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TREATMENT OF MEMBRANQOUS NEPHROPATHY, IGG4-RELATED DISEASE,
AND ANTIPHOSPHOLIPID SYNDROME USING BTK INHIBITOR 2-{GR)-3-[4-
AMING-3-(2-FLUORO-4-PHENOXY-PHENYLIPYRAZOLO B 4-4IPYRIMIDIN-1-
YLIPIPERIDINE-1-CARBONYL|4-METHYL-4-4-(OXETAN-3-YLIPIPERAZIN-1-
YLIPENT-2-ENENITRILE

This application claims the benefit of priority to U.S. Provisional Application
MNo. 62/957.724, filed January 6, 2020, and U1.S. Provisional Application No. 63/039,200,
filted June 15, 2020, the contents of each of which are incorporated by reference herein in

their entirety.

n

The present discloswre provides methods of treating a disease chosen from
membranous nephropathy (MN}, 1gG4-related diseases, and antiphospholipid syndrome
{APS) using a therapeutically effective amount of 2-{{(3R)-3-{4-amino-3-(2-fluoro-4-
phenoxy-phenyhpyrazolo{3.4-d{pyrimidin-1-yl]piperidine- 1 ~carbonvl}-4-methyl-4-{4-
{oxetan-3-vDpiperazin-1-vlipent-2-enenitrile {also referred to herein as Compound (3),

10 PRNI0O0S, and nilzabrutirub), having the structure:

o N\A
.
'

b

N
L’
4y
or a pharmaceutically acceptable salt thereof The P line at the alkene carbon in Compound
(1) denotes that Compound (I} or a pharmaceutically acceptable salt thereof can be a (E) isomer,
15 a{Z)isomer, or a mixture of {E) and (Z) isomers.
Compound (I} is disclosed in Example 31 of the PCT Application
No. PCT/US2013/058614, filed on September 6, 2013, The disclosed synthesis provides
Compound (1) requiring purification by column chromatography and affording a foam upon
removal of solvent which can be crushed to obtain a powder.
20 Compound (1) ts also known as PRN100R and rilzabrutinib. Compound (1) and
pharmaceutically acceptable salts thereof are potent Bruton Tyrosine Kinase (BTK)

inhibitors. The enzyme BTK is a member of the Tec family non-receptor tyrosine kinases.
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BTK is expressed in most hematopotetic cells, including B cells, mast cells, and
macrophages. BTK plays a role in the development and activation of B cells. BTK activity
has been implicated m the pathogenesis of several disorders and conditions, such as B
cell-related hematological cancers (e. g, non-Hodgkin lymphoma and B cell chronic
Ivrmphocvtic leukemia) and inumune-mediated diseases {e. 2., theurnatoid arthriiis, graft
versus host disease, Sjogren’s syndrome, pemphagus, IBD, lupus, and asthana).

in some embodimenis of the present disclosure, at least about 80% w/w, at least about
85% w/w, at least about 90% w/w, at least about 95% w/w, at least about 96% w/w, at least
about 97% w/w, or at least about 99% w/w of Compound (I} or a pharmaceutically accepiable
salt thereof is the (E) isomer. The ratio of the (F) to (Z) isomer can be calculated by methods
well known in the art. One such method 1s HPLC total area normalization method.

In some embodiments, the mammal treated using Compound (I} or a pharmaceutically
acceptable salt thereof is treatiment naive with respect to a tnrounosuppressive therapy. In
some embodiments, the mammal treated using Compound (I} or a pharmaceutically
acceptable sait thereof is treatment naive with respect to any immumosuppressive therapy. In
some embodiments, the mammal i a human,

In soroe emboduments, the roammal bas been previously treated with an
innunosuppressive therapy. In some embodiments, the maromal s a human.

In some embodiments, the present disclosure provides methods of using Compound
{I) or a pharmaceutically acceptable salt thereof as a replacement therapy for an
immunosuppressive therapy for a disease chosen from membranous nephropathy (MN),
1gG4-related diseases, and antiphospholipid syndrome (APS). In some embodiments, the
present disclosure provides methods of using Compound (1) or a pharmaceutically acceptable
salt thereof as a replacernent therapy for a disease chosen from werobranous vephropathy
{(MN}, IgG4-related diseases, and antiphospholipid syndrome (APS), wherein an
immunosuppressant is used as a first or second line therapy for the disease. In soms
ermnbodiments, Compound (3} or a pharmaceutically acceptable salt thereof is used in place of
the iwnunosuppressive therapy. In soroe emboduments, Compound (1) or a pharmaceutically
acceptable salt thereof is used in combination with the immunosuppressive therapy. In some
embodiments, the present disclosure provides methods of using Compound (I} or a
pharmaceutically acceptable salt thereof as a replacement therapy for a disease chosen from
membranous nephropathyy (MN), Ig(G4-related diseases, and antiphospholipid syndrome

{APS}, wherein an immunosuppressant is used as a first or second line maintenance therapy
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for the disease. In some embodiments, Compound (1) or a pharmaceutically acceptable salt
thereof is used in place of the immunosuppressant. Tn some embodiments, Compound (Ij or a
pharmaceutically acceptable salt thereof s used i cornbination with the inrnunosuppressant.

in some embodiments, the present disclosure provides methods of eliminating or
reducing a therapeutic dose of an imrnunosuppressive therapy used in chronic mainienance
therapy in the treatment of a disease chosen from membranous nephropathy {(MN),
IgG4-related diseases, and antiphospholipid syndrome (APS) in a maramal in need thereod,
wherein the immunosuppressive therapy s used as a first or second line treatment,
comprising adminisiering 1o said mammal in need of said ireatment & therapeutically
effective amount of Compound () or a pharmaceutically acceptable salt thereof. In some
embodiments. Compound (I} or a pharmaceutically acceptable salt thereof is used in place of
the immunosuppressive therapy. In some embodiments, Compound (I} or a pharmacewtically
acceptable salt thereof is used 1n combination with the immunosuppressive therapy.

In some embodiments, the present disclosure provides methods of using Compound
(1) or a pharmaceutically acceptable salt thereof as a replacement therapy for a corticosteroid
therapy for a disease chosen from membranous nephropathy (MN), IgG4-related diseases,
and antiphospholipid syndrome (APS). In sorse emboduments, the present disclosure
provides methods of using Compound (8} or a pharmaceutically acceptable salt thereofas a
replacement therapy for a disease chosen from membranous nephropathy (MN), 12G4-related
diseases, and antiphospholipid syndrome (APS), wherein a corticosteroid is used as a first or
second hine therapy for the disease. To some embodiments, Compound (I} ora
pharmaceutically acceptable salt thereof is used in place of the corticosteroid. In some
embodiments, Compound (I} or a pharmaceutically acceptable salt thereof is used in
combination with the corticosteroid. In some embodiments, the present disclosure provides
methods of using Compound (1) or a pharmaceutically acceptable salt thereofas a
replacement therapy for a disease chosen from membranous nephropathy (MN), IoG4-related
diseases, and antiphospholipid syndrome (APS), wherein a corticosteroid is used as a first or
second line matntenance therapy for the disease. fn some emboditoents, Compound (D ora
pharmaceutically acceptable salt thereof is used in place of the corticostercid. In some
embodiments, Compound (I} or a pharmaceutically acceptable salt thereof 1s used in
combination with the corticosteroid. In some embodiments, the corticosteroid is a

glucocorticoid.
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In some embodiments, the present disclosure provides methods of eliminating or
reducing a therapeutic dose of a corticosteroid therapy used in chronic maintenance therapy
n the treatmaent of a disease chosen from membranous nephropathy (MN), IgG4-related
diseases, and antiphospholipid syndrome (APS) in a mammal in need thereof, wherein the
corticosteroid therapy is used as a first or second line treatment, comprising admunisiering {0
said manwoal in need of said treatment a therapeutically effective amount of Compound (3) or
a pharmaceutically acceptable salt thereof. In some embodiments, Compound (T ora
pharmaceutically acceptable salt thereof is used in place of the corticosteroid therapy. In
some embodiments, Compound (I} or a pharmaceuiically acceptable salt thereof is used in
combination with the corticosteroid therapy. fn some ersboditoents, the corticosteroid
therapy is a glucocorticoid.

In some embodiments of the present disclosure, Compound (I} or a pharmaceutically
acceptable salt thereof is admunistered in combination with a noncorticosteroidal
immunosuppressive and/or anti-inflaramatory agent.

in some embodiments of the present disclosure, Compound (I} or a pharmaceutically
acceptable salt thereof ts admimistered 1n combination with an active pharmaceutical
wngredient chosen from interferon alpha, interferon gamwoa, cyclophosphanude, tacrolimus,
mycophenolate mofetil, methotrexate, dapsone, sulfasalazine, arathioprine, an anti-CD20
agent {e.g., rituximab, dupilumab, ofatumumab, obinuturumab, or velluzumab, or a
biosimilar version of any of the foregoing), an anti-TNF alpha agent {e.g., etanercept,
infliximab, golimumab, adalimumab, or certolizumab pegol, or a biosimilar version of any of
the foregoing), an anti-1L-4 agent toward ligand or its receptors {e.g., dupilumab or a
biosimuilar version thereof), an anti-IL-6 agent toward ligand or its recepiors {e.g.,
tocilizumab, sartlumab, olokizumab, elsithilumab, or sittiwamab, or a brosinular version of any
of the foregoing), an anti~-I1L-17 agent to ligand or its receptors {e. g.. secukinumab,
usiekinumab, brodalumab, or ixekizumab, or a biosimilar version of any of the foregoing}, an
anti-IL~23 agent toward ligand or its receptors {e.g., guselkamab or risankizumab, or a
biosimilar version of either), an anti-IL~12/23 agent toward ligand or receptors (e.g.,
ustekinumab or a biosimilar version thereof), an anti-IL-12 agent toward ligand or its
recepiors, an anti-IL-1 agent to ligand or its receptors {e.g., rilonacept, canakinumab, or
anakinra, or a biosimilar version of anv of the foregoing), an anti-IL-2 agent to ligand or its

eceptors {e.g, basiliximab or daclizumab, or a biosinular version of either), an anti-CD2

agent {e.g., alefacept or a biosimilar version thereof), an anti-CD3 agent {e.g., muromonab-
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cd3 or a biosimilar version thereof), an anti-CD8(/86 agent {e.g., abatacept or belatacept, or a
biosimular version of etther), an anti-sphingosine-1-phosphate receptor agent {e.g.,
fingohimod or a brosimilar version thereot), an anti-C5 agent {e.g , eculizamab or a biosimilar
version thereof), an anti-integrin alphad agent {e.g.. natalizzunab or a biosimular version
thereof), an anti-ofb agent {e.g., vedolizumab or a biosimilar version thereof), an anti-mTOR
agent {e.g., sirolimus or everolimus), an anti-calcineunn agent {e. 2., tacrolimus), an anti-
BAFF/BIyS ageni {e.g., belimumab, VAY736, or blisibimod, or a biosimilar version of any

of the foregoing), leflunomide, and teriflunomide.

Embodiments:
Non-limiting embodiments of this disclosure include:
1. A method of treating a disease chosen from membranous nephropathy (MN}, an

1gG4-related disease (IgG4-RD), and antiphospholipid syndrome (APS)inan

wnal a pharmacsutical com

an from (B} 1somer, {Z) isomer, and a

of 2-[(3R)-3-{4-amino-3-(2-fluoro-4-phenoxy-phenypyrazolof 3 4-djpyrimidin-1-

ylpiperidime-1-carbonyii-4~-methyl-4-[4-{oxetan-3~vDpiperazin-1-yl]pent-2-enenitnile; and/or
a pharmacewtically acceptable salt of any of the foregoing compounds; and

a pharmaceutically acceptable carrier or excipient.

2. The method of Embodiment 1, wherein the disease is acute.
3. The method of Embodiment 1 or 2, wherein the disease is an {gG4-RD disease flare.
4, The method of anv one of Embodiments 1-3, wherein the pharmaceutical composition

is orally administered.

5. The method of any one of Embodiments -4, wherein the pharmaceutical composition

is administered daily.

6. The method of any one of Embodiments 1-5, wherein the pharmaceutical composition

is orally administered daily.



(]

10

20

25

WO 2021/141919 PCT/US2021/012211

~

7. The method of any one of Embodiments 1-6, wherein the pharmacewtical composition

is admimstered in place of immunosuppressive therapy.

8. The method of any one of Embodiments 1-7, wherein the pharmaceutical composition

is admunisiered in place of corticosteroid therapy.

9. The method of any one of Embodiments 1-6, wherein the pharmaceutical composition

is administered in combination with immumosuppressive therapy.

10 The method of any one of Embodiments 1-6, wherein the pharmaceutical composition

is admiristered in combination with corticosteroid therapy.

11, The method of any of Ersbodirsents 1-6 or 8-10, whereiu the pharmaceutical
composition is administered in combination with a noncorticosteroidal immunosuppressive

and/or anti-inflammatory agent.

i2, The method of any one of Embodiments 1 or 4-6, wheremn the pharraceutical

composition is adnunistered in place of immunosuppressive maintenance therapy.

13. The method of any one of Embodiments 1 or 4-6, wherein the pharmaceutical

composition is administered 1o place of corticosteroid maintenance therapy.

14 The method of any one of Embodiments 1, 2, or 4-6, wherein the pharmaceutical

composition 1s adnunistered in combination with irmunosuppressive maintenance therapy,

15. The method of any one of Embodiments 1, 2, or 4-6, wherein the pharmaceutical

composition is administered in combination with corticosteroid mainienance therapy.

16, The method of any one of Embodiments 13-15, wherein the pharmaceutical
composition is administered in combination with a noncorticostercidal immunosuppressive

and/or anti~inflaromatory agent.
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17. The method of any one of Embodimenis 1-16, wherein the pharmaceutical

Eyor (Z) isomer of 2-

composition comprises a compound which is a substa
[(3R)}-3~[4~amino-3-(2-fluoro-4-phenoxy ~phenyiipvrazolo[3.4-djpyvrumedin- L -yljpiperidine-1-
carbonyl]-4-methyl-4-{4-(oxetan-3-ylipiperazin-1-ylpent-2-enenitrile, and/or

a pharmaceutically acceptable salt of said compound; and

a pharmaceutically accepiable carrier or excipient.

18. The method of any one of Embodiments 1-17, wherein at least about 85% w/iw of 2~
[{(3R)-3-[4-amino-3-(2-luoro-4-phenoxy-phenyDpyrazolo] 3, 4-d]pyrimidin-1-viipiperidine-1-
carbonyl]-4-methyl-4-[4-{oxetan-3-yDpiperazin-1 -vljpert-2-enenitrile or at least about 85%
wiw of a pharmaceutically acceptable salt of 2-{(3R)-3-{4-amine-3-2-fluoro-4-phenoxy-
phenvlpyrazolo| 3 4-dpyrimidin-1-ylipiperidine-1-carbonyl]-4-methyl-4-{ 4-(oxetan-3-

yhpiperazio-1-yljpent-2-eoeutiile s the (B) somer.

19, The method of any one of Embodiments 1-18, wherein the mammal is a human.

20, The method of any one of Embodiments 1-19, wherein the IgG4-related disease is
characterized by an Ig(G4-RD Responder Index (R1) greater than or equal to 2 in at least one

organ sysiem.

21, The method of any one of Embodiments 1-20, wherein the lgG4-related disease is

characterized by a serum lgG4 concentration greater than 1.5 times the upper hmit of normal.

22, The method of any one of Embodiments 1-21, wherein the IgG4-related disease is
chosen from IgG4-related sialadenitis, 1gG4d-related ophthalmic disease (IgG4-ROD). IgG4-
related pharyngitis, IgG4-related thyroid disease, IgG4-related hypophysitis, IgGd-related
pachymeningitis, IgG4-related leptomeningitis, 1gG4-related pancreatitis, IgG4-related hung
disease, IgG4d-related pleuntis, IgG4-related hepatopathy, TgG4-related sclerosing cholangitis,
IgG4-related cholecystitis, IgG4-related aortitis, IgG4d-related penaortitis, IgG4d-related
pertarteritis, 1gGd-related pertcarditis, IgG4-related mediastinitis, IgG4-related
retroperitoneal fibrosis, IgGd-related rmesenteritis, IgG4d-~related mastitis, fgG4-~related kidnev
disease (JgG4-RK D), 1gG4-related prostatitis, fg(G4-related perivasal fibrosis, IgGd-related

paratesticular pseudotumor, [pG4-related epididymo-orchitis, [gG4-related Iy mphadenopathy,

.
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IgGd-related skin disease, and IgG4d-related perineural disease, or flares of anv of the

preceding IgGd-related diseases.

23 The method of Embodiment 1, wherein the pharmaceutical composition is
administered in combination with an active pharmaceutical ingredient chosen from interferon
alpha, mierferon gamma, cvclophosphanide, tacrolimus, mycophenolate mofeti,
methotrexate, dapsone, sulfasalazine, azathioprine, an anti-CD20 agent, an anti-TNF alpha
agent, an anti-IL6 agent toward ligand or iis receptors, an anti-I1L17 agent to ligand or ifs
receptors, an anti-IL 1 agent to ligand or s receptors, an anti-fL2 agent to ligand or its
receptors, an anti-CD2 agent, an anti-CD3 agent, an anti-CD80/86 agent, an anti-sphingosine-
i-phosphate receptor agent, an anti~-C5 agent, an anti-mTOR agent, an anti~calcineurin agent,

an anti-BAFF/BlvS agent, leflunomide, and teriflunomide.

24.  The method of Embodiment 1, wherein the pharmaceutical composition is
administered in combination with rituximab, ofatumumab, obinutuzumab, or veltuzumab, or

a brosimmular version of any of the foregoing.

25. The method of any one of Embodiments 1-6, 9-11, or 14-24, wherein the mammal is

treatment naive with respect to a immunosuppressive therapy.

26. The method of any one of Embodiments 1-6, 9-11, or 14-24, wherein the mammal is

treatment naive with respect to any immunosuppressive therapy.

27, The method of any one of Embodiments 1-24, wherein the maromal has been

previously treated with an immunosuppressive therapy .

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 dlustrates the study design for investigating dose dependent inhibilion 1n an
anti-GBM {(anti-glomerular basement membrane) mouse glomerulonephritis model with
Compound (I} (PRN1008) treatment. The mouse anti-GBM glomerulonephritis model
wnvolves antibody mediated autoimmunity, and the model i histologically and
mechanistically similar to glomerulonephritis in humans. The model also includes kidney

deposition of immune complexes (IC), targeting glomendar basement membrane.
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FIG. Z shows dose dependent inhibition of serum blood urea nitrogen (BUN) levels
with Compound (1) (PRN1003) treatment tn a mouse anti-GBM glomerulonephritis model.
BUN levels provide a measure of kudney function

FiGs. 3A and 3B shows dose dependent inhibition of severe proteinuria with
Compound (I} {PRNI008) treatment in a mouse anti-GBM glomenulonephritis model.

FIG. 4 shows reduced protenuria with Compound (I) (PRN1008} treatment in a
mouse anti-GBM glomerulonephritis model.

FIG. 5 shows dose dependent inhibition of kidney weight gain with Compound (I}
(PRN1008) treatment in a mouse anti-GBM glomeralonephritis model. Kidney weight gain is
a surrogate for kidney inflammation.

FIG. 6 shows that Compound (1} (PRN1008) significantly reduced kidney pathology,
superior to a steroid comparator {Dex), in a mouse anti-GBM glomerulonephritis model.

o FiGs. 1-6, Dex refers to dexarvethasone, a potent synthetic roember of the
glucocorticoid class of steroid hormones.

FIG. 7 shows inhibition of B cell activation as measured by anti-IgM-induced €69
expression on CD20+ B-eells from human whole blood treated with increasing
concentrations of Compound (1) (rilzabratinib), as measured by fow cytometry (n=4).

FIGs. A and 8B show mhibition of IgG and IgM production by Compound (I}
{rilzabrutinib}. Rilzabrutinib-treated enriched B cells were stimulated with CpG (n = 4),
TNP-LPS (n = 4-6) or anti-CD40+ IL-21 {n = 2-7) for 7 days. Measurement of 1g( and IgM
showed that both T-dependent and T-independent antibody production was inhibited by

rilzabrutinib. Curves depict the results of representative experiments.

Definitions:

As used herein, “a” or “an” entity refers to one or more of that enlity, e.g, “a
compound” refers to one or more compounds or at least one compound unless stated
otherwise. As such, the terms “a” (or “an™}, “one or more”, and “af least one”™ are used
interchangeably herein.

As used herein, the term “about” means approximately, in the region of, roughly, or
around. When the term “about” is used in conjunction with a numerical range, it modifies
that range by extending the boundaries above and below the numerical values set forth. Tn
general, the term “about” s used herein to modify a mumerical value above and below the

stated value by a variance of 10%.
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As used herein, “Compound (1} refers to the (E) isomer, {£) isomer, or a mixture of
(E) and (7} isomers of 2-[(3R)-3-[4-amino-3-(2-fluoro-4-phenoxy -phenyhipyrazolo{3,4-
dipvrmdin- -yljpiperidine- 1 -carbonyii-d~-methyl-4-{4~{oxetan-3-vDpiperazin~-1-ylipent-2-
enenifrile, which has the following structure:

-

PN
5
Ny el
e
LA
N
8 Voo
L
.,
2 SN
NN o

o

or a pharmaceutically acceptable salt thereof The & line at the alkene carbon in
Compound (1) denotes that Compound (I} or a pharmaceutically acceptable salt thereof can
be (E) 1somer, {£) isomer, or a muxture of (F) and (7)) isomers.

All polymorphic forms and hydrates of Compound (1) are within the scope of this
disclosure and claims appended hereto.

1t will be understood by a person of ordinary skill in the art that when a compound 1s
denoted as the (R) isomer, the compound may contain the corresponding (8) stereoisomer as
an impurity, 7., the (§) sterecisomer in less than abowut 1% by wt and vice versa.

As used herein, “substantially pure” in connection with a geometric or isomeric form
refers to a compound, such as Compound (1), wherein more than 70% by weight of the
compound is present as the given isomeric form. For example, the phrase “the solid form of
Compound (I} is a substantially pure {(E} isomer of Compound (I} refers {o the solid form of
Compound (I) having at least 70% by weight of the solid form of Compound (I} being in the
(E) isomenc form, and the phrase “the solid form of Compound (1} is a substantially pure ()
isomer of Compound (1) refers to the solid form of Compound (1} having at least 70% by
weight of the solid form of Compound (I) being in the (Z) isomeric form. In some
ernbodiruents, at least 80% by weight of the solid form of Corapound (¥} 1s the (E) form or at
least 80% by weight of the solid form of Compound (1} is the {Z) form. In some
embodiments, at least 85% by weight of the solid form of Compound (1) is in the (E) form or
at feast 85% by weight of the solid form of Compound (1) 1s in the (Z) form. In some
embodiments, at least 90% by weight of the solid form of Compound (1) 1s in the (E) form or
at feast 0% by weight of the solid form of Cormpound (1} is in the {(Z) form. In some

embodiments, at least 95% by weight of the solid form of Compound (I} is in the (E) form or

- 10 -
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at least 959% by weight of the solid form of Compound (I} is in the (Z) form. In some
embodiments, at least 97% by weight, or 98% by weight, of the solid form of Compound ()
1s in the (E) form or at least 97% by weight, or 98% by weight, of the solid form of

Compound (1) is in the {Z) form. In some embodiments, at least 99% by weight of the solid

(]

form of Compound (I} 15 in the (E} form or at east 99% by weight of the solid form of

Compound (1) is in the (¥) form. The relative amounts of (B} and (Z) isomers in a solid

nuxture can be deternuned according to standard methods and techniques known in the art.

“Acute,” as used herein, means a disease with a rapid onset and/or a short cowrse (2.2,

a disease {lare}.

10 As used herein, a “pharmaceutically acceptable salt” of a compound means a sali that
is pharmaceutically acceptable and that possesses the desired pharmacological activity of the
parent compound. Such salts include, but are not limited to:

acid addition salts, forraed with inorganic acids such as hvdrochloric acid,
hvdrobromic acid, sulfuric acid, mitric acid, phosphoric acid, and the like; or formed with

15 organic acids such as formic acid, acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, factic acid, malonic acid, succinic
acid, malic acid, maleic acid, fumanc acid, tartaric acid, citrie acid, benzoic acid, 3-(4~
hydroxybenzoviibenzoic acid, cinnamic actd, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyvethanesulfonic acid,

20 benzenesulfonic acid, 4-chlorobenzenesulfonic acid, Z-naphthalenesulfonic acid, 4-
toluenesulfonic acid, carphorsulfonic acid, glucoheptonic acid, 4,4-methylenebis-(3-
hyvdroxy-2-ene-1-carboxylic acid), 3-phenyipropionic acid, tnmethvlacetic acid, tertiary
butylacetic acid, lauryvl sulfuric acid, gluconic acid, glotamic acid, hydrosynaphthoie acid,
salicylic acid. stearic acid, muconic acid, and the hke; or

25 salts formed when an acidic proton present in the parent compound either is replaced
by a metal ion, e g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. 1t is undersiood that the pharmaceutically
acceptable salts are non-toxic.

30 Additional information on suitable pharmaceutically acceptable salts can be found in

Remington'’s Pharmaceutical Sciences, 1Tth ed., Mack Publishing Company, Easton, PA,

1985, portions of which relate to suitable pharmaceutically acceptable salts are incorporated

-11 -
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herein by reference. See also Berge at al., Pharmaceutical Salts, Journal of Pharmaceutical
Sciences, 1, Volume 66, Number 1, January 1997

Treatment decisions often follow formal or informal algonthnuc guidelines.
Treatment options can often be ranked or prioritized into lines of therapy: first-line therapy,
second-line therapy, third-line therapy, and so on. Fust-line therapy is the first therapy that
will be tried. Hs prionity over other options is usually either (1) formally recommended on
the basis of clinical trial evidence for its best-available combination of efficacy, safety, and
tolerability or (2) chosen based on the clinical experience of the physician. I a first-line
therapy either fails to resolve the issue or produces intolerable side effects, additional
{second-line) therapies may be substituted or added to the {reatment regimen, followed by
third-line therapies, and so on. Accordingly, “firsi-line”™ therapy as used herein means
therapy usually given when someons is diagnosed with a particular disease or condition and
can be categorized as standard of care.

“Maintenance therapy,” as used herein, means a therapy, therapeutic regimen, or
course of therapy which is administered subsequent to an initial course of therapy
administered to a patient with a disease. Maintenance therapy can be used {o halt, slow
down, or even reverse the progression of the disease, to mamtain the improvement in health
achieved by the inttial treatment and/or enhance the gaing achieved by the inttial therapy.

A “pharmaceutically acceptable carrier or excipient” means a carrier or an excipient
that is usefud in preparing a pharmaceutical composition that is generally safe, non-toxic, and
netther biologically nor otherwise undesirable, and includes a carrier or an excipient that is
acceptable for veterinary use as well as human pharmaceutical use. As used herein, “a
pharmaceutically acceptable carrier or exciptent” means one or more pharmaceutically
acceptable carriers or excipients.

25 ¢

As used herein, “treating,” “ireat.” or “ireatment” of a disease includes:

(13 inhibiting the disease, i.e., arresting or reducing the development of the disease or
its clinical symptoms; or

(2) relieving the disease, i.e., causing regression of the disease or its chirucal
sympioms.

As used herein, a “therapeutically effective amount” means the amount of a
compound of the present disclosure that, when admunistered to a mammal, e.g., a human, for

treating a disease, is sufficient to effect such treatrment for the disease. The “therapeutically

-12 -



(]

10

20

25

WO 2021/141919 PCT/US2021/012211

effective amount” will vary depending on the compound, the disease and its severity and the
age, weight, etc., of the mammal to be treated.

As used herein, “QD” means once a day.

As used herein, “BID” means twice a day.

“Mammal,” as used herein, means animals such as dogs, cats, and humans.

“Membranous nephropathy (MN}” 15 a kidney disease that affects the filters
{glomeruli} of the kidney and can cause protein in the urine, as well as decreased kidney
function and swelling. It is also known as membranous glomernlopathy and
glomeralonephritis. While not wishing to be bound by theory, the treatment of MN is
believed 1o be mediated by autoantibody depletion and mnhibition of platelet aggregation.
Accordingly, BTK inhibitors, such as Compound (1), may be useful in the treatment of MN.

“Te(yd-related disease {Ig(G4-RD) is a fibro-inflammatory condition that can affect
nearly any organ systero. If left untreated, 1gG4-RD can lead fo sever moorbidity and
mortality, including organ dysfunction and organ failure. 1gG4-RD is characterized by tissue
infiltration with lvmiphocvtes and IgG4-secreting plasma cells, various degrees
of fibrosis {scarring}, and a usually prompt response to oral steroids. Common presentations
wnclude major salivary and lacrimal gland enlargement, orbital disease, aumtoimmune
pancreatitis, retroperitoneal fibrosis, and tubulointerstitial nephritis. In some embodiments,
Ig(G4-RD is characterized by an Ig(G4-RD Responder Index (RI) greater than or equal to 2 in
at feast one organ system. In some embodiments, IgG4-RD is characterized by a serum IgG4
conceniration greater than 1.5 times the upper limit of normal. In some embodiments,
1gG4-RE 1s characterized by an IgG4-RD Responder Index (RI} greater than or equal to 2 in
ai feast one organ svstem and a serum IgG4 conceniration greater than 1.5 times the upper
limat of normal,

There are no approved drugs for the treatment of 1gG4-RD. Treatment is typically
corticosteroids {C8); however, patients often relapse after S are tapered and thus require
chronic CS dosing, which leads 1o severe and debilitating side effecis. Rituximab has been
shown 1o have an effective chnical response; however, patients frequently relapse afier
treatment as well. While not wishing to be bound by theory, 1t is believed that multiple
mechanisms of action can potentially lead to positive outcomes in IgG4-RD by impacting
many of the driving features of the disease, including inflanmumation, allergic components (IgE

and eosinophils}, monocytes and macrophages (involved in fibrosis), and B cells implicated
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in inttiation and maintenance of disease. Accordingly, BTK inhibitors, such as Compound
(1), may be useful in the treatment of TgG4-RD.

When the organ implicated 1s the salivary gland, the IgGd-related disease is called

W RSease and

T4 TN ¥ A i~ ‘r‘»'-v\
. the {gGdrelated disease

L

her Y Y iig s calied IgGd-related
ophthalmic disease (IgG4-ROD). Non-limiting examples of 12G4-ROD include IgGd-related
dacrvoadenitis (lacrimal glands), Ie(G4-related orbital inflammation {or [gG4-related orbital
inflammatory pseudotumor), IgG4-related orbital myositis (extraocular muscles), and
IgG4-related pan-orbital inflammation.

When the organ implicated is paranasal sinuses, non-limiting examples of

Ig(G4-related disease include chronic sinusitis and sosinophilic angiocentric fibrosis (upper

respiratory tract and orbit).

R

When the organ implicated is the thyroid gland, a non-limiting example of 1gG4-

ited thyroid disease.

3

i, non-limiting

examples of 1gC

When the organ implicated is the pituitary gland, the lgG4-related disease is called
1gG4-related hypophysitis. Non-linuting examples include Ig(G4-related panhypophysitis {all
of pituitary gland), IgG4-related adenohypophysitis {anterior pituitary}, and IgG4-related
nfundibuloneurchy pophysitis (posterior pituitary and piiwtary stalk}.

When the organs implicated are the meninges, non-limiting exarmples of [gG4-related

disease include idiopathic hy pertrophic pachymeni

When the organ implicated is the pancreas, non-limiting examples of IgG4-related
disease include Type 1 autoummune pancreatitis, lyrophoplasmacytic sclerosing pancreatitis,

and chronic pancreatitis with diffuse rregular narrowing of the main pancreatic duct.

disease include pleuritis.
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When the organ implicated is the liver, non-limiting examples of IgG4-related disease

inchude IgG4-relaed hepatopathy and IgG4d-related cholecystitis.

An veaat v it ety co 4k ISP
v the organ implicated 15 the bile

{, non-limtting exaroples of 1gG4é-related

disease include IgG4-related sclerosing cholangitis.

When the organ implicated is the gall bladder, non-limiting examples of 1gG4-related
disease include 1gG4-related cholecystitis.

When the organ implicated is the aorta, non-limniting examples of IgG4-related disease
include Ig(G4-related aortitis and igG4-related periaortitis.

When the organ implicated is branches of the aorta (including coronary, renal, or iliac
arieries), non-limiting examples of TgG4-related disease mnclude IgGd-related peniarteritis.

When the organ implicated is the breast, non-limiting examples of IgG4-related
disease include Ig(G4-related mastitis.

When the organ implicated 1s the kidoey, the IgGd-related disease is called 1gG4-
related kidney disease (IgG4-RKD). Non-limiting examples of IgG4-KD include 1pG4-
related tubulointerstitial nephritis (IgG4-TIN), membranous glomenidonephritis secondary to
TgG4-related disease, and IgG4-related renal pyelitis (renal pelvig).

When the organ implicated 1s the prostrate, non-limating examples of IgGd-related
disease include Ig(G4-related prostatitis.

When the organ implicated is Vas deferens, non-limiting examples of 1gG4-related
disease include IgG4-related perivasal fibrosis.

When the organ implicated is the scrotum, non-limating examples of IgG4-related
disease include 1gGd-related paratesticular pseudotumor and IgGd-related epididymo-
orchitis.

When the organs implicated are the lvmph nodes, non-hmiting examples of 1gG4-
related disease include IgGd-related lymphadenopathy.

When the organ implicated is the skin, non-limiting examples of 1gG4-related disease
include IgG4-related skin disease, e.g., angiolyrophoid hyperplasia with eosinophilia and
cutaneous pseudolymphoma.

When the organ implicated is the nerve, non-limiting examples of lgG4-related
disease include IgG4-related perineural disease.

In somwe emboduments of the present disclosure, the IgGd-related disease 15 acute

{such as, e.¢.. an lgG4-related disease flare).

1

oy

W
1
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“Antiphospholipid svndrome {APS),” sometimes known as Hughes syndrome, is a
disorder of the immune system that causes an increased nisk of blood clots. As such, people
with APS are at greater risk of developing conditions such as deep vein thrombosis (DVT) {a
blood clot that usually develops in the legs), arterial thrombosis {an artery clot) having the
potential to cause stroke or heart attack, and blood clots in the brain which can lead to issues
with mobility, speech, vision and meroory. While not wishing to be bound by theory,
auto-antibodies produced by plasma cells are believed to be important in the pathology of
APS. Thrombotic events and pregnancy morbidity are also mediated by imumune infiltration.

Accordingly, BTR mbibitors, such as Compound (I3, may be useful in the treatment of APS.

Formuiations and Administration:

In general, the compounds of this disclosure will be administered in a therapeutically
effective arnount by any of the accepted modes of adounistration {e. g, oral adroirustration)
for agents that serve simular utilities. Therapeutically effective amounts of compounds of this
disclosure may range from about .01 to about S00 mg per kg patient body weight per day,
which can be administered in single or multiple doses. A suitable dosage level may be from
about 0.1 to about 250 mg/kg per day, such as about 0.5 to about 100 mg/kg per day.

A surtable dosage level may also be about 0.01 to about 250 mg/kg per day, such as
about 0.05 to about 100 mg/ke per day, and further such as about 0.1 to about 50 mg/kg per
dav. Within this range, the dosage can be about 0.05 to about 0.5, such as about 0.5 1o about
5, and further such as about 3 {o about 30 mg/kg per day. For oral admunistration, the
compositions can be provided in the form of tablets containing about 1 to about 1000
milligrams of the active ingredient, particularly about 1, S, 10, 15, 20, 25, S0, 75, 100, 150,
200, 250, 300, 400, 500, 600, 750, 800, 900, and 1000 milligrams of the active ingredient.
The actual amount to be administered of the compound of this disclosure, i.e., the active
ingredient, will depend upon numerous factors such as the severity of the dissase to be
treated, the age and relative health of the patient, the potency of the compound being utilized,
the route and form of administration, and other factors.

in general, compounds of this disclosure will be administered as pharmaceutical
compositions by any one of the following routes: oral, systemic {e.g , transdermal, intranasal
ot by suppostiory), ot parenteral (e g., intramuscular, wiravenous, or subcutaneous)
adnunistration. In some embodiments, pharmaceutical compositions will be adnunistered

orally using a convenient daily dosage regimen, which can be adjusted according to the
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degree of affliction. Compositions can take the form of tablets, pills, capsules, semisolids,
powders, sustained release formulations, solutions, suspensions, elixirs, aerosols, or any other
appropriate compositions.

The choice of formulation depends on various factors such as the mode of drug
administration (e.g., for oral admimistration, formulations in the form of {ablets, pills or
capsules, including enteric coated or delayed release tablets, pills or capsules) and the
bioavailability of the drug substance. Recently, pharmaceutical formulations have been
developed especially for drugs that show poor bicavailability based upon the principle that
broavailability can be increased by inereasing the surface area, i.e., by decreasing particle
size. Forexample, U.S. Patent No. 4,107,288 describes a pharmaceutical formulation having
particles in the size range from 10 to 1,000 nim in which the active material is supporied on a
cross-tinked matrix of macromolecules. 1.8, Patent No. 5,145,684 describes the production
of a pharmaceutical forraulation in which the drug substance 15 pulverized to nanoparticles
(average particle size of 400 nm) in the presence of a surface modifier and then dispersed ina
liquid medium to give a pharmaceutical formulation that exhibits remarkably high
bioavailability. The disclosures of those two patents are incorporated by reference with

espect to those portions relating to pharmaceutical formulations.

The compositions comprise, in general, a compound of this disclosure in combination
with a pharmaceutically acceptable excipient. Pharmaceutically acceptable excipients are
non-toxic, aid administration, and do not adversely affect the therapeuiic benefit of the
compound of this disclosure. Such excipient may be any solid, hiquid, semi-solid or, in the
case of an aerosol composition, gaseous excipient that is generally available to one of skill in
the art.

Solid pharmaceutical excipients mclude starch, cellulose, tale, glucose, lactose,
sucrose, gelatin, malt, rice. flour, chalk, silica gel. magnesium stearate, sodium stearate,
glycerol monostearate, sodium chioride, dried skim milk and the like. Liquid and semisolid
excipients may be chosen from glycerol, propylene glyeol, water, ethanol and vanous oils,
including those of petroleum, animal, vegetable or synthetic ongin, e 2., peanut oil, sovbean
oil, nuneral oil, sesame oil, etc. Liquid carriers, e.g., for mjectable solutions, nclude water,
saling, aqueous dextrose, and glycols.

Compressed gases may be used to digperse a compound of this disclosure in aerosol

form. Inert gases suitable for this purpose are nitrogen, carbon dioxide, etc.
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Other suatable pharmaceutical excipients and their fornmudations are described in
Remingion’s Pharmaceutical Sciences, edited by E. W. Martin (Mack Publishing Company,
20 ed | 2000), incorporated by reference herein with respect to the portions refating to
pharmaceutical excipients and their formulations.

The level of the compound in a formulation can vary within the full range employed
by those skilled in the art. Typically, the formulation will contain, on a weight percent {(wi.
%) basis, from about 0.01-99.99 wt. % of a compound of this disclosure based on the total
formulation, with the balance being a suitable pharmaceutical excipients. For example, the
compound is present at a level of about 1-80 wt. 96, With respect to the mumerical range
0.01-99.99 “about” denotes less than 0.01%. With respect to the numerical range 1 to 80,
“about” denotes 0.05 with respect to 1 and 10 with respect to 80, thus covering a range from
G.05 t0 90 wt. %.

The coropounds of this disclosure may be used i corobination with one or mwore other
drugs in the treatment of diseases or conditions for which compounds of this disclosure or the
other drugs may have utility. Such other drug(s) mav be administered, by a route and in an
amount commonly used therefore, contemporaneously, such as fixed dose combination, or
sequentially with a compound of the present disclosure. When a cornpound of this disclosure
is used contemporaneously with one or more other drugs, a pharmaceutical composition in
unit dosage form containing such other drugs and the compound of the present disclosure,
i.e., a fixed dose compound, is preferred. However, the combination therapy may also
iclude therapies in which the compound of this disclosure and one or more other drugs are
administered on different overlapping schedules or even non-overlapping schedules. His
also contemplated that situations will arise that when used in combination with one or more
other active ingrediends, the corapounds of the present disclosure and the other active
ingradienis may be used in lower dosas than when each is used singly.

All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if each individual publication or patent was specifically and individually
indicated 1o be incorporated by reference,

Claims or descriptions that include “or” or “and/or” between at least one members of
a group are considered satisfied if one, more than one, or all of the group members are
present in, emploved in, or otherwise relevant {0 a given product or process unless indicated
to the contrary or otherwise evident from the context. The disclosure includes embodiments

in which exactly one member of the group is present in, employed in, or otherwise relevant to
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a given product or process. The disclosure includes embodiments in which more than one, or
all the group members are present in, emploved in, or otherwise relevant to a given product or
process.

Furthermore, the disclosure encompasses all variations, combinations, and
permutations in which at least one limitation, element, clause, and descriptive term from at
least one of the listed claims 15 ntroduced into another claim. For example, any claim that is
dependent on another claim can be modified to include at least one limitation found in any
other claim that is dependent on the same base claim. Where elements are presented as lists,
e.g., in Markush group format, each subgroup of the elersents is also disclosed, and any
clement{s) can be removed from the group. It should be undersiood that, in general, where
the disclosure, or aspects of the disclosure, 1s/are referred to as comprising particular
elements and/or features, embodimenis of the disclosure or aspects of the disclosure consist,
or consist essentially of, such elements and/or features. For purposes of siraplicity, those
embodiments have not been specifically set forth in haec verba herein. Where ranges are
given, endpoints are included. Furthermore, unless otherwise indicated or otherwise evident
from the context and understanding of one of ordinary skill in the art, values that are
expressed as ranges can assume any specific value or sub-range within the stated ranges in
different embodiments of the disclosure, 1o the tenth of the unit of the lower limit of the
range, unless the context clearly dictates otherwise.

Those of ordinary skill in the art will recognize or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the disclosure

described herein. Such equivalents are intended to be encompassed by the following claims.

EXAMPLES
The following examples are intended to be illustrative and are not meant in any way

to limit the scope of the disclosure.

Example 1 Mouse anti-GBM glomerulonephritis model

The efficacy of Compound (I} (also referred to as PRN1008) relative to the
corticosteroid dexamethasone {Dex} was tested in a mouse anti-GBM glomerulonephritis
model according to the design shown in FIG. 1. Briefly, to induce gloraerulonephritis, mace
were pre-sensitized with sheep IgG/FCA (Study Day -5}, Five days later (Study Day 0}, the

mice received anti-GBM sheep I2G. Treatment with vehicle, Compound (I}, or Dex with
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7

vartous dosage regimes (Compound (1) 10 mg/ke, 20 mg/kg, or 40 mg/kg QD or 20 me/kg
BID; Dex: 1 mg/kg QD; Vehicle: QD or BID) began at Study Day -1, one day prior to
wnjection with anti-GBM sheep IgG. Treatment continued untl] Study Day 10, for eleven
davs treaiment in total. Urine protein analysis was conducted on Study Days -6, -4, -1, 1, 3,
6, 8, and 10. Following Study Day 10, mice serurn BUN levels were analyzed as a measure
of kidney function, and kidney histology was performed. Iu the mouse anii-GBM
glomerulonephritis model, dose dependent inhibition of serum BUN levels (FIG. 2), severs
proteinuria (FIG. 3), and kidney weight gain (a surrogate for kidney inflammation) (FIG. 5}
were obeerved. Additionally, treatment with Compound (1) led 1o reduced proteinuria dusing
the study (FIG. 4), and Compound (1) reduced kidney pathology (FIG. 6), providing

favorable results relative to Dex.

Example 2. Opeo-label, Z-arm study to assess the safety and efficacy of Conpound (1) in
1gG4-RD patients who are refractory to rifuximab

To assess the safety and efficacy of daily oral administration of Compound (I} in
IgG4-RD patients who are refractory {o rituximab, patients are being enrolied in an
open-label, 2-arm study. Patients with an [gG4-RD Responder Index (RI) greater than or
equal to 2 at screening (.., up to four days before the start of treatment) in at least one organ
system and optionally additionally with a serum IgG4 concentration greater than 1.5 times the
apper imit of normal will be treated with Compound (I} for 12 to 52 weels. After 12 weeks,
the safety and ability/efficacy of oral daily admanistration of Compound (I) to induce
glucocorticotd-free disease remission in IgG4-RD will be evaluated. Complete remission
will be defined as an IgG4-RD RI score of zero at week 12 and no use of glucocorticoids or
other iromunosuppressive medications between weeks 4 and 12, After extended treatment of
up to 52 weeks, the effects on Compound (1) on [gG4-RD disease flare and glucocorticoid
sparing will be evaluated, along with the effect of Compound (I} on changes in serum

concentrations of Ig(G4, IgE, 1eG, IgM, C3, C4, and other serological parameters over time.

Example 3. Assav method for inhibition of B-cell antibody production by Compound (I}

B-cells were enriched from leukocvte concentrate of TrimaAccel® LRS chamber
recovered after a plateletpheresis procedure from bealthy volunteers {Stanford Blood Center,
Palo Alto, CA) using the Straight from LRSC CD19 Microbead Kit (Miltenyi Biotech).

B-cells were treated with 10 concentrations of 3-fold serial dilutions rilzabruiinib in DMSO
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for T hour at 37°C, 5% CO:. Compound (I} {rilzabntinib)-treated B-cells and DMSO control
were then stimulated with tninitrophenyvi conjuaged to lipopolysaccharide (TNP-LPS (Santa
Cruz Biotechnology)), 5™-Cytosine-phosphate-Guanine-3"(CpG (ODN2006, Invivogen)), or
anti-CD40 (BD Biosciences) + IL21 (R&D Systems) for 7 davs at 37°C, 5% COn.
Compound (I} inhibition of antibody production was determined by measurement of IgG and
IgM in the cell culture lysate using buman IgG and IgM AlphallISA kits (Perkin Elmer).

1Cs¢ was caleulated in GraphPad Prism with non-linear regression using “log (inhibitor) vs.

response - Variable slope (four parameters)” analysis with no constraints.

Example 4: Blockade of B cell activation, IgM and IgG antibody production with
Compound (1) treatment

Compound (I) can inhibit B-cell activation, BCR dependent B-cell proliferation, and
de novo antibody production. To determune the functional activity of Compound (1), the
ability of the compound to inhibit B-cell activation as assessed by anti-Igh-induced CD69
expression in {D20+ B-cells in human whole blood was determined (FIG. 7). The potency
of Compound (I} (rilzabrutinib} in the B-cell activation assay was well correlated with BTK
target occupancy. The ICse deterrunations were 126 £ 32 oM and 233 £ 75 oM for inhubition
of CD69 B-cell expression and BTK target occupancy, respectively. As an additional
measure of the effects of Compound (1) on B-cell function, the ability of Compound () to
inhibit B-cell receptor (BCR)-induced human B-cell proliferation was determined. The ICso
of Compound (I} for inhibition of human B-cell proliferation was 3 £ 2.4 nM. Compound (1)
did not block antibody-dependent cell-mediated cytotoxicity (ADCC) in combination with
anii-CD20 antibodies, indicating potential for combination therapies (Pinmsam, A, P.
Kijrattanakul, S. Chammanchanunt, C. Polprasert, and P. Rojnuckarin. 2018, A randomized
multicenter {rial comparing low-dose prediisolone versus observation for prevention of
recurrences in adult immune thrombocytopenia. Clin Appl Thromb Hemost 24; 867-873 ).

Compound (1) significantly inhibited IgM and IgG antibody production when
stimnulated i vitro. Compound (1) inhibited fgG antibody production with an ICso of 20 = 20
nh and IgM antibody production with an 1Cse of 800 = 1000 nM when stimlated by a T-cell
dependent pathway with anti-CD40 in combination with IL-21 (Fig. 8). Compound {I) also
wnhibtted {gG and IgM antibody production when stimulated by T-independent pathways with
the TLR-9 agonist CpG. with an 1gG 1Cse of 50 £ 90 M and IgM 1Cs0 of 1 = 1 nM, as well
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as with TNP-LPS-stimulated antibody production with 1gG ICse of 300 & 600 nM and IgM
ICs0 of 200 + 600 nM (Table 1},

Table 1.1Cs0 Profiles

ECse (mME) igG M
aCD40 + 11-21 204 20 300 £ 1000
CpG 58+ 90 1+1
TNP-LNS 300 £ 600 200 + 600
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