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COMBINATION THERAPY COMPRISING AN ALKZ2 INHIBITOR AND A JAKZ INHIBITOR

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 82/938,241 filed on
November 22, 2019, U.S. Provisional Application No. 62/980,562 filed on February 24, 2020,
U.S. Provisional Application No. 83/035,194 filed on June 5, 2020, and U.S. Provisional
Application No. 83/056,768 filed on July 27, 2020, the contents of which are hereby
incorporated in their entirety.

BACKGROUND

Myveloproliferative neoplasms (MPNs) are a group of disorders that cause an
overproduction of blood cells (platelets, white blood cells and red blood cells) in the bons
marrow. MPNs include polycythemia vera (PV), primary or essential thrombocythemia {(ET),
primary or idiopathic myelofibrosis, chronic myelogenous (myelocytic) leukemia (CML),
chronic neutrophilic leukemia (CNL), juvenile myslomonocytic leukemia (ML) and chronic
eosinophilic leukemia (CELYhyper sosinophilic syndrome (HES). These disorders are
grouped fogether because they share some or all of the foliowing features: involvement of a
multipotent hematopoietic progenitor cell, dominance of the transformed clone over the non-
transformed hematopoistic progenitor cells, overproduction of one or more hematopoietic
lineages in the absence of a definable stimulus, growth factor-independent colony formation
in vitro, marrow hyperceliularily, megakaryocyte hyperplasia and dysplasia, abnormalities
predominantly involving chromosomes 1, 8, 9, 13, and 20, thrombotic and hemorrhagic
diatheses, exuberant extramedullary hematopoigsis, and spontaneous fransformation to
acute leukemia or development of marrow fibrosis but at a low rate, as compared to the rale
in CML. The incidence of MPNs varies widely, ranging from approximately 3 per 100,000
individuals older than 60 years annually for CML to 0.13 per 100,000 children from birth to
14 years annually for ML (Vardiman JW ef &/, Blood 100 (7} 2292-302, 2002).

There remains a nead for new treatments of MPNs, as well as other cancers and

related indications.

SUMMARY
Provided herein is a combination therapy comprising an ALKZ inhibitor and a JAKZ
inhibitor. The combination therapy is useful for the treatment of a variely of cancers,
inciuding MPNs, and related indications, such as anemia. The combination therapy is also
useful for the treatment of any number of JAKZ-assoclated and/or ALKZ-associated

diseases.
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in an aspect, provided herein is a pharmaceutical combination comprising a JAKZ2
inhibitor, or pharmaceutically acceptable salt thereof, and an ALKZ inhibitor, or a
pharmaceutically acceptabie salt thereof,
in another aspect, provided herein is a pharmaceutical combination comprising
5 {H a JAKZ inhibitor having the Formula |
R4

NS e
R?’/li\if N
H
®
or a pharmaceutically acceptable salt thereof, and

{iiy an ALKZ inhibitor having the Formula Hi:

10
(i
or a pharmaceutically acceptable salt thereof,
in yet ancther aspect, provided herein is a pharmacsutical composition comprising
an ALKZ inhibitor, or pharmaceutically acceptable salt thereof, a JAKZ inhibitor, or
15 pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.
in still another aspect, provided herain is a pharmaceutical composition comprising
an ALKZ inhibitor, a pharmaceutically acceptable carrier, and a JAK2 inhibitor having the

Formula b

R4

20 0]
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or a pharmaceutically acceptable salt thereof,
in an embodiment of the pharmaceutical composition, the ALKZ inhibitor is a

compound of Formula Ik

R,

{9
or a pharmaceutically acceptable salt thersof.

an

in yet ancther aspect, provided herein is a method of treating cancer in a subject in
need thereof, comprising administering to the subject an ALKZ inhibitor, or pharmaceutically
acceptable sait thereof, and a JAKZ inhibitor, or pharmaceutically accepiable salt thereof.

10 in stili another aspect, provided hersin is a method of treating cancer in a subjectin
need thereof, comprising administering to the subject an ALKZ inhibitor, or pharmaceutically
acceptabie salt thereof, and a JAKZ inhibitor having the Formula |

R4

®
18 or a pharmaceutically acceptable salt thereof.
in an embodiment of the mathods, the ALKZ inhibitor is a compound of Formula il
HoN_ N

()

or a pharmaceufically accepiable salt thereof,
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in an aspect, provided herein is a method of treating cancer in a subject in need
thereof, comprising administering {o the subject an ALKZ inhibitor, or pharmaceutically
acceptable sait thereof,
in an embodiment of the method of freating cancer, the ALKZ inhibitor is a compound
of Formula i
HoN N

N
Ry” = SN

Y/

(i)
or & pharmaceutically acceptable salt thereof.
in ancther emboediment of the method of treating cancer, the ALKZ inhibitor is
administered as a monotherapy. In yet ancther embediment, the ALKZ inhibitor is
administered in the absence of any other active pharmaceutical ingredient. In stili another

embodiment, the ALKZ inhibitor is administered in the absence of a JAKZ inhibitor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows how 100 mog/kg QD of a Compound of Formula Il corrects anemia in

mice brought on by turpentine alone, or in combination with a Compound of Formula b
Figure 2 shows how 30 mg/kg BID of a Compound of Formula i corrects anemia in

mice brought on by turpenting alone, or in combination with a Compound of Formula |

DETAILED DESCRIPTION

Adminisiering a combination of an ALKZ2 inhibitor and a JAKZ kinase inhibitor

provides surprising, synergistic effects for treating cancer, e.g., mysioprdliferative neoplasms
(MPNs), in g subject. Such an approach - combination or co-administration of the two types
of agents - can be useful for treating individuals suffering from cancer who, for example, do
not respond {o or are resistant to currently available therapies.

As described herein, low doses of the ALKZ inhibitor and JAKZ inhibitor may be used
effactively fo treat cancer, thus providing at least one basis that there is synergy in
administering the combination of agents that may permit lower dosing of each agent {relative
to presently approved, recommended doses used by clinicians) to get effective treatment.
This provides potentially dramatic tolerability and efficacy advantages over other anti-cancer

agents.



o

10

15

20

25

30

35

WO 2021/102258 PCT/US2020/061497

Also described herein are methods of treating cancers using the ALKZ inhibitor as a
monctherapy, .g., in the absence of a JAKZ inhibitor.

Certain terms used herein are described below. Compounds of the present
disclosure are described using standard nomenclature. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as is commonly

understood by one of skill in the art o which this invention belongs.

Definitions

Listed below are definitions of various terms used herein. These definitions apply o
the terms as they are used throughout this specification and claims, unless otherwise limited
in specific instances, either individually or as part of a larger group.

Unless defined otherwise, all technical and scientific terms used herein generally
have the same meaning as commonly understood by one of ordinary skill in the art.
Generally, the nomenclature used herein and the laboratory procedurss in cell cuiture,
molecular genetics, organic chemistry, and peptide chemistry are those well-known and
commonly employed in the art.

As used herein, the articles “a” and "an” refer to one orto more than one (e, to at
least one) of the grammatical object of the article. By way of example, “an slement” means
one element or more than one element. Furthermore, use of the term “including” as well as
other forms, such as “include,” "includes,” and “included,” is not limiting.

As used herein, "“pharmaceutical combination” or "combination” refers to formulations
of the separate compounds with or without instructions for combined use or to combination
producis. The combination compounds may thus be enlirely separate pharmaceutical
dosage forms or in pharmaceutical compositions that are also sold independently of each
other and where just instructions for their combined use are provided in the package
gquipment, .q., leaflet or the like, or in other information, e.g., provided to physicians and
medical staff {e.g. oral communications, communications in writing or the like), for
simultaneous or sequential use for being jointly active.

As used herein, the term "monotherapy” means that the freatment uses a single
active pharmaceutical ingredient to treat a dissase or condition. A monotherapy can still
include treatment with a pharmaceutically acceptable carrier or excipient. In an embodiment
of the methods provided herein, the single active pharmaceutical ingredient is a compound
of Formula H. In another embodiment, a compound of Formula H is administered as a
monotherapy not in conjunction with a Janus kinase inhibitor.

As used herein, the term "treating” or "treatment” refers {0 one or more of (1)
preventing the disease,; for example, preventing a disease, condition or disorder in an

individual who may be predisposed o the dissase, condition or disorder but does not yet
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gxperience or display the pathology or symptomatology of the disease; (2) inhibiting the
disease; for example, inhibiting a disease, condition or disorder in an individual who is
experiencing or displaying the pathology or symptomatology of the disease, condition or
disorder {i.e., arresting further development of the pathology and/or symptomatelogy); and
(3} ameliorating the diseass; for example, ameliorating a disease, condition or disorder in an
individual who is experiencing or displaying the pathology or symptomatology of the dissase,
condition or disorder (i.e., reversing the pathology and/or symptomatology) such as
decreasing the severity of disease. In some embodiments, the term “treating” or “ireatment”
refers to inhibiting or ameliorating the disease.

As used herein, the term "prevent” or "prevention” means no disorder or disease
development if none had occurred, or no further disorder or disease development if there
had already been deveiopment of the disorder or disease. Also considerad is the ability of
one {o prevent some or all of the symptoms associated with the disorder or disease.

T

As used herein, the term “patient,” “individual,” or “subject” refers to a human or a
non-human mammal. Non-human mammals include, for example, livestock and pets, such
as ovine, bovine, porcine, canine, feline and marine mammails, Preferably, the patient,
subject, or individual is human.

As used herein, the terms “effective amount,” “‘pharmaceutically effective amount,”
and “therapeutically effective amount” refer to a nontoxic but sufficient amount of an agentto
provide the desired biological resuli. That result may be reduction or alleviation of the signs,
symptoms, or causes of a disease, or any other desired alteration of a bidlogical system. An
appropriate therapeutic amount in any individual case may be determined by one of ordinary
skill in the art using routing experimentation.

As used herein, the term “pharmaceutically acceptable” refers to a material, such as
a carrier or diluent, which does not abrogate the biclogical activity or properties of the
compound, and is relatively non-toxic, i.e., the material may be administered to an individual
without causing undesirable biological effecis or interacting in a deleterious manner with any
of the components of the composition in which it is contained.

As used herein, the term “pharmaceutically acceptable salt” refers to derivatives of
the disciosed compounds wherein a parent compound is modified by converting an existing
acid or base moiety {0 its sall form. Examples of pharmaceutically acceptable salls includs,
but are not imited to, mineral or organic acid salts of basic residues such as amines; alkali
or organic salls of acidic residues such as carboxylic acids; and the like. The
pharmaceutically acceptable salts described herein include the conventional non-toxic salts
of the parent compound formed, for exampile, from non-toxic inorganic o organic acids, The
pharmaceutically acceptable salis discussed herein can be synthesized from the parent

compound which contains a basic or acidic moiety by conventional chemical methods.
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Generally, such salls can be prepared by reacting the free acid or base forms ¢f these
compounds with a stoichiometric amount of the appropriate base or acid in water or in an
organic solvent, or in a mixdure of the two; generally, nonaqueous media like ether, ethyl
acetate, sthanol, isopropandl, or acetonitrile are used. The phrase “pharmaceutically
acceptabie salt” is not limited to a mono, or 1.1, salt. For example, "pharmaceutically
acceptabie salt” also includes bis-salts, such as a bis-hydrochioride sall. Lists of suitable
salts are found in Remington’s Pharmaceutical Sciences, 17ih ed., Mack Publishing
Company, Easton, Pa,, 1985, p. 1418 and Journal of Pharmaceutical Science, 86, 2 (1877},
gach of which is incorporated herein by reference in its entirety.

As used herein, the term "composition” or “pharmaceutical composition” refers to a
mixiure of at least one compound with a pharmaceutically acceptable carrier. The
pharmaceutical composition facilitates administration of the compaosition to a patient or
subject. Multiple techniques of administering a compound exist in the art including, but not
imited to, infravenous, oral, aerosdl, parenteral, ophthalmic, pulmonary, and topical
administration.

As used herein, the term “pharmaceutically acceptable carrier” means a
pharmaceutically acceptable material, composition or carrier, such as a liquid or solid filler,
stabilizer, dispersing agent, suspending agent, diluent, excipient, thickening agent, solvent or
encapsulating material, involved in carrying or transporting a compound useful to the patient
such that it may perform is infended function. Typically, such constructs are carried or
transported from one organ, or portion of the body, to another organ, or portion of the body.
Each carrier must be “accepiable” in the sense of being compatible with the other
ingredienis of the formulation, including the compound disclosed herein, and not injurious {o
the patient. Some examples of materials that may serve as pharmaceutically acceptable
carriers include: sugars, such as lactose, glucose and sucrose; starches, such as com
starch and potato starch; cellulose, and its derivatives, such as sodium carboxymethyl
celiviose, ethyl cellulose and cellulose acetale, powdered tragacanth; malt; gelatin talg;
excipients, such as cocoa buiter and supposifory waxes; olls, such as peanut oil, cottonseed
oil, saffiower oil, sesame oil, olive ¢il, com ol and soybean oil; glycols, such as propylene
glycol; polyols, such as giycerin, sorbitol, mannilol and polyethylene glycdl; esters, such as
ethyl oleate and ethyl laurate; agar,; buffering agents, such as magnesium hydroxide and
aluminum hydroxide; surface active agenis; aiginic acid; pyrogen-free water; isotonic saline;
Ringer's solution; sthyi alcohol; phosphate buffer solutions; and other non-toxic compatible
substances empioyed in pharmaceutical formulations.

As used herein, “pharmaceutically acceptable carrier” also includes any and all
coatings, antibacterial and antifungal agents, and absorption delaying agenis, and the like

that are compatible with the activity of a compound disclosed hersin, and are physiclogically
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acceptable to the patient. Supplementary aclive compounds may also be incorporated into
the compositions. The "pharmaceutically acceptable carrier” may further include a
pharmaceutically acceptabie salt of the compound(s) disclosed herein. Other gdditional
ingredients that may be included in the pharmaceutical compositions are known in the art and
described, for example, in Rentington’s Pharmacsutical Sciences {Genaro, Ed., Mack
Fublishing Co., 1985, Easton, PA), which is incorporated herein by reference.

As used herein, the term "ALK2" or "ALK-2" refers 1o activin A receptor, type |
{(ACVRY, also known as ACVRLKZ; SKR1; ACVR1A; Activin receptlor type |, Activin
receptor-like kinase 2; Serine/threonine-protein kinase receptor R1; TGF-B supsrfamily
receptor type I; ACTRI; TSRI; activin A receplor, type li-like kinase 2; aclivin receptor type-1;
hydroxyatkyl-protein kinase; ACTR-|; TSR-1. Therefore, an "ALKZ inhibitor,” as used herein,
refers {0 a compound that modulates the activity of ALKZ,

As used herein, the term “"JAKZ" refers to Janus kinase-2, a member of the Janus
family of infracellular, nonreceptor tyrosine kinases (JAK1, JAKZ, JAKS, TYKZ) that
transduce cytoking-mediated signals via the JAK-STAT pathway. Therefore, a “JAKZ
inhibitor,” as used herein, refers to a compound that modulates the activily of JAK2. A JAKZ
inhibitor includes compounds that specifically modulate JAKZ as well as compounds that
modulate JAKZ and one or more other Janus kinases, e.g., JAK1/2 inhibitor compounds.

The term “single formulation” as used herein refers {0 a single carrier or vehicle
formulated to deliver effective amounts of both therapeutic agents {o a patient. The single
vehicle is designed to deliver an effective amount of each of the agents, along with any
pharmaceutically acceptable carriers or excipients. In some embodiments, the vehicle is a
tablet, capsule, pill, or a patch. In other embodiments, the vehicle is a solution or a
suspension.

The term “unit dose” is used herein to mean simulianeous administration of both
agents togsther, in one dosage form, o the patient being treated. In some embodiments, the
unit dose is a single formulation. In certain embodiments, the unit dose includes one or more
vehicles such that each vehicle includes an effective amount of at least one of the agents
along with pharmaceutically accepiable carriers and excipients. In some embodiments, the
unit dose is one or more tablets, capsules, pills, or patches administered to the patient at the
same time.

The term “combination therapy” refers {o the administration of two or more
therapeutic compounds to treat a therapeutic condition or disorder described in the present
disclosure. Such administration encompasses co-administration of these therapeutic
compounds in a substantially simultaneocus manner, such as in a single capsule having a
fixed ratio of active ingredients or in mulliple, or in separate containers {&.q., capsules) for

sach active ingredient. In addition, such administration also encompasses use of each type
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of therapeutic compound in a sequential manner, either at approximately the same time or at
different times. in either case, the treatment regimen will provide beneficial effects of the
drug combination in treating the conditions or disorders described herein.

The combination of agents described herein may display a synergistic effect. The
term “synergistic effect” as used herein, refers to action of two agents such as, for example,
an ALKZ inhibitor (e.g., an ALKZ inhibitor of formula ) and a JAKZ inhibifor (e.g., a JAKZ
inhibitor of formula 1), producing an effect, for example, slowing the symptomatic progression
of cancer or symptoms thereof, which is greater than the simple addition of the effecis of
gach drug adminisiered by themsslves. A synergistic effect can be calculated, for exampls,
using suitable methods such as the Sigmoid-Emax equation (Holford, N. H. G. and Scheiner,
L. B, Clin. Pharmacokinet. 8: 428-453 (1881)), the equation of Loewe additivity (Loswe, 5.
and Muischnek, H., Arch. Exp. Pathol Pharmacol. 114 313-328 (1828)) and the median-
effect equation {(Chou, T. C. and Talalay, P, Adv. Enzyme Regul. 22: 27-55 (1884)). Each
equation referred {0 above can be applied o experimental data to generate a corresponding
graph {o aid in assessing the effects of the drug combination. The corresponding graphs
associated with the equations referred {o above are the concentration-effect curve,
iscbologram curve and combination index curve, respectively.

As used herein, the term “synergy” refers to the effect achieved when the active
ingredients, L.e., ALKZ inhibitor and JAKZ inhibitor, used togsther is greater than the sum of
the effects that results from using the compounds separately.

in an embodiment, provided herein is a combination therapy comprising an effective
amount of a JAKZ inhibifor and an ALKZ inhibitor. An “effective amount” of a combination of
agents (e, an ALKZ inhibifor (e.q., an ALK2 inhibitor of formula 1) and a JAKZ inhibitor
{2.g., & JAKZ inhibitor of formula ) is an amount sufficient to provide an observable
improvement over the baseline clinically observable signs and symptoms of the disorders
treated with the combination.

An “oral dosage form” includes a unit dosage form prescribed or intended for oral
administration.

Provided herein is a combination of therapeutic agents and administration of the
combination of agents to treat cancer, and reiated indications. As used herein, the term
“‘cancer” includes related indications, such as anemia. As used herein, a “combination of
agents” and similar terms refer {o a combination of two types of agents: an ALKZ inhibitor, or
a pharmaceutically acceptable salt thereof, and a JAKZ inhibilor, or a pharmaceutically
acceptabie salt thereof. Use of racemic mixtures of the individual agents is also provided.
Pharmacologically active metabolites include those that are inactive but converted into

pharmacologically active forms in the body after administration.
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As used herein, the term "alkyl,” by itself or as part of another substituent means,
uniess otherwise stated, a straight or branched chain hydrocarbon having the number of
carbon atoms designated (e, C-Cs-alkyl means an alkyl having one 1o six carbon atoms)
and includes straight and branched chains. In an embodiment, C4-Cs, C4-Ca, C1-Cs alkyl
groups are provided herein. Examples include methyl, ethyl, propyl, isopropyl, butyl, iscbutyl,
tert-butyl, pentyl, neopentyl, and hexyl.

As used herein, the term “alkenyl” refers {0 & monovalent group derived from a
hydrocarbon moigty containing, in certain embodiments, from two to four, two to six, or two
to eight carbon atoms having at least one carbon-carbon double bond. The alkenyl group
may or may not be the point of altachment {o another group. The term “alkenyl” includes, but
is not limited to, ethenyl, 1-propenvi, 1-butenyl, heptenyl, octenyi and the like.

As used herein, the term “alkynyl” refers to a monovalent group derived from a
hydrocarbon moiety containing, in certain embodiments, from two o four, two to six, or two
to eight carbon atoms having at least one carbon-carbon triple bond. The alkynyl group may
or may not be the point of attachment to another group. The term "alkynyl” includes, butis
not limited to, ethynyl, 1-propynvi, 1-butynyl, heptynyl, octynyl and the like.

As used herein, the term “alkoxy,” refers to the group ~O-alkyl, wherain alkyl is as
defined herein. Alkoxy includes, by way of example, methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, sec-butoxy, t-butoxy and the like. In an embodiment, C+-C;, Ci-Cy, G-
Ce alkoxy groups are provided herein.

As used herein, the term "halo” or "halogen” alone or as part of another substituent
means, uniess otherwise stated, a fluorine, chiorineg, bromine, or iodine atom.

As used herein, the term “cycioalkyl” means a non-aromatic carbocoyclic system that
is partially or fully saturated having 1, 2 or 3 rings wherein such rings may be fused. The
term “fused” means that @ second ring is present {i.e., altached or formed) by having two
adjacent atoms in common (i.e., shared) with the first ring. Cycloalkyl also includes bicyclic
structures that may be bridged or spirocydlic in nature with each individual ring within the
bicycle varying from 3-10, 3-8, 3-7, 3-8, and 5-10 atoms. The term "cycioalkyl” includes, but
is not limited {o, cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, bicyclo[3.1.0Thexyl,
spiro[3. 3lheptanyl, bicycle]2.2 2loctanyt and bicycio[1.1.1]pentyl. In an embodiment, 3-10
membered cycloalkyl groups are provided herein. in another embodiment, Cs cycloaikyl
groups are provided herein. In vet ancther embodiment, bicyclo-Cq cycloalkyl groups are
provided herain.

As used herein, the term “heterocycloalkyl” means a non-aromatic carbocyclic
system containing 1, 2, 3 or 4 heteroatoms selected independently from N, C, and 8 and
having 1, 2 or 3 rings wherein such rings may be fused, wherein fused is defined above.

Heterocycloalkyl also includes bicyclic structures that may be bridged or spirocyclic in nature

10
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with each individual ring within the bicycle varying from 3-8, 5-10, 4-6, or 3-10 atoms, and
containing 0, 1, or 2 N, O, or S atoms. The term “heterocycloalkyl” includes cyclic esters {i.e.,
lactones) and cyclic amides {i.e., lactams) and also specifically includes, but is not limited to,
epoxidyl, oxetanyl, tetrahydrofurany!, tetrahydropyranyi (i.e., oxanvl), pyranyl, dioxanyl,
aziridinyl, azetidiny, pyrrolidinyl, 2,5-dihydro-1H-pyrrolyl, oxazolidinyl, thiazolidinyt,
piperidinyl, morpholinyl, piperazinyl, thiomorpholing, 1,3-oxazinanyi, 1,3-thiazinanyl, 2-aza-
bicyclo[2. 1. 1thexanyl, 5-azabicycio[2.1.1]hexanyl, 6-azabicyciof[3.1.1] heptanyi, 2-azabicyclo-
[2.2. 1iheptanyl, 3-aza-bicyclo[3. 1. 1Theptanyl, 2-azabicyclo[3.1. tiheptanyl, 3-azabicyclo-
[3.1.0lhexanyl, 2-aza-bicyclo[3.1.0lhexanyl, 3-azabicyciof3.2. 1]joctanyl, 8-azabicycio]3.2. 1}
octanyl, 3-oxa-7-aza-bicyciof3.3. 1jnonanyl, 3-oxa-%-azabicyclo[3.3. 1lnonanyl, 2-oxa-5-aza-
bicyclo[2.2. 1Theptanyl, 6-oxa-3-azabicyclo[3. 1. 1lheptanyl, 2-azaspiro[3.3lheptanyl, 2-oxa-6-
azaspiro[3.3theptanyl, 2-oxaspire]3.3]lheptanyl, 2-oxaspiro[3.5]nonanyl, 3-oxaspiref5.3}
nonanyl, and B-oxabicyclo-[3.2. 1joctanyl. In an embaodiment, 3-10 membered
heterocycioalkyl groups are provided herein. In ancther embodiment, 5-10 membered
heterocycicalkyl groups are provided herein. In still another embodiment, 4-6 membered
heterocycloalkyl groups are provided herein,

As used herein, the term “heteroaryl” means an aromatic carbocyclic system
containing 1, 2, 3, or 4 heteroatoms selected independently from N, O, and 5 and
having 1, 2, or 3 rings wherein such rings may be fused, wherein fused is defined
above. The term “hetercaryl” includes, but is not limited to, furanyl, thiophenyl,
oxazoiyl, thiazolyl, imidazolyl, pyrazolyl, triazolyl, telrazolyl, isoxazolyl, iscthiazolvi,
oxadiazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, imidazof1,2-a}-
pyridinyl, pyrazolo[1,5-alpyriding, 5,87, 8-telrahydroisoquinolinyl, 5,8,7 8-tetra-
hydroquinolinyl, 8,7-dihydro-5H-cyclopentalblpyridinyl, 8, 7-dihydro-SH-cyclopentalcl-
pyridiny, 1,4,5,6-tetrahydrocyclopentaicipyrazolyl, 2,4,5,6-tetrahydrocyclopentafc)-
pyrazotyl, 5 6-dinydro-4H-pyrrolof1,2-bipyrazolyl, 8,7-dihydro-SH-pyrrolo[1,2-b}-
[1,2,4lriazolyl, 56,7 B-tetrahydro-[1,2 4)triazolo[1,5-ajpyridinyl, 4,5,8,7-letrahydro-
pyrazolo[1,5-ajpyridinyl, 4,56 7-tetrahydro-tH-indazolyl and 4,58, 7-tetrahydro-2H-
indazolyl. In an embodiment, 5-10 membered heteroary! groups are provided herein,

it is {0 be understood that if a cycloalkyl, heterocycloalkyl, or heteroaryl moiety may
be bonded or otherwise altached to a designated moietly through differing ring atoms (i.e.,
shown or described without denotation of a specific point of aitachment), then all possible
points are intended, whether through a carbon atom or, for example, a trivalent nitrogen
atom. For example, the term “pyridinyl” means 2-, 3- or 4-pyridinyl, the term “thienyl” means
2~ or 3-thicenyl, and so forth.

As used herein, the term "substituted” means that an atom or group of atoms has

replaced hydrogen as the substituent attached to another group.
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As used herein, the term “optionally substituted” means that the referenced group
may be substituted or unsubstituted. In one embodiment, the referenced group is optionally
substifuted with zero substituents, Le., the referenced group is unsubstituted. In another
embodiment, the referenced group is optionally substituted with one or more additional

group(s) individually and independently selected from groups described herein.

Pharmaceutical Combinations

in an aspect, provided herein is a pharmaceutical combination comprising a JAKZ
inhibitor, or pharmaceutically acceptable salt thereof, and an ALKZ inhibitor, or a
pharmaceutically acceptable salt thereof.
in another aspect, provided herein is a pharmaceutical combination comprising an
ALKZ inhibitor, or a pharmaceutically accepiable salt thereof, and
{H a JAKZ inhibitor having the Formula |
R4

(A

R'E
N7~ N R?

P
RBJ\N’ N

)

or a pharmaceutically acceptable salt thereof,
wherein

R, R? and R® are independently selected from the group consisting of hydrogen,
halo, and Ci.4 alkyl;

R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cia
atkyl, and Cq.4 alkoxy; and

Z is 3-6 membered cycloatkyl,

in an embodiment of the pharmaceutical combination, the ALKZ inhibitor is a

compound of Formula I

(1)

12
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or a pharmaceutically acceptable salt thereof,
wherein

Ry is bridged 5-10 membered cycloatkyl optionally subsiituted one, two, or three
times with hydroxyl or C+-C; alkoxy;

o

R? is selected from the group consisting of C-Cs alkyl, C2-Ca atkenyl, Co-Ca alkynyl,
Cq-Ca alkoxy, 3-6 membered cycloalkyl, and 3-8 membered heterocycloalkyl, all of which are
optionally substituted with R*, and

RY is selected from the group consisting of hydroxy, halo, cyane, nitro, 80x-C+-Cs
atkyl, and SO:H.
10 in an embodiment of Formula i, Ry is bridged Ce-cycioalkyl substituted with hydroxyl.
in another embodiment, R is tetrahydropyran. In yet another embodiment, Ry is bridged Cs-
cycloatkyl substituted with hydroxyl and R is tetrahydropyran.

in yet ancther aspect, provided herein is a pharmaceutical combination comprising

{{) a JAKZ inhibitor having the Formuda [
R4

=
N7

Ny_p2
oes

{

or a pharmaceutically acceptable salt thereof,

N—
!

15

wherein
R R? and R® are independently selected from the group consisting of hydrogen,
20 halo, and Cie alkyl;
R4 is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, G
atkyl, and Cq.4 alkoxy;
Z is 3-8 membered cycloalkyl; and
(iiy an ALKZ inhibitor having the Formula lla:

28

(ia)
or a pharmaceutically acceplable salt thereof,

wherain

13
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Lis & bond, (CHalp, ~-CH{CHs)-, ~O-{CH2}we, ~C{O}-, or -C{OC)}-NH-{CH2)s;

nis 1, 2, 0r3;

Ry is selected from 3-7 membered cycloalkyl optionally subsiituted one, two, or three
fimes with a substituent independently selectad from hydroxyl, halogen, C+-C; alkyl; bridged
5-10 membered cycloalkyl optionally substituted one, two, or three times with hydroxy! or
C-Cs alkoxy;

R4 and Rs are each independently selected from the group consisting of H, halogen,
C-Csalkyl;

Rs is 5-10 membered heterccycloalkyl optionally substituted one, two, or three times
10 with Ry

R: is independently, at each occurrence, selected from the group consisting of C+-Cs
atkyl, C4-Cs alkoxy, C-Cs atkoy-C-Cs alkyl, Ci-Cs alicyl, Co-Ca alkynvl, Ci-Caalkyl, (CH2)we
R, wherein alkyl and alkoxy are optionally substituted one, two, or thres times

o

independently with halo or cyano;
15 mis0, 1, 20r3;

Rs is 4-8 membered heterocycloalky! optionally substituted one, two, or thres times
with a substituent independently selected from the group consisting of oxo, S0x-C1-Cs alkyl,
C+-Csalkyl, and 3-8 memberad cycloalkyl, wherein alkyl and cycloalkyl are optionally
substituted one, two, or three times with halo;

20 alternatively, two Ry, together with the atoms to which they are atfached, form a 3-6
membered cycloatkyl.

in an embodiment of Formula Hla, L-Rs is

*"\vﬁ‘%

N

A

“o

-

N

whereinyis 1,2, or 3.
25 in an embodiment of the pharmaceutical combination, the ALKZ inhibitor of Formula

Ha is a compound of Formuda b

{iib)

or a pharmaceutically acceptable salt thereof.

14
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in yet another aspect, provided herein is a pharmaceutical combination comprising
{i) & JAKZ inhibitor having the Formula I

R4

'\&Z
N—
"

®
5 or @ pharmaceutically acceptable sall thereof,
wherain
R, R? and R® are independently selected from the group consisting of hydrogen,
halo, and Cq.4 alkyl;
R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cia
10 alkyl, and Ci4 alkoxy;
Z is 3-8 membered cycloalkyl; and
{iiy an ALKZ inhibitor having the Formula il

15 (i)
or a pharmaceutically acceptable salt thereof;
wherein
R, is bridged 5-10 membered cycloalky! optionally substituted one, two, or three
times with hydroxyl or C+-C; alkoxy;

20 R? is selected from the group consisting of C1-Cs alkyl, Ca-Ca alkenyl, Co-Cy alkynyl,
C+Caalkoxy, 3-6 membered cvcloalkyl, and 3-8 membered heterocycloalkyl, all of which are
optionally substituted with R, and

R¥ is selected from the group consisting of hydroxy, halo, cyano, nitre, 802-C+-Cs
atkyl, and 30;H.
25 in an embodiment of Formula |, RYis hydrogen. In another embodiment, R? is

hydrogen. In vet another embodiment, R is hydrogen. In still another embodiment, Rt is

18
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cyano. in an embodiment, R', R? and R® are all hydrogen, and RY is cyano. In another
embodiment, £ is cyclopentyl.

in an embodiment of Formula Il, Ry is bridged Ce-cycioalkyl substituted with hydroxyl.
in another embodiment, R+ is

S

in yet ancther embodiment, Rz is tetrahydropyran. In another embodiment, Ry is
bridged Cs-cycloalkyl substituted with hydroxyl and R; is tetrahydropyran.
in an embodiment of Formula i, L-Rs is

$ )
J \fb\_\y

N

B

o

A

10 whereinyis 1, 2, or 3.

in ancther embodiment of the pharmaceutical combination, the JAKZ inhibitor of
Formula | is 3-cyclopentyl-3-[4-(7H-pyrroiol2, 3-dipyrimidin-4-yh- 1H-pyrazoi-1-yi}-
propanenitrile, or a pharmaceutically acceptable salt thereof.

in yet another embodiment of the pharmaceutical combination, the JAKZ inhibitor of
15

Formula | is (3R)-3-cyclopentyl-3-[4-(7VH-pyrrolo]2, 3-dipyrimidin-4-yi}- 1H-pyrazol-1-yi}-
propanenitrile, or a pharmaceutically acceptable salf thereof.

in another embodiment of the pharmacesutical combination, the JAKZ inhibitor of
Formula | is (3R)-3-cyclopentyl-3-[4-(7H-pyrrolo]2, 3-dipyrimidin-4-vi}- tH-pyrazol-1-yil-
propanenitrile phosphoric acid salt.
20

therecf.

in still ancther embodiment of the pharmaceutical combination, the ALKZ inhibitor of
vi}-3-aza-bicyclo[3.1.0lhexan-1-yliphenylinicotinamide, or a pharmacsutically acceptable salt

Formula H is Z-amino-N-{4-hydroxy-bicyclof2. 2. 2Joctan-1-yh-5-(4-(3-(tetrahydro-2H-pyran-4-

in an embodiment of the pharmaceutical combination, the ALKZ inhibitor of Formula
25

i is 2-amino-N-(4-hydroxybicyclo-[2.2. ZJoctan-1-y1}-5-(4-({( 1R, 55)-3-{tetrahydro-2H-pyran-4-

yi}-3-azabicyclo-[3. 1.0hexan- 1-yhphenylinicotinamide (Compound A), or a pharmaceutically
acceptable sait thersof,

in ancther embodiment of the pharmaceutical combination, the ALKZ inhibitor of
30

Formula 1 is 2Z-amino-N-{4-hydroxybicyclo-[2. 2. 2joctan-1-yl}-5-(4-((18,5R)-3-(tetrahydro-2H-
pyran-4-yh)-3-azabicyclo-[3.1.0lhexan- 1-yliphenylinicotinamide, or a pharmaceutically
acceptable salt thereof.
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in yet another embodiment of the pharmacesutical combination, the JAKZ inhibitor of
Formula | is 3-cyclopentyl-3-[4-(7H-pyrrolo2 3-dipyrimidin-4-y)- 1H-pyrazol-1-vilpropane-
nitrile, or a pharmaceutically acceptable sait thereof, and the ALKZ inhibitor of Formula s
2~amino-N-{4-hydroxybicycio-[2.2 Ziocian- 1-y[}-5-(4-(3-(fetrahydro-2H-pyran-4-y})-3-
azabicyclo-[3.1.Clthexan-1-yhphenybnicotinamide, or a pharmaceutically acceptable salt
thereof.

in still another embodiment of the pharmaceutical combination, the JAKZ inhibitor of
Formula | is 3-cyclopentyl-3-[4-(7H-pyrrolo[2, 3-dipyrimidin-4-yh- 1H-pyrazol-1-yijpropane-
nitrile phosphoric acid salt, and the ALK2 inhibitor of Formula H is 2-amino-N-{4-
hydroxybicycle-[2.2 2joctan-1-y))-5-(4-(3-(tetrahydro-2H-pyran-4-yi)-3-azabicyclo-
[3.1.0thexan-1-yhphenyl)-nicotinamide, or a pharmaceutically accepiable salt thereof.

in an embodiment of the pharmaceutical combination, the JAKZ inhibitor of Formula |
is (3R}-3-cyclopentyl-3-[4-({7H-pyrroiof2, 3-dlpyrimidin-4-ybh- 1 H-pyrazol-1-ylipropanenitriie, or
a pharmaceutically acceptable salt thereof, and the ALKZ inhibitor of Formula H is 2-amino-
N-{(4-hydroxybicyclo-[2.2. 2loctan-1-yi}-5-(4-((1R  58)-3-{tetrahydro-2H-pyran-4-yi)-3-
azabicyclo-[3.1.0lhexan- 1-yhphenyhnicotinamide (Compound A}, or a pharmaceutically
acceptable salt thereof.

in another embodiment of the pharmacsutical combination, the JAKZ inhibitor of
Formula | is (3R)-3-cyclopentyl-3-[4-(7H-pyrrolof2, 3-dipyrimidin-4-vi}- 1H-pyrazol-1-
vilpropanenitrile phosphoric acid salf, and the ALKZ inhibitor of Formula il is Z-amino-N-{4-
hydroxybicyclo-{2.2. 2joctan- 1-yi}-5-(4-({ 1R, 58)-3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo-
[3.1.0lhexan-1-yliphenyhnicotinamide (Compound A), or a pharmaceutically acceptable salt
thereof.

in an embodiment, the ALK2 inhibitor is administered at a dose selected from the
group consisting of 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, and 50 mg, In another embodiment,
the ALKZ inhibitor is administered at a dose of § myg. In yet another embodiment, the ALK2
inhibitor is adminisiered at a dose of 10 myg. In still another embodiment, the ALKZ inhibitor
is administered at a dose of 15 mg. In an embodiment, the ALKZ inhibitor is adminisiered at
a dose of 20 mg. In another embodiment, the ALKZ inhibitor is administered at a dose of 25
mg. In yet ancther embodiment, the ALKZ inhibitor is administered at a dose of 50 mg. in still
another embodiment, the ALKZ inhibitor is orally administered as a tablet. in another
embodiment, the ALKZ inhibitor is administered once daily (QD)

in an embodiment, the JAKZ inhibitor is administered at a dose selected from the
group consisting of 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, and 50 mg, in another embodiment,
the JAKZ inhibitor is administered at a dose of 5 mg. in yet another embodiment, the JAKZ
inhibitor is administered at a dose of 10 mq. In still another embodiment, the JAKZ inhibitor is

administered at a dose of 15 mg. In an embodiment, the JAKZ inhibitor is administered at &
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dose of 20 myg. In ancther embodiment, the JAKZ inhibiter is administered at a dose ¢of 25
mg. in yet ancther embodiment, the JAKZ inhibitor s administered at a dose of 50 mg. In still
another embodiment, the JAKZ2 inhibitor is orally administered as a tablet. in another
embodiment, the JAKZ inhibitor is administered twice daily (BID).

in an embodiment, the ALKZ2 is administered at a dose of 50 mg QD, and the JAK2
inhibitor is administered at a dose of 15 mg BID. In another embodiment, the ALKZ2 is
administered at a dose of 50 mg QD, and the JAKZ inhibitor is administered at a dose of 20
mg BID. In yet ancther embodiment, the ALKZ is administered at a dose of 50 mg QD, and
the JAKZ inhibitor is administered at a dose of 25 mg BID. In still another embodiment, the
ALKZ is administered at a dose of 50 mg QD, and the JAKZ inhibitor is administered at a
dose of 10 mg BID.

The administration of a pharmaceutical combination provided herein may result in a
beneficial effect, e.¢. a synergistic therapeutic effect, e.g., with regard {o alleviating, delaying
progression of or inhibiting the symptoms, and may also resull in further surprising beneficial
gffects, e.g., fewer side-effects, an improved quality of life or a decreased morbidity,
comparad with a monotherapy applying only one of the pharmaceutically active ingredients
used in the combination of the invention.

The JAKZ inhibitors provided herein, their syntheses, and their biclogical aclivity
against JAKZ can be found in PCT/US2006/04736%8 (WO2007070514), which is incorporated
by reference in ifs entirely.

The ALKZ inhibitors provided herein, their synthesss, and their biclogical activity
against ALKZ can be found in PCT/CN2017/093385 (W(O2018014829), which is

incorporated by reference in its entirety.

Pharmaceutical Compositions

in an aspect, provided herein is a pharmaceutical composition comprising a JAKZ
inhibitor, or pharmaceutically acceptable salt thereof, an ALK2Z inhibitor, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically accepiable carrier.

in another aspect, provided herein is a pharmaceutical composition comprising an
ALK2 inhibitor, a pharmaceutically acceptable carrier, and a JAKZ inhibitor having the

Formula i
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{B

or a pharmaceutically acceptable salt thereof,
wherein

R, R? and R® are independently selected from the group consisting of hydrogen,
halo, and Cq.4 alkyl;

R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cia
atkyl, and C1.4 alkoxy; and

Z is 3-8 membered cycloalkyl.

in an embodiment of Formuta |, RYis hydrogen. In another embodiment, R? is
hydrogen. In yet another embodiment, R? is hydrogen. In still another embodiment, R* is
cyano. In an embodiment, R*, R? and R® are all hydrogen, and R* is cyano. In another
embodiment, Z is cyclopentyl.

in an embodiment of the pharmaceutical composition, the ALKZ inhibitoris a

compound of Formula Il

()
or a pharmaceutically acceptable salt thereof,

wherein

R is bridged 5-10 membered cycloalkyl optionally substituted one, two, or three
times with hydroxyl or C.-C; alkoxy;

R? is selected from the group consisting of Ci-Cs alkyl, Co-Ca alkenyl, Cz-Ca alkynvi,
C+-Cs alkoxy, 3-6 membered cycloalkyl, and 3-6 membered helerocycloalkyl, all of which are
optionally substituted with R¥ and

R? is selected from the group consisting of hydroxy, halo, cyano, nitro, 802-C+-Ca
atkyl, and SOzH.

19
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in an embodiment of Formuia i, Ry is bridged Ce-cycloalkyl substituted with hydroxyl.
in another embodiment, Ry is tetrahydropyran. In yet another embodiment, Ry is bridged Cs-
cycloatkyl substituted with hydroxyl and R» is tetrahydropyran.
in another aspect, provided herein is a pharmaceutical composition comprising a
5 pharmaceutically acceptable carrier,
{H) a JAKZ inhibitor having the Formula [

$ 2
e

4
R1
3 N
R H

s 4N

3]

N

B
or a pharmaceutically acceptable salt thereof,
10 wherein
R' R? and R® are independently selected from the group consisting of hydrogen,
halo, and .4 alkyl;
R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cia
alkyl, and Cq.4 alkoxy;
18 Z is 3-8 membered cycloalkyl; and
(iiy an ALK2 inhibitor having the Formula lla:

(iia)
or a pharmaceutically accepiable salt thereof,

20 wherein
L is & bond, (CHa)n, ~-CH{CHs)-, ~O-{CHa)a-, ~C{O}-, or ~-C{O}-NH-(CHz)n-;
nis 1, 2, or3;
R is selecied from 3-7 membered cycloalkyl optionally substituted one, two, or three
times with a substituent independently selected from hydroxyl, halogen, C+-Ca alkyl; bridged
25  5-10 membered cycloalkyl optionally substituted one, two, or three times with hydroxyi or
C4-Cs alkoxy;
R4 and R: are each independently selected from the group consisting of H, halogen,
Ci-Caalkyl,
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Ras is 5-10 membered heterocycloalkyl optionally substituted one, two, or three times
with Rz

R: is independently, at each occurrence, selected from the group consisting of C+-Cs
atkyl, C+-Cs alkoxy, C1-Cs alkoy-Ci-Cs alkoyt, C1-Ch alkyl, Co-Caalkiynyl, C1-Ch alkyl, (CH2) e
R, wherein alkyi and alkoxy are oplionally substituted one, two, or thres times
independently with halo or cvang;

mis0, 1, 20r3;

Rsis 4-6 membered heterocycloalky! optionally substituted one, two, or three fimes
with a substituent independently selected from the group consisting of oxo, S0»-C1-Cs alkyl,
C+-Cz alkyl, and 3-8 membered cycloalkyl, wherein alkyl and cycloalky! are optionaily
substituted one, two, or three times with halo;

alternatively, two Ra, together with the atoms to which they are attached, form a 3-8
membered cycloalkyl.

In an embodiment of Formula tla, L-Rs is
T

N

~,

'
whereinyis 1, 2, or 3.
in an embodiment of the pharmaceutical compositions, the ALKZ inhibitor of Formula

Ha is a compound of Formuda b

(i)
or a pharmaceutically acceptable salt thereof.

in an embodiment of Formula lla and Formula b, Ry is bridged Ce-cycloalkyl
substituted with hydroxyl. In ancther embodiment, Rz is tetrahydropyran. in vet ancther
embodiment, Ry is bridged Ce-cycloalkyl substituted with hydroxyl and Ry is tetrahydropyran.

in yet another aspedt, provided herein is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier,

(i} a JAKZ inhibitor having the Formula [
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{B

or a pharmaceutically acceptable salt thereof,
wherein

R, R? and R® are independently selected from the group consisting of hydrogen,
halo, and Cq.4 alkyl;

R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cia
atkyl, and Cq.4 alkoxy;

Z is 3-8 membered cycloalkyl; and

{iiy an ALKZ inhibitor having the Formula il

ity
or a pharmaceutically acceptable salt thereof;

wherein

R is bridged 5-10 membered cycloalkyl optionally substituted one, two, or three
times with hydroxyl or C4-Cs alkoxy;

R? is selected from the group consisting of C1-Cs alkyl, Co-Cealkenyl, Cp-Cy alkynyl,
Cs-Cz alkoxy, 3-8 membered cycloalkyl, and 3-8 membered hetercoycloalkyl, all of which are
optionally substituted with R®, and

R® is selected from the group consisting of hydroxy, halo, cyano, nitre, 30,-C+-Cz
atkyl, and SOsH.

in an embodiment of Formuta |, RYis hydrogen. In ancther embodiment, R® is
hydrogen. In yet another embodiment, R® is hydrogen. In still another embodiment, R* is
cyano. in an embodiment, R', R? and R® are all hydrogen, and RY is cyano. In another
embodiment, Z is cyclopentyl.
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in an embodiment of Formula i, Ry is bridged Cs-cycioalkyl substituted with hydroxyl.

2

in yet ancther embodiment of Formula ll, Ra is tetrahydropyran. In another

in another embodiment, Ry is

HCO

embodiment, Ry is bridged Ce-cycloatkyl substituted with hydroxyl and R is tetrahydropyran.

In ancther embodiment of the pharmaceutical composition, the JAKZ inhibitor of
Formula | is 3-cyclopentyl-3-[4-(7H-pyrrolo]2 3-dipyrimidin-4-y)- 1H-pyrazol-1-vijpropane-
nitriie, or a pharmaceutically accepiable sait thereof.

in yet another embodiment of the pharmaceutical compaosition, the JAKZ inhibitor of
Formula | is (3R)-3-cyclopentyh-3-[4-(7H-pyrrolo]2, 3-dipyrimidin-4-yi)- 1H-pyrazol-1-yi}-
propanenifrile, or a pharmaceutically acceptable salf thersof.

in ancther embodiment of the pharmaceutical composition, the JAKZ inhibitor of
Formula | is (3R)-3-cyclopentyl-3-[4-(7H-pyrrolo]2, 3-dipyrimidin-4-vi)- 1H-pyrazol-1-vil-
propanenitrile phosphoric acid salt.

in still another embodiment of the pharmaceutical composition, the ALK2 inhibitor of
Formuta i is 2-amino-N-{4-hydroxy-bicyciof2. 2. 2joctan-1-y)-5-(4-(3-(tstrahydro-2H-pyran-4-
yi}-3~-aza-bicyclo[3. 1.0lhexan-1-yliphenylinicotinamide, or a pharmaceutically acceptable salt
thereof,

in an embodiment of the pharmaceutical composition, the ALK2 inhibitor of Formula
i is 2-amino-N-{4-hydroxybicyclo-[2.2 Zloctan-1-y1)-5-(4-({( 1R, 58)-3-{tetrahydro-2H-pyran-4-
vi}-3-azabicyclo-[3. 1.0lhexan- 1-yhphenylinicotinamide (Compound A), or a pharmaceutically
acceptable sailt thereof.

in ancther embodiment of the pharmacsutical compaosition, the ALKZ inhibitor of
Farmula 1l is 2-amino-N-{4-hydroxybicyclo-[2.2 ZJoctan-1-yi}-5-(4-((18,5R)-3-(tetrahydro-2H-
pyran-4-yi-3-azabicyclo-[3.1.0lhexan-1-yliphenyiinicotinamide, or a pharmaceutically
acceptabie sait thereof.

in yet another embodiment of the pharmaceutical composition, the JAKZ inhibitor of
Formula | is 3-cyciopentyl-3-{4-(7H-pyrrolol2, 3-dipyrimidin-4-yi}-1H-pyrazol- 1-vijpropane-
nifriie, or a pharmaceutically acceptable salt thereof, and the ALKZ inhibitor of Formula il is
2-amino-N-{4-hydroxybicyclo-[2.2 Zloctan- 1-y[-5-(4-(3-(tetrahydro-2H-pyran-4-y)-3-
azabicyclo-[2.1.0Thexan- 1-yhiphenyhinicotinamide, or a pharmaceutically accepiable salt
thersof.

in still another embodiment of the pharmaceutical compaosition, the JAKZ inhibitor of
Formula | is 3-cyclopentyl-3-[4-(7H-pyrrolo2, 3-dipyrimidin-d-yi}- 1H-pyrazol-1-vijpropane-

nitrile phosphoric acid salt, and the ALKZ inhibitor of Formula 1l is 2-amino-N-{4-
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hydroxybicyclo-[2.2. 2loctan-1-yl}-5-(4-(3-(tetrahydro-2H-pyran-4-yi)-3-azabicyclo-
[3.1.0hexan-1-yhphenyi)-nicotinamide, or a pharmaceutically acceptable salt thereof.

in an embodiment of the pharmaceutical composition, the JAKZ inhibitor of Formula |
is (3R}-3-cyclopentyl-3-[4-(7H-pyrrolof2, 3-dlpyrimidin-4-yh- TH-pyrazol-1-yllpropanenitrile, or
a pharmaceutically acceptable salt thereof, and the ALK2 inhibitor of Formula H is 2-amino-
N-{(4-hydroxybicyclo-[2.2. 2Joctan- 1-y1}-5-(4-({ 1R, 58)-3-{tetrahydro-2H-pyran-4-yi}-3-
azabicyclo-[3.1.0thexan-1-yhphenyhnicotinamide (Compound A), or a pharmaceutically
acceptable salt thergof.

in ancther embodiment of the pharmaceutical compaosition, the JAKZ inhibitor of
Formula | is (3R)-3-cyclopentyl-3-[4-(7H-pyrrolof2, 3-dipyrimidin-4-yi)- 1H-pyrazol-1-
vilpropaneniirile phosphoric acid salf, and the ALKZ inhibitor of Formula |l is 2-amino-N-(4-
hydroxybicyclo-{2.2. 2joctan- 1-yi)-5-(4-({1R, 55)-3-(tetrahydro-2H-pyran-4-yi}-3-azabicyclo-
[3.1.0lhexan-1-yliphenyhnicotinamide (Compound A), or a pharmaceutically acceptable salt
thereof.

in one embodiment, the disclosed compounds may exist as tautomers. All tautomers
are included within the scope of the compounds presented herein,

Compounds described herein also include isotopicaliy-labeled compounds wherein
one or more atoms is replaced by an atom having the same atomic number, but an atomic
mass or mass number different from the atomic mass or mass number usuaily found in
nature. Examples of isotopes suitable for inclusion in the compounds described herein
inciude and are not limited to 2H, 3K, 1C, 13C, 4G, 38CH, 18R 128 125 BN, BN, 180, 170, RO,
2eand 8. In another embodiment, isotopically-labeled compounds are useful in drug or
substrate tissue distribution studies. In ancther embodiment, substitution with heavier
isotopes such as deuterium affords greater metabolic stabllity (for example, increased in vivo
half-life or reduced dosage requirements). In yet another embodiment, the compounds
described herein include a *H (i s., deuterium) isotope.

in stili another embodiment, substitution with positron emitting isotopes, such as ''C,
BF, %0 and N, is useful in Positron Emission Topography (PET) studies for examining
substirate receptor occupancy. |sotopically-labeled compounds are prepared by any suifable
method or by processes using an appropriate isotopically-labeled reagent in place of the
non-tabeled reagent otherwise empioyed.

The specific compounds described herein, and other compounds encompassed by
one or more of the formulas described herein having different substituents are synthesized
using technigues and materials described herein and as described, for example, in Fieser
and Fieser's Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991);
Rodd’s Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier

Science Publishers, 1888); Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1981},
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Larock’s Comprehensive Organic Transformations (VOH Publishers inc., 198%), March,
Advanced Organic Chemisiry 4% Ed., (Wiley 1992); Carey and Sundberg, Advanced Organic
Chemistry 4th Ed., Volis. A and B (Plenum 2000, 2001}, and Green and Wuls, Protective
Groups in Organic Synthesis 3rd Ed., (Wiley 1998) {all of which are incorporated by
reference for such disclosure}). General methods for the preparation of compounds as
described herein are modified by the use of appropriate reagents and conditions, for the
infroduction of the various moieties found in the Formulas as provided hersin.

in some embodiments, the JAKZ inhibitor is ruxolitinib (a JAK1/2 inhibitor). Ruxolitinib
{{(R}-3-{4-(7H-pyrrofof2 3-dlpyrimidin-4-y)- 1H-pyrazol-1-yhi-3-cyciopentyipropanenitrile)
(sometimes referred to as INCB018424), and its pharmaceuticaily accepiable salts have
been previously been described in U.S. Patent No. 7,598,257, which is incorporated herein
by reference in its entirety. Ruxolitinib phosphate is described in U.S. Patent No. 8,722,803,
which is incorporated herein by reference in its entirety. The present disclosure describes,
inter afia, combination methods using ruxclitinib, or a pharmaceutically acceptabie sailt
thereof.In some embodiments, the JAKZ inhibitor is ruxolitinib, wherein one or more
hydrogen atoms are replaced by deuterium atoms, or a pharmaceutically acceptabie salt
thereof. In some embodiments, the JAKZ inhibitor is any of the compounds in US Patent
9,249,149 (which is incorporated herein by reference in its entirety), or a pharmaceutically
acceptabie salt thereof. In some embodiments, the JAKZ inhibitor is CTP-543, or a
pharmaceutically acceptable saif thereof.

in some embodiments, the compound is a compound of Formula

£

R5 CN

RE 2

(H
or a pharmaceutically acceptable salt thereof, whersin:
R'is selected from H and D;
each R? is independently selected from H and D, provided that each R* attached to a
common carbon is the same;
each R? is independently selected from H and D, provided that each R® attached to a

common carbon is the same;
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R*is selected from H and D;

each R® is the same and is selected from H and D; and

RS, R7, and R® are gach independently selected from H and D; provided that when R’
is H, eachR?2and each RPare H, R*is H, and each of R, R7, and R%is H, then each R%is D
in some embodiments, the JAKZ inhibitor is a compound of Formula [l selected from

the following compounds 100-130 in the table below (wherein R®, R7, and R® are each H), or

PCT/US2020/061497

a pharmaceutically accepiable salt thereof. In some embodiments, the JAKZ inhibifor is a

compound of Formula Il selected from the following compounds 200-231 in the table below

{wherein R, R7, and R® are each D), or a pharmaceutically acceptable salt thersof.

Compound R Each R? Each R? R* Fach R®
100 H H H D H
101 H H H H o
102 H H H D D
103 H H D H H
104 H H D D H
105 H H D H D
106 H H D ] ]
107 H D H H H
108 H D H ] H
108 H D H H D
110 H D H ] D
111 H D B H H
112 H D D D H
113 H D i H D
114 H D D D D
115 D H H H H
118 D H H D H
117 D H H H D
118 D H H D D
119 D H D H H
120 D H D D H
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121

122

123

124

125

126

127

128

129

130

200

201

202

203

204

205

206

207

208

208

210

211

212

213

214

2156

216

217
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220 D H D D H
221 D H D H D
222 D H D B D
223 D D H H H
224 D D H D H
225 W D H H D
2326 D 0 H D D
227 D D D H H
228 [ D D D H
229 D D W H D
230 D D D D D
231 H H H H H

in some embodiments, the JAKZ inhibitor is baricitinib.

in some embodiments, the JAKZ ihhibitor is fedratinib.

in some embodiments, the JAKZ ihhibitor is momelotinib.

in some embodimeants, the JAKZ inhibitor is BMS-811543.

in some embodiments, the JAKZ inhibitor is pacritinib.

in some embodiments, the JAK2 inhibitor is N8-018.

in some embodiments, the JAK2 inhibitor is NVP-BBTH24.

in some embodiments, the JAKZ inhibitor is NVP-CHZB868.

Compounds described herein are synthesized using any suitable procedures starting
from compounds that are available from commercial sources, or are prepared using

procedures described herein.

Methods of Treatment

Also provided herein is a combination therapy comprising administering o a subject
in need thereof an ALKZ inhibitor, or pharmaceutically acceptable salt thereof, and a JAKZ
inhibitor, or pharmaceutically accepiable sait thereof.

in an embodiment of the combination therapy, the JAKZ inhibitor is 8 compound of

Formula I
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{B

or a pharmaceutically acceptable salt thereof,
wherein

R, R? and R® are independently selected from the group consisting of hydrogen,
halo, and Cq.4 alkyl;

R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cia
atkyl, and C1.4 alkoxy; and

Z is 3-8 membered cycloalkyl.

in an embodiment of Formuta |, RYis hydrogen. In another embodiment, R? is
hydrogen. In yet another embodiment, R? is hydrogen. In still another embodiment, R* is
cyano. In an embodiment, R*, R? and R® are all hydrogen, and R* is cyano. In another
embodiment, Z is cyclopentyl.

in another embodiment of the combination therapy, the ALK2 inhibitor is a compound

of Formula

()
or a pharmaceutically acceptable salt thereof,

wherein

R is bridged 5-10 membered cycloalkyl optionally substituted one, two, or three
times with hydroxyl or C.-C; alkoxy;

R? is selected from the group consisting of Ci-Cs alkyl, Co-Ca alkenyl, Cz-Ca alkynvi,
C+-Cs alkoxy, 3-6 membered cycloalkyl, and 3-6 membered helerocycloalkyl, all of which are
optionally substituted with R¥ and

R? is selected from the group consisting of hydroxy, halo, cyano, nitro, 802-C+-Ca
atkyl, and SOzH.
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in an embodiment of Formula i, Ry is bridged Cs-cycioalkyl substituted with hydroxyl.

2

in yet ancther embodiment of Formula ll, Ra is tetrahydropyran. In another

in another embodiment, Ry is

HCO

embodiment, Ry is bridged Ce-cycloatkyl substituted with hydroxyl and R is tetrahydropyran.

in ancther embodiment of the combination therapy, the JAKZ inhibitor of Formula l is
3-cyclopentyt-3-[4-(7H-pyrroiof 2, 3-dipyrimidin-4-yi}- 1H-pyrazol-1-yllpropane-nitrile, or a
pharmaceutically accepiable salt thereof.

in yet another embodiment of the combination therapy, the JAKZ inhibitor of Formula
i is (3R)-3-cyclopentyh-3-[4-(7H-pyrroiof2, 3-dipyrimidin-4-yh- 1H-pyrazol-t-yil-propanenitriie,
or a pharmaceutically acceptable salt thereof.

in anocther embodiment of the combination therapy, the JAKZ inhibitor of Formula 1 is
(3R)-3-cyclopentyl-3-[4-(7H-pyrrolo]2, 3-dlpyrimidin-4-y)- 1H-pyrazol-1-vi}-propaneniirile
phosphoric acid sait.

in still another embodiment of the combination therapy, the ALKZ inhibitor of Formula
H is Z-amino-N-{4-hydroxy-bicyclof 2.2 2loctan- 1-y}-5-{4-(3-(etrahydro-2H-pyran-4-yh)-3-aza-
bicyclo]3.1.0thexan-1-yliphenyhnicotinamide, or a pharmaceutically acceptable salt thereof,

in an embodiment of the combination therapy, the ALKZ inhibitor of Formula i is 2-
armino-N-(4-hydroxybicyclo-[2.2 2joctan- 1-yi}-5-(4-({ 1R, 58}-3-(tetrahydro-2H-pyran-4-yl}-3-
azabicycio-[3.1.0thexan-1-yhphenylnicotinamide (Compound A), or a pharmaceutically
acceptabie sait thereof,

in ancther embodiment of the combination therapy, the ALKZ inhibitor of Formula il is
2-aming-N-{4-hydroxybicyclo-[2.2 2Joctan- 1-y1}-5-(4-((15,5R)-3- (fetrahydro-2H-pyran-4-yi}- 3-
azabicyclo-{3.1.0thexan-1-yhphenviinicotinamide, or a pharmaceutically acceptable salt
thereof.

in yet another embodiment of the combination therapy, the JAKZ inhibitor of Formula
fis 3-cyclopentyl-3-[4-(7H-pyrrolo{2, 3-dipyrimidin-4-yi}- 1H-pyrazol- 1-yllpropane-nitrile, or a
pharmaceutically acceptable salt thereof, and the ALKZ inhibitor of Formula | is 2-amino-N-
{4-hydroxybicyclo-[2.2. 2loctan- 1-vi}-5-(4-(3-(tetrahydro-2H-pyran-4-yi}-3-azabicyclo-
[3.1.Clhexan-1-vliphenyhnicotinamide, or a pharmaceutically acceptable salt thereof.

in still another embodiment of the combination therapy, the JAKZ inhibitor of Formula
i is 3-cyciopentyl-3-[4-(7TH-pyrroiof2, 3-djpyrimidin-4-yh-1H-pyrazol- 1-yljpropans-nitrile
phosphoric acid sall, and the ALKZ inhibitor of Formula !l is 2-amino-N-{(4-hydroxybicyclo-
[2.2. 2loctan-1-vh-5-(4-(3-(letrahydro-2H-pyran-4-yl}-3-azabicycio-[3.1.0hexan-1-ylphenyi}-

nicotinamide, or a pharmaceutically acceptable salt thereof.
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in an embodiment of the combination therapy, the JAKZ inhibitor of Formula | is (3R)-
3-cyclopentyl-3-[4-(7TH-pyrrolof2, 3-dipyrimidin-4-yi}- 1H-pyrazol-1-vllpropanenitrile, or a
pharmaceutically acceptable sait thereof, and the ALK2 inhibitor of Formula l is 2-amino-N-
{4-hydroxybicyclo-[2 .2 2loctan- 1-yl}-5-(4-({ 1R, 55}-3-(tetrahydro-2H-pyran-4-yl)-3-azabicycio-
[3.1.0lhexan-1-yliphenyhnicotinamide (Compound A), or a pharmaceutically acceptable sait

o

thereof.

in another embodiment of the combination therapy, the JAKZ inhibitor of Formula tis
{3R}-3-cyclopentyl-3-[4-(7 H-pyrrolo]2, 2-dlpyrimidin-4-yi}- 1 H-pyrazol- 1-vilpropanenitrile
phosphoric acid salf, and the ALKZ inhibitor of Formula 1l is 2-amino-N-(4-hydroxybicyclo-

10 [2.2.2joctan-1-yi}-5-(4-(( 1R, 55)-3-(tetrahydro-2H-pyran-4-yh)-3-azabicycle-[3.1.0lhexan-1-
yhiphenyhnicotinamide (Compound A), or a pharmaceutically acceptable salt thereof.

The combination therapy provided hergin can be used in a method of ireating a
disease or condition in a subject, said method comprising administering to the subjectin
neesd thereof a combination or composition comprising compounds provided herein, or

15 pharmaceutically acceptable salts thereof.

In an aspect, provided herein is 8 method of treating cancer in a subject in need
thereof, comprising administering to the subject an ALK2 inhibitor, or pharmaceutically
acceptable salt thereof, and a JAKZ inhibitor, or pharmaceutically accepiable salt thereof.

in an aspect, provided herein is a method of treating anemia in a subject in need

20 thereof, comprising administering o the subject an ALKZ inhibitor, or pharmaceutically
acceptable salt thereof, and a JAKZ inhibitor, or pharmaceutically acceptable salt thereof.

in ancther aspect, provided herein is a method of treating cancer in a subject in need
thereof, comprising administering to the subject an ALK2 inhibifor, or pharmaceutically
acceptabie salt thereof, and a JAKZ inhibitor having the Formula I

R4

RO NNT
(B
or a pharmaceutically accepiable salt thereof,
wherein
R, R? and R® are independently selected from the group consisting of hydrogen,
30 halo, and Cq.4 alkyl;
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R* is selected from the group consisting of hydrogen, haio, cyano, nitro, hydroxy, Cira
atkyl, and Cq.4 alkoxy; and
Z is 3-6 membered cycloalkyl.

in an embodiment of the methods, the ALK2 inhibitor is a compound of Formula I

{5
or a pharmaceutically acceptable salt thereof,

wherein
R, is bridged 5-10 memberad cycloalkyl optionally substituted one, two, or three
10 times with hydroxyt or C-Ca alkoxy;
R? is selected from the group consisting of C1-Cs alkyl, Co-Cs alkenyl, Co-Cyalkynyl,
C+~-Ca alkoxy, 3-8 membered cycloalkyl, and 3-8 membered heterocycloalkyl, all of which are
optionally substituted with R®, and
R* is selected from the group consisting of hydroxy, halo, cyano, nitro, 50-C-Cs
15 alkyl, and SOsH.
in yet ancther aspect, provided herein is a method of treating cancer in a subject in
need thereof, comprising administering to the subject;
{i) @ JAKZ inhibitor having the Formula b

RS

» }
RZB

20 6]
or a pharmaceutically acceptable salt thereof,

whersin

R, R? and R® are independently selected from the group consisting of hydrogen,
halo, and Cq.4 alkyl;

25 R* is selected from the group consisting of hydrogen, haio, cyano, nitro, hydroxy, Cra
atkyl, and Cq.4 alkoxy;
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Z is 3-8 membered cycloalkyl, and

{iiy an ALKZ inhibitor having the Formula lla:

(iia)
or a pharmaceutically acceptable salt thereof,
wherain
L is a bond, (CH2, ~-CH{CHa}-, ~-O~(CHa)q, -C{Q}-, or -C{O}-NH-{CH2)w-;
nist 2, 0r3;

R is selected from 3-7 membered cycloalkyl optionally substituted ong, two, or three
times with a substituent independently selected from hydroxyl, halogen, C+-Cs atkyl; bridged
5-10 membered cycloalkyl optionally substituted one, two, or three times with hydroxyl or
C+-Cz alkoxy;

R4 and Rs are sach independently selected from the group consisting of H, halogen,
Co-Caalkyt;

Rs is 5-10 membered heterocycloalkyl optionally substituted one, two, or three times
with Ry,

R: is independently, at each occurrences, selected from the group consisting of C+-Cs
atkyl, C+-Ca alkoxy, C-Cs alkoxy-C+-Ca alkyl, C-Caalkyl, Co-Caalkynyl, C-Caalkyl, (CH2)ee
Rz, wherein alkyl and alkoxy are optionaily substituted one, two, or three times
independently with halo or cyano;

mis0 1, 2o0r 3

R is 4-8 membered heterocycloalky! optionally substituted one, two, or three times
with a substituent independently selected from the group consisting of oxo, S0»-Ci-Cs alkyl,
C+-Csalkyl, and 3-8 membered cycloalkyl, wherein alkyl and cycloalkyl are optionally
substituled one, two, or three times with halo;

alternatively, two Rs, together with the atoms to which they are altached, form a 3-6
membered cycloatkyl.

in an embodiment of Formula lla, L-Rs is
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whereinyis 1, 2, or 3.
in an embodiment of the mathods, the ALKZ inhibitor of Formula Ha is a compound of

Formula Hb:

(833

(o)

or a pharmaceutically acceptable salt thersof.

in an embodiment of Formula lla and Formula Hib, R, is bridged Ce-cycloalkyl
substituted with hydroxyl. In another embodiment, Rz is tetrahydropyran. in yet another
embodiment, R, is bridged Cs-cycloalkyl substituted with hydroxyl and R; is tetrahydropyran.
10 in yet ancther aspect, provided herein is a method of freating cancer in a subject in
need thereof, comprising administering to the subject
{iy a JAKZ inhibitor having the Formula D
Rd

e

W
F€1

{
N7~ N R2

RVE\N"
®
15 or a pharmacsutically acceptable salt thersof,
wherein
R’ R? and R® are independently selected from the group consisting of hydrogen,
halo, and Ci.s alkyl;
R* is selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy, Cr.e
20 alkyl, and Ci.4 alkoxy;
Z is 3-8 membered cycloalkyl; and
{iiy an ALK2 inhibitor having the Formula
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ity
or a pharmaceutically accepiable salt thereof,

wherein

R is bridged 5-10 membered cycloalkyl optionally substituted one, two, or three
times with hydroxyl or C+-Cs alkoxy;

R? is selected from the group consisting of C1-Cq alkyl, Co-Ca alkenyl, Cx-Ca alkynyl,
C+-Cs alkoxy, 3-6 membered cycloalkyl, and 3-6 membered helterocycloalkyl, all of which are
optionally substituted with R®; and

R° is selected from the group consisting of hydroxy, halo, cyano, nitro, $0x-C-Ca
atkyl, and SO:H.

I an embodiment of Formula |, R'is hydrogen. In another embodiment, R% is
hydroegen. In yet ancther embodiment, R® is hydrogen. In still another embodiment, R* is
cyano. in an embodiment, RY, R? and R® are all hydrogen, and R* is cyano. In another
ermbodiment, Z is cyclopentyl.

in another embodiment of the methods, the JAKZ inhibitor of Formula 1 is 3-
cyclopentyl-3-[4-(7 H-pyrrolof 2, 3-dipyrimidin-4-yh-1H-pyrazol-1-yijpropanenitrile, or a
pharmaceutically acceptable salt thereof.

in yet another embodiment of the methods, the JAKZ inhibitor of Formula | is (3R}-3-
cyclopentyl-3-[4-(7H-pyrrolof2, 3-dlpyrimidin-4-vh- 1H-pyrazol-1-yijpropanenitrile, or a
pharmaceutically acceptable sait thereof.

in another embodiment of the methods, the JAKZ inhibitor of Formula 1 is (3R)-3-
cyclopentyl-3-[4-(7 H-pyrrolof2, 3-dipyrimidin-4-yh- 1H-pyrazol-1-yil-propanenitrile phosphoric
acid salf.

in still another embodiment of the methods, the ALKZ inhibitor of Formula t is 2-
amino-N-(4-hydroxy-bicyciof2. 2. 2loctan-1-yi}-5-(4-(3-(tetrahydro-2H-pyran-4-yi)-3-aza-
bicyciof3.1.0lhexan-1-yliphenylnicotinamide, or a pharmacsuticaily acceptable salt thereof.

in an embodiment of the methods, the ALK2 inhibitor of Formula i is 2-amino-N-{4-
hydroxybicyclo-[2.2. 2loctan-1-y)-5-(4-({ 1R, 55}-3-(tetrahydro-2H-pyran-4-yl}-3-azabicyclo-
[3.1.0lhexan-1-yliphenyhnicotinamide (Compound A), or a pharmaceutically acceptable salt
thereof,
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in ancther embodiment of the methods, the ALKZ inhibitor of Formula i is 2-amino-
N-{(4-hydroxybicyclo-[2.2 2joctan-1-y)-5-(4-((18 5R}-3-(tetrahydro-2H-pyran-4-yi)-3-
azabicyclo-[3.1.0lhexan-1-yhphenyhnicotinamide, or a pharmaceutically acceptable salt
thereof.

in yet ancther embodiment of the methods, the JAKZ inhibitor of Formula l is 3-
cyclopentyl-3-[4-(7H-pyrrolof2, 3-djpyrimidin-4-yh- 1H-pyrazol-1-vi]propane-nitrile, or a
pharmaceutically acceptable sait thereof, and the ALKZ inhibitor of Formula 1] is 2-amino-N-
{4-hydroxybicyclo-[2.2. 2loctan- 1-y}-5-(4-(3-(tetrahydro-2H-pyran-4-yi}-3-azabicyclo]3. 1.0}
hexan-1-yhphenyhnicotinamide, or a pharmaceutically acceptable salt thereof.

in still ancther embodiment of the methods, the JAKZ inhibitor of Formula | is 3-cyclo-
pentyl-3-[4-(7H-pyrrolof2, 3-dipyrimidin-4-yh)- 1H-pyrazol-1-yljpropane-nitrile phosphoric acid
sall, and the ALKZ inhibitor of Formula |l is 2-amino-N-{4-hydroxybicyclo-[2.2 2joctan-1-yi}-5-
{4-(3-(tetrahydro-2H-pyran-4-yi)-3-azabicyclo-{3.1.Clhexan-1-yl)phenyl}-nicotinamide, or a
pharmaceutically acceptable salt thereof.

in an embodiment of the methods, the JAKZ inhibitor of Formuda | is (3R)-3-cyclo-
pentyl-3-[4-(7H-pyrrolof2, 3-dipyrimidin-4-yl-1H-pyrazol-1-yllpropanenitrile, or a
pharmaceutically acceptable sait thereof, and the ALKZ inhibitor of Formula 1l is 2-amino-N-
{4-hydroxybicyclo-[2.2 2loctan-1-y}-5-(4-{{ 1R, 58}- 3-(tefrahydro-2H-pyran-4-yl)-3-azabicyclo-
[3.1.0thexan-1-yl)phenyhnicotinamide (Compound A), or a pharmaceutically acceptable sali
thereof.

in another embodiment of the methods, the JAK?Z inhibitor of Formula s (3R)-3-
cyclo-pentyl-3-{4-(7 H-pyrrolof2, 3-dlpyrimidin-4-y-1H-pyrazol-t-viipropanenitrile phosphoric
acid salt, and the ALKZ inhibitor of Formula H is 2-amino-N-{4-hydroxybicyclo-[2.2. 2loctan-1-
y}-5-{4-({1R 58)-3-({etrahydro-2H-pyran-4-yh)-3-gzabicyclo-[3. 1. Olhexan-1-yliphenyl)-
nicotinamide {Compound A}, or a pharmaceutically acceptable salf thereof.

in an embodiment of the mathods, the ALKZ inhibitor and JAKZ inhibitor are
administered separately.

in an aspect, provided herein is a method of treating cancer in a subject in need
thereof, comprising administering {o the subject an ALKZ inhibitor, or pharmaceutically
acceptabie salt thereof.

in an embodiment of the method of treating cancer, the ALKZ inhibitor is & compound

of Formula Hia:
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(ita)
or a pharmaceutically acceptable salt thereof,
wherein
L is & bond, (CHan, ~-CH(CHs)-, -O-{CHa)a-, ~C{O}-, or -C{O}-NH-(CH2)n-;
nist1, 2, or3;

R, is selected from 3-7 membered cycloalkyl optionally substituted one, two, or three
times with a substituent independently selected from hydroxyl, halogen, C-Cs alkyl; bridged
5-10 membered cycloalkyl optionally substituted ong, two, or three times with hydroxyl or
C1-Cs alkoxy;

R4 and Rs are each independently selected from the group consisting of H, halogen,
C+-Caalkyl;

Rs is 5-10 membered heterocycloalkyl optionally substituled one, two, or three times
with Ry;

R, is independently, at each occurrence, selected from the group consisting of C+-Ca
atkyl, Ci-Cs alkoxy, C1-Cs atkoxy-C1-Ca alkyl, Ci-Cq alkyl, Co-Cs alkyniyl, C1-Cs alkyl, (CH2)ar
K3, wherein alkyl and alkoxy are optionally substituted one, two, or three times
independently with halo or cyang;

mis0, 1,203

Rs is 4-6 membered heterocycloalkyl optionally substituted one, two, or thres times
with a substituent independently selected from the group consisting of oxo, 50:-Cr-Ca alky,
Ce-Caalkyl, and 3-8 membered cycloalkyl, wherein alkyl and cycloalky! are optionally
substituted one, two, or three times with halo;

alternatively, two R, together with the atoms o which they are altached, form a 3-8
membered cycloaltkyl.

in an embodiment of the cancer freatment, Formuia lla, L-Rs is
Ny
s

/‘*\

N

Da

-
G

whereinyis 1, 2, or 3.
in an embodiment of the cancer treaiment, the ALKZ inhibitor of Formulaliais a

compound of Formuia b
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(ib)

or a pharmaceutically acceptable salt thereof,

in an embodiment of Formula lla and Formula lib, Ry is bridged Cs-cycloali
substituted with hydroxyl. In another embodiment, R; is tetrahydropyran. in vet ancther
embodiment, Ry is bridged Ce-cycloalkyl substituted with hydroxyl and R: is tatrahydropyran.
in another embodiment of the method of treating cancer, the ALK2 inhibitor of
Formula Ha is a compound of Formula 1l
HoN_ N

(#
or a pharmaceutically acceptable salt thereof,

wherein

R4 is bridged 5-10 membered cycloalkyl optionally subsiituted one, two, or three
times with hydroxyl or C+-Cs alkoxy;

R? is selected from the group consisting of C-Cs alkyl, $2-Ca alkenyl, Co-Ca alkynyl,
C+-Cs alkoxy, 3-6 membered cycloatkyl, and 3-8 membered heterocycloalkyl, all of which are
optionally substituted with R%; and

R° is selected from the group consisting of hydroxy, halo, cyane, nitre, SOx-C+-Ca
atkyl, and SO;H.

in still ancther embodiment of the method of treating cancer, the ALKZ inhibitor of
Formula H is 2-amino-N-{4-hydroxy-bicyclof2. 2. 2loctan-1-yh-5-(4-(3-(tetrahydro-2H-pyran-4-
vi}-3-aza-bicyclo[3.1.0lhexan-1-ylphenylinicctinamide, or a pharmacsutically acceptable sait
thereof.

in an embodiment of the method of treating cancer, the ALKZ inhibitor of Formula il is
2-amino-N-{d-hydroxybicyclo-[2.2 2loctan-1-y)-5-(4-(( 1R, 58)-3- (tetrahydro-2H-pyran-4-yi)-3-
azabicycio-[2.1.0lhexan- 1-yliphenyiinicotinamide (Compound A}, or a pharmaceutically

acceptable sait thersof,
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in ancther embodiment of the msthod of treating cancer, the ALKZ inhibitor of
Forrmula i is 2-amino-N-{4-hydroxybicyclo-[2.2 Zjoctan-1-y-5-(4-((18,5R})-3-(tetrahydro-2H-
pyran-4-yh-3-azabicyclo-~[3.1.0thexan-1-yphenylinicotinamide, or a pharmaceuticaily
accepiable salt thereof.

in yet ancther embodiment of the method of freating cancer, the ALKZ inhibitor of
Formula I is 2-amino-N-{4-hydroxybicyclo-[2.2 2joctan-1-yl}-5-(4-{{1R,§8)-3-{tatrahydro-2H-
pyran-4-yi)-3-azabicyclo-[3.1.0lhexan-1-yliphenyl)-nicotinamide fumarate dihydrate.

in ancther emboediment of the meathod of treating cancer, the ALKZ inhibitor is
administered as a monotherapy. In yet ancther embodiment of the method of treating
cancer, the ALKZ inhibitor is administered in the absence of any other active pharmaceutical
ingredient. In stili another embodiment of the method of treating cancer, the ALK2 inhibitor is
administered in the absence of a Janus Kinase inhibitor.

in another embodiment of the methods, the cancer is a myeloproliferative neoplasm.

in another embodiment of the methods, the cancer is a myelodysplastic syndrome.
Myelodysplastic syndromes (MDS) can include hematopoistic stem cell disorders
characterized by one or more of the following: ineffective blood cell production, progressive
cytopenias, risk of progression to acute leukemia or cellular marrow with impaired
morphology and maturation (dysmyelopcoigsis). Myelodysplastic syndromes can also include
refractory anemia, refractory anemia with ringed sideroblasts, refractory anemia with excess
blasts, refractory anemia with excess blasis in transformation and chronic mysiomonocytic
leukemia.

in yet ancther embodiment of the methods, the cancer is selected from the group
congisting of chronic myeloid leukemia (CML), polycythemia vera (FV), essential
thrombocythemia (ET), myslofibrosis (MF), chronic neutrophilic leukemia, chronic
eosinophilic leukemia, chronic myelomonocytic leukemia, juvenile myelomonocyiic leukemia,
hyperecsinophilic syndrome, systemic mastocytosis, atypical chronic myelogenous
feukemia, acute lymphoblastic leukemia (ALL), and acute myeloid leukemia (AML). In still
another embodiment, the cancer is myelofibrosis (MF).

in an embodiment of the methods, the cancer is selected from the group consisting of
primary myelofibrosis, post-polycythemia vera myeslofibrosis, or post-essential
thrombocythemia myelofibrosis,

in an aspect, provided herein is a method of trealing anemia in a subject in need
thereof, comprising administering to the subject a JAKZ inhibitor of Formula | and an ALK2
inhibitor of Formula 11

in another embodiment of the methods, the anemia is cancer-induced ansemia.

in another embodiment of the methods, the anemia is due 0 mysloproliferative or

myelodysplastic hematological malignancies.
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in ancther embodiment of the methods, the anemia is a myelofibrosis-induced
anemia.

in an embodiment of the methods of freating anemia, the JAKZ inhibitor of Formula |
is 2-cyclopentyl-3-[4-(7H-pyrrolo[2, 3-dlpyrimidin-4-y)- 1H-pyrazol-t-yllpropanenitrile, or a
pharmaceutically acceptable sait thereof; and the ALKZ inhibitor of Formula ] is 2-amino-N-
{4-hydroxybicyclo(2.2. 2loctan-1-yi}-5-(4-(3-(tetrahydro-2H-pyran-4-yl}-3-azabicyclo{3. 1.0}
hexan-1-yliphenyhnicotinamide, or a pharmaceutically acceptable salt or hydraie thereof.

in ancther embodiment of the methods, the subject is human.

in yet ancther embodiment of the methods, the treatment comprises administering
the ALKZ inhibitor and the JAKZ inhibitor at substantially the same time.

in still ancther embodiment of the methods, the treatment comprises administering
the ALKZ inhibitor and the JAKZ inhibitor at different times.

in an embodiment of the methaods, the ALK2 inhibitor is administered o the subject,
followed by administration of the JAKZ inhibitor. In another embodiment, the JAKZ inhibitor is
administered {o the subject, followed by administration of the ALKZ inhibitor.

in ancther embodiment of the methods, the ALKZ inhibitor and/or JAKZ inhibifor are
administered at dosages that would not be effective when one or both of the ALKZ inhibitor
and the JAKZ inhibitor are administered alone, but which amounts are effective in
combination.

in yet ancther aspect, provided herein is a method of reating a cancer comprising
administering to a subject in need thereof 2-amine-N-{(4-hydroxy-bicyclo-{2.2. 2loctan-1-yh)-5-
(4-{{(1R,58)-3-(tetrahydro-2H-pyran-4-yi}-3-azabicyclo{3. 1.0} -hexan- 1-yliphenylinicotinamide
{Compound A), or a pharmaceutically acceptable salt thereof, and (3R})-3-cyclopentyl-3-[4-
{7TH-pyrrotof2, 3-dlpyrimidin-d-yh)- 1H-pyrazol-1-vilpropanenitrile, or pharmaceutically
acceptable salls thereof.

in still ancther aspect, provided hersin is a method of treating a cancer comprising
administering to a subject in nesd thereof Z-amino-N-(4-hydroxy-bicyclo-[2.2 Zjectan-1-yb-5-
(4-{(1R,58)-3-(tetrahydro-2H-pyran-4-vi)-3-azabicyclo[3. 1.0} hexan-1-yliphenylnicotinamide
{Compound A), or a pharmaceutically acceptable salt thereof, and (3R)-3-cyclopentyh-3-[4-
(7H-pyrroof2, 3-dlpyrimidin-4-yh- 1H-pyrazol-1-viipropanenitrile phosphoric acid salt.

in an aspect, provided herein is a method of trealing myelofibrosis (MF} comprising
administering to a subject in need thereof 2-amino-N-(4-hydroxy-bicyclo-[2.2 2loctan-1-yh-5-
{4-{{1R,55)-3-{tetrahydro-2H-pyran-4-yi}-3-azabicyclo]3. 1.0k hexan- 1-ylyphenyhnicotinamide
{Compound A}, or a pharmaceutically acceptable salt thereof, and (3R)-3-cyclopentyl-3-{4-
{7H-pyrrofof, 3-dlpyrimidin-4-yh- 1H-pyrazol- i-yljpropanenitrile, or pharmaceutically

acceptabie saits thereof,
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in ancther aspect, provided herein is a method of freating myelofibrosis comprising
administering to a subject in neesd thereof Z-amino-N-(4-hydroxy-bicyclo-[2.2 2joctan-1-yh-5-
(4-{(1R,58)-3-(tetrahydro-2H-pyran-4-vi}-3-azabicyclo[3. 1.0} hexan-1-yliphenylnicotinamide

{(Compound A), or a pharmacsutically acceptable salt thereof, and (3R)-3-cyclopentyl-3-[4-

o

(7H-pyrrofof2, 3-dipyrimidin-4-yh-1H-pyrazol-1-yipropanenitrile phosphoric acid salt.
in yet ancther aspect, provided herein is a method of treating polycythemia vera (PV)
comprising administering to a subject in need thereof 2-amino-N-{4-hydroxy-bicyclo-[2.2.2}-
octan-1-y}-5-(4-({ 1R, 55)-3~{tetrahydro-2H-pyran-4-yl)- 3-azabicyclo[3.1.0}-hexan- 1-yi}-
phenyhnicotinamide (Compound A), or a pharmacsutically acceptable salt thereof, and (3R}~
10 3-cyclopentyl-3-[4-(7H-pyrrolof2, 3-dipyrimidin-4-yl)- 1H-pyrazol- 1-yilpropanenitrile, or
pharmaceutically acceptable salis thereof.
in another aspect, provided herein is a method of treating polycythemia vera (PV)
comprising administering to a subject in need thereof 2-amino-N-(4-hydroxy-bicyclo-[2.2.2}
actan-1-y1}-5-(4-(( 1R, 58)-3-(tetrahydro-2H-pyran-4-y)-3-azabicyclo[3. 1.0}-hexan- 1-yi)-
15 phenylnicotinamide (Compound A), or a pharmaceutically acceptable salt thereof, and (3R)-
3-cyclopentyt-3-[4-(7H-pyrrolof2, 3-dipyrimidin-4-yi}- 1H-pyrazol-1-yllpropaneniirile phosphoric
acid salf.
in yet another aspect, provided herein is a msthod of reating myelofibrosis (MF)
comprising administering 1o a subject in need thereof an ALKZ inhibitor that is a compound

20 of Formula H:

{9
or @ pharmaceutically acceptable sall thereof,

wherein
25 R, is bridged 5-10 membered cycloalkyl optionally substituted one, two, or three
times with hydroxyl or C+-Cs alkoxy;
R? is selected from the group consisting of C-Csalkyl, Co-Csalkenyl, Co-Caalkynyl,
Cs-Cz alkoxy, 3-8 membered cycloalkyl, and 3-8 membered hetercoycloalkyl, all of which are
optionally substituted with R®, and
30 R* is selected from the group consisting of hydroxy, halo, cyano, nitra, 30,C-Cq;

wherein the compound of Formula | is administered as a monotherapy.
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In an embodiment of the method of freating myelofibrosis (MF), the compound of
Formula i is 2-amino-N-{4-hydroxy-bicycio-[2.2. 2Joctan-1-y1}-5-(4-(3-{ietrahydro-2H-pyran-4-
yi}-3-aza-bicyclo[3.1.0)-hexan-1-yliphenyinicotinamide, or a pharmaceutically acceptable
salt thereof.

in an embodiment of the method of treating myelofibrosis (MF), the compound of
Formula I is 2-amino-N-{4-hydroxybicyclo-[2.2 2joctan-1-yh)-5-(4-{{1R,§&)-3-{tatrahydro-2H-
pyran-4-yi)-3-azabicyclo-[3.1.0lhexan-1-yliphenyhnicctinamide, or a pharmaceutically
acceptable sall thergof.

in ancther embodiment of the method of treating myelofibrosis (MF), the compound
of Formula H is Z-amino-N-(4-hydroxybicycle-[2.2 2loctan-1-y1)-5-(4-(( 15, 5R}-3-(lefrahydro-
2H-pyran-4-y)-3-azabicyclo-[3. 1.0lhexan-1-yhphenvi)nicotinamide, or a pharmaceutically
acceplabie salt thereof.

in an embodiment of the method of treating myslofibrosis (MF), the compound of
Formula It is 2-aminc-N-{4-hydroxy-bicycio-[2.2 2]octan-1-yl}-5-{4-({ 1R 58)-3- (tetrahydro-2H-
pyran-4-vi)-3-azabicyclof3.1.0]-hexan-1-yliphenylinicotinamide fumarate dihydrate.

in still another aspect, provided herein is a method of treating a JAKZ-associated
disorder comprising administering to a subject in need thereof a JAKZ inhibitor and an ALK2
inhibitor.

in an embodiment of the methods, the JAKZ-associated disorder is selected from the
group consisting of polycythemia vera, graft versus host disease, allograft rejection, atopic
dermatilis, psoriasis, skin sensitization, skin irritation, skin rash, contact dermatitis, allergic
contact sensitization, pemphigus vulgaris (PV), and bulious pemphigoid (BF).

in an embodiment of the methods, the method involves the administration of a
therapeutically effective amount of a combination or composition comprising compounds
provided herein, or pharmaceutically acceptable salis theredf, {0 a subject {including, but not
timited o a human or animal} in nesd of treatment (including a subject identified as in need).

in another embodiment of the methods, the treatment includes co-administering the
amount of the ALKZ inhibitor and the amount of the JAKZ inhibitor. in an embodiment, the
amount of the ALK2 inhibitor and the amount of the JAKZ inhibitor are in a single formulation
or unit dosage form. In still other embodiments, the amount of the ALKZ inhibitor and the
amount of the JAKZ inhibitor are in a separate formulations or unit dosage forms.

in the foregoing methods, the treatment can include administering the amount of
ALKZ inhibitor and the amount of JAKZ inhibitor at substantially the same time or
administering the amount of ALK2 inhibitor and the amount of JAKZ inhibitor at different
times. In some embodiments of the foregoing methods, the amount of ALKZ inhibitor and/or

the amount of JAKZ inhibitor is administered at dosages that would not be effective when
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one or both of ALKZ inhibitor and JAKZ inhibitor is administered alone, but which amounts
are effective in combination.

in some embaodiments, the method or treaiment reduces hepcidin serum levels in
patients relative o baseling, compared to normal levels in patients, or compared {o levels in
patients treated with the JAKZ inhibitor alone. The hepcidin serum levels can be reduced by
mere than about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or about 100%. in
some embodiments, the hepcidin serum levels are reduced by about 50% or more relative {o
baseline. in some embodiments, the hepcidin serum levels are reduced to less than about
150 ng/mi., 140, 130, 120, 110, 100, 80, 80, 70, 60 or about 50 ng/ml. Hepcidin levels can
be tested by standard techniques, including radicimmunoassays, ELISA, ligand binding
assay or mass spectrometry.

in some embodiments, the method or treatment increases serum iron conceniration
in patients relative 1o baseline, compared 0 normal levels in patients or compared 1o levels
in patients treated with the JAKZ inhibitor alone. The serum iron concentration can be
increased by more than about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 80% or
about 100%. Serum iron concentration can be tested by standard techniques.

in some embodiments, the method or treatment increases hemogiobin serum levels
in patients relative {o baseline, compared to normal levels in patients or compared {o levels
in patients treated with the JAKZ inhibitor alone. The hemoglobin serum levels can be
increased by more than about 5%, 10%, 15%, 20%, 25% or about 30%. Hemoglobin levels
can be tested by standard techniques.

in some embodiments, the method or treatment increases transferrin saturation
{TSAT) in patients relative to baseline, compared to normal levels in patients or compared to
levels in patients treated with the JAKZ inhibitor alone. The TSAT can be increased by more
than about 5%, 10%, 15%, 20%, 25% or about 30%. TSAT can be tested by standard
technigues.

in some embodiments, the method or frealment reduces ferritin blood levels in
patients relative {o baseline, compared to normal levels in patients, or compared to levels in
patients treated with the JAKZ inhibitor alone. The ferritin blood levels can be reduced by
more than about 5%, 10%, 20%, 30%, 40%, 50%, 80%, 70%, 80%, 90% or about 100%.

Ferritin blood levels can be tested by standard technigues.

Fackage Formulations

Packaged pharmaceutical formulations or pharmacsutical preducts are included
herein. Such packaged formulations include one or more pharmaceutical formulations
comprising a combination of an ALK2 inhibitor and & JAKZ inhibitor. The combination of

compaounds in formulated fornt is contained in a container. The package typically contains
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instructions for using the formulation to freat an animal {typically a human patient) suffering
from cancer or a JAKZ2-associated disorder.

in certain embodiments the packaged pharmaceutical formulation or pharmacsutical
product contains the combination of compounds described herein in a container with
instructions for administering the dosage forms on a fixed scheduie. In some of these
embodiments, the combination of compounds is provided in separate unit dosage forms.

in a particular embodiment, the compounds of the combination can be dosed on the
same schedule, whether by administering a single formulation or unit dosage form
containing ali of the compounds of the combination, or by administering separate
formulations or unit dosage forms of the compounds of the combination. However, some of
the compounds used in the combination may be administerad more frequently than once per
day, or with different frequencies that other compounds in the combination. Therefore, in one
embodiment the packaged pharmacsutical formation contains a formulation or unit dosage
form containing all of the compounds in the combination of compounds, and an additional
formulation or unit dosage form that includes one of the compounds in the combination of
agents, with no additional active compound, in a container, with instructions for administering
the dosage forms on a fixed schedule.

The package formulations provided herein include comprise prescribing information,
for example, to a patient or health care provider, or as a label in a packaged pharmaceutical
formulation. Prescribing information may include for exampie efficacy, dosage and
administration, confraindication and adverse reaction information pertaining o the
pharmaceutical formulation.

in all of the foregoing the combination of compounds of the invention can be

administered alone, as mixtures, or with additional active agents.

Administration / Dosage / Formulations

in another aspect, provided herein is a pharmaceutical composition or
pharmaceutical combination comprising the compounds disclosed herein, together with a
pharmaceutically acceptable carrier.

Adminisiration of the combination includes administration of the combination in a
single formulation or unit dosage form, administration of the individual agents of the
combination concurrently but separately, or administration of the individual agents of the
combination sequentially by any suitable route. The dosage of the individual agents of the
combination may require more frequent administration of one of the agent{s) as compared to
the other agent(s) in the combination. Therefore, 1o permit appropriate dosing, packaged

pharmaceutical products may contain one or more dosage forms that contain the
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combination of agents, and one or more dosage forms that contain one of the combination of
agents, but not the other agent(s) of the combination.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
may be varied so as to obtain an amount of the active ingredient that is effective to achieve
the desired therapeutic response for a particuiar patient, composition, and mode of
administration, without being toxic to the patient.

in particular, the selected dosage level will depend upon a varisty of factors including
the activity of the particular compound employed, the time of administration, the rate of
gxcretion of the compound, the duration of the treatment, other drugs, compounds or
materials used in combination with the compound, the age, sex, weight, condition, general
health and prior medical history of the patient being treated, and like factors well, known in
the medical arts.

A medical doctor, e.g., physician or veterinarian, having ordinary skill in the art may
readily determine and prescribe the effective amount of the pharmaceudtical composition
required. For example, the physician or veterinarian could begin administration of the
pharmaceutical composition to dose the disclosed compound at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the dosage
until the desired effect is achieved.

in particular embodiments, itis especially advantageous to formulate the compound
in dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the patients to be
treated; each unit containing a predetermined quantity of the disclosed compound calculated
to produce the desired therapeutic effect in association with the required pharmaceutical
vehicle. The dosage unit forms are dictated by and directly dependent on {a) the unigue
characteristics of the disclosed compound and the particular therapeutic effect to be
achieved, and (b) the limitations inherent in the art of compounding/formulating such a
disclosed compound for the treatment of pain, a depressive disorder, or drug addiction ina
patient.

in one embodiment, the compounds provided herein are formulated using one or
more pharmaceutically acceptable excipients or carriers. in one embodiment, the
pharmaceutical compositions provided herein comprise a therapeutically effective amount of
a disclosed compound and a pharmaceutically acceptable carrier.

The drug compounds provided herein (for example, an ALK2 inhibitor and a JAK2
inhibitor) are present in the combinations, dosage forms, pharmaceutical compositions and
pharmaceutical formulations disclosed herein in a ratio in the range of 1001 {o 1:100. For
example, the ratio of a JAKZ inhibifor: an ALKZ inhibitor can be in the range of 1:100 o 1:1,
for example, 1100, 1:80, 1:80, 1.70, 1:8C, 1:50, 1:40, 1.30, 1:20, 110, 1.5, 1.2, or 1.1 of
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JAKZ inhibitor © ALKZ inhibitor. In another example, the ratio of an ALKR inhibitor © a JAKZ
inhibitor can be in the range of 1:100 to 1.1, for example, 1100, 1.80, 1.80, 1.70, 1.60, 1:50,
1:40, 1:30, 1:20, 110, 1.5, 1.2, or 1:1 of an ALKZ inhibifor : a JAKZ inhibitor.

The optimum ratios, individual and combined dosages, and concentrations of the
drug compounds that vield efficacy without toxicity are based on the kinstics of the active
ingredients’ availabiiity to target sites, and are determined using methods known to those of
skill in the art.

Routes of administration of any of the compositions discussed herein include oral,
nasal, rectal, intravaginal, parenteral, buccal, sublingual or topical. The compounds may be
formulated for administration by any suitable route, such as for oral or parenteral, for
example, tfransdermal, transmucosal (e.g., sublingual, lingual, (trans)buccal, (transjurethral,
vaginal {e.g., frans- and perivaginally), {infra)nasal and (frans)rectal}, infravesical,
intrapulmonary, infraducdenal, intragastrical, intrathecal, subcutansous, intframuscular,
intradermal, intra-arterial, intravenous, intrabronchial, inhalation, and topical administration.
in one embodiment, the preferred route of administration is oral.

Suitable compositions and dosage forms include, for example, tablets, capsules,
capiets, pills, gel caps, troches, dispersions, suspensions, solutions, syrups, granules,
beads, transdermal patches, gels, powders, pellets, magmas, lozenges, creams, pastes,
plasters, iotions, discs, suppositories, Hquid sprays for nasal or oral administration, dry
powder or asrosolized formulations for inhalation, compositions and formulations for
intravesical administration and the like. it should be understood that the formulations and
compositions are not limited to the particular formuiations and compositions that are
described herein.

For oral application, particularly suitable are tablels, dragees, liquids, drops,
suppositories, or capsules, caplets and gel caps. The compositions intended for oral use
may be prepared according to any method known in the art and such compositions may
contain one or more agents selected from the group consisting of inert, non-toxic
pharmaceutically excipients that are suitable for the manufacture of tablets. Such excipients
inciude, for example an inert diluent such as lactose; granulating and disintegrating agenis
such as comstarch; binding agents such as starch; and lubricating agents such as
magnesium stearate. The tablets may be uncoated or they may be coated by known
techniques for elegance or to delay the release of the aclive ingredients. Formulations for
oral use may also be presented as hard gelatin capsules wherein the active ingredient is
mixed with an inert diluent.

For parenteral administration, the disclosed compounds may be formulated for
injection or infusion, for example, intravenous, intramuscular or subcutaneous injection or

infusion, or for administration in a bolus dose or continuous infusion. Suspensions, solutions
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or emuisions in an oily or agueous vehicle, optionally containing other formulatory agents
such as suspending, stabilizing or dispersing agents may be used.

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents o the specific procedures, embodiments,
claims, and exampiles described herein. Such equivalents were considerad to be within the
scope of this disclosure and covered by the claims appended hereto. For example, it should
be undersiood, that modifications in reaction conditions, including but not limited fo reaction
times, reaction size/volume, and experimental reagents, such as solvents, calalysts,
pressures, atmospheric conditions, e.g., nitrogen atmosphere, and reducing/oxidizing
agents, with art-recognized altematives and using no more than routine experimentation, are
within the scope of the present application.

it is {0 be understood that wherever values and ranges are provided herein, all values
and ranges encontpassad by these values and ranges, are maant to be encompassed within
the scope of the present disclosure. Moreover, all values that fall within these ranges, as well
as the upper or lower limits of a range of values, are also contemplated by the present
application.

The following examples further illustrate aspects of the present disclosure. However,

they are in no way a limitation of the teachings of the present disclosure as set forth,

EXAMPLES

The compounds and methods disciosed herein are further illustrated by the following
examples, which should not be construed as further limiting. The practice of the present
disclosure will employ, unless otherwise indicated, conventional technigues of organic
synthesis, cell biology, celi culture, and molecular biology, which are within the skill of the
art.

Processes for preparing the compounds disclosed hersin can be found, at least, in
WO 2018/014829 and WO 2010/083283, the contents of which are incorporated in their

entirety.

Exampie 1: Turpentine-Induced Anemia
C578l/6 mice (7-8-week-old, female) were purchased from Charles River
Laboratories, Wiimington, MA, and placed on low iron chow (Test Dief #AIN-78A 5TJK) two
weeks prior {o beginning study, Mice were continued on this diet through the course of the
study. Mice were injected subcutanecusly in the intrascapular region of the back of the
recipient mouse with sterile fillered turpentine (Aldrich, cabf 24245}, or sterile saline in a
100 ul volume every week for three weeks. Therapeutic agents were orally administered at a

total volume of 10mi/kg body weight. Mice were administered vehicle (0.5% DMAC: 95%

47



o

10

15

20

25

30

35

WO 2021/102258 PCT/US2020/061497

methylcsliulose} or compound (n = 10 per dose group) starting shortly after the first
turpentine injection {day 0), and continuing every day until the study fermination. Blood was
collected via by orbital sinus once weekly, and compiete bicod counts (CBCs) were
determined by hematology instrumentation {Abaxds, model HMS). Statistical analyses were
performed using Graphpad Prism software. Mice were handled according to Incyte ACUC
profocals.

in each of the experiments performed, the ALK2 inhibitor (Compound A, 2-amino-N-
{4-hydroxybicyclo[2.2. 2]octan~1-y}-5-(4-(3-{tetrahydro-2H-pyran-4-yh-3-azabicyclo[3. 1.0}
hexan- 1-yphenylinicotinamide) (100 mg/kg QDY) correctad the anemia brought on by
turpenting. In Figure 1, Compound A improved the red blood cell count, hemoglobin, and
hematocrit to levels similar to saline (non-turpentine induced anemia) control at 28 days post
first turpentine injection. In Figure 2, with Compound A dosed at 30 mg/kg BID, the same
trend was demonstrated by day 21 post first turpentine injection, and the change was
statistically significant (* p < 0.05; ** p < 0.01;, ** p < 0.001; ***p < 0.0001 as delermined by
unpaired ttest). Also, the JAKZ inhibitor (ruxolitinib, 3-cyclopentyl-3-[4-(7H-pyrrolo]2,3-d}-
pyrimidin-4-yh~-1H-pyrazob-1-yilpropaneniirile) (80 mg/kg BID) exacerbated the anemias
brought on by turpentine injection in each experiment, most likely due to the pan-cytopenic
effects of JAKZ inhibition in mice. Compound A improved the blood parameters of mice that
were also dosed with ruxolitinib, with significant increases in RBC, hemoglobin, and
hematocrii levels in Figure 2. Together these experiments indicate that ALKZ inhibition can
reverse the decreases in RBC counts, hemoglobin, and hematocrit brought on by turpentine
generated, inflammation induced anemia, and this anti-anermia efficacy from ALKZ inhibition

is possible in the presence of ruxolitinib.

Example 2: Clinical Protocod

A study of the ALKZ inhibitor administered as a monotherapy or in combination with
the JAKZ inhibitor is performed in adult participants with anemia due o myeloproliferative or
myelodysplastic hematological malignancies.

Qverall study design. Phase |/ li study open-label, multicenter, dose-escalation and
expansion, safety and preliminary efficacy study of Compound A administered as a
moenetherapy or in combination with ruxclitinib in subjects with anemia (defined as Hgb < 10
g/dl) due to myeloproliferative or myelodysplastic hematological malignancies. For both the
monotherapy and the combination portions, each participant will be observed for at least one
treatment cycle (28 days).

Part 1. Monctherapy portion including both the dose-escalation and the expansion
stages where Compound A is administered alone in subjects with anemia due to lower-risk

myelodysplastic syndromes (MDS). Combination portion including the dose-gscalation stage
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where Compound A is administered in combination with ruxolitinib in subjects with primary
myelofibrosis (PMF), post polycythaemia vera (PV) or post essential thrombocythaemia (ET)
myelofibrosis and presenting anemia; collectively called “MF” subjects.

Part 2: Combination portion including only the expansion stage where Compound A
is administered in combination with ruxolitinib in MF subjects.

Both the monotherapy and the combination portions are divided in 2 stages. The
dose-escalation stage will determine the maximum tolerated doses (MTDs), the
recommended expansion phase doses (REPDs) that will be taken forward in the
corresponding expansion portions and the biclogically aclive dose (BAD) defined as the
tolerated dose(s) that produce evidence of biclogical effect of the explored dose(s) /
regimen(s). The expansion stage will evaluate the safety, efficacy, PK, and PD of the REPD
selected in the dose-escalation stages {monotherapy and combination portions) from the
corresponding treatment groups.

Three (3) different treatment groups are provided. For the monaotherapy portion, only
1 treatment group is provided: Treatment Group A (TGA) including subjects with anemia due
to lower-risk myelodysplastic syndromes (MDS). For the combination portion, two different
treatment groups are defined amoeng subjects with anemia due to MF: Treatment Group B
{TGR) including MF subjects with anemia on a stable dose of ruxolitinib for at least 8 weeks
of treatment (acceptable siarting doses are 10 mg twice daily [BID], 15 mg BID, 20 mg BID
and 25 mg BID); and Treatment Group C (TGC) including JAK-treatment naive MF subjects
with anemia. Treatment may continue as long as subjects are recsiving benefit from the
study treatment(s) and have not met any criteria for permanent freatment discontinuation.

The primary objectives of each part of study include, for Part 1 (Dose-escalation
stages of the monotherapy and the combination portions (all reaiment groups) and
Expansion stage of the monotherapy portion) evaluation of the safety and tolerability of
Compound A administered alone or in combination with ruxolitinib. For Part 2 {(Expansion
stages of the combination portion - TGE and TGC only) evaluation of the efficacy of
Compound A administered in combination with ruxolitinib. Secondary objectives applicable
o all treatment groups include evaluation of PD paramelers (including the hepcidin biood
levels), PK parameters of Compound A and of ruxolitinib where applicable, for the expansion
stage of the mongctherapy and the combination portions the efficacy based on regponse
criteria applicable to MDS patients.

The overall design of the study includes a screening part for up fo 28 days to confirm
the subjects’ gligibility, a treatment part as long as the subjects benefit from study drug(s)
therapy and do not present any study drug{s) treatment discontinuation criterion, and a
follow-up part for survival / long-term outcomes after permanent discontinuation of study

drug(s) up to study closure,
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Compound A is administered orally as a tablet / capsule. Starting doses may vary
from about a daily amount of about 10 to about 50 mg, including a starting dose of about 25
mg QD or about 30 mg QD. Dose escaiation is based on type and severity of toxicity and the
PK/PD resulis observed. Administration may range from a daily amount of about 10 to abowt
150 mg, including about 15, 20, 25, 30, 35, 40, 45, 50, 55, 80, 65, 70, 75, 80, 85, 80, 95,
100, 105, 110, 115, 120, 128 and about 150 mg.

For TGB and TGC groups, ruxclitinib is administered continuously per oral rouie as a
tablet twice daily (BID). For TGC, the starting dose is about 15 myg BID if the subject’s
platelet value is between 100 and 200 x 10%L. The starting dose is about 20 mg BID if the
subject’s plateiet value is greater than 200 x 10%L. During freatment by ruxolitinib and
according to the disease response and hematology foxicity experienced by the subjects,
additional doses include 5 mg, 10 myg, 15 myg, 20 mg and 25 mg BID. Dose escalation is
based on type and severity of toxicity and the PK/PD resulis observed.

The following laboratory testing is performed on subject samples. ron metabolism
{measurements {o be performed centrally} is tested in the chemistry panel, including serum
hepcidin, serum iron, serum ferritin & ferritin index [FTH], ferritin saturation, serum transferrin,
transferrin saturation, total iron binding capacity (TIBC), unsaturated iron binding capacity
{(LHBC), serum non-transferrin-bound iron (NTBI), soluble serum transferrin receptor (STFR},
and growth differentiation factor 15 (GDF-15) = Bone morphogenetic protein (BMP) recepior.
Hemalological parametlers are {ested as part of the hematology panel including reticulocytes,
nucleotide red blood cell, erythrocyte hemoglobin, erythropoeietin (EPO), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and myeloblasts in peripheral blood.
Additional markers of inflammation are tested as part of the biochemistry panegl, including G-
reactive protein (CRP), and cytoking panel including Interleukin (IL)-1, 1L-2 & |L-2 receptor
(l-2R), IL-8, IL-8 & [1.-22.

Inclusion Criteria: Inclusion criteria for the treatment groups A, B and C include the following:

Ability to comprehend and willingness {o sign a written informed consent form (ICF)

for the study,

Aged of 18 years or older at the time of signing the informed consent,

Histologically-confirmed disease,

Participant with anemia due to MDS or MF defined as:

a. a hemoglobin [Hgb] value < 10 g/dL out of the influence of red blood cell (RBC)
transfusions; considering a 2-week washout period must be demonstrated during
scresning recorded on three (3) separate occasions with at least seven (7) days
between measurements, or
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b. Participant who has received at least four (4} units of RBC transfusions during the
28 days immediately preceding Cycle 1 Day 1 OR has received an average of at
least four (4) units of RBC transfusions in the eight (8) weeks immediately
preceding Cycle 1 Day 1, for @ hemoglobin level of < 8.5 g/dL, in the absence of
bleeding or treatment-induced anemia. In addition, the most recent fransfusion
episode must have occurred in the 28 days prior to Cycle 1 Day 1. Note: the
fatter option corresponds to the definition of a fransfusion-dependent participant
at baseline.

Eastern Cooperative Oncology Group (ECOG) performance status score of:

a. 0 or 1 for the dose-escalation portions (monotherapy and combination portions),

b. 0, 1 or 2 for the expansion portions (monotherapy and combination portions),

Life expectancy greater than 8 months,

Willingness {o undergo a prefreatment and reguiar on-study bone marrow biopsies
and/or aspirates (as appropriate to disease). If a biopsy and aspirate are not possibie or
confraindicated, or the tissue requirement cannot be satisfied, this requirement may be
waived with approval from the Sponsor's medical monitor,

Willingness to avoid pregnancy or fathering children based on the following criterial

{i) Postmenopausal woman (i.e., surgically sterile with a hysterectomy and/or bilateral
oophorectomy OR 2 12 months of amenorrhea and at least 50 years of age.)

{(iiy Woman of childbearing potential who has a negative serum pregnancy test at
screening and prior to the first dose on Day 1 who agrees 1o take appropriate precautions to
avoid pregnancy {with at least 98% cerfainty) from screening through safety follow-up.
Fermitied methods that are at least 89% effective in preventing pregnancy should be
communicated to the subject and their understanding confirmed,

{iiy Man who agrees {0 take appropriate precautions to avoid fathering children {(with
at least 99% certainty) from screening through safety follow-up. Permitied methods that are
at least 99% effective in preventing pregnancy should be communicated to the subject and

their understanding confirmed.

inclusion criteria defining the disease characteristics:

Subject with peripheral bleod mysloblast count < 10%.

Subject not requiring cytoreductive therapy or a therapeutic intervention.

For Treatment Group A (TGA)

Additional inclusion criteria for the treatment groups A include a confirmed diagnosis of

myelodysplastic syndrome (MDS) according to the 20168 World Health Organization (WHQO)
criteria {Swerdlow st al, 2017 and Arber et al, Blood, 20186).
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For the myelodysplastic syndrome (MDS) subjects:
very-iow, low or intermediate MDS as defined by the [PSS-R criteria (Greenberg et al, Blood,
2012), except subjects presenting with myelodysplastic syndrome with ring sideroblasts
(MDS-RS), OR

For the MDS/MPN overlap syndrome subjects:

i. Low or intermediate chronic myelomonocytic leukemia (CMML) according to
Fatnaik et al, 2013, or

ii. Favorable or intermediate unclassifiable MDS/MPN overlap syndromes
{(MDS/MPN, unclassifiable} as per Liu et al, 2012 criteria,

iii. Except participants presenting with atypical chronic myeloid leukemia (aCML),
juvenile myelomonocytic leukemia (JMML) or MDS/MPN with ring sideroblasts and
thrombocytosis (MDS/MPN-RS-T).

For Treatment Groups B and C (TGB and TGCY:

Additional inclusion criteria for the freatment Groups B and C (TGB and TGC) include a

histologicaliy-confirmed diagnosis of primary myslofibrosis (PMF), post polycythasmia vera
{PV) or post essential thrombocythaemia (ET) myelofibrosis according to the 2016 World
Health Organization criteria (Swerdiow et al, 2017 and Passamonti et al, ASH publications,
2016 for PMF and Barosi et al, Leukemia, 2008 for post-ET and post-FV myelofibrosis) and
prior freatment.

For TGB, each subject must have been on a therapeutic and stable regimen of
ruxclitinib (10 mg, 15 mg, 20 mg or 25 mg BID) for at least eight (8) consecutive weeks
immaediately preceding the first treatment dose in the study, and each subject for whom the
dose and dose-regimen of ruxoclitinib to treat MF has not been modified at any time during
the 8 weeks immediately preceding the 1si treaiment dose in the study.

For TGO, each subject must be naive of any freatment by any JAK inhibitor.

Exclusion Criteria; Exclusion criteria for the treatment groups A, B and C include the

following:
Subjects with laboratory values at screening as defined in Table 1.

Table 1: Exclusionary Laboratory Values

Laboratory Parameter Exclusion Criterion

Hematology

For TGA participants: < 50 x 10%L without the
a | Platelels assistance of growth factors, thrombopcoistic factors
or platelet transfusions




10

15

20

WO 2021/102258 PCT/US2020/061497

Laboratory Parameter Exclusion Criterion

For TGB and TGC participants: < 100 x 10%L
without the assistance of growth factors,
thrombopoistic factors or platelet transfusions

o | Absolute neutraphil count For TGA participants: < 0.75 x 10°/L
{ANC) For TGB and TGC participants: < 1.0 x 10%L
Hepatic

¢ | Alanine aminotransferase (ALT) | = 2.5 x ULN

Aspartate aminotransferase

d (AST) z 2.5 % ULN

g | Direct bilirubin > 2.0 x ULN

f | Alkaline phosphatase (ALF) =3 =« ULN

Renal

g | Creatinine clearance < 30 mb/min according to Cockeroft-Gault formula.

TGA, TGB, and TGC = freatment group A, B, and C, ULN = upper limit of normal.

Subject with any major surgery within 28 days prior to the first study treatment,

Any prior chemotherapy, immunomodulatory drug therapy, immunosuppressive
therapy, biolegical therapy, endocring therapy, targeted therapy, antibody, erythropoietin-
stimuiating agent (ESA), hypomethylating agent, or granulocyte colony stimulating factor [G-
CSF}, granulocyte/macrophage colony stimulating factor [GM-CSF], romiplostin,
glirombopag, folic acid (folate), or vitamin B12 (cobalamin) to treat the subjects disease with
the exception of ruxolitinib for TGE only within 5 half-lives or 28 days (whichever is shorter)
prior to the first study treatment. Subject undergoing treatment with ancther investigational
medication or having been trealed with an investigational medication within 28 days prior to
scresning,

Subject undergoing treatment within 28 days or 5 half-lives (whichever is longer) of
the first study treatment with a potent/strong inhibitor or inducer of CYP3A4/5, or expectad to
receive such treatment during the study.

Any prior radiation therapy within 28 days or 5 half-lives {(whichever is longer) of the
first study treatment. Palliative radiation therapy to singie sites or small fields allowed with at
least one (1) week washout prior {0 the first study treatment.

Any prior allogenic or autologous transplantation, or the subject is a candidate for an
allogenic or autologous transplantation,

History of leukocytosis (history of WBC > 25 x 10%L),

Presence of any hemalological malignancy other than MDS or MF,

Active invasive malignancy over the previous 5 years except subjects with early-

stage basal cell or squamous cell skin cancer, or completely resected intraspithelial
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carcinoma of the cervix, or completely resected papillary thyroid and follicular thyroid
cancers who may be eligible participate at the Investigator's discrefion. Subjects with
malignancies with indolent behavior such as prostate cancer treated with radiation or surgery
may be enrolied as long as they have a reasonable expectation to have been cured with the
treatment modality received,

Known active disease involving the central nervous system (CNS), for example, brain
metastasis or spinal cord compression, except primary CNS lymphoma,

History of clinically significant or unconirolied cardiac disease, including recent
{within the last 12 months)} unstable angina or acute myccardial infarction, or New York
Heart Association Class i or IV congestive heart failure, or clinically significant arrhythmias
not controlied by medication. Subjects with a pacemaker and well controlled rhythm for at
least 1 month before the first dose of study medication will be allowed,

History or presence of an abnormal ECG that, in the investigator's opinion, is
clinically meaningful. Scresning QT interval > 450 milliseconds is excluded. For subjects
with an intraventricular conduction delay (QRS interval 120 ms), the JTe interval may be
used in place of the QT¢ with sponsor approval. Subjects with left bundle branch block are
excluded. Subjects with QTc prolongation due to a pacemaker may enroll with prior
approval from the sponsor's medical monitor,

Presence of chronic or current aclive infectious disease requiring systemic antibiotic,
antifungal, or antiviral treatment. Subjects with acute baclerial infection requiring antibiotic
use shouid delay scresning / enroliment until the course of antibictic therapy has besn
completed and the infection is not active anymore,

Subject with diagnosis of chronic liver disease (e.g., chronic alcoholic liver disgase,
autoimmune hepatitis, sclerosing cholangitis, primary biliary cirrhosis, hemochromatosis,
non-alcoholic steatohepatitis),

Subject with known active hepatitis A, hepatitis B virus (HBV), or hepatitis C virus
(HCV) infection or who are HIV-positive,

Unwillingness to be transfused with blood componenis including red blood cell packs
and platelet transfusions,

Subjects who, in the opinion of the investigator, are unable or unlikely to comply with
the dose schedule and study evaluations,

Any condition in the investigator's judgment that would interfere with full parficipation
in the study, including administration of study drug and attending required study visils; pose
a significant risk to the subject; or interfere with interpretation of study data,

Active alcohol or drug addiction that would interfere with their ability {o comply with

the study requirements,



o

10

15

20

25

30

35

WO 2021/102258 PCT/US2020/061497

Gastrossophageal reflux disease not controlled by medication (i.e., currently
symptomatic or endoscopic evidence of esophagitis) within 28 days prior to first study
drug(s) dose,

Has any unresolved toxicity = Grade 2 from previous therapy except for stable
chronic toxicities (g Grade 2} not expected o rescive, such as stable Grade 2 peripheral
neuropathy,

Subject has known hypersensitivity or severe reaction, or any known
contraindications to the use to any of the active substances or excipients in Compound A or
ruxolitinib or similar compounds as appropriate to the relevant treatment group,

Females who are pregnant or currently breastfeeding,

Unabile to swallow and retain oral medication, and

Unable to comprehend or unwilling to sign the informed consent form (ICF}.

Additional exclusion criteria for Treatment Groups B and C (TGB and TGC) include a
subject with any history of platelet counts < 50 x 10%/L or ANC < 0.5 x 10%L except during
treatment for a myeloproliferative disorder or freaiment with cytotoxic therapy for any other
reason, and any subject undergoing treatment with hematopoietic growth factor receptor
agonist (i.e., erythropoietin [EPQ]), granulocyte colony stimulating factor (G-CS8F),
romiplostin, eltrombopag at any time within 4 weeks prior {0 screening, and subject
undergoing treatment within 14 days or 5 half-lives {whichever is longer) of 1st study drug(s)
dose with a potent/strong inhibitor or inducer of CYP3A4 or expected to receive such
treatment during the course of the study, and any subject unwilling or unable to undergo

MRIs aor CT Scans par study protocol requirements.

Frimary Analyses:

Part 1: Safety analyses for TGA — Dose escalation and expansion, TGB ~ Dose
gscalation, TGC ~ Dose escalation:
The safety of Compound A administered alone or in combination with ruxolitinib will be
analyzed using the following parameters descriptively by part, treatment group, and dose
level in safely population:
- Freqguency, duralion, and severity of adverse events (ALS), severe adverse svenis
(SAEs) and dose-limiting toxicity (DLTs},
- Changes in vital signs and clinical evaluations including electrocardiograms (ECGs),
- Clinical laboratory blood and urine sample evaluations,

- The rate of DLTs will be summarized for each cohort of the dose-ascalation portions.



o

10

15

20

WO 2021/102258 PCT/US2020/061497

Part 2: Efficacy analyses for TGB ~ Dose expansion, TGC - Dose expansion:
The proportion of participants with an anemia response defined as an Hgh
increase = 1.5 g/dl for =2 12 weeks during treatment, if transfusion independent OR
achieving transfusion independence for 2 12 weeks if transfusion dependent at bassling if
applicable, will be estimated with its 85% confidence intervals (Cl).
The proportion will be tested against 20% using a one-sample proportion test in full analysis
set {FAS) population at a one-sided alpha of 5%.

Participants with missing assessments that prevent the evaluation of the primary
endpoint will be considered as nonresponders on that treatment arm. No data imputation

will be applied.

Secondary Analyses; Analyses of Dose-escalation stages of the monotherapy and the

combination portions (all treatment groups) and Expansion stage of the monotherapy portion
include efficacy, pharmacokinetics (PK), and pharmacodynamics (PD) of Compound A
administered alone or in combination with ruxolitinib in the defined patient populations.
Expansion stage of the combination portion (TGB and TGC only) include safety of
Compound A administered in combination with ruxolitinib in anemic MF subjects. The safety
assessments will include:

BK for plasma Compound A: Cnax, tmax, AUCos, AUCo«. b, CUF, Va/F, and Az,

PK for urine Compound A: AeBBh and CLr,

PK for saliva Compound A Crax, Tmax, AUCo, Ao ana Cls, and

PK for metabolites of Compound A

in pltasma (Cuax, tmax, AUCey, AUC..), and

In urine (Aeg, CLr, Fe (%excreted)),

Abbreviation Definition
Comax Maximum cobserved plasma concentration
tmax Time to maximum plasma concentration

Area under the single-dose plasma concentration-time curve from
Hour 0 to the last quantifiable measurable plasma concentration,
calculated by the linear trapezoidal rule for increasing concentrations
and the log trapezoidal rule for decreasing concentrations

AUCao.

Area under the steady-state plasma concentration-time curve over 1
dosing interval (i.e., from Hour 0 to 12 for BID administration or from
AUCo.- Hour 0 to 24 for D administration), calculated by the linear
trapazoidal rule for increasing concentrations and the log trapezoidal
rule for decreasing concentrations

CIF Cral dose clearance

Vz/F Apparent oral dose volume of distribution
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Apparent terminal phase disposition rate constant, where Az is the

Az magnitude of the slope of the linear regression of the log concentration
versus time profile during the terminal phase

Aedb8h Amount of drug excreted in the urine over sampling interval (e.g., 96 h)

Clr Renal clearance, where Clr = AJAUC

Fe (% excreted) | Percent iron excreted in the urine, where % excreted = 100 (Ad/dose)

The following PD parameters will be summarized descriptively by part, stage, treatment
group, and dose level in PD evaluable population at each visit.

- Plasma hepcidin levels,

- PD parameters to assess the iron homeostasis: total serum iron {TSH), ferritin,
transferrin, transferrin saturation (TSAT), total iron-binding capacity {TiBC), unsaturated iron-
binding capacity (UIBC), non-transferrin-bound serum iron (NTBH),

- PD parameters {0 assess the erythropoiesis: reticulocyte count (RC), nucleated red
blood cell (NRBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCHj),
hemoglobin, hematocrit, red blocd cell (RBC) count, mean corpuscular hemoglobin
concentration (MCHQC), red blood cell distribution width (RDW),

- Cther PD parameters: erythropoietin (EPO),

Part 1 sfficacy analyses for TGA dose expansion:

- Percentage of participants with hematological improvement for erythroid line (HI-E),
for platelets (HI-P}, and for neutrophils (HI-N} as per Cheson et al, 2008, definitions
will be estimated with 85% CL

- Mean change from baseline in the Hgb value over 4-week treatment periods will be
summarized descriptively.

- Percentage of participants with 2 50% reduction in fransfusion burden as compared
{0 baseline in any 8week window during treatment period will be estimated.

- Percentage of participants with complete response (CR) or partial response (PR) as
per Cheson et al, 2008 definitions for myelodysplastic syndromes, or as per the
Savona et al, 2015 definitions for the MDS/MPN overlap syndromes as applicable will
be estimated with 95% CL

- Progression-free survival (PFS) defined as the interval from the first dose of
Compound A until the first documentation of definilive diseass prograession (as per
Cheson et al, 2008 definitions for myslodysplastic syndromes or Savona ef al, 2015
definitions for MDS/MPN overlap syndromes) or death due o any cause will be
astimated using Kaplan-Meier method.

- Leukemia-free survival (LFS), defined as the interval from the first dose of Compound

A until the first documented lsukemia transformation (a blast percentage of 2 20% in

(91
-4
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the bone marrow or the peripheral blood at any time during the study) or death from
any cause will be estimated using Kaplan-Meler method.
- For transfusion-dependent (TD) participants at screening:

o Percentage of participants with reduction of units of RBC transfusions by an
absolute number of 2 4 RBC transfusions/8 wesek compared with the pretreatment
transfusion number in the previous eight (8) weeks if applicable as per Cheson et
al, 2008, will be estimated.

Percentage of participants with red blood cell-transfusion independency (RBC-TH)

8]

defined as the absence of any RBC-transfusion for at least eight consecutive

weeks during the treatment period will be estimated.

Part 2 safety analyses for TGB and TGC dose expansion:
The safety of Compound A administered in combination with ruxolitinib will be analyzed
using the following parameters descriptively by treatment group, and dose level in safety
population:

- Frequency, duration, and severity of AEs and SAEs,

- Changes in vital signs, ECGs, and physical examinations,

- Changss in clinical bleed and wrine laboratory parameters.

Part 2 efficacy analyses for TGB and TGC dose expansion:
- Anemia response
o Duration of anemia response, defined as
= The interval from the first onset of Hgb increase = 1.5 g/dl for = 12 weeks
fo the earliest date of loss of anemia response that persisis for at least four
{4) weeks, or death from any cause for the Ti participants at baseline, or
= Puration of transfusion-indspendence is defined as the interval from the
first onset date of ransfusion independence 1o the earliest onset date of
transfusion dependence or death from any cause for the TD participants at
baseline,
will be estimated separately for transfusion dependent (TD) and transfusion-
independent (T participants at baseline using Kaplan-Meier method with 95%
ClL
- Mean change from baseline in the Hgb vaiue over 12-week freatment periods will
summarized descriptively.
- Rate of RBC-fransfusion through Weeks 24 and 48 defined as the average number
of RBC units per participant-month during treatment. The proportion of participants

receiving RBC transfusions over each month post baseling period will be estimated,
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and the total number of RBC units received per participant over each month post
haseline period will be calculated.

The splenic response rate gt Week 24 (SSR24) defined as the proportion of
participants achieving a = 35% reduction in spieen volume at Week 24 relative t0
baseline as measured by MR or CT scan, will be estimated with 25% CI.

Spleen length response defined as the proportion of participants achisving a = 50%
reduction in spleen length at any visit relative {o baseline as measured by palpation
will be estimated.

Symptom response rate at Week 24 defined as the proportion of participants whoe
achieve a z 50% reduction in total symptom score (T85) at Week 24 relative o
baseline as measured by the Myelofibrosis Symptom Assessment Form (MFSAF)
v4 .0 form (Gwaliney et al, 2017), will be estimatad.

Percentage of participants with CR or PR according fo the Tefferi et al, 2013
definitions will be estimated with $5% CL

The morphologic effects of the combination of Compound A with ruxolitinib on bone
marrow will be summarized descriptively.

Progression-free survival {PFS) defined as the interval from the first dose of study
freatment until the first documentation of definitive disease progression or death dus
to any cause as per the Tefferi ef al, 2013 definitions, will be estimated with the
Kaplan Meier method.

Leukemia-free survival (LFS) defined as the interval from the first dose of Compound
A until the first documented leukemia transformation or death from any cause, will be

estimated with the Kaplan Meier method.

For PFS, the earliest time when any event is observed as follows:

o

O

For spleen volume increase, the progression date will be the date of the first MR
showing a 25% or greater increase in spleen volume as compared o the on-study
nadir (the on study period includes the Baseline svaluation),
For splenic irradiation, splenectomy, or death, the date of progression will be the
actual date of the event,
For leukemic transformation:
Determined by bone marrow blast count of 20% or greater, the progression date
will be the date of the bone marrow aspirate or biopsy as applicable,
Determined by peripheral blast count, the date of progression will be the date of
the first peripheral blast count of 20% or greater that is subsequently confirmed by
EITHER eight (8) weeks of sustained high blast counts {i.e., no intervening counts

of < 20%] OR by bone marrow aspirate/biopsy.
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Part 2 safety analyses for TGE and TGO dose expansion:

The safety assessments will be identical to those in the dose-escalation portions.

Example 3: Additional Clinicai Protocol for MF-Induced Anemia

This study is a phase 1/2, open-labsl, multicenter, dose-escalation and ~expansion
study assessing Compound A alone {treatment group A {TGA]) or in combination with
ruxolitinib (freatment group B [TGE], in patients with MF who are transfusion-dependent or
present with symptomatic anemia. For TGA, patients must have been infolerant, resistant,
refractory, or lost response o prior therapy (212 weeks) with Janus kinase inhibitors and
have a risk category of intermediate-2 or high according to the Dynamic International
Prognostic Scoring System (DIPSS); for TGB, patients must have been on a therapeutic and
stable regimen of ruxolitinib for 212 consecutive weeks prior o first dose of study freatment
and have a DIPSS risk category of intermediate-1 or -2, or high. To be sligible patients must
be =18 years of age, have an Eastern Cooperative Oncology Group (ECOG) performance
status 0-1 for the dose-escalation stages or 02 for the dose-expansion stage, have life
expectancy > 6 months, and have histologically confirmed primary or secondary (post-
polycythemia vera, post-essential thrombocythemia) MF.

Patients are ineligible if they have any other hematologic malignancy; have
undergone any prior allogeneic or autologous stem cell transplantation; have undergone
major surgery within 28 days of first dose of study drug; or received prior chemotherapy,
imrunomodulatory drug, immunosuppressive, biological, endocrine, or targeted therapy, or
an antibody/hypomethyiating agent within 5 half-lives or 28 days before first dose of study
drug.

in Part 1 (dose escalation) of the study, patients will be enrolled into TGA or TGB.
Compound A monotherapy will be administered orally at a starting dose of 50 mg/day in
TGA (28-day cycles). Dose-escalation stages will use a Bayesian optimal interval design to
determine the maximum tolerated dose (MTD), with dose increases not exceeding 100% {(2-
fold) until a treatment-related toxicity Grade 22 is observed. Dose escalation in TGE will start
2 dose levels below the maxdmum evaluated dose determined {o be safe and iolerable in
TGA (recommended dose expansion [RDE]); patients in TGRE will receive Compound A in
combination with ruxclitinib. In each treatment group in Fart 1, s24 patients will be treated in
the dose-escalation stage. In Part 2 (dose expansion), the RDE in TGB will be evaluated in
combination with ruxolitinib in approximately 25 patients. Patients will receive treatment for
up to 12 months, and treatment may continue if patients are deriving clinical bensfit and
have no svidence of progressive disease.

The primary study objective is {o determine the safety and tolerability of Compound A

mongotherapy or in combination with ruxclitinib (assessed by the freqguency and saverity of
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adverse events [AEs], physical examinations, and monitoring vital signs and laboraiory
values, and identification of dose-limiting toxicities, MTD, and RDE for TGB). Secondary
objectives are to determine the efficacy of Compound A monotherapy or in combination with
ruxolitinib {assessed by anemia response, duration of anemia response, mean change from
baseline in hemoglobin, and rate of RBC fransfusion through week 24 and 48), evaluate
pharmacokinetics of Compound A, and evaluate the effect of Compound A as monotherapy
or in combination with ruxolitinib on hepcidin level, iron homeostasis, and erythropoigsis.

The disclosed subject matier is not to be limited in scope by the specific
embodiments and examples described herein. Indeed, various modifications of the
disclosure in addition o those described will become apparent {o those skilled in the art from
the foregoeing description and accompanying figures. Such meodifications are intended to fall
within the scope of the appended claims.

All references (e.g., publications or patents or patent applications) cited herein are
incorporated herein by reference in their entirety and for all purposes to the same extent as if
gach individual reference {e.g., publication or patent or patent application) was specifically
and individually indicated o be incorporated by reference in its entirety for all purposes.
Other embodiments are within the following claims.
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