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conbi nation with an oncolytic agent or y-i I'on to enhance their anti-

neopl asmeffects in treatnment of neopl asns. 2.

Description of Related Art 15 Therapeutic treatnents

have been devel oped over the years to treat neopl asns.

There are two naj Orhiggpplivatioe slaims theqitiority behefitsof the)UShProvisiensd Rpplication
5 Serial No. 60/016,658 filed May 1, 1996.

1. Field of the Invention
The present invention is broadly directed to a method for enhancing anti-
neoplasm effects of chemotherapies and radiation therapies with PKC inhibitors.
10 The present invenﬁon is particularly directed to the use of Protein Kinase C (PKC)
inhibitors, especially a particular class of isozyme selective PKC inhibitors in
combination with an dncolytic_ agent or y-irradiation to enhance their anti-
neoplasm effects in treatment of neoplasms. |
2. Description of Refated Art
15 Therapeutic treatments have been developed over the years to treat
neoplasms. There are two major approaches to treat neoplasms: 1) chemotherapy
employing oncolytic agents, and 2) radiation therapy, e.g., y-irradiation. Oncolytic
agents and y-irradiation cause cytotoxic effects, preferentially to tumor cells, and
cause cell death. |
20 Studies have shown that y-irradiation and certain groups of oncolytic
agenis assert their cytotoxic effects by acﬁvating programmed cell death or

apoptosis. A balance between the activities of apoptotic and antiapoptotic



enpl oyi ng oncol ytic agents, and 2) radiation therapy, e.g.,y- |rrad|at|on
Oncol ytic woo7 agents and y-irradiati on cause cyt ot 0X

effects, pre?er’g‘r)ﬁ“izal ly to tumor cells, and Pc%"s‘?’@@?ql
death. 20 St udi es have shown that Y-irradiation and
certain groups of oncolytic agents assert their cytotoxig
effects by activating programred cel | deé’t'h or apopt osi s.
A bal ance between the activities of apoptotic and antiapoptotic
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i ntracel | ul ainteicghular smaﬂmannmhwmus inspartaptitowends 4 cellls decmonelfl
deci si on of under goi ng apoptosis in response to the above

ment i oned chefgérieingmpopsisth response to the above méntidhéd tikindthérapyiis well as
PKC i nhi bltors has been proposed for cancer therapy, e.g. see U S.

5, 552, 391, 9 PKC activities have been indicated to exert
anti apoptotic e?tf ectps gspeci ally in response to radiation
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as Ara-c, 2- chl or o- 2- deoxyadenosi ne,

9- [ er 6] - D- ar and RKSactivities have heemindicateditd exeit anwapoptqtmrem; egpecially in

There al so have been indications that down regulation of PKC activities in

tunor cells response to radiation therapies, e.g., y-irradiation. In particular, studies have shown that
activation of PKC inhibits apoptosis induced by anti-neoplasm agents such as Ara-c, 2-
chloro-2-deoxyadenosine, 9-B-D-arabinosyl-2-fluoroadenine, and y-irradiation therapy.
There also have been indications that down regulation of PKC activities in tumor cells

10 enhances apoptosis stimulated by oncolytic agents. PKC activation has been shown to

attenuate y-~irradiation induced cell death.

There is a need in the art to develop therapeutic agents which enhance the
apoptotic signal transduction pathways in cells and thereby enhance the clinical efficacy
of oncolytic agents and radiation therapy.

15 SUMMARY OF INVENTION

It is an object of the invention to provide methods for treating a neoplasm.

It is another object of the invention tﬁ provide methods for enhancing an anti-
neoplasm effect of an oncolytic agent. |

It is still another object of the invention to provide methods for enhancing anti-

20 neoplasm effects of radiation therapy.

These and other objects of the invention are provided by one or more of the

embodiments described below.



10 . enhances apoptosis stinulated by oncolytic agents. PKC activation

has been showop dn40842 attenuate y-irradi ation induced ?é‘H’US%B
There is a need in the art to devel op therapeutic agents whi ch enhance the

apoptotic signal transduction pathways in cells and thereby enhance the

clinical efficacy of oncol yti ¢ qagents and radi ation therapy. -
15 SUMMARY OF | NVENTI ON It is an object of the

i nvention to provide nmethods for treating a neoplasm I t

i s another object of the invention to provide nethods for enhancing an

anti - neopl asm ef fect of an oncolytic agent. | .

It is still another obj daoneembadinenseftheinventiop there éxprerided gamethed for treating

enhancing anti- 20 neopl asm effects of radiation therapy.
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I n one enbodi nent g?opﬁoelyltx%\a}%erﬁtio(r)x fﬁergoPén%?%eﬁté?flgnﬂﬁgt%gﬁ% or r%ati ng
a neopl asm whi ch cm{’j ses adm nistrating to a mammal in need of such

t reat ment 1tor.

5 In still another embodiment of the invention there is provided a method for
enhancing an anti-neoplasm effect of chemotherapy and radiation therapy which
comprises administrating a protein kinase C inhibitor in combination with said
oncolytic agent or radiation therapy.

The present invention provides the art with a method for increasing
10 apoptotic effects in cells and is thus effective in enhancing the anti-neoplasm
- effects of chemotherapies and radiation thergpies. .
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the dosage effect of bryostatin 1 on PKC isoforms.
Figure 2 demonstrates the incubation t!me effect of bryostatin 1 on PKC
15 isoforms. _
Figure 3 demonstrates that down regulation of PKC-P enhances the efficacy
of y-irradiation.
Figure 4 shows that increased expression of PKC-p demonstrates resistance
to radiation stimulated cell death.
20 DETAILED DESCRIPTION OF THE INVENTION
It is a discovery of the present invention that use of PKC inhibitors,

especially a particular class of protein kinase C inhibitors, reduces or inhibits anti-



an oncolytic agent or y-irradiation in conbination with a protein kinase C

I nhi.bi t or . wgb97/40842 In still another enbodi nmen
i nvention there is provided a nmethod for entﬁﬁzlgﬁgﬁéﬁql

anti-neopl asm ef fect of chenot herapy and radi ati on therapy which

conprises admnstrating a protein kinase Cinhibitor in conbination with .
sai d oncol ytic agent or ﬁ"adi ation therapy.

The present invention provides the art with a nethod for increasing 10
apoptotic effects in cells and is thus effective in enhancing the

anti-neopl asm . . effects of chenotherapies and radiation

't her api es. apoptotic effects in a cell. Comgieguently: suchsampoundy ¢an be ussiditoenhatice
bryostatin 1 on PKC i soforms. T Figure 2 denonstrates
the incubation t igatincoplasaf efféctoof clembtherapics4dd ralifation therapies.

| sof or ims. Figure 3 denonstrates that down

;?ig ‘r“r ZB: ot ng PKC-[er ‘ﬂhe%@&ﬂ@:fﬁfﬂﬁ%v@ﬁ@x{’ﬁﬁg employ any PKC inhibito?fmoxgn in the

I gur trncrease
adi ati o sti nul Atdacluding aqBspeite PG ibibitors and specific PKC inbibitogs ofdifferent
di scovery of the present invention that use of PKC inhibitors,
especfal |y a par isoforms: Informations ghowt BKC jnhihitors,@nid methodsofos theirpreparation
nniprts ant- are readily available in the art. For example, different kinds of PKC inhibitors and
their preparation are described in U.S. Patents 5621101, 5621098, 5616577,
5578590, 5545636, 5491242, 5488167, 5481003, 5461146, 5270310, 5216014,
5204370, 5141957, 4990519, and 4937232, all of which are incoporated herein by
10 reference. Preferably the present invention utilizes those protein kinase C
inhibitors that effectively inhibit the B isozyme. One suitable group of compounds
are generally described in the ﬁﬁor art as bis-indolylmaleimides or macrocyclic
bis-indolylmaleimides. Bis-indolymaleimides well recognized in the prior art
inlcude those compounds described m U.S. Patents 5621098, 5552396, 5545636,
15 5481003, 5491242, and 5057614, all incorporated by reference herein.
Macrocyclic bis-indolylmaleimides are particularly represented by the compounds
of formula I. These compounds, and methods for their preparation, have been
disclosed in U.S. Patent 5,552,396, which is incorporated herein by reference. In
accordance with the present invention, these compounds are administered in
20 combination with other anti-neoplasm therapies to a mammal in need of such

treatment. In particular, these compounds can be used to enhance the anti-

neoplasm effects of chemotherapies and radiation therapies.
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apoptotic effects in a cell. Consequently, such conpounds can be used to
enhance the anti-neoplasmeffects of chenotherapi es and
radi ation therapies. - .5. The nethod of this invention -
may enpl oy any PKC inhibitor known in the art including
non-speci fic PKC i nhibitors and specific PKC inhibitors of different 5
isoforms. Informations about PKC inhibitors, and nethods for their
preparation are readily available in the art. For exanple,
di fferent kinds of PKC Ongipsefersed classiof compounds formmﬂ!ermpﬂ%ro@m&law%n
are described in U S. Patents 5621101, 5621098, 5616577,

5578590, 5545636, 54kxkthe fordfifld:67, 5481003, 5461146, 5270310, 5216014,

5204370, 5141957, 4990519, and 4937232, all of which are incoporated herein
by 10 reference. Preferably the presen% invention utilizes those
protein kinase C i nhibitors thaR%%ffectively inhibit the
[err] isozyme. One suitable group of conpounds are
generally described in the prior art as bisQ;_, s
macr ocyclic bi s-i ndol yl mal ei Bi s-i ndol ymal ei m des
wel | recognized i M he prior art 1 ‘

described in U S. Patents 5621098? S
5481003, 5491242, and 5057614, al
Macr ocyclic bis-indolylnmaleimdes are 8
conmpounds

e’ her ei n.
Ated by the *

] 1
) S L Y
wherein:
5 W is -O-, -S-, -SO-, -80;-, -CO-, C,~C; alkylene, substituted alkylene, C,-

- Cg alkenylene, -aryl-, -aryl(CH,),O-, -heterocycle-, ~heterocycle-(CH,),,0-, -fused
bicyclic-, -fused bicyclic-(CH,),0-, -NR*-, -NOR®-, -CONH-, or -NHCO-;
X and Y are independently Ci-C.h.alkylene, substituted alkylene, or together
X, Y, and W combine to form -(CH,),-AA-;
10 R's are hydrogen or up to four optional substituents independently selected
from halo, C,-C, alkyl, hydroxy, C ,-C , alkoxy, haloalkyl, nitro, NR*R®, or -
NHCO(C,-C, alkyl);
R? is hydrogen, CH;CO-, NH,, or hydroxy;
R® is hydrogen, (CH,) aryl, C,-C, alky}, -COO(C,-C, alkyl), -CONR*R’, -

15 (C=NH)NH,, -SO(C,-C, alkyl), -SO, (NR*R?), or -SO, (C,-C, alkyl);



of formula |I. These conmpounds, and nethods for their preparation, have been
di scl osed iwoW78084Pat ent 5, 552,396, which is incorporated hergi

reference. In accordance with the present inven |’(')rr'1sol
t hese conpounds are adm nistered in 20 conbi nati on with ot her

anti-neoplasmtherapies to a manmal in negd of such
treatment. |In particular, these conpounds®Can be used to enhance the antl-

neopl asm ef fects of chenot herapi es and radi ati on therapi es. WO
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conpounds for use in tRéandeRﬁmmdependenﬂWwdmgm, C,-C, alkyl, phenyl, benzyhort he

formula: R2

[err] combine té'thediitogen to which they are bonded to form a saturated or
unsaturated 5 or 6 member ring;

AA is an amino acid residue;
5 m is independently 0, 1, 2, or 3; and

n is independently 2, 3, 4, or 5, or a pharmaceutically acceptable salt,
prodrug or ester thereof. . |

A more. preferred class of compounds for use in this invention is
represented by formula I wherein the ﬁoietics -X-W-Y- contain 4 to 8 atoms,

10 which may be substituted or unsubstituted. Most px;eferably, the moieties -X-W-Y-
| contain 6 atoms. _ |

Other preferred compounds for use in the method of this invention are those
compounds of formula I wherein R' and R? are hydrogen; and W is a substituted
alkylene, -O-, S-, -CONH-, -NHCO- or -NR’-, i’a_rticxﬁarly preferred compounds

15 are compounds of the formula Ia:

(1a)




5 , Wis -G, -S, -SO, -S@2-, -CO, (err]-Cerr]

al kyl ene, subgbiohbgad al kyl ene, C2- Clerr] al ,gsg.;}@nm
-aryl-, -aryl(CH err])nmO, -heterocycle-, -heterocycle-(CH err] )

-fused bi cyclic-, -fused bicyclic- (CH[err])rrO

-NR[err]-, -NORerr]-, CONH, or -NHCO; Xand Y -

are i ndependenty Cerr]- C[err] al kyl ene, suBstltut ed al kyl ene, or together
X, Y, and Wconbine to form-(CH err])n-AA-; 10

Rlerr]s are hydrogen or up to four optional substituents independently

sel ected fromhalo, (err],-Clerr] alkyl, hydroxy,
Cerr]-Cerr] al koxy, hal oal kyl, nitro, NR[err]Rerr], or -
NHCO(C[err]-Clerr] al kyl); R2 is hydrogen, : S—

CH CO, NH y 4 3
hyEireg:g]en, (CH E:re;]r %‘Xlﬁi’fﬁzﬁ%"fﬁ G 'eﬂ{] ) §|?<§/C|:H’) E:o%( g %}Fdrr?*%{ glr.lr'] al Eyﬁ allyl,

Rkt A e RN SRR R MR

WO 97/ 40842 )
PCT/ US97/ 07801 C, alky; R®is hydrogen, C -C ,alkyl or benzyl; pis 0, 1, or2; apd m is

Rlerr] and R err] are I ndependently hydrogen, Cerr]-Cferr] al kyl, phenyl,

benzyl, or depmdenﬂpﬁhrﬂeotwphhmmﬂtmaﬂyacﬁaptaﬁesdlt,pi'mhugbﬁehemded
to forma saturated or . unsaturated 5 or 6 nmenber ring; :
S thereof. Most preferred compounds of the formula Ia are those wherein Z is CH,;

and R is -NH,, -NH(CF,), or -N(CH;),.
‘Other preferred compounds for use in the method of the present invention
are compounds wherein W in formula I is -O-, Y is a substituted alkylene, and X is

“an alkylene. These preferred compounds are represented by formula Ib:

10

(1b)

wherein Z is -(CH,),-; R* is -NR°R®, -NH(CF,), or -N(CH;) (CF,); R® and R® are
independently H or C,-C, alkyl; pis 0, 1, or 2; and m is independently 2 or 3, or a
pharmaceutically acceptable salt, prodrug or ester thereof. Most preferred

15 compounds of formula-t Tb are those wherein p is 1; and R® and R® are methyl.

Because they contain a basic moiety, the compounds of formulae I, Ia, and

Ib can also exist as pharmaceutically acceptable acid addition salts. Acids



AA is an amno acid residue; 5 mis independently 0, 1,
2, or 3; aRé 940 n is independently 2, 3, or a
phar maceuti cal | ys‘%lccept abl e salt, prodrug orrcirs"f’éeyr:m??%reof -
A nore preferred class of conpounds for use in this invention is
represented by formula | wherein the noigties -X-WY- contain 4 to 8 atoss,
10 whi ch may be substituted ®F unsubstituted. Most preferably,
the moieties -X-WY- contain 6 atons.

O her preferred conpounds for use in the nethod of this invention are those
conmpounds of formula | wherein R err] and R err] are hydrogen; and Wis a
substituted commonly employedito ferme suchGalts icjude iddiganic abidSSuchoas - NR[ err] - .

Particularly preferred conmpounds 15 are conpounds of the
I/\g g‘# ?10:3?1:2 hydrochloric, hydrobromic, hydroiodic, sulfuric and phosphoric acid, as Welt ds€' I |

PCT/ US97/ 07801 organic acids such as para-toluenesuifonic, méthanesxﬂfonic, oxalic, para- - 7

bromophenylsulfonic, carbonic, succinic, citric, benzoic, acetic acid, and related
5 inorganic and organic acids. Such pharmaceutically acceptable salts thus include
sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, mono-
hydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
chioride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyrate, l_xeptanoate, propiolaie, oxalate, malonate, succinate, suberate,
10 sebacate, fumarate, maleate, 2-butyne-1,4-dioate, 3-hexyne-2, 5-dioate, benzoate,
chlorobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, xylenesulfonate,
phenylacetate, phenylpropionate, phenylibutyrate, citrate, lactate, hippurate, p-
hydroxybutyrate, glycolate, maleate, tartrate, methanesulfonate, propanesulfonate,
naphthalene-1-sulfonate, naphthalene-2-sulfonate, mandelate and the like.
15 Particularly the hydrochloric and mesylate salts are used.
In addition to pharmaceutically—acoeptabie salts, other salts also can exist.
They may serve as intermediates in the purification of the compounds, in the
preparation of other salts, or in the identification #nd characterization of the
compounds or intermediates.
20 The pharmaceutically acceptable salts of compounds of formulae 1, Ia, and
Ib can also exist as various solvates, such as with wa';e'r, methanol, ethanol,

dimethylformamide, ethyl acetate and the like. Mixtures of such solvates can also



wherein Zis -(CHerr])p- or -(CH 2) p-O(CH [err]) p-; Rerr] is hydroxy,
-SH, C -C 4weyd¢ 2 (CHerr])maryl, 'NH(aryl}TlUW1
(CF[err]), -NH(CF[err]), or -NR[err]Rerr]; Rerr] is hydrogen or errj-
Cerr] alkyY; Rerr] is hydrogen, C [err]- C4 al kyl or benzyl; pis O 1,

or2; and mis mdependent I9y 2 or 3, or a phamaceutical ly -
acceptabl e salt, prodrug or ester t hereof. Most preferred
conpounds of the formula la are those wherein Z i; CH2;

and Rlerr] is -NH2, -NH(CF[err]), or -N(CH[err])2.

O her preferred conpounds for use in the nethod of the present invention
are conpounds wher be prepated. fiesourre lof sech fblyate caus be frombthe isolvertbfarystallization,
and X is an al kyl ene. These preferred conmpounds are

represented by for lvent advi S
CBern yp- et el Bt gl of repir B on grysallztiog, ar veIBES I gl
Rlerr] and R err] arle .independently Hor Cerr]-Cerr]
alkyl; pis o0, 1, & ?‘ and mis |ndependently 2 or 3, or a
pharmaceutical |y acceptable salt, prodrug or ester thereof. Mst preferred
.15 conmpounds mwmdwvmemmxmfmofshqwmnﬂpm]
and R err] are nethyl. - Because they contain a
basic npiety, the formmtaslia, ahd Tbmsylexist;] for exampledW may contain a chiral carbon atom
in the substituted alkylene moiety. The compounds are normally prepared as
racemates and can conveniently be used as such. Altemnatively, both individual
enantiomers can be isolated or synthesized by conventional techniques if so
desired. Such racemates and individual enantiomers and mixtures thereof form
10 part of the compounds used in the methods of the present invention.
The compounds utilized in this invention also encompeass the
pharmaceutically acceptable prodrugs of the compounds of formulae I, Ia, and Ib.
A prodrug is a drug which has been chemically modified and may be biologically
inactive at its site of action, but which may be degraded or modified by one or
15 ' more enzymatic or other in vivo processes to.the parent bioactive form. This
prodrug likely may have a different pharmacokinetic profile than the parent,
enabling easier absorption across the mucosal epithelium, better salt formation or
solubility, and/or improved systemic stability (an increase in plasma half-life, for
example). Typically, such chemical modifications include the following:
20 1)  ester or amide derivatives which may be cleaved by

esterases or lipases;



Ib can al so exist as pharmaceutically acceptable acid addition salts. Acjds
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comonl y errpl oyed to formsuch salts include inorganic acids such as
hydrochl ori c, hydrobrom c, hydraiodic, syl furic and phosphoric acid, as -
wel | as organi ¢ aci ds suUth as para-tol uenesul foni c,

met hanesul fonic, oxalic, para- br onophenyl sul f oni c,
carbonic, succinic, citric, benzoic, acetic acid, and related 5

I norgani ¢ and organi c aci ds Such phar nceutically acceptable salts thus

i ncl ude ) f atpeptidesrwhich ayche secogrizes by, speoific Qrm,onspemﬁc
bi sul fite, phosphate, nono- hydrogenphosphat e,

di hydr ogenphosphglt0 %gag gphosphat e, pyrophosphate,

chl oride, bromd e, acetate, propionate, decanoate, caprylate,

I , f L] . ' ,
g)i;%/a?te? nmal onat e, succi nat3é Ormﬁé&w&ﬁﬁ&aﬁqﬁi&%@%@g?@ﬁ ate

fumarate, naleate, 2-butyne-|, 4-di oate 3- hexyne di,oat benzoat e,
chl orobenzoat e, membsaneselectioneofa Sﬂﬁlgef“m’ or any
xyl enesul f onat e, phenyl acet at e phenyl pr opi onat e,

phenyg butyrate, gémbitation bfit té.8 Ssupka. pBomventional[procadures for the selection and
hydr oxybutyrate, glycolate, naleate, tartrate, nethanesul fonate,

propanesul f onat ePﬁ?‘“‘tmnofs itable pro da\?]ggﬂﬂe veg'sre HeSotited'fir@xample, in H.

napht hal ene- 2- su 'l ke.

Bundgaard, Design of Prodrugs, (1985).
The-synthwis of various bis-indole-N-maleimide derivatives is described in
Davis et al. U.S. Patent 5,057,614 and the synthesis of the preferred compounds
10 suitable for use in this invention are described in the previously identified U.S.
Patent 5,552,396 and m Faul ef al. EP publication 0 657 411 Al, all of which are
iﬁcorporated herein by reference. | |
One particﬁlarly preferred protein kinase C inhibitor for use in the method
of this inventiqn is the compound described in Example 5g ((S)-3,4-{N, N'-1,1'-
15 ((2”—ettxoxy);3"'(0)-4"'-(N N-dimethylamino)-butane)-bis-(3,3"-indoly1)]-1(H)-
pyrrole-2,5-dione Hydrochloride Salt) of th_e aforementioned U.S. Patent
5,552,396. This compound is a potent protein kmase C inhibitor. It is selective to
protein kinase C over other kinases and is highly isozyme-selective, i.e., it is
selective for the beta-1 and beta -2 isozymes. Other salts of this compound also
20 would be favored, especially the mesylate salts.
A preferred mesylate salt can be prepared by reacting a compound of the

formula 11



15 Particularly the hydrochloric and nesyl ate sal ts are used.

I n addition {y ef@s4Eaceutical | y-acceptabl e salts, other salts s? :
exi st They may serve as i nter medi ates in the puriticat | on
of the compounds, in the preparation of ot her salts, or
in the identification and characterizaton Qf the -
conpounds or internediates. 20 -11- The pharnaceutically
acceptabl e salts of compounds of fornulae I, Ia, “and | b

can al so exist as various solvates, such as with water, nethanol, ethanol,
di met hyl f ormam de, ethyl acetate and the |like. Mxtures of such sol vates

can al so WO 97/ 40842 i
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be prepared. The source of such solvate ca\ romthe sol vent of

crystallization, \he solxment of preparation or
sol vent .
5 -conpounds of 5
off ain a chiral

-9-

crystallization, ogqnadventitious
It is recogni zed t$4t various st

formulae I, la, and Ib nmay exist;

carbon atom in the subsfi t ut ed a ylene noi ety. The
conpounds are normally prepared as racemat es and can
conveniently be used as such. Alternati , bot i ndi vi dual

with methanesulfonic acid in a non-reactive organic solvent, preferably an
organic/water mixture, and most preferably water-acetone. Other solvents such as
methanol, acetone, ethylacetate and mixtures thereof are operable. The ratio of

5 | solvent to water is not critical and generally determined by the solubility of the
reagents. Preferred solvent to water ratios are generally from 0.1:1 to 100:1
solvent to water by volume. Preferably, the ratio is 1:1 to 20:1 and most preferably
5:1 to 10:1. The optimal ratio is d_e;iem‘ient’on the solvent selected and is
preferably acetone at a 9:1 solvent to water ratio.

10 The reaction usually involves approximately equimolar amounts of the two
reagents, although other ratios, especially those wherein the methanesulfonic acid
is in excess, are oﬁerative. The rate of addition of methanesulfonic acid is not
critical to the reaction and may be added rapidly (<5 minutes) or slowly over 6 or
nuuehwmm.Thcnumﬁcniscm&kﬂxnnatmmnmnnwmsnuuﬁngfhnn(PCtoreﬂux.

15 The reaction mixture is stirred until formation of the salt is complete, as

determined by x-ray powder diffraction and can take from 5 minutes to 12 hours.



enantioners can be isolated or synthesized by conventi onal techniques I f. so
desired. Swob74eeat es and i ndividual enantioners and mxttycq.?j,_, @ ?lf
t hods o

form 10 part- of the conpounds used in the ne B
present invention. The conmpounds utilized in this
I nvention al so enconpass the . pharmaceutically acceptabi e
prodrugs of the conpounds of fornul ae IﬁlQ%L and | b. A
prodrug is a drug which has been chem cally nodified and may be

bi ol ogical |y i nactive at its site of action, but which
may be degraded or nodified by one or nore enzymatic or

other in vivo process¥bessisd pamtmvmlommpmfnrablyindseadllypreparedasa
prodrug |i Kery may have a different pharnacokinetic profile than the

parent, crystalline for N Th it¥illydeave ferm oPeiersalt neiy édtivertod a5t

epi t hel | um better salt formation or sol ubi | | ty, and/or

| nproved system 0260 "?ﬁ p
exanpl e). Typi caﬁ"%ﬂgdrhﬁt%ﬁ %P%lgg(a?m calf ?ons [ ﬁ%‘?ﬁ%"’ tP’ol gv%lalr%és 20
1 ester or am.de d |vat ich ma | eaved b :
e)st erases or |ipiibstan 4%1 ﬁefC edmelung);/:omt, birefringence, and
PCT/ US97/ 07801 -10-

2) Speptides wm x#rayrdifﬁ'beﬁomm.zﬁmdmﬂyspm:trmmlschavedms tieani ¥0% amorphous
solid and preferably less than 5% and most preferably less than 1% amorphous.
solid. | |

The mesylate salt is isolated by filtration or other separation techniques
appreciated in the art directly from the reaction mixture in yields ranging from 5" »

10 to 100%. Recrystalhunon and other purification techniques known in the art may
be used to furtherpunfythe salt if desired.

The PKC inhibitors, including the compounds described above, are used in
combination with conventional anti-neoplasm therapies'to treat mammals,
especially humans with neoplasia. The procedures for conventional anti-neoplasm

15 therapies, including chemotherapies, e.g. using oncolytic agents and radiation
therapies e.g., Y-irradiation are known, reddily available, and routinely practiced in
the art, e.g., see Harrison’s PRINCIPLES OF INTERNAL MEDICINE 11th
edition, McGraw-Hill Book Company.

Neoplasia is characterized by abnormal growth of cells which often results

20 in the invasion of normal tissues, e.g., primary tumors or the spread to distant
organs, e.8., metasta#is. The treatntent of any neoplasia by conventional anti-

neoplasm therapies can be enhanced by the present invention. Such neoplastic



prot eases; or 3) derivatives that

accunul ate gpod7adsye of action through menbr agerB8d-Afhé O
of a prodrug formor a nodified prodrug form or any 5

conbination of 1 to 3, supra. Conventional procedures for the selection and
preparation of suitable prodrug derivativ are described, -for exanple, in-
H. Bundgaard, Design of "Prddrugs=, (1985).

The synthesis of various bis-indole-Nnmaleinde derivatives is described in
Davis et aferr]. US. Patent 5,057,614 and the synthesis of the preferred
conpounds 10 suitable for use in this invention are
described in the prewthincludes butmiot fimktedto Pprimary tumors, primary tumoFsithatare

5,552,396 and in Faul et al. EP publication 0 657 411 Al, all of which are—

i ncor porated her eiiﬂcdaxple@iﬁeam by surgical techniques, primary #ggoﬁwnﬁameyéaf ly

preferred protein kinase nhi bi tor for use in the ne
of thi's Tnvention jsgoldiély SRARA Y whEdFdrt BEfch Hisk 15 WBlelop § nickablack sl

((2"-ethoxy)-3""(0)4"" - (N, N-dinet hyl ani no) - but ane) - bi s- (3,3 -indolyl)]-1(H)
pyrrol e- 2, 5-di one %@ﬂ%‘éﬂﬁb@d@ﬂﬂh’ys@mmmm ioned U.S. Patent
5,552,396. This conpound is a potent protein kinase Cinhibitor. It is

sel ectsve to Specifically pthe (PR Q) intiibitors déscribed abdvevanienhamoetheanki4 s
hi ghly isozyne-selective, i.e., it is selective for the

beta-1 and beta - %gggﬁ%ﬂ’afectsqmron%éiyﬁﬁ aBént! 'The widERaN&Y ok availabidoncolytic

woul d be favored, ecially the nesylate salts.

A pref erred mesyl gen gl oflinpliuel P8 Hirkiod 86y aBoiAARR it Blestil

invenﬁdn. In a preferred embodiment, oncolytic agents that assert their cytotoxic

effects by activating programmed cell death or apoptosis are used in combination
10 with the described PKC inhibitors. These include but not limited to 1-f-D-
| arabinofuranosylcytosine or Ara-c, etoposide or VP-16, cis-
diamminedichloroplatinum (II) ot cis-platinum, doxorubicin or adriamycin, 2-
chloro-2-deoxyadenosine, 9-B-D-arabinosyl—2-ﬂuoroa¢_ienine, and glucocorticoids.
All the neoplastic conditions treatable with such oncolytic agents can be
15 treated in accordance with the present invention by using a combination of a PKC
inhibiﬁor with one or more oncolytic agents. The oncolytic agents assert the
cytotoxicity or anti-neoplasm effects in a variety of specific neoplastic conditions.
For example, Ara-c is normally used for treatment of childhood-null acute
lymphoid leukemia (ALL), thymic ALL, B-cell ALL, acute myeloid leukemia,
20 acute granulocytic leukemia and iw. variants, non-Hodgkins lymphoma,
myelomonocytoid leukemia, acute megakaryocytoid leukemia and Burkitt’s

- lymphoma, Adult-B-ALL, acute myeloid leukemia, chronic lymphoid leukemia,



formula I WO 97/ 40842

PCT/ USO7/ Wi®8M40842 | _ peT/usshbren
[err] wi th met hnesul fonic acid in a non-reactive organic
sol vent, preferably an organi c/water m xture, and nost

preferably water-acetone. O her-solvents,such as . et hanokt,
acetone, ethylacetate and m xtures thereof are operable. The ratio of 5
solvent to water is not critical and generally determ ned by the solubility

of the reagents. Preferred solvent to water ratios are
generally fromO0.1:1 to 100:1 ] sol vent, to water by vol une.
Preferably, the SHPRG mgejqu_djeqlg% @da'ﬁﬂemeﬁ"ef@?ééﬂ? normal[y used for

5:1 to 10:1. The optimal ratio is dependent on the solvent selected and is
treatment of testicular carcinoma, small and large non-small cell lung carcinoma,

Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, choriocarcinoma, Ewing’s
sarcoma, and acute granulocytic leukemia. Cis-platinum can be employed for
s treatment of testicular carcinoma, germ cell tumors, ovarian carcinomas, prostate

cancer, lung cancer, sarcomas, cervical cancer, endomermetrial cancer, gastric ,
cancer, breast cancer, and cancer of the head and neck. 2-Chloro-2-
deoxyadenosine and 9-f-D-arabinosyl-2-fluoroadenine can be used to treat chronic
lymphoid leukemia, lymphomas and hairy cell leukemia. Doxorubicin can be used

10 to treat acute granulocytic leukemia and its vaﬁants, ALL, breast cancer, bladder
cancer, ovarian cancer, thyroid cancer, lung cancer, Hodgkin's lymphoma, non-
Hodgkin’s lymphoma, sarcomas, gastﬁc carcmoma, prostate cancer, endometrial
cancer, Wilm’s tumor and neuroblastoma, Clinical effects of oncolytic agents in
all neoplastic conditions treatable with oncolytic agents including the ones

15 discussed above can be potentiated by use of a combination therapy with the
identified PKC inhibitors in accordance with the present invention.

The PKC inhibitors identified in the present invention can also enhance the |
anti-neoplasm effects of a radiation therapy. Usually y-irradiation is used to treat
* the site of a solid tumor directly.

20 Experimental results provided in the present invention demonstrate that the

complete down regulation or loss of protein kinase C- is associated with the

synergistical enhancement of the oncolytic induced apoptosis in human leukemic



preferably acetone at a 9:1 solvent to water ratio. 10

The reacti onwissspdes4e | nvol ves approxi mately equi nol ar anmount s gbri88nd786
reagents, although other ratios, especially those wherein the

met hanesul fonic acid IS in excess, are operative. The rate
of addition of nethanesul fonic aci-d is nga . critical to the
reaction and may be added rapidly (<5 mn ?es) or slowy over 6 or

nore hours. The reaction is carried out at tenperatures ranging fromOC to
reflux. 15 The reaction mxture is stirred until fornmation of
the salt is conplete, as . . .. determned by x-ray_ powder
diffraction and caells Gigurerl)mSimilanly,isignificant downaegnlation of protein kingg® C-f in
97/ 40842

PCT/ US97/ 07801 U937 human leukemic cells enhances radiation stimulated cell death (Figte 2).
The salts of the present invention are preferably and readily prepared as a

crystalline form (g hishif ks GITHA obiExiild i Pl Ol dinGigs | o

to the . nono ate upon T exposure to
o Tl s e B . b
e o i G e s vl b e i
preferably | ess than 1% anor phous - solid.
preferably used in accordance with the present invention can enhance tumor killing
or the anti-neoplasm effects of chemotherapies and radiation therapies and improve
clinical responses to these currently used therapeutic modalities.
" The PKC inhibitors of the present invention are administered in
10 combination with other anti-neoplasm therapies inc_luding oncolytic agents and
radiation therapy. The phrase “in combination with other therapies™ means that the
compounds can be administered shortly before, sﬁortly after, or concurrent with
such other anti-neoplasm therapies. The compounds can be administered in
- combination with more than one anti-neoplasm therapy. In a preferred
15 embodiment, the compounds are administered from 2 weeks to 1 day before any
chemotherapy, or 2 weeks to 1 day before any radiation therapy. Alternatively, the
PKC inhibitors can be administered during chemotherapies and radiation therapies.
If administered following chemotherapy or radiation therapy, the PKC inhibitors
should be given within 1 to 14 days following the primary treatments.
20 One skilled in the art will recogmze that the amount of PKC inhibitor to be

administered in accordance with the present invention in combination with other

anti-neoplasm agents or therapies is that amount sufficient to enhance the anti-



The mesylate salt is isolated by filtration or other separation techniques
appreci at aioomgdsde art directly fromthe reaction mxture i nl’é"i'/ﬁ 977'} ngi ng

fromb5 10 to 100% Recrystallization and ot hef purl atiormr
techni ques known in the art may be usedto furtherpurify
the salt if desired. - The PKC inhi bitors, including
t he conpounds descri bed above, are used-itf- conbi nati on

wi th conventional anti-neoplasmtherapies to treat mammal s,

especially humans with neopl asia. The procedures for conventi onal _
anti-neoplasm 15 t her api es, including chenot herapies, e.g.
usi ng oncol yti c Beaplasm offects ofl pacalptic agents or radiation therapiesier thpt amountgufficient
y-irradiation are known, readily available, and routi néery practiced in

the art, e.g. sem induce apoptesisdt déll d¥ali Shch Atidtitinay Falry Prbealid, dépending
edition, MG awH Il Book Conpany. I\%ogagesi ails

'n the. | nvas on’ SO aE Rete fHAGHE B of nlast e RoBrANGA Bt ek onipbund in g

giezfo?gtsi a by conterapenticfo Thilation, the gﬁ*idge‘;“%it‘&% assﬁbé%g S gtﬂ*‘g; 03% be
enhanced by the present invention. Such neoplastic WO 97/ 40842
PCT/ Us97/ 07801 administration of the PKC inhibitors relative to the other therapies, and-ths age,

size and condition of the patient.

Both in vivo and in vifro tests can be used to assess the amount of the
compounds needed for inducing apoptosis. For example, human leukemic celis
could be exposed in vitro to various concentrations of oncolytic agents, e.g.,, Ara-c,

10 or to radiation in the presence or absence of the PKC inhibitor compounds used in
the present invention. - Appropriate neoplastié cell types can be chosen for different
oncolytic agents. Other protein kinase C selective inhibitors can also be used for
oomparisqn. At various time points, célls would be exammed for viability by
conventional fnethods or by any meaﬁs available in the art. Apoptosis or cell death

15 can be measured by any means known in the art. Cell death can be determined and
quantified via ﬁypan blue exclusion, and reduced clonogenecity in soft agar. As
well understood by those skilled in the technology, apoptosis is a specific mode of
cell death recognized by a characterisﬁc pattern of morphological, biochemical,
and molecular changes including but not limited to, endonucleolysis (DNA ladder),

20 abnormal DNA breaks, and condensation of chromatin and cytoplasm (condensed

and punctate nuclei). These changes can be readily detected by any means known

in the art, e.g., microscopy; flow cytometric methods based on increased sensitivity



grow h includes but not limted to primary tunors, primary tunors that are

i ncompl et el by surgical techniques, primary tunors E{)U een
adequat el y ﬁ‘ég e ut which are at high risk to develop a m\g{yas a?’.a’zﬁ

di sease subsequently, and an established netastatic
di sease. 5 Specifically, the PKC inhibitors described
above can enhance the anti - -17- neopl asm effects of an

oncol ytic agent. The wi de variety of avail able oncolytic
agents are contenpl ated for conbination therapy in accordance with present
I nvention. In a preferred enbodi ment, oncolytic agents that assert their

cyt ot oxi ¢ of DNA to dendtiieation ahyl alteted\light ﬂ@ﬂﬂﬁﬂgpﬁpﬁbspBNAﬁQ%ﬁi&nﬁﬁon
apoptosis are used in conbinati orm—10 with the described PKC

i nhi bitors. These *mgﬁ@:%ag@rg éei%&ﬁ‘gﬁ’w [té‘rhiﬂlml NA transferase assay, (TdT

ar abi nof ur anosyl cyt osi ne or etop or VP- ,

gi_anni I nedi chl oropalsgatyiénua. 1&(':1'52 or!, CiS- ﬁl am%srgayﬂoxorubi cin or adrianycin,

9-[err]-D- arabinosyl -2-fluoroadeni ne, and gl ucocorticoids. .
All the neopl astic condimvvmstudics sambe dong using tumorgrenogmafis inacylatedsintan be
15 treated in accordance with the present invention by using a

conbi ngtion of a R@mocommonﬁwdorsy%eﬂd”&lﬁﬁﬂsorm&homﬁaﬂ%wsmt ic
agents. The oncolytic agents assert the cytotoxicity or

ant 1 neop) asm, e | Gkt b kgl SRGE b4 GOl ForB BRI B pryen
2o EHKET i ek Eyeeetis ke Apairedincplyio s FRICR tesdReRb dlHS ns
| ynphonmg, nyel ononocytoi d- | eukem a, acute megakaryocytoid
| eukemi a and Bur ki size ef the tumor implant before and after each treatment in the presence and
absence of the compounds in the present invention can be used as an indication of
10 the therapeutic efficacy of the treatment.

Generally, an amount of protein kinase C inhibitor to be administered in
combination with other anti-neoplasm therapies is decided on a case by case basis
by the attending physician. As a guideline, the extent of the neoplasia, the body
weight, and the age of the patient will be considered, among other factors, when

15 setting an appropriate dose. Normally, the PKC inhibitors of the present invention
are expected to potentiate the dnti-neoplasm effects of oncolytic agents and
radiation therapy from about 2 fold to about 10 fold.

Generally, a suitable dose is one that results in a concentration of the
pr;:tein kinase C inhibitor at the site of tumor cells in the r#nge of 0.5 nM to 200

20 uM, and more usually from 20 nM to 80 nM. It is expected that serum

concentrations of 40 nM to 150 nM should be sufficient in most circumstances.



| ynphoma, Adul t-B-ALL, acute nycloid | eukem a, chronic | ynphoid | eukem a,

WD 97/ 408
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chronic nycloid | eukema, and T cell |eukema. VP-16 is normally used for
treatnment of testicular carcinoma, small and | arge non-small cell lung -
car ci nona, Hodgki n' s I}#$phoma, non- Hodgki n's | ynphons,
choriocarci noma, Ew ng's sarconmm, and acute granul ocytic
| eukemi a. Cis-platinum can be enployed.for 5 treat ment of

testicular carcinoma, germcell tunors, ovarian carcinomas, prostate

cancer, lung cancer, TFabbtaifthescéatinent conoantrations; achatientintneed bf treatment
gastric. B cancer, breast cancer, and cancer of the head and

neck 2-Chl oro-2- . . Qgg@ ; .
9-[err]-D-arabi AS?HY"&‘!P?&%%% eni ?\%%n eﬂﬁg.ggné‘g&tdraggteﬂé%?g%?dcywught

I hoi d | eukem a,, | h d, haj L1 ] | & ubi ci b
wted 10 " e 13 g o 3t ke oAb gt o B e T ol R 00 pe
ALL, breast cancer, bl adder . . ... Cancer, ovarian cancer,
thyroi d cancer, bodygveightefiproteiniinnse € inhibitorshguldhgmeeded. As noted above, the

Hodgki n' s | ynphoma, sarcomas, gastric carci nona, prostate cancer,

endomet ri al above amounts may 49 ®n a ddst-bycasebanis. and neur obl ast oma.
Clinical effects of oncolytic agents in all neoplastic

condi tions treatabl e i B, O0GHAK!drFoRRART ind ' péfeitEd bOtAPAREE of formula Ia
and Ib are preferably formulated prior to admin;mﬁon. Suitable pharmaceutical
formulations are prepared by known procedures using well known and readily
available ingredients. In making the compositions suitable for use in the method of
10 the present invention, the active ingredient will usually be mixed with a carrier, or
- diluted by a carrier, or enclosed wnhm a carrier which may be in the form of a
capsule, sachet, paper or other container. When the carrier serves as a diluent, it
may bea soiid, semisolid or liquid matenal which acts as a vehicle, excipient or
medium for the active ingredient. Thus, the compositions can be in the form of
15 tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions,
solutions, syrups, aerosol (as a solid or in a liquid medium), soft and hard gelatin
capsules, suppositories, sterile injectable solutions and sterile packaged powders
for either oral or topical I#pi:licaﬁon.
Some examples of suitable carriers, excipient, and diluents include lactose,
20 dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphates,
| alginate, tragacanth, gelatin, calcium silicate, microcrystalline cellulose,

polyvinylpyrrolidone, cellulose, water syrup, methyl celtulose, methyl and



15 di scussed above can be potentiated by use of a conbi nation

t her apy wi tyolohRessz i dentified PKC inhibitors pormssnsgence:
with the present invention. The PKC inhibitors
identified in the present i nvention can al so enhance the
anti-neoplasmeffects of a radiatsi on thera gy Usual ly y- |rrad|at|on I's used
to treat the site of a¥dtid tunor directly. 20
Experinmental results provided in the present invention denonstrate that the
conpl ete down regul ation or loss of protein kinase C-[err] is associated

with the synergi stical enhancenent of the oncol t|c
i nduced apopt osi Spiopylhydfoxybenzoatssctalc, magnesium stedrie aid sieral oil.
PCT/ US97/ 07801 - 15- 0

cells (Figure 1). o‘ﬁum. tﬁﬁl.Lz ' Bﬂé?ﬂ% fdH m‘ﬁgﬁiﬁ éitd) Ki nase
Clerr] in f A t@@@ﬁh l@gﬁr}?c ce?ag enhancesai?adi at i on
stinul ated cell deat | gure 2 7 hu eu

cell's that overexﬁ?‘é‘t‘éé' ma@ﬁpﬁ“mm‘% of
resistance to radiation sti rrul ated cel| death (Figure 3). These data

provide a strong flgvoring agents. The camppsitions®f the-iaventinn marbe formulated so as to
especially [err] isozyme selective inhibitors, preferably

used ig accordance romadn?mbn shstahredtoridelayed telenseaﬁtmntwvemgremmt after| i ng
or the anti-neoplasmeffects of chenotherapies and radi ation therapies and
| mprove administration to the patient. The compositions are preferably formulated in a unit
dosage form, each dosage containing ﬁ-o_m about 0.05 mg to about 3 g, more
usuaily about 64 mg of the active ingredient. However, it will be mderstood that -
the therapeutic dosage administered will be determined by the physician in the
10 ~ light of the relevant circumstances including the severity of the condition to be
treated, the choice of compound to be ad:mmstered and the chosen route of
administration. Therefore, the above dosage ranges are not intended to limit the
scope of the invention in any way. The term "unit dosage form" refers to
physically discrete units suitable as unitary dosages for human subjects and other
15 mammals, each unit containing a predetermined quantity of active material
calculated to produce the desired therapeﬁﬁc effect, in association with a suitable
pharmaceutical carrier.
In addition to the above formulations, most of which may be administered
orally, the compounds used in the method of the present invention also may be
20 administered topically. Topical formulations include ointments, creams and gels.
Ointments generally are prepared using either (1) an oleaginous base, i.e.,

one consisting of fixed oils or hydrocarbons, such as white petrolatum or mineral



clinical responses to these currently used therapeutic nodalities. . .
The PKC i pjhi of the present invention are adm nisteredq, ]

conbi nat i owﬁb%’%ﬁé‘%t her anti-neoplasmtherapies including on%ﬁ@q’%’g@c‘%nt s -
and radi ati on therapy. The phrase "in conbination with
ot her therapies" neans that the. conpounds can be

dm nistered shortly before, shortly af2&r, or concurrent with

such ot her anti-neoplasmtherapi es. The conpounds can be administer in
conmbi nation with nore than one anti-neoplasmtherapy. In a preferred 15
enbodi nent, the conpounds are admi nistered from2 weeks to 1 day before any
chenot her apy, oroil on(2)lan absorbertdnasd) ., one eonsistingioftan @anhydrensgybstance or

Al ternatively, the PKC i nhi bitors can be adm stered

during chenot hegy; WHicH e dbSotb vARES RdreXample anhydrous lanolin. Customaril
admi nstered fol %g%ﬁh%&ghéﬁmt erapy or rég? atioﬁethe?'al|é)o;}’,s e PKC T nhi bt or s

ne kil ed | n dALoueE Gymeioe ori Bose el etelfoll or Whorontt BekeRYE ., (o

-

be adm ni stered in accordance with the present invention
in combi nati on \nguedisntésompound) is added to an amownt aﬁm @g,qlpagqgﬁogcm&auon.
therapies is that anount sufficient to enhance the anti - WO
97/ 48842 Creams are oil/water emulsions. They consist of an oil phase (internal

PCT/ US97/ 07801
phase), comprising typically fixed oils, hydrocarbons, and the like, such as waxes,

petrolatum, mineral oil, and the like, and an aqueous phase (continuous phase),
comprising water and any water-soluble substances, such as added salts. The two
phases are stabilized by use of an emulsifying agent, for example, a surface active

10 agent, such as sodium lauryl sulfate; hydrophilic cplloids, such as acacia colloidal
clays, veegum, and the like. Upon fomiation of the émulsion, the active ingredient
(compound) customarily is added in an. afnounf to achieve the desired
concentration.

Gels comprise a base selected from an oleaginous base, water, or an

15 emulsion-suspension base. To the base is added a gelling agent which forms a
matrix in the base, mcreasmg ifs viscosity. Examples of gelling agents are
hydroxypropy! cellulose, acrylic acid polymers, and the like. Customarily, the
active ingredient (compounds) is added to the formulation at the desired
concentration at a point preceding addition of the gelling agent.

20 _ The amount of compound incorporated into a topical formulation is not

critical; the concentration should be within a range sufficient to permit ready



neopl asm effects of oncolytic agents or radiation therapies or that anount

sufficient woo97/40842 to induce apoptosis or cell death. pSHgBoRgRsNt

may vary inter alia, depending upon the size and the type

of neopl asia, the concentration of the conpound in the

t herapeutic fornul ation, the speci-fic anti lggeopl asm agents'used, the timng

of the 5 adm ni stration of thHe"PKC inhibitors relatlve to the
ot her therapies, and the age, _ size and condition of the
pati ent Both in vivo and in vitro tests can be
used to assess the anpbunt of the conpounds needed for

i nduci ng apopt osi s.applicationeofithe formmiation totheaffectesttissye area in an amount which will
could be exposed in vitro to various concentrations of oncolytic agents,

e.g., Ara-c, 10 deliver the dekirédarhostit¥ficempbiind he desirderamieniBitence of

the PKC i nhi bitor conmpounds used in t he present I nvention.

Appropri ate neopl astic cﬁ)

oncol ytic agents. O her %FW%?@@‘H@Q?"}@W%‘% ({Sﬁp hedtolagbafgegtcd
used for conpari son. te%rjous tinme |nts cells vvoul

be examined for vi dispewllg upon an tissye sizeand ammpneé in
any neans available in the art. Apoptosis or cell death 15 can

be neas ed by any thedomnuiatiom Generaily,she fopmulationaill beapplied wahe effecteditissug in
guantified via trypan bl ue exclusion and reduced cl onogenecity in soft

agar. As amount 48k wnehwﬂ m abb@S5005lg édnfsbund pef'ém? of an

t echnol ogy, apopt05|s IS a speC| I ¢ node of cell deatH
recogni zed by a charac e f [ %

and nol ecul ar changM nspeg%f%eﬁgp%ﬂpﬁﬁgg%%ﬂ g%é%‘ eo0 gLMabout .
| adder), 20 abnor mal LONA breaks, and condensation

chro mat in and cyt opB@imehonyA0R 4 2, more preferably, from about 50 to about 200 uglom?, and,
most preferably, from about 60 to about 100 ug/cm’.
10 -'fhe following formulation examples are illustrative only and are not
intended to limit the scope of the invention in any way.
Formulation |
Hard gelatin cﬁpsules are prepared ﬁsing the following ingredients:

Quantity
(mg/capsule)
Active agent ' 250
15 starch, dried | 200
magnesium stearate _ 10
Total 460 mg

The above ingredients are mixed and filled into hard gelatin capsules in 460

mg quantities.



and punctate nuclei). These changes can be readily detected by any .neans

known inthe art, e.g., mcroscopy; flow ‘té.ﬂgg i

met hods ba‘gg 7’3?1“% ncreased sensitivity WO 97/ 408% bidrso1 )
PCT/ US97/ 07801 -17-

of DNA to denaturation and altered Iighé scattering properties; DNA .
fragnent ati on as asse32ed by agarose gel el ectrophoresis;
term nal DNA transferase assay, (TdT _ assay), and nick
transl ati on assay (NT assay). In vivo studi es can

be done using tunor xenografts inoculated into 5

i mmunoconpr oni sed or sygeni ¢ ani mal s. Afformulationd ati on and growth of the
primary inplant, the animals would be treated with the compounds in the
present A tablét'ly prépared usingdthe ingredisag betow:0 t he desired
oncolytic or radiation treatnent. The size of the tunor

i npl ant before and after each treatnent in the presence and

absence of the conpounds in the present invention can be udQuangityan

i ndi cation of 10 t he therapeutic efficacy of t(mglcapatlepnt .
General ly, an amount of protein kinase Cinhibitor to be admnistered in
conbi nation wt hmﬁwe_rasanm -neopl asm therapies is decided on B0 ase by case

basi s byt .Lendi ng physician. As a gui i ne, the
extent of the ne&ﬁ!l‘élgﬁﬁ,m%?@p%ﬁbhg W _

5 - silicon dioxide, fumed 10 y
stearic acid ' 5
Total 665 mg

The components are blended and compressed to form tablets each weighing 665

mg.
10
Formulation 3
Tablets each containing 60 mg of #ctive ingmdient are made as follows:
Quantity
(mg/tablet)
Active agent 60 mg
~ starch ' ' 45 mg
15 microcrystalline cellulose 35mg
polyvinylipyrrolidone |
(as 10% solution in water) - 4 mg
sodium carboxymethy] starch | 4.5 mg
magnesium stearate 0.5mg
20 talc | 1mg

Total , 150 mg



wei ght, and, the age of the patient will be considered, anong other factors,
when _ 15 wo097/40842 Setting an appropriate dose. Normally, pé®nis6407801

i nhibitors of the present invention are expected to
potentiate the anti-neoplasmeffects of oncolytic agents and
radi ati on therapy fromabout 2 fold to about 10 fol d. : .

Cenerally, a suitable dose is one that res#lts in a concentration of the
protein kinase Cinhibitor at the site of tunor cells in the range of 0.5

nMto 200 20 [err]M and nore usually from20 nMto 80 nM It
I s expected that serum concentrations of 40 nMto 150 nM
shoul d be sufficient in nost circunstances. WO 97/ 40842
PCT/US97/07801 T - 18-

To obtain these treatmerge ﬁ%ﬂ%éﬂ%ﬁaﬁ@&élﬁiﬁse'a?emﬂﬁo BE4S

likely will be adm ni stered between about 0.1 ng per day per kg Eof body

oo L o g per dgl)ﬁlbyrsq&gw%‘a%d%ggﬁm%é’glﬁfrTﬁ%ggéﬁ%{,%ly\gﬁy (RLaL0eE

ki nase C i nh| bi tor shoul d be needed. As noted above, the
above ampunts nay mﬂ‘%ﬂWMMW‘A’@M?‘EmmmP”S“m“@aNO 14 mesh

The conmpounds of fornula | and the preferred. conpounds of formula la
and | b are pref er ably. sievemThaigeahules sar producedarerdsedat$0.° Candipaksed through a No.

phanteuti cal
5 18 mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate and
talc, previously passed through a No. 60 mesh U.S. sieve, are then added to the

granules-which, after mixing, are compressed on a tablet machine to yield tablets

each weighing 150 mg.
Examples
10
This experiment demonstrates the dosage and time effects of bryostatin to
PKC isoforms.
Human leukemia cells U937 in the 'amoﬁnt of 0.5 x 10° were treated with
various amount of bryostatin l.for 24 hours. Subsequently, the cells were
15 solubilized for preparation of protein samples according to a routine procedure.

The protein samples from bryostatin treated cells were then used in Western blot
analysis with# protein kinase C-B specific antiserum previously described in Ways
et al., Cell Growth & Differentiation 1994, 5: 1195-1203. As shown in Figures 1
and 2, bryostatin treatment caused PKC-B activity to decrease within certain

20 amount of time, e, 10 nM bryostatin affects PKC-B within 2 hours, or 1 nM



formul ations are prepared by known procedures using well known and readily
avail abl e lgnts. In making the conpositions suitable for use in t he
net hod of w@%ﬁ'ﬁ&ﬁ the present invention, the acti VECTR§VAIBUNt -
will usually be mxed with a carrier, or diluted by a
carrier, or enclosed within a carrier which may be in the formof a
capsul e, sachet, paper or other ‘cont ai ne¥4 - Whien the carrier serves as a
diluent it may be a solid, semsolid or liquid material
whi ch acts as a vehicle, excipient or medi um for the
active ingredient. Thus, the conpositions can be in the formof 15

tablets, pills, m&ﬂs@aﬁta;Pmemﬁmtm&%@kﬁu&e ifhent iRt TeIlE.
enuIS|ons """ utions, syrups, aerosol (as a solid or in
aliquid nedlun) so% .and hard gelatin capsul es,
suppositories, s | ‘ectabl e solutions and sterile packaged powders
for either oral or topical application. o . Sone
exanpl es of sui t AMBRIES 18 ANNABSEE SIXIGIR HIAQIUQR GANSCA DV e QWD se, 20
dextrose, sucrose, sorbitol, mannitol, starches gun1acaC|a cal ci um
phosphat es, regulation al gi nat e, tragacanth, gelatin, calcium

silicate, mcrocrystal | ine cellul ose,

poly\g nyl pyr rol i done, THE cripfiient A6 Stitrites at PR DV ovleltlala enlilbby/fheand

PCT/ USe7/ 07801 efficacy of y-irradiation. | -19-

Human leukemia cells U937 were treated for 24 hours with either 3 nM
bryostatin 1 or the control solution, i.e., the vehicle for bryostatin 1. The cells were
then irradiateci with either 500 or 1000 rads of y-irradiation. Seventy-two hours

10 after irradiation, cellular viability was exatiﬁned usiﬁg propidium iodide exclusion
and quantified by FACS analysis as previously dacﬁf;ed in Ways etal., Cell
Growth & Differentiation 1994, 5: 1195-1203. Viability assays were performed in
triplicate. As shown in Figure 3, y-irradiation-induced apoptosis was enhanced
under the condition when fKC-B was significantly down-regu!ated using

15 bryostatin 1. Similar results were obtained in several repeated experiments.

Parentai U937 cells and U937 PKC-{ overexpressing cells (PKC-{ cells)
were treated with 0, 500, or 1000 rads of y-irradiation. It is known that PKC-{
20 cells display increased level of PKC-B .(Ways' et al., Cell Growth & Differentiation,
1994, 5:1195-1203). Seventy two hours after irradiation, cellular yiability was

examined using propidium iodide exclusion and quantified by FACS analysis as



propyl hydroxybenzoates, talc, nmagnesium stearate and mneral oil. The
fornul ati onswergyisesidi tional Iy include lubricating agents, wett ipggna890tsds
enul si fying and suspendi ng agents, preserving agents, sweetening agents or
flavoring agents. The conpositions of the invention may be fornul ated so as

to 5 provi de quick, sustai ggg_or del ayed rel ease of the -
active ingredient after mnistration to the patient. The
conpositions are preferably formulated in a unit. dosage

form each dosage containing fromabout 0.05 ng to about 3 g, nore

usual |y about 64 ng of the active ingredient. However, it wll be

under st ood that  previously described in Wéays etala (calt Growth<% Rifferantiation. 4998, ¢; 371-
be determ ned by the physician in the 10 light of the rel evant—
ci rcunst ances i ncl383. ridiability assays were peiforrhed irmwiplicaten Asshiosvn in Figure 4, cells
treated, the choice of conmpound to be adm nistered and the chosen route of

admi ni st ati on. - ThgkallfinciedSa 10 Of PRTAB ek el wSsidifice 8 B8Sh ifnulated

limt the scope vention I n any way. term

"unit dosage fornt refers &.0. . hysi cal | i,Screte units
suitabl e as uni tar?ilo‘{f?ébénﬂ’m%w&% %ﬁfeﬁ? FXperunents.

manmmal s, each unit containing a prdeterm ned quantity of active mterial
cal cul & ed to produce tHee paagiples, preferred embpdimentsand modesefoperationofthet h a
suitabl e pharmaceutical carrier.

I'n addition to thepreseit inveatioihave been desoribed di the'fordgoly/specifivdtioni Ther ed

orally, the conpounds used in the nethod of the present invention also hay

be 20 ) .y | . ol i .

oi ntments, creans ‘é‘n‘ﬁ’_ gde* S. ¥ Ei&'?i(-?ﬁ“:iﬁ % _ B@ n%:nba{ﬁtn??goe%%%d

are prepared usi g, b ek o pabodts? BHA MG sinbe iy areto b regarded as
illustrative rather than restrictive. Variations and changes may be made by those

10 skilled in the art without departing from the spirit of the invention.



one consisting of fixed oils or
WO 97/ 40842

m ner al

PCT/ US97/ (Y3 8740842
oil, or (2)
substance ar

i ngredi ent (conmpound)
concentration. 5

hydr ocar bons,

substances whi ch

\

is added to an anobunt affs'-
Creans are oil/water enul sions.

consi st of an oICLAINMS: (i nternal

typically fixed oils,
petrolatum mneral of
phase),

hydrocarbons and the like,

' 2AtniiBd for'tfeatiAl d ribp

conpri si ng wat

T w e~

exanpl e anhyr”l!ﬂl“} BHI" m,St omari | y-26-
formati on of r ol eagi nous or ab'

such as white petrol gtum or

PCT IUS97I2@01

e., one consisting of an anhydrous

= —
BeSotr—1—

o

U tne desi red

. They
phase), conpri sing

such as waxes,

18§HH Wlich éﬂiﬁﬁfse to
any wat er - sol'ubl e su stances

of o’ ol i 1y: AyRSER i bR of sy rpetment, gp ope VAR el

e@t%g'mt.zn%g s

agent, such as sodiumlauryl sulfate; hydrophilic colloids, such as acacia
col | oi dal effect in combinationawith a € inhibitor,herejnshe proteinkinase of
the enul sion, the active ingredient (conmpound)

custgmarily is olgsbiter enhanoes e aritbneéusphistic effettofdssoncotitic agent.
concentrati on.

Gel s conprise a

a base selected from

an ol eagi nous base, Vgt er, TRE nifhod of claim 1 wherein the protein kinase C inhibitor is an

inhibitor of the P isozyme of protein kinase C and is & bis-indolylmaleimide or a

macrocyclic bis-indolylmaleimide.

3. The method of claim 1 wherein the protein kinase C inhibitor is
10 isozyme selective and where the isozyme selectivity is selected from the group
consisting of beta-1 and beta-2 isozymes.
4, The method of claim 3 wherein the protein kinase C inhibitor has
the following formula:
()]
N N
1 1
Ry
15 wherein:
This Sheet Has Been Re

(T




15 ) . emul si on-suspensi on base. To the base is added a gelling
agent whi ch Jfa60B0e3 matrix in the base, i ncrpeaaisysordos

Vi scosity. a Ieszof gelling agents are hydr oxypr opyl
cel | ul ose, acT;/UI)iCWH“pUI—y-nﬁLs, and the like. Customarily, the

active ingredig | s added tohe formul ation at the desired -
concentration mmmmm%&m ng additi"dl of the gelling agent. 20

The amount of cbnpound mn ated into a topical formulation is not
critical; the concentration should be within a range sufficient to permt
ready WD 97/ 40842 .

PCT/ US97/ 07801 W is -O-, -S-, -SO-, -SO,-, -CO-, C,-C, alkylene, substituted glkylene, C,-
application of the forrmulation to the affected tissue area in an anount

which will C, alkenylene, Cgtyi-yQkyl{OH,)]Os, -hetdroeyoies) -hetérocyaip-¢OHS), 00, fased

desired treatment site. _ The customary anmount of a
t opi cal fornmul atloﬁcg@iéegg’[e |H|i li&q%ﬁa.;f 204.NOR?-, -CONH-, or -NHEOSSue

wi |l depend upon a trssue sl cohcentration of conpound in

5 the formul atjQn. Generally, .t ocnmul ati on. w4 .,be applied
to the effected tissue pQ-,andl‘?arel epen%entYngEf&hg ’ﬂ#’% lF%%iEQﬁ?ﬁmf

to about 500 [err]g conmpound per cnjerr] of an af fected

ti ssue.s Pref er abl yX, ¥ and W combineto dorm «(CHa)ybArind wi I | range from about

30 to about 300 ug/cnjerr], nore preferably, fromabout 50 to about 200

[err]g/cnferr], and, R's are hydrogen or up to four optional substituents independently selected
from halo, C;-C, alkyl, hydroxy, C ,-C , alkoxy, haloalkyl, nitro, NRR’, or -
NHCO(C,-C, alkyl); |

R? is hydrogen, CH,CO-, NH,, or hydroxy;

10 R® is hydrogen, (CH,),aryl, C,-C, alkyl, -COO(C,-C, alkyl), -CONR'R?, -
(C=NH)NH,, -SO(C-C, alkyl), -SO, (NR‘R®), or -0, (C;-C, alkyl);

R* and R’ are independently hydrogen, C,-C, alkyl, phenyl, benzyl, or
combine to the nitrogen to which they are bonded to form a saturated or
unsaturated S or 6 member ring;

15 AA is an amino acid residue;

mis independently 0,1,2,0r3; and

n is independently 2, 3, 4, or 5, or a pharmaceutically acceptable salt,
prodrug or ester thereof.

5.  The method of claim 4 wherein the protein kinase C inhibitor has

20 the following formula:



nost preferably, fromabout 60 to about 100 [err]g/cnferr]. 10 .

The foll ow 7j43§5ul ation exanples are illustrative only and_are not
intended to 1Tm1t the scope of the invention in any way. PCT/US9707801
Forrul ation - Hard gel ati n capsul es are prepared

usi ng the fol I’ ' " redi ents:, 28 . -
Quantity W 'm i -&6 -
(mg/ capsul e) * Ll """'L””!', Active agent.
250 15 starch, dried
200 magnesi um st ear ate
10 Tot al H
460 ny The ab8ve iﬁmgre(ﬂ ents are m xed and il ed
into hard gel ati (Iayapsul es in 460 ng quantities.
WD 97/ 40842 PCT/ US97/ 07801
-22- rmul ation 2,
A tablet is prepared using the i I en bef/fow.
Quantity N N
(mg/ capsul e) Active agerty,». ...,
250 cel l ul ose, mcrocryst ' -
400
Z .
R ,

wherein Z is -(CH,),- or (CH ,) ,-O-(CH ;) ,~ R is hydroxy, -SH, C ,-C , alkyl,
(CH,),aryl, -NH(aryl), -N(CH;) (CF,), -NH(CF,), or -NR°R®; R? is hydrogen or C,- -
C, alky; R¢ is hydrogen, C {-C , alkyl or benzyl; pis 0, 1,0r2; and mis

5 independently 2 or 3, or a pharmaceutically acceptable salt, prodrug or ester
thereof.

6. The method of claim 4 wherein the protein kinase C inhibitor has

the following formula:
H
O N0
, Or¢ r©
(Ib) N N
!cuen ':cuaam
0



5 .. silicon dioxide, funed 10
st ear| c aci Gyo 97/40842 5 PCT/USY/07801

Tot al 665 ngy The conponents
are bI ended arrd—cvnnresserd—‘t—o—mrmtabl ets each wei ghing 665

ng. ‘ -Tabl et s ,gach cont ai [pithgs 8QeEH 1AL @EIN Ve -
&g;sﬁ;;m ar <f (IR i REPLACED

(nmg/ tablet) Act I ve agent

60 ny starch . s s s

45 my 15 whereing ol GHoats R de-NRIRytNH(CF;), or -N(CH;) (CF;); R’ and R® are
35 ny pol'yvinyl pyrrolidone (as 110%

sol ution in wat er)independently H or C,-C, alkyl; pis 0, l or2 and m is indepéxslietifly 2 or 3, ora
car boxynet hyl starch S5 ny

{rglgrges lum stearate pharmaceutically acceptable salt, prodrug or ester axcieo[% 20

Tot al ngy WO 97140842

PCT/ US97/ 07801 7. The method of claxm 4, wherein the protein kinase C inhibitor -
5 comprises (S)-3,4-[N, N'-1,1'-((2"-ethoxy)-3"(0)-4"-(N,N-dimethylamino)-

butane)-bis-(3,3'-indoly1)]-1(H)-pyrrole-2,5-dione or its pharmaceutically |
acceptable acid salt.
8. The method of claim 1, wherein the oncolytic agent is selected from
the group cons1st1ng of Ara-c, VP-16, cis-platinum, adriamycin, 2-chloro-2-
10 “deoxyadenosine, 9-8-D-arabinosyl-2-fluoroadenine, and glucocorticoids.
9. A method for treating a neoplasm which comprises administering to
a mammal in need of such treatment, Y-irradiation having an anti-neoplastic effect
in combination with a protein kinase C inhibitor, wherein the protein kinase C
inhibitor enhances the anti-neoplastic effect of y-irradiation. |
15 10.  The method of claim 9 wherein the protein kinase C inhibitor is an
inhibitor of the P isozyme of protein kinase C and is a bis-indolylmaleimide ora
macrocyclic bis-indolylmaleimide.
1.  The method of claim 9 wherein the protein kinase C inhibitor is
isozyme selective and where the isozyme selectivity is selected from the group
20 consisting of beta-1 and beta-2 isozyrﬁes.

12.  The method of claim 11 wherein the protein kinase C inhibitor has

the following formula: —_—
: : This Sheet Has B

MM



The active ingredient, starch and cellul ose are passed through a No. 45
mesh U S m xed thoroughly. The solution of polyvinylpyrrodlidone
is WYt xed with the resultant powders which HE/USENIPMssed .

t hrough a No. 14 rresh U S. sieve. The granules so
produced are dried at 50[errJCand passed through a No. 5 .18
mesh U. S. sie rboxyrret hyI130st ar ch, magnesi um stearate and )
talc, previ ou!ﬂmﬂm&. "m h a No. 60 nesh U S. sieve, are then added to
t he t granules which, after mxing, are conpressed on a
tabl et machine to yield tablets - each wei ghing 150 ng.
Exanpl es 10 Exanple 1. Effects of Bryostain to PKC

i sof or ns —— This experllé'aent denonstrates the dosage
and tinme effects of bryostatin to PKC i sof or ns.

Human | eukem a cells W37 in the amount @k
various amount of bryostatin 1 for 24 hours

@0[err] were treated with
.sequently the cells were

15 : sol ubi li zed for ppr anpl es accordi ng
to a routine procedure. . |l es from
bryostatl n treated cells were then OQeALi nWest N

analysis with a protein kinase C[err] SFNECIfIC ahtlserum previ ously
descri bed in Vays et alx\CeII yGowh & Differentiation
1994, 5: 1195-1203. As shown in Figures 1 —~HW-" and 2,

bryostatin treat%ﬁﬁ?used PKC-[err] activity to decrease within certain
20 of tine, i.e., 10 nM bryostatln af fects PKC-[er ]

within 2 hours, or 1 nM
W is -O-, -8-, -80-, -80,-, -CO-, C,-C; alkylene, substituted alkylene, C,-

5 ~ Cq alkenylene, -aryl-, -aryl(CH,),,O-, -heterocycle-, -heterocycle-(CH,), O-, -fused
bicyclic;, -fused bicyclic~(CH,),,0-, -NR*-, -NOR?-, -CONH-, or -NHCO-;
X and Y are independently C,-C, alkylene, substituted alkylene, or together
X, Y, and W combine to form -(CH,),~
R's are hydrogen or up to four optional substituents independently selected

10 from halo, C,-C, alkyl, hydroxy, C ,-C , alkoxy, baloalkyl, nitro, NR*RS, or -

NHCO(C,-C, alkyl);

R? is hydrogen, CH,CO-, NH,, or hyﬁroxy;

R® is hydrogen, (CH,),aryl, C,-C, alkyl, -COO(C,-C, alky!), -CONR‘R’, -
(C=NH)NH,, -8O(C,-C, alkyl), -SO, (NR'R’), or -8O, (C,-C, alkyl);

15 | R* and R® are independently hydrogen, C,-C, alkyl, phenyl, benzy!, or
combine to the nitrogen to which they are bqnded to form a saturated or
unsaturated 5 or 6 member ring;

AA is an amino acid residue;

m is independently 0, 1, 2, or 3; and



WO 97/ 40842

PCT/ US97/ 07 808 97/40842. PCT/USE7107801
bryostatin affects PKC-[err] within 24 hours. In a repeated experinent,
simlar results —~————————— were obtained. Exanpl e 2.
The enhanced ' -4 rrdatron cau§§g_by PKC-[err] down N
regul ation : ﬂ'ﬂ,’ﬂm“mﬂw,ﬂr‘”l‘ Thi s eXperinent denonstrates that
PKC-[err] down* regulat wofs nces the ef fi cacy of
y-irradiation. ' : Human | eukem a cells U937 were
treated for 24 hours with either 3 nM hryostatin 1 or the

control solution, i.e. nisirdependantly 2,3s 40055 or aipharmaceytieally-acceptpblesait,

then irradiated with either 500 or 1000 rads of y-irradiation.—Seventy-two
hours 10 " prodrug ofésdtexrthereofidi ati on, cellular viability was exam ned
usi ng propi dium i odi de excl usion and quantified by FACS

anal ysis as previously @descrq i : of in kinase C inhibi
Gowh & D fferentiati ol(r%'199 : °“‘§?§A§¥%Q‘S‘3lf‘b¥'%’§ﬁﬂ”%t§‘é‘ays Vt\ae(rhexﬂubltorhas
performed in . riplicate. As shown in Figure 3,

y-irradi ation-i nd&%@l@b‘ﬂﬁ ®as enhanced under the .
condition when PKC-[err] was significantly down-reqgul ated using 15
bryostatin 1. Simla results were obtained in sk.ﬂJveraI repeat ed experinents.

wherein Z is -(CH,),- or {CH ,) ,~0-(CH ,) ,~; R* is hydroxy, -SH, C ;-C , alkyl,
(CH,)aryl, -NH(aryl), -N(CH,) (CF;), -NH(CF;), or -NR’R"; R? is hydrogen or C;-
C, alky; RS is hydrogen, C (-C 4alkyl or benzyl; pis 0, 1, or 2; and m is
independently 2 or 3, or a pharmaceutically accéptable salt, prodrug or ester

10 thereof.



Exanpl e 4. Cel l's Over experssing PKC-[err] Denonstrate Resistance to
Radi ati on stinulated Cell Death

Parental WS eorf%s and W37 PKC-C over expressi ng cel | s ( PKCPFEUSY7801 5) -
were treated with 0, 500, or 1000 rads of y-irradiation. It is known that

(P\lj\g;/[se:a:]al 20 HIIIII“HIH)“I "Hzlﬂ)ﬂl nglntspl'xt mcreased | evel. of PKC—lgSL,r] .

5:1195-1203). Sé*veﬁtthV\b Hourts after i rradl ation, cellular viability was
exam ned using propidium iodide exclusion and quanti fied by FACS anal ysis
as WO 97/ 40842

PCT/ US97/ 07801 14.  The method of claim 12 wherein the protein kinase C inhiBifor has
previously described in Ways et al., Cell Gowh & Differentiation, 1995,
6: 371- foll wingiosmul} abi ity assays were perfornmed in
triplicate. As ovvn?n ffgure4 cells havi ng an

i ncreased | evel of PKC-[err] denonstrated resi shance to radiation

stimul ated cell death. Simlar} resul ts were obtained in

several repeated experinents. 5 0
preferred enbodi nents and nodes of operation Qf te
present invention have been described i i
i nvention which {Ib) i ntended to be protg

g The principles,

peci fication. The
r, is not to be

construed as limted e orns di scl osed,
since they are to be regarded as N N
. lc{z)u lcuaﬁ.
Vi
ba

wherein Z is (CH,),; R*is -NR'RY, -NH(CF5), or -N(CH;) (CF,); R® and R® are
5 independently H or C,-C, alkyl; p is 0, 1, or 2; and m is independently 2 or 3, ora
pharmaceutically acceptable salt, prodrug or este;' thereof.
15.  The method of claim 12, wherein the protein kinase C inhibitor
- comprises (S)-3,4-[N, N'-1,1'-((2"-ethoxy)-3"'(0)-4""-(N,N-dimethylamino)-
butane)-bis-(3,3'-indoly1)]-1(H)-pyrrole-2,5-dione or its pharmaceutically

10 - acceptable acid salt.



iIIustrative rather than restrictive.

Vari ations and changes may be nmade by
t hose - skilled in the art w thout departingc&%ﬁghbaﬁl
spirit ofﬁﬁug&g& ntion.
REPLACE WO 97/ 40842 . -
PCT/ US97/ 07801 e[err] -
2 0 OCT 199 CLAI VEB: | . A nethod
for treating a neoplastic condition stéhditive to the -

conbi nati on bel ow whi ch conprises adm nistering to a mammal in need of such
treatment an effective amount of an oncolytic agent having an
anti-neopl astic effect in conbination with a protein
ki nase C inhibitor, wherein the protein kinase C
inhibitor is adm nistered in an anbunt sufficient to enhance the
anti-neopl astic effect of the oncolytic agent.
2. The nethod of claim1l wherein the proteln klnase C inhibitor

IS an
i nhi bitor of the szym& of prot

bi s-i ndol yl mal ei m d ra
bi s-i ndol yl mal ei m d

wherein the protein kinase C fgh'

hod of claiml
| sozyne

sel ective and where e i sozy he group

consi sting of beta- nd beta??2

et
The nmethod of claim'3 wherein-the as -
the foll owing forniey 3 )
P A
g § .
bt s
- ¢
QO
O

Bryostatin 1
Concentration
(nM)

SUBSTITUTE SHEET (RULE 26)



[err] 15 . Wherein: [err] wher ein
Zis -(derr])p,; Rerr] is -NRlerr]Rerr], -NH(CF3), or -N(CH err])’
(CFlerr]); Keos d Rerr] are i ndependent |
Cerr]-Cerr] gl ]I?ﬁﬂ pis 0, 1, or 2; and mis independently ?’%&’8%97'“3?0%
pharmaceutically acceptable salt, prodrug or ester thereof.-
7. The net hod of claim4, V\/nereln the protein kinase Cinhibitor 5
corrprlses(S) 34[N N- 1,1

-((2"-ethoxy)-3" "' (O4"" - (N, N-di n'ethylgrz;
butane)-bis-(3,3 -indolyl)]- 1 (H-pyrr 2,5-dione or its
phar maceutical |y . acceptable acid salt.
8. The nethod of claim 1, wherein the oncolytic agent is selected f+em

RIBESTERE

g ¥ gg BE | o
£ ° 11 1 G
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Duration of Exposure (hr)
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t he group consisting of Ara-c, VP-16, cis-platinum adriarnycin,
2-chl or o- 2- deoxyadenosi ne,
9 [err]- Eyaéﬁgkﬂﬁﬁg -2-fluoroadeni ne, and gl ucocorti coids. PCT/US97/07801

A neth eating a neoplastlc condition sensitive to tﬁu
conblnatlon bel ow whi ch conprises-adm nistering to a nanmmal in need of such
treatnent an effective anobunt of y-irradiation having an anti-neopl astic
effect in conbi nation with a protein kinase C inhibitor,
wherein the protein klnase C inhibitor is admnistered in
an anount sufficient to enhance the antqufoplastic
effect of the y-irradiation.
claim9 wherein the protein kinase Cinhibitor is an
inhibitor of the [err] isozynme of protein kinase C and is a

10. The net hod of

bi s-indolyl mal eim de or a macrocyclic

bi s-i ndol yl mal ei m de. 11. The nmethod of claim9
wherein the proteigskinase Cinhibitor is i sozyne

sel ective and where®t he i sozyme selectivity is selected fromthe group 20

andgpet a- 2 i sozynes. 12.
qgﬁ§§rein the protein kinase C inhibitor has
: WO 97/ 40842

consi sting of beta-
The net hod of cl ai

the follow ng fo i
PCT/ US97/ 07801 [@&r, L-8err]
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wher ei n: Wis -0-, -S-, -SO, -SOerr]-, -CO

Cerr]-C6 al kyl ene, substituted al kylene, (Jerr] 5 Cerr]” -

al kenyl ene, -aryl-, -aryl(CHerr])mO, -heterocycle-,

Ahet erocycl V@S2 1 )m O, -ful sed bi cycl i c- , PCKYUSHHP7801
bicyclic-(CHerr])nO., -NRerr]-, --NOR3-, -CONH, or -NHCO; .
X and Y are independently (Jerr]-(ferr] al kyl ene, substituted al kyl ene, or
t oget her X, Y. and Wconbine to form-(CH err])n- AA-;
Rlerr]s are hydrogen or up to four optional substituents independently

sel ected 10 fromhalo, CJerr]-(err] alkyl, hydroxy, Cerr]-C
4 al koxy, bal oal kyl, nitro, NRlerr]Rerg/4or -

NHCO( ([ err]-C4 al kyl); T Rl err]is hydrogen,

CHerr]CO, NHerr], or hydroxy; Rlerr] is hydrogen,
(CHerr])maryl, Cerr]-Clerr] alkyl, -COO(Cerr]-C4 al kyl),

-CONR[err]R err] - (C=NH)NH err], -SOCerr]-(errd al kyl),
-SOerr] (NRerr]Rerr]), org-SOerr] (Cerr]-Cerr] gal kyl); 1_§_§

Rlerr] and Rl err] are indepehdently hydrogen, Cerr] J-(err] alkyk“phenyl,
benzyl, or cpnbine to the nitrogen tp which theyjare bonded
to forma saturated or unsat urt agd or 6_nenber ring;

AA is an am no acid residue;
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1. A method for treating a neoplastic condition sensitive to the
combination below which comprises administering to 2 mammal in need of such
treatment an effective amount of an oncolytic agent having an anti-neoplastic effect
in combination with a protein kinase C inhibitor, wherein the protein kinase C

inhibitor is administered in an amount sufficient to enhance the anti-neoplastic
5 effect of the oncolytic agent.

2. The method of claim 1 wherein the protein kinase C inhibitor is an

inhibitor of the P isozyme of protein kinase C and is a bis-indolylmaleimide ora

"
macrocyclic bis-indolylmaleimide.
3. The method of claim 1 wherein the protein kinase C inhibitor is
10 isozyme selective and where the isozyme selectivity is selected from the group
consisting of beta-1 and beta-2 isozymes.
| 4, The method of claim 3 wherein the protein kinase C inhibitor has
the following formula: |
s

15 wherein:
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independently H or C,-C, alkyl; pis 0, 1, or 2; and m is independently 2 or 3, or a

pharmaceutically acceptable salt, prodrug or ester thereof.

7. The method of claim 4, wherein the protein kinase C inhibitor
comprises (S)-3,4-[N, N'-1,1'-((2"-ethoxy)-3"(0)-4"'-(N,N-dimethylamino)-
butane)-bis-(3,3'-indoly1)]-1(H)-pyrrole-2,5-dione or its pharmaceutically
acc?cptable acid salt.

| 8. The method of claim 1, wherein the oncolytic agent is selected from
the group consisting of Ara-c, VP-16, cis-platinum, adriamycin, 2-chioro-2-

deoxyadenosine, 9-f-D-arabinosyl-2-fluoroadenine, and glucocorticoids.

9. A method for treating a neoplastic condition sensitive to the
combination below which comprises administering to 2 mammal in need of such
treatment an effective amount of y-irradiation having an anti-neoplastic effect in
combination with a protein kinase C inhibitor, wherein the protein kinase C
inhibitor is administered in an amount sufficient to enhance the anti-neoplastic
effect of the y-irradiation.

10. The method of claim 9 wherein the protein kinase C inhibitor is an
inhibitor of the § isozyme of protein kinase C and is a bis-indolylmaleimide or a
macrocyclic bis-indolylmaleimide.

11.  The method of claim 9 wherein the protein kinase C inhibitor is
isozyme selective and where the isozyme selectivity is selected from the group
consisting of beta-1 and beta-2 isozymes.

12.  The method of claim 11 wherein the protein kinase C inhibitor has

the following formula:
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