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Field [0002] The present application is in the field of therapeutics and
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of certai n qGOMBINATHONTHERAPHES FORHBMATOIODGICIVAGIIGNANOEESpeut i ¢
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Background Art

[0003] Cell signaling via 3’-phosphorylated phosphoinositides has been implicated in a
variety of cellular processes, e.g., malignant transformation, growth factor signaling,
inflammation, and immunity. The enzyme responsible for generating these phosphorylated
signaling products, phosphatidylinositol 3-kinase (PI 3-kinase; PI3K), was originally identified
as an activity associated with viral oncoproteins and growth factor receptor tyrosine kinases that
phosphorylates phosphatidylinositol (PI) and its phosphorylated derivatives at the 3’-hydroxyl of
the inositol ring.

[0004] PI 3-kinase activation, is believed to be involved in a range of cellular responses
including cell growth, differentiation, and apoptosis.

[0005] The initial purification and molecular cloning of PI 3-kinase revealed that it was a
heterodimer consisting of p85 and p110 subunits. Four distinct Class I PI3Ks have been
identified, designated PI3K a, B, 9, and y, each consisting of a distinct 110 kDa catalytic subunit
and a regulatory subunit. More specifically, three of the catalytic subunits, i.e., p110a, p1 10
and p1109, each interact with the same regulatory subunit, p85; whereas p110y interacts with a
distinct regulatory subunit, p101. The patterns of expression of each of these PI3Ks in human

cells and tissues are also distinct.



WO 2012/ 125510PCT/ US2012/ 028654 [ 0006] Identification of the pl106 isoform
of Pl 3-kinase is described in Chantry et al., J Biol Chem 272:19236-41
(1997). Iwowar/abmerved that the human pl106 i sof orm i sPexrsesiz@eBsn a
tissue-restricted fashion. It is expressed at high levels in | ynphocytes
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may al so play a role in PlI3K-nediated signaling in certain cancers. [0007]
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[0010] What is needed in the art to treat patients with CLL is a treatment that can modulate
chemotactic signaling between lymphocytes and stromal cells. Furthermore, what is needed is a
treatment that can reduce such signaling results to redistribute malignant lymphocytes from the
lymph nodes into the circulation. Such redistribution would permit better killing of these cells

by a chemotherapeutic agent or an immunotherapeutic agent.

Summary

[0011] The present application meets the need in the art by providing a method to use these
compounds in combination with other chemotherapies or immunotherapies to treat cancer,
inflammatory, and autoimmune diseases. In particular, cancers that are hematologic
malignancies, such as leukemia and lymphoma, are treated by the methods described herein.
[0012] In one aspect, provided is a method to treat cancer, comprising administering to a

subject in need of such treatment, an effective amount of a compound of formula A,



wherein Ris H halo, or C1-C6 alkyl; R is Cl1-C6 alkyl; or a

phar maceutically acceptable salt thereof; and optionally a pharmaceutically
accept ablwoeripsant ; and one or nore additional trhenspaaesssagent s
optionally selected fromthe group consisting of bendanustine, rituxinmab,
and of atumumab. [0013] In one enbodinent t he compound is [0014] In

anot her enbodi nent, the conmpound [0015] In sonme of the foregoing
enbodi ments, the cancer is a h oI-o cal malignancy. [0016] In sone of
t he foregoi ng enbodi nents, oglcal mal i gnancy is B-cel
mal i gnancy. [0017] In sone of Bgoi n enbodlnents t he hemat ol ogi ca
mal i gnancy is | eukem a or Iynphonarﬂ{ 8] (Faymasnd). of t he f or egoi ng
enbodi ments, the cancer is chronic Iiﬁg/ cytlc | eukemi a (CLL) or
non- Hodgki n' s | ynphorma ( NHL) .
“-NH

wherein R is H, halo, or C1-C6 alkyl; R’ is C1-C6 alkyl; or

a pharmaceutically acceptable salt thereof; and

optionally a pharmaceutically acceptable excipient; and

one or more additional therapeutic agents optionally selected from the group consisting

of bendamustine, rituximab, and ofatumumab.

[0013] In one embodiment, the compound is
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[0014] In another embodiment, the compound is
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[0015] In some of the foregoing embodiments, the cancer is a hematological malignancy.
[0016] In some of the foregoing embodiments, the hematological malignancy is B-cell
malignancy.

[0017] In some of the foregoing embodiments, the hematological malignancy is leukemia or
lymphoma.

[0018] In some of the foregoing embodiments, the cancer is chronic lymphocytic

leukemia (CLL) or non-Hodgkin’s lymphoma (NHL).

[0019] In some embodiments, the cancer is indolent non-Hodgkin’s lymphoma (iNHL).
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[0019] In sone enbodi nents, the cancer is indolent non-Hodgkin's |ynphoma
(i NHL). WD 2012/ 125510PCT/ US2012/ 028654 [0020] In other enbodi nents, the
conpound woadothessine or nore therapeutic agents are eaclkrcadrseomseesssed at

| east once during at | east one cycle, and wherein the one or nore

t herapeutic agents are admnistered to the subject in the same or different

cycl e gaoi01e mithéHesitodirhéiis, e ddMGhmANRAY M. onk @9 dibke 1hRrapeil: Aentshee each
f oregoi ng enbodi nents, the cycle i's 7 to 42 days. [h‘(;022 In some of the

f or egoiadgnieistsendi antaastsonce Huriggat logst ae eydh endpdarcictha gan s marethadpuicst er ed
to the subject on at least the first and s nd, days_of at | east. one.cycl e.
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agent s cdhfpoaddi ni stered weekly to the subject during at |east one cycle.
[0024] In_sone of the foregoing enbodi mnents, between 50 ng and 200 ng of

t he corf®¥td InssopyrAfihastosseoing anbadementp,the eyadlgiscetog@rdagay . [ 0025] I n some
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accept a[bbgﬂex@i Sﬁﬁ@rﬂf.ﬂ%[ ng HmaGshEeRp. (hheng ‘Efrré@‘i?itﬂ a&%a&%wg t he

subj eCtadhﬁni"s@?éd%&:!Riy ﬁthéE%“éi@Hﬁ'ri&é‘@cMsh@ﬁ@@%}Ei c treatnents. [0028] In
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| ynph 10024] [ BO2eie dfthsionegonfg drheodimertgdiengeearfibodg meh2@) migheé theudpngound s i )
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anot her[p@zs]eCtn, sorfe®dfitiiebrd ik BIMREeAS, Hebath Joamaar500GRERI oFittdone or
adm nistering to a subject in need of such treatnent, an effective anount

of a cdnpelkiapsuti egentd & administered to the subject.

[0026] In some of the foregoing embodiments, the compound is present in a pharmaceutical
composition comprising the compound, and at least one pharmaceutically acceptable excipient.
[0027] In some of the foregoing embodiments, the subject is resistant to standard
chemotherapeutic treatments.

[0028] In some of the foregoing embodiments, the subject has at least one enlarged lymph
node.

[0029] In some of the foregoing embodiments, the subject is i) refractory to at least one
chemotherapy treatment, or ii) is in relapse after treatment with chemotherapy, or a combination
thereof.

[0030] In another aspect, provided is a method to treat cancer, comprising administering to a

subject in need of such treatment, an effective amount of a compound of formula A,

(Formula A),

N



WO 2012/ 125510PCT/ US2012/ 028654 wherein Ris H, halo, or Cl1-C6 alkyl; R is
Cl-C6 al kyl; or a pharnmaceutically acceptable salt thereof; and optionally
a phar mmowotnal2bstoaccept abl e exci pi ent; and one @CcTmse@2aekist i onal

t herapeutic agents optionally selected fromthe group consisting of
bendanustine, rituxi mab, ofatunumab, and | enalidom de. [0031] In yet
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| ynphocytic | eukem a (CLL) or indolent non-Hodgkin's |ynphoma (i NHL).
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or a pharmaceutically acceptable salt thereof, and

one or more additional therapeutic agents optionally selected from the group consisting
of bendamustine, rituximab, and ofatumumab,

wherein the condition is chronic lymphocytic leukemia (CLL) or indolent non-Hodgkin’s
lymphoma (iNHL).
[0032] In one embodiment, the subject is i) refractory to at least one chemotherapy treatment,
or i) is in relapse after treatment with chemotherapy, or a combination thereof.
[0033] In some of the foregoing embodiments, the compound and the one or more therapeutic
agents are each administered at least once during at least one cycle, and wherein the one or more
therapeutic agents are administered to the subject in the same or different cycle as the
administration of the compound.
[0034] In some of the foregoing embodiments, the cycle is 7 to 42 days.
[0035] In some of the foregoing embodiments, between S0 mg and 200 mg of the compound
is administered to the subject twice per day.
[0036] In one embodiment, the one or more therapeutic agents is bendamustine.
[0037] In some of the foregoing embodiments, the bendamustine is administered to the subject

on at least the first and second days of at least one cycle.



[ 0036] In one enbodi nent, the one or nore therapeutic agents is
bendanustine. [0037] In sone of the foregoing enbodi nents, the bendanusti ne
i s adm niwDenexi26510t he subj ect on at | east the first an#cTamsendodswys of at

| east one cycle. WO 2012/ 125510PCT/ US2012/ 028654 [0038] In sone of the

f oregoi ng enbodi nents, the bendanustine is adm nistered for at |east 6

cycl es.[0b$813%n sltheSdIfiEe ke ngolﬂ% b RERERNY, (BB AR is 8dGihifese fefat1dast 6
bendamustine i s between 50 my/ n2 and 150 ng/ n2. [0040] In some of the
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[ 0042] th Héraa&hs@ n@vﬁhbdl ment , the one or nore therapeutl c agents is
rituxi mab. [0043] In sone of the foregoi ng enbodi nents, the rituximb is
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t her ape[0041q apeoihs afsheaﬂ’oaetgmmgmbbocﬁﬁems,]thé ritusanebd mfadhqlmastiamﬁegahmﬁrst day
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phar mad@043]c alnl spreod et fapbﬁt@n@etmqumem@,fthe amilmab is administered weekly to the

subject during at least one cycle.
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[0044] In some of the foregoing embodiments, each dose of the rituximab is between 300
mg/m” and 400 mg/m>.

[0045] In yet another embodiment, the one or more therapeutic agents is ofatumumab.
[0046] In some of the foregoing embodiments, at least 12 doses of ofatumumab are
administered over 6 cycles.

[0047] In yet another aspect, provided is a method to treat a condition, comprising

administering to a subject in need of such treatment, an effective amount of a compound of
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or a pharmaceutically acceptable salt thereof, and

one or more additional therapeutic agents optionally selected from the group consisting
of bendamustine, rituximab, ofatumumab, and lenalidomide,
[0048] In one embodiment, the one or more therapeutic agents is lenalidomide.
[0049] In yet another aspect, provided is a method of treating a subject with a B-cell disorder,

comprising:



one or nore additional therapeutic agents optionally selected fromthe
group consisting of bendanmustine, rituximab, ofatunumab, and | enalidom de,
[ 0048] | rworreizmbidi nent, the one or nore therapeutic agemus2012/028654

| enal i dom de. [0049] In yet another aspect, provided is a nethod of
treating a subject with a B-cell disorder, conprising: W
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anti bodi es, chlorambucil, pentostatin, lum|iximab, apolizumab, Anti-CD40,
of atu nwa%n@mmemmrclm ditbsrata |’M§ﬂ| mlogmptldmvmmleoW§F 1 126nk34i mnd@le an
al kyl atii ng agent rac cont ai n| or a conpi nation
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| enal i dom'de an
chlorambucil, pentostatin, lumiliximab, apolizumab, Anti-CD40, ofatumumab, temsirolimus,

bendamustine, purine analogs, lenalidomide, an alkylating agent, and anthracycline-containing

therapy, or a combination thereof;

b) administering to a subject in need of such treatment, a compound of formula I"



[ 0050] In one enbodi nent, the subject is refractory or is in relapse after
at |l east one or nore treatnents selected fromthe group consisting of
rituxi mbowoanizzl2ksabat i ng agent, fl udarabine, and an PCT/US2012/028654

ant hracycl i ne-contai ni ng therapy, and a conbi nation thereof. [0051] In sone
of the foregoi ng enbodi nents, between 50 ng and 200 ng of the conpound is
adm ni stered to the subject tw ce r daynduring at |east one or nore
cycles. [0052] In sonme of the freiod| ments, between 50 ny/nR2 and
1,500 ng/ n2 of the one or norg add DON therapeutlc agents is

adm nistered to the subject at ast_lonce during at | east one or nore
cycles, wherein the one or nore™théfap&utic agents are adm nistered to the
subject in the sanme or different cycl BN ~€e nmnistration of the
conmpound. [0053] In yet another aspect, is a nethod of treating a
subject with a B-cell disorder, conpr|§ a) identifying a subject
havi ng a B-cell malignancy, mherein th ject is refractory to or is in
rel apse after at |east one or nore treatnents sel ected fromthe group
consi sting of AKEZAMAILYELERIH QlunGRst hgom b (PR 171) PR 047

di sul firam tacystin, eponenyci n, epoxonycin, acIaC|nonyC|n
CEP- 1612, Nﬁﬁﬁ@ﬁauxA@thMkEﬁncﬂSHBﬂ@ﬁdMBnmhpsnﬂhmme trlpeptlde i nhi bitors,

ritonavir, Pl-083, +/-).-7-net hyl onur al i de -)-7- ralide
ot Toul ne, 4 Ce i it TRk Ol ot i selie b, Al E5iisistiagm de.
epr at Uzdf%f?da(nlﬂi-shgé rﬁﬁ‘ilhfamggalmém b rakhddedy) . sinvastatin, enzastaurin,

Canmpath 1H(r), dexanet hasone, DI PACE, obl i nersen, antineoplaston Al10,
ant i nedp0Ht o}m Qﬂs@z:rrm)odan@mthq slﬁn@t ISU@fractat}Eths nerelapwaﬁmmbpﬁmb@e more

ot Shsalfonly S O o o DR of PRAPRS. QNG Pls et MR b

filgr a%lamhr@bpﬁ@b@ﬁamr@qmbpmﬁa alcaﬁlerrfaammeadoffa carnustine, cispl atin,
cycl ophospham de, cytarabine, etoposide, nel phalan, dolastatin 10, i ndi um
%%dcl brigm

In 111 1[ eaﬁﬂh%@a«;gom erabodjmentp. hetweenPOwpe and 200 mg of the compound

20121 138 ARRTL R0 038054 YRRl B0 BT A0 Iy ocy

gl obul ospor1 rexa mycophe ate nofeti
t her apq0052] alnl s@g&rtﬁ"lth‘c foyasgmmgcgmmmafm rHetwed ﬂ)&ng/mzl and rrcﬁmbng/nﬁ»étmmne
sirolimus, tacralinus, carboplatin, thiotepa, paclitaxel, aldesleukin,

r econbi B anre additpral thesapentic ag%%létaa&lévsteﬁefié% phersuiect aieashonce dupRBASHY
interl %ﬁlé' ? ! e C c@é‘sogn f&ﬁ%e OH& Sf ﬁl%fékﬂhgra?véutlc%géntg afeae[@rﬂlﬁlsf&éatt%'tﬁ\s élﬁB cp Itor

ABT- 263, den titox, tanespinycin erol 1 mus, pegfilgrast
VOr i nosh dle, saaie\m@lufcﬂarmt qyelccasrﬂnamimm]fstratﬁari @fghﬂdqmpcamdrrbl nant human

2 rocANBTOL HBorch AR PATSDGE AR Vi at BenTBPraE! FEAEE ARG Hbb Pal dRerad ©

cl of ar abufgisigpoet i n al fa, nel arabine, pentostatin, sargranostlm
vinorel bine ditartrate, Wi-1 anal og peptide vaccine, W'l 126-134 pepti de
vacci ne, f erw) edq'nﬁfsdleg a pddens yhiam;g@ B- m&hllniabgrmmm whreneio heondlectistéfiastyry GD19,

nonocl onal . a-3 fatty .aci ant rone hydrochl ori de,
oot eott denpaps s oty RERERon tk b RS iden FbaRe B Rl T

gadol i roueroraibS®Ricadé®), QXﬂﬁ(ﬂﬁ)mlbl(BRflaﬂFllPtR 040U duBrgams 1abtabpstint BSBN9deri ved
HSPPC- 96, vel tuzumab, bryostatin 1, anti-CD20 npnocl onal ant i bodi es
chl or arfPABIMYCIBEROBRPEHIACLACIPIYCH) - 1GoMGrlAats. V Resr | Gbbe34 loviylinurmab,

tensir | A, 9
agent . FHEnieRFRMATHILAT Rl 1 AN O35k e B A e R

adm ni qieﬁfosng, hmxansmls;ldaﬁtaﬁl citmed¥igira®yciC- St@fﬁftmt)n’u(ﬂ: emnpaundb deIIQer rrul a
" or a.p ceutlcal ceptable salt ther d optionally a

phar na(f’é‘ﬂt(?@éfﬁ “&éngc)e%E}Vﬁi‘téﬁlﬁ enzggpurin, B 15, ﬁswn%t{%ﬁow e

ther apgu{ g, %%(Ers%n%{dn%@hétb’n %qbea%ﬁgonﬂlés%ﬂ ABQ 19519&5912%9%' tded NthHe,
bendanustine, rituximb, ofatunumab | enal'i dom de. [0054] In anot her

aspect Cyt:]l])ph(pﬂph&ﬁl’de dbmwtn@u hgdpcblvride PEGylateh bgosocmai desdrullkamoni ¢
Iynpho t|c kem L i.ndol ent.. non-.Hodg. |n ho (NHL).
compr | VBl e oG tisThisgahy sBRHpRenubg ope Subne TR [Efim
ef fect 'ﬂi&pﬁdﬁlﬂ, @éco‘ﬁ{blﬁan@ nReyses aef, chenidha displatin, cyclophosphamide, cytarabine,
etoposide, melphalan, dolastatin 10, indium In 111 monoclonal antibody MN-14, yttrium Y 90
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WO 2012/ 125510PCT/ US2012/ 028654 or a pharmaceutically acceptable salt
thereof; optionally a pharnaceutically acceptabl e excipient; and
bendanustwoe01888] | n one enbodi nent, the conpound ane#cCharsd@niossesfne are
each adm nistered at | east once during at |east one cycle, wherein the
bendanustine is adm nistered to the subject in the sane or different cycle

as the }ﬁl‘?{[ﬂn[ﬂeﬁteﬁﬁtdzﬁﬁlagfarftlhtﬁ%rﬁlgﬂﬁ@g%uhﬁ %@ﬁaﬂ ayca@gp@nﬁé hétBott&aRgoi Ng

enbodi ments, the cycle iIs ays 57] 'In some of the foregoing
enbodi rmayrophenchase mﬁﬁdutﬂmrapsutp;ohﬂ%emce}y@mhp@yt@ﬂqéf tegigh) A0 ibuifugeonpdr  day

during tluxe{a%assi}oh,?lp % tagro 1 us o\fé?a% r110‘516": hae b axeTua?#esﬁPkl Sre‘?:ld mopnlarsltt ered to
t he subjec east one cycl e.

[ 0058] ihterfemmelfaf dédaexbl [feg@mm ﬁi&bﬁﬂté&ﬂﬂa&‘nant iﬁ&rtealaﬁarm $édoﬁfb1ﬂa§it
adm nistered for at |east 6 cycles. [0059] In sone of the foregoing

embodi riistlsukin: 1doBd-DfanihepresHpiahiidor 4Ble %éﬁn@'@k}?gdlﬁﬁax FYTSPHLYCHnd
wh
erein. oﬁﬂﬁgr;gé‘&gl?grg i nbo(fg.!naﬁaﬂ §1V98 Mse?éao@% dﬁgurt r@;ﬁgd 120 LR hukQR60] 1N

sonme of t ment s, e’ met conpri ses
adm ni shenitogoietie, lgwmphﬁineeadmataddﬁﬂér dehigraapfutinetragents as@lceamptbtiacom t he

group cansi stin rjtuxi and ofat 0061] of the
for ego.lﬁaotém%m{%ldet FRaPFEREB s alet g&%% aétjan%lﬁ‘ﬁ?rgﬁéﬁ RsgtosiEnor
mor e adgidiAhdim tﬂ%@leﬁfetdlﬁn?a&e 'wfs ISRIRE t;feguiié %&fnlaem% fawegaaé ng of

rituxi mab, ofatununab and | enal i dom de. I'n yet another aspect,
pr ovi dedcéige,demretimdel maioeprl@a:t, ogdlipdating moylnqzihmd;antlbOdye@D €¥vingor{o€lonpl antibody

Subj ectCP A RBEE  on LS PO TRRe TS vareR e e bbtador

f or mul godiine 1 131 tositumomab, motexafin gadolinium, arsenic trioxide, tipifarnib, autologous human
tumor-derived HSPPC-96, veltuzumab, bryostatin 1, anti-CD20 monoclonal antibodies,
chlorambucil, pentostatin, lumiliximab, apolizumab, Anti-CD40, ofatumumab, temsirolimus,
bendamustine, purine analogs, lenalidomide, an alkylating agent, and anthracycline-containing

therapy, or a combination thereof;

b) administering to a subject in need of such treatment, a compound of formula I"

F /NQ
Lﬁ

YNH

or a pharmaceutically acceptable salt thereof; and

optionally a pharmaceutically acceptable excipient; and

one or more additional therapeutic agents optionally selected from the group consisting
of bendamustine, rituximab, ofatumumab, and lenalidomide.
[0054] In another aspect, the present disclosure provides a method to treat chronic
lymphocytic leukemia (CLL) or indolent non-Hodgkin’s lymphoma (iNHL), comprising
administering to a subject in need of such treatment, an effective amount of a compound of

formula I",



WO 2012/ 125510PCT/ US2012/ 028654 or a pharmaceutically acceptable salt
thereof; optionally a pharnmaceutically acceptabl e excipient; and rituxinmab.
[ 0063] | rworrei2embidi nent, the compound and rituxi mab ar @eceashoiadesens st er ed
at |l east once during a cycle, and wherein the rituxinmab is admnistered to
the subject in the sane or different cycle as the adm nistration of the

conmpound. [0064] In some of the_foregoi g enbodi ments, the cycle is 7 to 42
days. [0065] In sonme of the for gdi ments, the conpound is
N during at |east one cycle, and

adm ni stered to the subject t

wherein the rituximb is adm weekly to the subject during at |east
one cycle. [0066] In sone of th& fdfegding enbodi nents, a dose of the
conmpound i s between 50 ng and 200 ny, HE N%ﬁl |n a dose of the rituximb
is between 300 ng/n2 and 400 ng/ n2. [006[f] lin sorre of the foregoing
enbodi nents, the nethod further conpri Y ni stering one or nore

addi tional therapeutic agents sel ected Yrgm the group consisting of
bendanusti ne and of at umumab. [0068] In some of the foregoi ng enbodi nents,
the method fyr éﬂﬁfm&g Craluzﬁg @m@%ﬁttﬁéﬂe&g one or nore additional

t herapeutic agents sel ect ? omthe group consisting of bendanusti ne,

of at unumab, aptidndlgnaphadoncaidcal[y0R6E)tabln eyapicanondher aspect, provided is a
met hod to trea%i chronic | ynphocytic | eukem a (CLL) or indolent

non- Hodgki n't&N fra (i NHL), conprising administering to a subject in

need of(pesmh I SRLARIIHIMER, t8E EE&APIMER ATDUAdandfstifle HREROVAIM R stdrOd AUba: | *

once during at least one cycle, wherein the bendamustine is administered to the subject in the

same or different cycle as the administration of the compound,

[0056] In some of the foregoing embodiments, the cycle is 7 to 42 days.

[0057] In some of the foregoing embodiments, the compound is administered to the subject
twice per day during at least one cycle, and wherein the bendamustine is administered to the
subject on at least the first and second days of at least one cycle.

[0058] In some of the foregoing embodiments, the bendamustine is administered for at least 6
cycles.

[0059] In some of the foregoing embodiments, a dose of the compound is between 50 mg and
200 mg, and wherein a dose of bendamustine is between 50 mg/m* and 150 mg/m?,

[0060] In some of the foregoing embodiments, the method further comprises administering
one or more additional therapeutic agents selected from the group consisting of rituximab and
ofatumumab.

[0061] In some of the foregoing embodiments, the method further comprises administering
one or more additional therapeutic agents selected from the group consisting of rituximab,
ofatumumab, and lenalidomide.

[0062] In yet another aspect, provided is a method to treat chronic lymphocytic leukemia
(CLL) or indolent non-Hodgkin’s lymphoma (iNHL), comprising administering to a subject in

need of such treatment, an effective amount of a compound of formula I",
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WO 2012/ 125510PCT/ US2012/ 028654 or a pharnmaceutically acceptabl e salt
thereof; optionally a pharnaceutically acceptabl e excipient; and

| enal i dorwoen10850] | n one enbodi nent, the conpound aneciralsadizdesssde are
each adm ni stered at | east once during a cycle, and wherein the

| enal idom de is adm nistered to the subject in the sane or different cycle
as the adm nistration of the co 71] In yet another aspect,
provided is a nethod to treat c ro c I hocytic |eukema (CLL) or

i ndol ent non- Hodgki n's | ynpho onprising admnistering to a
subject in need of such treat ef ective anmobunt of a conpound of

formula I", or a pharnmaceutica yfhcc ptabl e salt thereof; optionally a
pharnaceutlcally accept abl e exci pi ent HN f aty nmunab. [0072] In sonme of

t he foregoi ng enbodi nents, the dose of tle onpound is between 50 ng and
200 ng, and the dose of of at umumab i s E ®n 200 nmy and 1500 ng. In sone
of the foregoing enbodi nents, an initi se of ofatunmumab is adm nistered

which is different from subsequent doses of ofatumumab. Brief Description
of the Draw d*%harmaceutically acceptable salt thereof;

optionally a pharmaceutically acceptable excipient; and

rituximab.
[0063] In one embodiment, the compound and rituximab are each administered at least once
during a cycle, and wherein the rituximab is administered to the subject in the same or different
cycle as the administration of the compound.
[0064] In some of the foregoing embodiments, the cycle is 7 to 42 days.
[0065] In some of the foregoing embodiments, the compound is administered to the subject
twice per day during at least one cycle, and wherein the rituximab is administered weekly to the
subject during at least one cycle.
[0066] In some of the foregoing embodiments, a dose of the compound is between 50 mg and
200 mg, and wherein a dose of the rituximab is between 300 mg/m? and 400 mg/m”.
[0067] In some of the foregoing embodiments, the method further comprises administering
one or more additional therapeutic agents selected from the group consisting of bendamustine
and ofatumumab.
[0068] In some of the foregoing embodiments, the method further comprises administering
one or more additional therapeutic agents selected from the group consisting of bendamustine,
ofatumumab, and lenalidomide.
[0069] In yet another aspect, provided is a method to treat chronic lymphocytic leukemia
(CLL) or indolent non-Hodgkin’s lymphoma (iNHL), comprising administering to a subject in

need of such treatment, an effective amount of a compound of formula I",

5y
j/\rﬁ

YNH
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[0073] Figure 1 shows a graphical summary of multiple nmyeloma (M) cell
gromh as a function of varying concentrations of cytokines I1G-1 and IL-6
i n conbi naoi2ore/A2s31h conpound |, using LB cells. [0074] PCgarseoi2/038e6ns a
graphi cal sunmary of cell growh of nultiple nyeloma (MM cells as a
function of varying concentrations of conpound | and the presence or
absence of hpRghARKIRUIEHIFARBptabEd dadt thEMHE) after 48 hours. [0075] Figure 3
shows a graphi cal summary of apoptosis of Chronic Lynphocytic Leukem a
(CLL) cells moaalfmnhmncmwalgfwrwa@en&@mntatan@ns of conpound of formula
. WO 2012“%%3%%95&;/U82012/028654 [0076] Figure 4 shows a summary chart
of the effect 0 conmpound | on cell viability, reduction in Akt (Ser473)
phosphqog7(t | BioneanthodasdRShe dordpdindaind ddhalifodRMei@éacHiatiineiisBied AC Lt
Lynphobl asti ¢ Leukem a (ALL) cell lines, [0077] Figure 5 shows a summary of
the ef faaee dpfingdrysduRad Wherein fe lenalidomidelia a@vma%@rﬁg tq fiapnipttas thecsamgkeni a
(ALL) Ccﬁfférehf R as&ﬂ@%ﬁiﬁnﬁ%ﬂ%f&?oﬁh@EQQIP/BOLﬂldgr aphi cal summar y of the effect
of varying coricentration of conpoun on cellular growmh in breast cancer
T47D arf@0H3- SIn8/Et amdtherl aspees, provid&] Braamahod 2rdax shrohi@Qyi@phdayguieakéméhows a

gr aphic u ry of the effect of varying concentrations of conmpaound | on
cel I ul ﬁt@j B%Ofwt BB HP4HkiR PO (NI AFRPTIoEIa SmiREETRE (B HIE dhg 72
hrs. [ ORBObf &icHWeStnRn® NAWStetti vLUBIY ofh c&rﬁﬁoﬁ{dfcﬁ(fgrngﬂa ponpound | on Akt

phosphoryl ation in many | eukem a and | ynphoma cell lines. [0081] Figure 9

shows SDS- PAGE i mages and di spl ays ®f and pAkt in various hematopoietic
cancer cell lines as a functionlof It he sence or absence of conpound I,

showi ng conpound | inhibits A g osphoryl ati on. [0082] Figure 10 shows

gr aphi cal sunmaries of apopt ot ’\%{Qﬁm\e cel |l popul ations in breast
cancer cell lines as a function of 'vVarying concentrations of conpound
formula |, denpnstrating that the conf Qi]nC[M'OBS apoptosis. [0083] Figure
11 shows the concentration of conpound T|n/ he bl ood of a healthy human
subj ect over 12 hours after oral adm nip§t ion of 50, 100 and 200 ng doses
of said conpound. [0084] Figure 12 shows—nhRe conparison of |esion areas in

a human patient diagnosed with mantle cell |ynphona after 28 days (1 cycle)
of treat nentorwiphhrmeaepticailg abceprabld edd thereai: eas prior to treatmnment.

optionally a pharmaceutically acceptable excipient; and

ofatumumab.
[0072] In some of the foregoing embodiments, the dose of the compound is between 50 mg
and 200 mg, and the dose of ofatumumab is between 200 mg and 1500 mg. In some of the
foregoing embodiments, an initial dose of ofatumumab is administered which is different from

subsequent doses of ofatumumab.

Brief Description of the Drawings

[0073] Figure 1 shows a graphical summary of multiple myeloma (MM) cell growth as a
function of varying concentrations of cytokines IGF-1 and IL-6 in combination with
compound I, using LB cells.

[0074] Figure 2 shows a graphical summary of cell growth of multiple myeloma (MM) cells
as a function of varying concentrations of compound I and the presence or absence of bone
marrow stromal cells (BMSC) after 48 hours.

[0075] Figure 3 shows a graphical summary of apoptosis of Chronic Lymphocytic Leukemia

(CLL) cells as a function of varying concentrations of compound of formula L.
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[ 0085] Figure 13 shows the ALC (absol ute | ynphocyte count) in the bl ood of
a patient over a period of 4 weeks after 28 days (1 cycle) of treatnent

wi th t he worpmunssiof fornmula |I. [0086] Figure 14 shows trhe/usesemesesat i on of
conmpound Tin the blood of patients with and without mantle cell |ynphoma
(MCL) over 6 hours after adm nistration (50 ng BID) at day 28, conpared to

the coneemg|r akizor 4 dhokwlRQ RhRedy harfoNBE @ﬁ%qt*&@b&gbfum didepBhatityday 7 (D7)
usi ng the sanme dosi ng schedul e or dosing with 100 ng BI D of Conpound I.

[0087] rrilyptioe i Bksthevd/ PpBspheiiasiom adpraepast dnctivatian papryerabHiffeyershiomte and
Ieukem@ C%lolblalts)éli{'ﬁ%k V‘D&Bﬂﬁéeﬁ%?n%%opm US2012/ 028654 [0088] Fi gure 16A

emia . . . .
shows celTP\’d and apoptosistdata in | eukema cell lines exposed to

Conpourfd017] | RighteglstewhaBuhihearAan e effest & ddhipguhd UbE Ble@ sl 3ficle BEAGASE 1N
apoptosis in the treated cells. [0089] Figures 17A-D shows PAGE results of
di f f er dimPPeEEpsticdeItke Jesdlilgsin CLL patient cells. [0090] Figure 18

X
shows t fhNAduGt | 9%@ ahd i resence
of co gﬁﬁﬂ I H%F%%%%(Vﬁ%? el @%ﬁgﬁr I ngé E%{es%@?g%@%)n%gc\sé?g&é%ﬂg rgg n Pc
Ly nphoayhipouhe ke oelhuldr@rdythde breast canoerploidD prddg$o38E cplhtinenit g8 taused by

exposure tq conpound |, denonstrating that conpound | is effective in drug
resi staﬁl?f”ga]&r?'ents. [0092] Figure 20 shows increased apoptosis of Chronic

Lymphoqihi9 '—ﬁi‘g&%ﬂ? &o@x@a‘@r%ﬂﬁédl %uﬁlfn%@ s&he agtQ %Yéa@ﬁlg%%@&tﬁ%ﬁse&t s caused
by exposure to"the conpound of formul'a I. [0093] Figure 21 shows the

r esul t ssoofpoPhd & pinoclAkar gnowdhud toivenan IR Q¥ - bbbV e Ad-3 peksieeca 48fhrQ. 1, 1.0,
101AM of ¢ H]Eound . [0094] Figure 22 shows flow cytonetry results rel ating
to Pl 3&“&3 Ying in basophils, denpnstrating that (B) anti-FC8RL or (C)

f MLP i Q0SS eBigHeaBs MR8 FInddry 6O TR dfRofPothd DB Akt PRbspHOrylaki@REP]
Fi gure 23 shows inhibition of EI 3K inhibition by conmpound Tin basophils,

and derm#stleelteaya pndlynahepouwet linei.s especial |y effective at inhibition of
CPoS BRFIS RBPAFS st PR GRPE BB B ALSBAEETRIEY pac ey
hematopoietic cancer cell lines as a function of the presence or absence of compound I, showing
compound I inhibits Akt phosphorylation.
[0082] Figure 10 shows graphical summaries of apoptotic and viable cell populations in breast
cancer cell lines as a function of varying concentrations of compound formula I, demonstrating
that the compound induces apoptosis.
[0083] Figure 11 shows the concentration of compound I in the blood of a healthy human
subject over 12 hours after oral administration of 50, 100 and 200 mg doses of said compound.
[0084] Figure 12 shows the comparison of lesion areas in a human patient diagnosed with
mantle cell lymphoma after 28 days (1 cycle) of treatment with compound I and lesion areas
prior to treatment.
[0085] Figure 13 shows the ALC (absolute lymphocyte count) in the blood of a patient over a
period of 4 weeks after 28 days (1 cycle) of treatment with the compound of formula I.
[0086] Figure 14 shows the concentration of compound I in the blood of patients with and
without mantle cell lymphoma (MCL) over 6 hours after administration (50 mg BID) at day 28,
compared to the concentration in the blood of a normal healthy volunteer at day 7 (D7) using the
same dosing schedule or dosing with 100 mg BID of Compound L.
[0087] Figure 15 shows PI3K isoform expression in a panel of lymphoma and leukemia cell

lines.
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[ 0096] Figure 24 shows pharmacoki netic data of (A) single dose

adm ni stration of conpound | at different dose anmounts in healthy

vol unt eerwo 2aredi26BY a pharmacoki netic profile that mai ntrarns2a@n/oefesecti ve
dosage over a 12 hour period. [0097] Figure 25 shows the effects of various
doses of conmpound I on (A) glucose and (B) insulin levels, exhibiting

litt] e (048]t arigete BA snowisXeell VHBARY afrd GptpRosdOdats OBk e cEll Bifes e&%f)g&if’fb
S

expression in a panel of DLBCL cell lines. [0099] Figure 26 B shows an
SDS- PAGmprgd Lofln Bigkre 1B theBainesial staining exdi¢atestangdngreessanepopsesiabisbace of
conpoquakchHIOO] Figure 27 shows the effects of a 101AM concentration of
conpoun on the phosphoryl ati on of Akt and S6 in ALL cell lines in

SDS- PAGB084]016ik]ireki1gAr® sRSvSPAGT @518 SE difepen dedK iJofetCetpéksidvh in CLL
phosphoryl ati on of Akt, S6, and GSK313 after treatnent with a series of
conpourfdtientgellyt i ons. WO 2012/ 125510PCT/ US2012/ 028654 [0102] Fi gure 29

ownr og il nent AP ¥ RaTcR PAYA Ry B ERP LR Wk Renee

[ 0103] dficgmpeudDl. shows expression of pll0 delta in A) MMcell lines and B)
pati ent cells; and C).in MM 1S and LB cel|s. 104] Figure A _shows
expr ess[pwlof Flﬂrfol% PPa IGIRATPE RPORIRF!S -lﬁoweﬁayglpgp% @e@%@lwﬁw ﬁil%b
delta si i : i i : ph
Sﬂr%i&%ﬂ)gﬁsm%gﬁtﬁ@ L:a&h@hlf‘g%]ﬁ%ﬁ}@ to cb¥bdd fﬁgtlﬂf)ﬁstr%;-lgﬁgﬁ?é??ﬁ%@ﬁq

of I NA-6 growt h ‘after trans on with pll0 delta si

cont r olis sif@itjAe (mdoig)resift@it@diies.gur e 31C shows the % of viable cells
CuL 4t S Gl Dot SOTRON Lo AR RS LOLTL L £ T ffovs
concentfidh k@t tdri/A8aBsddpafiOdWVdsed bd 8x peuFeSto the compound of formula .
[0093] Figure 21 shows the results of Phospho-Akt production in the absence or presence of
0.1, 1.0, 10 uM of compound 1.
[0094] Figure 22 shows flow cytometry results relating to PI3K signaling in basophils,
demonstrating that (B) anti-FCeR1 or (C) fMLP increases CD63 expression compared to no
stimulation (A).
[0095] Figure 23 shows inhibition of PI3K inhibition by compound I in basophils, and
demonstrates that Compound I is especially effective at inhibition of CD63 expression induced
by a p1100 pathway, but also effective at micromolar concentration to inhibit expression
induced by a p110y pathway.
[0096] Figure 24 shows pharmacokinetic data of (A) single dose administration of compound
I at different dose amounts in healthy volunteers, and (B) a pharmacokinetic profile that
maintains an effective dosage over a 12 hour period.
[0097] Figure 25 shows the effects of various doses of compound I on (A) glucose and
(B) insulin levels, exhibiting little off-target activity.
[0098] Figure 26A shows the PI3K isoform expression in a panel of DLBCL cell lines.
[0099] Figure 26 B shows an SDS-PAGE image of pAkt in DLBCL cell lines in the presence
or absence of compound I.
[0100] Figure 27 shows the effects of a 10 uM concentration of compound I on the
phosphorylation of Akt and S6 in ALL cell lines in SDS-PAGE.
[0101] Figure 28 shows a dose dependent reduction of phosphorylation of Akt, S6, and GSK-

3P after treatment with a series of compound I dilutions.
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[0108] Figure 31E shows the % of viable peripheral blood nononuclear cells
from heal thy donors after being cultured with conpound | at various
concent r avpanr/f651072 hours. [0109] Figure 31F shows i mruomalsb@iiopssgs resul ts
of lysates fromINA-6 cells cultured with conmpound I (0-5 1AM for 120
hours. [0110] Figure 32 shows inmmunobl ot AKT and ERK expression profiles

af ter qui(mr i %u&b%obv%o@ @e@l:heﬁen%ﬂf&té:@fm&pwndneﬁ ALY2840@2sfiPthe12 hours;

B) I NA-6 and cells with conmpound | at various concentrations for 6

hours; doyvnrgguiaiign|oNAFBIR; elepgaggiof haspaspdurng dleavege oEBARBurs. [0111] Figure

33A sh | u d I -6
L PR a O ROt AL ERERRE IR Lo

arr ows defglia@at® iaMMplsagdI Bresdls. [0112] Figure 33B shovvs fl uorescence
MCroscoga/fllrrages of INA-6 cells treated with 5 1AM of conpound | or serum

st ar vatlD¥tlf oFigerentdy showsaxprpsien giip bl 0istta SisnkBiaAdiNOLe etk tepsieetsd Frth

beclin s treated with or w thout conpound I
and 3- I\ﬁi ?ggﬁﬂl ]\*ﬁgs‘ée?lrlénorg&m glg%%&l rlfbﬁ bitor of autophagy). [0114] Figure

33D shqos03%o gFltg\AtefB I slmiy];&@rﬂﬂsmﬂIiN\Pe6 lcB1 gelvith aftbit teansfacaad mixhtp 1w thltap t o
1001AM of r ho [0115] Figure 34 shows the |levels of growth
i nhi bi tﬁl%NicﬁgA&rCE‘@“ﬂr“ AI(F@QC]S) cells co-cultured with 0, 5, and 101AM of

conpour[qlﬁ]n Ei ﬁreﬁﬂ@sﬁf&% R 7 ARSENIE s c‘dﬁﬁ%ﬁ%tmﬂ{o%t QJm}Bdun@ I%r ASGF 1,
Legend: control nedia ( ); conpound I at 5. M( ) or 101AM( O

2012/ 128810PCT/ US2012/ 028654 [ 0116] Fi gure 34C and 34D show MM cel I gr ovvt h

i nhi bit in_t he enc 34C o cqntr ol ia (s),
compourthF1, Btk 0 Ty 1 cyoie N E iR shE Bk e R e hovis
i mrunoklogésht@fiondfréniono cul iMF& AupRENat ants from BMSCs cul tured with
conmpound | or_control nedia for 48 hoursg@L0118] Fi gure 34F shows

i munodPHE oFignieB lEndorRikhe%mt esabloperiphofal bloed impnoppclercelly Somdealthsd wi t h
G.sh % BMSC
corrpounc% V\IP]F? a,:fltijc]} ti'élﬁg 8&1’&11{rgdr \éln{l mnﬁ)l enc{l gl\%ﬁgus (IOQI%%]‘[%]&U h:ng)r e7 %éurss ows

cel l er culturing ound | for

48 hour[elos[]OIE@]lreFa 1@L§hewgiﬁnﬁlh@w5mmig@ésua§ @ply@atbmgmsm@t 6Idaﬂ/s'iﬁﬁtufdummm
unbilical vein endothelial cells) cultured with O, 1 and 101AM of conpound
| for &oRMGEad hfhd mVDrfet LS. or mat i on assessed.

[0110] Figure 32 shows immunoblot AKT and ERK expression profiles after culturing of A)
INA-6 cells with compound I or LY294002 for 12 hours; B) INA-6 and MM.1S cells with
compound I at various concentrations for 6 hours; C) LB and INA-6 cells with compound I for
0-6 hours.

[0111] Figure 33A shows fluorescent and transmission electron microscopic images of INA-6
and LB MM cells treated with compound I for 6 hours and LC3 accumulation; arrows indicate
autophagosomes.

[0112] Figure 33B shows fluorescence microscopy images of INA-6 cells treated with 5 uM
of compound I or serum starvation for 6 hours.

[0113] Figure 33C shows immunoblots of LC3 and beclin-1 protein levels from INA-6 cells
treated with or without compound I and 3-MA (3-methyl adenine, a known inhibitor of
autophagy).

[0114] Figure 33D shows % growth of p1109 positive LB cells after treatment with up to

100 uM of 3-MA for 24 hours.

[0115] Figure 34 shows the levels of growth inhibition of A) LB or B) INA-6 cells co-cultured
with 0, 5, and 10 uM of compound I in the presence or absence of varying amounts of IL-6 or

IGF-1; Legend: control media ( | ); compound I at 5.0 uM ( ) or 10 uyM (D)
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[0121] Figure 35B shows a bar chart summari zing endothelial cell tube
formation in HUVEC cells treated with conmpound |I. [0122] Figure 35 C shows
a graph owernvizgsdwcel | grow h of HUVECs as a function @eCTiuseoiznesesasi ng
culture concentration of conpound I. [0123] Figure 35 D shows decreasing
Akt and ERK expression of HUVEC cell |ysates after being cultured with

conmpoung1ie]f OFigBrear shd J4PL Al FINGCEIE oRfvih Edlabitidn th@e pr¥BceRIBMECI N SCI D
mce with human MM xenografts treated with 0, 10 ng/k

. or 80 my/kg o
conpourdegend fos 34CTanhy coptolohedia el ). Eoowioned 52500 (i h VitMdNacand/ 1@ yMdMi.he
human raft t 0125] Fi gure .shows a phot ogr.aph ari he
fumor HOERAL Shnat i R BH Corf Lt efi: SnRlRl R AR SR uEed 15

days t ayith €spduall 1158 9s@rol niiZ6for BE gutie. 36C shows the survival rate of SCID
mce with human MM xenografts treated with 0, 10, and 30 ng/ kg conpound I

over tillBI8I[ ohizwie HFglipws spmusekials of Adgband ERF exprasten RIefiecdMiise eelis
anal ysi : . ted wth conpound Il in
corrparitgeg%fdt‘%ﬂ?ﬁ{eﬁ%%ﬁwgﬁ%t&gm%%@{gﬁﬁ&@%ﬁ%%fsﬁAKT positive cells are dark
br own. [DO198] Fiehgdd€s SokysshBMSC roil ol thiis tvdediéetdnn gatiRbis dttea ndl tukiGE widvel s

from tunor teﬁiyes harvested frommce treated with conpound Il in
conpar i <€8WH ¥ARNEBIS: [0129] Figure 36F shows a chart of sIL6R |evels

measur 6[@1102 N ﬁretjﬁé‘é}f%%s%iﬂfbsé’opiéﬁn@é koW ERQ (ABhKOuRbilc Ry Adioteligver a
peri od of weéks of treatnent as determned by ELISA WO

2012/ 128890REHedSACL2/ 10286184 Y01 80inpFugllrfer 8 howishodntitretmbf forrnaidne LB or
INA-6 MM cel ls after treatnent with conpound | with varying anounts of
bort ezdM B CB); Legend: medium (N), conpound | 1.25 [iM('",. ), 2.5 [iM(

), or Fo921)i Mrik@ie 3303k aftag bkt shflfn SMAMS e dBRENabiMt EbSRAMRati oG HeVets of
phosphoryl ation of AKT in INA-6 cells treated for 6 hours with conpound I

and/ or as8s treatedhivigh compound L.
[0122] Figure 35 C shows a graph charting % cell growth of HuVECs as a function of the

increasing culture concentration of compound I.

[0123] Figure 35 D shows decreasing Akt and ERK expression of HuVEC cell lysates after
being cultured with compound I for 8§ hours.

[0124] Figure 36A charts the tumor volume in SCID mice with human MM xenografts treated
with 0, 10 mg/kg or 30 mg/kg of compound II as a function of time, showing strong In vivo
activity on the human xenograft tumor

[0125] Figure 36 B shows a photograph comparing the tumor from human MM xenografts on
a mouse treated with compound II for 12 days to a control mouse.

[0126] Figure 36C shows the survival rate of SCID mice with human MM xenografts treated
with 0, 10, and 30 mg/kg compound II over time.

[0127] Figure 36D shows images from immuno-histochemistric analysis of tumors harvested
from a mouse treated with compound II in comparison to the control; wherein CD31 and P-AKT
positive cells are dark brown.

[0128] Figure 36E shows immunoblots detecting PDK-1 and AKT levels from tumor tissues
harvested from mice treated with compound II in comparison to a control.

[0129] Figure 36F shows a chart of sIL6R levels measured in mice treated with 0, 10 mg/kg or
30 mg/kg of compound II over a period of 4 weeks of treatment as determined by ELISA.
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[0132] Figure 38 shows (A) PI3K isoformexpression in a panel of follicular
| ymphoma cell lines; (B) reduction in the expression of pAkt, Akt, pS6 and
S6 after woporursesino conpound |; and (C)lncrease i n PARPCaru$2¢ianpmse- 3

cl eavage after exposure to conmpound Tin a dose-dependent manner. [0133]
Figure 39 shows (A) anmounts of constitutive PI3K signaling in primary MCL
cel I's i[013(8" | PidGredMUEHow @ % 6nPiasied B or N -6rMILEd Is@Ret ekt wikpduction in
MCL cell lines containing a survival factor and varying anmounts of conpound
| . [013@}nppil@‘m@Ath(yam\araommﬁh@tew@w@r)abwnéxmt%awiv,rmg@ognd b bul ky

| ynphade i atie 1 CLL (A) before treatnent with conpound I
and (B;jl'%?@@i(%’ %33&?‘%‘85 %r%%WeQEP' with compound |. [0135] Figure 41 shows
that cqo$31]t UFigue B ineaksiidmuabbloheolipakig patRwWAYhesphvasath QT IAIET at INA-6
survival, and abnornmal trafficking of malignant B-cells in iNHL and CLL.
[0136] Fllytipaedtor SHomes with EWBOW%T?&FM%PH@CZﬁaFPent characteristics and

e  Sposi L . . : . . ,
non Hoduki A | Etoramo R PEAGHCIE bR oglh BRI E0 S I BRI oy o,
Fi gur e 1é3s;9Bywslvatidrainl the sxpramidnzafipgh kit vekts pS@tind $6 affidrierposuratostoughpunder e a
compound of fornula | was adm nistered in conbination wth bendanustine (B)
or ritRAdeYneRyseHB PR RS ‘i?%MEgeo%fteéEEPOSPE?i@@PmPP@Qﬂ bng%fions a

gr aphi cabesidiRLynepf the efficacy of adm nistering a conpound of formula
Tin conbination wth bendanustine (B) or rituximab (R) to patients with

i NHL or[083331]. Figasd}o fhogurd) 4Bositenscanstimbie PEksgnalmigrig prinary Mfoedls inat es

in patients with i NHL or _dpon, adm ni sterin co nd.of formula Tin
conb naBTBR HE LB PATRLET e ™ BFGRo (R M REBeRy T BLoT Ringa PRV Tehovis
a gr aphi @alivSUReBs dhdofaryiMFRMEEME 8f 6QHRSuRdIIN @ study where only a conpound
of formula | was adm nistered as a single agent tohggtlents with CLL.

[0141] [P13r eFiguresiothowan eprapitirdemogigpimpaxillaty impappiot hullky boupltadenapatiysnudy

where. 3 SOMROUAACRS. LORIN 2L SATHE DEALAMA L BPRRATSLIS B wit

rituxi mnrstere rents w
2012/ 12:bkkd 1.US2012/ 028654 [ 0142] Figure 48A shows the contour plots
depi cti B&CLL cell viability after treatnent with a conpound of fornula I,

bendaml813¥e, FigrretHeshowes thpt grsticwivsiagavrtioniod thedPlaK8 paovey daivey Bishiiadetiinet i ng
the mean r.el.ative viabilities L cells treated w a conpound of
f or mul & VY% 9 phpor agﬁr gérﬁlfél{% Onem%@élallt%'@,l > lgrlﬁ%ﬁ“ean\éylréﬁgl“'conbi nati on (nean

SEM  n=0)36][ Ofi4dle 42 Gotve a4SAe SiramErizing hagdht cidraGeridnis Yndfredtindi sppripnat i C
activiy in cells as a function of exposure to |enalidom de and varying
amount s @fstudydeypuasd0 frtigndy with andolent peurdiodekigyaghoron(ijik-) 20¢ B8l | nages

of imnﬁrﬁ*gh?éyti@%%gﬁli%@ﬁ)”g the effects of |enalidom de and/or a conpound
osphory

of for on p ation in CD 19+ cells.
[0137] Figure 43 shows a table summarizing the safety profile in a study where a compound

of formula I was administered in combination with bendamustine (B) or rituximab (R) to
patients with iNHL or CLL.

[0138] Figure 44 shows a graphical summary of the efficacy of administering a compound of
formula I in combination with bendamustine (B) or rituximab (R) to patients with iNHL or CLL.
[0139] Figure 45 shows a table summarizing the response rates in patients with iNHL or CLL
upon administering a compound of formula I in combination with bendamustine (B) or
rituximab (R).

[0140] Figure 46 shows a graphical summary of lymphocyte counts in a study where only a
compound of formula I was administered as a single agent to patients with CLL.

[0141] Figure 47 shows a graphical summary of lymphocyte counts in a study where a
compound of formula I in combination with bendamustine (B) or rituximab (R) was

administered to patients with CLL.
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[ 0145] Figures 49D and 49 E show i mages of inmmunobl ot assays show ng the
effects of transfected si RNA or nonsense si RNA on protein expression in CD
19+ cel | swo[204R@F51Fi gur e 50A show a graphi cal summary ofctrhis2@bhiesss4 of

| enal i dom de and/or a conpound of fornmula I on the surface expression of
CD40, CD86 in CD 19+ cells of CLL patients. [0147] Figure 50B shows a

gr aphi qal4gunp@i 43 e sehd esttofpléien tﬁi@ @IEE cBINHaBllit P a R QTRAHNEht Afith a
fornulgl 3 nlr:%NA ex]pressmn of C|§4 6, CD 154 ?nCD19+ cells of
CLL patqogrppgnd pOtpagyplap; @mdémssimesh@hs t‘ao grv@p ﬁp@hmeéu E@}rcy%ﬁ shaves egipplet of

B?Ealpg‘?cf%glcgng ﬂ[e%ﬁ%&]re]ﬁﬁg’ n?ﬁglg]glﬁs o%%‘ ce ls treat e \éllat g o ml%auncf' oqu frﬂl%-g Igf lel:ts 8]]:
| enal i qovn), end@ineistine alocmpwrmb @hg t:@ﬂhmlaaoﬁ (rﬁéhnljgsmpﬂa@ﬁt ration in CD 19+

cells of CLL patients. [0150] Wgur es 50E and 50F show a graphi cal summary
of the [814Hct Fighrel “rastiodor giepha /smmrrarxc@ﬁﬂémeltﬁymaaﬁm\ay in eedls@yeoki ne

exfgnc%so%l o? ex osurC[%oJIeI%ah(c\‘i mldcé atnti VQI'_L amoﬁan ! Sf aé%oms{éol d aaf gur g 511 shows a
tabl e sunmari z % all en ar act erl S an rea SpOSI 'on in a

study i[oysd]vi Blgufée 4pBtan@Abe snbmmhg&aifemt:nuﬁi@mol-mm sholvirphe ledts HHL) and
chroni c | ynphocytic | eukema (CLL). [0152] Figure 52 shows a table
sunmar | lgnahigormpds angfasmeoppernd ef formaladiondjiostherdationcarddidceds. formul a | was

adm ni d ).t O

pati entlrusl iR TP 45 YrhSpRERERrHaRRBIG bt bl P

t he ef ftrmaﬁeytedfslmmOnnsmsemernyRBIAo(mmnotmde;qfresfsmmnhlKmﬂ)lm:ensmbl nati on w t h
benda B) o rituximb (R) to nts.with i NHL. [0154] Figure 53B
shows ”iﬁiﬁ«ﬂ ighye ma %‘PaP]t“ﬁ%PT %ﬂ@%&&f/ﬁ@fe%%atrﬁfﬁfﬂ?tl@i? WdBApound of
for mil acoﬁiﬁauﬁ@momma% pthd thebeodagussdiar €5l Unsd hoH [RPcdRbr ko pati ent s
W th WO 2012/ 125510PCT/ US2012/ 028654 [0155] Figure 54 shows a table

sum"rarumtlmgsthe response rat es in patients with i NHL or CLL upon

adm ni Rre OLflr(])(\jvs% grap Nieat lsgmr-ll-llapy ofo‘cﬂbetql ct O?Penwléomlgg ng or's tine (B)
lﬁ

or rit
compound of formula I on mRNA expression of CD40, CD86, and CD154 in CD19+ cells of

CLL patients.

[0148] Figure S0C shows a graphical summary of the effect of lenalidomide and/or a
compound of formula I on the CD20 in CD19+ cells of CLL patients.

[0149] Figure 50D shows a graphical summary of the effect of lenalidomide and/or a
compound of formula I on IgM concentration in CD19+ cells of CLL patients.

[0150] Figures SO0E and 50F show a graphical summary of the effect of lenalidomide and/or a
compound of formula I on cytokine mRNA expression in CD19+ cells of CLL patients.

[0151] Figure 51 shows a table summarizing patient characteristics and treatment disposition
in a study involving 49 patients with indolent non-Hodgkin lymphoma (iNHL) and chronic
lymphocytic leukemia (CLL).

[0152] Figure 52 shows a table summarizing the safety profile in a study where a compound
of formula I was administered in combination with bendamustine (B) or rituximab (R) to
patients with iNHL or CLL.

[0153] Figure 5S3A shows a graphical summary of the efficacy of administering a compound
of formula I in combination with bendamustine (B) or rituximab (R) to patients with iNHL.
[0154] Figure 53B shows a graphical summary of the efficacy of administering a compound of

formula I in combination with bendamustine (B) or rituximab (R) to patients with CLL.
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[ 0156] Figure 55 shows a graphical sunmary of |ynphocyte counts in a study
where only a conpound of forrmula I was adm ni stered as a single agent to
pati ent s wOt2n1202E51p0157] Fi gure 56 shows a graphi cal sumomrs2@b/obssaphocyt e
counts in a study where a conpound of fornmula Tin conbination with
bendanustine (B) or rituximab (R) was admi nistered to patients with CLL.
[0158] JEISB] I eFigdR SR s alighle Qﬁ}hﬁuﬁziﬁg PHeSreSiRREC fakddAn Ghiier®ivith YWERIJridDL
after 48 hours follow ng treatnment with a conpound of fornula I,

bendamppon pmiristedeg apdmeounde deiiuiak vreomtonationevidy begdamustisiedBior Fi gure 57B
shows aiutl’;?'r a%i ﬁgr am depicting the nean relative viabilities of CLL cells
treated W tH é ‘onpound of formula I (5 1.1M, bendanustine (101. 1M,

fl udar 0156 (BiQuie sbMhowd @paaptidaasonafyldd 1%m§Mc,yteocrouhfsen drstglsy vmlﬂé)bmlfzd (mean
SEM n=9). [0159] Figure 58A shows a graph quantifying mtochondria

depol arGeawepphof ivagueldd i adpenigeodBeR spein 1agat rpagents Withihhk i nal

concent J10 N | r : | : i by FACS
(= PP oS athaghi A iy bt 8 RS e Y

show ngopgiotied of foimpladdo romainaticlepéh dentemstinB®)Ar riviedimbp (RndaBc1- XL.

Figure 58C is raph show Bl M depol ari zation in treatnent-nave patients
achi eviﬂ@lﬁsﬁﬁatgﬁtl?%%ﬁgwggg( PR) or conplete response (CR) by 2008 | W-CLL
criterigofTPALER 7 BRWGR éoﬁ%ﬁrtblcﬂﬁ Q%i%%@EL dig %ﬁ%ﬁit§ Rl AU durg or

W t hin six rmnghs of conpleting frontline L therapy (p=0.024). Figure 58D
i s a griapéwimigdwimeenBmwithcdepoimuing af foomulan, pertdass gnepilutaramnetdex adethGldue,

status =7)_co red, t atients with nutated | t at us =18) . ...
(poo. ocsae dreeimariag 1sbR TERBR S not MePrEseaisieds Rl silngatpoiliies

per cent3qq [0fe1 Nkl RREDIBGY il ARA B kdtu | 13 1Y Den@mRtihet 10D F QB Re-
[0160] Figures 59A and 59B show graphs depicting CLL cell adherence

quant i f(ledMydehalechasedd (101uMY, brraierdyugtcodbidmduneaathdEMhetf), respecti vel y
(one-tailed p=0.045 and 0.032, respectively). Figure 59C shows a_graph
depi ct i[ALBL LFigare S8 %b&WSiat%fa%%sq%gég%@ﬂs@OMHMe@OWW%mﬁi@@é@m%d CLL

cells i : urs,

arth 0 T LRl B O 0P GRRRGR Ain AP RELETL bR e

I espongrofiled be FACQS (nGCLBOC dlifwre S8Btsbows BHS proflepfiesethe iodivAIddr padiéntsor 24

hours with or wi thout StromaNKTert and with or w thout co$ound |.. Figure
t

h )
59E shoWeWHERERY dedomipan; depgngeneeiqn el Melf tand &gl 5k tiHguisssdhae  of
ABT- 26 i : i .t O gTa RV . i t .
2012/ 1558 bR DS b BHAATR O REi Rt pAlichls b Dl 1EATR MO PR
per centagemppoptesginse &SR )Mea 38V L IAmMexa ndhPired ar padehtsfvatir prpatesend

les,. Fi 60B shows. a. depi ct i toch ial d i zation i
ct r b st g B PARIT SETER N FoCBI B R T o B0 T cont rol 5
(one-t aijh@d 58505 Qéfla%}l-shg%gigrfﬁl\@ggbo‘}ﬁ%oﬁirglgﬁﬁﬁts%ﬂi EihhgedIGAShands i al

depol ari zation in stroma-exposed CLL cells treated with BAD BH3 peptide and
ABT- 737nwf xdengarsoampdtientwiéh nodated it Vi satootiel8) @=08Na61 diped S8E0s 046®@hand

ot hor w SRR on 0V RD St SRt Sm Aoy Sl BTl e s

or ternbaebogn). used herein are intended to have the neani ngs commonly
under st ood by those of skill in the art to which this inventiaon gertai ns.

I n sond 0ty es Figusesnd ApitchS U shesneippinérdiaing Sd-lnedhadhgeenee auanéified ey whekei n
for clayi f~ar r r - he i nclys) ch

ot i o vt MuGLR « A BAM 1ELELERRE Ml NBIIEI B0 IR
subst antspattivhly)f &igne 890 srowwhataph slepietieg ELLyell vitdiliy aodssessed be AmnexinMany
of the technigues and’“grocedures descri bed or referenced herein are well

under st Y84 OLRB-dedFbhIr celpFOGEE S InTge RBASAOr BRSNCHRh Hed gy ebiP tHos e
ski Il ed\dun LhG 44 trefieARAS PSiLRE $ thgi%fzgn‘ﬁd ¥ e Bamhefwgogef}ssg%ﬁ& Qfives

commercially avaiTable kits and reage are generally carried out In
accor ddnc€Lhicths cdhwddaintthe presehet ioh AdB 17 Bt foc @H hommdyidr orpeitteove SepmalNillests

ot herw se ngted.. [0163] The discussi of the general nethg i.ven herein
s nt engeh G E ST paRTd” S eaE T Ao B B R it el PO g
enbodi NRMSprddenbe BEABIPRY3AMEN bOWHRAR S t@hmalii Telt dnd WiktfodkithdtR@BmpeMidew of
this disclosure. [0164] A group of itens |inked with the conjunction "or"
shoul d not be read as requiring nutual exclusivity anmong that group, but
rat her should al so be read as "and/or" unless expressly stated ot herw se.
Al t hough itens, elenents, or conponentg9of the invention may be descri bed

or claimed in the singular, the plural is contenplated to be within the
scope thereof unless limtation to the singular is explicitly stated.



[0165] The invention provides nethods that relate to a novel therapeutic
strategy for the treatnent of cancer and inflanmatory di seases. In one
aspect, twerwviesiioon provides a nmethod of treating caneem/usnoia/ ostesi ect
conprising adm nistering to said subject a conpound of fornula A WO

2012/125510PCT/ US2012/ 028654 ~ Wherein Ris H halo, or Cl-C6 al kyl;
R is Gop16Kg akisMie 60N s@»@h%?ﬂ%@t@lﬂﬂwééﬂ p’er@&&%@?aﬁ@[%@sﬁ@é hehdigsmgf ; and
optional |y a pharnmaceutically acceptable excipient. [0166] In a particular

enmbodi remtexin¥4Pbfor gll fourgater sainglese Figyre 6Q piydwsox gipplogspictifeongaghongrial
particul ar, enbodi.ment. R Is ched to position 5 he qui nazolinyl
Ping, P RGERe WEP e reSefbae T R RPbicolibamndlnbar sl d SR, ctons

at t achgdnd-ailp@p=0.0049)6 Faduré BEC ghidwiaa Stabh Yk pitfiMgmitbeindgalt deomtikatidnune
[0169] The term ' conmpound’ used herein, unless otherwise.specified1 refers

to a coMeBurrrPeredilntells yratedyath B4 DLBHA Papila andodRrbodn avith congrouge T when

ti " N ; il o
| ARG Mool ol p- BB APANER Gyt o e L0171 The

onpoun e chem cal conpound
5-fl uoro- 3- phenyl - 2-[ 1- (9H puri n- 6-yl am no) - propy1] - 3H qui nazol i n- 4- one,
st r uct Wledssfof arnyirlgeOwt: the Invention

[0162] Unless otherwise defined, all terms of art, notations and other scientific terms or
terminology used herein are intended to have the meanings commonly understood by those of
skill in the art to which this invention pertains. In some cases, terms with commonly understood
meanings are defined herein for clarity and/or for ready reference, and the inclusion of such
definitions herein should not necessarily be construed to represent a substantial difference over
what is generally understood in the art. Many of the techniques and procedures described or
referenced herein are well understood and commonly employed using conventional
methodology by those skilled in the art. As appropriate, procedures involving the use of
commercially available kits and reagents are generally carried out in accordance with
manufacturer defined protocols and/or parameters unless otherwise noted.

[0163] The discussion of the general methods given herein is intended for illustrative purposes
only. Other alternative methods and embodiments will be apparent to those of skill in the art
upon review of this disclosure.

[0164] A group of items linked with the conjunction “or” should not be read as requiring
mutual exclusivity among that group, but rather should also be read as “and/or” unless expressly
stated otherwise. Although items, elements, or components of the invention may be described or
claimed in the singular, the plural is contemplated to be within the scope thereof unless
limitation to the singular is explicitly stated.

[0165] The invention provides methods that relate to a novel therapeutic strategy for the
treatment of cancer and inflammatory diseases. In one aspect, the invention provides a method
of treating cancer in a subject comprising administering to said subject a compound of

formula A
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WO 2012/ 125510PCT/ US2012/ 028654 H N N I NN H(I). [0171] The S-enanti omer

of conpound | is shown here, designated |I": HNNS-enantionmer) -1 NN [0172]
The "conpwondiofsfiormula 11" or "conpound I1" refers toPChasehemessad
conpound 2-

(1- (9H puri n-6-yl am no) et hyl ) - 6-f | uor o- 3- phenyl qui nazol i n- 4(3H) - one,

structure of formula I1: J::j
A N
= N)\rR
HN._N
LA
2N
N

Y-NH
wherein R is H, halo, or C1-C6 alkyl; R* is C1-C6 alkyl; or a pharmaceutically

(A)

acceptable salt thereof; and optionally a pharmaceutically acceptable excipient.
[0166] In a particular embodiment, halo is F; and R’ is methyl, ethyl or propyl.

[0167] In a particular embodiment, R is attached to position 5 of the quinazolinyl ring, having

R
C(RNO
NP R
HN | N\\I

Y-NH

the structure

[0168] In a particular embodiment, R is attached to position 6 of the quinazolinyl ring, having

“UEN@
NJ\rR
HNN
|
&j;fN

Y-NH

the structure

[0169] The term ‘compound’ used herein, unless otherwise specified, refers to a compound of
formula A, such as compound I, compound II, or an enantiomer, such as I’ or II”, or an
enantiomeric mixture.

[0170] The “compound of formula I’ or “compound I"” refers to the chemical compound
5-fluoro-3-phenyl-2-[1-(9H-purin-6-ylamino)-propyl]-3H-quinazolin-4-one, structure of

formula I:
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"-NH (I1). [0173] The S-enantiomer of conmpound Il is shown here, designated

[1": HNN(II", S-enantioner) f NN\=--NH[0174] In one enbodi nent, the
conpound wb 2bwired1ia A i s a conmpound of formula |I. | n aneChars2@zbestsaent ,

t he conpound of fornmula Ais a conpound of formula Il. In certain

enbodi nents, the conpound is a racemc mxture of R- and S-enantioners. In

us s a mxture of enantioners, and

ger sonme enbodi nents, the conpound
NSO enbodi nents, the conpound of
escrihed herein is at |least WO

b S-¥nanfioher. In certain enbodi nents, the

ceHaH1eMmmnEMS,thecmmompi
is often enriched with the S-enanti
is predomnantly the S-enantioge
formula A, used in the nethods
2012/ 125510PCT/ US2012/ 028654 809

conmpound is primarily conposed of the BQtioner, wherein the conpound
conprises at |east 66-95% or 85-99% of tlhe B-enantioner. In sone

enbodi nents the conmpound has an enanti Y excess (e.e.) of at |east 90%
or at least 95% of S-enantioner. In so eﬁnnts t he conpound has an
Senantionmeric excess (e.e.) of at |east Yoorat least 99% In certain

enbodi o1y, THfSeﬁmeMﬂﬁoﬁeaﬁp®ﬁﬁs1@Mmh&a&ﬁmgﬁ%g@£edhe S-enantioner. In

the cellular and patient experinents provided in the Exanple section, the

sanpl e of conmpound | used % S-enantionmer. [0175] In specific
ATRa

enbodi ments, the conpound g | or Il, used in the nmethods descri bed
herein is at |east 80% S- elap |o In certaln enbodi nents, the conpound
of formula | or Il is primarily c sed pf t he.S-enantioner, wherein the
conpound conprises at | east 66-9 SONABHOPH S—enantloner In sone
enbodi ments t he conmpound of formu |I II has an enantioneri c excess
(e.e.) of at |least 90% or at IeastN 9 %of S-enantioner. In sonme enbodi nents

t he compound of formula I or |1 has @ﬁ S-enantioneric excess (e.e.) of at

I east %ifmr Bhe f@aFoul®YE folMuRErt & ‘RoRFBOKH IMERifsrs té He cﬁ@rmumm]gxfunﬁm mul a
conprises at |east 95% of the S-enantioner. In the cellu and

pat i ent(lés%lrldmrmmnpn@@ﬁhdecﬁ {TroroHeplmoxlayinazelit £ 35h-onehsrusamp pefasmuladfpound
used was over 95% S-enanti oner. [0176 Q a particular enbodi nent, the
conpound sel ectively inhibits PI3K p 106 pared to other PI3K |soforns.

—~ N
N\
N-NH (D).

[0173] The S-enantiomer of compound II is shown here, designated II":

(IT°, S-enantiomer)

HN~_N
~
B
=N
N
YNH

[0174] In one embodiment, the compound of formula A is a compound of formulal. In
another embodiment, the compound of formula A is a compound of formula II. In certain
embodiments, the compound is a racemic mixture of R- and S-enantiomers. In certain
embodiments, the compound is used as a mixture of enantiomers, and is often enriched with the
S-enantiomer. In some embodiments, the compound is predominantly the S-enantiomer. In

some embodiments, the compound of formula A, used in the methods described herein is at least
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[0177] In a particular enbodi nent, the cancer is a hematol ogi cal malignancy
and/or solid tunor. In another particul ar enbodi nent, the hematol ogi cal

mal i gnancwoi2e1desden a or | ynphorma. [0178] I n sone enbo@Cwastel2/0ksssphoma i s
a mature (peripheral) B-cell neoplasm In specific enbodi nents, the mature
B-cell neoplasmis selected fromthe group consisting of B-cell chronic

| ynphoo §-chentkibraln cestiil dmbodiRaAE Yhd CorhpotRd ¥HrimBi§ebinpRscl offRhocyti ¢
| eukem a; Lynphopl asmacytic | ynphona; Marginal zone | ynphonm, such as

Spl eni ¢3- ﬁmngpmar, wheran Bhecaonipoppdrperopases 4 leastioptBds ory%ﬁr?&&cyﬁtég) Nodal

o T Rt e BEPSEE s B e BB b han AR S R EL, PRp e
Hairy omig ot au&sfmsa% oPlSaéillﬁﬂtld‘rﬁéﬂ [y &he smbpdiaenaalé esrapodndltak ewlar | ynphons,
follicle center; Mantle cell nghoma Diffuse large cell B-cell |ynphoma

(i ncl uNARIQVBRTICASESTI4E €1 &F g@e@le fol or|af lpapfcAPl - InrreFtaiesendipentarthe B- cel |
| ynmph f. tt
ol Cpatita R of by aB b N R omeith B cklib ind FRROIBE o ©
group qoosdsi inntge Bkampiletseqlon, mpehmph df MdMnpame hoed Mad gkenrd 53S0 Byampindomaer( NHL) ,

tl | foll | 2012/ 12 510PCT/ USs2012/ 028654
Irrggphgr{@ﬂi}\a M&%lﬁl&%@%&é’%k@umpﬁém %’30 feww‘%&ror% ggqd n them, élﬁas and
diff usedeg&nga h@feﬁei at 1&5@@%@ Rt Rfehor: m[&ik%ﬁ] enhBbdfnd e ttﬁgeéonsl@auhu%w ar

embodi ment, leukema is selected fromthe group consisting of acute
| ynp hocfytrmda Il euKempamaAlylgompmsed ef thy Steoiatidraerk whegin thwcpmpclmdcrmr@nses at

| ynmphocyti ¢, |.eukem ) nd snal | hoc ic | homa (SLL) . .Acu

| yhodkts B0 DSt B SoPE ot Shpi s T T bosfiosN L TS S Tray
be usedyiiMhAr@ERaARSeIMN BRBERI(Be.) BPhthezis@ 0% &S hitis ot YRRaffonfeNEflontdat

starts fromthe white blood cells, i nphocytes, in the bone marrow. [0181]

I n son@néﬁﬁm¢mﬁm§ommnnd—@fofgmwa§ oL Irmra@ms f(rmlﬁmm@m ¢xsessies. ) ohat shstt wo
cat egor % | ent H row ng
L S ML LA e Tl L

may be 13@&951%3111 the'S-eRaHtHdMeDr IEHE BelhBgked pﬁﬁamkpemﬁéntag@w&&ahwalel‘ﬂﬂam le
i ncludes B-cell neoplasns, diffuse |large B-cell |ynphoma, T/ NK cell
neopl asSﬁ%tlonaH&;ﬂa@@lq el qoaxp@én%memwét‘n%% PeiApHEPel T-cel | | ynphonas,

PRI e e e SR S G R ST R
( HTLV1+) other Pifd{ isofdNSs| yrrphoma mantl e cell |ynphoma, pol ynorphic

ost-tr | aptatign | o roliferative |sor r. (PTLD), AIDS-rel
yrphorl 74l W@P%@Yﬁ@ R bR G IR CERR BB ragBtac e most
common , ¥,ge Bfanégﬂf Eﬁ%bﬁ[l@r hbodiSett fhfe‘h%ﬁla{o%éﬁ@al &R n&ﬂ(:%@ﬁ:ﬁﬁemfa%w]

I ndol ent NHL is sl ow grow ng and does not display ObVI ous synptons for nost
pat i entlsmghernd. t he di sease has progressed to an advanced stage. Untreated

Son 1 1 a0 P o oo S S e PR SR TL Rl e BB Iy pgcific

|yﬁph0r%bo@[&ﬁﬁ1t@&lﬁe #afife B%@Hfﬂl@ adr8 UCRIeEedg¥Im e %a&hp é@{sﬁhﬂgbf BQRR | ynphoma
(al so call ed mucosa associ at ed nphoi d tissue - nphona), nodal

gl e roioeric ot biclsEnber: BynpiroapphepRiengemia
mact og aBUMC R TR gt Ml ERe ROROTROKbR. ol RSB S HRER TS

occur, dellgymphdaﬂa){#mzﬂlbﬂrﬂ_lyn@hp@gttesg,nmsddlrmargmﬂ\mhé Iyineplaggr @sshyechdid B 0 184]

I n sone enbodi nents, the jnventi on Pr ovi des net hods of treating a patient
with ag§hesandextrgnedymirgmsl zane Burgll Y[Hu)ilaaljaq ﬂl@@?ﬁea%%eiaii RERRROId tighme

t t ted
N A S e A s e LR L T e
cel | | yfopicenen(cDAahL)e ceﬂldbrﬂnphmha;rDitftjun@hmgmce@Hi):e;ll aoythenlay(mzheliyg i ¢ | eukem a
(ALL),

ﬁgclillgsecinal large B-cell lymphoma, Intravascular large B-cell lymphoma, and Primary effusion
lymphoma); and Burkitt's lymphoma/Burkitt's cell leukemia.
[0179] In some embodiments, lymphoma is selected from the group consisting of multiple

myeloma (MM) and non-Hodgkin’s lymphoma (NHL), mantle cell lymphoma (MCL), follicular

23



WO 2012/ 125510PCT/ US2012/ 028654 nyel oid | eukem a (AM.), chronic |ynphocytic
| eukem a (CLL), and snall |ynphocytic |ynphoma (SLL), nultiple nyel oma
(MM, andwoanmpmnsiiozone | ynphorma. [0186] I n sonme enbodi memtis012l0esenet hods
of the invention are adm nistered to patients with rel apsed or refractory
conditions. [0187] In another enbodi nent, the cancer is breast, lung, colon
or pros{@pRori@nWeldendtOhB S nabd gfobRBREMRUMAV) Sf’fEQ‘élmﬁgf)horﬁé"ﬁqcﬁﬁﬂﬁ% latg® B-
associated with abnormal PlI3K activity conpared to 3K activity in a

subj ectcellilymphamadMeBEL).[ 0189] In a particul ar embodi ment, the preferred
subj ectabsnir efractory to chengt herapy, treat nmen r-in relapse aft.er

tr ot rl1SU Cl SRE m e R ATRAR S oot SRRl i s a
de novmcp@tl'ymfihocyhe 1Q@EmiaV A IpaiduiehilyaloierblashiaeAML) o lnaph@9tipr i ses
reducing the [evel of PI3K6 activity in said patient. [0191] In a .

part i cupdenintfoldi-and smalhbynphereia lymphamg (i) Sebjed ¥pheqytigdquksim] s@se t hat

under g 1 | 3 i i stance
ot oar meR TR LR A o e e R B R B Sn S e

r el apseftherdferaagpoofycantel thpsedts feondtheemitite tdo@heedls lgmphbeygsann thabbent s do not
respond and others acquire resistance to bortezom b. In sone enbodi nents,
t he qui™3ZVYi none conpound descri bed herein synergistically augnents

ef fi caqy;$f alnks%ﬁ%rﬁﬁb%ﬁﬁ&%!tbl&l-ﬁg@gﬁin’s @m@%ﬁa‘%ﬂ?ﬂﬂ'ﬁﬂ%ﬂh&yon@b@t\?&Q”poundS
descri bed herein can augnent any of  the therapeutic agents descri bed

her ei n.categories, eggpecicf Nd Lemalblant AtHH,. Apgressovpdtihds faegomiiigeehdmeaelenad to
synergi sti.call u nt. proteasane inhibitors. In sone of the foregoing
erbod: e ent s st G REp e BFanet gk lhi HomERutd e otih ks |
some ofwddie ERiBMI! Hila2iRedt NN ficlddes BSdeh Replaiifs, [deShsetiant BL&INKApAaHeTe
inhibitors. In sonme of the foregoing enbodi nents, the subject is resistant
bor t ez obfNIK enll negplabing.gpplasticraigascld agna, ppiephesgoesids mphees, IPeturser ei n

o ‘ = ity W bei
LR R B S i P
i nhi bi tlylhehérez oxdur T-aelu tyesbHohagiptienyih AHTON 10§, pAlkhry ONSSigrphefbodhi®ided, the

net hods descri bed herein are used to overcone resistance to proteasone
i nhi bi tiyMPheBRtAeEROTPhIG POsinEANs 3B iAR haphoprliferaendisgeiPdiiles a net hod

to tre ' i esi st. L i n

t her ap%ltt?séﬁgﬁkecﬁ%&h{a 81%9{3(?6 %ﬁ?@lﬁﬁim@{eﬁnﬁ%ﬁgﬁﬁﬁgﬁ‘ﬁﬁﬁf@g lglih(t%h% gg%@?éﬁ stic
ef f ect sobmhaerype af cpmpeivadNIOE. i diffosd largd caldymophmnent | onal t herapi es nay be
attrib to the {lity of the conmpound of the invention to.induce tunor
cel | ngbRE; cgfinf NH lﬁékowp%rémg %ﬁgprdeﬁﬁ Ay PRSI PHE IS Msfer al - WO
2012/ 1273 Q0GTHiIURL Ak Q2865 o fels §ith @h lh@hreEd {hee. tTURRL S avAIRE hedses the

ability of conventional therapy to act upon and nore effectively neutralize
t he t urmith ingihlest {lhangy bhmeadveshingeann Nondineiding ex@hplep atclushttsllicilon 94]

Accor di;ngl t he thod ¢ ri ses adm ni steri i.n addition to a conpound
o °For gt Sl Bers A B b s P Py SrpeBr VS Bt Sl T east
one addhikMARiorehPipREHA [LscAQEBY nRBEHaQfss RidiAERAHRBI s OVRAUr Bnibeeied to
treat said cancer in said patient. "Therapeutlglg,agent " may refer to one or

mor e cdwgalunaiginaggongdgelh bnethematmenpedpiddeqge Ata).reienisemarggabpeier d or

experi h .1Jhe the I rise a
conbi nat'i éﬁ&rol% %n}%ﬁgﬁ% (s)lﬂéc C é%?%oﬁ%@gﬁ%%&ﬁgg}%g cﬁglfr?r%?]ﬁ rapy drug
conbi ng0183]s hr@nlel Gt dhigtotp dietraisformAtipahtay@dtdt e.kh)éridaia NHL fgefitntemyaybe

chosen depending on the type of disease being treated. Non-limting
exanpl €ONHHt LALZETEIVOAAIL-chenopt her apeutic treatnents for particul ar

hemat ol ng%aﬁ i SeARG MR HERS rtﬁ@ﬁ@eﬁtfbnﬁ{aﬁ%ﬁ%h&’@éﬁ tréaﬁﬂg %Eﬁ{iédt GHinar

enbodi the i nvention provides a o treat a topoi etic cancer
pat i entaggesgve NRIGhilingaltnteWtL. wi t h bortezom b and a conpound of fornula A

g;ngr i}i [bféSgu leﬁ]f slgi:ﬁe! elniboldirhenc‘zg, ﬂllel inlrént},g?leprroexlfigest nqgthggsng tpe%tcilng A pgtrif%\{ qu&lsa a
condition selected from the group consisting of mantle cell lymphoma (MCL), diffuse large B

cell lymphoma (DLBCL), follicular lymphoma (FL), acute lymphocytic leukemia (ALL), acute
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[0195] In a particular enbodi ment, said therapeutic agent is selected from
the followi ng group consisting of bortezom b (Velcade), carfilzomb
(PR-171) ,wBRei2551di sul firam |actacystin, PS-519, eponecyaiSaoi2epssionycin,
acl aci nonycin, CEP-1612, M3 132, CVT-63417, PS-341, vinyl sulfone
tripeptide inhibitors, ritonavir, PI-083, (+/-)-7-nmethylonurali de,

(-)-7- ffﬁ%é]éﬁh%ﬂkreﬁﬁé deMIp kSRS | yAgbhot {tidigheba (SLLHAQR@EMAII ¢§rcr¥[1%}ﬁicztic .
(Viagrac)), CC-5103, thalidom de, epratuzumab (hLL2- anti - 2 humani zed
ant i bodyl)lph@n@r@s[t)atﬂuﬁ}PléﬁWQl@mdMMi agd mpaiginalizqoe Jymphoxzaret hasone, DT PACE,
obl i mer apt i neopl.ast on A ant i,neopl aston AS2-1. .al entuzumab, beta
et hi 1000ty P EREINERI A s P RO R Ry SR Blnt e dm AR P WA G
doxor ubtlapsedhy defeldro cbildtiony. edni sone, predni sol one, cl adri bi ne,
vincristine sulfate, fludarabine, filgrastim nelphalan, reconbi nant

i nt er f dPb¥1al Iganoghgr ppbedipent. diesganegriihbreasfcluppretprrmressate §§icar-abi ne,

et oposi i i.pdi : I it t.body

W 1a, (PRSI AR A o Bancein Bk i SRR PERKC AT

busul f asmpayed! to PPIK haryitynetalvabjeepsaitieyut oyreephenol ate nofetil, therapeutic
al | ogenei ¢ | ynphocytes, YttriumyY 90 i brjtupomab tiuxetan, sifolinmnus,

tacr ol ﬂﬁl@",l c@rao%?{%ﬁ?rrﬁmm%%p ?P&é@rﬁ SREEL AR R PR HBEBR nant

i nterferQindtf&@in ?é?&;?s_% AKB! tredyh O VAR éiﬁ:mdﬁ?é% TheAAINAAN ethi @ik RubHen- 12,
reconmbi nant interleukin-11, Bcl-2 famly protein i nhibitor ABT-263,

deni | ewiebjectdis hitdetroxq pateméespi nyci n, everol i nus, pegfilgrastim vorinostat,

al voci di reconbi pant flt3.1igand, reconbi nant human .t hronb Letin,.

"y hoitPFRath cfv i e iRl BE g elEPIBS P F diede Vo BP BRI vy
am nocappiiatphg&itn, irinotecan hydrochl oride, caspofungin acetate,

cl of arabi ne, epoetin alfa, nelarabine, pentostatin, WO

2012/ 149890 PCY aszoadicrgesimenr e awectiing hympopdlitsitne ditartrate, W-1
anal og i de vaccihn - 134 .nept i de i.ne, etinde

abeni PSR! SRR P halindit b ekl E R REELE e S BB s | boay
CD20, as®gandd tbathiyneati B, exBinpRX aliiou@h ®ohy£bhab W@ HDleapiactddefot | de acet at e,
tosi tunonmab and i odi ne 1131 tositunomab, notexafin gadolinium arsenic

t ri oxi delapsedfiefragtonivbrelapsed 28g el vrlirgneseiMid - wale Rrsigntidppet gepondantd yz umab,
bryost gt L= yal i i I i tin,

| umi | | %fr‘f%%%“qé%g}r%s%%g tggﬁ?%o%golna%%ﬂ o aot%ﬁmrrﬁﬁrgﬁ?g @@%%glg%fﬁgﬁ%gh&

t her eofdesccorbihnsin omerdistichiby aygendntceféiganyt o admewnsbelapauticugemniin sonde

experi ment al theraegi es such_as .those .conbi nations a-@ | i sted above. [0196]
' someTHRguRT He teconaun hersapRast hecein gampugracn ARy gk e herapeyficaediiome

i nhi bi tRLerided HERE RTRGLIsPERMIS emb OB TR N 0 MPTRIds S8 MY RERLET | NG a
conpound with a proteasone inhibitor. Proteasone iInhibitors include natural
and symyhetistcalynppamedsproNasehé mhitiitogs. dranpk @f theffomgoingasdwdimerts, et or s

i ncl ude hort.ezom b, 1R) - 3-net.hyl - 1- (1(2S) - 3- phenyl - 2- .

[ Cpyr ast RSt S PRI A PR R D HR S ieP B ABTE Sy BEseomeeTRdipenuffsh | s
mar ket egbst is Y&kt e protealdmdnhitgin. UM spha o BieedidgbmloemtoairhédtZ @ fibject
(PR-171) and the oral anal og, PR-047, both of which are devel oped by

Pr ot eolip sesisfang bortyzeayb exenrplzeniily f Inpmeteaasplgethe samppersisslepaed deredt sul firam

| act acystin;... t i Q d c PS-51¢ i n,; in,
and acl oy s SO oL MAT Yoo SPRREE L Ron SBPPIRERS,
PS- 341;in voiy kmbudih@ne, theicpaipbla® disdubded theresn inhiliOtaielzormitPind 0&:3,
(+/-)-7-methyl omuralide; and (-)-7- nethylonuralide. In particular

enbodi rdRsRhoTYIpEoTCfnpblindn e3¢ einhedimentsi Qe aptiqds deeribad herebp g tPon wit h
bortezqum i 1 mr. i a i g t.he: nd of
For i e e Pk eas e T e Tl e So ey EERFBTE
ot her paotidesd aethedit@dearanubject that ic csppoundr lds deeelopddan tekistancaththerapdiced i n
conmbination wth bortezomb or carfilzomb. In particular enbodi nents, the
conpourfd®f formula A is administered in conbination with rituxinab or

of at umyppdn] | WHiRMSt _Pé}ﬁ% b&iﬂdaf{y tﬁéﬂ}9%€§ﬁ{e§gisﬁéﬁ&f&m% spéorﬁ;%uﬁH'o@ I is
adm nistered in conbination wi'th rituximb or ofatumumab. 1n other

parti cubanuledbadi cowmegionthiberapiep owpdeaftributeditt thelabilitg ohdiricompberdee the
conmbination with rituximab. or.qofatunmumab..[0197] 1n.so enbodi nent.s, .t he

t her apdY§ &8 f ftur&t rﬁ%kwogﬁ}zﬁﬁo%’d‘é%l)‘?“%%? F‘;f‘fﬁlafoﬁg rfg%mﬁ @S pgiipheral

al kyl ati ng agents include for instance Busul fan, nel phal an, chl oranbucil,

cl ycl ophospham de, nechl oret ham ne, urasustine, ifosfam de, carnustine,

| omusti ne, streptozocin, thiotepa, and pl ati num based chenot herapeutic
drugs, such acisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin,
triplatin tetranitrate. WO 2012/ 125510PCT/ US2012/ 028654 [0198] I n ot her
enbodi nents, any conpound of the invention nmay be conbined with one or nore
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[ 0200] Co-adm nistration includes adm nistration of unit dosages of the
conpounds of the invention before or after adm nistration of unit dosages
of one orwoupne/siier active therapeutic agents; for examplras2@admesssstrati on
of the compounds of the invention within seconds, mnutes, hours or days of
the adm nistration of one or nore other active therapeutic agents. For
exanpl &ircalatbh bf $e3EME cells HRINAN e ability6r doRvation@Nthe@py Reacdpdbikt @bed
first, followed within seconds, mnutes, hour or days by adm nistration of
a unit dissevady norwliae thegrmont Heip senergywkastticen deaensiiatedge fiLd. panenter nat i vel vy,
a unit of, .one o re pther therapeutic.agents. .can be adm ni stered
firer, PEPlonmeingl MRS ol Flmpr0p" ARG SuRIE TR R RS BRTGI, he

| nvent ifofinwh tAhio [Segie AN e Sherdfeltlé 81, cfROtivSarsurd ay 8t ledsh oBO AR GARE therdpbuti®@y be
desirable to adm nister a unit dose of a conpound of the invention first,

f ol | owe@entandy aghgsapauig Petcediya selegted & treat said cngr &Y saidypatigdtyi ‘ihetapgetion of
a unit e r i € Ukt S. cases,
"ty BenaERF (R fionR o Xk ARERRE L AR S 0t b e
t her apestindaerdagerpairhentsltchemotheoiygdru@af Tier theraparticagemfmayoeunsprise .ag. , 1-12

hours), by.adm nistration of a unit dose of a c ound of the invention. In
some c4SBRIMFUON ph{roBRReNE B s B ;ygwalac?\ﬁn%%%em@% comeBApIind of
the i nva@@fiéte@a—fq'}#fe%im. A ak@ued thaffelic 2o Rfh e%o%ﬂ%%)ié@eiﬂ% on tekdpd@ys) . by

adm ni stration of a uni't dose of one or noré other ac her apeutic

agent s.difenseolbeeg treserk sy on-timtayg dxangdssi of abheentiond ¢hemothempewicurdatmelts orof

one or nore other actiye therapeutic.agents firs foll owed, . af.ter peri od
o day s neiedsaic fEsase B ESckingd F AR S 1 pri e BELE BRIEEEL ffbund
of the jhyunedhipfiiddsh HaRBd &R h KBRS pbilRac arvkNBaticfOe BN ORBY phtohd] wigh
alternating WO 2012/125510PCT/ US2012/ 028654 admi nistration of conmpound and
t her apewriceoraihemd agpawonngef foprulefA segefoamulgdy §; I'neels), wherenpthehs. [ 0201]
The conpi I, 2F any. . pravi.de "synergy" and "synergistic effect”,
i.e. tgctén{e%g%aggﬁ péégvﬁ(?%\?esag%%lesﬁct%ﬁ%&acti ve ingredients used together is

gr eat er[0198n Inhepsticalafenitigiéfteaidthehptuticeieht S séleasd fishnge Folbvapgp@upds
separately. ‘A%ynergi stic effect may be attai ned when the active

i ngr edi“eRtisting of:boptezoraih-(Vslcads dt @alizaaitdii-hi Bt BREY 7 ofisgErany.dacterystin, PS-
sinmult 0 i i ned g 1 QR i\8r o ted i or
T par ol PelPagm B AR C e A A R A, MR e G T L P aA e
del i versatfonatrgpeptédenahibaorst tinayy, P1d8Sy@és) ¢i-stihgloaidralide, (Y -hethglotrairaleld, when

t he conpounds are. adm ni stered or_deliyered guentially, e.g., i par at e
tabl et s BB @%{s’l?ﬂ efrawVaqg?%réﬁfS%%ﬁj ek oume; Ry Lez!

Syri ng%xi-@ﬁzﬂﬁﬁkﬁéﬁked aﬁ‘ft'i'bb&'%, Qh{v‘%tgﬁ{,'eﬁﬂa&aﬁlﬁh?@{mﬁ)ﬁﬂ-1 8&LanYeeh a‘é&?@,‘ge of
each active ingredient i1s admnistered sequentially, 1.e. serially. [0202]

| n one IAEPAEIE, Obhmeisnw,@mtihmplqsthHéanénqmlmmoébiﬁ—ilo?eld:rhmémpabihetaﬁiethine,
conprisin o ound of Farnula J: . H [ NN " - NH(I .. or a

phay rmcahePRaspRRE i Bip PebiRerEdt: ot Neofo B bismebisiar mmceut i cal Iy
accept aRdeocBloride] @Bdnisdne, Q@@ni@&@@é@l lcrRAbine! NBCICRINB QSlFdte Fhdafbaie! fih@eémM t h
the S-enantioner. [0203] 1n another aspect, the invention provides a

phar made¢lphala. rew nt jngerferomplis. spimusine chipdaimd cysohepphginydg, cytarabine,  or a
phar maceut i cal P . sal eof | east _ph hcally
accept a? e SIgdg’c%ﬂ%l g%% 1&? cfoilggaﬁlg%@n%lgg}%n@nf f,l lglﬁgg%%%%%sl Oidg(éﬁllﬁsﬂéﬁ{tﬁ%ﬁg%bg\ﬁ th

t he S- ananinizdepranfZ2@8] antinthgmec@s gRbulin tbisulifay endlogporipe,andtiesexatayet hod of
treating nmultiple myeloma (MM in a patient conprising adm nistering a
conbi ndbYERhgl¢e avngiduharapsuticofivgsasioal yamhogyies ddirtunp mal0 ibritumomab

tiuxetan, sirolimus, tacrolimus, carboplatin, thiotepa, paclitaxel, aldesleukin, recombinant
interferon alfa, docetaxel, ifosfamide, mesna, recombinant interleukin-12, recombinant
interleukin-11, Bcl-2 family protein inhibitor ABT-263, denileukin diftitox, tanespimycin,
everolimus, pegfilgrastim, vorinostat, alvocidib, recombinant f1t3 ligand, recombinant human
thrombopoietin, lymphokine-activated killer cells, amifostine trihydrate, aminocamptothecin,

irinotecan hydrochloride, caspofungin acetate, clofarabine, epoetin alfa, nelarabine, pentostatin,
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WO 2012/ 125510PCT/ US2012/ 028654 t herapeutic agent. In some enbodi nents,
formula Ais compound | or Il. In specific enbodinents, fornula Ais
conpound wWb0.20im26d81her enbodi ments, fornula A i s conpoun®cCiriuS20izm2sesne of

t he foregoing enbodi nents the additional therapeutic agent is a proteasone
inhibitor. In specific enbodi nents the additional therapeutic agent is

bor t ezagiRambdiind VERSEIbIne@i@ARAI WENt analddeepBENCLCRE, WTEtADRABERtiEP! €
nyeloma in a patient conprises adm nistering cor‘rl?ound |" with bortezom b.

In a speesing.derabioide.rssiepilente onaliphytl, ofonpeleaaliangbaedyl €10 p¥.enonpslonakantihody

pati ent rises m ni.stering conpaund. 11" wth.bortezomb. 1n sone of
Do T ool Es AT WA SRR dde, HikeBudO LA M P 0L

at | easbdin®va31 sBanemab, hhexifir £delinigne aBesit mesdide, tﬁﬁmnd " or Il" has
an enantioneric excess of at least 70% In sone of the foregoing
embodi r#RIggous hrpan femer-desived HSPRESIG yeliwramabobiypptatie kcwdisCBEO atonpelastl 80%

In so : i.Ag i S : Hanh

enant :rgdrrrlgplo%&ggfclzlgg S o* ﬂé &:{'{E&gﬁn’@@ﬁ%ﬁ X‘lnﬁa%é glneﬁg?lh?’h[gﬁt% g IrD e4 8 (’)?Ifldg@fg%lé? ar?é nts,
conpoung alcombinakibh theasofa it oatbaumition e eCapetie sgenof aratisdddastrr&G%ndl n sone of

t he fore%oi_n en‘ﬂodi ment ?1 conmpound. 1" or II."tﬁgag an enantioneric excess of
at | eastPYBYEIPHNEGRIES §1cht a3 dnGsE CaFEIMY - BB IPIEAPSYS conpound | or 1" has
an enarp{syTer inGsofe@tddherft, tlll@ﬁiéfap&?c%" ag[th_ZiQ ﬁleféﬂablg a&ﬁ&ﬁeh%@i&hﬁ%ﬁ djyment
a conbination of therapeutic agents Is admnistered with a conpound of

For nul asome enthedenents aliedmetbntls erantpron aidsimsgkeeg @ dorhpamdtwigh gpetgasemasi st i ng
of a) hendanustine: b). rituxi.mb; c¢) bendanusti.ne and r,jtuxi b.. d
of ar i ABROL o @S il inhiblyB i vas Shual S HHELF FafPSuls NSaTENPE) ¢ e
CONMPOUNGainpled $€ frotdhsGAT RO heWde %pﬁeidﬂﬂb?(ﬁﬁ@kt)jﬁm%s}%lﬁqP(QS)—31plheﬁ1y1—2—

e

particul ar enbodi nent, the therapeutic procedure is selected fromthe group

consi stlimgazon-2pdedrpdreiaming]piogangyélandapbutyl hagpicaridt wbish iamadictrgags
hemat opoL£t | @ St I | tati S e
o o SHEM RS SNl ARRELARLLON R PRI DRI

t her apyboth ot whichagtydeveloped B P@teolixNrds iGrRerGxambRR0E pHdtdasome Nehikiedis Bidlude
ablation with stemcell support, in vitro-treated peripheral blood stem
cel |t rAndidagh dagtacyrin: SHheHcamMroypds BIch 38 PErdAspRoasmE N ofPOXPvYERo¥ Iz y e

techni %%%Sbgﬁwg%@%gm%ﬁ%&g rYickhée Eﬂ%lﬂ%_@?%z ol ik laey P?iﬁﬁ! viaHdy.

| ow LE mma ray therapy, bleonycin, ¢onventional “sufgery,

r adi at isatifohdretpapyde inhibitodos ®nanieRit(88r &y - andthytomyrelideabhdt-)\7e al | ogenei ¢

et Oy lomutade, B paritlIar o mEnts e compornd of forla A 1S adminstered i o0
combination with bortezomib or carfilzomib. In more particular embodiments, the compound of
formula I is administered in combination with bortezomib or carfilzomib. In other particular
embodiments, the compound of formula II is administered in combination with bortezomib or
carfilzomib. In particular embodiments, the compound of formula A is administered in
combination with rituximab or ofatumumab. In more particular embodiments, the compound of
formula I is administered in combination with rituximab or ofatumumab. In other particular
embodiments, the compound of formula II is administered in combination with rituximab or
ofatumumab.
[0197] In some embodiments, the therapeutic agent is an alkylating agent. Non-limiting
examples of alkylating agents include for instance Busulfan, melphalan, chlorambucil,
clyclophosphamide, mechlorethamine, uramustine, ifostamide, carmustine, lomustine,

streptozocin, thiotepa, and platinum based chemotherapeutic drugs, such acisplatin, carboplatin,

nedaplatin, oxaliplatin, satraplatin, triplatin tetranitrate.
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[0207] In a particular enbodi nent, the nethod further conprises obtaining a
bi ol ogi cal sanple fromsaid patient; and anal yzing said biol ogical sanple
wi th an awel2gtaiesdiopr ocedure sel ected fromthe group comsiratseag/oesesbl ood
chem stry anal ysis, chronosomal translocation analysis, needl e biopsy,
fluorescence in situ hybridization, |aboratory biomarker analysis,

| mmuno V[DEQ%C hendRdreyntobahdttd) AnTBSAPSund IfaMe By ERBRLHYy B cAntiRsIRLLOBY
t hereof. [0208] For nomencl ature purposes, the quinazolinyl and purinyl
conponeners ogfer ppfevectberppaniid agerts Audrbeifasy dewaeo faimig yrmdanepup or kGIURNiN|

purt .nec)’%mq 8 1ZoO|t|o N%a ier[ p’%l%eg«lon'&)sma iso%dth hrgr e{ngx bteg m& %srtr?eggls lé)ﬁn’tl)ul alnfr:]ocuI !'(I)ges
strai ght-chain, P AAHEY: EXaT A AR Sy T MooV AT ent > Ry arde sy y} radical s,
and corniatibloRgin®h. m&aadnﬁm&@&d@@?xeaﬁmu@ heycomtandion ndiee Adneiftistsi&l in
unsubstituted. Exanples include nethyl, ethyl, isobutyl, cyclohexyl,

cycl opeheyar 814G RAmikdratines. | j ke. The total nunber of carbon atoms in each

such gr[ﬁi'@gi S ns&l%%t;ﬂ%ﬁﬁn&?,sc%[icﬁ:%ﬂisﬁﬁtﬁ&l &Fa (?Uél%)dllﬂ?’%ggl GRGn36R éﬁth‘é@g Jfontain
up to ten carbon atons It can be represented ‘as 1- or as - or
Cl- 10. rh&2bier ataleaherapauticagenth geeirally defees twokdmuftdneonoor ehb@aitial br ono and
' odo. lﬂdlr{l?rﬁigtr%{]o% chlell C%EHCI))O%II‘I ofo tfhte ?r?veg{igr]; SIM gr% or more other active therapeutic agents,
such that therapeutically effective amounts of the compound of the invention and one or more
other active therapeutic agents are both present in the body of the patient. In an alternative
embodiment, the compound and therapeutic agent(s) are not necessarily both present in the body
of the patient but the particular dosing schedule the compound and therapeutic agents results in
synergistic effects.
[0200] Co-administration includes administration of unit dosages of the compounds of the
invention before or after administration of unit dosages of one or more other active therapeutic
agents; for example, administration of the compounds of the invention within seconds, minutes,
hours or days of the administration of one or more other active therapeutic agents. For example,
a unit dose of a compound of the invention can be administered first, followed within seconds,
minutes, hour or days by administration of a unit dose of one or more other active therapeutic
agents. Alternatively, a unit dose of one or more other therapeutic agents can be administered
first, followed by administration of a unit dose of a compound of the invention within seconds,
minutes, hours or days. In some cases, it may be desirable to administer a unit dose of a
compound of the invention first, followed, after a period of hours (e.g., 1-12 hours), by
administration of a unit dose of one or more other active therapeutic agents. In other cases, it
may be desirable to administer a unit dose of one or more other active therapeutic agents first,
followed, after a period of hours (e.g., 1-12 hours), by administration of a unit dose of a
compound of the invention. In some cases, it may be desirable to administer a unit dose of a
compound of the invention first, followed, after a period of days (e.g., 1-12 days), by
administration of a unit dose of one or more other active therapeutic agents. In other cases, it
may be desirable to administer a unit dose of one or more other active therapeutic agents first,

followed, after a period of days (e.g., 1-12 days), by administration of a unit dose of a compound

of the invention. In some embodiments the dosing regimen may involve alternating

28



[0211] The term "selective PI3K6 inhibitor"” or "selective PI3KI3
inhibitor", etc., as used herein, refers to a conpound that inhibits the
Pl 3K6 or WO2Ki2Bi2sm0zyne, respectively, nore effectivel ypPchams2ab/obssast one
ot her isozynmes of the PI3K fam|ly. The selective inhibitor may al so be
active agai nst other isozynmes of PI3K, but requires higher concentrations
t o achiRQuenikigichaTRoHPEHREaRe theraPéltictao®it Rbr & P&iRL TeEvdrBI0zY IBSecks, ! ect i ve”
can al so be used to describe a compound that Inhibits a pafticul ar
P13- ki mag®hsrore so than a conparable conpound A "sel ective PI3K6
i nhi bit compoun ers ctive. 3K6
compourt iR on By g a5, R phuRy VB Ey g Sk B ot Mecyy
wor t manihieved whafP@é@o@ve ﬁgfwwﬁ‘tst@ed ldgeth‘épi’stglﬂ@dml tRarethe shMZﬂMfeafs&hﬁee med
"nonsel ective PI3K inhibitors.” In certain enbodi nents, conpounds of any
type tHawlsdosEpsineihy caaparidserparpeli IAa%YQCIFgFSfBIRG‘fféS‘(tﬁﬂ@sE‘? Yiind whanithe ty can
be use V. PI i,0Nn.
l\/breovglrcﬁ§e (%%%%%ﬁe 12§§ﬂ?§§%9% %%ﬁ%f 3%??% ;ﬁﬁg%g?%beFénégéﬁﬁate Pl 3K6
expr essioatbigd famhulwtidry (2ndtlivaat by atts@asoneciapaealblbasplpsrardoagatals; or (3)

properties can be used selectrve Pl 3K6 inhibitors in the_ thera eutrc
et hod PYGP e (R RN O Pewnpe RiGtAd B AGBIUINGTIPY- 3 DEGFEIStictehiegePrhEe Wo
2012/ 125310k gﬂeﬁj ﬁ@éﬁre B&ﬁiﬂllggﬂeﬁ 3r HAfRid ée@ﬁ‘eﬂﬂah? @%Cfﬂr@ﬁé%% tQJleth he

i nvention provides a novel approach for the treatnent of henatol ogical
nal|gnanﬁs@Smpsdausebydﬁ&nmeuhadwnmhlhpm@&nensgwihtgwenéugmmgmhgmae@ultrng
in direct destr tron e dition, without bein ound
by ¢ hedByaty, phsHaRFRoRHA DRerbiie grasett s RERBTTS stiiitay. S oRgnE ni h
are cryeped] fBrodeWlpict, 6B InvBRENGoviaty ¥ p¥ahadhdicAr@hipbsikish cOmprifiga2] In an
alternative enbodi nent, conpounds of any type that selectrvely negatively
regulaK@HEPBKQQfE%pnéskron or activity can be used as selective PI3KI3
inhibitors in the nethods of the inventign. Mreover, conpounds of any type
that selectively negatively regujat@ Pl expression or activity and that
possess accept abl e phar macol ogiea es can be used as selective

PI3KI3 inhibitors in the thera ic_ thods of the invention. [0213]
"Treating" as used herein refer ONT R ing a disorder, i.e., arresting
its devel opnment; relieving the disordeyy |Ne causing its regression; or
aneliorating the disorder, i.e., reducing|the severity of at |east one of
the synptons associated with the disorde/sdhM sone enbodi nents, "treating"

refers to preventing a disorder fronrod&gr ing in an animal that can be
predi sposed to the disorder, but has not jﬁi bdkn di agnosed as having it.
"D sorder” 'o% a' aﬁﬂ&%&léaﬂ %e&e@r%@ésurrﬁ@lreeﬁhnmﬁers@sﬁé haHin3&A%eSy

condi ti ons, dr ones, 5 't ke, W thou |n1tat|% [0214] "I n anot her
aspect ,actd:peahlmmempwmnln cmcl anttesliraentethh odrnpomtusrursr@neslmdngrt}athb@n@tamnmeﬁ
basophi nd/ or st cells,. and there enabling.treatnment of diseases or
o sor a2 alooli b in BEioh DB arbae IR Gt ERLBRIR T oD ot
cel | achimpolid offesfiuti Ng to the nethod, a compound of the invention can be
used that selectively inhibits the expressron or activity of
phosphatidyl i nositol 3-kinase deltacg(P n) in the basophils and/or mast
cells. Preferably, the method_enpl oys g K6 i nhi bitor in an anount
sufficient to inhibit stinulat @ sta@m ne rel ease by the basophils and/or
mast cells. Accordingly, the u onpounds and ot her Pl 3K6
selective inhibitors can be of valu |n treatrnngrseases characteri zed by
hi stam ne release, i.e., allergic di sof'l} ‘jrncludrng di sorders such as
chroni c obstructive pul nonary di sease ( ast hma, ARDS, enphysema, and
rel ated di sorders. [0215] The nethod can h e utility in treating subjects
who are or can be subject to reperfusron\fmﬁury, [.e., injury resulting
fromsituations in which a tissue or organ experiences a period of ischem a
fol | owed by ¥ & ﬁrn&%qewaﬂrrrécqpéab.lﬁ saltdheraph and pideast gng Pharpagqutisally ti ssue
anem a Cct T

i schem gyﬁ)o tﬁo% I;I} rﬂegg? ?&2?&3@&6 gﬂregégt roiglglltz) Pgsr %@Chgi{s?]&ﬂtt %““ érg %H%{etﬁﬁe(r)phr I
act i vat[D20d]anbh dneansart, ghcamVemndnrproughs i hletlmdebrﬁhhaingtmulmibletmeelbrhlaQMM)emSaeI S
in the affected area. Accunulatro érvated a E%ro ils in t esults
in gendPUEMERMHISINEASMIVECHRS §spm ’é‘P}b‘P F EEIPAE O aB%ﬁB&

the WD 2012/ 125510PCT/ US2012/ 028654 i nvol ved tissue or organ. Thrs
phenomenon of "reperfusion injury” is egommonly associated with conditions
such as vascul ar stroke (including global and focal ischem a), henorrhagic
shock, myocardial ischemia or infarction, organ transplantation, and
cerebral vasospasm To illustrate, reperfusion injury occurs at the
ternlnatron of cardrac bypass procedures or durrng cardrac arrest mhen t he

T . T 1 o v




[0218] Cenetic ablation of pl106 affects nyeloid and B cell signaling,
which is inportant for oncogenesis. In particular, tyrosine kinase

si gnal i ngyvodewei2esainent , proliferation and survival are PODUS2012/028654

2012/ 125510PCT/ US2012/ 028654 affected in nyeloid cells. B cell function is
nost affected and includes proliferation, differentiation, apoptosis, and
r esponsBerhfeuBc @8édt. T Eothey @hbddmeRts SfotBER A (L4thpoukd for BheMRiecRS) . Thus,
the invention includes nmethods of treating disease states in which one or
nmor e ofembpdgaeniyddwiwa And cempeynd ¥ uhe pthohembedmaptndonatlady ispedwornd bl e,
[0219] ;A _pan 3K 1 nhibitor .that tar .S a nol.ecul ar level pl 10a. pnop,
baz06. ‘81830 T EotsRRld cuitopm o, BRAE np Ry € SBorRis i e Bl Iolic?

ti ssuedn sghefipehbsdimehtschd aide@nal Meiapaidticorpehinig budesmntBNGes sprdtficc! i ni cal
adverse events include hyperinsulinema in cancer patients. The advantage
of a prigedyasiche methadrifsiepthng MMltile Mmaplgerdn @ PRlieNt sRAPESTSHGMINFCEAZRL i on
and ca 'Sy, I L alk: indi i Lncl .cancer,
T heurater ol ittt EoRih ah bl GinbBERhy B ERbd B R ERTTL el
t ol er atragslomanth s paenetdreptss hdmihwier donspound Eiivaitialb @ teavmitd €ld. sohie ws then one
aspect the jnvention provides a nethod to treat patients_having insulin
resi st dREEOINGCIBpFImtycapaewd | foesﬁlhgﬂaﬁe% PRAanfiREGHE £ g st 3%0{0' t hrra,

al | er gi @ge FRToroi Ji'l%od%&gh,tc'og@%uﬂd 2a3ab! 181 Wh ERadiieh L RTROUDAE Qb sk NE

i nvention. For patients needing such treatnent who have excessive insulin
condi t i®fs lrsotrerddinciosegointgramiysimpontndompound E ormVemsiapenantenpaictaxceds af | y
advant ageous e an- Pl 3K.inhibitors, In certain,enbodi nents, a.conmpound
of 't or durasrseRy. o SR B s ebhimeR St Ael THo: Apencna iR 1o t o
treati %eé@@hﬁb%@@%ﬁh@%@@ﬁ_tlﬁ%i@gbiﬁ%léhb@éﬂﬂrﬁsﬁme@&ﬁ&lCIt’loNI”lhia§b.l1|1l n
signaling. [0220] In one enbodinment, the invention relates to nethods of

i nhi bi tanARi@NGK xeavE! at lag Mol dn semis od irednregoingenbedanglity somgpundel ardl”

met hod f inhibiti.n I p . [ i t.S,
A L T R
par ti cut ar I’ caspoem@tiomefi©exackaofl at k99, t he nmet hod show little activity
agai nst_over 300 protein kinases including those summarized in Table 3 of
Exanpl d03@3] | In apartichlar comndinehing Sombinaionerfi{berapraisic pRYEY ISHEFBRISCPESViiba or

m ni mal ! I ] o ' : r: ' t rods
conpr 1 < RER BEHAREIA R S RER s Rl A S RTRREE b ulFE

enbodi nent s,a)t he eetddmouktidescri bed herein is useful in targeting cells

medi at i ng Akt phosphoryl ati on, because the conpounds of Formula A inhibit
Akt phosphor IatiYHH’.“"‘@ﬁitabl e patients for treatnment with the conpounds of
the inventiqQy camehfisudfe 384 RGIEHab;i N one enbodi nent, by selecting a
patient exhibiting el evated Akt phosphoryl ation associated with a

hemat opoi et idd candgpmgowh; @sl | ynphoma, | eukenmia or nultiple nyel oma. [0222]
The net hods herein :iwoi d . off-target liabilities and are characterized by
negative resilts PHIRENG or gram screens, having no hERG i nhibition and no
si gni f i[o20¥] Prhdofteldaliv®binbodimehB288lcoMpetitess wdeiariofdenibn it d th¥Rpitice

met hod is the absence of adverse cardiovascular, respiratory, or central
ner vousPraspdieemIp pfpericylag smbedivrest. the Garapeuticaire¢adupshia selaeied 5@ the geivgs. WD
2012/ 1 0P . L - - t,0X] Cl t Iin rats
and doge demina T AP B R e s S it o ATy PR i oL

obser vahinsplastugs:s aueidg@at bbemahrrow rradspldmdddon] bittbods thidigpyhb@ih@séal therapy,
experinmental dose of a chem cal _at which there is no statistically or

bi ol ogi®aYMg indiikjtar thesamt tqtadody dsadigfiony wriuaeit9f Bem selse Ppigmafroy ablation

t oxi col pal f i rj . ol .
Adver se o fem o R e HE A e AU b AREREE L et

i mpai r méodd @adplantapat, ionogiocadynleaschomguel mamunehistadHeedtryt i@npgmhaheodnce of

t he whol e organi sm or, that duc n organisms ahility to respond to an
hddi 1 R ety (994 T Fobiiai e iyl R Lo et OBt ¢ i bed
herein sﬁPgrekﬁ%diat'icﬁfth% y,I Hi{gﬁ%g@ﬂ%ﬁftMapJ Q{dq{dﬂﬁlylemﬁﬁ%’ beseh&E0 the
circulation. This |ynmphocyte redistributi'on has the potential benefit of

pl aci ndentatoperdticgteancelGransplehtagon.nt o a | ess protect ed envi ronnent out si de
of the |ynph nodes. In certain enbodi nents, the coadm nistration of

chenot herapy and/ or i nmunotherapy with an agent |ike a conpound of formula
A enhances the killing of CLL cells while sinmultaneously reducing

| ynphocytosis. [0225] In another enboddgent, the inventive nethods are
non-genotoxic in a standard battery of tests.



[ 0226] Anot her advantage of the invention is that conmpound selectivity for
one or two PI3BK isoforns results in an inproved safety profile over
conpoundswbavingsjaan- Pl 3K i nhi bition. In yet another advamtusga2/oessapound |
has a favorabl e pharnmacokinetic profile with good target coverage, and no
adverse effects on glucose or insulin levels, and is well tolerated at
doses ghovA Cmfﬁm{iwlﬂse%@bddﬂﬁérﬁpﬁéTn_ie%délofﬁﬁﬁex’%()nﬂf?fsé@ébtﬁlﬁﬁ'gtaVB{ol\é?iculnt eers.
Anot her advantage of the invention includes the ability to treat a w de
range chmplnaemisaidipetientndild apabrauigesiddyolggivehsample with by ansigtieak argseéweher ei n.
92271 BT P STERCLTE0} e ohal B DALR Pl B Ana petlgieet
henat ol @giysia] nd¥Blei GHRFCHuortstesdRan st &yaidiedioneAbssatdri Bioneimedrahggkic al

mal i gnancy is selected fromthe group consisting of acute |ynphocytic

| eukenilEnfyREhistochemisy péting @CF}@gk@W&Y@mI)YPY@WPBWFf@UW Myt i ¢ | eukeni a

(CLL), [ el - ' Mﬂ;tglp N
enbodi r#eﬂ%'(%gg pi[:(ﬁe non%&é%%?%ﬁgﬁ%a?@q@&@c{) e ?%é%@gﬁfé%%coﬂ@?gti ng
of | ar gee durhbarséad&doedhglyl ynphoma (LDBCL), mantle cell |ynmphoma (ML),

Wal denstrom s macrogl obul i nema (WY and | ynphopl asmacytic | ynphonma. [0228]
PI3K is inplicated in nany Hematpl ogi cal nalignanci gs and preclinical proof
of concept relating to treﬂ Nwi t h compound | ;h bae 2establ i shed. The
tabl e bel ow WO 2012/ 125510PCH_UB2612/ 028654 sumim

hemat ol ogi cal malignanci e aNd thhe nethod of actieoixe primary patient
cell or disease cellp}hpe. |adi cdti onEf f.gatsoipfe compounds of formula A

Chroni c Lynphocytic Leukem a (CLL) Acute Myel ogenous Leukem a (AM.) Acute
Lynmphod{209 LAsikeadi hergimithy teNon-abiotkichidss byarphterhaim, biEE)ed(Main ardlBclic FL)

Multi pln?onl\é(lgie%pﬁyd(rwbyl radicals, and combinations of these, which contain only C and H when

they are unsubstituted. Examples include methyl, ethyl, isobutyl, cyclohexyl, cyclopentylethyl,
and the like. The total number of carbon atoms in each such group is sometimes described
herein, e.g., when the group can contain up to ten carbon atoms it can be represented as 1-10C or
as C1-C10 or CI1-10.

[0210] “Halo”, as used herein, includes fluoro, chloro, bromo and iodo. Fluoro and chloro are
often preferred.

[0211] The term “selective PI3K4 inhibitor” or “selective PI3K inhibitor”, etc., as used
herein, refers to a compound that inhibits the PI3Kd or PI3Kf3 isozyme, respectively, more
effectively than at least one other isozymes of the PI3K family. The selective inhibitor may also
be active against other isozymes of PI3K, but requires higher concentrations to achieve the same
degree of inhibition of the other isozymes. “Selective” can also be used to describe a compound
that inhibits a particular PI3-kinase more so than a comparable compound. A “selective PI3Kd
inhibitor” compound is understood to be more selective for PI3Kd than compounds
conventionally and generically designated PI3K inhibitors, e.g., wortmannin or L.Y294002.
Concomitantly, wortmannin and L.Y294002 are deemed “nonselective PI3K inhibitors.” In
certain embodiments, compounds of any type that selectively negatively regulate PI3Kd
expression or activity can be used as selective PI3K9 inhibitors in the methods of the invention.
Moreover, compounds of any type that selectively negatively regulate PI3K0 expression or
activity and that possess acceptable pharmacological properties can be used as selective PI3Kd

inhibitors in the therapeutic methods of the invention. Without being bound by theory, targeting
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Primary patient cells Induces apoptosis Blocks survival factors Primary
patient cells Blocks PI3K signaling Inhibits proliferation Cell Lines

Bl ocks PIS#& 28ignadiong | nduces apoptosis Cell Lines Bl oclesTRIS3K 2028884l | ng

| nduces apoptosis Primary patient cells P110 6 overexpressed in 24/24
sanpl es I nduces apoptosis [0229] Data provi ded herein denonstrates that
the compaurdRa Bhitifiéh Witd @RbINPBuRT 6F HS BfvehtidPprotRaS a hyva AppRscrafad tHeeukem as.
Lynphomas and | eukem as general |y express the delta isoformof pll0

sel ect ityeatyent of jematplogipabmabgipamss Seqazsceidis methog mhdgtsicongitetied egialing nost

| ynphonma _cel |. | j.nes, while 10a i s t rally. observed. reover, data
ot avontent it e EFEoes e s fulo® B 1 EERRPL W PRI e PLEREE

| eukem g 10@klta Inhit@SonRpeesSes MSik tded Eirdrnda@IRUAR Whictaild cWRi# f&tthmogall
affected by 5-10 m cronpl ar concentrations of this conmpound. Figures 8 and

9 suppdlemidympbiiyd apd geolifeatie- ng Akt (Ser 473) production in several cell

l'i nes., 3 e Hﬁﬁﬁ | N : ser
ext ent [8%&%081 nf aor stgaﬁg? ?ﬁg%ﬁﬁ% g é@g t usO EIgftl)}r’é%)ﬁ %Qiéﬁg{%%%g%ﬁ&% 1106
and/ or rpduldBPIZK R exprpsined attiviexdaniietussé hegldcviee LY} mkibitoiyintthmmetheds hese

cells. anpl e 3 shows dose-dependent cytotoxicity for conpound |_(Figure
3), in OEX@EG axenton- Messayars ﬁameewg o AR RS HETH et RgAtYGIK T f’cﬁ%ﬁf%ﬁg

Fi gur &b Qq; i L ASh Sl CLL
(Figure %moﬁ‘@fja&ﬁ/%tg)%fla F}%ﬁgg’%&s%@&e%t%%%rgg%ggg&ﬁ%‘réﬁe@tﬁ'@s R bOLBE as

treatments (Figure I'tion, and "'Figure 13 denonstrate

t hat corjpotivelPIBKfdnhihitetsen 8 therapeuBi Imqtixdserfitheainventioat e of 50 ng BID for a

28-d i d i gni.ficant ther. tic effect. An ALC
concentPAHIon B ben s Gl Bitn iRy NG ERE S8lPuBbcervstherire vFinpare:
aspect ,refidignd ¥ ANoRR, R Qb HRS itiRERAGSN f &*arﬁéli%?dtﬂn%%héliho@@ﬂ, i 8NfeRtu¥nk e

drug-resistant CLL using conpounds of Formula A. the other hand, Exanple
17 suggesarsy ohatleast Ppdpyplothe agmptealsiassacréed witly theglisaader] yn spme embodiments,

“treating” refers to preventing a disorder from occurring in an animal that can be predisposed to
the disorder, but has not yet been diagnosed as having it. “Disorder” is intended to encompass
medical disorders, diseases, conditions, syndromes, and the like, without limitation.

[0214] In another aspect, the invention includes a method for suppressing a function of
basophils and/or mast cells, and thereby enabling treatment of diseases or disorders
characterized by excessive or undesirable basophil and/or mast cell activity. According to the
method, a compound of the invention can be used that selectively inhibits the expression or
activity of phosphatidylinositol 3-kinase delta (PI3K9) in the basophils and/or mast cells.
Preferably, the method employs a PI3K9 inhibitor in an amount sufficient to inhibit stimulated
histamine release by the basophils and/or mast cells. Accordingly, the use of such compounds
and other PI3K9 selective inhibitors can be of value in treating diseases characterized by
histamine release, i.e., allergic disorders, including disorders such as chronic obstructive
pulmonary disease (COPD), asthma, ARDS, emphysema, and related disorders.

[0215] The method can have utility in treating subjects who are or can be subject to
reperfusion injury, i.e., injury resulting from situations in which a tissue or organ experiences a
period of ischemia followed by reperfusion. The term “ischemia” refers to localized tissue
anemia due to obstruction of the inflow of arterial blood. Transient ischemia followed by
reperfusion characteristically results in neutrophil activation and transmigration through the
endothelium of the blood vessels in the affected area. Accumulation of activated neutrophils in

turn results in generation of reactive oxygen metabolites, which damage components of the
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WD 2012/ 125510PCT/ US2012/ 028654 pll0a for signaling was not sensitive to
Compound |I. Thus in one aspect, patient selection can include excluding
pati ents Wwaebmngi2asicancer that relies mainly on pllOa forcIiuse@bkionsys4 [ 0231]
The conpounds of Formula A are al so useful to treat |ynphona, including

both B-cell and T-cell [ynphonas. Data in Figure 4 denpbnstrates that six
di ffer gRtolfdd-ikBe br bigRESTHE ?ﬁe@ﬁbﬁbh 0¥ erep & EREPRHURG” Is.cotthsilly eRBSEEda
significant reduction in cell viability in all six cell lines. Figure 12

and Exawith eonitiage weeisasrasalasiokertinglhding gldbal sndoieerrdsohamiaanhesnarrhagiced wit h
50 ny lehg) kOfm Cog):a O"Il?sg:hflzm{aoorr'zfgrc%(a)‘xso &4 t%r;se 25 aglorcl) MnQCETeBET vk olsmz%) degr ease
in tunor bulden reover, TGl 81 E e o nB T at 8% Yhat an MO hEl ent  at

t he endll@diratd) eepBiudiay iGu6 Rcenspeheanefatiinflcardif BeaR presedltes of daemgpound |
followi ng adm nistration of a 50 ng dose to that observed in a_ nornmal

heal t hyra{baqateseheNgheartt (pse prracedhotmgedvids birnd. begingtoypresisesKiivel y
over 't N&pGouf 88 Ahiki GRS ald AN TEsul e ARET alnBEn@ B BBl 6 By in

tol erant "by 1 ncreased netabolism over the course of _a treatnent cy g.

[ 0232] shoh siddkibhon, the conpounds of Fornula A, or Fornula I, are useful to
treat opoi etic cancers that constitutively express Akt phosphorylation
acti vi H@EP@ alfficgiain empodimpeniy tesingeniing rioyifey mEBAED teal § salidmor ni

denons tsibé‘éiﬁc 6RBSdikdeHEs M@ cAlder RNGSRRANYY @bioANor ArBGhtddhitQ Brif&aid Ymphonas,
T-cell Tynphomas, ALL, malignant histiocytosis, DLBCL and AM.. Exposure of
t he celdmhtodirgontpdhmiadventromgquibtides methhds todrbata sl tomoARt phosphtedWeabi on. See

| so Exanpl e 19, whi t hat. titutj. hor vl at i.on.
i bi tEOBY Ep BRI ST S SRS n e by BEIE Rt E R
embodi neyMig turhbieis GABEEA frofh e $RIUpEohHBB g of pAn&BAL danEereplaadtr ¥Bides, t he

cancer is breast, ovarian, lung, colon, or prostate cancer. Figure 6, for
exanpl eolapritlsanerat breprpansad inclydiggipeisesr bidagircapeas) prostatgtdaneer ohcludingbr east

Caneer b DS RA SLAN, PRk LIATHATLFR SUP B B o

Conpoundgethstitic 1eil@eDXhi@idoghat WepaedeRIlulaNc8REE AingGahder] intiR@ing| £234dn-E@uallt he
treatnent of a solid tunor, it is advantageous to use a conpound of Fornula
A t hat SHpineseeserdde 4ot prigneRjoloalveolar ¢argpoma sBALHApd ageracarciqomanf thd
prefer [ : - I NS; i olid
Flror o 1 SR (AEE FRRking a3, IOSERLEYRIRR Soin 30 plorafipedt! QERCRD
conpourdnadr; gaetrividaacek, ¢dophagdealscaacer] kdad ane sisckt drmnerabweiitdi?s 0. gndhjuanq@rsetdr r ed
for treatnent of a solid tunor; conmpound I, 1", Il, or I|" is suitable for
this u%{Cl%n%%%ﬁQ?i"laét"gdleﬁ]é?rr_@?lﬁr}on[‘n%?Ssﬂoe?#c%ﬁéa%é‘&l‘h‘hﬂ% BeRECsubj ect
for trepl ARG HEIGhbREBaMELRIOR, AR1RAE, WO NdmaDeeh AlAgRosRAMLliSnat | east
one of the conditions described herein as treatable by the use of a
conpourrdubfglifelrstoina multifonme cand adnth eddpiastic s stradyeonsa bpee tangears ahé soft disagnosed
with a cancer WD 2012/125510PCT/ US2012/ 028654 nanmed herein, and has proven
refract8tY™o treatment with at |east one conventional chenotherapeutic
agent . [6217]i nSb@tic@blapidh bept MO bBaVRuhdid R6ult i B PRADtR rkdteabdeNt s such
as proteasone inhibitors, autologous stemcell transplant, CHOP regi nens,
rituxi nE@oune|sygiemalsionetal ebseratiguimablude orgpaiviisdhatlareisttile andearo giowsl eosi de

anal og I i ts. frequ Ly : h t.ho f

e oat nerofigu B i RlodeAonHmel RIERb AL SaMRCh Fris R TR B gt ¢ e

i nvent igppeamerdall Gtieestal claPBdtAIBK st viiow ivneduded GOH30856 ir0Band T detls.eld han one

such treatnent. [0236] In certain enbodi nents, the nethods of the invention
are di ridéitiog. popinpreagq in sugrepibilinisHpiegtiens was obsayedii Kuthsagorepthesftiest gy a

role i / i i i 237] . pf
For mul SRS ARRERA) s & AR U FSEETEcqoh i ooc P FERHNS
t r eat i riypaplusia ned thedficksaflyesningl deawirno spheen aod tinhpromsled esediuded chuhdeeoh,
especi hemat al ogi cal cancers in humans. In so nbodi nents, the
subj ec?éizél +ef&rﬁgdoé 8‘%1 PIOSHIAEH N Rpne nanios AdPdged ZW%%F&H%HEWP%‘PWW@’ a
subj ectyn@xBRhieNGINEVERpARAEInAML BlynRiher treatments or is refractory to
other treatnments. In sone enbodi nents, the subject is selected for

treat nA2IRf Gelmsiembbitioniot al | (Peifiegivameyoit had Bi eslirsimiaknanthichisgmpertars dorc er
d o dj. t t he .subj ect,.i l.ect for..t t t of
et ol BEPE Sl GRS Doy SRRl BRePEUET. eplif bR dehofty & |

sone enbodi nents, the subject is selected for treatnment of a henatol ogi cal
mal i gnancy that exhibits a relatively Bsw | evel of pll0a activity. In sone
enbodi nents, the subject is selected for treatnent of a henatol ogi cal

mal i gnancy that constitutively expresses Akt phosphorylation activity.
[0238] In one enbodi ment, the nethod described herein conprises

adm nistering to a subject a compound of fornmula A described herein, in

Y o, T o T 1]



[0239] In sone of the foregoing enbodi ments, the conbination nethod

provi des for a conpound of formula A adm nistered sinultaneously with or
during t woperzussiof adm nistration W 2012/ 125510PCT/ B620k2¢10286541 of t he
therapy. In some of the foregoing enbodi nents the conpound of fornula Ais
adm ni stered sinultaneously with the other chenotherapeutic treatnent. In
cert ai mfepRach ABBIN cdlRe BCQMIuAGIonAs Rt ATRdtdaraM it@sdds Prolge@appound of
formula A adm ni'stered prior to or after the adm nistration of the therapy.
[ 0240] differspiasionf apopeosiso prdysispryse toB deemve/al fagors (FRAEDHS Iketractory to
at | east _one. standard or exper. tal ¢h her.apy.. _ln me_of .t he

For ego i ERBEH: Aane-an iy RE IR Ao FAFT R REHEE isedf - R8TTh Shid B ghcar o
or expeho®itiake alyelsid Hel BREE SunctinsEeb@rmbhéer fResgdlag enbodi nents, the
subject is refractory to at |east three standard or experi

ment al
chenot HE2EYi e4 pap RLifs prhikjforthas targets g meeleshde veb Al Ko phE s g Ke P11,
f t W I : i.es. [0241
I som SR oAl 3o e S PR R e AR D oast
one st dndiasttbnancledgarance biatlidde ndtdrer apytsindledt ilegefinaiintine igreanger

consi sting of fludarabine, rituximab,. alkylating agents, alentuzumab and
the ché)r?ﬂgl]‘fér & 3,#%3@%%@%@1%9? eiqcef%@%%@wﬁ@ga%gﬁs cp i BERENRE ¢ ho
f or egoiipg. ARG Ma%certéaﬁs,%gréﬁ}poﬂeﬁtiz{l@cﬁiﬁﬁﬁf Pl¥atich RbleaSicet, WReSiARdar d
or experinmental chenotherapies selected fromthe group consisting of

f | udar atthniés, asthmax pberpies ahdk CIORD, ngthagesatmentas watl tdemted, amidsidhaTaskdiist her apy
treatnents.a-q |listed above. . [0243] |In sone of the faregoin nbodi nent s,
e R e A SR S e Rt

chenot hariapk asviiel RGeS fbsfstmar, tdh ey @rodBb&eN sdrehhddd, MEurhhtyried: Biitie Sasthma,

rituxi mab, al kylating agents, alentuzumab and the chenot herapy treatnents

a-q | i sleieshe@¥D, ooouhar condlitsumnreablervetlf e cgopaends wb dii ineetion. Faepafigbfsect

is refr . t.o ast four_standard.or experi t .ch therapi e
s ect dRE b et by RS Bt D P T B BB
agent s, thalmeshtivhirepadiodlatlhad eimepebines\appai-PEK MBiHi®ra-1g ceitsih@ehbdbinets, a

[ 0245] The exact details regardi ng the adm nistration of the conbination
may be QEWSRRS Al@rawlad o felstpasierred prausedt proaiass thegapeude beneties Qitsatingri ng of

adm ni Sk%ﬁ{aitd]&ﬁ@nf’aﬁgﬁé}{é S gﬁihg‘&ﬁf&%ks%lt ﬂé@chh‘ thHfeh ?g%ﬁfhgﬁ herapy will be

tailored to the 1 ndlvi ect, nature o e“condition to be
t r eat ed0220]t hin srtlejdotdimandhgarventdd nelatdshte natidgivef inhdfitihdh 138K p Ertdi g

Fher apy " BIRE" 8 B IBATERRtoR RSk PBHoO) Pdak e T0FR g 0BPHP| Piphomas i s

revi enggrrf] heepin alddimdRONRY fethdd QescribMPROEIANRithnd Ry ta}-é@ hégMty! Of
B- Cel | Non-Hodgkin's Lynphonma" The New Engl and Journal of Mediclne 2008,

359( 6) ,Inpart®@tBs.6261poand| offoemdh, I us¢dan, the @ethodrshowridtle astysty iagainstarvat 300

Ther api es, for. Patients with CLL" Henpuat ol 06 .. 285-294. L ho

e o e ipdEh e b G R ek Lo 1Y of Bitingly 165 RGP cPORI ey o
" Ly nphaf@umletfold 4R GBePRbleaT Ms ndYor WHNRH lh%%eﬁﬁlshﬁ'netnlﬁﬁ ekBith aflcantatRsients
1992-2001" Bl ood 2006, 107(1), p. 265-276. WO 2012/ 125510PCT/ US2012/ 028654

[0247] cPrwatedenmegiods samposigR ithe asimipispptorneef, paadiiékiiatibijores Iipcas@inl  ori gi n,

i ncl ud | i i .of i i.es,\,Standard
B S R S I P
r adi oi rpReRsHoldn ey becnsk the kbimpalind3ng Foliriileof inhaspAkt ghokphdrilheeH. aSdiableof an

anti body therapy w th chenpot herapy. £)0248] Non-limting exanples of
f)

unconj RIHERIE ferstraENG AN thathe FoBRPWS's PCIRYENHBRIGKT hus bF §eigtiesher ercel |

cancer ; =

ant 1 bod Be0 ol S e g AT o P A e P,
SGN\- 40, hearatbpaittic CEYekr siNdras|lymphomg lexkamid esmoltipexpeeloment al ant i body agents

used i at nent of n- Hodgki n..s | ynphoma/ B-cel | cancers i ncl ude

of at umIAedl hib _,e_%ﬁéf'\kﬁo%fi@ﬂ%;ﬁr}%ﬁf%é BT, 24 Y piac ety e eyl
epr at U%H@@ééptok gfﬂrﬁ !sdféé?_ﬁ%avﬁ&q{d @R@@nhiﬂ?ﬁbﬁ%bﬂ%@i@nifﬁﬁﬁ Revaghigieab. Any of
t he nmonocl onal "anti bodi es can be conbined with rituxi mab, fludarabine, or a
chenot HO224y Agethey adagihtagnof the inventive method is the absence of adverse cardiovascular,

respiratory, or central nervous system effects as demonstrated in safety pharmacology studies.
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[0249] Non-limting exanples of standard regi mens of chenotherapy for

Non- Hodgki n' s | ynphoma/ B-cel | cancers include CHOP (cycl ophospham de,
doxor ubi cwp,2012/mne310st i ne, predni sone), FCM (fl udar abi nepceyusbaphessphani de,
m t oxantrone), CVP (cycl ophospham de, vincristine and predni sone), MCP

(m toxantrone, chloranbucil, and prednisolone), R CHOP (rituximb plus

CHOP) , 1R E@M‘oﬁrdi ShyRRicR léﬁl EMats Brdddgs dembHtHR@: BiloH $h hiic fHadx R
(R l\/[:P)I ° } I\zlgn}{.rlﬁm1 t :yn dgxa i | es ofgsradl oi r?rrunot Eerae%/@ o xFEMP

Non- Hodg AEEL nymbsmmlﬁa@\@rﬂe e(ff&ﬁt]éV@) PrdOwdé Yhisds thlmh%wsta@bet@mental dose
Ia‘grelnt gngr eC g‘l’tnﬁcléi(et n%) elde fs%or%pagla :hg or %?olfgllc;}l@l sa%mﬁcgan?mcrea]se lneftretql:lllgr a EUt I ¢
folli CL!Je%nt?bfh%@ﬂ@gi&al|eﬁH&hﬁEWeen[a@%5ﬂn];semg@chfppﬁdtlts bropahfeRdhsoll dvensat | e
cell |ynphoma include conbi nati on chenot herapi es. such as CHOP

(cycl ophissisEnddned gpawy dinces that rgprinifyrgtioaal igtnatimesioansfor mafhskqetsphtysions

hyper f
examet P B R O B R e R Pl abtiy o
cycl ophegphdm geadditidrakelnillkeoge) . | n addition, these regimens can be

suppl e d wth the nonocl onal antibody_rituxjmb tuxan to form
conbi ng‘ﬁ%ﬁ t HefeHpinemiedanesss. thy methed Aporb e%h%remrp r%&ce ppr oaches

i ncl ud |
i nclu Qy&?ﬂiﬂeﬁbn&gl#ﬁ?%(rg% nen?h@ég@ééqm%nﬁé ARShRCNBA S pHbd e RIRRIGRIoh has

transplantatio (i phosphani de, bopl atin and
et opositbepotefitd bieiitiod phemgdppmobgiant 6LLrceHs imiga ilmslptoeecw dnvirgnpbiginma

e e o NP B AR AL BT G
cancer Sndjdn ‘fﬂlﬁﬁh@tﬁeﬁg{é Hifhadn- ag@ﬁqllde)ﬁ nd WMorfahla R86hH08 the kMIROOCTLL.C

WO 2012/ 125510PCT/ US2012/ 028654 | ynphoma. A conbi nation of R tuxinmab and
chenot feHapilaganten¢asgpdeding lynphpexesisve. A nodified approach is

:gg: 8: ;fg%%ggteh%l;%{g %‘ﬁl%écﬁi!a{%n?‘ tﬂﬁogdtlve%geilﬁ% Sapet ﬁjéln %Bngg%xg) s(%zzr}g)g aatltgry

Yttriureftd britumomab tiuxetan (Zevalie). In another exanple, Bexxar(r) is
used in _sequential treatnment w th CHOP. Another | nmunotherapy exanpl e

i ncl udd822di ndnethpcadyantaee pibe iInvigatighisithat sampauishwiectingY HawaE ok takBlo of
i nd 9
(v (1 18 530k R SRR aterd ol 0B KA h A SRR R, (T 1o

i ncl udest auitidragoarsagt esmpalnd Ithasa$ploaatiaphaomacakiipdtieprodilt with gjmddxmget

chenot her a 254] Anot her ap roach to treating mant|e cell hona

ncl uda9vEas: %@P@@ Yngep«?fgef COSRRT BistER EVelsan lagvebé@le@eré(%tfio es

(bort ezaﬂamé)c&ﬁmgé 3fdd thePipe it dcﬁ@gbfﬂ@lﬂ?ﬁ h&lég%lﬁtee'%éj CAln &Rert ala%ﬂtgéé!“@fde,

especially in conbl nation with Rituxan. Anothér treatnent approach is

admi ni shemivagtiaringlsdestae abibigdtotteat nwidbegngadelticomtdbgiBd Imdignauties as and

i ncreas canc%r @h’h\ sensjﬁt%}}{i %{y t o chenot herapy, such as oblinmersen

( Genas R8PS THL BRI TARTBITS WFEH" ot her chenot her apeuti ¢ agents. Anot her

t r eat MgYR2APPMARERIN e dddBEtAARE Methbas biNble MR dhe Riideoed oWt £ile4iAR ol €ad

to inhibition of cell growth ‘and even cell death; a non-limtin exanple is

Tensi r slahenis I @oiaimaohodimgpts Tesincer ismlematolegipsimalignaneyni o iPRifiexan(r) ,

VeI cade t rece erapi es
qjjI"‘]gOd%r“E)egé21%’| SC‘%HB%EE ﬁ%ﬁ% ahgyﬁ%\%&gé&sﬁd '%gfélg ng ‘ Bf’)l?t?&g ac{l r‘1| mting

ex arrpl d$mbhédytid @eukkmv:o@AILLL)d @dute B@@B&Ql@ﬁl&emlammc)o\chtdnﬁtelyﬁgaabcﬁicl lbllikemla
CYCZOZ) Styryl sul phones, Obat ocl ax (GX15-070), TRAIL, Anti-TRAIL DR4 and
DR5 ant(Chdoi aaltipleaniglomp (). e@ﬁowﬂgﬂgklwﬁﬁﬂm%@f @I@Ade@@)tam BRVBOdimAs

gJCr ggrlns ens{?? Q%?hq%m‘érym n (S ig%gwgggo+%ﬁglg é'&g}(ﬁgsh;ﬁ 'céié(slf 2)f ot her

t her apdutpborag dndBClig edaritle ceH é&ahphadmhd@SL ), mmeﬂ\s{horrbgmamglqbehnmm e Mye
peri f osi H bor ezom b ]&V%}hcade) rituxi mab, sildenafil citrate

(Vi agr & %mplﬁﬁ BMISYUG WEPGERi de, eprat uzumab (hLL2- anti-CD22 humani zed
ant i boqg)ag)si m@@%%Ff‘cat&ﬂ%%ét@lﬁehﬁtolggw%ﬂlg%léhméjseiﬁ%rﬁéchﬁfc‘apﬁvoopa_f PACE,
obl i mersen, anti neopl aston Al1O, anti neopl aston AS2-1, "al entuzunab, beta
al et hi rc@ncmcdlaptgdspNammhewﬂdimmpubmctl Imastbeen gstahlahcctieThqouadeﬂnemne
vincristine sulfate, fludarabine, filgrastim nelphal an, reconbi nant
interferon alfa, carnustine, cisplatin, cyclophospham de, cytarabine,

et oposi de, nel phal an, dolastatin 10, indiumlIn 111 nonocl onal anti body
WN-14, yttriumyY 90 humani zed epratuzupg®sb, anti-thynocyte gl obulin,

busul fan, cycl osporine, nethotrexate, nycophenol ate nofetil, therapeutic
al | ogenei c | ynphocytes, YttriumyY 90 ibritunomab tiuxetan, sirolinus, WD
2012/ 125510PCT/ US2012/ 028654



tacrolinus, carboplatin, thiotepa, paclitaxel, aldesleukin, reconbinant
interferon alfa, docetaxel, ifosfam de, nesna, reconbinant interleukin-12,
reconbi nawo 20rvesiteuki n- 11, Bcl-2 fam |y protein inhibi Por/UABN2085%54
deni l eukin diftitox, tanespinycin, everolimnus, pegfilgrastim vorinostat,
al vocidi b, reconbinant flt3 Iigand, reconbi nant human thronbopoietin,

| ympholkduRgaeizby pdraulki Rdn@ftol6SlchiSmalBiiah @8 dfdahé HethodrAtbBtiorPdH he paRRL@t heci n
irinotecan hydrochl oride, caspofungin acetate, clofarabine, epoetin alfa,
nel ar akiatient cgBer diseaseicall liser gr anostim vinorel bine ditartrate, W-1 anal og
pepti de vaccine, W1 126-134 peptide vaccine, fenretinide, ixabepilone,
oxal i pl atin, nonocl odBficalen hody CD 19, ﬁﬁ%ﬁ@ﬂﬁHQWPQHPd%%E@W@EQQR onega- 3
fatty acids, mtoxantrone hydrochl oride, octreotide acetate, tositunomab
and iodine 1-131 tositunmonmab, notexafi pgadebit,Wmarseni c trioxide,
tipifarnib, Chonst lagoptchiierbeukenrior - der iy ed HSPPC- 96, vel t uzumab, bryostatin
1, and PEGy(@tled | i posonal doxorubicinégg ro c?g@gdg and any conbi nati on
thereof. [0257] Non-limting exanpl es TEREMY %”g%utic agents used to
treat diffuse large B-cell |ynphoma (DiPBGlary gitiegt tdlBr api es (Bl ood 2005
Abranson, JAtute MydiiRn6YLlaRbasphavi ge Bleax ®13RiskinAling/i NCri sti ne,

predni sone, anti-CD20 nonocl onal anti baghiie®s peliRPasinde, bl eonycin, many of
the agents listed for Wal denstroni s, and any conbi nation thereof, such as

| CE and R-1CE. [0258] Non-limiting exafqsildsnesf therapeutic procedures used
to treat WahdendtymphibeytivHerubsgheblililne miBdodkn it signelingpher al bl ood stem cel |
transpl antati on, autol ogous hemat opoi etliducst gropesis transpl ant ati on,
aut ol ogous bone marrow transpl antati on, ﬁrtibody t her apy, bi ol ogi cal

t herapy, enXgn#iddgkinty LanplidiessapyL)t ot Q§ irradjation, infusion of stem
celI's, bonewrarrpwaahl &jon wth stem cEPF® %%8??@1?%1vitro-treated
peripheral bl ood stem cell transpl ant atlRI5es }ABIBIcal cord bl ood

transpl antation, imunoenzyme techni queninphapiaebagi cal study, |ow LET
cobal t - 60 gﬁﬂmﬁ] bl eonyci n, L iation

t herapy, and n %%y F%Qﬁf@??@e aIIogenei%? g}gﬁgﬁgﬁg%ﬁ?yg?g%¥%%P?g
transplantation. [0259] Non-limting exanple ot her therapeutic agents
used to treat Chronic Lynphocytic Leukem a (Spectrum 2006, Fernandes, D.)
i ncl udd02]or Batwedvidgd keugkie dampnst@yes| thghibs phmapdudds OIORE dxentioEagoxeln] to
Endoxar}?e’at Clhgstais Ql-)ld eﬁLUdlaaga inqeh(gnﬁl suz{:i rlgi}keml:i)aesnt SE:%E rf]:xérléﬁs tﬁg td% ta isoform
d adri bifie (Leustaf nB, DOXor ubi"Bi'n fAcIilri anyci n(%e)n, riplasti nel),

Vi ncr i sdfipne0 6dgiadiyny.q., Pigdail s aa@ondtaed b @l 00®is pAhvarshtmhurad 1{rhaianad &ell
MabCanmpat h), nmany of the agents listed for WAl denstronis, and conbination
chenot Hdeapyhileri 10n énint grnma hebsapird. MBS ritita Prescaiidib AiE 6P AahPBh

regi menj 0 1 LOer i st I ;

2012/ 138O B R R A R s R T R o la 1 and were

car boplsabhgly agfecpd dy de)d miRrdriial corcantravims bOh)s cnplduad.| Hgarald and,9 support
cycl ophospham de, rituxinmah); _and FR (fludarabine. rituximb). [0260] In
Cer t al FOBIRSHR QI,JC%ék&g?%ag)_ efticade S $ligs:ng in addition to a
compoungasfy ! cer, fok ekfnSe ﬁocﬁ’&fe's &finly B1 fheiArsYlical éxYen%i RFLLY G ofMTRYNT of
at | east one therapeutic agent and/or therapeutic procedure sele%ted to
treat gmiEbsesttosrcomposadsdhganhibiipl 10dhanciéortpdil by aetespéatehtosxhibiteseleetirod

conprises adm njsteri in.additign,tp a conpound of | or. Il .to said

ot | ey roso ey letat Bkl S Aae 2 B BB pa e Bh et FroRREbabbut f
agent s spluectedn U19RAIRENnSLOMHE ceRNGLST FrB8 pobr Bloghedidgaments (PR urd19)l Adauxi mab;
c) bendanustine and rituxi mab; d) ofatununmab; and g% | enal i dom de. [0261]
The corfsBufign paticnts showiy enkd igpistanttomsher 6hldutrentmants origagrAOni bt additiann t o

ani mal subj ect, usj o nl y _understood foriul ation techri.ques |1 _known
' the SAPEL R AR A Rt P B AR T AP AT R B ot

adm ni sir59trh@BIAEH f 28-d4 ey clOoprp0idBsls sighificafitithidrapdtigrifetre Aoand in

Rem ngton's Pharmaceutical Sciences, |latest edition, Mack Publi shing
ConpanyOoneEsdiaban peaent doaigase irhenphogyss adbseved hEhisip ORe Retschie IBEesio8par ed
in the I @ F 7 ARE or.[¥ i onpounds
of the Iouamne oAttt Rl Ot pREGEERF SN MRCED S SRR hIR F1e

pr ot ectHongubrAdups the ethhiyltbmd| Kzaple n7Boghests|thit dSibsold st asll line tehginy hoadgbneam
thus rel easing the active conpound or are oxidized or reduced In vivo to
rel ease the active conpound. A discussion of prodrugs is found in Smth and
WIllians Introduction to the Principlgs of Drug Design, Smth, HJ.;
Wight, 2nd ed., London (1988). [0263] A conpound of the present invention
can be adm nistered as the neat chemcal, but it is typically preferable to
adm ni ster the conpound in the formof a pharnaceutical conposition or
formul ati on. Accordingly, the present invention also provides

. o M b1 o o r o A N 1 o



WD 2012/ 125510PCT/ US2012/ 028654 formul ati ons for parenteral adm nistration
can conprise aqueous solutions of the active conpounds in water-soluble
form CarwoDenr/gsiibabl e for parenteral adm nistration caoThs2eeloesssed from
anong saline, buffered saline, dextrose, water, and other physiologically
conpati ble solutions. Preferred carriers for parenteral adm nistration are
physi olfgog abr sYgrﬁHH?@ztab Rbesehufifetosc ndy. HR0KinSoreQkptick, PatiedRisBEEorScan

sol ution, or physiologically buffered saline. For tissue or cellular

adni ni sneluge @wluq@weameaﬁt@mg@r@mqréhaé relies mpanlp ol Ok far sigaekingr to be

ipﬁr {rﬁgt[gg,‘z r Eor Sgoqnell)og_ﬂné_h?fons COa gtare 2 so use%n tg?ggttlgn?lﬁ S arlr(:fc 1?1§0§h - cel own
i ncl udewngtrasdll liyziphgma®t Biitadh Elgu&w berﬁ@nsmtey ohas s(x&hﬂenenﬁﬂELQ&Blmamﬂé@r
surfactants (eé noni onj ¢ surfact ants) and the like. [|026

Al t er nSENYBYS/o GsnpAMNd ] whish Fa%se%ars@m 08! redugiondn celbmgbiliseindlkiecdi ons or
suspen t i on
Suspend)ona o1 apf BBl ETRANRRENORER Rl 021 BRRRORG RSl ded BHEHL
such aSrng B Gorﬂppuachﬁf@)mtdlagi ¢expefiatdey oamivdragshén% desteabe msumbhlyirded.eat e

or triglycerides osomes, Aqu nj ect us |ons gan contain
SUbst andBE o Haf BT Sy R U MG BRchhg téwtﬁz?fstﬁ &5 sodi um
car boxygBL H-E@LihHlaPRsmS (Pervglstoq |Conﬁfouﬁ@¥%lﬁﬁvmg’dﬂlfﬂwah¥n of 5'90 ﬁ{gsdb%@?d on

al so can contain sui ?a l'e stabilizers or agents that increase the
sol ubi Ithatyobedrvecim acmpmhhﬂi@;thy cokantee NIV ):tthes the epapaundaive@hotrhlglldlqp

concentrated sol uti,ons eou rs, tha I’OVI H-sensitiv

o b e Ry th e RS ue LR Pile PRIEER o p O AR T e e O Kb e e
used asn&eslel AgSatNiskBIvE the e b B8atn@neycleTet hacrylic polyners, such as
the Eudragit(r) series available from Rohm Arrerl ca Inc. (Piscataway, N. J.).

Enul si dﬂ 32]e. 131 addgijan, the-cpapevndsrid Fpamelp A, pr formep dpee ysadwldo tighlso can be
d,
Lo, RLENPLI SLAR bes e, BOMES KNARAREIh nP RUCE SRR S oo

such a$1gmr698 yh@ ¢igt danostceRNivibs hCaMBiraebyaXydleh itqne s;ﬂ@f;baﬂicﬁi and
sorbitan esters, mcrocrystalline cellulose, alum num netahydroxide,

bent oniifgudiag B-celylampheimas. (e lyBwphamas M- lminklignaat fiiacxes!s, Pb@@é} and

Li poso IC oyed
For par o-or AP ae ot LT Lk O TREAS o e RO o PRl AR R g B0e
phosph oilsopE;dasans 19twiech kthSdhawatamm:mAkt'ﬁﬂﬁsld@mﬂaﬁM waishibited bposone form
al so ¢ cont Eéhfr |q9 edients, such as stabilizers, preservatives,

exci pi érfrapous 4 kel BiSst erred i pi ds incl ude phosphol i pids and
phosphaphshll EhekhRetddSabiDicASdancBOt B sBRd M. ANt hsiddtmenBidiods of
formng |1 posomes are known in the art. See,. e.g., Prescott (Ed.), Methods
i n Cel lcaBpanliolypastMolariaivhg, golo83er pﬁ&gmtenampePr Eigore Nbov examiple; $I9769 that[ 0267]

The phagrnaceut.i.ca i tiqns i Si he co und of aAin
dosaged urtp EfusF SR RGO BE 3 et st ERORS Ay Hihg0

phar maGaudthed| bt @GEBPloaRled dFpdEnt®idast éﬁ@c&%ﬁh&%&&%ﬂ@/ylﬁﬁﬁﬂeﬁ 028654 wel |
known in the art. The preparations forrmulated for oral admnistration can

be in tdsmonsiaieschat Gonpeund Ips eytatoxicdpdup esariaenearsell dinagees, | ozenges,
| d | :
I:ﬂﬂ's ; f[g%ﬂﬁ S arftyréa {éé’% et #F 0?8 tur%{n' X8 %;va%&gé’&}’l% A0S, cg&%@%%?gﬁﬁg%lg A

conbi nithg e&b&s@@tgbu@adlﬁflﬂ@((bl@dflcm tels ﬂhaﬁ aboud 16X frideprtierady ieodabh ybcgmzﬁoll ng
the resulting _m xture, and processing the m xture of granules, after addi ng
sui t ablMaugf Exampled 5) peaess pl K. singe sdidaimorseftestwilise this hgaene ethes thanyos)
formul %bx%@ﬁarfﬁﬁOS”ﬁhQ&’a &d%u?ld%?%ﬁxﬁﬁa%%ém b Y0 MREmh Pt PS50 AREE! | bed
for parenteral use, e.g., ered aqueous sol utions, suspensi ons, and t he
l'i ke. [fI@68%d Rirefeetend oba sblid tonow] @iiponsd LA liice II”ablsmtadale fdr dgees, aand

gel atin capsul es These preparations can contain one or excipients, which

i ncl udé en}ﬂnﬁtﬁﬁ?ﬁhw% tation: a) diluents, such as sugars, i ncl udi ng

| act osqp238Xt [0S fhe e%%dﬁﬁﬁlts Wﬂib@&t for WeaHin cie%mbed herein BY of¥ WHEHS beSHCh
as magneS| um al um num silicate arch fromcorn, wheat, rice, potato,

etc.; diagnosa)witkhi lahtone crﬁtthe cordigonsglesérited hm@tnlnys eeltdhl¢ bgdhe use of a

Py o SNRE! Pl th 958 PSP SR TR L 8RB con
proteins, such as gelatln and col | agen;
37



d) disintegrating or solubilizing agents such as cross-1inked polyvinyl
pyrrolidone, starches, agar, alginic acid or a salt thereof, such as sodi um
al gi nat e,wonoef2e831vescent conpositions; e) | ubri canrais2&6innkscas

silica, talc, stearic acid or its nagnesiumor calciumsalt, and

pol yet hyl ene gl ycol ; f) flavorants and sweeteners; g) colorants

or pi grRRed hefifl-and hes prd@&H teidcloRetoRtQEHET vath dt fealheHcabh@&tRal Ne quantity
(dosage) of active conpound; and h) ot her ingredients, such as

pr eser caemethsrapsptahigent dras inssaiesk] patignts gdwthsve &gt $¢ feppeny tageeateentssichab on
pronoters, salts, fqr requl ating os LC pr and buffers, 26 In
Com prspisp Pl BpRons FARo RO SRk BB 0P reeuo Tty (h BB e

at | easdlerpi@urahb, tcbevertibedliadlicanteaiicooidp af@d @ ane alk9latiag af@dstreqatly
mat eri al fron1géoup (b) above, or at least one materital fromgroup (c)
above, T81Poat to Bgdpctlers odcatmeat dgscrhsdyrcaeip. (HYs. abeyeembedigent, Bigdtcagpgnts

mat eri al dhd ARAAR: R aPR SR Ghe'abl %ceitvgkfoﬁeogﬂ‘gﬁ@téfﬁ]ﬁg?%ﬁggﬁ %g@ggﬁ.

| east one nmaterial fromeac two groups sel ect

above. [D2360] In(eeltain emteapaeiteshd methodeofiis inviehtiorc ap slieesd maBeebf orgl at i n
as well as soft, sealed capsul es de of gelatin and coating such as
gl ycer dVmBRoyir Bilpise disprish- r%ﬁ&a@mr@lg ip Jif RAGHEETH L HeUHERTge diseases.

ingredi[@@_i,@S)Tm Rnbof BdhfiiSA PARERARSY ELHRILCRME 1 aRN$ Qe SliABI b2 Er S,
etc. In soft WD 2012/ 125510PCT/ U 012/02%654 capsul es, the active

conpourtdstican vhaety o swljectdhpingths pemdedns desgihet disiean, febpacddly heomilegcdlat t y

ils, liquid. ffi | i guj.d pol yet hyl | | with i t hout .
ot abi | 2L it 4 sppessenBivetS e s hiealoriaded fatisatany abe Bopeiaieingl
such asnapnaRAl thatigd sabie@lexpaldhtin@nslapwhlifel ofles RediMbntG @R tsdeffadbiy tdloafel C,
tal c, polyvinyl pyrrolidone, carbogol gel , pol yethylene glycol, "and/ or

titani urmatnes. da sopgegiredingitythongjechndelseied &1 teeabngrnt 8 hewhipkagieal or

sol vent__m es,, : T rmaceut i gal Iyt i p i as
2 sal t R 1 8RS KRR PRI IR o TR SRS bR, BRabRLSLIEE o
ot her poPir@mentSsTlatRAtasolbFiadl rhdignesyy tBsRaAbit g Higeleva if @1 005 Laiskyf of ns.

Phar maceutically acceptable salts are well known in the art. Conpounds that
cont ai rPOBEICHIROAHRGEY ithessuRiEst PORISTIBR QBTN OAR hgmaOigHtah Bl ZaHICY $hafj t h

sui t abl [ : [ f .1 C : i ! , for
excarpl AT FNHERNE R IREAHLLC 3 dnBERBRNTIONR, FLHARS L MR, o
cal ci urnfootreamgmedialrnacddgiodi snal{gd20c3] th@awpstitndisel péx wessacAkr @osplanphatian ( A)
that cont.ajn basic noieties can form pharnmaceutically acceptable acid
addi ti G¥"¥%Y-ts with suitable acids. For exanple, Berge, et al., describe

phar maqgeig)catnl dheraHRRIAD  &hs Metidd ddsdffed ih_lsre-hf‘cqlml?ﬁbﬁg H&&&Estelﬁ% td (a]s%‘gjzh The

salts can be prepared in situ during the final isolation and purification

of the aongoundst ttimuheA idasceihed berey;, insepelriadteingvidya thesaptyiused & tfeagearisars e

functi Q‘I:fh\f,:\éa%;]’ & ‘Styeia%anl:)nlt’e, ag%ise%' herein, is a treatment of cancer by any well-known
conventional or experimental form of treatment used to treat cancer that does not include the use
of a compound of formula A. In certain embodiments, the combination of a compound of
formula A with a conventional or experimental therapy used to treat cancer or an autoimmune
disease provides beneficial and/or desirable treatment results superior to results obtained by
treatment without the combination. In certain embodiments, therapies used to treat cancer are
well-known to a person having ordinary skill in the art and are described in the literature.
Therapies include, but are not limited to, chemotherapy, combinations of chemotherapy,
biological therapies, immunotherapy, radioimmunotherapy, and the use of monoclonal
antibodies, and vaccines.

[0239] In some of the foregoing embodiments, the combination method provides for a

compound of formula A administered simultaneously with or during the period of administration
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[0274] Representative acid addition salts include, but are not |limted to,
acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesul fonate,
bi sul f at evolrotymaiie, canphorate, canphorol sul fonate, di gcuase@Re28654

gl ycer ophosphat e, hem sul fate, heptanoate, hexanoate, fumarate,

hydr ochl ori de, hydrobrom de, hydroi odi de, 2-hydroxyethanesul fonate

(i sot higgmad @rap %raﬁ{iﬁn%oﬂtﬁé £t BindBhPeNeSHs R @nep Rhd DB kdrafug AR COti nat e,

2- napht hal enesul f onat e, oxal ate, panpate, pectinate, persulfate,

3- phenwdprlmptemdameult@e@uﬁy éflthﬁhfvaqgalt @en}@rlwpmnet eatygni In&@eamt artrate,

t hi ocyan 0 hat hydr hate a rbo at
p-tol uengjsuf %E%tt%ﬁ)e Comdnatl ec%ﬁ%(g]t)m%(%xﬂ)r CO ctziicersmP]h mlm %reenpl oyed
to for mprivhes sladey theCalniyisaseepifaid geaplyd addr t| on salts i ncI ude wi t hout

i m tatr on, such inorganic acids as hydrochloric acid, hydrobrom c acid,

sul f ur i[0240; dln seme GERbssioneBoing eBhadimeits t@a sUbIRs aiisfractawi taet leastowg siaadad d,
mel ei ¢ oq‘%kgerltﬁé{ﬁﬁ'cﬂhﬁo@l%f g 9% é(r)tr tjhg f(ﬁ‘g Lrgggca}neﬁﬁsth% subj ect is refractory

ni trogen-contal ni ng groups”can be quatern 7ed W th such agents as 1Pover

al kyl halt des twuehnaardmsebkpelnmeettdtyhcmmharayies Mn’mﬂfyhe ﬁjﬂégmmgjes brom des

d di di al i ke dji net hyl h di but d di
gﬂr f :a? ee'én %%B%{ § r&%ﬁy #H éﬂ%}lfeﬁ:%ﬂt‘?flétég agl:ﬁ&”%? ﬂa%e aréehré { ameyhegt%rt@?%?teraérga
st ear yl, Ghhek 82or eﬁ%d A QAL gRS: 1s%f¥ald%r§% ath@aét % s{%ﬁ‘lgﬂd%? benzyl

WO 2012/ 125510PCT/U 2/ 028654 and phenet hyl brom des; and ot hers.
Pr oductesphambmtgl aheniofieeapiesol ubi l ity or dispersibility are ther eby obt ai ned.

[ 0276] trons risin C of .the | ven ornmul ated i,n a
bhar nedTeHHCaln seBk e foae itcorpo R dh Pubices BTG 58P0 SROHH ac e
cont ai NRlexp@itfedtalRabSthbRApy séieabaBom BF ofdup dddliS@iest RAAbideOAtuximab,
Accordingly, there also is contenpl at ed an art| cl € of manufacture, such as
a cont aﬁlkrsézrtmgmpntis,salﬁgtuaum@e agetheshemothempy diepownts aod listhd abexegent i on and a

| abel in f n

R Lt P D S AR
dosage d‘rergperﬁﬁeraamhahmeeptdscsattecte@ fpastht igfsupandsistinpasiagiardbieetitux@aad, ai ni ng
instructions for use of the corrPosr tion in treatnent of a nedi cal

condi t idlating ageptetlempgama andiiheicBpROthAEPY AL aMaH T hEsEdBRVecan i ncl ude
treat istration
[0277]”912%a rraiélegu%ﬂ% {:Hgﬁ hfoke n‘pg% H %@ﬁi&@gﬁ@? ﬁgrgun &ta?scrg%&gﬁ%a ? Iefl %Sfr;r?ﬁ a A can
be adm srtansltmlrcecéxpmrhér&als:thbmeﬁferdpgﬁsaalyzcted rﬁmantﬁle @nalp dﬂiﬁ’slblﬂltg ofi thelatpdhirreg
parenteral. and eral techni ques.  Parent adm ni stration po ities

el udd iHgED. 1k ne-Pehfe ABHEIPIBH thechy hrapydreatngys & t§t?gé‘lb8ther
than thpough fnrb%nﬁeb?ttl'i@fo?ég%%% Sbodithdet, thd Qb; @c’f%fr@ctoiy%ra@}éﬁﬁ%ép
intraarterial, intraperitone i ntramedul | arI y, Intranuscul ar,

i nt r aarstandendagr eXpmmettttrl@d:lamothamms ntleetee fitoni tha lgagupi q@pssttng)cpfﬁludﬁmbmeal

adm ni strati ities include, . for ex | udi,ng buccal and
2ubl | ngUa R RaRbe R RuGiab o o S ierateal i A CRe 2L F i

nmodal i tjpgss]i n@héléi@ct cﬂe@iﬂs%g’dmﬂng tthd ABMBIHEOSRSS tﬁél Efbfﬁbi%ﬁ@ﬁ @ beBekermined
transdernmal adm ni stration. Transnucosal adm nistration includes, for

exanpl expetimertally. ddwirefinameat Posequenopand tigsnmelsadminisieniag atqompouerh@lf fgsmplal ung
adm ni s Wﬁtfh glect/e%%e}g y %ﬂm)@ taﬁ&r ﬂ% ﬁ{}, 1né?i %uales%no@ect ?lge atur%to'f C%Pdltlon to

Tr ansder ma 1 on I nc passi ve or trve transder

t r anscWearadsn mecabjeti, @fd géeedilid th’egudgr@dfnt er aipittendip@peasorand
|ontophoresrs devices, as well as topical application of pastes sal ves, or
oi nt merP246]paNerrlighins eemmessetieaperanenply stafaddherapyiedragiibad belowg [a

hi gh pra%ﬁﬁfé?tetrea%m' HWErtajfi- lﬁnp fn%l&ggﬁqh C[hggQleh ]§utgbrﬁ1% JtIeChn' ques

i nclude T nplantation o dlepot }z reservoir) conposition$, osnotic punps, and
t he | i K&MonAcppmel Antitedyrietapyddr BdinlinNed-Hatlglan’ stcympﬂroaaaf W&atNeof Engidndammat i on

can be ocaI ry to .zed di sorders su as. arthritis,
AR 2 edl@ﬁviﬁ%dﬁ%@s blsdias PEbbERE. WS ot S B atediaiin o1 o
for repﬁ{efréfﬁés%r Pz{tle'ﬂ{sywi% cher %&H%ﬁzmn?' 1450081, i%ﬁblﬁ&a%ﬁ&ﬁé&%fpaﬁemfor
ot her di seases, including those involvin he respiratory tract, e.qg.

chr oni Gn Birstnitest $tetes | puiraiied iy Mnl@ealsé/l atgtlh‘rfa/mrawdlael iHgre rfhttterns by WHO

nal att téﬁgﬁea@nlfﬁrﬁdmsaﬁ?%f&%ﬁ% pOaPLfA 25?%2@“0”’52'“52?2 e

the like. [0279] In sone foregoing enbodrnents t he conpound of fornula A
is adm ni stered before, during, or afteg9 adninistration of chenot her apy,
radi ot herapy, and/or surgery. The formulation and route of adm nistration
chosen will be tailored to the individual subject, the nature of the
condition to be treated in the subject, and generally, the judgnment of the
attendi ng practitioner [0280] The therapeutrc |ndex of the conpound of

o N r



[0281] The characteristics of the agent itself and the fornulation of the
agent can influence the physical state, stability, rate of In vivo rel ease,
and rate wD2bre/m2fm0 cl earance of the adm ni stered agent PCBISR012/028654
phar macoki neti ¢ and pharnmacodynam c information can be collected through
preclinical in vitro and In vivo studies, later confirmed in humans during
t he coypa£7)0f Tfehining 8F ndd-Hal Skin EhjsiphdiRds, 8dprciayBPBREII bsigh, il lideepiratdod of
the invention, a therapeuticall ef?ectl ve dose can be estimated initially
f r om bingt Hented 4 userad/manogoinpl ansisedich stadard cipianatherps ageroedhes besf oHAN. at ed
in ani g I achi eve . a_desirable circulati concentration r,ange
that moaUFanad 3P B8 MstE) S BRRR G e S0 PhelRafopisRt oSSRl g:
conbi nahfegmtioh of 80ARILIEY tSagiIENclEdmdh@spyar e conduct ed, further
information will energe regarding the appropriate dosage | evels and
durati dA246¥ t NesrdipsHng Wmﬁ%qfdﬁ@owg@é wenegienat anfehadicsder Nporipdekinis hough
conpou e} I r.e. t -k to the
£ oat manrPASLyb St 4G AeLEK bk St S, PR Ry 2o Al CPD
st andaragtibbdied, tahilizimgdh) enti-SRAILL Bstasizaomab helipahdbe apragizemnbyr8@N-40] ashantit 0
provi de_li n%or mat.i on about the state of a .Ea& ent's liver. Level E@ such as

f Hasy 8;

al ani nd-FanS e ifadRe CRERlys AeE PR SRS ERgapHal

bi i r ulir ok A1 AR HI P8 VLIREMcelsliRASREPLIHRARED, hiRT PRCA 3004 Sl i ABndbor Mal
range can ‘signal possible Iiver toxicity. Dosing of the therapeutic
conpourmliziambb §GAE{USIRIR-12 1 A\eprafuzin@b2 @] 12551 GRUTA WSR2 0124028684 and

reduce .el evated ||ver,. function test. values and subsequent potential, for
| ver BRI Ao b Hinatoud Gilipofies GR R emRiRR Ay o B e ing
doses era%hgﬁﬂm@th?g-agé{t/r igRAht @i N dose ampunt, the subject begins to

devel op el evated LFT | evels outside a normal range, signali n&potenti al

liver tl824%i t Yordimiting exporieeot standpdgpgimeas of ¢hemiskeigy tlonNopdledgliinced to an
anount s that LFT | r C 0 . aC t abl e range. as judged by
e tr PR IR cerchat Y BB RIOP N Rinb R 2 BRRL L0, L ARIRES o P e
subj ectprédiidtfie}, FEM €luda@ibind, tid]oplldphimid® Ynitexad@&hf Cer epdlophbhshaaiied, e,
liver function tests can be used to titrate the admnistration _dosage of a
conpoundicrjsgpead mediisney. MGH (piexapere dlapmbecbpne presiisploashBot can be

determ - quﬁﬁ N RGNS r r 08l S of
experi r@ﬁ?(é X%ﬁlltu?ra s,lgi)é. gﬁé for éetﬁl(ﬁf-:I 1rlﬁlgni n%’&g%ﬁégb&?%h%ﬁ@g?y}ﬁé%@al to
50% of R-MCPORWINIGP).on) and the ED50 (the dose therapeutically effective in
50% of popul ati.on). The daose rati o betwee Xi nd .t her apeutjc

ef f ect JoSic Onilﬁavla%@m 5 %d@%?ln?w%erﬁ%&e qnyﬁ?&k&brwﬁ@&mé%-_cﬁ%e
ratio LDRQL-Elfefide %%&Wﬁbélﬁéﬁbrﬁﬁﬁbi?% tiuRESE ahBeSAREYE I Gk RA GRS moa8: -
the toxic dose is’substantially higher than the effective dose, are

pr ef er rBese Mampdeticcagshtsairngprévedrfosuehn sethjects wilthuelepsed Sayeragtuody ddbedlamoral
ani mal studiC}esl caﬁ be used in fornulating a range of dosage for human use.
The dos2ye &1 ¥PHO®8npounds Iies preferably within a range of circul ating

concent[p24110N$hdrigdutit RehtdtstiBEmERROcaM lérfh hbihh 1Rl doghtliiofichymothOrBrk
Dosage may be limted by treatnment-rel a eg t oxi c;% synptonms. Such synptons

besi dessueh avaHEW (cyelephdspipmiderioxesbicin, ydnaiigane peadnisone), BYRPHCNIAR r i ng,
diarrh vem.tin fat] UCOS] i per i ral rexi

e R YR AU E L e LRI AL PR R e
conbi nadytesbibd)ane FICM Mudarabifd, aidlotes phamelthitoiahtrbhe. $nbjdicén, dessel ops
intolerable |l evels of such synptons, the dosage may. be reduced such that

t he adVvegig¥ngganke supplemenedatidtths mpneslopaligabodiijexipbRivggidadord an
accept : I y gﬁﬁb I 'S a r

consi dgﬁgﬁ%ﬁ%ﬁmﬁ@%ﬁ ni ngﬁ%@gt%\g%}rjo%’%}ng%% os'ea(t)}}eJir g‘(g)&snﬁ%)c&fr%g%gr% “a pati ent
i s the cediniegacooitthabbaten@nticnaddherapiengithrstenneelbirasglaptadsmar tréaimant with

particular.enbaodi nent, the concentration of conmpound in the blood is
bet mgﬁcidléfoééﬁnﬁng?’ﬁﬁrbw fin gn _EtOﬁB?} per i od fromthe tine of .
adm ni gps4y)i Oﬁlnoth?r AR ko Qé‘a[tfrﬂg(ih'zirﬁlfé 3 HERRY inclub&s SRRGERME ALY QBh qf

conpound in the blood is between 75-2,000 ng/nl over a 12 hour period from
t he ti msingfmembelamiabantdoiion lik¢ RitaxiotahdRitpaad)i Kiduamabb akdp eEattivetalgainst other

concent.r at.i gn, of.. conpound i.n the bl pod i.s betwe - 2,000 / over a
12 hourn e G ST P A R AT &L SRl aibeiRent

t he concentration of conpound in the blood is between 40-3,000 ng/nlL over a
12 hour period WD 2012/125510PCT/ US204@/ 028654 fromthe time of

adm ni stration, wherein the conpound is a forrmula of I, I", Il, or II" and
is orally adm nistered in an anmount of about 50 ng, 100 ny, 150 ng, or 200
ng. In a preferred enbodi nent, the concentration of conpound in the bl ood
is between 40-3,000 ng/nL over a 12 hour period fromthe tinme of

o Y a o Y

r a



WO 2012/ 125510PCT/ US2012/ 028654 basophi| activation and bel ow t he EC50

| evel for PI3BK -a, -13 or -y basophil activation. The EC50 values for the
Pl 3K i sofwormeeisasat i on or inhibition In vivo can be detemrriSa@d/obsssa per son
having ordinary skill in the art. In alternative enbodi nents, the upper
range of the trough concentration of the drug may exceed and is not limted
by the |GEaBRoMA! Neoffbiddi®n BF Rituximab-aad cﬁémotla@ra!p? Q&&ftﬂs'e@p&hﬂ@@fﬁkm

Mor eover, the bl ood concentration ran drug is at alevel which is
t her apern@dlﬁad agprwhe$ ragicamnjunotheespyi wgemmea meml@i gliltdi)oﬁiﬁllﬁ gmmgd withial e

m nim zj sirapl e si ff 0288 By

del t a- 87 5P %\P & PURS 6 383%‘?2““ ggﬁoé&tﬁmBm? PRED ARt %r ‘C’?{) lb““ﬁmOT oy to
be cl i nivalahyZeragiht). Inlanether &@nipte, @‘e&eg{@hy@seann @ecﬁlaﬂ@zanrehﬂﬁ&tnt ﬁv@thl(H{SOBpon
pll Oy for signaling, because a plasma |evel above the effective dosage for
i nhi bi tARhGAmFUNethgrapy £ paPlgdhflBdesdisingicrrces tpgings eV high debased pRen thel ati ve
to oth lL,ph
enbodl?%H?%ﬂg%%%ﬁégggéghoyhﬁﬁgxggﬁggﬁhp %é sg$ecte%£P%%%?%@E§gE§Ig)ood
concent(MatVas).ef fective for selectively inhibiting pl1106 and pll Oy. [0289]

In so odi nents, the dosage of the npound prOV|des a trough ood
pl asma nE[Q%en{\P%@lFWPH@P%%HC wennsiige TooPhRF fulgp %tﬁegwcﬁtﬁ‘é@c Ito 12

hour s ftfa%%lﬁl‘&g@&# ?c@%ﬂﬁ&h%fo’s@éherﬂd@hé%ﬁﬁ foregoi ng enbodi ments, the
period is at |least 12 hours™from conpound “admi nistration. [0290] In a

parti cUP3¥4]enboethemappyoach¢o ufcmmgumthCmMymphmaeimelddésnacmﬂnhMiag@mtbztsatnley

ef fecti.ve, amount nbodi. ment, the conpou

S i abEpEAR s ab SERTY BefeBBihir By P AR et st S RERSRGA ° e
conpoungalidnaddicoheetaBly el cahbMalOs RitARi®Rar SAn s AABAmMEMN AP BloadNisa part i cul ar
enbodi nment, the conpound is adm nistered at a dose of 25 to 150 per

dose, admivisisridderes sas lead o Hieglegradatiqyeef Bidy? greteyn andangyeasgsiapgerigih 25 to
150 f h 50
Sglqs%g\fl}y to clﬂel%oﬁ’lr %pg; srugg a§ ”ﬁ%ﬁéﬁ%&f@enﬁs&%‘ d %Bm})ﬁla %nﬁ wgtﬁ%t frt g

to 100 erred

enbodi rmeﬁmmara@ubm(e&gentss Arogad aeamdqha;ﬂ;ﬁ&cngnaﬁdea adﬁllﬂi’ﬁﬁtldﬁﬁig ﬁlfrdR?frﬂiﬁﬂlﬁ-)rso\
tw ce per. day. 0293glln a particular enbodi nent, the_ nethod conprises
adni ni stlel Fif feed anbibpian o ieell grovthiand gyendesl dpaigea BORFINDBOSOGNRE BF t he

conpoungl AR ACK @é§'7 f'erﬂ%@a%n% ih ?g@ﬁﬁgﬁ&i%&ﬂtﬂl tuxh® Rfefdlie®hf ¢ 6tﬁ@1¢y s

achi eve ncre nts of about can 'be used t
increa&ﬁcmhéwdmsem:iﬁﬁmdosage can be increased daily every ot her day

i 0294] I | rTb di he
et hod IB2SAIT | OLer EsREy FRIbRG: 16 My b aion Bt B (Vi e e 6FT g 00 Sare
dose  ofN&NEmARTRAUARIAindHM S 6o A SPDEI 008G rb S0 AL ?S’e@i@ﬂf%r cwﬂzo@) ng

sai d dose by |ncrenents to a | evel whi ¢ ficacy can be mai nt ai ned
2012/ 1@@%%&@@@2@6@{@9@5] TRAHa fpm ﬂiR@de)R@mbbBRﬁemtlboctldfﬁe mat hod

conpri ses ad i { pitdal dail se of

of "The Tona: G A, EduPRlyts BEADABL. BR- Bideiir SRumn g hod: GOUTRY per
day Ovenmﬁﬂmhﬁﬁsknﬁuﬂ@Mae m&ﬂ%kky50themﬁﬂ§@ﬁ%u%%&nb@7tNAther i ncr eased
to about 750 ng/da [0296] In a partlcufar enbodi ment, the conpound is

admi ni 40236dd Epn-ﬂlgagﬁg @wnuéesdzﬁ dter therapeutic agents used to treat Waldenstrom’s

Macroglobulinemia include perifosine, bortezomib (Velcade ), rituximab, sildenafil citrate
(Viagra®), CC-5103, thalidomide, epratuzumab (hLLL2- anti-CD22 humanized antibody),
simvastatin, enzastaurin, campath-1H, dexamethasone, DT PACE, oblimersen, antineoplaston
A10, antineoplaston AS2-1, alemtuzumab, beta alethine, cyclophosphamide, doxorubicin
hydrochloride, prednisone, vincristine sulfate, fludarabine, filgrastim, melphalan, recombinant
interferon alfa, carmustine, cisplatin, cyclophosphamide, cytarabine, etoposide, melphalan,
dolastatin 10, indium In 111 monoclonal antibody MN-14, yttrium Y 90 humanized
epratuzumab, anti-thymocyte globulin, busulfan, cyclosporine, methotrexate, mycophenolate

mofetil, therapeutic allogeneic lymphocytes, Yttrium Y 90 ibritumomab tiuxetan, sirolimus,
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[0297] In a particul ar enbodi nent, the conmpound is adm nistered orally,

i ntravenously or by inhalation. Preferably, the conpound is adm ni stered
oral ly. Iwo=orei2esmodi ments, it is admnistered orally actasdagagssof about
50 ng BID, at a dosage of about 100 ng BID, or at a dosage of about 150 ng
BID. [0298] For the nethods of the invention, any effective adm nistration

regi ”Efladfrsﬁhlﬂh@tchﬂﬁ fahig, t‘hid"tfééﬁgpéﬂl‘i@hxépq}&ﬂﬁﬁ(lﬁfreg&ﬁﬁﬁarﬁfiﬂeﬁéroﬁsaﬁq ddeemesl, of
t he agent preferab y i ncl ude pharnaceutlcal dosage uni ts conprising an

ef f ect ilfastoamdarmeson, r@mnlag@ﬁtmtemglkmyéa tRegrebinantigtefleddn-y & Betoufamilyrefers to
an anmount, suf e du at K6 exp ress: on or acti v and/ or derive
a measdrafiie e atﬂr ghf%gng%mieu CiDt|ltlga taﬁlgr Rvet e eVoeTrOl%Iﬁus - St ﬂécatsu?lhr ough
admi ni stohabst@malabc1afber@bmmaﬁtm‘3 1tghﬁd pbesrE e thugah t}d@ﬁ@gpowﬂm tI$mphokine-
"Effective anpunt” can also refer to the amobunt required to aneliorate a
di seasectrated kiberieallsi amidossigpjtidpdrate.gpyggcagiptethedie ifplaed ydmsdioridsr t he
conpou [
genor R R BADE AAAKARRAARY do RIS b RN R A YAy lordine o
of bodwlmraydntWTél ghalog. ;tegh&cgva’kﬁmegmk'@ f6- m”ﬂcberéd: gzlittcmepfenﬂ:tﬁldﬁﬁ)dage;ﬁlolﬁg/ kg
of body wei For a p| cal Kk n._su ect t hus, e dosage range
is f rorﬂX?bdgtH@ r&@aﬁl%@f J@O%Cﬂi@ ‘%ﬁ naésnfﬂf%o dygePIy Ogega d3& 2%4¢ two or
or e d%ﬁ&aﬁ&bﬁné’ﬁ’ycﬁ@éﬂléﬁc&t Sétﬁ‘é?m@@ heddRY. - toDRSAGESD aﬁ@io&lﬁe bllgb%SItm%ﬁ'laB he

compounds are adm nistered orally or transdermally as conpared to, for
exanpl enotexafin gadplimiugt, pestiio trioxXitke tlpédlundedutomgous hymar tmmaraimcthSBPCf%r mul a

A th h t t l t h d o
of ©he FURRBn SR ENaTai e SO Taghrat orat P Bt AT bt R day ot o
conpound¥indidg thepv@ntion is suitable. In sone of the foregoing

enbodi nents, a conmpound of formula Ais admnistered at a dose of 50
BID. Ir{02%He Hpnﬂmtlmge@@mlwfaﬂm@mwgc agensowsd i e fdiffereduie Bacdlls

adm ni f d| nment s,
= CompaunarapERERER Sudind el BB Bl s BRI B S R BERRE e o
t he f ordgeiubiieeaistiig) ipsedndof®MRALTIR Minohedsall antbddsespelopohidd, Blethyain, a
dose of 200 BID. In sone of the foregoing enbodi nents, a conpound of

f or mul dnayi %fqgfa%qm%tse@efe r Waldenggera sofnd3HYy Gegntmpaion|there e&omén@ﬁ@a@n nents,
for trgg_gq%nt of | eukem as, |ynphomas and multiple nyeloma, a WO

2012/ 1 PCT/ US2012/ 028654 dosage of about 50-350 ng per dose,

adm ni 40258§d Noallimitioneangregrfehanadltiy prwedmrepesreddayreau Wakibheronssi t abl e.

750 g/ Ao B UGB e FARPRTl TS ABH HamARneB . SHOloRa Y B
enbodi 'E?e@ﬁ%ell ﬁ"ar?sEfEBPa‘ﬁ@g é?lftolfvgddm)loﬁe ndarro@f trdnsplah @i Gl %Hb&fﬁh&q?ﬁtblﬁogigﬁe of
50 ng BID. In some of the foregoing enbodi nents, a conpound fornul a

or ' thgrapd enpyimse mﬂlédtoatheaapdos)eal(bbdylwdmglom Dfusion efoten ofllst henefroaegwi ng
errbodl ound of for mJI red a a _dose of
150 ngr%F o fCHTTR 2ol Swart B eisgred Peheral Het g 55 Bk

aUTOBr mula |"
or drﬁbﬁ@ﬁ]‘bﬂﬂdﬂﬂ@dcﬁ@ar@blaﬁtaﬁ@ﬁ anhflurl%@ﬁ)zyrﬂiﬂ: t@&l{ﬂlqde bh‘arﬁﬁﬂ&ogiﬁ:altslﬂﬁiyf Rwegoi ng

errbodl ments, a conpound of fornula I" or is administered at "a dose of
350 ny Ig Bobaf-afognmmog rayHBerppy. ddgointigine ﬁb@mnﬁemﬁl§urgﬁm radiatipnrtaerapys fand
| eukem of about 50-350 ng per
dose ofn%?lm C%Q@Eﬁgg 2 ag?ﬁelgﬂ%ﬁlhtﬁb glegy?tlﬂ%n%udl%n%%@%r?%d orally once or

pr ef er goL39]t V\Nﬁﬁi—hlﬁﬁﬁngjél%.mpl& affdiledn tisuthpeatit egenltORd o frbe oo Wydphorytiche
adm ni stered as a single bolus dose, a dose over tine, as in i.v. or

t r ans deravkemid SPetin. 200@eramndes, Dl inejuge Ehipsambeci! (Lealsna): Dosi ng i s

contin

onst | SRRl RATI008, ENdn, LR CSERA PRl S ho PERUELE Peftsftn
enbodi nidgest), cfwrubgleu(semmtn)nmembrﬁmcma(mmnmgfanﬁaysnuameg tihemstide scont i nued
for at |east 7 d ne . enbodi nent s, S co nuous

bl 15" (RNt BrBGopt, e ST AT oA asragimap G e e, R HehBat | ent

can be dFERS tERd fATWalde BRI S Y@ ombiiitieh hﬁ'érﬁ@"’theﬂfaﬁyg Whd heb@imBRinbEeH py 0 make
a decision to increase, decrease, discontinue or haintain the dosage

including the common combination regimen: CVP (cyclophosphamide, vincristine, prednisone);
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[ 0303] Depending on the route of adm nistration, a suitable dose can be
cal cul ated according to body weight, body surface area, or organ size. The
final doswgeorxgsimen will be determ ned by the attendi n@Cphisgeicio2sssi n vi ew
of good nedical practice, considering various factors that nodify the
action of drugs, e.g., the agent's specific activity, the identity and

severi ty.cafp Erh@xlﬂiaﬁf@ﬁp) %Ekl@ho%ﬂl@mf&s%B@plé(tﬁﬂ%ﬁﬁ)oﬁlﬁe)t ReIOEiﬁ rt@inabti0g):age,
condi tion, body weight, sex diet of the patient, and e severity of

any i nfRER ifdrdarabing. ﬁYdedtosplmmd«t sitexignby and BR ({lagteabinatrigusiowdlnt i ncl ude
time a equenc m_ni St at i dru {1 ons act.ion
sensi 1 10Pe oot aRtinop BRI RLT nhE B Db e AR ISR R PR Rent of tne
dosage c@pipoaid btaI & If & salid paten®Atthdr Iuvédtygefedwv@ﬁmbﬁm off@f léusit@he @i¥apeutic
menti oned herein is done routinely %/ the skilled practitioner w.thout

q

undue eEpraNEHOH theransytic a@ﬁ@&raﬁtlwt% treghbaig FancReindaiRpsennfld caddinon and

R S Rt SV e R IR L

be ascgqmntiantne chetdpeotigiiy esfectfe aasdumbbi s badbiassayst thanpdeic ewentnselected from

concentration of the age in a bo fluid or, other sa Ie toge h rr-wth
dose retf;t)arﬁg@ Caatl%tmg[oggbﬁf}ndm@stt%g %t CbB@tdﬁ@“\?\ﬁHr BHEPAOK he
phar macgkd,Rghia6; BT STELEESMR. t he conpound of Formula A and the route of
admi ni stration. Dosage and admi nistration are adjusted to provide

suf fi ci[@61]] eVid @Jnm}foumdeofatdntt invention @iy be fortrolated for admirtistentidesd n@chabf f ect .

Accordingly, the phar tica 0S| ti ons can adm nj st er i

S ol o Bt vtk e Siiapd0 GESUBT bt Ruer S Rpaer bt ofc Farniaons

r el easeymieRleSuitile ERPaltatdrotiel besRBhistragord fRUor B8R dompdBhdY difornglas iar ed

m n| mum | evel of the conpound. Short-acting E)mhar maceut i caI conposi tions
(i.e., Bobeonad in RemmptananPhasmaeivitigalsycsaneep, driess editigayMaek Rerlishingan once a
day (e. or four tines a day). Long acting pharnaceuti cal
corrpos|(?én%‘?tanonaSn(?1r %e "admi ni stered every 3 to 4 days, every week, or once

every t[oe2eekse cdiuads SUMGB i@ntoibadYy 8 pRparediin tiedipah iof prdalgs, D¢, subdur al
unps, can be preferred for continuous infusion. [0305] Subjects that will

p

r espondPPEeEH A1 which frécase thssamepurdie! ithe/enention afee pdawisseliee i thand
veteri , cl o t her
subj ectrk gﬁjé 81? “%{??&h? htgg Eggtﬁétlgé gr# ﬁﬂ%ggﬁﬁ b|8§§; Elggffgé}lc ar eﬁglaet)s dogs,
| ar ge alosdatream shuisaelsassngcthe astlmom@nsd oand ok tkzddi deeeduced fevies al releaswthe

subj ect who woul d benflt froma conp of fornul IS oroprlat for
adm ni SCHNE FORPYId; RediseRssRp o Oﬁagﬁaﬁ%upﬂ é%héaigé@%@ duligite e ¢ he
pati entphag & G358 eReichCSHNAIAGE &1 i st] ?‘dgﬁ . Behdoh7myspr del (11g). In some

foregoing enbodi ments, the patient has a yrrphadenopat hy. In some foregoing
enbodi rt26H, AWempsean@f the pyreemidnyentipt carl be adminisiered edbe esattchemisakz buiof isa

e SRR MérepqbiisPRniEles skabHohad 8 S8 Rt R AR S o p o Sef one

cycle %rrﬁﬁl@@@ﬂmﬂécordlﬁgl?oﬂﬁg phRERIRV NG 08 RO Pr SXBIMsphafriR ekiS@] B6m ORI Mkht | |,
1", 11, or I'l" reduces the size of a |ynphadenopathy by at |east 10 % af t er

one cycqoglp@sltse £ cempornst of fprnga Mearfdor geimpptibtrduimeerycal chsiegdiwypnic efpound
L, ", I at east 25 %

af t er Ovrﬁ%ncl Tﬂe cop‘[p%gﬁl%ﬁ 2a Pt%lul% e gompﬁoélpée{%ggﬁlgﬁugg %ﬁm{e Q%ﬁg%&tl 1%816 ér
conpourigd Cbmbinatloﬂ Ivith@thelr hgerﬂ@dﬂﬂﬁ@s dlize- st ﬁcﬂymfcle@tlﬁymhg@eﬁ@patphyudby at

| east 30 % after one cycle of treatpent. In sone foregoing enbodi ments, the
use of degmpBURRIMoney mixed\withygxcipientisy gpetber phyemageptically agee PR SRIERGPat hy by
at lea 9 f nts,
The g 5o L e e e b R R ot hy
by at |mwaphtible withadtharingiedieats ol dledbnhulaad)rrrmm not ldalegoives foothe gavipignt thereof.

enmbodi use of .caqnpound .|, I" " reduc he size

| ynphagﬁgé)‘gat'h@f’ PRAMRACUE tCO%)O%IS‘FSt BF f?}’HBﬂaé?f{:toeCOBfaﬂt P8 ﬁ&i’ﬁrmﬂc\%m

2012/ 125540RGT - 1SRQ 1A L2865 0k O3B nphide BNEpRSRERT aurliitGids WA RAPT OVi des a
met hod of treating a condition, conpr|S|ng adm ni stering a conmpound of

f or mul aprogessing of tha aphwrcrmtrmnds:mltd yrepueeptsdhiteas b usetdtrétaaotlceah@lldn dher nore
t herapeuti.c. agents bj e need f such t ment, wherein the
cond: ¢ gminis dopgnedie v il BT wsb i b pRURCHAN SRR dor FeragEut i o
agents is a proteasone inhibitor. The one or nore therapeutic agents nmay

i ncl ude bendanustine, rituximab, ofatussnmab, and/or |enalidomde. In

anot her enbodi nent, the one or nore therapeutic agent includes
bendanustine, rituxinmab, or a conbination of these two therapeutic agents.
In yet anot her enbodi ment, the one or nore therapeutic agent includes
ofatununab In yet another enbodlnent the one or nore therapeutlc agent
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[0311] The follow ng exanples are offered to illustrate but not to limt
the invention. In the exanples below, references to the 'conpound of

formul a Iwoani2/essipound |' refer to the Senantioner shomoThse@2/028%64 sanpl es
used for these Exanples exhibited a 98. 2%e as measured by chiral HPLC

met hods: HN(S-enantioner) Nyl N [0312] In addition, an analysis of this

conmpoundrh@¥@MsTot fiertOlal f¥hiAStaNSH &t ®&mpHsk a§ucdlis ko8t s thddctivdest Test

Result Appearance Slightly off-white powder 1H NMR Spectrum conforns to the

r ef er erro@PaPR IAg@sr-99Bibl@sorm. Carriers suitable for parenteral administration can be
selected from among saline, buffered saline, dextrose, water, and other physiologically
compatible solutions. Preferred carriers for parenteral administration are physiologically
compatible buffers such as Hank’s solution, Ringer’s solution, or physiologically buffered
saline. For tissue or cellular administration, penetrants appropriate to the particular barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art. For
preparations comprising proteins, the formulation can include stabilizing materials, such as
polyols (e.g., sucrose) and/or surfactants (e.g., nonionic surfactants), and the like.
[0265] Alternatively, formulations for parenteral use can comprise dispersions or suspensions
of the active compounds prepared as appropriate oily injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils, such as sesame oil, and synthetic fatty acid esters, such as
ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions can contain
substances that increase the viscosity of the suspension, such as sodium carboxy-
methylcellulose, sorbitol, or dextran. Optionally, the suspension also can contain suitable
stabilizers or agents that increase the solubility of the compounds to allow for the preparation of
highly concentrated solutions. Aqueous polymers that provide pH-sensitive solubilization
and/or sustained release of the active agent also can be used as coatings or matrix structures,
e.g., methacrylic polymers, such as the Eudragit® series available from Rohm America Inc.
(Piscataway, N.J.). Emulsions, e.g., oil-in-water and water-in-oil dispersions, also can be used,
optionally stabilized by an emulsifying agent or dispersant (surface active materials;
surfactants). Suspensions can contain suspending agents such as ethoxylated isostearyl alcohols,
polyoxyethlyene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar-agar, gum tragacanth, and mixtures thereof.
[0266] Liposomes containing the active compound of Formula A also can be employed for
parenteral administration. Liposomes generally are derived from phospholipids or other lipid
substances. The compositions in liposome form also can contain other ingredients, such as
stabilizers, preservatives, excipients, and the like. Preferred lipids include phospholipids and
phosphatidyl cholines (lecithins), both natural and synthetic. Methods of forming liposomes are
known in the art. See,. e.g., Prescott (Ed.), Methods in Cell Biology, Vol. XIV, p. 33, Academic
Press, New York (1976).

[0267] The pharmaceutical compositions comprising the compound of Formula A in dosages

suitable for oral administration can be formulated using pharmaceutically acceptable carriers

44



(Anhydrous, solvent-free basis) Chiral Purity (HPLC) 98.2 %ee Test Test
Result Residual on Ignition 0.11 % Infrared Spectroscopy (FTIR) Spectrumin
agr eenentwoi2ote/ebsor ef erence 13C- NVR Spectrum conf or ms POTIUsSROIRARSSEENCE
Particle Size Analysis
well known in the art. The preparations formulated for oral administration can be in the form of
tablets, pills, capsules, cachets, dragees, lozenges, liquids, gels, syrups, slurries, elixirs,
suspensions, or powders. To illustrate, pharmaceutical preparations for oral use can be obtained
by combining the active compounds with a solid excipient, optionally grinding the resulting
mixture, and processing the mixture of granules, after adding suitable auxiliaries if desired, to
obtain tablets or dragée cores. Oral formulations can employ liquid carriers similar in type to
those described for parenteral use, e.g., buffered aqueous solutions, suspensions, and the like.
[0268] Preferred oral formulations include tablets, dragees, and gelatin capsules. These
preparations can contain one or excipients, which include, without limitation:

a) diluents, such as sugars, including lactose, dextrose, sucrose, mannitol, or sorbitol;

b) binders, such as magnesium aluminum silicate, starch from corn, wheat, rice,
potato, etc.;

c) cellulose materials, such as methylcellulose, hydroxypropylmethyl cellulose, and
sodium carboxymethylcellulose, polyvinylpyrrolidone, gums, such as gum arabic and gum
tragacanth, and proteins, such as gelatin and collagen;

d) disintegrating or solubilizing agents such as cross-linked polyvinyl pyrrolidone,
starches, agar, alginic acid or a salt thereof, such as sodium alginate, or effervescent
compositions;

e) lubricants, such as silica, talc, stearic acid or its magnesium or calcium salt, and
polyethylene glycol;

f) flavorants and sweeteners;

g) colorants or pigments, e.g., to identify the product or to characterize the quantity
(dosage) of active compound; and

h) other ingredients, such as preservatives, stabilizers, swelling agents, emulsifying
agents, solution promoters, salts for regulating osmotic pressure, and buffers.

[0269] In some preferred oral formulations, the pharmaceutical composition comprises at least
one of the materials from group (a) above, or at least one material from group (b) above, or at
least one material from group (c) above, or at least one material from group (d) above, or at least
one material from group (e) above. Preferably, the composition comprises at least one material
from each of two groups selected from groups (a)-(e) above.

[0270] Gelatin capsules include push-fit capsules made of gelatin, as well as soft, sealed
capsules made of gelatin and a coating such as glycerol or sorbitol. Push-fit capsules can contain

the active ingredient(s) mixed with fillers, binders, lubricants, and/or stabilizers, etc. In soft
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capsules, the active compounds can be dissolved or suspended in suitable fluids, such as fatty
oils, liquid paraffin, or liquid polyethylene glycol with or without stabilizers.

[0271] Dragée cores can be provided with suitable coatings such as concentrated sugar
solutions, which also can contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel,
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or
solvent mixtures.

[0272] The pharmaceutical composition can be provided as a salt of the active compound.
Salts tend to be more soluble in aqueous or other protonic solvents than the corresponding free
acid or base forms. Pharmaceutically acceptable salts are well known in the art. Compounds
that contain acidic moieties can form pharmaceutically acceptable salts with suitable cations.
Suitable pharmaceutically acceptable cations include, for example, alkali metal (e.g., sodium or
potassium) and alkaline earth (e.g., calcium or magnesium) cations.

[0273] Compounds of structural formula (A) that contain basic moieties can form
pharmaceutically acceptable acid addition salts with suitable acids. For example, Berge, et al.,
describe pharmaceutically acceptable salts in detail in J Pharm Sci, 66:1 (1977). The salts can
be prepared in sifu during the final isolation and purification of the compounds of the invention
or separately by reacting a free base function with a suitable acid.

[0274] Representative acid addition salts include, but are not limited to, acetate, adipate,
alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,
camphorolsulfonate, digluconate, glycerophosphate, hemisulfate, heptanoate, hexanoate,
fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate (isothionate),
lactate, maleate, methanesulfonate or sulfate, nicotinate, 2-naphthalenesulfonate, oxalate,
pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, phosphate or hydrogen phosphate, glutamate, bicarbonate,
p-toluenesulfonate, and undecanoate. Examples of acids that can be employed to form
pharmaceutically acceptable acid addition salts include, without limitation, such inorganic acids
as hydrochloric acid, hydrobromic acid, sulfuric acid, and phosphoric acid, and such organic
acids as oxalic acid, maleic acid, succinic acid, and citric acid.

[0275] Basic nitrogen-containing groups can be quaternized with such agents as lower alkyl
halides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl sulfates
like dimethyl, diethyl, dibutyl, and diamyl sulfates; long chain alkyl halides such as decyl,

lauryl, myristyl, and stearyl chlorides, bromides, and iodides; arylalkyl halides such as benzyl
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and phenethyl bromides; and others. Products having modified solubility or dispersibility are
thereby obtained.

[0276] Compositions comprising a compound of the invention formulated in a pharmaceutical
acceptable carrier can be prepared, placed in an appropriate container, and labeled for treatment
of an indicated condition. Accordingly, there also is contemplated an article of manufacture,
such as a container comprising a dosage form of a compound of the invention and a label
containing instructions for use of the compound. Kits are also contemplated under the
invention. For example, the kit can comprise a dosage form of a pharmaceutical composition
and a package insert containing instructions for use of the composition in treatment of a medical
condition. In either case, conditions indicated on the label can include treatment of

inflammatory disorders, cancer, etc.

Methods of administration

[0277] Pharmaceutical compositions comprising a compound of formula A can be
administered to the subject by any conventional method, including parenteral and enteral
techniques. Parenteral administration modalities include those in which the composition is
administered by a route other than through the gastrointestinal tract, for example, intravenous,
intraarterial, intraperitoneal, intramedullarly, intramuscular, intraarticular, intrathecal, and
intraventricular injections. Enteral administration modalities include, for example, oral
(including buccal and sublingual) and rectal administration. Transepithelial administration
modalities include, for example, transmucosal administration and transdermal administration.
Transmucosal administration includes, for example, enteral administration as well as nasal,
inhalation, and deep lung administration; vaginal administration; and rectal administration.
Transdermal administration includes passive or active transdermal or transcutaneous modalities,
including, for example, patches and iontophoresis devices, as well as topical application of
pastes, salves, or ointments. Parenteral administration also can be accomplished using a high-
pressure technique, e.g., POWDERJECT™.,

[0278] Surgical techniques include implantation of depot (reservoir) compositions, osmotic
pumps, and the like. A preferred route of administration for treatment of inflammation can be
local or topical delivery for localized disorders such as arthritis, or systemic delivery for
distributed disorders, e.g., intravenous delivery for reperfusion injury or for systemic conditions
such as septicemia. For other diseases, including those involving the respiratory tract, e.g.,

chronic obstructive pulmonary disease, asthma, and emphysema, administration can be
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4.5 Exanple 1 Inhibition of Cell Gowh in MM Cells [0313] This exanple
denonstrates the conpound of fornmula | inhibits the cellular growth

sti nmul at owg 2efdesi1ts of cytokines (1 G- 1 and |L-6) in nulpCiraiseompedssra ( MV)
cells. LB cells (Melononocytic nyeloma cell line) were cultured for 48h
with control nedia; with the conpound of fornula I, in the presence or

absenc ehc@(’;mﬁlhsthg@ By hﬂ-}raﬁltlgﬁ ot @epliund RminiiaBbh 6f érbr@;fsf 8&Gbso¥, pbBegOommaauad of

formula | on MMcell growth was assessed by neasuring

3- (4, 51dqem3t hyl t hi azol 2-yl)-2,5-di phenyl tetrasodi um brom de (MIT,;

Chem ¢ ternati sor re pu t. L of 5
T 16y S 8 S
by 100 dufink, drs@fer @cﬁﬁiﬂ@dtraﬁ@mbmmnm&a@Ard&ukdﬁarapﬁtaﬁ@/bb&ng@ryMe measliRe at
570/ 630 nm usi ng a spectrophot oneter (Ml ecul ar Devices). A sunmmary of the

r esul t SNPgowp ehAdminisagap ehopen Eilhe tﬁﬂ@r@rw thesipdividupt @t&ecr,utm pruEEhdsund |
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denonst[028(4s meefdpemtm/m&txr afitad c@ﬁpcblmd(oBMﬁﬁm)la dacan bt ephaiced by agdifpsig or
compou | -induced LB ce totoxjcit LB cells were cultured with
cont roldofl’ﬁt‘ééﬂzéng GomPeHn Srfer éb@%@ﬁ Vet GRAFET SEIIS eRBiessiBe hatFker thay t he
Pr esenGgeAffied BRERAE 1 OucBMPGS exaﬁﬁhé thtd &lrhﬁd’u'héé EN b ke@ 35 419 §rﬁﬁ>oH§ kHAY

[3H -thym di ne uptake assay. data represent nean ( SD) of triplicate
experi n*ecmgmzAs 8 nmlgar yhapfis $eﬂ®tlwesu$neslf1csfos¢mw deHs,Bo dloat ¢heconi®updd dregr owt h
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OOWPOU'BiaﬁﬂleAP&EErQLS, eBalQTmfubio Q@I $29:57 (1992); Trail, et al., Science, 261:212 (1993); and
Rowlinson-Busza, et al., Curr Opin Oncol, 4:1142 (1992)). Tumor-directed delivery of these
compounds enhances the therapeutic benefit by, inter alia, minimizing potential nonspecific
toxicities that can result from radiation treatment or chemotherapy. In another aspect, the
compound of formula A and radioisotopes or chemotherapeutic agents can be conjugated to the
same anti-tumor antibody.
[0281] The characteristics of the agent itself and the formulation of the agent can influence the
physical state, stability, rate of In vivo release, and rate of In vivo clearance of the administered
agent. Such pharmacokinetic and pharmacodynamic information can be collected through
preclinical in vitro and In vivo studies, later confirmed in humans during the course of clinical
trials. Thus, for any compound used in the method of the invention, a therapeutically effective
dose can be estimated initially from biochemical and/or cell-based assays. Then, dosage can be
formulated in animal models to achieve a desirable circulating concentration range that
modulates expression or activity of a particular PI3K isoform or combination of isoforms. As
human studies are conducted, further information will emerge regarding the appropriate dosage
levels and duration of treatment for various diseases and conditions.
[0282] Although compounds of the invention are well tolerated, an example of a limit to the
treatment dosage is elevated liver function tests (LFT). LFT involve standard clinical
biochemistry tests on the patient’s serum or plasma to provide information about the state of a
patient’s liver. Levels, such as alanine transaminase, aspartate transaminase, alkaline
phosphatase, bilirubin, and gamma glutamyl transpeptidase, that are outside the normal range

can signal possible liver toxicity. Dosing of the therapeutic compound can be adjusted to avoid
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[ 0315] This exanpl e denonstrates the conmpound of formula | induces
apoptosis in patient chronic |ynphocytic | eukema (CLL) cells. Peripheral
bl ood waswolwmimnesdof rom patients with BCLL t hrough the ECI/iResiemesshs
Consortiumfrom Chio State University. Primary CD19- positive cells were
i sol ated using Rosette-Sep (StenCell Technologies). Cells were maintained

i N RPMor1&fiRe CleRied El@&efﬂ}lctﬁiﬁ%it%% gl Wb%éhu@@t@dﬂﬁﬁtal fdi'%%ﬂ toaicad Eef al
bovine serum 2 mmol/L L-glutamne, and penicillin (10

units/ rmw@pr eﬁnbamymam b@@d@lmﬁtgveﬁl@scaﬂﬁmgtdoe@ﬁeq{)a cmnp@mi B9 camin dosg hi gh
nour s, 4 68 slbReL BTROE0 B (e RO PRL B turbBE PbludoRlest e W engi ng
buf f er I(ozamme/r ko;dIEBEfb/ﬂN&@bisagEHIﬂre%poribéOchHHBfla/gb Gk 2edured tdakGiount Mol /L
MyCl2, 1.8 mol /L CaCl2) contai ning t.L of Annexin V-FITC stock
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Tr eat rremrmmf Iﬂcl:efpmt liertfuieioh Sestd dan beanpdtondrdte theaudhiisistrnioapopigesifa and t he

result ap ear to be dose-dependent, as seen in Figure 3. [0317] Conpound I
i nduced?® 85{1 sis was seen in CLL cells from poor prognosis patients, as

the datgpg3di “Fé’ah@i%y iy tﬁbﬁH&Rlcje?ﬁchQ%%@Jch%%%Hﬂ& danRAEEdiRRPRLLRLF Vs
al so seen to be effective in s fromrefractory/rel apsed patients as

shown iphafngpenieca® procEtanypinecel cuElﬂrbe ot exglerigenfad amchaisn e.AL forodetdrmiining the[ 0319]

of Akt TIRBAERGPS: BIbR Tha-hagepaaney Rt i Pttt TP G shEaHEan: oo
by cel lindeat &t th@p&ﬁﬂzihoﬂ“—'l"—he%ge ﬁtlﬁ'ﬂetv(/e%ﬁ%ﬁc hivrpReREaRt dfeckeayiem a)

|l eukemic cell lines. Viability assays of cell lines were(ferforrred usi ng
t he Al arargleytic agiga,y V(hlﬂviyplrceémﬁ)eXp@éﬁquaS(ﬂle 5atio A IPEED N | ayngs thet ume of

100 [t. P\/Mﬁ"t 181@8 lfe(f%p%ul[é? H%“fe]g b %;[d tht PR t?al / Iﬁ erttll;'aef\l i QRQC%V? of

f or nul a i nal” concen rum alone was

added tdysé hee lmleatnea Tde dlatéNBl!St@mE@ foat s ckin caluad ass;ays aaltaelduﬂsehl simer e
i ncubat ed for fixed times (48 hours). After the incubation, 10 [t.L

Al anar Bitskigsropn b ssetigdarmgawagnranes Pt dasagy for gman up Jhsdesrer of suphhour s and

ol at o roame AEDR e R B RS sk el P LM O ¢

expr esseith Aslear peteacityage of absorpti on between treated cell s/ control

sanpl e. se results are su rized in the taple shown in Figure 4.
Exposur[gl;?‘ﬁ cBR{SE MY DS g%lmdtrgmﬁﬁeaélaﬁefraﬁagépxmaseePtaﬁls RUEePRams

vi abi | 'Hegldbsnel@’va‘{@d' h%ﬂfulﬁlﬁ'on@(%lts int1u8E8nAsia Walibn BRirfiBH UEIHHRR JomifkE, fatigue,
phosphoryl ati on. Exanpl e
mucositis, peripheral edema pyrexia, peripheral neuropathy, pleural effusion, night sweats, and

orthopnea, or a combination thereof. At a certain dose amount, if the subject develops
intolerable levels of such symptoms, the dosage may be reduced such that the adverse event is
eliminated and no longer adverse or reduced to an acceptable level as judged by a treating
physician.

[0285] Another consideration in determining the appropriate dose of compound for a patient is
the desired concentration circulating in the blood plasma. In a particular embodiment, the
concentration of compound in the blood is between 40-3,000 ng/mL over a 12 hour period from
the time of administration. In another particular embodiment, the concentration of compound in
the blood is between 75-2,000 ng/mL over a 12 hour period from the time of administration. In
another particular embodiment, the concentration of compound in the blood is between 500-
2,000 ng/mL over a 12 hour period from the time of administration. In a preferred embodiment,

the concentration of compound in the blood is between 40-3,000 ng/mL over a 12 hour period
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Ef fect of Conpound on ALL Cell Cycle [0320] This exanpl e denonstrates
treatnent of the acute | ynphoblastic | eukema (ALL) cell line CCRF-SB with
t he conpowoadorfi2fzionul a | results in GO GL cell cycle aPCedis2012/028654
Representative fluorescence-activated cell sorting (FACS) anal ysis of

propi di um i odi de-stai ned CCRF-SB cells under normal growth conditions, and
growt h fidin teihE 85aNERIsehtié QvHéiéHm Hendnpouh®lsMtbAndla of NE” AN EbADE aREfsCENt 2ge
of cells in Q@-Gl, S, and G3-M phases is calculated in the table bel ow the
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(1 nvi t rregen)f adéunietrdtionl at es. Results of prolifer at ion assays are expressed

AT R AR 7 SN N RN
produce a plasma concentration of drug of about 10 nM or higher over a period of 8 to 12 hours,
on average, and to provide a peak plasma concentration of about 500 nM or higher, preferably
about 1000 nM or higher. In certain embodiments, the dosage of the compound of Formula I or
Il is selected to produce a plasma concentration of drug of about 100 nM or higher over a period
of 8 to 12 hours, on average, and to provide a peak plasma concentration of about 500 nM or
higher, preferably about 1000 nM or higher. In certain embodiments, the dosage of the
compound of Formula I or II is selected to produce a plasma concentration of drug of about 200
nM or higher over a period of 8 to 12 hours, on average, and to provide a peak plasma
concentration of about 500 nM or higher, preferably about 1000 nM or higher.
[0287] In certain embodiments, the dosage of the compound of formula I or II is selected to
produce a plasma concentration wherein the trough concentration of the compound is in the
range where a therapeutic effect, such as apoptosis of cancer cells, is observed. In certain
embodiments, the dosage of the compound of formula I or Il is selected to produce a trough
plasma concentration at or higher than the ECsy PI3K0 isoform activation in blood plasma. In
certain embodiments, the dosage of the compound of formula I or II is selected to produce an
trough blood concentration above the ECsg level for PI3K{ activation and below the level for
ECso PI3Ky activation in a cell during a period of at least 12 hours from compound
administration. For instance, if the ECs, value for PI3K 9§ basophil activation is 65 nM and the
ECsp value for PI3K y basophil activation is 1100 nM in whole blood plasma, then the dosage of
the compound selected provides a trough plasma concentration of the compound between 60 nM
and 1100 nM during a period of 8-12 hours from compound administration. Similarly, a dosage

can be selected to produce an trough blood concentration above the ECsg level for PI3Kd
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[ 0323] This exanpl e denonstrates the conmpound of formula |I reduces
constitutive Akt phosphorylation in hematopoietic tunor cell |ines that
exhi bi t edwoansti2fudi ve Akt phosphoryl ation. A | arge panelcTafS20ienksssd a and

| ynphorma cell |ines was assessed for constitutive Akt phosphoryl ati on.
These cell lines represent B-|ynphoma, T-Iynphoma, ALL, Malignant

hi st i omak@sHiSactiPhBalanamdlAMhe Heal levki REPIIKAL -BleaksheRi$ /N The ECs,

i ndependent Akt phosphorylation were treated wth the conpound of fornula I
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Thi s exanpl e provi des evidence that compound | bl ocks PI 3K signaling and
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gave SiffhéAr results is. i n Fi .

Joro 1T AR sty BBy Ml dph €S *ppatl repries g VERAPEBA pay 7
i n Healdohyentatiimb&eksn b93ROBIndTHIOS ndX diihEa pérdd efesstodattdureirahicbgpbend he
concentration of the conpound of forrmula | in the blood of a healthy human
subj ectadgnnigiggtion. Irgeme épiegqing snPetimza’s. hemeried st &irslr 1 22hqyey freg compeynd

hour s, a‘aﬁﬁ%ﬂﬁ{ﬂ adm ni stration of 50, 100, or 200 ng BID of the conpound
of formulla I on day 7 of the study. Figure 11 follows the plasm
concent[0290]onInof partien] drengpodireentathp eoinpouraf is h@mimastersd in @ theagheinticadtyr at i on.
The maxipum concentration of drug is achieved within two hours for all
doses. AGAIYH ¥PPENi on of 50, 100 or 200 ny BID of said conpound results in
a concqpssAt i i pRM&llatdModfrnEReds c&_‘ﬂ?oﬁld%@dlﬁﬁﬁgeﬂég'&P@H&sfeﬁ‘ff'z@-rSO'()@nQé&;Qph' |
for at lTeast 12 hours. [0327] In addition, single dose studies wherein

17- 400 Ing peftiquive eobopiorend thd cdropamndas ddmmssteaethatra dose pe 80200 headayhy

vol unt was carried out..Concentration .of .the co und i he ood was
o nour R erh s ioe Pl G soo B At e SR RC: divs Lrsie 1S AR e
24A. Atpeab&!ét, afl tthit_[o%es dBadmanaert pet dBNof, BIPRAuRdyith 2Htd 8H Rbaesksf.om al |
adm ni stered doses is at | east about 100 nM At about 12 hours, the

concentaefesied embedimsot ndubjerins tigated MabPUrag ta Hbme 5 2 sgmanendeidhenulp A over

wi thi n Vghr SRR L BRotng SOMROMB 5 e Wy TaP Bl AFNEE,

conmpound fbrnanndemtideder doy.was nmeasured on the 7th day of 50 ng BID dosing in
heal t hy vol unteers (N=6). The mean trough concentrati on was higher than the

). Tt at .
EC50 f dP2BI3Ke apptigiy sibodipenikthe sirehast Goatnrises WhRInisERBE 1o WA PRERALETS0 f or
Pl 3Ky . i b ks i 1 on: j.gure
25, T R o o Ry AR RN P R b
adm ni sfiaicabeféitady(s achiBled. ilscramets b&stedut 25,410, i180,abdv@ nighenERSBedPloIKGease
basophi ctivation level but |ower than the m ni num ED50 Pl 3Ky basophi |
level d8% 9%t i8R dpeagsican CW‘EBElaéedﬁaé]dde‘f%}‘ other dayn §¥1cq PeT ks o oflce per week.

[0294] In a particular embodiment, the method comprises continuing to treat said patient by

administering the same dose of the compound at which clinical efficacy is achieved or reducing

said dose by increments to a level at which efficacy can be maintained.
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[ 0329] Table 1, below, provides an overview of the subjects in the study,
wherein either a singe dose (SD) or nultiple dose (MD) of the conpound of
formul a Iwo=0edizssinst ered to a subject at varyi ng anmountPsT/Ush@2/ves6sval ues
refer to the nunber of subjects in each group. WO 2012/ 125510

PCT/ US2012/ 028654 Table 1 Cohort Regi men Conpound | Placebo 1 (n=8)

[0295] In a particular embodiment, the method comprises administering to said patient an
initial daily dose of 20-500 mg of the compound and increasing said dose to a total dosage of
50-400 mg per day over at least 6 days. Optionally, the dosage can be further increased to about
750 mg/day.

[0296] In a particular embodiment, the compound is administered at least twice daily.

[0297] In a particular embodiment, the compound is administered orally, intravenously or by
inhalation. Preferably, the compound is administered orally. In some embodiments, it is
administered orally at a dosage of about 50 mg BID, at a dosage of about 100 mg BID, or at a
dosage of about 150 mg BID.

[0298] For the methods of the invention, any effective administration regimen regulating the
timing and sequence of doses can be used. Doses of the agent preferably include pharmaceutical
dosage units comprising an effective amount of the agent. As used herein, “effective amount”
refers to an amount sufficient to modulate PI3Kd expression or activity and/or derive a
measurable change in a physiological parameter of the subject through administration of one or
more of the pharmaceutical dosage units. “Effective amount” can also refer to the amount
required to ameliorate a disease or disorder in a subject.

[0299] Suitable dosage ranges for the compounds of formula A vary according to these
considerations, but in general, the compounds are administered in the range of

10.0 pg/kg-15 mg/kg of body weight; 1.0 pg/kg-10 mg/kg of body weight, or 0.5 mg/kg-5 mg/kg
of body weight. For a typical 70-kg human subject, thus, the dosage range is from

700 pg-1050 mg; 70 pg-700 mg; or 35 mg-350 mg per dose, and two or more doses may be
administered per day. Dosages may be higher when the compounds are administered orally or
transdermally as compared to, for example, i.v. administration. The reduced toxicity of a
compound of formula A, permits the therapeutic administration of relatively high doses. In
some of the foregoing embodiments, oral administration of up to 750 mg/day of a compound of
the invention is suitable. In some of the foregoing embodiments, a compound of formula A is
administered at a dose of 50 mg BID. In some of the foregoing embodiments, a compound of
formula A is administered at a dose of 100 mg BID. In some of the foregoing embodiments, a
compound of formula A is administered at a dose of 150 mg BID. In some of the foregoing
embodiments, a compound of formula A is administered at a dose of 200 mg BID. In some of
the foregoing embodiments, a compound of formula A is administered at a dose of 350 mg BID.

In specific embodiments, for treatment of leukemias, lymphomas and multiple myeloma, a
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dosage of about 50-350 mg per dose, administered orally once or preferably twice per day, is
often suitable.

[0300] In some of the foregoing embodiments, oral administration of up to 750 mg/day of
compound I” or II” is suitable. In some of the foregoing embodiments, a compound of formula
I’ or IT” is administered at a dose of 50 mg BID. In some of the foregoing embodiments, a
compound of formula I"” or II” is administered at a dose of 100 mg BID. In some of the
foregoing embodiments, a compound of formula I’ or II” is administered at a dose of 150 mg
BID. In some of the foregoing embodiments, a compound of formula I’ or II”” is administered at
a dose of 200 mg BID. I In some of the foregoing embodiments, a compound of formula I”” or
IT” is administered at a dose of 350 mg BID. In some of the foregoing embodiments, for
treatment of leukemias, lymphomas and multiple myeloma, a dosage of about 50-350 mg per
dose of a compound of formula I’ or II”, administered orally once or preferably twice per day, is
often suitable.

[0301] The compounds may be administered as a single bolus dose, a dose over time, as in i.v.
or transdermal administration, or in multiple dosages.

[0302] Dosing is continued for at least one cycle. In some embodiments, the cycle is at least
seven days. In some embodiments, the cycle is about 28 days. In some embodiments, dosing is
continued for about 28 days and is then discontinued for at least 7 days. In some embodiments,
a complete cycle is continuous daily dosing for 28 days. Evaluation of a clinical response in the
patient can be measured after each cycle. The clinical results can be used to make a decision to
increase, decrease, discontinue or maintain the dosage.

[0303] Depending on the route of administration, a suitable dose can be calculated according
to body weight, body surface area, or organ size. The final dosage regimen will be determined
by the attending physician in view of good medical practice, considering various factors that
modify the action of drugs, e.g., the agent’s specific activity, the identity and severity of the
disease state, the responsiveness of the patient, the age, condition, body weight, sex, and diet of
the patient, and the severity of any infection. Additional factors that can be taken into account
include time and frequency of administration, drug combinations, reaction sensitivities, and
tolerance/response to therapy. Further refinement of the dosage appropriate for treatment
involving any of the formulations mentioned herein is done routinely by the skilled practitioner
without undue experimentation, especially in light of the dosage information and assays

disclosed, as well as the pharmacokinetic data observed in human clinical trials. Appropriate
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dosages can be ascertained through use of established assays for determining concentration of
the agent in a body fluid or other sample together with dose response data.

[0304] The frequency of dosing will depend on the pharmacokinetic parameters of the
compound of Formula A and the route of administration. Dosage and administration are
adjusted to provide sufficient levels of the active moiety or to maintain the desired effect.
Accordingly, the pharmaceutical compositions can be administered in a single dose, multiple
discrete doses, continuous infusion, sustained release depots, or combinations thereof, as
required to maintain desired minimum level of the compound. Short-acting pharmaceutical
compositions (i.e., short half-life) can be administered once a day or more than once a day (e.g.,
two, three, or four times a day). Long acting pharmaceutical compositions might be
administered every 3 to 4 days, every week, or once every two weeks. Pumps, such as
subcutaneous, intraperitoneal, or subdural pumps, can be preferred for continuous infusion.
[0305] Subjects that will respond favorably to the method of the invention include medical
and veterinary subjects generally, including human patients. Among other subjects for whom
the methods of the invention is useful are cats, dogs, large animals, avians such as chickens, and
the like. In general, any subject who would benefit from a compound of formula A is
appropriate for administration of the invention method. In some foregoing embodiments, the
patient has a cytogenetic characteristic of del(17p) or del(11q). In some foregoing
embodiments, the patient has a lymphadenopathy. In some foregoing embodiments, the use of
compound [, I’, I, or II” reduces the size of a lymphadenopathy in a patient. In some foregoing
embodiments, the use of compound I, I”’, I, or II”” reduces the size of a lymphadenopathy after
one cycle of treatment. In some foregoing embodiments, the use of compound I, I, IL, or II”
reduces the size of a lymphadenopathy by at least 10 % after one cycle of treatment. In some
foregoing embodiments, the use of compound I, I””, II, or II”” reduces the size of a
lymphadenopathy by at least 25 % after one cycle of treatment. In some foregoing
embodiments, the use of compound I, I, I, or II”” reduces the size of a lymphadenopathy by at
least 30 % after one cycle of treatment. In some foregoing embodiments, the use of compound
I, I, II, or II” reduces the size of a lymphadenopathy by at least 40 % after one cycle of
treatment. In some foregoing embodiments, the use of compound I, I””, I, or IT” reduces the size
of a lymphadenopathy by at least 50 % after one cycle of treatment. In some foregoing
embodiments, the use of compound I, I, I, or II”” reduces the size of a lymphadenopathy by at

least 75 % after one cycle of treatment.
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[0306] In one aspect, the invention provides a method of treating a condition, comprising
administering a compound of formula I, IT or a pharmaceutically acceptable salt thereof and one
or more therapeutic agents to a subject in need of such treatment, wherein the condition is a
cancer. In one embodiment, the one or more therapeutic agents is a proteasome inhibitor. The
one or more therapeutic agents may include bendamustine, rituximab, ofatumumab, and/or
lenalidomide. In another embodiment, the one or more therapeutic agent includes
bendamustine, rituximab, or a combination of these two therapeutic agents. In yet another
embodiment, the one or more therapeutic agent includes ofatumumab. In yet another
embodiment, the one or more therapeutic agent includes lenalidomide.

[0307] Suitable dosage ranges for the one or more therapeutic agents may vary, but in general,
the one or more therapeutic agents are administered in the range of 50 mg/m* and 1,500 mg/m”.
In one embodiment, bendamustine is administered in the range of 50 mg/m* and 150 mg/m®. In
another embodiment, rituximab is administered in the range of 300 mg/m? and 400 mg/m”. In
another embodiment, ofatumumab is administered in the range of 300 mg/m” and 1,500 mg/m>.
[0308] Dosing of the one or more therapeutic agents in combination with a compound of
formula A may be continued for at least one cycle. In some embodiments, dosing of the one or
more therapeutic agents in combination with a compound of formula A may be continued for at
least seven days. In other embodiments, dosing of the one or more therapeutic agents in
combination with a compound of formula A may be continued for about 28 days. In some
embodiments, a compound of formula A and one or more therapeutic agents are each
administered at least once during at least one cycle. The one or more therapeutic agents may be
administered to the subject in the same or different cycles as the administration of the
compound. In some embodiments, the one or more therapeutic agents are administered to the
subject on at least the first and second days of at least one cycle. In other embodiments, the one
or more therapeutic agents are administered to the subject weekly. Evaluation of a clinical
response in the patient can be measured after each cycle. The clinical results can be used to
make a decision to increase, decrease, discontinue or maintain the dosage.

[0309] In some of the foregoing embodiments, the condition is a hematologic malignancy. In
preferred embodiments, the condition is selected from the group consisting of multiple
myeloma, acute lymphocytic leukemia, acute myeloid leukemia, chronic lymphocytic leukemia,
B-cell lymphoma, diffuse large B-cell lymphoma, B-cell ALL, T-cell ALL and Hodgkin’s
lymphoma.
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Exanple 12 Effect on Lesions in a Patient wwth Mantle Cell Lynphonma [0330]
This exanple provides data relating to the area of |esions of a patient
wi t h mantwe 20e12531ynphorma after 1 cycle of treatnent (28cuagz)i2mesehs t he
conmpound of forrmula I. The area of 6 |esions was neasured prior to
treatment and after a cycle of treatnment. The response to 28 days of oral
adm ni gO8A%)i O RbfeRBd BEIbBRCALs, Ehla%oﬁfpﬁﬁﬁuﬂCiu@é‘tarftﬁ[l?"ébﬁ%)hsedr&%@ §s 1n a

rea

decrease of |esion area corrpared to area prior to ment and represents
a 44% cdaenteury. |Ilmsxtqgrfmerblmdd@ﬁntsmh@cqr@wnmompésgﬁmerﬁ P of thead-bar gr aph
found in Fl ure;12. EX Re nseo a Pat.ient w.th CLLto Ir eat ment
{03317 Faristalys i fems PEOR ieding STPBRIRAS e b e e Pl S 4R or i o
| ynphoayéepdeidapedtdedsiddsh dyRerghitio®endft sapdpat it@rdsultd dH’ﬂalﬁld-wﬁflélﬁrthel cycle (28
days) of treatnent with oral administration of the conpound of fornula I.
The bl cOMbNIAEOR GhEErRoMPROrBh b CTPeEifra®8Nover a period of 4 weeks after
P ST Of TR el d S8 BRIk (SURRIMOBE! £R2P1AA by IROAGK 981 201 2
38% de rea ein denoﬁ)at hy as a resu treat ment were observed

mar ked wtemp&a%elomnreﬂih@nmncﬂm ‘ranhpamd o folnsds Ved ‘betp@ed Tived td tengt week 2,

Figure 13.  Exanple rlson rrphoma ati e 0 | t hy Vol unt eer
[0332] CPATCRSIARPVE Eﬁﬁoeﬂ Pé%ﬁvée@@ﬁﬁ%ers PR 2PR SE@HQE‘?F[%%{‘S ¢ 8t mepwire
conpou C(Pﬁrafgpﬂwrﬁlethodsn a | ynphonma patient to nornal healthy vol unteers.
On the 28th day of oral adm nistration of 50 ng BID of conmpound in a
patient with mantle cell | ynphorma, concentration of the WO

2012/ 125510PCT/ US2012/ 028654 4¢0AP0 in the blood was neasured over a
period of 6 hours after ad st tlon The concentration of 50 and 100 ngy
oral adninistration in nor mat” hedl Hiy>vol unteers on day 7 of administration
was al so observed. The results ar&hﬁrﬁ 7Z@dniieme) gure 14. Thus, the

conpound does not build up excessi vely/ ver the course of a cycle of
treatnment, nor does the patient beoq tol erant by increased netabolism
over the course of the treatment cyclt®d Exanple 15

[0312] In addition, an analysis of this compound reveals the following characteristics of the

material:

Test Test Result

Appearance Slightly oft-white powder

IH-NMR Spectrum conforms to the
reference

HPLC Assay 98.1 %
(Anhydrous, solvent-free
basis)

Chiral Purity 98.2 % ee

(HPLC)

Test Test Result

Residual on Ignition 0.11 %
Infrared Spectroscopy | Spectrum in agreement

(FTIR) with the reference
13C-NMR Spectrum conforms to the
reference

Particle Size Analysis | Median diameter: 11.3 um
Water (Coulometric 0.56 %
Karl Fischer)
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target activity in a kinome-w de protein kinase screen
KI NOVEscanTm a genone w de screen of over 350 protein kinases failed to
detect any activity at 101AM Exanplg H%ﬁgpone ki nases in the screen are

shown below in Table 3. WO 2012/125510P
Rel evant Ki nases in Screenlnhims ?

[0313]
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US2012/ 028654 Tabl e 3 Exanpl es of
3 - CDK CSF1R EGFR EPH

This example demonstrates the compound of formula I inhibits the cellular growth

stimulatory effects of cytokines (IGF-1 and IL-6) in multiple myeloma (MM) cells. LB cells

(Myelomonocytic myeloma cell line) were cultured for 48h with control media; with the

compound of formula I, in the presence or absence of either IL-6 or IGF-1. The inhibitory effect

of the compound of formula I on MM cell growth was assessed by measuring

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrasodium bromide (MTT; Chemicon International)

dye absorbance. Cells were pulsed with 10 uL. of 5 mg/mL MTT to each well for the last

4 hours of 48-hour cultures, followed by 100 uL isopropanol containing 0.04 N HCI.

Absorbance was measured at 570/630 nm using a spectrophotometer (Molecular Devices). A

summary of the results is shown in Figure 1. Exposure of 0.625 uM-2.5 uM of Compound I

inhibits MM cell growth even in the presence of cell growth stimulatory cytokines.

[0314]

Example 2

Effect of BMSC on Cytotoxicity

This example demonstrates Bone Marrow Stromal Cells (BMSCs) do not protect

against compound I-induced LB cell cytotoxicity. LB cells were cultured with control media,

and with the compound of formula I for 48 hours, in the presence or absence of BMSCs. Cell

proliferation was assessed using [*H]-thymidine uptake assay. All data represent mean (+ SD)

of triplicate experiment. A summary of the results is shown in Figure 2. LB cell growth is

reduced after exposure to 0.625 uM-10 uM of compound I even in the presence of BMSC.
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Example 3
Effect of Compound on Apoptosis of CLL Cells

[0315] This example demonstrates the compound of formula I induces apoptosis in patient
chronic lymphocytic leukemia (CLL) cells. Peripheral blood was obtained from patients with B-
CLL through the CLL Research Consortium from Ohio State University. Primary CD19-
positive cells were isolated using Rosette-Sep (StemCell Technologies). Cells were maintained
in RPMI 1640 (Invitrogen) supplemented with 10% heat-inactivated fetal bovine serum,

2 mmol/L L-glutamine, and penicillin (100 units/mL)/streptomycin (100 pg/mL; Invitrogen) at
37°C, 5% CO,, and high humidity. After incubation with the compound of formula I or medium
for 96 hours, 5 x 10° cells were washed with PBS and then resuspended in binding buffer

(10 mmol/L HEPES/NaOH, pH 7.4, 150 mmol/L NaCl 5 mmol/L KC1, 1 mmol/L. MgCl,,

1.8 mmol/L CaCl,) containing 2 nL. of Annexin V-FITC stock (BioWhittaker, Inc) and 10 uL of
20 pg/mL PI (Sigma). After incubation for 10 minutes at room temperature in a light-protected
area, the specimens were quantified by flow cytometry on a FACScan™ (Becton Dickinson).
[0316] Treatment of CLL patient cells with compound I results in apoptosis and the result
appears to be dose-dependent, as seen in Figure 3.

[0317] Compound I induced apoptosis was seen in CLL cells from poor prognosis patients, as
the data indicates in Figure 19.

[0318] Compound I induced apoptosis was also seen to be effective in CLL cells from

refractory/relapsed patients as shown in Figure 20.

Example 4
Effect of compound in ALL cell lines

[0319] This example demonstrates the compound of formula I results in a reduction of Akt
phosphorylation and a decrease in cellular proliferation accompanied by cell death in both T-
ALL and B-ALL (Acute Lymphoblastic Leukemia) leukemic cell lines. Viability assays of cell
lines were performed using the AlamarBlue assay (Invitrogen). Cells (1 x 10° per well) in a
volume of 100 puL were placed in a 96-well flat-bottom plate and the compound of formula I
(100 pL per well at 2x final concentration) or medium alone was added to the plates. All were
performed in quadruplicate. Cells were incubated for fixed times (48 hours). After the
incubation, 10 uL AlamarBlue® was added to each well. Cells were incubated for 4 hours and

the optical density at 530-560 nm was obtained using a SpectraMax® M35 plate reader 2001.
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Exanple 17 Selectivity of Conmpound |I for pll0 delta [0335] This exanple
denonst r avexotdassieonpound | i s selective for pll0 del t CagaisSowamesesd i n

i sof orm specific cell-based assays. [0336] Swi ss-3T3 fibroblasts and

RAW 264 were seeded on a 96-well tissue culture plate and allowed to reach
at | eastelPA%biGANGAMSREK,sed Rl d ferdtptLe DF §E%@ﬂ1@%txﬁzé&&¥e@%d‘@eﬂb¢&itﬁdﬂ§z{ ghicle
or serial dilutions of conpound | for 2 hrs and stimulated with or Cba
r espectTheed iesulare prosigrietd/indhg Ghleshdwn dn ngumdr Reposdistte comgowd El@ﬁlgmn
Egrn;gghﬁdb%alﬁ hr V\{ernemtceﬁl?la{ Vlawlﬁ h%nea rﬁtbarlll% Y %rﬁg‘ 161§sre asts\ﬁél as drgglltl(l,tyotnllrcl) %%(t of
purifi qﬂlom&ylaﬁtm, human |1 gM Resul ts are expressed as relative [3H]

t hym di ne incorporation induced by |IgM crosslinking.

Example 5
Effect of Compound on ALL Cell Cycle

[0320] This example demonstrates treatment of the acute lymphoblastic leukemia (ALL) cell
line CCRF-SB with the compound of formula I results in GO/G1 cell cycle arrest.

Representative fluorescence-activated cell sorting (FACS) analysis of propidium iodide—stained
CCRF-SB cells under normal growth conditions, and growth in the presence of the compound of
formula I. The average percentage of cells in Go-Gj, S, and G»-M phases is calculated in the

table below the histographs. Results are shown in Figure 5.

Example 6

Inhibition of Proliferation of Breast Cancer Cells

[0321] This example demonstrates the compound of formula I inhibits proliferation of breast
cancer cell lines. T47D and HS-578T cell lines were grown in the presence of serum plus the
indicated concentrations of the compound of formula I. Proliferation was measured in triplicate
wells by AlamarBlue® assay (Invitrogen) 96-well plates. Results of proliferation assays are

expressed as the mean cellular percentage values and shown in Figure 6.

Example 7

Inhibition of Proliferation of Ovarian Cancer Cell Lines

[0322] This example demonstrates the compound of formula I inhibits proliferation of ovarian
cancer cell lines. IGROV-1 and OVCAR-3 cell lines were grown in the presence of serum plus
the indicated concentrations of the compound of formula I. Proliferation was measured in
triplicate wells by AlamarBlue assay (Invitrogen) 96-well plates. Results of proliferation assays

are expressed as the mean cellular percentage values and are shown in Figure 7.
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Example 8
Reduction of Akt Phosphorylation

[0323] This example demonstrates the compound of formula I reduces constitutive Akt
phosphorylation in hematopoietic tumor cell lines that exhibited constitutive Akt
phosphorylation. A large panel of leukemia and lymphoma cell lines was assessed for
constitutive Akt phosphorylation. These cell lines represent B-lymphoma, T-lymphoma, ALL,
Malignant histiocytosis, DLBCL and AML. Cell lines that demonstrated serum independent Akt
phosphorylation were treated with the compound of formula I for 2 hours. Thereafter, cell were
lysed, size-fractioned and immunoblotted with antibodies directed against phospho-Akt(Serd73).
Results are shown in Figure 8. Reduction in Akt(Ser473) was achieved for all cell lines after

exposure to compound 1.

Example 9
Compound I Effective in DLBCL

[0324] This example provides evidence that compound I blocks PI3K signaling and induces
apoptosis in diffuse large B-cell lymphoma cells. P1109 is expressed in DLBCL cell lines as
shown in Figure 26A. Figure 26B shows that exposure to compound I reduces pAKT levels in

several DLBCL cell lines.

Example 10

Inducement of Apoptosis in Breast Cancer Cells

[0325] This example demonstrates the compound of formula I induces apoptosis in breast
cancer cell lines. HS-578T, T47D, and MCF7 cells were treated with the compound of
formula I or corresponding DMSO concentrations for 24 h. The percentage of apoptotic cells
was determined by Annexin V-FITC/7AAD staining. Bottom left, viable cells (Annexin V-
FITC/PI negative); bottom right, early apoptotic cells (Annexin V-FITC positive only); top
right, mid-late apoptotic cells (Annexin V-FITC/7AAD double-positive); and top left, late
apoptotic/necrotic (7AAD positive only). Percentages of cells in each quadrant are indicated
except for the bottom left quadrant (viable cells). One experiment representative of three

different experiments that gave similar results is shown in Figure 10.
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Example 11
Steady State Blood Levels on Day 7 in Healthy Volunteers

[0326] This example provides data relating to the concentration of the compound of formula I
in the blood of a healthy human subject on day 7. The concentration was monitored over a
period of 12 hours, after oral administration of 50, 100, or 200 mg BID of the compound of
formula I on day 7 of the study. Figure 11 follows the plasma concentration of the drug over a
period of 12 hours from administration. The maximum concentration of drug is achieved within
two hours for all doses. Administration of 50, 100 or 200 mg BID of said compound results in a
concentration level that exceeds the PI3Kd ECso concentration in basophil for at least 12 hours.
[0327] In addition, single dose studies wherein 17-400 mg of the compound of formula I was
administered in healthy volunteers was carried out. Concentration of the compound in the blood
was measured over 24 hours from administration and results are shown in Figure 24A. At about
6 hours, the concentration of compound I in the blood for all administered doses is at least about
100 nM. At about 12 hours, the concentration of compound I in the blood for doses 50 mg and
higher is over 50 nM. The maximum concentration of compound I in the blood is achieved
within 2 hours of administration.

[0328] In another experiment, the mean compound I concentration was measured on the 7th
day of 50 mg BID dosing in healthy volunteers (N=6). The mean trough concentration was
higher than the EC50 for PI3K6 and the mean peak concentration was lower than the EC50 for
PI3KYy as determined in the whole blood basophil activation assay, Figure 24B. This example
demonstrates the concentration range of compound I administered at 50 mg BID is at a level that
is above the EDs, PI3K6 basophil activation level but lower than the minimum EDsy PI3Ky
basophil level activation level in whole blood for at least 12 hours.

[0329] Table 1, below, provides an overview of the subjects in the study, wherein either a
singe dose (SD) or multiple dose (MD) of the compound of formula I is administered to a

subject at varying amounts. The “n” values refer to the number of subjects in each group.
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BCR nedi ated proliferaton 6 (n=6) C5a i nduced pAKT 3,894 (n=11)

WO 2012/125510 PCT/US2012/028654
Table 1

Cohort Regimen  Compound I Placebo

1m=8) = SD 17 mg (n=0)  Placebo (n=2)

2m=8)  SD 50 mg(n=6) Placebo (n=2)

30=8)  SD  125Smg(n=6)  Placebom=2)
_____________________________________ SD  20mg(n=6)  Placebo(n=2)
_____________________________________ SD  400mg(n=6)  Placebo(n=2)

MD Placebo BID x 7 d (n=2)

 Placebo BID x 7 d (n=2)

MD 200 mg BID x 7 d (n=6) Placebo BID x 7 d (n=2)

Example 12
Effect on Lesions in a Patient with Mantle Cell Lymphoma

[0330] This example provides data relating to the area of lesions of a patient with mantle cell
lymphoma after 1 cycle of treatment (28 days) with the compound of formula I. The area of 6
lesions was measured prior to treatment and after a cycle of treatment. The response to 28 days
of oral administration of 50 mg BID of the compound of formula I, results in a decrease of
lesion area compared to area prior to treatment and represents a 44% decrease in tumor burden.

The results are summarized in a bar graph found in Figure 12.

Example 13
Response of a Patient with CLL to Treatment

[0331] This example provides data relating to the concentration of absolute lymphocyte count
(ALC) in the blood of a patient with CLL after 1 cycle (28 days) of treatment with oral
administration of the compound of formula I. The blood ALC concentration was measured over
a period of 4 weeks after completion of one cycle of treatment. A 55% decrease in
lymphocytosis and a 38% decrease in lymphadenopathy as a result of treatment were observed.

A marked decrease in ALC concentration is observed between week 1 and week 2, Figure 13.

Example 14

Comparison of Lymphoma Patient to Healthy Volunteer

[0332] This example provides data comparing the concentration of the compound of formula I
in a lymphoma patient to normal healthy volunteers. On the 28" day of oral administration of

50 mg BID of compound in a patient with mantle cell lymphoma, the concentration of the
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WO 2012/ 125510PCT/ US2012/ 028654 Exanpl e 18 Expression of pl1l0 delta in

| eukem a and | ynphoma cell |ines [0337] This exanpl e denonstrates that PlI3K
pl10 del twoie1i2giby expressed in a broad range of | eukegirasand/okssaphoma
cell lines. [0338] PI3K pl106 pronotes proliferation and survival in a wde
range of |eukem a and | ynphoma cell lines. Anong the cell types

I nvest '&ﬁf&)@Qn@frﬁhmqod%@}easMov&La'—peri@GQ)f EMours PR3 UmBXRAsS! PRe Of Pl 3K
pl10 a, 13, y and 6 in a panel of |ynphoma and | eukem a cell lines is
denonstacaecndration pf Yupnd 109 mpoel admenistragien iosorews] healthervelugsas et éay byt

SDS- PAGE _and. anal yzed by \\ste bl usi ng _anti podi.es egific for the a,
N TSR R i RS Che i R e

cont r ol®mpBohd déBtionb@int iPexteSsvale b eeruiecbur® EISBsR FYidalmdn0adi gesahe t he
sanpl es. pl106 was consistently expressed at a high |evel while other pl10
i sof or rhgtigRirscome Hlgragidyyi iageased mesrbohismapyer dielequirp of hepeatipgnt 6Y5ie y
expressed in patient AML cells as discussed by Sujobert, et al., Blood 2005
106(3), 1063-1066. Exanple 19 Inhibitory effect of Conpound |I on pll0

del ta [0340] Exanple 19 shows conpobx@mpleilahi bition of pl10 delta bl ocks

Pl 3K signaling in | eukem y. (B i.th constitutive
pat hway activation. [0341 € ’]9' GRS Fin vartol El%aygsntly deregul ated in

| eukem d Lynmpho cell Lines. 48% qof cell lines r 13.put of 27, were
founa B35y TSREETRG S (AR proticann Ertind 1eRs sy Rabonc 1 on s
dependenmn@iiizBd i BablECOMPORGshedV@Ey AcBYOEN b1 ToRipbus@DEhi A1kd hotEeART
phosphoryl ation in 13 out of 13 cell |ines. [0342]p PAGE results of Figure 9
denonstirldfeand ¢ign agbrseriough o/ke IRREPpIHiss P vpsfilat inprr tovde dpsehagaine @ L BYP. dhe
resen of nd. ] i of, cell |ines,...inchudi B-cel.]l and

P cort YR RIBONEplet WRRETLR o e Sipott ihuie R P RS R

Cel I | y&lassas- W8 plidiflo sitid eI sPACEh@nchite g @ltaadicotive tHAImpsAdy @ne and

probed with appropriate antibodies. Conpound | was found to inhibit
const i tfhibitesulcrery pesphoy R B0 6hds ?Jlrnzqaqgu%se%lﬂ, ipy t BE piGtiye on asaararithial
cell Ii f - - j i oy [ : o
decr eader R 2y VB hCealicn Fiha Jo B oS RIS AORE il
concentafatl i @neandfe acbirpaliwtilé st{l0bdid@AbI¢wivi 0dlAlide, towateer dquodioriist parecullmyy the
densitonetry,. expressed as the percent change, Figure 28. WO

2012/ 1 "YS2012/ 028654

Table 2
Class I Class HI Class 1V iher :
Class T PIBKs, iCq My | PISK, | PI3K, | o Phosphoinositide |

| A D3R, 10 (M
Cy(aM) | ICs M) PESK, 1050 (uM)

: Kinases
Corapound §p1 100, piiop pli0s pl iOy? Cilbota :

HVPS3E | DNA-PK - mTOR - PIPSKe | PIPSKD |
6729 163 163 | =393

NVP-REZ- : ; 5 ; s : ?
s 9 i3s3 27 3 6y 2 NDF L OND
| Novarts | 3 : : : 3 5 : :

InvitroGen Adapta assay
*ND=not determined

Example 16

No off-target activity of Compound [ in kinome-wide protein kinase screen

[0334] This example demonstrates that compound I has little or no off target activity in a
kinome-wide protein kinase screen. Using Ambit KINOMEscan™ a genome wide screen of
over 350 protein kinases failed to detect any activity at 10 uM. Examples of some kinases in the

screen are shown below in Table 3.
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Exanpl e 20 Conpound | Inhibits Proliferation and Apoptosis in Leukem a
Cell Lines [0343] Exanple 20 denonstrates that conpound | inhibits
proliferavoanizanssionduces apoptosis in | eukem a cell |ire3/USBIgOLssS4 16A- B
show that treatnment with conpound I for 24 hours reduces cellular viability
in a dose dependent manner. [0344] Proliferation assays (Al amarBlue(r)) on
ALL cell lines grown in the presenceghleld % FBS serum and neasurenents
were taken at 24 hrs Proliferation was measured in tri nI icate wells in
96-wel | plates. The inhi bi Exonples oPR8kvait fiadseni S:iyeemorrpound | resulted in
a block of celT gygle pr oml on, apghor celpsdgabR. Ingggch of six

| eukem a cel | 1i-nes; vi-abi was--tr-educed-by 40~ 50%vm +h10-m- crom)l ar

concentrati ons _____ oK Eo rrpoun(}’ErGf"{]ﬁguréAEéA _______ [03%%?‘FRnductl§IIfI%f ______ apopt osi s by
conpound |. Cel IALKBre treamsd wit hiOKBO (vehPioie), 1 [tRar 10 [tM
conpound | for~ Th reent agerof ‘apo icrceltsy deter m ned by
Annexi n V- FI TCL7 st ai nl%rllﬁmeﬁe egg’grl nment. pl%lghr esent.at.i ﬁéof .di fferent
experi ment s that?@éﬁeﬂmﬂ AAAAAAAAAAAAAAA resul 16K s showKn Fi gure TAEB. Exanpl e 21
Expr essi on of plg@KdeI ta |H’C1@LL Cel LyN 0346] fiks exanpl qlgermnstrat es PI 3K
pl1106 and pllO of-orm- ssion;in:: at i e;@*“ “Lcett S 3471 Pl 3K

nmedi at ed si gnal |§Bipat hway. Ve. be Lic 2 in. CLE.. T se. pat hways

have a role in o(é$IF1R)roI i fleKat i on, MEiQentl OrRBT apopt osiTéflénd cel |

m gration. Efforﬁ FRere: e 10 det RigH ne P;I Roform EeXRHESSI on in
patient CLL cel}s: 0348] -CLE-pat}-ent--denp rgﬁg@?cs -ar-e-sumari-zed bel ow in

Table 5. WO 20180H25510P&KUS2012/ did654 Ta S5CLL Pat éWit/ODenpgr aphi cs

Example 17
Selectivity of Compound I for p110 delta

[0335] This example demonstrates that compound I is selective for p110 delta as measured in
isoform specific cell-based assays.

[0336] Swiss-3T3 fibroblasts and RAW-264 were seeded on a 96-well tissue culture plate and
allowed to reach at least 90% confluency. Cells were starved and treated with either vehicle or
serial dilutions of compound I for 2 hrs and stimulated with PDGF or C5a respectively. Akt
phosphorylation and total AKT was detected by ELISA. Purified B-cells were treated with
either vehicle or serial dilutions of compound I for 30 minutes at room temperature before the
addition of purified goat anti-human IgM. Results are expressed as relative [*H] thymidine

incorporation induced by IgM crosslinking.

Table 4

PI3Ka PI3K3 PI3Ky
AAAAAAAAAAAAAAAAAAAAA ECso M) o FC0 @M EC M)
. Fibroblast Cell Line Primary B Cell Monocyte Cell Line

PDGF induced pAKT BCR medlated C5a induced pAKT

S — proliferaton

>20,000 6 3,894

(n=12) (n=06) (n=11)

64



(Total (N = 24) I) Cytogenetic abnormalities 13gl4.3 58% 11922.3 33%
17p13.1 20% Trisony 12 12%I11) Treatnent H story
WO 2012/125510 PCT/US2012/028654

Example 18

Expression of pl10 delta in leukemia and lymphoma cell lines

[0337] This example demonstrates that PI3K p110 delta is highly expressed in a broad range
of leukemia and lymphoma cell lines.

[0338] PI3K p1100 promotes proliferation and survival in a wide range of leukemia and
lymphoma cell lines. Among the cell types investigated are MCL, DLBCL, AML, ALL, and
CML.

[0339] Expression of PI3K p110 a, B, y and 0 in a panel of lymphoma and leukemia cell lines
is demonstrated in Figure 15. Proteins from 10° cells were separated by SDS-PAGE and
analyzed by Western blot using antibodies specific for the a, B, Y and d isoforms. Purified
recombinant p110 proteins were used as controls. Anti-actin antibodies were used to assess
equal loading of the samples. p110d was consistently expressed at a high level while other p110
isoforms were highly variable. PI3K p1106 is known to be uniformly expressed in patient AML
cells as discussed by Sujobert, et al., Blood 2005 106(3), 1063-1066.

Example 19
Inhibitory effect of Compound I on p110 delta

[0340] Example 19 shows compound I inhibition of p110 delta blocks PI3K signaling in
leukemia and lymphoma cell lines with constitutive pathway activation.

[0341] The PI3K pathway is frequently deregulated in leukemia and lymphoma cell lines.
48% of cell lines, or 13 out of 27, were found to have constitutive p-AKT. In addition, PI3K
pathway activation is dependent on p1105. Compound I was found to inhibit constitutive AKT
phosphorylation in 13 out of 13 cell lines.

[0342] PAGE results of Figure 9 demonstrates that constitutive AKT phosphorylation was
inhibited by the presence of compound I in each of 11 cell lines, including B-cell and T-cell
lymphomas. Cells were incubated for 2 hrs with 10 uM compound I. Cell lysates were run on
SDS-PAGE and transferred onto PDVF membrane and probed with appropriate antibodies.
Compound I was found to inhibit constitutive AKT phosphorylation in 11 out of 11 cell lines.
Additional cell line data for T-ALL and B-ALL cell lines is shown in Figure 27. A decrease in
Akt and S6 phosphorylation after exposure to a range concentrations of compound I (0.1 uM to

10 uM), was quantitated by densitometry, expressed as the percent change, Figure 28.
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Fl udar abi ne refractory 29% Unknown 54% 11) IgVH Status Mitated 33%

Unnut at ed 33% Unknown 33% [ 0349] The PAGE i mages of Figure 17A-D conpare

t he expr eweizore/af51p1l10a, pl106, pll013, and pl 10y in CecrTamskéig/ioedespati ents
A-E. pl106 and pl 10y is expressed in each patient conpared to the other

Pl 3K i sof orns.

Example 20
Compound I Inhibits Proliferation and Apoptosis in Leukemia Cell Lines

[0343] Example 20 demonstrates that compound I inhibits proliferation and induces apoptosis
in leukemia cell lines. Figures 16A-B show that treatment with compound I for 24 hours
reduces cellular viability in a dose dependent manner.

[0344] Proliferation assays (AlamarBlue®) on ALL cell lines grown in the presence of 10 %
FBS serum and measurements were taken at 24 hrs. Proliferation was measured in triplicate
wells in 96-well plates. The inhibition of PI3K signaling by compound I resulted in a block of
cell cycle progression, and/or cell death. In each of six leukemia cell lines, viability was
reduced by 40-50% with 10 micromolar concentrations of Compound I, Figure 16A.

[0345] Induction of apoptosis by compound 1. Cells were treated with DMSO (vehicle), 1 pM
or 10 uM compound I for 24 hrs. The percentage of apoptotic cells was determined by Annexin
V-FITC/7AAD staining. One experiment representative of different experiments that gave

similar results is shown in Figure 16B.

Example 21
Expression of p110 delta in CLL Cells

[0346] This example demonstrates PI3K p1106 and p110 ¢ isoform expression in patient CLL
cells.

[0347] PI3K mediated signaling pathways have been implicated in CLL. These pathways
have a role in cell proliferation, prevention of apoptosis and cell migration. Efforts were made
to determine PI3K isoform expression in patient CLL cells.

[0348] CLL patient demographics are summarized below in Table 5.
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Exanpl e 22 Conpound | induces cl eavage of caspase 3 and PARP [0350] This
exanpl e denonstrates that conpound | induced the cl eavage of caspase 3 and
PARP. Fi geoes121@851B show results of caspase 3 and PARP @RoIUSRADRBYS6RE bose
Pol yner ase) cl eavage in the presence of 1, 10 1AM of conpound | or 25 1AM
of LY294002. [0351] Further experinents provide evidence of conpound |

i nduci ng caspase 2 and PARPTghRavaodeLL Patiéit D¥ekdraphidsur ed with conpound |
or vehicle alone for 24 hrs. Thereaf{t&h,(zcebds were |ysed and
sized-fractionated and i nmunoblotted with antibody directed agai nst FLIP,
Figure 29. Additionally, vhGlyegeatticdbpsahdsienere added to MDS (Meso Scal e
Di agnostics) nulti-spot 96- V\i E fyspot plates coglgd wWith Total caspase-3,
cl eaved caspase-3, cleaved-P Eé AAAAAAAA -and--BSA:Pr-otieins--were detected with

anti bodi es | abel ed with SULFOITAreagent and qui¥ified. A dose dependent

response in the cleavage of clappa$e 3 and PARP vaxsrachi eved upon exposure
to 5 or 101AM of conpound . Oé‘é/ 125510PCT/ U&%})lZ/ 028654 Exanpl e 23
Compound | Bl ocks PI 3K Si Ilng ~~~~~~~ 52] - Thi-s- exarrp -e-denonstrates that
conmpound | bl ocks PI 3K si 8{% liepignanh Hpd@iiyent AML cells. PI3K6 is inplicated
in signaling in AML pat| ent  gehdagabifd @8hE0AL shoyg%the results of
Phospho- Akt production in th bsence or pr eseng§ o})f 0.1, 1.0, 101AM of
Conmpound |. This provides evi &t hat conmpoun L& reduces phopsho- Akt
i n basophils foundi ng whol e- %@@Qd[ 0353] This ex3ag1;pl e denonstrates a
whol e- bl ood assay for rreasur nt of PH3K-si- gnal “In basophils using flow
cytonmetry by the induction.of:’ aed rface. expresston. [0354] Inhibition of
Pl 3K signaling in basophils piérkmptzvs conpound Iito33%e a useful
phar macodynam ¢ narker. PI3K signaling is nonitored by CD63 surface
eXpr esqam LnPPAGEGHIREs o5 HIE 17ROD DDl RRL SLANA! diThd 160G 1RG5, 20Y0p.
medi at es fl\/LP recept or |gna ng. The fl chto try an I ysi

medi at ead DEGy @xPllesslisarf peheiadelphp | Docodplil el ekhesfedlih eavhnptisetqoerphicdl

steps: J e RIS hANe" al bl ood

Example 22

Compound I induces cleavage of caspase 3 and PARP

[0350] This example demonstrates that compound I induced the cleavage of caspase 3 and
PARP. Figures 18A-B show results of caspase 3 and PARP (Poly(ADP) Ribose Polymerase)
cleavage in the presence of 1, 10 uM of compound I or 25 uM of LY294002.

[0351] Further experiments provide evidence of compound I inducing caspase 2 and PARP
cleavage. Cells were cultured with compound I or vehicle alone for 24 hrs. Thereafter, cells
were lysed and sized-fractionated and immunoblotted with antibody directed against FLIP,
Figure 29. Additionally, whole cell lysates were added to MDS (Meso Scale Diagnostics) multi-
spot 96-well 4 spot plates coated with Total caspase-3, cleaved caspase-3, cleaved PARP, and
BSA. Proteins were detected with antibodies labeled with SULFO-TAG reagent and quantified.
A dose dependent response in the cleavage of caspase 3 and PARP was achieved upon exposure

to 5 or 10 uM of compound I.
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2. Basophil stinmulation (fM.P or Anti-FC8R1 Mab) 3. Label basophils
(Anti-CCR3-FITC and Anti-CD63-PE) 4. Lyse and fix cells 5. Analysis by flow
cyt oret r ywpQ8ebipsfiogur e 22A- C conpares the results of Apcmassaizmedead i on, B)
stimulation with Anti FCBR1, or C) stimulation with fM.P. [0356] Figure 23
shows that Conpound | is especially active where pl1106 nedi ated signaling
Is nost inportant, but is also relagiumgply28ctive where pll Oy is utilized:
it achi eved 50% reduction in 5D63 expression at << |i.tMfor the pl106

test, and ca. 101AM for theCompaund kldeeks M3Kayipnalingct i vati on was measur ed

i n human whol e bl ood using the Flow2 CAST(r) kit. Whole bl ood sanples were
t r eat ed03#2]h ‘€his keample dembastotesgkaticampdinidit bloclss RIBKocogmabogch patieni AMIL o

activatign asophils either.with ti-Fcc or, fMP. Cell re

ot ai odeli RIS SRRk SROOH e A i ot PRYE MrioRA ¢ T CoRa- PE
MAbs.  THRsHRY ARNIrofiERn R BetdbVéhce 8k bs¥ick bk 0.1t 1, s@fRroth@asApdlnd IPQRW ation
were determned in different treatnent groups and normalized to the vehicle

cont r ol prosadesxyideneo g8 orayuwsdgadycoppepshEddhploduatdn icpapionu AL cRétuces
Lynphadenopat hy in CLL Patient [0357] This exanple provides evidence of the
reduction in size of a bulky |ynphadenopathy in a CLL patient wth a

del [17p]. A patient with del (17p) hEgampled#i | | ary | ynphadenopat hy, which
was inmaged by conputed tonograph .to pravide a base]ine nmeasurenent of
5.9 cm x 4.1 cm ~“Froarees : : OUCARS ¥t conpound |,

the | at h duced to a dimension of 3.8 x 1. Fi gure 40B.
A oyc! dBElar BR e e SemaySior Dottt PHrEIS B8l maBUoRE 4! B IRnEENI06 o
BI D or 33%ni8 uBhPRl SRRANNGy the ikXREBhH 8f €063 khihded pkifiggt of Conpound |

on @ ucose and lhsulin Levels of a Subject [0358] This exanpl e denonstrates
t hat t r[@3§4tennhitiitién cfdtigEusnghaling asbdspphilsepeomithoorepdumdt] tohe glusefokse and

TS Y SRS hES SO Sk 0 00 R O 0 @
CONCeNtgaihduitSp OB EndIRASI@R 10M8falinb ARd BNH/GAMRAEEEMEP rélepRebRnERSY T as

shown in Figures 25A-B.
flow cytometry analysis of PI3K mediated CD63 expression on basophils comprises the

following sequential steps:

1. Collect peripheral blood
Basophil stimulation (fMLP or Anti-FCeR1 Mab)
Label basophils (Anti-CCR3-FITC and Anti-CD63-PE)

Lyse and fix cells

Al

Analysis by flow cytometry

[0355] Figure 22A-C compares the results of A) no stimulation, B) stimulation with Anti-
FCe¢R1, or C) stimulation with fMLP.

[0356] Figure 23 shows that Compound I is especially active where p1106 mediated signaling
is most important, but is also relatively active where p110y is utilized: it achieved 50%
reduction in SD63 expression at << 1 pM for the p1109 test, and ca. 10 pM for the p110y test.
Basophil activation was measured in human whole blood using the Flow2 CAST® kit. Whole
blood samples were treated with either vehicle or serial dilutions of compound I prior to
activation of basophils either with anti-FceRI mAb or fMLP. Cells were stained with the
combination of anti-human CD63-FITC and anti-human CCR3-PE mAbs. The percent CD63
positive cells within the gated basophil population were determined in different treatment groups

and normalized to the vehicle control.
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[ 0359] Bl ood gl ucose concentration remai ned steady after 10 days of
treatnent with even the highest dosage anount of conpound I. Insulin |evels
remai ned wibtzhizi2sd1e normal range after 7 days of treat meotr/useaik/oessspound | .
Thi s provides evidence that conpound | has little or no effect on glucose
and insulin |evels. Exanple 27 WMaterials and Methods [0360] This exanple

provides information on material s aﬁ%@gagds of carrying out the

experiments described in Exanples 28- ich relate to the use of conpound
| in the treatnment ofompbuichl Rednges bymphadenepathy i CILIORatiqnt p1106 i nhi bit or
conpound | and conpound Il were provided by Calistoga Pharnaceutical s,

( Seat t I[@35MA) ThiF kearsplaple/idds esalepousfdhd reandidn insszed whslkyvMempBadint peh S
enanti aner . .Conpound, | i ssolved i j hyl sul phoxi de at 10 and
tor ed 16 CLigBRgF wiih e 87 ls chay e CuBer M ihad xRS ebieronyf¥ar boxy!
net hyl cehibn as enddelyibl/ c@n@%eﬁ‘%@ﬁﬂgx%@hdyﬁg@r)% PrRAdAE bAClihOMmedsiremhai® b5 Y&
Reconbi nant human P1°10a, 13, y, an were reconstituted with sterile
phosphat ¢! lsuf, Feguedd @l Adter pIRBS)cleceriteatmengvith. covaresad Lishe tyemrbaildnop@hy was

2012/ 125510PCT/ US2012/ 0 4 S RLOVi | | enni. ym Phar maceutical s
(Canbr L0 g SRETRE RS 0K 1 RAQ 498, Nehe r IR AT &R (&

Loui s, d¥bdinuduslokal @ubihpl b€eitheP3ERng DIR- §€338irh BED oMbma&ndand resi stant (MM
1R) human MM cell |ines were Ki n§|y provi ded by Dr. Steven Rosen
(Northwestern University, Chicago, IL). H929, RPM 8226, and U266 human WM
cell lines were obtained from Arreriggﬁm%lyg@ Cul ture Collection (Manassas,

VA). Mel phal an- resistant RPM -LR5 an xorubi ci n (Dox) - resi stant
RPM - Dox40 cel LimiteghEffoesof Compennd hem(slutese #nd Insulinfevelsohariaibjash (Lee

Moffitt Cancer Center, Tanpa, FL). OPML pl asma cel|l |eukenia cells were
provi dd@3%8] Dfhis Exdaapld d¥monyswes thddrieaenesit twthabnipexed I Msditdebr Br efifei on

Gal veston). |L-6-dependent, human cel]l. line, | NA-6 was provi by Dr.
manat o Sibose i B ITRERSIE) bartbRRe 1V Emio s RoeRe aRbRta Bl 4Pt [ e
was  estsabietsdiefa ipBriddsf dpdonatags.y Blddh enrbydafd idha consertRYieAd RereHeasured
cytogenetic abnormalities. Pheno;mépl c analysis is shown in table 6. CD

expr esgivehtipe end rempdred B pla¢dbolrpsyets agleiovieid tagures 2wy onetri ¢ anal ysi s.
Tabl e 6[0359] Blood glucose concentration remained steady after 10 days of treatment with even the

highest dosage amount of compound I. Insulin levels remained within the normal range after 7
days of treatment with compound I. This provides evidence that compound I has little or no

effect on glucose and insulin levels.

Example 27
Materials and Methods

[0360] This example provides information on materials and methods of carrying out the
experiments described in Examples 28-35 which relate to the use of compound I in the treatment

of multiple myeloma.

Materials
[0361] p1109 inhibitor compound I and compound II were provided by Calistoga
Pharmaceuticals, (Seattle, WA). The sample of compound I and II used was over 95% the
S enantiomer. Compound I was dissolved in Dimethyl sulphoxide at 10 mM and stored at -20°C
for in vitro study. Compound II was dissolved in 1% carboxyl methylcellulose (CMC)/0.5%
Tween 80 and stored at 4°C for In vivo study. Recombinant human P110a, 8, y, and & were

reconstituted with sterile phosphate-buffered saline (PBS) containing 0.1% BSA. bortezomib
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LB expression CD marker % expression CD3 5.5 % CD19 61.7 % CD20 97.2 % CD38

WO 2012/125510 PCT/US2012/028654

was provided by Millennium Pharmaceuticals (Cambridge, MA). 3-Methyladenine was
purchased from Sigma-Aldrich (St. Louis, MO).

Cell culture
[0362] Dex-sensitive (MM.1S) and resistant (MM.1R) human MM cell lines were kindly
provided by Dr. Steven Rosen (Northwestern University, Chicago, IL). H929, RPMI8226, and
U266 human MM cell lines were obtained from American Type Culture Collection (Manassas,
VA). Melphalan- resistant RPMI-LRS and Doxorubicin (Dox)—resistant RPMI-Dox40 cell lines
were kindly provided by Dr. William Dalton (Lee Moffitt Cancer Center, Tampa, FL). OPM1
plasma cell leukemia cells were provided by Dr. Edward Thompson (University of Texas
Medical Branch, Galveston). IL-6-dependent human MM cell line INA-6 was provided by
Dr. Renate Burger (University of Kiel, Kiel, Germany). LB human MM cell line was
established in the laboratory. Phenotypic analysis revealed no cytogenetic abnormalities.
Phenotypic analysis is shown in table 6. CD expression profile of LB cell line, defined by flow-

cytometric analysis.

Table 6
LB expression
CD marker % expression
CD3 5.5%
CD19 61.7 %
CD20 97.2 %
CD38 54.1 %
CD40 96.8 %
CD49%e 5.9 %
CD70 98.0 %
CD138 96.3 %

[0363] All MM cell lines were cultured in RPMI1640 medium. Bone marrow stromal cells
(BMSCs) were cultured in Dulbecco’s modification of Eagle’s medium (DMEM) (Sigma)
containing 15% fetal bovine serum, 2 mM L-glutamine (Life Technologies),100 U/mL
penicillin, and 100 pg/mL streptomycin (Life Technologies). Blood samples collected from
healthy volunteers were processed by Ficoll-Paque™ gradient to obtain peripheral blood
mononuclear cells (PBMNCs). Patient MM and BM cells were obtained from BM samples after
informed consent was obtained per the Declaration of Helsinki and approval by the Institutional

Review Board of the Dana-Farber Cancer Institute (Boston, MA). BM mononuclear cells were
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separated using Ficoll-Paque™ density sedimentation, and plasma cells were purified (>95%
CD138+) by positive selection with anti-CD138 magnetic activated cell separation micro beads
(Miltenyi Biotec, Auburn, CA). Tumor cells were also purified from the BM of MM patients
using the RosetteSep negative selection system (StemCell Technologies, Vancouver, BC,

Canada).

Growth inhibition assay

[0364] The growth inhibitory effect of compound I on growth of MM cell lines, PBMCs, and

BMSCs was assessed by measuring 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-sodium

bromide (MTT; Chemicon International, Temecula, CA) dye absorbance.

Effect of compound I on paracrine MM cell growth in the BM
[0365] MM cells (2 x 104 cells/well) were cultured for 48 h in BMSC coated 96-well plates

(Costar, Cambridge, MA), in the presence or absence of drug. DNA synthesis was measured by
[3H]-thymidine (Perkin-Elmer, Boston, MA) uptake, with [3H]-thymidine (0.5 pu Ci/well) added

during the last 8 h of 48 h cultures. All experiments were performed in quadruplicate.

Transient knockdown of P1104 expression

[0366] INA-6 cells and LB cells were transiently transfected with siRNA ON-TARGET plus

SMART pool P1104 or nonspecific control duplex (Dharmacon Lafayette,Co) using Cell Line
Nucleofector Kit V (Amaxa Blosystems Gaitherburg, MD).

Immunofluorescence

[0367] Viable MM cells (2.5 X 104) were pelleted on glass slides by centrifugation at 500 rpm

for 5 minutes using a cytospin system (Thermo Shandon, Pittsburgh, PA). Cells were fixed in
cold absolute acetone and methanol for 10 min. Following fixation, cells were washed in
phosphate-buffered saline (PBS) and then blocked for 60 min with 5% FBS in PBS. Slides were
then incubated with anti-CD138 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) at 4°C
for 24 h, washed in PBS, incubated with goat anti-mouse IgG for 1 h at 4°C, and analyzed using

Nikon E800 fluorescence microscopy.

Detection and guantification of Acidic Vesicular Organelles (AVO) with acridine orange

staining.
[0368] Autophagy was characterized by sequestration of cytoplasmic proteins and

development of AVOs. To detect and quantify AVOs in compound I or 3MA -treated cells, vital
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(Santa Cruz Biotechnology, CA); and anti-p110 y Ab (Alexis, San Diego, CA): and anti-LC3 Ab
(Abgent, San Diego, CA).

ELISA
[0371] Cytokine secretion by human BMSCs cocultured with MM cells was assessed by
ELISA. BMSCs were cultured in 96-well plates with varying concentrations of compound I,
with or without INA-6 cells. After 48 h, supernatants were harvested and stored at -80°C.
Cytokines were measured using Duo set ELISA Development Kits (R&D Systems, Minneapolis,

MN). All measurements were carried out in triplicate.

Human cvtokine array

[0372] The cytokine levels in culture supernatants were assessed using Proteome Profiler
Antibody Arrays Panel A (R&D Systems, Minneapolis, MN), Supernatants from co-cultures
with BMSCs were incubated for 4 hours with membranes arrayed with Abs against 37

cytokines, according to manufacturer’s instructions.
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to manyfagd s Slube hlﬁﬁﬁrf HCE rQRBtor (shulL-6R) from INA-6 cells was used as an indicator of

MM cell growth and burden of disease in SCID-hu mice. Mice developed measurable serum

shulL-6R approximately 4 weeks following INA-6 cell injection, and then received either 10 or
30mg/kg drug or vehicle alone daily for 7 weeks. Blood samples were collected and assessed
for shulL-6R levels using an enzyme-linked immunosorbent assay (ELISA, R&D Systems.
Minneapolis MN).

Statistical analysis

[0375] Statistical significance was determined by Dunn’s multiple comparison tests. The
minimal level of significance was p<0.05. Survival was assessed using Kaplan-Meier curves
and log-rank analysis. The combined effect of compound I and bortezomib was analyzed by
isobologram analysis using the CalcuSyn software program (Biosoft, Ferguson, MO); a

combination index (CI) <0.7 indicates a synergistic effect.
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i rmunodfisee 3 in Figure 30A and 30B. Figure 30A shows expression of
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with p110d. Specifically, compound I potently induced cytotoxicity in p110 delta positive MM

cells as well as in primary patient MM cells without cytotoxicity in peripheral blood
mononuclear cells from healthy donors, suggesting a favorable therapeutic index.

[0381] The growth inhibitory effect of p110d knockdown in MM cells was evaluated. LB and
INA-6 cells were transfected with P1100 siRNA (Si) or control siRNA (Mock). After 24 h,
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cultured with compound I (0-5uM) for 120 h. Total cell lysates were subjected to
immunoblotting using anti—caspase-3, -8, -9, PARP, and a-tubulin Abs. FL indicates full-length
protein, and CL indicates cleaved protein. Significantly increased cleavage of caspase-8,
caspase-9, caspase-3, and PARP was observed in INA-6 MM cells treated with compound I for
120 h (Figure 31F). These results indicate that cytotoxicity triggered by compound 1 is

mediated, at least in part, via caspase-dependent (both intrinsic and extrinsic) apoptosis.
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si gnal i; Qﬁ Sﬂ;‘%cM}{luﬁgﬂt 1sdf3c)1ﬂf1se V\%Ltgi?b%g }erﬁ%kg gklhﬁ)% l?lf ellalﬂ% ERK pat hways in

| NA-6 ce y conpoun S exam ne were cultured with
Conpouri@d387jor Inlhifﬁtﬁi@m&?AKWranal ERK pithguy€inIRA-6 éelﬂs by dwnpmsd Used easmmed.0oadi ng
control_, INA-? 1S cells were cul tu

oo SENA- cel oM N ied i PO F gy L SHO0L A PRl fetig,dbavas

cul turelféeéf“ast zblo%@fﬁg(&ﬂﬁ'ﬁjoll IN%%an@MM‘iVS%euﬂvgférc%hﬁ?eﬁ witebpGald1 | ysates vere
subj ected to I nmu | otting using AKT, KT (Ser473 and li)'hr308), ERK1/ 2,

P- ERK1/(2,0.25, PDRD, uMhﬂarF@h%m—lElglm BIiB)dLBsandeINAb@ Eélts were gsltdedsvith doopdind

control i i.cantl cked sphoryl ati on KT and
B/ 2 K DR TO8 R i ol el F gt a5 B TR Gb I s M bk
phospharylikat i 7Bfan@hraus) BEEK I 2, MRS /2 b PP R, tahd POK BN D886, Qf- P1106
(Figure 32B). Conpound | al so si gnifi cant | y i nhi bi t ed phosphoryl ati on of

upst r edHPPDKS Bsedas ad@&msgﬁ@rémlFKHRL |n INA-6 and LB MMcells in a time- and

ggts ﬁ- Pﬁ@%’ﬁ ;[)mf 8‘ sp%rf {I(\:A%Mg%loc% (]1' Bhospcely artlo(r:lo?fAI{'#ne chIRR&Zbll t Il?()] Of a

i nducespobivice dNAed; @@mﬁtguadﬂstﬁa)ub@m@wyt a[ffbwﬁﬂosﬁm@laﬁ&ﬁﬁpkmd@rmmmi MMSISt he

ability of conpound Ito tri bot h _apopt osi s and aut ophag 0390] AKT
regul at€ls ¥ithdprsypressioiuef Eﬁ@ééﬁgwﬁ%ﬁ SompeHpd Lipgo ﬁlgnﬁwa@fﬁuw}l%e@lut ophagy

in LB %@sﬂ%lgtlmws LS BHKE R ﬁgwﬂéff'eam FKHRL in INA-6 and LB MM cells in a

time- and dose- dependent fashion (Figure 32C), further confirming inhibition of a both

PI3K/AKT and ERK pathways in these cells.

Example 31
Compound I induces AVO development and autophagy

[0389] This example demonstrates the ability of compound I to trigger both apoptosis and
autophagy.

[0390] AKT regulates autophagy, thus investigation of compound I in inducing autophagy in
LB and INA-6 MM cells was carried out.

[0391] INA-6 and LB MM cells were treated with 5 uM Compound I for 6h. Compound I

treatment induced LC3 accumulation in LB and INA-6 cells, evidenced by fluorescence
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[0391] INA-6 and LB MMcells were treated with 51AM Conmpound | for 6h.
Conmpound | treatnent induced LC3 accunulation in LB and I NA-6 cells,

evi dencedwbyofdussiescence WO 2012/ 125510PCT/ US2012/ 028@64/usta@iosts6py OfF
transm ssion el ectron m croscopy. Autophagosone formati on was defi ned by
the accunul ation of LC3; arrows indicate autophagosones, Figure 33A. [0392]

| NA- 6 Qﬁic_ko’%cd}%f & thanSRts8dn WMdcho® miANLRYP %%ﬁ%hbg&bnﬁ:%ﬁﬂétﬁin&ﬁéé&fehﬁéﬁ bPthebh,
stained with i.tg/nmL acridine orange for 15 mn, and anal yzed by

f | uor escewaelaipplolsCHpyrowsiigdicate 38BPhIa898Ys, F@@rast becl in-1 protein |evel s

were d in stern bl otti ing L and beclin-.1 antj bodi es of
oot adOFs MRl Pl PraliPhih BTl AN oty Al 21T

Fi gur e w&Cl @Dt sdhe/@dn@sfor 15 aad] dhg @elyédby 11:83%4hcd mmsiswebpyiggeence
anal ysi s showed nmarkedly increased LC 3 staining in INA-6 and LB cells
tri gger@@by conpound I (51AM 6 h) treatnment (Figure 33A). Electron

m cr Osc[ﬁﬁ‘éﬁ @b Y5 BedinSLpIRRSels N EASEChiRYS OPRRULS ‘{&%thﬁﬁ i%rgra%’s) in
MM cel I'S tTreat&6d Wi th con%ound . Since autophagy Is chara fertzed as

aci di ¢ beebn-¢ uhabodiegetrigdates oY DN Adesdls opmed twithaCompound Ipwith@e withautt-NA was
carried._out. own in Figure 33B, vital staining with acridine orange
reveal é:dg‘&lfé\}éé(s)&sé%@H&F’Wﬁ@%ail‘?i‘dE‘tﬁrFBBHH]d |- treated LB and I NA-6 cells.

Mor eov 0394]”&%%15(0%&?&@81%@‘%&-1%%@ Eﬂov@é&%ﬁ%@&l&%er@is@& ey é’tﬁhﬁlgq{%flﬁﬁ-@%d n
| NA- 6 cells after 6 h treatiment wth conpdund I, which wasS bl ocked by

3- MA aut®ptibgiiggdredhbpormopoynliIgbpnk, 8 BC)jreath@B0djiguno 33191b.obeﬁ@i mycrostopidA- 6 and
LB cells was |nduced, by 3- t .concentrations u 1001AM . Fi.qure 33D.
P10 6 PON EIE e ceitne St trR G atprn B (0F 160 T or 24
Dat a r eRufpoeAd I.NSABS altSPPagQfis dHatkRkdrzad 8 Sk WeQsulal H32RI1e TASED results

i ndi cate that conpound I'nduces devel opnent of AVGOs and aut ophagy at

ear | i erdevelapmpiyi parglindherangendidiongorpsshiriedwhsas Fxrm ol lawageéB. piodgtining

Aut ophag: rades cel | C n C Il Hyents, and
Fespondeth STEAR il o SIPRRET S TAVDRTL B, el FRRY AR o 0t
aut ophagils. Merdovet eealkdayy HeraaesddC -1t andaBartnt pidieip Wbe et@@&d inl WA -WWIRE! |
lines. Inportantly, conpound | treatnent resulted in a marked increase in
aut ophagis alésricdegamepiwith eoppagddewhish veastbigakad by v Auatephagig iptyhitor

cyt opl a(g[ng,urggg@ati on of AVGs, nenbrane association of

m crotu e-associ ated protein | of LC3 with autophagosones, and a narked

i nduct i[0394f NE8ylotoxirintieiINA-Eheti Barllsnvas oslocgl lty 2vbA wscancetrdtionsrepl td hat

oo s B SSESRIEY LR e SoBeRar LU Rik oy
oyt ot o P e Rl tTod i ih autophagy. WO
2012/ 12193%6]PCThdsS263uR¢ 0@8BEAhExamposnd@Pinduces development of AVOs and autophagy
at earlier time points than induction of caspase/PARP cleavage.
[0397] Autophagy degrades cellular components, recycles cellular constituents, and responds
to various cellular stress. In this example, LC3-II, a hallmark of autophagy, is induced by
compound I treatment in p110 d positive MM cell lines. Importantly, compound I treatment
resulted in a marked increase in autophagy, evidenced by the presence of autophagic vacuoles in
the cytoplasm, formation of AVOs, membrane association of microtubule-associated protein I of
LC3 with autophagosomes, and a marked induction of LC3-1I protein. Electron microscopic
analysis confirmed that compound I induced autophagosomes. LC3-II was expressed through
LC3-I conversion. Conversely, autophagy induced by compound I was suppressed by 3-MA, a

specific inhibitor of autophagy. These studies suggest that early cytotoxic effects of compound I

are associated with autophagy.
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Conpound | inhibits cell growth in the presence of BMSC [0398] This exanple
denonstrates the ability of conpound Ito inhibit paracrine MM cell growh
wi th BVSGSO0 2p2B2S10Si nce 1 L-6 and 1 G--1 i nduces growth aod/isaeio28s6pt 0Si S
in MMcells, conmpound | was exam ned in overcom ng the effects of these
cytokines in INA-6 and LB MMcells. LB and INA-6 cells were cultured for
48h with control nedia ( ); or wthy gound | at 5.01AM ( ) or 101AM (s),
in the presence or absence of IL-6 (1 ang 10 ng/m), Figure 34A or 1G-1
(10 and 100 ng/ ), Gunapouad Ramkibirgalloyewhdn itke paseneeeeBMSted by neasuring
[3H] -t hym di ne incorporation during the last 8h of 72h cultures. Data

r epr es dA398te alilsis eSHhpledemonplatasabealslityt afrcespoidad T toanhibit-péranone MME-cill

pr ot ect ed ain e growm h inhibition induced by conpound | (Figure 34A
and 34I§“?Wf g‘ﬁ%% "BM mi croenvi ronnment confers proliferation and

drug-r gpasg|angcs N-¥ihd 1OHS iM&S lolovith @Wd Hntﬁ—'ﬁ?&ﬂ%ﬁ@fnﬂ\/lﬁ Eait chpr@aaMeHRd
Tin the presence of BMSCs was exam ned. [0401] LB and INA-6 MMcells were
cul t ur egamgred4ghvescemingdhe elbtcthelfdhese(cyyokings dn WA mdFIMMNI cells.chBend . 2) |

ora. sy nee el B SoiRE A5 MO R s Shatliirhe sl (07

r epr esejit] OppANE] {, SheQredentdPb badiRe ©UIIL-Br(@and [ 0AQR]1), IHigife BAACHH IGH-€ (10
supernatants from BMSCs treated with conpound | (0-2.51AM was neasured by
ELI SA, addap agmap, Frnrod4habPyA pdithestsevaspeteymined byapeaswnes[ il rtbywigdineur ed
with 1. | j.a . | e ure
super nal?an srg%gﬁr)e té%?%aglﬁgﬁ% %13’1;{![3 oki r]%l?agﬁe?l%g%n,t%ﬁag%%@4%&@8%&64] | NA- 6
cel I s aulttires e NeishdriLasr nomi [GFoLIproREGS gaksetht peatte dnhibition dolupedibylcdropouwhd .
Total cell lysates_were subjected to i Mmunoblotting using indicated

ant i bodfgire ﬁ@ﬁ? 382F. Actin was used as a | oading control. [0405] BMSCs
from 2 didgier et BRELIGHM S itbRme coWR: € &H%éréﬁ&%nﬁ'&nﬁ%—f&ﬁ%@@ﬂl VN Qg OAM
for 48h. Cell viability was assessed %y MIT assay, Figure 34G  Val ues

r epr eseantl gneath inl8bitafy effecipdficoatpeundi] inthe pres§r@4 ©6 BMSfpowhaeraminedconpound |

i nhi bit h i i Figure 34C Il as.
pnosohdBE: bk hof Tt M B il )b Vit ir o BES: andidbne ¢ ast
no si gri § iwAt), gr@oﬁ@@),i AnB1101 v dll )i oF (BMRSeanMRSin IRE Bidsehbd BudReR4G BMOES e

resul ts indicate that conpound | blocks paracrine MMcell growth in the
cont extFigdrehe. BNY Avisgrtbetiviveodatemtined iy Rll2hypEB10PCTPLUSE0N 2 DoRgep4sent

means (+SD) of triplicate cultures.

[0402] IL-6 in culture supernatants from BMSCs treated with compound I (0-2.5 uM) was
measured by ELISA, Figure 34D. Error bars indicate SD (+).

[0403] BMSCs were cultured with 1.0 uM compound I or control media for 48h; cytokines in
culture supernatants were detected using cytokine arrays, Figure 34E.

[0404] INA-6 cells cultured with or without BMSCs were treated with compound for 48h.
Total cell lysates were subjected to immunoblotting using indicated antibodies, Figure 34F.
Actin was used as a loading control.

[0405] BMSCs from 2 different patients (0, <>) were cultured with compound I (0-20uM) for

48h. Cell viability was assessed by MTT assay, Figure 34G. Values represent mean £ SD of
triplicate cultures.

[0406] Importantly, compound I inhibited growth and cytokine secretion (Figure 34C-E), as
well as phosphorylation of AKT and ERK (Figure 34F), induced by BMSCs. In contrast, no
significant growth inhibition in BMSCs was noted (Figure 34G). These results indicate that

compound I blocks paracrine MM cell growth in the context of the BM microenvironment.
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Exanpl e 33 Conpound | inhibits angi ogenic HUVEC tubul e formati on [ 0407]
This exanpl e denonstrates the ability of Conpound Ito inhibit HuVEC tubule
formati orwOBhe/nsdie of Pl 3K, specifically pll0 isof orm PCH/Usp@iRoggessesi S was
investigated. Endothelial cells are an essential regul ator of angi ogenesis
for tunor growth. Both Akt and ERK pat hways are associated w th endotheli al
cell growth and regul ati on of angi oggﬁﬁ%ggg and inportantly, endotheli al
cells express pll06. This exanple also denonstrates that conpound | bl ocks
in vitro capill ary- |Gdepqungd ifhibitseanigmgenig SENdEG tubglaformatéeiwn r egul at i on of
Akt phosphoryl ation. [0408] The effect of P110 6 inhibition on angi ogenesis
was i n\0487]galled exHoMEGsmeestmtdsrtkaststtyvaftConipouind 0 fo mhibiOHIWWECftulmderpound |

for 8 and tube for jon by _.endothel.ial cells . was eval uated. (Fi gure
Sy HivRoge e g o PH S mett o et Paont dp adeiSemeSs Be’ Thasisdoed o
form t HiL8R1ih10%e118 afd anl RAsdnfif] REFSRRELaHioRRSENER t@hoCRERANNELth-AKERAPL hel i al
cell tube formation was nmeasured by m croscopic analysis, Figure 35B.

* P<0. 002K pathog)ys MeVEQs sk witle andatiradia] ¢dlk gro@ghpssgulptigrooapmgenasgh andind

R TR, D o SR °

i nhi bi tieecks apidtoadapilaikBkd tibe fdrefafh | Bebdidlewiin d6we epandmntorfaghi on
(p<0.05) (Figure 35B), w thout associated cytotoxicity (Figure 35C). [0410]
Phosphdhbrirordatiathd expr essi on of AKT and ERK1/2 was markedly down

regul at N V . . : . ) red with
conpou r@gqgl ( Oﬂgeotgf%&ﬁ/?% #glrob%ﬁl?%gﬁ(g%c}g +gl({’%f gg%lgg]g%/\glrv gﬂéﬁ%ﬁy \z#gl(r}ﬁ;b?f%érg

i mrunoliteatediwich QSli.(i@rtiDeM ple@ap@tddidi HbindsubdHoguitdon3nendddieiinl wdls was ed
as a loadjng control. [0411] These findi ngs suggest that conpound | can

i nhi bi eValgRe dERES $AadboliGeRl WFTE RIS Malsticheraser BrriaspeTing it OpiRg o

acti vi teyrm RYRIRIE: S, in@ﬁ’é‘iﬂ%@ﬁ@e bt al&s@ﬁk!et%%ftéb uﬁ&(‘%‘ Flﬁﬁ&}’l\éﬂhl L&Y Mib¥ orkPidR]

Thi s exanpl e denonstrates the ability of conpoun to 1nhibit human WM
cel | grwastrhedsmred ibyanicfBddr8¢ amfhesid, ignres 85 Bf FP<@@y5.0f P1106 i nhi bitor was

Cuncut dlc) G EER Vel PR wish PPt b e Tabets ubBioronaueied biva

Mce i rﬂdﬁ:’@a@ﬁy‘,"ﬁﬁr@@d—%atﬁ Bh&eh he i@me: SE eatfficealdly floM § feplesdatdtivé t h

control vehicle ), and conpound Il 10ng/ kg (o) or 30np/kg ( o). Mean
t unor \espemeniad hgalconipated! mbibited Kapibuiyalks taprifonmatedis,a duisgdeeende®. Error

bars T eRhESEN099) (Figure 35B), without associated cytotoxicity (Figure 35C).
[0410] Phosphorylation and expression of AKT and ERK1/2 was markedly down regulated in
HuVEC cells by compound I treatment. HuVECs were cultured with compound I (0-200uM)
for 8h, and cell lysates were analyzed by immunoblotting using the indicated antibodies, Figure
35D. Actin was used as a loading control.
[0411] These findings suggest that compound I can inhibit angiogenesis, associated with down

regulation of AKT and ERK activity.

Example 34
Compound II inhibits MM cell growth In vivo

[0412] This example demonstrates the ability of compound II to inhibit human MM cell
growth In vivo.
[0413] The In vivo efficacy of P1100 inhibitor was evaluated in a xenograft model in which

SCID mice are injected subcutaneously with human MM cells.
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[ 0415] Representative whol e-body i mages froma nouse treated for 12 d with
control vehicle (top panel) or Conpound Il (30ng/kg) (bottom panel), Figure
36B. [ 041D 20zmasH0har vest ed from Conpound |1 (30ng/ kg) PCrast@d/onssase (
right panel ) and control nouse (left panel) were subjected to

i mmuno- hi stochem stric anal ysis using CD31 and P- AKT Abs. CD31 and P- AKT
posi tivesrgl | sri@r ﬁje@!t%ﬁkmﬂf vG° 17 Gél[s&vé’t@@eat[e@@ﬂa?ﬂy it MBIt ESRloEdetiblth
Compound I'I' 10ng/kg ( - - ), 30ng/kg (...)or Control vehicle ( - ).

Sur vi vdl® wasd évlapmmdelél 1pmefket(Heof Zb(}r@g/kgi é;@ )ofMQanéamﬁfemlummwas celgulaletiagén

usi ng W v ur 0418 r tissues were harvested
from m}i\?gte{l‘?léél %feth ﬁgfrlﬁe 6% velﬁ ars Preé%n'g "Il (30ng/kg). Protein

| evel s [OﬂlS]hORﬂh@ieWta@KIed/hefe Mlﬁlagmkrm &8 4réakd v&T 1@ deitkicontiadehitle
western blotting of cell sat es 36E. Actin was used as a | oading
cont r ol (o A9 P GrBRPAGH %@w@%@%@wﬂ%@we|3ﬁBhuman bone chips in SCID

[t ot od 4T EERS 1k cBRU Bt REBRMPRTLGIRR] Soula MG i pMeE ol 2,
), and ®htblmbRel (R¥E)aneNeiveredabREwH Iﬂ@ﬂnMﬁﬁ&hMtd&MerﬂshﬁJﬂanaﬁlsgu{sﬁlng31 fnid or

bars indicate SD (). [0420] Conpound Il (pl10 8 inhibitor) significantly
r educed-MWE 6h®rC@Bbm¢1PtﬁqKﬂPQSItIW@9QH$@m dzgk&@uqzwm rfigl)re ééﬁpar ed with control

i f t | | ignjfi t
e TR SRR T AR R W
vs 30 nu/ kgSurPsal @is) ex(aﬁlagidlrfﬁorﬁ%)ﬁrsi\@d’yk&dredﬁﬁd’rﬁaﬁtﬂ Jabrifi &8 Win K EpMih Meter

treated versus in control mce was observed at day 12. (Figure 36B)
Kapl an-qvejesrFigwie\39€ - and | og-rank anal ysis showed a mean Overal | Survival

ver bus WAL Lonbn a0, AGHEGed Bt e hGa ot QAR igeBLESRtEP |
10 ny/ k@0mpdkgR Q’Iﬂ’qbingemmmP}idrthted&tf eI aug &KT ST ivkesd glfeterrmned by

Statistically significant pralongation.in nean ared with control
T ce wekestra Blogiietusl] Tyvwepr Bg éﬁ%ﬁ@s Byl 2 1ﬁ§4m RGP, 086; vs 30

mg/ kg, 84‘@]05@}0\&5'09%(1@ @@e@s enFﬁP@& R b&ne%ﬁWﬁSC‘ﬂ)%e@Wﬁpfh onftfied by
vehi cl e al one or conpound d not affect bod In addition,

i muno mesalcschmmrrcaiurc(rﬁergu DﬁShSlHDﬁRaNﬂCﬂ Wmm:ru:datedtm(lFCgmpeurBﬂE)l Omgédgy(si s
confir rre /%t conpound || treatnent sﬁaBO [ kg) .significantl y i nhi bited

p- Akt an Bkt ) OREORE! veligles pgnid 51%&@%@@&%@9@)@: peskbite cell's
and M G ﬁbﬁféured%ﬁ']itr%rwrsq nggte(sﬁueyre 36D). This suggests that conpound

canin Sngi ogenesi's TAVT Vo a suppression of the Akt pathway. WO

2012/ 176424) PC@()M&&M 0286 inh RA3D]sidniri@n ¢ Fedute Bt R0t FOWECHnI thé t Y Of
compound Il on MMcell growh in the context of the human BM

m cr oerftdad U (A=) spnpagedSTtiDeeniropded (nmds Goserprisen ahiugler vplugredependent

et STeb A IR ESE USSR Sy BRNEE ol BRLATLE
m cr oemig/kg) rlmms wh 80 nipuieg P<0I01) Gﬁlgﬂmapmaﬂ@due@émlﬂ trfhior dNbwh iAursard MM

cells. These SC Dhu mce were treated with conmpound Il or vehicle al one
dai |y f6FsUa ieito]l migrdvaeqifivehal $2Y6iR . faiE 0By Keglag-Meieketrvesapdrlosinnden

A Showflal 0 5) UL £, 06, RERUAC Lo 8P TBAL, (95 GULLHBARE el B1ee £>u'm)f

growt h corpared w t veh| control i"cant tUMDF growth inhibition
i n thi sneoged mas valseldvdy s (%‘5% ddntedd byysﬁiemd 8adad (Qé%L(Eﬂi, 8MdbIdaGR ih éneelOs

rel eased INA-6 cells irm t hat 106 .i ibiti an cks the MM
CF ot b B and gk ey SH LB g Ry s Ty krao i s SR o
t oget hefrolohpRRA ifl Alcn REINSIRAE Rith B&ttrdl AEDVhE 880 ObseRLUGR t@ymfew%guﬁy Vlsl

significantTy inhibits MMgrowh In vivo and prol ongs survi val
Conpounid mgike, Rehiimat B0 matkg. K=0 &6 eFoghr 3e&khilippgalyn tregfinsti Wlthytthftr(ﬁb@ Ci ty

T rE i S BRRE B GG heast Rl p iy In SRR DRt | o0, &

of comMFRHuRI3 AT ERAUAthUnoVick (IFibexe t3BED BhddydiNicdnfiditied Bait SHABSEIATN treatMvht
cytotoxicity was investi gated LB and INA-6 MM cells were cultured with

medi um (BMnebaasianifisarnibiipbipiiad p;Akt apd pIARK) L, apwsH anpignificarsty deceepagd €BP1 i n
the pr?%@i%g @a a@%&%ﬁf&?oevegsfe ﬁ&ﬁﬁgg& (g gﬁlgﬁfy\@ j Joﬁu% |eCis i MBS &li_.%aeﬁse‘j by

MIT as represen qua |ca cuI ures, Figure
37A. can inhibit angiogenesis In vivo via suppression of the Akt pathway.
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[0424] INA-6 cells were treated with Conmpound I (51AM and/or bortezom b
(5nM for 6h. Phosphorylation of AKT was determ ned by western blotting of
cel | | ysave=oipsizegjophospho- AKT (ser473) anti body, Fi gur@C3AB2012028684 served
as a loading control. [0425] Compound | enhances cytotoxicity of

bortezom b. Increasing concentrations of conpound | (1.5-5.01AM added to

bor t ezquy I‘—l( 2Inord&- t eRdhink th ALK AY of YEBPAInAtI 6n SINIRELR %G th)in ke doBteR N6 | NA- 6
MM cell's (Figure37A and Table 7). Inmportantly, induction of ﬁdospho Akt by

bort ezdhe bummeﬁi\/h@mrowsronmﬁmblmvw p v CGlRehpnedad e uedd inoriieluHd O depanidguir e

(12 B f e A e RsR R PR A hohE Aol e B4 By at SERS.

LB2. 52.15icP. 'Elﬁﬁxﬁ&el&e&@ﬁula&%Qhe617urﬁ’anlBWmﬁZ@envﬁBnﬁeﬁ%ﬂﬁ&ﬁnﬁ’élL— 6/ BMSC-
dependent growth of INA-6 human MM cells. These SCID-hu mice were treated with
compound II or vehicle alone daily for 4 weeks, and serum shulL.-6R monitored as a marker
tumor burden. As shown in Figure 36F, compound II treatment significantly inhibited tumor
growth compared with vehicle control. Significant tumor growth inhibition in this model was
observed, evidenced by decreased serum shulL-6R levels released by INA-6 cells, confirming
that p1109 inhibition blocks the MM growth promoting activity of the BM microenvironment In
vivo. Taken together, these data demonstrate that inhibition of p1103 by compound II

significantly inhibits MM growth In vivo and prolongs survival.

Example 35

Compound I in combination with bortezomib exhibits synergistic cytotoxicity

[0422] This example demonstrates the effect of Compound I in combination with bortezomib
to mediate synergistic MM cytotoxicity.
[0423] The effects of combining compound I with bortezomib in inducing synergistic MM

cytotoxicity was investigated LB and INA-6 MM cells were cultured with medium (m) and

bortezomib (0-5nM). Cytotox1c1ty was assessed by MTT assay; data represent the mean £SD of
quadruplicate-cultures, Figure 37A.

[0424] INA-6 cells were treated with Compound I (SuM) and/or bortezomib (5nM) for 6h.
Phosphorylation of AKT was determined by western blotting of cell lysates using phospho-AKT
(ser473) antibody, Figure 37B. Actin served as a loading control.

[0425] Compound I enhances cytotoxicity of bortezomib. Increasing concentrations of
compound I (1.5-5.0uM) added to bortezomib (2.5, 5.0 nM) triggered synergistic cytotoxicity in
LB and INA-6 MM cells (Figure37A and Table 7). Importantly, induction of phospho-Akt by

bortezomib treatment was inhibited in the presence of compound I (Figure 37B).
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c5 2.5 1.25,5.49,0.31 2.52.5: INA42.5 5i.25,11se:0.7-3 P: 55,5,750.31
Exanpl e 36 Conpound | effective in Follicular Lynphoma cell lines [0426]
Thi s exampbeomriasildes evi dence that compound | bl ocks Pr8iKUse@gnabsesyg and

i nduces apoptosis in follicular |Iynphoma cells. P1106 is expressed in FL
cell lines as shown in Figure 38A. Certain cell lines show reduction in the
production of pAkt, Akt, pS6 and S6 wher the cell is exposed to conmpound I,
Fi gure 38B. C eavage of PARP and Caspase-3 is observed after exposure to
conpound Tin a dose dependé&ft™FuShirdH Ydfter 24 hours at 0.11AM and 0. 51AM

Figure 38C. Exanple 37 Compaiingh.hwelchb@sduhvie i/ primpry MCL cells
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Example 36

Compound I effective in Follicular Lymphoma cell lines

[0426] This example provides evidence that compound I blocks PI3K signaling and induces
apoptosis in follicular lymphoma cells. P1109 is expressed in FL cell lines as shown in Figure
38A. Certain cell lines show reduction in the production of pAkt, Akt, pS6 and S6 when the cell
is exposed to compound I, Figure 38B. Cleavage of PARP and Caspase-3 is observed after
exposure to compound I in a dose dependent fashion after 24 hours at 0.1 uM and 0.5 uM,

Figure 38C.

Example 37

Compound I effective in primary MCL cells

[0427] This example demonstrates that compound I is effective against MCL. Compound I
was found to block constitutive PI3K signaling in primary MCL cells of two patients in a dose
dependent manner when exposed to 0.1 uM or 1 uM of compound I, Figure 39A. Compound I
is also observed to inhibit survival factor and chemokine signaling in MCL cell lines. Figure
39B shows a significant reduction of pAkt in MCL lines exposed to different survival factors in

the presence of compound .
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[0427] This exanpl e denonstrates that conpound | is effective against MCL.
Compound | was found to bl ock constitutive PI3K signaling in primary MCL
cell s of waaopasants in a dose dependent manner when ePpodsdoR02£8541AM or
li.tMof conmpound I, Figure 39A. Conpound | is also observed to inhibit
survival factor and chenokine signaling in MCL cell lines. Figure 39B shows
a significant reduction of pAkt in I\/@Jeaﬂu%lggg exposed to different survival
factors in the &r;esence of compound T. WD 2012/ 125510PCT/ US2012/ 028654
Exanpl e 3&ffeet pcempoundimSomtrindtionorghRiwtimah ang/oh Beadamus iahindtadienis with

Bendanustine in Patients wth Relapsed on Refractory B-cell Malignancies

[ 0428] This exanpl e demnﬁ-%esﬁ—sa}’—et‘y—an%ty of the conpound of
formula Tin conmbination with rituxi mb and/ or bendanmustine in patients with
rel apsed or refractory B-cell malignancies. [0429] At data cutoff, 12

pat i entl842%r eThinexrmela demontientestticisafety e aei iy & the ermpaund ghirrala kv CLL.
Pat i t iacl. N f = .679 0 i i 65
(Range: B S Rl AR Bon sy Mot b LIRS B4
The mednaignansiteer of prior therapies was 3 (Range: 1-11). Al patients

i d_of f la | 10 | D; 6 patient |ved
%o TS RRIRREBR Sl O st oo P S R P kKT S
reduct '@EL.qfatiQﬁ@%mH! ﬁgleg/]féar?&l{?s ﬁ%&%}?%@/@(@d%ﬁ%%@&lsn !%é&d?ﬂ Rahgd a dose

reducti on of the conpoun ormul a ue to'increased ALT/AST; all other

pat i ent¥-3®gearseahdtrhlapsediefravery disgsamerB (6704 /4A33%pt Birl medioh pumbér dftpyior

d i ni t i.l able f 6 i h
corpl onBPBE R SURaTE L bbt il PRIt Ea HaHEe sorapo ey autre! IEmetRne «
Tabl e &abeht9Yéceil@BkituBmalRes FeRkeFe8 BasRNMRLNQOMRPaBEnt WIEH RPILSfad a dose

reduction of bendamustine due to hiccups and 1 patient with NHL had a dose reduction of the

compound of formula I due to increased ALT/AST; all other patients received the full-dose
regimen with acceptable tolerability. Clinical response assessments were available for 6 patients

who had completed 2 cycles of combination treatment and the results are shown in Table §

below.
Table 8.
Regimen Disease No. of Response
Prior
Therapies
The compound of formula I + bendamustine CLL 3 Partial response
The compound of formula I + bendamustine NIL 2 Complete response
The compound of formula I + bendamustine NIL 3 Partial response
The compound of formula I + rituximab NIL 4 Partial response
The compound of formula I + rituximab CLL 11 Partial response
The compound of formula I + rituximab CLL 3 Progressive disease

[0430] Thus, administration of the compound of formula I in combination with rituximab or
bendamustine shows acceptable safety and promising clinical activity in patients with relapsed

or refractory B-cell malignancies.
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Response The conpound of formula |I + bendanustine CLL 3 Partial response
The conmpound of formula | + bendanustine NHL 2 Conpl ete response The
conpound wb 2bwiredia | + bendanmustine NHL 3 Partial resp®ensars2012/028654

Example 39

Effect of Compound in Combination with Rituximab and/or Bendamustine in Patients with

Relapsed or Refractory B-cell Malignancies

[0431] This example demonstrates the safety and activity of the compound of formula I in
combination with rituximab and/or bendamustine in patients with relapsed or refractory B-cell
indolent NHL and CLL.

[0432] 20 patients were enrolled, including 12 with iNHL and 8 with CLL. Patient
characteristics are summarized in Figure 42. All patients received the compound of formula I,
either 100 mg orally twice per day (BID) or 150 mg orally twice per day (BID) for as long as the
patient was benefitting. Patients also received either rituximab 375 mg/m” administered weekly
for 8 weeks, starting on Day 1 of Cycle 1, or bendamustine 90 mg/m” administered on Days 1
and 2 of each cycle for 6 cycles. Tumor response was evaluated according to standard criteria.
[0433] As shown in Figure 43, Grade 23 adverse events included largely comprised
background events resulting from pre-existing disease- or treatment-related conditions or from
intercurrent illness. For patients receiving bendamustine and Compound I, Grade =3 adverse
events included B-induced myelosuppression. For patients receiving rituximab and Compound
I, Grade =3 adverse events were infrequent and not clearly related to the compound of formula I.
iNHL-specific transient ALT/AST elevations were observed; these events resolved upon drug
interruption and were successfully managed with reinitiation of therapy at a lower dose level of
the compound of formula I. No dose-limiting toxicities related to the compound of formula I
were observed within the tested patient cohorts.

[0434] As shown in Figure 44, almost all patients with iNHL or CLL who received the
combination therapy of bendamustine and Compound I, or rituximab and Compound I
experienced reductions in nodal size.

[0435] Furthermore, high levels of antitumor activity were observed in patients with iNHL
and in patients with CLL, whether receiving bendamustine and Compound I, or rituximab and
Compound I. Summarized in the table of Figure 45, one patient with iNHL receiving
bendamustine and Compound I had a complete response.

[0436] Thus, administration of Compound I in combination with rituximab or bendamustine
shows acceptable safety and promising clinical activity in patients with relapsed or refractory

indolent B-cell NHL and CLL.
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The conpound of fornula | + rituximab NHL 4 Partial response The conpound
of formula | + rituximab CLL 11 Partial response The conpound of fornula I
+ rituxi mab 201212851Pr ogr essi ve di sease PCT/US2012/028654

[0437] In a previous study, a single-agent therapy that involved administering the compound
of formula I caused a lymphocyte redistribution that resulted in lymphocytosis in ~2/3 of
patients with CLL, as seen in Figure 46. In contrast, as shown in Figure 47, the combination
therapy with bendamustine and Compound I, or rituximab and Compound I resulted in a
decrease in malignant lymphocyte counts in all patients with CLL.

[0438] Thus, the combination therapy discussed above provides surprising effects and superior
results with little side effects in the reduction of nodal size and anti-tumor activity in patients
having iNHL and CLL, as well as a decrease in malignant lymphocyte counts in patients having

CLL.

Example 40

Effect of Compound in combination with Bendamustine on B-cell receptor (BCR) signaling

and the prosurvival actions of nurse-like cells (NLC). in chronic lvmphocyvtic leukemia

[0439] This example demonstrates the effects of the compound of formula I in combination
with bendamustine on BCR-derived CLL cell activation. BCR cross-linking with anti-IgM was
found to have significantly increased CLL cell viability to 121 = 5 % of controls (mean + SEM,
n=15, *P< 0.05). This pro-survival effect was abrogated by the compound of formula I, which
reduced CLL cell viability to 85 £ 3 % of controls at 48 hours (mean = SEM, n=15, *P< 0.05).
CLL cell viability in co-culture with NLC was also significantly reduced by the compound of
formula I to 64 = 6% of untreated controls at 48 hours (mean £ SEM, n=10, *P< 0.05). BCR
cross-linking induces secretion of the chemokines CCL3 and CCLA by CLL cells, which was
quantified in CLL supernatants by ELISA.

[0440] The compound of formula I significantly reduced supernatant CCL3 concentrations
from 4060 + 1392 pg/mL to 2901 * 1220 pg/mL, and CCLA4 levels from 5721 = 1789 pg/mL to
3223+ 1311 pg/mL (mean + SEM, n=6, *P<0.05). In CLL-NLC co-cultures, the compound of
formula I also inhibited CCL3/4 secretion by CLL cells. The CCL3 concentrations were reduced
by the compound of formula I from 943 + 535 pg/mL to 156 = 8 pg/mL, and the CCL4
concentrations from 7433 * 4463 pg/mL to 316 = 53 pg/mL (mean £ SEM, n=5, *P<0.05).
[0441] Surprisingly, the compound of formula I also decreased CXCL13 levels in CLL-NLC
co-cultures from 151 £ 35 to 70 £ 27 pg/mL (mean £ SEM, n=4, *P=0.05), indicating that the
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[ 0430] Thus, adm nistration of the conpound of formula Tin conmbination with
rituxi mab or bendanustine shows acceptable safety and prom sing clinical
activity wo?2petizesivs with rel apsed or refractory B-cel | pomitisgoanesses. WO
2012/ 125510PCT/ US2012/ 028654 Exanple 39 Effect of Conpound in Conbination
wi th Rituxi mb and/ or Bendanustine in Patients wth Rel apsed or Refractory

B-cel | Mﬁoﬁﬂ&@ﬁfo%ula[l%%ﬂmﬂ&b@lo aAnRtsnAQMBRBCBL eslld e thafety and
activity of the conmpound of formuTa Tin combination with rituxi neb and/ or

bendaml@lcrquirer%ntlaéfﬁtpéeSﬂnt?%bB’éhQalEb@d or refractory B-cell indol ent NHL
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(BID) or 150 ng orally twi ce per day (BID) for as long as the patient was
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weekl ylfl&’ﬁ:atg X#ﬁ%%as@t&feki&gcﬂpcpﬁﬁ hof Cycle 1, or bendanustine 90 ny/nR
on

adm ni stere and each cycle for 6 cycles. Tunor response was
eval uat[é4d43Hc CEll[rthelﬁgoteOplSds@hd-ﬁlbd/ wid dsed kadeni G483 tha tishanmmpdund lof GirmelA13,

G adeadverse events in ed | ar onpri sed pbackground event It| ng
from priBliBYS ensHigtiye é%%@é fiuffng’iéﬁmfhwa& ach¥108d A dPPlsh ebigined ?f&

| nt er cynEeRt uhddrB&as treﬁﬁ{enpéyhh%c%n{&%ﬁa ¥k ﬂﬂmﬁﬁW@Hyé$m§@1rﬁQﬁ f&%ﬁ@ynd I,
G adeadverse events™included B-induced nyel osuppression. For patients

r ecei vitregtmgnt dmwnﬂbgldatdd p:ék‘;ﬁ&@ﬁj ih peiipledd 4dMecdls beveélils (nwd 2 g Playinasquphes and

AT/ ASTour S8 ST orepb b i RTR An Al P L by B egb o S

i nterr upkh@A 13k éﬁﬁ[ﬁe& wa&dﬂﬂahynmgeds Wtélhnésehﬂéfe!;tﬁfgh@ et ahd1Pleapy at
a | ower dose |evel of the compound of fornul'a I. No dose-limting

t oxi ci treessladgiulstaniial deqrpases Gapdunelingfto DayAtit af the gempowissedriowaulal fraitmenhe

tested ;patd, &M SRRV ASsr CCL3 (from 186 pe/mL to 29 pe/mL), CCLA (from 303 to 70 pg/mL),
CCL22 (1067 to 533 pg/mL), CXCL13 (316 pg/mL to 40 pg/mL), and TNFa (104 to 29 pg/mL),
confirming our in vitro data related to CCL3/4 and CXCL13.
[0444] Collectively, the results from this example show that the compound of formula I
effectively inhibits BCR- and NLC-mediated CLL cell survival and activation in vitro. Also, the
compound of formula I enhances the activity of cytotoxic agents such as bendamustine against
CLL cells. In vivo data indicate that the compound of formula I decreases elevated pre-treatment
CCL3 and CCLA4 levels. While not being bound by theory these observations are suggest the
concept that inhibition of BCR-derived signals may be a key mechanism of action of the

compound of formula I in CLL.

Example 41

Effect of Compound in Combination with Lenalidomide on Activation of the

Phosphatidylinositol 3-kinase-& Pathway in CLL

[0445] This example shows the effect of the compound of formula I in combination with
lenalidomide on activation of the PI3k-delta pathway in patients with CLL.

[0446] Sample collection and culture conditions: Isolated mononuclear cells were negatively
B-cell selected and placed in culture. The compound of formula I was supplied by Calistoga

Pharmaceuticals (Seattle, WA). Lenalidomide (Revlimid; Celgene) was obtained and extracted.
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[0434] As shown in Figure 44, alnost all patients with i NHL or CLL who
recei ved the conbi nation therapy of bendanusti ne and Conpound I, or

rituxi mbwaredi2assiound | experi enced reductions in nodalPC3iuseo12{o28s356]
Furthernore, high levels of antitunor activity were observed in patients
with iNHL and in patients with CLL, whether receiving bendanusti ne and
Conmpourng447] OFlok c_tytlé‘rhéfﬁpas@é%: KanpadacolcDBI MM, T80l DB tabl Bof Figure
45, one patient wi'th i NHL recei ving bendanusti ne and Conpound | had a
conpl etBosaesonsan Ip@4A38) walguyrtagediidingdst rat i on of Conpound Tin conbi nation

wth ri j.map or danustine. sh accept abl e, saf et y. and i S}
el i ni caP 00T O Rt B, AR PERSRREnS 28 Biobs R AR "B T

NHL anchnéilghosphd\ RAYBELZS R LORGS OJaatiq%%@;ﬁ{b-GSKSEISer) @erSiyhdiug, study, a
si ngl e-agent therapy that involved adm nistering the conpound of fornmula I

caused Ranvgrspheby tidi-p bH1o(Santp GirppRiateranologx.uianedCiug. Comandaytidardti n - 2/ 3

of pati | g ek seen in Figure 46. In contrast, as shown in Figure
47, the(@gﬁ)t?ﬁhgﬂilon ’t@?apy wi t h bendanustine and Conpound |, or rituxinmab

and Corfp#fid QuiresativieeRIT-PO'Ra RNA mea setractednmlin gghRiizdl teyggn Oy it geoyamds i n al |
pati ent ith CLL. [0438] Thus, the conbination therapy. discusse ve

pr ovi d@l\\éﬂ%mmﬂa@edwf%& IPSFRFIEY) gf‘tr%?anaca%vmﬂ §i5) _%tﬁ‘E“)I ({pireecs)- gef@?ﬁ@et s
in the pEgduct b&@oﬁieﬁ{iﬁﬂ@'pr@-&iéﬁg@&%aﬁﬂidn@ €|}QI‘RJ E?ﬁi&élsi/dnté(ssh% RRLABDPSshavi ng

i NHL and CLL, as we as 'a decrease in malignant |ynphocyte counts in
pat i ent®0hagquegccCldtectiBrapyem (AQplidef Biosystaphis, Eostpolinig GA).conbi nation with

Bend ' ~cel | t B i |, i dth [ ti
of mur S PRI ST PR SR e Hpmoe ol el i C T e el s O
exanpl eI ADRSLy @&ﬁ;‘&eﬁo&*ﬁe@ﬁéc@@diﬁg ff tht RRNGATREA B ths@licd s THERIJH Bios@BRienat i on
wi t h bendanustine on BCR-derived CLL cell activation. BCR cross-Iinking

wi t h antaltLadmGirs UTound to have significantly increased CLL cell viability

to 121 %0 l = * P ) i. - I
e? fect [\Rgssl]/agjrr%égfnée%&b;c I(f]ggago‘xﬁ%g%ﬁag}g%g%o?1&1??%@?‘&\%%&%’ eéﬁt&%gf %ILVa%cel I
vi abi | idsyd htn Bl candnehticiostt3oahs at 48 hours (nmean SEM n=15, *P< 0.05).

CLL cell viability in co-culture with NLC was al so significantly reduced by
the corftid Brmpepgiehudinidetegtign Quusiggtionnf AgMrve deswmingdsBEEING” hours (nean

SEM ns5 cF P O . =) i.hki ! i Ki nes
orh and bR o ol hBHEABLLACHE Rour® BB PR adcitn ERRIE
ELI SA. Witdddet, Theified Bpoiiizdinahe flpemed @ presshgnffREW AN lye/méduced super nat ant
CCL3 ¢ trati.ons from4Q60 1392 pg/nm. to 2901 1220 _pg/nl, and CCL4
ovel s IA5th sststesl iyl Al repors tgﬂ%f@@%ﬂ?%‘f?ﬁ%ﬂeﬁf@%&%ﬁ Epo 05).
I'n CLL-fYL B s @it stat OBT) with EneBIRIR PG Ry deREBHEAEy. b BHRK at PDO.BS %&%1%@-3/ 4

secretion by CLL cells. The CCL3 concentrations were reduced by the
conpourdmpfarifars rpon btel adjusoneg46r msBiplepgpimdarisenseBe c8nspdpired sigmndartthe CCL4

concent jons, from?7 é& 4463 pg/nL.to 316, 5 [ L E =5
*peo. od)P41oafs Ryt gty BReTTuRplsTAogrds B Gk B ety
CXCL13 yyeieal stidnorAskT NKK 6ot RElnih@dedr taM18&ton 3AH BcréBsed2RRY/ tinsériRAA
SEM n=4, *P=0.05), indicating that the
and stabilization. Treatment of CLL cells with the pan-inhibitor LY294002 antagonized this
AKT activation.
[0455] To first confirm the specificity of PI3-kinase activation, the direct increase in the
enzymatic activity of PI3K following treatment with lenalidomide was determined. CD19+ cells
from CLL patients (N=9) treated with or without 0.5 uM lenalidomide were examined for PI3-
kinase activity with and without the addition of 1 or 10 uM the compound of formula I to the

lysate. Results were calculated relative to Lg of protein. Signaling with lenalidomide through

the PI3K pathway can occur through four catalytic isoforms: p110a, p110f3, p110y, and p1103.
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WO 2012/ 125510PCT/ US2012/ 028654 conpound of formula | has pharmacol ogi cal
actions on both, CLL cells and the CLL m croenvironnment as represented by
the NLC. w0242)123310s exanpl e al so denonstrates that a ceciiusatizoesess t he
conmpound of forrmula I w th bendanusti ne can overcone strona-nedi ated drug
resistance in CLL cells co-cultures with marrow stromal cells (MSC). As

shown i iy, {k G518 Sthé 8hiiRAGn 48PI3KLE @1acef)§H?dlpﬁBle@ﬁ'le S hibRS A HED oh AHCBERSIa AN
i ncreased effect on CLL cell death. [0443] Furthernore, phospho-flow was
used td, Wemﬁmsdrt@plevtmahe inheasanpd3iK ¢nofmiteractilidy I(Flguha HIA) constitutive

pat i ont2EHldengY: i S REHIE Y HetHEDEBRSD ARk O oV RGP PP doEBHpbund
of for t f ell's by
1t ot e A T30 L B

28 daysinbibitibaidf PIIK-Satynaatompdundtdigoaripdtasdltalinfpoevention of MBKeacsinay.yzed f or
concentrations of various cytokines. Interestingly, these analﬁses reveal ed

subst arftP &+ erdls feway l@bLfHaﬁlﬁrﬁltbé@e@i viere s ubalpd Suthafr vifoue g apdd hena fiomiﬁiﬁrml a I
(Fr om 203/ & a0 Phaelis o syl Tyos 35 hA n AR Pty o n B w5 a0

pg/ mL) ,as@Rekd ‘ﬂnﬁdi%ldtosg@Fi@gfeMQ)B confirmng our in vitro data related to
CCL3/ 4 and CXCL13. [0444] Collectively, the results fromthis exanple show

t hat t H4ZHnpbenehfom thesemasuts) thefphesphioxédtion) of i B s wBGR-Alwtad. IﬁLI]giQmth llalt ed

CLL I
T A S R
of evat &dﬂpﬁféeyﬁ?@%%ﬁ?geéﬁ% Hg‘ﬁ&ﬁﬁeﬁ}eve DHOGR BRI b0 b IEELERTRY

t heory 1tﬂmﬁB©bRJbSEEMﬂﬁslaMOWh€r@m ggesf fouhexpeoineapt Theaénalidbinkiettreatmadt was

BCR-derived signhals may be a keﬁ mechani sm of action of the conpound of
f or nul doqidhtodead toesaawp%sea,qph@p eiytatign o rRie‘i’erI?w@an %tr%ﬁlem Wﬁh the

oL s aft ﬁﬁ?@u@xé%%?%?{gﬁ%m@gﬁﬂ@%? PRSI Dt hIRE FerRIGH "0, |

conbi nqtlggrhcm,ﬂt Seerpadurdpyar de on activation of the PI 3k-del ta pathway in
patients with L. [0446] Sanple collection and culture conditions:
| sol at d@4¥nohecodam bet ﬂhssewefrvétsrveegem faed duemo EEIK- SselhlbttltoedPIéKdSm @Ekd in

phar gl e g b et e LT Cets oGP RRen VT Yt gy halfNA

bt t -y I
o seedsaLtes e ) OISO LB SR 4l o

Bi osci enmasoblanRdodie a@ghowarfeons oné alctbresteapensdents. See Figure 49D.
[0459] Lenalidomide was shown to be unable to induce phosphorylation of AKT when PI3K-

O was knocked down. CD19+ cells from CLL patients (N=3) were transfected with siRNA
targeted to PI3K-3, PI3K-y or a nonsense and then incubated with or without 0.5 uM
lenalidomide for 48 hours. AKT phosphorylation at ser473 was assessed by immunoblot.
Results are shown from one of three experiments. See Figure 49E.

[0460] These findings support that PI3K activation in CLL and the subsequent effects on NF-
kB and CD154 on CLL cells by lenalidomide utilizes a PI3K-8 dependent pathway.

[0461] Lenalidomide treatment has previously been shown to result in activation of CLL cells.
To extend these findings, inhibition of PI3K-6 prevented lenalidomide was investigated to see
whether it induced up-regulation of other co-stimulatory molecules important to B-cell antigen
presentation. CD19+ cells from CLL patients (N=25) were treated with or without 0.5 uM
lenalidomide and/or 10 uM the compound of formula I for 48 hours. Surface expression of

CD40 or CD86 was evaluated by flow cytometry using a CD40- or CD86-PE antibodies and
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[ 0448] | munobl ot anal ysis: | mmunobl ots were perforned. Antibodies

i ncl uded, Anti-AKT, anti-phospho-AKT (5er473), anti-GSK30

ant i - phoswbao3aKs00( Ser9) (Cell Signaling, Danvers, MA) pcantspeiphifsss (Sant a
Cruz Biotechnol ogy, Santa Cruz, CA), and anti-GapdH (MIlipore, Billerica,
MA) . [0449] Quantitative RT-PCR RNA was extracted using TRl zol reagent

(I'nvi t rIegemE RBYpe BHMrora T rAfBRANAEh S kH8pSundldTeb:eilh Plvabhkie to pekaktdhe up-
Synthesi's System (I nvit rogen). Real - Ti me PCR was perforned usin
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detectign sys i ed Bi osystens, Foster Cty, CA). [0450] PI3K Assay:
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Bi osci ences, Salt Lake Cit UT). [0451] Transfection: CLL cells were
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B-cells, in the absence or presence of PW (5 p.g/nlL). [0453] Statistical

anal ysiconvexted tp epdv/ el BTHGR pnalydis wesndangtth datcrmime gupriitfes ofedP40yCDR6 atént er
for Bi Q?ﬁgir%%{'l\f/% at OSU with net hods previously described 7. P-val ues at
a=0. 05 for  single conparisons or after adjustnent for nultiple conparisons

wer e cqosé3jer Echasiigmideitaanlso bE&ASIvn kbenduRes itémalfatibh oS CERBMNEInCuSHAWS t hat
| enal i dom de up-regulates CD 154 on CLL cells by activation of AKT, |IKK and
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exam nelg gci; P|t3- kiqr)[aﬁe activity with and without the addition of 1 or
101. 1M ﬁ ) ch]ﬁ'Bé’B?‘nﬁo F'formula 1to the | ysate. Results were cal cul ated

rel ative4éq] | Goredfthedintortafice S tBOE@DAOITM 340K efaldndnadiiRle ttRARUIILIL B81skb 3K
pat hway can occur through four catalytic isoforns: pllCcc, pnop, pll07, and

p1108. prywmotzorpnabBselronresee iprypregsiulimy therrontasuad of fpemiulshl wastaseassast to

Pl 3K- 8 i | .inhjhit f f ound
Lo pr event e T couTBLERH: fig SRURAET crhide SRMRBIT LpateITR) Werbage) ° "
Next, itfeab@tv@iEbiW iigoudest idreddtidomidy Didfdran (v () fapdund bhfdrielcloapagind of

formula | could prevent the increase in downstream ghos bhoryl ati on of AKT
i nducedgis. |(ddar¢lordre aradigied GOtGormndplapdia @lyye wib ped wallsfin ther nul a |

resul teg i ti f tA Vit + I %IE tients
(e e B FRS O Bkl P et SR GO bR yrpS o7 1
1. 1M t h@aBoiRp Witde R fledatiomidz theafedCIAB cd1BWprsvioNT 5 phd B@abmhyVebde@Rh@in ser 473
was assessed by i munobl ot. See Figure 49B. .
have increased IgM levels, pre-treatment of CLL cells with the compound of formula I was
found to completely prevent production of IgM (p-value<0.0001) (Figure 50D).
[0465] Lastly, lenalidomide treatment of CLL cells in culture was tested to determine whether
it could promote tumor cell production of vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (b-FGF). CD19+ cells from CLL patients (N=15) were treated with or
without 0.5 uM lenalidomide and/or 10 UM the compound of formula I for 48 hours. RNA was
extracted and converted to cDNA and RT-PCR analysis was done to determine quantities of
bFGF. Lenalidomide treatment increased transcriptional up-regulation of b-FGF in all patients

(p-value=0.0004) and that co-incubation of the compound of formula I prevented this up-

regulation (p-value<0.001) (Figure 50E).
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[0457] To confirmthese results, the phosphorylation of GSK3I3 was
evaluated. CD 19+ cells from CLL patients (N=4) were incubated with or

wi t hout OwBlRotd25&nal i domi de and/or 1 or 10 1. 1M the compomsdoief2gess nul a |
for 48 hours. GSK3l3 phosphorylation at ser9 was assessed by i munobl ot .
Results are shown fromone of four experinments. The | enalidom de treatnent
was foyoged)o Seahilyoledilidortbeaefment iRRRERAW M@ ptioRaléveEIV BGP LY eidsabl e
by co-treatment with the conpound of formula I, again suggesting a |ink
bet veer(SPf 3K & rafienth nbiFh Honhean depeifdehy UPHBKNawith il gomissed Pl fumelioC

[0458] Ta confi hat S S e infact _to, PL3K-8 inhi,bition,
bi 3 b (PrEREORRF ity SRR SELER B STl BElenE R0 e i SR 255
vere t ryifsdue 0156 MW dallid Sin RNANH R 96 1l tHeQ Rl pdkind of BT foF 4RhHNFNSRNSCwas
target. pll08 protein expression was assessed by inmunoblot. Results are

shown faxtrastothandeonvhrtedtostien iane RiIsPCRawalpbig was dagto degABd]e quantli¢sddni de
was sho\\;\%%f:o be unabl e to i nduce phosphoryl ation of AKT when Pl 3K8 was
knocked wn. CD 19+ cells from CLL patients (N=3) were transfected with
si RNA t[e4@At €thd @atLtAlkcBvel PhadtideddupporduisRnBBKad gathiven i ReskrhEde-W t h or
wi thout 0.51.1M 1l enalidom de for 48 hours. AKT fphosp_horyl ation at ser473
was asgBedizad psfiviatipm abbl-bicellRe B Roserdiabreddianee ¢frtBencdindingd areheaeral as related

et vt gy SEFrhb e 1P CoLl TR AURAE e U ARa RERRRE N L PR
cel | s hiyhibeoalahd poiedeallyt dthérzgsnta thak Jitagordepapeting dpahkiveayn of RI3&djase with

Lenal i Iqom de treat rrg&%}ﬁ(ggs pr evi. ousl ¥1? been shown to result |Or€}\;act| vation of

CLL cel'PRIdPBIGSAT@ HECY R S A RERINIHHSSO thenHITBHIS TBor Wtting PERRSEH v et
| enal i dogh1e; RS thRBRbBRbE thedhySiEfnMIAE ABHuThliod AR WBufdaaMbRLL pR Of
ot her co-stinulatory nolecules inportant to B-cell antigen presentation. CD

19+ celdpgrdacioas Wdith cpeivn elntcon(rist 25 honwanmune swmdeldtony aétiams ofenhlodrimide 5. 1M

| enal i dpmi de and/or 10 1.1M the compound of. for al for.4 urs. Surface
expr 5SROl b AP0 P 858 WAL L DR FHAPBIY TPBIA &gt DIFTH) S RI RIS coto- or
CDB6- PEn@BltbROM @Sy 8Ntheir MR p2ika/ 1258 LARGT hoSRALRORBER4 ki@ inRRures ot y pe
control. Treatnment with the conpound of formula | was able to prevent the
up- r eguictivaton. pimaCiiace. andicipRiBe rdlense spndsgme esrfiatidrwidethipireatinet=0ho 102y and
<0. 000 respectivel v). (Figure 50A Sim.| b phi bi ti.on of Pl 3K-6
nas al s EERESbGNE i O BHE S ALy PRt e 8l o
CD80 presmt@d difect analst dom @das. ( Pdvél, 4esOulP 8f TediiliddnidgBneRpsddTCigu tigat SOB) .
CD19+ cells from CLL patients (N=15) were treated with or wi thout 0.51.1M

| enal i dEAMHEdaadlsytokor leyals dyanecsrpyBeiHdold thymentraspendige a3 gomBYed 0 RNA was

extract = | y:Si 3 to determ ne
guant i tr?g)gﬂgﬂg%%ﬁ%ﬁg %%%&gﬁtg%lﬁe%@ %gg]ﬁ]lﬁ lzlﬁlggﬁ)dgﬁlﬁgé has al so been
shown to induce internalization of CD20, concurrent treatnment with the
conmpound of forrmula | prevented this_effect (p-value=0.0057) (Figure

50C) . CD19+ cel I's from CLL patients (REHRPlGALe treated with or without

0.51. 1M | gl t domddgodidh @ordifidatichM it Rit¢ARRB YRG0 PBeARNTiRe In PEnd@S8yifiOUr S.
InternaliZzatton of CDZO wasS evaluated by quantifying surface expression of
CD20 by flow cytonetry usikrgviaudpeearid Bieell Mrdigasncagsd | gQ - PE i sot ype
control. [0464] G ven the inportance of the CD40O CD154 axis for

| enal i dom de-treated CLL cells to pronote nornal B-cells to produce

i munogqaés]! i This thEnp1e ARG @Ss thOLaTeth Andl aVBStyRTIRSEREbIUAd DE Cori®d higr 1t
could prevent this occurrence. CD 19+ cells from CLL patients (N=6) were

t r eat ecrombinntion witht tifgrimab, apd/or hendanaisiigoi pidcain dyidrpra0eusly MeatkeBessipound of
for mul e}mhi fn%ﬁciélss hours. CLL cells were irradiated (20 Gy) and placed in

cul ture W purified B-cells, in the absence or presence of 5 [t.g/nL PW
Quant i f[046H]i 040 pitich@M ovasnidateE iiihe eaidpyinEludinA 2anatlyNISL aMhe? eas CLL.

| enal i dom de treated CLL cells previ ousIY 5 and herei nhave been shown to
have i fefieaisdaracissiicnass sumppazadria digsap L oft thebagdinespagients hefadvbtfpound of

f or mul v 0. .

(o val QR o g AEBhThE bl Rge” itk RAARPEI P Bbr @My discase, e )
cel | s ipatientk hod secei@sd bé priedir¢admddtregimenandhemnband ideeivodihdmpnyfptier t unor

cell productiop.of vascul ar dothelial growth factaor (VEGF). and basic

fibr oblrﬁgfneﬁ?'oﬁil‘?f FREPOH ippugeerituxiaspoalk éﬁlm&agqngrﬁnét%ﬁagerﬁﬁﬂﬁ 'tﬂs REAHIY wer e
treated with or without 0.51. 1M | enalidom de and/or 101..tMthe conpound of
formula | for 48 hours. RNA was extracpged and converted to cDNA and RT- PCR
anal ysis was done to determ ne quantities of bFG-. Lenalidom de treatnent

i ncreased transcriptional up-regulation of b-FG- in all patients

(p-val ue=0.0004) and that co-incubation of the conpound of fornula I
prevented this up-regul ation (p-value<0.001) (Figure 50E).




WD 2012/ 125510PCT/ US2012/ 028654 [0466] Sim larly, |enalidom de treatnent

i ncreased transcriptional levels of VEGF in a subset (8 of 13) of patients,
whi ch waswagairi2saver si bl e by treatnent with the conpoumrdTafS2éianesssa |
(p-val ue=0.002) (Figure 50F). (F) CD19+ cells from CLL patients (N=13) were
treated with or without 0.51. 1M | enalidom de and/or 10 1.1Mthe conpound of
for mul aflpafiéts ¢&h MQHILShad Ry Weste®with b ehtBRLyARRUSh RN thefdBWAFBNEWRE PCR
anal ysis was done to determ ne quantities of {/EGF [0467] The data

col | ectwasedagly pir mahy eatiasip pothtduiaions hbtherapr&gieg fiory i n

| enal i dlotrgi (iecrrggisat ed activation of CLL cells. The potential relevance of

t hese fi ndli nas are several as related to the use of lenalidomde in CLL.
Conbi ng0470] OAlltpagertoraeeinad tefcohpouid af formpPRIT; Hidr koMageralnhivied drelagnd
potenti al | %/ ot her agents _ that ant a%gni ze signal i ng downstream of P13-kinase

with | dBaP] efolldme aradly tvicsi per day G herasdansas the patianhwap herehiéingo Fiatigeth ng

ropert,j : [: i 2 : i i i Ll ne
odul aty oy 4 e AR et P bl e oy SR Dy o™
cont r ag®ycld f, cnbandammstise HO chgfat adryinstdredos Dafs | emdD ofleathdgclarfer Glegilesed,

application of agents such as tg_e conPogna of formula | or alternative
P13- ki TTRTRCBT BRSeVaURted; aGPro et iR sipdU G CHIE ng ef fects, mi ght be

at tr actipye)f oA %&M@ﬁtﬁig&eism@%e agtigvakd Sfbntd IHFRR[ Ednﬁfri%ed EMng{an ek, Qs
rel ease syndrone associated with this treatnent. Thi S may be particularly

true wircsulieyg imkinrpes-esigeig discavE@x ity romamibr bheFgy, 26inkGc@ienpdlineks. Hieore a
protective effect ainst CLL |1's. 1ndee on ud f lenalidomde in
el aps ittt er iR ML TGP T SRS G [o5 DR (e K EE R not ed
that nNQRclH&SPRRICHURE ASeMRAERBNt Fof FHRARMBIyIRR @IS RAd HRRLEIpDLENsE Y

el evated cytokine |levels, including b-FG- 2. Exanple 42 Effect of Conpound

i n Confpratlp drionide B3 Rivaisd ergbtsarrae oireBaetand o1 dearlynrehgad terfhascampaynd of

Previ o e - G i Les 468 is. e e d trates

the sangryed P g b IS o Rover P TR AR ORI &

rituxi rpon Andy i@ter@ncia fitbhdve®ekbmsyzatdsAnlySnaralgbd pitdvéiaitRitiyn bf ¢t aBacel |

mal i gnanci es. 0469% 49 patients were enrolled in the study, including 27

with i Npwvesgrse sevelwh the epmpoyghqf dpmudp br Medepg-Bmiting taxisitiey iidied 5eei n Fi gure

51. At } i : i haracteri stics,
&Hﬁ)opgcg &t fo%ulagl?feigg Bb r\h:%qleﬁﬂ}é fa{e:tgsépc{r g%féﬂ?&dh%rtg.

i ncluding o r age, adenopat ractory disease. Al patients
had red647Hd Adshpwom Kipwat feAtnd 6§B nemostredl soieets wath iNeeonv@dL aghomany 9

prior reginens. Prjor treatnent included rituxi mb, alkylating agents
and/ or P& ?)F‘Pf@{,’mf‘%@ J28Y o 9end9@u_éwnf_2§ﬁsimw3§§ ¥ WoBes figfmab
pat i entysq\hd torhMihd RRELRREN &peAtRAd Wdubidid iRhodlltsleacycl i ne- cont ai ni ng
therapy. Followup was early in nmany patients, wth durations of therapy
r angi nd047dm Rurthermorecligh devely @4nojunairlaciraty eatobsared ngritichte wabnmpdlnd of

formula I,,. either 10 rally twc r d B or 150 orally tw ce
por eyt Bpiopr o Oy Phet hatiflo hehfmiENe ARl Bag el o B 1Hprso
recei vVagugintabend e doppBald 37 Roriiil a2 SHeihaiBH ef BhuvesK o batiends WREKSHL
starting on Day 1 of cle 1, or bendanustine 90 ng/n2 adm ni stered on Days

1 and 2Zeesfiviagbpndayniseng aid the egmpewnd of daivrule Ebrbhsemplats resehefat ed accor di ng
to st ar[ﬂ!i"hﬁ C 4 }?rlé{fi%m study, a single-agent therapy that involved administering the compound

of formula I caused a lymphocyte redistribution that resulted in transient lymphocytosis in
patients with CLL, as seen in Figure 55. In contrast, as shown in Figure 56, the combination
therapy with bendamustine and the compound of formula I, or rituximab and the compound of
formula I resulted in a more rapid decrease in malignant lymphocyte counts in patients with
CLL.

[0475] Thus, the combination therapy discussed above provides surprising effects and superior

results with little side effects in the reduction of nodal size and anti-tumor activity in patients
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[0471] As shown in Figure 52, Grade >3 adverse events largely conprised
background events resulting frompre-existing disease, toxicity fromprior
t her apy, wo2ortiesziarrent ill ness. For patients receivi ngcharsdazwsicsne and
t he conpound of fornmula I, G ade >3 adverse events included B-induced

nyel osuppression. For patients receiving rituximb and the conmpound of

for mul ayaking G EanaC B VR Va8l R\Wed: feaVeinGnal Hnb RAYEBho AR ARks 1§ _Fﬁﬁéﬂté/ hdghat ed
to the compound of formula I. i NHL-specific transient ALT/AST el evati ons
wer e olfsldeved; these events resol ved upon drug interruption and have been
successful ly nanaged with reinitiation of therapy at a | ower dose |evel of
the conmpound of fornmula |I. No dose-limting toxicities related to the
conpound of formula | were observed BkirhpiB48he tested patient cohorts.
[0472] As shown in Figures 53A and 53B, al nost all patlents with i NHL or
CLL who r ecei & toh o O] .n-: 'g.!'- HEHIAVHA igh ‘.l XHB ANt RGREATH A 1 € 1G] n‘pound
of formula I, gf ElaBﬁ%'uﬁr&E Aol wnﬂw& dw a1 helRARRIGGNCed
reductions in i tunor
activity were observed in patlents mnth i NHL and in patients with CLL,

whet her eiv bendanusti ne a onpou f for la | rituxi mab
and thé%ﬁﬁp E‘Eﬁe%é%ml?ls%ﬁepasqawsg g4t fﬁaoquﬂﬁgﬁ.fwi 9%%&@[%%%% th
i NHL retﬁége\éhﬁgw&%wadﬂtﬁﬁéd%t@me iﬁ%@ﬁfé@&i&@@f@ §E Q{/t'gwx?c fo dadca1sqenpl ete

response. [0474] In a previous study, a single-agent therapy that involved
adn1n|skemnﬁ@aﬂmeﬁﬁmdpumnmeaﬁwﬁbnhu%awb caused a | ynphocyte redistribution

Fi gur o 08771 rCLD st SRR TR MEE o o™l oR0 Bshlsb et roneliet apy w

bendanyghianfn@ e 1ﬁché‘at§&86iﬁ€ﬂ@|at%s 694 Bathpodnd AfforimdId K ideRdm@Rskoh&e conpound
of formula | resulted in a nore rapid decrease in nallgnant Iynphocyte

count s bendgavstiantey fidprabel or thodnep canbiiedt he conbi nation therapy di scussed
above de surpf ct D e side
effectgbgﬁhthzhre ucf?%ﬁg%ﬁ&ugba? %ﬁ%@ﬁ%%gi %Pnéﬁiﬁbr6§ l&ggﬁh&b% patients

WO 201 ?dx&.RlﬁféihOaEﬁ’R{zéng%&ﬂah QRSGS4r Hakt dogner BFHkacArR@nCul ploasrmqiefceaega oflgigplease
i n malignant nphocyte counts in patients having CLL. Exanple 43 Effect

of Conp&lni 41W¥%ﬁﬁbﬁ%ﬂ G36h ofvherr EHscanBtshak® ﬁeFlgB@rﬁanﬁhletcpmémaaﬁléﬁ/ ra
Fl ud
[oave] SritSuidobimAflL Sl Qo Wb RREW, BLE TR Hiicate WBERhecd |

cells wmentmh@BEceHHbahmere co-cultured with NBC in the presence of drugs

1 Ldar ADF) . Vb obteedisl AP Ct € OVTNige Dk WG A $RSdhm al one

(contr qlhpf at ﬂler}@s%&meq;}ﬂé@lm N@oLh)eFioNrl %tcﬁq)mraﬁeeﬁtgmt(ugm)qfon@
conpound of formula I, dexanethasone, gen danusti e, or fludarabine, or the

drugs cbiftrentgehtient samples assessed after 24, 48 and 72 hours. CLL cell survwal in the presence

of MSCs was significantly reduced by combination therapy, with P<.05, as indicated by the
asterisks describing the comparison of results from each drug-treated culture to the results from
the control culture. For example, after 72 hours, CLL cell viability relative to untreated controls
was 93% (£0.6%) with a compound of formula I and 60% (£8.7%) with bendamustine, but was
reduced to 42.7% (+11.4%) for the combination of the 2 drugs. Comparable results were seen
for the combinations of a compound of formula I and fludarabine, or a compound of formula I
and dexamethasone.

[0480] Therefore, these results indicate that a compound of formula I sensitized CLL cells to

the cytotoxic agents, presumably by disrupting MSC-derived drug resistance signals.
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[0478] The viable cell population was characterized by bright D 0C6
staining and Pl exclusion, and was gated in the |lower right corner of each
cont our pwotizfinsesiper cent age of viable cells is displayedTraisove/ ogsmsh of

t hese gates. As shown in Figure 57a, the conbinations of a conpound of
Formula | with dexanet hasone, bendanustine, or fludarabine indicate an

i ncreased effect on CLL cell death. EQ4d{QkL4¥i abilities of drug-treated
sanpl es were normalized to the viabiTitres of control sanples at the
respective tinepoi ritiéect eHOompomidyin{conyihatiingity (MatpmamabamELLSEM) from 9
di fferent patient sarrpl es, assessed after 24, 48 and 72 hours. CLL cell
survival in the presence of MSCs was signifi cantly reduced by conbi nation
t her apy[048¥]t TS eQmplaSuinfdiigés e Physet B stasy of tepkaedientdsi (08 agysidiele) of
conparison of results fromeach drug-treated culture to the results from
t he corfoppouedi] ngosbipiongyigheframugiaber the tiegtiment otpatieais| whehagdgrpyipysly

rel ati d controls was 93% (0.6% w th a conpound of fornula I
and 60:’9%5%&9%}?&F& - )endanusti ne, but was reduced to 42.7% (11.4% for the
conmbi nqdD482] OCoﬂnbeurQl Idn 6@ mg Xhmpaperbiay [BH3 mtas comtimiseeredfcontindoasly with

conbi nati.ons of for d fludarabi ne, or a conpound .o
f or mul &%lnﬁ%%@naegaﬁ%ﬂmag%veq @Vzﬁégid Ef' 2?6‘&1181“@ Q%25 adBURIEeEed; Wi ’c“étlatlhat
a compaiydopiod A5 OHleBhds ]§§31”'P bt Déf@ (Igtdﬁve% e & cfo'@@o%’&n?ﬁdﬁlﬁ&i ). @Hl% Rbedk

presumably by di Srupting NMSC-derived drug resistance signals.
2012/ 125@&@&@1’121111@20&@5 0&18B6ste1Bs atﬁpD@O g evEff eatk fof 7 osepothenat hOQﬁnmglenatyi on

V\AthOc u n 481] .Thi s the Phase 1-2 study
el BT Ay T TSR o U5 LD AToR B LR NADF S ROUiTRA T

Of at unyagdyd @mp dﬂﬁd‘l'ﬁ@@-kﬁ?l&ta td@afdb%?éfslw‘iﬁ B 2R 1 éla@,lﬂﬁé MibRREeWas r eat ed

for CLL. [0482] Conpound fS 2 times per day [BID]) was

co- admibepefitipgd conti nuously vmth 12 infusions of ofatumumab given over 24

weeks. t her
Les' IR TIPSR LTINS B Dol R o) AR Tl

of at umumgatisas waedmhiilabler Biib medidn QORedTagewas ¥3 Peekolfyears/THOS@Rbsity (PeN;at

1, 000 every 4 weeks for 4 doses. After conpletion of the ofatunmnab

treat 0) Oé@@her%bede@ﬂkﬁc @Ciﬂnpmrbﬂ (F lolypwhaiode measipongried qm dsloggest dgpanswgent

at a d een%d115|? n f rlo?th%% tlehsewass le@t 1nm?%hnber}1eofrle§<tolsﬂ aﬂé"%ﬁn From
the entirTe con 'fl iP enograp Imnary Al acygdata
from llagpaki( O 5 men@xﬁnita@m 81418, pmﬁbaﬁalbgs'i@gﬁ] 7298, M@fﬁtu@ﬁmbﬁ@/?ﬁ]
years. The majority (9/11; 82% of Fatl ents had bul ky adenopathy (1 |ynph

node meASUrANAr oRAtIAUMARGHLE 137ens erdnta cpreft, rﬂ%lmaﬁlap r[r&ﬁg@]trqqm%ﬁu@fwﬁn or

1650 AT a5 AR, 11 OB e TR

al ent uzwmphade8odathy @880 thartifsol cotlas. vrmomdthe 2/ mtlenlﬁ%) woit etdieabafoa cut of f,

t he nedi an [range tretrren t|on was Alm)s aII
subj ectrESPGQ;eleissgsé 3}9&?&#%& ke aﬁ’@hL %}e tsﬁé@”@&m%ﬁ%tevﬁ
| ynphadegrpat fyjuddda¥ytht fRelt dafdr baseeddl RS cnéﬁ@?gbﬁs}%d IlHRAK BINESa, 10 were

eval uabl e for response assessnent at the end or lafer. Eight
pat i ent(&u{®BUiggs fioetheghiagnesiis and a’catmenedpdnmc Bsnghwdgadleblyermlhea iepur $tongdieor

e o e Sl B S h R R it et p bt NGQREEAR o he

| nter n%stﬁa@lwwﬂﬁﬂfgst}mpqm%hmhﬁesLBmhogwg Yanlgue (129 5upelat). WhetpaBent
Nat i onal Cancer Institute-Wrking G oup 1996 gw del i nes. Bl ood. 2008 Jun

15; 111 (hedyeduad lynmhadappahatrieshing Rerie dairdede fijeasherndmop aptisnt e disprse
criteri ‘%'9§r8£s1o 51 3Rk ?raﬁ‘éugﬁ%?c?eas@}hthggﬁﬁn 5191 ﬁlyﬁ&%d ousi%stﬁ%pr 2 gé %cpwit{l de

transi énternerease in e’coun expec

with sigglieagge 9131@&&{1)&1@111%%&&5 1M\/?f§1gﬁﬂlﬁhécd?ﬁ dufatfSRgNhd téd@ctﬁiﬂ%f@lw ation.
The reduction of the transient hocytosi s was induced by the conbination
of conpuusignt lymploafiesat watimdiced l{ygﬁgaqmlnm@m@wfmmpogad éeyd ofatemymely. t hat
the co t| n..tr.eat t ahbl e saf et r of i, n

el os sl PRHHGRR SRy AR B DR aR ! e o APl eyt co
basel i ngofik\w@l $ackéd ﬁybb@ﬁﬁﬁ@ds@hﬁﬂl ﬁhﬁmkpmmamn@mtoodgmﬁseaﬂmt el&kdtet
CXCL13, and WD 2012/125510PCT/ US2012/ 028654 TNFc were reduced after 28
days ofPagslingdensht of Glerapsosigfedshemgkiast andgitokings ( b Rt toh X618 otidound |
wi th of atumumab provides a well-tol erated, non-cytotoxic treatnment reginen
in patients with previously treated CLD3




Exampl e 45 Effect of Conpound in Conmbination wth BCL-2 antagonists in CLL
[ 0485] This exanple shows the effect of conpound Tin conbination with BCL-2
ant agoni swe 20871239 and ABT-263 on the stronma-exposed CeCTamsbéin2§68486] CLL
cell purification: Peripheral blood, bone marrow, and |ynph node were

obt ai ned from consent patients fulfilling diagnostic and i nmunophenotypic
criteripNk@f wiikked28d hﬂ%&%’Sada PLPRLhHRROMHE [l ﬁ%kés% KBS mbiRfi®niofol at ed
from bl ood and ti ssue sanpl es usi ng the Ficoll Paque (Gt Healthcare,

Wauk es rampdlipd erthrotquulgumdb pritvidee ntwélF-odpttedmonSangbes tmeﬂrrtenerdgtrﬁcm mnal yzed
fresh or .vi abl% froze @@gr met hyl sul foxi de (DMSO, Sigma-Aldrich, St.
Loui s, MBS ¥ GO rff‘f’ée m ( BD Bi osci ences, San Diego, CA) and stored
inliquid nitrogen and |ater thawed for analysis. Single cell suspensions
were prepared for analysis on a fluorescence activated cell sorting (FACS)
machine, and CD 19+ CLL cells generﬁﬂg}geﬂéount ed for >85% of analyzed
cells. [0487] Ce%felr - 'a1 el JaS B ained in RPM
1640 medi um supprefentet 5 V=g tts 2 ycl one, Logan,
UT), and penicillin- streptorrycr n (Oel I gro Manassas, VA). The human stronal

cell line StromaNKTert was purchased fromthe Ri ken cell bank (Tsukuba,
Japan) [Q48F]aflis sk#BRiCShow} glﬁﬁffﬁmf§eﬁlpper¢ehmé@mmaﬁon WithgBGh-2 antagonists

hydr oc % r itrogen, Grand Island, NY),

2. 05- mélﬁt%ﬁzgggn%%ﬁ Egss &%ns(i)[ﬁé%ﬁ%ﬁg%grﬁeﬂ[%%cr n. Nurse-like cells (NLCs)
wer e es[t)@sﬂ]r s@ed cblypsiuﬁ@emdr P@lﬁﬁ%bfobqumatmzﬂmivﬁ andl tymgH hodenwereo oplagicd RPM
1640 rredr umwi th 10% and penicilljn-stre nmyci n- gl .utamne to

concent{fp Ferfestrpafsl?tsé%lflrﬂgrgndeawsma& h}nopgerq%m&ér@ﬂ@ ﬁa@.ﬂr oPeriﬁwﬁréys in
24- vel lbl@(&ﬁ&l@l%m{u%ﬁpéé‘]lg (PBWS§WC%‘I§§1§)C(1 i gl%hdg‘r&tﬁs%lelsalﬁ sﬁglﬁ%ml Ficsl-!

co-cul tures: s were cultured under standardi zed ndit1ons on
st r omalPage¢ [G]E iHn:ethrare |W aukesha, MICdeBrty efddygnt sentofregaticel Samplesr vegadttied one

day Pt GRS R BT Rl RSP SR0R, Fisnesy)

St r onal MO§ id fee0mbline @&ﬁrﬂ/\(@) B%Eieﬁé@dSQNDQ?@S@A%HH @Sl 11{711@![1@ P RI2En addpd CLL
cells were then added onto the stronml cel | ayer at a concentration of 3 X

106 cellptsy rhawerbmrtarnaley@w\érrelq musp@ameowwetmemrﬁbfm padyfispn tarﬁlelose@efmpm ed
WO 2012/ 5 US2 286 L ce s wer & r
anal ysi s%‘f%)? dé‘éer% Or“ @4{4@ m"%“%eh"“%B%HBEM ?ni?f CeﬁLée?eﬁal Wash FO”%E% %f(r)i or
to analaylalyaedag1134 hour co- cuI ture tinme point was used unI ess ot herw se
indicated. [0489] Cell viability testing and reagents: CLL cell viability
was det[B#%dInedelh ”@nd‘t’lylélilesCQﬂS‘khhéﬁﬂ Ang/ap mlmeeecerno%%MéAéfé%meeé}m D| ego
CA) and

corrpounclilg)llglgll?vxlllgfr?ﬂfa:alépt%l?lg)| PB(SD%\/Q%SQ r%%)t %nr?t &%@BEF%%Q&T%%%%% ing: CLL

pat i entstrpptronryhmr(ﬁlellgﬂoobﬁ,nanonequ)arT}mvhunmmdthympbelmmheStmrmIé”femrae anal yzed
by either the pl ate- flugrimetry or FACS net hod. Briefl PBMCs from
CLL pathusfsediEem ﬂrra@@erl ﬁ?lbL%‘ﬁ‘r@slék@él aP%@é%ﬁ%‘"P%tﬁ@eéﬂaa %’ﬁﬁ%M

er nea i 9 od,
1001 thp HEFnR NI, CALH Boliag foe PRSP bR EhPINv f8RGe CREL

| oaded Ielahdy NaY 3845waM Lrglmhmmev\aﬂdpanmﬁlmrsdnepionmiﬂ. NaweeHike mlrsgl\ﬁhﬂ:ib wiecku al
BH3- onl y tides. Th 3 J 1- BH3 assays were hen conducted i pl i cate on
a Tecarrsegrlﬁree%z SWiRY A\ég?from DRI Sl B sompjeie BV &126\55 ez with

t hr ee- houy FESMRA f)QMEﬁl‘ﬁq S torh 7288 2 WBL LA ati i &gﬂoé IRy h LY SRCRRAIPNS

from CLL patient PBMCs vve es ed usi ng hurman Fc Bl ock (BD Pharm ngen)
f ol | owdckllyweamgion@Dot 94 Vﬂ)'stn(ZBDv@hplam (@@m)nga{aﬂa SnenceQXCR4- APC (BD

Phar m . | s,,were washed i o adde iV FACS
tubes, OST of Elusf b Ad Srparnied camfiary f ieeBparoryaupe fandsiie s vere
inc Ubatd%@ldﬁbn§ OB BATREN &héN & Jrithard NING NBEESy, kORI ddWs Ierd sapasd astdes

each tube, and the sanples were incubated for an additional 30 m nut es

FACS mauiu teeashtespsyenent oorecfcweld plﬁrq:Sa(CanFgﬂgée @elml@s} at ajonpentegpgien of 3x 407,
488, a a he, 488:n r usrn a.530({.30- nm
it er Crragy e nd gl AR 17 hars e B Sty R Bl Rty o
depol arghagd ¢dh&ab’b&ﬁlcﬁﬁb@py| aﬁcEQLLl,ScleanEﬁ&hérUdid’d@Q@hﬁ) thé stﬁr(b’tﬁalQ:laHng%r hta t he
medi an of PE sig The m tochondrial depol arization reported in response
to eac rros%ltrﬁew PG%X 19" pdbstrali Sebures vgrs (ien trgatedh witheamprupdtsrieeieapeciliethnge
in PE fluorescence of the JC-1 dye with a negative control, dinethyl

sul foxide (DVBO (0% and a positive comtrol, the nitochondrial uncoupl i ng
agent carbonyl cyanide 4-(trifluoronethoxy)- phenyl hydrazone (FCCP) (1009%.
[ 0491] Cal cei n-based adhesi on assay: a confluent nonol ayer of CD 154+ L or
StromaNKTert cells was generated by plating Ix 10 cells/well in 96-well
plates for 24 hours. Single ceII suspensrons of CLL ceIIs at 0 5x106

~ - a




WO 2012/ 125510PCT/ US2012/ 028654 [ 0492] Data anal ysis and statistics:
Results are shown with standard error of nean and nunber of replicates as
descri bedworoeaiehsihi gure. Student's paired or unpaired PCTASREL2/028654
Mann-Whitney U test, or |inear regression anal yses were used for
statistical conparisons. Analyses were perforned with G aphPad Prism5

sof t warignd pdridde. CBLARNPAd reSefrioad for a§§12s1pb? %@ntl hettlﬁé QN GYEIUTRRA Weptalt @
wer e anal yzed usi ng FACS Di va version arm ngen). dinical

r esponghenyagshgd sneggwrlas toranaboos A %h@mcomlmléer fige \@pthﬂ%gﬁfénméqss def i ned
as pati «%}Qtsls%qrrll 1&}%&19 a conplete or partial response as best response, and
non- resporW ers as pdatients with stable di sease, refractory di sease, or

progr eq948% dcsleazsz@zlw telamﬁg @amagfhﬁs of LE icall shibny fak Séteﬁdﬂﬂédiby anaysis of
two-tailed p-val ue < consi dered statisti cal IC%( n| ti cant unl ess

ot her w%@eP‘HUYchTQdBD[ B@%fnce&r r AteRg, Cavhiid fyapidem dodinse
first- 'M@ tA%@l“f 'A%T %%LEH Xuﬁafﬂ&é}e g{%&@c%%ﬁ@@) Qey@t%tﬂ‘a?é stant to

their trea nment . cause s exposed to various stroma are resistant
to tred0490]t BHerdyﬁtﬁgr c(S/ItIopmelnCpe:rnmafmﬂ ijOdpbbn(:KnHrtWamA‘]&Iﬁjbh abde sbmpérsse
marrow stro | s pr k.cells fro ont ous g- i ndyced
apopt ost&® a@%ﬂ gjp)’rfgé‘il? r gt‘? eli QB?%maﬁ%Ofr jg%ég ‘ifgbgﬁ%{[(g SHe

stromal pa afi€hds vﬁ%%ﬂéﬁ%d@ﬁd%l@t:@l@ s&b&%ﬁrﬁ%hé%@ﬂﬁ@glprﬁle%ﬁzedzlg » digitonin

114(20): 4441-4450) and m nmetics such 737 or ABT-263 (Vogler M et
al . Cono @Oﬁ%t)t Furpthe ¢lgotiatdrobasdd BEhedLl OAmAM HBG_IZ(M.Vﬁmghmc) &61s agiqierdont ithmtmiey
1000- f ol Si sta ce t in_chronic | ynphocytic | eukem a.. Bl ood

2009; 118 £8)> warsatopioage L4 ot TR e P el SUHVP RSN ARy
recel Vesins Bhiy Rpald.Y A3 AN ¢ Qb BLANRRLE ATiDHEREBn AN APSATTE 2

protected fr apopt osi s. agents that antagonize the
i nt er acvitltoRs Sddy/-r28dud end Ren 590 080 metiwith e dhieebst time eotirse. Qfdr thd B4G8] The

d of f | d t. |
E?’?ﬁ?ﬁ Tl mbfal S e et Pae bt B Rl o oS bR Yo e o By <
t ar get igygcit (D PERMAA %&Wl&é@@ﬂﬂ%ﬂ 4@l 19.aR150 (B[D‘i’Ha'hﬁﬂ%leﬁffdnd' MERRCRUOSPS -

Wt hout being bound to any theory, conpound I ulate the stromal

m cr oerBDx Blmmmgeby Collsi wﬁr@ I\Wgh@@_ln P8BS andghemastdast ur§0 urmad@l@ FEXC ibps Bach
reduci n r. at sifomal cel s I | ating
chermklo(r%é%s_élcr tElmcl)enr(r1| glolrn dllvh uaEEFﬁ' H%P lgiﬁ % yllngi r? re \é\% edrgaL{ Owst r eam

target &e&?@xﬁm@éfaﬁlﬁ@' n@gte ERIS0 UM Jehﬁﬁv%icﬁlkﬂl@eé@ﬁ%lﬁeﬁn&&m ?Iés Wwepdul at e
the CLL-stroma interaction by increasing m t ochondri al apoptosi s or

pri mi nghcubated Bpi3arpaddlitidniahd) wasitess dth G meatsements Werepandecd pi 2 8L BACSS

;)nr goggﬁ%lt%%_w@ldfég&g 5&’0&?%%: %3? e ??d }::‘C’V;ags) @eg%??_cp 85 %@ %&Onm%s%%qsamg 3 of

per i phes3al3obla gtkeOfFIB0) pad & 683/82- W8T Rlt@XBR), A8d thd\&gteepﬁmlwahsndmd not been
treated previously, and none had recently received therapy. At a final WO

2012/ 1X5890Petionspn ralcoREEosineghe sHE @S] erfh@f:hmgesllthz quﬁantq{é’ﬁa%na The

Prof 1 fifloct B Ao RS L IS Ry 3100 LI ks BOREt, 0dRPRl ALicetd on

depol arthe aictian pbicedtapoctiangédin Bl Gluorekdente glithe J 68]Adye(3hith cabgsiveeosrdl] ghly
primed for _a 0S| S, 0 he results of rof g.showed that nost
CLL pat Hélﬁ&hYEﬁﬁf&X@se %@%@MO‘J}@ agdiaROSIivE ﬁ@?%@?@a a%a‘@‘?%lH‘d‘F% B$ATBAD BH3
pept i deoarb%‘rlg%%éhid@gl @ﬁﬂﬁ@wﬁeﬁl%fe@ngﬁa@maz%%zﬁcé%m%As shown in Figure

58B, sone s | es were observed't ror e depend on"MCL-1 (n=5), or
BCL- XL [0491]) . Cseighimmey! adheﬁogwwmyS&@onﬁu@Hmoaatalmmf (Gahpt-els of SmmnaNKTert

" eeponelt ba) cefPnbl PoBiet £ P o e REBRURR 28 Bl Ro B e ¢ han

sanpl esubgepBloRabf €NL el attfa) 33{1@@ EﬁﬁsﬁhN@e@'tﬁ&ﬂ%t@elécP@)th qlﬂg;ﬂﬂ @lcem-n 6
mont hs of conpleting frontline CLL therapy (p=0.024) shown in Figure

58D, BHBvireden) fqmj hewowSelnaE thratspen dewniand trastadi watheampopnd et eshipte {or37p

i fi d I GHV.
(neas) CeprooSey g Bl il o SFbL S th EERE B Yabthied o

germi ﬂmlnﬁﬂa@e(m&dn 0183652001 )t amlyuaméd ellraiﬂ@dlngtthe Nenoal TEHOOP fihverted
(p=0. 0043) Thus, it was observed that CLL cells were highly prinmed for
apopt odivs; ceflimegioE sYEeN s were usual | y BCL-2 dependent, and that increased
primng was associated with inproved clinical response and unnutated | GHV.
[ 0496] Next, the effects of compound I19®&n the adhesion, viability, and
primng of the stronmaexposed CLL cells in vitro were eval uated. Figures
59A-E general ly show that conmpound | was observed to release CLL cells
sequestered in stroma to overcone strona-nedi ated resistance. Peri pheral
bI ood derived CLL ceI I S were Iabel ed wth cal cel n- AM and co-cul tur ed on.
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WD 2012/ 125510PCT/ US2012/ 028654 presence of stroma. In addition,

stroma- exposed CLL cells treated with conpound | (101.1M in conbination of
vari ous dweeasiwRsABT- 737 and its oral anal ogue ABT-263 ®howsdoizio2g6s54
stromaexposed CLL cells exhibited a dose-dependent increase in killing with
either BH3 minetic. In particular, with reference to Figure 59D, resistance
t o ABT-[68021ap,RReRNNBDnIRdRA:PTERSERC e Qhowt WANBNAASU errob Bt mEBY ake
overcome with concentrations of ABT-737 as low as 10 nM Wth reference to
Fi gur e 189Ber ABPpRGBesiadicscrbediin eachdigsiee. r ¥y seaed oreunppoadsiestoMderer mi ne
whet hery Pl 3IS 1 QAL I G0N LOGLERS S e, SRISLE FoY IOl SHE QIR SXPRESH CLL
cells bx\// I'ncreasi’ng pri m%g, PEGer TV &8 L CErts cu}fur%dlvm%h OF YW t hout
St r omaNeke pérfe@lddswitioGraphPhOBfism Sndftwarefoe RENGIghPUS SogwARN 8Xi Didgb, @A BH3
profiling. Untreated CLL cells generall )]/)‘exhi bited apoptosis in ex vivo

cul t ur dloveytometysiataswereanplya RinglFAGS Digpysisigndolub %‘B&’é‘ﬁ%ﬁl)d &dingeal
(apopt qsi - chroni G Ne 1 i eir
I e e A R R e S L TN
St r omalachievinglatasneplaé of partialGeipopsd asehekst iespmse aind @dn-resppndidread pavients wath
apoptosis in untreated cells. In particular, with reference.to Figure 60A,
a two- MI%WA&&H@?%W&I%MHPW%mg% ke BHsA GQEPHHP&?E@%%F“BW iom

apopt 0§hGapy AQ@oQQ&%’}P—@aIQ@ <@AUPRAND nbideded siaﬁ@tic%ﬁ?%@t‘ﬁﬁic%t $lEQherRAPOUN
| was observed to 1 nduce nore apoptosis than the control. In the presence
of strandicatednpound | was observed to induce significantly nore apoptosis

than t ntrol. Thus, no.significant diff.eren bserved_ bet ween
111 ngOBSAC ol Bl Fohy PR BEeHEE T PisbUEh Eat Gr T B 5248T S BREver
the resindldaRaep Risiskin@iGbir athlcdM BRABIOSLE cURSexpBYRY 18 8dribYs ¢mmoked | .
More than 40% of apoptosis were detected in stronma-exposed CLL cells

t r eat edevibtan te drporentwith bedcyteppxie shpaeberapy (Kegeva Y et alohivhsedpapewsi s in
untr eat - X cells. Al so h in Figure. 6 th H3
R S R e

exhi bi trellabddandiepeaseidlebybeahoneyesadtrdnidl FEID gdiadsioddnédiate s dagnpédstastet o
untreated cells (p=0. As shown in Figure 60C_ _both BAD BH3_(§epti de and
[

075) .
ABT- 73Plgedd08% H%%W%L%ﬂb@@é@%}gﬁmﬁi%éﬁﬁh §s ABe’ i rdtihBrREP (Ypeler M
depol ar i ] GRS =0. 047,
epol ard, %ﬁboﬂ@uﬁt %—'Srfﬁgsge{do% 1 a{-%ghﬂdtﬂbﬁﬁ’ﬁp%ﬂges aﬁgfbxﬂn%ﬁr dﬁ‘il@@-fBIHO

respectively ests t e treatment wth conp results in
de- adhetéstaecead ABT-78T omelsodio hpmplacgiaizakerad. Bipod 100ddad Spudtat-néir ChL
primng and |ncreased sensjtivity to BCL-2 tagoni sm. [0500] .Cverall, this
exanpl éeﬁﬁx § SemelHRICrsNKORRAF] 7aY; rS‘r‘F“éFnIerg%ﬁ?t Ve PR 2BPRIPIESIENSIS THIM CLL

cel I's hyr ot A0 ®ecRd ﬁot&ﬁed%}ﬂgéﬁ‘gpdpt(\/@ss. 'ﬁ{ufs,eé-‘gtehﬁé%aﬁtan{agéfﬁﬁéih@_gntt:ﬁ%ti&{sf ects
of stroma on CLL cel?s: adhesi on, decreased mtochondrial primng, and

decr easedy wdns the virepa-nedidest mpisiesca indfLL.nhi bit BCL-2. Al so, the efficicay

f I b i at ith | h t di stributi i ti ts.
o ComuR P RE 8537 AL DRIRC Sl PR R
2012/ 12R50QPEHAUSRRAR 2865 @hfoub @1 SIESEE: fdRMtABERYh BAROPRN LS

stromal mlieu, thereby increasing their mtochondrial primng and bei ng

susceptaxbibéted g rapé padspsient hinphogsiepis e Wathoyt Being beunsidotan theerbicamppersl of
Pl 3K i bn%?%-g% Dt | NG :E‘ee n -2
R R R I T A
cancer ,CXOnpz/i 3 wdudthTCNLSER Mip@tibe béncathjt@edal kel eeeinoéguddtinly chemakient , an
effective anmount of a conpound of formula A,
secretion, or inhibiting phosphorylation of other downstream targets such as AKT and ERK. To
characterize whether compound I modulate the CLL-stroma interaction by increasing
mitochondrial apoptosis or priming, the BH3 profiling was used to measure the permeabilization
of mitochondria induced by peptides derived from the pro-death BH3 domains of pro-death
BCL-2 family proteins.
[0495] First, CLL cells from the peripheral blood of 30 patients were examined. Most patients

had not been treated previously, and none had recently received therapy. At a final
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wherein Ris H halo, or C1-C6 alkyl; R is Cl1-C6 alkyl; or a

phar maceutically acceptable salt thereof; and optionally a pharmaceutically
accept ablwoeripsant ; and one or nore additional trhenspaaesssagent s
optionally selected fromthe group consisting of bendanustine, rituxinmab,

| enal i dom de and of atunmumab. 2. The net hod according to claim1, wherein

the corpauifhalisn 0B0.03 N&1 MEHB R RGEANAE, TIM BHS! RbMudindWhar£ishitibe GRERAUNd

' of depolarization in most patient samples, with 22/30 (73.3%) of samples having >50%
depolarization by 1 hour. As shown in Figure 58A, CLL cells were highly primed for apoptosis.
Also, the results of BH3 profiling showed that most CLL patient samples showed relatively
increased depolarization from BAD BH3 peptide, suggesting primary dependence on BCL-2
(n=23). As shown in Figure 58B, some samples were observed to be more dependent on MCL-1
(n=5), or BCL-XL (n=2). As shown in Figure 58C, pre-treatment samples from treatment-naive
patients achieving a partial response (PR) or complete response (CR) by 2008 IW-CLL criteria
were observed to be more primed than samples from patients with progressive disease (PD)
during or within 6 months of completing frontline CLL therapy (p=0.024). As shown in Figure
58D, BH3 profiling shows that patients with unmutated IGHV status (n=7) were significantly
more primed than patients with mutated IGHV status (n=18) (p=0.0026). As shown in Figure
58E, percentage of VH homology to germline was observed to be positively correlated with
level of priming (p=0.0043). Thus, it was observed that CLL cells were highly primed for
apoptosis, that CLL cells were usually BCL-2 dependent, and that increased priming was
associated with improved clinical response and unmutated IGHV.
[0496] Next, the effects of compound I on the adhesion, viability, and priming of the stroma-
exposed CLL cells in vitro were evaluated. Figures S9A-E generally show that compound I was
observed to release CLL cells sequestered in stroma to overcome stroma-mediated resistance.
Peripheral blood-derived CLL cells were labeled with calcein-AM and co-cultured on
stromaNKTert for 24 hours with or without compound I (10 uM), rinsed by gentle pipetting, and
visualized by wide-field microscopy. As shown in Figure 59A, CLL cells co-cultured with
stromaNKTert and treated with compound I exhibited less adherent at 24 hours. Also, Figure
59B showed that the reduced adherence of CLL cells was detectable even after only one hour
treatment of compound I, which was before CLL cell death would occur. Moreover, Figure 59C
showed that the de-adherence of CLL cells from stroma in response to compound I resulted in
enhanced killing of CLL cells. In particular, mean percent viability for two patients was
depicted along with SEM in Figure 59C, and both of these patients demonstrated profound
stroma-mediated resistance to either ABT-737 at 100 nM or compound I at 10 uM alone. This
resistance was observed to be overcome by the combination of the two compounds.
[0497] To avoid examine the direct killing of CLL cells by compound I, two CLL patient
samples that were resistant to both ABT-737 and compound I were treated in the presence of

stroma. In both samples, compound I restored sensitivity of CLL cells to ABT-737 in the
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4. The nmethod according to claim 1, wherein the cancer is a hematol ogi cal

mal i gnancy. WO 2012/ 125510PCT/ US2012/ 028654 5. The nmet hod accordi ng
to cl ai mwo 2oteeeiin t he hemat ol ogi cal mal i gnancy i s B-ceCli/usedizgessscy .

6. The nmethod according to claim4, wherein the henatol ogical malignancy is

| eukem a or | ynphona. 7. The nethod according to claim1, wherein
the Ca'}ﬁ@sren&esof('s*&"oﬁﬁ' Gn hYARBRGYbhG- éx%Hé%%@[@L Edsleal® v&lﬂﬁcdﬂ%ﬂﬁ'ﬁﬂ@ 80 Im&pona
(NHL) . . The nethod ‘according to claim 1, wherein the cancer I's

i ndol erctonfommtlleb@@kamms doyaspi GYBI-(7B Nidhd its oral analoghe ABE-203 shodedtbatotinag t o
claim1l, wh in d and the one or e therapeutic agents . are
cach PTG arlote e BHes | Jhsatapghdsny Titeabetnl Geenth ot B ARieatR ¢ e
one or MmkQIdheIRRIMh& RITAIE 5DErRANNAL & KBED 3 QvdsBsSVR BGhe bféséﬁ&@ o$ ane
or different cycle as the adm nistration of the conpound. he

met hod SﬁmeiBgT tbot wlanbeoYercome Meﬁhrvonh@tl@y@mseoflfsBT -186 ag Povday 80 nM Wlth 11.

The neth ordi n ne or_nore therapeutic agents
are adrﬁer?lres e?oe%lgflr %&%A@i’lﬁb@c gldoarlsla ﬁf eassetre%pr?ns 7¥¢% and second days of at

| east q0498]ycTe determine whwler PHK niviesh aeeasedi thgsdnQitidlitaiomtommbessed Clne
one or nore therapeutic a%ents are adm ni stered weekly to the subject
dur i ng &tls by dsreaging perng PB-derived G cqfhéuﬁﬁ@ﬁldatha@rcw@uﬁétm@aﬁ@ cgrrellnf

cl ai M5 ¢l 8y &{}g 5@%&6&%&@%d§1§dn@r§%§m&g§an@ﬁi pfol?%ng.o m%g'tgd CRL cells

adm ni stere e su
generally exhibited apoptosis in ex vivo culture over 24 hours (Collins RJ et al. Spontaneous

programmed death (apoptosis) of B-chronic lymphocytic leukaemia cells following their culture
in vitro. British journal of haematology. 1989; 71(3):343-350). Stromal co-culture of four CLL
patient samples led to protection from apoptosis in untreated cells. In particular, with reference
to Figure 60A, a two-way ANOVA analysis showed that stroma provided protection from
apoptosis in the absence of compound I. In the absence of stroma, compound I was observed to
induce more apoptosis than the control. In the presence of stroma, compound I was observed to
induce significantly more apoptosis than the control. Thus, no significant difference was
observed between killing by compound I in the presence or absence of stroma.

[0499] However, the resistance or protection from apoptosis was reversed by compound L.
More than 40% of apoptosis were detected in stroma-exposed CLL cells treated with compound
I (10 uM) compared to less than 10% of apoptosis in untreated stroma-exposed CLL cells. Also,
as shown in Figure 60B, the BH3 profiling showed that stroma-exposed CLL cells treated with
compound I exhibited an increased mitochondrial priming at 24 hours compared to untreated
cells (p=0.075). As shown in Figure 60C, both BAD BH3 peptide and ABT-737 used as a
peptide induced significantly more mitochondrial depolarization in CLL cells treated with
compound I (p=0.046 and p=0.047, respectively). This suggests that the treatment with
compound I results in de-adherence of CLL from stroma, accompanied by increased
mitochondrial priming and increased sensitivity to BCL-2 antagonism.

[0500] Overall, this example suggested that PI3K inhibition antagonized the protection of
CLL cells by stroma, and that compound I was effective at reversing the effects of stroma on
CLL cells: adhesion, decreased mitochondrial priming, and decreased sensitivity to therapies
that inhibit BCL-2. Also, the efficicay of compound I may be associated with lymphocyte

redistribution in patients. By releasing CLL cells from stroma, compound I likely allowed CLL
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14. The method according to any one of clainms 1-8, wherein between 50 ng/n
and 1,500 ng/n2 of the one or nore therapeutic agents is admnistered to

t he subj ew0.2012/125510 15. The net hod accordi ng to any onePofi/usb@iiescis 8,
wherein the conpound is present in a pharmaceutical conposition conprising
t he conpound, and at |east one pharmaceutically acceptable excipient. WD
2012/ 1220 RRH¢rESR8200 388 3foptotic strondd mili&E (HBEROACREGRE Helldnf@hdRtigne of
claims 1-8, wherein the subject is resi stant to standard chenot her apeuti c

t r eat menieing and being syscentide ipetpeptpsisc dbisdixagpiecalsmspgaasedothe epabimgtiqnsgt
Vﬁﬂ?;ghr}’légg? HRfog%lthhﬁéL% 1nilﬁ)at10n| 191E‘r%as%’1£§,¥ ednes:@ e{p@?g% 1&1}& bjltéoc i s 1i8) The
refractory to at Ieast one chenot herapy treatnent, or ii) is in relapse
after treatnment with chenotherapy, or a conbination thereof. 19. A
met hod of treating a subject with a B-cell disorder, conprising: a)
identifying a subject having a B-cell malignancy, wherein the subject is
refractory to or is in relapse after at | east one or nore treatnents
selected fromthe group consisting of bortezom b (Velcadel0), carfilzomb
(PR-171), PR-047, disulfiram lactacystin, PS-519, eponenycin, epoxonycin,
acl aci nonycin, CEP-1612, MG 132, CVT-63417, PS-341, vinyl sulfone
tripeptide inhibitors, ritonavir, PI-083, (+/-)-7-nethylonuralide,
(-)-7-methyl onuralide, perifosine, rituximb, sildenafil citrate
(Viagral 0), CC-5103, thalidom de, epratuzumab (hLL2- anti-CD22 humani zed
anti body), sinvastatin, enzastaurin, Canpath 1H(r), dexanethasone, DT PACE,
obl i mersen, antineopl aston A10, antineoplaston AS2 1, al emtuzumab, beta

al et hi ne, cycl ophospham de, doxorubi cin hydrochl oride, PEGylated |iposoma
doxor ubi ci n hydrochl ori de, predni sone, prednisolone, cladribine,
vincristine sulfate, fludarabine, filgrastim nelphal an, reconbi nant
interferon alfa, carnustine, cisplatin, cyclophospham de, cytarabine,

et oposi de, nel phal an, dolastatin 10, indiumlIn 111 nonocl onal anti body
WMN-14, yttriumyY 90 humani zed epratuzumab, anti-thynocyte gl obulin,

busul fan, cycl osporine, nethotrexate, nycophenol ate nofetil, therapeutic

al | ogenei c | ynphocytes, YttriumyY 90 ibritunomab tiuxetan, sirolinus,
tacrolinmus, carboplatin, thiotepa, paclitaxel, aldesleukin, reconbinant
interferon alfa, docetaxel, ifosfam de, nmesna, reconbinant interleukin-12,
reconbi nant interleukin-11, Bcl-2 famly protein inhibitor ABT-263,
deni l eukin diftitox, tanespinycin, everolimnus, pegfilgrastim vorinostat,
al vocidi b, reconbinant flt3 |igand, reconbi nant human thronbopoietin,

| ynphoki ne-activated killer cells, amfostine trihydrate,

am nocanpt ot heci n, irinotecan hydrochl oride, caspofungin acetate,

cl of ar abi ne, epoetin alfa, nelarabine, pentostatin, sargranostim

vinorel bine ditartrate, WI-1 anal og peptide vacci ne, WI1 126- 134 peptide
vacci ne, fenretinide, ixabepilone, oxaliplatin, nonoclonal antibody CD19,
nonocl onal anti body WD 2012/ 125510PCT/ US2012/ 028654 CD20, onega-3 fatty
aci ds, mtoxantrone hydrochloride, octreotide acetate, tositunmmb and

i odine 1131 tositunonab, notexafin gadolinium arsenic trioxide,
tipifarnib, autol ogous human tunor-derived HSPPC- 96, veltuzumab, bryostatin
1, anti-CD20 nonocl onal anti bodies, chloranbucil, pentostatin, |umliximab,
apol i zumab, Anti-CD40, ofaturmumab, tensirolinmus, bendanustine, purine

anal ogs, |enalidom de, an al kyl ati ng agent, and anthracycline-containing

t herapy, or a conbination thereof; b) admnistering to a subject in need of
such treatnent, a conpound of forrmula I"
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or a pharmaceutically acceptable salt thereof; and optionally a

phar maceutical | y acceptabl e exci pient; and one or nore additional
t her apeutwo 2apensdoopti onal |y sel ected fromthe group ceaTitsteng28ss4
bendanustine, rituxi mab, |enalidom de and of at unumab. 20. The net hod

according to claim19, wherein the subject is refractory or is in relapse
after at | east one or nore treatnentgLagliscted fromthe group consisting of
rituxi mab, an al kyl ati ng agent, fludarabine, and an

ant hracycl i ne-contai ni ng therapy, and a conbi nation thereof. 21. The

met hod according to ¢laim19, wherein between 50 ng.and ,200. f th
Cemmoand o Gamd ik Seiol Bldd: cah0 e Rl Rler e 150 Suusieel i B ofBh one

Or NDr aredythidrSan effective ZBountdE a KBIPOGChEETOFE|IAG,t 0 claim 19 or 20, wherein
bet ween 50 ng/n2 and 1,500 ng/n2 of the gne or nore additional therapeutic

agents is admnistered to the subje east once during at |east one or
nore cycles, wherein the one or N peutic agents are admnistered to
the subject in the sane or diffeg A{Fhe as the admnistration of the
conpound. N (A),

HN<_N
)&
2N
N
Y-NH
wherein R is H, halo, or C1-C6 alkyl; R’ is C1-C6 alkyl; or
a pharmaceutically acceptable salt thereof; and
optionally a pharmaceutically acceptable excipient; and
one or more additional therapeutic agents optionally selected from the group consisting

of bendamustine, rituximab, lenalidomide and ofatumumab.

2. The method according to claim 1, wherein the compound is

F /@
o,
HN N\j

N
YN

3. The method according to claim 1, wherein the compound is

(Ir7)

4. The method according to claim 1, wherein the cancer is a hematological

malignancy.
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5. The method according to claim 4, wherein the hematological malignancy is B-

cell malignancy.

6. The method according to claim 4, wherein the hematological malignancy is

leukemia or lymphoma.

7. The method according to claim 1, wherein the cancer is chronic lymphocytic

leukemia (CLL) or non-Hodgkin’s lymphoma (NHL).

8. The method according to claim 1, wherein the cancer is indolent non-Hodgkin’s
lymphoma (iNHL).
0. The method according to claim 1, wherein the compound and the one or more

therapeutic agents are each administered at least once during at least one cycle, and wherein the
one or more therapeutic agents are administered to the subject in the same or different cycle as

the administration of the compound.
10. The method according to claim 9, wherein the cycle is 7 to 42 days.

11. The method according to claim 9, wherein the one or more therapeutic agents are

administered to the subject on at least the first and second days of at least one cycle.

12. The method according to claim 9, wherein the one or more therapeutic agents are

administered weekly to the subject during at least one cycle.

13. The method according to any one of claims 1-8, wherein between 50 mg and 200

mg of the compound is administered to the subject twice per day.

14. The method according to any one of claims 1-8, wherein between 50 mg/m” and

1,500 mg/m” of the one or more therapeutic agents is administered to the subject.

15. The method according to any one of claims 1-8, wherein the compound is present
in a pharmaceutical composition comprising the compound, and at least one pharmaceutically

acceptable excipient.
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16. The method according to any one of claims 1-8, wherein the subject is resistant to

standard chemotherapeutic treatments.

17. The method according to any one of claims 1-8, wherein the subject has at least

one enlarged lymph node.

18. The method according to any one of claims 1-8, wherein the subject is 1)
refractory to at least one chemotherapy treatment, or ii) is in relapse after treatment with

chemotherapy, or a combination thereof.

19. A method of treating a subject with a B-cell disorder, comprising:

a) identifying a subject having a B-cell malignancy, wherein the subject is refractory to
or is in relapse after at least one or more treatments selected from the group consisting of
bortezomib (Velcade®), carfilzomib (PR-171), PR-047, disulfiram, lactacystin, PS-519,
eponemycin, epoxomycin, aclacinomycin, CEP-1612, MG-132, CVT-63417, PS-341, vinyl
sulfone tripeptide inhibitors, ritonavir, PI-083, (+/-)-7-methylomuralide, (-)-7-methylomuralide,
perifosine, rituximab, sildenafil citrate (Viagra®), CC-5103, thalidomide, epratuzumab (hLL2-
anti-CD22 humanized antibody), simvastatin, enzastaurin, Campath 1H®, dexamethasone, DT
PACE, oblimersen, antineoplaston A10, antineoplaston AS2 1, alemtuzumab, beta alethine,
cyclophosphamide, doxorubicin hydrochloride, PEGylated liposomal doxorubicin
hydrochloride, prednisone, prednisolone, cladribine, vincristine sulfate, fludarabine, filgrastim,
melphalan, recombinant interferon alfa, carmustine, cisplatin, cyclophosphamide, cytarabine,
etoposide, melphalan, dolastatin 10, indium In 111 monoclonal antibody MN-14, yttrium Y 90
humanized epratuzumab, anti-thymocyte globulin, busulfan, cyclosporine, methotrexate,
mycophenolate mofetil, therapeutic allogeneic lymphocytes, Yttrium Y 90 ibritumomab
tiuxetan, sirolimus, tacrolimus, carboplatin, thiotepa, paclitaxel, aldesleukin, recombinant
interferon alfa, docetaxel, ifosfamide, mesna, recombinant interleukin-12, recombinant
interleukin-11, Bcl-2 family protein inhibitor ABT-263, denileukin diftitox, tanespimycin,
everolimus, pegfilgrastim, vorinostat, alvocidib, recombinant f1t3 ligand, recombinant human
thrombopoietin, lymphokine-activated killer cells, amifostine trihydrate, aminocamptothecin,
irinotecan hydrochloride, caspofungin acetate, clofarabine, epoetin alfa, nelarabine, pentostatin,
sargramostim, vinorelbine ditartrate, WT-1 analog peptide vaccine, WT1 126-134 peptide

vaccine, fenretinide, ixabepilone, oxaliplatin, monoclonal antibody CD19, monoclonal antibody
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CD20, omega-3 fatty acids, mitoxantrone hydrochloride, octreotide acetate, tositumomab and
iodine I 131 tositumomab, motexafin gadolinium, arsenic trioxide, tipifarnib, autologous human
tumor-derived HSPPC-96, veltuzumab, bryostatin 1, anti-CD20 monoclonal antibodies,
chlorambucil, pentostatin, lumiliximab, apolizumab, Anti-CD40, ofatumumab, temsirolimus,
bendamustine, purine analogs, lenalidomide, an alkylating agent, and anthracycline-containing

therapy, or a combination thereof;

b) administering to a subject in need of such treatment, a compound of formula I"

e

NN

HN N "
jl;j I,
=N
I\I\

\—NH

or a pharmaceutically acceptable salt thereof; and
optionally a pharmaceutically acceptable excipient; and
one or more additional therapeutic agents optionally selected from the group consisting

of bendamustine, rituximab, lenalidomide and ofatumumab.

20. The method according to claim 19, wherein the subject is refractory or is in
relapse after at least one or more treatments selected from the group consisting of rituximab, an
alkylating agent, fludarabine, and an anthracycline-containing therapy, and a combination

thereof.

21. The method according to claim 19, wherein between 50 mg and 200 mg of the

compound is administered to the subject twice per day during at least one or more cycles.

22. The method according to claim 19 or 20, wherein between 50 mg/m* and 1,500
mg/m” of the one or more additional therapeutic agents is administered to the subject at least
once during at least one or more cycles, wherein the one or more therapeutic agents are

administered to the subject in the same or different cycle as the administration of the compound.
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