
SOLID DISPERSlONS CONTAlNlNG KINASE lNHlBITORS 

FJELD OF THE INVENTION 

The present invention relates to solid dispersions comprising compounds that inhibit 

protein kinases, to pharmaceutical dosage forms co1nprising such dispersions, to processes 

S for preparing such dispersions and dosage forms and to methods of use thereof for treating 

diseases. 

BACKGROUND OF THE INVENTION 

Mitosis is a process by which a complete copy of a duplicated genome is sc:,,'Tegated 

by the microtuble spindle apparatus into two daughter cells. Aurora-kinases. key mitotic 

I 0 regulators required for genome stability, have been found to be overcxprcssed in human 

tumors. There is therefore an existing need in the therapeutic ans for compounds which 

inhibit /\urora-kinases, compositions comprising the inhibitors and methods of treating 

diseases during \vhich .Aurora-kinases are unregulated or overexprcsscd. 

The reversible phosphorylation of proteins is one of the primary biochemical 

15 mechanisms mediating eukaryotic cell signaling. This reaction is catalyzed by protein 

kinases that transfer the g-phosphate group of A Tr to hydroxyl [,'Toups on target prmcins. 

51 X such cnzyme5- exlst in the human genome of \vhich ~-90 selectively catalyze the 

phosphorylation of tyrosine hydroxyl groups Cytosolic ryrosinc kina_.;;,cs reside intraccllularly 

whereas receptor tyrosine kinascs !RTKs) possess both extracellular and intracellular 

20 domains and function a-; membrane spanning cell surface receptors .. A.s such. RTKs mediate 

the cellular responses to environmental signals and facilitate a broad range of celiular 

proccssc~ including prolifcratlon, migration and survival. 

RTK sibrnaiing path\vays arc normally highly regulated. yc1 their over-activation has 

been sho\vn to promote the gro\vth. sun.'lval and metastasis of cancer cells. Dysrcbrulatcd 

25 RTK signaling occur::.:.; through gene over-expression or mutation and ha~ been correlated \vith 

the progression of various human cancers. 

The VEGF receptor (VEGFRi family consists of three RTKs. KDR (is,inase insert 

gomain-containing [Cceptor; VEGFR2), FL Tl If ms-like ryrosine kinase; VEGFR 1 ). and 

FLT 4 (VEGFR3 i. These receptors mediate the biological function of the vascular endothelial 

30 growth factor;; (VEGF-A. -B, -C. -D. -E and placenta growth factor (PIGF)), a family of 

homodimeric glycoprotcin:- that bind the \/ECiF receptors with varying affinities. 

KDR is the major mediator of the rnitogenic, angiogenic and permeability-enhancing 

effects ofVEGF-A, hereafter refcned to as VEGF. Many different cell types arc able to 



produce VEGF, yet its biological activity is limited predominately to the vasculature by way 

of the endothelial cell-selective expression ofKDR. Not surprisingly, the VEGF/KDR axis is 

a primary mediator of angiogenesis. the means by which new blood vessels are formed from 

preexisting vessels. 

5 FL Tl binds VEGF, VEGF-B and placental b>rowth factor. FL Tl is expressed on the 

surface of smooth muscle cells. monocytes and hcmatopoietic stems cells in addition to 

endothelial cells. Activation of FL Tl signaling results in the mobilization of marrow-derived 

endothelial progenitor cells that are recruited to rumors where they contribute to new blood 

vessel formation. 

10 FLT4 mediates the signaling ofVEGF-C and VEGF-D, which mediate formation of 

15 

tumor-associated lymphatic vessels !lymphangiogenesis). Lymphatic vessels are one of the 

routes by which cancer cells disseminate from solid tumors during metastasis. 

The PDGF receptor (PDGFR) family consists of five RTK's. PDGFR-a and -b, CSFJR. KlT. 

andFLT3. 

CSF-IR is encoded by the cellular homolog of the retroviral oncogene v-fms and is a 

major regulator of macrophage development. Macrophages are frequent components of 

tumor stroma and have been shown 10 modify the extracellular matrix in a manner beneficial 

to tumor gro\vth and metastasis. 

KIT is expressed by hcmatopoictic progenitor cells. mast cells. germ cells and by 

20 pacemaker cell:-: in the gut (interstitial cells of C,H;ialt It contributes to rumor progression by 

two general mechanisms namely autocrinc stimulation by ib ligand. stem cell factor (SCF ), 

and through mutations that result in ligand-independent kina>.;e actjviry. 

FL T3 is normally expressed on hcmatopoietic stern cells where its interaction with 

FLT3 ligand (FL) stimulates stem cell survival. proliferation and differentiation. Jn addition 

25 to being over-expressed in various leukemia cells, FLT3 is frequently mutated in 

hematological malir,,'llancies with approximately one-third of patients with acute mvcloid 

leukemia CA.ML) harboring activating mutations" 

The identification of effective small compounds which specifically inhibit signal 

transduction and cellular proliferation by modulating the activity of tyrosine kinases w 

30 regulate and modulate abnormal or inapprop1iate cell proliferation. differentiation. or 

metabolism is therefore desirable. In particular. the identification of methods and compounds 

that specifically inhibit the function of a tyrosine kinase \vhich is essential for angiogenic 

processes or the formation of vascular hyperpermeability leading to edema. ascites. effusions. 



exudatcs, and macromolecular ext.ravasation and matrix deposition as weil a-.; a'>sociated 

disorders would be beneficial. 

Compounds 1ha1 inhibit protein kinascs such as Aurora-kinases and the VEG FR and 

PDGFR families ofkinases have been identified. These compounds. and methods to make 

5 them. are disclosed in C.S. Patent Publication No. 2007-0155776A1 (hereinafter the '776 

publication) and L'.S. Patent Application No. 12/632183 !hereinafter "the '183 application"), 

incorporated by reference herein in their entirety. 

The very low aqueous solubility of compounds. for example, of the · 183 application 

raises challenges for the formulator. especially where there is a need to maintain acceptable 

JO oral bioavailability. which is strongly dependent on solubility in the aqueous medium of the 

gastrointestinal tract. Various solmions to the challenge of low oral bioavailability have been 

proposed in the an. For example, Sharma & .Joshi (2007) Asian Journal of Pharmaceutics 

1 ( l r9-l 9 discuss various solubility enhancement strategies in preparing solid dispersions. A 

solvent evaporation method for preparing solid dispersions is described therein, mcntionlng 

15 as an example a solid dispersion of etoricoxib. prepared by a process that inelndes dissolving 

polyethylene glvcol (PEG), polyvinylpyrrolidone (PVP or povidone) and the active 

inbrredient in 2-propanol. 

1'o enhance clinical utilit~y of an inhibitor of protein kinascs. for example as. a 

chemotherapeutic in cancer patients, a solid dosage form with acceptable oral bioavailability 

20 wonld be highly desirable, Such a dosage form. and a regimen for oral administration 

thereof. would represent an important advance in treatment of many types of cancer, and 

would more readily enable combination therapies with other chemotherapeutics. 

SUMMARY OF THE !NVENTlON 

There i.s now provided a solid dispersion product comprising N-(4-; 4-amino-

25 hydroxve!hyl )-1 H-pyrazol-4-yl]thieno[3.2-c ]pyridin-3-yl }phenyl i-N'-(3-fluorophenyl)urea or 

a salt thereof. at least one pharmaceutically acceptable water-soluble polymeric carrier. and at 

leas! one pharmaceutically acccprnble surfacumt. 

There is further provided a solid dispersion product comprising N-1.4- {4-amino-7-[1 -

(2-hydroxycthy 1 )-1 H-pyrazol-4-y l]thicno[3 .2-c ]pyridin-3-yl} phcny l )-N'-(3-fluorophcny liurca 

30 or a salt thereof. at least one acid. at least one pharmaceutically acceptable water-soluble 

polymeric carrier. and at least one pharmaceutically acceptable surfactant. 

There is funhcr provided a solid dispersion product comprising N-(4-:4-amino-7-[l-(1-

hydroxyethyl )-1 H-pyrazol-4-y l]thieno[ 3 ,2-c ]pyridin-3-yl} phenyl)~N" -(3-fiuorophenyl)urea. at 
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least one acid, at least one phannaccutically acceptable water-soluble polymeric carrier, and 

at least one pharmaceutically acceptable surfactant 

There is further provided a solid orally deliverable dosage fonn comprising such a 

solid dispersion product, optionally together with one or more additional cxcipicnts. 

There is still further provided a process for preparing a solid dispersion product as 

described above. This process comprises: 

(a) forming a solution comprising (i) N-(4- [ 4-amino-7-[ 1-(2-hydroxyethyl)-I H-pyrazol-

4-yl]thieno[3,2-c ]pyridin-3-yl}phcnyl)-N'-(3-f1uorophenyl)urea or salt thereof. Iii) a 

pharmaceutically acceptable acid, (iii) at least one pharmacentically acceptable water-soluble 

IO polymeric carrier, (iv) at least one pharmaccurically acceptable surfactant, and (v) at least one 

suitable solvent: and 

lb I removing the at least one solvent to provide a solid dispersion comprising the at least 

polymeric carrier, the at least one surfactant, the at least one acid, and having N-!4- :4-amino-

7-[ 1-(2-hydroxyethyl)-I H-pvrazol-4-yl]thieno[3 .2-c ]pyridin-3-vllphenyl)-N'-(3-

15 fluorophcnyl)urca dispersed in an essentially non-crystalline fonn therein. 

There is Still further provided a solid dispersion prepared by the process described 

above. 

There is still further provided a method for treating cancer comprising orally 

administering to a subject having the disease a therapeutically effective amount of a solid 

20 dispersion as described above. or one or more solid dosage forms comprising such a 

dispersion. 

There is further provided a solid dispersion product comprising a kinase inhibitor, at 

least one phannacemica!lv acceptable water-soluble polymeric carrier. and at least one 

pbarrnaceutically acceptable surfactant. wherein the solid dispersion 1a1 remains amorphous 

25 for at least l month under open storage at 25 °( and ?5(~{) RH and (b) exhibits a glass 

transition temperature at 7.51)1, RH of Jes~ than or equal to 15 °c·. Preferably. the kinase 

inhibitor is N-( 4- {4-amino-7-[ I -C-hydroxyethvl)-1 H-pyrazol-4-yl]thicno[3.2-c jpyridin-3-

yl} phenyl)-N'-(3-fluorophenyl )urea or a pharmaceutically acceptable salt thereof. 

Additional embodiments of the invention. including more particular aspects of those 

30 provided above, will be found in, or will be evident from. the detailed description that 

follows. 
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DET AlLED DESCRTPTJON 

A solid dispersion in accordance with the present disclosure comprises N-(4-:4-

amino-7-[ 1-C-hydroxycthyl )-1 H-pyrazol-4-yl]thieno[3.2-c ]pyridin-3-yl }phcnyl)-N'-(3-

fluorophcnyl Jurca or a phannaccutically acceptable salt thereof in an essentially non-

5 crystalline or amorphous form. which is usually more soluble than the crystalline form. The 

term ''solid dispersion'' herein encompasses syste1ns having small solid-state particles of one 

phase dispersed in another solid-state phase. More panicularly, the present solid dispersions 

comprise N-( 4- i. 4-amino-7-[1-(2-hydroxycthyl)-l H-pyrazol-4-yl]thicno[3.2-c ]pyridin-3-

JO 

yl }phenyl )-N'-(3-fluorophenyl)urea dispersed in an inert carrier. 

An "amorphous fonn'· refers w a panicle without definite structure, i.e., Jacking 

crystalline structure. 

l~he term ··essentially' non-crystalline'· herein n1eans that no more than about 5°/(i, for 

exa1nple no more than about 2c~·O, or no more than about l 0/;, crystalliniry is observed by X-ray 

diffraction analysis. In a panicular e1nbodin1ent. no detectable cryst.alhnity is observed by 

15 one or both of X-ray diffraction analysis or polarization microscopy. 

N-( 4- [ 4-amino-7-[ l -!'.'-hydroxycthyl)-J H-pyrazol-4-yjithieno[3 .2-c ]pyridin-3-

yl \phenyl )-N'-(3-fluorophcnyl)urca, including salts thereof typically have very low 

solubillt:v in v.·ater. for cxa1nple less than about 100 µg,-mL in 1nost ca.; es !es~ than about 30 

µgin11. The present invention can be especjally advant.agcous for drugs that arc essent.ially 

20 insoluble in water, i.e., having a solubility of less than about IO µg:ml. since a process of the 

invention incrca-.:es the apparent solubility of such a poorly-:-.oluble active ingredient. 

Examples of such active inb'Tedients are. for example, Biophannaceutics Classification 

System !BCS) Class IV drug substances that arc characterized by low solubility and low 

permeability (see "Waiver of in vivo bioavailabilitv and bioeguivalence studies for 

25 immediate-release solid oral dosage forms based on a biopharmaccutics cla<.;sification 

system", L'S Dcpanment of Health aud Human Services. Food and Drug Administration. 

Center for Drug Evaluation and Research (CDER), Augus1 2000!. lt will be recognized that 

aqueous solubility of manv compounds is pH-dependent; in the case of such compounds the 

solubility of interest herein is at a physiologically relevant pH, for example a pH of about I to 

30 abou1 8. Thus. in various embodiments. the drug has a solubility in \Vatcr, at least at one 

point in a pH rnnge from about 1 to abom 8, of Jess than about l 00 µg;ml. for example less 

than about 30 µg;ml, or less than about l 0 µg1ml. Illustratively. N-( 4-: 4-amino-?-[ 1-12-

hydroxyethyl )-1 H -pyrazol-4-yl]thieno[3 ,2-e ]pyridin-3-y 1} phenyl)-"1' -(3-fluorophenyl)urea 

has a solubility in water of less than 30 ng/ml at pH 7.4. 

5 



Solid dispersions of the present invention comprise as active ingredient N-(4-:4-

amino-7-[ 1-0-hydroxyethyl)-l H-pyrazol-4-yl]thieno[3.2-c]pyridin-3-yi }phenyi)-N'-(3-

fluornphenyl)urea or a pharmaceutically acceptable salt thereof. Optionally they may further 

co1nprisc a second active in&,:rredient, for example a therapeutic agent useful in con1bination 

5 therapy as indicated herein below. 

The active ingredient N-( 4- {4-amino-7-[I -(2-hydroxyethyl)-l H-pyrazol-4-

yl]thieno[3.2-c]pyridin-3-yl)phenyl)-N'-(3-fluorophenyl)urea for use in this invention can be 

crystalline or amorphous in its undispersed state. 

The active ingredient N-( 4- ( 4-amino-7-[ J -(2-hydroxyethyl)-1H-pyrazol-4-yl]thieno[3 .2-

10 c]pyridin-3-yl}phcny])-N'-(3-fluorophenyl)urea for use in this invention can be in salt form 

or the non-salt free base. 

For example, the active ingredient N-( 4- ! 4-amino-7-[1-0-hydroxyethyl )-l H-pvrazol-

4-yl]thieno[3 ,2-c ]pyridin-3-yl }pheny1)-N'-(3-fluorophcnylmrea may fon11 acid addit.ion salts. 

Acid addition salts arc those derived from reaction of a N-(4-: 4-amino- l-12-

15 hydroxyethyl )-1 H-pyrazol-4-yl]thieno[3 .2-e ]pyridin-3-y 11 phenyl )-N' -(3-fluorophenyl )urea 

with an acid. For example, salts including the acetate, adipatc. alginate, bicarbonate, citrate, 

aspanar.e, benzoatc. bcnzcnesulfonatc (bcsylatc ), bisulfate. bmyratc. camphorate. 

camphorsulfonatc, digluconatc. formate, fumarate. glyccrophosphatc, glutamate, hcmisulfatc, 

hcptanoate, hcxanoate. hydrochloride. hydrobromidc. hydroiodidc. lacwbionatc, lactat.c, 

20 maicatc, mcsitylcncsulfonate, methanesulfonatc, naphthvlenesulfonate. nicotinatc. oxalate. 

pamoate. pcctinate. pcrsulfate, phosphate. picratc, propionate, succinate. tartratc, thiocyanate, 

trichloroacctate, trifluoroacctat.c, para-wluencsulfonate and undccanoate salts ofN-(4-14-

amino-7-[ l -(2-hydroxyethyl 1-1 H-pyrnzo!-4-yl]thieno[3.2-c ]pyridin-3-y! }phenyl )-N'-(3-

fluorophenyl !urea can be used in a soiid dispersion of the invention. 

N-( 4- 14-amino-7-[1 -(2-hydroxycthy! )-! H-pyrazol-4-yl]thieno[3 .2-c ]pyridin-3-

yl}phenylj-N'-(3-fluorophcny!)urca is prepared. illustratively. as described in Example I of 

above-cited t:.S. Patent Application No. 1216321 g3_ the entire disclosure ofwhieh is 

incorporated by reference herein. 

N-( 4- f 4-amino-7-[ l -(2-hydroxyethy! H-pyrazol-4-vl]thienoi3 .2-c ]pvridin-3-

30 yl}phenyl)-N'-(3-fluorophenyliurea is present in a solid dispersion of the invention in an 

an1ount that can be therapeutically effective v.:hcn the composltion i~ administered to a 

su~ject in need thereof according to an appropriate regimen. Dosage amounts are expressed 

herein as parent-compound-equivalent (free base equivalent) amounts unlc5' the context 

requires otherwise. Typically, a unit dose (the amount administered at a single time). which 
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can be administered at an appropriate frequency, e.g., twice daily to once weekly, is about 10 

to about 1,000 mg, depending on the compound in question. Where frequency of 

administration is once daily (q.d.), unit dose and daily dose are the same. lllustrativcly, the 

unit dose is typically about 25 to about 1,000 mg, more typically abom 50 to about 500 mg, 

'i for example about 50. about JOO, about 150, about 200, about 250, about :100, about 350, 

about 400, about 450 or about 500 mg. Where the dosage fonn comprises a capsule shell 

enclosing the solid dispersion. a unit dose can be deliverable in a single capsule or a plnrality 

of capsules, most typically l to about l 0 capsules. 

The higher the unit dose. the more desirable it becomes to prepare a solid dispersion 

JO having a relatively high concentration of the drug therein. Typically, the concentration of 

drug in the solid dispersion is at least about 1°1;i. e.g., about 1°/~1 to about 50(~~. b:y free base 

equivalent \vcight, but lovver and higher conccntrat.ions can be acceptable or achievable in 

specific cases. The drug conccntldtion in various einbodimentf., is a1 least about l c~~' e.g., 

about I 01() to about 40°/0, or at least about :;r~;>, e.g., about 5°1~) to about l 5°1~i, or about gt~o, e.g., 

1.5 about x(~-;) to about 12(~() by free base equivalent weight. 

In some embodiments of the invention, the solid dispersion product of the invention 

comprises at least one acid. 1'he at least one acid i~ selected from the srroup consisting of 

citric acid, tartaric acid. succinic acid, malic acid, acetic acid. maleic acid, malonic acid, 

ascorbic acid, lactic acid, sulfuric acid. phosphoric acid. hydrochloric acid, hydrobromic acid, 

20 methanesulfonic acid, benznesulfonic acid. toluenesulfonic acid. ethancdisulfonic acid. 

naphthalenesulfonic acid. and l-hydroxy-2-napthoic acid. In a preferred embodiment, the at 

least one acid is citric acid. 

The at least one acid typically constitute in tmal about 0.1 to about 10 equivalents 

with respect to J\-(4- i 4-amino-7-[ 1-(2-hydroxyethyl)-l H-pyrazol-4-yl]thieno[3.2-c Jpyridin-

25 3-yl fphenyl1-N'-(3-fluorophenyl)urca. e.g., about 0.1 or more. about 0.5 or more, about I or 

more, or about 2 or more, or about 5 or more equivalents. 

The major component of the matrix of a solid dispersion product is a polymer that is 

hydrophilic or water-soluble at least in a part of the pH scale. more particularly at a pH 

occurring in the gastrointestinai (GI) tract, or a combination of such polymers .. A polymer or 

30 polymer mixture useful herein is solid at ambient temperature and. in the interests of good 

storage stability at a range of temperatures. should remain solid even at the highest 

temperatures typically experienced during storage, transp011 and handling of the product. A 

usefui property of a polymer determining it~ usefulness herein is therefore its gias~ transition 

temperature (T ,l. Suitable water-soluble polymers include. but are not limited to, those 
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having a T, of at least about 50°C, more panicularly about 80"C to about J 80"C Methods for 

determining T, values of organic polymers are described for example in Sperling, ed, (! 992) 

Introduction To Phvsical Polvmer Science, 2nd edition, John Wiley & Sons, Inc, 

• 

• 

• 

• 

Non-limiting examples of polymeric caniers useful herein include: 

homopolymers and copolymers ofN-vinyl lactams, especially homopolymers and 

copolymers of:N-vinyl pyrrolidone, e,g,, the homopolymer polvvinylpyrrolidone 

(PVP or povidonc, e,g,, Kollidondi 12 PF or equivalent thereof, Kollidonci\ J 7 PF 

or equivalent thereof Kollidon'i< 25 or equivalent thereof, Kollidon:i\ 30 or 

equivalent thereof, Kollidon'R 90 F or equivalent thereof\ and copolymers such as 

those comprising monomers of~-vinyl pyrrolidone and vinyl acetate 

(copovidonc) orN-vinyl pyrrolidonc and vinyl propionate: 

cellulose esters and cellulose ethers, in particular methylcellulose, cthylcellulose, 

(hydroxyalkylicelluloses such as hydroxypropylcellulose, (hydroxyalkyl)alkyl­

celluloses such as hydroxypropylmethylccllulose (HPMC or hypromellose, c,g,, 

MethocerrM E3 or equivalent thereof, MethoceFM ES or equivalent thereof 

MethocerrM Eli or equivalent thereof, MethoccF" E15 or equivalent thereof, 

MethoceFM K3 or equivalent thereof,), cellulose phthalates and succinates such as 

cellulose acetate phthalate, hydroxypropylmethylccllulosc phthalatc, 

hydroxypropylmethylccllulose succinate and hydroxypropylmcthylccllulosc 

acetate succinate (HPM C-AS ): 

high molecular weight polyalkylene oxides such as polyethylene oxide, 

polypropylene oxide and copolymers of ethylene oxide and propylene oxide 

(poloxamers J: 

polyacrylates and polymethacrylates such as methacrylic acid: ethyl acrylate 

copolymers, mcthacrylie acid1mcthyl mcthacrylate copolymers, butyl 

mcthacry latc 12-dimethy laminoethyl methacry late copolymers. poly(hydroxvalky l 

acrylatcs) and polylhydroxyalkyl mcthacrvlates); 

• polyacrylamidcs: 

• vinyl acetate polymers such as copolymers of vinyl acetate and crotonic acid, 

partially hydrolyzed polyvinyl acetate I also referred t0 as partialiy saponified 

''polyvinyl alcohol") and polyvinyl alcohol; 

oligo- and polysaccharides such as carrageenans, galactornannans and xanthan gum: 

and mixtures of two or more thereof. 



In one embodiment, the solid dispersion matrix comprises one or more polymeric 

can-iers selected from the group consisting ofpolyvinylpyITolidone, hydroxypropyl 

methylccllulose, and mixtures thereof A particular example of a useful copovidone is one 

consistlng of about 60°10 :!\-vinyl pyrrolidone and about 401~0 vinyl acetate monon1cr~ .. A. 

5 particular example uf a useful povidone is one having a K-value (a measure of viscosity of an 

aqueous solution of the povidonc) of about 30, 

One or more polymeric can-iers typically constitute in total about 20% to about 90%, 

for example about 40% to about 85'%, by weight of the solid dispersion, 

Upon oral administration and exposure tO GI fluid, it is believed without being bound 

I 0 by theory that, through interplay between the polymeric can-ier and a surfactant component of 

the solid dispersion, a suitable release rate and inhibition of crystallization or recrystallization 

of the active ingredient are provided. thereby permining bioabsorption. 

Particulariy useful as wrfactams herein are pharmaceutically acceptable non-ionic 

surfactants, especially those having a hydrophilic-lipophilic balance (HLB) value of about 12 

IS to about l 8, for example about 13 to about l 7, or about 14 to about 16. The HLB system (see 

Fiedler !2002; Encvclonedia ofExcipicnts, 5th edition, Aulendorf: ECV-Editio-Cantor­

\"erlag) attributes numeric value~ to surfactants_ with lipophilic substances re,cciving Jov.rcr 

HLB values and hydrophiilc substance~ receiving higher HLB values. 

'Non-limiting examples of non-ionic surfactants useful herein include: 

20 • polyoxyethylenc castor oil derivatives such fil> PEG-35 cac.;tor oil (e.g .. CremophorB 

EL of BASF Corp. or equivalent product), PEG-40 hydrogenated castor oil (c.g,, 

Crcmophor·~ RH40 or equivalent product) and PEG-60 hydrogenated casror oil ( e,g,, 

Crcmophor:k RH 60 or equivalent product;: 

• fatty acid monoestcrs of sorbitan. for example sorbitan monoolcate (e.g .. Span/B 80 or 

?.5 equivalent product). sorbitan monostcarate {e.g .. SpantR 60 or equivalent producf). 

sorbiran monopaimitate (e,g,, Span"' 40 or equivalent product! and sorbitan 

mono!aurate (e.g,, Spall'R 20 or equivalent product): 

30 

• fatty acid monocstcr> ofpolyoxyethylcnc sorbitan (poiysorbarcs) such as PEG-20 

sorbitan monoolcate (polysorbate 80, c,g,, Tween'R 80 or equivalent product) PEG-20 

sorbitan monostearate (polysorbate 60, e,g., Tween'"' 60 or equivalent product), PEG-

20 sorbitan monopalmitate (polvsorbatc 40, c,g,, Tween"' 40 or equivalent product), 

or PEG-20 sorbitan monolaurate (polysorbate 20, e,g,, Tween™ 20 or equivalent 

product;; 
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• poloxamers such as poloxamcr 124, poloxamer 188, poloxamcr 237, poloxamer 31'8 

or poloxamer 407; 

• polyethylene glycol glycerides composed of mono-, di- and triglycerides and mono­

and dicsters of polyethylene glycol (e,g. Gelucirci\ 44!14 or equivalent product and 

5 Gclucire'R 5QiJ3 or equivalent product) 

• a-tocopheryl polyethylene glycol succinate <TPGS or vitamin E polyethylene glycol 

succinate, see C.S. National Formulary); 

and mixtures of two or more thereof. 

One or more surfactants typically constitute in total about 2% to about 40%, for 

l O example about 5(~~) to about 30°11), by weight of the solid dispersion. 

The solid dispersions of the present invention are stable. i.e .. the solid dispersion 

remains amorpholLs. lt is critical that the amorphous solid dispersions do not change form 

overtime and potentially affect the drug product's performance. Therefore, in yc1 another 

embodiment._ there is further provided a solid dispersion product comprising a kinase 

! 5 inhibitor, at lcas1 one pharmaceutically acceptable water-soluble polymeric carrier. and at 

least one pharmaceutically acceptable surfactant. wherein the solid dispersion (a) remains 

amorphous for at least l month under open storage at 25°C and :sc;,<) RH and (b) exhibits a 

glass transition temperature at 7~/1,-i) Rf-l of less than or equal to l 5°C. Preferably. the kinase 

inhibi10r is N-( 4- ( 4-amino-7-[ 1-(2-hydroxyethyl!- l H-pyrazol-4-vl]thicno[3.2-c ]pyridin-3-

20 yl}phcnyli-N'-(3-fluorophcnyl)urca or a pharmaceutically acceptable salt thereof. 

.A dosage form of the invention can consist of or consist essentially o[ a solid dispersion as 

described above. Ho\vcvcr, in some embodiments a dosage fonn contains additional 

cxcipients and requires additional processing of the solid dispersion. For example. the solid 

dispersion can be ground to a powder and filled into a capsule shell or molded or compressed 

:25 to form a tablet \Vith additional excipients as may be conventionally used in such dosage 

forms. 

Thus oraliy deiivcrablc solid dosage forms of the invention include but arc not limited 

to capsules. dragccs. granules. pills. powders and tablets. Excipicnts commonly used to 

formulate such dosage form:-. include encapsulating 1natcrials or fOrn1ulatiun additives such as 

30 absorption accelerators, antioxidants, binders. buffers. coating agents. coloring agents, 

dilucnts, disintCb,'Tating agents. emulsifiers. extenders. fillers. flavoring agents. hu1nectants, 

lubricants., preservatives. propellants, releasing agents. sterilizing agents. S\veeteners, 

solubilizers and mixtures thereof. F~xainplcs of specific excipients include agar, alginic acid, 

IO 



aluminum hydroxide, benzyl benzoate, 1,3-burylene glycol, castor oil, cellulose, cellulose 

acetate, cocoa butter, com starch, com oil, cottonseed oil, ethanol, ethyl acetate, ethyl 

carbonate, ethyl cellulose, ethyl laureate, ethyl oleate, gelatin, germ oil, glucose, glycerol, 

groundnut oil, isopropanol, isotonic saline, lactose, magnesium hydroxide, inagncsium 

') Stearatc, malt, olive oil, peanut oiL potassium phosphate salts, potato starch, rropylene 

glycol, talc, tragacanth, water. safflower oil, sesame oil, sodium carboxvmethyl cellulose, 

sodium lauryl sulfate, sodium phosphate salts, soybean oil, sucrose, temihydrofurfuryl 

alcohol, and mixtures thereof. 

In one embodiment. the orally deliverable solid dosage form of the invention is a 

IO tablet containing solid dispersion powder, filler. disintef,'Tant, glidaut and lubricant. In 

another embodiment, the tablet contains 50% by weight of the solid disrersion powder. 

A process for preparing a solid dispersion as described above comrriscs forming a 

solution comprising!\-( 4- { 4-amino-7 -[ J -C-hydroxyethyl)-1H-pyrazol-4-yl]thicno[3 ,1-

c ]pyridin-3-yl }phenyl)-N'-(3-fluorophenyl)urca or a salt thereof the acid, the polymeric 

15 carrier and the surfactant in at least one suitable solvent; and removing the solvent to provide 

the solid disrcrsion . 

. Alternatively. a process for preparing a sohd dispersion as described above comprises 

forming a solution comprising N-( 4- ~ 4-amino- "7-[_ 1-(.:2-hydroxycthyl1-1 H-pyrazol-4-

yl]thicno[3,1-c]pyridin-3-yl }pheny!}-N'-CH1uoropheny[)urea or a salt thereof, the polymeric 

10 carrier and the surfactant in at least one suitable solvent: and removing the solvent to provide 

the solid dispersion. 

ln yet another embodiment. a process for preparing a soiid <llspcrsion a" described 

above comprises forming a solution comprising N-(4-; 4-amino-7-[ 1-(2-hydroxyethyl)-1 H­

pyrazol-4-yl]thieno[3 .2-c ]pyridin-~-yl }phcnyl-}-N'-(3-fluorophcnyl )urea. the acid. the 

25 polymeric carrier and the surfactant in at least one suitable solvent: and removing the solvent 

10 provide the solid dispersion. 

Jn the forming step, the various components can be added in any order. For example, 

each ingredient can be added to the solvent separately and then dissolved therein. 

Alternatively, the polymeric carrier and;or surfactant can be pre-mixed with the!\-! 4- ;4-

30 amino-7-[l -(2-hvdroxyethyl)-1H-pvrazol-4-yl]thieno[3.2-c ]pyridin-3-vl }phenyl i·N'-13-

fluorophenyl\urea, and the resulting mixture then added w the solvent or the solvent added tu 

the resulting mixture. Alternatively. !\-( 4·: 4-amino-7 -[ i -!2-hydroxyethyl )· l H-pyrnzol-4-

yl]thieno[3,2-c]pyridin-3-yl}pheny!J-N'-! 3-f1uorophenyl 1Urea and the acid can be added to 

the at least one solvent, then add the polymeric carrier and surfactant. 

l l 



Jn principle any solvent can be used so long as it is effective to dissolve the active 

ingredient, polymer carrier and surfactant Non-limiting examples of solvents !hat can be 

useful include methanol, ethanol, acetone, tetrahydrofuran, water and mixtures thereof. In a 

preferred embodiment, a combination of an aqueous solvent and a water-miscible organic 

5 solvent is lLSCd. Preferably, the components are dissolved in a mixture of water and acetone 

or a mixture of water and tetrahydrofuran. 

Solvent removal can be accomplished using heat. vacuum or a combination thereof 

If heat is used, it is generally preferable to avoid exceeding the glass transition temperature 

IT,) of the polymeric matrix. For most purposes heating at a temperature of about 50°C to 

10 about 80°C. for example about 55°C to about 75°C, will be found suitable. After solvent 

removal, the resulting product is cooled (if necessary) to ambient temperature. 

Further process details can be found in the illustrative processes of Example l below. 

The terms "'orally deliverable", "oral administration'· and "orally administered'" herein 

refer t0 administration to a subject per os (p.o. ), that is. administration wherein the 

15 composition is immediately swallowed. for example with the aid of a suitable volume of 

water or other potable liquid. "Oral administration'· is distinguished herein from intraoral 

ad1ninistration, e.g., sublingual or buccal administration or topical administration to intraoral 

tissues such as periodontal tissues. that does not involve immediate s\vallo\.ving of the 

composition. 

20 The invention provides a soild dispersion or dosage form having acceptable 

bioabsorption when administered orally. Such bioabsorption can be evidenced. for example. 

by the pharmacokinetic (PK) profile of the solid dispersion or dosage form. more panicularlv 

by the C,,"' or AUC. for example AUC".24 or AliC,H. at a particular dose or over a range of 

doses. Illustratively, bioavailabilit~v can be expressed as a percentage. for example using the 

25 parameter F, which computes .A.lJC for oral delivery of a test composition a~ a percentage of 

_l\.UC for intravenous .) delivery of the drug in a suitable soivent taking into account any 

difference between oral and i.v. doses. 

Bioavailability can be determined bv PK studies in humans or in any suitable model 

species. For prescn1 purposes, a dog model, as illustratively described in Example 2 below, is 

30 generall~y :-uitable. In various illustrative embodiments, where the drug is 1'-(4- { 4-amino-7-

[ 1-0-hydroxyethyl)- I H-pyrazol-4-yl]thicno[3 .2-c jpyridin-3-y l }phenvl )-N'-(3-

fluorophenyl !urea. compositions of the invention exhibit oral bioavailabiiity of at least about 

15~0, at least about 20°1~, at least about 25(~'(1 or at least about 30°/0, up to or exceeding about 
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SOC/~), in a dog model, \Vhen administered as a single dose of about 2.5 to abou1 50 mg/kg to 

fasting or non-fasting animals. 

Compositions embraced herein, including compositions described generally or with 

specificity herein, are useful for orally delivering N-( 4- { 4-amino-7-[ I -(2-hydroxyethyl)-l H-

5 pyrazol-4-yl]thieno[3 ,2-c ]pyridin-3-yl lpheny!)-N'-(3-fluorophenyliurea to a subject. 

Accordingly, a method of the invention for delivering such a drug to a subject comprises 

orally administering a composition as described above. 

The subject can be human or non-human (e.g., a farm, zoo, work or companion 

animal, or a laboratory animal used as a model) but in an imponam embodiment the subject 

I 0 is a human patient in need of the drug. for example to treat cancer. A human subject can be 

male or female and of any age. but is typically an adult. 

The composition is normally adminis1ered in an amount providing a therapeutically 

effective daily dose of the drug. The term "daily dose" herein means the amount of drug 

administered per day. regardless of the frequency of administration. For example, if the 

15 subject receives a unit dose of 150 mg twice daily, the daily dose is }00 mg. Use of the term 

'·daily dose'' will be understood not to imply that the specified dosage amount is necessarily 

administered once dailv. However, in a panicular embodiment the dosing frequency is once 

daily iq.d.J. and the daily dose and unit dose arc in this embodiment the same thing. 

What constitutes a therapeutically effective dose depends on the panicular compound, 

20 the subject (including specie~ and body weight of the subject), the disease (e.g .. the panicu1ar 

type of cancer_) to be treated. the stage and; or severity of the disease. the individual subject· s 

tolerance of the compound, whether the compound is administered in monotherapy or in 

combination with one or more other drugs. e.g., other chemotherapeutics for treatment of 

cancer, and other factors. Thus the daily dose can vary within wide margins. for example 

25 from about I 0 io about I .000 mg. Greater or lesser daily doses can be appropriate in specific 

situations. It will be understood thal recitation bercin of a "'therapeutically effective'· dose 

herein does not necessarily require that the drug be therapeutically effective if only a single 

such dose is administered; typically therapeutic efficacy depends on the composition being 

administered rcpca1e<lly according tu a regimen involving appropriate frequency and duration 

30 of administration. It is strongly preferred that, while the daily dose selected is sufficient to 

provide benefit in tcnns of treating the cancer. it should not be sufficient to provoke an 

adverse side-effect 10 an unacceptable or intolerable degree. A suitable therapeutically 

effective dose can be selected by the physician of ordinary skill without undue 

experimentation based on the disclosure herein and on an cited herein, taking into account 
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factors such as those mentioned above, The physician may, for example, start a cancer 

patient on a course of therapy with a relatively low daily dose and titrate the dose upwards 

over a period of days or weeks, to reduce risk of adverse side-effects, 

lllustratively, suitable doses of N-( 4-!4-amino-7-[ 1-(2-hydroxyethyl )-1 H-pyrazol-4-

5 yl]thieno[3,2-c]pyridin-3-yl lphenyl)-N'-(3-fluorophenyl)urea arc generally about 10 to about 

1,000 mg/day, more typically about 50 to about 500 mg;day or about 200 to about 400 

mg/day, for example about 50, about 100, about 150, about 200, about 250, about 300, about 

350, about 400, about 450 or about 500 mg/day, administered at an average dosage interval 

of 3 10 10 days, or about 4 to 8 days, or about 7 days, 

JO Where the composition is in the form of a capsule, one 10 a small plurality of capsules 

can be swallowed whole, typically with the aid of water or other imbibablc liquid to help the 

swallowing proces» Suitable capsule shell material> include, without limitation, gelatin (in 

the fonn of hard gelatin capsules or soft ela..:;tic gelatin capsules). starch. carragecnan and 

HPMC 

As compositions of the present invention are believed to exhibit only a minor food 

effect. administration according to the present ernbodiment can be with or without food, i.e .. 

in a non-fasting or fasting condition. It!$ generally.· preferred to administer the present 

compositions 10 a non-fasting patient. 

Compositions of the invention are suitable for use in monotherapy or in combination 

20 therapy, for example with other chemotherapeutics or with ionizing radiation_ A panicular 

advantage of the present invention is that it permits once-daily oral administration. a regimen 

\vhich is convenient for the patient vvho is undergoing treatment \vith other orally 

administered drugs on a once-daily regimen. Oral adminisrration is caoSily accomplished by' 

the patient him/herself or by a caregiver in the patient'~ home; it is also a convenient route of 

25 administration for patients in a hospital or residential care setting. 

_!\.. co1nposition of the invention, for example such a composition comprising N-(4- l 4-

amino-7 -[ 1-(2-hydroxyethyl)- l H-pyrazol-4-yl Jthieno[ 3 ,2-c ]pyridin-3-yl I phenyl i-N'-13-

fluorophenyliurea, can be administered in combination therapy with one or more therapeutic 

agents that include, but are not limited to. aihrylating agents, angiogenesis inhibitors. 

30 antibodies, antimetabolites, antimitotics, antiproliferatives. antivirals. auron:1 kinase 

inhibitors. other apoptosis promoters (for example, Bcl-xL Bcl-w and Bfl-1 inhibitors), 

activators ofa death receptor pathway, Bcr-Abl kinase inhibitors, BiTE (bi-specific T-cell 

engager) antibodies. antibody-drug conjugates. biological response modifiers, cyclin­

dependcnt kinase (CDK) inhibitors, cell cycle inhibitors, cyclooxygenasc-2 (COX-2) 
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inhibitors, dual variable domain binding proteins (DVDs), human epidermal gro"W1h factor 

receptor 2 (ErbB2 or HER:2neu) receptor inhibitors, gro'W1h factor inhibitors, heat shock 

protein (HSP)-90 inhibitors. histone deacetylase (HDAC) inhibitors, hormonal therapies, 

immunologicals, inhibitors of apoptosis proteins (lAh ), intercalating antibiotics, kinase 

5 inhibitors, kinesin inhibitors, JAK2 inhibitors, mammalian target ofrapamycin !mTOR) 

inhibitors, microRNAs, mitogen-activated extracellular signal-regulated kinase (MEKi 

inhibitors, multivalent binding proteins, non-steroidal anti-inflammatory drugs (NSAJDs ), 

poly-ADP (adcnosinc diphosphate)-ribose polymerase (PARP) inhibitors, platinum 

chemotherapeutics, polo-like kinase (Pili:) inhibitors, phosphoinositidc-3 kinase (P13KJ 

I 0 inhibitors. proteasome inhibitors, purine analogs. pyrimidine analogs, receptor tyrosine 

kinase inhibitors, rctinoids, deltoids, plant alkaloids, small inhibitory ribonucleic acids 

(siRNAs), topoisomerase inhibitors, ubiquitin ligase inhibitors, and the like, 

BiTE antibodies are bi-specific amibodies that direct T-cells 10 arrack cancer cells by 

simultaneously binding the two cells. The T-cell then attach the target cancer celL 

l 5 Examples of BiTE antibodies include, but are not limited tO, adecatumumab (Micromet 

MT20l ), blinatumomab (Micromct MTl03) and the like. \Vithout being iimited by theory, one 

of the mechanisms by which T-cclls elicit apoptosis of the target cancer cell is by cxocytosis 

of cytolytic granule components, \Vhich include perforin and granzymc B. In this regard, 

Bcl-2 has been shown to ancnuatc the induction of apopt0sis by both perforin and granzymc 

20 B, These darn suggest that inhibition of Bcl-2 could enhance the cytotoxic effects elicited by 

T-cells when targeted to cancer cells (Sutton ct aL i 199 7 ) J. lmmunoL 158:571'3~5 790). 

SiRN;\.s arc molecules having endogenous RN.I\ bases or chemicaily modified nucleotides. 

The modifications do not abolish cellular activity, but rather impan increased stability and/or 

increased cellular p01encv. Examples of chemical modifications include phosphorothioatc 

25 groups, ~'-dcoxynuclcotidc, :2'-0(.H,.-containing ribonucleotides. :?'-F-ribonucleotidcs. ::!' 

methoxvethyl ribonucle0tides, combinations thereof and the like, The siRNA can have 

va~ving lengths 1 e.g .. l 0--200 bps) and strucmres (e.g .. hairpin~. single1double strands. 

bulges. nicksrgaps, mismatches! and arc processed in cells to provide active gene silencing. 

A double-stranded siRl\A I dsRNA) can have the same number of nucleotides on each strand 

30 (blunt ends) or asymmetric ends (overhangs}. The overhang of 1-2 nucleotides can be 

present on the sense andt.or the antisen~c strand. as v;,.'ell a.c. present on the 5'- and, or the 3'­

cnds ofa given strand. For example, siR:'.\.A..t' targeting I'vlcl-1 have been sho\\rn to enhance 

the activity of ABT-263 cir ABT-7 3 7 in variou> wmor cell lines (Tse et al. (20081 """''"""""" 

Res. 6R:342J-3428 and references therein I. 
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Multivalent binding proteins are binding proteins comprising two or more antigen 

binding sites. Mu1tlvalent binding proteins are engineered to have the three or more antigen 

binding sites and are generally not naturally occurring antibodies. The term "multispecific 

binding protein" means a binding protein capable of binding two or more related or unrelated 

5 targets. Dual variable domain (D\lD) binding proteins are tetravalent or multivalen1 binding 

proteins binding proteins comprising two or more antigen binding sites. Such DVDs may be 

monospccific (i.e., capable of binding one antigen) or multispecific (i.e .. capable of binding 

two or n1ore antigens). D\7D binding proteins comprising two heavy-chain DVD 

polypeptides and two light-chain DVD polypeptides are referred to as DVD !g's. Each half 

JO ofa DVD lg comprises a heavy-chain DVD polypeptide, a light-chain DVD polypeptide. and 

two antigen binding sites. Each binding site comprises a heavy -chain variable domain and a 

light-chain variable domain \vith a total of 6 (~DRs involved in antigen binding per antigen 

binding sire. 

Alkylating agents include altrctaminc. AMD-473, AP-5280, apaziquonc, 

15 bcndamustinc, brostallicin. busulfan. carboquone, carmustine (BCNU), chlorambucil, 

Clorctazinc'" (laromustine, VNP 40 I 0 IM), cyclophosphamide, dacarbazinc, estramustinc, 

fotemustine, glufosfamidc, ifosfarnidc, KW-'.' 170, Jomust.inc ( CCNL'. ). rnafosfamidc. 

n1clphalan, rnitobronitol, n1itolactol. nin1us1inc, nitrogen 111u:-;tard ~-oxide. ranimustinc, 

tcmozolomidc, thiotcpa. trcosulfan. trofosfamidc and the like. 

20 i\.ngiogcncsi~ inhibitors include epi<lennaJ gro\vth factor receptor fEGFR l inhibitors, 

endothelial-specific receptor tyrosine kinase (Tic-2) inhibitors, insulin grmmh factor-2 

rcccpwr (JGFR-2) inhibitors, matrix metalioproteinasc-2 (MMP-'.'.J inhibitors, matrix 

mcralloprotcinase-9 (MMP-9) inhibitors, platelet-derived growih factor receptor (PDGFRJ 

inhibitors, thrombospondin analogs, vascular endothelial bJTO\:vth factor receptor tyrosine 

25 kinase (VEGFR) inhibi10rs and the ii](e. 

Antimctaboiites include Alimta'M (pcmctrexed disodium. L Y23 l 5 l 4. MTA ). 

5-azacitidinc, Xeloda'M (capecitabine). carmofur, Leusratrn (cladribine), clofarabine. 

cyrarabine, cytarabine ocfosfatc, cytosine arabinoside. decitabine, deferoxamine. 

doxifluridinc, cfiomithine, El CAR ( 5-ethyryl-1-!3-D-ribofuranosylimidazolc-4-

30 carboxamide ), cnocitabine. cthenylcytidinc. fludarabine. 5-fluorouracii ( 5-FU J alone or in 

combination \\'ith 1cucovorin. GcmzarT\·1 (gcmcltabinc), hydroxyurca, jl\Jkcranr\1 (1nclphalan). 

mcrcaptopurine, 6-mercaptopurinc ribosidc. methotrexatc. mycophenolic acid, nclarabinc. 

nolatrcxcd, ocfosfatc. pclitrcxoL pcntosratin. rahiTrcxcd. ribavirin. S-1. triapinc, trin1ctrcxatc. 

TS-I. tiazofurin, tegafur. vidarabine, l'.FT and the like. 
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Antivirals include ritonavir, hydroxychloroquine and the like, 

Aurora kinase inhibitors include AZD-1152, MLN-8054, VX-680, aurora A-specific 

kinase inhibitors, aurora B-specific kinase inhibitors, pan-aurora kinase inhibitors and the 

like, 

Bcl-2 family protein inhibitors other than ABT-263 or compounds of Formula I 

herein include .A. T-l 0 l ( (-)gossypol), GenasenscTM Bcl-2-targeting antisense oligonucleotide 

(03139 or oblimersen), JPI-194, !Pl-565, N-( 4-(4-(( 4'-chloro( 1, l '-biphenyl)-2-yl)metbyl) 

piperazin-l-yl)benzoyl)-4-((( l R)-3-( dimethylamino)-1-

((phenylsu!fanyl )methyl)propyl)amino )-3-nitrobenzenesulfonamide) !ABT-73 7), GX-070 

JO ( obatoclax) and the like, 

Ber-Abl kinase inhibitors include dasatinib (BMS-354825), Gleevecrn (imatinibl and 

the liJ,e, 

CDK inhibitors include AZD-5438, BMl-1040, BMS-387032, CVT-2584, 

flavopyridol, CJ!'C-286199, MCS-5A, PD033299 l, PHA-690509, seliciclib (CY C-202 or 

15 R-roscovitineJ. ZK-304709 and the like. 

COX-2 inhibiHm include ABT-963, Arcoxia1 " (etoricoxib), Bcxtra1 M (valdccoxib), 

BMS-347070, CclcbrcxTM !celccoxib), COX-I 89 (lumiracoxib), CT-3, DeramaxxTM 

I deracoxib i, JTE-522, 4-rncthyl-:'-13 ,4-dimctby lphenvl)- l -(4-sulfamovlphcnyl)-I H-pyn-olc, 

MK-663 1c10ricoxib.1. NS-398, parecoxib. RS-57067, SC-58125, SD-838!, SVT-2016. S-

20 2474, T-614, VioxxTM 1rofccoxibl and the like. 

EGFR inhibitors include ABX-EGF, anti-EGFR immunoliposomes. EGF-vaccinc, 

EMD-7200, ErbituxTM (cetuximabj, HRJ, Jg.A antibodie~. lressaTM (gefitinib), TarcevaTM 

(erlotinib or OSJ-774), TP-38. EGFR fusion protein. TykerbTM (lapatinib) and the like. 

ErbB2 receptor inhibitors include CP-724" 14. Cl-I 033 ( cancrtinib ), Hcrccptin™ 

25 (trastuzumab), TykcrbTM (iapatinibJ. Omnirarg1 M (2C4, pemzumab), TAK-165, GW-572016 

(ionafamibJ, GW-2X2974, EKB-569, PJ-166. dHER2 (l-JER2 vaccine), APC-8024 IHER2 

\'accinc1. anti-HER'2neu bispecific antibody. B7Jier2lgG3. AS HER2 trifunctional bispecific 

antibodies. mAB AR-209. mAB 28-1 and the like. 

Histone deacetylasc inhibitors include depsipeptide. LAQ-824, MS-275, trapoxin. 

30 suberoylanilide hydroxamic acid ISAHAL TSA. valproic acid and the like. 

HSP-90 inhibitor> include J7AAG. CNF-IOL CNF-1010. CNF-2024, 17-DMAG. 

gcldanamycin. !Pl-504. KOS-953. Mycograb"" (human recombinant antibody to HSP-90), 

nab-17AAG, NCS-683664, Pl:24FCL PL:-3, radicicoL SNX-2112. STA-9090, VER-49009 

and the like. 



lnhibitors ofapoptosis proteins include HGS-1029, GDC-0145, GDC-0152, LCL-

161. LBW-242 and the like. 

Antibody-drug conjugates include anti-CD22-MC-MMA.F, anti-CD22-MC-MMAE, 

ami-CD22-MCC-DM1, CR-011-vcMMAE, PSMA-ADC, MEDl-547. SGN-l 9A, SGN-35, 

5 SGN-7 5 and the like. 

IO 
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Activators of death receptor pathway include TRA.lL and antibodies or other agents 

that target TRAIL or death receptors (e.g., DR4 and DRS) such as apomab. conatumumab, 

ETR2-STOl. GDC0145 (lexarumumab). HGS-1029, LBY-135, PR0-1762, trastuzumab and 

the like. 

Kinesin inhibitor> include Eg5 inhibitors such as AZD-4k77 and ARRY-520. CENPE 

inhibitors such as GSK-923295A, and the like. 

JAK2 inhibitors include CEP-70 l Oesaurrinib ). XLO 19, !NCB-01 g424 and the like. 

MEK inhibitors include ARRY-142886, ARRY-438162. PD-325901. PD-98059 and 

the like. 

mTOR inhibitors include AP-23573. CCJ-779, everolimus, RAD-001, rapamyein. 

temsirolimus. A TP-competitivc TORC LTORC2 inhibitors, including Pl-! 03, PP242, PP30 

and Torin l. and the like. 

Non-steroidal anti-intlamn1atory drug~ include .L\rnigesicTM ( salsalate L DolobidTM 

(diflunisal). M0trinTM (ibuprofen), Orudis1 " lkctoprofen). RelafenTM 1nabumc10nc). 

20 FeldencT" 1piroxicam), ibuprofen cream, Alevern and :NaprosynTM (naproxen), Voltaren™ 

! diclofenac), lndocinTM lindomethacin). CiinoriP" (sulindac), Tolectin 1 " (tolmetinJ. 

I~odjneTM (etodoiac), ToradoJT!>1 (ketorolac), DayproTM (oxaprozin'I and the like. 

PDGFR inhibitors include CP-673451. CP-868596 and the like. 

Platinum chemotherapeutics include cisplatin. Eloxatin1 " ( oxaliplatin). eptaplatin, 

25 lobaplatin. ncdaplatin. Paraplatin™ (carboplarin), picoplatin, satraplatin and the like. 

30 

Polo-like kinase inhibitors include B!-2536 and the like. 

Phosphoinositidc-3 kinase inhibitors include worrmannin, L Y-294002. XL- I 47. CAL-

120. ONC-21, AEZS-127, ETP-45658, PX-866, GDC-0941, BGT226. BEZ235. XL765 and 

the like. 

Thrombospondin analogs include ABT-510, ABT-567, ABT-898. TSP-1 and the like. 

VEG FR inhibitors include Avastin'" (bevacizumab ), ABT-869, AEE-788, 

.l\ngiozymeTM (a ribozyme that inhibits angiogenesis (Ribozyme Pham1accuticals (Boulder. 

CO) and Chiron (Emeryville. CA)). axitinib (AG-137361. AZD-2171, CP-547632. IM-862, 

Macugenrn (pegaptanib), "Jexavarrn (sorafenib, BAY 43-9006 i. pazopanib ( GW-786034), 



vatalanib IPTK-787 or ZK-222584), Sment™ (sunitinib or SU-1l248), VEGF tr'dp, 

Zactima"' (vandetanib or ZD-6474) and the like. 

Antibiotics include intercalating antibiotics such as aclarubicin, actinomycin D. 

amrubicin, annamycin, AdriamycinTM (doxorubicin }, Blenoxane1 " (bleomycin), 

5 daunorubicin, CaelyxT" and Myocef'M (iiposomal doxorubicin), elsamitrucin, epirubicin. 

g:larubicin, idarubicin, mito1nycin C, nernorubicin, ncocarzinostatin. peplo1nycin, pirarubicin. 

rebeccamycin, stimalamer, streptozocin. ValstarTM (valrubicin). zinostatin and the like. 

Topoisomerase inhibitors include aclarubicin, 9-aminocamptothccin, amonafide, amsacrine, 

becatecarin, belotecan. BN-80915, Camptosarrn (irinotecan hydrochloride). campt0thecin. 

10 Cardioxane1 " (dexrazoxanc). diflomotecan. edotecarin, Ellence1
M and Pharmorubicin1 M 

(epirubicin), etoposide, exatecan, 10-hydroxycamptothecin, gimatecan. lurtotccan, 

mitoxantrone, orathecin, pirarbucin, pixantrone, rubitecan, sobuzoxane. SN-3R, t.afluposide, 

topotecan and the like. 

Antibodies include Avastin"' (bevacizumab), CD40-specific antibodies. chTNT-1 /B, 

15 denosumab, ErbituxT" (ccruximab), Humax-CD41 " 1zanolimumab), JGFJ R-spccific 

amibodies. lintuzumab, PanorexTM (edrecolomab). Rencarex™ (WX 0250), RituxanTM 

(rimximab), ticilimumab. trastuzumab. CD20 antibodies types J and ll and the like. 

1--lormonal therapies include /l.,,rimidcxTM ( anastrozole ), J\romasin ™ ( cxen1cstanc ), 

arzoxifene. CasodexTM (bicalutamide). CetrotidcT" (cetrorclix), degarclix. deslorclin, 

20 Desopan1 M (trilostane), dcxamethasonc, Drogenil"" (flmamide), EvistaTM lraloxifene), 

Afema·rn (fadrozolc). FarestonTM lwrcmifcneJ, FaslodexTM (fu!vcstrant). FcmaraTM 

(letrozole), formestane. glucoconicoids._ HectoroJTM (doxercalcifcrol). RenagcJTM (sevelamcr 

carbonate). iasofoxifenc, leuproii<lc acetate. McgaceTM (megestrol), Mifcprcx™ 

(mifepristone), NilandronTM (nilutamidel, tarnoxifcn including ~o1vadcxTM (tarnoxifen 

25 citrate). PlcnaxisTM (abarclix). prednisone. PropeciaTM (finasteride), rilostanc:. Suprcfac(L\1 

(buscrelin), luteinizing hormone releasing hormone (LHRH; including TrclstarrM 

(triptorelin). histreiin including \i anta-:,T'-1 (histrelin implant), ModrastancTM ( trilostane ), 

Zoladexrn \goserelin) and the like. 

Deltoids and retinoids include seocalcit0l IEB 101'9 or CB 1093 ). lexacalcitol 

30 (KH 1060). fcnretinide. PanrctinTM i' alitretinoin ), tretinoin including .A.tragenT~1 (iiposoma1 

trctinoin ). Tar;.,rretinTM (bcxarotenc). LGD-1550 and the like. 

PARP inhibitor> include ABT-1'88. olaparib. KU-59436. lcZD-22X l, AG-014699. 

BSl-201. BGP-15. IN0-1001. ON0-2231 and the iike. 

Plant alkaloids include vincristine, vinblastine. vindesine. vinorelbinc and the like. 
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Prmcasomc inhibitors include VelcadeTM (bortczomib), MGl32, NPl-0052. PR-171 

and the like. 

Examples of immunologicals include interferons and other immune-enhancing agents. 

Interferons include interferon alpha, interferon alpha-2a, interferon alpha-2b, ime1foron beta, 

5 interferon gamn1a-l a, 1\ctim1nuneTM (interferon gamma-1 b ), interferon gamma-n I, 

combinations thereof and the like. Other agents include Alfafcrone (JFN-al. BAM-002 

(oxidized glutathione), BeromunTM (tasonermin). BexxarTM (tositumomab), Campath'M 

(alemtuzumab), CTLA4 (cytotoxic lymphocyte antigen 4), dacarbazine, denileukin, 

epratuzumab, GranocytefM (leno:,,>rastim), lentinan. leukocyte alpha interferon, imiquimod, 

l 0 MDX-010 (anti-CTLA-4 ), melanoma vaccine, mitumomab. molgramostim, Mylotarg'M 

(gcn1tuzumab ozoga.micin), NeupogenTM (filgrastim). Onco\' AC-CL, OvarexTM 

(oregovomab ). pemtumomab (Y-muHMFG l ), Provenge'J"M ( sipulcucel-T). sargaramostim. 

sizofiran, teceleukin, Theracys'M !BCG or Bacillus Calmette-Gucrin), ubenimex, VirulizinTM 

(immunothcrapcutic. Lorus Pharmaceuticals), Z-100 (Specific Substance of Maruyama or 

15 SSM ), WF-10 (tctrdchlorodccaoxidc or TCDO). Prolcukin ™ (aldcslcukin). Zadaxin rn 

(thymalfasin), Zcnapax™ (daclizumab). ZcvaJinTM (90Y-ibrirnmomab tiuxctan) and the like. 

Biological response modifiers are agents that modif:y defense mechanisms of living 

organism:-: or bloloi..,rical responses, such a~ survivaL gn.)\\Lh or differentiation of tissue cell~ to 

direct them to have anti-tumor activity. and include krestin, lentinan. sizofiran. picibaniL PF-

20 3512676 iCpG-8954). ubenimcx and the like. 

Pyrimidine analogs include cytarabine (cytosine arabinoside. ara C' or arabinosidc ('.), 

doxifluridinc, FludaraTM (flu<larabincJ. 5-F·L; (5-fluorouracil), floxuridine, GemzarTM 

(gcmcitabine). TomudexTM (raltitrexe<l\ triacetyluridine. TroxatyJTM (troxacitabinc} and the 

like. 

Purine analogs include LanvisTM (thioguaninc). PurinethoITl\1 (mcrcaptopurinc) llnd 

the like. 

Antimitotic agents include batabulin. epothilone D iKOS-R62J. N-0-(!4-

hydroxyphenyl )amino )pyridin-3-y 1)-4-mcthoxybcnzenesulfonamide. ixabcpilone CBM S-

24 7 '50). paclirnxeL Taxotcrc"" idocetaxel), larmaxel !P'-1-:- l 00940. RPR-10988 I or XRP-

30 9881 I. patupilone. vinfiunine. ZK-EPO (synthetic cpothiloneJ and the like. 

Ubiquitin ligasc inhibitors include MDM2 inhibitors such as nutlins. NEDD8 

inhibitors such as MLN4924, and the like. 

C.01npositions of this invention can also be: used as radioscnsitizcrs that enhance the 

efficacy of radiotherapy. Examples of radiotherapy include, but arc not limited to, external 



beam radiotherapy (XBRT), telctherapy, brachytherapy, sealed-source radiotherapy, 

unscaled-source radiotherapy and the like. 

Additionally or alternatively, a composition of the present invention can be 

administered in combination therapy with one or more antitumor or chemotherapeutic agents 

5 selected from AbraxaneTM 1ABI-007). ABT-100 lfamesyl transferase inhibitor). AdvcxinTM 

(Ad5CMV-p53 vaccine or contusugene ladcnovcc). AltocorTM or MevacorTM (lovastatin). 

AmpligcnTM (poly(T)-poly(Cl2UJ. a synthetic Rc'lA). AptosynT" (exisulind). Arcdiar" 

(pamidronic acid). arglabin, L-asparaginase, atamestane ( l -methyl-3.17-dione-androsta-l .4-

dicnc). AvagcTM (tazarotcnc). A VE-R062 (combretastatin derivative), BEC:2 (mitnmomab), 

IO cachcctin or cachcxin (tumor necrosis factor), CanvaxinT"'1 (melanoma vaccine). Cea \ 1acTf.i 

(cancer vaccine). C:clcukT" (celmolcukin), histamine including C:eplencTM (histamine 

dihydrochloride). CcrvarixT" (AS04 adjuvant-adsorbed human papilloma virus (HPV) 

vaccine). CHOP (CytoxanTM (cyclophosphamide) c- Adriamycin™ (doxorubicin)-,­

Oncovin TM (vincrisrinc) ~ prcdnisonc), combrctastatin A4P, Cypat1 " (cyproteronc ), 

15 DABC389)EGF I catalytic and translocation domains of diphtheria toxin fused via a His·Ala 

linker to human epidermal gro\\rth factor), dacarbazinc, dactinomycin, DimericincTM (1'4N.5 

liposomc lotion I. 5 .6-dimethylxanthenone-4-acctic acid (DMXAA), discodcrmolidc, DX­

XL)~ 1 f ! cxatc.can n1csylatc J, cniluracil ( cthynyluraciI ), squalamine including EvizonT:-.1 

1squalaminc lactate), cnzastaurin, EP0-906 (cpothilone B), GardasiF" (quadrivalcm human 

20 papilloma virus (Types 6. 11. 16, l 8) recombinant vaccine). Gastrimmune1 ". Gcnascnsc1 M 

1oblimcrscn). GMK 1gangliosidc conjugate vaccine). GVAxrn (prostate cancer vaccine), 

halofuginone. histerclin. hydroxycarbamide, ibandronic acid. IGN-l 0 I, JL- l 3-PE3 R, 11-1 3-

PE38QQR (cimrcdekin besudotox). lL-13-pseudomonas exotoxin, interfcron-r1, interferon·;'. 

JunovanTM and M cpactTM 1 mifamurtide ), lonafarnib. 5.10-mcthylcnetctrahydrofolate, 

2.' miltefosine (hcxadecylphosphocholine), NcovastatTM (AE-941 ). NeutrcxinTM (ttirnetrcxatc 

glucuronatc)_ NipentTM (pe.ntostatin), OnconaseT~1 (ranpirnase, a ribonucieasc enzyme)_ 

OncophageTM (vitespen. melanoma vaccine treatment), Onco\l.f\_XTM (11.-2 vaccine), 

OrathecinTM (rubitccan). OsidcmTM (antibody-ba"led ce11 drug). Ovarex™ M_A.b (murine 

monoclonal antibody). paclitaxcl albumin-stabilized nanoparticle. paclitaxcl. PandirncxTM 

30 (aglyconc saponins from ginseng comp1ising 20(S)-protopanaxadiol (aPPD) and 20(S)­

protopanaxatriol ( aPPT) L panitumumab. PanvacTM_ \/f (investigational cancer vaccine). 

pegaspargase. peginterferon alfa (PEG interferon.>\)_ phenoxodiol. procarbazine. rcbimastat. 

R cmovab"' ( caturnaxomab). RevlirnidTM (lenalidornide ). RSR 13 ( efaproxira]J. Somatuline·rn 

LA (lanreotide). Soriatane™ (acitretin), staurosporine (Streptomyce> staurospores), talabostat 
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(PTJOO), Tarf,'TetinTM (bexarotene), Taxoprexinn1 (docosahexaenoic acid (DHA) ~ 

paclitaxel), Telcyta™ (canfosfamide, TLK-286), Temodarrn (temozolomidc), tesmilifene, 

tetrandrine, thalidomide, TheratopeTM (STn-KLH vaccine), Tnymitaq™ (nolatrexed 

dihydrochloride), TNFeraderM (adenovector: DNA carrier containing the gene for tumor 

5 necrosis factor-u'1, Traclecr™ or Zavesca™ (bosentan), TrausMID-l07RTM fKSB-3 J J, 

diphtheria toxins), trctinoin Cretin-A), TrisenoxTM (arsenic trioxide), UkrainTM (derivative of 

alkaloids from the greater celandine plant), VirulizinT", VitaxinTM (ami-uvp3 antibody), 

Xcytrin™ (motexafin gadolinium), XinlayTM (atrasentan), Xyotaxrn (paclirnxel poliglumex), 

YondeJisTM ltrabcctedin ), ZD-6126 (N-acetylcolchinol-0-phosphate), ZinecardTM 

10 (dexrazoxane), zoledronic acid, zorubicin and the like, 

In one embodiment, a composition of the invention, for example such a composition 

comprising N-14-{ 4-amino-7-[ 1-(2-bydroxyethyl)- I H-pyrazol-4-yl]thieno['.U-c]pyridin-3-

yl} phcny l )-N' -( 3-fluoropheny I )urea or a salt thereof, is administered in a therapeutically 

effective amount to a subject in need thereof to treat cancer, 

15 Examples include, but are 1101 limited to, acoustic neuroma, acute leukemia, acute 

Jymphocytic leukemia, acute myelocytic leukemia (monocytic. mycloblastic, 

adcnocarcinoma. angiosarcoma .. astrocytoma. myclomonocytic and promyclocytic). acute t-­

ccll leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast 

cancer, bronchogcnic carcinoma, cervical cancer. chondrosarcoma. chordoma. 

20 choriocarcinoma. chronic leukemia, chronic lyn1phocytic leukemia. chronic myelocytic 

(granulocytic) leukemia, chronic n1yleogcneous leuken1ia, colon cancer, colorcctal cancer, 

craniopharyngioma. cys1adenocarcinon1a, diffuse large B-cel1 lymphoma, dysprolifcrativc 

changes ( dysplasias and mctaplasias}, embryonal carcinoma, cndometrial cancer, 

cndothcliosarcoma, epcndymoma, epithelial carcinoma, crythroleukemia, esophageal cancer, 

:?5 estrogen-receptor posjrivc breast cancer, esscnt.ial thrornbocythemia. Ewing's tumor, 

fibrosarcoma, follicular lymphoma, germ cell testicular cancer, glioma, heavy chain disease, 

hcmangioblastoma. hcpa1oma. hepatoccllular cancer, hormone insensitive prostate cancer, 

iciomyosarcoma, Jiposarcoma, lung cancer. lymphagioendothehosarcoma. 

lymphangiosarcoma, lymphoblastic leukemia, lymphoma (Hodgkin's and non-Hodgkin's J, 

30 malignancies and hyperproliferativc disorders of the bladdeL breast. colon. lung. ovaries. 

pancreas, prostate, skin and uterus, lymphoid malignancies ofT-ccll or B-ccll origin, 

leukemia, lymphoma, medulla!)' carcinoma, medulloblastoma, melanoma, meningioma, 

mesothelioma. multiple myeloma, myelogcnou:-. leukemia. myeloma. myxosarcoma, 

neurobla.i;;toma. non-small ceH lung cancer, oligodendrogiioma. oral cancer. osteogenic 
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sarcoma. ovarian cancer, pancreatic cancer. papillary adenocarcinomas, papillary carcinoma, 

pinealoma, polycythcmia vcrn, prostate cancer, rectal cancer, renal cell carcinoma, 

rctinoblastoma, rhabdomyosarcoma, sarcoma, sebaceous gland carcinoma. scminoma, skin 

cancer, small cell lung carcinoma. solid tumors (carcinomas and sarcomas), s1nal1 cell lung 

5 cancer, stomach cancer. squamous cell carcinoma, synovioma, sweat gland carcinoma. 

thyroid cancer, V..1aldenstrDm's rnacroglobulincmia. testicular tumors, ute1inc cancer and 

Wilms' rumor in a mammal, 

ln a more particular e1nbodiment, a composition of the invention. is administered in a 

therapeutically effective amount to a subject in need thereof to treat myelodysplastic 

I 0 syndron1e, acute rnycioid leuke1nia. colorectal cancer, non-small cell lung cancer. and ovarian 

cancer. 

According to any of these e1nbodirnent'\, the co1nposition is administered in 

combination therapy with one or more additional therapeutic agents. 

l\s in other crnbodi1ncnts, administration according to the present cmbodi1nc111 can be 

15 with or without food, i.e., in a non-fasting or fasting condition. lt is generally rrefon-cd 10 

administer the present compositions to a non-fasting patient. 

EXAMPLES 

10100] nlC following examples arc merely illustrative, and do not limit this disclosure in 

any way, Trademarked ingredients used in the examples. include: 

20 Eudragin< L 100·55: Mcthacrylic Acid - Ethvl Acrylate Copolvmcr: 

Kollidon:J< VA64: vinylpyrrolidonc-vinyl acetate copolymer: 

Kollidon:R SR: polyvinyl acetate and povidonc matrix: 

T\vcendz- 20: polysorbatc 20 surfactant: 

Crcmophod' RH 40: Polyoxyl 40 Hydrogenated Castor Oil 

25 Gelucirc1k 44/14: polyethylene glvcoi glvceridcs 

30 

10101] 

10102] 

Example 1: Preparation of solid dispersions 

N-r 4- :4-amino-7 -[ 1-12-hvdroxvethy! i-1 H-pvrazol-4-vl]thicno[3.2·c]pyridin·3-

yl }phenyl!-N'-(3-fluorophenyl mrca free base !hereinafter APli was mixed with an optional 

acid, surfactant( s) and v.:atcr-solublc polymer( s) in the follo\ving \vcight ratios: 

Example L-\: 6~;, .API: 3.5(~ .. ;;, Citric .Acid: 20°/0 Twcen'B :::'.O: 10°/o Poloxamcr 124: 60.5°,o 

PEG-1450 

Example lB: l(Yj;J A.Pl: 6°/;, Citric Acid: JO~O Tween<R 20: 10°,~ Poloxan1er 124: 24~·(i 



HPMC-E5 : 40% PVP KI 7 

Example IC: 6 % API: 3%, Citric Acid: 20% Twecnd< 10: 71% PEG-1450 

Example lD: 7.5% AP!: 4.5%, Citric Acid. 10% Tweencii 20: 10% Cremophorf< RH 40: 

25% HPMC-E5: 43% PVP Kl 7 

5 Example IE: I 0% API : 6% Citric Acid. l 0% Tween·g 20 : I 0% CremophorR RH 40 : 24% 

HPMC-E5: 40';;, PVP Kl7 

Example IF: 5% AP!: 3% Citric Acid: 20'% Tween:Ji 20: 27% HPMC-E5: 45•;·;, PVP K.30 

Example JG: 5% APl: 6'X, Citric Acid: 20% Tween:)\ 10: 24% HPMC-E5: 40% PVP K30 

Example IH: 5% API: 3% Citric Acid: 20% Tweenrli 20: 72°;., HPMC-E5 

JO Example JI: 5% APJ: 3% Citric Acid: 20% Tween:k 20: 67%. PEG-8000 

Example l.I: JO(~·;i .A.PI: 3(~{1 Citric Acid: 10°1~) TwecnJ: 20: 10~~) Poloxarner 124: 64°/;) 

HPMC-E5 

Example 1 K: 5('l!i /\.PI : 2(~,;) Citric .A.cid : I oc~~ T\\ieent(· 20: 83<;.·t) PECJ-3350 

Example IL: lO'X, APJ: 4% Citric Acid: 10% Tween:J< 20: 76% HPMC ES 

15 Example IM: JO%, API. 20% Tween:!< 20: 70% HPMC-AS L 

Example JN: 5 1~~) APl: 3'~;> Citric .Acid: 25°,() TV11eeni£t 20: 67~··<> PF.G-3350 

Example l 0: 5<:/;1 J\PI : 2(~/o Citric .A.cid : l 0°1~) Twcen~f. 20 : 83°1~) P\lP K30 

Example JP: 1or~(1 .A.Pl: 6°/iJ C~itric .A.cld: J()i~() Tv..'ec1r'f{ 20: 101~·;) Poloxarncr 124: 64 1~() P\lP 

K30 

20 Example J Q: 5°,{) AP1 : 3<~1) Citric Acid : 20°1() Tween"k 20 : 72°1;) P\!P K30 

Example JR: 10% APJ: 6% Citric Acid: l0°'" Twec!lif< 20: 30%, HPMC-E~: 44% PVP K30 

Example IS: 5%, APl : 4°.\, Citric Acid : 9 l % Geiucire<t' 44/l 4 

Example rr: 12.5(Vi1 .A.PI: 7.5<~,(1 Citric i\cid: 20(~~ Twecn1ti 20: 22 . .5 1~·!, HPMC'-E5: 37.5(~<) 

PVP K30 

25 Exan1plc JU: isr~/~) .t\P1: 9~(1 Citric /\cid: 20~/0 Twcen(f~ 20: 21°/0 HPMC-ES: 35°1() p\rp K30 

Example l\': 2Qcj(1 .'\Pl: 12 1~0 C~itric .A.cid: 20°10 Twccn<F- 20: 18°/fJ HPMC:-E5: 30°11, P\'P 

K30 

Example I W: 10% APJ: 6% Citric Acid: 10% Twecn-1' 20: JO':,i> Poloxamer 407: 24'\n 

HPMC-ES: 40% PVP Kl? 

30 Example lX: 10% APl: 6% Citric Acid: 10% Tween<!< 20: 10% Poloxamer J 88: 24''.o 

HPMC-E5: 40°\, PVP-Kl7 

Exa1nple l)': 5 1~;:) .A..PI: 21l,'() c:itric _..\cid: 101~0 T\veen:R 20: 83°10 Eudrahr-itJ~ L 100-5:\ 

Example 1Z: JQt;,,~ ,\PI: 6°,~) Citric _Acid: IO(>~ Tween'~ 20: 10°,(1 Poloxamer 124: 241~·~1 

HPMC-E5 : 40% PVP K30 
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Example IAA: 10% API : 6% Citric Acid: 20% Tween<i< 20 : 24% HPMC:-E3 : 40% PVP 

K30 

Example !AB JOT APJ : 20% Tween<fi 20: 70% HPMC-AS M 

Example lAC: 10% APJ: 20% Tween:~ 20: 70% HPMC-AS H 

5 Example !AD: 10% API: 6% Citric Acid: 20°;;, Tweencf< 20: 24% HPMC:-E3 : 40'/., PVP 

Kl7 

Example JAE: 10% API: 6% Citric Acid: 10% Tween'R 20: 10% Gelncired<, 44/14: 24% 

HPMC-E5 : 40% PVP KI 7 

Example lAF: 5% APJ: 4'% Citric Acid: 91'1., Vitamin E TPGS 

JO Example !AG: JO% API: 4% Citric Acid: IO'Y., Tween<R 20: 76% Kollidon<R YAM 

Example lAH: 10% API: 7% Citric Acid: R3% Kollidonk SR 

Example lAl: 10% APJ: 6% Citric Acid: 20% Tweenilt 20: 24% HPMC-K3 : 40% HPMC­

K3 

Example lAJ: 5°i() .A.Pl: 2°1() C:itric .A.cid: lOt~/1 l-\\reendt 20: gJc~·() Kollidon:{~. \/.4-64 

15 Example IAK: J0"1;, API: 6% Citric Acid: 20'% Tween<R 20: 24°,;, HPMC-K3 : 40°1;, PVP 

K30 

101031 'fhc mixture of ingredients in each case were dissolved in aqueous solvcnl and a 

\\'<.Her-miscible organic solvent e.g .. acetone or r.ctrahydrofuran. bct\vccn ambient 

temperatnrc at 70°C. The solvenl wa' removed by either rotary evaporation at 65°( in vacuo 

20 or using a spray-dryer operating at 85°C. and the resulting solid dispersion Vv'as allowed to 

cool to ambient temperature. 

101041 The solid dispersion in each case was sieved through a 30-mcsh screen to provide 

a powder of reduced particle size_ The resulting solid dispersion was dried under vacuum at 

approximately l 00°C:. 

2' 101051 Example 2: Pharmacokinetics of solids dispersion in a dog model 

101061 Single-dose pharmacokinetics of the solid dispersions were evaluated in fasted 

beagle dogs (n = 3) after a 10. 25. or 50 mg oral dose of solid dispersion in hard gelatin 

capsule followed by JO ml water. Approximately 30 min prior to drug administration. each 

dog received a 100-mg/kg subcutaneous (sc) dose of histamine. Food was provided to the 

30 animals approximately 4 hours after dosing. Serial heparinized blood samples were obtained 

from a jugular vein of each animal prior to dosing and 0.25, 0.5. 1. 1.5. 2. 3, 4. 6. 9. 12, 15 

and 24 hours after administration. Plasma was separated bv centrifugation <2.000 rpm for IO 

n1inutes at approximately 4°c·1 and .t\P1 \•,ras isolated using protein precipitation with 

acctonitrile. 



10107] The area under the plasma concentration-time curve from 0 tot hou" (time of the 

last measured plasma concentration) after dosing 1AUC0.J was calculated using the linear 

trapezoidal rule for the plasma concentration-time profiles. The residual area extrapolated to 

infinity, determined as the final measured plasma concentration (Cd divided by the terminal 

5 elimination rate constant CPJ, was added to AllCu-c to produce the total area under the curve 

IAUC,,."J- The bioavailability was calculated as the dose-nonnaiized AUC,,_, from oral 

dosing divided by the corresponding value derived from i.v. (intravenous) dosing, 

administered a_, a slo\v bolus to a jugular vein under light ether anesthetic. 

10108] PK parameters for the dispersions are presented in Table l. 

l 0 Table l: PK parameter> of solid dispersion compositions in dog (n ~ ? ) 

Dose 
Example 

h µg.1ml 
µgimI per 

IA 10 5.1 0.50 0.46 

lA 4.7 0.91 0.35 

lA 50 5.4 2.16 0 .4 1 

lB 10 0.46 0.54 

IB 2s I s. I 0.90 041 

lB 'iO I 4.2 1.30 0.26 

lC 10 I 4.7 0 0 .. -. ··""I 0.43 

JC 2' I 4.2 L06 0.48 

IC 50 i 4.3 182 0.38 

lD IO 5.0 0.32 

ID 2s I s.1 0.87 

T max 

h 

I 2.0 

2 0 

2.8 
I 

I 3 o 

I 2.0 I 
2.0 

I 2.3 

I 2.1 

AUC/D 
AUC 

µg.h/m1 
µg.h;ml 

per mg/kg 

2.6 

5.X 

14.0 2.6 

2.9 

2.4 

7.7 L5 

I. 9 

8.9 L8 

4.11 l.84 

F 

30.8 

26.4 

? 12 

34.4 

28.l 

1 8.2 

25.9 

26.9 

I 21.: 

lIY 

JD 50 I 4.9 160 cu6 I 2.6 7.87 L80 I 21.4 

JE JO I 5 l 0 . .3 f< 0.36 2.7 2.4 26. l 

lF 10 5.9 0.59 0'5 I L7 3.14 2.91 34.6 

JG JO 5.9 0.4I o.39 I 2_5 2.7 2.(l 29.5 

IH JO 5.4 0.36 0.36 2.5 2.2 2.2 25.9 

J l JO I 6.9 0.35 0.33 2.2 

lJ IO 5.1 0.43 0.44 I 2.3 2.0 2.1 24.9 

lK J () 4.3 0.28 0.28 1 3.3 I 2.1 
: 

2.1 i 24.4 
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IL IO 4.4 0.32 

JM I 0 6. l 0.44 

JN ]() 5.2 0.33 

JO JO 4.8 0.35 

IP JO 5.0 0.31 

JQ JO 6.6 0.3 J 

IR JO 4.8 0.26 

JS IO 5.7 0.32 

IT JO I 9.0 0.32 

JU 10 6.6 0.31 

JV 10 I 7.2 0.36 

JW JO 5.4 0.30 

IX I 0 5.3 0.33 

IY JO 4.5 0.43 

JZ I() 4.8 0.27 

IAA I 10 4.S 0.30 

JAB JO 0.29 

!AC I 0 S.6 0 2 I 

!AD 10 s.1 I 0.19 

JAE JO I 3.8 0.24 

JAF 10 7.9 0.2 i 

JAG 

0.29 I 2.7 

0.40 3.0 2.2 

0.30 l.8 2.2 

(J.54 3.3 2.0 

0.29 I 3.3 2.0 

0.3 J I 2.3 J .9 

0.30 I 2.3 1.6 

0.28 \ 2.3 l.9 

0.3 l I i.x l.77 

0.27 I 3.3 1.92 
• 

0.34 168 

0.29 I 2.2 1.7 

o.33 I 3.o l.6 

o.:rn I 2s 1.8 

0.26 I u 1.5 

0.21 I 3.o 1.6 

0.30 I 2.? 1.4 

·-) 0 oc I -"··" I .4 

O.J8 1.3 

0.24 I• .••· .• 1.2 
I 

O. J9 1. 7 1.3 

2.0 

1.98 

2.0 

l. 92 

J.91 

1. 9 

1.8 

1. 7 

i.67 

l.66 

1.58 

l.6 

I.6 

1.56 

1.47 

1.4 

l.42 

24.2 

23.5 

23.2 

I 22.s 

I 22.7 

I 2 u 
! 20.2 

I 19.9 

I J 9.7 

I J s.s 
I Ix 8 

18.6 

18.5 

I I i.5 
I 
l 17.0 

I 16.9 

u2 I 1 s.7 

1.3 14.5 

l.2 14.3 

l.2 I 14.o 

10 4.o 0.13 0.14 i 3.o 1.m 1.10 I 13.I 

-···---+--+---+---l--·---+--+---+-·---4----l 

!AH JO I 54 I O.I5 I 0 15 i 2.3 0.9 0 88 I I0.4 

!Al JO 4.0 I 0.15 0.15 I 3.3 0.9 0.9 10.2 

JAJ 10 4.5 0.11, 011 [2.:\1 0.6 0.61 

!AK J() u I 0.12 0.13 i 2.2 04 0.5 

Example 31 Pharrnacokinctics of solids dispersion in a dog model 10109] 

10110] Solid dispersion formulations of the invention were used in an open-label Phase l 

human study evaluating the safety and pharma.cokinetics of N-14- :4-amino-7-[ 1-12-

5 hydroxvethv!)-1 H-pyrnzol-4-y!Jthieno[3.2-c ]pyridin-3-yl}phenyl)-N' -(3-fluorophcnyl 1urea as 

monotherapy in subject;.; v.rith adYanced soii<l tu.inors or advanced hematologic malignancies. 



101111 The number of subjects that entered the studies and completed at least a portion of 

the studies are noted. Subjects entered the study and were assigned to receive one of the 

following doses: JO mg, 20 mg, 40 mg, 80 mg, J 20 mg, 160 mg, and 180 mg. The tablet 

fonnulation consisted of solid dispersion powder conesponding to Example J E with 

~ excipients (so<~ .. ;\ Example 1 E : 3g_75o/;1 inicrocrystallinc cellulose : l O(Vo crospovidone : 1 (~~> 

colloidal 5ilicon dioxide: 0.5°1~1 magnesium state). 

10112] Doses were administered on Day 1, Day 8, and Day I 5 of each 28 day cycle. On 

Day J and Day 15, plasma samples are collected at time 0. 0.5, 1, 2, 3, 4. 6, 8, JO, and 24 

hours or 0, 0.5, 1, 2. 3, 4, 6, 8, IO or 12, 24, 48 and 72 hour:; after dosing. The plasma 

l O concentrations of N-( 4- {4-amino-7 -[ l -(2-hydroxyethyl)- J H-pyrazol-4-yl]thicno[3.2-

15 

c ]pyridin-3-yl}phenyl)-N'-(3-fluorophenyl)urea were determined, and the values for the 

pharmacokinetic parameters were calculated and shown in Table 2. 

Table 2: PK parameters of solid disp~rsion compositions in humans 

10 me 
Pharmacoklnetic -"--·--· --·---· 

Parameters 
Day 1 Day 15 Day 1 

rn =SJ (N = 3) 

20.mg 

Day 15 

(N = 3) 

4'lmg 

Oayi Day15 

(N=2) (N=2) 

Dayi 

(N"' 5) 

!!Omg 

Day 15 

(N = 5) 

2C3.C :'..0-C.C 31.._ 

21..7 i&C 1C-0 : 7CJ.S 98 4 36.6 

AUC, :ug-ri1mL~" G.G2 G Ci C 3S - C ~7 • 0 53 · 25 • '. 3C '. 83. NF, 

Day 1 

(N =7'1 

120mg 

Day15 

(N = 4\ 

4_9'.'. ·'GS' l ~7, 241 

iSO mg 

Oay1 

1C3 • 4.E' 

. ·. 
255 198 

3 ,, "' 
' 3E. '.',l 

Day15 

(N = 3) 

'.SJ; ..::.2-

2.3-

17f • 36.C 

2.SS • • 
15 •. L T 

180 mg 

Day1 

(No 3) 

4.t::: 2 C2 

43S::: 35l 

5 2t -_ '.:.3f' 
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WHAT JS CLAIMED IS: 

1. A solid dispersion product comprising N-( 4-: 4-amino-7-[ 1-(2-hydroxyethyl)- l B­

pyrazol-4-y l]thicno[3 .2-c ]pyridin-3-y l }pheny\i-N' -(3-fluorophenyl)urea or a 

pharmaceutically acceptable salt thereof. at least one pharmaceutically acceptable water-

" soluble polymeric can-ier, and at least one pharmaceutically acceptable surfactant. 

The solid dispersion product of claim 1, wherein solid dispersion product is 

amorphous. 

I 0 3. The solid dispersion product of claim I. comprising at least one acid. 

4. The solid dispersion product of claim I, wherein the l\;-( 4- ;4-amino-7-[ 1-C­

hydroxycthyl )-1 H-pyrazol-4-yl]thieno[3 ,2-c ]pyri din-3-y l }phenyl \-Ni' -<3-fluoropheny l )urea is 

present in about 1 "i{1 to about 4(Y:1 0 b:/ free ba5-.e equivalent weight. 

The solid dispersion product of claim 4, wherein the l\;-( 4- i 4-amino-7-[ l-(1-

hydroxycthyl)- I B-pyrnzo!-4-yl]thicno['.i .2-c ]pyridin-.3-yl}phcnyl)-N'-(3-fluorophcnyl !urea i' 

present in about 5(~;) to about 15°1;) by free base equivalent weight 

20 6. The solid dispersion pruduct of claim 4 .. wherein the 1\-( 4-: 4-amiiw- 7-! l-12-

hydroxyetbyl )-1 B-pyrnzo1-4-vl]thieno[3.2-c]pyridin-3-yliphenyl )-N'-(}-fluorophcnyl 1urca is 

present in about ~111) to about 12(~<) by free base equivalent weight 

7 The ~olld dispersion product of claim 3, wherein the at least one acid co1npriscs from 

25 about 0.1 to about l 0 equlvaients \Vi th respect to 1\-( 4- ! 4-amin(•- 1-(2-hydroxycthyl )-1 H­

pyrazol-4-yi)thicno[3 .1-c )pyridin-3-yl } phcn:; l t-N' -{ 3-fiuorophcnyl Jure.a. 

F. The solid dispersion product of claim 3. V>·'herein the at least one acid i~ seicctcd from 

the group consisting of acetic acid. a.1.;corbic acid. bcnzenesulfonic acid, citric ac1d. 

30 cthancdisulfonic acid. l-hvdroxy-2-napthoic acid. hydrochloric acid. bvdrobromic acid. lactic 

acid. malcic acid. malic acid. malonic acid. mcthanesulfonic acid. phosphoric acid. sulfuric 

acid. succinic acid, tartaric acid. and toluenesulfonic acid. 

29 



9. The solid dispersion product of claim 3, wherein the at least one acid is selected from 

the group consisting of citric acid, maleic acid, malic acid, malonic acid, succinic acid, and 

tartaric acid. 

5 JO. The solid dispersion product of claim 3, wherein the at least one acid is citric acid. 

JO 

11. The solid dispersion product of claim 1, wherein the at least one polymeric carrier is 

present in an amount of about 40'% to about 85% by weight and the at least one surfactant is 

present in an amount of about 5C:>~) to about 30°hi by weight. 

12. The solid dispersion product of claim I, wherein at least one polymeric carrier is 

selected from the group consisting of homopolymers and copolymer> ofN-vinyl lactams, 

cellulose esters, cellulose ethers, high molecular weight polyalkylene oxides, polyacry!ates, 

polymcthacrylatcs. polyacrylamides, vinyl acetate polymers, oligo- and polysaccharides. and 

15 mixtures thereof. 

::w 

25 

13. The solid dispersion product of claim I, wherein the at least one polymeric carrier is 

selected from the group consisting of polyvinvlpyrrolidone. hydroxypropvl me1hylcellulose, 

and mixtures thereof 

14. The solid dispersion product of claim I, wherein the at least one suifactam is selected 

from the group consisting of poiycthylcne glycol glyceride derivatives, µolyoxyethylenc 

castor oil derivatives. fatty acid monoesters of sorbitan. polysorbates, poloxamers, r1-

tocopheryl polyethylene, glycol succinatc, and mixmres thereof. 

15. The solid dispersion product of claim I, wherein the at least one surfactam is selected 

from the group consisting ofpolysorbates. polyoxyethylene castor oil derivatives. and 

mixtures thereof 

30 16. A process for preparing a solid dispersion product comprising: 

a) forming a solution comprising Ii) N-(4-i4-amino- 1-(2-hydroxyethyl)-!H-

pyrazol-4-vl]thieno[ 3 ,2-c jpyridin-3-yl} phenyl )-N'-!3-fluorophenyl )urea or a 

pharmaceutically acceptable salt thereof, (ii) a pharmaceutically acceptable 
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acid, (iii) at least one pharmaceutically acceptable water-soluble polymeric 

carrier, (iv) at least one pharmaceutically acceptable surfactant, and (v) at least 

one suitable solvent; and 

b) removing the at least one solvent to provide a solid dispersion comprising the 

at least polymeric canier, the at least one surfactant, the at least one acid, and 

having N-( 4-{ 4-amino-7-[ 1-(2-hydroxyethyl)-l H-pyrazol-4-yl]thicno[3,2-

c ]pyridin-3-yl }phenyl)-N'-(3-fluorophenyl)urea or a pharmaceutically 

acceptable salt thereof dispersed in an essentially non-crystalline form therein. 

JO 17. The process of claim 16, comprising a combination of an aqueous solvent and a 

1 :i 

water-miscible organic solvent. 

l R. The process of claim 17, wherein the organic solvent is teuahydrofuran, methanol, 

ethanol, or acetone. 

l 9. The process of claim l 6, wherein the solvent is removed by spray-drying or w1der 

vacuum. 

20. An orally deiiverabie pharmaccmical dosage form comprising the solid dispersion 

20 product of claim 1. 

2 I. The dosage fonn of claim 20. containing at least one additive selected from the 

disintegrants, lubricants, and bulking agents. 

2S 22. /\n orally deliverable pharmaceutical dosage form comprising the solid dispersion 

30 

product prepared by the process of claim i 6. 

23. The dosage form of clai1n 22. containing at least one additive selected from the 

disintegrants. lubricants, and bulking agents. 

:?4. /\method for treating cancer in a mammal comprising administering tu a subject 

having the disease a therapeutically effective amount of the solid dispersion of claim l. 

31 


