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TRI OXI DE FORMULATI ONS AND ' METHODS FOR TREATI NG CANCER |11 19 Md$RBE ARSENI C
TRI OXI DE OR MELARSOPRCL *@00002* 1. FIELD OF I NVENTI ON The present
invention relates to nethods and conpositions for the treatnent of

| eukem a, |ynphoma, and 5 certain other cancers. Mre specifically, the
present Nm“ m tes to the novel uses of arsenic trioxide and an
organic a“mmm” m nd for treating acute | eukem a and chronic | eukemn a.
10 2. BACKGRONREOF THE | NVENTI ONPBOGESSCERREPRQBHGIEE is characteri zed

pr| marily by an increase i n ARSENAGARIOIIPEFPRFHRATIONE | BRleri ved from a
iven normal tissue, invasion HFT&QFP%@@& TBF%%’&?@SCWC%ese abnormal cells,

15 and Hmmﬂmﬁm‘“m lﬂ l“bl 000 - BEENG BEOKE] BRQLy regi onal | ynph
nodes a sites (rret astaS| s) CI i ni caI data and nol ecul ar

bi ol ogi ¢ st udees+ i ndi cate that cancer is a nultistep process that begins
with m nor preneopl astic changes, which may under certain conditions 20

progress to neoplasia. Pre-nali grﬂant_W@tovw h as exenplified by
hyper pl asi a, netaplasia, aengﬁgggﬁl[ ai%},gx}g% Ire%\ékg ﬁ ﬁgggdgd&%rral growt h
n

condi tions, see Robbins and W B.
Saunders Co., FHTPREEFHMS f°5p he £ reatReyt pﬂfeéétlﬁgmﬂve lfYB‘PHa’E“’l‘or?néf a
neopl asti c sl emmtaAnn@mdrasance:l‘sem on may evolve clonally to growinto a

solid tunor, and devel oy kpekLadang caa?é: )ésBQf. 1rr<>éaﬁlleﬂ,reglracwghto
met ast asi S, het er ogenel tég especl aZ on i tl ons i n whi.c
S

neopl asti c ceI | e?@ﬁ% 157 Y6 e suf’ve?l I rr?@é‘lfR?)ﬁetrblc
Brostof f, J anca@PgndFer Hgétlmwﬁ?ﬁéﬁob‘?ﬂk%ﬁé ead , chusshy, lgkenjigyi s, pps.
17.117. 12) .- 1 9 May 2002 Leukemi a refers to mal | gnant neopl asns of

t he bl ood-fsorm ng tissues. Transtohf@idud® bP +HB 19RaREYort YPIi cal Iy occurs in
a single ceII through two or nore steps W th subsequent proliferation and
cl onal expansion. In sone 5 | eukem as2-5pe@ANCERchr onbsonmal transl ocations

have been identified w t&rﬁ:g_gs?gtﬁ{atralcggisggcpg%g}ﬂga Qi}ogggyn&%qsﬁp%' al

clinical features g % transl ocat | oni hroni c nyel ocytic
| eukeni a, and of*e1BVEREF ©F PRPSEMR e S5t ﬁy%?rdé’ |Er?’élﬁ<(,9r?1"§ NOERTY

| eukeni as are prisgosi ndrndsionQofinatlfalcentntisived bEl thﬁﬁﬁp@bapmﬂﬂs C&Mis,
chroni c | esskenm g rmfnpnMdJroe 58bda-RE-HE. sp%elatieolfeﬂﬂﬁﬁfﬂrﬁ&taéellﬂ tioded into

| ynphobl asti c (:hpéleéx)on ln}SHEQ L£5bLi § é—!}ll:'-% %,_pegﬂet'gggxs [ay. be further

subdi vi ded by t ogi.c a cyt oc em ca earance according to
t he French- Arrer?]c’a‘r‘chh Fth aPﬁAB?“%ﬁ“&?El ’Fi'%laﬁqlﬁnsﬁ’r‘d’aﬁ:%&lnéﬁﬁ@ ¢ Feheir type
and degree of didricerensiatiwdhisTer nroeess Ypdcivkpénd-widhdmineel | and
nyel oi d-ant i gerpfmaﬁhmc ¥pbhbed] emiahendPsindbel péitlafrokogb asidnisi cati on.
ALL i's pregf (r}%q:ér%sg @ Aeq)mgglgl sease 20 which is established by

I'n

Iaboratory f| n one“marr ow exam nation. ANLL, al so known as acute
myel obl astic | eukem a (AR madighant aPngrpahged LapRoY: @Fe SKERRL IS Rfton

acut e | eukem a wwygpeadlddisy, metapladie,f andndyspdkkya atSoc raveel wift lsuch

Ib rradi fitl OR astaomsatgy&y@geahm@&n%raaé Q?dhﬁblikxgn&ﬁcﬁ p&{g@lﬂespﬁsbgd ?ﬁ
ei ng | ynphocy elocytic is C e e

appear ance of é Sl(c% ):ho% ?’yt ég 1?‘(& b oglc\ll/l_é ud’%gﬁa??ow%rhan%g%%% ép

organs. TIes haI ¢mr9k pfe@desl sheustmanédn absohebplayniphdegtiosi s A >

5,000/,L) and %é’ﬁa‘sﬁ%eféﬁoﬂf méy@%‘i%t éﬁoda‘l ?héob&qﬁr ri?a'i:BOé(Vscl‘itﬁt CLL
pat i ents al so have cl ongl eganm on, of

characteristi cs R PR AFCERR" o‘fnc5ﬁaé$}‘)%e‘?%8ﬁ§tyl%Orcﬁ‘va?hc’n’

characteri sti c 9%t enetastiesipy ealvhinegategefeigvanabersialdycender of all

st ﬁges of di ffedscﬁm;jtabh@mﬂ ArhilkcROthe HechDaSt iMIceAls éddtile, taelzleﬁt'sand

ot her or nt . at i syt C count
gadhs. ﬂmé%n% gﬁg?é OJLFE%%'«:E PNt 18 éi'o%g.%@go 7 LR kgié‘ 16/\3

is usually abou but ey reach 1
1993, TImmunology, 3rd e Mosby, 'St. Louls, pps

17.12).




9 May 2002 relatively easy to diagnose because of the presence of the

Phi | adel phi a chronmosone. The very nature of hematopoietic canngy 2002
necessitates using systenm c chenotherapy as the primary 5 treatnent

nodal ity. Drugs selected according to sensitivities of specific |eukem as
are usually given in conbination. Radiation therapy nmay be used as an

adj unct to treat local accunulations of |leukemc cells. Surgery is rarely
indicated as a prinary treatnment nodality, but may be 1o used in managing
sonme conplications. Bonelepkemédy refarpltantatiwmntr baerirSSACReEhed si bl i ng
is sometines insicatedrnihg? tiARSEN C mAlNRs EdSndvERNCAR hiSESnihcAr seni c has
been consi deredtmcgslpoaémsp%sgrgﬁme o8{ Hribhgh ’&W%ro%ngis%'ﬁ:e

West ern and Chi ne%a di cal pract]| att(gr e ni net eent h
century, arseni'tt §'uﬁ§%cﬁ"efnrte858ﬁ’t ‘ifaitﬁOBt"t‘ ‘ﬁrﬁ YR 1P s eadb$98F t he
bl ood in the V\ebtukemjad 37dedit inashrapornet tirsl20atigut ene ldena | eukeni ¢

paltient W’5§h Fgﬂde@ﬁ1$1§@|wﬂﬂh0?oﬁ§1§@dtt ilf@ﬁ}\jﬁrﬁ)fﬂ Q:iemhnﬂoﬂﬁ?{oaﬁ Lﬁndlarsem Ej e,
val ance +5) reduce i ce er.an
Bradf ord, Am Jéb qaqagmcgc\é}a%g%g&]%?(g 98- %%)n%hggg? er | nt er enscitézl n the
use of Fowl er' sifsGhEPRH? “a@l&cizi‘a%q:l%&‘ik\?@lageﬁ’ﬂd 8 tPe2nd 23 ERramite

nyel ogenous | eukemyalbCptic weskdesty. baduby Fardeménsamek Peetibminantdgl (J.
Am Med. Agsoc. uncﬁ%%éreﬁﬁiate%7lelf‘%dJua.Lta@EOﬁtorgﬂdr BRAoRIC §Eﬁﬂ£‘ﬁﬂa% %Bﬁ'e

Lawr ence in 1936 Jeﬁt ern , 1488-1502). However) whil he
active cheni cal "1 WgPe8feht™F™§t Fow er's sol ution was not 30 det erm ned,
its toxicity was wel | rekahsi 2edker g aresdboldad sntoaympbiabhistier ed

strictly as an qual) aaapesi-liy@phoBlybusas (FNMEN dy@elseulmmYCmaatlieents as a
sol ution unti| fmner' .F'Alﬂfde&hb)}eu%;zogﬁfﬂél% H&wﬁaéﬁ&nkgna“

acceptable level or until toxicit erat Qses. an

hyper pi getit at | SHEHBVE RFERF AP &0 t 55?’1“3?\1’%“‘35?1??3‘3‘/&]’1\‘}&?% W@Bﬁ)erl ods of
rem ssion. |n téesEd6otstidrowrentsogbingt kontives $pelandsddgoeeasi onal ly in

attenpts to tre@iff@i/lentbwmﬁer TADSlsdd i pdsi pict B- QMg veke1irgated with

other - 3 02 chenot h eut.i ent such a £ .and/ or
radi ati on thera ??ﬁ%ﬁen hg ﬁogf nalcéﬁgg)? f§7§re ﬂos} ggzgﬁ"; tor
Par adoxi cal | y, ‘ﬁ%\flt’ﬁ@‘?’bng@%cﬁgrﬂrféa“‘é’f‘?’"é'cltys aofh ELa5008r 8144758 seni c,
whet her t % souvitiehi $seestakdisbat aby SadorataiCifiabings ®id hoganeerow
(Hutchinson, 188&nifkaNsn. PaliL, SOfso %@dn,aé%&% nPeLEAUeE ic IdkenBE . J.
Cancer, 1:192). (};I;HI re_were eyen,ep dem ol 091 G data L9 SHI9este that the

. occurs a 1IMages .an m
use of Fowl er' s Ssol'dtIon over [ong peri ods CouldFead T6 “an T net eased
i nci dence of cah®Wierdp PRANSY RAPRL1EPt ekt deubheiEem peually apgpociatedaath

1982, 45:904-9lirraddispacn eds al caudatiAma abbdt. Assoc., 1984, 252:3407- 3408)
The carcinpgenicity of anseRiie ﬁé§kéﬁ1’?ﬂ“sea98%éi‘?crm93t£§tb%(1n9y the fact that

d h d
exchanges. ana cL/TRICRY CEF ofsebr R T Larec o) 1 cCpa o phapoerapd ™

Sci ence, 241: 79P8thegppPERTanSEcet cpatire 1m¢wtesAbbllPJé@dPhﬁ‘P%col , 1996,
141: 308- 318) . Bemause ahd thephoaanorgEns. nogeaiizlahbertonicrar senic, its only
therapeutl c Uses‘hékafl‘dgﬁn Atpso%%teei ¢b8es teday obs/ i) bhe 44 eatnment of

tropi cal eases, such a r nosom asl s, ani c

ar seni cal , rrel ar? "?ﬁﬁaﬁﬁ ge]ém@g‘ ??g‘ﬁs&l i °’§e FRETPRar %’t@?@%l g{figcal Basi s of
Ther apeut| cs, 9pPitiemtsi akso disapt elomsl exp8si@eDE 1vmghocyitast vildi Bronal

Chi nese nedi ci neelAchapatiSerdatHtdcsal acflﬁeﬁlsCatdiiSBﬂsdeoﬁ&SId%rhﬁérmn used to

treat tooth marggw %ﬁedm%a%a%ﬁ%gg?él u't%res}%?m gg%ﬂmmgggga,gpm s (Chen

et al., 1995, in Manual s% I na 33,1
Institute of ScPEBECSHEITRSINS 8Eyalh 58368 ¢h %78”%"“@1‘:&8& B B8R de
had been aPpl i ebomxperreentlivey,t splewat andubtheqr oryehocytinctheuken a (APL)

Do [ s e St SR e
pat i entg with rg racllyo? © tPezor&mﬁgPZ" é%sga%freaaﬁhl ﬂit?&é/eo%g lcjdosrE at®zo

ng/ day for 4-9 weeks was reported to result in conplete norphol ogic
rem ssion wthout associ ated
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35 bone marrow suppression (Shen et al., 1997, Blood, 89:3354 3360). It was
al so shown that arsenic trioxide induced apoptosis (programrgql,/[a:}eQ(}ozdeat h)
invitroin NB4 cells, an - 4 9 May 2002 APL cell line, and that

apopt osi s was appar ently associ ated wth down-regul ati on of the oncogene
bcl -2, and intracellular redistribution of the chinmeric PM./RARa protein
that are unique to APL cells (Chen et al., 1996, Bl ood, 88:1052-1061; 5
Andre et al., 1996, Exp. Cell Res. 229:253-260). It has been reported that
t he bi ol ogi cal a’é%lra\ﬂlt"?lbfe%i’séﬁl ¢iggoggelPerushechibtia tPFresenes sehitbet o
direct the nucl eppliasieishid atirbabseie PM- t 0 nucl ear bodi es for degradation

(Zhu et al., 1997, Proc. @l@g rer Cﬁgturg.cbf he%\élft%82§et33.9c8%)ancép Al t hough

arsenic is well known to bot son and a carcl nogenl ¢ agent, there

have been many rRysicd EB‘?&é’rsr’rf‘ﬁgsﬁf mﬁge‘:lb“‘fméf‘g’éﬁ?% 4% TREJPEHIHT eat nent .

Further, frdm therefoestdictaidsyon, Diugssheldatebeacteatinghst t here are nmany
di fferelnt L ypes @dndieukesias, ofeaﬁ&zﬁlc\ﬂﬂéﬁfénﬁﬁguﬁf@%@agiyu@im ithr eat ment
protocol that is, [ ac t resepce ctor digting

for a risk of trea nfak—'? ai | %(rgeg!iﬁ]'ﬁo %h%'gaep}pmagl ggrrueér)l % liél’g?brc%)jp"(ﬁ:‘%sp'gctrum
antil eukeni a ageFﬁeatthéPcélarP%é‘mﬁé%P%soﬁé ’ﬁﬁ“}ﬁeﬁlemlﬁatl SHEFE T 16t her

exi sting drugs i|samdyr énelgateashasablmrindby IreathdMRnddalTklr, | DMEEY Che

Despi t e t heLonfhigd Ilﬂgm&%m;ssbﬂe téa%pﬂ&a&%ger%m %Q%HS and risks of
the adm nistration of .a ave di scovered that

arseni c 25 tri oxFdds 5&8“’?%“’& BN arh%%‘én’f‘%tél%ednﬁﬁé}%llﬁl SOR/®eBr oad
applicability inindeatedat ment of various types of |eukenias, |ynphonas,
and solid tunors. The invention described herein enconpasses.a nethod of

treating |eukema, |ynphoma pr, sol igs p AP LERE tieg30
adm ni stration of a ther apeut| cal I M | anmount of

arseni c trildxi de or nel ardoEnde has ddenneendideneédtmfbes bohhthepcdpypn e
invention, as neatdr@gedoAlovieng! §mENGORPAS WRELEAE AUSE cAfineodidzathon

therapy to treat,lcukenla, ﬁsQﬁg ﬂ’lyr:vgk'rkrg(%a%rfﬁmﬁ@t%r ti&%&f&&?ry to

ot her forms of t reat nent Invention_ a
enconpasses a medFREP iforas H'bgeﬁ‘aﬁﬁ?%}t"c“i}rl@ B A5haFRER iRt itEERT CHHFSSRE| Bhs
conpri sing arsentke thlicogi te.thienWastor dante7ay tik vhe yEpesead fhatention,

arseni c 5 tgd oxi QﬁaaQ:ﬁneH@' & saonaekex@%@um@l& GARh beokisad sakene: i (R

conbi nati on with_gther h tlcaents i ncl udin
chenot herapeutn csglup"gﬁ V¥Paltn S asélum rseﬁe‘g’a eulil cs? or) trggﬁm ques to

ei ther inprove t‘h%rktﬁ?éb’l ‘}eﬁ"“PFf %f ofhitRer}rad éﬁﬁ-ls otCutdetr anfl Bregkeri a

| ynphorma or sol i Ami noMed Theril() asseniyc18DHPEURAS) CarFureheseihtzakotse, in
during or after the adnbpisdwiabh @NsOfut@BE A MBS KNOWR aheppthierapsutic
agents, i ngldidin r%'ct}ﬂ”é){ e%%ﬂtssl A%mégd[éﬂL Ny,ql NG ars%” Cbcclimﬁunds can
be used befGre, auf1ng of arter ion t nent . ar faceut i cal
conposi tions of e Sicﬁ%’n%’i’ o"r?:’ér é——st@-t—ﬂ@d—s@ﬂgﬁensl’?&hrt abte ¥70r and

i nt ravenous i nj etdteon confirfads bgnstdpherBoaieLagrbock nentiot he(Amyzent i on

enconpasses a COPQSL, i ﬁQdSLB t%b@-—iﬁz)oraﬁo&%kVe&NneCQHEra&M arsenic
trioxide or nelarso [ ph rmaceuk f?fn Fgge t abl e 20 exci pient or
a

BTSRRI RS SUE KD 1y g

carrier. In anotﬁ FS oﬂ’i’?ﬁs 2 i 181 #88s"Tonposi ti ons
sui t abl e fot0 t opfekgrngnedr a¥F§déPﬁh¢l%lwﬁ9eV%/ll racePgriiaeg -buFonkar'simited to
i ont ophoretic nesénaSonSPEE i ddmd ni BeERqe et L 1§0hFEMS ol aEomssiiftien)

conmposi tions, angnkiyeg 8ifefttd0 1000 AeHabYert LBC I IMRRIBA NN L the
) level of white blood cells was depressed to an acceptable
level or until toxicities (such as skin keratoses and
35 hyperpigmentation) developed, while the patients enjoyed
varying periods of remission. In the 1960's, Fowler's
solution was still used occasionally in attempts to treat
CML, however, most patients with CML were treated with other
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Particul ar conpositions of the invention and their uses are described in
the sections and subsections which follow 30 4. DETAI LED DESQfhPI0@N OF
THE | NVENTI ON Met hods and conpositions for the treatnent of |eukem a,

| ynphorma or solid tunors are described herein. This invention provides a
met hod of treating acute or chronic |eukem a, |ynphoma, or solid tunors in
a- human which 35 conprises adnministering to a human in need of such therapy
a therapeutically effective and non-|ethal anmount of one or nore arsenic
conpounds, suchc%t-‘é“"&h%?'ﬁ"d‘ttlﬁ BIEHES 0SURB| &F SBPUGEan. Fnd/CrgTRAIAGIRID The
i nvention al so tl‘I’EIialpd6$Ma‘lfm:‘tdliOd ot dlr.eatanced eulen azime-Bompn who has
becone refractory to ot hI?ara LB, lof JLrealngnt ng cpeé:ormz ses

adm nistering to a human arseni HY 00" Ge°r it &t op o191 E € 0BT $7HS on
with anot her , & Gx@RsRFRrdpETEPRiGgeMeLher gthe é‘rPErF? a*% FWiraprentadi d
(ATRA) . The i nventieaicahsD, rial akes damcernehinchiinebnl hesgemnatans uren wof,
pharmaceut | cal SOMPIShhl 00 .GATPThidlihed! SO, gl OF1 deanddr | 3; B CT T €

that pharmaceut] ca n$05| tion gresent 1 venti on exhi bit ‘r'educed
toxicity, inproVeds Ue’é f‘?"cezi’cﬁpl?%’r?}\?% 8t 185 & BOFISRT é"PGFaB'ee 38 use,
and that the covpdswilephs rmbslualphytsv@ dghgapenicdscepetblleadgHtodard. THE

ARSENI C COVPOUNGz A% sH8 ethd iRk, of afa%@BlCat OfArRnd] £afedy qcheiek B
pharmaceutically acceptable formof arsenic trioxide (As,02) or

mel ar sopr A®  Mebhrrs B8l iGangersr 1967 ¢ 485 LRHTE I oRpERAT Sthitdh chn-Ab
synt hesi zed by MmlAeébag nelgal Sesk Oxode s bd . le‘ﬁEréa%PéﬁJ hlspfsrmcrfm al l'y

pur chased (Arso a enc Rorer si.,nce the non
20 pharnaceut i caIfSIenl oIrBhn%ISJtnc& PaW et ert gT%le %gh)éhf n%e éﬁtajr% SR |
known, they canlflﬂélcﬁr ébﬁ?’&f%aénﬁmqa-tkﬁwm%r@i’“ééllf%%%mmnquéssﬁqir'the art.
(See for exarrplmrdﬁamkd@fumrngeEn&yd:I@pedmr o&ra@aearﬁaeﬁloTeqhael@@/ 4t h ed.
volunme 3 p S - 633- 655 #'ohn Wley & Sons used herein the terms "a

t her apeut i ¥* ageft® & fhet apdlri é—%e 41: 7“? a§d1 opPdt EREHES, et al.

" chenot her apeut taXi dsRanagONsEn bhanadcadr, ugss@md 1dnugos rersmpi esecaurd uﬂi ng
vacci nes, for t f; C I c , d | i gnanci es,
{12 Hn%gn %"%‘XH@ éﬁ'af:‘é‘ bt Oagﬁ.;ep a¢ H{era g

whi ch are known to those adj ot eutic" a ents

are wel |l known F’?‘ﬁrtaﬁ’éuﬁf‘f 5% l&cE‘b’P%r’r@e”ﬁﬁ‘?‘F’l AEIpr e MoKy Rt ibIFR

arseni c trioxi derentment ae% dprowhi cabnbinendes c asndbe agsafirgasne or in

conbi nat i ozp Wi thr}qialmeednmm t herapsittang c agesdrii cal NChelliri®prol ; See

Chemot her apeut | Eoaadh 001 (a6 L20LS ANTRE AN AYNENABEULL &) wRLrdelEY QuCS

to either inprove t rép ., or to treat leukeni a,
| ynphona or sol & Lﬁ?ﬁFl°‘Tfor SAPI ®C 158°a1 S &936?Tpounds can be used
before, during or after Iheradikheway @huoﬂsefmaﬁdsioe,nmse%ﬂ@newm\tdrt unor

9 May 2002 agen&ﬁséﬂlel ueidtideubaged ﬂzisrrbtegﬂ dfedmust af@h@waaeunﬁl@nrdwtrogen

nmustard, c il o] - opur

6-t hi oguanilgne cy %rsaeﬁl’ ;%”J'&&}%fs?ubr alglR gﬁ]g{(ﬂueg?l Fg%?er@}%%tggxé
vincristine, vik%stinnganuaxei, CEJJEIC@pOBrdﬁ tShianpbai de;‘h:\d\actsmqrmlln
daunor ubi ci n, dexayiuhiel &: s@x@%&!%xﬂh TechR8Y&dy), pCeSE) At itk 1686 bopl atin,

estranusti ne ph Soer;’q_c tr:. d(()eA)é%i\ebéent\lU 181 0g rég%l e ]éyvg ’tﬁ'é}} erferons

and all-trans re I N0l ¢ "aci er retrinol f or exarrple
t he Physici an R RPFEPEkEYtic leukemia (APL) in Chlna (commented by
30 Mervis, 1996, Science, 273:578). The clinical efficacy of

arsenic trioxide has recently been re-investigated in 14 of
15 patients with refractory APL, where the use of an
intravenous dose at 10 mg/day for 4-9 weeks was reported to
result in complete morphologic remission without associated
35 bone marrow suppression (Shen et al., 1997, Blood, 89:3354-

3360). It was also shown that arsenic trioxide induced
apoptosis (programmed cell death) in vitro in NB4 cells, an
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10 1997). In addition, the arsenic conpounds can be used before, during or
after radiation treatnent. In a specific enbodi nent, the arsemfs z082pound
of the invention and ATRA can be adm nistered as a m xture. In preferred
aspects, the |lynphoma, |eukem a or solid tunor in 15 the human treated by
the conbination is refractory to general nethods of treatnent, or is a

rel apsed case of | eukem a. Any suitable node of adm nistration nay be used
in accordance with the present invention including but not limted to
parent eral admi #iscrati bisuéRdakhathEPaREsvifs WagoaBRpttdesfgociated

i ntranuscul ar anikh Abwathecaktadim of sheabhosgener akl-anckndntinanassallular

adm .n:j,st r a% i O?hré%{l@tkﬂﬁf?éﬁd eR. uI@ecdﬂgﬁgi@fp%@?aAﬁhsgf@%éi@ln ﬁ%": ! ar\é_?_r y
according to e type. o anc condi tian e _hu A )

phar maceut i cal §sFeith cfgaﬁe?{}éeé"degra?/?b’e 8% nﬁ%%gf 3t8mln§$2'sltog§i’l e
aqueous Or s0r gasndreSet uiionagssepl i daklsuseeni2onssseaqu)et s7t tidd eksnand
cachets. 4.2. METHODS OF TREATMENT. The ﬁerm,"a met hod for, trea ingg

| eukeni a" as usEF°IG°Rer ¥ tREaRL°IIHECE N2 U 'Sdds BT AP THE éfm%‘l

associ at ed wit hthehaebditeasd areenid dyi divect ridduondleeniasticofryitdond in a
state of rem sséoPMLFEs MxARRLEpod e FBREhQSSrRfatlibeat IRNtetok1! herdonyent i on

can | ower the v@te ngPd A%%Idl gount Q?gj;g%%% | ynphocytosis in a human
under treatnment’ 1 ] ’hoﬁ’ "OX t reat)i'ng | ynphoma" as used
herein mea¥’s that the diXNERSEIRNYITE CsyipYOTs XA8¥BCTatRSd PRFR 2 tAPd SANsease
are all evi at ed, anceducetgircugeeds agerl,atiedre mavesbate winy erpsston. ¢ 9

l\/ﬁyt Z?EZ g_he t%éﬁéé@ntﬁﬁém fuf% Lf %eﬂgcf%in@dtiﬁg?rh‘gr@a%lnﬁggg hef&ha, Means
a e di seasg_an S OB assoc, SO nmor_are

al l eviated, r ed’g"toé‘}j,qrf%u?e'@d?gng%sﬁ?%sc’eo&'i ﬁgaf’ek&“mdeg%fcfeearﬁ S an&'ﬁrﬁ 888i ti on,
the term"a net?y foffeysndt thpes etk dipbertds | Laghi oh "vhksAnseqhaess2at he
infiltratizn ofuhieuketteattinkSppoitodafl €hatuiatmoddtaed dddo@rdbhdieio @hgans and

systems and t he, SyIRLONG: 45306kat Sk Wicking UedE inLiLErod i19Raghendl | evi at ed,
reduced, cured,_or aced | remssio m' refractory”

I din state of n. The ter
when used her ei FPr&afs RSt ﬁgelcgﬂfféﬁpﬁe?% YeRePAPTY FRESTEPAM o
treat ment or cukeuken@a Azgargedhhtredm be" pseheoings ot cin combinatigrs wiisha cel |
which is in traggidd eRif€iHY arGgs npd dx@raméBpleasthsrdorm or cells that
fail to di;[r)d‘ erentiate normally; and norphol ogi cal evidence, increasingly
supported by nol ecul ar biologic studies, indicates that preneopl asia

progresses through multiple staps SUHM¥ARY OF JHEAINYENTIONo | nyention

provides a use of arsenigedgitextle Untldctbhpreppies fwrenkeherproduction of
a pharmaceutic It . : t_of .le ] A unan
conpri sing thea%%r%%%ﬁgxtﬁé a%e?‘or%r?flg% %ﬂfﬁérgggeﬂét)itgael #égg%fse%ﬁt\%na% non- | et hal
amount of sai d TOHPGSi P AR ERe IMAFEFEATHL VRV EREFOFRA%S SRp /RGBS a
wei ght - bas&d dosFiwgidegimerthenorgdmreagbentcali s oedsesopndiat hawxibrioads t he
safety in humangp®fichBeser OliRCEWe SE-dit@BhY §10Xias i 6QIPOHRES of 20eulen8BE ¢
trioxide (%ZOSQWQRQLL%% %\ggtfdaﬂgngrg@ce apoptosis in NB4 acute

el I's.” "Ac

promyel ocytic | eukKem¢C ] ute pronyel ocytic | eukema (APL) is
associated with the t ( T DYPRE+AhAGEaLPHh MR hSRRATOPEFRS 4 MehEPRARA
fusi on protein bettweenikilleukegiaw lymphppa ess agiolidcatn@ed compnigingakhe

mat ri xassogg at egaiedisePat Ml RARGEN & ApaGk 8841 1L CRRELE i ¥ ankhChbAVIdknati d
(RA). PM./ RARa was Rra osed t.0 eloid different Lation, throggh
aro? o a huma ee

| ock, 25 nyel
i nhi bition of nfitT® VO FESPOITSe O Ak HBESPE U0 fant  Hegdt VE"RARa
mut ant. | n addi f oitchi khay@pyecellhs, 1IPMNERARS af FFPaéerePboyadabicher nucl ear
body (NB) anti gemsonpakseslUitlecabe L rampeakt i thiekeby tesurebt nIeukentibe | 0ss
of PM. and/or N@,s%%&’l%%i?”léeuﬂ%&iggégﬁ%n aSHoassR_Y b hat o @R CPAGRNEAL | ONS

of arsenic_trioxi
3§ %reatment.




pronot e apoptosis, whereas | ow concentrations induce parti al
differentiation in NB4 cells as well as cells derived from Aply joents. |t
was postul ated that As2C3 works through its ability to specitically cause
PML.-RARa in APL cells to be 5 relocalized to nuclear bodies for degradation
(Zhu et al., 1997, Proc. Natl. Acad. Sci. USA, 94:3978-3983). However,
these findings tend to limt the use of arsenic trioxide to a subset of

| eukem as. See Konig et al., 1997, Blood, 90:562570. t0 Unexpectedly, the
inventors have di scover e@hehinverstlenA3 e ens@rRRESRS GplefFhed €oabkket o
inhibit cell groashltaciigel 8flusiearaaRRLOSESL idbnpaE L BlhdTwehpt thingukesemiccel |
lines in a PM. bfMe RARa i ndependent manner. Thus, the inventors have

di scovered that, contrary to the earlier 15 findings, arsenic trioxjde and
mel arsoprol are both ef f 8Bt FHPTEERCASTIER BHGaBTPEFYe ‘e EiRnPEgeD1C
regardl ess ®f theioxidlr oyi nglamdaoularongohesi santhmtuseduskene be fmopl asi a.
Wor ki ng exanpl e%oﬁlﬁlﬂéﬁoﬁf {reet ffhedr ﬁﬁ&b:@ {HRFRQHRES %@eatgumﬁrlueiné eukem c
cell lines are OVIt 1 eu§eCt' on 1,20 .and 5 2, A Eg e¥1t1t he

arseni ¢ conpounds SBr-5éP reserft 8ﬁf| on can be use ety of
| eukeni as, i ncl GAFRREMIEE ‘n’BteJrWﬁrt aéaprreve Adet §upihphdbl ééf? c,°ﬂ éBRem a (ALL)
25 Acute Iyrrphobhaﬁsénu:, Breeb | tieikarhRedtall e ymphphwobirasbltd 'thmoel | Treukem a
Acut e nyel ppl asgkgeﬁfe%% am(&gwaa B! g4 Mgkgcyédﬁnbe!ﬂ‘eamt%r(éﬁl:) Acute

nonobl asti ¢ | eukem a, 30 Acute erq\%? rol eukem ¢ | euk emzil1 rcut

megakar yobl ast i GPERAGHTRALRR 1% Hfe PENBATT YW e ST ARTH G C agents,

undi f ferenti at edntbm.d(mg anthrwric ampel‘-écytﬁnc agddkeen a theMyse3g.cChr oni ¢

| ynphocyti ¢ | euksmpsuddel bhnThe ed bedosd | ic@anyl &t JreeegrazetiBat ot her

| eukem as may b gated in accordance with the present invention. - 10

9 May 2002 In anot her erbodi nent, the invention provides a use of arsenic
trioxi de ot®nel arsoprol fBf ?W%&G&F?bﬁ%%lgwsnﬁéeﬁ?? cAVeRbAdsi ti on
for treatnent okrbysiphoie solatinnmmsudbapre gomgitteavedwisi Stiegtion of a

t Eer ﬁpeutl CEI | YﬁﬁH@fdd VeIﬁ”&‘n&Qfé‘rlt %;nbtaéhﬁému?tﬁeo{mﬁmlgal &,&da@saf 9§%§. ion m

e human. Lynphona c reate e_co e

i nvention incl udé Put. are %%%p%ln% tfga ?ralhl ehllvr ate T %‘g% ?ng’s a9 ;ér Tredi at e
grade | ynphona, tFéoxifends W?hﬁﬁﬂ?ﬁ-‘c’laﬁﬂdt%ep aﬁ‘Fﬁﬂét‘scﬁ‘B Va%“s‘iefi’itéé%? ons. In
yet anot heeoenbedcipidnt bhecarwient.i olnpamwaitaes eabodbionent , atlseningettiaxi de or

mel arsoprol for zthe prOdueti eahzggsﬁlehérm&%bcaér csamesitéxon for
treatnent of solid 1 i ncludi_n humans conpri si ng

asi se
the adni ni strati6A™8 erfagog?%fpvelﬁ céflfg ge i’t“ mﬁgﬁdl ecf hal armount of
sai d conposi ti oRCRECRNRT ShdAERCtITSIS.-d ERRBFLIY ﬁé?&%@ﬁ?% reeHte®§ by t he
conposition of pherhdveantican ¢snmpddede ibhe, admdl Rats|ard ta@dotprovddadenwy of t he
di gestive ggact thg@,q@@ggg,. |'iver, stomach, and coI on; skin; brain; bone;
breast; lung; and soft tiss mtedto var.i ous, 15

sarcomas, and preferably B Fgéf‘é)taér é’é’ﬁ'@g?gt%%‘tsvggl Blb% THYEBET PR RS, ?%’ér
| eukem ¢ or tun¥segerts dgseripgd |in dhengedkinns éﬂ@aﬁ@sﬁﬁﬁlé%twé‘ﬁﬁhl n a
human, for exangbeélothe central nervous system The nethods of the
invention are al so applicable to reduce the nunber of preneoplastic cells
'na 30 4. DETAILED DESCRIPTION OF THE INVENTIOR
Methods and compositions for the treatment of
leukemia, lymphoma or solid tumors are described herein.
This invention provides a method of treating acute or chronic
leukemia, lymphoma, or solid tumors in a human which
35 comprises administering to a human in need of such therapy a
therapeutically effective and non-lethal amount of one or
more arsenic compounds, such as arsenic trioxide or
melarsoprol.



human in which there is an abnormal increase in the nunber of preneoplastic
cells. 20 In a specific enbodiment, the invention provides ag 202

nmel arsoprol for the production of a pharmaceutical conposition

treatment of acute pronyelolytic |leukema (APL) in a human conprising the
adm ni stration of a therapeutically effective and non-I|ethal anount of said
conposition to the human. The inventors di scovered, as described in Section
5.2, that concentrations of nelarsoprol that are 25 cytotoxic in vitro can
readi |y be achieved in viThe inNenhion pderf LecHpRsdRnBaEnod IR theekinidon
provi des a use oOfeudem@li fn td inQMhAewHOMhakhBepts uirirabt6fy adbahancRitinscal
conposi tion for {aj{ et%feg’éﬁén@fwhﬁlégxoé‘é&%{ﬂé%'sog xﬁgﬁ’r[%]te‘i-%gn%@a(%ll '&saenPBma”

COI’TpI’I Si ng the adninistration o erapeut | ective and non-T[ethal

anount of ar seni 48R e ReJ2EREPTRIER. C?H]@l%?f’l"r?v@hf%r%“%h&?over ed, as
descri bed i s SecthemotBeBapadtdc agewni .o i oxletmeas atsmdindacéd apAdsi S

ina CWM cell I|ine. The ther qaeaﬁtforb%rl@,fal te18ied R RhRdtREEYLECOle -11 9
May 2002 conposi t| Lréh V?ﬂéé% 3G9 (rzl Si iy e_%rorslsenl cmtrlls%l de s!e% fcar
superior to t hat“ ot aSSIU arsenlet conhor ftorrrul Wed B " Fow B €

solution. In yett’-é‘-r%tlﬁér sedist pECRSuFSdi FBAT, P*H‘Fé‘aicﬁ\}‘é%ﬁaﬂor?%@e%’r@@sa use
of arsenic t r| OXd;ide:h@I’ phedartsaprvent fcr etxhebpt othticeant af il tyh at hpeatd cal
conposi t1 0 %]ftlc%@%”eﬂﬁpr%fveacé'éaﬁodﬂr:ﬁ?yﬁhPfﬂg ¢ oYK eI A y %AP'—Qnd hdt

human, in i s associ ate ransl ocatjiqn o

| ocus on chr orms’b'?ﬁa cf’?*"?%’“%‘lﬂ“oﬁﬁ%o?ré’hﬁ’fm&B?rb??Js]lynﬁcfﬁ% AR Ristrat i on of a
therapeutically effective amunt of said conpound to the human. In the ngj
ority of APL cases, RARa on chranpsonﬁ-niﬂgﬁg@mj eogbewnmnd fuses with the
PM. gene | ocated on chronbsone 15, i. t (.15, 17). 10 In a few cases
RARa transl ocates to chr okbdFee *Hr%{br SaFFeRifR GOmPEURRE FNIPESERE

Pati ents hax®or i piprimaeett{dl 1yl FFceptmhlei qoeh oS arsehivenioxtideata®nl) with

all-trans retinoke n@qhgscéﬁa%) Muﬁlsdspri@lcemret&g@ﬁm S ikab8spfna/5% t 0
95% APL aSSOCIa$ ¥%M%Enrb tge Z% %e§a$m§}%x9dgt¢fﬁ4ly

WOr se prognosi s W onse
response to trea‘ﬂ%ﬁﬁcaﬁf?% WRAM?W@E! EB?FIPﬂ éAﬁ%W%ﬂlngé'yﬁH‘P’?ﬁre. The
present inventi opoyltedei Beser ha@blaegenildet r PAXI desiokcentharnsopr ol can be used

to treat sugd caﬁxeasfn@t:eé\é’icaﬁ&aﬂémacte@nwal marv&citilaisoéf/tﬁ’ie %ﬁ@@ﬁt?&rﬁd with
t (15 17) and t &%Y%%f ar stl ng %he eraé)dggtalc eflts nar dosilges

of arsenic corrpounds e nv ﬁ¥| on' arePHe8erT TR 5°
her ei nbel ow. 20 FefEHSUpBVIThFhEeakeN o SgeefebneXampds - r RITIOtHP9T t o

conventional methods )@ e&waéfrreﬂtempaaf %%QHOQ{I’%wal\ehngdunﬁtﬁw@ne

anti -l eukem c th er apy the invention pr ‘ovi des a
conposition for ?r%zf%ér‘?eg?mg W:'1 gDEt'%Pl i a human who is not respondl ng to

convent i ona#5 t her apy conph$ é%sr?ﬁ heee i hhgi §e¥ms i '6n thPraPetecapettt'cal |y
ef fective and nomtHeaiabpaht drietimes" A "cadiopabt et oft "ar Seimtherppeutd c25 and

anot her chenot hefapeWohGe Ao Ha1 ék‘&«fb aa%dbul-ugoéhéﬂa'ghksd i1lihgtrans
retinoic acid (ATR%% or %he(r}__é_ L ol ds, e arsgnl C corrpound

can either be ar $&HeFri 54 d&€8 lﬂ%l%ﬁ”sc&ﬁroYlBBrl d”%ﬁ‘é‘Fh%lbseuPP
accept abl e salt ®hbignehcighe Whigchneyorkrewgotenvrgsaskbtlehdn ftbatmwt of
retinoi dressst antryflot@BESpavidilradgeitseire GONPOtHEn idZthe art.

In accordance with the present invention, arsenic

trioxide or melarsoprol compounds can be used alone or in
combination with other known therapeutic agents (including
chemotherapeutics, radioprotectants and radiotherapeutics) or
35 technigues to either improve the quality of life of the
patient, or to treat leukemia, lymphoma or solid tumor. For
example, the arsenic compounds can be used before, during or
after the administration of one or more known antitumor

-7 -



9 May 2002 In specific enbodi nents, the arsenic conmpound of the invention
and the chenot herapeutic agent can be adm nistered either as)®ayngodre or
sequentially. Wien adm ni stered sequentially, the arsenic conpound nay be 5
adm ni stered before or after the chenotherapeutic agent, so long as the
first adm nistered agent is still providing antil eukem c activity in the
human when the second agent is adm nistered. Any of the nodes of

adm ni stration described herein nmay be used to deliver the conbination. In
preferred 10 asp@AS IPREUFEIkERTaNPh 1HE tREnEM MUSEATPBPOIRLS conbi nat i on
is refractory tsigerenahusesihigdshebramaatitentelmales, acy@loghsephaese , of

ovkera 43 PREESSHORTHf, MSMEASHRe OFc SHERLL RS 15 ARSEN, & BRI OXI DF
SOLUTI ON The argenl C fornul ated i.nfo

Sterile pharmac h‘t’f”(%dlg?ep‘&%’t"%ﬁ@?%*r Y SRR Hite: VATR IR BE R o
treat nent of | eakenrsdgie. | yemirneddeandsstolnony ¢ umpiaunemiednt i ons conpri si ng
a conpound of taexcimbea&honbiwmwhat adlﬂdmyalﬁpm&bilbtexph;awa@mﬁlinqal

carrier may be a?bgq r tnEQ)t %ﬂg d for
t he treat ment ogééﬁae ndicat e %%tféqﬁ’gér#"g{g“%éi %Cﬁa or cggfj tunor. In
one aspect, the2fnetErbAT PR iadEs 241 HeanGdTe nctlﬁeaﬁ'h‘?]u‘f"ggf‘hre"rof’taer
pharmaceuti cal cenposidsi ¢fecompri skagpse t ftbr apeuticd anfhedt Retermttes
non- | et hal _ anou f arsen t.ri ox |ctr|OX|de(raW

mat eri al) |€ 9%?7% BBDI ﬁé)c?ltalr‘ﬁné !(‘::g?rpérsr?&lfha?mpoémg?)n%?enr EFal'TS avai | abl e
in a very pure Pofene HIREVRY °r RIter dFFGiaddpr $XPa#me8®i ve As, O, in aqueous
solution. Further, the |muemtscpres:m|ie enssd nenof ta:reyaﬁs&mlmsbeﬂpdmax:bifngs on
how to formul at g, éo‘slngen§§oﬁ‘ ARFRGCULL Gl JGRIPATIEEEAMS W hEkhed O 1n

i njection dlrect I.nt Arsenic IS esent 1 n_soqlution |n t he
+5 val ence stat Br%/fp?érr’r‘te vﬁF%ﬁT"}s'thFhey"-\%hc\’)‘él' eht %%at%r(ﬁ%lﬁga’f‘ﬂ?ﬁr) “For

exanpl e, p¥i asstignmmsonireatddAd@, theidabingtppresenrefrardtony eko geggkati on)
and salts of arﬁenicﬁm o@CtHe MMindl, Nopeil avakesbsal $aBé Gof Nkukémicnown t hat

one formof - 13 éﬁgr 42 g%%i@”}n&?é f”QEx'r?u% %hﬁtim%a&hﬁe Q.Hé%r

(Goodman & G I man's The gl cal Basis o era eutics ealtlon
chapter 66, 1660CCFSFIFe Kith d0% BORERM O SPR B Y ARG PTiNS PRE ‘?:cifnt ai ni ng
arsenic in the Linitddep papentemalll agheirsisgratiien [spcbxisi indgdavengisnt aval ent

state if exposegubdutidineohs! IhtHathaBgELt- RO Qﬁitra'?dhdc§§ Aries st fatdfont; he
accurmul ation of ,pent ayal ?R%rﬁhssgﬂ) nghk‘)h t&%lt% nboﬁx?albtah% a’%@' ution of

As, G wll change over i S observed that the
total anpunt of "3F%&H éd?“ﬁné%‘}ziftql@ﬁ ‘i%)“dé’élréaé‘é%or&}é? 9 e ¥%'S Afoss of
material i s causeuxcdy, théd phnegreesisitien cohtdeshamrof arsenic in the solution

into arsine (AsH) whichrhs @aaeaeeeueis&muaesﬂmmom t&m&@é@trw’yebe-rhi sis

particul ar pr obl enat i Ll pli o)
concentrat%%n o?gaﬁh agjog\l?eolfngr g"i %Jq q'}sh e or%a%tl Qilé'ltm%‘eh al cannot be
control l ed. It FSligidslysyeRersiome; t6a%3reft§w 5?%1‘?% £8% eRFESf rom t he
solution into the atnosphere because arsine is also toxic. The inventors
have experinented and successfu}|y, deygrpied o #REXGGENFOr fornul ating
arseni c trioxide which 20 overcones the above-descri bed problens of

sol ubility and stabilityThehterie"RoBethrthficsesrariingi Lewiandas o?s ds¥Egh
purity As:8B | nhatefgu@ans shdtitthendaseddganfiHhes uypasnpldsgbeddtad t han 12.

For exanple, a 51% Slﬁ'lé“d'lggagé adi g%@ﬂﬂé&x' dealmy, beuijéfdor-r e in
solubilization and obtain cl ear _and genq_g% c#l mechanl cal
stirring and/ or gﬁ‘fﬁtree %eﬁﬁ“h@s’rﬁy b5°5peﬂfai“‘é’& A F“GH‘% geaﬁme%n al so
be obtai ned by @fsths invgnthen sw@in dowenpaiendhbveriioght celily govat| wr a
solution of 1 M-A&ucd)]ymphebieddied iBYatianTahied tridavemer., this sol ution

is too basig to be usefulrh?stgm{SQ. pggrdqggf‘fﬁ rs?Latp’l%[?ng’h%ﬂc’% " ;’Q ‘ps;ydust t he

pH of the As, O sol ution he solution'i1s

exanpl e, to a cHRESH! WeEPSnthAt Ahsudiseasy And Bhe SYMPEPRS Rs';58°1§1'cﬁdut| on is
t hen backtitrat edtiithe ddsdass ote adlehialed;hlkoduaedacdrdd, Mt pldced 35
HC1), W th constaptatd ids H-BfiseHdd. the pH is about 8.0 to 8.5. Hghly
concentrated HC1 is not suitable as it causes precipitation to occur in the
As=0O solution. The partially neutralized-As,-O solution may then be
sterilized for exanple, - 14



9 May 2002 by filtration (e.g., through a 0.22 ~mfilter), and stored in
sterile vials. To nmake a pharnmaceutical conposition that can be directly
injected into a subject, the conposition nust be 5 sterile, stamgarzbo2
techni ques known to the skilled artisan for sterilization can be used. See,
e.g., Rem ngton~s Pharmaceutical Science. the pH of the partially

neutralized As, O be f j e . 10 hecal pH
by i Fut fon (10- 100 reihy mecfor ebhIE o P hifRre o Mied R UP AN LBOLEC,
dextrose sol diseass. axﬁouhe@yﬁmtxirﬁs a$sQuiatedf with ihe solid hymorearer leivinesd, Asduded,

sol ution can be add?d to 500 of ,a 50 dextrose solution to yield a
final.pH of SW&H¢Ordlageddn g sgte of fEMissioRod of the i nvention reduces the

oxi dati on of ar e GadifloRahiiaa ROATIGAHLIGR! IcARAROS ARG CABKR! RAND 15

arseni c trioxi de manufactured e I nvent1on show I nproved
st abi | i t y5 anthel iofijrasionlof 1drikemic dells. ouPbIAEM\ﬂEhﬁﬁl Mn@@lﬁwr‘ghﬁm\l@sms OF
ADM NI STRATI ON, According to the .inyvention,. the arse C s 20.and
Chel 1 physi of B AERTPSIts aeiBied Wi SiseSEHIODER InaH SLCRISH: GHE: G
parenteral agmad ﬁtgﬁgthg@renlﬁgﬁo@r al adm nistration, the phar maceutl cal
preparation may be in liquid form for exanple, sol utions, syrups or
suspensi ons, or rriiae teniriefractond velwnaisad hgrepr Umanllﬁtth%thf:dcum@mgmemﬁmn
with water or ott er, syl itabl e vehicle before use. Such | i quid preparations
may be pr epafeesbs 36& LOFRIRSEY BiFB means with pharmaceutical ly acceptabl e

addi tivespsuch as A3uspehetelty "RoRcptastic cdl ref&9tda bal whithUp in ﬁ@.lldmdroﬁem
derivatives or hydrogenated edible fats); enul Slf agents 30 (e.

lecithin or Achuimg tOna)meaﬁia@m@%h@rcp@lE that fgll tiglq nognally; e@idérs

or fractionafe q@lﬁo?%&ﬁb E@ldgﬁées)m%@gsqna%? d?fp‘i)}?_ﬁe 0 n(n&e&ll I (flg%lt: Sudie

propyl - p- hydrox oat €s or sor arnmaceuti ca orrp05|fi ons
may take theiddi¢aesahat preeophasiapragredsathedughanuliplestdpes prepared by 35
conventi onal maan V\Ath?ﬂq&&gmﬂceu i cal |y, acceptabl e excipients suc,

bi ndi ng agents (eln$ne Mgk %e‘BV%HOEeP@F@FEW “B‘E)I"gfvﬁ‘rﬁwlc gyiPx Fl‘Hone
or hydr oxypr gR¥drss r(;J-l5ror thgcﬂ\@?[ c%ggzof'@tﬂm&ﬁehﬂ%] ngtllohefb% tfe%tméht of

| act ose, mcrocry I ne ul'ose or ‘cal ci um hydro en phosphat e)
| ubri cants ( éeukgmja magkwmmmmpmmgt}e adtmanhistrasionsaf] 4 ﬂnar)apel@tmllmte&'gcta\m and( e.

g., potato star r sodi um starch | ate): or t.tin. -
Jodi bon e y Pointplariyint Shsi Fofbodtta o Hiehimdl 4% BB ovideR a0n i n
the art. For wRihbasddr &sin@repimdnNial RértFore tdE@ldé@dTnﬁamﬁsxlhﬁiesuﬁ@ s&egomdi ng
to the present 1nvention are conveniently deli vered in the formof an

aerosol sprajuppeseitheseiathervisshighdy pxéeseamporads-packs or a nebul i zer, with
the use Q(f) a sui t%%e%lc trioxide (Asz03) inhibits growth and induce apoptosis in NB4 acute

promyelocytic leukemic cells. Acute promyelocytic leukemia (APL) is associated
with the t (15; 17) translocation, which generates a PML/RARa fusion protein
between PML, a growth suppressor localized on nuclear matrixassociated bodies, and
RARa, a nuclear receptor for retinoic acid (RA). PML/RARa was proposed to block
25 myeloid differentiation through inhibition of nuclear receptor response, as does a
dominant negative RARa mutant. In addition, in APL cells, PML/RAR« displaces
PML and other nuclear body (NB) antigens onto nuclear microspeckles, likely
resulting in the loss of PML and/or NB functions. It has been suggested that high

concentrations of arsenic trioxide



propel lant, e.g., dichlorodifluoronethane, trichlorofl uoronethane,

di chl orot etrafl uoroet hane, carbon dioxide or other suitable y 3002t he
case of a pressurized aerosol the dosage unit may be determ neda

providing a 15 valve to deliver a netered anmount. Capsul es and cartrl dges
of, e.g., gelatin for use in an inhaler or insufflator may be fornul ated
containing a powder m x of the conpound and a suitable powder base such as
| act ose or starch. The conpounds may be fornul ated fox parenteral 20

admi ni stration BFOPAfeAPCEROSES g whep§apolays CPAFR T aGHoBF eoftamnrgasial

i nfusi on. For nulddtEersntfiatibmj BciNBancabys e peeserd edliln derivedosage form

e.g., in anmpul egpery A&éﬁ‘&%t' 405 §ac0RL L I tRa Yhid 2@"0 addeds prgsRighaitye.

The conp05|t|on such_ for as_ s utions or 25

enul sions in o Iaﬁngrltya%ﬁeSB%c*/feWa&Hgsca‘éﬁ?d%ﬁgy% %%o‘r"?rhll Sa*6r §e agent s
such as suspendinegocatided| tginrrlend/ b@dtﬁ%ﬁersﬁlma@géﬁpg. (2 @tnativel y,
the active ingradbentpymy becin meewdescs omnmnf osa comvst-sbat ) on nawklen,

sui tabl e vehicl g g, nﬁ§5§£|¢§1d0¥r LOg R rt%% r\.’\\@%]ecff’ REERIE USRx;d30 JJ‘%

i nvention al so rovr or carrying e therapeutic reéeginens of
the invention. §B€ﬁe‘k|“tf legkpriase | ﬁe%r?&o’b‘rg ﬁBr%l'c'orth"al ne@%—%e?gp\%‘iﬁl cally

ef fecti ve anountd§0ef the arseni c conpounds in pharmaceutically acceptable

Iﬁrn} The ?6semh c Comouﬁﬁekﬁﬂe@ce\&'l?' Q%:T ainkr'el}rtt?;s %‘%vehelga&%}teeﬁgné@%' be in
e formo apa eutic cce e solu conbi pati on

wth sterile - TaeR RN, KB nd EEeehel tes Ahogct Somedy 8P iFPeRod

solution, or ot ﬁ*(lj’r’-1 b‘l‘Fh-l%éE@rﬁQ?dlSI yna%@m%bm#%ﬂl@r ileukenig gell 1lnes

Al ternatively, tiheaceniplags pey-rd®cl ¥o@dpdricead inmesi ceated;then this

| nstance, the kishyBpldnRRLY d4UdREEes VIR, SESnithiy EQNEAL NI Te

phar maceutical | y .,acceptabl e sol uti.on |1 né, ~dextros ?utlon
etc.), pr efgr ablfﬂngi‘ g1 BTSERG é:Ec}ﬁﬁ“ig? lﬁ“% f“ﬁt]aa’fﬁﬁPﬁl"éxaf% B eﬁ &SHHE on
for injection p@dpdRes.a Proahotnge efibtriikednes redardlesstde thevention
further conprisemdarneedl fodéctluk Rgehafisaf erablsavpackenedthddpidBisterile
form for inject, 991$$‘%ﬁ%ﬁgi’ése>ﬁ1f gﬂgl ? f£2PREKANEY, 53 8898+ux%dcn a

| nstructions are optiona or adm nistration of arsenic
conpounds by a EMPRFCi%n 1GRKHY K8 Pat AT 2T FHRF REEHF GRS g Enerhpeut i ¢
dose of an2@rsemnd i&.conpound in the acute or chronic nmanagenent of

leukemia will vary with pBecseMriiyl ytRd drit@nenehingcRnat Oobece gabeshiand t he
route of adm ni %9?#% CIH%Q%SS%a %H?MPSQJ Q‘%)gne e kreguenay, w il also

vary according t r'on-and response’of the
i ndi vi dual pati é?Fl“‘F’rf‘gz(’S’“*@e‘rfétr ér’-ml f? %R |y dose ranges of arsenic
trioxide for the conditi asstelesumphbelladteiceilrubereizgaaeral |y from about 0. 05

to about 5287y per kg bodycued gﬂ,tmp@,@mgéﬁt@rgegelp lcguwegggl doses adm ni stered

parenterally or oraIIyo t i re err al .daily dose is from
about 2.5 to about 40 gg ﬁ% Ig)eéﬁftc PP Fg%gbly the arsenic

trioxide formul ation of t’*ﬁét? W&%PP&)HS‘PSC g}le%ﬂmblaal (IA%L’P or a maxi mum of 60
days, or until rem ssionachté |mwagebypcttiz tleukemiaddPt) onal cycl es) each

| asting about 25 days inAgufgtﬂd;@blngl@&mgﬁla dependi ng on the body

wei ght of g patient wth 30 acut qcy | eukem a, a daily dose of
arseni c tr?oxr de great er *FR5R e&r%lhggg%h E) ‘r%b & be adni ni st ered.

Alternatively, follow ngAFH‘éevM‘?@PFPIE%&ftGQSM‘Q‘@@@ men, a therapeutic
effect can be obtai ned wiathta mlailoyodoserief 1atkemia trioxide | ess than 10

nmg. 35 For treatnent of salid r{ml%er @fa%f grig‘g{éjﬁsdl ng regi nen invol ves

i ntravenous i nfusion of about ng z_ger kg body wei ght per day
for 5 days. This five-dafPFPRif r’Fé(ﬁtloﬁ)’B’(%cl&f‘kF eﬁgé‘?ed once per nonth

until the 88nor - 17 Chronic lymphocytic leukemia (CLL)
The skilled artisan will recognize that other leukemias may

be treated in accordance with the present invention.

- 10 -



9 May 2002 growth tunor is inhibited or when the tunor shows signs of
regression. As for nelarsoprol, the total daily dose ranges for the
conditions described herein are generally fromabout 0.1 5 to ng(j@zng/ kg
body wei ght adm nistered in divided doses adm ni stered parenteral 'y or
orally or topically. A preferred total daily dose is fromabout 0.5 to

about 4 ng nel arsgprol, per .ka.body..wei ght. The .effect of .the therapy with
arsenic trioxide io)rfarl%h%e %?@6%?%? thgnlnd%glgpcpﬁﬂgﬁ?s %ndlsﬁroggalfseeggci TG Fancer
can be noni t glekdsdpyolafey thetgrodistilsh ona iphairhaeatidal doﬂﬁiouiﬁbﬂgfobuieaﬁﬁﬁmldﬂﬁ t ed
to determining: levels of tunor specific antjgens an ﬁut ative_ bi omarkers,

e.g., carcinbamhiomsninca Ayimag<emprisig) the adgHaistration, phe dherapayigalin sHedei n
nor phol ogy a Sl i | C S / ram
Doc rabl o bi AR shibuHE b e AP RN £ pRBa ot B0 R
arseni ¢ chnpadated bg tias cempaditia dithpinsntion @ekids bul dre abolimited & high @eadehat
t he attendi ng physici,an woul d know how to and when to termnate, interrupt
20 or adj ust?ﬁmig'&o&"ﬁ‘y iplgrmestigte gfa%a@@n %,g\owoﬁiaéptlympﬁﬁ»mbowﬁ R VRRIQUS| | ver
or kidney dygfpspsticesnsConversely, the attending physician would al so know

how to and en to adjust treatnment to higher levels if the clinical
response i s not alieypianethéperabédioienty theariventiongeowdddser isd of @Senigtrioxjdeanry

suitable route,of adm ni.stratian e enployed for.proyviding the t.i ent
ot on el § ebelapioraafan e oo an SEH RS obR G ComstsiBiroite Msthshbor &
transder y@l , tdrﬂd“r%,oﬁkﬁ’t‘l’dicﬁZi CmetARhE8sC Al himac UbRAPASHS - the NHABIHEGHbAR of a

e

intrathecal and the lik may be enpl oyed. Dosage forns 30 include tablets,
troches, cacHwerapeutieatlyreffestive andgparicthahamouns| oft saih sompegition ¢ thephvwhes,

and the likeg {9ce, Rem.n n~s [ eutical. Scicences. ). The

phar mmoeut | cSPAEpSTR b B eled e e Ruion ol R o Boluge byt
conpound as hbelimatd V& &ﬁcérr@ﬁdid@gﬂstiv@&aétmssb;phkgm! livergsaRRbiml Sclbi;

t hereof, and may al so contain a pharmaceutically acceptable carrier, and
optional |y, &iRebraimdonpchreass; uagy end st Yssupprineluding bat Aot limitgh o vareusoi ¢
acid. Theste . LiGal ble - 18 9 May 2002 salts”
refers thSaF%Eorggsg%g&;éﬁ'i’%:%@%p% Szﬁ%%@@& ‘ically acceptable non-toxic acids
and bases, i ncl udimyatiowy gahodinentd, olieg lukemac bd surasrdcdissas. infilmting other

phar maceuti cal conppsitions include 5 conpositions suitable f oral,
mucosal rout 8830 PLYFEMRER 2 hum%%mmp 3 ¢ 55?‘3@8?%“9( ?yﬁE?l“hglirhﬁgnet ods

subcut aneous of {Hat inddlRAUré falso! dpplisdte ftedadd tHeHuneEs B9 PeoncopthdtROsR iA e
nost suitable route in any given case wll depend on the nature and
severity of hhmagimahichoherd & anpbnowaadlducrease in thetnumnbensEprahenplastia cells.

intravengus injection or.infusi.on conposition is .enplo a sui |

dosage. r2bge for Ig opiad Shbshittel MPARLHoR hraRa TR b e Rgiicl 38hfe
trioxide tot gtoddatidry of abpherm@edfdital Gorapssifiod ormBeeBNOE abiite OprbAGeloBitickg
body weight total . daily, or about 0.1 to about |0 ng 15 nel arsoprol per kg
body wei ght {akemiad&hPl) inre dueiani epmprisies dhe edministtiane pf o thegnsatically
delivered vi agChRrasd AndieHas Iﬂﬂ{ogﬁt.dof@cfia'c% olifib t?sché“h'dﬂl .e'Th‘éeanGexﬁ&‘é' CES
such as cel |l ul'ose acetate nenbranes, also roug argeted delivery systens
such as f usodsnowerdd, msstesmtbed(inaBdctom S, tthatacvncdrdditions of nepersipirolcthantiegens.

In practical use, . an arsenic gﬁmgou d cgn be conbined as the active
i ngredi ef? i AYPHNGERCATS QR SEREROMEMEYEd I XV aceut i cal carrier according to

conventional phar 'I@%ﬁé“sf)&?ﬁc SRBbAHREL M8 hﬁ@ﬁﬁ‘&ﬂ?ﬁﬁ/ide}:r&eus%%frdr%id@ibxlcﬁke 25
a wde variety of forns depending on the formof preparation desired for

admi ni strati o, ther produstiah off apphamaseutical i qomineditiog farbkreatment af's ohresic
powders, intravenous injectio r. infusions). In. preparing.t.he..

conposi tions THSOesPALs E‘J(SIEEIB? E@r\ﬁT)aHKI ao_?mliﬂﬁlé ‘E?él?})aﬂsp%gl?%ﬁgg’fﬁlgﬁaﬁonn%%iaa may
be enpl oyed, ti@aRublcallyeRtive Shd/A6H-Fetha? ialDunBSLALNS triokidvierthe Buge Mrie,
preservatives, coloring agents, and the like; in the case of oral |iquid

pr epar at #&ns invenigrs disepygeads podescribesl intSestien 5.8} ihat arseni¢ trinxddmens alsedinduce
aerosol s; st .. S S L Cr i: i S,
o anoat | ng. SpAREEs inSERMPea it IE MRBLLIO Bl f AP Rhardlab il 1 e

like in the case of oral solid preparations e-cr., powders, capsules, and
tablets. In preparing the conpositions for parenteral dosage form such as
i ntravenous injection or infusion,
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- 19 9 May 2002 simlar pharmaceutical nedia nmay be enpl oyed, eTa.,

wat er, glycols, oils, buffers, sugar, preservatives and the |ike know to
those skilled in the art. Exanples of such parenteral conpositigaigy 2ol ude,
but are not limted to 5 Dextrose 5%V v, normal saline or other solutions.
The total dose of the arsenic corrpound may be adm nistered in a vial of
intravenous fluid,.. f

vol une of di Icﬁtﬁpg%ltlg?sﬁf)%theailﬂg&gg’rn yJoa cor &}éﬁtrt“%adéa StHﬁtr §ggr9ornt10 th;rthgf

adm ni ster ed.poE.@mummite,,comﬁ@ﬂyfortﬂulaae(d ﬁbedeﬂeﬁymhhtl(ﬁﬁ as a 10 m aqueous
solution at 1 ng/m concentratign is diluted in tg to 500 mM of 5% dextrose
sol ution, and usednfyst amﬁbc‘rrawéﬁﬁemh%iggqr&nthsmvenaowm@@pw yserf arsenlsi ng
from about L &fo ﬁh Wrethelalso Fb?ufo rB@tthl% @g aCYRIRLALY S0U6m oifion for
treatment of a pa i ent vvlt fe ynphomna, or S0l id cancef can
invol ve d&i | yreatneniod tacett ippompalocyticr lavienda APL) s b drunei, ar sdidhcthe rARIxisde in

oo aer bodb et s hubtnan ! nABRaR i ciuio PLE by
trioxide per {§g c%ﬁ‘glylsfﬂ? gt acﬁﬂml%%u&?%f' £ tHeSFeutithey COMESR QhobhCRF B May
continue until bon row remssion i s observed or when side effects are

beconi ng ser icompourihe deumsranofin tthe atajeity orﬁaAyPIbeasee,pRARedotﬂ (ahranm)sbmetlén
ti mes over ap oxwratelyto nont h about 3 tp 6

th a bre in
bet ween cour Jegsloggies Sffsevmﬂs@iei’wzgeeq)mte SP ChRamIREIS: % hvemtﬁi ).
i nf usi on 4 f I f I f
body viel gt 2@?%%%&%‘92%@%0% 1630 ClrcRREmET | 3R it kD 1S e REZE ol
cunul ati ve t QRasientsfhattiorioigythe t3(05517)EMA|\4E1hE&1ﬁ)esmm\kbed> bredtmentamétheadhtrphses  of

(Snesor T EuREiRaL e TREHATS B oS ek e TR T Mo e
formul ati on ns.
For exanpl e, st%r EehgedA%ilfﬁg? t|0(2n’t S )%)rtgyg%gﬁ) ?ﬁ‘ov}%ﬂé h#saﬁ%d a?fss'gk)?%nlf) Eiis g‘gfrge
formul ati on goot fespmnwmwthenmthnmg/ atali lityle OF hcatesptmse)o tredtmaniewnivh & TRS ehus 20
9 May 200 ARSENI C TRI OXI.DE Al MELARSOPROL, | N A OPTOSIS | N,

MYELOI D Léumféﬂmn@mew ESSYPHEOmG ¢ ThS PIeset Iakengon proyidis) BaHpis tigidest 5

myel oid | eUkQﬂ‘rﬁel&%ﬂroi éd?le@e udeB b %atngwh Qﬁseé\%kwﬂﬁﬂ ITrhﬁggemU%ﬁﬁQaﬁ théddl€bf NOi ¢
acid-resistant cell 1Tine derived fromNB4 that no | onger expresses the

i ntact PM.- RAéF%Lﬁmmwdpmdt e(lrﬁ) 17)—h1®b§ (lKGli) fcmrtcbtmgehmramnmbmeﬁ@s an;i I
line U937 was nvesttt% 'Ee)tfl rote of PgL Hp&re tltn

ar seni cal actq"\%‘%ef/,o éseP‘r‘ivéﬂ‘PB?‘gl §|8 esPER PRAE SHERPET Y RGN i he
enbryoni c fi eadihtesds. (VEFS) and bone marrow (3M progenitors in ~rhich the
PML gene had been inactivated by honol ogous reconbi nati on. Unexpect edl it
i s found?Phat bot Hi%@mdwvwaéeuhqml%mﬁéamé@ws HiegioRy ErrenveRtisnabm @%. s

in 15 all cel t aﬂ]i:é&

equi nol ar cor#ceg{ndtlér}g?) ?téﬁ%%g’sgﬁﬁé}ﬁ‘gﬂ‘?%% %%gﬁ%&ﬁ < p[{?:}EfI‘Jr/“]/Le o@él i zed
PML and PM.- RARa, thetioventiohgaovibedda esompdsitidn fum greatrhém wefd eldyen®Min aielgnmiatl on
in NB4 as well as in HL60 and U937 cell lines. Al thou g%qrrecllars r.ol s
more potent i'HOQE PoHEBRAME 19r RAVANTIRMA! HHRRRY ﬁgn%%&g mirgstigtign gt

af fect PM. angégper M\ﬂ%tl%‘ﬁﬁ@@én ie%@hﬁléaﬁt'df'a colDiR@BRbf afdeib ¢ F/ﬁun@nd
mel ar sopr ol corrpar ably inhibited growth and i nduced apoptosis of PM.+/+ and
PML-/ - MERS arraidianbibbi elehatidrapepfio nagmﬁ,gsmh ias but yatHinoited t(ocﬁlbnﬁyls etigoiCricid

gr anul ocyt e- te 25 forma tures of PM.

o ogent tor o. IR oDt adiudien B Baopn e sk i ol i lfer B Hteaic,
of these expeafibkEBios netarfippvl stedphdimWéeiticelly adceptaBleostt, thd888, TELinkéftfod S504.
Results from t he experinments show that the 30 cytotoxic effect of both

arseni cal s i rilthepeormpgssey jthestrgaimewft ofrekftinpidaesipjante pHipnfss it ey agseaic
dependent on B M(P PMLRARa expression. In nost |lines, nelarsoprol was
somewhat nore p ten(% compared with As_O in inhibiting growth and inducing
apoptosis, and the effects of both drugs were dose
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35 dependent. As previously reported, it is confirnmed that As_O relocalized
PM. protein onto nuclear bodies and induced PM. and PM.- RAReg lggnagdation in
NB4 cells while triggering spoptosis. However, simlar effects were al so
observed in HL60 and U937 cells which do not harbor the PM.- RARa fusion -
21 9 May 2002 gene. Moreover, nelarsoprol induced apoptosis in all the
cell lines tested without altering PM. and/or PM.-RARa. The differentiating
action of As, o, and nel arsoprol, appeared negligible in vitro, and did not
appear to depend on 5 théleXPreidsico ARG tFodERAtITEFNEF PIIPHAY/ Bt

PM.- RARa ei t her thénidwacitiohhend el cabhetierapset vethdepntt ben ivaventors in

l'ong-term cul tungg; {4 hrQa2e VaRKShs WoR: SAMALADL& UM taET1$ heygel! |1 nes
tested with both _conpaund o found that bcl-2 downregul ati on,

. It 1s .al

whi ch 10 has be@ARHIIRRGHA] 5o T1TREA 18" t HEF AREFT L0IRARFE RT PR B20f As, O in
APL, was al 50 netintejriiededt befrrsxpressten e PMenciiRIrapeutid rgehecawse it
gccur r egl in }: he 1884 édltt@boﬂﬁrﬁﬁﬁadmﬂnmgi:@fbd hgehdt ACIstPN Ot BidVikgndOt ]

etectable. Fin 85t .Mhgther res S t.Q the
antil eukem c 15%&%%%‘%}%‘%? %l?senlt%allg,%%?ﬁﬁaa%eﬁ{‘%?fe\ﬂ%estggs e%b?xlr‘f n’%’use
enbryoni c fi br oBRASPSERGIBM B 1€ FPETPRRITRE s2HEHETH 20 PHIAEFET BMS had
been el i m nat ed hbye hromelyogeusseeconiehavemwnhel nothigseiosl | Bn wirekénrddacki ng

,P'Vh gxfr essbonwaﬁea&ﬁg 8 g&ﬂ;émlaa%o?ﬁ@!mﬁ@aea@%&t@ﬁl ﬁygéﬁ@%%nxﬁa%on t

i nhibiting growm.h an i_.nduci ng _apoptosi s, a 0 simlar effects
on nornal CFU- Elﬁnﬁe%fﬁ-%&ﬁ/i"c%? &%‘efggn’ﬁﬁ e ﬁ/gr‘élbevaet ,enﬁo di ffefences

bet ween wi | d-tygelapirPrRse-ckelqukeReére observed. Wthout being limted by
any theory, together, these data strongly support theory that the

antileukem c effects of, thesgpdorsd SN ok SHAGFALS ﬁgdﬁpg@ggﬁﬁg y of both
[ t

PM. and PM;gRARa expression. Jhasgd earbishaBriProeeer! Ng Wt he
nmedi ci nal history of arsenical's T0r di Seases at are nat characterized by

alterations in PML protein such as, for instance, chronic nyelocytic
| eukem a. 30 The resultsThadatadreid kahpbaids AF, the aimdereli o Saprbé are

broadly active gg,ahfddeaUkRED Csal8NkS phlr R T¥S] Qrdpapsl{opEphor d
di seases. concl usi g a_indi ic activity is not

I n, the dat ate that cytatox
medi at ed bflgt he PREPBTBEERR alel AWarEs g?re Tirseaggfm%lﬁﬁ g&ﬁk?‘blé&l’seases t hat
are associ at ed AWTRrIRsgngr §01 BhSumarPM. peessins cPRBSisigedar seni ¢
conmpounds of theownpye@it ic@Nthavinventdbantomdintba onder cohpaaiaeti c rol e that

i's not confi nedlgrhgrlﬂacl:eut'icgg carxgielyaiﬁaiokgg egarg-l @a@ﬁkq&@!bgled
MELARSOPROL | N PATI ENTS W TH ADVANCE

D rTEUF tdl A Mel arsoErgkI?, .an, or.gani ¢
arseni cal synt héSFZEF A PeB* cBhpt i NT§ InePar<sén *o T e i Ph HhePeifor, has
primarily B8en ustlefhiy, tlerhermt rantscdia Afuriogan trypanosonmi asis. The
effects of nel arsoprol upench&disidcan eﬁeaﬁﬁ][céh%bﬁ privviaks 4 ime@Rod for
representative c j =Ce i;ferati L hay, een
mvest i gated - am oL Ra e o R b o ool e
as Arsobal [36 MyFRERSHYCRAGRESTEOIN éRe BT e hedl Py PE TS8R Cwas di | ut ed
in propyl ene gl ygdbxide dAstdik chrewnit arionidd (r6w' matsribland ot eekid at
ro:);nLt emd)_eraat lﬁr €nofgatic (Nagingaand S&hatL@uikéemd@):_iwaﬁy ]ila'i/ladilSBDé viedai verdy 6|5
nmo sodi um hy [ a .st . n 1.Q- =~ .:Seria
dilution (10-° %rcl)lg.éloggm(riol ?Eg’e\%ex}’e l?r:agg ??\Péﬁ%bpgl%ﬁcglﬁ%&lgmﬁ/ﬁ&%gt ei n-Barr
virus (EBV)tranSfUrAeY SRHESPY npHOSHREE  cENIY HNVRBTQLA/GFS) ungjpre of any
EBVt r ansf or ned Bubélhisherthrteachihgsphobptvi to | Eakelhte (AB-CLep gell 20 1ine
(1'83CLL), and ongaPRAcEBY ] 28ShEIRI oR- Shciak! £bt NG VB ldikebere Used
as tar gets.35Dose-resgg1nse expgr | ments with nelar 50{)3‘,’{';{_{i ;\I Q Lo L? nmol /L)
wer E perforned oveP 968"FBHr s. ATHESe el S5 he i AVEHT S s 1P otifd 't hat
mel ar soprol 25 c@dsede Stadse{Penitrvalentiepefdentt3i yakeasicei 8F%f survi val
arid growth in a(Jtl-it/hIéafﬁ:)cel Fot i e¥efinp 1en ﬁ@hf)&é’sﬁ&h, aBserQtealkasat |wifich ?:.]S
concentrations ; ' £i vl abi]d . After; 24 hours,
all three cell {@%5591% ‘ralé{a?gglgmptﬁ g%%%%égﬁr%dd,%ei?g nﬁ%&ggiﬁsb?%%a@d
mor phol ogi ¢ charSCFarT RGE2Vetedd 256PEGsi stt ASpFBRfhdfat one form of

concentrati on-dependent downregul ati on of bcl-2 nRNA after 24 hours of
exposure to - 13 -




mel arsoprol in WSU-CLL 183CLL, and JVM 2 cells was observed. Decrease of
bcl-2 protein expression was al so observed in all three cell vﬁ#wag% ¥\/nereas
As, O had no effect on this 35 paraneter. Gven that the in 49¢ a
above have shown unexpectedly broad antil eukem c activity for nel arsoprol
agai nst both nyeloid and | ynphoid cells, and generally at - 23 9 May
2002 | ower concentrations than As,o0 " a study was initiated to evaluate the
phar macoki netics, safety, and potential efficacy of nelarsoprol in human
patients with rel3F§8d°otS Merratexry thenkene axtherEl i giddcmapaki €pier e
treated with a brihef Ph¥rnajcaetiom daisiy Ia@rT&rg§¥§tié§,p%%%1egd}[‘@§%ﬂy for 3
weeks, with an adgiabkepads 3 C i n,respondi ts. The i nrti'al dose
was 1 ng/ kg on De{?ﬁ-i%ki% %&?fégh%ggﬁz ,%n%%%sﬁg%rbﬁf%?s%n%d all days
thereafter. Paralléf*ia® 181RRIESeROC | Hr Ithgetir tyd tamtessensinini by of
fresh | eukenfc céFRSuUablberidipeé@rtsopeotadikmSsate alORGpYELS L2l 5&_[ ow
cytonetric studi esppblsnydiageradd | geR £X 1,00, t QSIS d bcl-
expressi on. Thre%eggg'tﬁ(}tr% WL, AM. and glgr%j\%\nh?ﬁ onf/E: ea\?gc%rﬁ’f]g‘? "t RE
study. 15 Using a net hod based on ‘hi-gh PRrTorfah®editauPrd = hsovdtiogr aphy
that is sensitivESts Ypht GRRREE ePYer1Gimg/ n (Idpy el Furtiaryopbar MACAKI neti ¢
data show that pedkeplas FRadl ik n .ons were .obtained inediately
after injectjon gigg,‘t}@]aa%e@aé t hat Q%E%?e%ﬁ%&%mg%irsne&lﬁ BruHRFiP o 2.4
ng/m an 20 day 3. Wi CRE i M al TRAStYOSEUPE girtsirdsd imscawsiddby athe
prol onged T2y ha8TSURfESVedPriaradenfobmraedéepic ampabbi®ifon RindsNEy-&4,£AS

under the concent(AsH:ioRhicH iie aCodsksus( ASueLe Pé&POcre%%QggLultg tl}ﬁ’is
o 1. on

adm ni stered doses gARQIAY-LiT hr/m_on Day 1.t ng=hr/
Day 3. Detect abl gsg% C%I’CI:CE?I'[ r},gﬁrgﬁgg% “hé " dPRRF RASEE i Sth PRRY isRBERRS dife

week after initial dosiing. - THe dPigdhafSti¥eningtetient! yn vigld tinhecased.

Adver se ef f¥tts RaWWFiadcFamrat teansienillpdin B itsha1k8] @ddsaRapil eeand mld

nausea. No si gnsabfow ragaghé e e@esp@aémafthx"sc(ﬂ%%ﬁi onal | eOth ,gé%’ d during
s esu

treatment of 30 £NSUdyRaOAsSOM agis) ,have been observed. °t hese
studi es suggest that melar soep?c?l g%sé%/ Y2%E" broader activity than inorganic

As, 0=, and that concentraltOriSVRRFRFF degecyrpamivieoted drellsertassalllsy in
vitro, and thus d¢wslapedta oletanes fcaa(ﬁdryﬁua@hixfgvgéséﬂié/iﬁﬂox@ée%@ic&@fSENl C
TRI OXI DE | MOUCESSWARGSHES! = S .LEUKEM A
CELLG 24 o I\/Bys.%qqu_ﬁ 1%1i§b85@2d&orgge\ﬂ.i%%%%%Molu%lllflty an(d )

ity- method comprises solubilizing solid high

purity As.0. in an aqueous solution at high pH, such as pH
greater than 12. For example, a § M solution of sodium
hydroxide may be used. To aid solubilization and obtain a
clear and homogenous solution, mechanical stirring and/or
gentle heating may be applied. A solution of As.O, can also
be obtained by dissolving the solid compound overnight.
Typically, a solution of 1 M As:O  is obtained by this method.
However, this solution is too basic to be useful as a

30 pharmaceutical composition.

25

To adjust the pH of the As.O. solution, the solution
is first diluted in water, for example, to a concentration of
about 1 mg/mL, pH 12. The As.0. solution is then back-
titrated with acid, such as, hydrochloric acid (1 M to 5 M
HCl), with constant stirring until the pH is about 8.0 to
8.5. Highly concentrated HCl is not suitable as it causes
Precipitation to occur in the As.0; solution. The partially
neutralized As.0. solution may then be sterilized for exampile,

35
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20 25 30 35 A Phil adel phia chronosone positive CM. cell line K562 is used
to determne if arsenic trioxide (As_0:) pronptes apoptosis 981%02
Suspension cultures of cells in |og phase wer e exposed to As

concentrations of 1 x 10-' M 5 x 10-°M and 1 x 10-° M Aliquots of cells
were anal yzed at various tinme points over the course of 72 hours to assess
viability and apoptosis. Viability was neasured using trypan bl ue
exclusion; at the same tine, apoptosis was detected by norphol ogy, flow
cytonetry, and DNAfgetraediect (ephor esirsugirsanize Lini fiitde) at ard capeedat fmt i on
of 1 x 10-° M hagd.po,effegt on K562 ceII gr owth or vi abi i ty The gr eat est
effect on cell growth and survyival K562

cel " growth and vi abili t yFoageke ot tpe’iarﬁcﬁ‘btffrqflof;me&%%st&?@ 1Z)atAsc"“@ bare
recorded in TabldrgctTnbirg ettedelntaGaonrhl thaithaesenozsVEapn [nusE peval ue
Control 0 93.1 d2eBibeX skin@abb AsedBnifided Kiowd tB. fnd. s&@@ieci arthi@ah MAS: O-

75.3 61.9 2.9 Otgggg Z%\Q.‘.‘L %n(égnt@ea%steg' S %esegll\/grbn‘g%{“ogl t pg ease in

viability represented apoptosis was anal yzed eat ures of
apopt osi s i ncl udibegmaeedivizad Btediriengthadeiud] she pordeddptnosrrwdieedvi dent

in stained cytosRidSs8iutRi? negl bs meuhat%a@ttea 10 neaM P8 go:n‘da_,rlczz

hours. This corr wi.t.h e I.nt er nucl eos

vi sual i zed by geﬁ(;lj gi‘/ec)flruecp orgluSj fﬁkﬁ%trhactglaaﬁn}agﬁugﬁ%azl c&rfs ekposed
to 10-~ M AS: O, .suChaffid &4 9éx’a§%%§ﬁéﬁtil%‘f apopt exampPleaspmasifr @d by the
TUNEL net hod denmmstsntechenftatl Vbed%s.@. oldrdon ean B4 Asided) teeldosmL of
exhi bi ted apopt gsisg &éx&%H%%Sﬁuﬂ‘iJm 8- %ge r esuf:&ﬂ!ﬂii ' beCgbbsk %t s/@ohours.

Tr eat nent of K562 ceIIs wth i'n_an upre atlon of
p21 nRNA, as det’ected By Wﬁe‘?% %aﬁ%?’%tl%’ufj@@%‘f?%gthﬁn ’rc} "oPt he
cells in the Gl 3ysanecofn tdedugedd. cpbbenadhitsicdat eoinndiitares candeangng
trioxi de assa thekapedtirtcxdast ndrofraciired b the fetditys 3002hd.ihvention

THERAPEUTI C TRI A5, VT FEH NEL G AGhD, AN, ASSEN. € THIQKI DE (As203) IN

PM_.- RARa AND PLZF- RARa" TRANSGENI C M e pronyelocytic |eukem a (APL)
is associated with chr ormsomal transl ocatl ons V\:hl ch [ nvar| abI y i nvoI ve the
transl ocati on of 4the FRRHARNA i i T BT RATIE]

to other loci in the genoA 59@% @Osé:hn EW%H@JOQH{Q% %}t{ségli%clé&%gguape PML

gene | ocated on chronosone ew_cases ne on

chrompsone 29 . BRY EREET RAVSSPLAGLGE Yt RICRPEAP1Sr 8O SETERt PR 1?‘*’0 t r eat ment
with Al Trans Retdarmoilateitifehr( AT&A)Qr prebdteplceApletismeapssi on rat es of

750 to 95% APL associ at %rVVioE'QltﬂﬁnltnG.%&-ré-gz)or( PhKE ﬁ{-&l?a\)acéu 14 poor

response to ATRA}‘)relgr-ar io e%r;[a tg Ef flll%?EX 1:Oorm Ioi‘ examp? oelattq%n of APL,
nodel s of the di'sease were C ransgeriic m ¢ ans eni'c nice were

gener at ed by staﬁ?’&&?ﬁ ?’éc‘-‘d’rﬁpﬁ‘ﬂéémﬁ‘r \RRi EﬁYtIPf-’e PERPRRET Gf deﬁ%pPR/E“‘F&Ra or
PLZF- RARa f28si onfepr okeomstitaitpbaceikhumdeer tdre otbat rolitabla vegtreladied 20

pronyel ocyti c spagiokkCusdimiguecat bﬁﬁﬁlanﬁﬁﬁéﬁamnbnmaﬁ% B@;sé}éaC@yPle/ RARa
%‘ax‘ﬁr

and hCG PLZF- RARG, LEARSGRN GoThes, ey el op,uel.aldy | pukem digaiyres of
APL simlar to those In humans. era eu rlaS‘on 8 emcm

with the 25 fol I%Whngsrwﬁ?@ﬁénﬂeﬁ*@@lsal(?e@f' SPrATFR: SYIBP.~ 1&@#°§?am of
body wei ght per cfié%l{végméﬂ e hodrQetlalia &ithi2) fé\IBA il S0 PRIy ggam.-@f

body wei ght per da t.ered intraperitoneal ce.were bl ed once a
weck to vdbat cliHe r LRPHIE o8 AR ARART FRBHI A PSHBRAte Aoel | to ATRA
wi th high rem ssaymengades, (BAY vstdrd,egrnErachionSuédrictieRgbYe dinsyi t s
ATRA i nduced dif ant, apd i t by ke 5..Gekl 5, as

wel | as | eukem cg%%l gnéle#%e%nrréﬁ nin Eg%egﬂa&r g’\;v%ang{ysdﬁ%egﬁ%r c?geni t%rs
assays in both PMrbRaRacihd 35helptarRaraut tedle goapes Fuonkeranri@ke khex vivo

experinents, | eukaf erfefd:s e&@ﬁﬁlé?’}_zz'abliié?a &% GRapk0sés tgrebhrédngys i geni c
capacity V"“.a%” tr h@ OE m%aBS Ekagﬂggeﬂl%géwoa%é%géﬁfé‘bat' on with

ATRA, while untrea e were t
exc1p1ents such as blndlng agents (e.g., pregelatinized maize

starch, polyvinyl pyrrolidone or hydroxypropyl
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9 May 2002 However, in vivo, PLZF-RARa | eukem as responded poorly to ATRA
(28% with reginmen 1), while higher doses of ATRA appeared m)? ﬁ'f tlve
(500 with reginen 2). In conclusion, |eukenmas in PLZF-RARa trarsgenic mce
are sensitive to ATRA 5 treatnment, but m ght require therapeutic reginens
wi th high doses of ATRA. These findings have direct inplications in the
treatnent of APL patients with t(11;17). In both P2dL-RARa and PLZF- RARa

| eukem as, ATRA prol onged survival, but |eukem as rel apsed shortly after 10
rem ssion was actutdyedellaridsey ef fEferactery. ,t aabuosélerm:k’flaArm@a]mmat The
two transgenic nmuse nodel s is al s sed to 05 %}E%he elffl cacy and dosage of

As, O, and ATRA+%S 6-105? n e |h%ﬂ‘ rf:’g?ntﬁh ukﬁlfc% Tefrd-
resi stant to ATI%,gnaadum rstéklrags sacd1at ed mlﬂtanhedlséﬂﬂteb%)anté\ teegi.nren of

As=0O 15 at 6 ~ d t t
1.5 or 6 ?—. pergod?g& a"‘}/r Bﬁgm%?%’ﬁ-t’“n%%g%éﬁ%%éﬁ?’n?sﬁreff’sﬁgmg pralliahy
i ntraperi tor$ea| | 42-9M C%OCb}n@ Bredy heanidippate) evdhegatebldtes mer ksiangtefl bhe
APL. 20 5.5. NAN&E&QIQREE&&N?S?J%B%A_EL! . PHARMACEUTI CAL FORMULATI C]\l Solid

ultrapure arsenic trioxi was SOT-UbI|IZEd in a solution of M

sodi um hydr oxi de (NaOH). Phife 2ERTEHIATAONRY SOPALIRHIR &R6i ‘é?ﬁpct“é’ﬁ‘ﬁeff%’f ure
for 5 25 m nut esusehechoxdigiogdéd thelm@senhoimgenéos ¢ WwonyaniditdyAs, O

solution (2 mM, de1@vMedas %ﬁdeémtrp o393n6adiofli Epfdy rbx%séﬁ@amorﬂfl:smeyer
flask, whi cﬂ yi elr%escsiulalz%s Q. concentrg ion of térgéh us B}( o lta%S 0OM
HO sol uti6n was praparsd By T | Ot ion or ~HI® /(X9 m_,"537% vit /it 715 M
with H 0 (50.74 BPPRiL}anty aﬁ 950 %C@Mréﬁh’éwromle’aékneﬁhe HC1 sol ution was
IAgt eor fs L?Btsf g;} r eeﬂrsl\eg@gﬁa{lldtwginégnﬁelqucﬂlol%mwa@y&&f@tﬁqn&oraaalbeﬁr The
O R o L e M e (T eag \ﬁag/gf?ﬁet%”’édz?%rough
a M|l ex-GS 35 (ReXpsoi 4 [desagni unidndanake Meﬁmtbe%whpépvmm mat el y
30 sterilemvacuailed &beaddliveyi almeteteamaksurite phﬁéxﬂ&(seuhhc&lrmagesi tion

whi ch woul d be | d intr n I | tion
was W t hdrawn from t%v\g ng %ﬁ P ‘?\%a géo?)rg%ﬁgﬂw a? S a%hf%a}sg&a}ldg‘egq%% a
500 nlL 5% dext ro@-'ermgéhmd mnmhmhnqnaelmmesa rfipnaf P ofompognd g Ri gh

purity of the buddstabaetpdigiefibeid auckass CO{Htds@edr (Stechabl e 1) by atomic
absorptionetry. Duplicatéyp %@gﬁ&&%sofmagoﬂé ﬂo'}txn%&ggés’é g Bﬁﬁéﬂwgﬂ] %ft ep

sol utions were assayed for, tot arseni ¢ conten

confirned tife ex?dr“&ﬁéls?rarﬁlg’jﬁ’ Bir ir3egiopnes F-ar PP’nﬁoH’géPPﬁFt PatE for

arseni c gont ent bainttlheom@tlerfﬁgdbat e mdmia?iesﬁeﬁo@rgd}wusalmaﬁ QRS are

presented in Ta - T t ow _sho tnﬁg e, S0l are

stable in that t Iger énggéesl\%no%’gt Qg%a?g%t %OE% g{fcatl otr?go tmh%?oss of

arseni c over ti n@QseT&bh‘eameAEsem‘ch conteéhed (me?p)ermétl\rﬁ -er bei at e

fcggI mAJ\I a& i Zn 12 gé'ﬁinpfoism:ﬁél‘;lﬁj_nﬁ ogaled siiazlhut:iéaﬁlo-?%fs gg%ﬁé}i&dn%i og@ﬂft,mSQrm*e
eA- 01~ - I t u

B139, 00056 0368%@3@%3A‘ngay °3#?| a‘ﬁcl:aeq% %(’)'Ag M g‘%&"eg’t T sanpl e

codes: A- 01: | nt er FREFUABEODF FIERES s |a(§n5¥‘%%ﬁqdr+i“ﬁv aF'???%‘dilﬁbPﬂflaé'a’t/PEn in

NaCOH. A- 02: | nt er néiipereiny Ghentssol AktieompriveXyy the active ingredient may

HC1titration. A- Ogs lipt Bm EfB?mpEQLdLKJnsEEtQELJnOMLEh €X suitable vehicle,
filtration. A-04: Finis ﬁgr roduct fro st erH=F %&g%fl I 1_vial 30i nmedi ately

after manufact ur§ifg’A° HPLRBEr &fﬁcf"a bedVi%l stwo nont hs
af termanuf @&t uri ng. 35 6.THeXANPERES orClallb GéitoviidleALBit N fARL cBYMHENTSur seni ¢

Lrioxide was evalyilgdrifeiall eokindtd fafAE’ire Ahvenedsh o7 Buaf iphed her this
agent induced either .cytpdifferentiation %o &;OS' S. Y %Ztr_tﬁ nts who
had rel apsed fr ofTR¥EE s’r’?/émﬁr Pb’rm‘frrf’erca’ﬁaﬁ\%? 85?%%“%“?‘& Br
trioxide at dose&mquatgi #f theoarsenic tapmpolndsy/ing pparmakaptielly a bone
marrow rem ssi onay@prasié eadch. BORE LPHMOW compound in a vial of a kit of
35 the invention may be in the form of a pharmaceutically
acceptable solution, e.g., in combination with sterile
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- 28 9 May 2002 nononucl ear cells were serially nonitored by row
cytonetry for immunophenotype, fluorescence in situ hybridiz t|o
reverse transcription polynerase chain reaction (RTPCR) assagl\il%?lr /RAR—a
expression, and Western blot 5 expression of the apoptosis-associ ated
proteins, caspases 1, 2 and 3. The results showed that | ow doses of arsenic
trioxide are highly effective for inducing conplete remssion in rel apsed
patients with APL. Cinical response is associated with inconplete

cyt odi f f er ent i atdaddnandigxidgeei onutdonf pdpfdsred wiclhtianparse ofbervati on
in leukem c cel |ghar@adeutdebhiOPS dddpthoat ﬁe@tlmgoﬂuﬂ i ghbtédrdatikegy) renent s
included a di agnggl ?Eﬁwhag%‘i 19)3%511?}'2& %gg%téccﬁegr {) uq;escence in 15

situ hybridization translocatlon or by
reverse transcr |Jﬁts§§§°‘f)olt§‘r?e}‘é€e°prté§€??b¥1 hpergonprdses i PRErRRRE.
Pati ents nust haa/ephaeinaq:mmicﬁnbynasicapdabne tsimenapgnt(reatg haskhliirad,uded
all-trans retinojc_ acid a_co |nat|o ot oxi.c drugs.

i nf or med consentCi SREECFR sﬂ?lr‘%élon gbt he ocoﬁym%%errllvreé\%g: 85911:1% §ved
by this center' stfien§PI“Plﬁ>i SRaforR\A é\??/lb rd IRF s &Ml RCRiPPoRMERPSSSeat nent :
Arsenic trioxide was suppin edo@isernrnbgqatmdrs , Sal kit @t kthe 1Onvdntiioal s

containing 1 ”glfﬁrt%rzéonfyr'iges TJ‘%e@B&!Q é!@%yﬂﬁ&é‘erpr@'flel:'éﬁﬂf]'ﬂ}cﬁg@emmOf

5% dext rose sol ution_and 1 nfused, i ntraven over ours once per
Gy Wi Lo Hohe {HHAETAF Eor £ob1-HACEOHE S COPOIAT e AP 10 BAF265hg/ Hay
as a flat dose, alvehpéfrad.al Instruasicohs| drerppiompllod inheuded/ dori on of a
wei ght - based regddmaléasakioaooﬂwﬂ@@/nday&orﬁmtndwaﬁy hercat p{ ©14h WiKBPWhe The
drug was given ;g Until bone marrow remn ssion was observed. Patients who
achi eved conpl et'e Temssion were eligible for treatment with additional
courses of therapy 3 to 6NfeBRENHMCEr of e Yhesardity d8ER st aBuBEEgREht
courses weré gemempbhyd ginvéheatc B ardoseordfc Gaddgampnikgotaledkemia will

cumul ative totalyf Zocdlaws sadéﬁlmysro@raée ed&h@ﬁléialdoybertﬁa@;d and the

weekdays- onIy sch uIe Jar X aum t ot urses over approximately
10 months. - C%b‘@isﬁ% 0ri ng %udroisﬁg srfé)d’y Pa |dgnsts with

coagul opat hy vver@%f“&ﬂ%)‘ué‘@élvxﬂﬁﬁi’ RAEY PRI 4RE §P 413 PEBZ RPN HeEE %0
mai ntain the pl atelddticoumd asspdrder bfiogen iaditvahgeat phevehs. z In0, 000

cel I s/cu mpoand genel@?, r@{edhalwsa%%t EARYYs OB Q%rﬁ@@}%xﬁa&%guk@él on
studies, serumc ryi% %é{ files, .urina Ses, ctro i msvvere
serially obtai ne@ "t BbhESHEF HeRG ASEEFAt TS gﬁﬂﬁ’f 581§y v%s § ofhed at
basel i ne and perd‘s¥itcal 1y Reekedader vaaeht qd@ﬁﬁ&%"?%}‘r?dw% ‘éib‘é’tﬁ?@nf’@%les
Conventi onal respisestérdde phfeniedralabser wad l1whoe edpiebhuthed 120 recovery of

bone marrow to i,x%@ebkéétt%ta@e&apﬂ%@lsebi@q%tneyg&wtzeg 2o R §6lAg/ cu
mm and pI% eI ets 100 ype studl es:

r henot
Hepari ni zed“bone® WFSW%Qrigxbﬁk%odar?ﬁﬁﬁT%lsy \be’ea’&soe]r’ll&tg’égo d((?f nononucl ear
celI's vere isol af@Bytinn oif| thpygatient¥s payar i dn1YSEPT ot AFERBT e
antigens were dedeciagd, byr dintertrdni®sioh| uriaseeaasy kwal oib mgerusi ng f

| uorescein isethiQGy¥Rghe (cFy'%%é %&WQQ@H& %b{i‘t Jd‘alggt?ﬁ] JGP&Q%HW
anti bodies: CD16_(Leu 1la [ CD33 20

nd
CD14, purchased §FofaMpifer 98RERG! 913°8kF’P1%d%dé’|\ft5 Y QFi 6V\Pa"d®"to}“tah
| mmunot ech 3I°rrrrun‘rtm6gyp("me§@phftec Jrukpody, Ddalilycdage of aprdengonas
performed by inctiiaiking eelatsrsina oaneess|thani 1h dyVeaRDPECAd Idistered.

ant| bodes, 1 nel 4o g LA PEL Gl Ll T AN R L] (R0, 2% T TG Mgt ve

controls using i rrel evan sane [ sotype

were anal yzed cofMaFPPeRELS eflfFB\'rv%aﬂ Sﬁe?ﬁ’?%l%ﬁawy%sa Reidy 3% red on an
EPICS Profile |lafsdndw tyitcxideeled=Cahhhero lHgectroni cs) equi pped with a 488

nm argon | ager. Forward ang %'rQ@tm’*‘eCrﬁr.t E@rs§91d0%hlnopar@@€%€é§ré/u3rd%smsUred
and conbi ned with

i nin to id ul at i opns. qf t
and to excl ude n%r?ol(’:"ffie?‘fc’ﬁé’ﬁsth’é Warysf st "tft gnT‘ﬁ% tl:| par g"rre grg
Acqui sition and T f§Fald SS}FEWeHF{WIPSr ¢ryl| faar SEfavs r ofnés) fikpgsrdayed to
acqui re and anal yzeatthah®.prdftocol is repeated once per month until the tumor
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Fl uorescence in situ hybridization (FISH): Selected speci nens that had
under gone i mmunof | uorescence staining for CD33 and CD I b ver g 9&@% for
cells that coexpressed both - 30 9 May 2002 antigens usi ng a t a

Plus cell-sorter (Becton-Dickinson). Separated cells were incubated in
culture nedia at 37 C for one hour, treated with hypotonic solution 0.075M
KCl1 for 5 mnutes, fixed in 3:1 nethanol: acetic acid fixative, and air s
dried. Interphase FI SH was performed using a specific PidL/RAR-a

transl ocation dugtowtdl tungr dise ibhysitssd Bowaken stHEr guser [$HowsBeigdd wf DNA
frominterphase p@ggegs\ﬂ@,s denatured by inmersing slides in a solution of
50% f or mam de/ 2xSSC at 73 Cffoor 5 msnoute he tsclgaqeg redotshepadeh rated
in 10 al cohol and air dri®dd.foR AFXEY ro%e N hy i75€i o Gt e
was appl i ed, cov‘@?%@omﬁ%ﬁlﬁ’scé\?éfﬂrs‘%dp heaﬁélns@%ﬁ @Gnﬁﬁhlhf lﬁé‘l‘é’@r al@%ﬁt 1
Hybri di zati &gn waso G@bhkes myytkgabody wdight adminisdtegbanberdivide@pissesi mat el y

12 to 16 hours. {&ldm%wgem%mé@sh oxUBPOURA I 0B s enpyed by

washing 15 the s f'or mam 2XSSC so t| on three tines
for 10 minutes eXATeTFERITRSd BRL1EY \(RSF AR BBSEI L RIPSAF(? 38Pt i‘0M%at 45 C
for 5 mnutes. Shldegsoperk perelRgabedyiMeddghtind counter-stained with

4', 6-di am di no- 2- phenyl | nﬂc& %fQBQtC@ﬂ/Q:rh%dtM\éiébyavﬁ|t§5§r§éﬁ&%r skidxigdnakysis

f h 20 fl
o ot o P33P 20N S Ll o MRCESSOL bAoA 1R O T e

cells was studi e’EPrfl&'Pré%cW %Wé?h%t"@PHanr’btthﬁnéF 5|J§EC1B€FP% Rir 8ctysed
in a buffer 25 cbittiziendi hg &reriiding: HEVE16. & rMvmethypewiet igl yovigens and

[ bi s] [ani ni oacyl;l,uéaectlw@ @f@:&a&e@gl o, 9170cg¥/&1\!¢&4mbr BMQ'&A%@ER% eidgaly, 0.2%
NP-40, Q01 U nL JL%ﬁotlnln g%th ptin, ug‘ﬁ pstatjn, and 1
N Dhenyl et hy | SHIFGRGEoTUHgPPds S0 (NP B & GIFEF o SR | POAPE 48 et hen
soriicated B0 USVMGaCQWW%ﬁP@OHWﬁZQB IY/rC sepe@am.Col e Par mer

I nstrunments, Chicago, |L)pedidaeestsiddatgadvals mdb0Begnd Htadakh by runents,

Newt own, CT Pr t t oRad
Protein Ass?aty Ki ?&fyllggg%g SQEn QFI;JG%%@%%&M%H{E%%%& rgQ%ch?%gnlﬁg‘v?n%t E&a BSA

standard. A 35 sBIp™8 BEYTET c&ﬁt ﬁli‘?ﬁlﬁjg PRONGESH JIBtoFRe REFegItEE 0. 3
br onphenol bl ue, Pitys2cd@pyyanidn kyow | oy xeosené kitrap Bof termirhties e rops M
0.8 % SDS) ,2620 0o22- aagheapﬁmta@@neb 10T adgdege taud he £&kicitysabeonehi ch

were heat- denal upgd @l 9pfed & 218 dévs%glf\ctlch Sk é&?@r%‘i@se&k@n“y’ 15

~. g/l ane of protein was on a yacry ont ai ni ng 12. 50

pol yacryl ani de aﬁ?ﬁﬁ&énglwsﬁ‘:&éf‘l Yﬁ?féﬁtdeélﬁﬁ ]"erl‘%thrc’&pﬁ%r%%q yhep 1R &Hsher e
el ectrobl ott ed ohtentieats-Bh dtigherabsfals dEdthenqBindcRadjespodsd &% aioted with

Ponceau-S as an addgpiaral (ﬂ,lc@iiuagngom,{l@ sikabbideamy L - human nonocl onal

ant i bodi es ncl udi ng cas

Bi ot echnol oggy, Sant a Cruzgc‘?%iﬁ anﬁ?@%}%&éé%&%har njéz{g& g%maé’ beCA)
were added, and SRRMYEInEPHRFOYLIHRT et*tfelpélif%‘bt d‘s‘itﬁga’c’heeffEGLT" qqsage
chem | um nescencef det ectenir Spspennd Andogherampird i egadn tHeinglRespall,l) .

Protein bands weggntpRBEEEiEd JaYehoEmLL qrsue&mﬁartéamtryntﬁl&ml‘s’@ﬁh@mal ysis for

PM./ RAR-a: RT-P erfor us 15 et hods io e |bed
o AR BT POR Bl ] LI Lo} 0 TR O O K, Ol AP

1993, Bl 00cB® 82: 1@@9@4}%3@% RESERSSS Fachat e‘%ﬂt@erﬂ\%'ﬁ/'e Sﬁat’?’aﬁ&%*s\nnth
rel apsed or ref raclmpnAPLcamtxietsl;e;aam«esAla’anattheermkehad(sreecel ved

extensive prior gherﬁaé % rretl no dc',s a% %ét ot\(}lm c drugs (Table 3). Two
patients had rel Potn 413 Blt‘j‘gﬁ‘é 4o transpl antation, one of
whom had al so fai | ed donoFfherrharmaceutical compositions of the present
invention comprise an arsenic compound as the active
35 ingredient, pharmaceutically acceptable salt thereof, and may
also contain a pharmaceutically acceptable carrier, and
optionally, other therapeutic ingredients, for example all
trans retinoic acid. The term “pharmaceutically acceptable
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25 reinfusion. One patient was being nmai ntained on henodi alysis for chronic
renal failure. Cinical Efficacy: Eleven of the 12 patients W‘%ﬁvﬁﬁ
conplete rem ssion after arsenic trioxide treatnent. The patien

entered on henodi al ysis sustained an intracranial 3o henorrhage on day 1
and died on day 5. The nedian duration of therapy in responding patients
was 33 days (range, 12 to 39 days), the nedian daily dose was 0.16 ng/ kg
(range, 0.06 to 0.2 ng/kg), and the nedian cunul ati ve dose during induction
was 360 ny (ran@@ltfeor%%rﬁls*soﬁa?l*{srmeeawd BEHrCehpr e EWdéar sk on by all
criteria was attaéicepdaldle avometbafic tadi@sObnd oddays (hangeing?24né 0yl cdays)
after initiati orb&fang_geg@:@é aﬁgn],§§éson by bone marrow criteria - the

determ ning factor for di i nui ng .therapy - eras_achi d first) - 32
9 May 2002 usually follo P aE‘&%fEFg}F&SaEB %/ RESHEF§ oL gﬁgﬁheral bl ood

| eukocyt es &nd prampebétionsOpeitehte rirgeral, doswsalyseehtias t kranssteyngl, no
differences in efdntepRyrédid,i pRréftdRPQNSEIVEIR elMtOttheoAl] €r 2 courses

of therapy. 8 ofiLapatlents Sniestadhadyconuaniefobel b Bl-aaR goays for

PML./ RAR-a from p05|t|ve hegat tients rem ssion
conpl eted at | ea‘%‘tStlsbb%atblteeﬁPEE?oH‘ tat“é'agh’é?ﬁ BEGr gél}mdter?e&iis%rhlt@et ri oxi de.
Four, two, and omeupatamhtseyachthavie thenpbediedion beitottaleadkdt hree, four

and five trgatnent coursem th@spegsd Imw aﬂ_hﬁnt‘ﬁ@b%ugbhfrﬁfebgﬂorpf rrem ssion
is 5+ nonths (ran

rel apsed during Jtr%élg 5880t O&'ptofé”gf’?‘r%n‘%s egﬁie%eé n@né“b?aﬁeggsgﬁ?l aﬁ’tgg ey
converted their YF PER %&ay§r°an@b%’e¥cﬁnapﬁféaﬂf@tl$0t% Wer@en%%mrdlovlde
acqui red drug resitattagsfly;Twboat ¢ heme tbndbsitdual sghaweersicneei @xgier pelr f r om

progressive | euk}g;m gdy%/gﬁetgygptéalﬁheoglAgguccab gogg,il ddon £f tients in
this study was hleg ¥ varjabl e ected thelr extensive 20 prior

therapy. THE pr tOESFORTY RET #8\3@?% wﬁé%ﬁ?t%‘f‘iazlafliibw three patients
conpl et ed i nduction ther gy adddikied y the avnsaid earsienmpuddebotdedivered
i ndi vi dual was heaispichatdeednaoliftyaddda phectrmNtusell &s Wilgu8e Cidteket er .

Hovever, 8 pati entcera,hiosal Laligald goeqmlbiaations, ahcbeukenta. S of

whom 25 required transfer to an intensiv uni't, endo

i ntubation, and ?§§F§F%o‘i%ﬁ(€waﬂﬁ?“§o?“€%nﬁ ifeSPPRMEE t1HEPSPPRY uded

pul nonary #®or rdtigehed ermlantabbdies eppesifigr ahtigens.host di sease,
non-speci fic pul nonary i nfi lpreatesal Asehy ROt HAENGB. cARsb Rl E&mtbd equi red
o Of 8, PIRRERl o SQrRAGERETs ALLET RO I OBM P ERLL Bk

devel oped in the setting of severe ne ng%gﬁl c acidosrs em a

hypot ensi on, and® rpé‘ﬁﬁT“a‘FWFﬂcF%ﬁ’&%Fr BGHRRTEINY ttﬁecﬂ%‘é?’itlﬁf‘%k rever sed
despite rec hal | evigpemacelt fault bempevrsiimioc techmiduee - t hEraparrige mivugakms
tenporaril yasw t h:.hahdedu@rié&;ﬁéﬁ%i@&mh@ﬁ@{@rcrnelahe NeshirC alk SedpRlraeabn ons

in5 patients fo Jeﬂr@ﬁd#&n at%fmlﬁﬁg}quastfl(or ange, tIOtr%l og?/%) 'ntl pati ents

devel oped synptons Si'm noic_a bot h
wer e presunpt 7wef’;PcthQé’P%cFa\HlFﬁsde‘i%ﬁ?é‘tlﬁasOPI%Wderﬁ?) l“t’ga"l?é‘?“%OHQ"e&?iél"ns
i nproved. Only Zopdinfesiens)equilnepremrpingt ehetcdmpanst immooieor wnstlsdesage t he

nedi an nunber Off&lnﬁhﬁkeéf Whie! 8stis BsHA4R80e Y01 nkh 8GRy Qetgnﬁ%geam ts).
The nedi an J ot al_peri

eral bl ood | eukocyt at_entr
cel I s/cu mhY{(range=’'s 6t?ro’ PAXCB0Y ¢ liI S¢] 83‘:‘%?#5’S?%avortmgnggv\%e\lel op
| eukocyt osi s (i .BxesesVaBiRE) §8P-P§¥1?5l| AgRPLE haANG &hgeél}ﬁ:oﬁanz'eh%wsﬁoﬁ
144, 200 cel | s/ cuoran lhigubdidirdepapatidher apy . Wasaspdik hosd ersedut orshese

patients, and thg §,8ukoCyiSichet esRl Va%@o%@f.éljst:%@%ﬁéswék%‘%&“s 1 drect her

i ntervention. Conmnon ggver se re ct1ons, I ncluded dness during the

i nfusi on, fatigu&YSd fﬁ%sﬁ?&llgf 8Fe pituenhgr rﬁrlacﬁm Bb’F%IVEEFﬁa Thr ee
pati ents dedfel optebrdgsnts hikdandgres udiinFednating peehpheradid hbeirkdat hy .
However, 2 of these chBepdt icalls sBagdy Raepat-atDiid iez8d, fisdwaerel ongraiper i ods
during assisted yentl, }&&wn, ﬂngfgg& Qo1 2he PR er;attféﬁ Aupheaaded

y cells

neur opat hi ¢ history. i'S char ac eri|ze
that 20 express ¢¥FBge ﬁﬂr’&nﬁ“@énaﬁy’p‘?"f?éI"PVO‘a%sHtﬂle&FéEnvﬁlt HP5RFHRR ve
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nyeloid cells. Arsenic trioxide therapy induced a progressive decrease in
the proportion of cells that solely expressed CD33, al ong vmgthaﬁtgoqmcrease
in the proportion of cells that expressed CD | b, an antigen associated with
mature 25 nyeloid el enments. Wile these changes woul d be anticipated from
any agent that induced rem ssion in APL, arsenic trioxide also induced
expression of cells that sinultaneously expressed both antigens. In nost
cases, these dual expressing cells dom nated the nyeloid cell popul ation,
and 30 they persimitlegd porriaceshdesl pradisdsanfiee empbdyrdbt @-Gem ¥xtiagn was
achi eved by clidgiydisGrbois, aurFed®) eGAT pidieshvhtii v randi 2Aki Dikeanal ysi s:
BONe Al [ Ow ORI KRAEn GEl 1584 K0T]I A-PA Sltho PO o eQLLY and, | ater 35

in COI’Tp| ete rem ssion were sor ytonetr r .co ressi on of

CD33 and CDi | b. PAX§H§*RE u%?“@§ééﬁ&%“‘~’f r+“§|lt‘%eh3)°b’rt| GF a‘E‘?forJrl(“#FSﬁii)tc’anal ysi s,

t hree hundrsed cledttsoser Biwivannredakadlyingnor erthesi selutSioms|. ar The togalr ol
APL cells, - 34gose 2£MMNe ?a(}(%%ntlbeccf@fjd%litﬁ(a foe Hsﬁﬁnﬁ@&ér\%a\/hﬁmaﬁia@ Bybrid
signal, i ndi catl ave'%ans t| on_bet vvee__rLln# and RA{__R amqegesagor‘ll(% their
orlglnfromthe hedpast he——'ﬁd\/\é aF & ce]iD P 15 8 tRe*Ehive pati ent
wer e agai n sort2PUFilng '-F‘h%é’@l%ﬂeo% %&P‘am drigipay ekl (VRIVeAFSTURY BAl y
the normal pattetien totall davecaaannbsisirgdal sSroaexdepeef etsenidi taidxiget hei r
derivation g rongwﬂ%bbgg@%pmeéai&ow 0061 ﬁl%rn atV!s%ﬁg%n Ehfqeeﬂ}%ltms

Protein extracts fr mar r ear cel re ser|

exani ned by West®rH 6 HhalyEPs>O0rm Sﬁa?yﬁeé‘ §ﬂ6‘?f\e%°lt Ty h%"dglué\éﬂr sor
fornms of caspas&or J@ﬁéatmensumre oypr ey uieatied ¢H imgo rangirs Farge to
arseni c tri oxi dgpduteabReminutder eoVasoutt Bber tHakrent al so i nduced

expression of cleaved frﬁgr@&glgél cca&g_gg %ttr]egtﬁm cat iy ng?@?‘%{{tv r&‘tﬁn of

t he enzyne. There is al so expression eaved

form of ~caspaset@HPipnchEbena  The %Fbﬁwe\fséﬁnlﬁ“ﬁ’}é@e dgkberinents does
not react wth admindlseazreibr dymiotraaspaseifusionbeB.adle8TUSHSE Bikke thi s

study, wth fewaeXxRRbLONSe1RAbhEM S @@mwt&&,et efténsodﬁ Ioablhe@i St ai ned

mul tiple rel apsgs d e resistant to nventiona h py,
retinoids, or b%ﬂ%ennan%:w lrd:ngefak flgﬁ Y M8 5-1% % e'trp %g’g?n this 25

study suf fered PYefiRrabimer (ﬁPé’uIteGké?n"& PEFAREY té'éﬁiﬁ}‘?%éteiroﬁg bodie MigdPRY
respiratorap f ai per elaydiis sesddnat Be vanircel ba zesteent ni=c ttooh inwawntad y

aspergillosis, ghfOMaerb@®NAnilakibyres o%QQrGécﬁfotr Vhen hORde dirgease aribreover,

5 of the 12 pat ent smregw{ed ad SSéo%r L oéar]cg E_'enns,(l__vn?a c%re un|t for
assi sted 30 venPTTAtIn>&he" S portive Care fiese"Conp FEHShs were
not directly ref‘alf et t8 ‘a?fséﬁl'mést ?Y%(lad’ﬁrtﬁﬁé?%ﬁ}y Wrmqm‘:lhlsywa&‘l p&Eedht s

w th a confirnmeds ditagnosi so &f wAkks aiit adetedert ettussesn WiHeheobtthmnieaiby

observed’ Compar BT e o de
i nduced striking ﬁlae’lﬁé'ogﬁ?%scffr R ﬁ“ée‘?/e]r 2" pBET g‘ﬁ‘t %ﬁb "i\ﬁ ?hﬁo‘f’%&ﬁ‘g ot her
cyt ot oxi ¢ drugsPatirnY enkddAaidy §rm%ed<ﬁpéar@wm§asa§l fé?ﬁ & ghralddye

rem ssion. - 35total dfhys2d3x.Despite 3 early relapses, 8 of 11 patients
tested converted RT-PCR assays for PML/RAR-a (a nol ecul ar marker of
residual djsease) to negative, a phengnengn that is unusual after alltrans
retinoic atld treatnment alone. Finally, oFSRMBMEES {joxide is active in APL
over at |east a three-fobdsdlidRdr BODS: farenefari¥fl k00 . bWtk ghe arsenic

compounds of the invention in treatment of wvarious types of

leukemia. Through these and other experiments the arsenic
trioxide formulation of the invention were found to be well-

35 tolerated in humans. For example, three APL patients were
given 10 mg of the arsenic trioxide formulation of the
invention once daily (flat dose) intravenous dose.
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All-traps retinoic acid induces "termnal" differentiation of APL ceIIs,
but the cytodifferentiating effects of arsenic trioxide appeg

i nconpl ete. Arsenic |0 induces a popul ation of cells that S|nu neously
express surface antigens characteristic of both mature and i mmature cells
(i.e. CDIb and CD33, respectively). Early during induction, these cells
retain the t(15;17) translocation that characterizes APL. Unexpectedly,
these cells persisted in 15 the bone marrow despite the achi evenent of a
clinically conplete renﬁsS4omashnmeweuoxtateuu:uELemsQEaamn;wama
coexpressing cells - while sta¥ sad] by x g ‘ BE
positive by in situ hybridization. The nnrphologlc appearance of | eukem c
cell’s during therapy is d&hgoa¢hivitessfoBs-gi smineelarsophah adfmsgbser ved
during therapy wyehoad|rdukapsaredliinQigeacithcihoifqaine heukesmic 168 |4 om
Tany. patlent s Uil 3¥ Skdial ILONALOgl C.£RANASS {Ge M- odtndgys. Al ter

whi ch the proportion kem C cells progr essi ve ecrease

Fol | owi ng " non- t%8¥fri RAI YOTgieF f S¥RARSSEEi RS By 8ehi B F6Ri Hes Upp8aPed o
i nduce apopt osi $iL600i K&tldemhdwiiteh riyed PRas®Y) texpreksildneatizB Toreer si on of

cysteine prot easmeewgm Ca@@ae'ié‘a?m)mfar%@ iRaet by epMaf Qﬁuﬁé@fa‘hhg activated
enzymnes. ng cas %%el \/\% t QC] & r‘ecenc;trly ? r]ﬁes(%eg ghacterl zted as an
i mport ant thvvaf oP rogr rm’édycehl éBa?rh Pnftfal y recogni % 8d°8e to

horol ogy bet wee'Sihe T iglee §BRASY Hist i A elelksy saMEFRNARL| 2PY MEEFPeuki n- 1(3
converting enzymaMl figgertikers ain lwhieh tis pasegenowa@nbeapasaesiattdeast 10

different prot e'H}ShEH@Ioé‘Ju%W@cé’mBl‘h@E%nOf tﬂ%k Q%dl@eslt?’ﬁs | uh8UkeP C
cell lines, cas % activation i u0| g a \t/)gcot POXI.C
Cents. el ud N SoIes, SRRt b SPHED THboBauey MEEPE AT An
wi despr ead 1fr ot edilysesl Jinepstestrsei vblaradpapl PRI RAReapotent @Espa‘éﬁeo.
substrate. - 36 at eQuiMiyia20@3ndertimalions tdrdfingyrsdianed by po-Sewigrtri oxide
and ail-frans [ALEOLEAGNT LS bIP HAPLALAGKE! | 89@@%&59%%@' Gipgst ance

in some individuals. emc ce tient ore

retained in vi tr‘@sséﬁyr?‘fe\ﬁ Py BerdegTagatentht ot V%‘hsasr RYE f"‘r"oﬁ{"i‘b ’191 to
10~ M Rel ati ve @3genekl rldgiest ancishdught medasrease dvasninpae eddtgn&r i r ansport

has been descri b ibit &% Qebath oerhd/vilhhusgvgla@ege&ﬁtsj ORtO& i dreiH affect

transporters encggiednhyod 2k R OREa0aL N DAGLELL Al celboeofies! Bhance [0

manmal i an cells i's ['eSs arac erlze al terafions in_nenbrane

transport or ef fiehk ape THlGBaABPTLS (FOTPEEME LY 8PPt AT, 1A7%EH ¢
trioxide inducespootpbet eofr @MLs5+ emd BMpat 1ML samd timhAPLtedha=diave-r el apsed

from extensive pidr@fing h.ehadO)ér v S Ar(egucaUSes PaY tdranubbty td-noneeyid et e
cytodiffergnti atéo%afelo lﬁﬁﬁ‘ gufllg.h:]e% gE%cgzLQp‘r'ﬁ Y ﬁ&szas Sl ¥akd on ,and

i nduction o char ristics and

i nduction ther ap{)ﬁttaééﬁ‘i’tdf%lﬁai?’erﬂfs tﬂFt’F‘F%&‘Fe MisHRIeL B ey TREEKET a
treated wi th arsehitbete | expegéments (sl brdgiiqdyis)WandNet el., Blood, 1998,

92:1497-1504.
Results from the experiments show that the

30 cytotoxic effect of both arsenicals in these cell lines is
not mediated by mechanisms that are dependent on PML or PML-
RARx expression. In most lines, melarsoprol was somewhat
more potent compared with As.0. in inhibiting growth and
inducing apoptosis, and the effects of both drugs were dose

35 dependent. As previously reported, it is confirmed that As.0,
relocalized PML protein onto nuclear bodies and induced PML
and PML-~RARx degradation in NB4 cells while triggering
spoptosis. However, similar effects were also observed in
HL60 and U937 cells which do not harbor the PML-RARo fusion
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Rel apses rTreatnent duration (days) ~Daily Dose (ng/kg) ,Curnul ative Dose
(mg) rTime To Rem ssion (days) rPlatelets > 100,000/ cu rnrn @Ii\qy}kmt es >

3, 000/ cu nB61*36. 16360543654453* ' 39.12390833983313 '' '' 37.
18370413941 25216. 06160241616622*
' 30.1130041413175112. 20180303030401* 33. 16495474743132* '' ''27.

1827050415291*33. 17165282828701"' 28. 16420777749282* 36. 155155447542535. 1575
~CNOON 9 May 2002 All patients had previously received one or nore
courses of all-tgeams r¥riequpr, awdldrspbusl dmdagefr argrticspe dmtdddi sheéc pl us
cytosine arabi neghgdel idesDeBetes witthovt dapd et gt BMPr el el +10ird. I esi st ance

(i.e. lack of response duyki, ngl{@éﬁqleggtg‘{b Sd‘:]%rm;’c%ﬁ Sﬂ?’\/\gh(ltlemq{}rsggf&m d

mai nt enance); t Denotes patie

ni t oxant r one/ et GFBSFERA “&Igllbgél?ﬂeﬁ cmbBHEr?varat"Gwdt‘? AP I2RREAT | th depend on
met hot r exat 8/ vi nibei stpres/stoneandjstropodule;ion 8£CPML ragtd/noi BMtRARopl us MLI5

(anti-CD33 nmonod;enal. antl kady) -tnk0 shal EXXAVRIEEScbELANGCAL: HRE iirNekBAHOVA
in long-term cultures (up to 2 weeks), was comparable in all
the cell lines tested with both compounds.

It is also found that bcl-2 downregulation, which

10 has been previously linked to the antileukemic effects of
As.0. in APL, was also not dependent on expression of PML-RAR«
protein, because it occurred in the NB4 subclone 306 in which
the intact protein is not detectable. Finally, to test
whether PML expression was essential to the antileukemic

is effects of arsenicals, both agents were tested in mouse
embryonic fibroblasts and BM cells from animals wherein wild-
type PML had been eliminated by homologous recombination. In
these cells wholly lacking PML expression, both As.0. and
melarsoprol were egually effective in inhibiting growth and

20 inducing apoptosis, and both had similar effects on normal
CFU-E and CFU~GM colony formation. Moreover, no differences
between wild-type and PML~/- cells were observed. Without
being limited by any theory, together, these data strongly
support theory that the antileukemic effects of these

25 arsenicals occurs independently of both PML and PML-RARx
expression. These results are in keeping with the medicinal
history of arsenicals for diseases that are not characterized
by alterations in PML protein such as, for instance, chronic
myelocytic leukenia.

30 The results indicate that both As.0, and melarsoprol
are broadly active as antileukemic agents in both myeloid and
lymphoid diseases. 1In conclusion, the data indicate that
cytotoxic activity is not mediated by the PML protein and
therefore is not limited to diseases that are associated with

35 alterations in PML expression. Thus, the arsenic compounds
of the invention have a potentially broader therapeutic role
that is not confined to APL.
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Based upon the initial discovery of the antitunor effects of arsenic
trioxide in vitro against B-cell |ynphocyte |ines, the i nve\rll\?lys Jdosat ed
one patient with 15 internedi ate-grade |arge cell |ynphona Nda rel apsed
frommultiple forns of conventional therapy, including autol ogous bone
marrow transplantation. Despite rapid progression of his disease prior to
starting the arsenic trioxide therapy) treatnent with arsenic tri oxide
effected a maj or (>50a) 20 shrinkage in the size of his cancerous |ynph
nodes and spl een, which wasS&# socaiszaBQaDWQPhM@Laraf@?qupr ovenent of his
quality of life. 8. EXAVPLES:INJPAREER ) K ROAT| C CANCER 25
Arsenic trioxide was also used to treat coI on cancer. In a prelimnary
test, one patient wth cHPOATEITEr AN PHIBBEE \RXE e R r SR FREFL 2GR LY ar seni ¢
tri oxi de shewed canpbg:aimgr edletdeon okdli &l thedimaXdadrotar sasqarimay Oy C

antigen) |evel. ,Ibg \E’?éd' ‘%BE &’?&%r\é@@mgﬁﬂ ch:‘ hf‘{- @a‘ﬁe%leEah@éé{r?i'a%QsC’f ®f 0.1-5

ngarsemctnomde 8? g five }/ A chaneln
The ) ovol Cof  CORTTFORT 6 BoTerapmte . BoAs (P6RCEcr AP9RoRT B Pont
observed. It isliees n@mmenmlvphefacmecdu@ea-¢@ﬂe|1mphgmmfeEAtme
associated w t2das&fawmhabemﬁdanvesﬁﬁa@ebnL&ai tehat ﬁeg@{ﬁé ra#e t hat

arseni c trijxoi n used to treat other non-hem ol etic cancer,
cuch as coldn cgﬁg‘grlbaedsg’s%w 9 May 2002 9. EXAMPLES; PgARMACOR! P1ETI CS
STUDI ES Several dose-ran¥Phgrsridiled Sherid efontyeisedat o[ &% dHa/Hé 1t he

phar macoki net i c&hoRK)Pandnbi Rbmyi,cableéddendtide ofPAAS wBs Gilydd énts with APL

and in patients %ﬁ:ﬁlé}@%ﬁyéof'ee{@rao&‘égéﬁ &hé@ﬁ@ﬁa%mhno?aiéfrﬁo‘i /i L hg APL,
mar r ow nononucl e

tor w cyto for
i mrunophenot ype, %f’fe raes?f@ﬁ%e el“}?e§|aFﬁ’¥?1yb Sefi: zgg’f%%a ﬁ?sﬁ;g‘uasrid&éis
bl ot expredsion déﬁs?h‘é*daﬁapioéfr Jwddbeietian pyéneiiss, (Ea%%)asaé?s a1St¢2<=3%1nd 3.
Cells that |0 ceexptbssed CDI-|hopnd CBeBialaldiwbidah (hy *FkSHL anakolyiTs
carried the t(13e14)nddA03! Rﬁﬁf'l%ﬂ.o REQHY. esgw&l%e&mﬁs@ée&r@w'

treatment and persisied ear g I.n cg_PrTB g s§
vivo expressi on “GPPEHETSA E%‘s‘:p§§ IZl’d}?d (é%@p%t%e af:“
activation of bGth%%@pt@sleBiC%\Hd chBopas pamehecytRic drakgris @-CbLbcEPJalnd
urine for gbenentiab arsRALS, (H%) eNheMesyheveskddialedAs-aas ddilst Lidwited in
bot h pI ashma and ‘EVEQ @II..LC}OQJeggl &iécdr %%t 'tQPgsethf V‘B@éee-r_@ quse Pé{p@rllﬁ{ants

el imnation curves hese” 2 nR S were reery
exchangeabl e, aid He%%%cTOPFBJm ﬁé’ak t\?ailﬁes’“% h ‘Zﬁr‘? AT AR TS 98s of
about 60 mns. Tewrsean AUC on day 1 was about 400 ng~hr/m . Approxinmately
20% of the adm nistered dpsRp¥EEdIS;OYRS EGiveRtdd MUkt bhat treR abbssto124

hrs. W thes | nickhaked: acdsesfandud shaignt Nl eabA Ut Udiogasam ot her

than APL using a daily, i ntravenous cunul at | ve
total of 25 day§rﬁgv‘t’rrbé’llr]reﬁ?r??ol‘ﬁe§é %’v‘?’ﬁsy 318 GRIERESh 9 ATefilfiidt 0.1
and 0. 15 ny per degceudsatienghihadar eédfectTendatitherl ¥ipatl & rhaveween
accrued, includiatgepaid eussW 411 ChkebZ2cdat 18RS )sreAlha (WifaliegBESdprol

Iyrrphoma (4 patignt-s d t Fi ve 30 re renoved
fromthe study e(grlal Z)“ahm e%dé prog?g%%cfgolﬁ Char e@-ﬁ P %ec\(lj*et he pl anned
?

25-day coufle. &PePTPHiss dbs@r?“a‘mj@t Fﬂ%c‘ﬁ’ttﬁgth%%"dﬁp&f?@ﬁ"'&el | -tol erat ed;
adverse effects doameeguictidedoskial~rasRyA lafght headedimesst denposgre hieo
infusion, fatig nd C.pr ti n~EK ul t m 3

ongoi ng study sﬁ%\}va?ﬁ%?r cl ilﬁl @éfr}‘g"g'elg&%s’ Ef’giﬁaseié?t‘?asl °%sepved

di fferentiati on DERECRFROME0SFA-F PLADE i beiPTEsaEon st ﬁéFap‘é’?qué’eéf frcld of
this agent are %Ee@oggllne.ﬂngg tvme?qusﬁ?é 8€Mhaa né’oeffec% Mayt2Q02 The

pr esent m;igntlon IS ot to be limted in scope by the specific enmbodinents
descri bed R8rei P2*PHAEE, various nodifications of the invention in
addition to those descri lsétehethsitn tivel in beidoredaippatene have [Fbownskilled in
the 5 art from % Ig&@&ﬁf%ﬁﬁ%ﬂk% ﬁ“%@ti@%f 'f%?'tfngf%ia%é)@ oh Nt ended

to fall withint atlons are
cited herein r?é;alnst both myeloi and lymph01d cells, and generally at

I nd)uced in
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di scl osures of which are incorporated by reference in their entireties. -
41 9 May 2002 CLAIMS 1. The use of arsenic trioxide for thY@E) tion
of a pharmaceutical conposition for the treatnent of acute nye astic

| eukem a, acute nonoblastic 5 | eukem a, acute erythrol eukem c | eukem a,

acut e negakaryobl astic | eukem a, acute nyel ononocytic | eukem a, or acute
undi fferentiated | eukema in a human conprising adm nistering to a human
with said | eukemia a therapeutically effective anount of arsenic trioxide.
10 2. The use oficHesemingentryxiae ftbentieOpr adstuiprvad ipiphatemdeut i cal
conposi tion for chheudteeahBBplardfacott A8t Lodly @@geRPUsnd @Ukent gl R raibdsyan
compri si ng adm %'fsx{g\eef L0 &y WL Ghroni e, nyel ggenoys | eukem a a

t herapeutical ly éf ecz_’tl-vg anount Of ‘afSENT C tI'i OXi de. T15 3.~ The 4se-of
arseni c trioxi dé®FB?™¥#he production of a pharnaceutical conposition for the
treatnment of a solid cangeigild paphenes ivera husated onjphi si mgierdaivni steri ng

to a human with ;58id 30l bdi CANGRT 30kal ¥ MBAYRLAat HehiaRe bl callaeref fieati ve
anmount of arsenic t h t.h olid

Qxide, 20 4. The use of claim3.in i C e
cancer is cancerano?éci%é‘oﬁflbe%ﬂ}\/é:oﬁrﬁ%t’,m §5FP°P$§§%EPSES‘02@5?)%&§?§I i ver,
st omach, col on, dPEaGIassRi ng/ X &imDalohe, 2 MIFESt onoPayprosent 3 f aadkg ®n The
use of nel arsopoal 3 andt Bel pifduehepBapier phakaBLEULICRELES ARERESI i 0ON
for the tregtmeihoflad LEBYERE Lend0id; 6ANGCLOL, | YIBAATR LOIA QUMBLLY
conprising admnistering to a hunan with sai eukem a, cancer aor [ynphona
a therapeuti cal I’“ﬁl%‘f?%f%ilv%n%rﬁfuﬂ{' GRoRB| Ao srEral 6f LotheY SR BHice| ai m
1,2,3 or 4, whesthdiehedt s@rfdey adtbgeny ofprasséonc Jdpttrsdx) dad s

admi ni stered pehbclay.expredbfonSe 8tet! fithchtsd, ik A WHEN Shd 3RQUEWO. 15 Ny
of arsenic trioxide per kg body wei ght of the human is adm nistered per

day. -42 9 Map2¥oontgredhenq&&ug¥-claim1,2,3 or 4, wherein arsenic
trioxide ig85adm ni st eredubyng nt mavendusasenf vsi biigh performance liquid

chromatography that is sensitive to approximately 10 mg/ml,
preliminary pharmacokinetic data show that peak plasma drug
concentrations were obtained immediately after injection with
a Cmax that ranged from 1.2 ng/ml on day 1 to 2.4 ng/ml on
20 day 3. While the initial distribution phase was rapid, a
prolonged T%y has suggested release from a deep compartment.
Plasma areas under the concentration x time curves (AUCs)
were proportional to the administered dose, ranging from
0.48 ng'hr/ml on Day 1 to 1.48 nghr/ml on Day 3. Detectable
25 concentrations of the drug were found in plasma one week
after initial dosing. The drug has been relatively well-
tolerated. Adverse effects have included transient pain at
the injection site and mild nausea. No signs of "reactive
encephalopathy" (occasionally observed during treatment of
30 CNS trypanosomiasis) have been observed.

Results from these studies suggest that melarsoprol
may have broader activity than inorganic As.0,, and that
concentrations which are cytotoxic to leukemic cells in
vitro, and thus therapeutic, are readily achieved in vivo.

35

5.3. ARSENIC TRIOXZIDE INDUCES APOPTOSIS IN K562
CHRONIC MYELOGENOUS LEUKEMIA (CML) CELLS




5 9. The use of claim1l or 2, wherein admnistration of arsenic trioxide is
repeated daily until bone marrow rem ssion is observed in tt‘@l\,%g%p 10.
The use of claim9 further conprising repeating once to ten timnes %e st eps
of suspending treatnment for 3 to 6 weeks, and resum ng daily adm nistration
of 10 arsenic trioxide five to seven tines a week for a cunulative total of
25 days. 11. The useof claim1 or 2, wherein alltrans retinoic acid is also
adm nistered to the human. 15 12. The use of claim3 or 4 wherein

adm ni stration of arsenic trioxide is repeated daily for 5 days. 13. The
use of claim 12 which is?rBpedcdedrbht chyompaere FEGitave THE §sélotind aim 6,
wher ei n about Ox56t aisb usgdofo reltarfdps alf pesekir hedyxieé girns.o0ff bhenddexan i s

adm ni stered pet,ga¥osit5inAmfEt h%ﬁsﬁ&:ﬁsi%”%f‘&ﬁgé NG BeFILNiH €og phase

phar maceutical conposition suitable for admnistration to human I ch
conpri ses af senV& ¥ riEREaR, * 3 4L nBE NS ECBRPISiHg L ¥ad® grfkafe¥ than 12;
(b) to pH about 1878; &8® (c¥ pharnfmcédtideats od €d)lsolerki khazlyrmpdarseni c
tr: oxi de in an aaHeaLLs t&ﬁé%dmsabv@ﬂﬂ@'hﬁafé@id}g_7§hﬁo@§ﬁz@i Eséfléésp_)(i def
solution wit r Lk uti e.arsenic_frioxjide.solution from
step (b) in a c%?é’?ﬁpﬁgt gg?gﬁﬂ%tggggén a%\:kg%t e f)‘ ki oﬁtm?;tra}’ﬁ&n
sterilizing thePhhars¥d8siPealatc5hpoINg &ime. appprosds \gas IGBecas brhe use
of arseni ciori orbtehdlogyt heler eguohetry ofangharsaeautleatrapiopesisi ons for
B h85t{ea§S rrgnt ;)f nyel ogeppiis, i ewkenl fud %taahgmn%%gib@rhm 1as!n1c]§w%&er' n%

: 0 5.0 ng arseni.c frio once per day. .. The yse o aim 16,
wherein said ar gg%i%o te;%ifg% e ?g’ggdﬁ‘?}fﬁ sgte'-@f"éla ‘é—s V’z’.aél%btyéro #éea?rs_ gt
trioxi de once péfferlyonigelmrowsh afd Guaivivab, vagheren visdi @ arsenie
trioxide i s adnhgicst ernsd2ase Dl rowmghkgndrgant City idxaderonc e papuedys 10
19. The usgsof (1aid, 8 MekeidtSakds %tqnny i)eg%ous | eukem a is acute

. 50

pr onyel ogenous IT kelm a. .” The use o alm erein said arsenic
trioxide is admhistéred until 15 bone marrow renission. 21. The use of

Claim 20, further conprising 3 §§ dpgni strat i.on ef, 0, 15 KQg arsenic
Oieegfalgwt% gﬁgmﬁu g 8130y 15 UB{\K

trioxide once per day for 25 ) e usé almZ1, wherein
sai d second admi fi*&¥%ation is administ®red 3 to 6 $etks®Sfter the first.
23. The use of G ai m24 aswherei n sai dszsecond adm mieSt r-at ison bsecadm ni st er ed

for up to gpve weeks,s g5:24. The use gof ,d aim 23, é/yr)Egeg.r; sai,d,,second
adm nistration is admnistered at five doses per week.”

Evidence that this arsenic~induced decrease in viability
represented apoptosis was analyzed. Morphologic features of
apoptosis including membrane blebbing and nuclear
condensation were evident in stained cytospins of K562 cells
25 incubated with 107 M As.0. for 72 hours. This correlated with
evidence of DNA internucleosomal damage as visualized by gel
electrophoresis of DNA extracted from K562 cells exposed to
10°* M As,0,. Quantitative assessment of apoptosis, as
measured by the TUNEL method demonstrated that 75.6% = 8.6 (1
30 X 107 M as,0;) cells exhibited apoptosis as compared with 6.3%
% 3.0 (control) cells at 72 hours. Treatment of K562 cells
with 10 M As.0, resulted in an upregulation of p2l mRNA, as
detected by Northern analysis, suggesting an arrest of the
cells in the Gl phase of the cell cycle. This data indicates
35 arsenic trioxide as a therapeutic agent for CML.
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25. The use of Caim 21, further conprising repeating said second 30

adm ni stration. 26. The use of Caim 25, wherein said secondg gtration
is repeated every 3 to 6 weeks. -44 9 May 2002 27. The use 0 |m 26,
wherein said second adm nistration is repeated until a total of between two
and ten cycles of said second admi nistration are conpleted. 5 28. The use
of Caim27, further conprising repeating said second adm nistration until
a total of two cycles of said second adm nistration are conpleted. 29. The
use of Claim27, fsr4her THERPFEWITCY TREPEDWING SEriNogecBorb MXpafRSENIKE r ati on
until a total of ten cyclmsoripsajxd,sgconderadmrRy SARMIHLGR-RERY conpl et ed.

30. The use of daim 19, naagseexrcairdearsenic trioxide is adninistered for
up to sixty days. 15 31. The use of Caim30, further conprising a second
adm ni stratbon of 0.15 n@kckyeapseniedotytxXilgekente @@L)day Fssoc2étabses.

32. The use of QJ.%hnE:l%;omo\é{@ﬁE@'&aﬁ%‘l@c§@£&i&dwﬁ§j&‘l mxﬁ,ta&aabpp iinYof¢erig}est er ed
3 to 6 weeks after tfocatlo t‘Df C 3?1»2 ehn sald

f % I
second adm ni st ré'tar'o m’ ni (s)rf eree&l?Olc %‘Clg R‘?ce\}ator O’kg A ° e of
d ai m 33, wher elﬁrga?%Pl‘seeéénGOa%ﬁﬁ% éPthJr‘bﬁhPsg?’HD“!fdrrFH%taér éa *al%e five
doses per week. mdjorThe disarpfcddeai, mBd, PHilgkher lamimeri shnthrompeate nNg,sai d

second admigi St raki on. ?f%w?’@asé@ecﬂésgx,ef S Bn35yc HEERL 521 Bapenad

adm nistration is repeated 0Q2 37 The use

5

oo o 56, CnneRePREER Fhect Ch TneRP SRS P T aaRRE HEP AL ot al

of between two &rdnseRettiyoliesioid sE@TRASecwired dadgi eimplesei vamissédor orgilest ed.
of 75% to 95%. APL associated with the t(11;17) (PLZF-RARX)

shows a poor response to ATRA.
15 To test the efficacy of As.0. in the treatment of

APL, models of the disease were created in transgenic mice.
Transgenic mice were generated by standard techniques in
which the expression of the PML-RARc or PLZF-RARc fusion
proteins is placed under the control of a myeloid-

20 promyelocytic specific human Cathepsin-G (hCG) minigene.
Both hCG-PML/RARa and hCG-PLZF-RARa transgenic mice develop
myeloid leukemia with features of APL similar to those in
humans.

Therapeutic trials on these leukemic mice with the

25 following regimens were started: 1) ATRA: 1.5 ug per gram
of body weight per day administered orally; and 2) ATRA:

6 ug per gram of body weight per day administered
intraperitoneally. Mice were bled once a week to evaluate
the response.

30 PML/RARx leukemias responded well to ATRA with high
remission rates (80% with regimen 1). Surprisingly, in

vitro, ATRA induced differentiation, and inhibited growth of

leukemic cells as well as leukemic colony formation in bone
marrow and spleen progenitors assays in both PML-RARx and
35 PLZF-RARx leukemias. Furthermore, in ex vivo experiments,

leukemic cells from PLZF-RARa mice lost their tumorigenic
capacity when transplanted in recipient nude mice upon pre-
incubation with ATRA, while untreated cells were tumorigenic.
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5 38. The use of daim37, further conprising repeating said second
admnistration until a total of two cycles of said second adgll\q ﬁé(ﬁtl on
are conpleted. 39. The use of Caim37, further conprising repea’tsl ng said
second administration until a total of ten cycles of said second
adm nistration are conpleted. - 46

. A&h, . AFh, y. A@. AF@ AYh@ Af e. Afy. AFh@ . AL. 9. AY. fy. AL . As9. Af. AfR A, . AyR Ay.
AyR Ay AFUSy. A ye. Ayy. Ayy. A ye. Aye. A f?2. Ay. A Ay% AYUy A

CA3{y. A Ay. A Al ARVARER: ATAVHVAY . mZF-RBRaA‘ggvmlA{s MEpended poorly to
yz} xsni d*YT] ca] C%L&a]‘a%Cs?Lgﬁl&M)caLﬁ CabddeC 2
U c”aU] ca] ca] ca ca L%‘a U% a ca- ; <JK56

| STdzupkf a\ W c] f%%\] C%E%\T 19 & fCa‘]' a?t %%)Ca] CR) TRALLHEA R ca] ¢
a] caV] ca] ca] ca] dEusantad cla'] CAFERARY dapoadersiaViniice apre senSItlve to ATRA
#$UVst () u| wsmhc Yeakhend caﬂ&ahgaﬂ@aé@hea} aad&@bﬂ:eﬁ& cxeégqaa]aﬁa]v@ﬁhcahgﬁ] caj ca
] ca] ca] ca] caj ca] cale " 1
z{zupkf '[V]]ca] ca OLEJ]E }3 3111% c:}‘ca ca %T]% ? r‘i ca] &R O]nca]lca] caUl c
a] ca] ca] ca] ca] cd¥ec c"ka [V]]c]ca] ca]
ca] cal] ca] caU] ca] ca In both PHL—RAch and PLZF- RAch leukemlas, ATRA

U cral] ca] ca] ca]m%ﬁaé&aélﬁ@]loal c%@@h@@k@aﬂa@k@@lﬁa&a cabeal palaalcal caj cal
ca $%Qr " §§R| vahe] Lg Ué

U] c~a] c”a] €3] ca]’¢ e&‘]lg é?’&AWéfc 8?% ae]dc”‘ af a‘]’%rae] CEFERT RHC AP c A e c AT BA] ca) o
a] c”ha] cMa] c”a] cEareARS Yt x| iliketWe difjdnssante gjaasg) vodg e dfcalealueaficta] cal ca
] ca] ca] ca] ca] ca]tﬁa&]tcaixéae]ﬂfa]caaiz canc alceal e ad £ alsca], cahd amrakaalcain
+, KN xsni d*YS] ¢, it akeals ¢alea ﬁaggtgémr%sa]segﬁd Go2heRd ca] cal
c"a] caU] ca]ca] ca ca ca ca %ca calc g
{vql ga\ W c”] ca] i3] %ﬁ@aﬂse Febgats ]E’é cta‘]léabi ta] faFediren ¢4 881%a] caj c
a] ca] ca] cal¥pca] cd] 6" aj coey ci’aa[] er‘aﬁ} G!taqbcaatldn Pr3a8.0y at 6 ug and ATRA at

2B Anl st ~I T sl bp" 8 #iy 'par gram of wakgbydilm?] faz}qs“aqa qa8] sl sakeated] ca ca
|2l cal cal cal cal gial gal saliiahe] o alsebeal s naled) sl sablsaloabhoa

remission of the APL.

20 5.5. MANUFACTURE AND STABILITY OF PHARMACEUTICAIL FORMULATION

Solid ultrapure arsenic trioxide (As.0;) was

solubilized in a solution of 5 M sodium hydroxide (NaOH).
The suspension was stirred at ambient temperature for 5

25 minutes which yielded a clear, homogenous solution. The As.0-
solution (2 nL, 1.0 M) was added to 393.6 mL of H-O in a 500
ml Erlenmeyer flask, which yielded an As.O. concentration of 1
mg/mL at pH = 12. A 5.0 M HCl solution was prepared by
dilution of HCl (49.26 mL, 37% wt/wt, 10/15 M) with H.0 (50.74

30 mL) in a 250 mL Erlenmeyer flask. The HCl solution was later
transferred via syringe to a 1000 mL empty evacuated
container. The As.0. solution was back titrated with HCl
(0.725 mL, 5.0 M) to pH 8.0. Approximately 10 mL of the
backtitrated As.0. solution was filtered through a Millex-GS

35 0.22 pum filter unit and was added to each of approximately 30
sterile evacuated sterile vials. To make the pharmaceutical
composition which would be injected intravenously into
patients, 10 mL of this solution was withdrawn from two of
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HHHBH AR HHHHHBH AR HAHAH S0 Y4 % &L&~ysni d*YSI gb\ W] ca] cal] ca] ca] ca] cal] ca] ca]
c”a] cha] c™a] cMa] cha] cMa] cMa] cMha] cMa] ca] ca] ca] ca] ca] ca] c”a] CA@Mé\ﬁ(ﬁﬁa] chalc
a] ca] caL&QO&h&
tr) rr3tA T~ ((WMx()) B)E)P)Y) d) ) FrtxtrxxEzt o) e [ V] ] ca] ca] ca] ca] ca] cal]
cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
alchalcal *** 7+ +++++,),,, -1-J-MP-Q------ b, 11111 ~yslf_ZTje [U ca]ca
chal] ca . . .
a c"aa ca] caU] cal'af ta} T 4"€al'82) 5 CafRat 09 B4 RATXHIEREF 2T CH"CA] ca] ca] ca
] cal] ca] ca] ca] c&igb0nbedReel 2 19l PHESEIQIPR3S3333333334
4} xsni d_zUj e’ [ U] ca] ca] calme] Badic ajuzaleadd calec Bulk céemrdliegamaterial was
c”al] ca] cal] ca] gk alf,c c i c icate
¥ 4( a>hoauayasa Lo aesELEBEE HTCK A%‘*B@'%@%?%gﬁ’}%ﬁiuﬁicé‘%% 23f%a) cau
] ca] ca] ca] cd] ca] IO &) CalPrlau et ebF &4 é\é\tﬁégV%‘b%f] & g{‘ﬁ Jta"€4fca] cal ca
]ca]ca] ca]ca assayed for total arsenic content. Assay bulk powder

777777778888809 1359000 1V 82090R9998999 Humi khco ¥ keal calf alealeal ca] ca

] ca] ca] ca] ca] calgal calralcahea] GHleakcst alLgheakad Galoath calahegl cal cal e
g]ca!9999999.

D" #: 5 61 B: CRYORRCE “sqjutigngy are presenleds indToRie ]y PEAPEa] ca] cal cal cal ca
] ca] ca] ca] ae] ca] ca] ca] cajmhe] datx denaicalcalthakcahe ajalatdahs adwajstabta] cal ca
Jcal:::;;;<<<= in that there does not appear to_be_ any indication of weight
L:J]42551]:(E:);E:] =k =) >,l%§§>;f>?;?rmezru%|i%jwl d_zUy]] caﬁ/ ca] cal] ca] caU] ca] ca] ca] ca
Ul cral] ca] calU] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] caU] ca] ca] ca] caU] ca] ca wWr
H"I1-1:1; Table 2  Arsenic content (ppm) of intermediate formulation
FETTTT133J3%&INIQI_J° Jadndgdidaheds pyddddnglog uZim cbfZdrsah ta]tuigkidal ca] c
Na] cMa] c”Ma] cMa] g4 A a) ca]
ca] ca] ca] ca JJJ. I KIIYSKK) Lp Db OL L L L o5 A-04 A-~05
M MVMIMYMVM-yt OjifeF= cal ca
] ca] ca] ca] ca] caleligapt aj ca] clalh eaova] c edacal cal zet MVIVNNERE NSIN>NBBPE N\ IN~NNNN
NNNNNNNNB 09 OPOS( i@%{){ypkf yg.g ,]cfb%] cal g@,} ca ca%ga] caj gggca] cakgq] ca] caj c
1 1 ?R

a] cal] ca] ca] ca] Tarcar cprealcal patditajcacar caty
RR: TgTTW §%,'AVAY/=) Y XX 1.1% 6% 0.57% Fl 8.7%
YZYbYmYZ\ } xsni d 235 calcalcalecalealealoaleale ca] ca

] ca] ca] ca] ca] ca] ca] cﬂg%%] cg] é:aad@(i%] Qgéca] cal\ x_ab&bibdeoer ef f gghhhhi i i kkk
#mende( nEoHol popngauc] d Yk dnlEataet ploatdc kg atl 6ol sadkcal catdical cal cal cal
ca] cal] ca] eaU] ca] cal] ca] callhea] caldiea] ealllang.cal cal caj ca] ca] ca

oqrgrrarkrvrrsUadozuuu’ viintegnpdibattz brsaaet {sojiljiieh jipketd\idid ] ] ca] ca] caU

] ca] ca] ca] ca] ca] c%é(.:a] ca]féwai@]iéégf_t-aU] ca] cal ca]{caUJ:gabl cachfalfaU]tcicha] ca] ca

] ca] ca] ca] c”a] C%ZI a Intermediate product prior ill trd

04.: inishe )= m steride 10 £ill vial
}}~9~~~7=Yal( 2] 2% dA YT ﬁgfi 88t %Qi & Eitealida) cal ca) ca
] ca] ca] ca] ca] ca\-galcal qza’ﬁ&a & muéea?%ﬂ% saf'\g;ﬁh@au;:san&{ﬁns after
AX~ysnhc] Xi d*YTni d_] ca] caldntaheatlical.cal] ca] ca?c’\a] cal] ca] caU] ca] ca]ca]ca] c
aU] ca] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca] ca] caX\ (+/ FI 5?Jx| *, X[ | o] vgkf
"[U d*YTni ¢ _] U ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] c”a] caU] ca] ca] c™a] ca] ca] ca
] ca] c”a] calca] ca] c*a] ca] c*al] ca] cal] ca] ca] c*a&0; hOP;

BEHy} @t ni c”XSi d*YTni | caU| esheeidLal eathaliC ek sad calhes seidsakcal ca] cal]
ca] ca] c”a] calU] cal ca U c”aUcaJca]caJcaUcaJcaJca

U cral] ca@ol !') 7be: =nv| wildsah¥t diribyike] sadlesahaath € alc abl cadeatlien] ge)] ca]
fiﬂgfa} caleal calsabealfald cabeal Galicalgadl Gakliead caldhegl cal ca] cal] ca% BE

- Tf { upj e_ZTi d" YT POLEEgentiatiea g ApeatyHid c aBre sy PP ER ' BRUPRY] ca

U] cral] ca] ca] ca]eldpsead ciatdinc akcartd iom] palhxr ajheabpgayead fteaad®DWwithupj e ZTni |

U ca] cal] ca] cal sraksalk callhakealc aMdeal cahsalcakerl sadeadl 623 orlaaVheal cal ¢
aV] ca] cal ca] caLSﬂ ca&‘(‘i:l % a calica . . q

), Vd\ Aj vyt ni eAXSE ﬁ fc%lh%‘ | ARV BB AT XBF cATH P a) AT RAT Y] cna]

cal] cal] caU] calU] caU] cal] ca] ca] ca] ca

U] c”aU] caU] ca] caU] ca] cae| wgl ga\ Vj e_ZTni ] ¢} @®alcal] ca] ca] caV] ca] ca] ca] cal] ca
] cal] ca] caV] ca] cal] ca] caV] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] caM

/I Ut v~xsnhc] Xj e_ZTni ] c] ] calU] ca] caU] ca] ca] cal] ca] ca] c”a] ca] caU] ca] ca] cal] ca] c
aU] ca] ca] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] caNQkuGIcf RU} i t

&ru|lwgl ga\ Vj e_ZTni ] cU] ca] calU] ca] ca] caU] ca] ca] ca] ca] cal] ca] cal] ca] caU] ca] ca
] cal] ca] caU] ca] caU] ca] ca] ca] ca] cal] ca] ca

Ul c”ral] cal] cau&q{ U % zt oj d_ZUni ] ] ca] ca] cal] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca
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and approved by this center's institutional review board

Arsenic trioxide treatment: Arsenic trioxide was supplied as
an agqueous solution in 10 ml vials containing 1 mg/ml of

25 drug. The drug was further diluted in 500 ml of 5%-dextrose
solution and infused intravenously over 2 to 4 hours once per
day. While the initial cohort of patients received either 10
or 15 mg/day as a flat dose, the referral of two children
prompted the invention of a weight-based regimen (0.15

30 ng/kg/day) that was heretofore unknown. The drug was given
daily until bone marrow remission was observed. Patients who
achieved complete remission were eligible for treatment with
additional courses of therapy 3 to 6 weeks after the
preceding course. Subseguent courses were generally given at

35 a dose of 0.15 mg/kg/day for a cumulative total of 25 days,
administered either daily or on a weekdays-only schedule, for
a maximum total of 6 courses over approximately 10 months.
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5 coagulation studies, serum chemistry profiles, urinalyses,
and electrocardiograms were serially obtained. A bone marrow
aspiration and/or biopsy was performed at baseline and
periodically thereafter until remission was documented.
Conventicnal response criteria were observed, which included
10 recovery of bone marrow to < 5% blasts, peripheral blood

leukocytes > 3,000 cells/cu mm, and platelets > 100,000

cells/cu mm.

Cellular immunophenotype studies: Heparinized bone marrow or
i5 blood samples were collected and mononuclear cells were
isolated by Ficoll-Hypagque centrifugation. Surface membrane
antigens were detected by direct immunofluorescence staining
using fluorescein isethiocynate (FITC) or phycoerythrin
conjugated monoclonal antibodies: CD16 (Leu l1lla), CDllb, CD33

20 {Leu M9), HLA-DR, CD45, and CD1l4, purchased from either
Becton-Dickinson (Mountainview, CA) or Immunotech Immunology
(Marseille, France). Dual-color staining was performed by
incubating cells simultaneously with two monoclonal
antibodies, including CD33-PE/CD11ib-FITC and CD33-PE/CD16-

25 FITC. Negative controls using irrelevant monorlonal
immunoglobulins of the same isotype were analyzed
concurrently. Flow cytometric analyses were performed on an
EPICS Profile II flow cytometer (Coulter Electronics)
equipped with a 488 nm argon laser. Forward and side-scatter

30 cell parameters were measured and combined with CD45/CD1l4
staining to identify populations of interest and to exclude
monocytes from the analysis gate. The Multiparameter Data
Acquisition and Display System (MDADS, Coulter Electronics)
was used to acgquire and analyze data.

35
Fluorescence in situ hybridization (FISH): Selected
specimens that had undergone immunofluorescence staining for
CD33 and CDl1l1lb were sorted for cells that coexpressed both

- 30 -



“FL109& ()-!# FL109& ()-!Fl109& ()-!y M 10983& ()- !yM 10983& ()-

@@LOYR () - x<==>>?@X6MB7! !~ Y+ 100& ()-! Y+ 109& ()- * 200,

109 () -1 OF1 10%& ()- 1" Fl 10%+& () -1 Fl 10%& () - Gadaaashy P7! 1 ° VP88 #10%&
"()-$9109%& ()- 10 10

10! 8y109& ()-!  Y+! 109 () - AB/ CbDD) FWFwWUBP7! L#109%& () - Z! \ L#L10%& ()-Z!, L #10%
& () -1 XL #109&' ()-! XL #109& ()-I L  #10%&' ()-WFG HI I 111"1-1 uj _@#f 10% () -

10 10 1099<109%&! 1098 . A0S (L1 L &A1008 ()~ LAk X6 @' 1!
109%& () -! 0 ow&é’%t)lgeﬁ?ﬁl‘i 2 f‘) %’ib &ﬂ S?r’Q N‘?/NZ" i

1t 1109 ()- NPGADeoeteh)qe\ls! qumuwted.l_omwume%%&def 2t]137°100&eY ) -

109& ()-!" 1! 10%Hhepr OGRRREBEDRIHER AvboldR Epiut IOV .Oysh ROV o) 5

oo ) ylgg};{@' 9@1%%@' {eeERAR TR 100U dde QUK (3 % a0y 8 g

100 ()1 ok 75591 00 FIRERYAIK, AAERSIT- I T000e Y g0 peeiic

109& ()-. 109 ()BPHMU/REBOR Yrpnslaomgiq) dualomgor) PEode (Vysis; Downer's

ISZEY( )Yam;gzi({qlﬁldﬁf? 1@1%I&I (Bridfry0 Dllﬁ‘ Eﬁ&ﬁ/&n(t)arﬁﬂégé?; dell1sSha Q-Q:%%ag;ﬁlré’d Lo%
UR' () - * 7 | 0 " s"10%

& ()-m s" 10%q&’ ;f*ﬁggp ”ﬁn%ﬁ%@%@b ‘g’ %)6 51%% f%(fg?é’“%é ;ﬂ/ggc e

109& ()-s' " 109%& F1ER7 '5169%‘1?‘354 §#$05 Cte)s EBAB CEhfde 82 XEWAKEA

"10%(c(& (30! L alcohol and air dried. A mixture of probe in hybrldlzatlon

;(éo‘émm&' () -1 10088 dds lapbl PEEP& Ak rbd JERHEHE kI Wi L0YERA (den@BhT ghi i 2

with rubber cement. Hybridization was carried out at 37° C
in a moist chamber for approximately 12 to 16 hours.
Following hybridization, unbound probe was removed by washing

15 the slides at 45° C in 50% formamide/2xSSC solution three
times for 10 minutes each, followed by a wash in 2x8S5C/0.1
NP-40 solution at 45° C for 5 minutes. Slides were then air
dried and counter-stained with 4',6-diamidino-2~phenylindole
and covered with a glass coverslip. Analysis of interphase

20 cells for fluorescent signals was performed with a
Photometrics Sensys camera fitted to a Zeiss axioscope. A
minimum of 300 cells was studied for each sample.

Western blot analysis: Cells were lysed in a buffer

25 containing 50 mM Tris-HCl, 0.5 mM ethylene glycol ([bis}]-
{aminiocacyl] tetra acetic acid, 170 mM NacCl, 1mM
dithiothreitel, 0.2% NP-40, 0.01 U/mlL aprotinin, 10 pg/mL
leupeptin, 10pg/mL pepstatin, and 1 puM phenylmethylsulfonyl
fluoride (all from Sigma). The lysates were then sonicated

30 using a ultrasonic homogenizer (471C series, Cole Parmer
Instruments, Chicago, IL) and centrifuged at 7,500 g (Sorvall
Instruments, Newtown, CT). Protein content of the lysates
was determined using a BioRad Protein Assay Kit (Bio-Rad
Laboratories, Hercules, CA) at 595 nm with a BSA standard. A

35 sample buffer containing 10 % glycerol, 0.4 % SDS, 0.3 %
bromphenol blue, 0.2 % pyronin ¥, in 1x stacking buffer (Tris
base 0.5 M, 0.8 % SDS), 20 % 2-mercaptoethanol, was added to
the cell lysates, which were heat-denatured at 925°C for 3 min.
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5 stained with Ponceau-S as an internal loading control.

Rabbit anti-human monoclonal antibodies, including caspase 1,

caspase 2 (both from Santa Cruz Biotechnology, Santa Cruz,

CA), and caspase 3 (PharMingen, San Diego, CA) were added,

and bound antibodies were detected using the ECL™

10 chemiluminescence detection system (Amersham, Arlington
Heights, IL). Protein bands were quantified by computer
densitometry.

RT-PCR analysis for PML/RAR-a: RT~PCR was performed using

15 methods previously described (Miller et al., 1992, Proc.
Natl. Acad. Sci. 89:2694-8; Miller et al., 1993, Blood,
82:1689-94).

6.2. RESULTS

20 Patients: Twelve patients with relapsed or refractory APL
were treated. All patients had received extensive prior
therapy with retinoids and cytotoxic drugs (Table 3). Two
patients had relapsed from allogeneic bone marrow
transplantation, one of whom had also failed donor T-~cell

25 reinfusion. One patient was being maintained on hemodialysis
for chronic renal failure.

Clinical Efficacy: Eleven of the 12z patients achieved a
complete remission after arsenic trioxide treatment. The
patient who entered on hemodialysis sustained an intracranial

30 hemorrhage on day 1 and died on day 5. The median duration
of therapy in responding patients was 33 days (range, 12 to
39 days), the median daily dose was 0.16 mg/kg (range, 0.06
to 0.2 mg/kg), and the median cumulative dose during
induction was 360 mg (range, 160 to 515 mg) (Table 3).

3s Complete remission by all criteria was attained at a median
time of 47 days (range, 24 to 83 days) after initiation of
therapy. Remission by bone marrow criteria - the determining
factor for discontinuing therapy - was achieved first,
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tr10x1de our, two, and one patient each have completed a
10 total of three, four and five treatment courses,
respectively. The median duration of remission is 5+ months
(range, 1 to 9+ months). However, 3 of the 11 patients
relapsed during the second treatment course; none of these
patients had converted their RT-PCR assays, and each appeared
15 to have rapidly acguired drug resistance. Two of these
individuals have since expired from progressive leukemia.

Adverse Events: The clinical condition of patients in this
study was highly variable, which reflected their extensive

20 prior therapy. The protocol did not require hospitalization;
three patients completed induction therapy entirely as
outpatients, and one other individual was hospitalized solely
for placement of a venous catheter. However, 8 patients were
hospitalized for complications of leukemia, 5 of whom

25 required transfer to an intensive care unit, endotracheal
intubation, and assisted ventilation for complications that
included pulmonary hemorrhage, renal failure, sepsis, graft
vs. host disease, non-specific pulmonary infiltrates, or
hypotension. One patient required insertion of a permanent

30 pacemaker after second-degree heart block developed in the
setting of severe metabolic acidosis, hyperkalemia,
hypotension, and renal insufficiency. However, the heart
block reversed despite rechallenge with further arsenic
trioxide therapy. The drug was temporarily withheld due to

3s serious intercurrent medical complications in 5 patients for
a median of 2 days (range, 1 to 5 days). Two patients
developed symptoms similar to that of the "retinoic acid
syndrome"; both were presumptively treated with dexamethasone
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cells/cu mm). Six patients developed leukocytosis (i.e., >
20,000 cells/cu mm) that ranged from 20,800 to 144,200
cells/cu mm. No additional therapy was administered to these
patients, and the leukocytosis resolved in all cases without
10 further intervention.
Common adverse reactions included lightheadedness
during the infusion, fatigue, musculoskeletal pain, and mild
hyperglycemia. Three patients developed dysesthias
presumably due to peripheral neuropathy. However, 2 of these
15 patients had been immobilized for prolonged periods during
assisted ventilation, and the other patient had an antecedent
neuropathic history.

Immunophenotype studies: APL is characterized by cells that

20 express CD33, an antigen typically associated with primitive
myeloid cells. Arsenic trioxide therapy induced a
progressive decrease in the proportion of cells that solely
expressed CD33, along with an increase in the proportion of
cells that expressed CD1llb, an antigen associated with mature

25 myeloid elements. While these changes would be anticipated
from any agent that induced remission in APL, arsenic
trioxide also induced expression of cells that simultaneously
expressed both antigens. In most cases, these dual-
expressing cells dominated the myeloid cell population, and

30 they persisted for extended periods after complete remission
was achieved by clinical criteria.

Fluorescence in situ hybridization analysis: Bone marrow
mononuclear cells taken from a patient both early and later
35 in complete remission were sorted by flow cytometry for
coexpression of CD33 and CD1lib. Using fluorescence in situ
hybridization (FISH) analysis, three hundred cells were
examined early in remission. Similar to control APL cells,
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1nd1catlng a translocatlon between PML and RAR~-x genes and
their origin from the neoplastic clone. However, when cells
from the same patient were again sorted using these same

5 parameters later in remission, only the normal pattern of
fluorescence signals was detected, indicating their
derivation from normal hematopoietic preogenitors.

Western blot analysis: Protein extracts from bone marrow

10 mononuclear cells were serially examined by Western blot
analysis. The analysis showed that the precursor forms of
caspase 2 and caspase 3 were upregulated in vivo in response
to arsenic trioxide treatment. Moreover, this treatment also
induced expression of cleaved fragments of caspase 1,

15 indicating activation of the enzyme. There is also some
indication that expression of the cleaved form of caspase 3
is increased. The antibody used in these experiments does
not react with the cleaved form of caspase 2.

20 6.3. DISCUSSION

In this study, with few exceptions, patients
admitted to the trial had sustained multiple relapses and
were resistant to conventional chemotherapy, retinoids, or
bone marrow transplantation. At entry, patients in this

25 study suffered from numerous leukemia-related complications,
including respiratory failure, disseminated Varicella zoster
infection, cavitary aspergillosis, chronic renal failure, and
graft-vs.-host disease. Moreover, 5 of the 12 patients
required admission to an intensive care unit for assisted

30 ventilation and supportive care, but these complications were
not directly related to arsenic trioxide therapy.

Virtually all patients with a confirmed diagnosis
of APL attained remission without the early mortality
associated with retinoid therapy. Although less commonly

35 observed compared with all-trans retinoic acid treatment,
arsenic trioxide induced striking leukocytosis in several
patients. Upon withholding other cytotoxic drugs, the
leukocytosis disappeared as patients attained remission.
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effects of arsenic trioxide appear to be incomplete. Arsenic

io0 induces a population of cells that simultaneously express
surface antigens characteristic of both mature and immature
cells (i.e. CD1l1lb and CD33, respectively). Early during
induction, these cells retain the t(15;17) translocation that
characterizes APL. Unexpectedly, these cells persisted in

15 the bone marrow despite the achievement of a clinically
complete remission; however, later in remission, the
coexpressing cells - while still readily detectable - were no
longer positive by in situ hybkridization. The morphologic
appearance of leukemic cells during therapy is also far less

20 distinctive than that observed during therapy with all-trans
retinoic acid. 1In fact, leukemic cells from many patients
aisplayed few morphologic changes for 10 or more days, after
which the proportion of leukemic cells progressively
decreased.

25 Following "non-terminal! differentiation, arsenic
trioxide appeared to induce apoptosis, coincident with
increased expression and conversion of cysteine proteases
(termed caspases) from inactive precursors to activated
enzymes. The caspase pathway has only recently been

30 characterized as an important pathway of programmed cell
death. 1Initially recognized due to homology between the C.
elegans protein ced-3 and mammalian interleukin-1f converting
enzyme (ICE), the family of caspases now encompasses at least
10 different proteins that cleave a number of polypeptides.

35 In leukemic cell lines, caspase activation is inducible with
a number of cytotoxic agents, including all-trans retinoic
acid. Since these enzymes induce widespread proteolysis, it
is conceivable that PML/RAR-x is a caspase substrate.
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In summary, arsenic trioxide induces complete
remission in patients with APL who have relapsed from
extensive prior therapy. This drug causes partial but

15 incomplete cytodifferentiation of leukemic cells, followed by
caspase activation and induction of apoptosis.
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-trans retinolc acid, plus an ‘anthracycline antibiotic
plus cytosine arabinoside. * Denotes individuals with proven
retinoid resistance (i.e. lack of response during reinduction
or relapse while on retinoid maintenance); t Denotes patient
who died early. Other treatment: ° mitoxantrone/etoposide;
allogeneic bone marrow transplantation; -
methotrexate/vincristine/é-mercaptopurine; ° 9-cis retinoic
acid plus M195 (anti-CD33 monoclonal antibody).

7. EXAMPLES: CLINTCAL USE IN LYMPHOMA

Based upon the initial discovery of the antitumor
effects of arsenic trioxide in vitro against B-cell

lymphocyte lines, the inventors treated one patient with
intermediate-grade large cell lymphoma who had relapsed from
multiple forms of conventional therapy, including autologous
bone marrow transplantation. Despite rapid progression of
his disease prior to starting the arsenic trioxide therapy,
treatment with arsenic trioxide effected a major (>50%)
shrinkage in the size of his cancerous lymph nodes and
spleen, which was also associated with a major improvement of
his gquality of life.

8. EXAMPLES: CLINYCAL USE TN NON-HEMATOPOIETIC CANCER

Arsenic trioxide was also used to treat colon
cancer. In a preliminary test, one patient with colon cancer
who received one treatment with arsenic trioxide sheowed a
major reduction in his serum CEA (carcinoembryonic antigen)
level. The patient received daily intravenous infusion of
0.1-5 mg arsenic trioxide per kg body weigh per day for five
days. A change in the level of CEA from 19,901 ng/ml to
15,266 ng/ml, a 23% reduction, was observed. It is well
known that the a reduced level of serum CEA is associated
with antitumor response.

Clinical data confirms that arsenic trixoide can
also be used to treat other non-hematopoietic cancer, such as
colon cancer.
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110%#m& () - Slexamine the pharmacokinetics (PK) and biological effects of
As.0, in patients with APL and in patients with other

5 hematologic diseases. In patients with APL, marrow
mononuclear cells were serially monitored by flow cytometry
for immunophenotype, fluorescence in situ hybridizatien
(FISH), and Western blot expression of the apoptosis-
associated proteins, caspases 1, 2 and 3. Cells that

10 coexpressed CD1llb and CD33, and which by FISH analysis
carried the t(15;17) translocation, progressively increased
during treatment and persisted early in complete remission.
As.0, also induced in vivo expression of the proenzymes of
caspase 2 and caspase 3, and activation of both caspase 1 and

is caspase 3. PK analysis of blood and urine for elemental
arsenic (As) content showed that As was distributed in both
plasma and red blood cell fractions of whole blood. Parallel
elimination curves suggested that these 2 compartments were
freely exchangeable, and decayed from peak values with

20 initial half lives of about 60 mins. The mean AUC on day 1
was about 400 ng'hr/ml. Approximately 20% of the administered
dose was recovered in urine within the first 24 hrs.

We then initiated a dose-ranging study in patients
with diseases other than APL using a daily intravenous dosing

25 schedule for a cumulative total of 25 days per treatment
course every 3-5 weeks at dose levels of 0.1 and 0.15 mg per
kg body weight per day. To date, 10 patients have been
accrued, including patients with CLL (2 patients), AML (3
patients), lymphoma (4 patients), and CML (1 patient). Five

30 patients were removed from the study early due to rapid
progression, and 5 completed the planned 25-day course. Over
this dose range, the drug has proved well-tolerated; adverse
effects have included skin rash, lightheadedness during the
infusion, fatigue, and QTc prolongation on EKG. Results from

3s this ongoing study show that clinical use of As.0; induces
partial differentiation and apoptesis in APL, but that the
therapeutic effects of this agent are not confined to this
disorder.
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by the spec1f1c embodiments described herein. 1Indeed,

various modifications of the invention in addition to those

described herein will become apparent to those skilled in the
5 art from the foregoing description. Such meodifications are

intended to fall within the scope of the appended claims.

Various publications are cited herein, the
disclosures of which are incorporated by reference in their
entireties.
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1. The use of arsenic trioxide for the production of a pharmaceutical
composition for the treatment of acute myeloblastic leukemia, acute monoblastic
5 leukemia, acute erythroleukemic leukemia, acute megakaryoblastic leukemia, acute
myelomonocytic leukemia, or acute undifferentiated leukemia in a human comprising
administering to a human with said leukemia a therapeutically effective amount of

arsenic trioxide.

10 2. The use of arsenic trioxide for the production of a pharmaceutical
composition for the treatment of chronic myelogenous leukemia in a human
comprising administering to a human with chronic myelogenous leukemia a

therapeutically effective amount of arsenic trioxide.

15 3. The use of arsenic trioxide for the production of a pharmaceutical
composition for the treatment of a solid cancer or lymphoma in a human comprising
administering to a human with said solid cancer or lymphoma a therapeutically

effective amount of arsenic trioxide.

20 4, The use of claim 3 in which the solid cancer is cancer of the digestive
tract, soft tissues, oesophagus, liver, stomach, colon, lung, skin, brain, bone, breast, or

prostate gland.

5. The use of melarsoprol for the production of a pharmaceutical
25 composition for the treatment of a leukemia, solid cancer or lymphoma in a human
comprising administering to a human with said leukemia, cancer or lymphoma a

therapeutically effective amount of melarsoprol.

6. The use of claim 1,2,3 or 4, wherein about 2.5 to 4.5 mg of arsenic

30 trioxide is administered per day.

7. The use of claim 1,2,3 or 4, wherein about 0.15 mg of arsenic trioxide

per kg body weight of the human is administered per day.
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0 1 - | I DR N R A B ) . I 0 1 - I
110%m#n&’ () - S 8. gGTh'e uéLelgf/c%m ,&,)3 o§'4, wherein arsenic trioxide is administered by

intravenous infusion.

5 0. The use of claim 1 or 2, wherein administration of arsenic trioxide is

repeated daily until bone marrow remission is observed in the human.

10.  The use of claim 9 further comprising repeating once to ten times the
steps of suspending treatment for 3 to 6 weeks, and resuming daily administration of

10  arsenic trioxide five to seven times a week for a cumulative total of 25 days.

11. The useof claim 1 or 2, wherein alltrans retinoic acid is also

administered to the human.

15 12. The use of claim 3 or 4 wherein administration of arsenic trioxide is

repeated daily for 5 days.
13.  The use of claim 12 which is repeated once a month.

20 14.  The use of claim 6, wherein about 0.5 to 5 mg of melarsoprol per kg

body weight of the human is administered per day.

15. A method for manufacturing a sterile pharmaceutical composition
suitable for administration to humans which comprises arsenic trioxide, said method
25  comprising:
(a) solubilizing arsenic trioxide in an aqueous solution at pH
greater than 12;
(b) neutralizing the arsenic trioxide solution with hydrochloric acid
to pH about 8.5;
30 (c) diluting the arsenic trioxide solution from step (b) in a
pharmaceutical carrier that stabilizes and lowers the pH to about 7; and

(d) sterilizing the pharmaceutical composition.
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administering 0.05 to 5.0 mg/kg arsenic trioxide once per day.

5 17. The use of Claim 16, wherein said arsenic trioxide is administered as

2.5 to 40 mg arsenic trioxide once per day.

18. The use of Claim 16, wherein said arsenic trioxide is administered as
0.15 mg/kg arsenic trioxide once per day.
10
19.  The use of Claim 18, wherein said acute myelogenous leukemia is

acute promyelogenous leukemia.

20. The use of Claim 19, wherein said arsenic trioxide is administered until

15  bone marrow remission.

21.  The use of Claim 20, further comprising a second administration of

0.15 mg/kg arsenic trioxide once per day for 25 doses.

20 22. The use of Claim 21, wherein said second administration is

administered 3 to 6 weeks after the first.

23. The use of Claim 21, wherein said second administration is
administered for up to five weeks.
25
24. The use of Claim 23, wherein said second administration is

administered at five doses per week.

25.  The use of Claim 21, further comprising repeating said second

30 administration.

26. The use of Claim 25, wherein said second administration is repeated

every 3 to 6 weeks.
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30. The use of Claim 19, wherein said arsenic trioxide is administered for

up to sixty days.

15 31.  The use of Claim 30, further comprising a second administration of

0.15 mg/kg arsenic trioxide once per day for 25 doses.

32. The use of Claim 31, wherein said second administration is
administered 3 to 6 weeks after the first.
20
33. The use of Claim 31, wherein said second administration is

administered for up to five weeks.

34, The use of Claim 33, wherein said second administration is

25 administered at five doses per week.

35. The use of Claim 31, further comprising repeating said second
administration.
30 36. The use of Claim 35, wherein said second administration is repeated

every 3 to 6 weeks.
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