COMPOSITIONS AND METHODS FOR TREATING NEOPLASTIC
DISEASES Background of the Invention Field of the Invention [00011 The
present invention relates to the fields of chemistry and medicine. More
particularly, the present invention relates to the treatment of neoplastic
diseases, such as cancer. Description of the Related Art [0002] Cancer is
a leading cause of death in the United States. Despite significant efforts
to find new approaches for treating cancer, the primary treatment options
remain surgery, chemotherapy and radiation therapy, either alone or in
combination. Surgery and radiation therapy, however, are generally
usefuheplysanisily Aefined THEBOFOR TRE ANINGN EO HIASTICSBIREASES
treating patients with disseminated disease. Chemotherapy is the method

that is generally useful in tregling Ratienis.wkinesastatic cancer or

diffuse cancers such as leukemias. Although chemotherapy can provide a
tE@lﬁ@éﬁﬁé’%ﬁ%@ﬁ, it often fails to result in cure of the disease due to the
patientgemEncer Tl phecoringiesistindsteothke dhbinothdrapstticagemdicine.

PRosTaIhstetore,auneed eUsisderadditionl GORmAINGIAORHUGR BURHL, suon
¥i’num% effor

con t IS being made by individual investigators,
axsa:decmla and companies to identify new, potentially useful

Wti microbial agents [0004] The successful
evelopment of Bortezom aH?S -341 th rhtr espite significant

relapsedftactSriPRRLITIRIEAHR BHIS ¢ o es she& prote SRl e

inhthiian asdneeffppthsetiisefapeetinsteategy tihprapoptickitoropittiaigidemain

analogue, Bor ﬁéé%?gr% A RACR I IIgIN:BRIpGIMR @nd E%}fﬁﬁﬁg?i& Surgcry and

proteasome In which targets the 26S E;oteasome complex a

iilaRe I PRRAIBAYTIE SESITHIASERIY hh %fd%‘ﬁb’sﬂ?éft%%gbﬂéféﬂ°ef and
(ATR) genendentsnuiisaiaiviieprotaasaimenintiog dneaeelldrerpsoieipy is the

degradation. Prote Id dation.of Id d
T

ragilil atdeyleubam Immmmaanwg@bmemwmgqgﬁen fails to
mall ROIVRRPIFes: BotiezmiPrimarieirbibiteehymethaligiyitRashnt to the

a'iterlng tryptic or caspase-like, proteasome activity. Besides inhibiting
NEeRRUIBBARYS B has pleiotropic -I

{0003] Therefore, a need exists for additional chemotherapeutics to treat cancer.
A continuing effort is being made by individual investigators, academia and companies to
identify new, potentially useful chemotherapeutic and anti-microbial agents.

[0004]  The successful development of Bortezomib /PS-341 therapy for treatment
of relapsed/refractory multiple myeloma (MM) has established proteasome inhibition as an
effective therapeutic strategy. The dipeptide boronic acid analogue Rortezomib is a potent,
highly selective, and reversible proteasome inhibitor which targets the 26S proteasome
complex and inhibits its function. The 268 proteasome is an adenosine triphosphate (ATP)-
dependent multicatalytic protease mediating intracellular protein degradation. Proteasomal
degradation of misfolded or damaged proteins proceeds by recognition of polyubiquitinated
proteins by the 19S regulatory subunit of the 265 protease, and subsequent hydrolysis to
small po}ypeptides'. Bortezomib primarily inhibits chymotryptic, without altering tryptic or

caspase-like, proteasome activity. Besides inhibiting NF-kB, Bortezomib has pleiotropic
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effects on MM biology by targeting: 1) cell-cycle regulatory proteins; 2)

UPR pathway via modulating transcriptional activity of plasma cell
differentiation factor X-box binding protein-i (XBP-1); 3) p53-mediated
apoptosis/MDMZ2; 4) DNA repair mechanisms; 5) classical

stress-response pathways via both intrinsic (caspase-9 mediated) and
extrinsic (caspase-8 mediated) cell death cascades. Specifically,

Bortezomib activates iNK, which triggers mitochondrial apoptotic

signaling: release of cytochrome-c (cyto-c) and second mitochondrial
adfiiscatamofid Speses (S mgelfeon) mifeckbnagadoryposeinfpADWER pythway via
AGHMAHRN O hLEASRRESS AN ARSRASmb R VEERAIRIUHNBIG AN box binding

acquired resistance has already been observed, and there are no
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[0805] One aspect of the present invention is a method of treating a neoplastic
disease, comprising administering to a patient inflicied with the neoplastic disease a

compound of formula (I} or a pharmaceutically acceptable salt or prodrug thereof:
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[0606] wherein X is selected from the group consisting of fluerine, chlorine,
bromine or iodine, and wherein the neoplastic disease is susceptible to resistance to at least
one other chemotherapeutic agent.

[6007) Another aspect of the present invention is a method of treating a neoplastic
disease, comprising administering to a patient inflicted with the neoplastic disease a

compound of formula (I) or a pharmaceutically acceptable salt or prodrug thereof wherein X
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is selected from the group consisting of fluorine, chlorine, bromine or

iodine, in combination with at least one additional chemotherapeutic

agent. [0008] Another aspect of the present invention is a pharmaceutical
composition, comprising a compound of formula (I) or a pharmaceutically
acceptable salt or prodrug thereof, wherein X is selected from the group
consisting of fluorine, chlorine, bromine or iodine, and at least one

additional chemotherapeutic agent. [0009] Another aspect of the present
invention is a method of treating a neoplastic disease, comprising o
Rdeistdiring te grpatiemsistiistetinotinth ehinstns| M5 iEfszedizg, in combination

SYRIdistesemhinatianRhatieastmousateosome inhibitors. Brief
Description of the Drawings 10010] FIGURE 1 illustrates inhibitioq of

chymd¥9#Blin- ik paRse! e REe R BIFEHIR 47 @ BT SV traepy oom
bopaRkiRy ioaptesdderieth28 poteasiommaby Py G540 s or prodrug
FIGURE 2 illustrates th (i]n VIiVO gh motrypsinzlike 2ciivitnof MRIE0R2 IR

from t st ne, chlorie, ine or
H? %QELB’ST’Z“T éslﬁ?gﬁc% depicts %h%%létora |ogu?2ph obtained after
indixtin gnVd ¢St amgleigdsiongldbrmatiiorrEEIRSAth NPI-0052 (7 nM) and
incu b;ﬂﬁl@ﬁ’ rotej S%HUaeER WHNhA PRk 200N H-BMERE 3T GediblBdcoplastic
FIGURE 4 depicts immunoblo'gs obtained aftﬁ{, tre(gtin M%/I IS crllﬁf\évg,h e a
KiEaReD 5P BRESHE PHTETBLTRE WAt ARG - AT \Wé%.l‘[é 1P EIEUREBA
ilnstaies eetbidabilityfaf leasious pretttasteneiybibitess cell lines treated with
indicated doses of NPI-095240r 248, 100151 FLEHRE SB illustrates DNA
fragmentation assays of apopicsis after_treatment with NPI-0052 of MM q
cells obB1Akd frBIf FREehaiufatrs inhiioR b ATRAERINDNR caspase-like, an
frapmentetinnassarsafanapiosisafiestiratmantoniti NB-geficafiobg NPI-
marrow stromal cells obtained from patients. [00171 FIGURE 7 illustrates
Igf’ﬁ'assay of MM.1S cell viability after treatment with NPI-0052 or Dex in
the preente or FIsSIRES Dlubtrdieo G Wy i0BBIFIGURIR S itiysty afd$Rh@052 in
%f‘figgt of NPI-0052 on VEGF-induced migration of MM.1 S cells.

[6012] FIGURE 3 depicts the autoradiograph -obtained after treating MM.1S
multiple myeloma (MM) cells with NPI-0052 (7 nM) and incubating protein extracts with
AdaY("PDARx3L,VS at 37°C.

[6013] FIGURE 4 depicts immunoblots obtained after treating MM.1S cells with
NPI1-0052 and then incubating with Dansyl-Ahx3L3VS.

[0014] FIGURE 5A illustrates cell viability of various multiple myeloma cell
lines treated with indicated doses of NPi-0052 for 24h,

16015] FIGURE 5B illustrates DNA fragmentation assays of apoptosis after
treatment with NPI-0052 of MM cells obtained from patients.

[0016] FIGURE 6 illustrates DNA fragmentation assays of apoptosis after
treatment with NPI-0052 of bone marrow stromal cells obtained from patients.

[0017] FIGURE 7 illustrates MTT assay of MM.1S cell viability after treatment
with NPI-0052 or Dex in the presence or absence of IL-6 or IGF-I.

{0018] FIGURE 8 illustrates the effect of NPI-0052 on VEGF-induced migration

of MM.1S cells.



-3 [0019] FIGURE 9 illustrates the effect of NPI-0052 on
Bcl2-overexpressing MM. I S cell viability. [0020] FIGURES IOA and 10B
depict the effect of NPI-0052 on tumor growth when administered orally to
mice. [0021] FIGURE I0OC illustrates the effect of NPI-0052 on survival
when administered orally to mice. [0022] FIGURE 10D illustrates the
effect of NPI1-0052 on body weight when administered orally to mice.
[0023] FIGURE IOE illustrates tissue sections of inoculation sites from

NPI- 0052-treated and control-treated mice. [0024] FIGURE IOF
compdf8sdthe cFEIRE NPiLOgBRea hieBeffesy orhibIr i omn Frodtysatteressing
RARNRISLArGekiYy 10 mice. [0025) FIGURE I0G compares the effect of
NPI-0052 and Bortezomib on survival when administered i.v, to mice.

10026 HHSL REMAGRESHr X As e SRR i1 S8 MR AoHpEzROr Erowth
wirmhranaspeieotialyinMide.|S cells incubated with CMXRos. [0027]

FIGU Bill ﬂﬁ%sq{)%e ct of NP1-00 n i eneratio
in MM ells E&E{ng wi ngfjns‘] artgﬁeﬂbeer?n%g |‘é§55$eﬁ%¢ﬁ;%er§3thﬁ%ﬁﬂ‘ﬁ% when
HENI{ROZSIEIGYRES. | C depicts immunoblots of mitochondrial and

cytosqigeteinFagionso biainaram Midd 3rcRbs.tisated Wik) weight when
NPI-0052. [0029] FIGURE | ID depicts immunoblots of cytosolic proteins

LHRERIKIRI™IE cells treated with NPI-0052 and analyzed with
anti-cgspze-9 RIGHJRIO30F RedtirEs kikswdepicteamnivinobloisoaf Sitosoke NPI-
eins obtained from M%I.I.S cells treated with NPI-0052 and analyzed
é)vél% gﬁ%f?cggpafggffg Atgaéi.t 0. cf] FIGURE I1F depicts immunoblots of
MM.IS@2ZHIM. IRGMRERE cpemeses wWiere i1 -o0BPIA9d b Beggrastib on tumor

ghReptesisPbethEARR apdhiaspase-3 cleavage assays. [0032]
FIGURE 12A illustrates MM.I S cell viapility after treatment with NPI- 00

or Bor@hib i G e oS BP A e I EaGhat Ly R g on

paspabei®n administered 1.v. to mice.

[0026] FIGURE 11A illusirates the effect of NPI-0052 on mitochondrial
membrane potential in MM. 1S cells incubated with CMXRos.

[6027] FIGURE 11B illustrates the effect of NPI-0052 on superoxide generation
in MM.18 cells stained with membrane permeable dye dihydroethidium (HE).

[0028] FIGURE 11C depicts immunoblots of mitochondrizl and cytosolic protein
fractions obtained from MM. 1S cells treated with NPI-0052.

06029 FIGURE 11D depicts immunoblots of cytosolic proteins obtained from
MM.18 cells treated with NPI-0052 and analyzed with anti-caspase-9 Abs.

{0036} FIGURE 11E depicts immunoblots of cytosolic proteins obtained from
MM.18 cells treated with NPI-0052 and analyzed with anti-caspase-8 Abs.

[6031] FIGURE 11F depicts immunoblots of MM.IS or MM.IR MM cells
treated with NPI-0052 and assessed for apoptosis by both PARP and caspase-3 cleavage
assays.

[0032] FIGURE 12A illustrates MM.1S cell viability after treatment with NPI-
0052 or Boriezomib in the presence or absence of caspase-3, caspase-8, or caspase-9

inhibitor.



inhibitor. -4 [0033) FIGURE 12B illustrates MM. IS cell viability for cells
transfected with vector alone, DN-caspase-8, and DN-caspase-9 after
treatment with NPI1-0052 or Bortezomib. [0034] FIGURE 12C depicts
immunoblots of cytosolic extracts from DN-caspase- 8 and DN-caspase-9
transfected MM.1 S cells treated with dexamethasone or anti-Fas MoADb.
[0035] FIGURE 12D illustrates MM.IS cell viability for vector or DN-FADD
transfected cells after treatment with NPI-0052 or Bortezomib. [0036]
FIGURE 12E depicts immunoblots of mitochondrial protein extracts from
MM.| @08yl cellIGieREdRRithistditatdMebheehtraaihto feithal NPrsfoss with

QrBorego g&@ %E?%sé@a&}éﬁ%ﬁq‘!\éﬁéb?s@lb% REARAHSRR AN 0QFdrtezomid.
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[0038] FIGURE 13 illustrates viability of normal lymphocytes from five healthy
donors treated with indicated concentrations of NPI-0052 or Bortezomib.

[6039] FIGURE 14A illustrates MM.IS cell viability for cells transfected with
vector alone or Bcl-2 after treatment with NPI-0052 or Bortezomib.

| [00490] FIGURE 14B depicts immunoblots of cytosolic extracts from vector- or

Bel-2-transfecied MM. 1S cells treated with NPI-0052 or Bortezomib.

[0041]  FIGURE 15 illustrates cell viability of MM.IS and MM.IR MM cells
treated with indicated concentration of NPI-0052, Bortezomib, or NPI-0052 + Bortezomib.



00 H X (l) where X may be fluorine, chlorine, bromine or iodine. In one
embodiment, X is chlorine. In one embodiment, the compound of formula

(I) has stereochemistry according to formula (II): HHH=0 N 0O H\lUn,

X (II) The compound of formula (1) where X=Cl is also referred to herein

as NPI-0052. Compounds according to formulae (1) or (II) may be derived
from fermentation of Salinospora, a marine gram-positive actinomycete.

-6 [00431 In some embodiments, prodrugs, metabolites, stereocisomers,

and pharmaceutically acceptable salts of the compounds disclosed herein
are provided for Jgaed dicserintion althe Rrategao SIADAGHOARY " refers to an
agent[ﬂ@atfs Can\VRd eehBatnHag: PAEERpolG dtcoviiing Rragrigs dresqiterided for
useful beca e in some situations, they may be easier to administer than
A ﬁre’ﬂﬁey may, for instance, be bioavailable by oral
administration whereas the parer not. The prodrug may also have
improved solubility in pharmace iti
An example, without limitation, ) fld be a compound which
is administered as an ester (the "prdr%g") o faciligate transmittal across a
cell membrane where water solubility ig'defyi al to mobility but which
then is metabolically hydrolyzed ecarbpxylic acid, the active entity,
once inside the cell where

@

where X may be fluorine, chlorine, bromine or iodine. In one embodiment, X is chlorine. In

one embodiment, the compound of formula () has stereochemistry according to formula (II):

Mg

[{HITEarS,

X

(L)
The compound of formula (I} where X=CI is also referred to herein as NPI-0052.

Compounds according to formulae (I) or () may be derived from fermentation of

Salinospora, a marine gram-positive actinomycete.

-6-



water-solubility is beneficial. A further example of a prodrug might be a

short peptide (polyaminoacid) bonded to an acid group where the peptide

is metabolized to reveal the active moiety. Conventional procedures for

the selection and preparation of suitable prodrug derivatives are

described, for example, in Design of Prodrugs, (ed. H. Bundgaard,

Elsevier, 1985), which is hereby incorporated herein by reference in its
entirety. 100451 The term "pro-drug ester" refers to derivatives of the
compounds disclosed herein formed by the addition of any of several
ester-fofiinh grdlipSARa: SFRPAVRBIze8rdnEsr pRSEMEE ol Lo, and
Btamplesabiyedepgidsteitgrdulpscntiodadpitisyloesimatiylare provided for use as
agetoxymethyl, phthalidyl, indanyl and methoxymethyl, as well as other

such groups known in the art, including a

(5-R-2-85134] 3-didxeasime) | yaiemhin aragpniCtiabisesaniapted infopter piggt drug in
eSARY ATRMRECAD He-FaLBR IBedAIsEXaRIR sibudrig CiNeARth Ve StRHS #administer
"Pro-drugs as Nove| Deliveré( Systems"”, Vol. 14, A.C.S. S%mposjum
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prodrugs for compounds containing carboxyl groups). Each o _
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esdirelyeriBh6 1Watahalite sselulinrE o8 RetHsks: diseboseshieyeininGhiee then is
activ egi t are produced ypon.introduction of the compounds info
e B P e oS D g e
hawetegolebibito e tehifadise nteriutiky evaypisxist agpwdagemigle e asshort peptide

eRBNLRIAGS:N SRkl Bepqted ghﬁw@y@%@?_@gﬁa% AL BHIES 0 reveal the

thereof are included in the scof%e of the present invention. Furthermore,

SRAES GIAIGE- SryBHAMHARTLPHSSRIFThi CBRSISGHer 0F drsersaten 9é A bimaprodug
eddsivadvpolyeniagphibedS Bahexatiye) oiphs iprernPHugegsin 3N el cPIROGIRE B isevier,
0 present invention. In addition, some of the compounds of the

o R R S e e SRR e B ey o

- commolfMdaniciselvantrsdole sovatefmare decivatodsinforecemiyodindiatiosed

Of R RERseA bW HIRNIJOBA Gy ThestoLm ' Rbarmanepticaly: acseRiaR|Rirolyzed

salt” refers to a salt of a compound that does not cause significant

i RSO SRR SRy SRS WHIRITR S oL AFATUETREr SIRIRIBY inpixpyisareethyt,
thechiojogibell atthalivancdanypedtiescabiymabmpaunell b3 shBiGuch groups known

eimg%dgmei%%uding a (5-R-2-oxo-1,3-dioxolen-4-yl)methyl group. Other examples of pro-
drug ester groups can be found in, for example, T. Higuchi and V. Stella, in "Pro-drugs as
Novel Delivery Systems”, Vol. 14, A.C.S. Symposium Series, American Chemical Society
(1975); and "Bioreversible Carriers in Drug Design: Theory and Application”, edited by E. B.
Roche, Pergamon Press: New York, 14-21 (1987) (providing examples of esters useful as
prodrugs for compounds containing carboxyl groups). Each of the above-mentioned
references is herein incorporated by reference in their entirety.

[0046] Metabolites of the compounds disclosed herein include active species that

are produced upon introduction of the compounds into the biological milieu.



the salt is an acid addition salt of the compound. Pharmaceutical salts can

be obtained by reacting a compound with inorganic acids such as

hydrohalic acid (e.g., hydrochloric acid or hydrobromic acid), sulfuric acid,
nitric acid, phosphoric acid and the like. Pharmaceutical salts can also be
obtained by reacting a compound with an organic acid such as aliphatic or
aromatic carboxylic or sulfonic acids, for example acetic, succinic, lactic,
malic, tartaric, citric, ascorbic, nicotinic, methanesulfonic, ethanesulfonic,
p-toluensulfonic, salicylic or naphthalenesulfonic acid. Pharma eu{ical ,
salts d3Pf2lso b‘@flﬁfﬁé}{ﬁéﬂrﬁif’%g?tﬂﬁ@kﬁeg&}ﬁtﬁ © RilFEs BALEN S YEPAT theY
salt stichsas ananmeniwTesaitoaealkaisheddl saktytsdohaaslh sobitsemers and
Siperacaim Al 29, AlKAlNE.Sals et AL, SHORAS:D PRIGIUARE Rome of the

magnesium salt, a'salt of organic bases such as dicyclohexylamine,
aystadling | fvs fonrthin eompRPRRIRS SirRle Ry iersthyaih ¥ést @p.@afymorphs. - Such

QAWH},%@Y&!%@&(YM%Eﬂﬁﬁlﬂ@{ﬂQJﬁfmﬂﬁcs%h}H%iﬁﬁi:ﬂmm@dcﬁﬁﬁ'@&“‘ﬁe of
- with amino acids such as arginine,r%%g\?, and fhe Iike.t{z0044 I .theh drates) or

BearRIFRCHIE Sf e PHaR RO LARTS RVARESTRMARE Wiving of
tbapbatnaceuitalnex cifiehtsoltkecantitaléd gre die i dtiraait fdirthe present
then i'gnrlnay be desirable to use pharmaceutical excipients which are

1r"p{%{ﬁlqgas'ic, that is, either acidic or neutral excipients. [0050] In-various

embodShts, tFes compahrBaarsisybetssatehis salh pefaisie sabhrba fpmpound

gambinaipnnithRiheraomreuwite disclparshheraimcRitii eanain@fidrnd does
with one or mgore other agvents ctive in theftgl%ra eutic grqgssodescri e

Pl RRAC 83 OB PP R HE AR TB G BRI © A3 SSTIErEn ieans any . o
taesdf thenr adtbackiﬁbtesatbﬁﬁmf@@xmmgﬂ @’ﬂm?@ﬁw@%kﬂ@&eth@ained by
5!‘{;% @%b%ﬁ%aéwm& IO iaDERBRIAEH RrSRGRG IR JlURVIRERARHC acid or

orine being preferred. I00521 The term "ester" refers to a chemical .
idiebyoRimaimeRiuir pEb oiRic HiteRMPRRERRCH &M dBp EhBeAiigrmaceutical
saleciadie B tyapraup, censistiagahmliyd, eylaalksdanrytiheieteaniiphatic or

bonded through a ring.carbon) and heteraalicyclic (bonded.through,a ring_ .
LR AR S PO o QBT R B 0 Hhare g e

wiithy, foromubéc, (RGO HREDAIGRY, MHMTIONRNIW b RnaHEPRe gpalicylic or
independaniseleried {kamnfidnuRCansIing abalkd veysioaly caifound

heteroaryl (bonded through a ring carbon) and heteroalicyclic (bonded |,
with a base to form a salt such as an ammonium salt, an alkali metal’salt, such as a sodium or

a potassium salt, an alkaline earth metal salt, such as a calcium or a magnesium salt, a salt of
organic bases such as dicyclohexylamine, N-methyl-D-glucamine,
tris(hydroxymethyl)methylamine, C,-C; alkylamine, cyclohexylamine, triethanolamine,
ethylenediamine, and salts with amino acids such as arginine, lysine, and the like.

[0049] If the manufacture of pharmaceutical formulations involves intimate
mixing of the pharmaceutical excipients and the active ingredient in its salt form, then it may
be desirable to use pharmaceutical excipients which are non-basic, that is, either acidic or
neutral excipients.

{0050} In-various embodiments, the compounds disclosed herein can be used
alone, in combination with other compounds disclosed herein, or in combination with one or

more other agents active in the therapeutic areas described herein.



through a ring carbon), and where n is 0 or 1. An amide may be an amino
acid or a peptide molecule attached to a molecule of the present
invention, thereby forming a prodrug. [00541 Any amine, hydroxy, or
carboxyl side chain on the compounds of the present invention can be
esterified or amidified. The procedures and specific groups to be used to
achieve this end are known to those of skill in the art and can readily be
found in reference sources such as Greene and Wuts, Protective Groups

in Org sis, 3 ohn Wjle s,.New York, NY, 199
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réé?ere%c%pﬁbﬁ é%!ﬂ{‘%k'ﬂpé? E’“Qi‘&)bﬁ{saﬂ%?eé’éﬁ@c'? @ ?19@§ynthesis 3" Ed,

Bortezom alid Oml e. Thus, the compoun orm

b tles Safioas NTRI Emk N, 499 cxhish it t’éﬁ@ﬂ%?t% BeFFORHB EFaRLY-
agentswms%ydmg‘haeaﬂmemgwae* Ds@maubmyl pRRHezonHy/ PRoidds and used

thalidomj d(—:-t 100571 Acgo % |n 0 odi met od of ds with
ST AR RS T SEBOHTSS 1 R M 4 TR i
oﬂacd)hbﬂmhgmapbmﬁﬂmgwmtngcpmmd)@dmdm@sw@ed in their natural state, so that
the compounds of the invention comprise at least 0.5%, 1%, 5%, 10%, or 20%, and most
preferably at least 50% or 75% of the mass, by weight, of a given sample.
Methods of Use

[0056] As demonstrated by the examples presented herein, the compound of
formula (I) inhibits chymotrypsin-like, trypsin-like, and caspase-like proteasome activities.
In contrast, Bortezomib has been shown to inhibit only chymotrypsin-like proteasome
activity. See Goldberg, A. L. & Rock, K. (2002) Nat Med 8, 338-40 and Adams, J. (2004)
Nat Rev Cancer 4, 349-60; both of which are incorporated herein by reference in their
-entirety. It is further demonstrated that compounds of formula (1) have a different mechanism

of action than bortezomib. Furthermore, the compound of formula (1) induces apoptosis in
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administering to a patient, such as a human, a compound of formula (I) or

a pharmaceutically acceptable salt or prodrug ester thereof. By

"resistance to at least one chemotherapeutic agent,” it is meant that
administration of the chemotherapeutic agent to the patient does not

result in significant amelioration of symptoms of the neoplastic disease. In
some embodiments where the neoplastic disease is a characterized by a
tumor, "resistance to at least one chemotherapeutic agent” means that
administration of the chemotherapeutic agent does not result in .
ApprazEmiEnisHbtien ot d ot dne. SHLRbHBNFE dacRsreReths Qs dapitive
heAuB) heXReaisianestaahi st ORE RARINEIDE Qrtic 3O tatR D@lSAibicin-

rrré(sai% arEp %t ¥"£‘8 n'lth Cg}gegl‘;[ni 0 Osu 4 E%lrs%stjr?éanédt%rgotrogie ”I'%’Crf]: i obiained
apprecia e apoptosis is'in uced?rgly 'suscep bie oM feistance té"}ff "

|&axx eacertiplaanaloativn tieran that iadesdars et aftremuitiplsl askic tigepise with

BUrantndsrRSIBRRLIn e Al lerdiertehemaKefRPestic A9E YOt Wilhia (1) is
develop resistance upon repeated administration of the chemotherapeutic

SOES FOrEE TR elin B e FEAR 1S SO0 RS AT RUNFTARUSM pBtI st uding
oeramariibsond) BoeorbincBowetvh ez omihid ggaiisyinesgistic apoptosis
in MM Thus, a_compound of formula (1 be administered in .
CombiSET it ST G S it AR E BT S i dcac
et ésssptceniEblclgarriTiangs ibthidsasfaiesimetbetpninideaasd!t isapeyvard pomprising

HisdREMGNE thateX CitkinidH e ARaN S com BIRIBGE WS B) 68  HiBarmaceutically
demor\_%trat that a%rsg/nergls ic result may be obtained by adminjsterin

RS RIRTLF I o PESn S IS, BY B IRARTR, 24 RO P aepentic

egenbinafiomehtuwetadmioidraients m@mmaﬁﬁemm&ndem(eb)aﬁeﬂx @oks not
PagiAlse BeskosMansiaedngt comhinalion hing.sqmpoupd of In_some

formula (1) with non-proteasome inhibltor agents provide an additive eftect.
Bybodneatidntiase e sARlasiictidietht is Snshrmaivret By drmeoréresiisnee to at

yiedd @fdt?ﬁ@tﬁﬁéfgﬁr’]@ﬁ&!%gﬁw%é%Q ﬂ%t Qd;mag@a&egﬁ EH%ilalFQn_(m{erapeutic agent
xample, the Oou-J|a met accoral to the fo owing . .

e ol P o0 T3 B PO FT o ovc s he size of
(D) eaod (R@iskathio dobes oficichgrictnbideut 2ghet havelso effeotiheien the
ggﬁ iR camhinatonsand (R dapdiDR2 égﬁéagb%o%gééeés%mg Ay By

drug 2 that have the same x effect when used alone. [00591 Accordingly,
IS i BiFreistane st d RS PEi FREMTOM EFaRRIS AsFiopldstieant that the

AiapRSECORRPSHEAUMINiIFasAG tooheraineEe: RIYRAGABNIIAIRIORRIR or will
ﬁx\pe%gl%télcstancc upon repeated administration of the chemotherapeutic agent.

[0058] The examples herein also demonstrate that compounds of formula (I)
when combined with bortezomib trigger synergistic apoptosis in MM cells. Thus, a
compound of formula (I) may be administered in combination with Bor,tézomib/PS-Sﬂ to
achieve apoptosis using lower doses of each agent than if the agents were administered
separately, thus reducing the toxicity of the agents. Surprisingly, these results demonstrate
that a synergistic result may be obtained by administering two different proteasome
inhibitors. By “synergistic,” it is meant that the combination of two or more agents yield a

combination index (CI) < 1.0. [t has also been demonstrated that combination of the

compound of formula (I) with non-proteasome inhibitor agents provide an additive effect. By
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combination. Non-limiting examples of classes of proteasome inhibitors

that may be combined include peptide boronate proteasome inhibitors,
peptide aldehyde proteasome inhibitors, and non-peptide proteasome
inhibitors. A non-limiting example of a peptide boronate proteasome

inhibitor is bortezomib. A non-limiting example of a peptide aldehyde
proteasome inhibitor is MG-132. Non-limiting examples of non-peptide
proteasome inhibitors include omuralide and the compound of formula (1).

In one embodiment, at least one of the proteasome inhibitors is a ,
cOBEndof BfaT: |‘§"(‘|}*8r°8‘6‘h’é‘28?ﬁi8;fgv’ SUFSHARERIDAR @ CL approximately
"aepiathinaito Gl khis breRrirthisddhortenarmplen byalrgenis Takyabenbthadchdnolidéng to

RS RRcERuEAT R DTS (ATESS SNBARIADISY, where

are actua ministered. In 'one embo

dBirfisdefBoRshrsuthenéesas 9t Kruhd sudhdegmBodithdaveat mifretradion used in
CRMbIRALAN ISIATH MRS i CHNBHRE @ thegamts dhig 2 SI0E IR (08308 me x
foym. In another embodiment, the agents are administered sequentially. In
SHECEMIR TR\ Fie agents are administered through the same route,

such a$iésd]ly. lhanothety.cimbodimentdithenggemstizné adpnmistardat treating a

tmg@gegigH{&fa%gfcs&%?ngmﬁ&&% Reing n%ig}imgfs@%% %ﬁ%{té’f}@q%hsynergisﬁc

another being administered i.v. In one advantageous embodiment, thée

shEHREeRin ey Unitesn ks BPIstorE Al3etts ehreuiseifiamtiiersdbae may be
[006Ohéa enguepaditeensonamacachisieorirdlde) FaaR.an5apIpaiitasome

disease comprising agministering a compoungd of fqrmula (1) in .

e AT SFRL POt BIABRL e ARt IS BBlErAL epte
tharatite peiieyothérsibtertis buytsatisibdexanrelindtop exattdonfigkptide aldehyde
halidamideninuae fmaediment Npe. ailieh. CReMAIEAPRHICES8PT Foteasome

another proteasome inhibitor such as bortezomib. In one -11 .
drrBammisatude srarade antichn eURRIBEO R BBWHednRat eBRadimeataat least
e RIune tofersonila idhivitthstie adeitipoahdhefothatapguiic agaedomib. By

190011 I some embodiments, he nepplastic disease Usaled by Ay ofy 1
the methods above 'may be a cancer selected frrom bre cancer,

ateotitableedstgsa, ovirarrmantee, ueatlenneervidadeeheantey, are actually

Q@ﬁﬁﬂ&%ﬁ%ﬂ%rm@é%&ﬁﬁ@ﬁ&tﬁ@%‘@n@@%@dﬁﬁ}%@@ s@ang%eduag In one such
cancer, lymphoma, multiple mﬁeloma, pancreatic cancer, liver cancer,

ERRRYRE AT BB & paliginiv ArRosppr st aniamaingie thy, 2gRpts in a
Birghe dbega fahn e aushsy stehpditiehiSheagaas aln ahamsnbadiegentiihe In one

%%OU%I 1rsﬁ[é:%tqi§ee§gsé%tissa?erp nlitllx%!s?ewél %90@&1 the same route, such as orally. In another
embodiment, the agents -are administered through different routes, such as one being
administered orally and another being admimstered i.v. In one advantageous embodiment,
the pharmacokinetics of the two or more agents are substantially the same.

[0066] In one embodiment, a method is provided for treating a neoplastic disease
comprising administering a compound of formula (I) in combination .with another
chemotherapeutic agent. In one embodiment, the other chemotherapeutic agent is
dexamethasone, doxorubicin, or thalidomide. In one embodiment, the other

chemotherapeutic agent is another proteasome inhibitor such as boriezomib. In one
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Pharmaceutical Compositions 10062] In another aspect, the present
disclosure relates to a pharmaceutical composition comprising
physiologically acceptable surface active agents, carriers, diluents,
excipients, smoothing agents, suspension agents, film forming

substances, and coating assistants, or a combination thereof; and a
compound or combination disclosed herein. Acceptable carriers or

diluents for therapeutic use are well known in the pharmaceutical art, and
are described, for example, in Remington's Pharmaceutical Sciences,
d8ibdiakntiMackharuilishing Gop&astons Rtc(18g0)avhichtiséacorponatedd of
81N AWRISIRNGRINR SuiGhrpURREYAlIves, stabilizers, dyes,

sweeteners, fragrances, flavoring agents, and the like may be provided in

the pHARHAceulitsBe AMPBSHISHSFEF BSCRIpE AHarsiepeh 23ty of seoppithods

Aok ARdrsiersef Rlbydaqmeraeicackd, BaRshe, adateiasopiase tuatbearetal

p,addition, antioxidants, and, suspending, agents may,be used, Invarious 1,
embodierits aconbis, esters; sulfated alpﬁa iC alcohols, anar efike> 1ns
mEphdyumsdms, sudiol aniveragentscrsatirosenaghudose, chactosdjde crncer,

Shystalized.cq!Iyes e mBn gk ight aphydrous slicale oMagRes i ous system

aluminate, magnesium methasilicate aluminate, synthetic aluminum

R errcaiciliAn cErbAREn s BitPHERS dition it MeaiRls R YRRIfSyen
Hhospbateatalgipaseanoxymethyl cellulose, and the like may be used as
excipi ..magnesium stearate, talc, harde eci oil and, the |ike may be .
et A0S oot ateiner SRt 4R Gar AR ETenlel b3 R focutia
SUYReSIHioy trenpuisid s physioheimsitn asgaiblo sl artize eghuivsarmestalduents,

shibriate aaRdeEvaies Ol areaahysiale sushBs Rl WARSNSUGR: Hating
methylacetate-methacrylate copolymer as a derivative of polyvinyl ma

i Yy, .
By £ aupBhErs el A paomnourd Qicreabiadist plitrirstderen
Angibell lﬁﬁrﬁlﬁydﬁeﬁﬂj&a@ a‘ﬁ Wﬁbﬁhﬁg&fﬁ&ﬂi—kﬂo[@ﬂﬁﬁﬂ:eﬂﬂﬁﬁﬁiﬁutical art,
a3l ecs‘én“%?' 09@8%51%‘?@‘" Eﬁefr%% E%nas Bibsture. of ACPRIROUNG 18F: B4, Mack
combination o compourf < disclosed herein wit otther chemical

Reigirrehts, BiripnaBAdildamks dvdait iars rriaiederaia by gefegance in its entirety.

sRIRPesHaNfasiliisie s adminisiEationtak IR « COMBRRHACh forf) RKORBISRR. may be
Mul&&l{ﬁtechni ues of administerin acgom oun%lexistin eartt ) "
RRRYRFAG: Bt ARRAT0 CUPRPSIRRRtORT SRS, oA R R PR oA E5 iR 2t

adnastst edtpoiydiskpirnade atidahgom pdéition peasralbah eiobtditied dyioxidants
LR UOR FRTPOIAS NN QLIRS 0F, A5 BARIGAARRLCHI AR Y IEACRIOLififated
acid, hydrobromic acid, sulfuric acid, nitric acid,

aliphatic alcohols, and the like may be used as surface active agents; sucrose, glucose,
lactose, starch, crystallized cellulose, mannitol, light anhydrous silicate, magnesium
aluminate, magnesium methasilicate aluminate, synthetic aluminom silicate, calciom
carbonate, sodium acid carbonate, calcium hydrogen phosphate, calcium carboxymethyl
cellulose, and the like may be used as excipients; magnesium stearate, talc, hardened oil and
the like may be used as smoothing agents; coconut oil, olive oil, sesame oil, peanut oil, soya
may be used as suspension agents or lubricants; cellulose acetate phthalate as a derivative of
a carbohydrate such as cellulose or sugar, or methylacetate-methacrylate copolymer as a

derivative of polyvinyl may be used as suspension agents; and plasticizers such as ester

phthalates and the like may be used as suspension agents.
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phosphoric acid, methanesulfonic acid, ethanesulfonic acid,
p-toluenesulfonic acid, salicylic acid and the like. [00641 The term
“carrier" defines a chemical compound that facilitates the incorporation of
a compound into cells or tissues. For example dimethyl sulfoxide (DMSO)
is a commonly utilized carrier as it facilitates the uptake of many organic
compounds into the cells or tissues of an organism. 10065] The term
"diluent” defines chemical compounds diluted in water that will dissolve
the compound of interest as well as stabilize the biologically active form of

the cdoggsund Tizabsdiphahieshiacoidteipsiisoltionssase Willdgd &% compound

diluents.in.the art. One co nly used buffered sobutio,n is phosphate
ey gt coombindy dclosel herem SAth oy Sbespiml empglSag: such as
Sinertshgffersiens cdhcmirmiatrpel chapsitibonfatilowesc atoenirationsef the

butesiach dllueotarslymadifiae e RIolRea GG QT AGOMRRY Wt in the art
io 6%%% e term "physiologically acceptable” defines a carrier or diluent
MY B haPLBPY e 1RE bitHseHen 2catnty R isrelpapdesrifatpgministration.
Emmpoawita 1 686pdsitionEhampdiar masuitiedbgasapesitienseastrbadihailc or
inistered 1an patient per se, or.in pharmaceutical . .

e aiang whcrs (O REME, ST el T R, e
nosphnbtasdomshesatiericaniiaghansitativreiitnetodemmrsuliords widhselicylic
ioRtand agpikeation may be found in "Remington's Pharmaceutical

SCienJFOSG»; Mack Publishjn CQ,,F%gston, PA, 18th edition, 1990. [00681
suitadie Toltes GFalfifinistRion ARSFsd Szl creRsaadofatt riacilifates the
reoTnomitosHd 2 topivelrdrimcestisal adminitratiaanprreintenal deliveie (DMSO)
gAY UAMLICHAL SURTAIRNRAYR. [NAYSROHS, BIAMEIAN A« into the

injections, as well as intrathecal, direct intraventricufar, Thtraperitonea
§ JssenR imR A8aU  injections. The compounds -13 can also be
adminieresed inThystatnegioimeondmie dpitaseAgrAdasienms INGIMENGat will

epot ipjections, osmatic pumps, pills, transdermal (including .
R P B SR R i et by T fpmsetie
m@rgﬁdﬁs aﬁaqﬁve@i@uebqﬁfmd yeltgiofB068] Tieedhardineststiaathe art. One
SGAMRARIAGS AlHBRPEBRRIL PRI S Manyiegiuled in g manner

“that is itself known, e.g., by means of conventional mixing, dissolving,
GPAHIARRIRG PyraTe Rigrdiki R o DRy S ! e R SRR, B el fiarisrdution at low

enteappiingsos buffered diluent rarely.modifies the biological activity of a compound.

{0066]°  The term “physiologically acceptable” defines a carrier or diluent that does
- not abrogate the biological activity and properties of the compound.

- [0067] - The pharmaceutical compositions described herein can be administered to

a human patient per se, or in pharmaceutical compositions. where they are mixed with
suitable carriers or excipient(s). Techniques for formulation and administration of the
compounds of the instant application may be found in “Remington’s Pharmaceutical
Sciences,” Mack Publishing Co., Easton, PA, 18th edition, 1990,

[0068] Suitable routes of administration may, for example, include oral, rectal,
ransmucosal, topical, or intestinal administration; parenteral delivery, including
intramuscular, subcutaneous, intravenous, intramedullary injections, as well as intrathecal,

direct intraventricular, intraperitoneal, intranasal, or intraocular injections. The compounds
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tabletting processes. 100701 Pharmaceutical compositions for use in
accordance with the present invention thus may be formulated in
conventional manner using one or more physiologically acceptable
carriers comprising excipients and auxiliaries which facilitate processing of
the active compounds into preparations which can be used
pharmaceutically. Proper formulation is dependent upon the route of
administration chosen. Any of the well-known techniques, carriers, and
excipients may be used as suitable and as understood in the art; e.g., in

BanisgenmRhamacayicalincencasmabay Qellgsgmt%alég %%EQﬁc%nBedepm

pnregared in conventional forms, ejther as liquid solutions or suspensions,

SO O S TS R8P i R e SREISA NS IR HABPRSDRptehrsn and the
dkaduenmolsiges aSliitaibied noisEnthdraritioe xamnplecwataiesaline,

dextro anniol, ithin, albumin, sqadiym glutamate, cysteine
hydrocmgg_e, gtr?% tf@%&%&#ﬁ %éd%gﬁ??f{g)é‘ssirg%?ﬁee ?ﬁf’es?:?éb‘lneven on may be
BRAFASEEG IR PCERBESHBhis Nissi ki mihobyammantefofonoeitiel mixing,

slsxiiving SpRIRNGE SIS RE ARINE NG AR A AMTCHRG.A0ENS, SRpping or
Elﬁelge. PhF/smloglcaIIy compatible buffers include, but are not limited to,

anks's BOfiSH, Ringer i ' i i

) ger's solution, or physiological saline buffer. If
desiretf€dBkorphbnreniaticihgoprepakations (foe exampleddipoSOMERe present
ehis il Ry OGZL N ANSRUGASALAd IS AL, PENEITANIS. - losi
appropriate to t?lne barrier tg be .permelated may iemlrjlgeoéll %)r? e ptﬁysmlog] cally

PoF RIS ATIqB0ePaIRP R SRRt PRI AN DR RS ibich cfesiliatalprocessing of the
eaiNtRistiatiogs ;.. pRylaloss WHRGION B8 GRRAINANRIILSIAN. PAGIUAR mulation

equs solutions of the active compounds in water- soluble form. )
Rl Pt o ot iR 8B g b Aty eniaucs,

) ona ,su_spen5|ons 0%
SRPEBl At VijPieCtiory SuspevisionsyiBbicabhd lipopiissob/enthonrt; .g., in

rehiglas inggefathilsehsassgsame oil, or other organic oils such
as soyhean, grapefruit or almond oils, or -14 synthetic fatty acid esters,

such dS @yl oRifEBItriGRR dfaBEPaipBs PR TiRRab ofesmmjeittion s liquid
sﬁs@ems@orssSmayimntﬁimibbﬁiadmslwﬂiﬁBdmﬁﬁa&esﬂ%%e\ﬂkﬁwsfwﬁﬁiﬁ"ﬁﬁor to
gyt Sl neodusnoanetl licss oblo) o doan,
PRI dassesehisciGinbillbprotngrediuen phitancts docyatltdve fodtbehlorapasation: like,
Bf B@W&Q@C&}EF@&?%Ol%%ﬁieF%Mﬁg%Foéom%ﬂ?&M)b ®ontain minor
amounts of nontoxic auxiliary substances, such as wetting agents, pH buffering agents, and
the like. Physiologically compatible buffers include, but are not limited to, Hanks’s solution,
Ringer’s solution, or physiological saline buffer. If desired, absorption enhancing
preparations (for example, liposomes), may be utilized.

[6072] For transmucosal aéministration, penetrants appropriate to the barrier to be
permeated may be used in the formulation.

{0073] Pharmaceutical formulations for parenteral administration, e.g., by bolus
injection or continuous infusion, include aqueous solutions of the active compounds in water-
soluble form. Additionally, suspensions of the active compounds may be prepared as
appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include fatty

oils such as sesame oil, or other organic oils such as soybean, grapefruit or almond oils, or
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presented in unit dosage form, e.g., in ampoules or in multi-dose

containers, with an added preservative. The compositions may take such
forms as suspensions, solutions or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending, stabilizing

and/or dispersing agents. Alternatively, the active ingredient may be in
powder form for constitution with a suitable vehicle, e.g., sterile

pyrogen-free water, before use. [0074) For oral administration, the
compounds can be formulated readily by combining the active

oothpoufdy with pHensnatsduticathylagiceistabltighnicdsavell kpeswmen thejueous
Aft-RHChGRMIRIR pRRRIS R Lompeundaef e nvention taRefannulaiattion,

as tablets, pills, dragees, caPsuIes, liquids, gels, syrups, slurries, )
BB ENOHE LA R HHEY 67 BRI uBtith BylsPatie tREHR bethfoguspension
Rhasaceiicalpisp aratidns faragealsusa tanche oltairediByofapmbinpagnds to

NS PRINRSS Qg&a&défmggge&gcgmpe;&ngu%ﬁgne"Mmdi{; G Iesuiing o e
mixture, _an | rocessing m_|xture Ol granules, a?ter aé&ng suﬁ‘a e
RiGSaNEAdB unig detreel fomobeaifntaBiRae Sraragaalésiess coufivbia with an added

SIECIRIBINS. arBe HABSLCUIANHlaiESHER ASHSYSASpRGRINGHARIASS emulsions
sucrpse, mannitol, or. orbitoﬁl; cellulose. %aﬂons such as, for example,,
a3 SlaPOHeThe SPSTa e AN dBSt SPTE RO L B g uopendine,
Iﬁ@ﬁﬁa@ﬁn@ed@em&lﬁgw&hwmy@rdﬂythﬂb@*&mﬁet ﬂ(a@ii_hénin powder
EAPRIBSHINGE RSt AR Al ¥y n KRR (YRl dEsER .

dlsmte@ratlng agents may be added, such as the cross-lin polyvinyl
pyrrolid8f8, agaPr o el Friitta R e eI coFesTs R 48 Jormwated readily by
agiialen DEagee: congvaie MavitesMitiruila e oGS EOWdli%nown in the

urpose, concentrated sugar soluti may be used, which may ,
b SRa LR i SRRV QTP gyl A s it
PadyethgdpsdeylYigoldandlorstitepri s micxideptasigoe rsblutidiks, fandal ingestion
BHIaRIGANIAHE SOMANIPRLSAMGALIT BNES: Y ESIUIE ALR IS RYed by

be added to the tablets or dragee coatings for identification or to
Rhaie e arfreRPEBAIBiatidhs BHd civdrietim pBiita b e88ding fhresulting
plapeserdprresnimiad sugarsofginnemaycbaddagdsudbthan@yaries, if desired,
ionall ntain_gum_arabig. talc, polyvinyl pyrrolidane, caghopol gel,
B S g e
igcled e laplyanisustive mansido RranTiipktaelyloRnseneritions sighsnfsrerample,
haRdder 10 hrdabigls okt agasncqing Sstrrid %lﬁ@tgﬂrph?acamh methyl
S.

characterize different combinations of active compound doses. (0075(
Cﬁﬂ‘é{ﬂ?facem’f}fﬁi‘ﬁ?’@ﬁé"gﬁ@ﬁé‘\ﬁmaﬁ%an%"ﬂged SR memsehuoneriy and/or

-polyvinylpyrrolidone (PVP). | desired, disintegrating agents may be added, such as the
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium
alginate. . Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar sojutions may be used, which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethyiene glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different combinations of active
compound doses. For this purpose, concentrated sugar solutions may be used, which may

optionally contain gum arabic, talc, polyvinyl pyirolidone, carbopol gel, polyethylene glycol,
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capsules made of gelatin, as well as soft, sealed capsules made of gelatin
and a plasticizer, such as glycerol or sorbitol. The push-fit capsules can
contain the active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or magnesium
stearate and, optionally, stabilizers. In soft capsules, the active
compounds may be dissolved or suspended in suitable liquids, such as
fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition,
stabilizers may be added. All formulations for oral administration should

M‘!@f}mgﬁﬁ?fm ladaresustBdR s ation: (RIARLEOLRGE/vent mixmres
ration compositions may take the form of tablets or lozenges
T e B P I e ostn rvmutoy Syiaeaton o o
firEEat?: dHfEeonspobingtder ofssteconngrtbddses.present invention are

conversendl defietesbindl [DealaN aARRoLSPY IssERpion ftom o
ressurized packs qr a nebulizer, with the use o? a suitable pr STANT,

CEB TS BT RIS OnTathihes EhROMLERBTHEs TN, of gelatin and o pasticze,
sichlesatbtrafilorasthasie, %ﬁbﬂﬁﬂiﬁ@@smﬁso&ﬁeﬁ?ﬁﬁb{ﬁ&ﬁivg i%é?edients in
LASE i aerosol the dosage, unit m e determined by

provicﬁﬁﬂﬁ{ggﬁ%pé& e R/Eeaf% a Sr%et%%é:’ g%n%%ﬁ%ﬁtaéaﬁﬁﬁgg%ﬁab@ﬁﬂﬁﬂﬂ&‘ as talo
B rergneembivarar aad. inpHan halgatiliersuiatmfneags iesfatimutatedcompounds

SANEEING ALY SR B [ G AAMPRIRG AN, 1Al powder base ..
as lactase or s arch.g_OO?Sl Fu@ther disclosed ereir%@?e \I/Jgﬁ%%% or fiquid

suc ol

e D B 5o SHLIRE WP P P o aoB oy for ora
yheigittratimclbeidd btraoinstaesintiablagel sacitadptiaawierlar delivery.

Suita netrg&t%&gg ﬁh%’%g uses.are generally. known in the art.
Pharrﬁﬁ%ﬂtical compogsition_én%oﬁ?r!\ Pécg%u art 3%‘\%’?’ TRe B ha dorm of tablets
Yorrrmar i eprEhs wrsatissalmasompounds in water-soluble form, such

as eyeotons, orri galansguin SPegdanoRt Ak SlB o 5 33):440:20
I%{2@0&]5)%“Qernh){drogels (eM.a er et al., Ophtr?aimolc(); ic%? 210?2‘?%8%9§wdmg to the
13981 Sphthal 2 S i m e iystthum e pErrs SRS o BRAYaRsesentation from
nreRstoradticedeite s odrug-cantiiaingvaalineolysaerig partichesiab AiRilant, eg.,
SHSRRRGR LA Mg (SaTHer | Joshi, A., J. Ocul. Pharmacal., =
1%1):29745 (1994;2,’ Iipid-ggg%i%% _?%?’m& A Pg%%?ﬂt?r‘ﬁngfgf??’r?ﬂl?‘@liﬁ‘.‘”“de
BihREab g2 710kr CROBOS R BRGERHIRSDaPENcbe (ortant, faxteodeGehined
2N g 6 (20R9Y) dandtos wartasarduf! NG IabaYeMeUINSH , gelatin
fg;fgggqge% are Qrcglrggra}ﬁd herein bg/ reference in their entiréties. Stc
or Sy suttlator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.

[0G78] Further disclosed herein are various pharmaceutical compositions well
known in the pharmaceutical art for uses that include intraccular, intranasal, and
intraauricular delivery. Suitable penetrants for these uses are generally known in the art.
Pharmaceutical compositions for intraccular delivery include aqueous ophthalmic solutions
of the active compounds in water-soluble form, such as eyedrops, or in gellan gum (Shedden
et al.,, Clin. Ther.,, 23(3):440-50 (2001)) or hydrogels (Mayer et al., Ophthalmologica,
210(2):101-3  (1996)); ophthalmic ointments; ophthalmic suspensions, such as
microparticulates, drug-containing small polymeric particles that are suspended in a liquid

carrier medium (Joshi, A.,, J Ocul. Pharmacol., 10(1):29-45 (1994)), lipid-soluble
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pharmaceutical formulations are most often and preferably formulated to
be sterile, isotonic and buffered for stability and comfort. Pharmaceutical
compositions for intranasal delviery may also include drops and sprays
often prepared to simulate in many respects nasal secretions to ensure
maintenance of normal ciliary action. As disclosed in Remington's
Pharmaceutical Sciences, 18th Ed., Mack Publishing Co., Easton, PA
(1990), which is incorporated herein by reference in its entirety, and
well-known to those skilled in the art, suitable formulations are most often
archyleakenalhiis etoslic Feightlyibulieve dhdo, mdaduainsa Qblkof)o mAorBidrespheres
t often and rably.i > antimicrobial preservatives and .
ggg?%ép?ﬁét% ﬁ?ﬁg‘%&gl fzr%ﬂg Q%r%hggeaﬂ%gg ?aorr]rﬁst’fa io'gls ﬁﬁﬁﬁ%&‘fﬁ’r"ﬁéﬁ%‘r’md
HARBRGSin Algd encetrsseedidessian doirefereras foy thpicatmpplicatioSushthmitable
SR RANSelvRnbadarsuek artal afarsrialinn sonciuis A6 WA dsotonic

w%tga. 00 r?l T elcomlgfun% mag@also be formulated.in rectal )

S MpOSTONS SRR 2 BRBST ek BratbisAb P BRas ises dog ingiapasahisly iey
G@mvelmidn@ihsgpimitmy lspregs sf.ftdn pSpaedoR tsu‘ﬁteigtar otheimgl tegséee Snasal
10080k wadditiondahis.farmelations des r'taa%mew%%!xm%h%e Remington's

compounds may also be formulated as a depot preparation. Suc

BB RS FhalP the Edel YTkt s e st (D et aMiplevhich is
?dbﬂiﬁﬁ&ﬁlauﬁyxﬂfyiI?éf&ﬂiktig@hﬂmwgtﬁét?yaﬂ?twd &a_@wl:artgirtiﬂlﬁﬂ%ﬂilllwtil&me art,
Oll' al e, the compou ma e formulated with suitable olymeric |

B e B O e P L TR e 2
pif) o foh tetchandemessingenrand prsdeislgly isolubiauténicathigispferervatives and

SROPRIS. ama SRANAY sriMRlecsalaRRRLL KR BYCrRhORIGICORRAMN St ude

a suitable pharmaceutical carrier may be'a cosolvent system comprising
SRR AR AL P AR BiteRiGA ApplisEtan i fBF- Ffs CBTRat elienisdRyish aural
fondudatiagpiedudeghastan Andormaron cosolvent system used is the VPD
co-solygat, systam, which is a solution of 3% wiv benzyl glcohol, 8% w/v

of the‘mdolar surl é’ggg%lfn%omaorals)sg% ﬁ‘8 Y §ﬁ8b @55/%2 @/\f OIBRIEHSIE Such as
YRRGIIBOES AJEENGHGRATEMESh apysaine exheanvhnvasupatisitahebases such as

RRR VLIRS ircaaient system may be varied considerably without
destro&i@g&ﬁs solubility and toxicity characteristics. Furthermore, the

identit) 01 the -T7LBHBIR A OMBSTERILREEPES RisHaNs o fhexeompunds may
athebdofortoniity monpalerosusfasiarits. Mayde wagdaimieadflations may be

RRRRQRRHTRAM I dadionsizsalonieiulene ANSAMAay o by
intramuscular injection, Thus, for example, the compounds may be formulated with suitable
polymeric or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion
exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.
[{6681] For hydrophobic compounds, a suitable pharmaceutical carrier may be a
cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic
polymer, and an agueous phase. A common cosolvent system used is the VPD co-solvent
system, which is a solution of 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant
Polysorbate 80™, and 65% w/v polyethylene glycol 300, made up to volume in absolute
ethanol. Naturally, the proportions of a co-solvent system may be varied considerably

without destroying its solubility and toxicity characteristics. Furthermore, the identity of the
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be varied; other biocompatible polymers may replace polyethylene glycol,

e.g., polyvinyl pyrrolidone; and other sugars or polysaccharides may

substitute for dextrose. [0082] Alternatively, other delivery systems for

hydrophobic pharmaceutical compounds may be employed. Liposomes

and emulsions are well known examples of delivery vehicles or carriers

for hydrophobic drugs. Certain organic solvents such as dimethylsulfoxide

also may be employed, although usually at the cost of greater toxicity.

Additionally, the compounds may be delivered using a sustained-release

syeiiensaehresetemincrmealstt foatrieaslef anliel Iyt phONiEHPElME fictants

sinigst Hecpggt QU tained-release materials

Eg\%te beliérlli gﬁé%ﬁé%%?%% are vaé}Jﬁ éliﬁnowﬁﬁgg{iaﬁ 056 ms?k?ﬁ}g??h%ﬁ'éeﬁerﬁly col may

SHIRE e disympribis PRIy Sl epan dml Ptz fiolemidatolatge, polyvinyl

Poleclsiv theco mpeungission R iRacsuecks Hijueyeh08:deys.Repending
on the ghemical, pature gnd the bi Ilo ical stability of the therapeutic
oAl CRaE

reagent, additional strategies for protethy SEbiTEatth Mdrpmhetien phepeaceutical
EW%Q@Mshht@ndeﬂedo bbiladmsstmdedrimmnaﬂar{ygmayda@ examples of
adliwiysieifdes s technBH s shine bR thesgof ardinay skl I the,
glrt. FhoE eg_aménle such agents m%/obe encapsulate mto%osomes. Alf
SRyl de aleiran g“qﬁ‘@&’d’g [efthsig teealtingé Beligsbofngeater toxicity,
Mmmmg%mgwwdﬁmhﬁimuﬁzilat@_fmaTrﬁe-M%Q@ﬂkegl, such as
Jolal 1101 rotected, from the external micro-environment'and,
because ﬁ)pr)%so%%‘%sfuggesﬁb?t&%%ﬁ&n@rﬁb?g £15, LR RP JhfiABrutC agent.
i tesueniBgddplensnnmitaalp duumbomagsbblisoataddiits avell known by those

disBee-speeifictantibasyedhe 140 wﬁu}gqxggggg&%i 10 E{]éﬁ tgkenup e
S eIeS%tit\{lgIX 93/ the desired organ, Alternatively, small 3rop obiC organic ’
foleculeS TREIRES (FetiR bRl SR e P ARR My Droostipa oliiorshkmical
thigrapedtic dradoggabstiv iy efithanytdpevine eiperat st iR Grategics for protein
SARRAGE HiIcAl Rgsitions. Alternatively or additionally, pharmaceutical
compositions may be”combined with other compositions that contain

other {f¥peutetitiatmdeticoabr atnintetnddsiot Atiimilyistiation adfinistered
ﬁﬁ@&ﬁ@ﬁb&s@np%&dﬁr@&rﬂ%@@@&%ﬁ %kﬁ?fﬂﬁﬁ’esgﬂonﬁo‘in%&nbngle such agents
rg%@'@&?%ﬂ t(ge rllgté)%tlent by any suitable means. Non-limiting eXampleg
ot methods OF R iStRRBR IncRb @ drriFy RSt Y 4P Adhsiwsseliibon at the
e Lefhlrsb et forapsow hiehimanpinistntias the aqueous inferior. The liposomal
contents are both protected from the external micro-environment and, because liposomes fuse
with cell membranes, are efficiently delivered into the cell cytoplasm. The liposome may be
coated with a tissue-specific antibody. The liposomes will be targeted to énd taken up
selectively by the desired organ. Alternatively, small hydrophobic organic molecules may be
directly administered intracellularly.

[06084] Additional therapeutic or diagnostic agents may be incorporated into the

pharmaceutical compositions. Alternatively or additionally, pharmaceutical compositions

may be combined with other compositions that contain other therapeutic or diagnostic ag'ents.

Methods of Administration
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includes administration in capsule, tablet, granule, spray, syrup, or other
such forms; (b) administration through non-oral pathways such as rectal,
vaginal, intraurethral, intraocular, intranasal, or intraauricular, which
administration includes administration as an aqueous suspension, an oily
preparation or the like or as a drip, spray, suppository, salve, ointment or

the like; (c) administration via injection, subcutaneously, intraperitoneally,
intravenously, intramuscularly, intradermally, intraorbitally, intracapsularly,
intraspinally, intrasternally, or the like, including infusion pump delivery;

(d) add9ifilratidivdocayosubhoaphiynasativehadirpotiyionstihe:ydraddarinistered to
a@rghaﬁ.ﬁreﬁ,a%)gsumgeﬂesammmmmg%mh@ o@)n@%ggé‘ 'S RO istration

topically, as deemed appropriate by those of skill in the art for bringing the
TSSO URBCBB toLh fYe RIGATRE SISt ChotRh IR g RIS HS(OBbigh administration
Rbiarmaaeutidammmpﬁsiiépnsesuﬁiﬁbdaegmhammiafsycaﬁi_\,&l]pi,nsiudawr such forms:
itions the active jngredients are contained in an amaount
e S o e o ool
RFOGHEBfIIERsHh S iRt wiseiys sdiple pdininsaetiradieivded adminitration as an
sippendsapEhadouie alpgirpmisisationnthadtype L 2nimal Jmlgq:iﬂ&itory, salve,
&%m%nf g?iﬂ%t[‘ia-te@ a d,th%%)h(}/sical characteristics of the specific
Animal under cofisitferatiBm e goLs K PHE T BPEYaRr Athie vrgperitoneally,
vesiewwsiiecintunwilllddpeinttdasutiy factorsiatiyydightapielhonous@itally,
mediealny, apdofie! faslats whish1Bass SRR G MEdERl AL uch o
recognize. More specifically, a therapeutically effective amount means an

WIBIRESE ShRTHBURdRsTfERth & i fsHac e . anvilte dpetniaminiation; as well as
(@Y BdpiOeE0bAIGRRARD ks AERINATAINESHIM Ve (RIS SN GRS IEAME e the

CDeterLI;ni aft n.ofatheraﬁeuticalI%.el}‘fective. amount is well within the

Capability of those SR iFe B SH LR GRS light of the detailed

disclofif&Sbrovihetraertingl1 088 b sit® sl Ivaitbidilfappaeniteone include
SliRdintheatt Eﬁ@a%%é&dﬁ% gosaegieds Q}gmmﬁltteéﬁ[ﬁc@%dth%hieve its

Jparticylar mode of administration will vary depending upon the age,

RIERGFRE AFIRanTha PRl sttt imewHathacesnyeimdisclosed herein

reqaptolyach dasel dilk &pesifienuse fardliednhasae.compRUISIS A himal, including
employed. The determination of effective dosage levels, that is the.

: dos_ag’;e%z?/gelg%l%%%sggﬂq% a%%séc\"/aerz the desiiet ﬁr‘efc’ifn?,h EafP™e }gcbgmma! under

qevdripirhetsylescakircdilpreddonehining detitivecfberinacolbdipahd on such

fRRIROASwdiyRICallY, DM CHUGRARRPILALANS BIRIQAUGES #Bse skilled in the

commenced, at lowey dosage levels, with dosage
me&g} arts. will recognize. Rfo%e specifically, a therap%uticaliy effective amount means an

amount of compound effective to prevent, alleviate or ameliorate symptoms of disease or
prolong the survival of the subject being treated. Determination of a therapeutically effective
amount is well within the capability of those skilied in the art, éspcciaiiy in light of the
detailed disclosure provided herein. ‘ .

[0087] As will be readily apparent to one skilled in the art, the useful in vivo
dosage to be administered and the particular mode of administration will vary depending
upon the age, weight and mammalian species treated, the particular compounds employed,
and the specific use for which these compounds are employed. The determination of

effective dosage levels, that is the dosage levels necessary to achieve the desired resuit, can
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level being increased until the desired effect is achieved. Alternatively,

acceptable in vitro studies can be used to establish useful doses and

routes of administration of the compositions identified by the present

methods using established pharmacological methods. [00881 In

non-human animal studies, applications of potential products are

commenced at higher dosage levels, with dosage being decreased until

the desired effect is no longer achieved or adverse side effects

disappear. The dosage may range broadly, depending upon the desired
baffestmpistethey trer sjgedititidiedtiomns Tyyivalppadusatygsicah e hedseflyemally,

i e e

l%vsbaaes HragARRd Bagbal%ﬁ%f“ea|e{f?atéﬂ%bﬁﬁ%e l&?fﬁ%@f%{weacamﬁele in vitro
sRAtIYNknas unsarsioesl vy thasriefesisilbir e arhdNaRRiithefmxacsmpositions
|o route of agministratio e for the ph rmaceutical
e AT bRk R
physifi8$8in vidw mztﬁarpatimiisaéoﬂdfﬂmn ABdicatiays Iﬁl’hgbmﬂaai 1978udis are

co%ngmm%@é pﬂ'&%@l& %’? Qﬁtﬁﬁ@%%ﬂ‘@deé’i’m lﬁlb%@és:red effect is no

incorporated Rerein by reference in its entiret g with particular reference
(s}

logeetrchieyed gt 4dysissiNAREASHSPRRGE JFhh EoRSHIPBSMBEF RERfstepspding
d‘;ﬂ;&hﬁepcaa@&m efechefin: ahepidi ﬁamaeﬂng/hgcﬂﬂyheopsgeemﬁ@ bobytween

a@"?flg% The.d Semanty and 34 S'gfé'e BAE AL AALI SRR N0 Gty HYED 100

he COUFSG Of one or more aays, as | nee ed ﬁ)yt ep tient.

mgeersed sy hede 19umelis bedy esefeht. cofpauattrsindesasse n“@xtébllbh@é and

0 Aa3BhS AP SuEABINIO b DR PreSENIBNERBRWY KSR JNAFE ifaRear.
dosage s or dosages that are between about 0.1% and 500%, more .

prefelBf}! benlie FHbUPTEIR T 52058, Ur T ERERhAPh dpspge for the
pHesage. it e:r@mdmmmmfdﬂﬁagemt estahtishechnabenil dzenths ahserdfdividual

I’}Ileéli\ﬂ ndllscovered glﬁ tlca no our@geaSU|t}§.‘QI Qurr)aqg(:}gsagemrhe
eah Cbe infe rreg fro I5 values, oroﬁer appropriate values

Rierivesglofgised Besies @hmmv@csfuw@@l &s“&ﬁﬁﬁﬂé@ﬁ’yiﬁ%dw% sefpRpe in
igflisarystudiepdnianimalede9Q] tishouyld be nojsddnat dheqtie %g@ of the

physician would know how to and when to terminate, interrupt, or adj
SERATIPATTHLRIESD WIERDUSPLRILPE PR ARHS, IR ?elag ofie paticnt’

tatte ndiphy.piilsidoasgpnaicbalks silgiovnt@ad jesicirebtwrent tohigiven levbiscifurse
012 Qnghgr d‘lnllg %J r%%sgg nssge\%%eebr}oﬁmg‘%gﬂéﬁtel@ rt%%ldgégQ\/h%%%cﬁty%ayb%sages for

magnitude of a
compounds have been established for at least some condition, the present invention will use

those same dosages, or dosages that are between about 0.1% and 500%, more preferably
between about 25% and 250% of the established human dosage. Where no human dosage is
established, as will be the case for newly-discovered pharmaceutical compounds, a suitable
human dosage can be inferred from EDsg or IDgg values, or other appropriate values derived
from in vitro or in vivo studies, as'qualiﬁed by toxicity studies and efficacy studies in
animatls.

{0090] It should be noted that the attending physician would know how to and
when to terminate, interrupt, or adjust administration due to toxicity or organ dysfunctions.

Conversely, the attending physician would also know to adjust treatment to higher levels if
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administrated dose in the management of the disorder of interest will vary
with the severity of the condition to be treated and to the route of
administration. The severity of the condition may, for example, be
evaluated, in part, by standard prognostic evaluation methods. Further,

the dose and perhaps dose frequency, will also vary according to the age,
body weight, and response of the individual patient. A program

comparable to that discussed above may be used in veterinary medicine.
J0091J Although the exact dosage will be determined on a drug-by-drug
thastinial mostegsesrsavie dgeakataligatdnding gardifty) thelbosagentnde bel an
MAreiie &ﬁéxn%ﬁgﬁa%&gw%@ R A3 AU HARRNWRAUSR MRS e l8fity of

example, an oral dose of between 0.1 mg and 2000 mg of each active

eFRUEKE 1orBrFaRg BRIREN G She BT o8. o T oo ter vt RG hmcondition

wihefoembeogitnentsaiamddiiayerpussistuthed (angaut: ev4iiasm usatitds dPaeher,
h active | i t 0 and 100.maq, preferabl

R e P A A e RS

TEEReTIFRSH dbio e i W At e it PX0Kr e SePRISNE I8 i terd sigrassed capotse may be

it atedasythedigg.base. In some embodiments, the composition is

administered 1 to 4 times per day. Alternatively the compositions of the | .
inventii thay BLieH T res 5285 M o S FRAVE PO ARG GerE basis, in

quefeml:dymm dosgadizeiists acgm{ér_iggmddem_gapcw b@(}ﬁamg ﬁ‘éb_dmyy/ﬁssage
AilLRG H,?9}?Bﬁﬁﬁpﬂn%&QQ&&P&M&%‘&“&&R&}@ SE5E1 %@é%%%e&m.&fﬁﬁeand

necessary to administer the compounds disclosed herein in amounts t
Veeangolreveriraingsedicad rlably steestol msrard YD S S FaAlme. In
dheekibafioetiveynantAgases Bl HiRahsPRLIGHAHYSQEF ARV cach active

diseases or infecti .In so mbodiments, the compounds will be
s R A e SR R TR
4hore isorsédr Imersth o DrdpoaIkralion 924 usyevtivaby atanti bk erliadoregys may

e adivsiedsndividualy 9. PiaMidE  RiasmBReNR SR iG RG Y S aMRIR N ed 1 t0 4

which are sufficient to maintain the modulating effects, or minimal
PSRt B8N AR ITRRHS A VHE Cop Mme MARSCOf P Y/ ATy 108 B e Bin pHDIREFBTRE bY
ceatideusistinvatedsihofiish idetiaia. aDOSRE RS ELRasE o Mg AMNEML HNIB00 mg

MEG il denead anndiviualdhatacieistice and rouls.atadmipisiaton; ..
owever, H -C assays or oassgys can be used to (?ef'ermlne plasma
neovrsanitiaidmanise] the0oBpossatiscirms harsican anovnbetiteerideer even far

&isiRg, MELMRIYRE PRRGRIFABSge range in order to effectively and aggressively treat
particularly aggressive diseases or infections. In some embodiments, the compounds will be
administered for a period of continuous therapy, for example for a week or more, or for
months or years.

16092} Dosage amount and interval may be adjusted individually to provide
plasma levels of the active moiety which are sufficient to maintain the modulating effects, or
minimal effective concentration (MEC). The MEC will vary for each compound but can be
estimated from in vitro data. Dosages necessary to achieve the MEC will depend on
individual characteristics and route of administration. However, HPLC assays or bioassays

can be used to determine plasma concentrations.
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should be administered using a regimen which maintains plasma levels
above the MEC for 10-90% of the time, preferably between 30-90% and
most preferably between 50-90%. [00941 In cases of local administration

or selective uptake, the effective local concentration of the drug may not

be related to plasma concentration. [00951 The amount of composition
administered will, of course, be dependent on the subject being treated,

on the subject's weight, the severity of the affliction, the manner of '
administration and the judgment of the prescribing physician. 100961
Compis0diis dissiemedhenain canlbe ®ddisatedefbrsaifiddEY anlddoKicinpositions
Haihg g@g m@%@@ ‘ﬂﬁgnE%rr éﬂ@P@hxﬁ%Bﬁ'ﬁ%Q%Qﬁ?l@@eﬁ@%@e the MEC for

compound, or of a subset of the compounds, sharing certain chemical
1SRG thasipporeserbishey 15 dethimmE st wREEEROR R AP %-

cell lingosaich ag aaammalianaanidinieienablysbieias, galkineeTdiRctive local
results of su?%}st(ydies are o%en gr&e‘ﬂictive of toxici{% ipoanimals, such as

RIS SF o Ta BB RE e Ay ot h S A RHL IR ISR, Bie toxicity of
partic({#4pEompBrisoien ol soinedifodeiisisshed silioe! autiserablimsrgient on
ORKRYS LIRS o NG HR DU SBAMAMEIBRY D HE ATEEAC YR Ranner of

particular compou'nd maybe established using several recognized
jstAisHal e feR e dudeTERS PhEh BT i RABIYASEBIS, or human clinical

trials. flewsjgnizeshipoviits mauelel axisihfesmearbyaverd dasafdcondiioicity
including but not limited to cancer, cardiovascular disease, and yario

S R Do GRmny - SRHRETaan B R ESmBod B pubse
efstabtivhmeifichcshafinh eeridalchrmirebmsistiasc oradiorestablinkesd Syldetrgining in
masglispiesmine aificackndhesskiledAtisAnA@p-beraidRa-RY, e Siale The

of the art to choose an appropriate model, dose, and route of :
weHim RS direre g P EEY S8 (TR AR AIBAS SIS PRty QT more
sseididaigcianminc Anerpiticagythd m:dompodpadicnlhumapsnio@dat dlimal model,

&%ﬁ‘%&’%&9&(‘%a?‘,a%b@i%e%'rr%?dn?c%a@r.%ff%” %dd'e’fle%xﬁ%& 1%51%'1. BURCHARAES The
wnich may contain one or more unit sage forms containing the active

phitpetiont. pAF s pnekmneynibnexbaepleb igherh HseerrrRRIR DicpnaREedaiEtRedsy such

as:A bhJehdants; Thanaskels dsnenas-ARAGMAY heReaomPANIAfkModels
instructions for administration, The pack or dispenser may also be

SR REARREHAH AT AECORLLISD AP i Prb 105 MRieS h opBigs cardiovascular
piseseribathvaya gevemmbpfahagen Simdgijating b manuiiotodels usey, oy used

t%agtggiiﬁf %]Hﬂ?%? %F%ﬁ[‘eﬁm zmzcbo q?éﬁ?%d%hr%ggﬁmﬁ%sd %pl%r?\é@!e@é{n@% model to
agency oft the 1ofm of the drug -22
determine efficacy, the skilled artisan can be guided by the state of the art to choose an

appropriate model, dose, and route of administration, and regime. Of course, human clinical
trials can also be used to determine the efficacy of a compound in humans.

[0097] The compositions may, if desired, be presented in a pack or dispenser
device which may contain one or more unit dosage forms. containing the active ingredient.
The pack may for example comprise metal or plastic foil, such as a blister pack. The pack or
dispenser device may be accompanied by instructions for administration. The pack or
dispenser may also be accompanied with a notice associated with the container in form
prescribed by a governmental agency regulating the manufacture, use, or sale of

pharmaceuticals, which notice is reflective of approval by the agency of the form of the drug
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for human or veterinary administration. Such notice, for example, may be

the labeling approved by the U.S. Food and Drug Administration for
prescription drugs, or the approved product insert. Compositions

comprising a compound of the invention formulated in a compatible
pharmaceutical carrier may also be prepared, placed in an appropriate
container, and labeled for treatment of an indicated condition.

EXAMPLES Example | - General Procedures 10098 Cell culture and
reagents. Dex-sensitive MM.IS and Dex-resistant MM.1R human MM cell
fiore Buvencoo btetimaerfr edmidistStinven Fekar i ribivestanie, UHivdisithe labeling

' gﬂ&%@g@b heI£8. MQRlAE Diug RillaYnistradMeiRE brieribBid BrERs & RS BFbroved
992) Blood 79, 213-22 and Chauhan, D., Catley, L., Hideshima,

oG B Bt ST S PR o Ahon Tomulatd in 3
Wﬁsmﬁﬁhﬁadeutﬁﬂdﬁm& midyedler e prvbiaresh piMedSirAncdensomise ntainer,
89%)&3 "Ofggfﬁoo 00,2187-94. Pt of which are incorporated herein by

eference In their entlrety RPMI-8226 and Doxorubicin (Dox)-resistant
(Dox 40) cells were obtained from Dr. William Dalton (Moffit Cancer
Center, Tampa, FL). U266 and ORNMRvibti¥Mell lines were obtained from

the Amerlcan Type Culiure Collection (Rockville, MD). The human tumor
, rkat, LoVo, MDA-MB-231, MIA PaCa-2,
NCI HEB2R 0V GRR-8ylRski @ndl, peageRC-3 Pereqpsitbivad@d 1D rand TR resistant
%S%%BM%WMipﬁuclén%éé’ %W%H%RBM ISEEQ%Q @&Q}? rglévestem

supplemented with 10% heat inactivated fetal-bovine serum (FBS),
Kinivegrsinp Ehientn, (LD oSgreaid fiofm/Rilrvada ¥ sinerD-glikinife Svigsen. S. T.
@aslbszyvgr@éreshmmaéﬁd G patieN SR IS Ng dRRnmUItiple, GipLeblanc, R.,

rapies.incju examethas Dex), melphal n, al id
BPfé’zgmé@ L"Zf ce éé/vg] npl?l’hflg(;lg [groma)da e’lﬁl’hglo%e rtlr?airigslvmsrar%‘p aunghi N
&DA38puskive. @i dHand tiivd Mﬁ@‘*ﬂ@ﬂ!ﬁ@f (SByinkiaeairdorpaiates herem by

. ?é?&grﬁzgﬂptﬁg? A} &@&ﬂ%éﬂé‘%&ﬁ&!hﬁ%ﬁ@ﬁ (Mg?%ﬁs@ﬁlt%()*%) cells were
Auburn, CA). See Chauhan; D. Catle,ﬁ\»/ L., Hideshima, T., Li, G,, Leblanc

ROtaeDeh oM DRr SWAPa e ML G apeerseRlisEs s aRE Y, Pldarane OPM2

Yellesl Eincd/luaghibiNingd AsedahsQmbrican @@@Z)uﬁi@edld]%t:&l&%%ﬂle MD).
hisin orpor hér. > ntir h

\SQIEE n'rlca)%lggi é%'ﬂ s @3%5(% alsr?éctf rﬁ%fﬁy(g’cﬁé}ﬁ grown}“lntikﬁrﬁ%ac82

- DVIEHASu SHIEMB e BANE: 1L.oWA RS i vsetivarelprel Srorp @ Tinfts{ipnassas, VA).

REGICHIN i Q0w 19dMBlosasin RPMI-1640 media supplemented with 10% heat inactivated
fetal-bovine serum (FBS), 100 units/ml penicillin, 100 ug/mi streptomycin, and 2 mM L-
glutamine. MM cells were freshly isolated from patients relapsing after multiple prior
therapies including Dexamethasone (Dex), melphalan, thalidomide or Bortezomib. MM celis
- were purified from patient bone marrow samples by CD138 positive selection method using
CD138 (Syndecan-1) Micro Beads and the Auto MACS magnetic cell sorter (Miltenyi Biotec
Inc., Auburn, CA). See Chauhan; D., Catley, L., Hideshima, T., Li, G., Leblanc, R., Gupta,
D., Sattler, M., Richardson, P., Schlossman, R. L., Podar, K., Weller, E., Munshi, N. &
Anderson, K. C. (2002) Blood 100, 2187-94; which is incorporated herein by reference in its
entirety. Normal human skin fibroblasts CCD-27sk were obtained from ATCC and grown in
DMEM supplemented with 10% heat inactivated FBS, 100 units/ml peni'cillin, 100 pg/mi
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streptomycin, 4 mM L-glutamine and 1 mM sodium pyruvate. Cells were
treated with various concentrations of the compound of formula Il (X=C1)
(Nereus Pharmaceuticals, Inc, San Diego, CA), Bortezomib or Dex
(Sigma Chemical Co, St. Louis, MO). [00991 Cell viability and apoptosis
assays. Cell viability was assessed by 3-
(4,5-dimethylthiozol-2-yl)-2,5-diphenyltetrazolium bromide (MTT,;
Chemicon International Inc., Temecula, CA) assay, according to

manufacturer's instructions (Roche Molecular Biochemicals, Indianapolis,
Ieptemalcis desdiidetifemaindn! mMCraiEymLPYRIBEshifFRlsTY e feated with

?%@%n&ﬁﬁm@%ﬂhe%mﬁﬁugﬂ- EMA QS@'@)'{(EGI ﬁNZH&gOO §|F!@di‘defgtc-)icals, Inc,
odar, K. eller, E., Munshi, N. erson, K. C. (20 00 ,
e, GO R R O B TR B STb e S KPR Aeny. Col
Death[Be8gctiod &L iShpigs avdsaptifizeis tassguantiiefevedliide athsy asgperd by 3-

,%‘!H#x‘i?ie%%“ﬁ%{;%ﬂ%!&&%%‘?!b?p Q?rﬁgﬁl!;iﬁdb%ﬂﬁ@@Tﬁ!ﬁnd@@%?&%shlwx)nationai
ple 2

Xam -In vitro™2

S’ proteasome activity assay 0100 The
ey nictppsin-Ifkd) ataiotsy SPAFETE0Y g@f@éfdhﬁ@’%v%tﬁa@&gﬁréa%e Molecular
gRskERedINIRIBRpRisL N elandrick iR iekChad996), Biathemistiicshima, T,

3899-908 and _Lightcap,.E. S, . McCormack, T. A,, Pien, C. S., Chan, V.

P Sind AR E o ey D00 e CHAA e 5 S A b S
meﬁnptﬁawmhhé_rélrﬁbwéémmb’e T2 tma)e&myoq,vmr&k%mmams incorporated
i?é’?émrggy;gfquﬂ\éeﬂ %Qseﬁﬁ%‘?‘s%gﬁ Vel qolaiaRd fﬁ%mmc’lwas utilized to

Plymouth Meeting, PA. The Chymotrypsin-like, caspase-like and

wppttasikecHciribachviets BRINGSHY Brofsiueines wdlechetdyiRifdy Sciences,
JAgiaghSiNs; k) Y-AMC, Z-LLE-AMC (Boston Biochem, Cambridge, MA)

nd Bo -LI?R-A S(Ba(%hem Bioscience, King of Prussia, PA) as peptide
xample 2 — In vitro ofeasome achivity ass .
gu%s%ﬂerrecpﬁé%v@fy%mn%e—oﬂ, : he cleaved peptide substrate
was méi8ftired Usinghamstitpsoskin aAtivendchwdNricotspiatecrsiasiercasured as
LhauaeiEesion. WakhamaIA)- £k COQ 19ob)anduRiRisRICYRIBNY08 and

Prism (GraphPad Sottware) using a sigmoidal dose-response, variable
Ligyeam & MrereetivhidestiBrd danidd hs thd Ty LoficeNiftibr 212000)
vl abhaR%6 of theareotindlwaleti ve: finanespear Basiin bibitgdendaan ésiltaptirety.

S L L O e e AT b
Mireiingl & 8. - Rirathuinosiesinliks. 2o potikasohimetvite adindiavivtigs of the
SO IBENER SR QletfmPearaliag RuRIBI @HQAMC, Z-LLE-AMC (Boston Biochem,
Cambridge, MA) and Boc-LRR-AMC (Bachem Bioscience, King of Prussia, PA) as peptide
substrates, respectively. Fluorescence of the cleaved peptide substrate was measured using a
Fluoroskan Ascent 96-well microplate reader (Thermo Electron, Waltham, MA). The ECso
values were calculated by Prism {GraphPad Software) using a sigmoidal dose-response,
variable slope model. The ECs values were defined as the drug concentration at which 50%
of the maximal relative fluorescence is inhibited. The results, plotted in Figure 1, indicated
that the compounf of formula (IT) (X=CI) inhibits all three proteasome activities, albeit at
different concentrations,

Example 3 — Analysis of ex vive 208 proteasome activity in whole blood cells in mice (single

i.v. or oral administration)
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-24 101011 To directly determine whether the compound of formula (l1)

(X=Cl) inhibits proteasome activity in vivo, the compound of formula (H)

(X=C1) was dissolved in 100% DMSO and serially diluted with 5% Solutol

(Solutol(r) HS 15; polyethylene glycol 660 12- hydroxystearate, BASF,

Shreveport, LA) yielding a final concentration of 2% DMSO. The vehicle

control consisted of 2% DMSO and 98% (5% Solutol(r) HS15). Male

Swiss- Webster mice (five per group, 20-25 grams in weight) were treated

at Bolder BioPATH, Inc. (Boulder, CO) with various concentrations of the

compolM@HitheFmiseho deis it raReer s crawand ooh fguis &D (X=Ch

GEPiR: hryimais was i reated de esiallish a asalinguf (REatBas@ @@ solved in
Ivity, Nipety minutes after. administrati f the co ind tg nimals

i gt 0 Pl A T e

wholeyiitoadteatis WS cOllavepd byLdontididuatio firelashed waiinPE S YafMSO.

frazeR AR nsiee fos ARIESDINAI AP €0 YRR BIRASOMSBANEY). Male Swiss-
Chymotrypsin-like activity of the 20S proteasome in white blood cell

(WebessyRisecddivhRsTorpdited SR e BEpHE s TRtfppBolder BioPATH, Inc.
SElbA YCAMG HRelative okdesresencs taikstipdid] vitke Ratvabasg or orally at
using the protein concentrations qf-the cell 0S.nr, S .
T B R e AL D8 e el 6 R BB o
repes e iMEyavEngentetivy ieoaiins vaivn of e ¢pamposd, the animals were -
PIRIRRGHINE AGtiVIEYd ORRRINGE 1B, WB Gy stesuRs e PRIed dr b InbIBsdestlls. were
mice. The results, depicted in Figure 2, indicte that t%%co g)o nd. of .
(PRSI Py SN V2D AR S R REER R O JERS O pAStEauBRiga of e
-imiwhitetlentecelisiig. allgsedapmridentomanna tHeiSrantdysdinese white blood
. - € 2 - -AMC. Relative
fingingmesiaRlish Al 6.5 Rfap e‘lﬁl% QLA AUV ANG INYRIE

proteasome’activity in vivo. Exam -'Determination of triggere

- diluesarsrrs Hndy SRR BoTRE BRIz NVBCRASTaIFIRAPRcOFaXns of the cell lysates.

Drateposnabensahvhethsr dhecompruackeédasmidrd kO fgah afaatstb8orizontal
ity in muItiE%Ie m eI%maYcells in vitro v‘%as de usingn

rqteasognet.actit\(ll r e e ) L a ivi
O PR SR B p iR SHER i ALY 1281AR%3IBUEH, s 2SR &itel fAru iy

arsawedangBtB hypatee popangb line ohfeated it X TR Teanis |dopiadiby Figure 2,
A&ﬁ&@?{al)é@%%ﬁy.ﬁ@mfymmi@d(% %@{@H&O&{ﬁ%}wﬁ\(ﬁilﬁcéiéa%t&f 208

are targeted by the compound of formula [l (X=CI) can not be seen on )
PTG A NP W Ad I &nS WRSsdrRanBere B thEnesripturihcss findings
fesatlsh (M) (KeCampbunlysfara BPaotinsant indibia ot anthealtivisisvas.

pg{g%n ey W Bgtglgisn%tion of tripgered alterations in_proteasome activity in MM cells (in

vitro)
i0102] Determination of whether the compound of formula II {(X=Cl) affects the

proteasome activity in multiple myeloma cells in vifro was made using a competition
experiment with AdaY'*lahx;L;VS. In this assay, sites that are not targeted by the
~ compound of formula II (X=Cl) are labeled by AdaY("®DAhx;L;VS and visualized by
autoradiography, while sites that are targeted by the compound of formula II {X=Cl) can not
be seen on the autoradiogram. MM.1S MM cells were incubated with the compound of
formula (IF) (X=C) (7 nM) for 30 mins, 1h, 3h, or 6h, and cell lysis was performed with glass

. beads. 60 pg of protein extracts was-incubated for 2h with the iodinated proteasome inhibitor
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beads. 60 g of protein extracts was incubated for 2h with the iodinated
proteasome inhibitor -25 AdaY125lahx3L3VS at 37C. Proteins were then
denatured by boiling in reducing sample buffer and separated on a 12.5%
SDS-PAGE gel, followed by autoradiography. As can be seen in Figure 3,
the beta-5 ((3-5) subunit of the proteasome is markedly less labeled by
AdaY(t251)Ahx3L3VS in treated cells than control cells. Given that the

(3-5 subunit mediates the chymotrypsin-like activity, these results suggest
that the compound of formula (11) (X=CI) binds to the (3-5 subunit,
AdeYebieimbibiif g e Chy Rrotipssireikdactomired/ by [Dibatish Méreisgermple
SR RENL QMM 12 QQQ%W'M@&@E‘EQUMIQJWQE}@B&%%%”Q@SSQ% be

the labeling of the (3-2 subunits (tryptic-activity) and the (3-1 subunits
se@aswageqm@a&mﬂa(aA&a%etbgﬁtmﬁ)thm?fraﬁ@ee P arartribatiss Bpeled by

A@%ﬁ@@i@@ﬂgnﬁ %Jféd@é@teﬁwme@ﬁtmtyem Nk[s’hﬁaltaaﬁcll EheVvo {m&] tHediates

viva determination o roteasome._activit onducte

R LA A A Ve oel

lﬁﬂdaahvﬁae m&team‘rm,eﬁsinmmbﬂhig thhid sonatomtanrska m:;yl m MM 1S cells.
ulfonamide. hex Qf)wé}]@t%almhﬁm bem%gcels(swawgepbémgm the

using anti les agsint the dansyl moiety. MM were treated
iahqhnaefdbﬁﬁyé@nwm@imuﬁaaemxme e AN )SFORBE faRsBashlile Bpivity) (data
{ellgwedhby Ib incubation with 5 M Dansyl-Ahx3L3VS at 37C. Cells were
I sed by mcubatlng themffor 30 m| S |n NP 40 I SIS buffer QSO m

wedtrifugation to remove membrane fractlons nuclei, and cell debrls 60 g

of Profg i’g@x”a?,? WAS SERHALRHRY oh2peofe b RAR! G}asfoéh%\ﬁ(?c@ek?yusmg a

Immu t analysis using polyclonal anti-dansyl polyclonal Ab (1:7

rempttitigolsEnrEmPYoned) MamHopdEkeish pﬂr&kuo%@gféle&hple’adgﬁ%& a“ active

ﬁﬂ&iﬁ%ﬁt@%ﬁ@&ﬂ&d@‘bﬁﬁﬁﬂmv&&@%@rﬂhrﬁj@@%)}aﬁh@%%@ﬂ%ﬁ&pﬂﬁt can
by enhanced chemiluminescence stern L| Perkin-Elmer A%\g cells

benpe! ?@&Wﬂ"f—“@ﬁ?% %‘fﬁﬁ%é‘bt} ﬁ§%er|fs Wit a’fﬁ% ESishouly
derm it WiXr @Y decpeasteiiferdahs{ARXICINVG- ey Bf the-Bh, or 3h,
&&E’%@#SR‘{(SL”Q% %lb 5 m{% Cﬁﬁbﬁ%&%ﬁ'%,@?@é@@#@ Cells were lysed by

ansylA 3V eling of the (3-1 and (3 *subunits, albeit at
inehasing stondon HmardRIPiA Wée&ééfiwéﬁf) TVEFir ] Ptﬂe%xﬂnbiﬁ%@%’f NaCl,

MMt eetsvwitbieyemhigbalisngasaiBenre minenns AHARIGILERES and cell
gb_gis. 60 pg of protein extract was separated by 12.5% SDS-PAGE gel, followed by

M cells

Immunoblot analysis using polyclonal anti-dansyl polyclonal Ab (1:7500, rabbit, Molecular
Probes) and horseradish peroxidase coupled goat anti-rabbit secondary antibody (Southern
Biotech). Blots were developed by enhanced chemiluminescence (Western Lightning,
Perkin-Elmer). As can be seen in Figure 4, treatment of MM. 1S cells with the compound of
formula (1) (X=Ci) decreases the dansylAhx;L;VS-labeling of the B-5 subunits.
Furthermore, the compound also decreased the dansylAhx;L,VS-labeling of the 3-1 and §-2
subunits, albeit at higher concentrations: 1 nM and 20 nM, respectively. In contrast,
treatment of MM.IS cells with even higher doses of Bortezomib does not inhibit the B-2
subunits (data not shown). Taken together, these findings demonstrate the ability of the

compound of formula (IT) (X=C1) to inhibit all three proteasome activities in MM cells.
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subunits (data not shown). Taken together, these findings demonstrate
the ability of the compound of formula (11) (X=ClI) to inhibit all three
proteasome activities in MM cells. 26 Example 6 - Effect on MM cell
viability [01041 Cell viability was assessed by
3-(4,5-dimethylthiozol-2-yl)-2,5- diphenyltetrazolium bromide (1\TTT,;
Chemicon International Inc., Temecula, CA) assay, according to
manufacturer's instructions (Roche Molecular Biochemicals, Indianapolis,
IN) and as descrlbed in Chauhan, D., Carley, L., Hideshima, T, Li, G.,

B MM CE RS Rlchardson P., Schlossman, R. L.,
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| ure 5A. Results are meah + S.D from three independent experiments
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apoptosis. As seen in Figure 5B sgmflcant agopto&s was observed in

i dheen Pdep AU rEEBYEDINE A tatioAoa ey ()0 dodossdspendent
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BBy 24 AR e AV BOHETORIREN S AP CLiT B8 S SERABH IR 8Y
~ -Mﬁeﬂsmﬂ&demimtmdmw&eylmmmnemmmmmmwmmm Plotted

VQP the'f mtefact' 5{4,% $ Jnduy Ceslg{oavan%g%o %gm%éewmned were

e grow as we as pro ct ag |nst induced
WQSWS“’%@‘M@'PSWEW,@“QZ@O’&)W(E‘&WE@F g7sistes- 0 Thalidrenids and Dex

ineRmnerataddepinistaitrR s el s fRlEly (IR (@RERE) induces apoptosis

in MM cells sensitive and resistant to conventional and Bortezomib therapies; and 2) ICsp of

the compound for MM cells is within the nanomolar concentration.

Example 7 — Effect on Bone Marrow Stromal Cell (BMSCs) viability

[0106] - MM cells predominantly localize in the bone marrow microenvironment
and their interaction with BMSCs-induces production of cytokines which mediate growth of
MM cells, as well as protect against drug-induced apoptosis. See Anderson, K. C. (2003)
Cancer 97, 796-801; which is incorporated herein by reference in its entirety. Therefore, the
effect of the compound of formula (II) (X=Cl) on five patient MM-derived BMSCs was
determined. As seen in Figure 6, treatment of BMSCs (Patient#1-5) with the compound of
formula (I} (X=C1) (20 nM) for 24h does not induce apoptosis in these cells, as evidenced by
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effect of the compound of formula (1) (X=CI) on five patient MM-derived
BMSCs was determined. As seen in Figure 6, treatment of BMSCs
(Patient#l-5) with the compound of formula (11) (X=CI) (20 nM) for 24h -

does not induce apoptosis in these cells, as evidenced by 27 DNA
fragmentation assay. Positive control shown is an internal control for the
assay. Purified MM cells (CD138+) from two of the five MM patient were
also examined within the same experiments. Results are mean + SD from
triplicate samples. The compound triggered a significant (10-12 fold)
Mitedivgrinapomosiswf fesified (OIPBghovsitiveypatieneVivpted|fr the assay.

PR Wé%‘ila?k@ﬁ?ﬁiht%ﬁh%m%w aharsREe (H)e(s6 bk @tRed within the
directly on MM cells, but not BMSCs. Example 8 - Effect gf recombinant

O SFPRERRSKR e T §)ahd F@cﬁﬁ%tﬁ‘ahfﬁﬁﬁtﬁw Tisdfif SHEPGYBAtHEETd
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egrowt qu/lﬁ/l fS but also protects against chemotherapy. See
tsHrdint oot BMELeod, S., Grigorieva, 1., Chang, R., Barlogie, B., Xiao, H. &
ERsteln el @ﬁ%)@'%&ﬁﬂmﬁ@%ﬂéﬂ a&&ﬁha%&mh@-émb@mﬁmﬁm human
Ogata A Urashlma M G Robertson M., Kufe, D. W. &
ol S 3 "'~ ' both of which are
mcorpmmad hepalmbyrrefetvﬂneeiim th BIMSAEretyucEh lis;fvahe tiei-InftreB wr from
HR!@'ES' i tsng!o ‘BRF%S#? maMNtﬁ:ee o@ﬁt’%‘t’dﬁ% tlggllgomoﬂg'éj Qlfotects agamst

FormuIa H (X=C1) was evaluate MM. IS cells were treated with the

ema@mmy@f&eﬁﬁttﬂew (el Snyrsonese(d: 5 MntoRs Barlpgind- Xiao, H.
&rena?;%&@@ exhnch@bsyergzsoaf shjtﬁﬁéélﬁbngtmk):mﬁ&tﬁi) (FOnag/mih, /8. 28ata, A,
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ephsdybaliaddivaich b2 id@%emwith heiodm pdemocs rhifheB {Rire®. 26hus, whether
MC%?%E%?)I %ﬂﬂaﬁ?a%é&u%@%‘l Yiith cHhe Sameewndit BIGEaLE rp%@,ﬁ)ra an

edian viability was 51+ 2.1% after treatment with Dex and 92 5.5% for

D e cralmtedy HEMAS gella st suaRA o Se<anEBLSh *?%‘I’él%(ﬁ%(x“‘cn

tesiinResis @ e as: SR, of e @eieflRNandsrRYREMMEBIS (THRSS or rhIGF
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T o B 6 RS Y SHLaH ThP b AR i B MLt fieen
Brgthellfz Ghanokiik-¢dil oG Higxwaddt e 2 d&cpdirs dda i M thelevtaiynd alone;
SE8 LD3NaM Be Hidsshin2 whi & 079856 wifedkod 2093k MAtsh 3% + 2.0% with

the compound + rhiGF-I (P = 0.28). Median viability was 51 + 2.1% after treatment with
Dex and 92 + 5.5% for Dex + rhIL-6 (P = 0.05, as determined by one-sided Wilcoxon rank-

=7

sum test). Results are mean + SD of three independent experiments. These findings suggest
that neither IL-6 nor IGF-I block the anti-MM activity of the compound of formula (1)
(X=C). In contrast and as in other studies, both IL-6 and IGF-I block Dex-induced decreased
MM.1S cell viability. See Chauhan, D., Hideshima, T. & Anderson, K. C. (2003) Int J
Hematol 78, 114-20 and Mitsiades, C. 5., Mitsiades, N., Poulaki, V., Schlossman, R.,
Akiyama, M., Chauhan, D., Hideshima, T., Treon, S. P., Munshi, N. C,, Richardson, P. G. &
Anderson, K. C. (2002) Oncogene 21, 5673-83; both of which are incorporated herein by
reference in their entirety. Thus, the data suggests that the compound of formula (II) (X=CI)
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Hematol 78, 114-20 and Mitsiades, C. S., Mitsiades, N., Poulaki, V.,
Schlossman, R., Akiyama, M., Chauhan, D., Hideshima, T., Treon, S. P.,
Munshi, N. C., Richardson, P. G. & Anderson, K. C. (2002) Oncogene 21,
5673-83; both of which are incorporated herein by reference in their

entirety. Thus, the data suggests that the compound of formula (Il) (X=ClI)

-28 overcomes the growth and protective effects of IL-6 and IGF-I on MM

cells, and indicate distinct mechanisms of action for the compound and

Dex against MM cells. Reports that high serum levels of IL-6 contribute to
chirteetretsetrozessidtarrsb RIpTECHER ARt PAiTGre, 2eddBIEH Uit Sl Ajdondicate
the cRPRRL G fas sk Al R XFmCl dpdashiaadVIxCath ARORIRSIS IV alepdrts that
the presence of IL-6 or IGF-I izlljgégeSt Ehatag;e compound ma dovercomte fail
dPﬂﬁgE FEYLLAIFiEelsirP hdbigh TR Kol sl freBgE WHRESOHIS, Rragnent fatlure,
Dedpludsisth@e Bakavais, c@upStehed fetou] MIR Niatispduceligdbyelagoptosis
MR dehed F WINGHH IRIRSOLBRIRICh P TR MINGERIRI SHER dcfme g

entirety. Example 9 - Effect on vascular endothelial growth factor (VEGF) i
irfeRigtarPeripatiensor inad el Hids Yoo s iorie Midd iR S S » Baxevanis,
MEAIQW RIS QY EoRmeRTsAAd(INgGEEs JTHighatioN 9grartiazandhich is incorporated
ﬁ&gioﬁﬁge?s in MMtceLIai ee Podar, K., Tai, Y. T, Lin, B. K,,

TEIMPENS R "Satfier M-, Kijima, T., Salgia, R., Gupta, D., Chauhan,

DE & iricl 8 rsBiffelt o vaR0Rp puRihtl@Ghanawtty g7/ EGF)inidye¢d migration of MM
ingggporated herein by reference in its entirety. Thus, whether the

compound of formula (1) (X=C1) alters VEGF-induced migration of MM
cells wd@@§hiuatbECVEGHS & g ME e RARARY IRt and triggers
Preelion, grabsense afgihieremponnd (dier 10aRYd4el nigatioT was, B. K.,

ayed as described previously i dar.,K.. Tal, X, Davies, E. E.
RS ERATRI R b S R g 8y s B o,
Chdaned) JBioMisimdds, BT RHjevdich Rivsardentedbekin v eSomoKinds entirety.

(2900) wRlard 88 cdaBoard ViNiGis ep(RAralef b eHTRY BB e RESHIR IS of MM
entirety. As shown in I(:é%ure 8, the compound of formula (Il) (X=C1

)
sgitidanyAped . Ofy Heldursd NARERn WAT R 1RGP R RFFTOHGEI o8 ahgRoe of
cellscdhesadidings inklicat:thatghconmpasagethay deseghti gtyviegeijaie Podar,
bgth.homj MM cells tQ the [ their egress intg t
R D o A SR A Al P RE Gupe. .
Shima, Y., Chauhan, D., Mitsiades, C., Raje, N., Richardson, P. & Anderson, K. C. (2001)

Blood 98, 428-35; which is incorporated herein by reference in its entirety. As shown in
Figure 8, the compound of formula (I} (X=C1) significantly (P < 0.05) decreases VEGF-
induced migration of MM.1S MM cells. These findings indicate that the compound may
negatively regulate both homing of MM cells to the bone fnarrow and their egress into the
peripheral blood.
Example 10 — Effect on Bel2-mediated protective effects

[0109] Bcl2 confers resistance to conventional therapies in cancer cells, including
MM. See Cory, S. & Adams, J. M. (2002) Nat Rev Cancer 2, 647-56 and Gazitt, Y., Fey, V.,
Thomas, C. & Alvarez, R. (1998) Int J Oncol 13, 397-405; both of which are incorporated
herein by reference in their entirety. Bcl2 can modestly attenuate Bortezomib-induced

apoptosis. Thus, whether ectopic expression of Bel2 in MM 1S cells affects responsiveness



[0109) Bc12 confers resistance to conventional therapies in cancer cells,
including MM. See Cory, S. & Adams, J. M. (2002) Nat Rev Cancer 2,
647-56 and Gazitt, Y., Fey, V., Thomas, C. & Alvarez, R. (1998) Int J

Oncol 13, 397-405; both of which are incorporated herein by reference in
their entirety. Bcl2 can modestly attenuate Bortezomib-induced apoptosis.
Thus, whether ectopic expression of Bcl2 in MM. IS cells affects
responsiveness -29 to the compound of formula (11) (X=CI) was

evaluated. MM. | S cells were stably transfected with Bcl2 construct and
mrthiyesupfomd b€ fations (HOR{EGRbHscvaintedn MNET Siseliswars stbbntipnsiected

Etﬂ#&%ﬁ dhecamnpeundof fomuaLs Ak Rl Aulaapthide e nBes £8lly. As
viability of Bcl12-transfected MM.IS cells (P.< 0.005) in a dose-dependent

PREthiRdPENtS e the respod ftfd’ﬁﬁﬁ’&}l?rfa‘)ir%u%@&*ﬁslfkiﬂfﬂbbfé%f%sa%?ﬁﬁé&%‘ﬂhw of
BcBatzdransfesiad Selrcampareis Y arempiye-depiodeitansiecte dNRdthiSess, the
cells. R sulsa +,SD of three inde ent r n
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PRV BRI, é@@tIme%mﬁwmmgs@caaﬂea&ﬂ&ﬁm&mmm

obtalned from rederick Cancer Research and Development Center
FEFiek HRRT-StHo ete-cohducted according to
protoc@dsmpprosedvtbﬁthﬂdﬁtnmhﬁﬂmsda‘mmmlttegeafddi@mtﬁ%rbme were

CF%QC% '19.?“ aMIEENRIE QRSEIMEY. dathe ol lgélﬁ @e&@%"@‘r dJr%'iET‘Mﬂ) All

INng was one under anesthesia using ISO ourane Inhalation, and

aniimelStukine WATYiRERANEIpICTISORLM IR ARIACHD AR EXHESHANRR! Ethics

aitiriMacivity ofahesasnpaded afdameulafit: (%€ bbsed BN signs of
were inoculated_ sybcutaneou ra%/ in the flank with 3x107 MI 8

RIEH 166737 RISKAR8 X émf}\eih3?16?15}1’11%?5“&0&:55%eoum%récshnraall})%lmn’ and
miipewereassiifited by Coatmpnkgteupsredermpeikedorvipoand M activity of
‘?%@%Shﬁd(& QMuQaZ(%)naﬁﬂ@ hr gﬂf}pxéiégg%ﬂ: (Hocu@te@rs%&m%sl m the

groups (n = 7) receiving the vehicle only. Drug treatment was started aft

el i1 GHIHE R BN B2 PNl ecellinriBr 1 OPhisl b R XD B3 64y e - 0 When fumors
QA WasFR) Q{@Hyﬁwg:esagﬂaﬁlf@ Sedialwel peipineasuiamentscaipound of

perpend ular diameters ver ther q to calculate tumor -

\’?%‘?E}H%%< gt %I?OW% 4?2‘1}/@&(%3&1' A ame(ierﬁrf xqiongest R
teatnabgrhe Athmialerﬂvgr@sammﬁ $he ﬂﬂarmﬂ’ aftersthe Leyeigmst pdtiacasurable
't:xgrﬁotp mﬂ(e%r%%%”ﬁ'@ﬁg Z)f W?%Wﬁv&ﬁ%%x’&%@%ﬁk@a week. Serial caliper

measurements of perpendicular diameters were done every other day to calculate tumor

volume, using the following formula: 4/24 x (shortest diameter)2 x (longest diameter).
Animals were sacrificed if the tumor was > 2 cm or necrotic. For tumor growth studies, 7 -
mice were used in each group.

[0111) As seen in Figures 10A-C, treatment of tumor bearing mice with the
compound of formula (II) (X=CI), but not with vehicle alone, significantly inhibits MM
tumor growth and prolongs survival of these mice. All mice in the control group developed
progressive tumors, whereas complete regression of tumors were observed in 70% of treated
mice. The mouse on the upper panel of Figure 10B received oral doses of vehicle alone,

whereas the mouse on the lower panel received the compound of formula (I} (X=C1}) (0.25

.30~



10111] As seen in Figures I0A-C, treatment of tumor bearing mice with the
compound of formula (Il) (X=C1), but not with vehicle alone, significantly
inhibits MM tumor growth and prolongs survival of these mice. All mice in

the control group developed progressive tumors, whereas complete
regression of tumors were observed in 70% of treated mice. The mouse

on the upper panel of Figure 10B received oral doses of vehicle alone,
whereas the mouse on the lower panel received the compound of formula

(I (X=ClI) (0.25 -30 mg/kg). The left panels in Figure IOB are

B ler a1 PaTRSE HaHEETGS i S 5 T B ERES RJfmecyiomas
fgafm&g)m&lénl@: Sunvival wasieivaludiedifeo nvib e fiishadyfointrbatfiventay of
e e e Sae s A A MIRLRIMRIERCZANOLE, oty

carhe moribun gure 10C). Moreover, no neurological
be:taamomﬂrzﬁqamg[égweré)@bsem@ep@%nr&n@r&q@%@@k%ﬁ@ﬁh@ﬁﬁ%ﬁ@%ﬁ

coneeRiralans: flihe conpound RermbistereseWesiRsuatokerae dhby compound
mice, without evidence of wejght |oss. l\{_lllce |n oth un treg}h and ated

BREUIFFES WRRHE BUHF BB e e 55T G R Foe Bekh ot
wigightaradhoin oguse weighem:z}mﬁalﬁs aedgy 60h gwéfdrme body
recurrence of tumar in 5% of the compound of formula (II) (X=Cl)-treated
mlc%% Sﬁr‘é"‘i‘b‘&‘: 1 5ciidﬁ)on histologic analysis performed on the

moculelﬁbﬁ]sltes“é’éhﬁﬁnﬁd% Heap9sfane e Bl LLANaR fRed7% of the
MH@%%PQ{M{@ GO b vpiauFiveridecyeatadditicos HHgWgic analysis

10E, left and right panels, respecti The edata show the
@8?%6‘6?100% @Fafﬂ?‘é‘éﬁ%” |F1‘ﬁ3 |‘f§r|ém¥2§umor GYOWEA T ivO: g{as Bro (Slsgls.n the

sunveahdroéafnpleld 20 Coribaretive allﬂWStSf@'ﬁqd vilng driguentitadafiignd right
0113l 19 %9{09956 the.dp yive acivitnofibesapspoynd ehiormulr. (Dnand MM

ortezom b themice models as described above were treated with the
M@Wfﬂ?’ﬁ}&%‘ FIPfOESIiy2l5 mg/kg i.v.) or Bortezomib (1.0
Belkeibvd Iwisepmaakla et agenisosignifisantwraduced the tumor

progressm (p<001 and prolonged survival (p.= 0.0137) (Fi res
and 108) HxamfIed paf\ﬁe‘%ﬁamﬁms medlgtlnl( the i lé){}:ct{lw\tg f&?"ia n and
mmeanwmeptayeanodeﬂ@abmm@mbpwwm@m@ﬁémdmmgwe@@dsﬁébmm

@?}S‘ﬁ#@ﬁt SEméﬂkg’ rxe@p oP BBI’&QC%%%) Myralofresi 434wid3wakiandBoth agents
mgx?l%cgrﬂly reduced the tumor progzession (p < 0.01) and prolonged survival (p = 0.0137)

(Figures 10F and 10G).

FExample 13 — Mechanisms mediating anti-MM activit

[6114]  Mitochondria play a critical role in apoptosis induction during stress. See
Bossy-Wetzel, E. & Green, D. R. (1999) Mutat Res 434, 243-51 and Chauhan, D. &
Anderson, K. C. (2003) Apoptosis 8, 337-43; both of which are incorporated herein by
reference in their entirety. Serum starved MM.1S cells were treated with the compound of
formula (IT) (X=C1) (7 nM) for 12h and incubated with CMXRos for the fast 20 min; stained
with lipophilic cationic dye CMXRos (Mitotracker Red) (Molecular Probes, Eugene, OR) in
phosphate-buffered saline (PBS) for 20 mins at 37°C; and analyzed by flow cytometry to
assay for alterations in A¥'m (mitochondrial membrane potential). Superoxide (O7)

production was measured by staining cells with membrane permeable dye dihydroethidium
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Anderson, K. C. (2003) Apoptosis 8, 337-43; both of which are

incorporated herein by reference in their entirety. Serum starved MM.1 S
cells were treated with the compound of formula (Il) (X=CI) (7 nM) for 12h
and incubated with CMXRos for the last 20 min; stained with lipophilic
cationic dye CMXRos (Mitotracker Red) (Molecular Probes, Eugene, OR)

in phosphate-buffered saline (PBS) for-20 mins at 37C; and analyzed by

flow cytometry to assay for alterations in A'Pm (mitochondrial membrane
potential). Superoxide (Oz") production was measured by staining cells

(1) foemhbiane peimesipedydedifiyds oeitick i 1«3ludris)ctoreth@ias) domitting
min..superoxide anions oxidize HE to fluorescent ethidium, permitting
aarﬁaaﬁs/%iig{bf;o owgyt%g%'etry. 101151 As seen in Figures lIA and | IB, the
compd@AtFbf forkagren(I) BExc déepadsddy Tn cewiplamdedf Byranla () (X=CI)

increased PHMBREAE MR AR RASAINMEEEN S A BND&REDRe dhtiTeDelRNE < 0.005, n

triggers 02 production in. MM. IS cells. Results are mean + SD of two

Tl 5 SRS D GRFFLFHED A el e i e, e O dndsgendent
efpaiigehondintpinieina eyicre A iBIaciil ecyiosalothesehy proteins cyto-
tri ing caspase 9 and caspase-3. See Du..C.,.Fang, M., Li, Y., Li, L. &
e S R e G R A o
_llér?a’ mé’rsbn&RY@a_gl\Pér@QOQ) (@@f%méﬂ-@mmiwm bbﬁkwhw!ﬁim} &eYang, J.,
ReRHBRMAIE Rewrine by, 1etBnes BN 59 8t [BLHELAS SGRDR rated herein

Figure IIC, treatment of MM.IS cells with compound of formula (H) (X=CI)
hyggkrensede e grtifstitochondrial cyto-c (upper, left panel) and smac
(upperjongsit pars|keaindna Kigieu et ireieagc ot MMSS HaleiRsiNdifpound of

tosolic fracti .(middle, left and right panels, respectively). Reprobin
R S R el R A S R PR LD oo e
(1wt tiidhhioprale (potllos coaimen inaitgsefofnftoehorudeing oxthactgemtbic fractions
Gﬂid@ia?ﬁ@??%&%ﬂ?ar@ﬁ!%ﬁﬁ&fv@%?c %U@g@ﬂgﬁﬁ%%ﬂﬁﬂﬂﬁiﬂ%ﬁ[gmo

cyto-c and Smac/DIABLO induce activation of caspases-9 and -3. MM. _
eanshwirereetandant iy edinpst st s et Ry Be puT TSP SR drial
enchhianvesied] priteilontinigl ReRRyicRalicciyaiain fpapligasdyRétins cyto-c and

0 i : : .
§§1g@7&9fgg]% l%‘lau%eﬂ) a:%;/) %og%g’cga%gsdesqg%lx}/ gg. W u%ﬂ? log[rlgl gre\g/tltg ith the
anti-cyto-c (upper panel) or anti- Smac (middle pane Abs: AS' control”
roreaund sddenmglefIp(Seihs(Andp ity bianvtbunesietiatifesbtiodrial filmdeytosolic
pestanisedaRrabRA iR @ty D IS BOWRGRININAREHARY ARG ing with
Abs (lower left pan?l), resPectlver._BIots are ]
anti-cyto-¢ (upper panel)or anti- Smac (middle panel} Abs. As a control for equal loading of
proteins and purity of mitochondrial fractions, filters were also reprobed with anti-tubulin
(lower right panel) and anti-Hsp60 Abs (lower left panel), respectively. Blots are
representative of three independent experiments.

{0117) MM.1S cells were treated with the compound of formula (1) (X=CI) (7
nM) for 24h and harvested; cytosolic proteins were separated by 12.5% SDS-PAGE and
analyzed by immunoblotting with anti-caspase-8 Abs and anti-caspase-9 Abs. As seen in
Figure 11D, treatment of MM.1S cells with the compound of formula (II) (X=Cl) induces
proteolytic cleavage of caspase-9. Moreover, the compound also activates caspase-8 (Figure
11E). Both caspase-9 (mitochondria-dependent) and caspase-8 (mitochondria-independent)

are known to proteolytically cleave and activate a common downstream effector capsase-3,
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representative of three independent experiments. (0117] MM. 1S cells

were treated with the compound of formula (I11) (X=Cl) (7 nM) for 24h and
harvested; cytosolic proteins were separated by 12.5% SDS-PAGE and
analyzed by immunoblotting with anti-caspase-8 Abs and anti-caspase-9

Abs. As seen in Figure 11D, treatment of MM. IS cells with the compound

of formula (I1) (X--Cl) induces proteolytic cleavage of caspase-9.

Moreover, the compound also activates caspase-8 (Figure | IE). Both
caspase-9 (mitochondria-dependent) and caspase-8
@mimtﬂgdmcmmﬁd&pwﬂﬂae Mﬁlmmzvﬁtmpmneblgﬁiﬁaﬂyznmwe a@2d-8; which is
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a0y BTRIATDIELATE i TG SRS 1S RO BHE B AIUSARE (upper
pamal) nablotiansiysis didiverlysatds Adas PerfortimadifillaktighARR (BH elenotes
Béﬁ?&h ?{agﬁgn(?aﬂé%ﬁéfﬁ%? GIRANGHANRS Sl ICA 8S Ik I8H LN riggers

denotes cleaved fragment. This data further shows that the

&ﬁ?&?ﬁl}rﬂ!“bf'%ﬂﬁvﬁgﬂﬁ% tifyers caspase-3 and PARP cleavage
(Figurgoliisgy). [Qixﬂz&]déﬂmumwfs‘li&aﬂ@d)ﬁﬂ&dﬂvﬁﬁp@ﬁfﬁﬁmﬁ%ﬂ@é&@mﬁ%{ﬁ&e—g
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X

ample 14 Mechanlst |fferences of MM ce I apop SIS compared to

formul@o(mp(x CMMQIS E@ri&zam:bmdhetmre&emapeﬁﬁbsem% (I (X=Cl) or

spase: lnh |tor LEHD-F spase- 8 TD-
%Zgﬁggfgig INhIDILST (2-VAal A %—ﬂp fliofor aesﬁwlke %I)bﬁ%g W) » [f@spase-8
saubiter KIGUR: fekA oe apsprase-B imhition (Zavalkedhp s fbgaras thpiisthe, z-VAD-
eampoundeafinfearai) S hel) PR B RS EA QRIS ABORIAR Sompound of

Results are mean + SD of four_ independent experiments (P < 0.004).

EBIBRRE A b B P e S P SRR AR LT S a SR S A 8 gy ey four
- mdthendampqurichafifgrraudadil) (Boakhi€RictBhb sred v) 2 wiariAast decrease in

"'{A&I}/'I%i'% %{ r‘.%%ag?e 39 L RN RIS O ChS GARGISF D WAL LD, whercas
inhibition of caspase-9 only moderately blocked decreased viability in MM. 18 cells triggered
by the compound. In contrast, Bortezomib-induced decrease in viability of MM. 1S cells is
equally blocked in the presence of either caspase-8 or caspase-9 inhibitor (P < 0.005).
Together, these data suggest that caspase-8 and caspase-9 activation equally contribute during
‘Bortezomib-triggered cell death, whereas apoptosis trigerred by the compound of formula (II)
(X=Cl) proceeds primarily via caspase-8 signaling pathway.

[6120] ‘These biochemical data were confirmed by genetic studies using
dominant-negative (DN) strategies.” MM. 1S cells were also transiently transfected using Cell

line Nucleofecto kit V, according to the manufacturer’s instructions (Amaxa Biosystems,

Germany), with vector alone, DN-caspase-8, DN-caspase-9, or DN-FADD and cotransfected
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by the compound. In contrast, Bortezomib-induced decrease in viability of
MM. 1S cells is equally blocked in the presence of either caspase-8 or
caspase-9 inhibitor (P < 0.005). Together, these data suggest that
caspase-8 and caspase-9 activation equally contribute during
Bortezomib-triggered cell death, whereas apoptosis trigerred by the
compound of formula (I) (X=CI) proceeds primarily via caspase-8
signaling pathway. [0120) These biochemical data were confirmed by
genetic studies using dominant-negative (DN) strategies. MM. IS cells

Virereiss memasRingetrah SevrsePtin il FHE NeleRsoreialoning, franstections,

ecoqislingdedheweanidaatdrey sitnstyctiens, (fenadavBiosysiemiund of formula
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Bortezomib, and analyzed for viability. Treatment of DN-cg%%?s%g-
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wivh) Buatkedib MCroasethvsuntabal theseresils icanmpaiied dodhe Thdlfunctional
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B2frohtiese dakbapupgestrépateiihotivrapmend aidorspaia-Fliptivation.
(X=Cl)jrsiyjced MWy cell IS, i [ Mediated sonal;
caspagdelil-%f;i and]I%/IZ‘Sv %or%gggrgn%%g%%ggﬂgggﬁs‘%rge?lqt%ias%b‘c%léwmam signaling
pibpasdig Medscaspisrascs Activalitna e herrarpanssert e fermmpay of formula

peshen R iBERRBIBNTHP SHEARI G IERPIRE Bathivay A1) @aétsiids an important

-8 activation affects th f f la_(H
L) 6 BBEBHITS, T PbocHERbARh 0 Aot Area UEABI) SR of
BN impmorarfitrplartroéiberdeattindudiag sigmdting torpolesbiqD1S@sjing and
akassemblerunen spargemant ool e eCRERL AN VIRGRIP8FS  GH&R) and

as Fas, resulting in proteolytic processing and_autoactivation of

Broteagh Sezec SRR b T RS SEN PO Aok daivs iz cveps igdM cells was
Banazdmibng goeFaaapaBidkaktivAFom h e ith| © N F28MD sikifigihis attenuated
event in MM cells was,. exaluated usi N-FADD. Blockade of FAD .
Sﬁ%qu%D%n&gﬁ %%{éneé@ g ezr%}ugfé:j%y[t)otommg/ comparegdt_o %e empty vector
traisfected MM. 18 cells (42% = 2.0% viable cells in vector-transfected cells versus 76% =

5.1% viable cells in DN-FADD-transfected cells; p < 0.05) (Figure 12D). DN-FADD -

decreased compound of formula (II) (X=Cl)-induced caspase-8 activation; however, minimal
caspase-8 activation was still noted (data not shown), which may be due to upstream
activators of caspase-8 other than FADD. Importantly, treatment of DN-FADD-transfected
MM.18 cells with Bortezomib resuited in only a 16% increase in survival compared to
vector-transfected cells (39% = 2.4% viable cells in vector-transfected cells versus 55% +
4.1% viable cells in DN-FADD-transfected ceils; p < 0.05) (Figure 12D). These data, coupled

with caspase-8 or caspase-9 inhibition studies, suggest that the compound of formula (II)
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compound of formula (Il) (X=Cl)-induced cytotoxicity compared to the
empty vector- transfected MM. IS cells (42% 2.0% viable cells in
vector-transfected cells versus 76% 5.1% viable cells in
DN-FADD-transfected cells; p < 0.05) (Figure 12D). DN-FADD decreased
compound of formula (Il) (X=Cl)-induced caspase-8 activation; however,
minimal caspase-8 activation was still noted (data not shown), which may
be due to upstream activators of caspase-8 other than FADD.

Importantly, treatment of DN-FADD-transfected MM. I S cells with ]
Bt oiil9nSBUREUCHIRGHB S BBYR G et dassy Rt eormbardghy confirming

vasirmARsiariasheeliscRA%r RAUmpakie sellsdunatipidiasdetteshiblis MM
versus 55% 4.1% viable cells in DN-FADD-transfected cells; p < 0.05)

fﬁ]@we 12D). These data, coupled with caspase-8 or caspase-9 inhibition
studie$pBArjgestitiacthesootnpobavd ofsferhishd (Ifhat 3Baeligsiwerenvitpchondrial

g@%sa&m-. signaligg;asis than gges Bortezongh, fyrther gonfiping, T.,
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Cell Biol 22, 4929-42; both of which are incorporated herein by reference
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eé,%n%ﬂa%t%%)a&'\{ly%%vglw Ba%?]téﬁza\é\(’r%%gmgﬁg%&% s.e%s _gere% & %%Wrg qgﬁﬂhg compound

itochondrial protein extracts were
stibjerwi(il (riall Aeiiessdivdgy Hianwinerarie- Babes daisti FoperhaedriagBlots are
SRR NUTM O ARthargqmemn ek Rbiasmla thpbkatel),iInshiegsmitiexifgers a
any.increase in Bax Ie}(gls in mjto ho%glria. Blots are representatives of
m‘g‘fﬁ’&é‘ﬁ% APt EhTE ARSI ANy, Bortezomib triggers a
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the compound of formula (II) (X=C1) or BorteZomib for 48h and analyzed
for eell viakiliy By M 25888y s AASSBER Figuiguteri o araresinpstieraple (D
foraquj@iddhkases viability in both Bax (WT) and Bax (knock-out), whereas deletion of Bax

- confers significant resistance to Bortezomib. Results are mean + SD of three independent
experiments (P < 0.05). These data show the differential requirement of Bax during
apoptosis induced by the compound of formula (II) (X=CI) and Bortezomib and suggest
distinct mechanism of action of these agents.

Exaﬁlple 15 — Differential effects on normal lymphoecytes as compared to bortezomib

[0124] Bortezomib therapy is associated with toxicity in patients. Thus, the
effects of the compound of formula (I} (X=Cl)} and Bortezomib on normal cells was
compared. Lymphocytes from five healthy donors were treated with various concentrations
(0-20 nM) of the compound of formula (I} (X=Cl) or Bortezomib (0-20 nM) for 72h and

analyzed for cytotoxicity by an MTT assay. As seen in Figure 13, the compound of formula
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(X=ClI) decreases viability in both Bax (WT) and Bax (knock-out), whereas
deletion of Bax confers significant resistance to Bortezomib. Results are
mean SD of three independent experiments (P < 0.05). These data show
the differential requirement of Bax during apoptosis induced by the
compound of formula (Il) (X=C1) and Bortezomib and suggest distinct
mechanism of action of these agents. Example 15 - Differential effects on
normal lymphocytes as compared to bortezomib 101241 Bortezomib
thera%ydis associated with toxicity in patients.1 Thus, tq? effects oflgh"__eO 57 £
B ibddhdest F&fmé‘réﬁ(:fi‘)‘%ﬁ%gssﬂlf BOHESLRh IS T HIPRA B fyad-27 from
Lompatedsiymphoayteghfrodvfese(bkaliily ddronsvare treateehwittbD of three
YEHRUSSPCERIRIOn (OsARANRI G AR REHAARL UBMB X iy of
or Bortezomib (0-20 nM) for 72h'and analyzed for cytotoxicity by an MTT
lyEmphgcytes SEahanlPIGUPENT RO BOPA Solthatdf fBFmRTR ICasof pafienidM cells is

deasdel sigpiicanhs deareasmmilamusyivahallnemaksonphacyies (8 affect on

0.27 from J-T trend test), even af, higher dose nM). Results gre.the .

HEEH DR et e A G e N oo B e grese
sighiifigafitiyroethpapies ties. Vigiiheofhéveristo sytassethetta ¢ompeund of formula
68%[?“9@&%@@0&9%1@%@@%;' %Mﬁ'ﬁ"&%% telSdSicrearbecht celis

at concentrations of the compound of formula (1) (X=CI) that have no

e Bogrziimal lymphocytes, whereas IC50 of Bortezomib for MM cells
triggenmH8)6 demease the viahithnofofdsmaltly (e Biaszohdyeiines, thessome
data suggest that the compound of formula (1) (X=CI) has i e d
SRR SRR IR ST AT P BEL S o3a8 156, b i iR (e compoun
ofasroim{B) (03251 MvhBihiszehabes enpfandvointubited 21015p RO AN 5 these

AlRIS PIAIEFEAD EnASIMIE JRB ALY Viesaagdakip fieblaseyasss =

also examined. Both the compound of formula (Il) (X=C1) and Bortezomib
SHitRERHI RSO SFORSSB P ERLERAR i AFREE) CEIREDY R Grg " shown)
TamRPalHdd gbf 2oramalaf(the (eorpdymar Bateadm EtriyegCipdi® s oigger sigifificant

inhibition of Chymatrypsin-like proteaso [\ Specti ity in
e L G A
tesarieslier sRjniflednt teptoricifyernanGayiigh dbyeblasts raldifcedc>0 for the
CBREY REINikR IR Qg apeaee) ackivityin thestoaelismBinpilarimy eadnemibited
of normal CCD-27sk fibroblasts at the IC50 for the compound of formula
PISTEREER 3BT PB SHESBmib (15 nM) also inhibited

Example 16 — Differential effects on Bcl-2-overexpressing MM cells as compared to

bortezomib
[0126] During apoptosis Bax neutralizes the antiapoptotic function of Bcl-2,
| thereby facilitating the cyto-c release and caspase-9 activation. Bcl-2 also confers drug
resistance in cancer cells, including MM, and provides partial protection against Bortezomib-
induced killing. Therefore, whether ectopic expression of Bcl-2 in MM.18 cells affects the
ability of the compound of formula (II) or Bortezomib to trigger cytotoxicity and
postmitochondrial apoptotic signaling in MM cells was evaluated. Overexpression of Bel-2
promoted a modest increase in viability of cells treated with both agents: for the compound of
formula (I} (X=CI), 50% * 2.6% viability in Bcl-2-transfected cells versus 39% % 1.5%
viability in vector-transfected cells (p < 0.05); and for Bortezomib, 61% = 2.9% viability in
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. proteasome activity (data not shown). Example 16 - Differential effects on
Bcl-2-overexpressing MM cells as compared to bortezomib 101261

During apoptosis Bax neutralizes the antiapoptotic function of Bcl-2,

thereby facilitating the cyto-c release and caspase-9 activation. Bcl-2 also
confers drug resistance in cancer cells, including MM, and provides

partial protection against Bortezomib- induced killing. Therefore, whether
ectopic expression of Bel-2 in MM. IS cells affects the ability of the

compound of formula (Il) or Bortezomib to trigger cytotoxicity and
p&striitaniseiadiatBp opravsci8igralh i invidhitise ik veatsevedstzesed cells (p < 0.05)

?om%@gepwtﬁftl)o?ﬁ@f &%%&fgeﬂga@d@mgdﬁﬁ?@fe{%ﬁa IR satiling @foﬁ%«mb was
reated wi otn agents: 1or the C ound o 1Tormula

RIS T R TR B FE RSO (T @ < 006
vactoBtréiigfectdd el ¢ sy €, 0BdranchibrtBggtexd sighifGdfb ¢2p@8%-9 cleavage in
vighity inecaf Bekriansiarted.aRIS YISy é%\;o ArdbaiRD H%Q decrease by

vector-transfected cells (p < 0.05) (Figure 14A). The increas d survival o

BlgrsipaKEtacta sl A teupsrse ﬁ?‘hoﬂbfa?ﬁbsmgm@?éa@eptzfmylhéﬁ) (X=Cl)-
thamaeﬂesmmegtemaeagaﬁamuﬂﬂmyfefm&a B BEEE DvekdhnetionOBdure 14B).

E BB A Mareousr Rorszamib agered sgbilcant epspasein v

cleavage m Vector trans cél § maf
aﬂm@&t@d%@%l@@@@mb@bwtmmmétmfm@éﬂ QIIransfected cells; in

CeRiraste cpmpating shiormua db (X=CI)- induced caspase-9 cleavage is
minima Imﬁectea by Bel-2 overexpression (FI%@MMB) These findings,

togethef the AfaBMy rEMNTE Subeptaerhat DPEWHEL Rl cells with the
protesiion agaibshBori@zorithain thentomanoundinl Bsmabantt) fixampidduces

17- Combinatian fement [0127] AS se Figure. e tment of
R R e R S e D At St @ <
c@ﬁﬂﬁhaﬁbﬁ it o dzbram W!MMmgmeseﬁarsmfgbs(w\mld Bortezomib was

|mm%@@u&?§i&g§0@6§dﬂ?ﬂﬁiy§@ @ﬁﬁhf@ﬁc%p%ﬂﬁ\%% EHFH fés&ﬁ ?erguson
0.005). The interaction between anti-MM a Pgmg}ts formula (IT) (X=CI) and

B teIBHimhEees 1) - R BsiSebh SRR SRR IET) HiTTeceareSghes fraction

~softwﬁsewnrmgtamt(aﬂﬁsméu Eexy us cim g Métah deaminiitged l)s Date CalcuSyn

gll N Ql% T)f ressed as fractio fceIIs with 0 “CJ =
growth affegcit%ed SM o trgydﬁté%%é%gﬁssaﬁcr?{rea e% Iclllelr}- The' %:equatgyn “I=

(DYADxL + (D)Z/(DX)B + (DYI(D)2/(Dx)1{Dx)2”, where (D)1 and (D)2 are the doses of

drug 1 and drug 2 that have x effect when used in combination; and (Dx)1 and (Dx)2 are the

doses of drug 1 and drug 2 that have the same x effect when used alone. When CI = 1, this
equation represents the conservation isobologram and indicates additive effects. Cl values of
< 1.0 indicate synergism. A cpmbination'index (CI) of < 1.0 was obtained for Bortezomib +
NPI-0052, indicating synergism. Moreover, maximal anti-MM activity was observed when
given concomitantly, rather than other treatment schedules. Low doses of combined
compound of formula (II) (X=CI} and Bortezomib does not significantly affect viability of
normal PBMNCs (data not shown). Combination therapy with Bortezomib and the
compound of formula (IT) (X=Cl) therefore may: 1) allow use of sub-toxic concentrations of
each agent; 2) delay or prevent development of drug-resistance; and 3) permit escalating

synergistic doses of these agents to increase the apoptotic threshold.
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program is based upon the Chou-Talalay method according to the
following equation: "Cl = (D)1/(Dx)l + (D)2/(Dx)2 + (D)I(D)2/(Dx)I(Dx)2",
where (D)l and (D)2 are the doses of drug | and drug 2 that have x effect
W use [ bination; and (Dx) | and (Dx)2 are the doses of drug |
M’ ve the same x effect when used alone. When Cl = 1,
this equation represents the conservation isobologram and indicates
additive effaGtSeisd QT Rt LIONOIG A SYRRLMS ReHONNRINAURE rue
inde>t<h‘(:(rlelgfpf < 1.0 was obtained for Bortezomib + NPI-0052, indicating
synergism. Moreover, maximal anti-MM activity was observed when given
atent schedules. Low doses of
combined compound of formula (l}) (X"Cl) and Bortezomib does not
PBMNCoidata not shown).
Combination therapy with Bortezamib anththe compound of formula (11)
(X=Cl) therefore may: 1) allow use of Jub-foxic cgncentrations of each
agent; 2) delay or prevent developmgnt o esistance; and 3) permit
escalating synergistic doses ¢f e agents to increase the apoptotic
threshold. -37 WHAT IS CLAIMED | ~tJse of a compound of formula (1)
or a pharmaceutically acceptable salt/or pjodrug thereof HHOH HO N
00 H X () inthe manufacture of a medicament for treating a neoplastic
disease in a patient, wherein X is selected from the group consisting of
fluorine, chlorine, bromine or iodine, annd wherein the neoplastic disease
is susceptible to resistance to at least pbne other chemotherapeutic agent.

4]
in the manufacture of a medicament for treating a neoplastic disease in a patient, wherein
X is selected from the group consisting of fluorine, chlorine, bromine or iodine, and
wherein the neoplastic disease is susceptible to resistance to at least one other
chemotherapeutic agent.
2. The use of claim [, wherein X is chlorine,
3. The use of claim 1, wherein the compound of formula (1) has the structure

of formula {I1):
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2. The use of claim 1, wherein X is chlorine. 3. The use of claim 1,

wherein the compound of formula (1) has the structure of formula (11): -38
HWOHH=0 NOO HII" X (H) 4. The use of claim 1, wherein the
neoplastic disease is cancer. 5. The use of claim 4, wherein the cancer is

myeloma, pancreatic cancer, r cancer, kidney cancer endocrlne
cancer, skin cancer, melanoma, aﬁioﬁjna ang brain or central nervous
system (CNS) cancer. 6. The us m 5] wherein the cancer is
selected from the group coRaist 0 is myeloma, colorectal
carcinoma, prostate carcmomgt,\‘br s tadenocarcmoma non-small cell
lung carcinoma, and an ovarian gfircinema or melanoma. 7. The use of
claim 6, wherein the cancer is a nultiple myeloma. 8. The use of claim 1,
wherein the patient is a human. 9. The use of claim 1, wherein the other
chemotherapeutic agent is selected from the group consisting of
dexamethasone, doxorubicin, and thalidomide. 10. The use of claim 1,
wherein the other chemotherapeutic agent is a proteosome inhibitor. 11.
The use of claim 10, wherein the otlygn chemotherapeutic agent is
bortgzogib, 43 Hsh 6! & CAmRRYNE,ALIRELIAMN Qg pharmaceutically

acceptable salt or prodrug
The use of ¢claim 4, wherein the cancer is selected from the group

consisting of breast cancer, sarcoma, leukemia, ovarian cancer, uretal cancer, bladder cancer,
prostate cancer, colon cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple
myeloma, pancreatic cancer, liver cancer, kidney cancer, endocrine cancer, skin cancer,
melanoma, angioma, and brain or central nervous system (CNS) cancer.

6. The use of claim 5, wherein the cancer is selected from the group consisting of multiple
myeloma, colorectal carcinoma, prostate carcinoma, breast adenocarcinoma, non-small cell lung
carcinoma, and an ovarian carcinoma or melanoma.

7. The use of claim 6, wherein the cancer is a multiple myeloma.

8. The use of claim 1, wherein the patient is 2 human.

9. The use of claim 1, wherein the other chemotherapeutic agent is selected
from the group consisting of dexamethasone, doxorubicin, and thalidomide.

10. The use of claim 1, wherein the other chemotherapeutic agent is a proteosome
inthibitor.

11. The use of claim 10, wherein the other chemotherapeutic agent is bortezomib.

12. Use of a compound of formula (I} or a pharmaceutically acceptable salt or prodrug

thereof:

- 30 .



thereof: -39 HHOH HO NOO HX(l) inthe manufacture of a
medicament for treating a neoplastic disease in a patient, wherein X is
selected from the group consisting of fluorine, chlorine, bromine or iodine,
in combination with at least one additional chemotherapeutic agent. 13.
The use of claim 12, wherein orine. 14. The use of claim 12,
wherein the compound of for as the structure of formula (Il): H H
=0 N O O Hitun X (II) 15.

from the group consisting of breast Caﬁl@
cancer, uretal cancer, bladder cancgt, prdstatg cancer, colon cancer,

r, lymphoma, multiple -40

@

in the manufacture of 2 medicament for treating a neoplastic disease in a patient, wherein

X is selected from the group consisting of fluorine, chlorine, bromine or iodine, in
combination with at least one additional chemotherapeutic agent.

13. The use of claim 12, wherein X is chlorine.

14, The use of claim 12, wherein the compound of formula (1) has the

structure of formuia (1):

e

X
(D)

15, The use of claim 12, wherein the neoplastic disease is cancer.

16. The use of claim 15, wherein the cancer is selected from the group

consisting of breast cancer, sarcoma, leukemia, ovarian cancer, uretal cancer, bladder cancer,

prostate cancer, colon cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple
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myeloma, pancreatic cancer, liver cancer, kidney cancer, endocrine
cancer, skin cancer, melanoma, angioma, and brain or central nervous
system (CNS) cancer. 17. The use of claim 16, wherein the cancer is
selected from the group consisting of multiple myeloma, colorectal
myCRESIN ORnarrRSiaie canciBo machl erghad eneeay cindraenomsmadkicethncer,
lun carcinoma, ggd.an ovatri n carcinortna &ﬁ‘& lanoma. 18. The use of
MEHAIM 1T SVREREN e CAREER S E MUTD eenr]n(i/e oma. 9. The use of claim
12, Wihefdinutkeopatidntlis ahuenathe2@ndhasusotcCiom 12, sadvereinsthtang of
mu%h@rrr%be orglg,trc]:gfc)al‘* c%zlﬂtlcc %9181%5,'%&085;%'9 _C(;[e%gilgr?rrig, Eprgagrg&jego%grrc]:sﬂgr%g,gngf -small
xamethasone, doxombicin, and thalidomide. '21. The use of claim 12,
celiiver eirctirenathed thomotherdapenticrag@nima  proteosome inhibitor. 22.
The,yse0f glaim gk, WhRHRIBhG Athes chematherapaylic agent is

bortezomib. 23. The use of claim 12, wherein the combination is
synePgisticisf cirfe Wseksrdndin ety erBiie combination is additive.

25. Aophrrmaceutical SompesitiRn KRR feaampaiind of formula (1)
or a pharmaceutically acceptable salt or prodrug thereof: HHOH HO N

Selgetr oy S de RS K e IERTERF BT Th £ POt Bo ity Bt ifitrorine,
chlorme Theamive:pmoding randnableasirenerdsitanalgehamotherapeutic

proatgoesgr%e Erzlll%bitor.

22, The use of claim 21, wherein the other chemotherapeutic agent is
bortezomib,

23, The use of claim 12, wherein the combination is synergistic.

24. The use of claim 12, wherein the combination is additive.

25. A pharmaceuticel composition, comprising:
a compound of formula (I) or a pharmaceutically acceptable salt or prodrug thereof:

OH

a)
wherein X is selected from the group consisting of flucrine, chlorine, bromine or iodine;
and

at least one additional chemotherapeutic agent.
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26. The composition of claim 25, wherein Xis chlorine. 27. The
composition of claim 25, wherein the compound of formula (1) has the
structure of formula (I): H WWOH H=0 N O O Hllum.c X (ll) 28. The
composition of claim 25, wherein the other chemotherapeutic agent is
selecfed HOMATRE YRS LERIS b sIH S sone, doxorubicin, and
thalid@nitlec@8pofiiencdiviposttionbeflaimc@bpwhndrdifotiheloth@es the
chergotherapetic.agent is proteosome inhibitor. 30. The composition of
claim 29, wherein the other chemotherapeutic agent is bortezomib. 31.
Use of a synergistic combigdti
the manufacture of a medjcamgnt|for treating a neoplastic disease in a
patient. 32. The use of claim 31, \#herej neoplastic disease is cancer.
33. The use of claim 32, wher8M the ¢ ancer is gelected from the group
consisting of breast cancer, sarcor |éukemyd, ovarian cancer, uretal
cancer, bladder cancer, prostate‘cancdr, cojon cancer, rectal cancer,
stomach cancer, lung cancér, lyrqphomia, multiple myeoma, pancreatic
cancer, liver cancer, kidney capgeiy€ndocrine cancer, skin cancer,
melanoma, angioma, and brain oggcentgal nervous system (CNS) cancer.
-42 34. The use of claim 33, wherkin the cancer is selected from the group
consisting of multiple myeloma, colprectal carcinoma, prostate
carcinoma, breast adenocarcinoma;, non-small cell lung carcinoma, and

an ovarian carcinoma or melanoma.
X

(i)

28. The composition of claim 25, wherein the other chemotherapeutic agent is

selected from the group consisting of dexamethasone, doxorubicin, and thalidomide.
29, The composition of claim 25, wherein the other chemotherapeutic agent is
proteosome inhibitor.
30. The composition of claim 29, wherein the other chemotherapeutic agent is
bortezomib,
31. Use of a synergistic combination of at least two proteosome inhibitors in the
manufacture of a medicament for treating a neoplastic disease in a patient.
32. The use of claim 31, wherein the neoplastic disease is cancer.
33. The use of claim 32, wherein the cancer is selected from the group
consisting of breast cancer, sarcoma, leukemia, ovarian cancer, uretal cancer, bladder cancer,
prosiate cancer, colon cancer, mc_tal cancer, stomach cancer, lung cancer, lymphoma, multiple
myeloma, pancreatic cancer, liver cancer, kidney cancer, endocrine cancer, skin cancer,

melanoma, angioma, and brain or central nervous system (CNS) cancer.
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35. The use of claim 34, wherein the cancer is a multiple myeloma. 36.
The use of claim 31, wherein the patient is a human. 37. The use of claim
31, wherein at least one of the proteosome inhibitors is selected from the
group consisting of bortezomib and the compoyin f for ora
pharf%ac%ﬁt‘tsgll‘ff SREL pLaBIAEAM B g‘r‘ prodtdg %Fi ?tee PP ﬁrs’i%i’dmﬁisﬁ% of
mukfpie ()ysvherainl Keab eledtedidromstiie groupreorizistinglafofliroringa, non-small
cel CRIQINRIABRAMNINE LI JOFREearARma or melanoma.

35. The use of claim 34, wherein the cancer is a muliiple myeloma.

36. The use of claim 31, wherein the patient is a human.

37. The use of claim 31, wherein at least one of the proteosome inhibitors is selected from
the group consisting of bortezomib and the compound of formula (I} or a pharmaceutically

acceptable salt or prodrug thereof:

CH

I

wherein X is selected from the group consisting of fluorine, chlorine, bromine or iodine.
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