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(57) Abregée/Abstract:

Provided herein are methods of using compounds and compositions for modulating leukocytic activity, including activity of B cells
and/or T cells monocytes, macrophages, and other lymphoid or myeloid-derived cell types, In immune-related diseases or
Inflammatory diseases. Pharmaceutical compositions and dosing regimens for use in the methods are also provided herein.
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activity of B cells and/or T cells monocytes, macrophages, and other lymphoid or myeloid-derived cell types, in immune-related dis -
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TREATMENT OF IMMUNE-RELATED AND INFLAMMATORY DISEASES

RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Patent Application Nos.

61/722,718, filed on November 5, 2012 and 61/681,491, filed on August 9, 2012, which
arc hereby incorporated by reference herein in their entireties.

SEQUENCE LISTING
[0002] The present application 1s being filed with a Sequence Listing submitted as

filename 12827-207-888 Seqlisting.txt, of size 6,571 bytes, which was created on
August 8, 2012. The Sequence Listing 1s incorporated herein by reference 1n its entirety.

FIELD

[0003] Provided herein are methods of treating, preventing, and/or managing
diseases associated with leukocytic activity, including activity of B cells and/or T cells,
monocytes, macrophages, and other lymphoid or myeloid-derived cell types e.g.,
immune-related diseases or inflammatory diseases, comprising administering
Compound I or a pharmaceutically acceptable salt, solvate, hydrate, stereoisomer,
tautomer or racemic mixtures thereof, including (§)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.
Pharmaceutical compositions and dosing regimens for such treatment, prevention,

and/or management are also provided herein.

BACKGROUND
[0004] Inflammatory and immune-related diseases modulated by lymphocytic

activity, including activity of B cells and/or T cells, such as lupus, scleroderma, lupus
pernio, sarcoidosis, Sjogren syndrome, ANCA-induced vasculitis, anti-phospholipid
syndrome and myasthenia gravis, continue to be important medical problems.

[0005] Lupus or lupus erythematosus 1s a collection of autormmune disorders that
can cause chronic inflammation 1n various parts of the body, especially the skin, joints,
blood, and kidneys. The body's immune system normally makes proteins called
antibodies to protect the body against viruses, bacteria, and other foreign materials (1.¢.,
antigens). In an autormmune disorder such as lupus, the immune system loses 1ts ability
to tell the difference between antigens and 1ts own cells and tissues and can make
antibodies directed against 1ts own cells and tissues to form immune complexes. These
immune complexes can build up 1n the tissues and cause inflammation, injury to tissues

and/or pain. The three most common types of lupus include systemic lupus
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erythematosus (SLE), cutancous lupus erythematosus (CLE) and drug-induced lupus.
More detailed descriptions of lupus or lupus erythematosus can be found in Wallace,
2000, The Lupus Book: A Guide for Patients and Their Families, Oxford University
Press, Revised and Expanded Edition, which 1s incorporated by reference herein 1n its
entirety.

[0006] Scleroderma 1s a rare disease with a stable incidence of approximately 19
cases per 1 million persons. The exact cause of scleroderma 1s unknown.
Abnormalities involve autoirmmunity and alteration of endothelial cell and fibroblast
function. Systemic scleroderma usually begins with skin thickening, usually of the
fingers, accompanied by Raynaud’s phenomenon. Raynaud’s disease typically
precedes further manifestations of systemic scleroderma. Early in the disease the
atfected skin may be puffy and soft. The usual location of greatest skin thickening and
hardening 1s the face, hands and fingers. Sclerodactyly 1s frequently present. Tendon
friction rubs are often palpable on exam and can be painful. With more advanced
discase, digital ulcers and auto-amputation may occur. Gastrointestinal dismotility 1s a
feature, often manifested by heartburn, or by diarrhea with malabsorption or pscudo-
obstruction. New onset hypertension or renal insufficiency are manifestations of the
associated vascular injury. Heart failure or arrhythmia are also possible due to cardiac
fibrosis. (Hachulla E, Launay D, Diagnosis and classification of systemic sclerosis,
Clin Rev Allergy Immunol 2010; 40(2):78-83).

[0007] The major manifestations of scleroderma and 1 particular of systemic
sclerosis are mappropriate excessive collagen synthesis and deposition, endothelial
dysfunction, spasm, collapse and obliteration by fibrosis. In terms of diagnosis, an
important clinical parameter 1s skin thickening proximal to the metacarpophalangeal
joints. Raynaud's phenomenon 1s a frequent, almost universal component of
scleroderma. It 1s diagnosed by color changes of the skin upon cold exposure.
Ischemia and skin thickening are symptoms of Raynaud's discase.

[0008] Sarcoidosis 1s a disease characterized by granuloma formation, enhanced by
lymphocyte and macrophages, usually classified as a T-helper type 1 response.
Overproduction of tumor necrosis factor (TNF)-a, IL-8, and IL-18 by alveolar
macrophages 1s thought to be a contributing factor to the underlying lung inflammation.
Lupus pernio 18 a chronic disfiguring skin manifestation of sarcoidosis, primarily
affecting the face. Sarcoidosis and associated lupus pernio have limited treatment

options such as corticosteroids, which offer only modest benefit (Baughman RP, Judson
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MA, Teirstein AS, Moller DR, Lower EE. Thalidomide for chronic sarcoidosis. Chest.
2002 Jul;122(1):227-32).

[0009] There remains a need for prophylactic or therapeutic drugs that can be used
to treat or prevent immune-related and inflammatory diseases, including lupus,
scleroderma, lupus pernio, sarcoidosis, Sjogren syndrome, ANCA-induced vasculitis,

anti-phospholipid syndrome and myasthenia gravis.

SUMMARY

[0010] Provided herein are methods of treating, managing, ameliorating and/or
preventing diseases, disorders and/or conditions associated with immune-related and
inflammatory discases comprising administering a therapeutically effective amount of a

compound of formula I

N

or a pharmacecutically acceptable salt, solvate, hydrate, stercoisomer, tautomer or

Compound I,

racemic mixtures thereof.

[0011] In one embodiment, the compound 1s 3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione.

[0012] In one embodiment, the compound 1s a pharmaceutically acceptable salt of
3-[4-(4-morpholin-4-ylmethyl-benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-p1peridine-
2.,6-dione.

[0013] In one embodiment, the compound 1s 3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione hydrochloride.
[0014] In one embodiment, the compound 1s (§)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0x0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione, having the

following structure:
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Q—O Compound IA,
or a pharmacecutically acceptable salt, solvate, hydrate, or tautomer thereof.
[0015] In one embodiment, the compound 1s (§)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione.
[0016] In one embodiment, the compound 1s a pharmaceutically acceptable salt of
(S)-3-[4-(4-morpholin-4-ylmethyl-benzyloxy)-1-oxo0-1,3-dihydro-isoindol-2-yl]-
piperidine-2,6-dione.
[0017] In one embodiment, the compound 1s (§)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione hydrochloride.
[0018] In one embodiment, the compound 1s (R)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0x0-1,3-dihydro-i1soindol-2-yl]-piperidine-2,6-dione, having the

following structure:

or a pharmacecutically acceptable salt, solvate, hydrate, or tautomer thereof.

Compound IB,

[0019] In one embodiment, the compound 1s (R)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0x0-1,3-dihydro-isoindol-2-yl]-piperidine-2,6-dione.

[0020] In one embodiment, the compound 1s a pharmaceutically acceptable salt of
(R)-3-[4-(4-morpholin-4-ylmethyl-benzyloxy)-1-ox0-1,3-dihydro-1soindol-2-yl]-
piperidine-2,6-dione.

[0021] In one embodiment, the compound 1s (R)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione hydrochloride.
[0022] In certain embodiments, the disease 1s selected from lupus, scleroderma,
Sjogren syndrome, ANCA-1nduced vasculitis, anti-phospholipid syndrome and
myasthenia gravis.

[0023] In one embodiment, provided herein are methods of modulating, e.g.,

reducing, leukocytic activity, including activity of B cells and/or T cells, monocytes,
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macrophages, and other lymphoid or myeloid-derived cell types, comprising contacting
B cell and/or T cell with an effective amount of Compound 1.

[0024] Also provided herein are pharmaceutical compositions, single unit dosage
forms, and kits suitable for use 1n treating, preventing, ameliorating and/or managing
disecases, disorders and/or conditions associated immune-related and inflammatory
diseases, which comprise Compound I, optionally in combination with one or more
other therapeutic agents.

[0025] In certain embodiments, Compound I 1s administered in combination with
on¢ or more therapeutic agents, i.e., pharmaceutical agents that are modulators of
leukocytic activity, including activity of B cells and/or T cells, monocytes,
macrophages, and other lymphoid or myeloid-derived cell types. The combinations

encompass simultancous as well as sequential administration.

BRIEF DESCRIPTION OF DRAWINGS
[0026] FIG. 1 depicts eftect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on plasmablast and activated B cell
differentiation.
[0027] FIG. 2 depicts etfect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on cell viability during plasmablast
differentiation.
[0028] FIG. 3 depicts eftect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on B and plasma cell transcription factor
expression.
[0029] FI1G. 4 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on IgG production in plasmablast
cultures.
[0030] FIGs. 5A and 5B depict effect of (S)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on B and
plasma cell transcription factor expression.
[0031] FIG. 6 depicts etffect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-ox0-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on IgG production 1n B cell cultures on
days 4, 7 and 10.
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[0032] FIG. 7 depicts etfect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo0-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione, alone and in combination with
prednisolone, on IgG production by 1n vitro-differentiated plasma blasts/plasma cells.
[0033] FIG. 8 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione on CD20/CD38 expression during B cell
differentiation at day 7.

[0034] FIG. 9 depicts etffect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo0-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on cell viability during plasmablast
differentiation.

[0035] FIG. 10 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on B cell differentiation and function in
SLE patient PBMC 1n vitro.

[0036] FIGs. 11A and 11B depict eftect of (S)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione on on IgG
and IgM production,respectively, in B cell cultures on day 7.

[0037] FIG. 12 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione on differentiation of CD19+ B cell into
plasma blasts/plasma cells.

[0038] FIG. 13 depicts ettect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione on large size cell population (gate p2) in
normal B cell differentiation assay.

[0039] FIG. 14 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on plasma cell transcription factors in B
cell differentiation culture.

[0040] FIGs. 15A—15E depict effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-
1-0x0-1,3-dihydro-1soindo-2-ylJpiperidine-2,6-dione (20 nM) on plasma cell
transcription factor expression in day 7 cultured B cells.

[0041] FIG. 16 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione on transcription factors expression in
CD38+ plasmablast/plasma cells from differentiating SLE patient PBMC.

[0042] FIG. 17 depicts efftect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo-
1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione (represented as compound I in the figure)
on CD44 MFI at day 7 B cell differentiation culture.
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[0043] FIG. 18 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-isoindo-2-yl]piperidine-2,6-dione on CD20"&"/CD44"¢" cells at day 7
normal B cell differentiation assay.

[0044] FIG. 19 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione (represented as compound I 1n the figure)
on CD&3+ cells and expression at day 4 and day7 B cell differentiation culture.

[0045] FIG. 20 depicts effect of (S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione (represented as compound I 1n the figure)
on Ig J cham expression during B cell differentiation culture.

[0046] FI1G. 21 1llustrates the effect of 3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-
0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on production of certain cytokines
and chemokines 1n ant1-CD3-stimulated human T cells, expressed as absolute amount
produced.

[0047] FI1G. 22 1llustrates the effect of 3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-
0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on production of certain cytokines
and chemokines 1n anti-CD3-stimulated human T cells, expressed as percentage of
control.

[0048] FIG. 23 1illustrates the effect of (R)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-
1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on production of certain cytokines
and chemokines 1n ant1-CD3-stimulated human T cells, expressed as absolute amount
produced.

[0049] FI1G. 24 1llustrates the effect of (R)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-
1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on production of certain cytokines
and chemokines 1n anti-CD3- stimulated human T cells, expressed as percentage of
control.

[0050] FI1G. 25 1illustrates the effect of (§)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-
1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on production of certain cytokines
and chemokines 1n ant1-CD3- stimulated human T cells, expressed as absolute amount
produced.

[0051] FI1G. 26 1llustrates the effect of (5)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-
1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on production of certain cytokines
and chemokines 1n anti-CD3-stimulated human T cells, expressed as percentage of

control.
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[0052] FI1G. 27 illustrates inhibition of production of certain cytokines and
chemokines 1n lipopolysaccharide-stimulated peripheral blood mononuclear cells by 3-
[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-
dione.

[0053] FI1G. 28 1llustrates enhancement of on production of certain cytokines and
chemokines 1n lipopolysaccharide-stimulated peripheral blood mononuclear cells by 3-
[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-
dione.

[0054] FIG. 29 1llustrates inhibition of on production of certain cytokines and
chemokines 1n lipopolysaccharide-stimulated peripheral blood mononuclear cells by
(R)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-
2.,6-dione.

[0055] FI1G. 30 1llustrates enhancement of on production of certain cytokines and
chemokines 1n lipopolysaccharide-stimulated peripheral blood mononuclear cells by
(R)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-
2.,6-dione.

[0056] FIG. 31 1illustrates inhibition of on production of certain cytokines and
chemokines 1n lipopolysaccharide-stimulated peripheral blood mononuclear cells by
(S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-1,3-dihydro-1soindo-2-yl]piperidine-
2.,6-dione.

[0057] FI1G. 32 1llustrates enhancement of on production of certain cytokines and
chemokines 1n lipopolysaccharide-stimulated peripheral blood mononuclear cells by
(S)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-1,3-dihydro-isoindo-2-yl]piperidine-
2.,6-dione.

[0058] FIG. 33 1llustrates enhancement of NK cell IFN-gamma production in
response to immobilized IgG and IL-2, expressed as absolute amount produced, by 3-
[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-
dione.

[00359] FI1G. 34 1llustrates enhancement of NK cell IFN-gamma production in
response to immobilized IgG and IL-2, expressed as absolute amount produced, by (R)-
3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-ylpiperidine-2,6-
dione.

[0060] FIG. 35 1llustrates enhancement of NK cell IFN-gamma production in

response to immobilized IgG and IL-2, expressed as absolute amount produced, by (S5)-
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3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-ylpiperidine-2,6-
dione.

[0061] FI1G. 36 1llustrates enhancement of NK cell IFN-gamma production 1n
response to immobilized IgG and IL-2, expressed as percentage of amount of IFN-
gamma produced in the presence of 1 um pomalidomide, by 3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0062] FIG. 37 1llustrates enhancement of NK cell IFN-Gamma Production 1n
Response to Immobilized 1gG and 1L-2, expressed as percentage of amount of IFN-
gamma produced 1n the presence of 1 um pomalidomide, by (R)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0063] FIG. 38 1llustrates enhancement of NK cell IFN-Gamma Production 1n
Response to Immobilized 1gG and 1L-2, expressed as percentage of amount of IFN-
gamma produced 1n the presence of 1 um pomalidomide, by (S)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0064] FI1G. 39 depicts effect of compounds provided herein on growth factor-
induced human umbilical vascular endothelial cell proliferation.

[0065] FI1G. 40 depicts effect of compounds provided herein on growth factor-
induced human umbilical vascular endothelial cell tube formation.

[0066] FIG. 41 depicts effect of compounds provided herein on growth factor-
induced human umbilical vascular endothelial cell invasion.

[0067] FIG. 42 depicts effect of (5)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo-
1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione on dermal thickness of lesional skin 1n
the bleomycin dermal fibrosis mouse model (prevention of inflammation driven
fibrosis).

[0068] FIG. 43 depicts hematoxylin and eosin stained skin section
photomicrographs showing dermal thickness of lesional skin in the bleomycin dermal

fibrosis mouse model (prevention of inflammation driven fibrosis).

[0069] FIG. 44 depicts effect of (§)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-oxo-

1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione on the numbers of alpha-SMA
myofibroblasts in lesional skin in the blecomycin dermal fibrosis mouse model
(prevention of inflammation driven fibrosis).

[0070] FI1G. 45 depicts effect of compounds tested on dermal thickness of lesional

skin 1n the bleomycin dermal fibrosis mouse model (regression of established fibrosis).
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[0071] FIG. 46 depicts hematoxylin and cosin stained skin section
photomicrographs showing dermal thickness of lesional skin in the bleomycin dermal
fibrosis mouse model (regression of established fibrosis).

[0072] FIG. 47 depicts reduction 1n the numbers of alpha-SMA + myofibroblasts in
lesional skin 1n the bleomycin dermal fibrosis mouse model (regression of established
fibrosis).

[0073] FIG. 48A depicts reduction of dermal thickness by (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione in TSK-1
mice.

[0074] FIG. 48B depicts reduction of relative hydroxyproline contents by (5)-3-[4-
(4-morphlin-4-ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-
dione 1n TSK-1 mice.

[0075] FIG. 49A depicts modulation of CTGF by (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione.

[0076] FIG. 49B depicts modulation of PAI-1 by (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0077] FIG. 49C depicts modulation of COLIA by (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0078] FIG. 49D depicts modulation of aSMA by (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0079] FIG. 49E depicts modulation of CCMP by (§)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione.

[0080] FIG. 49F depicts modulation of TGFB1 by (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0081] FIG. 50 depicts modulation of COL1, aSMA and FN by (S)-3-[4-(4-
morphlin-4-ylmethylbenzyloxy)-1-o0xo0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione.
[0082] FIG. 51 depicts modulation of MMP1 and PAI by (S)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione.

[0083] FIG. 52 depicts modulation of Dnmt1 by (S)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione.

[0084] FIG. 53 depicts the mRNA expression level of cereblon in normal and SSc
fibroblasts.

[0085] FI1G. 54 depicts the mRNA expression level of cereblon 1n normal and SSc

skin tissues.
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DETAILED DESCRIPTION
[0086] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as 1s commonly understood by one of ordinary skill in the art. All
patents, applications, published applications and other publications are incorporated by
reference in their entirety. In the event that there 1s a plurality of definitions for a term
herem, those 1n this section prevail unless stated otherwise.

2% &6

[0087] As used herein, and unless otherwise indicated, the terms ““treat,” “treating”
and “‘treatment” refer to alleviating or reducing the severity of a disease or a symptom
associated with the disease or condition being treated.

[0088] As used herein, “prevent”, “prevention” and other forms of the word include
the 1mnhibition of onset or progression of a disecase or disorder or a symptom of the
particular disecase or disorder. In some embodiments, subjects with familial history of
cancer are candidates for preventive regimens. Generally, 1n the context of cancer, the
term “preventing”’ refers to administration of the drug prior to the onset of signs or
symptoms of a cancer, particularly in subjects at risk of cancer.

[0089] As used herein, and unless otherwise indicated, the term “managing”
encompasses preventing the recurrence of the particular disease or disorder in a subject
who had suffered from it, lengthening the time a subject who had suffered from the
discase or disorder remains 1in remission, reducing mortality rates of the subjects, and/or
maintaining a reduction in severity or avoidance of a symptom associated with the
disease or condition being managed.

[0090] As used herein, “subject” means an animal, typically a mammal, including a
human being. As used herein, “patient” means a human subject.

[0091] As used herein, and unless otherwise specified, the terms “therapeutically
cttective amount” and “effective amount” of a compound refer to an amount sufficient
to provide a therapeutic benefit in the treatment, prevention and/or management of a
discase, to delay or minimize one or more symptoms associated with the discase or
disorder to be treated. The terms “therapeutically effective amount™ and “effective
amount” can encompass an amount that improves overall therapy, reduces or avoids
symptoms or causes of disease or disorder or enhances the therapeutic efficacy of
another therapeutic agent.

[0092] As used herein, and unless otherwise specified, the term “prophylactically

cttective amount” of a compound 1s an amount sufficient to prevent a disease or

condition, or on¢ or more symptoms associated with the disease or condition, or prevent
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its recurrence. A prophylactically effective amount of a compound means an amount of
therapeutic agent, alone or 1n combination with other agents, which provides a
prophylactic benefit in the prevention of the disease. The term “prophylactically
cttective amount” can encompass an amount that improves overall prophylaxis or
enhances the prophylactic efficacy of another prophylactic agent.

[0093] As used herein and unless otherwise indicated, the term “pharmaceutically
acceptable salt” includes, but 1s not limited to, a salt of an acidic group that can be
present 1 the compounds provided herein. Under certain acidic conditions, the
compound can form a wide variety of salts with various 1norganic and organic acids.
The acids that can be used to prepare pharmaceutically acceptable salts of such basic
compounds are those that form salts comprising pharmacologically acceptable anions
including, but not limited to, acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate,
bromide, calcium edetate, camsylate, carbonate, chloride, bromide, 10dide, citrate,
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydroxynaphthoate,
1sethionate, lactate, lactobionate, malate, maleate, mandelate, methanesulfonate
(mesylate), methylsulfate, muscate, napsylate, nitrate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate, succinate, sulfate,
tannate, tartrate, teoclate, tricthiodide, and pamoate.

[0094] As used herein and unless otherwise indicated, the term “hydrate” means a
compound provided herein or a salt thereof, further including a stoichiometric or non-
stoichiometric amount of water bound by non-covalent intermolecular forces. The
hydrates can be crystalline or non-crystalline.

[0095] As used herein and unless otherwise indicated, the term “solvate” means a
solvate formed from the association of one or more solvent molecules to compound
provided herein. The term “solvate” includes hydrates (e.g., monohydrate, dihydrate,
trihydrate, tetrahydrate, and the like). The solvates can be crystalline or non-crystalline.
[0096] As used herein, and unless otherwise specified, the term “stercoisomer™
encompasses all enantiomerically/stereomerically pure and
cnantiomerically/stereomerically enriched compounds provided herein.

[0097] As used herein, and unless otherwise indicated, the term ““stercomerically
pure” or “‘enantiomerically pure” means that a compound comprises one sterecoisomer
and 18 substantially free of its counter stercoisomer or enantiomer. For example, a

compound 1s stercomerically or enantiomerically pure when the compound contains
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80%, 90%, or 95% or more of one stereoisomer and 20%, 10%. or 5% or less of the
counter stereoisomer. In certain cases, a compound provided herein 1s considered
optically active or sterecomerically/enantiomerically pure (i.e., substantially the R-form
or substantially the $-form) with respect to a chiral center when the compound 1s about
80% ce (enantiomeric excess) or greater, preferably, equal to or greater than 90% ee
with respect to a particular chiral center, and more preferably 95% ee with respect to a
particular chiral center.

[0098] As used herein, and unless otherwise indicated, the term ““stercomerically
enriched” or “enantiomerically enriched” encompasses racemic mixtures as well as
other mixtures of sterecoisomers of compounds provided herein (e.g., R/S = 30/70, 35/65,
40/60, 45/55, 55/45, 60/40, 65/35 and 70/30).

[0099] The terms “co-administration’” and “in combination with” include the
administration of two or more therapeutic agents (for example, Compound I or a
composition provided herein and another modulator of leukocytic activity, including
activity of B cells and/or T cells, monocytes, macrophages, and other lymphoid or
myecloid-derived cell types or other active agent) either simultaneously, concurrently or
sequentially with no specific time limits. In one embodiment, Compound I and at lcast
on¢ other agent are present in the cell or 1n the subject’s body at the same time or exert
their biological or therapeutic effect at the same time. In one embodiment, the
therapeutic agent(s) are 1n the same composition or unit dosage form. In another
embodiment, the therapeutic agent(s) are 1n separate compositions or unit dosage forms.
[00100] A “B cell” 1s a lymphocyte that matures within the bone marrow, and
includes a naive B cell, memory B cell, or effector B cell (plasma cells). The B cell
herein may be a normal or non-malignant B cell.

[00101] A “T cell” 1s a lymphocyte that matures 1in thymus, and includes a helper T
cell, amemory T cell, and a cytotoxic T cell.

[00102] As used herein “overall survival” refers to the time from randomization until
death from any cause, and 1s measured 1n the intent-to-treat population. Overall
survival can be evaluated 1n randomized controlled studies.

[00103] As used herein “objective response rate” refers to the proportion of patients
with reduced predefined scleroderma symptoms at the end of a predefined period of
time. Response duration 1s usually measured from the time of initial response until

documented scleroderma progression.
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[00104] As used herein “time to progression” means the time from randomization
until objective scleroderma progression. In certain embodiments, time to progression
does not include deaths.

[0010S] As used herein “progression-free survival” means the time from
randomization until objective scleroderma progression or death.

[00106] As used herein “time-to-treatment failure” means any endpoint(s) measuring
time from randomization to discontinuation of treatment for any reason, including
disease progression, treatment toxicity, and death.

[00107] As used herein “mortality” means a measure of the number of deaths in a
given population.

[00108] As used herein “respiratory mortality” means patients who die from acute
hypoxemia or other specific respiratory deterioration resulting in death such as need for
mechanical ventilation leading to death, respiratory arrest, or any other event 1n a
subject deemed to be respiratory 1n nature.

[00109] As used herein “respiratory hospitalization” means those hospitalized for
deterioration 1n pulmonary status as documented by patient hospital admission notes or
other medical opinion.

[00110] As used herein “modified Rodnan skin score” means a validated numerical
scoring system to assess dermal skin thickness.

[00111] As used herein “skin thickness” means hard or indurated skin that can be
cvaluated using a variety of techniques including durometer and mRSS

[00112] As used herein “‘skin induration” means skin that 1s hardened, red, inflamed,
thickened or tender.

[00113] As used herein “dermatology quality of life index” means an evaluation of
quality or life related to the skin symptoms for a patient having scleroderma.

[00114]  As used herein “pulmonary function” means any measurement of forced
expiratory flow, forced vital capacity, FEV 25-75%, lung volumes or vital capacity.
[00115] As used herein “carbon monoxide diffusing capacity” means an assessment
of the uptake of carbon monoxide across the alveolar-capillary membrane. It can be a
proxy for the measurement of the lungs ability to transfer oxygen from the lungs to the
blood stream.

[00116] As used herein “Mahler Dyspnea index” means an instrument that provides

clinical measurement of shortness of breath.
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[00117] As used herein “Saint George's Respiratory Questionnaire score” means an
instrument that measures quality of life 1n patients with pulmonary disease.

[00118] As used herein “UCLA scleroderma clinical trial consortium gastrointestinal
tract score” means a questionnaire administered to patients having scleroderma to
cvaluate gastrointestinal symptoms associated with scleroderma (systemic sclerosis).
[00119] As used herein “flow-mediated dilatation” means any measurement of
vascular endothelial function 1n a patient having scleroderma.

[00120] As used herein “six minute walk distance” means any evaluation of the
distance a patient having scleroderma can walk within 6 minutes or any standardized
procedure to evaluate ability to walk for a fixed period of time or distance.

[00121] As used herein, pomalidomide refers to the following compound:
0 0

ras

MH.

7.1 COMPOUND 1

[00122] In certain embodiments, Compound I for use 1in the methods provided herein,
including the combination therapy, and in compositions provided herein 1s a compound

of formula:

O

or a pharmacecutically acceptable salt, solvate, hydrate, stereoisomer, tautomer or

Compound I,

racemic mixtures thereof.
[00123] In one embodiment, the compound 18 (5)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-o0x0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione, having the

following structure:
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Q—O Compound IA,
or a pharmacecutically acceptable salt, solvate, hydrate, or tautomer thereof.
[00124] In onec embodiment, the compound 18 (5)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione.
[00125] In one embodiment, the compound 1s a pharmaceutically acceptable salt of
(S)-3-[4-(4-morpholin-4-ylmethyl-benzyloxy)-1-oxo0-1,3-dihydro-isoindol-2-yl]-
piperidine-2,6-dione.
[00126] In one embodiment, the compound 18 (5)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl]-piperidine-2,6-dione hydrochloride.
[00127] In one embodiment, the compound 18 (R)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0x0-1,3-dihydro-i1soindol-2-yl]-piperidine-2,6-dione, having the

following structure:

or a pharmacecutically acceptable salt, solvate, hydrate, or tautomer thereof.

Compound IB,

[00128] In one embodiment, the compound 1s (R)-3-[4-(4-morpholin-4-ylmethyl-
benzyloxy)-1-0x0-1,3-dihydro-isoindol-2-yl]-piperidine-2,6-dione.

[00129] In one embodiment, the compound 1s a pharmaceutically acceptable salt of
(R)-3-[4-(4-morpholin-4-ylmethyl-benzyloxy)-1-ox0-1,3-dihydro-1soindol-2-yl]-
piperidine-2,6-dione.

[00130] In onec embodiment, the compound 1s selected from 3-[4-(4-morpholin-4-
ylmethyl-benzyloxy)-1-0xo0-1,3-dihydro-1soindol-2-yl|-piperidine-2,6-dione, 3-[4-(4-
morphlin-4-ylmethylbenzyloxy)-1-o0xo-1,3-dihydro-1soindo-2-ylpiperidine-2,6-dione
hydrochloride, (R)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-
2-yl]piperidine-2,6-dione, (R)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0x0-1,3-
dihydro-isoindo-2-yl]piperidine-2,6-dione hydrochloride, (S)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl]piperidine-2,6-dione and (§)-3-[4-
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(4-morphlin-4-ylmethylbenzyloxy)-1-0xo-1,3-dihydro-1soindo-2-yl|piperidine-2,6-

dione hydrochloride.

[00131] Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
stereoisomer, tautomer or racemic mixtures thereof can be prepared by methods known
to one of skill in the art, for example, according to the procedure described in US
Publication No. 2011/0196150, the entirety of which 1s incorporated herein by reference.
[00132] An exemplary method for preparation 1s described in Example 1.

7.2 METHODS OF TREATMENT

[00133] Provided herein are methods of treating, preventing, and/or managing
discases, disorders and/or conditions associated with immune-related and inflammatory
diseases comprising administering a therapeutically effective amount of Compound I or
a pharmaceutically acceptable salt, solvate, hydrate, stercoisomer, tautomer or racemic
mixtures thereof to a patient 1n need thereof. In certain embodiments, the disease 1S
selected from lupus, scleroderma, Sjogren syndrome, ANCA-induced vasculitis, anti-
phospholipid syndrome and myasthenia gravis. In certain embodiments, the disease 1S
lupus or scleroderma.

[00134] The sensitivity of Compound I or a pharmaceutically acceptable salt, solvate,
hydrate, stereoisomer, tautomer or racemic mixtures thercof can be studied in various in
vivo and in vitro assays, including animal models known to one of skill 1n the art for
immune-related and inflammatory diseases, including, but not limited to MRL/Mpl-
Faslpr/J mouse model of systemic lupus erythematosus, NZBWF1/J mouse model of
systemic lupus erythematosus, bleomycin-induced skin fibrosis model, and murine tight

skin-1 (Tsk-1) mouse model.

7.2.1 Treatment of Scleroderma

[00135] In certain embodiments, provided herein are methods of treating, preventing,
and/or managing scleroderma or a symptom thereof, comprising administering a
therapeutically effective amount of Compound I or a pharmaceutically acceptable salt,
solvate, hydrate, stercoisomer, tautomer or racemic mixtures thercof to a patient having
scleroderma. In one embodiment, provided herein are methods of treating, preventing,
and/or managing scleroderma or a symptom thercof, comprising administering an
cttective amount of (5)-3-[4-(4-morphlin-4-ylmethylbenzyloxy)-1-0xo0-1,3-dihydro-

1soindo-2-yl]piperidine-2,6-dione or a pharmaceutically acceptable salt thereof.
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[00136] In certain embodiments, provided herein are methods of preventing
scleroderma or a symptom thercof, comprising administering an effective amount of
Compound I or a pharmaceutically acceptable salt, solvate, hydrate, stereoisomer,
tautomer or racemic mixtures thercof to a patient at risk of having scleroderma. In one
embodiment, provided herein are methods of preventing scleroderma or a symptom
thercof, comprising administering an effective amount of (§)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0x0-1,3-dihydro-1soindo-2-yl|piperidine-2,6-dione or a
pharmaceutically acceptable salt thereof.

[00137] In certain embodiments, the scleroderma 1s localized, systemic, limited or
diffuse scleroderma.

[00138] In certain embodiments, the systemic scleroderma comprises CREST
syndrome (Calcinosis, Raynaud's syndrome, esophagacal dysfunction or dysmotility,
sclerodactyly, telangiectasia). Scleroderma 1s also known as systemic sclerosis or
progressive systemic sclerosis. In certain embodiments, provided herein are methods of
treating or preventing Raynaud's disease or syndrome. In certain embodiments,
systemic sclerosis comprises scleroderma lung disease, scleroderma renal crisis, cardiac
manifestations, muscular weakness (including fatigue or limited CREST),
gastrointestinal dysmotility and spasm, and abnormalities in the central, peripheral and
autonomic nervous system (including carpal tunnel syndrome followed by trigeminal
necuralgia). It also includes general disability, including depression, and impact on
quality of life.

[00139] In certain embodiments, limited scleroderma 1s limited to the hands, the face,
neck, or combinations thereof.

[00140] In certain embodiments, diffuse scleroderma comprises skin tightening and
also occurs above the wrists (or elbows). In certain embodiments, the diffuse systemic
sclerosis 18 sine scleroderma, comprising internal organ fibrosis, but no skin tightening;
or familial progressive systemic sclerosis.

[00141] In onec embodiment, scleroderma 1s not associated with wasting, such as
disecase-related wasting.

[00142] In one embodiment, provided herein are methods for the reduction,
inhibition, or prevention of one or more of the following symptoms of scleroderma: (1)
gradual hardening, thickening, and tightening of the skin (e.g., in extremities, such as
hands, face, and feet); (1) skin discoloration; (111) numbness of extremities; (1v) shiny

skin; (v) small white lumps under the surface of the skin that erupt into a chalky white
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fluid; (v1) Raynaud's esophagacal dysfunction (pain, numbness, and/or color changes in
the hands caused by spasm of the blood vessels upon exposure to cold or emotional
stress); (vi) telangiectasia (red spots on, ¢.g., the hands, palms, forcarms, face, and lips);
(vii1) pain and/or stiffness of the joints; (1x) swelling of the hands and feet; (x) itching
of the skin; (x1) stiffening and curling of the fingers; (x11) ulcers (sores) on the outside
of certain joints, such as knuckles and elbows; (x111) digestive problems, such as
heartburn, difficulty in swallowing, diarrhea, rritable bowel, and constipation; (x1v)
fatigue and weakness; (xv) shortness of breath; (xvi) arthritis; (xvi1) hair loss; (xvii)
internal organ problems; (x1x) digital ulcers; or (xx) digital auto-amputation, comprising
administering an effective amount of Compound I to a patient in need thereof.

[00143] Without being bound to any particular theory, 1t 1s believed that Compound 1
or a pharmaceutically acceptable salt, solvate, hydrate, stercoisomer, tautomer or
racemic mixtures thercof enhances Thl immune response, and suppresses Th2 immune
response, which may result in anti-fibrotic effects in the skin.

[00144]  Further provided herein are methods for improving or reducing the skin
thickness of a patient having scleroderma comprising administering an effective amount
of Compound I or a pharmaceutically acceptable salt, solvate, hydrate, stereoisomer,

tautomer or racemic mixtures thereof to the patient. In one embodiment, the skin

thickness 1s reduced by about 20%, about 25%, about 30%, about 40%, about 50%,
about 60%, about 70% about 80%, about 90% or more.

[00145]  Further provided herein are methods for achieving one or more clinical
endpoints associated with scleroderma comprising administering an effective amount of
Compound I or a pharmaceutically acceptable salt, solvate, hydrate, stercoisomer,
tautomer or racemic mixtures thercof to a patient in need thereof.

[00146] Further provided herein are methods for increasing the overall survival,
objective response rate, time to progression, progression-free survival and/or time-to-
treatment failure of a patient having scleroderma comprising administering an effective
amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
sterecoisomer, tautomer or racemic mixtures thercof to the patient.

[00147]  Further provided herein are methods for decreasing mortality, respiratory
mortality and/or respiratory hospitalization of a patient having scleroderma comprising
administering an effective amount of Compound I or a pharmaceutically acceptable salt,

solvate, hydrate, sterecoisomer, tautomer or racemic mixtures thercof to the patient.
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[00148]  Further provided herein are methods for improving the modified Rodnan
skin score of a patient having scleroderma comprising administering an effective
amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
stereoisomer, tautomer or racemic mixtures thereof to the patient. In one embodiment,
the improvement in modified Rodnan skin score 1s 5, 10, 15 or 20 points or more.
[00149]  Further provided herein are methods for improving or reducing the skin
thickness of a patient having scleroderma comprising administering an effective amount
of Compound I or a pharmaceutically acceptable salt, solvate, hydrate, sterecoisomer,

tautomer or racemic mixtures thereof to the patient. In one embodiment, the skin

thickness 1s reduced by about 20%, about 25%, about 30%, about 40%, about 50%,
about 60%, about 70% about 80%, about 90% or more.

[00150] Further provided herein are methods for improving or reducing skin
induration of a patient having scleroderma comprising administering an effective
amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
stercoisomer, tautomer or racemic mixtures thercof to the patient.

[00151] Further provided herein are methods for improving the dermatology quality
of life index of a patient having scleroderma comprising administering an effective
amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
stercoisomer, tautomer or racemic mixtures thercof to the patient.

[00152] Further provided herein are methods for improving the pulmonary function
of a patient having scleroderma comprising administering an effective amount of
Compound I or a pharmaceutically acceptable salt, solvate, hydrate, sterecoisomer,
tautomer or racemic mixtures thereof to the patient.

[00153] Further provided herein are methods for improving the carbon monoxide
diffusing capacity of a patient having scleroderma comprising administering an
cttective amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
sterecoisomer, tautomer or racemic mixtures thercof to the patient. In one embodiment,
the carbon monoxide diffusing capacity of a patient 1s improved by an improvement 1n
the diffusing capacity of the lung for carbon monoxide (D;co) of about 10%, about 20%,
about 25%, about 30%, about 40%, about 50%., about 60%, about 70% about 80%,
about 90% or more.

[00154]  Further provided herein are methods for improving the Mahler Dyspnea
index of a patient having scleroderma comprising administering an effective amount of

Compound I or a pharmaceutically acceptable salt, solvate, hydrate, stercoisomer,
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tautomer or racemic mixtures thereof to the patient. In one embodiment, the
improvement in Mahler Dyspnea index 1s 4, 5, 6, 7, 8, 9 or 10 points or more.

[00155]  Further provided heremn are methods for improving the Saint George's
Respiratory Questionnaire score of a patient having scleroderma comprising
administering an effective amount of Compound I or a pharmaceutically acceptable salt,
solvate, hydrate, sterecoisomer, tautomer or racemic mixtures thereof to the patient. .In
on¢ embodiment, the improvement 1n Saint George’s Respiratory Questionnaire score 18
4, 8,12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52 points or more.

[00156] Further provided herein are methods for improving the UCLA scleroderma
clinical trial consortium gastrointestinal tract score of a patient having scleroderma
comprising administering an effective amount of Compound I or a pharmaceutically
acceptable salt, solvate, hydrate, stercoisomer, tautomer or racemic mixtures thereof to
the patient.

[00157]  Further provided herein are methods for treating or preventing digital ulcer
of a patient or patient population having scleroderma comprising administering an
cttective amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
stercoisomer, tautomer or racemic mixtures thercof to the patient.

[00158]  Further provided herein are methods improving tflow-mediated dilatation of
a patient having scleroderma comprising administering an effective amount of
Compound I or a pharmaceutically acceptable salt, solvate, hydrate, stercoisomer,
tautomer or racemic mixtures thereof to the patient.

[00159]  Further provided herein are methods improving or increasing the six minute
walk distance of a patient having scleroderma comprising administering an effective
amount of Compound I or a pharmaceutically acceptable salt, solvate, hydrate,
sterecoisomer, tautomer or racemic mixtures thercof to the patient. In one embodiment,
the improvement 1n the six minute walk distance 1s about 200 meters, about 250 meters,

about 300 meters, about 350 meters, about 400 meters or more.

7.2.2 Treatment of Lupus Erythematosus

[00160] In certain embodiments, provided herein are methods of treating, preventing,
and/or managing lupus erythematosus or a symptom thercof, comprising administering

a therapeutically effective amount of Compound I or a pharmaceutically acceptable salt,
solvate, hydrate, stercoisomer, tautomer or racemic mixtures thercof to a patient having

lupus erythematosus. In one embodiment, provided herein are methods of treating,
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preventing, and/or managing lupus erythematosus or a symptom thercof, comprising
administering a therapeutically effective amount of (5)-3-[4-(4-morphlin-4-
ylmethylbenzyloxy)-1-0x0-1,3-dihyd<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>