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{WT : wild type HUVECs, NX : non treated celis, REBA : Formula 1 100 nM, N = 3; 5x vs 10x}
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{WT : wild type HUVECs, YCE RC: Y837CE RIU15C, YFE RL:YBY7FE RIU15L, NX: non treated cells, REBA : Formula | 100 nM. N = 3; 5x vs 10x)
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{WT : wild type HUVECs, TE T: TL105NE T1106P, NX : non treated cells, REBA : Formula | 100 nM. N = 3; 5x vs 10x}
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METHODS FOR TREATING VASCULAR
MALFORMATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Ser. No.
62/885,519 filed Aug. 12, 2019, the contents of which are
incorporated herein by reference in their entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Nov. 11, 2020, is named DCP-083
SL.txt and is 3,451 bytes in size.

BACKGROUND

[0003] Tunica interna endothelial cell kinase-2 (TIE2) is
largely restricted to expression in endothelial cells of the
vasculature. TIE2 is the receptor for angiopoietin 1
(ANGPT1), angiopoietin 2 (ANGPT2), and angiopoietin 4
(ANGPT4) and this signaling system plays an important role
in both angiogenesis (sprouting of new vessels from existing
vessels) and vasculogenesis (de novo new vessel formation).

[0004]
diseases of the vasculature. These include venous malfor-

Vascular malformations comprise a diverse set of

mations, lymphatic malformations, capillary malformations,
arterial malformations, and arterio-venous malformations.
Any blood vessel type or combination can be involved in the
malformation. Vascular malformations grow with time and
rapid growth and local tissue infiltration can occur. Venous
malformations can be localized or occur multifocally.
Venous malformations can be associated with pain, swelling,
bleeding, disfigurement, thrombosis, and other significant
morbidities. Venous malformations can affect tissues such as
skin, joints, muscles, the intestines, and bone. Many venous
malformations can be treated with surgery, laser therapy, or
sclerotherapy, however not all are amenable to these treat-
ments. In most cases the venous malformation recurs after
conventional treatment.

[0005] In approximately 50% of cases venous malforma-
tions have been linked to germline or associated with
somatic mutations in TIE2 kinase. These mutations activate
TIE2 kinase, leading to dysregulated endothelial cell growth
and venous malformation. Thus, there is a need for new
treatments for these diseases associated with TIE2 altera-
tions.

SUMMARY

[0006] Described herein are compounds that are inhibitors
of TIE2 kinase and their use in the treatment or prophylaxis
against growth of venous malformations. This disclosure
relates to methods of using compound of Formula I,
described below, as potent inhibitors of TIE2 for treating
venous malformations:

Feb. 17, 2022
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or a pharmaceutically acceptable salt thereof.

[0007] For example, provided herein is a method for
treating TIE2 kinase-mediated vascular anomalies or TIE2
kinase mutant-mediated vascular anomalies, in a patient in
need thereof, comprising administering to the patient a
therapeutically effective amount of the compound of For-
mula I, or a pharmaceutically acceptable salt thereof.
[0008] Additionally, provided herein is a method for treat-
ing vascular anomalies, in a patient in need thereof, com-
prising administering to the patient a therapeutically effec-
tive amount of the compound of Formula I, or a
pharmaceutically acceptable salt thereof, wherein the vas-
cular anomalies are mediated by TIE2 kinase or by TIE2
kinase mutant-mediated.

[0009] Furthermore, provided herein is a compound of
Formula I or a pharmaceutically acceptable salt thereof for
use in the treatment of TIE2 kinase-mediated vascular
anomalies or TIE2 kinase mutant-mediated vascular anoma-
lies in a patient in need thereof, comprising administering to
the patient a therapeutically effective amount of the com-
pound of Formula I, or a pharmaceutically acceptable salt
thereof.

[0010] Also provided herein is a method for treating
venous malformations in a patient in need thereof, compris-
ing administering to the patient about 100 mg to about 200
mg, once or twice daily, of the compound of Formula I, or
a pharmaceutically acceptable salt thereof.

[0011] Also provided herein is a compound of Formula I,
or a pharmaceutically acceptable salt thereof, for use in the
treatment of venous malformations in a patient in need
thereof, comprising administering to the patient about 100
mg to about 200 mg, once or twice daily, of the compound
of Formula I, or a pharmaceutically acceptable salt thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A-E shows the inhibition of phosphory-
lation of various mutant forms of TIE2 (R849W, 1.914F,
R1099*, Y897C/R915C, and Y897F/RI15L, respectively)
using the compound of Formula I in assays using transfected
CHO cells.

[0013] FIG. 2 shows the inhibition of phosphorylation of
various mutant forms of TIE2 using the compound of
Formula I in assays using transfected human umbilical vein
endothelial cells

[0014] FIG. 3 shows the inhibition of phosphorylation of
downstream signaling protein AKT using the compound of
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Formula I in assays using transfected human umbilical vein
endothelial cells with various mutant forms of TIE2.
[0015] FIG. 4 shows the inhibition of phosphorylation of
downstream signaling protein STAT1 using the compound
of Formula I in assays using transfected human umbilical
vein endothelial cells with various mutant forms of TIE2.
[0016] FIGS. 5A-F shows the restoration of cellular mor-
phology using the compound of Formula I in assays using
transfected human umbilical vein endothelial cells with
various mutant forms of TIE2 (WT or L914F, R849W,
R1099*, Y897C/R915C, Y897C/R915L, and T1105N/
T1106P, respectively).

[0017] FIG. 6A-F shows the effects on expression of
ANGPT2, PDGFB, ADAMTS1, ADAMTS9, PLAT and
PLAU using the compound of Formula I in assays using
transfected human umbilical vein endothelial cells with
various mutant forms of TIE2.

[0018] FIG. 7 shows restoration of extracellular fibronec-
tin using the compound of Formula I in assays using
transfected human umbilical vein endothelial cells with
various mutant forms of TIE2.

[0019] FIG. 8A shows the schematic of the experimental
design as described in Example 10 for evaluating the inhi-
bition of growth of mutant TIE2 human umbilical vein
endothelial cells in vivo in a venous malformation model by
the compound of Formula I, where the mice were given a
control diet or diet infused with the compound of Formula
I on day 0.

[0020] FIG. 8B shows the effects of the compound of
Formula I on gross appearance of mutant TIE2 blood vessel
lesions in an in vivo model of venous malformation on day
7

[0021] FIG. 9 shows the effects of the compound of
Formula I on the size of mutant TIE2 blood vessel lesions in
an in vivo model of venous malformation on day 7.

[0022] FIG. 10 shows the effects of the compound of
Formula I on the smooth muscle cell and pericyte coverage
of mutant TIE2 blood vessel lesions in an in vivo model of
venous malformation on day 7.

[0023] FIG. 11 shows the effects of the compound of
Formula I on phosphorylation of TIE2 in mutant TIE2 blood
vessel lesions in an in vivo model of venous malformation
on day 7.

[0024] FIG. 12 shows the effects of the compound of
Formula Ion the size of mutant TIE2 blood vessel lesions in
an in vivo model of venous malformation on day 16.

[0025] FIG. 13 shows the effects of the compound of
Formula I on the smooth muscle cell and pericyte coverage
of mutant TIE2 blood vessel lesions in an in vivo model of
venous malformation on day 16.

[0026] FIG. 14 shows the effects of the compound of
Formula I on phosphorylation of TIE2 in mutant TIE2 blood
vessel lesions in an in vivo model of venous malformation
on day 16.

[0027] FIG. 15 shows the effects of the compound of
Formula I on vascular morphology of mutant TIE2 blood
vessel lesions in an in vivo model of venous malformation
on days 7 and 16.

[0028] FIG. 16A shows the schematic of the experimental
design as described in Example 10 for evaluating the inhi-
bition of growth of mutant TIE2 human umbilical vein
endothelial cells in vivo in a venous malformation model by
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the compound of Formula I, where the mice were given a
control diet or diet infused with the compound of Formula
1 on day 7.

[0029] FIG. 16B shows the effects of the compound of
Formula I on gross appearance of previously established
mutant TIE2 blood vessel lesions in an in vive model of
venous malformation.

[0030] FIGS. 17A-B shows the effects of the compound of
Formula I on the size of previously established mutant TIE2
blood vessel lesions and on smooth muscle cell and pericyte
coverage of mutant TIE2 blood vessel lesions in an in vivo
model of venous malformation.

[0031] FIG. 18A-D compares the effects of the compound
of Formula I on vascular malformation (VM) lesions
expressing wild type and L914F TIE2 mutants from the day
of'injection (Day 0) to Day 7. Treatment with the compound
of Formula I diet is compared with treatment with control
diet and untreated VM lesions through macroscopic (FIG.
18A) and microscopic (FIG. 18B) images and quantification
of vascular area of vessels (FIG. 18C and FIG. 18D).
[0032] FIG. 19A-C provide comparisons of treatment of
vascular malformation (VM) lesions expressing wild type
and 1.914F TIE2 mutants from the day of injection (Day 0)
to Day 16, or from Day 7 to Day 16. Comparisons include
microscopic views of untreated VM lesions and VM lesions
expressing TIE2 [.914F treated with the compound of For-
mula I diet and control diet (FIG. 19A) and quantification of
vascular area of vessels in lesions expressing TIE2 wild type
or L914F (FIG. 19B and FIG. 19C).

DETAILED DESCRIPTION

[0033] The features and other details of the disclosure will
now be more particularly described. Certain terms employed
in the specification, examples and appended claims are
collected here. These definitions should be read in light of
the remainder of the disclosure and as understood by a
person of skill in the art. Unless defined otherwise, all
technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary
skill in the art.

Definitions

[0034] The terms “Individual,” “patient,” or “subject” are
used interchangeably and include any animal, including
mammals, preferably mice, rats, other rodents, rabbits, dogs,
cats, swine, cattle, sheep, horses, or primates, and most
preferably humans. The compounds described herein can be
administered to a mammal, such as a human, but can also be
administered to other mammals such as an animal in need of
veterinary treatment, e.g., domestic animals (e.g., dogs, cats,
and the like), farm animals (e.g., cows, sheep, pigs, horses,
and the like) and laboratory animals (e.g., rats, mice, guinea
pigs, and the like).

[0035] “Pharmaceutically or pharmacologically accept-
able” include molecular entities and compositions that do
not produce an adverse, allergic or other untoward reaction
when administered to an animal, or a human, as appropriate.
For human administration, preparations should meet steril-
ity, pyrogenicity, and general safety and purity standards as
required by FDA Office of Biologics standards.

[0036] The term “pharmaceutically acceptable carrier” or
“pharmaceutically acceptable excipient” as used herein
refers to any and all solvents, dispersion media, coatings,
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isotonic and absorption delaying agents, and the like, that
are compatible with pharmaceutical administration. The use
of such media and agents for pharmaceutically active sub-
stances is well known in the art. The compositions may also
contain other active compounds providing supplemental,
additional, or enhanced therapeutic functions.

[0037] The term “pharmaceutical composition” as used
herein refers to a composition comprising at least one
compound as disclosed herein formulated together with one
or more pharmaceutically acceptable carriers.

[0038] The term “pharmaceutically acceptable salt(s)” as
used herein refers to pharmaceutically acceptable organic or
inorganic salts of a compound disclosed herein. These may
be salts of acidic or basic groups that may be present in
compounds used in the compositions. Compounds included
in the present compositions that are basic in nature are
capable of forming a wide variety of salts with various
inorganic and organic acids. The acids that may be used to
prepare pharmaceutically acceptable acid addition salts of
such basic compounds are those that form non-toxic acid
addition salts, i.e., salts containing pharmacologically
acceptable anions, including, but not limited to, malate,
oxalate, chloride, bromide, iodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, tartrate, oleate, tannate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate,
fumarate, gluconate, glucaronate, saccharate, formate, ben-
zoate, glutamate, methanesulfonate, ethanesulfonate, benze-
nesulfonate, p-toluenesulfonate and pamoate (i.e., 1,1'-
methylene-bis-(2-hydroxy-3-naphthoate)) salts, alkali metal
(e.g., sodium and potassium) salts, alkaline earth metal (e.g.,
magnesium) salts, and ammonium salts. A pharmaceutically
acceptable salt can involve the inclusion of another molecule
such as an acetate ion, a succinate ion or other counter ion.
The counter ion can be any organic or inorganic moiety that
stabilizes the charge on the parent compound. Furthermore,
a pharmaceutically acceptable salt can have more than one
charged atom in its structure. Instances where multiple
charged atoms are part of the pharmaceutically acceptable
salt can have multiple counter ions. Hence, a pharmaceuti-
cally acceptable salt can have one or more charged atoms
and/or one or more counter ion. The compounds of the
disclosure may contain both acidic and basic groups; for
example, one amino and one carboxylic acid group. In such
a case, the compound can exist as an acid addition salt, a
zwitterion, or a base salt. If the compound as disclosed
herein is a base, the desired pharmaceutically acceptable salt
can be prepared by any suitable method available in the art,
for example, treatment of the free base with an inorganic
acid, such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, methanesulfonic acid, phosphoric acid and
the like, or with an organic acid, such as acetic acid, maleic
acid, succinic acid, mandelic acid, fumaric acid, malonic
acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid,
a pyranosidyl acid, such as glucuronic acid or galacturonic
acid, an alpha hydroxy acid, such as citric acid or tartaric
acid, an amino acid, such as aspartic acid or glutamic acid,
an aromatic acid, such as benzoic acid or cinnamic acid, a
sulfonic acid, such as p-toluenesulfonic acid or ethanesulfo-
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nic acid, or the like. If the compound as disclosed herein is
an acid, the desired pharmaceutically acceptable salt can be
prepared by any suitable method, for example, treatment of
the free acid with an inorganic or organic base, such as an
amine (primary, secondary or tertiary), an alkali metal
hydroxide or alkaline earth metal hydroxide, or the like.
Tlustrative examples of suitable salts include, but are not
limited to, organic salts derived from amino acids, such as
glycine and arginine, ammonia, primary, secondary, and
tertiary amines, and cyclic amines, such as piperidine,
morpholine and piperazine, and inorganic salts derived from
sodium, calcium, potassium, magnesium, manganese, iron,
copper, zinc, aluminum and lithium.

[0039] The terms “treating” or “treatment™ as used herein,
include reversing, reducing, or arresting the symptoms,
clinical signs, and underlying pathology of a condition in
manner to improve or stabilize a subject’s condition. As used
herein, and as well understood in the art “treatment” is an
approach for obtaining beneficial or desired results, includ-
ing clinical results. Beneficial or desired clinical results can
include, but are not limited to, alleviation, amelioration, or
slowing the progression, of one or more symptoms or
conditions associated with a condition, e.g., cancer, dimin-
ishment of extent of disease, stabilized (i.e., not worsening)
state of disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and remission
(whether partial or total), whether detectable or undetect-
able. “Treatment” can also mean prolonging survival as
compared to expected survival if not receiving treatment.
Exemplary beneficial clinical results are described herein.

[0040] The terms “administer,” “administering,” or
“administration” as used in this disclosure refer to either
directly administering a composition or pharmaceutically
acceptable salt of the compound or a composition to a
subject, or administering a prodrug derivative or analog of
the composition or pharmaceutically acceptable salt of the
compound or composition to the subject, which can form an
equivalent amount of active compound within the subject’s
body.

[0041] In the present specification, the term “therapeuti-
cally effective amount” means the amount of the subject
compound that will elicit the biological or medical response
of a tissue, system or animal, (e.g. mammal or human) that
is being sought by the researcher, veterinarian, medical
doctor or other clinician. The compounds described herein
are administered in therapeutically effective amounts to treat
the disclosed disorders.

[0042] The compound of Formula I is also referred to
herein as “rebastinib.”

[0043] The present disclosure relates in part to methods
for the treatment (blocking) or prophylaxis against growth of
venous malformations. Such disclosed methods can include
administering to a patient in need of treatment or reduction
of prophylactic effects of these conditions an effective
amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof, for example, as part of a dosing
regimen that regulates TIE2 inhibition.

[0044] Insome embodiments, a compound of Formula I is
a sulfonate salt according to Formula II. Formula II, for
example, is a potent inhibitor of TIE2, the receptor tyrosine
kinase for angiopoietin ligands.
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[0045] Exemplary methods include treating venous mal-
formation in a patient, for example, where such patients
have TIE2 expression, mutation, or alteration in endothelial
cells that may cause or lead to the growth of venous
malformations. Such methods can include administering a
compound of Formula I or pharmaceutically acceptable salts
thereof to the patient suffering from venous malformations.
For example, provide compounds, e.g., a compound of
Formula I, or a pharmaceutically acceptable salt thereof may
inhibit processes including growth of venous malformations.
Contemplated compounds include the free base of Formula
L

[0046] Effective amounts, toxicity, and therapeutic effi-
cacy can be determined by standard pharmaceutical proce-
dures in cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to about 50% of the
population) and the ED50 (the dose therapeutically effective
in about 50% of the population). The dosage can vary
depending upon the dosage form employed and the route of
administration utilized. The dose ratio between toxic and
therapeutic effects is the therapeutic index and can be
expressed as the ratio LD50/ED50. In some embodiments,
the compositions and methods exhibit large therapeutic
indices. Levels of the described compositions in plasma can
be measured, for example, by high performance liquid
chromatography, and the effects of any particular dosage can
be monitored by a suitable bioassay. The dosage can be
determined by a physician and adjusted, as necessary, to suit
observed effects of the treatment.

[0047] In certain embodiments, a prophylactic effect will
result in a quantifiable change of at least about 10%, at least
about 20%, at least about 30%, at least about 50%, at least
about 70%, or at least about 90%. In some embodiments, the
effect will result in a quantifiable change of about 10%,
about 20%, about 30%, about 50%, about 70%, or even
about 90% or more. Therapeutic benefit also includes halting
or slowing the progression of a contemplated underlying
disease or disorder, regardless of whether improvement is
realized.

[0048] Compounds of Formula I or a pharmaceutically
acceptable salt thereof (and/or additional agents) described
herein can be administered to a subject as a component of a
composition that comprises a pharmaceutically acceptable
carrier or vehicle. Such compositions can optionally com-
prise a suitable amount of a pharmaceutically acceptable
carrier to provide the form for proper administration.
[0049] Pharmaceutically acceptable carriers can be lig-
uids, such as water and oils, including those of petroleum,
animal, vegetable, or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. The
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pharmaceutical excipients can be, for example, saline, gum
acacia, gelatin, starch paste, talc, keratin, colloidal silica,
urea and the like. In addition, auxiliary, stabilizing, thick-
ening, lubricating, and coloring agents can be used. In some
embodiments, the pharmaceutically acceptable excipients
are sterile when administered to a subject. Water is a useful
excipient when any agent described herein is administered
intravenously. Saline solutions and aqueous dextrose and
glycerol solutions can also be employed as liquid excipients,
specifically for injectable solutions. Suitable pharmaceutical
excipients also include starch, glucose, lactose, sucrose,
gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried skim
milk, glycerol, propylene, glycol, water, ethanol and the like.
Any agent described herein, if desired, can also comprise
minor amounts of wetting or emulsifying agents, or pH
buffering agents.

[0050] Provided herein, in some embodiments, are meth-
ods for treating venous malformation or other congenital
vascular malformations, comprising administering to a
patient in need thereof an effective amount of a compound
of Formula I or a pharmaceutically acceptable salt thereof.
Contemplated venous malformations include glomuvenous
malformations, mucocutaneous venous malformation (also
cutaneomucosal venous malformation, VMCM), blue rub-
ber bleb nevus syndrome, lesions in the stomach or gastro-
intestinal tract, and/or Maffucci syndrome.

[0051] For example, contemplated herein is a method of
blocking growth of venous malformations which comprises
administering to a patient in need thereof an effective
amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof, for example, in a dosing regimen
sufficient to block TIE2 kinase in the tumor microenviron-
ment.

[0052] In some embodiments, the dosing regimen of the
compound of Formula I or a pharmaceutically acceptable
salt thereof is a daily or twice daily dosing administration.

[0053] In other embodiments, the dosing regimen of the
compound of Formula I or a pharmaceutically acceptable
salt thereof is an intermittent dosing administration. The
intermittent non-daily dosing regimen may include, without
limitation, alternate daily dosing, every third-day dosing,
twice weekly dosing, or once weekly dosing. In some
embodiments, the method comprises administering to the
patient the compound of Formula I once daily, intermittent
non-daily, every other day, every third day, every other
week, twice daily, once weekly, or twice weekly.

[0054] Insome embodiments, a suitable dosing regimen of
the compound of Formula I or a pharmaceutically acceptable
salt thereof includes administration twice weekly, once
weekly, or alternate weekly, for example, twice weekly or
once weekly, e.g. twice weekly.

[0055] Another aspect of the disclosure relates to a method
of blocking venous malformation growth which comprises
the administration of a compound of Formula I or a phar-
maceutically acceptable salt thereof at doses sufficient to
block TIE2 kinase or mutant TIE2 kinase activity, wherein
the compound of Formula I or a pharmaceutically acceptable
salt thereof is administered in an intermittent non-daily
dosing regimen. In some embodiments, the intermittent
non-daily dosing regimen, includes alternate daily dosing,
every third daily dosing, twice weekly dosing, and once
weekly dosing.
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[0056] Another aspect of the disclosure relates to a method
of treating venous malformation patients in a neoadjuvant
setting prior to surgical resection of the tumor, comprising
administering to a patient in need thereof and effective
amount of a compound of Formula I, or a pharmaceutically
acceptable salt thereof a dosing regimen of the compound of
Formula I or a pharmaceutically acceptable salt thereof is
sufficient to block TIE2 kinase or a mutant TIE2 kinase.

[0057] In some embodiments, the method of treating
venous malformation patients in a neoadjuvant setting prior
to surgical resection of tumor comprises administering to a
patient in need thereof an effective amount of a compound
of Formula I or a pharmaceutically acceptable salt thereof in
a dosing regimen sufficient to block TIE2 kinase or a mutant
TIE2 kinase.

[0058] In some embodiments, a method of treating venous
malformation patients in a neoadjuvant setting prior to
surgical resection comprises the administration of a com-
pound of Formula I or a pharmaceutically acceptable salt
thereof at doses sufficient to block TIE2 kinase or a mutant
TIE2 kinase, with a dosing regimen of the compound of
Formula 1 or a pharmaceutically acceptable salt thereof
being administered daily or twice daily.

[0059] In some embodiments, the method of treating
venous malformation patients in a neoadjuvant setting prior
to surgical resection comprises administering to a patient in
need thereof an effective amount of a compound of Formula
I or a pharmaceutically acceptable salt thereof in a dosing
regimen sufficient to block TIE2 kinase or a mutant TIE2
kinase, with a dosing regimen of the compound of Formula
1 or a pharmaceutically acceptable salt thereof administered
in an intermittent non-daily manner, including alternate
daily dosing, every third daily dosing, twice weekly dosing,
or once weekly dosing.

[0060] In some embodiments, the method of treating
venous malformation patients in a neoadjuvant setting prior
to surgical resection comprises administering to a patient in
need thereof an effective amount of a compound of Formula
I or a pharmaceutically acceptable salt thereof in a dosing
regimen administered twice weekly, once weekly, or alter-
nate weekly.

[0061] Another aspect of this disclosure relates to a
method of treating TIE2 kinase-mediated vascular anoma-
lies or TIE2 kinase mutant-mediated vascular anomalies,
(e.g., vascular malformations, vascular tumors (e.g., heman-
giomas) and/or other congenital vascular defects) in a
patient in need thereof, comprising administering to the
patient a therapeutically effective amount of the compound
of Formula I, or pharmaceutically acceptable salt thereof.

[0062] In some embodiments, the pharmaceutically
acceptable salt is a sulfonate salt. In some embodiments, the
pharmaceutically acceptable salt is a mesylate salt. In some
embodiments, the pharmaceutically acceptable salt is a
triflate salt. In some embodiments, the pharmaceutically
acceptable salt is an esylate salt. In some embodiments, the
pharmaceutically acceptable salt is a besylate salt. In some
embodiments, the pharmaceutically acceptable salt is a
closylate salt. In some embodiments, the pharmaceutically
acceptable salt is a camsylate salt. In some embodiments, the
pharmaceutically acceptable salt is tosylate. In some
embodiments, the pharmaceutically acceptable salt is a
mono-tosylate salt. In some embodiments, the pharmaceu-
tically acceptable salt is a di-tosylate salt. In some embodi-
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ments, the pharmaceutically acceptable salt is a tri-tosylate
salt. In some embodiments, the pharmaceutically acceptable
salt is a tetra-tosylate salt.

[0063] Methods for treating vascular anomalies, in a
patient in need thereof, are contemplated herein, comprising
administering to the patient a therapeutically effective
amount of the compound of Formula I, or a pharmaceuti-
cally acceptable salt thereof. In some embodiments, a vas-
cular anomaly is a TIE2 kinase-mediated vascular anomaly
or TIE2 kinase mutant-mediated vascular anomaly. A TIE2
kinase-mediated vascular anomaly or TIE2 kinase mutant-
mediated vascular anomaly may be a slow-flow malforma-
tion. In some embodiments, slow-flow malformations are
selected from capillary malformations, lymphatic malfor-
mations, lymphatic-venous malformations, or venous mal-
formations. In some embodiments, the slow-flow malforma-
tions are venous malformations.
Formulations, Administration, Dosing, and Treatment
Regimens

[0064] The present disclosure also describes the com-
pound of Formula I (and/or additional agents) or a pharma-
ceutically acceptable salt thereof, in a pharmaceutical com-
position. A composition described herein can take the form
of solutions, suspensions, emulsion, drops, tablets, pills,
pellets, capsules, capsules containing liquids, powders, sus-
tained-release formulations, suppositories, emulsions, aero-
sols, sprays, suspensions, or any other form suitable for use.
In some embodiments, the composition is in the form of a
capsule (see, e.g., U.S. Pat. No. 5,698,155). Other examples
of suitable pharmaceutical excipients are described in Rem-
ington’s Pharmaceutical Sciences 1447-1676 (Alfonso R.
Gennaro eds., 19th ed. 1995), incorporated herein by refer-
ence.

[0065] Where necessary, the salts herein described can
also include a solubilizing agent. Also, the agents can be
delivered with a suitable vehicle or delivery device as
known in the art. Combination therapies outlined herein can
be co-delivered in a single delivery vehicle or delivery
device. Compositions for administration can optionally
include a local anesthetic such as, for example, lignocaine to
lessen pain at the site of the injection.

[0066] In some embodiments, the compound of Formula I
or a pharmaceutically acceptable salt thereof (and/or addi-
tional agents) described herein is formulated in accordance
with routine procedures as a composition adapted for a mode
of administration.

[0067] In certain embodiments, routes of administration
include, for example: intradermal, intramuscular, intraperi-
toneal, intravenous, subcutaneous, intranasal, epidural, oral,
sublingual, intranasal, intracerebral, intravaginal, transder-
mal, rectally, by inhalation, or topically, particularly to the
ears, nose, eyes, or skin. In some embodiments, the admin-
istering is effected orally or by parenteral injection. The
mode of administration can be left to the discretion of the
practitioner, and depend in-part upon the site of the medical
condition. In most instances, administration results in the
release of any agent described herein into the bloodstream.
[0068] In some embodiments, it may be desirable to
administer locally to the area in need of treatment or
blocking.

[0069] In some embodiments, the salts (and/or additional
agents) described herein is formulated in accordance with
routine procedures as a composition adapted for oral admin-
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istration to humans. Compositions for oral delivery can be in
the form of tablets, lozenges, aqueous or oily suspensions,
granules, powders, emulsions, capsules, syrups, or elixirs,
for example. Orally administered compositions can com-
prise one or more agents, for example, sweetening agents
such as fructose, aspartame or saccharin; flavoring agents
such as peppermint, oil of wintergreen, or cherry; coloring
agents; and preserving agents, to provide a pharmaceutically
palatable preparation. Moreover, where in tablet or pill form,
the compositions can be coated to delay disintegration and
absorption in the gastrointestinal tract, thereby providing a
sustained action over an extended period of time. Selectively
permeable membranes surrounding an osmotically active
driving the compound of Formula I or a pharmaceutically
acceptable salt thereof (and/or additional agents) described
herein are also suitable for orally administered composi-
tions. In these latter platforms, fluid from the environment
surrounding the capsule is imbibed by the driving compo-
sition, which swells to displace the agent or agent compo-
sition through an aperture. These delivery platforms can
provide an essentially zero order delivery profile as opposed
to the spiked profiles of immediate release formulations. A
time-delay material such as glycerol monostearate or glyc-
erol stearate can also be useful. Oral compositions can
include standard excipients such as mannitol, lactose, starch,
magnesium stearate, sodium saccharin, cellulose, and mag-
nesium carbonate. In some embodiments, the excipients are
of pharmaceutical grade. Suspensions, in addition to the
active compositions, may contain suspending agents such as,
for example, ethoxylated isostearyl alcohols, polyoxyethyl-
ene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar, tragacanth,
etc., and mixtures thereof.

[0070] Dosage forms suitable for parenteral administra-
tion (e.g. intravenous, intramuscular, intraperitoneal, subcu-
taneous and intra-articular injection and infusion) include,
for example, solutions, suspensions, dispersions, emulsions,
and the like. They may also be manufactured in the form of
sterile solid compositions (e.g. lyophilized composition),
which can be dissolved or suspended in sterile injectable
medium immediately before use. They may contain, for
example, suspending or dispersing agents known in the art.

[0071] The dosage of the compound of Formula I or a
pharmaceutically acceptable salt thereof (and/or additional
agents) described herein as well as the dosing schedule can
depend on various parameters, including, but not limited to,
the disease being treated, the subject’s general health, and
the administering physician’s discretion. Any agent
described herein, can be administered prior to (e.g., 5
minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2
hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks before), concurrently
with, or subsequent to (e.g., 5 minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12
hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12
weeks after) the administration of an additional therapeutic
agent, to a subject in need thereof. In various embodiments
any agent described herein is administered 1 minute apart,
10 minutes apart, 30 minutes apart, less than 1 hour apart, 1
hour apart, 1 hour to 2 hours apart, 2 hours to 3 hours apart,
3 hours to 4 hours apart, 4 hours to 5 hours apart, 5 hours to
6 hours apart, 6 hours to 7 hours apart, 7 hours to 8 hours
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apart, 8 hours to 9 hours apart, 9 hours to 10 hours apart, 10
hours to 11 hours apart, or 11 hours to 12 hours apart.

[0072] The dosage of the compound of Formula I or a
pharmaceutically acceptable salt thereof (and/or additional
agents) described herein can depend on several factors
including the severity of the condition, whether the condi-
tion is to be treated or prevented, and the age, weight, and
health of the subject to be treated. Additionally, pharmacog-
enomic (the effect of genotype on the pharmacokinetic,
pharmacodynamic or efficacy profile of a therapeutic) infor-
mation about a particular subject may affect dosage used.
Furthermore, the exact individual dosages can be adjusted
somewhat depending on a variety of factors, including the
specific combination of the agents being administered, the
time of administration, the route of administration, the
nature of the formulation, the rate of excretion, the particular
disease being treated, the severity of the disorder, and the
anatomical location of the disorder. Some variations in the
dosage can be expected.

[0073] Insome embodiments, when orally administered to
a mammal, the dosage of a compound of Formula I or a
pharmaceutically acceptable salt thereof (and/or additional
agents) described herein may be 0.001 mg/kg/day to 150
mg/kg/day, 0.001 mg/kg/day to 100 mg/kg/day, 0.01 mg/kg/
day to 50 mg/kg/day, or 0.1 mg/kg/day to 10 mg/kg/day. In
some embodiments, when orally administered to a human,
the dosage of any agent described herein is normally 0.001
mg to 1500 mg per day, 1 mg to 600 mg per day, or 5 mg
to 30 mg per day. In some embodiments, the dosage of the
salt (or agent) ranges from 50 mg to 1200 mg per day. In
some embodiments, the dosage of the salt (or agent) ranges
from 50 mg to 900 mg per day. In some embodiments, the
dosage of the salt (or agent) ranges from 50 mg to 600 mg
per day. In some embodiments, the dosage of the salt (or
agent) ranges from 50 mg to 300 mg per day. In some
embodiments, the dosage of the salt (or agent) ranges from
50 mg to 150 mg per day. In some embodiments, the dosage
of the salt (or agent) ranges from 50 mg to 140 mg per day.
In some embodiments, the dosage of the salt (or agent)
ranges from 50 mg to 130 mg per day. In some embodi-
ments, the dosage of the salt (or agent) ranges from 50 mg
to 120 mg per day. In some embodiments, the dosage of the
salt (or agent) ranges from 50 mg to 110 mg per day. In some
embodiments, the dosage of the salt (or agent) ranges from
50 mg to 100 mg per day. In some embodiments, the dosage
of the salt (or agent) ranges from 50 mg to 90 mg per day.
In some embodiments, the dosage of the salt (or agent)
ranges from 57 mg to 1200 mg per day. In some embodi-
ments, the dosage of the salt (or agent) ranges from 57 mg
to 150 mg per day. In some embodiments, the dosage of the
salt (or agent) ranges from 57 mg to 140 mg per day. In some
embodiments, the dosage of the salt (or agent) ranges from
57 mg to 130 mg per day. In some embodiments, the dosage
of the salt (or agent) ranges from 57 mg to 120 mg per day.
In some embodiments, the dosage of the salt (or agent)
ranges from 57 mg to 110 mg per day. In some embodi-
ments, the dosage of the salt (or agent) ranges from 57 mg
to 100 mg per day. In some embodiments, the dosage of the
salt (or agent) ranges from 57 mg to 90 mg per day. In other
embodiments, the dosage of the salt (or agent) or salt ranges
from 60 mg to 200 mg per day. In other embodiments, the
dosage of the salt (or agent) or salt ranges from 60 mg to 150
mg per day. In other embodiments, the dosage of the salt (or
agent) or salt ranges from 70 mg to 150 mg per day. In other
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embodiments, the dosage of the salt (or agent) or salt ranges
from 80 mg to 150 mg per day. In other embodiments, the
dosage of'the salt (or agent) or salt ranges from 90 mg to 150
mg per day. In other embodiments, the dosage of the salt (or
agent) or salt ranges from 100 mg to 150 mg per day. In other
embodiments, the dosage of the salt (or agent) or salt ranges
from 100 mg to 200 mg per day.

[0074] In some embodiments, for administration of the
compound of Formula I or a pharmaceutically acceptable
salt thereof (and/or additional agents) described herein by
parenteral injection, the dosage is 0.1 mg to 250 mg per day.
In some embodiments, the dosage is 1 mg to 200 mg per day.
In some embodiments, the dosage is 1 mg to 150 mg per day.
In some embodiments, the dosage is 10 mg to 150 mg per
day. In some embodiments, the dosage is 20 mg to 200 mg
per day. In some embodiments, the dosage is 30 mg to 200
mg per day. In some embodiments, the dosage is 40 mg to
200 mg per day. In some embodiments, the dosage is 50 mg
to 200 mg per day. In some embodiments, the dosage is 50
mg to 150 mg per day. In some embodiments, the dosage is
57 mg to 150 mg per day. In some embodiments, the dosage
is 57 mg to 100 mg per day. In some embodiments, the
dosage is 60 mg to 150 mg per day. In some embodiments,
the dosage is 70 mg to 150 mg per day. In some embodi-
ments, the dosage is 60 mg to 140 mg per day. In some
embodiments, the dosage is 60 mg to 130 mg per day. In
some embodiments, the dosage is 60 mg to 120 mg per day.
In some embodiments, the dosage is 60 mg to 110 mg per
day. In some embodiments, the dosage is 60 mg to 100 mg
per day. In some embodiments, the dosage is 60 mg to 90 mg
per day. In some embodiments, the dosage is 70 mg to 130
mg per day. In some embodiments, the dosage is 70 mg to
120 mg per day. In some embodiments, the dosage is 70 mg
to 110 mg per day. In some embodiments, the dosage is 70
mg to 100 mg per day. In some embodiments, the dosage is
1 mg to 20 mg per day, or 3 mg to 5 mg per day. Injections
may be given up to four times daily. In some embodiments,
when orally or parenterally administered, the dosage of any
agent described herein is normally 0.1 mg to 1500 mg per
day, or 0.5 mg to 10 mg per day, or 0.5 mg to 5 mg per day.
A dosage of up to 3000 mg per day can be administered.

[0075] In some embodiments, administration of the salts
(and/or additional agents) described herein can, indepen-
dently, be one to four times daily. Specifically, administra-
tion of the salt can be once a day at a dosing regimen of the
salt is from about 50 mg to 1500 mg. Suitable daily dosage
for the prophylactic effects sought is 57-1200 mg/day. In
some embodiments, the methods described herein comprise
administering to the patient about 100 mg of the compound
of Formula I or a pharmaceutically acceptable salt thereof
daily. In some embodiments, the methods described herein
comprise administering to the patient about 200 mg of the
compound of Formula I or a pharmaceutically acceptable
salt thereof daily. In some embodiments, the methods
described herein comprise administering to the patient about
300 mg of the compound of Formula I or a pharmaceutically
acceptable salt thereof daily. If administered twice daily, a
suitable dosage is 100 mg to 200 mg of the salt. In some
embodiments, the methods described herein comprise
administering to the patient about 150, 200, or 300 mg of the
compound of Formula I or a pharmaceutically acceptable
salt thereof once or twice daily. In some other embodiments,
administration of the salt may also be intermittently non-
daily. In some embodiments, administration of the salt may
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be done one to four times per month or one to six times per
year or once every two, three, four or five years. In certain
embodiments administration of the salt is done weekly or
bi-weekly. In some embodiments, administration of the salt
is weekly or bi-weekly, In some embodiments, a suitable salt
dosing regimen ranges from 50-200 mg/per administration.
In some embodiments, administrations are weekly or bi-
weekly and the dosage is 200-400 mg/per administration. In
some embodiments, administrations are weekly or
bi-weekly administrations and the dosage is 400-500 mg/per
administration. In some embodiments, administrations are
weekly or bi-weekly administrations and the dosage is
500-600 mg/per administration. In some embodiments,
administrations are weekly or bi-weekly administrations and
the dosage is 600-700 mg/per administration. In some
embodiments, administrations are weekly or bi-weekly
administrations and the dosage is 700-800 mg/per adminis-
tration. In some embodiments, administrations are weekly or
bi-weekly administrations and the dosage is 800-900 mg/per
administration. In some embodiments, administrations are
weekly or bi-weekly administrations and the dosage is
900-1000 mg/per administration. In some embodiments,
administrations are weekly or bi-weekly administrations and
the dosage is 1000-1100 mg/per administration. In some
embodiments, administrations are weekly or bi-weekly
administrations and the dosage is 1100-1200 mg per admin-
istration. Administration can be for the duration of one day
or one month, two months, three months, six months, one
year, two years, three years, and may even be for the life of
the subject. Chronic, long-term administration will be indi-
cated in many cases. The dosage may be administered as a
single dose or divided into multiple doses. In general, the
desired dosage should be administered at set intervals for a
prolonged period, usually at least over several weeks or
months, although longer periods of administration of several
months or years or more may be needed.

[0076] In some embodiments, the compound of Formula I
or a pharmaceutically acceptable salt thereof may be admin-
istered to the patient as a single agent or in combination with
other therapeutic agents. Such other therapeutic agents
include radiation therapy, anti-tubulin agents, DNA alkylat-
ing agents, DNA synthesis-inhibiting agents, DNA interca-
lating agents, anti-estrogen agents, anti-androgens, steroids,
anti-EGFR agents, kinase inhibitors, topoisomerase inhibi-
tors, Histone Deacetylase (HDAC) inhibitors, DNA meth-
ylation inhibitors, anti-HER2 agents, anti-angiogenic
agents, proteasome inhibitors, thalidomide, lenalidomide,
antibody-drug-conjugates (ADCs), immunomodulating
agents, or cancer vaccines. In some embodiments, the com-
pound of Formula I or a pharmaceutically acceptable salt
thereof may be administered to the patient in combination
with a VEGF inhibitor. In some embodiments, the com-
pound of Formula I or a pharmaceutically acceptable salt
thereof may be administered to the patient in combination
with an Akt inhibitor. In some embodiments, the compound
of Formula I or a pharmaceutically acceptable salt thereof
may be administered to the patient in combination with a
mTOR inhibitor. In some embodiments, the compound of
Formula I or a pharmaceutically acceptable salt thereof may
be administered to the patient in combination with a PI3K
inhibitor.

[0077] When the compound of Formula I, or pharmaceu-
tically acceptable salts thereof, are used in combination with
other agents, the other agent may be dosed independently of
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the dosing schedule of the compound of Formula I. The
other agent may be dosed at its previously established
therapeutic dose and dosing schedule, or its dose and dosing
schedule may be modified to optimize efficacy, safety or
tolerability when used in combination with the compound of
Formula I.

[0078] The compound of Formula I or pharmaceutically
acceptable salts thereof may be used in combination with
other agents including but not limited to chemotherapeutic
agents, targeted therapeutics, biological agents, or radio-
therapy.

[0079] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with chemotherapeutic agents including but not
limited to anti-tubulin agents (e.g., paclitaxel, paclitaxel
protein-bound particles for injectable suspension, eribulin,
docetaxel, ixabepilone, vincristine, vinorelbine, epothilones,
halichondrins, maytansinoids), DNA-alkylating agents (e.g.,
cisplatin, carboplatin, oxaliplatin, cyclophosphamide, ifost-
amide, temozolomide), DNA intercalating agents (e.g.,
doxorubicin, pegylated liposomal doxorubicin, daunorubi-
cin, idarubicin, and epirubicin), 5-fluorouracil, capecitabine,
cytarabine, decitabine, 5-aza cytadine, gemcitabine and
methotrexate.

[0080] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with kinase inhibitors including but not limited
to erlotinib, gefitinib, lapatanib, everolimus, sirolimus, tem-
sirolimus, 1.Y2835219, LEEOI 1, PD 0332991, crizotinib,
cabozantinib, sunitinib, pazopanib, sorafenib, regorafenib,
axitinib, dasatinib, imatinib, nilotinib, vemurafenib, dab-
rafenib, trametinib, idelalisib, duvelisib, alpelisib, copan-
lisib, and quizartinib.

[0081] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with anti-estrogen agents including but not
limited to tamoxifen, fulvestrant, anastrozole, letrozole, and
exemestane.

[0082] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with anti-androgen agents including but not
limited to abiraterone acetate, enzalutamide, nilutamide,
bicalutamide, flutamide, cyproterone acetate.

[0083] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with steroid agents including but not limited to
prednisone and dexamethazone.

[0084] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with topoisomerase I inhibitors including but
not limited to irinotecan, camptothecin, and topotecan.
[0085] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with topoisomerase II inhibitors including but
not limited to etoposide, etoposide phosphate, and mitox-
antrone.

[0086] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with Histone Deacetylase (HDAC) inhibitors
including but not limited to vorinostat, romidepsin, panobin-
ostat, valproic acid, and belinostat.

[0087] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
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combination with DNA methylation inhibitors including but
not limited to DZNep and 5-aza-2'-deoxycytidine.

[0088] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with proteasome inhibitors including but not
limited to bortezomib and carfilzomib.

[0089] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with thalidomide, lenalidomide and pomalido-
mide.

[0090] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with biological agents including but not limited
to trastuzumab, ado-trastuzumab, pertuzumab, cetuximab,
panitumumab, ipilimumab, anti-PD-1 agents including but
not limited to labrolizumab and nivolumab, anti-PD-L1
agents including but not limited to MPDL3280A, anti-
angiogenic agents including but not limited to bevacizumab
and aflibercept, and antibody-drug-conjugates (ADCs)
including but not limited to brentuximab vedotin,
trastuzumab deruxtecan (DS-8201) and trastuzumab
emtansine.

[0091] In some embodiments, the compositions compris-
ing the compound of Formula I or a pharmaceutically
acceptable salt thereof may be used in combination with
radiotherapy.

[0092] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with therapeutic vaccines including but not
limited to sipuleucel-T.

[0093] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with VEGF inhibitors including but not limited
to pazopanib, bevacizumab, cabozantinib, sunitinib,
sorafenib, axitinib, regorafenib, ponatinib, cabozantinib,
vandetanib, ramucirumab, lenvatinib, bevacizumab, and ziv-
aflibercept.

[0094] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with Akt inhibitors including but not limited to
AZDS5363, miltefosine, perifosine, VQD-002, MK-2206,
GSK690693, GDC-0068, triciribine, CCT128930, PHT-
427, and honokiol.

[0095] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with mTOR inhibitors including but not limited
to sirolimus, temsirolimus, everolimus, AP23841,
AZDS8055, BEZ235, BGT226, deferolimus (AP23573/MK-
8669), EM101/LY303511, EX2044, EX3855, EX7518,
GDC0980, INK-128, KU-0063794, NV-128, OSI-027,
PF-4691502, rapalogs, rapamycin, ridaforolimus, SAR543,
SF1126, WYE-125132, XL.765, zotarolimus (ABT578),
torin 1, GSK2126458, AZD2014, GDC-0349, and XL388.
[0096] In some embodiments, the compound of Formula I
or pharmaceutically acceptable salts thereof may be used in
combination with PI3K inhibitors including but not limited
to idelalisib, copanlisib, duvelisib, alpelisib, NVP-BEZ235,
BKM-120, GDC-0941, GDC-0980, SF1126, PX-866,

PF-04691502, XL-765, XL-147, GSK2126458, and
7ZSTK474.
[0097] In some embodiments, the compound of Formula I

or pharmaceutically acceptable salts thereof can be used in
combination with one or more of the other agents described
herein.



US 2022/0047573 Al

EXAMPLES

[0098] The present disclosure is not to be limited in scope
by the specific embodiments disclosed in the examples
which are intended as illustrations of a few aspects of the
disclosure and any embodiments that are functionally
equivalent are within the scope of this disclosure. Indeed,
various modifications in addition to those shown and
described herein will become apparent to those skilled in the
art and are intended to fall within the scope of the appended
claims.

Example 1. Biochemical Inhibition of R849W TIE2
Mutant by the Compound of Formula I

[0099] Biochemical Assay for R849W TIE2 (Seq. ID No.
D
[0100] Activity of R849W TIE2 kinase was determined by

following the production of ADP from the kinase reaction
through coupling with the pyruvate kinase/lactate dehydro-
genase system (e.g., Schindler et al. Science (2000) 289:
1938-1942). In this assay, the oxidation of NADH (thus the
decrease at A, ,,,,) Was continuously monitored spectro-
photometrically. The reaction mixture (100 ul.) contained
R849W TIE2 (SignalChem) (7.5 nM), BSA (0.004% (w/v)),
polyEY (1 mg/ml), MgCl, (15 mM), DTT (0.5 mM), pyru-
vate kinase (4 units), lactate dehydrogenase (7 units), phos-
phoenol pyruvate (1 mM), and NADH (0.28 mM) and ATP
(4 mM) in 100 mM Tris buffer containing 0.2% octyl-
glucoside and 1% DMSO, pH 7.5. The inhibition reaction
was started by mixing serial diluted test compound with the
above reaction mixture. The absorption at 340 nm was
monitored continuously for 8 hours at 30° C. on a plate
reader (BioTek). The reaction rate was calculated using the
3 to 4 h time frame. Percent inhibition was obtained by
comparison of reaction rate with that of a control (i.e. with
no test compound). IC,, values were calculated from a series
of percent inhibition values determined at a range of inhibi-
tor concentrations using software routines as implemented in
the GraphPad Prism software package. The compound of
Formula I disclosed herein exhibited an ICs, value of 0.9
nM.

R849W TIE2 Protein Sequence Used for Screening (Seq. ID
No. 1)

QLKRANVQRRMAQAFQONVREEPAVQFNSGTLALNRKVKNNPDPTIYPVLD
WNDIKEQDVIGEGNFGQVLKARIKKDGLWMDAATI KRMKEYASKDDHRDFA
GELEVLCKLGHHPNIINLLGACEHRGYLYLAIEYAPHGNLLDFLRKSRVL
ETDPAFAIANSTASTLSSQQLLHFAADVARGMDYLSQKQF IHRDLAARNI
LVGENYVAKIADFGLSRGQEVYVKKTMGRLPVRWMAIESLNYSVYTTNSD
VWSYGVLLWEIVSLGGTPYCGMTCAELYEKLPQGYRLEKPLNCDDEVYDL
MRQCWREKPYERPSFAQILVSLNRMLEERKTYVNTTLYEKFTYAGIDCSA

EEAA

Example 2. Biochemical Inhibition a Panel of TIE2
Mutants by the Compound of Formula I
Biochemical Assay a Panel of TIE2 Mutants and WT TIE2

[0101] TIE2 WT or TIE2 mutants (R849W, P883A,
Y897C, Y897S, Y1108F, or A1124V) and polyEY substrate
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were added to reaction buffer (20 mM Hepes pH 7.5, 10 mM
MgCl,, 2 mM MnCl,, 1 mM EGTA, 0.02% Brij35, 0.02
mg/ml BSA, 0.1 mM Na,VO,, 2 mM DTT, 1% DMSO).
Compound 1 was added into the reaction, followed 20 min
later by the addition of a mixture of ATP and **P ATP to a
final concentration of 10 uM. Reactions were carried out at
25° C. for 2 hr. Reactions were spotted onto P81 ion
exchange filter paper and unbound phosphate was washed
out of filters in 0.75% phosphoric acid. After subtraction of
background derived from control reactions containing inac-
tive enzyme, kinase activity data were expressed as the
percent remaining kinase activity in test samples compared
to DMSO control reactions. IC, values were calculated
from a series of percent inhibition values determined at a
range of inhibitor concentrations using software routines as
implemented in the GraphPad Prism software package. The
compound of Formula I disclosed herein exhibited IC,,
values of 0.97 nM for WT TIE2, 1.3 nM for R849W TIE2,
8.1 nM for P883A TIE2, 1.2 nM for Y897C TIE2, 1.5 nM
for Y897S TIE2, 8.4 nM for Y1108F TIE2, and 2.7 nM for
A1124V TIE2.

Example 3. Cellular Inhibition of TIE2 Mutants in
CHO Cells by the Compound of Formula I

CHO K1 Cell Culture

[0102] CHO-K1 cells (catalog #CCL-61) were obtained
from the American Type Culture Collection (ATCC, Manas-
sas, Va.). Briefly, cells were grown in RPMI 1640 medium
supplemented with 10% characterized fetal bovine serum
(Invitrogen, Carlsbad, Calif.), 100 units/mL penicillin G,
100 pg/ml streptomycin, and 0.29 mg/ml [-glutamine (In-
vitrogen, Carlsbad, Calif.) at 37 degrees Celsius, 5% CO,,
and 95% humidity. Cells were allowed to expand until
reaching 70-95% confluence at which point they were
subcultured or harvested for assay use.

Mutant TIE2-Transfected CHO K1 Phospho-TIE2 Western
Blot Assay

[0103] CHO K1 cells (1x10° cells/well) were added to a
24-well tissue-culture treated plate in 1 mL. of RPMI1640
medium supplemented with 10% characterized fetal bovine
serum and 1x non-essential amino acids (Invitrogen, Carls-
bad, Calif.). Cells were then incubated overnight at 37
degrees Celsius, 5% CO,, and 95% humidity. Medium was
aspirated, and 0.5 mL of medium was added to each well.
Transfection-grade plasmid DNA encoding TIE2 mutants
R849W, L.914F, R1099*, Y897C/R915C, or Y897F/R915L
(TIE2 gene Gateway cloned into pcDNA3.2™/V5-DEST
expression vector, Invitrogen, Carlsbad, Calif.) was diluted
to 5 pg/ml in room temperature Opti-MEM® 1 Medium
without serum (Invitrogen, Carlsbad, Calif.). Two pL of
Lipofectamine I'TX Reagent (Invitrogen, Carlsbad, Calif.)
was added per 0.5 of plasmid DNA. The tube was mixed
gently and incubated for 25 minutes at room temperature to
allow for DNA-Lipofectamine ['TX complex formation. 100
ul of the DNA-Lipofectamine ['TX complex was added
directly to each well containing cells and mixed gently.
Twenty-four hours post-transfection, medium containing
DNA-Lipofectamine complexes was aspirated, cells were
washed with serum-free RPMI 1640, and serum-free
RPMI1640 medium was added. Test compound or DMSO
was added to the wells (0.5% final DMSO concentration).



US 2022/0047573 Al

The plates were then incubated for 4 hours at 37 degrees
Celsius, 5% CO,, and 95% humidity. Following the incu-
bation, the media was aspirated and the cells were washed
with PBS. The cells were lysed using MPER lysis buffer
(Pierce, Rockford, I11.) containing Halt Phosphatase and
Protease Inhibitors (Pierce, Rockford, Il1.) and Phosphatase
inhibitor cocktail 2 (Sigma, St. Louis, Mo.) at 4° C. for 10
minutes with shaking. Cleared lysates were separated by
SDS-PAGE on a 4-12% Novex NuPage Bis-Tris gel (Invit-
rogen, Carlsbad, Calif.) and then transferred to Immobilon-
FL PVDF. After transfer, the PVDF membrane was blocked
with Odyssey Blocking Buffer (Li-cor, Lincoln, Nebr.) and
then probed with a rabbit antibody for phospho-TIE2 (EMD
Millipore, Burlington, Mass.) and a mouse anti-TIE2 anti-
body (BD Pharmingen, San Jose, Calif.). A secondary goat
anti-rabbit antibody conjugated to a near-infrared dye with
emission wavelength of 800 nm (Li-cor, Lincoln, Nebr.) was
used to detect phospho-TIE2. A secondary goat anti-mouse
antibody conjugated to a near-infrared dye with emission
wavelength of 680 nm (Li-cor, Lincoln, Nebr.) was used to
detect total TIE2. Fluorescence was detected using an Odys-
sey CL imager (Li-cor, Lincoln, Nebr.). The 160 kDa
phospho-TIE2 and total TIE2 bands were quantified using
Image Studio software (Li-cor, Lincoln, Nebr.). Data was
analyzed using Prism software (GraphPad Software, San
Diego, Calif.) to calculate IC;, values. The compound of
Formula I disclosed herein exhibited the following IC,,
values: 3.6 nM for R849W TIE2, 0.58 nM for L914F TIE2,
0.41 nM for R1099* TIE2, 1.2 nM for Y897C/R915C TIE2,
and 0.35 nM for Y897F/R915L TIE2 (FIG. A-E).

Example 4. Cellular Inhibition of TIE2 Mutants in
Human Umbilical Vein Endothelial Cells by the
Compound of Formula I

Human Umbilical Vein Endothelial Cell (HUVEC) Culture

[0104] HUVECs used for in vitro work were kindly pro-
vided by Dr. Lauri Eklund (Oulu, Finland). Briefly, cells
were grown in endothelial cell growth media (Tebu-Bio,
Boechout, Belgium) containing 10% fetal calf serum
(Sigma-Aldrich, Diegem, Belgium) at 37 degrees Celsius,
5% CO,, and 95% humidity. Cells were allowed to expand
until reaching 90-95% confluence at which point they were
subcultured or harvested for assay use.

Mutant TIE2-Transfected HUVEC Western Blot Assay

[0105] HUVEC cells (2.5x10° cells/well) stably express-
ing WT or TIE2 mutants R849W, L914F, R1099*, Y897C/
RI15C, Y897F/F915L, or T1105N/T1106P were added to a
6-well plate coated with attachment factor solution (Tebu-
Bio, Boechout, Belgium) in 2 mL of endothelial cell growth
media (Tebu-Bio, Boechout, Belgium) containing 10% fetal
calf serum (Sigma-Aldrich, Diegem, Belgium). Cells were
subsequently incubated overnight at 37 degrees Celsius, 5%
CO,, and 95% humidity. The next day test compound or
DMSO was added to the wells (0.068% final DMSO con-
centration). The plates were then incubated for 4 hours at 37
degrees Celsius, 5% CO,, and 95% humidity. Next, cells
were stimulated with 1 pg/ml. ANGPT1 for 15 minutes.
Cells were lysed and pTIE2, TIE2, b-actin, pAKT (S473),
pAKT (T308), AKT, pSTAT1, and STAT1 were detected by
Western blot. The compound of Formula I disclosed herein
at a concentration of 100 nM exhibited complete inhibition
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of TIE2 phosphorylation in HUVECs with WT TIE2 and
TIE2 mutants both in the presence or absence of stimulation
with ANGPT1 (FIG. 2). The compound of Formula I dis-
closed herein at a concentration of 100 nM exhibited com-
plete inhibition of AKT Ser473 and Thr308 phosphorylation
downstream of TIE2 in HUVECs with WT TIE2 and TIE2
mutants both in the presence or absence of stimulation with
ANGPT1 (FIG. 3). The compound of Formula I disclosed
herein at a concentration of 100 nM exhibited complete
inhibition of STAT1 phosphorylation downstream of TIE2 in
HUVECs with WT TIE2 and TIE2 mutants both in the
presence or absence of stimulation with ANGPT1 (FIG. 4).

Example 5. Restoration of Cellular Morphology of
TIE2 Mutant Human Umbilical Vein Endothelial
Cells by the Compound of Formula I

Mutant TIE2-Transtfected HUVEC Cell Morphology Assay

[0106] HUVEC cells (5x10° cells/plate) stably expressing
WT or TIE2 mutants R849W, L914F, R1099*, Y897C/
RI15C, Y897F/F915L, or T1105N/T1106P were added to a
10 cm plate coated with attachment factor solution (Tebu-
Bio, Boechout, Belgium) in 6 mL of endothelial cell growth
media (Tebu-Bio, Boechout, Belgium) containing 10% fetal
calf serum (Sigma-Aldrich, Diegem, Belgium). Cells were
then incubated for 2 days at 37 degrees Celsius, 5% CO,,
and 95% humidity. Next, test compound or DMSO was
added to the wells (0.068% final DMSO concentration). The
plates were then further incubated for 48 hours at 37 degrees
Celsius, 5% CO,, and 95% humidity. The cells were imaged
by microscopy at 24 hours and 48 hours after addition of
compound. The compound of Formula I disclosed herein at
a concentration of 100 nM restored cellular morphology in
TIE2 mutant HUVECs comparably to HUVECs expressing
WT TIE2. FIG. 5A shows HUVECs expressing WT TIE2 or
L914F TIE2 after 48 hours with no treatment, with DMSO
control treatment, or with 100 nM compound treatment.
FIG. 5B shows HUVECs expressing R849W TIE2 after 48
hours with no treatment, with DMSO control treatment, or
with 100 nM compound treatment. FIG. 5C shows HUVECs
expressing R1099* TIE2 after 48 hours with no treatment,
with DMSO control treatment, or with 100 nM compound
treatment. FIG. 5D shows HUVECs expressing Y897C/
R915C TIE2 after 48 hours with no treatment, with DMSO
control treatment, or with 100 nM compound treatment.
FIG. 5E shows HUVECs expressing Y897C/R9151, TIE2
after 48 hours with no treatment, with DMSO control
treatment, or with 100 nM compound treatment. FIG. 5F
shows HUVECs expressing T1105N/T1106P TIE2 after 48
hours with no treatment, with DMSO control treatment, or
with 100 nM compound treatment.

Example 6. Effects on RNA Expression in TIE2
Mutant Human Umbilical Vein Endothelial Cells by
the Compound of Formula I

Mutant TIE2-Transfected Gene Expression Assay

[0107] HUVEC cells (5x10° cells/plate) stably expressing
WT or TIE2 mutants R849W, L914F, R1099*, Y897C/
RI15C, Y897F/F915L, or T1105N/T1106P were added to a
10 cm plate coated with attachment factor solution (Tebu-
Bio, Boechout, Belgium) in endothelial cell growth media
(Tebu-Bio, Boechout, Belgium) containing 10% fetal calf
serum (Sigma-Aldrich, Diegem, Belgium). Cells were then
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incubated for 2 days at 37 degrees Celsius, 5% CO,, and
95% humidity. Next, test compound or DMSO was added to
the wells (0.068% final DMSO concentration). The plates
were then further incubated for 48 hours at 37 degrees
Celsius, 5% CO,, and 95% humidity. RNA was extracted by
collecting the cells into TriPure isolation reagent (Sigma-
Aldrich, Diegem, Belgium). Subsequently, cDNA from
extracted RNA was synthesized using RevertAid H Minus
first strand cDNA synthesis kit (Thermo Fischer Scientific,
Merelbeke, Belgium). Quantitative PCR was carried out
using LightCycler480 SYBRGreen master mix and a Light-
Cycler 480 1II instrument (Roche, Switzerland). cDNA for
ANGPT2, PDGFB, ADAMTS1, ADAMTS9, PLAT, and
PLAU were quantified and normalized to the expression
from the housekeeping gene GAPDH. The compound of
Formula I disclosed herein at a concentration of 100 nM
resulted in increased expression of ANGPT2 RNA, which
encodes the ligand for TIE2, and is aberrantly downregu-
lated in TIE2 mutant cells. The compound of Formula I
disclosed herein at a concentration of 100 nM also resulted
in increased expression of PDGFB RNA, which encodes the
ligand for PDGFRB, and is aberrantly downregulated in
TIE2 mutant cells. The compound of Formula I disclosed
herein at a concentration of 100 nM also resulted in
decreased expression of ADAMTS1 and ADAMTS9 RNA,
which encode extracellular metalloproteinases, whose
expression is aberrantly upregulated in mutant TIE2 trans-
fected cells. The compound of Formula I disclosed herein at
a concentration of 100 nM also resulted in decreased expres-
sion of PLAT and PLAU RNA, which encode plasminogen
activators, whose expression is aberrantly upregulated in
mutant TIE2 transfected cells. FIG. 6 A shows ANGPT2 and
PDGFB RNA expression for HUVECs expressing WT
TIE2, L914F TIE2, R849W TIE2, and R1099* TIE2. FIG.
6B shows ANGPT2 and PDGFB RNA expression for
HUVECs expressing WT TIE2, 1914F TIE2, Y897C/
R915C TIE2, Y897C/R915L TIE2, and T1105N/T1106P
TIE2. FIG. 6C shows ADAMSTS1 and ADAMSTS9 RNA
expression for HUVECs expressing WT TIE2, L.914F TIE2,
R849W TIE2, and R1099* TIE2. FIG. 6D shows
ADAMSTS1 and ADAMSTS9 RNA expression for
HUVECs expressing WT TIE2, 1914F TIE2, Y897C/
R915C TIE2, Y897C/R915L TIE2, and T1105N/T1106P
TIE2. FIG. 6E shows PLAT and PLAU RNA expression for
HUVEC:s expressing WT TIE2, L914F TIE2, R849W TIE2,
and R1099* TIE2. FIG. 6F shows PLAT and PLAU RNA
expression for HUVECs expressing WT TIE2, L.914F TIE2,
Y897C/R915C TIE2, Y897C/R915L TIE2, and T1105N/
T1106P TIE2.

Example 6. Restoration of Extracellular Fibronectin
in TIE2 Mutant Human Umbilical Vein Endothelial
Cells by the Compound of Formula I

Mutant TIE2-Transfected Fibronectin Assay

[0108] HUVEC cells (3x10° cells/well) stably expressing
WT or TIE2 mutants R849W, L914F, R1099%, Y897C/
RI15C, Y897F/F915L, or T1105N/T1106P were added to a
6-well plate coated with attachment factor solution (Tebu-
Bio, Boechout, Belgium) in endothelial cell growth media
(Tebu-Bio, Boechout, Belgium) containing 10% fetal calf
serum (Sigma-Aldrich, Diegem, Belgium). Cells were then
incubated for 24 hours at 37 degrees Celsius, 5% CO,, and
95% humidity. Next, test compound or DMSO was added to
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the wells (0.068% final DMSO concentration). The plates
were then further incubated for 48 hours at 37 degrees
Celsius, 5% CO,, and 95% humidity. Cells were switched
into 2% FBS for overnight. Intracellular fibronectin levels
were lower in transfectants, thus cellular lysates were col-
lected and used as controls. Regarding the cell remnants, the
plate was washed with 1xPBS containing 0.05% Triton-X
and 50 nM NH,OH, followed by 50 mM in 1xPBS, then
three times with 1xPBS; extracellular matrix proteins were
then extracted with a lysis buffer (9.1 mM Na,HPO,, 1.7
mM NaH,PO,, 1% NP-40, 0.25% sodium deoxycholate,
150 mM NaCl, 0.1% SDS, 1 mM EDTA) with 6.5M urea. As
shown in FIG. 7, in the presence of DMSO treatment, lower
levels of fibronectin was seen in the extracellular matrix of
TIE2 mutants than in WT extracts (upper blots). Fibronectin
levels were comparable to controls in cellular lysates. The
compound of Formula I disclosed herein at a concentration
of 100 nM restored fibronectin levels in the extracellular
matrix of TIE2 mutant expressing HUVECs, leading to
levels similar to cells expressing WT TIE2 (FIG. 7).

Example 7. Inhibition of Growth of Mutant TIE2
Human Umbilical Vein Endothelial Cells In Vivo in
a Venous Malformation Model by the Compound
of Formula |

Venous Malformation Mouse Model Evaluation

[0109] For the in vivo model, fresh HUVEC transfectants
were made using lentiviral infection. Briefly, 2x10° HEK293
cells were plated on a 10 cm dish for 24 hours, trypsinized,
then incubated for 20 min with a mixture containing pGAG-
Pol, pRSV-Rev, pMD2.VSVG, the lentivirus vector
pIMO945, 2.5 ng of pTIE2-1.914F, CaCl,) (Merck, UK), and
2xHBS (Thermo Fischer Scientific, Merelbeke, Belgium).
1.5 ml of the cells were plated in a 24-well plate and cultured
for 48 hrs. Subsequently, 25,000 HUVECs/well (LGC Stan-
dards sarl, France) were grown on a 24-well plate for 24 hrs,
infected with 500 pl of the lentivirus-TIE2-1.914F mix, then
cultured for another 48 hrs, collected, then frozen.

[0110] To evaluate the effect of the compound on vascular
malformation (VM) lesion development in vivo, HUVEC
cells (2.5x10%) expressing mutant TIE2-L914F were cul-
tured, detached, then resuspended in 200 pL. matrigel (Corn-
ing). The mixture was injected subcutaneously into the
dorsal back of athymic nude male mice, aged 5-7 weeks
(Charles River). On the day of injection (Day 0), mice were
given a control diet or diet infused with the equivalent
concentration of 10 mg/kg compound of Formula I; once
introduced, mice had free access to the diet until the point of
matrigel plug collection, at post-implant day 7 or 16 (FIG.
8A). At post-implant day 7 or 16, mice were euthanized and
the skin surrounding each matrigel plug was excised, then
pinned flat onto a styrofoam board and fixed in 10% neutral
buffered formalin solution (Sigma-Aldrich, Diegem, Bel-
gium) overnight. Matrigel plugs were removed from the
murine skin, dehydrated in a series of graded alcohol, and
embedded in paraffin. Paraffin-embedded plugs were then
cut into 5 um sections for histological analysis. After de-
paraffinization in xylene and rehydration in a series of
degraded alcohol, sections were subjected to heat-induced
antigen-retrieval in 0.1 M citrate buffer, pH 6.0, with or
without 0.05% Tween-20. For immunohistochemical stain-
ing, sections were blocked with 3% H,O, (Sigma-Aldrich,
Diegem, Belgium), incubated with a biotinylated antibody
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against the human endothelial cell marker Ulex europaeus
Agglutinin 1 (UEA1) (Vector labs, Brussels, Belgium),
followed by a horseradish peroxidase-conjugated streptavi-
din secondary antibody (GE Healthcare, Diegem, Belgium),
then in a DAB solution (Vector labs, Brussels, Belgium).
Sections were counterstained with hematoxylin and
mounted with VectaMount permanent mounting medium
(Vector labs, Brussels, Belgium). For immunofluorescent
staining (IF), sections were incubated with primary antibod-
ies that recognize UEAI, the smooth muscle layer marker
SMA (clone 1A4, Sigma-Aldrich, Diegem, Belgium), phos-
phorylated-TIE2(Y772) (Bioke, Leiden, Netherlands), or
total TIE2 (Santa Cruz, Heidelberg, Germany). Secondary
antibodies used were conjugated to Alexa488-, Alexa649-,
or CY5-fluorophores. Slides were mounted with VectaShield
Hardset mounting medium with DAPI (Vector labs, Brus-
sels, Belgium). Images were acquired via a Panoramic 250
Flash III digital slide scanner (3D Histech, Hungary) and
visualized with Caseviewer version 2.2 software (3D
Histech, Hungary). The average vessel area was quantitated
by making snapshots at a 20x objective of at least 5 areas of
each matrigel plug and measuring the area of a least 6 UEA+
vessels each using ImagelJ software.

[0111] In FIG. 8B, Macroscopic views of collected lesions
show that blood-filled venous channels were established by
day 7 (D7) post-implantation and developed more severely
at Day 16, in mice fed a regular or control diet. Some mice
fed a diet with the compound of Formula I did not develop
any lesions within the matrigel plugs; blood-filled vascular
channels that did form appeared to be more controlled and
less severe, compared to the untreated mutants. FIG. 9
reveals, in representative images of UEA1 staining of plugs
from mice given control diet 7 days post-implantation,
enlarged venous channels and patches of disorganized
endothelial cells (ECs). However, within plugs from com-
pound of Formula I-treated mice, less grossly dilated vessels
formed. There is evidence that the clusters of UEA1+ ECs
are more migratory than in the control. There are also several
non-vascularized UEA1+ cells. Additionally, the average
area of vessels within the plugs taken from mice treated with
the compound of Formula I was drastically less than those
fed the control diet.

[0112] One of the hallmarks of VM lesions is poor, incon-
sistent smooth muscle cell/pericyte coverage of the dilated
venous channels. IF staining of lesions reveals that the
vessels are surrounded by no or weakly positive SMA cells
in control diet fed mice in FIG. 10. Those of compound of
Formula I fed mice displayed a few SMA positive cells but
not in all cells surrounding the EC layer. All ECs of vessels
from both control- and compound of Formula I diet fed mice
strongly express total TIE2; likewise, all ECs appear to
express phosphorylated-TIE2 (pTIE2) in control diet fed
mice, as demonstrated in FIG. 11. Expression of pTIE2
appeared weaker in ECs of mice given the compound of
Formula I diet.

[0113] By day 16 post-implantation, lesions within the
matrigels became grossly enlarged, though some variability
was seen, likely more due to technical/manipulation issues
(e.g. non-homogenous mixture of cells with the matrigel
(FIG. 12). Control diet-fed mice developed lesions that were
comparable to untreated mice, but mice fed the compound of
Formula I diet revealed much smaller vessels. Day 16
explants developed enlarged vascular channels that were
sparsely surrounded by a smooth muscle layer, with few
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SMA+ cells, within the untreated and control diet-fed mice.
Conversely, in compound of Formula I-fed mice, vessels
appeared normalized and surrounded more consistently by
SMA+ cells (FIG. 13). FIG. 14 reveals that the ECs in
untreated mice strongly express pTIE2. However, in com-
pound of Formula I-fed mice, pTIE2 was drastically
reduced.

[0114] To evaluate the overall vascular morphology within
the explants, wholemount IF of vessels within matrigel
plugs was done. After excising skins with matrigel plugs
attached and flat-fixing them overnight in 10% neutral
buffered formalin, an approximately 100-200 um piece of
the plug was sliced off and washed in 1xPBS. The pieces
were blocked overnight in 1% BSA (v/v) (Gibco) and 0.3%
Triton-X100 (Sigma-Aldrich, Diegem, Belgium) in 1xPBS,
then incubated in UEA1 for at least 72 hours, followed by
in CY5-streptavidin secondary antibody (Vector labs, Brus-
sels, Belgium). Pieces were then post-fixed in 10% NBF for
10 min, then mounted with Fluormount G (Thermo Fischer
Scientific, Merelbeke, Belgium). Z-stack images were
acquired with a Zeiss cell observer spinning disk confocal
microscope (Zeiss, Germany); 3-D projections of Z-stacks
were generated by the AriVis4D software. FIG. 15 shows
that in mice fed the control diet, vessels that formed within
the matrigel plugs were abnormally stretched and disorga-
nized, at both day 7 and day 16 post-implant. In day 7,
explants taken from compound of Formula I-fed mice, some
enlarged and clustered vessels were seen; however, more
normal, tubular vessels were seen. Many non-vascularized
UEA+ cells were also seen; to note, this is the same pattern
that TIE2-WT cells exhibit when injected. At day 16, vessels
appear largely normalized, with uniform, tube-like struc-
tures. Non-vascularized UEA+ cells were also present but
the expression is reduced. Also conducted were comparisons
of treated and untreated VM lesions at day 16 with wild type
and 1.914F TIE2 mutants in which treatment began at day 0
(FIG. 18A-D) or day 7 (FIG. 19A-C). The data support that
feeding mice with VMs with compound of Formula I-in-
fused food results in reduced VM development and that
feeding the compound of Formula I to mice with established
VMs ameliorated the severity of VMs.

[0115] To evaluate whether the compound of Formula I
has an effect on previously established VM lesions, the same
approach in generating the VM mice was followed. How-
ever, the mice were introduced to the control or compound
of Formula I diet at post-implant day 7 instead; then, mice
were euthanized and explants collected by day 16 (FIG.
16A). Blood-filled wvascular channels developed in all
experimental groups, though severity varied greatly (FIG.
16B). Average vascular area of vessels within day 16
explants from control diet-fed mice was comparable to
control mice, as demonstrated in FIG. 17A-B. The average
vascular area of vessels from compound of Formula I diet
fed mice was moderately reduced. Lesions from mice fed the
compound of Formula I diet exhibited improved smooth
muscle cell layer coverage, compared to those of control
diet-fed mice, indicating enhanced pericyte stabilization and
vascular maturation. FIG. 19A-D also depict, in part, com-
parisons of treated and untreated VM lesions with wild type
or [.914F TIE2 mutants at day 16 in which treatment began
at post-implant day 7. The data support that feeding the
compound of Formula I to mice with established VMs
ameliorated the severity of VMs.
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EQUIVALENTS numerous equivalents to the specific embodiments described
[0116] Those skilled in the art will recognize, or be able to specifically herein. Such equivalents are intended to be
ascertain, using no more than routine experimentation, encompassed in the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 1

Gln Leu Lys Arg Ala Asn Val Gln Arg Arg Met Ala Gln Ala Phe Gln
1 5 10 15

Asn Val Arg Glu Glu Pro Ala Val Gln Phe Asn Ser Gly Thr Leu Ala
20 25 30

Leu Asn Arg Lys Val Lys Asn Asn Pro Asp Pro Thr Ile Tyr Pro Val
Leu Asp Trp Asn Asp Ile Lys Phe Gln Asp Val Ile Gly Glu Gly Asn
50 55 60

Phe Gly Gln Val Leu Lys Ala Arg Ile Lys Lys Asp Gly Leu Trp Met
65 70 75 80

Asp Ala Ala Ile Lys Arg Met Lys Glu Tyr Ala Ser Lys Asp Asp His
85 90 95

Arg Asp Phe Ala Gly Glu Leu Glu Val Leu Cys Lys Leu Gly His His
100 105 110

Pro Asn Ile Ile Asn Leu Leu Gly Ala Cys Glu His Arg Gly Tyr Leu
115 120 125

Tyr Leu Ala Ile Glu Tyr Ala Pro His Gly Asn Leu Leu Asp Phe Leu
130 135 140

Arg Lys Ser Arg Val Leu Glu Thr Asp Pro Ala Phe Ala Ile Ala Asn
145 150 155 160

Ser Thr Ala Ser Thr Leu Ser Ser Gln Gln Leu Leu His Phe Ala Ala
165 170 175

Asp Val Ala Arg Gly Met Asp Tyr Leu Ser Gln Lys Gln Phe Ile His
180 185 190

Arg Asp Leu Ala Ala Arg Asn Ile Leu Val Gly Glu Asn Tyr Val Ala
195 200 205

Lys Ile Ala Asp Phe Gly Leu Ser Arg Gly Gln Glu Val Tyr Val Lys
210 215 220

Lys Thr Met Gly Arg Leu Pro Val Arg Trp Met Ala Ile Glu Ser Leu
225 230 235 240

Asn Tyr Ser Val Tyr Thr Thr Asn Ser Asp Val Trp Ser Tyr Gly Val
245 250 255

Leu Leu Trp Glu Ile Val Ser Leu Gly Gly Thr Pro Tyr Cys Gly Met
260 265 270

Thr Cys Ala Glu Leu Tyr Glu Lys Leu Pro Gln Gly Tyr Arg Leu Glu
275 280 285

Lys Pro Leu Asn Cys Asp Asp Glu Val Tyr Asp Leu Met Arg Gln Cys
290 295 300

Trp Arg Glu Lys Pro Tyr Glu Arg Pro Ser Phe Ala Gln Ile Leu Val
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-continued

305 310 315

320

Ser Leu Asn Arg Met Leu Glu Glu Arg Lys Thr Tyr Val Asn Thr Thr

325 330

335

Leu Tyr Glu Lys Phe Thr Tyr Ala Gly Ile Asp Cys Ser Ala Glu Glu

340 345

Ala Ala

1. A method for treating TIE2 kinase-mediated vascular
anomalies or TIE2 kinase mutant-mediated vascular anoma-
lies, in a patient in need thereof, comprising administering to
the patient a therapeutically effective amount of the com-
pound of Formula I:

Formula I
(0]
% Q o
N\ | )]\ 2N
N N N
H H
F
(@) N/
H
N
«

or a pharmaceutically acceptable salt thereof.

2. The method of claim 1, wherein the pharmaceutically
acceptable salt is tosylate.

3. The method of claim 1, wherein the TIE2 kinase-
mediated vascular anomalies or TIE2 kinase mutant-medi-
ated vascular anomalies are slow-flow malformations.

4. The method of claim 3, wherein the slow-flow malfor-
mations are selected from capillary malformations, lym-
phatic malformations, or venous malformations.

5. The method of claim 4, wherein the slow-flow malfor-
mations are venous malformations.

6. The method of claim 1, comprising administering to the
patient the compound of Formula I once daily, intermittent
non-daily, every other day, every third day, every other
week, twice daily, once weekly, or twice weekly.

7. The method of claim 1, comprising administering to the
patient about 57 mg to about 1200 mg of the compound of
Formula I daily.

8. The method of claim 1, comprising administering to the
patient about 100 mg of the compound of Formula I daily.

9. The method of claim 1, comprising administering to the
patient about 150, 200, or 300 mg of the compound of
Formula I once or twice daily.

10. A method for treating vascular anomalies, in a patient
in need thereof, comprising administering to the patient a
therapeutically effective amount of the compound of For-
mula I:

Formula I
(0]
/ 0 S
NEGP R
N
N N N Z
H H
F
o N
H
N
«

or a pharmaceutically acceptable salt thereof;

wherein the vascular anomalies are mediated by TIE2
kinase or by TIE2 kinase mutant-mediated.

11. The method of claim 1 or 10, further comprising
administering a second therapeutic agent to the patient.

12. The method of claim 11, wherein the second thera-
peutic agent is a VEGF inhibitor.

13. The method of claim 12, wherein the VEGF inhibitor
is selected from pazopanib, bevacizumab, cabozantinib,
sunitinib, sorafenib, axitinib, regorafenib, ponatinib, cabo-
zantinib, vandetanib, ramucirumab, lenvatinib, bevaci-
zumab, and ziv-aflibercept.

14. The method of claim 11, wherein the second thera-
peutic agent is an Akt inhibitor.

15. The method of claim 14, wherein the Akt inhibitor is
selected from AZD5363, miltefosine, perifosine, VQD-002,
MK-2206, GSK 690693, GDC-0068, triciribine,
CCT128930, PHT-427, and honokiol.

16. The method of claim 11, wherein the second thera-
peutic agent is a mTOR inhibitor.

17. The method of claim 16, wherein the mTOR inhibitor
is selected from sirolimus, temsirolimus, everolimus,
AP23841, AZDS8055, BEZ235, BGT226, deferolimus
(AP23573/MK-8669), EM101/LY303511, EX2044,
EX3855, EX7518, GDC0980, INK-128, KU-0063794,
NV-128, OSI-027, PF-4691502, rapalogs, rapamycin,
ridaforolimus, SAR543, SF1126, WYE-125132, XL765,
zotarolimus (ABT578), torin 1, GSK2126458, AZD2014,
GDC-0349, and XL388.

18. The method of claim 11, wherein the second thera-
peutic agent is a PI3K inhibitor.

19. The method of claim 18, wherein the PI3K inhibitor
is selected from idelalisib, copanlisib, duvelisib, alpelisib,
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NVP-BEZ235, BKM-120, GDC-0941, GDC-0980, SF1126, 39. A compound of Formula I, or a pharmaceutically
PX-866, PF-04691502, XL-765, XL-147, GSK2126458, acceptable salt thereof
and ZSTK474.

20-37. (canceled)

38. A method for treating venous malformations in a Formula T
patient in need thereof, comprising administering to the
patient about 100 to about 200 mg, once or twice daily, of

the compound of Formula I:
O
/ 0 o
Formula I N | )I\
N\ N
N N N 7
H H
F
) o ﬁ/
/ 0 \
A
N
N 4
N A
F
(6] N
H

e

for use in the treatment of venous malformations in a

patient in need thereof, comprising administering to the

/ patient about 100 mg to about 200 mg, once or twice

N\ daily, of the compound of Formula I, or a pharmaceu-
tically acceptable salt thereof.

N

or a pharmaceutically acceptable salt thereof. I T S



