Office de la Propriete Canadian CA 2954840 A1 2016/01/28

Intellectuelle Intellectual Property
du Canada Office (21) 2 954 840
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2015/07/22 (51) Cl.Int./Int.Cl. A67K 37/563(2006.01),
(87) Date publication PCT/PCT Publication Date: 2016/01/28 A61J 3/70(2000.01), AGTK 9/20(2000.01),

A61P 35/00(2006.01)

(85) Entree phase nationale/National Entry: 2017/01/11 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: |IB 2015/055561 NOVARTIS AG, CH
(87) N° publication PCT/PCT Publication No.: 2016/012963 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2014/07/25 (US62/028 865) GONCALVES, ELISABETE, CH;

TAUCHMANN, CHRISTIN, CH;
YEN, SHAU-FONG, CH,
VIPPAGUNTA, SUDHA, US;
ZONG, ZHIXIN, US

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : FORMULATION DE COMPRIME DE 2-FLUORO-N-METHYL-4-[7-(QUINOLINE -6-YLMETHYL) IMIDAZOI[1,2-
B] [1,2,4]TRIAZINE -2-YL]BENZAMIDE

(54) Title: TABLET FORMULATION OF 2-FLUORO-N-METHYL-4-[7-(QUINOLIN-6-YLMETHYL)IMIDAZOI1,2-
Bl[1,2,4]TRIAZIN-2-YL]BENZAMIDE

Figure 1.
STEP PROCESS
/ Mannilol /L
1 Sieving
INC280-4A4, Avicel / ]
29 PH101, Dupanol. -
Crosspovidong, PVP > Mixing
K30 l
3 / Vater // P Wetting, kneading
Y
4 Brying
5 Sieving
< Granulaie >

Cellulasa MKGR,
8 Crosspavidone; Aerosil
200
—m  Sievin

/ Magnesium Slearate /L
/

:
(o)

Tablztting

< Table: cores >
Basic coaling premix

red, yellow, while, and

black
Purified weter
11 —  Suspand
1 i

12 Film ¢oaling

ING280 fllm
coaled 1ablels

10

(57) Abréegée/Abstract:
The present invention Is related to tablets comprising of 2-fluoro-N-methyl-4-[7- (quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-
yllbenzamide, processes for the production thereof, and uses in the treatment of certain cancers.

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




w0 2016/012963 A1 | ] TV O AL 000 AR KR

(43) International Publication Date

CA 02954840 2017-01-11

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

28 January 2016 (28.01.2016)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2016/012963 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(71)

(34)

International Patent Classification:

CO7D 487/04 (2006.01) A61K 31/4985 (2006.01)
A61J 3/06 (2006.01) A61P 35/00 (2006.01)
A61J 3/10 (2006.01)

International Application Number:
PCT/IB2015/055561

International Filing Date:
22 July 2015 (22.07.2015)

Filing Language: English

Publication Language: English
Priority Data:
62/028,865 25 July 2014 (25.07.2014) US

Applicant (for all designated States except US): NO-
VARTIS AG [CH/CH]; Lichtstrasse 35, CH-4056 Basel
(CH).

Inventors; and

Applicants (for US only). GONCALVES, Elisabete
[PT/CH]; c¢/o Novartis Pharma AGQG, Postfach, CH-4002

Basel (CH). TAUCHMANN, Christin [DE/CH]; ¢/o No-
vartis Pharma AGQG, Postfach, CH-4002 Basel (CH). YEN,
Shau-fong [US/CH]; c/o Novartis Pharma AQG, Postiach,

Title:

[1,2,4]TRIAZIN-2-YL|BENZAMIDE

Figure 1.

(74)

(81)

(84)

CH-4002 Basel (CH). VIPPAGUNTA, Sudha [US/US];
c¢/o Novartis Pharmaceuticals Corporation, One Health
Plaza, East Hanover, New Jersey 07936 (US). ZONG,
Zhixin [CN/US]; c¢/o Novartis Pharmaceuticals Corpora-
tion, One Health Plaza, Eash Hanover, New Jersey 07936

(US).

Agent: CHAPMAN, Jennifer; Novartis Pharmaceuticals
Corporation, One Health Plaza, East Hanover, NJ 07936

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page/

TABLET FORMULATION OF 2-FLUORO-N-METHYL-4-[7-(QUINOLIN-6-YLMETHYL)IMIDAZO|[1,2-B]

(57) Abstract: The present invention is related to tablets comprising

STEP PROCESS

Mannito| :
¢ ' 3 Siewvin 1 -

INC280-AAA, Avicel
> PH101, Dupanal.
Crasspovidane, PYP
K30

? WWater

Ccllulbsc MKGR,

;
ia DNE; ACIDS
200
- i —  Sieving
¥
7 _ Mixing
::..‘-' a " DS . a .::....

iD

:":..' r D: a n .:.....
black
Purified water
11 Suspend
L 4
12 »  Filin caating

S INC280 film
. coated tablets -

Tabletling

P S—
. B

i Tablelcoes

of 2-fluoro-N-methyl-4-[7-
[1,2,4]triazin-2-yl]benzamide, processes for the production thereof,
and uses In the treatment of certain cancers.

(quinolin-6-ylmethyl)imidazo[1,2-b]



CA 02954840 2017-01-11

WO 2016/012963 A1 IO A00 0O R A R 1

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, FE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, Published:
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TQG).

— as to the applicant'’s entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

—  with international search report (Art. 21(3))

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



10

15

20

25

30

CA 02954840 2017-01-11

WO 2016/012963 PCT/IB2015/055561

ABLET FORMULATION OF
2-FLUORO-N-METHYL-4-[7-(QUINOLIN-6-YLMETHYL)IMIDAZOI[1,2-B][1,2,4] TRIAZIN-2-YL|BENZAMIDE

BACKGROUND

Protein kinases (PKs) are a group of enzymes that regulate diverse, important biological
processes including cell growth, survival and differentiation, organ formation and
morphogenesis, neovascularization, tissue repair and regeneration, among others. A subset of
protein kinases (also referred to as oncogenic protein kinases), when dysregulated, can cause
tumor formation and growth, and further contribute to tumor maintenance and progression
(Blume-Jensen P. et al., Nature 2001, 411(6835):355-365). Thus far, oncogenic protein kinases
represent one of the largest and most attractive groups of protein targets for cancer intervention
and drug development. c-Met, a proto-oncogene, 1s a member of a distinct subfamily of
heterodimeric receptor tyrosine kinases which include Met, Ron, and Sea (Birchmeier, C. et al,,
Nat. Rev. Mol. Cell Biol. 2003, 4(12):915-925; Christensen, J. G. et al., Cancer Lett. 20035,
225(1):1-26). The biological functions of c-Met (or c-Met signaling pathway) in normal tissues
and human malignancies such as cancer have been well documented (Christensen, J.G. et al.,
Cancer Lett. 2005, 225(1):1-26; Corso, S. et al., Trends in Mol. Med. 2005, 11(6):284-292).

Dysregulated c-Met pathway plays important and sometimes causative (in the case of

genetic alterations) roles 1n tumor formation, growth, maintenance and progression (Birchmeier,

C. et al.,, Nat. Rev. Mol. Cell. Biol. 2003, 4(12):915-925; Boccaccio, C. et al., Nat. Rev. Cancer
2006, 6(8):637-645; Christensen, J.G. et al., Cancer Lett. 2005, 225(1):1-26). HGF (hepatocytic
growth factor, a high affinity ligand for c-Met) and/or c-Met are overexpressed 1n significant
portions of most human cancers, and are often associated with poor clinical outcomes such as
more aggressive disease, disease progression, tumor metastasis and shortened patient survival.
Further, patients with high levels of HGF/c-Met proteins are more resistance to chemotherapy
and radiotherapy. The various cancers 1n which c-Met 1s implicated include, but are not limited
to: carcinomas (e.g., bladder, breast, cervical, cholangiocarcinoma, colorectal, esophageal,
gastric, head and neck, kidney, liver, lung, nasopharygeal, ovarian, pancreas, prostate, thyroid);
musculoskeletal sarcomas (e.g., osteosarcaoma, synovial sarcoma, rhabdomyosarcoma); soft
tissue sarcomas (e.g., MFH/fibrosarcoma, letomyosarcoma, Kaposi’s sarcoma); hematopoietic
malignancies (e.g., multiple myeloma, lymphomas, adult T cell leukemia, acute myelogenous

leukemia, chronic myeloid leukemia); and other neoplasms (e.g., glioblastomas, astrocytomas,
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melanoma, mesothelioma and Wilm’s tumor (www.vai.org/met/; Christensen, J.G. et al., Cancer
Lett. 2005, 225(1):1-26).

Inhibitors of c-Met and other kinases are reported 1n, e.g., U.S. Patent No. 8,461,330, and
include the compound 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazol1,2-
b][1,2,4]triazin-2-yl]benzamide (Compound I) having the structure indicated below.

O
H
N Z
F - N\ N
s s
N N
)

(I
New or improved formulations of existing agents which inhibit kinases such as c-Met are
continually needed for developing more effective pharmaceuticals to treat cancer and other
diseases. Specifically, there 1s a need for pharmaceutical formulations comprising 2-fluoro-N-
methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide with increased
dosage amounts, enhanced bioavailability, and improved dissolution at higher pHs (pH 4.5 —

6.8). These formulations, and methods described herein are directed toward these needs and

other ends.

SUMMARY

Provided herein are pharmaceutical compositions comprising 2-fluoro-N-methyl-4-|7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof and methods of use thereof.

In one aspect, provided herein 1s a tablet comprising 2-fluoro-N-methyl-4-[ 7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically acceptable salt
thereof.

In an embodiment, the tablet comprises, by weight, 10-30% 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically
acceptable salt thereof, 50-70% of one or more fillers, 3-20% of one or more disintegrants, 0.2 —

2% of one or more lubricants, and 0.2-2% of one or more glidants.
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In another embodiment, the tablet comprises mannitol, microcrystalline cellulose,
polyvinylpolypyrrolidone, polyvinylpyrrolidone, colloidal silicon dioxide, and magnesium
stearate.

In yet another embodiment, the tablet comprises an amount of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptably salt thereof, wherein the amount corresponds to 5 mg, 10 mg, 20 mg, 25 mg, 40 mg,
50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 200 mg, 250 mg, or 500 mg of the free base form. In a
preferred embodiment, the tablet comprises 50 mg of the free base form of 2-fluoro-N-methyl-4-
[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide. In another preferred
embodiment, the tablet comprises 100 mg of the free base form of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide.

In an embodiment of the tablets provided herein, the 2-fluoro-N-methyl-4-[ 7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide 1s present as the dihydrochloride salt.

In another aspect, provided herein 1s a tablet comprising 2-fluoro-N-methyl-4-[ 7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof, wherein the tablet comprises:

(a) an intra-granular phase; and

(b) an extragranular phase.

In an embodiment, the tablet comprises, by weight, 10-30% 2-fluoro-N-methyl-4-|7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof, 50-70% of one or more fillers, 3-20% of one or more disintegrants, 0.2—
2% of one or more lubricants, and 0.2-2% of one or more glidants.

In an embodiment, the intra-granular phase comprises 2-fluoro-N-methyl-4-| 7-(quinolin-
6-ylmethyl)imidazo[1,2-b][1,2,4]trazin-2-yl]benzamide or a pharmaceutically acceptable salt
thereof, mannitol, microcrystalline cellulose, polyvinylpolypyrrolidone, and
polyvinylpyrrolidone.

In an embodiment, the extra-granular phase comprises microcrystalline cellulose,
colloidal silicon dioxide, polyvinylpolypyrrolidone, and magnesium stearate.

In an embodiment of the tablets provided herein, the 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide 1s present as the dihydrochloride salt.
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In another aspect, provided herein 1s a method of treating cancer 1n an individual 1n need
thereof, comprising administering to the individual the tablet provided herein. In an
embodiment, the cancer 1s a solid tumor. In another embodiment, the cancer 1s lung cancer, liver
cancer, gastric cancer, a glioblastoma, breast cancer, gastric cancer, kidney cancer, or
nasopharyngeal cancer. In preferred embodiments, the cancer 1s non-small cell lung cancer,
hepatocellular carcinoma, or renal cell carcinoma.

In another aspect, provided herein 1s tablet comprising 2-fluoro-N-methyl-4-[7-(quinolin-
6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically acceptable salt
thereof, wherein the tablet comprises:

(a) an intragranular phase comprising, by weight:

10-30% of 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazol1,2-
b][1,2,4]triazin-2-yl]benzamide dihydrochloric acid salt,
10-30% of mannaitol,
10-30% of microcrystalline cellulose,
0.1 — 1% of sodium dodecyl sulfate,
1 - 10% of polyvinylpolypyrrolidone, and
1-10% of polyvinylpyrrolidone; and
(b) an extragranular phase comprising, by weight:
10-30% of microcrystalline cellulose,
0.1-1% of colloidal silicon dioxide,
1-10% of polyvinylpolypyrrolidone, and
0.1 — 1% of magnesium stearate;

wherein the percentages given for the respective ingredients are relative to the total

weight of the tablet.

In another aspect, provided herein 1s a tablet comprising 2-fluoro-N-methyl-4-[7-

(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically

acceptable salt thereof, wherein the tablet comprises:

(a) an intragranular phase comprising, by weight, about:
23.54% of 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo|1,2-
b][1,2,4]triazin-2-yl]benzamide dihydrochloric acid salt,

20% of mannitol,
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20.26% of microcrystalline cellulose,
0.2% of sodium dodecyl sulfate,
5% of polyvinylpolypyrrolidone, and
4% of polyvinylpyrrolidone; and
5 (b) an extragranular phase comprising, by weight, about:
20.75% of microcrystalline cellulose,
0.5% of colloidal silicon dioxide,
5% of polyvinylpolypyrrolidone, and
0.75% of magnesium stearate;
10 wherein the percentages given for the respective ingredients are relative to the total
weight of the tablet.

In another aspect, provided herein 1s a process for the production of a tablet comprising
2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a
pharmaceutically acceptable salt thereof, wherein the process comprises:

15 (a) blending excipients together with 2-tfluoro-N-methyl-4-[7-(quinolin-6-

ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide;

(b) granulating the mixture formed 1n step (a) together with water;

(¢) drying the granulate formed 1n step (b);

(d) passing the granulate of step (c¢) through a sieve to form the intra-granular
20 phase;

(e) separately sieving suitable excipients as an extragranular phase;

(f) blending together the intragranular phase formed 1n step (d) with the extra-

granular phase formed 1n step (e);

(g) adding a lubricant to the formulation to the mixture formed 1n step (f) and
25 blending; and

(h) compressing the mixture formed 1n step (g) into tablets.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a flow diagram of the manufacturing process used for the manufacture
30  of tablets comprising 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-
2-yl]benzamide.
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DETAILED DESCRIPTION

Provided herein are pharmaceutical compositions comprising 2-fluoro-N-methyl-4-]7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof and methods of use thereof. Specifically, provided herein are tablets
comprising 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-
yl]benzamide. The tablets of the invention provide several advantageous features including
increased dosage amounts and enhanced bioavailability.

Certain terms used herein are described below. Compounds of the present invention are
described using standard nomenclature. Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as 1s commonly understood by one of skill 1n the art to

which this invention belongs.

Compound I: 2-fluoro-N-methyl-4-|7-(quinolin-6-ylmethyl)imidazo|1,2-b]|1,2,4]|triazin-2-
yl|benzamide

The synthesis and characterization of Compound I (2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide) 1s described in U.S. Patent No.
8,461,330, which 1s hereby incorporated 1n 1ts entirety.

O
™~
N AN
H
N‘“ o
g = NN N
\N/|<*~N

(D)

In an embodiment, Compound I 1s 1n the form of the dihydrochloric acid salt (e.g.,
Compound I - 2HCI), a form described in U.S. Patent No. 8,420,645, which 1s also hereby
incorporated 1n 1ts entirety. It 1s understood that the salt may be crystalline in form, or 1n the
form of a hydrate or solvate. In a preferred embodiment, Compound I 1s 1n the form of the
dihydrochloride monohydrate salt (also described in U.S. Patent No. 8,420,645).

A “pharmaceutically acceptable salt” of a compound means a salt that 1s
pharmaceutically acceptable and that possesses the desired pharmacological activity of the parent

compound. It 1s understood that the pharmaceutically acceptable salts are non-toxic. Additional
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information on suitable pharmaceutically acceptable salts can be found 1n Remington’s
Pharmaceutical Sciences, 17" ed.., Mack Publishing Company, Easton, PA, 1985, which 1s
incorporated herein by reference or S. M. Berge, et al., “Pharmaceutical Salts,” J. Pharm. Sci.,

1977;66:1-19 both of which are incorporated herein by reference.

Tablets Comprising Compound I

The term “tablet” denotes an orally administrable, single-dose, solid dosage form that can
be produced by compressing the drug substance (2-fluoro-N-methyl-4-| 7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]trazin-2-yl]benzamide or a pharmaceutically acceptable salt
thereof, see e.g., U.S. Patent No. 8,461,330, which 1s hereby incorporated 1n its entirety) with
suitable excipients (e.g., fillers, disintegrants, lubricants, glidants, and/or surfactants) by
conventional tableting processes. The term “film-coated tablet” refers to a tablet with a coating.
The tablet can be produced using conventional granulation methods, for example, wet or dry
ogranulation, with optional comminution of the granules with subsequent compression and
optional coating. In an embodiment, the tablets of the instant invention comprisean intra- and
extra-granular phase. The tablets can be optionally coated with various conventional coatings to
form a film-coated tablet.

The active ingredient, Compound I (corresponding to the free base form), comprises, by
weight, from about 10% to about 70%, including from about 10% to about 30% and about 23%
to about 25%, based upon the total weight of the formulation.

As used herein, a % by weight of the formulation indicates a % by weight of the tablet,
unless otherwise indicated.

As used herein, the term “about” refers to plus or minus 10% of the value.

In a preferred embodiment, the active ingredient, Compound I, will be 1n the form of the
dihydrochlorid acid salt (see, e.g., U.S. Patent No. 8,420,645).

The tablet of the invention comprises, by weight, from about 50% to about 70% of one or
more fillers. Suitable fillers or “diluents” are known 1n the art, and include but are not limited to
starch, dextrin, sucrose, sorbitol, sodium saccharin, acesulfame potassium, xylitol, aspartame,
mannitol, starch, PVP (polyvinyl pyrrolidone), low molecular weight HPC (hydroxypropyl
cellulose), microcrystalline cellulose (MCC), low molecular weight HPMC

(hydroxypropylmethylcellulose), low molecular weight carboxymethyl cellulose, ethylcellulose,
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dicalcium phosphate, silicified microcrystalline cellulose, alginates, gelatin, polyethylene oxide,
acacia, dextrin, sucrose, magnesium aluminum silicate, and polymethacrylates. Fillers also
include agents selected from the group consisting of microcrystalline cellullse, starch, lactitol,
lactose, a suitable inorganic calcium salt, sucrose, glucose, mannitol, silicic acid, and any
combination thereof. The fillers as an intragranular component, comprise, by weight, from about
15% to about 65%, based upon total weight of the tablet formulation. In an embodiment, the
intragranular filler comprises mannitol and microcrystalline cellulose (such as, e.g., Avicel PH
101). In other embodiments, the mannitol and microcrystalline cellulose are present 1n a ratio of
about 1:1, 2:1, or 3:1 (mannitol to microcrystalline cellulose, by weight). In another
embodiment, the mannitol and microcrystalline cellulose are present 1n a ratio of about 1:3
(mannitol to microcrystalline cellulose, by weight) when the tablet comprises higher levels of
disintigrants. The fillers, as an extragranular component comprise, by weight, from about 15%
to about 25%, based upon the total weight of the tablet formulation. In an embodiment, the
extragranular filler 1s microcrystalline cellulose (such as, e.g., Cellulose MK GR).

The tablet of the invention comprises, by weight, about 3% to about 20%, of one or more
disintigrants. In an embodiment, the tablet comprises about 10% to about 20% of one or more
disintegrants. Suitable disintegrants are known 1n the art and include, but are not limited to, agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, sodium carbonate,
crospovidone (cross-linked PVP, or polyvinylpolypyrrolidone, such as e.g.,
Polyvinylpolypyrrolidone XL), PVP or polyvinylpyrrolidone (e.g., Polyvinyl pyrrolidone K30
PH), sodium carboxymethyl starch (sodium starch glycolate), cross-linked sodium
carboxymethyl cellulose (croscarellose), pregelatinized starch (starch 1500), microcrystalline
starch, water 1insoluble starch, sodium starch glycolate, potassium polacrilin, sodium alginate,
calcium carboxymethyl cellulose, magnesium aluminum silicate (Veegum) and any combination
thereof. In some embodiments, the disintegrant 1s polyvinylpolypyrrolidone or
polyvinylpyrrolidone or a combination thereof. The disintegrent as an intragranular component,
comprises, by weight, from about 5% to about 15%, including about 2% to 12%, based upon the
total weight of the tablet formulation. The disintegrant as an extragranular component,
comprises, by weight, from about 1% to about 8%, based upon total weight of the tablet
formulation. In some embodiments, the disintegrant of the extragranular component 1s

polyvinylpolypyrrolidone (e.g., Polyvinylpolypyrrolidone XL).
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Glidants can also be used 1n the pharmaceutical formulation provided herein. In an
embodiment, the tablet of the invention comprises, by weight, about 0.2% to about 2% of one or
more glidants. Suitable glidants include, without limitation, colloidal silicon dioxide, talc,
magnesium carbonate, calcium silicate, fumed silicon dioxide, and any combination thereof. In
an embodiment, the glidant 1s an extragranular component of the formulation. In some
embodiments, the glidant 1s colloidal silicon dioxide (e.g., hydrophilic fumed silica such as
Aerosil 200). The amount of glidants used can be, by weight, about 0.2% to 2%, or about 0.2%
to 1%, based on the total weight of the tablet formulation.

Lubricants can also be used 1n the pharmaceutical formulations provided herein. In an
embodiment, the tablet of the invention comprises, by weight, about 0.2% to about 2% of one or
more lubricants. Suitable lubricants include, for example, stearates, sodium stearyl fumarate,
magnesium salts, and magnesium stearate. In an embodiment, the lubricant 1s used as an
extragranular component of the formulation. In another embodiment, the lubricant 1s magnesium
stearate. The amount of lubricant used can be, by weight, about 0.2% to 2%, or about 0.5% to
1.5%, based on the total weight of the tablet formulation.

Other excipients such as surfactants can be used 1n the instant formulations. In an
embodiment, the tablet of the invention comprises, by weight, about O to about 10% of one or
more surfactants. In an embodiment, the surfactant 1s used as an intragranular component of the
formulation. In an embodiment, the pharmaceutical formulation comprises poloxamer (e.g.,
Poloxamer 188) or sodium dodecyl sulfate (e.g., Duponol C). The amount of surfactant used can
be, by weight, about 0 to 10%, about 0.05% to 1%, or about 0.1% to 0.5%, based on the total
weight of the tablet formulation. In an embodiment, the formulation provided herein does not
include a surfactant.

The tablets provided herein can be formulated 1n a unit dosage form, each dosage
containing from about 5 to about 500 mg, more usually about 50 to about 200 mg, of the active
ingredient. In some embodiments, the unit dosage form contains 5 mg, 10 mg, 20 mg, 25 mg, 40
mg, S0 mg, 75 mg, 100 mg, 125 mg, 150 mg, 200 mg, 250 mg, or 500 mg of Compound I. In
some embodiments, the unit dosage form contains between 5 mg and 500 mg, inclusive, of
Compound I. In other embodiments, the unit dosage form contains between 50 mg and 200 mg,
inclusive, of Compound I or between 75 mg and 150 mg, inclusive, of Compound I. In preferred

embodiments, the unit dosage form contains 50 mg or 100 mg of Compound I. The term “unit
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dosage forms” refers to physically discrete units suitable as unitary dosages for human subjects
and other mammals, each unit containing a predetermined quantity of active material calculated
to produce the desired therapeutic effect, 1n association with a suitable pharmaceutical excipient.
In an embodiment, the unit dosage form will be equivalent to a therapeutically etfective dose of
the active ingredient (e.g., Compound I).

The tablets provided herein can be film-coated tablets, wherein a tablet further comprises
a film coating. The film-coating can comprise one or more film-forming substances and can
further comprise substances such as plasticizers, intestinal lubricants, or colorants. In an
embodiment, the film coating comprises colorants or pigments.

In an embodiment, the tablet comprises, by weight, 10-30% 2-fluoro-N-methyl-4-|7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof, 50-70% of one or more fillers, 3-20% of one or more disintegrants, 0.2—
2% of one or more lubricants, and 0.2-2% of one or more glidants.

In another embodiment, the tablet further comprises 0.05-1% of one or more surfactants.

In another embodiment, the tablet comprises mannitol, microcrystalline cellulose,
polyvinylpolypyrrolidone, polyvinylpyrrolidone, colloidal silicon dioxide, and magnesium
stearate.

In another embodiment, the tablet further comprises sodium dodecyl sulfate.

In yet another embodiment, the tablet comprises an amount of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptably salt thereof, wherein the amount corresponds to 5 mg, 10 mg, 20 mg, 25 mg, 40 mg,
50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 200 mg, 250 mg, or 500 mg of the free base form. In a
preferred embodiment, the tablet comprises 50 mg of the free base form of 2-fluoro-N-methyl-4-
[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide. In another preferred
embodiment, the tablet comprises 100 mg of the free base form of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide.

In another aspect, provided herein 1s a tablet comprising 2-fluoro-N-methyl-4-[ 7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically
acceptable salt thereof, wherein the tablet comprises:

(a) an intra-granular phase; and

(b) an extra-granular phase.
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In an embodiment, the tablet comprises, by weight, 10-30% 2-fluoro-N-methyl-4-]7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof, 50-70% of one or more fillers, 3-20% of one or more disintegrants, 0.2—
2% of one or more lubricants, 0.2-2% of one or more glidants. In another embodiment, the tablet
further comprises 0.05-1% of one or more surfactants.

In an embodiment, the intra-granular phase comprises 2-fluoro-N-methyl-4-[ 7-(quinolin-
6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically acceptable salt
thereof, mannitol, microcrystalline cellulose, polyvinylpolypyrrolidone, and
polyvinylpyrrolidone. In another embodiment, the intra-granular phase further comprises
sodium dodecyl sulfate.

In a further embodiment, the intra-granular phase comprises, by weight of the tablet, 10-
30% 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide
or a pharmaceutically acceptable salt thereof; 10-30% mannitol; 10-30% microcrystalline
cellulose; and 0.1-10.0% each of polyvinylpolypyrrolidone and polyvinylpyrrolidone. In a
further embodiment, the intra-granular phase further comprises 0.1-1% of sodium dodecyl
sulfate.

In yet a further embodiment, the intra-granular phase comprises, by weight of the tablet,
about 24% 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4|triazin-2-
yl]benzamide or a pharmaceutically acceptable salt thereof; about 20% mannitol; about 20%
microcrystalline cellulose; about 3% polyvinylpolypyrrolidone; and about 4%
polyvinylpyrrolidone. In a further embodiment, the intra-granular phase further comprises about
0.2% of sodium dodecyl sulfate.

In an embodiment, the extra-granular phase comprises microcrystalline cellulose,
colloidal silicon dioxide, polyvinylpolypyrrolidone, and magnesium stearate.

In another embodiment, the extra-granular phase comprises, by weight of the tablet, 10-
30% microcrystalline cellulose and 0.1-10.0% each of colloidal silicon dioxide,
polyvinylpolypyrrolidone, and magnesium stearate.

In yet another embodiment, the extra-granular phase comprises, by weight of the tablet,
about 21% microcrystalline cellulose; about 0.5% colloidal silicon dioxide; 5%

polyvinylpolypyrrolidone; and about 0.75% magnesium stearate.
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In an embodiment of the tablets provided herein, the 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide 1s present as the dihydrochloride salt.

In another aspect, provided herein 1s a tablet comprising 2-fluoro-N-methyl-4-[ 7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof, wherein the tablet comprises:

(a) an intragranular phase comprising, by weight:

10-30% of 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazol1,2-
b][1,2,4]triazin-2-yl]benzamide dihydrochloric acid salt,
10-30% of mannitol,
10-30% of microcrystalline cellulose,
0.1 — 1% of sodium dodecyl sulfate,
1 - 10% of polyvinylpolypyrrolidone, and
1-10% of polyvinylpyrrolidone; and
(b) an extragranular phase comprising, by weight:
10-30% of microcrystalline cellulose,
0.1-1% of colloidal silicon dioxide,
1-10% of polyvinylpolypyrrolidone, and
0.1 — 1% of magnesium stearate;

wherein the percentages given for the respective ingredients are relative to the total
welght of the tablet.

In another aspect, provided herein 1s a tablet comprising 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptable salt thereof, wherein the tablet comprises:

(a) an intragranular phase comprising, by weight, about:

24% of 2-tfluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-
b][1,2,4]triazin-2-yl]benzamide dihydrochloric acid salt,

20% of mannitol,

20% of microcrystalline cellulose,

0.2% of sodium dodecyl sulfate,

5% of polyvinylpolypyrrolidone, and

4% of polyvinylpyrrolidone; and

12
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(b) an extragranular phase comprising, by weight, about:
21% of microcrystalline cellulose,
0.5% of colloidal silicon dioxide,
5% of polyvinylpolypyrrolidone, and
0.75% of magnesium stearate;
wherein the percentages given for the respective ingredients are relative to the total

weight of the tablet.

Methods of Treatment

The present invention further provides methods of treating diseases associated with a
dysregulated kinase signaling pathway, including abnormal activity and/or overexpression of the
protein kinase, 1n an individual (e.g., patient) by administering the tablet of the invention to the
individual 1n need of such treatment. In some embodiments, the dysregulated kinase 1s of the
Met family (e.g., c-Met, Ron, or Sea). In some embodiments, the dysregulated kinase 1s
overexpressed 1n the diseased tissue of the patient. In some embodiments, the dysregulated
kinase 1s abnormally active 1n the diseased tissue of the patient. Dysregulation of c-Met and the
HGF/c-Met signaling pathway 1s meant to include activation of the enzyme through various
mechanisms including, but not limited to, HGF-dependent autocrine and paracrine activation, c-
met gene overexpression and amplification, point mutations, deletions, truncations,
rearrangement, as well as abnormal c-Met receptor processing and defective negative regulatory
mechanisms.

In some embodiments, the tablet of the invention 1s useful 1n treating diseases such as
cancer, atherosclerosis, lung fibrosis, renal fibrosis and regeneration, liver disease, allergic
disorder, inflammatory disease, autormmune disorder, cerebrovascular disease, cardiovascular
disease, or condition associated with organ transplantation. In further embodiments, the
compounds of the invention can be useful 1n methods of inhibiting tumor growth or metastasis of
a tumor 1n a patient.

Example cancers treatable by the methods herein include bladder cancer, breast cancer,
cervical cancer, cholangiocarcinoma cancer, colorectal cancer, esophageal cancer, gastric cancer,
head and neck cancer, cancer of the kidney, liver cancer, lung cancer, nasopharygeal cancer,

ovarian cancer, pancreatic cancer, prostate cancer, thyroid cancer, osteosarcoma, synovial
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sarcoma, rhabdomyosarcoma, MFH/fibrosarcoma, letomyosarcoma, Kaposi’s sarcoma, multiple
myeloma, lymphoma, adult T cell leukemia, acute myelogenous leukemia, chronic myeloid
leukemia, glioblastoma, astrocytoma, melanoma, mesothelioma, or Wilm’s tumor, and the like.

In an aspect, provided herein are methods for the treatment of cancer 1n an individual 1n
need thereof, comprising administering to the individual the tablet of the invention.

In an embodiment, the cancer 1s a solid tumor. In another embodiment, the cancer 1s lung
cancer, liver cancer, gastric cancer, a glioblastoma, breast cancer, gastric cancer, kidney cancer,
or nasopharyngeal cancer. In preferred embodiments, the cancer 1s non-small cell lung cancer,
hepatocellular carcinoma, or renal cell carcinoma.

In an embodiment of the methods provided herein, the treatment comprises the
administration of an additional anticancer agent selected from the group consisting of erlotinib,
gefitinib, and buparlisib.

As used herein, the term “individual” or “patient,” used interchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates, and most preferably humans.

As used herein, the term “treating” or “treatment” refers to one or more of (1) preventing
the disease; for example, preventing a disease, condition or disorder 1n an individual who may be
predisposed to the disease, condition or disorder but does not yet experience or display the
pathology or symptomatology of the disease; (2) inhibiting the disease; for example, inhibiting a
disease, condition or disorder 1n an individual who 1s experiencing or displaying the pathology or
symptomatology of the disease, condition or disorder; and (3) ameliorating the disease; for
example, ameliorating a disease, condition or disorder 1n an individual who 1s experiencing or
displaying the pathology or symptomatology of the disease, condition or disorder (1.e., reversing

the pathology and/or symptomatology) such as decreasing the severity of disease.

Processes to Produce Tablets Comprising Compound I

Provided herein are processes for the production of a tablet comprising 2-fluoro-N-
methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4|triazin-2-yl|benzamide or a
pharmaceutically acceptable salt thereof. These processes comprise compressing the drug
substance with suitable excipients by conventional tableting processes and subsequently coating

the core. The tablets can be produced using conventional granulation methods, for example, wet
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or dry granulation, with optional comminution of the granules with subsequent compression and
coating. In an embodiment, the process comprises blending an intra- and extra-granular phase
and compression of the mixture to form tablets. In an embodiment, the process comprises
addition of a lubricant. The tablets can be optionally coated with various conventional coatings
to form a film-coated tablet. An example of a suitable process to form tablets or film-coated
tablets 1s described 1n Example 2, and 1llustrated in Figure 1.

In an aspect, provided herein 1s a process for the production of a tablet comprising 2-
fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide or a
pharmaceutically acceptable salt thereof, wherein the process comprises:

(a) blending excipients together with 2-tfluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically
acceptable salt thereof to form an intragranular phase;

(b) blending suitable excipients as an extragranular;

(c) blending together the intragranular phase formed 1n step (a) with the extra-
granular phase formed 1n step (b); and

(d) compressing the mixture formed 1n step (c¢) into tablets.

In an embodiment, the process further comprises the step of (e) coating the tablets formed
1n step (d).

In an embodiment, the excipients of step (a) comprise mannitol, microcrystalline
cellulose, polyvinylpolypyrrolidone, and polyvinylpyrrolidone. In another embodiment, the
excipients of step (a) further comprise sodium dodecyl sulfate.

In an embodiment, the suitable excipients of step (b) comprise microcrystalline cellulose,
colloidal silicon dioxide, and polyvinylpolypyrrolidone.

In another aspect, provided herein 1s a process for the production of a tablet comprising
2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a
pharmaceutically acceptable salt thereof, wherein the process comprises:

(a) blending excipients together with 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically
acceptable salt thereof;

(b) granulating the mixture formed 1n step (a) together with water;

(c) drying the granulate formed 1n step (b);
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(d) passing the granulate of step (c¢) through a sieve to form the intra-granular
phase;

(e) separately sieving suitable excipients as an extragranular phase;

(f) blending together the intragranular phase formed 1n step (d) with the extra-
granular phase formed 1n step (e);

(g) adding a lubricant to the formulation to the mixture formed 1n step (f) and
blending; and

(h) compressing the mixture formed 1n step (g) into tablets.

In an embodiment, the process further comprises the step of (1) coating the tabletstormed
in step (h).

In an embodiment, the excipients of step (a) comprise mannitol, microcrystalline
cellulose, polyvinylpolypyrrolidone, and polyvinylpyrrolidone. In another embodiment, the
excipients of step (a) further comprise sodium dodecyl sulfate.

In an embodiment, the suitable excipients of step (e¢) comprise microcrystalline cellulose,
colloidal silicon dioxide, and polyvinylpolypyrrolidone.

In another embodiment, the lubricant of step (g) comprises magnesium stearate.

EXAMPLES
The 1invention will be described 1in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to limit the
invention 1n any manner. Those of skill in the art will readily recognize a variety of noncritical

parameters which can be changed or modified to yield essentially the same results.

Example 1. Examples of Tablet Formulations Comprising Compound 1

Table 1a. Example of a Tablet Formulation

S0 mg 100 mg | 200 mg

: Excipient 0
Ingredient Function Yo mg/dose | mg/dose | mg/dose
Compound I - 2HC!" - 23.54 58.850 | 117.700 | 2354
?ﬁr)‘mt"l (6.8, Maunziol diluent/filler | 20.00 50.000 | 100.000 | 200.00
microcrystalline cellulose
(e.g., Avicel PH101 or diluent/filler | 41.01 102.525 | 205.05 410.1
cellulose MKGR)
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Sodium dodecy! suliate surfactant 0.20 0.500 1.000 &0
(e.g., Duponol C)

crospovidone (e.g.,

Polyvinylpolypyrrolidone disintegrant 10.00 25.00 50.00 100.00
XL)

polyvinylpyrrolidone (e.g.,

Polyvinylpyrrolidone K30 disintegrant 4.00 10.000 20.000 40.00
PH)

zgild:;riﬁf% (%ls‘”“de glidant 0.50 1.250 2.500 5.00
Magnesium stearate lubricant 0.75 1.875 3.750 7.50
Total (tablet) 100.00 250.000 | 500.000 | 1000.00

'50 mg of Compound I corresponds to 58.85 mg of Compound I dihydrochloric acid salt and 100 mg of
Compound I corresponds to 117.70 mg of Compound I dihydrochloric acid salt. The salt factor, or the
multiplier to determine the amount of the dihydrochloric acid salt to achieve a desired amount of
Compound I free base, 1s 1.177.

Table 1b. Example of a tablet formulation comprising an intragranular and extragranular

phase
S0 mg 100 mg | 200 mg
: Excipient 0
Ingredient Function Yo mg/dose | mg/dose | mg/dose
INTRA-GRANULAR
Compound I - 2HCI' - 23.54 58.850 | 117.700 | 2354
Mannitol PH diluent/filler | 20.00 50.000 | 100.000 | 200.00
Avicel PH101 diluent/filler | 20.26 50.650 | 101.300 | 202.6
Duponol C surfactant 0.20 0.500 1.000 2.00
Polyvinylpolypyrrolidone .
T disintegrant 5.00 12.500 25.000 50.00
ggyvmylpym’hdone BRIV fisinteprant 4.00 10.000 | 20.000 | 40.00
Sublotal (Ini-grammias 73.00 | 182,500 | 365.000 | 730.00
phase)
EXTRA-GRANULAR
Cellulose MKGR diluent/filler | 20.75 51.875 | 103.750 | 207.5
Aerosil 200 olidant 0.50 1.250 2.500 5.00
;"Lly‘”nylp‘ﬂypym’hdone disintegrant 5.00 12500 | 25.000 | 50.00
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Magnesium stearate lubricant 0.75 1.875 3.750 7.50
Total (tablet) 100.00 250.000 500.000 | 1000.00
OPTIONAL FILM-
COATING
Basis Black 0.000 0.123 1.30
Basis Red 0.020 1.131 4.68
Basis Yellow 0.800 0.000 15.34
Basis White 9.180 14.746 4.68
Total (film-coated tablet) 260.000 516.000 | 1026.00

'50 mg of Compound I corresponds to 58.85 mg of Compound I dihydrochloric acid salt and 100 mg of
Compound I corresponds to 117.70 mg of Compound I dihydrochloric acid salt. The salt factor, or the
multiplier to determine the amount of the dihydrochloric acid salt to achieve a desired amount of

Compound I free base, 15 1.177.

Table 1¢. Examples of tablet formulations with varying amounts of disintegrants

Ingredient Exc1p1.e nt % weight of the tablet
Function
INTRA-GRANULAR
Compound I - ZHCI - 24.54 24.54 24.54 24.54
Mannitol PH diluent/filler 20.00 20.00 20.00 21.00
Avicel PH101 diluent/filler 19.26 19.26 19.26 19.26
Duponol C surfactant 0.20 0.20 0.20 0.20
Polyvinylpolypyrrolidone -
XL dismtegrant | 5 5.00 5.00 4.00
Polyvinylpyrrolidone K30 disintegrant 4.00 4.00 4.00 4.00
Subtotal (Intra-granular
phase) 73.00 73.00 73.00 73.00
EXTRA-GRANULAR
Cellulose MKGR diluent/filler 20.75 22.75 24.75 23.75
Aerosil 200 glidant 0.50 0.50 1.50 2.50
Polyvinylpolypyrrolidone -
XL disintegrant | 5 3.00 0.00 0.00
Magnesium stearate lubricant 0.75 0.75 0.75 0.75
Total (tablet) 100.00 100.00 100.00 100.00

OPTIONAL FILM-COATING
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Ingredient Exaploe nt % weight of the tablet
Function
INTRA-GRANULAR
Compound I - ZHCI - 24.54 24.54 24.54
Mannitol PH diluent/filler 25.00 28.00 15.00
Avicel PHI101 diluent/filler 24.26 26.26 14.26
Duponol C surfactant 0.20 0.20 0.20
%yvmylpolypyrrohdone disintegrant ‘o0 oo < o
Polyvinylpyrrolidone K30 disintegrant 4.00 4.00 4.00
Subtotal (Intra-granular
phase) 83.00 91.00 63.00
EXTRA-GRANULAR
Cellulose MKGR diluent/filler 10.75 5.75 23.75
Aerosil 200 glidant 0.50 0.50 2.50
i’(cilyvmylpolypyrrohdone disintegrant < o0 o < o0
Magnesium stearate lubricant 0.75 0.75 0.75
Mannitol - - 5.0
Total (tablet) 100.00 100.00 100.00
OPTIONAL FILM-COATING

Notes on the Formulation:

2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-
yl]benzamide dihydrochloride 1s a highly soluble compound at low pH (7.2mg/mL at pH 1), but
displays low solubility at pH 6.8 and above (0.0793mg/mL at pH 6.8). Addition of surfactants or
other polymeric excipients capable of delaying drug precipitation at higher pHs may contribute
to increased in vivo exposure.

2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-
yl]benzamide dihydrochloride has a gelling behavior, mostly prominent at pHs above 3.5, which
can compromise tablet disintegration and dissolution rate. Drug load and disintegrant type/levels
can influence this behavior and need to be carefully selected to ensure adequate in vitro

performance.
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Example 2. Example of a Manufacturing Process for Tablets Comprising Compound I

The process described below may be reasonably adjusted, while maintaining the same
basic production steps, to compensate for different batch sizes and/or equipment characteristics,
and/or on the basis of experience.

1. Sieve Mannitol and blend 1t together with 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide dihydrochloride, Duponol,
crospovidone, Polyvinylpyrrolidone K30 and Avicel PH 101.

2. Granulate the blend from bullet point 1 with water and dry the granulate.

3. Pass the granulate from bullet point 2 through a sieve.

4. Sieve the external phase consisting of microcrystalline cellulose (Cellulose MK GR),
crospovidone (polyvinylpolypyrrolidone), and Aerosil 200.

5. Blend together the mixtures from bullet points 3 and 4.

6. Pass Magnesium Stearate through a sieve and add to the formulation from bullet point 5 and
blend.

7. Compress the blend from bullet point 6 into tablets.

8. Optionally coat the tablets to form film-coated tablets.

An 1llustration of this process 1s found in Figure 1.

Notes on the Manufacturing Process:

2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-

yl]benzamide dihydrochloride has a very low bulk density (0.085g/mL), which justifies the need
of a densification step prior tabletting. Wet granulation was 1dentified as the most suitable
technology for this compound. As opposed to roller compaction, formulations processed with
wet granulation technology showed adequate balance among tablet friability, disintegration and
dissolution rate.

Excipient levels, specifically those of surfactants like sodium dodecyl sulfate, should be

kept to a mimnimum to comply with recommended permitted daily exposure values.
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Example 3: Dog Pharmacokinetic Studies

Data from a dog PK study comparing the 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide dihydrochloride hard gelatin capsule
(HGC) presently used 1n clinics against two prototype tablet formulations was also used as
oguidance for formulation/process development of the tablet clinical service form. Those studies
were performed with a 50 mg dosage strength and show that the tablet formulation manufactured
by wet granulation using SDS as surfactant results in similar 2-fluoro-N-methyl-4-[ 7-(quinolin-
6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide dihydrochloride plasma levels as the 2-
fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide
dihydrochloride HGC.
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WE CLAIM:

1. A tablet comprising 2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-

b][1,2,4]|triazin-2-yl]benzamide, or a pharmaceutically acceptable salt thereof.

2. The tablet of claim 1, wherein the tablet comprises, by weight, 10-30% 2-fluoro-N-
methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4|triazin-2-yl|benzamide, or a
pharmaceutically acceptable salt thereof, S0-70% of one or more fillers, 3-20% of one or more

disintegrants, 0.2—2% of one or more lubricants, and 0.2-2% of one or more glidants.

3. The tablet of claim 1, which comprises mannitol, microcrystalline cellulose,
polyvinylpolypyrrolidone, polyvinylpyrrolidone, colloidal silicon dioxide, and magnesium

Stearate.

4. The tablet of any one of claims 1-3, comprising an amount of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptably salt thereof, wherein the amount corresponds to 5 mg, 10 mg, 20 mg, 25 mg, 40 mg,

50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 200 mg, 250 mg, or 500 mg of the free base form.

5. The tablet of any one of claims 1-4, comprising an amount of 2-fluoro-N-methyl-4-|7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically

acceptably salt thereof, wherein the amount corresponds to 50 mg of the free base form.
0. The tablet of any one of claims 1-5, comprising an amount of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically

acceptably salt thereof, wherein the amount corresponds to 100 mg of the free base form.

7. The tablet of any one of claims 1-6, wherein the 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide 1s present as the dihydrochloride salt.
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3. A tablet comprising 2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[ 1,2-
b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically acceptable salt thereof, wherein the tablet
further comprises:

(a) an intra-granular phase; and

(b) an extra-granular phase.

9. The tablet of claim 8, wherein the tablet comprises, by weight, 10-30% 2-fluoro-N-
methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4|triazin-2-yl|benzamide, or a
pharmaceutically acceptable salt thereof, S0-70% of one or more fillers, 3-20% of one or more

disintegrants, 0.2-2% of one or more lubricants, and 0.2-2% of one or more glidants.

10. The tablet of claim 8 or 9, wherein the intra-granular phase comprises 2-fluoro-N-methyl-
4-[7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically
acceptable salt thereof, mannitol, microcrystalline cellulose, , polyvinylpolypyrrolidone, and

polyvinylpyrrolidone.

11. The tablet of any of claims 8-10, wherein the intra-granular phase comprises, by weight
of the tablet, 10-30% 2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-
2-yl]benzamide or a pharmaceutically acceptable salt thereof; 10-30% mannitol; 10-30%
microcrystalline cellulose; and 0.1-10.0% each of polyvinylpolypyrrolidone, and

polyvinylpyrrolidone.

12. The tablet of any of claims 8-11, wherein the intra-granular phase comprises, by weight
of the tablet, about 24% 2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[1,2-
b][1,2,4]triazin-2-yl]benzamide or a pharmaceutically acceptable salt thereof; about 20%
mannitol; about 20% microcrystalline cellulose; about 5% polyvinylpolypyrrolidone; and about

4% polyvinylpyrrolidone.
13. The tablet of any of claims 8-12, wherein the extra-granular phase comprises

microcrystalline cellulose, colloidal silicon dioxide, polyvinylpolypyrrolidone, and magnesium

Sstearate.
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14. The tablet of any of claims 8-13, wherein the extra-granular phase comprises, by weight
of the tablet, 10-30% microcrystalline cellulose and 0.1-10.0% each of colloidal silicon dioxide,

polyvinylpolypyrrolidone, and magnesium stearate.

15. The tablet of any of claims 8-14, wherein the extra-granular phase comprises, by weight
of the tablet, about 21% microcrystalline cellulose; about 0.5% colloidal silicon dioxide; 5%

polyvinylpolypyrrolidone; and about 0.75% magnesium stearate.

16. The tablet of any one of claims 8-15, comprising an amount of 2-fluoro-N-methyl-4-|7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptably salt thereof, wherein the amount corresponds to 5 mg, 10 mg, 20 mg, 25 mg, 40 mg,

50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 200 mg, 250 mg, or 500 mg of the free base form.

17. The tablet of any one of claims 8-16, comprising an amount of 2-fluoro-N-methyl-4-|7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically
acceptably salt thereof, wherein the amount corresponds to 50 mg of the free base form.

18. The tablet of any one of claims 8-16, comprising an amount of 2-fluoro-N-methyl-4-[7-
(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl|benzamide, or a pharmaceutically

acceptably salt thereof, wherein the amount corresponds to 100 mg of the free base form.

19. The tablet of any one of claims 8-18, wherein the 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide 1s present as the dihydrochloride salt.

20. A method of treating cancer 1n an individual 1n need thereof, comprising administering to

the individual the tablet of any one of claims 1-19.

21. The method of claim 20, wherein the cancer 1s a solid tumor.
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22, The method of claims 20 or 21, wherein the cancer 1s lung cancer, liver cancer, gastric

cancer, a glioblastoma, breast cancer, gastric cancer, kidney cancer, or nasopharyngeal cancer.

23. The method of any one of claims 20-22, wherein the cancer 1s non-small cell lung cancer,

hepatocellular carcinoma, or renal cell carcinoma.

24 The method of any one of claims 20-23, wherein the treatment comprises the
administration of an additional anticancer agent selected from the group consisting of erlotinib,

gefitinib, and buparlisib.

25. A tablet comprising 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo[1,2-
b][1,2,4]trnazin-2-yl]benzamide, or a pharmaceutically acceptable salt thereof, wherein the tablet
COmMprises:
(a) an intragranular phase comprising, by weight:
10-30% of 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo|1,2-
bl[1,2,4]triazin-2-yl]benzamide dihydrochloric acid salt,
10-30% of mannaitol,
10-30% of microcrystalline cellulose,
0 — 1% of sodium dodecyl sulfate,
1 - 10% of polyvinylpolypyrrolidone, and
1-10% of polyvinylpyrrolidone; and
(b) an extragranular phase comprising, by weight:
10-30% of microcrystalline cellulose,
0.1-1% of colloidal silicon dioxide,
1-10% of polyvinylpolypyrrolidone, and
0.1 — 1% of magnesium stearate;
wherein the percentages given for the respective ingredients are relative to the total

weight of the tablet.

235



10

15

20

25

30

CA 02954840 2017-01-11

WO 2016/012963 PCT/IB2015/055561

26. A tablet comprising 2-fluoro-N-methyl-4-[7-(quinolin-6-ylmethyl)imidazo[ 1,2-
b][1,2,4]triazin-2-yl]benzamide, or a pharmaceutically acceptable salt thereof, wherein the tablet
comprises:
(a) an intragranular phase comprising, by weight, about:
23.54% of 2-fluoro-N-methyl-4-[ 7-(quinolin-6-ylmethyl)imidazo|1,2-
bl[1,2,4]triazin-2-yl]benzamide dihydrochloric acid salt,
20% of mannitol,
20.26% of microcrystalline cellulose,
0.2% of sodium dodecyl sulfate,
5% of polyvinylpolypyrrolidone, and
4% of polyvinylpyrrolidone; and
(b) an extragranular phase comprising, by weight, about:
20.75% of microcrystalline cellulose,
0.5% of colloidal silicon dioxide,
5% of polyvinylpolypyrrolidone, and
0.75% of magnesium stearate;
wherein the percentages given for the respective ingredients are relative to the total

weight of the tablet.

27. A process for the production of a tablet comprising 2-fluoro-N-methyl-4-[ 7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]trazin-2-yl]benzamide or a pharmaceutically acceptable salt
thereof, wherein the process comprises:
(a) blending excipients together with 2-fluoro-N-methyl-4-[7-(quinolin-6-
ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl]benzamide;
(b) granulating the mixture formed 1n step (a) together with water;
(¢) drying the granulate formed 1n step (b);
(d) passing the granulate of step (c¢) through a sieve to form the intra-granular phase;
(e) separately sieving suitable excipients as an extragranular phase;
(f) blending together the intragranular phase formed 1n step (d) with the extra-granular
phase formed 1n step (e);

(g) adding a lubricant to the formulation to the mixture formed 1n step (f) and blending; and
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(h) compressing the mixture formed 1n step (g) into tablets.
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