Inhibitors of the nutant formof KIT The present invention relates to the
treatnent of KIT dependent diseases that are characterized by a nutant form
of KIT whereby the nutant KIT is identified and an appropriate inhibitor of
the nutant KIT is adm nistered. The c-kit gene encodes a receptor protein
tyrosi ne kinase, whiCh is herein referred to as KIT, but which is also
known as nast/stemcell growth factor receptor. The amino acid sequence of
KIT and the nucl eoti de sequence of the c-kit gene are known. See Sw ss
Prot.: P10721. Upon binding its ligand, stemcell factor, KIT forns a dieter
that is autophosphorylated and activates signaling cascades that lead to
cell growth. Mitations lhhibltorsatitiomatamtdbrmasfadTf orm of KIT, especially
forms that are activated i ndependently of 1ts Ti1gand, are known and are
believed to play a role in certain proliferative di seases, such as nast
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di seas@igand, are known and are believed to play a role in certain proliferative diseases, such as
mast cell diseases, like mastocytosis, particularly systemic mastocytosis, acute
myslogenous leukemia, gastrointestinal stromal tumors, sinonasal NK/T-celt lymphoma,

seminomas and dysgerminomas.

imatinib, which is marketed as its mesylate salt under the brandname GLIVEC or
GLEEVEC, is known to inhibit wild type KIT and cerfain KIT mutations e.g. those in exons
commonly found in gastrointestinal stromal tumors (GIST). However, it is also inactive or
significantly jess active against certain other mutant forms of KIT, for example the D816V
mutation commonly found in systemic mastocytosis., The present invention is based upon
research thal correlates the treatment of a disease characterized by a mutant form of KiT
with an appropriaie alternative pharmaceutical therapy based on the aliernative’s ability to
inhikit the mutant KIT,

Thus, the present invention relates to a method of treating a KIT dependent disease
in a patient, which comprises

(a) identifying the mutant form of KIT associated with the KIT dependent disease;

and

(b) administering to the patient an effective mutant KIT-inhibiting amount of an

inhibitor selected from the group consisting of midostaurin, vatalanib and

compound A.



and (b) adm nistering to the patient an effective mutant KIT-inhibiting
amount of an inhibitor selected fromthe group consisting of m dostaurin,
vatal ani b and conpound A. KIT dependent di seases are generally
proliferative diseases that are characterized by excessive KIT kinase
activity due to an activating nutation in KIT. Such activating mutations
are known in the art and are identified by techniques known in the art. KIT
dependent di seases include di seases characterized by the follow ng known KIT
mut at i ons: I%i@ﬁndbﬁlﬁhbae@@mfﬂ\gen@&ﬂﬁMrolltﬁltﬁ&'ﬂlslﬁa@%%at‘éﬂa?a@mcﬁhlze&S0- 558, Del
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K642E, muigiins are iagpeGh s 20 wnd ngddeqtifigBpidchni@esBnows e arid T6701. In an
i nportant enbodi nent of the present invention, the KIT dependent disease is
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therapeutlc benefit is resistant to imatinib has

an i n V3PP 550 Lol 5@555%9%“,5@136@@?@@?”5% RERHYY, KP4RECT bl ar. 1 matini b

resi st@gupGKbE20yTINSHAQ NB22M o810, YB3 imd T8beH, DB16N, D816Y, D81l 6V, T6701
and nutant fornms that include V654A. The sel ection of a conpound that

inhibits t e mut ant for I sbas ti t he coppound or a
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dose of 400-1000 mg/day, does not provide sufficient inhibifion of the mutant KiT fo effect a
significant therapeutic benefit. Generally, mutant KIT that is resistant to imatinib has an

in vitro |Csp of the mutant KIT greater than about 3 micromolar. Imatinib resistant KIT
mutations include D816F, D816H, D816N, Dg16Y, D816V, T670l and mutant forms that
include V654A.

The selection of a compound that inthibits the mutant form of KIT is based on testing
the compound or a number of compounds for their ability to inhibit the mutant KIT. Such
testing is caried out by standard inhibition assays that are known In the art or within the skill

of the artisan.

The KIT inhibitors utilized in accordance with the present method include
midostaurin, vatalanib and compound A. Midostaurin (US5;093,330) and vatalanib (WO

98/35958) are known in the art. Compound A is a compound of the formula



m dostaurin, vatal anib and conpound A. M dostaurin (US5;093, 330) and
vatalanib (WO 98135958) are known in the art. Conpound A is a conpound of
the formula -2 Conpound AN NNOb NNN/ FF NAnd my be produced
according to WO 041005281. Appropriate dosages of mdostaurin, vatanalib and
compound A are determ ned by routine nethods. An appropriate dose of

m dostaurin is admni stered, e.g., once, twice or three tines a day, for a
total dose of 25.300 preferably 50-300 nore preferably 50 -100 nost
preferably 100-300 ng daily, e.g., two or three {ines a day, for a total
dose of 150-250 nig, preferabby 225 ng dail yN appropriate daily dose of
vatanalib is an anount FATPEEYSNge from 300- @EO my, e.g., in the range
from 300- 2000 ng/ day or 300-1500 ng/day, in pargicular, 300, 500, 750,

1000, 1250, 1500 or 2000 ng/day, particularly 1R50 ng/day, The daily dose of
conpound A for a 70 kg/person is from approxingtely 0.05-5 g, preferably
from approximately 0.25-1.5 g. EXAMPLES ' The it KIT gene encodi ng as
544-976 was cloned into the baib . asm depFB- GST-01. This
codi ng sequence was excifsed=

N

~
N~

And may be produced according to WO 04/005281.

Appropriate dosages of midostaurin, vatanalib and compound A are determined by
routine methods,

An appropriate dose of midostaurin is administered, e.g., once, twice or three timas a
day, for a total dose of 25 ~ 300 preferably 50-300 more preferably 50 -100 most preferably
100-300 mg daily, e.g., two or three times a day, for a total dose of 150-250 mg, preferably
225 mg daily.

An appropriate daily dose of vatanalib is an amount in the range from 300-4000 mg,
e.g., in the range from 300-2000 mg/day or 300-1500 mg/day, in particular, 300, 500, 750,
1000, 1250, 1500 or 2000 mg/day, particularly 1250 mg/day.

The daily dose of compound A for a 70 kg/person is from approximately 0.05-5 g,
preferably from approximately 0.25-1.5 g.

EXAMPLES

The human KiT gene encoding aa 544-2878 was cloned info the baculovirus donor
plasmid pFB-GST-01. This coding sequence was excised using restriction endonucleases
Bam M1 and EcoR1 and ligated to a Bac-to-Bac donor vector pFB-GEX-P1 with compatible
ends. Subsequently the desired mutations were brought into the KIT gene by methods know
to a person skilled in the art. Due to a frame shift within the original plasmid that was used
to generate the mutant coding sequences, the mutated plasmid inserts were excised and
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Bam ML and EcoRl and ligated to a Bac-to-Bac donor vector pFB-GEX-Pi with
conpati ble ends. Subsequently the desired nutations were brought into the
KIT gene by nmethods know to a person skilled in the art. Due to a franme
shift within the original plasmd that was used to generate the nutant
codi ng sequences, the nutated plasmd inserts were excised and -3 inserted
into the Bac-to-Bac donor vector pFB-GST-01 using the restriction enzynes
BanHl- EcoR1 for each nmutant shown In Figure 1. Automated sequencing

conf i r rsgrietisto therGaseo- %eqiaemro@ctoopﬁ@-q&Te@’eming‘ibe rasdridtiomanzyntespl asmi d.
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mat er i @Pge@ﬁ%ﬂ%tcﬁéﬁbeQmeth@s@Chm%@P@@ﬂ% into Sf9 cells. The transfected
cells were pelleted and the resultant reconbi nant bacul ovirus present in
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the lysed cell pellets to confirm the expression of the GST-¢-KIT fusion protein by the viral
clones using anti-KIT and anti-GST antibodies for immonudetection.



snSac D. 155Mb8 A, bFn{]toll ~~~~aa.al}f i) D816N f,I ~ \, WfZgW 1' 3236
\auAl al 2) NAP', : INnML111N D916V AnpR nx K6429 D816Y DBterd Mi
Dd557- 561i V654A Figure 1 Vatal anib Conpound A Kit Miutation ICss (p. M
(,Avg) 1Cs6 (RNI) (avg) D816F >10 >10 D81611 >10 >10 D816N >10 <10 D816Y
>10 >10 D816V >10 >10 K642B <1 <10 Y823D <1 <1 Del 550-558 <1 <2 Del
557-561 <1 <2 N822K <2 <10

pPi-{
GemR BoumlH (764}
NV b N GST-O--KIT- vesta
EeoRV (56187, R N
----- Dhel $50-558 + Vo544
e, F— NE2H
BF B(Sf;; "'ZE” /;.ﬁr{{ ) NI2K
< s DelSST-561
J Rt oon .
- 4 “\%\\\:""ﬂ izum Del550+558
2 . S 1) D316
s, 5\ hal 12196
//,"' "-.‘ ::Amllauz; vesn
trnl 3eeot Y B DRIGY
AmpR T X6428
DRIGY
DBIGF
DRigH
Del357-5614VE54A
Figure 1
Vatalanib Compound A
Kit Mutation 1Cgy (pM) (ave) IC5, (uM) (avg)
DR16F >10 >10
D816H >10 >10
D816N >10 <10
DEl6Y >10 >10
D8leV >10 =10
K642E <] <10
Y823D <1 <1
Del 550-558 <1 <2
Del 557561 <1 <2
NE22K <2 - <10
V634A >10 >10
N822H <2 <10
Del 550-558 + V634A <10 <10
Del 557-561 + V654A >10 >10
i' Midostaurin
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V654A >10 >10 N822H <2 <10 Del 550-558 + V654A <10 <10 Del 557-561 +V654A
>10 >10 Mdostaurin -5 average N of H'S preparation | C50 pM SEM val ues
HT-KI T-TA23 wt 1.7 0.15 2 HT-KIT TA23 -D820G 0.084 0.05 2 HI-KIT TA23
-T6701 0.89 0.21 2 average N of GST preparation |IC50 PM SEM val ues GST-KIT
w 1.8 0.26 10 GST-KIT Del 557-561 032 0.042 3 GST-KIT Del 550-558 0.53
0.057 3 681-KIT Del 550-558+ V654A 0.27 0.079 5 GST-KIT Del 557-561 + V654A
0.34 0.11. 5 CGST-KIT V654A 0.46_0.16 5 GST-KIT K642E 0.64 0.036 4 GSTAIT

R834W 0. 383 0.13 2 GST-KI T T670] avelxgb 550-558 Ov¢bi (.05 2 GST-KI T D816F
0.41 0.0%5 5 CcEfvrpyatey 6H Q_R5CE0 @8 SSEMSST- KEsDJ16N 0. 74 0.25 5

HT-KIiT-TAZ23 wt 1.7 0.15 2
HT-KIT TA23 -DE20G 0.084 0.05 2
HT-KIT TA23 -T6701 0.89 0.21 2

average N® of

GS8T preparation 1C50 uM SEM values
GET-KIT wi 1.8 0.26 10
GET-KIT Dei 557861 0.32 0.042 3
GST-HIT Del 550-558 0.53 0.057 3
GET-KIT Del 550-558+ VB4 A 0.27 0.079 5
GST-KIT Del 557-561 + VGHAA 0.34 0.11 5
G8T-KIT VE54A 0.45 0.16 5
GST-KIT Ke42E 0.64 0.0386 4
GET-KIT Re24W 0.33 0.13 2
GST-KIT T6791 + Del 550-558 0.11 0.05 2
GET-KIT DB16F 0.41 0,055 5
GST-KIT D816H 0.35 0.078 5
GST-KIT DE16N | o740z 5
GST-KIT DB16Y 0.29 0.1 9
GST-KIT D816V 0.25 0.039 3
GST-KIT DB16H + RE34W 0.08 0.04 2
GST-KIT N822H 0.37 0.12 5
GST-KIT MB22K 0.15 0.058 5
GST-HKIT Y8230 0.13 0.0075 3

Assay conditions: 1 yM ATP, 5 ug / mi Poly-EY, 10 min incubation at ambient temperature



GST-KIT D816Y 0.29 0.11 9 GST-KIT D816V 0.25 0.039 3 031-KI T D816H + R6341N
0.08 0.04 2 GST-KIT N822H 0.37 0.12 5 GST-KIT N822K 0.15 0.058 5 GST-KIT
Y823D 0.13 0.0075 3 Assay conditions: 1 pMATP, 5 pg ! m Poly-EY, 10 mn

i ncubation at anbient tenperature -6 Virus containing nedia was coll ected
fromthe transfected cell culture and used for infection to increase its
titer. Virus containing nedia obtained after two rounds of infection was
used for |arge-scale protein expression. For tge scal e protein _expression
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9 rred,on i ce for
m nut es Vé{H?fc?'H@ng@%eﬁifar(ﬁf’?faélﬁ'a@g gg@éf%‘r ﬁﬁ?’?‘%&ayﬁoﬁﬁmﬁ[ﬁv&re S§iqee c&@ﬂ[hpl f uged
celdl I yﬁﬁteamSedmfaghitbt@nt)opmfog Smhingtesit aﬁmanammmmmseocai;pms (mar g?clj a)
and was :
200 ma ey -Syebebdbt e ool at bt el bR L P S PP AR T oms (1
mL  eachilfo oiP-45 1 TiTiTs? RGH F’Mﬁﬂ) 7T cel@wand! stigeid o e goruiSatiniieaend #e@ mM Nadl ,
gthvznégﬁts“?‘%%%@lt g@{?}n f@%) ﬁgg{egd at -70C. The protein kinase activities of

ng were assayed in the presence or absence
of inhibitors, 20 mM Tris-HCl, pH 7.6, mM WM 2, 3 mMMMCl 2, 1 nMDTT, 10
pM Na3VOs, 3 Tg/eantrifvery eel lvﬁa‘r&g/wys lpaded qn}e oREn glataliqortsapiercse ad@R) - ATP
{Pharmacia) and washed 3 x with 10 mL of 25 mM Tris-HCl, pH 7.5, 2 mM EDTA, 1 mM
DTT, 200 mM NaCl. The GST-tagged proteins were then eluted by 10 applications (1 mL
each) of 25 mM Tris-HCl, pH 7.5, 10 mM reduced-glutathione, 100 mM NaCl, 1 mM DTT,

10% glycerol and stared at -70°C.

The protein kinase activities of the various Kit mutants 200-500 ng were assayed in
the presence or absence of inhibitors, 20 mM Tris-HCI, pH 7.6, 3 mM MnCl,, 3 mM MgCl,,
1 mM DTT, 10 uM NagVOy, 3 pg/mb poly(Glu,Tyr) 4:1, 1% DMSO, 1.5 M ATP (y[*°PJ-ATP
0.1 uGi). The assay (30 L) was carried out in 96-well plates at ambient temperature for
30 minutes and the reaction terminated by the addition of 20 pL of 125 mM EDTA.
Subsequently, 30 i of the reaction mixture were transferred onto Immobilon-PVDF
membrane (Millipore, Bedford, MA, USA) previously soaked for 5 minutes with methanol,
rinsed with water, then soaked for 5 minutes with 0.5% H;PO, and mounted on vacuum
manifold with disconhected vacuum source. After spotting all samples, vacuum was
connected and each well rinsed with 200 pl_ 0.5% H:PO,. Membranes were removed and
washed 4 x on a shaker with 1.0% HaPQs, once with ethanol. Membranes were counted
after drying at ambient temperature, mounting in Packard TopCount 96-well frame, and
addition of 10 pl/well of Microscint (Packard). 1Cs values were calculated by linear
regression analysis of the percentage inhibition of each compound in duplicate, at
4 concentrations (usually 0.01, 0.1, 1 and 10 uM). One unit of protein kinase activity is
defined as 1 nmole of ®*P transferred from ™PIATP to the subsirate protein/minute/mg of

protein at RT.



0.1 pG). The assay (30 pL) was carried out in 96-well plates at anbient
tenperature for 30 minutes and the reaction terminated by the additiomof—
20 pL-.of 125 nmM EDTA. Subsequently, 30 pl of the reaction mxture were
transferred onto | nmobil on-PVDF nenbrane (MI1lipore, Bedford, MA USA)
previ ousl(.y soaked for 5 mnutes with nethanol, rinsed wth water, then
soakéd for 5 minutes with 0.5% H3P04 and m)unt ed on vacuum manifold with

di sconnected vacuum source. After spotting all sanples, vacuum was

connected and each well rinsed with 200 pL 0.5% H3P04. Menbranes were
renoved and washed 4 x on a shaker with 1.0% H3PO4, once with ethanol.

Menbr anes were counted after drying at anbient tenperature, nounting in
Packard TopCount 96-well franme, and addition of 10 pLfwell of M croscint
(Packard). 1C50 values were calculated by |inear regression analysis of the
percentage inhibition of each conpound in duplicate, at 4 concentrations
(usually 0.01, 0.1, 1 and 10 pM. One unit of -protein kinase activity is
defined as lwerdm, of 33P transferred from[73"'P]ATP to the substrate

protein/ mnute/ ng « of protein at RT. -7 i-y We claim 1 Use of the conpound
of formula NF P,F A for the manufacture of a

nmedi canent f Or the QﬁhaetcngWPumfdéérwpll?Fﬂependent di sease in a patient, which
conprises (a) identifying a nutant formof KIT associated with the KIT
dependent di sease; N

N
a
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for the manufacture of a medicament for the treatment of a KIT depaendent
disease in a patient, which comprises:

(2) identifying a mutant form of KIT associated with the KIT dependent diseése;
and .

{b} administering to said patient an effective mutant KIT inhibiting amount of
compound A,

wherein the mutant form of KIT is selected from D816F, D&16MH, D816N, DA18Y,
' D816V, KB42E, Y823D, Del 650-658, Del 557-561, N822K, VEe54A, N822H, Dal
" 550-568 + VB54A, Del 557-561 + VB54A, InsB03AY, VBE0G, 558NP, Del 557-
558, Del W559-560. F522C, Del 579, R634W, KB42E, T30, C808G, D820Y,
NB822K, N822H, YB23D, Y823C and T&70L.

2. Use according ta Claim 1, wherein the mutant form of KIT is selected frorn
D&168F, D816H, DR16N, D818Y, D316V, KB42E, Y823D, Del 550-558, Del 557-
581, NB22K, V654A, N822H, Del 550-858 + VB54A, Del 857-561 + VBS4A.

KR Use of the compound of forrnula A



and(-b) -adm nistering to said patient an effective mutant KIT inhibiting
anDunt -of conmpound A, wherein the nutant formof KT is selected from
DB16F.. DB16H, 0816N, 081 BY, DBl 6V, K642E, Y8230, Del 550-558, De
557-561, YN822K, V654A, N822H, Del 550-558 + V654A, Del 557-561 + V654A,
Lns503AY V560G 558NP, Del 557- 558, Del W559-560, F522C, Del 579, R634W
K642E, T801 |, C809G 0820Y, N822K, N822H, Y823D, Y823C and T670L 2. Use
according to Claim1l, wherein the nutant formof KIT is selected from D81
BF. D816H, 0816N, D81 6Y, 0816V, K642E, Y6230, Del 550-558, Del 557- 561,
N822K, V654A, N822H, Del 550-558 + V654A, Del 557-561 + V654A 3. Use of the
conmpound of formula ASNF N'IY 'NHF /NI / FA for the manufacture
of a nedicament for the treatnent of a Kl T:dgpendent disease !n a patient,
whi ch conprises: (a) identifying a nutant ﬂo of KIT associated with the
KIT dependent disease; and (b) adm nisteri g to said patient an effective
mutant KI T inhibiting anmount of conpound A
di sease is resistant to treat t Ry j b .5
Yy

A

N

N[/ ) A

for the manufacture of a medicamant for the freatment of a KIT depandent
(- disease in a patient, which comprises;
(a) identifying 2 mutant form of KIT associated with the KIT dependent diseasa;
and
{b) administering {o said pafient an sffective mutant KIT inhibiting amount of

compound A,

wherein the KIT dependent disease is resistant to treatment with imatinib.

4, Use according to Claim 1, wherein the mutant form of KIT is selected from the
group consisting of D816H, DB16N, K842E, Y8230, Del 550-558, Del 557-561,
N822K and N822H,

5. Use according to Claim 2, wherein-the mutant form of KIT is D816F,

6. Use according ta Claim 2, wherein the mutant form of KIT is D316H.

7. Use according to Claim 2, wherein the mutant form of KIT is D816N.

8. Use according ta Cléim 2, wherein the mufant form of KIT is D816V,

9, Usé accprding ta Claim 2, wherein the mutant form of KIT is K&842E.

10.  Use accarding To Claim 2, wherain the mutant form of KIT is Y&823D..

11.  Use accarding to Claim 2, wherein the mutant form of KIT is Del 550-653.
12.  Use according to Cléim 2, wherein the mutant form of KiT is Del §57-861.

13.  Use according to Claim 2, wherein the mutant farm of KIT is N822K.
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4. Use according to aiml, wherein the nutant formof KT is selected from
“the ~-group consisting of D816H, D816N, K642E, Y8230, Del 550-558, Del
__'-.;557 561, N822K and N822H. 5. Use according to O aim2, wherein-the nutant
I-"-formof KITis D81 6F. 6. Use according to Caim 2, wherein the nutant form
‘of KIT is D816H K 7. Use according to Caim2, wherein the nmutant form of
.KIT is DB16N. 8. Use according to Claim?2, wherein the mutant formof KIT
is DB16V. 9. Use according to Claim2, wherein the nutant formof KIT is
- K642E- 10. Use according to Claim2, wherein the nutant formof KIT. is
.Y823D. 11. Use according to Claim2, wherein the nmutant formof KIT is Del
550-558.  1Z. U@@eé&@faﬁr@ltaméarﬁzqvﬁérah%emn@ﬁﬁbm sheT gy, formof KIT is
Del 557-561. 13. Use according to Claim2, wherein the mutant formof KIT
is N822K. 9_14. Use accordin m whereln he mutant formof KIT is
V654A.  1515:Us eUsRBEPHNGO @?'B:Izaﬁ"?ﬁ@'”t%@i"@f‘tﬁ“%%f *{%fsa[‘rléz rmof KITis
N822H. 16. Use according to Caim?2, wherein the mutant formof KIT is Del
550-558 + 1&654@5&é&orﬂ@&o@tﬁkﬂﬁd@vm&mmaﬂwanﬁfaﬁ S HIB islpdi G50 8hgsein the KIT
dependent di sea.gﬁai s selected frommst cell diseases, acute nyel ogenous
| eukem a, gastr festinal  stromal tunors, sem nomas and dysgerm nomas. r
i

17.  Use according to any of Claims 1-16, wherein the KiT dependent disease is

selected from maat cell dissases, acute myeiogenous leukemia, gastrointestinal

stramal tumors, seminomas and dysgerminomas.
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