disease
Activity Score {modified to include the 28 joint counts according to Smolen et al, “Validity and
reliability of the twenty-eight-joint count for the assessment of rheurmatoid arthritis activity.”
Arthrifis Rhewm 38{1):38-43 (1995), which is hereby incorporated by reference in its entirety
{(DAS28)) were conducted prior to the commencement of the study and at study days 1, 7, 14, 28,
4256, 84, and at the follow-up visit. The DAS2Z8 consists of a composite score of the following
variables: tender joint count, swollen joint count, CRP, and Patient’s Global Assessment of
Disease Activity score (Prevoo et al, “Maodified Disease Activity Scores that include twenty-
eight joints,” Arthritis & Rheumatism 38(1):44-48 (1995), which is hereby incorporated by
reference in its entirety}.
[0405) The following equation was used to calculate the DAS28 (CRP):

DASZB (CRP) = 0.56VTIC28 + 0.28VSJC28 + 0.36 ITn(CRP +1) + 0,014~ (Patient’s Global

Assessment of Disease Activity) + 0.96, where:

® TIC28 = number of joints tender out of 28

8 SIC28 = number of joints swaollen out of 28

® CRP = C-reactive protein

® Patient’s Global Assessment of Disease Activity on a 100 mm visual analog scale

{VAS) recorded by the patient
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[0406] Interpretation of the DAS28 (CRP) disease activity measure is on a scale of 0 {0 9.4,
where: <2.6 is considered remission, >2.6 to <3.2 is considered low/minimal, > 3.2 t0 < 5.1 is
considered moderate, and > 5.1 is considered high/severe (Aunderson et al., “Rheumatoid arthritis
disease activity measures: American College of Rheumatology recommendations for use in
clinical practice,” Arthritis Care Res (Hoboken) 64(5).640-7 (2012), which is hereby
incorporated by reference in its entirety).
[8407] Results of this assessment are provided in Figure 8 and Figure 9. Figure 8 is a graph
showing the median change in DAS28-CRP from baseline for all patients as of the assessment
date. This data shows a rapid and sustained onset of efficacy, which is markedly different from
other p38 inhibitors. The increase in DAS2B-CRP observed in the follow-up patients {i.¢, at day
112} s expected because treatment has stopped and indicates a drug-specific effect. Overall, the
maintained decrease in DAS28-CRP observed in all patients through day 84 indicates clinically
relevant decrease in disease activity without any evidence of tachyphylaxis. Figure 9 is a graph
showing the percent of patients having a BAS28-CRP below 2.6 and below 3.2 at each of days 1,
7,24, 28,42, 56, and 84
{0408} ACR20/50/76. The ACR20 (50/70) response criteria is an endpoint that indicates the
proportion of patients with at least a 20% {50%/70%) improvement in the number of swollen and
tender joints (66/68 joint counts) and at east a 20% {50%/70%) improvement in 3 or more of the
following ACR core measures:
[0409) To meet the ACR20 critenia, the patient must have at least a 20% improvement in the
following ACR Core Set:

® Swollen joint count {66 joint count)

& Tender joint count (08 joint count}

An improvement of at least 20% in at least 3 of the following 5 measures:

& Patient’s Global Assessment of Disease Activity {VAS)
® Patient’s Assessment of Arthritis Pain (VAS)
® Patient’s Assessment of Physical Function/Health Assessment Questionnaire —

Disability Index (HAQ-DI)

® Physician’s Global Assessment of Disease Activity (VAS)
® Acute phase reactant as measured by hsCRP
{8410} ACRS0 = 50% improvement in the swollen and tender joint count and at least 30%

jmproversent in at least 3 of the S measures.
[0411]) ACRT70 = 70% improvement in the swollen and tender joint count and at least 70%

improvement in at least 3 of the 5 measures.
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[8412] Results for this assessment are shown in Figures 11-12. The graph of Figure 11 show
the median change from baseline in swollen joint count, and the graph of Figure 12 shows the
median change from baseline in tender joint count for all patients as of the assessment date. The
sustained decrease in swollen joint count and tender joint count over the entirety of the treatment
period (84 days) shows clinically significant decrease in disease activily without any evidence of
tachyphylaxis. The increase in swollen and tender joint count {(or decrease in change from
baseline} observed in the follow-up patients at day 112 was expected because treatment had
ceased.

0413} The graph of Figure 14 shows the responder analysis at days 1, 28, 56, 84 of
treatment and after treatment at day 112. As noted above the ACR values represent the
proportion of patients in each group meeting ACR20, ACRS0, and ACR70 criteria as described
above.

[6414] RAMRIS and CARLOS Hand MRI Assessments, The Hand-Wrist MRI RAMRIS
is a validated and weil-accepted objective imaging measure in RA trials. RAMRIS has sub-
scores for synovitis {scored © to 3), osteitis {0 to 3), and bone erosions {0 to 10}, The CARLOS is
a 9-point cartilage loss scale (Perterfy et al., “Monitoring cartilage loss 1u the bands and wrists in
rheumatoid arthritis with magnetic resonance imaging in a multi-center clinical trial: IMPRESS
(NCTO0425932). Arthritis Research & Therapy, 15:R44 (2013), which is hereby jncorporated
by reference in its entirety) that has been used successfudly in four randomized controtied clinical
trials of RA. The RAMRIS synovitis score changes rapidly with effective RA therapies and
changes can be detected even in small group sizes. In randomized controlled trials, statisticaily
significant decrease in synovitis scores have been observed within 2 weeks of onset of effective
treatment with approximately 30 patients per arm (Beals et al. “Magnetic resonance imaging of
the hand and wrist in a randomized, double-blind, multicenter, placebo-controlled trial of
infliximab for rheumatoid artbritis: Comparison of dysamic coutrast enhanced assessments with
semi-quantitative scoring,” PLoS ONE 12(121:e0187297 (2017), which is hereby incorporated by
reference iv its entirety).

[0415) These studies also showed significant inhibition of progression of joint damage
(RAMRIS bone erosion and CARLOS cartilage loss) demonstrated within only 12 weeks. The
Hand-Wrist MRI scans will be done by the site {or a suitable local facility designated by the site)
and will be centrally read. Instructions outlining scan collection parameters submission
requiremenis will be provided in a separate site instruction manual from the MRI central

laboratory.
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[8416] The result of the Hand-Wrist MRI RAMRIS assessments for the current study are
provided in Figures 15-17 and the tables below. Figure 15 is a graph showing the percent of
patients responsive to ATI-450 treatment as assessed by CARLOS (cartilage loss), erosion,
osteitis, synovitis. The graph of Figure 15 is showing percent responsiveness in these endpoints
by treatroent and hand. A patient was deemed responsive if a > 1-point improvement in any hand
was cbserved.

[8417] Figure 16 is a graph showing the change in baseline at day 84 for CARLOS, erosion,
osteitis, and synovitis in both hands of placebo and ATI-450 (50 mg BID) treated patients. The
data represents the average of both hands as assessed by the Hand-Wrist MRI RAMRIS. Figure
17 is a similar graph showing the change in baseline at day 84 for CARLOS, erosion, osteitis,
and synovitis for each hand in placebo and ATI-450 (50 mg BID) patients. Diamonds represent
mean values.

{6418} Tables 16 and 17 below provide MRI RAMIS assessment scores for CARLOS,
erosion, osteitis, and synovitis at baseline and after 12 weeks of treatment with ATI-4530 (50 mg
BIDY or placebo. The results of this analysis collectively demonstrate that ATI 430 treatment
prevents the progression of joint destruction and provides significant improvement in synovitis.

Table 16, Hand-Wrist MBI RAMIS Assessment for the Most Severe Hand

Parameter ATI-450 Placebo
RAMRIS Synovitis Score

Baseling, o 15 2

Mean (8D) 6.1 {4.703) RS {11.314)

Week 12, n 15 2

Mean (8I3) 593 (4.625) 9{12.021)

Change from baseline, Mean (8D}

-0.17{2.059)

0.5 (0.707)

RAMRIS Gsieitis Score

Baseline, n 15 2
Mean (5D} 2.93 (4.754) 4.5 {6.364)
Week 12, 0 is 2
Mean (8D} 3.83(5.003) 6.25 {8 839)

Change from baseline, Mean (SD3)

0.9 (2.055)

1.75 (2.475)

RAMRIS Erosion Score

Baseline, o

15

2

Mean (D)

13.27 (13.625)

17.5 (24.749)
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Week 12, n 15 2
Mean (SD) 13.9(14311) 19 {26.87)
Change from baseline, Mean (8D} 0.63 (1.42} 1.5 (2.1213

Carlos Cartilage Loss

Baseline, n 15 2

Mean (8D} 7.6 (10677 18.25 (25.809)

Week 12, n 15 2

Mean (8D} 7.63 (10451 18.25 (25.809)
Change from baseline, Mean (8D) 0.03(0.481) 0 {0)

Table 17, Hand-Wrist MRI RAMISN Assessment for the Other Hand

Parameter ATI-450 Placebo
RAMRIS Synovitis Score
Baseline, n 1S 2
Mean (SD) 407 (3914 7.25 (10.253)
Week 12, n 15 2
Mean (SD) 4.4 (4.826) 9.75 (13.789}
Change from baseline, Mean (8D) (.33 {2.059) 2.5(3.536)

RAMRIS Osteitis Score

Baseline, n 15 2

Mean {5} 2.4 {4.544) 10.25 (14.496)

Week 12, o 15 2

Mean {SD) 3.4(5.562) 10.25 (14.496)
Change from baseline, Mean (SD3) 1(2.283) 0 (0)

RAMRIS Erosion Score

Baseline, n 15 2
Mean (SI3) 13.3 (13.749) 25.5 (36.062)
Week 12, n i 2
Mean (SI3) 13.03 (13.2) 25.5 (36.062)
Change from baseline, Mean (8D} ~3.27 (1.178) 0{0)

Carlos Cartilage Loss
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Baseline, n 15 2

Mean (SD) 7.45 (16.287) 18.88 (26.693)

Week 12, n 15 2

Mean (SD) 7.45 (16.287) 18.88 (26.693)
Change from baseline, Mean (8D} {0} {0}

[8419] The Patient’s Global Assessment of Disease Activity Visual Analog Scale, The
Patient’s Global Assessment of Disease Activity VAS is used to measure the patient’s global
assessment of disease activity. The VAS is 100 mm in length with “0” (no activity at all, very
well) on the left end of the line and “1007 {worst activity imaginable, very poor) on the right end
of the line. The participant draws a vertical line through the horizontal line to indicate their level
of disease activity. Study staff measure from the left end of the line to the line marked by the
pasticipant and record this length in mm (0 to 100). The results of this assessment for ireatment
{n =13} and placebo (n = 2) groups through day 84 of the study are show in the graph of Figure
13A.

[8428] Patient’s Assessment of Arthritis Pain Visual Analog Scale. The Patient’s
Assessment of Arthritis Pain VAS is used to measure the patient’s level of arthutis pain. The
VAS ts 100 nun in length with “0” (ne pain at all, no pain} on the left and “100” {worst pain
imaginable, the worst possible pain) on the right end of the line. The participant draws a vertical
iine through the horizontal line to indicate how much pain they are experiencing that day. Study
staff measure from the left end of the line to the line marked by the participant and record this
fength in mm {0 to 100). The results of this assessment for treatment (o= 13} and placebo (n = 2}
groups through day 84 of the study are show in graph of Figure 13B.

[6421] Patient’s Assessment of Physical Fonction/Health Assessment Questionnaire —
Disability Index. The Patient’s Assessment of Physical Function/HAQ-DI is utilized to assess
the participant’s physical function or disability. The HAQ-DI asks about the degree of difficulty
a person has in accomplishing tasks in 8 functional areas (dressing, arising, eating, walking,
hygiene, reaching, gripping, and activities [errands and chores]). Responses in each functional
area are scored from “07 indicating no difficulty to “3” indicating inability to perform a task in
that area. Study staff should not clarify any of the questions for the participant. The results of this
assessment for treatment {n= 13) and placebo (n = 2} groups through day 84 of the study are
shown in Figure 13C.

[0422] Physician Completed Efficacy Questionnaire. When this assessment is completed

at study days 1, 28, 56, 84 and at follow-up, it will be one of the first assessments done at the
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visit, and must be completed prior to drug dosing. The Physician’s Global Assessment of
Diisease Activity VAS is a measure completed by the investigator or designee. The VAS is 100
mm i length with “0” (no activity at all, no arthritis activity) on the left end of the line and
“100” (worst activity imaginable, extremely active arthritis) at the other end of the line. The
investigator or desiguee draws a vertical line through the horizontal line to indicate the patient’s
disease activity. Study staff measure the line from the left end to the investigator’s (or designes)
line and record this length in mm {0 to 100 mm). The results of this assessment for treatment {n=
13} and placebo {n = 2} groups through day 84 of the study are show in the graph of Figure 13D.
0423} High Sensitivity C-reactive Protein (hsCRP). Blood samples for evaluation of
hsCRP were collected prior to the commencement of the study, and at study days 1, 7, 14, 28,
42, 56, 84, and at the time of follow-up (day 112). Samples were shipped to a central laboratory.
Specific instructions for collection, processing, storage and shipment of samples for hsCRP were
provided in a separate laboratory manual.

0424} Results of this assessment are provided in Figure 10. The graph of Figure 10 shows
median change in hsCRP from baseline through day 84 for all patients and through day 112 {i.e,
after treatroent ceased} for some patients. The slight increase in hsCRP observed in the follow-
up patients was expected, because treatment had stopped and was indicative of a drug-specific
treatment effect. Overall, the rapid and sustained reduction in heCRP from baseline observed in
all patients through day 84 indicates clinically relevant decrease in disease activity without any
evidence of tachyphylaxis.

[0425] Pharmacodynamics, Venous blood samples of approximately 10 mL was collected
for measurement of ex vivo stimulated cytokine levels (e.g, TNF-u, IL-1§, IL-6, IL-8, ITFNy, IL-
17, H.-18, H~10, H~1RA, and HL.-1a), and phosphoprotein PD parameters at study dates 1, 7, 14,
28, 42, 56, 84, and at the follow-up. For the endogenous cytokine levels (e.g., TNF-q, IL-15, IL-
6, IL-8, TFNy, H.-17, 1L-18, 1L-10, HL-1a, and IL-1RA), 1 mL of serum will be drawn at each
identified time point.

[0426] p38 inhibitor compounds as a class have shown a lack of durable efficacy in RA
studies. It is thought that dosing with a p38 inhibitor over 12 weeks results in pathway
reprogramming and inhibitor induced p38 independent cytokine production over time. In
contrast, administration of ATI-450 for 12 weeks in RA patients result in sustained inhibition of
proinflammatory cytokines as shown in the graphs of Figures 18A and 18B. Blood was analyzed
from RA patienis on day 1 of dosing and day 84 of dosing, following ex vive stimulation with
LPS and evaluated for the ability of ATI-450 to inhibit TNF-u, IL-1B, IL-6, and IL-8 compared

with placebo. As demonstrated by the last two bars in each cytokine group shown in Figures 18A
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and 188, ATI-450 inhibition of each cytokine after 84 days of dosing was very similar to ATE-
450 inhibition of each cytokine of each cytokine after 1 dav of dosing. This data shows that
inhibitor dependent pathway reprogramming and tachyphylaxis is not observed with the MK2
inhibitor ATE-450, in contrast to what has been hypothesized with p38 inhibitors.

[06427] Endogenous cytokines were evaluated in plasma from the RA patients over the
course of dosing ATE-450 for 12 weeks. The data for TNF-o and HL-1RA are provided in Figures
19A and 19B, respectively. These data are expressed as median % change relative to pre~-dosing
for both drug-treated and placebo-treated patients. Samples were evaluated at trough drug levels
through dav 84 and the last point is near Cuax following the final dose on day 84, The horizontal
ling (~ » —) in Figure 19A depicts TNF-u levels in blood from normal volunteer subjects that
were evaluated in the same assay. TNF-a levels are rapidly reduced by 4 weeks of dosing
{trough} and this reduction was maiatained throughout the 12 weeks of dosing. The horizontal

fine 3 in Figure 198 represents IL-1RA levels in healthy subjects. In contrast the anti-
inflammatory cytokine IL-1RA was elevated in RA patients and is not impacted by ATI-450
across the 12 weeks. This data indicates that ATI-450 cytokine inhibition is skewed toward
proioflammatory cytokines relative to anti-inflammatory cytokines.

[0428] Figures 20A-20D provide a broader look at the impact of ATI-450 on endogenous
cytokine Jevels in plasma from the RA patients over the course of dosing ATI-450 for 12 weeks.
Plasma fevels of three proinflammatory cytokines (TNF-u (Figure 20A), IL-6 (Figure 20C), HL.-8
{Figure 20B)), from a 13-plex tested are shown in this Figure, along with the chemokine MIP1J
{Figure 20D3). The data are expressed as median % change relative to pre-dosing for drug treated
patients. Samples were evaluated at trough drug levels after 4, § and 12 weeks of dosing and 4
hours after the final dose on day 84, The horizontal Hne (— = —} describes cytokine/chemokine
level in plasma from normal healthy volunteer subjects. TNF-u levels are significantly reduced
after 4 weeks of dosiug and this reduction was waintaived throughout the 12 weeks and
approached the level of cytokine present in healthy volunteers. Similarly, IL-6, IL-8, and MIP1§
levels are reduced at week 4 and this reduction was maintained through the 12 weeks of the
study. This analysis further demonstrates the durable anti-inflammatory activity of ATI-450
dosed at 50 mg BID in RA patients over 12 weeks.

[0429] Safety. Overall, the study drug was very well tolerated, with no sericus or severe
adverse events reported. Only one subject withdrew for investigation of palpitations and elevated

CPK. Table 18 below summarizes the reported events.
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Table 18: Adverse Events Reported by Study Subject

Preferred Term ATE-450 50 mg BID (u=16) Placebo {(n=3)
Mild (n%) | Moderale (n% Mild (n% Moderate (n%)
Bimz.-rd cholesterel 1(6.25) 0
increased !
Blood creatine
phosphokinase 0 1{(6.25)
increased
Constipation 1(6.25} 0
Dental caries 1(33.3%) 0
Ear infection 1{6.25%) 0
Abnormal ECG 1(6.25) 0
Essential hypertension 0 1(6.25)
Hyperlitdaemia 0 1{6.25)
Hvypokalaemia 0 1{6.25}
Ligament sprain 1(6.25) 0
Low defmiﬁy lipoprotein 1 (6.25) 0
increased g
Mouth vleeration 1{6.25} 0
Muscle strain 0 1{3333)
Palpitations 1{6.25) 0
Rash eryihematous 1{6.25 0
Sipusitis 0 1 {625}
Skin abrasion 1{6.25) 0
Urinary tract infection 0 2{12.5)
Ventricular o -
extrasysioles 1(6.25) v
White 'bﬁ(m{i cell count 1 (625 0
fncreased
[8430] Summary of the Results:
[06431] ATI450 was generally well tolerated. One subject tu the itreatment arm withdrew

due to palpitations, which were unrelated to the study medication, and an elevated CPK, which
was determived by the site investigator to be drug-related. Ouve subject in the placebo arm
withdrew as a result of prohibited medication needed to treat muscle strain. No serious adverse
events were reported and all adverse events were mild to moderate. The most common adverse
events (reported by at least 2 subjects) were urinary tract infection and elevated lipids.

[6432] In this trial, ATE-450 demonstrated durable chinical activity, as defined by a marked
and sustained reduction in DAS28-CRP and evaluation of ACR20/50/70 responses over 12
weeks. The mean change trom baseline in DAS28-CRP at week 12 was a 2.0 reduction in the
treatment arm and a 0.35 increase in the placebo arm. The proportion of subjects with a DASZS-
CRP score at week 12 of < to 3.2 (low disease activity or remission} was 40% and 0% in the 15

subjects in the treatment arm and 2 subjects in the placebo arm, respectively, of which the
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proportion of subjects with a DASZE-CRP score of < 2.6 {remission} was 20% and 0% in the
treatment and placebo arms, respectively.

[0433] ACRZO/50/70 was observed at week 12 in 60%, 33% and 20%, respectively, of the
15 subjects in the treatment arm, and 1n 0% of two subjects in the placebo arm. The median
reduction from baseline in hsCRP was > 40% throughout the 12 weeks of the trial in the
treatment arm. An interim analysis (11 treatments, two placebo) of ex vive stimulated cytokines
from blood samples taken from the treatment arm showed a warked and durable inhubition of
TNF-q, IL-15, IL-6, and 1L-8 over the 12 week dosing period. Similarly, analysis of endogencus
cytokines also demonstrated a marked and sustained inhibition of median concentrations of
TNF-q, HL.-6, IL-8, and MIP1B in the treatment arm over the 12-week period.

[8434] ATI-450 was generally well tolerated. No serious adverse events were reported and
all adverse events were mild to moderate. The most comumon adverse events {each reported in 2
subjects) were urinary tract infection (UTI), elevated lipids and ventricular extrasystoles, all of
which were determined 10 be unrelated to freatment except for one UTL Two subjects withdrew

trom the trial, one in the treatment arm and one in the placebo arm.

EXAMPLE 5: Phase 2B, Randoemized, Double-Blind, Paraliel Group, PFlacebo-
Controlied Study tfo Investigate Efficacy, Safety, Tolerability,
Pharmacokinetics, and Pharmacodynamics of Multiple Beoses of ATE-
456 plus MTX versus MTX Alone in Patients with Moderate to Severe
RA.

[8435] This is & Phase 2b, randomized, double-blind, parallel group, placebo-controlled

study 1o investigate the efficacy, safety, tolerability, pharmacokinetics (PK), and
pharmacodynamics (FD) of multiple doses of ATI-450 plus MTX versus MTX alone in patients
with moderate to severe RA who have had an inadequate response to methotrexate alone.

[0436] Subjects whose eligibility is confirmed at baseline will be randomized in a 1:1:1:1
ratio to receive either ATI-450 tablets (20 mg, 50 mg, and 80 mg twice daily [BID]) plus MTX,
or matching placebo tablets BID plus MTX. The randomization of patients fo treatment groups
will be stratified by two separate factors. The first stratification factor will be patients who test
positive for rheumatoid factor (RF) and/or anti-cyclic civrullinated peptide (CCP) at screening
versus those patients who do not test positive for both of these antibodies. The second
stratification factor will be those patients who have experience with either a biclogic RA
treatment or a JAK RA treatment versus those with no such experience. Enrollment will be
limited such that no more than 25% of the study population will have tested negative for either
RF or anti-CPP or both. Likewise, enroliment will be limited such that no more than 25% of the

population has prior experience with either a biologic RA therapy or a JAK RA therapy. Study
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medications will be administered orally for 12 weeks. Patients will be required to remain on a
stable dose of MTX (15 mg to 25 mg/week for 4 weeks prior to screen or 10 mg/week for 4
weeks prior to screening for patients with documented intolerance) for the duration of the study.
{04371 Patients will attend clinic visits on Days 1, 8, 15, 29, 43, 57, and 85 (=1 day) for
safety, efficacy, trough PK, and PD assessments. The moruing dose of study medication will be
administered in the clinic on each study visit day.

[8438] On Day 85 (Week 12), patients will complete the end of study assessments. A safety
foliow-up visit will be conducted 30 days (+7) after the last dose of study medication.

0439} Inclusion criteria for subjects include 1) a diagnosis of adult-onset rheumatoid
arthritis {(RA) as defined by the 2010 American College of Rheumatclogy/Furopean League
Against Rheumatism classification criteria; 2) Disease Activity Score using 28 join count-C-
reactive protein (CRP) (DASZB-CRP) greater than 3.2 defined as moderate or high disease
activity; 3} have moderate to severe RA defined by a minimum disease activity criteria (6 or
more swollen joints at screening and baseline visits, ¢ or more tender joints at screening and
baseline visits; and a high-sensitivity C-reactive protein (hsCRP) level greater than the upper
limit of normal (ULN) or positive for both RF and/or anti-cyclic citrullinated peptide {CCP) at
screening visit), 4) a minimum of 12 weeks on MTX with a stable MTX dose {of 15 mg to
25 mg/week or 10 mg/week for patients with docurnented intolerance) for at least 4 weeks prior
to screening; 5) male or non-pregnant, non-nursing female aged 18-75 years old (inclusive}; and
6) screening laboratory evaluations falling within the normal range of the central laboratory's
reference ranges.

{6440} Efficacy Analyses

[0441] All efficacy summaries will be conducted on both the Intent-to-treat (ITT) and Per-
protocol (PP) populations,

[0442] The primary endpoint assessed in this study is the proportion of subjecis achieving
American College of Rheumatology (ACR) 20 at 12 weeks.

[0443] Secondary endpoints to be assess in this study include: 1) proportion of subjects with
ACR 50/70 at week 12; 2) proportion of subjects with ACR 20/50/70 over time; 3) Mean change
from baseline in Disease Activity Score using 28 joint count-C-reactive protein (CRP) (DAS228-
CRP) over time; 4) Proportion of patients achieving BAS 28 remission (score < 2.6) over time
and at week 12; 5) Mean change from baseline in Clinical Disease Activity Index (CDAIT) over
time; 6) Median percent change from baseline in high sensitivity C-reactive protein (hsCRP)
levels over time; 7) Health Assessment Questionnaire Disability Index (HAQ-DI) over time; 8)

ATI-450 concentrations at clinic vistis (trough and 2-hour post dose sampling for all patients;
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and additional serial sampling for noncompartmental PK analysis for patients in PK sub-study};
9y Mean change from baseline in endogenous cytokine levels {(e.g., TNF-¢, IL-1§, IL-6, IL-9,
IFNy, 1L-17, 1L-18, 1-10, H-1q, and HL-1RA).

[6444] ACR 20/50/70 responder rates as well as the proportion of patients with DAS28-
CRP < 2.6 will be analyzed using a logistic regression. Patients with missing ACR values ot
missing DASZ8-CRP values will be considered non-responders. Patients with negative
intercurrent eveonts {such as requiring rescue) will also be considered non-responders for ACR
20/50/70 and DAS28-CRP < 2.6,

0445} The DASZ8-CRP, CDAIL 66/68 swollenftender joint count, Patient's Global
Assessment of Msease Activity, Patient's Assessment of Arthritis Pain, and Physicians Global
Assessment of Disease Activity, as well as their corresponding changes from baseline will be
analyzed over time {for all scheduled time points) using mixed model repeated measures. Model
based point estimates and 95% confidence intervals will be provided for treatment effects. Point
versus placebo.

{0446] The hsCRP levels, change from baseline in hsCRP and percent change from baseline
in hsCRP will be summarized over time using continuous statistical summary measures.
Betermination of sustained treatment effect for hsCRP will be based upon the median percent
change from baseline in hsCRP over time in the PP population. Exploratory dose response
modeling will be conducted for ACR 20/506/70 responder rates, the change from baseline in
DAS28-CRP, 66/68 swollen/tender joint count, Patient's Global Assessment of Disease Activity,
Patient's Assessment of Arthritis Pain, the Physicians Global Assessment of Disease Activity, as
well as percent change from baseline in hsCRP, separately.

{0447} Safety of treatment will be based on 1) number and frequency of adverse events

{AEs), 2y vital signs, 3y ECG, 4) serum chemistry, S5) hematology, ©) urinalysis, and 7)
coagulation.
[0448] Plasma concentrations of ATI-450 and its primary circulating metabolite (CDD-

21064 will be measured on each assessment day.

EXAMPLE 6: Phase 2B, Randowized, Double-Blind, Paraliel Group, Placebo-~
Controlied Study to Investigate Efficacy, Safety, Tolerability,
Pharmacokinetics, and Pharmacedynamics of Multiple Boses of ATE-
450 vs placebo in Patients with Moderate to Severe Active Psoriatic
Arthritis.

[0449) This is a Phase 2b, randomized, double-blind, parallel group, placebe-controlied

study to investigate the safety, tolerability, PK, and PD of multiple doses of ATI-450 versus
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placebo in patients with moderate to severe active psoriatic arthritis (PSoA} who have had an
inadequate response to MTX alone.

{0450] Subjects meeting eligibility criteria will receive 50 mg ATI-450 twice daily or a
matching placebo tablet twice daily. Treatment will continue for 12 weeks while remaining on a
siable dose of MTX (15 mg to 25 mg per week) prior to and for the duration of the study. PK and
PD assessments occurred on days 1, 8, 15, 29, 43, 57 and 85 days. Subject groups are stratified
based on prior use of DMARDs (Disease Modifying Anti-Rheumatic Drug).

{8451} Inclusion criteria for subjects include 1} a clinical diagnosis of PSoA with symptom
onset at least 6 months prior to the screening visit and fulfillment of the Classification Criteria
for PsA (CASPAR criteria); 2) An active disease at baseline defined as at least 3 tender joinis
and at least 3 swollen joints at screening and baseline visits; 3} Presence of either at screening:
{2) at least one erosion on X-ray as determined by central imaging review; or (b) hsCRP level
higher than the laboratory-defined ULN; 4) A diagnosis of active plague psoriasis or documented
history of plaque psoriasis; 3} An inadequate response (lack of efficacy after a minimum 12
week duration of therapy) to previous or current treatment with at least 1 non-biclogic DMARD
at a maximally tolerated dose (MTX, sulfasalazine, leflunomide, cyclosporine, apremilast,
bucillamine, or iguratimod), or an intolerance or contraindicated for DMARDs; and 6) Subjects
being treated concurrently with non-biologic DMARDs at study entry must be on less than or
equal to 2 nown-biclogic DMARDs (except the combination of MTX and leflunomide). The
tollowing DMARDs are permitted: MTX, sulfasalazine, leflunomide, apremilast,
hydroxychloroquine, bucillamine, and iguratimod. Treatments must have been ongoing for at
feast 12 weeks at a stable dose for at least 4 weeks prior to the baseline visit. Finally, screening
{aboratory evaluations (hematology, chemistry, coagulation, and urinalysis) must fall within the
normal range of the central [aboratory's reference ranges.

{3452] Exclusion Criteria for subjects include: 1) Current treatment with more than two
non-biologic DMARDs; the use of DMARDs other than methotrexate, sulfasalazine,
leflunomide, apremilast, bydroxychloroguine, bucillamine, and iguratimod; or the use of
methotrexate in combination with leflunomide. 2) A history of fibromyalgia, any arthritis with
onset prior to age 17 years, or current diagnosis of inflammatory joint disease other than PsA
{including, but not limited to rheumatoid arthritis, gout, overlap connective tissue diseases,
scleroderma, polymyositis, dermatomyositis, systemic lupus erythematosus). A prior history of
reactive arthritis or axial spondyloarthritis including ankylosing spondylitis and non-radiographic
axial spondyloarthritis is permitted if documentation of change in diagnosis to PsA or additional

diagnosis of PsA is made. A prior history of fibromyalgia is permitted if documentation of
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change in diagnosis to PsA or documentation that the diagnosis of fibromvyalgia was made
incorrectly. 3) a current acute or chronic immunoinflammatory disease other than PSoA which
may impact the course or assessment of PScA. 4) An uncontrolled non-immunoinflammatory
disease that may place the patient at increased risk during the study or impact the interpretation
of results. 5) A history or evidence of active or latent tuberculosis. 63 A history of
alcoholism/current alcoholic, alcoholic liver disease, or other chronic liver disease; active
treatment of an infection with antibiotics. 7) Positive for HIV or hepatitis B or C. 8) a white
blood cell count of less than 3.0x10° cells/mm® ; an absclute neutrophil count of less than
1.5%107 cells/mm?’; a lymphocyte count of less than 0.5210" celis/mm’; a platelet count of less
than 100x107 cells/mm®; a hemoglobin level less than 10 g/dL; an aspartate aminotransferase
{(AST) or alanine aminotransferase (ALT) level equal to or greater than 1.5 x ULN; a total
bilirubin level equal to or greater than 2 x ULN unless patient has been diagnosed with Gilberts'
disease and this is clearly documented; an estimated glomerular filtration rate {(eGFR) of less
than 40 mL/min/1.73 m* based on Modification of Diet and Renal Disease formula. 93 A blood
pressure level {in supine posttion after at least 5 minutes rest) less than 90 mmHg or greater than
140 mmHg for systolic blood pressure or less than 40 mmHg or greater than 90 mmHg for
diastolic blood pressure. 10} Has taken rituximab or other B cell inhibitor within 6 months; has
taken a biologic DMARD within 8 weeks; bas taken enteracept or avakinra within 4 weeks; has
taken a conventional DMARD (leflunomide, cyclosporine, azathioprine) or JAK inhibitors
within one month. 11) Has had an intra-articular corticosteroid injection within 30 days; has
taken an investigational small molecule within 30 days; are currently receiving corticostercids at
doses greater than 10 mg per day of prednisone {or equivalent) or have been receiving an
unstable dosing regimen of corticosteroids within 2 weeks of the screening visit; have started
treatment with non-steroidal anti-inflammatory drugs (NSAIDs) or have been receiving an
unstable dostng regimen of NSAIDs within 2 weeks of the screening visit. 12} a history of
stroke; a significant cardiac disease that would affect interpretation of study data or the safety of
the patient's participation in the study, per judgment of the investigator, including recent
myocardial infarction or unstable angina, or heart failure with New York Heart Association
Class HI or 1V symptoms; evidence of atrial fibrillation, atrial flutter, complete right or left
bundle branch block, Wolff-Parkinson-White Syndrome, or other significant rhythm disturbance;
evidence of acute ischemia; screening or pre-dosing baseline mean QTcF greater than 450 msec;
a personal or family history of long QT syndrome or sudden death. 13) any joint procedure
within 90 days of screening.

[8453] Efficacy Analyses:
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[0454] The primary objective of this study is to assess the efficacy of multiple doses of ATI-
450 in patients with moderate to severe PSoA. This objective will be assessed by determining the
proportion of subjects achieving ACR {American College of Rheumatology) 20 at week 12 in
the ITT population. Response defined as at least 20% reduction (irmprovement) compared with
baselive in tender joint count {TIC), swollen joint count {(8JC), and at least 3 of the 5 remaining
ACR core set measures: patient's assessment of pain, patient's global assessment of disease
activity (PtGA), physician’'s global assessment of disease activity (PhGA), Health Assessment
Questionnaire - Disability Index (HAQ-DM), and high sensitivity C-reactive protein (hsCRP).
[0455] The secondary objective of this study is to assess the pharmacodynamics (PD) of
ATE-450 in patients with moderate to severe PSoA. This objective will be assessed by
determining 1) proportion of patients with ACR 50/70 at week 12; 2} proportion of patients with
ACR 20/50/70 over time;, 3) proportion of patients achieving a static Investigator Global
Assessment (sIGA) of Psoriasis of 0 or 1 and at least a 2-point improvement from baseline; 4} a
psoriasis area severity index (PASL 75 response {for participants with at least a 3% BSA
psoriasis as baseline); 5) proportion of participants achieving minimal disease activity (MDA},
determined based on subjects fulfilling S of 7 cutcome measures: TIC <1, SJC <1, PASI <t or
BSA-Ps < 3%; Patient's Assessment of Pain NRS < 1.5; PtGA-Disease Activity NRS < 2.0;
HAQ-D score < 0.5; and tender entheseal points < 1, S} a change from baseline in HAQ-DY over
2 weeks, 6} a change from baseline in short-form (8F)-36 Physical Component Summary
(BCS); 7y a change from baseline FACIT-Fatigne Questionnaire; 8) a change from baseline in
Self-Assessment of Psoriasis Symptoms (SAPS) Questionnaire; and 9} safety {adverse effects,
ECG, laboratory values). Another secondary objective of this study is to assess the
pharmacckinetics (PK) of ATIE-450 in patients with moderate to severe PSoA who are receiving
concomitant MTX. This objective will be assessed by determining the ATI-450 concentrations at
clinic visits (trough PK analysis).
{6456} An exploratory objective of this study is to assess the PD of ATI-450 plus MTX in
patients with moderate to severe PSoA. This objective will be assessed by determining Mean
change from baseline in endogenous cytokine levels {e.g., tumor necrosis factor-a [TNF-a],
interfeukin [IL]-18, 1L-6, IL-8, IFNy, IL 17, IL-18, IL-10, IL-10 and IL-1RA)
{0457} All efficacy summaries will be conducted on both the ITT and PP populations.
0458} The primary efficacy analysis will be the treatment comparison of the percentage of
patients achieving ACRZ20 at week 12 in the ITT population. This analysis will be conducted
within the context of a logistic regression model. Treatment group will enter the model as a class

variable and baseline severity will be included as a covanate. The hypothesis test and
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corresponding p-value will be a one-sided test with an alpha level of 0.05. Point estimates and
90% confidence intervals for the odds ratio will be provided in addition to the p-values.

[0459) Treatment comparisons for all secondary endpoints will be conducted using a logistic
regression like that of the primary analysis. This will be done on both the ITT and PP
populations,

[0460] Treatment comparisons for all continucus secondary endpoeints will be conducted
using a Mixed Model Repeated Measures (MMRM). This model will include factors for
treatment group, time, and time by treatment interaction as well as a baseline covariate, where
appropriate. Subject identifier will be included in the model in a manner that aliows observations
within a given subject over time to be treated as repeated measures. All treatment comparisons
will be based on a one-sided hypothesis test with a 0.05 alpha level. Point estimates and 90%
confidence intervals for the difference in least square means will be provided in addition to the p-
values. These analyses will be done for both the ITT and PP populations.

[0461] Safety of treatment will be based on 1} incidence and severity of AEs, vital signs,

ECG measurements, clinical laboratory values (hematology, serum chemistry, coagulation,

urinalysis).

EXAMPLE 7: A Phase 2a, Randomized, Double-blind, Parallel Group, Placebo-
controlled Dose Ranging Study {o Investigate the Efficacy, Safety,
Tolerability, Pharmacokinetics, and Pharmacodynamics of ATI-450
vs placebo in Patients with DMederate to Severe Hidradenitis
Suppurativa (HS).

[0462] This is a Phase 2b, randomized, double-blind, parallel group, placebo-controlled

study to investigate the efficacy, safety, tolerability, PK, and PD of ATI-450 50mg BID versus
placebo 0 patients with moderate to severe HS who have bad an inadequate response or
intolerance to an adequate trial of oral antibiotics. Subjects meeting eligibility criteria will
receive SOmg or 80 mg ATI-450 (oral tablet) twice daily or a matching placebo tablet twice
daily. PK and PD assessments occurred on days 1, 8, 15, 29, 43, 57 and 85 days.

0463} Inclusion criteria include: 1) subject diagnosed with moderate to severe Hidradenitis
Suppurativa (HS} for at feast one year prior 1o baseline visit; 2) subject exhibits HS lesions
(Hurley stage I or HI) present in at least two distinet anatomical areas; 3} draining fistula count
of <=20 at Baseline visit; 4} total abscesses and nodule count (AN count} of >= 5 at Baseline
visit; 5} subject agrees to use a daily antiseptic wash on their HS lesions; 6) subject must have a
history of inadequate response or intolerance to an adequate trial of oral antibictics for treatment

of HS.
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[0464] Exclusion criteria inchude a history of active skin disease other than HS that could
interfere with the assessment of HS; an uncontrolled non-immunotnflammatory disease that may
place the patient at increased risk during the study or impact the interpretation of results; a
history or evidence of active or latent tuberculosis; a history of alcoholism/current alcoholic,
alcoholic liver disease, or other chronic liver disease; active treatment of an infection with
antibiotics; positive for HIV or hepatitis B or C; a white blood cell count of less than 3.0x103
cells/mm3; an absolute neutrophil count of fess than 1.5x103 cells/mm3; a lymphocyte count of
less than ¢.57103 cells/mm3; a platelet count of less than 100163 cells/mm3; a hemoglobin
ievel less than 10 g/dL; an aspartate aminotransferase (AST) or alanine aminotransterase (ALT)
level equal to or greater than 1.5 x ULN; 12} a total bilirubin level equal to or greater than 2 x
ULN unless patient has been diagnosed with Gilberts' disease and this is clearly documented; an
estimated glomerular filtration rate (eGFR) of less than 40 mi/min/1.73 m2 based on
Modification of Diet and Renal Disease formula; a blood pressure level {(in supine position after
at least 5 minutes rest) less than 90 mmHg or greater than 140 mmHg for systolic biood pressure
or less than 40 mmHg or greater than 90 mmHg for diastolic blood pressure; has taken rituximab
ot other B cell inhibitor within 6 months; has taken a biologic DMARD within 8 weeks; has
taken enteracept or anakinra within 4 weeks; has taken a conventional DMARD (feflunomide,
cyclosporine, azathioprine) or JAK nhibtiors within one month; an intra-articular corticosteroid
injection within 30 days; has taken an investigational small molecule within 30 days; is currently
receiving corticosteroids at doses greater than 10 mg per day of prednisone {or equivalent) or
have been receiving an unstable dosing regimen of corticostercids within 2 weeks of the
screening visit, have started treatment with non-steroidal anti-inflammatory drugs (NSAIDs} or
have been receiving an unstablie dosing regimen of NSAIDs within 2 weeks of the screening
visit; a history of stroke; a significant cardiac disease that would affect interpretation of study
data or the safety of the patient's participation in the study, per judgment of the investigator,
including recent myocardial infarction or unstable angina, or heart failure with New York Heart
Association Class I or IV symptors; evidence of atrial fibrillation, atrial flutter, complete right
or left bundle branch block, Wolff-Parkinson-White Syndrome, or other significant rhythm
disturbance; evidence of acute ischemia; screening or pre-dosing baseline mean QTcF greater
than 450 msec; a personal or family history of long (T syndrome or sudden death; and any joint
procedure within 90 days of screening.

[0465] Efficacy Analysis

[0466] The primary objective of this study is assess the efficacy of multiple doses of ATI-

450 in patients with moderate to severe HS. This objective will be assessed by determining
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percentage of patients achieving Hidradenitis Suppurativa Clinical Response (HiSCR) at week-
i2 (HiSCR is defined as at least a 50% reduction from Baseline in the total abscess and
inflammatory nodule {AN} count, with no increase in abscess or draining fistuia counts).

[6467] A secondary objective of this study is to assess the efficacy and safety of ATE-450 in
patients with moderate to severe HS. This objective will be assessed by determining 1)
percentage of patients achieving at least 30% reduction from Baseline in Numerical Rating Scale
{NRS30) in Patient's Global Assessment of Skin Pain (PGA Skin Pain) at week 12 among
patients with baseline WRS30 > 3 (NRS30 is evaluated based on worst skin pain in a 24-hour
recall period {maximal daily pain)); 2) percentage of patients achieving at least 30% reduction
from baseline in NRS30 in PGA Skin Pain at week 12 among patients with baseline NRS30 > 3;
3) percentage of patients who experience at least 25% increase in AN counts with a minimum
increase of 2 relative to baseline over the 12-week treatment period; 4) change from baseline in
Dermatology Life Quality Index (DLGI over 12 weeks (the DLOT is a 10-item validated
questionnaire used to assess the impact of HS disease symptoms and treatment on quality of life
{GQol}. 1t consists of 10 guestions evaluating impact of skin diseases on different aspects of a
participant's (ol over the prior week, including symptoms and feelings, daily activities, leisure,
work or school, personal relationships, and the side effects of treatment); 5} change from
baseline in HS-related swelling assessed based on the Hidradenitis Suppurativa Symwptom
Assessment (HSSA) over 12 weeks (HSSA is a 9-item patient reported outcome {(PRO)
questionnaire developed to assess the symptoms of HS on a 0 to 1i-point NRS, where 0
represents no symptoms and 10 represents extreme symptom experience), 6) change from
baseline in HS-related odor assessed based on the HSSA over 12-weeks; 7) change from baseline
in HS-related worst drainage assessed based on the HSSA over 12-weeks; and 8} safety {(AEs,
SAEs, laboratory values, ECG). Another secondary objective of this study is to assess the
pharmacokinetics (PK) and pharmacodynamwics (PIY of ATI-450 in patieots with HS. This
obiective will be assessed by determining ATI-450 concentrations at clinic visits {trough PK
analysis}.

[0468] Pharmacodynamics of ATI-450 in patients with moderate to severe HS will also be
assessed by determining the mean change from baseline in endogenocus cytokine levels {e.g.,
TNF-o 1L-18, 1L-6, [L-8, IFNy, 1L 17, [L-18, 1L.-10, IL-1g, and IL-IRA).

[0469] All efficacy summaries will be conducted on both the ITT and PP populations.

[0476) The primary efficacy analysis will be the treatment comparison of the percentage of
patients achieving HiSCR at week 12 in the ITT population. This analysis will be conducted

within the context of a logistic regression model. Treatment group will enter the model as a class
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variable and baseline severity will be included as a covariate. The hypothesis test and
corresponding p-value will be a one-sided test with an alpha level of .05, Point estimates and
90% confidence intervals for the odds ratio will be provided in addition to the p-values.

[6471] Treatment comparisons for all secondary responder endpotnts {percentage of patients
achieving at least 30% reduction from Baseline in NRS30 in PGA Skin Pain and percentage of
patients who experience at least 25% increase in AN count with a minimum increase of 2 relative
to baseline over the 12-week treatment period) will be conducted using a logistic regression like
that of the primary analysis. This will be done on both the ITT and PP populations.

0472} Treatment comparisons for all continuous secondary endpoints will be conducted
using a Mixed Model Repeated Measures (MMRM)}. This model will include factors for
treatment group, time, and time by treatment interaction as well as a baseline covariate, where
appropriate. Subject identitier will be 1ncluded in the model in a manner that aliows chservations
within a given subject over time to be treated as repeated measures. All treatment comparisons
will be based on a one-sided hypothesis test with a 0.05 alpha level. Point estimates and 90%
contidence intervals for the difference in least square means will be provided in addition to the p-

values. These analyses will be done for both the ITT and PP populations.

EXAMPLE §: A Phase 2a, Open-Label, Single-Arm Study o Investigate the Safety
and Efficacy of AT1-450 for the Maintenance of Remission in Patients
with Cryopyrin-Associated Periodic Syndrvome {CAPS) Previously
Managed with Anti-IE-1 Therapy.

{6473} CAPS is a rare hereditary autoinflammatory disease caused by a gain-of-function

mutation of the NLRP3 gene coding for cryopyrin, which is a comwponent of the NLRP3
inflammasome. Dysregulation of the NLRP3 inflammasome results in an overproduction of
interfeukin-1 (IL-1), and consequently the inflammatory symptoms seen in CAPS. Current anti-
If.-1 therapies have been shown to induce rapid and sustained disease remission in CAPS
patients and are generally well tolerated.

[0474] ATE-450 has been shown to cause a marked inhibition of IL-1 in both pre-clinical
and clinical studies. Current anti-IL-1 therapies for treatment of CAPS are biclogics that are
administered either intravenously or subcutaneously. ATI-450, an orally admivistered small
molecule, has the potential to have a similar safety and efficacy profile compared to currently
CAPS patients.

[08475] This study is being conducted to determine the safety, tolerability, pharmacokinetics

{(PK}, pharmacodynamics (PD), and preliminary efficacy of AT{-450 in patients with CAPS.
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{0476} The primary objective of this study is to assess the safety and tolerability of ATI-450
to maintain remission in patients with CAPS previously managed with anti-IL-1 therapy. This
objective will be assessed by investigating the number and percent of adverse events (AEs) and
serious adverse events (SAEs), mean change from baseline in laboratory values, vital sigos, and
electrocardiograms (ECGs).

{06477] The secondary objective of this study is to assess the efficacy of ATI-450 to maintain
remission in patients previously managed with anti-IL-1 therapy. To assess this objective,
several endpoints will be assessed. These endpoints include (i} determining the proportion of
participants in disease remission over fime. Disease remission is defined as having a Physician
Global Assessment (PGA) score of absent or minimal and a high sensitivity C-reactive protein
(hsCRP) and serum amyloid A (SAA) value within the normal range (<10 mg/L) or within 30
percent of the baseline value. (i1) Determining the proportion of participants in clinical remission
over time. Clinical remission is defined as having a PGA score of absent or minimal. (iit)
Determining the time to relapse; where relapse is defined as a two-point worsening on the PGA
scale. (iv) Determining the proportion of participants who experience re-emergence of disease
symptoms after discontinuation of ATI-450. Re-emergence is defined as a daily Key Symptom
Score {KS88) > 3 points higher than baseline for at least 2 consecutive days. KS8 is derived from
the patient-administered daily health assessment form (DHAF). {v) Betermining the proportion
of participants with a mean KSS no more than 2 points higher than baseline for at least 6 out of 8
weeks during the treatment period. (viy Determine change from baseline in PGA. {vii) Determine
change from baseline in K8S. (viii} Determine change from baseline in hsCRP and SAA.

[0478] In addition to the above, the study will also investigate the following two exploratory
objectives: (1) assessing the pharmacodynamics (PD) of ATE-450 in patients with CAPS, and (ii)
assessing the Pharmacokinetics (PK) of ATE-450 in patients with CAPS. These objectives will be
assessed by determinivg the change from baseline 1o seruro cytokines .-15, [L-1a, [L-6, TL-18,
and TNF-g and the ATI-450 concentrations at trough.

{0479} This 13 a Phase 2a, open-label, single-arm study to investigate the safety, tolerability,
efficacy, PK, and PD of ATl 450 to maintain remission in patients with CAPS previously
managed with anti-IL-1 therapy. Up to 10 patients are planned to be enrolied in the study. The
study will consist of an up to &-week screening period, a 12-week treatment period, and a 4-week
safety follow-up period. The total duration of the study for patients remaining in the study until
their final safety follow up assessment will be up to 24 weeks.

{0480} The investigator will obtain signed informed consent from the patient before any

study procedures are performed. For further details regarding the informed consent process, see
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Section 9.3. During the screening visit each patient will be required to have all assessments
performed as outlined in the Schedule of Assessments (Table 13).
{0481} Patients eligible for the study include those with (1) Diagnosis of Familial Cold
Autoinflarnmatory  Syndrome, Muckle-Wells Syndrome, or Neonatal Onset Multisystem
Inflammatory Disease. Prior agreement between the Investigator and Aclaris for study eligibility
is required for patients who do not have a molecular diagnosis of NLRP3 mutations available
{either testing not performed, or testing performed, but negative) upon study eotry. For those
patients who have not been molecularly tested for NLRP3 mutations, molecular testing should be
performed during the study; (2) Patients with a PGA score of “minimal” or less and who are
considered to have achieved that response as a result of successful anti-li-1 therapy; and (3)
Continucus Treatment with anti-IL-1 therapy for at least 6 months.
[0482] Patients whose eligibility is confirmed at baseline will begin dosing ATE-450 tablets
(50 mg BID). Such patients will be in protocol-defined remission due to prior treatment with an
anti-IL-1 biclogic. Dosing will begin on the day that the next dose of their anti-IL-1 therapy is
scheduled at which time anti-1L-1 therapy will be discontinued.
[0483] The first dose of ATI-450 (50 mg BID) will be taken at the following times (based
on anti-1L~1 therapy):

Anakinra: 24 hours (+/- 1 hour} after last administration or at approximate tiwae of regular
anakinra dose.

Canakinumab: 8 weeks (+/- 1 week) after last administration.

Rilonacept: 1 week (+/- T day) after last administration.
[0484] ATE450 will be administered orally for 12-weeks. Patients will attend clinic visits
on Pays 14, 28, 56, and 84 (+/-1 day) for safety, efficacy, PK and P assessments. Patients wil
begin recording disease symptoms in their daily diary card 7 days prior to beginning
adminisiration of ATI-450, or inmediately starting at the screening visit if the Day 1 visit is
scheduled to occur less than 7 days after the screening visit. Patients will continue to complete
their diary uoti] completion of the safety follow up Day 7 visit.
[0485] At the end of 12-weeks, Day 84 (+/- 1 day), patients will stop ATI-450 and conduct
end of study assessments. Patients will complete safety follow-up visits on site 7 Days (+4 days)
after the last dose of ATI-450 and via a phone call 30 Days (+/-3 days) after the last dose.
0486} The study is designed to assess the safety, tolerability, efficacy, PK, and PD of ATIL-
450 in patients with CAPS.
{06487} Many patients with CAPS achieve complete or near complete disease remission with

currently available anti~IL-1 therapies. Therefore, the study is designed to minimize palient’s
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time off anti-lL-1 therapy due to potentially harmfui long-term complications that can result
from prolonged relapse of disease symptoms.

[34838] The study is open-label and there is no washout period for anti-IL-1 therapy; patients
enrolled in the trial will begin treatment with study medication {(Pay 1) on the day of their next
scheduled dose of anti-IL-1 therapy. At the end of the 12-week treatment period, ATI-450
administration will be discontinued, and patients will delay administration of anti-IL-1 therapy
until 7 days (+4 days} after the last dose of ATI-450.

[6439) The 12-week treatment period was selected to allow sufficient time to explore the
efficacy of ATI-450 in maintaining disease remission, and to adequately rule out the potential for
prolonged disease remission caused by the last dose of anti-tH.-1 therapy. Due o its long tip, this
is particularly relevant in instances when canakinumab is used.

[0490] The start of the study will be the date on which the first patient provides informed
consent, and the end of the study will be the date of the last patient’s last assessment. It is
anticipated that total duration could be up to 24 weeks.

Tabie 19

Week Safety -
Screening 12-Week Treatment Period A-Wed ‘:;Q Foliow
: Visit 8
st 2 Figit - N N Fiit 6 icit 7
Assessment Visit 1 N EFSK, Visit 3 Vigit 4 Visit 5 Visit ) VNg_,ﬁ Phone
Baseline | Day j , Day 84 Bay 7 .
Bay -536 Pay 28 | Day 36 : Call Day
N Day i 14 KOS
to Bay -1 i 34
{+/-1 day} (+4 days) | (+/-3 days)
Informed Consent X
BEligibility Review X X
CAPS and Other
Medical Histoty X
and Demographics
QuantiFERON %
Gold Test for TB
Height X
Weight X
Physical Exam® X
Limited Physical X ¥ ¥ % < <
Exam
Physicians Global
Assessment of X X X X X X X
Disense Activity?
Patient Diary . .
o { X X
(daily - * X X X X X X
Key Symptom X X X X X X X
Score? ®
HIV and Hep
Screen
SARS-CoV-2
Testing by RT- X
PCR
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Sereening 12-Week Treatment Period 3-Week M:j;ty Follow-
- - - - Visit 8
Assessment visier | DR VBRI g | vikgs | YSEE | Visit7 Phone
Bascline | Bay . | Day 84 Day 7° -
Bay -56 Dav 1 1 é{ Bay 28 | Day 3¢ E 0% v Call Bay
to Day -1 i 3¢
(+-1 day) (+4 daysy | (+-3 days)
Vital Signe>? X X X X X X X
12-Lead ECG>* X X X
Henwmtology,
Coagulation, . .
Chemistry, Lipids, X X X X X X X
and Urinalysis
PD Blood X X X X X X
Sampling?
PK Blood X X X X X X
Sampling®
Serum Pregunancy X
Urine Pregoancy X X X X X X
Dispense Study . ; i
Medication X X X A
Administration of
Morning Dose of X X X X X
AT1-450 in Clinic’
Drug . .
Accountability X X X X
Adverse Events® X X X X X X X X
Prior and
Concornitant X X X X X X X X
Medications

ECG=clectrocardiogram, Hep=hepatitis, PD=phammacodynamic, TB=tuberculosis, EQS=end of study

'A full physical examination will be performed at screening. The brief physical examination {(including
signs of CAPS}) will be performed at visit 6 and follow-up. Body mass index will be derived in the eCRF.
*On dosing day{s), patient diarv, PGA. K88, vitals, clinical laboratory parameters, PK, and PD will be
performed before the administration of stady medication.

Vital signs will be measured prior to dosing and immediately following dosing in a semi supine postiion
atter 5 mimutes™ rest and will include temperature, systolic and diastolic blood pressure, pulse, and
respiratory rate.

‘A triplicate 12-lead ECG will be recorded after the subject has been resting for at least 5 minutes in a
supine position.

Serious adverse event reporting will start at the time of consent. Any AE that occurs hetween the time of
consent and dosing on Day 1 will be recorded as medical history. Treatment-emergent AEs will be
collected following the first dose of study medication on Day 1.

“Patients should not start their anti-IL~1 therapy until all safety follow-up Day 7 assessments have been
completed. However, in the event of a safety concern, patients will be allowed to return carly or restart
their anti-IL-1 therapy carly prior to completing the safety follow-up Bay 7 visit at the discrction of the
investigator.

"The last dose of ATI-430 will be administered in clinic on Day 84. The second dose of ATE-450 is not to
be administered on Day 84,

SPatients will be instructed on how to complete their patient diary at the screening visit. Patients will
begin completing the patient diary 7 days prior to beginning ATIH30 admimistration (Dayv 1), or
imamediately beginning at the screoning visit if the Day 1 visit 1s scheduled to occur less than 7 days after
SCreanmng.

[B491] Statistical Methods:
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[6492] Betermination of Sample Size -~ The sample size for this study was determined
based upon feasibility constraints as opposed to a formal power computation. Up to 10 patients
are planned to be enrolled.
[0493] Aunalysis Populations. The Intent-to-treat (ITT) population will include all patients
who have been administered at least one dose of study medication. The Per-Protocol (PP)
population will include all patients who complete 12-weeks of treatment and 4-weeks of safety
follow-up and have completed study assessments.
[0494) Efficacy Analyses - All efficacy summaries will be conducted on both the ITT and
PP populations.
» Proportion of participants in disease remission over time; where disease remission
is defined as having a PGA score of minimal or better and a hsCRP and SAA value
within the normal range or within 30 percent of the baseline value (ITT and PP
population).
» Proportion of participants in clinical remission over time; where clinical
remission 18 defined as having a PGA score of minimal or better (ITT and PP
population).
. Proportion of participants who experience an increase over baseline in daily K88
of > 3 for at least two days after discontinuation of ATI-450 over time (PP population).
» Proportion of participants who maintain a mean K8S of no more than 2 points
higher than baseline in at least 6 out of 8§ weeks in the ITT and PP population.
. Change from baseline in PGA and KS8 scores will be reported descriptively over
time (ITT and PP population).
» Change from baseline in hsCRP and SAA and percent change from baseling in
hsCRP and SAA will be surmnmarized over time using continuous statistical summary
measures. Determination of sustained treatroeut effect for hsCRP and SAA will be based
upon the median percent change from baseline in the ITT and PP population.
[6493] Efficacy Assessments
[6496] Physician Completed Efficacy Questionnaire. The Physician’s Global Assessment of
Autoinflammatory Disease Activity (PGA) 15 a measure to be completed by the investigator or
designee. The PGA uses a 5-point rating scale: absent, minimal, mild, moderate, and severe. The
investigator will select a rating based on the patient’s current disease activity at the time of the
visit.
[8497] Maintenance of Disease Remission and Clinical Remission. Maintenance of disease

remission will be assessed during the treatment period. Disease remission is defined as having a
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PGA score of absent or minimal and a hsCRP and SAA wvalue within the sormal range
(<10 mg/L} or within 30 percent of the baseline value.

[0498] Maintenance of clinical remission will be assessed during the treatment period.
Clinical remission is defined as having a PGA score of absent or minimal.

[0499] Time to Relapse Time to relapse will be assessed during the treatment period.
Relapse is defined as a two-point worsening on the PGA scale.

[6500] Patient Completed Efficacy Questionnaires. When these assessments are required at
the times outlined in Table 13, they should be the first tasks done at any visit, and prior to study
medication dosing.

0501 ] The Key Symptom Score (K8S) is derived from the patient-administered daily health
assessment form (DHAF), and is the average on a 0 to 10 scale (0 = None, 10 = Very Severe) of
5 separate scales — rash, feeling of fever and chilis, joint pain, eye redness and pain, and fatigue.
[6502) The DHAF is designed using a linear rating scale of circles in half-step units {e.g,
0.5, 1.0, 1.5, 2.0, etc.), which are marked 0 (none, no severity) to 10 {very severe). Patients will
select the circle on the scale that they determine most accurately represents severity of the
symptom that they bave experienced during the last 24 hours,

[0503] The DHAF will be completed daily by the patient. Daily K88 will be calculated by
averaging the sum of the 5 individual symptom scores. KSS during a specified time period will
further be calculated by averaging the sum of daily KSK scores during the time period.

[8504] Patients will be provided a quiet, private place to complete the assessments. Patients
will be instructed to answer all the questions to the best of their ability and without help from
others (study staff, family, or friends). The study staff should review the questionnaires after they
are completed and encourage patienis to complete any missing information. Patients can refrain
from answering any guestion. Study staff will record the refusal of patients to answer any
question in the source docurents.

{6503} Re-emergence of CAPS Symptoms Re-emergence of CAPS symptoms will be
assessed after ATI450 is discontinued following completion of the treatment period. Re-
emergence is defined as an increase in daily KS8 of > 3 from baseline for at least two
consecutive days.

[0506] High Sensitivity C-reactive Protein and Serum Amyloid A, Blood samples for
evaluation of hsCRP and SAA will be collected at the times specified in Table 13, Samples will
be shipped to a central laboratory. Specific instructions for collection, processing, storage and
shiprment of blood samples will be provided in a separate laboratory manual. The normal range

for serum hsCRP and SAA is defined as < 10mg/L for both.
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[0507] Safety Assessments
{0508} Adverse Events: AEs will be followed, recorded, and reported.
[0509] Clinical Laboratory Evaluations: Laboratory assessments during treatment will be
performed by a central laboratory. Blood and urine samples will be collected at the times
indicated in Table 13. On dosing day(s), sampling for the analysis of clinical laboratory
parameters will be performed before the administration of study medication.
{8510} Unless indicated otherwise, all laboratory samples will be processed and shipped to
the central laboratory, as described in the central laboratory manual. The central laboratory will
analyze the samples or send them to reference laboratory{ies) for analysis, as indicated in the
manual. Refer to the central laboratory manual for the maximum total volume of blood to be

collected per patient throughout the study.

[0511] The following parameters will be assessed:
[8512] Hematology: hemoglobin, hematocrit, red blood cells, platelets, total WBC count,

differential WBC count, and ANC

{6513} Coagulation: INR, partial thromboplastin time, and prothrombin time

[8514] Biochemistry: albumin, alkaline phosphatase (ALP), ALT, amylase, AST, blood urea
nitrogen  (BUN), calcium, creatine phosphokinase, hsCRP, creatinine, gamma
glutamyliransferase, glucose, tnorganic phosphatase, lactate dehydrogenase, lipase, magnesium,

potassium, SAA, sodium, chloride, bicarbonate, total bilirubin, total protein, and uric acid

[6515] Lipids: total cholesterol, high-density lipoprotein, low-density lipoprotein, and
triglycerides

06516} Urinalysis: pH, specific gravity, creatinine, glucose, bilirubin, blood, and protein
[0517] Potential Drug-induced Liver Injury. Hy's Law cases have the following 3

components: (1) The drug causes hepatocellular injury, generally shown by a higher incidence of
> 3-fold elevations above the ULN of ALT or AST than the placebo; (2) Among study patients
showing such aminotransferase elevations, often with aminotransferases much greater than
IXULN, one or more also shows elevation of serum total bilirubin to >2XULN or INR >1.5,
without initial findings of cholestasis (elevated ALP}); (3) No other reason can be found to
explain the combination of increased aminotransterase and total bilirubin, such as viral hepatitis
A, B, or C; evidence for biliary obstruction; acute alcoholic hepatitis (recent drinking and AST
>2#ALT are supportive); recent history of severe hypotension or congestive heart failure; other
underlying viral disease; pre-existing or acute liver disease; or another drug (including non-

prescription products such as herbal supplements) capable of causing the observed injury
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EXAMPLE & ATE-450 Inhibits Inflammatory Cytokines Involved in Autoimmune
Cenditions
[6518] AT1-450 Fncreases Regulatory T (Treg) Celis in Mouse Collagen-Induced

Avthritis Model: To investigate the utibity of ATE4S0 for the treatment of auntoimmune
conditions, the effect of ATT-450 on T cell subsets was evaluated in a murine medel of coliagen-
induced arthritis (CI1A).  In this model DBA/L mice (12/group) were immunized with bovine
collagen/CFA to induce arthritis. At day 18, animals were administered vehicle, ENBREL (10
mg'kg QD) or ATI-450 (1000ppm chow). At day 21, mice were boosted with bovine
collagen/CFA, and at dav 35 the study was terminated. Popliteal ymph nodes were dissected
from mice, cleaned of any trace fat, mechanically dissociated and filtered through 70 micron cell
strainers. Live lymphocyies were counted using a Moxi GO II cell counter (Orflo). One million
lymphocytes were plated, treated with Fc block, and stained with antibodies targeting surface
receptors (including CD45, CD3, CD4) along with a fixable live/dead dve. Cells were
fixed/permeabilized (eBioscience Transcription Factor Staining kit and stained with anti-Foxp3
antibody. The cells were collected via flow cytometry analysis oo an Attune NxT instrument. T-
regulatory cells were gated as lymphocyte-sized, live, CD45+ CD3+ CD4+ Foxp3+ celis.

[6519] As shown in Figure 21, ATE450 treatment in the murine CIA model significantly
increased the number of regulatory T ceils (TREGs). Given TREG cells known involvement in
the suppressing the immune response and prevention of autoimmune disease, this data indicates
the utility of ATI-450 for the treatment of autoimmune conditions, such as inflammatory bowel
disease, systemic lupus nephritis (SLE), and others.

{0520} ATE-450 blocks Lipopolysaccharide (LPS) stimulated TNF-, IL-1§ and 1L-6
production in Human Whele Bloed. Venous blood from healthy human volunteers was
collected in tubes containing sodiumm heparin and aliquoted (180 uL per well) into 96 well round-
bottoro tissue culture plates. Compounds were serially diluted in 100% DMSO (Sigma-Aldiich,
D2650) followed by a 50x dilution into DMEM/10% FBS (Gibco, 11965/26140). The diluted
compounds were then added to each plate in duplicate 10 uL aliguots for final concentrations as
indicated in Figure 22A. Vehicle consisted of DMSO at a final assay concentration of 0.1%. Pin
tools (V&P Scientific, Inc., VP246) were placed in the wells and the plate was placed at 37°C
with 5% CO», with gently shaking for five minutes, then pin tools were removed and saved.
After a one-hour incubation at 37°C with 5% COq, 10 yL of LPS (Sigma-Aldrich, L2630}, in
DMEM/10% FBS (Gibeo, 11965/26140} was added for a final concentration of 100 ng/mL to
each well except for the no stimulus wells. Pin tools were placed in the wells in the same
orientation as the previocus step and gently shook for five minutes at 37°C with 5% €Oy, then

removed. After five hours of incubation with LPS at 37°C with 5% CO», each reaction plate of
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blood was centrifuged at 1,800 x g for five minutes. The plasma was harvested and assayed for
TWNF-g, IL-1f, and IL-6 using Meso Scale Discovery Technology V-plex human cytokine kits
according to the kit protocol.  The kit plates were read using an MSD Sector 8 6000 instrument.
Calculations to establish cytokine calibration curves and to determine analyte concentrations in
the samples were carried out using the MSD DISCOVERY WORKBENCH® analysis software.
{8521 LPS stimulates Toll-like receptor 4 (TLR4) release of a number of pro-inflammatory
cytokines. As show in Figure 22A, ATI-450 potently inhibited LPS-stimulated IL-6, TNF-q, and
IL-15 with ICso values of between 0.01-0.1uM. While ATI-450 mediated inhibition of TLR4
stimulated cytokine release was expected given ATL-450"s role MK?2 inhibition, it was unknown
whether ATI-450 would similarly block cyitokine release triggered by other stimuli, such as
TLR3 and TLR 7.8 activation.

[0522] ATE-45¢ Inhibited Poly(1:(C} stimulated P16, [FNy, HL-6, IL-8 and TNF-g
production in Human Whole Blood. Human whole blood assays were performed as described
above with the exceptions listed below. Human whole blood was aliquoted (175 pL per well}
into 96 well round-bottom tissue culture plates. Compounds were serially diluted in 100%
DMSO (Sigma-Aldrich, D2650) followed by a 25x dilution into DMEM/10% FBS (Gibco,
11965/26140). The diluted compounds were then added to each plate in duplicate 5 uL aliquots
for final concentrations as indicated in Figure 22B.  After the one-hour incubation with the
compounds or vehicle, 20 pL of polv(1:() (InviveGen, HMW, tlrl-pic), in DPBS (Gibeo, 14190-
136} was added for a final concentration of 100 pg/ml to each well except for the no stimulus
wells, After twenty-four hours of incubation with poly(1.C), plasma was harvested and assayed
for P10, IFNy, IL-6, IL-8 and TNF-o using Meso Scale Discovery Technology V-plex human
cytokine kits according to the kit protocol.

[6523] Poly(L:C) 15 a TLR3 agonist that induces the activation of the proinflammatory
cytokines, 1L-6, TNF-g, interferon~y and the inflammatory chemokines, 1L-8 and interferon-y
inducible protein (IP10). As shown in Figure 228, ATI-450 was able to potently inhibit in vitro
TLR3 stimulated cytokines and chemokines with ¥Cse values of between 0.01-0.1uM.

[0524] ATE-450 Inhibited R848 stimulated TR¥F-g, 1L-18, 1L-6 and {1.-8 production in
Human Whele Blood, Human whole blood assays were performed as described above with the
exceptions lisied below. Human whole blood was aliguoted (200 pl per well} into 96 well
round-bottom tissue culture plates. Compounds were serially diluted in 100% DMSO (Sigma-
Aldrich, D2650} followed by a 10x dilution into RPMI {Gibco, 11875). The diluted compounds
were then added to each plate in duplicate 2 uL aliguots for final concentrations as indicated in

Figure 22C.  After the one-hour incubation with the compounds or vehicle, 2 pl of R848
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{lnvivoGen, tr]-r848) in RPMI (Gibeo, 11875) was added for a final concentration of 0.5 pg/mlL
to each well except for the no stimulus wells. After five hours of incubation with R848, plasma
was harvested and assayed for TNF-o, 1L-103, IL-6 and IL-8 using Meso Scale Discovery
Technology V-plex human cytokine kits according to the kit protocel.

{525] R848 (resiquimod) is a potent agonist of TLR 7 and TLRE TLR7 and TLRS
activation induces expression and activity of various inflammatory cytokines and chemokines
including IL-0, IL-8, TNF-q, and 1113, As shown in Figure 22C, ATI-450 was able to potently
inhibit i7 virre TLR7- and TLRS8-stimulated cytokines and chemokines with ICso values of
~0.1uM.

[0526) While ATI-450 mediated inhibition of TLR4 stimuiated cytokine release was
expected given ATE450s role in MK2 inhibition of pro-inflaramatory signaling pathways, it
was unexpected that ATI-450 would sinularly block evtokine release triggered by multiple other
stimuli, such as TER3 and TLR7 and TLR3 receptor activation. These data indicated that ATI-
450 has therapeutic utility for the treatment of autoimmune disease and other disorder that have a
strong anti-nuclear antibody drve, eg., lupus, scleroderma, Sjogren’s syndrome, juvenile
arthriis, etc.

[8527] To further assess ATI-450 inhibition of various cellular cytokines, multiple cell types
and various stimuli were tested as described below. The resulis of these studies are presented in
Table 14 below.

[6528] U937 Celi differentiation and LPS stimulated cytokine assay: The U937 buman
pre-monocytic cell line (ATCC, CRL-1593.2) was grown in complete media: RPMI 1640
{Gibco, A10491) with penicillin-strepiomycin (10 U/mL)-glutamine (2 mM) {Gibeo, 10378016}
and 10% FBS{Gibco, 26140-079). Cells were differentiated to a monocyte/macrophage
phenotype with the addition of PMA (Sigma-Aldrich, P1585) (20 ng/mL, 24 hours), washed with
DPBS {Gibco, 14190136} and incubated in complete media for 24 hours at 37°C, 5% C(s.
Following recovery, the cells were scraped, counted, re-plated in complete media in accordance
with the experimental design and incubated for an additional 24 hours at 37°C, 5% CO» prior to
stimulation with LPS (Sigma-Aldrich, L2630} as described below.

[0529] Differentiated U937 cells were pretreated for one hour in the presence of serially
diluted compound or vehicle then stimulated with LPS at a final concentration of 100 ng/mbL for
four hours. Culture media was then collected for determination of cytokine fevels using Meso
Scale Technology.

{8536 AS49 IL-1B stimulated 16 Assay - AS49 cells (Awmerican Type Culture
Collection, ATCC CRL-1593.2) were grown in Ham’s F-12K (Kaighn's) {Gibeo, 21127-022)
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with penicillin-streptomyein {10 U/mL) {Gibeo, 15140-122) and 10% fetal bovine serum {Gibco,
26140-079).  Cells were grown to 80% confluence then trypsinized to remove cells. Cells were
plated in 96 well flat bottom plates in complete media and allowed to recover overnight. Cells
were pretreated for one hour in the presence of serially diluted compound or vehicle (0.5%
DMSQ) (Sigma-~-Aldrich, B2650) then stimulated with IL-15 (1 ng/mL) (R&D Systems, 201-LB-
00S) for 18 hours. Culture media was then collected for determination of IL-6 levels using Meso
Scale Technology.

j05831] Human PBMC LPS Stimulated TL~-1B Assay - Frozen Human PBMC stocks were
rapidly thawed, resuspended in DMEM/10% FBS (Gibco, 11965/26140), pelleted at 130 x g for
5 minutes then resuspended in DMEM/10% FBS and plated at 200,000 cells per well (180ul} in
flat bottom 96 well plates. The cells were allowed to recover for several hours at 37°C with 5%
Oy Compounds were serially diluted in 100% DMSO (Sigma-Aldrich, D2650) followed by a
50x dilution into DMEM/10% FBS (Gibeo, 11965/26140). The diluted compounds were then
added to cach plate in duplicate 10 uL aliquots. Vehicle consisted of DMSQO at a final assay
concentration of 0.1%. After a one-hour incubation at 37°C with 5% CO;, 10 pbL of LPS
(Sigma-Aldrich, L2630), in DMEM/10% FBS (Gibco, 11965/26140) was added for a final
concentration of 100 ng/mL to each well except for the no stimulus wells.  After twenty-four
hours of incubation with LPS at 37°C with 5% CO», each reaction plate of PBMC was
centrifuged at 130 x g for five minutes. The supernatant/conditioned media was harvested and
assayed for IL-10 using Meso Scale Discovery Technology V-plex human cyickine kits
according to the kit protocol.

{06832} Porcine LPS stimulated TNF-g Assay - Porcing whole blood was collected into
heparinized vacutainers then transferred into conical tubes and shipped overnight on wet ice.
Porcine whole blood was aliquoted (160 pl/well) into round bottom 96 well tissue culture plates.
Compounds were serially diluted in 100% DMSO (Sigma-Aldrich, D2650) followed by a 100x
dilution into RPMI/10% FBS (Gibeo, 11875/26140). The diluted compounds were then added to
cach plate in duplicate 20 ul. aliquots for final concentrations ranging from 10 uM to 1 pM.
DMSO final concentration was 0.1%. After a one-hour incubation at 37°C with 5% CO3, 20 pL
of LPS (Sigma-Aldrich, 1.2630), in RPMI10% FBS (Gibeo, 11875/26140) was added for a final
concentration of 10 pg/mL to each well except for the no stimulus wells.  After four hours of
incubation with LP'S, plasma was harvested by centrifugation at 1,800 x g for five minutes. The
plasmas were assayed for TNF-o levels using a porcine specific TNF-o Quantikine ELISA kit

(R&D, PTAG0) according to the kit protocol.
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Table 20
. ICs0 (nMl, Mean £ Standard Deviation)
“ell Sy 8 i -
Cell System timulant TN TR .
1937 cell S, 100 ngf h L33+
U937 cells LPS, 100 ng/mL, 4 br 0.35
AS49 cells 1-1B, Tog/ml, 18 hr 111+76
hPBMC LPS, 100 ng/mL, 24 hr 311 Jh-1a)
mPMN H-1g, 10 ng/mi, 4 hr 5.0
Rat Whole Blood LPS, 100 ng/mL, 4 br 14319 283172
Human Whole LPS, 100 ng/mL, 4 or 24 - o 1o ,
’ ’ B ~18 135+ 97
Bload e 2904940 6.1 (IL-15) 135+ 9
Human Whole IL-1B, 10ng/mL, Shr | 12.2+ 4.0 11.1+38
Blood >
Human Whole N - v = 95.6+ 348 (IL- 792 &
Riood R348, 0.5 ug/miL, 5 hr 348+£530 15 172
Human Whole Dt T 1O el 4 b 208+ 132+
Blood Poly I.C, 100ug/mL, 24 hr 128 128
Pig Whole Blood LPS, 10 mg/mi., 4 hr 7 .4

EXAMPLE 16 ATE-450 Inhibits Cytokines Invelved in Inflammatory Skin
Conditions
{8533} ATI-456 Inhibits TLR2 Stimulated Cytokine Signaling in wirro: Significamt

literature suggest that TLR2 agonists drive TH17 differentiation and suppress regulatory T cells
(see e.g., Nyirenda et al., “TLRZ Stimulation Drives Human Naive and Effector Regulatory T
Cells into a Thi7-Like Phenotype with Reduced Suppressive Function,” J  fmmunol.
187(5):2278-90 (2021}, which is hereby incorporated by reference in its entirety). To investigate
whether ATI450 mediated induction of Treg cells involved inhibition of TLR2 agonist
signaling, the ability of ATI-450 to inhibit LPS or PAM3 (TLR2 agonist) TNF-u levels in vitro
was examined. To this end, peripberal blood movonuciear cells were pre-incubated for 1 hour
with ATIE-450 at final concentrations of 10-10,000 oM {(or DMSO to give a final of 0.1% in all
wells). LPS or Pam3 were then added to the designated wells for a final concentration of 100
ag/ml for both (or medium for unstimulated control}.  After 30 min MSU was added to the
designated wells for final concentration of 100 pg/mLU (or medium for no-MSU control}. After a
6-hour incubation, plates were centrifuged at 500 x g for 5 min, and medium was collected from
cach well for assay.

[B8534] Released TNF-0 was measured using Meso Scale Discovery techunology, an ELISA-
fike format with capture and detection antibodies, but with a final readout using

electrochemiluminescence.
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[0535] As shown in Figure 23, ATI-450 dose dependently tnhibits TLR2 ligand induced
TNF-o production. As noted above TLR2 signaling drives TH17 cell differentiation.

{6536} ATI-45¢ Inhibits HL-17 Production in wifre: To investigate whether ATI-450
mediated inhibition of the TLRZ pathway also plays a role in modulating IL-17 production, total
CD4+ cells were isolated from human PBMCs usiug the CD4 StemCell Isolation Kit. CD4+ cells
were cultured for 3 days under TH17 skewing conditions {anti-CD3, anti-CDZ8, anti-1L-4, anti-
TNy, riL-6, IL-1B, rIL-23, vTGFB). On day 3, cells were harvested, washed, re-plated, and
treated with compound or DMSO only. After 1hr incubation, cells were re-stimulated overnight
with anti-CD3 dynabeads at a 1:1 cell:bead ratio. After 18-20 hours, supernatants were collected
and assayed for IL-17A levels using MSD.  As shown in Figure 24, ATI-450 partially inhibiis
1L-17 production in CD4+ cells.

[0537] fnhibition of H-17 has demonstrated utility in the treatment of psoriasis, psosiatic
arthritis, and spondylitis. The observed partial inhibition of IL-17 by ATI-450 may also render
ATI-450 particular suitable for the treatment of IBD, where only partial IL-17 inhibition is
thought to provide efficacy without exacerbating IBD.

[6538] ATI-450¢ Inhibits 1EL~1P stimulated TNF-ot, IL~-6 and L-8 production in Human
Whole Blood - Human whole blood assays were performed as described sbove with the
exceptions listed below. Human whole blood was aliquoted (200 pl per well) into 96 well
round-bottom tissue culture plates. Compounds were serially diluted in 100% DMSG (Sigma-
Aldrich, D2650) followed by a 10x dilution into RPMI (Gibeo, 11875). The diluted compounds
were then added to each plate in duplicate 2 ul aliquots for final concentrations as indicated in
Figure 25 After the one-hour incubation with the compounds or vehicle, 2 pL of [L-18 (R&D,
201-LB-010) in RPMI (Gibeo, 11875) was added for a final concentration of 0.5 pg/mb to each
well except for the no stimulus wells.  After six hours of incubation with IL-15, plasma was
harvested and assaved for TNF-o, 1L-6 and [L-8 using Meso Scale Discovery Technology V-
plex human cytokine kits according to the kit protocol.

{3539] As shown in Figure 25, ATI-450 dose dependently inhibits IL~-1P-stimulated TNF-a
{ICgs 31 + 6 ng/mbL)}, IL-6 (ICso 41 = 20 ng/mL), and for [L-8 (ICg 40 = 12 ng/mL) in human
whole blood.

(8548} ATI-450 Inbhibits IL-la biosynthesis and activity in human immune cells.
Human PBMCs were pre-treated with ATE450 for 1 hour, and then stimulated with LP for 24
hours. Biosynthesis of Ho-1a was quantified using MSD technology. In a separate siudy, mouse
neutrophils were isolated from CD-1 mouse bone marrow, plated, and rested for one hour prior

to addition of various concentrations of ATIL-450 which was added and incubated for 1 hour at
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37°C. Celis and compound were stimulated with mouse IL-1a to a final concentration of 10
ng/mb and incubated for 4 hours at 37°C.  Supernatants were collected and TNF-u levels
quantitated using MSD technology.

0541} As shown in Figure 20A, ATI-450 dose dependently inhibited LPS induced H-1a
biosynthesis, with an ICs value of 31.1 nM. ATIL-450 also dose dependently inhibits T-1a

mediated TNF-o signaling in neutrophiis as shown in Figure 26B.

EXAMPLE 11; Formulations of ATI-450 Tablets.

[06542] The compositions of the tablets comprising ATI-450 and tablets comprising placebo
used in the Examples herein are provided in Table 21 below. The excipients used in the drug
tables and their function are provided in Table 22 below.

Table 21. Composition of ATI-450 tablets

10 mg Strength Placebo 50 mg Strength Placebo
1 g/ B/ [ YA (174
Component x\rl,/fﬁw mg/tab wﬁw mg/tab wf/z\i mg/tab “;fiv mg/tab
ATI-450 12.5 10 ~ - 12.5 50 - -
Silicified
microcrystalline 71 56.8 835 663 71 284 835 334
cellulose
Mannitol 10 3 10 8 10 40 10 40
Crospovidone 5 4 5 4 S 20 5 20
Hydrophilic fumed 075 1 06 | 075 | 06 | 075 3 075 3
silica
Magnesium stearate 0.75 0.6 0.75 0.6 0.75 3 0.75 3
Total 100 80 100 80 100 400 100 400

Table 22: Excipienis in Tablets Comprising ATI-450

. . T AL . Quality
Fxcipient Chemical Name Function Standard
ProSolv HD 90 Silicified microcrystalline cellulose | Filler/Binder NE/ER/JP
Perlitol 200 8Dy Mannitol Diluent USP/EP
Polyplasdone XL Crospovidone Disintegrant NE/EP/IP
Aerosil 200 Colloidal silicone dioxide Glidant NE/EPR/IP
Magnesium stearate Magnesium stearate Lubricant NF/EP/JP
EXAMPLE 12: Separation of Compound (P)-1
[6543] Racemic 3-chloro-4-((3,5-difluoropyridin-2-yDmethoxy)-2'-(2-(2-hydroxypropan-2-

yDhpyrimidin-4-yl)-5' 6~dimethyl-2H-{1 4 -bipyridin]-Z-one (250 mg, 049 mumol} may be
prepared according to the methods described in U.S. Patent No. 9,115,089, which is hereby
incorporated by reference in its entirety.  Chiral resolution of 3-chlore-4-((3,5-difluoropyridin-2-~

yhmethoxy -2'-(2-(2-hydroxypropan-2-yl jpyrimidin-4-y1}-5',6-dimethyl-24-[ 1,4"-bipyridin]-2-
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one to obtain the P atropisomer, e, Compound (F)-l as disclosed herein, is carried out as
described below.

{0544] Racemic 3-chioro-4-((3,5-difluoropyridin-2-yhymethoxy}-2'-(2-{2-hydroxypropan-2-
vhpyrimidin-4-y1)-5',6-dimethyl-2H-{1 4'-bipyridin}-2-one (250 mg, 0.49 mmol) was separated
using supercritical fluid chromatography (Thar 80, preparative SFC, ChiralCe] OD-H, 250 x 30
mm 2 column) with a2 mobile phase of carbon dioxide and ethanol. The separation method used
an isocratic method of 40% ethanol with a flow rate of 50 mL/min and a cycle time of 10 min.
Optical rotation was determined using a WZZ-28 polarimeter.

[6545] The faster isomer ((P)-1) eluted at 1.77 minutes yielded 115 mg of {-)-3-chloro-4-
((3,5-diftuoropyridin-2-yimethoxy}-2'-(2-(2-hydroxypropan-2-yljpyrimidin-4-yi)-5' 6-dimethyl-
2H-[1,4-bipyridin}-2-one in ethylene glycol: [a]p™ -46° (CH:OH); 'H NMR (400 MHz, DMSO-
ds) & ppm 8.97 (d, J=5.09 Hz, 1 H), 8.86 (5, 1 H), 8.69 (s, | H), 8.61 (s, 1 H), 8.24 (d, /= 5.08
Hz, 1 H), 8.10(t 1H), 6.85(s, 1 H), 5.50 (s, 2 H), 526 (s, 1 H), 2.11 (s, 3 H), 1.98 (s, 3 H), L.
54 (s, 3 Hy, 1.52 (s, 3 H); MS (ES) mre 514 (M+H).

{6546} The slower isomer ({(M)-I) eluted at 3 68 minutes yielded 112 mg of {(+)-3-chloro-4-
{{3,5~difluoropyridin-2-yhoethoxy3-2'-(2-(2-hydroxypropan-2-yhpyrimidin-4-y1)-5",6-dimethyl-
2H-[1,4-bipyridin}-Z-one in ethylene glycol: [alp® +45° (CH;0H), 'H NMR (400 MHz,
DMSO-de) S ppm 897(d, /=509 Hz, 1 H), 886 (s, 1 F), 869 (s, 1 H), 861 (s, 1 H), 824 (d, J
=508 Hz, 1 H), 8.10 ¢, 1 1), 6.85 (s, 1 H), 5.50 (s, 2 H}, 5.26 (5, 1 H), 2.11 (s, 3 H), 1.98 (5, 3
H), 1.54 (5,3 H), 1.52 (s, 3 H); MS (ES) me 514 (M+H).

EXAMPLE 13: Crystal Form Sereen of Compound (P)-1
[0547] The crystal-form screening study involved a total of 48 neat and binary solvent
systems which addressed the moderate solubility of the input matenial and provided a diverse set
of polarities, dieleciric constants, dipole moments, and hydrogen-bond donor/acceptor attributes.
Water-containing solvents with a variety of water activities (a.) were also included fo probe for
the formation of hydrates. Temperatures ranging between 40°C to -20°C.
[0548) The screening studies were comprised of the following crystallization modes:
» Temperature-cycled ripening of API slurries between 5-40°C for four days (TC)
» Rapid cooling clarified saturated solutions from 40 to -20°C and holding at
~20°C for three days (RC)
s Slow evaporation of clarified solutions at RT over 14 days.
Rapid evaporation of solvents under reduced pressure from
solutions that did not produce solids during slow evaporation

after 14 days (EV).
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[0549] A summary of the outcomes of the screening study are shown in Table 23,
Table 23 Results of the Crystal Form Screen
i Solvent TC | RC | mv | Mvater
Activity
i Water Form A 1.00
2 Methanol Form A
3 ZwMeth@xyeth&?;;é}sopmpyi ether Form A Form A
4 1-Propanol Form A
S Nitromethane Form A { Form A | Form A
6 Acetonitrile Form A i Form A | Form A
7 DMEO: t-butyl methyl ether (20:80) Form A
3 Acetone Form A
9 Z2-Butanone Form A
10 Dichloromethane Form A
1§ Methyl acetate: Heptane (20:80) Form A
12 4-Methyl-Z-pentanone Form A Form A
13 Chloroform
14 Ethyl acetate Form A
15 | Chlorobenzene: Cyclohexane (20:80) | Form A
16 Tetrahydrofuran Form A
17 1,4-Dioxane Form A
18 Isopropyl ether Form A
19 Toluene Form A Form A
20 Cyclohexane Form A
21 Heptane Form A
22 1-Butanol Form A
23 2-Propanol Form A Form A
24 | Trifluoroethavol: Isopropyl ether (20.80) | Form A
25 Dimethyl carbonate Form A Form A
26 t-Butyl methv] ether Form A
27 Isopropyl acetate Form A Form A
28 Fthanol Form A
29 1—Methcxy-;?_epmﬁpfa;mrsi: Isopropy! ether Form A
{20:80)
30 Cyclohexanone
31 | N.N-Dimethylformamide: Water (20:80) | Form A (.95
32 | 2-Methoxvethy! ether: Heptane (20:80} | Form A
33 Methanol: Water (95:5) Form A Form A | 020
34 Acetonitrile: Water {95:5) Form A 0.94
35 Acetone: Water (20:80) Form A Form A 0.96
36 Tetrahydrofuran:: Water (20:80) Form A Form A | 0382
37 2-propanol: Water {95:5) Form A Form A | 055
38 Methanol: Water (90:10) Form A {Foorm A | Form A | 033
39 Acetonitrile: Water (90:10} Form A Form A 0.76
40 Acetone: Water (90:10) Form A | 0.70
41 Tetrahydrofuran: Water (80:10) Form A | 0.83
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42 I, 4-Dioxane: Water (90:10) Form A | 070
43 2-propanol. Water (90:10) Form A | Form A | 065
44 Acetone; Water (80:20) Form A | Form A | 077
45 Eithanol: Water (20:80) Form A (.93
46 Ethyl acetate: cyclohexane (20:80) Form A

7 Acetonitrile: isopropyl ethyl ether (20:80) | Form A
48 | 4-Methyl-2-pentanone: heptane (20:80) | Form A

EXAMPLE 14: Simgle Crystal Siructure Determination of Compound (P)-I (Form A)
[0558) The crystalline form of Compound (P}~ has been characterized relative to the
absolute stereochemical configuration of the spatial arrangement of the atoms using single
crysial X-ray diffraction. A detailed description of siructure determination by X-ray diffraction
is provided in Stout & Jensen, X-Ray Structure Determination: A Practical Guide, Macmillan
Co., New York (1968), Chapter 3, which is herein incorporated by reference. Alternatively, the
unigue spatial arrangements of atoms in three dimensions within the crystalline lattice may be
characterized by X-ray powder diffraction analysis. A detailed description of X-ray powder
diffraction is provided in Cullity, B.D. Elements of X-ray Diffraction. Addison-Wesley, (1978}
ISBN 0-201-01174-3 Chapter 14), which is herein incorporated by reference. PXRD data
consists of experimentally determined values of the two-theta position, the intensity values of
multiple crystallographic reflections, also known as Bragg reflections, and their peak shape. The
PXRD data may be analyzed computational, including by the method of Rietveld refinement. A
detailed description of Rietveld refinement of X-ray powder diffraction data is provided in
Pecharsky, Vitalij K.; Zavalij, Peter Y. {(2009) Fundamentals of powder diffraction and structural
characterization of materials (2nd od ). New York: Springer. ISBN 978-0-387-09579-0. QCLC
314182615, which is herein incorporated by reference.

{0851} PXRD data may be collected at various temperatures or pressures in order to
facilitate Rietveld refiuement. The experimental PXRD data incloding 2-theta values, d-spacing,
Bragg reflections and intensity values may be compared to a simulated PXRD pattern derived
from the sivgle crystal structure determination which represents an idealized pure powder, using
a computational method such as described in Macrae, Clare ¥, et al. “Mercury 4.0. from
visualization to analysis, design and prediction.” Journal of Applied Crystallography vol. 53,
226-235. 1 Feb. 2020, doi:10.1107/81600576719014092.

[65852] One of ordinary skill in the art will appreciate that an X-ray powder diffraction
pattern may be obtained with a measurement error that is dependent upon the measurement
conditions emploved in the data collection. It is generally accepted that the peak shape, intensity
values and two-theta positions derived from an X-ray powder diffraction pattern can fluctuate

depending upon the type of instrument used, the measurement conditions and the method of
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computational analysis performed. It should be further understood that that the two-theta values
and their relative intensities may also vary and accordingly, the exact order of intensity values
should not be taken intc account.

[6553] Additionally, the experimental error for diffraction angle measurements for a
conventional ¥-ray powder diffraction pattern is typically about 5% or less. Assessruent of the
extent of measurement error should be taken into account when describing the position of the
two-theta diffraction peaks. Consequently, it 1s to be understood that the crystal forms described
in this invention are not limited to the crystal forms that provide X-ray powder diffraction
patterns completely identical to the X-ray powder diffraction patterns depicted in the Figure 27
disclosed herein. Any crystal forms that provide X-ray powder diffraction patterns substantially
identical to those disclosed in the accompanying Figures fall within the scope of the present
invention. The ability to ascertain substantial identities of X-ray diffraction patterns is within the
purview of one of ordinary skill in the art. Likewise, it 1s to be understood that any crystal forms
that provide differential scanning calorimetry (D3SC) and/or thermogravimetric analysis {TGA)
substantially identical to those disclosed in the accompanying Figure 28 fall within the scope of
the present invention. The ability to ascertain substantial identities of these patterns is within the
purview of one of ordinary skill in the art.

[6554] Crystalline Formn A of Compound (F)-1 15 anhydrous and was obtained from
crystallization conditions described in Example 13 utilizing varicus organic solvents and
organic/water solvent systems.

[0555) X-Ray Powder Diffraction (PXRD) diffractograms were acquired on PANalyiical
X’Pert Pro diffractometer using Ni-filtered Cu Ka (45 kV/40 mA) radiation and a step size of
0.02° 28 and X'celerator™ RTMS (Real Time Mulii-Strip) detector. Configuration on the
incidental beam side: fixed divergence slit (0.25%), 0.04 rad Soller slits, anti-scatter slit {6.25%),
and 10mm beam mask. Configuration on the diffracted beam side: fixed divergence slit {0.25%)
and 0.04 rad Soller slit. Samples were mounted flat on zero-background St wafers.

{6556} Values of significant Bragg reflections, their 2-theta positions and d-spacing values,
as compared to results from sirulated PXRD data of erystalline Forro A of Compound (P)-1 are

shown in Table 24 as derived from the PXRID spectrum, shown in Figure 27.
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Table 24: Experimental and simulated PXRD data

Experimental PXRD Simulated PXRD
2-Theta 4 Bragg Reflections 2-Theta ,
Anges () | 9V b = i Angles ) | G(A)
5.21 16.946 0 0 i 5.20 17.2385
9.78 9.0362 0 1 0 9 .80 890183
16.27 8.6059 0 i 1 10.26 8.48713
13.00 6.8073 0 1 2 13.16 6.92863
1534 57705 O 1 -2 15.22 581934
1551 5.7089 0 0 3 1541 5.74618
1692 52351 0 1 3 17.07 5.33869
17.92 4.9473 i i -2 17.91 4 94901
18.86 47017 1 -1 1 18.85 4.70444
19.60 45254 0 2 1 19.66 4.58616
20.57 43147 i -1 -2 20.65 4.30016
21.01 4.2259 O 2 2 20.92 4.24356
23.60 3.7675 0 2 ~2 23.58 3.77065
2429 3.6608 0 ] 4 24.13 3.65807
2592 3.4341 2 2 2 257 3.46431
29.058 3.0712 i -1 2 29.19 3.0598
29.48 3.0275 0 3 1 2948 3.02715
[6557] Differential Scanning Calorimetry (DSC) was conducted with a TA Instruments

Q100 differential scanning calorimeter equipped with an auto sampler and a refrigerated cooling
system under 40 mL/min Nz purge. DSC thermograms were obtained at 15°C/min in crimped Al
pans. Figure 28 depicts one such thermogram (botiom trace), obtained from a sample of (7)-1
[0558] Thermogravimetric Analysis {TGA) thermograms were obtained with a TA
lnstruments Q500 thermogravimetric analyzer under 40 mL/min N2 purge at 15°C/min in Pt or
Al pans.

{0555} DSC analysis, depicted in Figure 28 {fop trace) indicates crysialline Form A of
Compound  (P)-1 exhibits a melting/racemization event at 187.92°C, followed by a
recrystatiization eveni at 195.8°C, and finally a sharp endotherm at 253.5°C (melt of racemate).
MNegligible weight 1oss (0.7%) 15 observed between 25°C and 256°C by TGA.

Fourier Transform Infrared Spectroscopy (FT-IR): Characteristic spectral absorbance data from
FT-IR of Form A of Compound (#}-1 showing the location of significant IR-active regions and

their functional group assignments 1s shown in Table 25,
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Table 25; FT-IR Absorbance Data

Wavenumber {cm-1) Functional Group Assignment
3486 -OH stretch
3072 C-H {aromatic) stretch
2982 C-H {CH3) stretch
1656 C=0 stretch
1605 C=N stretch
1562 C=N stretch
1571 C=C stretch
1546 C=N stretch
1525 C={_ stretch
1476 C-H (CH2) bend
1457 CH2 scissor
1429 C-H (CH3) bend
1385 C-H (gem dimethyl) bend
1380 -0-H bend
1350 C-N{pyridone) stretch
1296 C-F stretch
1237 C-0 (conjugated, alkyl ether) stretch
1214 C-H (aromatic) bend
1184 C-0 (tertiary alcohol) stretch
130 C-F stretch
1103 C-H (aromatic) bend
1051 C-F stretch
1044 C-F stretch
1005 C-H (aromatic) bend
978 C-H (aromatic) bend
964 C-H (aromatic) bend
860 -H (aromatic) bend
840 C-H {aromatic) bend
810 C-H {(aromatic) bend
793 (-H (aromatic) bend
781 -H (aromatic) bend
755 C-{1 stretch
741 C-H {aromatic) bend
703 C-H (aromatic) bend
669 N-C=0 bend

EXAMPLE 15 p38 Inhibitory Potency and p38/MK2 Sobstrate Seclectivity of
Compound {(F3-1.
{8560} Inhibition of MK2 and PRAK by Compound (P}-I and (M)-I, respectively, was

investigated to understand selectivity of Compound {(P)-1 and/or Compound (M)-1 in reducing

inflammatory response. Compound (P)}-I and (M)-1 were evaluated in enzyme assays that
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compared inhibitor potency in blocking p3&/MK2 versus p38/PR AK-induced phosphorylation of
an HSP-27-derived peptide substrate. The ability of Compound (P)-I and (M)-1 to inhibit
activated phospho-p38a was evaluated using a p380/MK2Z and a p38w/PRAK cascade assay
format. The kinase activity of p38a was determined by its ability to phosphorylate GST-MK2 or
GST-PRAK. Activation of MK2 or PRAK by p38a was guantitated by measuring the
phosphorviation of a fluorescently-labeled, MKZ/PRAK specific peptide substrate, Hsp27
peptide. The phosphorylation of the Hep27 pepiide was quantified using IMAP technology
{Molecular Devices, Sunnyvale CA}. Kinase reactions were carried out in a 384-well plate
{Greiner, 781280} in 20 mM HEPES pH 7.5, 10 mM MgCls, 0.01% Triton X-100, 0.01% BSA, 1
mM DTT, and 2% DMSO. The concentration of inhibitor in the assays was varied between 0.02
oM to 30,000 oM, while the Hsp27 peptide substrate and MgATP were held constant at 1 M
and 10 uM, respectively. Activated p38c was added to a final concentration of 30 pM for
reactions with non-phosphorylated 1 oM GST-MK2 in the cascade reaction. For the p380/PRAK
cascade, the concentration of non-activated GST-PRAK was held constant at 10 oM while p38a
was added to a final concentration of 200 pM. Kinase reactions were incubated at room
temperature and quenched after 120 minutes by the addition of IMAP Binding Solution. Under
these conditions, approximately 20% of the substrate Hsp27 peptide was phosphorylated.
Reactions were intiated by the addition of activated p38a except for pre~-incubation experiments,
where reactions were initiated by the addition of Hsp27 peptide and MgATP. Pre-incubation of
p38a with nhibitor or p38a with non-activated GST-MK2 or non-activated GST-PRAK and
inhibitor were performed at 2X final assay concentrations at room temperature 240 minutes prior
to adding ATP and Hsp27 peptide to initiate catalysis. The inhibitory potency of Compounds
{(#3-I and (M)-1 was quantitated from dose-response ICso values or Ki values from p38a/MK2
cascade assays while the substrate selectivity was calculated as a ratio of p38«/PRAK p38c/MKZ
1Csq values.

{6561} Compound (P)-I and Compound (M)-I were tested in accordance with the above

described assay, vielding 1Cso values described in Table 26 below:
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TABLE 26
o e p3B/MK2 p3&/PRAK Selectivity
Compound Structure TCs0 (1M) TCs0 (M) Ratio
F
F
()1 0.021 8.1 385x
(M1 3.48 125 3.6

EXAMPLE 16: Cytokine Regulation in Human Monecytes by Compound (P)-1
[0562] The p38 pathway has been shown to be critical for the biosynthesis of a number of

pro-inflammatory cytokines including TNFa, 1L-1P and 1L-6. Therefore, inhibition of the p38
MAP Kinase pathway will lower the inflammatory response by decreasing biosynthesis of pro-
inflammatory cytckines. This study shows the amount of Compound {£}-1 and Compound ()1
necessary to inhibit biosynthesis of TNFa, IL-6, and IL-15 {pro-inflammatory cytokines) by half]
demonstrating the effectiveness of each compound in reducing inflammation. Evaluation of the
potency and efficacy of Compound (F)-1 and Compound (M)-1 to block cyiokine production
were carried out using the human U937 cell line. The U937 human pre-monocytic cell line was
obtained from the American Type Culture Collection (Rockville, MD). These cells were
differentiated to a monocytic/macrophage phenotype as described by Burnette (Burnette et al
{2009). SD0006: a potent, selective and orally available inhibitor of p38 MAP Kinase,
Pharmacology B84(1):42-60). Differentiated U937 cells (human peripheral blood mononuclear
cells (WPBMC)) were seeded into 96-well tissue culture plates (200,000 cells/well) in complete
media. After 24 hours, the cells were pretreated for 60 minutes in the presence or absence of
Compound ()1 and Compound (M)-1 and then stimulated with LPS (0.1 ug/mb) for 4 hours.

Culture media was then collected for determination of TNFu, IL-6 or IL-1p levels by ELISA.
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Cytokine concentrations were extrapolated from recombinant protein standard curves using a
four-parameter logistic model and solving for ICse after iterating to the best least-squares fit.
[8563] Both atropisomers of ATE450 (Compounds (M-I and (£)-I} were iested in

accordance with the above described assay, yielding 1Cso values described in Table 27 below:

hWPBMC | WPBMC hPBMC
Compound | TNFa ICso | 1L-1B 1Cs0 | 1L-61Csg
(M) (M) (M)
(P)-ATI-450 0.004 0.012 0.145
(M»ATI-450 | >10,000 | >10,000 >10,000

[0564] Although embodiments herein have been described in considerable detail with
reference 1o certain preferred embodiments thereof, other versions are possible. Therefore, the
spirit and scope of the appended claims should not be limited to the description and the preferred

versions contained within this specification.
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CLAIMS

1 A method for treating an inflamratory condition, said method
comprising;
adrainistering, to a human subject having an inflammatory condition, an oral dose

of 5 mg/day to 300 mg/day of Compound |

(D

or a derivative thereof to treat said inflammatory condition.

2. The method of claim 1, wherein 50 mg/day of the compound is
administered to said subject.

3. The method of claim 1, wherein 100 mg/day of the coropound i3
administered 1o said subject.

4, The method of claim 1, wherein 160 mg/day of the compound is

administered to said subject.

(4

The method of claim 1, wherein 200 mg/day of the corupound i3
administered to said subject.

&, The method of claim 1, wherein 240 mg/day of the compound is
administered to said subject.

7. The method of any one of claims 1-6, wherein the compound is
administered once a day.

8. The method of any one of claims 1-6, wherein the compound is
administered twice a day.

Q. The method of claim 1, wherein 50 mg of the compound is administered
1o the subject twice datly.

10.  The method of claim 1, wherein 80 mg of the compound is administered

to the subject twice daily.
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11, The method of claim 1, wherein 120 mg of the compound is administered
to the subject twice daily.

12, The method of any one of claims 111, wherein Compound s
deuterated.

13, The method of any one of claims 1-12, wherein Coropound I comprises

the Compound (F)-1

F.'.
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(#3-1 and the Compound {(M)-1 (M)-1,

in a molar ratio of ()1 to (Af)-1 of about 4:1.

14, The method of claim 13, wherein the molar ratio of (P)-11o (M)-11s about
9:1.

15, The method of claim 13, wherein the molar ratio of (F}-1to (A4)-1is about
9%:1.

16, The method of any one of claims 1-12, wherein Compound I comprises
the Compound (F)-1 substantially free of Compound (A)-1.

17. The method of any one of claims 1-16, wherein Compound (F)-1is a free
base.

ig. The method of claim any one of 1-17, wherein Compound (P)-Iisa
crystalline form.

19, The method of claim 18, wherein the crystalline form of Compound (F)-1
s erystalline Form A characterized by an PXRD pattern having a peak expressed in degrees 26 at
about 978 £ 0.2

24, The method of claim 18, wherein the crystalline form of Compound (#)-1
is the crystalline Form A characterized by an PXRD pattern having peaks expressed in degrees

26at978+:02and 1551402
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21 The method of claim 18, wherein the crystalline form of Compound (#)-1
is the crystalline Form A characterized by an PXRD pattern having peaks expressed in degrees
20at978+0.2, 1551402, 196+02, and 2592+ 0.2,

22. The method of any one of claims 1-21, wherein the intflammatory
condition is rheumatoid arthritis,

23, The method of any one of claims 1-21, wherein the inflammatory
condition is psoriatic arthritis,

24, The method of any one of claims 1-21, wherein the inflammatory
condition 18 a cryopyrin-associate periodic syndrome.

25, The method of any one of claims 1-21, wherein the inflammatory
condition is Hidradenitis suppurativa.

20. The method of any one of claim 1-21, wherein the inflammatory condition
is selected from the group consisting of psoniasis, juvenile idiopathic arthritis, ulcerative colitis,
Crohn’s disease, ankylosing spondylitis, pancreatic cancer, metastatic breast cancer, gout,
recurrent pericarditis, and idiopathic pulmonary fibrosis.

27.  The method of any one of claims 1-21, wherein 50 mg of the compound is
administered to a subject having rheumatoid arthritis twice daily.

28. The method of any one of claim 1-21, wherein 80 mg of the compound is
administered to a subject having rheumatoid arthritis twice daily.

29. The method of any one of claim 1-21, wherein 120 mg of the compound is
administered to a subject having rheumatoid arthriiis twice daily.

30.  The method of any one of claims 27-29, wherein said administering is
carried out under conditions effective to inhibit progression of joint damage, improve synovitis,
or both in said subject as assessed by magnetic resonance imaging (MRI).

31, The method of any one of claims 1-30, wherein said administering s
carried out under conditions effective to significantly reduce i vive serum levels of one or more
inflammatory cytokines as compared to iz vivo serum levels of the one or more inflaromatory
cytokines in a subject administered a placebo.

32. The method of claim 31, wherein the one or more inflammatory cytokines
is selected from the group consisting of TNF-q, HL-15, [L-6, IL-8, IFNy, 1L-17, [L-18, H.-1q, and
IL-1RA.

(]
53

3. The method of any one of claims 1-32, wherein administering further

COMprises:

131



WO 2021/195562 PCT/US2021/024482

administering one or more additional therapeutic agents in conjunction with
Compound L

34, The method of claim 33, wherein said one or more additional therapeutic
agents is administered simultaneously with Compound L

35, The method of ¢laim 33, wherein said one or more additional therapeutic
agents is administered sequentially with Compound L

36 The method of any one of claims 33-34, wherein the one or more
additional therapeutic agents is selected from the group consisting of an anti-inflammatory drug,
an anti-atherosclerotic drug, an immunosuppressive drug, an immunomodulatory drug, a
cytostatic drug, an angiogenesis inhibitor, a kinase inhibitor, a cytokine blocker, and an inhibitor
of cell adhesion molecules.

37.  The method of any one of claims 1--36, wherein the compound is
formulated as a solid dosage form selected from a tablet, a capsule, a lozenge, a sachet, a

powder, granules, and orally dispersible film.

38, The method of claim 37, wherein the solid dosage form is a tablet.
39. The method of any one of claims 1-38, wherein the compound is

administered as an immediate release formulation.
40.  The method of any one of claims 1-38, wherein the compound is

administered as a controlled release formulation.
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