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(54) Title: PROCESS FOR PRODUCING ARSENIC TRIOXIDE FORMULATIONS AND METHODS FOR TREATING CANCER
USING ARSENIC TRIOXIDE OR MELARSOPROL

(57) Abstract

The invention relates to the use of arsenic compounds to treat a variety of leukemia, lymphoma and solid tumors. Further, the
arsefic compounds may be used in combination with other therapeutic agents, such as a retinoid. The invention also provides a process for
producing arsenic trioxide formulations.




Leukem a ref.ers to malignant neoplasns of the blood-form ng tissues.
Transf or mat i g )94653' I gnancy typically occurs in a single cemw% ‘%g

or nore steps V\gnbth subsequent proliferation and clonal expan 5#;# 4ome 5
| eukem as, specific chronbsomal translocations have been identified with

- consistent | eukem c cell norphol ogy and special clinical features (e.g.,
.translocations of 9 and 22 in chronic nyel ocytic | eukem a, and of 15 and 17

in acute pronyel ocytic | eukeni a) pphe gg é&y &e predom nantly 10
undi fferentiated cell popul 5 i re mat ure cel |
forns. Acute | eukem as are gﬁﬁ , ) and
non- | ynphobl astic (ANLL) f\ ) it | d| vi ded by their
mor phol ogi ¢ and cyt ochenit# ’ Sps o S L) 8 he
French- American-British (FAB) classification or accord| ng to their type and
degree of differentiation. The use of specific B- and T-cell and
nmyel oi d- anti gen nonocl onal anti bodies are nost hel pful for classification.
ALL is predom nantly a chil dhoodidi ¥ZE&P 08 INVENTION i S established by
| aboratory findings andf bone maryow exami nation. ANLL, al so known as acute
" nyel obl astic | eukenia (CRELPFeBERE VAtiPR Kgiatesdq MethedfprRa comon
acut e | eukeni gowponitimhs for thelisretahmehmr B USensitdnyi a9 S A9abRbRE, Vard

“irradiatign agegtgﬁysd'gﬂe\f.ecgggg Chronic | eukem as are
descri bed as being | ynphocytic rT%eI ocytic (CM). CLL is
characterized by the api9&&r ﬁHEEl%’FcarHtYur§ RPERANE davieRthpnorelatmse to

marrow, and | $hphoielongassof Taesdrmld ImlibxﬁzﬁeCl:hd lah ﬁt@hﬁhaeﬂrsé{l&ﬂ ute
| ynphocyt osi Sc&ﬁp&lﬁp(}/&eEELHlﬁi %39@1( {n{lgraenaasech °n5§"§?qf§ £es in the

bone marrow. Mst CLL patients ave ¢ onal expansi ocytes
with B- cell characteristics. CLL is a disease of older persons. In CM,

the charzxteristic feature i2s t BRCRERGING ¥ @gEpoTyeEmIRdNOCYtic cells of all
stages of differentiation in blood, 35 one marrow, [1ver, spleen, and
other organs. In the synptomatic pa?l-ént GANGBR gnosi s the total VBC count
i s usually about 200, 0Q@hkerril. cﬂgﬂhc%@¥1ﬁgécﬁkﬂmé¥¥i QQ/LSrIAéreAQNLth a
the number of abnormal cells derived from a given normal
tissue, invasion of adjacent tissues by these abnormal cells,
15 and lymphatic or blood-borne spread of malignant cells to
regional lymph nodes and to distant sites (metastasis).
Clinical data and molecular biologic studies indicate that
cancer is a multistep process that begins with minor
Preneoplastic changes, which may under certain conditions
20 progress to neoplasia.
Pre-malignant abnormal cell growth as exemplified
by hyperplasia, metaplasia, and dysplasia (for review of such
abnormal growth conditions, see Robbins and Angell, 1976,
Basic Pathology, 2d Ed., W.B. Saunders Co., Philadelphia, pp.

25 68-79) precedes the formation of a neoplastic lesion. A
neoplastic lesion may evolve clonally to grow into a solid
tumor, and develop an increasing capacity for invasion,
growth, metastasis, and heterogeneity, especially under
conditions in which the neoplastic cells escape the host's

30 immune surveillance (Roitt, I., Brostoff, J and Kale, D.,
1993, Immunology, 3rd ed., Mosby, St. Louis, pps. 17.1-
17'12) -



rel atively easy to diagnose because of the presence of the Philade| phia
chronosone EB ry nature of hematopoietic cancer necessitates using
systemc Chens eérapy as the primary 5 treatnent nodalityPCT/BS{pd024

sel ected according to sensitivities of specific |eukenm as are usually given
I n conbi nati on. Radi ation therapy may be used as an adjunct to treat |ocal
accunul ati ons of | eukem c cells. Surgery is rarely indicated as a primry

treatnment nodality, e S managi ng.sone ¢ | i cations.
Bone marrow transpl an%EaLf TR S eﬁn Eﬁ ?rja’t%??é"g‘ gﬁeﬁ’gllﬁﬁ Fs° ’go i mes

i ndi cat ed. Plocd-foymimg GCisspestS TEENSPPrusdHOnl $o malignancy Arsenic has
been consi deypdc&m}beachﬁiﬁ& anpa@i SQﬁgﬂédcéllﬁrﬁ!ﬁ-oﬁx%h %waBB o drlapRot h

West ern and n al ractic a art of the nineteenth
century, ar sgr#)c S\Ab/aseq}%e Fg’d‘& AR l??r %ﬂ‘i é‘ﬁﬁ’?at Eﬁf@%h sedsEOMGf t he
bl ood i%h t hdevkenias, sprdfict chaomeepnal ctransdioca®@ionst haws nwen of a

| eukeni ¢ paiientipidd vidH @onsisebHti P&ﬁénz@'d&l‘loﬁro\%gﬂéféﬁ ot assi um
arsenite, valence he count. o Ite cells

+5). r.edyc
(Cutler and SEPGHP b %@”ﬂrﬁa&\]%e%&regc d.g -9 JafFanFlesagions ‘8@)9 aﬂ&‘r?ﬁer
i nt erests i Ant ferosic afyclowytics leukermm,n &gl afpall aadi ve ﬂgesr&utbo treat 25
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1951 (5, A R e SRRty MRByE Tl o8 PR o

and L enc@nye ﬁ%%%‘t(‘ﬂr'ﬁ‘i"d FRidr H°P%%It1‘§‘s PJB’B-CPS'GE}C FBWS ®eree t he
active chenmeture ngeldiformss) of Fowl er’'s solution was not 30

determ ned its toxi %é@ﬁe"‘@.‘%uﬁ{u&agegpg%m%ed woeiYﬁPﬁ&ft Q. wWas

admi ni st ered strictly as _an VA Y ukeni ¢
patients as (3Lkb 3@ d??’UHtYF“IPhPHéaFEQ/‘éI (ML%FQY@GEI ooahe:ermzsym depr essed
to an acceptabtier esudldiorident by th¥ieihoRshdivyGl andskitodmsmicages and 35

hyper piﬂmanﬁﬁfaéﬁﬁxi é%c%@éq.v\ﬂ\’\’@bl £nd "Fr §ak- tesr:l.%ghogggtz}./s r y&q‘g)per lods of

rem ssion cla551f1catlon or according to their type and degree of
differentiation. The use of specific B- and T-cell and
myeloid-antigen monoclonal antibodies are most helpful for
classification. ALL is predominantly a childhood disease

20 which is established by laboratory findings and bone marrow
examination. ANLL, also known as acute myeloblastic leukemia
(AML) , occurs at all ages and is the more common acute
leukemia among adults; it is the form usually associated with
irradiation as a causative agent.

25 Chronic leukemias are described as being
lymphocytic (CLL) or myelocytic (CML). CLL is characterized
by the appearance of mature lymphocytes in blood, bone
marrow, and lYmphoid organs. The hallmark of CLL is
sustained, absolute lymphocytosis (> 5,000/ul) and an

30 increase of lymphocytes in the bone marrow. Most CLL
patients also have clonal expansion of lymphocytes with B-
cell characteristics. CLL is a disease of older persons. In
CML, the characteristic feature is the predominance of
granulocytic cells of all stages of differentiation in blood,

35 bone marrow, liver, spleen, and other organs. In the
symptomatic patient at diagnosis the total WBC count is
usually about 200,000/uL, but may reach 1,000,000/uL. CML is



solution was still used occasionally in attenpts to treat CM., however,
nmost pati enyyp 9dhliggoCM. were treated with other -3- cherm&,@q.;u%? VY
agents, such as busul fan, and/or radiation therapy (Monfardini et al., -
Cancer, 1973, 31:492-501). Paradoxically, one of the |ong recognized
effects of exposure to arsenic, whether the source is environnmental 5 or
nmedi cinal, is skin cancer (Hutchinson, 1888, Trans. Path. Soc. Lond.,

39:352; NeubawgliatiVdly dilsy o &2RGRSse bebddbe IPCHEe WHdehit@Nof the
epi dem ol ogi C%L‘.ga a%éo. suq%%est that the use of Fow er's solution over |ong
peri ods coul d°P&ZRAIEIPRER [ TRECBIEBNS} nci dence of cancer at internal sites
(Cuzick et 10 al ., BrThel] vegnneturd 32 hehat8pdidtilc déasyear et al., J. Am
Med. Assoc., : ~ 340 Q%f& ' | Gl L¢ has since
been demnstri‘%&ﬁs'ﬁ%@ﬁ%ggéﬁét %?tl c%{elﬁhgggg% r%%o%nﬁgagr ation,
gene anpl ¥ fi cidFP8EmeRt SdaldhyonaPrage &aidcged aserEdINUI% transfor mati on
(See e.g., 1l5senkétieitids ofl8P8cific eTvitkemddd: dPe Bisually Givenl 6 et al .,
Toxi col . APl PRAEIBEO! Raal3¥0on 1He R, 29 po RRCAHSS Qb hBSuAOE
carcinogenic effect_of arsénic, its onl'y therapeutic use in human in
Vst ern nmedi cith@atodesal facymupatiensitofedieusenic ope bkl - diSESe8Y, iSuch as
African 20  rakFgpanos@it=A8as as( hNer Dhf8N itreatREAE Gidda ITRIyG! HARI Ay bBeee
Goodnman G Inanas.The Phar macol ogi cal . Basgi.s_of Therapeutics, 9th edition
chapter §5, 185621387 HPE SPRS: PRI GITAP ENi 2R Mafi* S he, ar senous
aci d or arsenitzanepdxiitht isas fromasn ldrnatetietiosibbing tisosionghiiresy 25
di seases, psofjipaskstesgyphilis and rheumatosis (Chen et al., 1995, in Mnual
of Cinical Drugs, Shanghai, China, Shanghai Institute of Science and
Technol ogy, p.830). In 1970's, arsenic trioxide had been applied
experinmentally to treat acaia pr ARSE WD I17s) MEDTQAL ABEB8 i n Chi na
(comrent by 30 Mervis, 199 ci ence, 273:578). . The clinical efficacy
of arsen g trioxide had i &laft ?‘?sgg%ﬁ” r@’ﬁ}&&gﬁzg’%\?&ﬁ H‘H"%ﬂ 2oPoIEOR AM%ent s
with refractolydspl, fwhey dongetdwe ©f koth Western and Chinese medical
practices. In the latter part of the nineteenth century,

arsenic was used frequently in attempts to treat diseases of
the blood in the West. 1In 1878, it was reported that

20 treatment of a leukemic patient with Fowler's solution (a
solution containing potassium arsenite, valence +5) reduced
markedly the count of white blood cells (Cutler and Bradford,
Am. J. Med. Sci., January 1878, 81-84). Further interests in
the use of Fowler's solution as a palliative agent to treat

25 chronic myelogenous leukemia (CML) was described by Forkner
and Scott in 1931 (J. Am. Med. Assoc., 1931, iii, 97), and
later confirmed by Stephens and Lawrence in 1936 (Ann.
Intern. Med. 9, 1488-1502). However, while the active
chemical ingredient(s) of Fowler's solution was not

30 determined, its toxicity was well recognized. Fowler's
solution was administered strictly as an oral composition,
and was given to leukemic patients as a solution until 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

-3 -



I ntravenous dose at 10 ng/day for 4-9 weeks was reported to result.in

conpl ete 00% I |c rem ssion w thout associated 35 bone_nmmar r ow

suppr essi on ﬁen et al., 1997, Blood, 89:3354- 3360). It wWBSTHRBR4034,
that arsenic trioxide induced apoptosis (programmed cell death) in vitro in
NB4 cells, an -4- APL cell line, and that apopt osi S was apparently
associ at ed w th down-regul ati on of the oncogene bcl -2, and intracellul ar

Coll s (Cron fenitereifpblit iR dbefiiy, kO op phbRLEAA, ity ol EaliTalifnl® £
Cel | Res. 22‘e1mdy)mfar@mhsetb®1n T QQ@E&E@I 1923, 13 49201563 e al act|V|ty-

of arsenic is due to b?gaagt_{%gﬁsffor S8R & Eolgﬁ&e%]cﬂizﬁpchﬁggéf? Pr oc.

fraction of PM. to nuclear degra atlon
Nat | . Acad. %leXP§$r39F8 gggg}lc,l(yhether the S°u¢€’% H(ﬁjgﬂﬂl"&#?@ﬁ?ét@% wel |
known t& be dsmtzdeaqanaaonlanﬁcm Qerrweiogﬁutahaﬂ@m 198w, emne Trawne . begen many

reports conc [ he €38 cal tre from
t he above dl%&ag%%ntd., lt!‘§ ?‘I 135%&[&“[ edr gﬁ erds a&mtr ﬁ%?gfen
types of | eURhGHe FeTeaeNeBf emmqlé?%qaésdat%to SHOgRSE tt#!e&t khatupe ot ocol

that is nodids eztbm@eoedsagutﬂoﬁ hevgt asiaC pedlofidCiaira IR %I ag for a risk
of treatnent,fail

evel o nent .0 e an I -

| eukem a agenrfcrfena éﬁcﬁééﬁg%aoglccﬂﬂf Sr 3 gﬁﬁ??b\%ﬁ%?ﬁan e? exi sting
drugs 19 extgenelpt.dgsi tahter, 2(bed, 4%UI§MR¥1Q? K&Epdﬂ\l\éENBhQ\l Pesphte the
conflicting reports in the ar t concernlng benefits and risks of the
admi ni strat |@£@$—5‘§9§en1‘\ 8986, p2R3 SHHOY 34980 i caBre PRRANGiaendFAEEdof hat
arsenic 25 arddriaxihde aﬁldcéhﬁeéﬁ GRiMchstra@BaCBY | the! RIctOphal, 1hazo‘ﬁnbroad
applicabilit t r.i Qus types_ o en_as onas,
and solid tu?r%‘i&e %ﬁ‘r%;“%\% ?o% esgtrlqﬁ’édgﬁ W’%Jn%clbcr?pd‘s??es sés#g?hod of
treating | eukrAMRtid exrbanges and |Qﬁkmrstcén§f¢mmqrhdsee e.g.,

15 Lee et al., 1988, Science, 241:79-81; and Germolec et al.,

Toxicol. Applied Pharmacol., 1996, 141:308-318). Because of
the known carcinogenic effect of arsenic, its only
therapeutic use in human in Western medicine today is in the
treatment of tropical diseases, such as African
20 trypanosomiasis, (the organic arsenical, melarsoprol; See
Goodman & Gilman's The Pharmacological Basis of Therapeutics,
9th edition, chapter 66, 1659-1662, 1997).
In traditional chinese medicine, arsenous acid or
arsenic trioxide paste has been used to treat tooth marrow
25 diseases, psoriasis, syphilis and rheumatosis (Chen et al.,

1995, in Manual of Clinical Drugs, Shanghai, China, Shanghai
Institute of Science and Technology, p.830). In 1970's,
arsenic trioxide had been applied experimentally to treat
acute promyelocytic leukemia (APL) in China (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

-4 -



30 adm nji stration of a therapeutically effective and non-|ethal anount
of arsenic ywpiggxipee or nel arsoprol to a human in need of sug%hﬁggm. The
i nvention, as nmentioned above al so enconpasses the .use of conbination -
therapy to treat |eukem a, especially | eukem as which are refractory to

ot her forms of 35 treatment. -5- The invention al so enconpasses a

met hod for the manufacture of pharmaceutical conpositions conprising

flrsemgI tri omecew ﬁfﬂ@rm%gwa pb ﬁ&%ﬁ@lta Bw@&tm,as%&sat&ﬁ .
ri oxi de or r ro unds _c used al one_or I’IWI

ot her known t“ﬁ‘é’ §8§’P|’6 %’&%@"( Pﬁc?ﬁﬁl?&c?ﬁféﬁolbﬁgr g\peiﬁ‘*]c??%mceﬂu

r adi opr ot ect aedd senibuihibmwtdfethee chiney iorPMIgRARXqpEStein diaftearenprove t he
quality of |ijfqat t8eaPRlddily (ShehOet MLAL, lg%enb@oaéyrwqra%zoioéplld

tumor. The 10 arseni c corrpoun s can be used béfore, during or after the
adm ni st Bat | dmdre eteadbs, MH9%S k razpeutasa-a@mm s, Iti ha’suldemg

antitunor agent ddi tion e ars ounds_can, be u ef ore,
during or af treﬁp°F§8fr’Ja€I??ﬁ1 ?}eeg’tlﬁgﬁg.lc? adefATR LR ArgeRic ﬁﬁﬁe ?ical
corrp03| ti ons tife abélityecof iaoseamie tbeditects dhst mnieemamoe firaction

i ntravenous idy entl €8 Mciéyﬂj%ogﬁesl Eo@r@é#‘a’ aa21Radi gRRted hE .1 NY6HH] ON

enconpasses a Compos|tion suitable oral_ del |very conprising arsenic
trioxi de or @P%Ma—sﬁ%&mﬁﬁe%ﬁ?%aﬁy)accept abl e 20 exci pi ent
or carrter. |n anot hexlthdeth mesenithis iwaldntkinewnats doe rdtindespoison

CoNposi tions iy Laphe L‘i’éqérﬁ@ %?Jangé hé Yk da! by yredo@%“d' ng but

not I|mtedt0|ontop oretic ne ci |ctherape I Cregl nmens,
phar maceut i cHONCERPABT t RIS nd RFESNEF é‘hl“&ﬁllﬁﬁévFH‘éﬂt‘BﬁﬂtzS Further,
i nvention. PafromCtthar aboveanidcuersionf iteshidi@nteonlaamt tHw khet@Sars €

described in e 3PEELAR AYhetB3CTLLRAR: WY FchObEOWhich requires a

15 unigque treatment protocol that is modified according to the
presence of factors predicting for a risk of treatment
failure. Thus, the development of a broad spectrum anti-
leukemia agent that can be used alone or in combination with
other existing drugs is extremely desirable.

20

3. BSUMMARY OF THE INVENTION

Despite the conflicting reports in the art
concerning benefits and risks of the administration of
arsenic to patients, applicants have discovered that arsenic

25 trioxide and the organic arsenical, melarsoprol, have broad
applicability in the treatment of various types of leukemias,
lymphomas, and solid tumors.

The invention described herein encompasses a method
of treating leukemia, lymphoma or solid tumors comprising the

30 adnministration of a therapeutically effective and non-lethal
amount of arsenic trioxide or melarsoprol to a human in need
of such therapy. The invention, as mentioned above also
encompasses the use of combination therapy to treat leukenia,
especially leukemias which are refractory to other forms of

35 treatment.



30 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Met hods and
conpositio e treatnent of |eukema, |ynphoma or solid tunprs are
descri bed &@?éln his invention provides a method of treatlﬁawﬁﬁﬂ?ﬁp%r
chronic | eukem a, |ynphoma, or solid tunors in a human which 35

conprises adm nistering to a human in need of such therapy a
therapeutically effective and non-Ilethal anount of one or nore arsenic
COMPOUNGS, (ouCh 85 27 96 SpbLhOtbd % Alo THALBRRLAL o fietnoa FAE KAKCNL | ON

al so includes a nethod of treatin has becone
refractory tBaRRIRGTUS RF Bpaméﬁ%%*ﬁawﬁ%%éﬁ‘b?F%e@m%n& éFP‘ﬁgl‘Fo a
human ar seni €ridxige.de or nel arsoprol in conblnatlon w t h anot her
chenot her apeuti c agen t s c nvention
also relates to a net tﬁ:od gbr?%éée "yl érgfgnﬁa!r“grvaécg@dala}%gﬁ%o& tions
conpri sifhg aFEEe¥ide Grofedarseprek Cﬁﬁmcémdéd canabe preedetiong @ in

c?][rpOSItlonSceﬁbiﬁwtw:ﬁ&;iI&? bgueﬁtkmt{rew&hbeﬁeﬂacageﬁwl n%dmughﬂar oved 10
ef ficacy, ove abi | ur st.or age.and_yse a e

conposi t i on % c‘i‘lté ¢af #9* %%‘i)eth%ng H radi °1$F7§%Q§EE'R1 ) or
COVPOUNDS Asta@mncmﬁem e ahsemmpmrmdnmdquaéi'emof olife of the

phar maceut i cght Verme L @t %B' Qr&&f:ﬂéﬁkéﬁfe?n'ﬁmbhbﬁé' 88 £$461 &8 tunfeher rﬁeor
nelars§1rol Mel ar so {%ﬁﬂ an o;ﬁanlgﬁg Séni c cgggound whi ch C%ﬁﬁ

synt hedized BYSToHpI SRR HE 7B RREPRSd; TRF P T ForErcial Iy
pur chased (Andmialswratiiony oRhpaer$nenditaknognRohenotiBatapyeiid lagenks) .

Since the nopacPfding RRALFRREH a&aﬁéy fqrrma'd gegoﬁa%@taréa{l% of the

i nvention are well KkKnown, theg can ar.e romwel | -known chemi cal
8

t echni ques i AOPRRIDAS can Bgeupgd E?(%‘?ﬁﬁ'e Weing- eF hakker BrdAatdsBdi a of
Chem cal Technedtmggntith ed. volune 3 pps. 633-655 John Wley & Sons). 25

As useggnerein the tefm"ﬁ% tpﬂa&ﬂﬁéé&@&%&f Rt 10hBCEAPEM | Srven@iBRN"
"radi opr otectant" C enol herapeuti ¢
are sterile solutlons suitable for intravenous injection or

infusion. In another embodiment the invention encompasses a
composition suitable for oral delivery; comprising arsenic
trioxide or melarsoprol and a pharmaceutically acceptable
20 excipient or carrier. In another embodiment, the invention
also includes compositions suitable for topical or
transdermal delivery, including but not limited to
iontophoretic methods. Specific therapeutic regimens,
pharmaceutical compositions, and kits are also provided by
25 the invention.
Particular compositions of the invention and their
uses are described in the sections and subsections which .
follow. '

30 4. DETAILED DESCRIPTION OF THE INVENTION

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.



nmean conventional, drugs and drug thérapies, I ncl udi ng vacci nes, for
treating ca bopdthd @l infections, and other nalignancies, which are known
to those skilled Iin the art. 30 " Radi ot her apeuti-c" agents PCIUSHA24, 1 own
in the art. In accordance with the present invention, arsenic trioxide or
mel ar sopr ol conpounds can be used alone or in conbination wi th ot her known
t herapeutic agents (including chenotherapeutics, radioprotectants and

(adi pLner apeutics) of e iSCNGHERILE Ehillfied WhBKRoA "G Wldiling®' 111C

of the patient r t,o treat | eukem a ona or so npl e,
the arsenic c&ﬁi&ﬁ?&? &Qnablé%d"h&e?‘éﬁebe‘a%? HPIERCEPTErte ether forms
admi ni strati omﬁ)ftm&mentmhmtknmmprasést aldimnxslzenngaﬂeni ShunidH AeHsBHiOUL

not limted toepysat %%gﬁ: iy o rd 0 uci

mel phal an, cycl ophospham ﬂpf Jtrc‘cril'ap o%gﬁ?%sé%’% H’lgp‘ %‘?ﬂg cyt ar abi ne,
5-f | uor outaci | ShemabherrRERELC Aganstr &xat e, all Tiareinst rﬁtmv:mtacasi i(AFRA} axol
5 etoposide, tenipositGRe Dedritiony ailBo ﬂamgﬂtb%nmea%&rf&y %@

bl eonmycin, mt S carboplatin rranusti ne phos

nydr oxyur ea., BRGEagEsEerBe MiidhmalRuRIRa T & Bunci AR Sompr e\ arsshic
retinoi c acid PAde. orlﬁtmmnﬁtﬂrmeddthé‘smarﬁl@ceatan@l esongosiRigasci an
Desk Ref erencest khe pt88dnt 1A\fér&‘1@ht éﬁﬁlbwerﬁuééﬁ' Lok ”%E%Oeg‘a used

bef ore, QUr'nQa 5 after, radlat % Ea£3 In a specific enbodi men t he
arseni ¢ Conpound 5ot he ?’?K/%‘Fﬁ A BY UGG 5EoRARe ARd disey apdathat

m xture. |n pridfecopgoaipien has lae physpbbowicdlayk arcaptabk®olghal t unor in 15
the human treated by the conbination is refractory to general nethods of
treatnment, or is a rel apsed case of 1euken1a An SU|tabIe node of

admi ni st rat ion may be used in 4adcor dER . i nvention

i ncluding but not [imted {dPNLRER! ahy | lrg %to;ngéhg. SHEALAS Nk M avenous,
and intr ecal n1n|strat|on oral, and

20 b t t |
|ntraﬁ;sa 23ﬁgﬁﬁyﬁkngb%ufﬁﬁ&%kﬁﬁaﬁa%?o$Prmnﬂ§ REABNLE GrEAAXHAS: {ASIvA Wil |

vary accor di neent geflhesogpel of Melarsoprol is an organic arsenic compound
which can be synthesized by complexing melarsen oxide with

dimercaprol or commercially purchased (Arsobal® by Rhéne
Poulenc Rorer, Collegeville, PA). Since the non-

20 pharmaceutically formulated raw materials of the invention
are well known, they can be prepared from well-known chemical
techniques in the art. (See for example, Kirk-Othmer,

Encyclopedia of Chemical Technology 4th ed. volume 3 PPS.
633-655 John Wiley & Sons).

25 As used herein the terms "a therapeutic agent",
"therapeutic regimen", "radioprotectant", "chemotherapeutic"
mean conventional drugs and drug therapies, including
vaccines, for treating cancer, viral infections, and -other
malignancies, which are known to those skilled in the art.

30 "Radiotherapeutic" agents are well known in the 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 techniques 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
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cancer, and the condition of the human. The pharmaceutical conpositions to
be used ? in the formof sterile aqueous or orga @@% S,
col | oi dalma‘x' pen5| ons, caplets, tablets and cachets. né g‘h&:
TREATMENT The term "a net hod for treating | eukem a" as used 30 her ei n

means that the di sease and the synptons associated with the disease are
al l evi ated, reduced, cured, or placed in a state of rem ssion. For exanple,

the met hods g En&gemﬁmlﬁ thdR loRY €8 00 S0 UMl BEmBlks bl 000 cel

count, or uce tosis.in a under treat
The term " anﬂ'ﬁt" HSan’b‘Fs"t"’F\'éiart iShdorpREHGHEY BRIRRAIR™e CE¥FACRRAFRIANAE it he
di sease and e-hersyxppopursiss,s Geithioguahine | heythrmrdne , asefahbmacﬂd,

reduced, curgd,., Qidﬂﬁ Eﬁ}% t3eXatb® giﬁéﬁere & Vl&%laﬁt%gghe |séase and

nmet hod for treatr ng unor - as use ‘means t
t he synpt on®tepesadat e‘éP‘WrH%ltqﬁFe %FF@IDPWnar@%qr@PPEFEd reduced,

cured, or ph@&eﬂ‘ubmcﬂl,SIMébn@fc:LEen“mi&bﬁ?lcllﬁ, cisplatin, caknoﬁM'iﬂ on, the
term"a net t e iltrati

infiltrati O%%QF fa?' tﬁﬁ"@cﬁ l{c%r%hsealéod?h SW%{I?%T |%Udg§%g§?w%%ﬂi (yrugans and
systems and 2fhe ispapterenss and alddtwhnh sekineid iaqidat(AERALr eomltdErat ed,

reduced, cureiineiadl psésl, ifbra exbab2edl tid Ph*ﬁﬂl%ﬂ Pask 'ReréfénBes
refractory when used herein nmeans that the 1eukenmia is general ly

resi st &t t d997¢at nERtadditinn. the assenheredmpounsisegadpbasused cell refers
to a cell Whegbres dtrifiqnst tdrajerf &-eahatﬂ@ﬁn&ed&\eaxmeopl astic 15 form

"hor easi ngly suppor t ol By TRTBIC ERBPOIBETY SR Te R b et d (h
preneopl asi &hgr egwesse@,ntqummm peecadnipistdnedre errmeutmr-t , Trhe
i nvention pr¢irdesed 4BHeSXL, the lymphoma, leukemia or solid tumor in
is5 the human treated by the combination is refractory to general
methods of treatment, or is a relapsed case of leukemia.
Any suitable mode of administration may be used in
accordance with the present invention including but not

limited to parenteral administration such as intravenous,
20 subcutaneous, intramuscular and intrathecal administration;

oral, and intranasal administration, and inhalation. The

mode of administration will vary according to the type of

cancer, and the condition of the human.

The pharmaceutical compositions to be used may be

25 in the form of sterile aqueous or organic solutions,

colloidal suspensions, caplets, tablets and cachets.

4,2. METHODS OF TREATMENT
The term "a method for treating leukemia" as used

30 herein means that the disease and the symptoms associated
with the disease are alleviated, reduced, cured, or placed in
a state of remission. For example, the methods of treatment
of the invention can lower the white blood cell count, or
reduce lymphocytosis in a human under treatment.

35 The term "a method for treating lymphoma" as used
harein means that the disease and the symptoms associated
with the disease are alleviated, reduced, cured, or placed in
a state of remission.



20 for treatnment of |eukema in a human conprising the adm nistration of

a therapeutygabhipef fective and non-1ethal amount of arseni gﬁ:rh_Lsggyi or
mel arsoprol to the human. The invention also provides a wei ght-based dosi ng

regi nen, not heretofore disclosed, that maxim zes the safety in humans of
2S t hese otherw se highly toxic conmpounds. Arsenic trioxide
(As[err]err]) inhibits growh and i nduce apoptosis in NB4 acute

pronyel ocytic | eukem c I Aclit o, [4Cs ) )
associated with the t(_'i!%?l]%)énf‘r a%s dcﬁ{;l%r%ﬁ% %%Ac‘rﬁ':g%%les?g?gg&ﬁg%ma{/%m err]

fusi on prot ei iS&P hersis feaRs pipat +he diFRase Ak SYBREPS ed on nucl ear
mat ri X- assocassocidtedi @dthabtie R R thmog abi€ | £xlleviatef) oredudted,et i noi c

acid (RA). P Rl err 0 tg.b oid differentiation
t hrough i nhi bi |%¥1\’ oogr #&gﬁgér.?l?e%epi g;re rggs%%ﬁgse%yogsf does a domi nant
negative RAR[ err] nut ad® agfiBirn, 4dhe Cesn, " method. £PKs ErentinnR] er r ]

di spl aceskrl\/Llamdex@il_ Jmq&lfauleitrgaimbod?éﬁhﬁﬁkhaat%wgﬁufqm&eaamsl\lﬂé e?f y y
m cr ospeckl es ikely resultipg in the.lgss o and/ or unct.i ans.
has been sugg%%?}é%n%%ﬁeﬁﬁgﬁugo%%e é‘tlf‘gﬁg"o?mgr 5 8':8?}‘0%%%“-_@"-
pronot e apopt 8¥stens\tende fbe| symptonemssacished i vidic sughr ihfiltration

differentiati gheidn NMRA %8k Sraguddd, aseael bs deednl ROBLARL gyatients. It
was postul ated that. Asferr]Jerr] works through its ability to specifically

U
cause PI\?L‘{ RARRET 2 cel Is to be 5 relocalized to nucl ear bodies for
degradation (Zhu et al Theleé¥m Prafradiary" woa.usesi hepSAn Pelarsd thal083) .
However, thesendi Ndinigs at %Edgéﬂeﬁﬂ‘lﬁ rteggsﬁéﬁt Ao gir%%‘&&ngn{:réxg%.t 0 a
subset of |eukem as. See Konig et al”., 1997, Blood, 90:562-_570. 1.0
Unexpect edl y, the i nvedSoR&efaRer¢fyc OPERREBOPIAREISL IFeAd[ BRF$%F &9 2 and
mel ar sopr ol arelhbileidhp iisnhhbttamseitlicgr dwbh, a amsknaldtoc aape@p sstsid n

vari ous el ol e ) e i i . %;\g] TReRE | ndependent
manner . i:'%us, !Etg e’ %e@rﬁa&%%s%%ée | s,éco%vgrlgggf at ,ﬂ(\:%r?t rargiﬂ) ét“LHej earlier
15 fi ndi ngBOTRRIAFAICA PEXFRCHN dNFERAF B SURROTESAN P RRI]GUIET

biologic studies, indicates that preneoplasia progresses
through multiple steps.

In one embodiment, the invention provides a method

20 for treatment of leukemia in a human comprising the
administration of a therapeutically effective and non-lethal
amount of arsenic trioxide or melarsoprol to the human. The
invention also provides a weight-based dosing regimen, not
heretofore disclosed, that maximizes the safety in humans of

25 these otherwise highly toxic compounds.

Arsenic trioxide (As.0.) inhibits growth and induce
apoptosis in NB4 acute promyelocytic leukemic cells. Acute
promyelocytic leukemia (APL) is associated with the ¢ (15;17)
translocation, which generates a PML/RARx fusion protein

30 between PML, a growth suppressor localized on nuclear matrix-
associated bodies, and RARx, a nuclear receptor for retinoic
acid (RA). PML/RARx was proposed to block myeloid
differentiation through inhibition of nuclear receptor
response, as does a dominant negative RARa mutant. In

35 addition, in APL cells, PML/RARa 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



agai nst a broad range of |eukem as'regardl ess of the underlying nol ecul ar
mechani sm,&% ses the neopl asia. Wrking exanples of the effect of
arsenic corrpou,r? s on a nunber of leukemc cell lines are prBGT’&’&M‘ﬂ“
Sections 5.1 20 and 5.2. Accordingly, the arsenic conpounds of the
present invention can be used against a variety of |eukem as, including but
not limted to: Acute |ynphoblastic | eukem a (ALL) 25 Acut e

| ynphobl ast i |, a,_Acute
el obl act i TS asf%ﬁf?ﬂﬁ?*‘-‘& AN SaEBhtFafi o indit Phgn gt
nmonobl asti c ‘Fbﬁﬁ@-’rﬁr’é'—lé ion in NB4 ceuﬁc@tseweﬂ-;«th!?oq:%rﬂﬁiwedkémm Acut e
megakar yobl amei, cpalﬂwhema t«eu&@s @éﬁl@t@@ythatlxsuoenwrmlﬁr&ough its

undi f f er ent | elc ukem

Chroni c | ynpho ei;it | clél‘seu e aigﬂ%% %M:LI g‘éﬁar{‘ %ﬁ v%l\wls g’@oﬁﬁl ze that
ot her | 8ukenfekrqnhized tepehvetear kadigwsdforedepradationr@uneti akention. -
10 - | i apedherpregofth RNt acddie s&wemi@Aongwrﬂy?@lE@@)ﬁet l?ﬁdefvef

treat ment of Ln_a_hugan gthe dministrati.on

t her apeut | caﬂ%}rge)w g‘?ﬂ’% sﬁﬁ‘g‘a‘b‘ﬁ &n %lhz?rrﬂﬁﬁt"gf AcFeLf %?Pﬁbg?d"éc’o?

mel ar sopr ol swpaete adfudepkesias | ynggwifonilgaetcah. bel992atBldbddy dhes62+ hods
of the invengy4pn include but are not Iimted to high grade |ynphona,

sUbol a3 1 cati ons. | AREEPeLHRRHEr Db JABROTS REVS AHRRTGHeR BRBes a 10
nmet hod for "theth Pen0: afndsnlendrwpno]s arencd@hlek ng tmhabitiscsrs growthynans
comprising tdi aiiudieShpabtoRi oA JhAARCHYLEaLA VI EhlGR W213Nd:H00- | et hal
anount of arsenic trioxid
in a PML and PML-RARa independent manner. Thus, the
inventors have discovered that, contrary to the earlier
15 findings, arsenic trioxide and melarsoprol are both effective
against a broad range of leukemias regardless of the
underlying molecular mechanism that causes the neoplasia.
Working examples of the effect of arsenic compounds on a
number of leukemic cell lines are provided in Sections 5.1
20 and 5.2.

Accordingly, the arsenic compounds of the present
invention can be used against a variety of leukemias,
including but not limited to:

Acute lymphoblastic leukemia (ALL)

25 Acute lymphoblastic B-cell leukemia

Acute lymphoblastic T-cell leukemia

Acute ‘myeloblastic leukemia (AML)

Acute promyelocytic leukemia (APL)

Acute monoblastic leukemia

30 Acute eryth;oleukemic leukemia
| Acute megakaryoblastic leukemia

Acute myelomonocytic leukemia

Acute undifferentiated leukemia

Chronic myelocytic leukemia (CML)

35 Chronic lymphocytic leukemia (CLL)
The skilled artisan will recognize that other leukemias may
be treated in accordance with the present invention.

- 10 -



mel arsoprol, to the human. Solid tunors that can be treated by the nethods
of the invegidpsgecl ude but are not limted 15 to: cancelpcql SobiS402

di gestive tract, oesophagus, liver, stomach, and col on; skin; brarn; 1)one;
breast; 1ung; and soft tissues, |ncI udi ng but not linited to various
sarcomas, and preferably prostate cancer. In various enbodi nents, the

| eukem ¢ or tunor cells 20 are infiltrating other organs and systens in a

humsmt for exanple, thlencegafﬁ%r Qﬁiﬁg&iﬁxeﬁﬁw il bh09§o@{aéét1e .

i nvention are SO IIcCable 1O requce e nu rene as IC cells
e human | e TR FESRERaRS 4 JeAphomn cHE R UmAR, RERRERRAARG g

preneopl ast i cadminisstrafion of a theraplemté.capkzlé:ﬁﬁecemvedanérm:;n-tltea:hal

i nvention proxuésigs: %ﬁ%eﬁleftfiﬁafdae%& Ak 123FL8 ] Q@"Eﬁ@'ﬂﬁﬂx&n | eukem a

(APL) in a human cong)rl Si n%ﬁ mnistration o herapeut | cal |
ef fecti ves andL¥ERRe Arke diraatedr S¥pkbe ’???’%"r‘i’é RénERe FRENTIPBNt or s
di scovered, asnchbsis idwrdara fetctlimited? tot Adgh %tad&mympnbmat i ons of

el ar sopr ol ke AEQHOLIIAG |yidk? 580 LN NRcRal SN vive, In

one specific € I on'pfovi rea ment of
chroni c nyel oYeFHRIS I%lh@éﬁﬁﬁlfm")lqw -a human conprising the adm nistration

of a tgerapeUL ically 35[n yeﬁfeﬁun@: @Moﬂ@ﬁeﬁ'@{j hﬁ'le ammatleﬁ ﬁfdiﬁlﬂe@ a
trIOXI ot e Lavent 9 vere Section
ejtot ar sgﬁtlbo ri OXI n%lqst{) |°ﬂ‘&§c u’&%ﬁ)’t olﬂ %ﬁ%c&ﬁ % Phe.
The t her apeut in arasts @mptlsh@q pHhe pdodatistaation @érrpoé;hermu@fcatlﬂy _
l nven_tlton C0nEffeiSéﬂ?zeara%an?sxaliéﬂiélsm%ﬂoﬁnfzaéfSéh%%t_ thT t&:@o&h&é ﬁ pot assi ]chm
arsenite, conno Qr a ow er olution. In not her. specific
embodi nent , tﬂ%f?%%ﬁﬁ ﬁ°5€h é?'ﬂ\‘/atrﬂes Qil’rétﬁ%‘&o‘fﬁ W&a¥ ? ee?ctd%
pronyel ocyti cbyetikemethoARLPL | tha jnveationninblude thues APe het abrmd:ealt ed

with a t{sans| ggatdairLf o%henBA&gééﬁ% QRaEl! CODSOIR fg%é t 93 6&F onosone 11,
conpri sing the_adm ni st rat Lon a. therapeut | cal ve anount of
arsenic trioxP E ?ﬁh, and co on, skin; brain; bone, breas ung; and soft

tissues, including but not limited to various sarcomas, and
preferably prostate cancer.
In various embodiments, the leukemic or tumor cells
20 are infiltrating other organs and systems in a human, for
example, the central nervous system. The methods of the
invention are also applicable to reduce the number of
preneoplastic cells in a human in which there is an abnormal
increase in the number of preneoplastic cells.
25 In a specific embodiment, the invention provides a
method of treatment of acute promyelolytic leukemia (APL) in
a human comprising the administration of a therapeutically
effective and non-lethal amount of melarsoprol to the human.
The inventors discovered, as described in Section 5.2, that
30 concentrations of melarsoprol that are cytotoxic in vitro can

readily be achieved in vivo.

In one specific embodiment, the invention provides
a method of treatment of chronic myelogenous leukemia (CML)
in a human comprising the administration of a therapeutically
as effective and non-lethal amount of arsenic trioxide to the
human. The ‘inventors discovered, as described in Section
5.3, that arsenic trioxide can also induce apoptosis in a CML
cell line. The therapeutic benefits of the pharmaceutical

- 11 -



10 mel arsoprol to the human. In the majority of APL cases, RARa. on
chrormsome“%g sl ocates and fuses with the PM. gene | ocated on

chr onosone ,9}#&3. , t(15;17). In a few cases: RARa transl oc BELUSp§24024
chronmosone 11 where it fuses to the PLZF gene. Patients harboring the t(15;
17) are uniquely sensitive 15 to treatnent with all-trans retinoic acid
(ATRA), vyielding conplete rem ssion rates of 75%to 95% APL associ at ed
vviththet(léa'm}gc) 1RhE- BA érj_ﬁi@[{q Lotk | ¥4 . . | § W t h
poor response tosc elr,mt herggﬁ andv |t\te?‘e§8£r1b?1§6 %‘époﬂ%&e}{ﬁ%gt?égg?%n S Wi th
ATRA, thus d&3% MURETaCRethPAFRaE O RAFEsSIgM ansen s SATMORI¥Nt i on provi des
t hat arseni cférmudatdd as Fowhestprsablutdenbe used to treat such cases of

APL. Transgeni c ani maIInE?ggl %%‘%té?%?lsp%%agggagﬁgoa\i é‘hé'( jt%;elﬁwéﬂgiélxéili) f17)

for testing the therape s"an osages ©Of ar'senic conpou
the invént i oPrefisiafedcrrbbadi af Jexedtaientsof acute promysdiaswtifumans havi ng
| eukem a ar elegtenianqAPLET LACE Miumdr), daNwhAthOotRé AWt hiadasebcineainent by

reason of hayi u | - ' her e. d.....chenot her apy) .
Thus, the | N b argePgation of MR sheb TRRE oF hronReNe. 7 e 2o
human who i sChrAmaseNsoAdi ngompr tpine iheopdninhstrayiovms iasi ng t he

adm ni strat i eerfpentiibanapedtréative ectnti ¥e apsend-traloxdieagpunt of a

nmbi ' f ' d and h h h h
but non®t | mbetiaprra €8 ERE Pultho drahl PAIRRY bo DoNd CPEERRORIE 1o

the 35 hunem . chrimesgmee v ctramplegatesaandi fhees beith ddve PMLr gerede or

mel arsoprol  phcidd dnTeheBhbSahe Y15CGERE abk15aL ¥) t heheqf refheakpyention
al so enconp ) th%férea ment of retinoid-_resistant patients wth_ an

arsenic co trangjocates| ho Chranqseme 44 heRe <1t ises fonthecBHhbund
of the invengémm. arRatikestshbavbieimpauts ¢ (agen?) care beniamelyi skasitieet her
as a_ miggl Ur ecor SRRt Bk a1 Vel tosber ol s Lo 2l Lie1hBggar seni c

conpound may be 5 adm ni,stered before _or after the chem){y er apefitic
P ycomplete remg251on rates of 75% to 95%. APL associatedpwgth

agent. so the t(11;17) (PLZF-RARx) shows a distinctly worse prognosis
with poor response to chemotherapy and little or no response
to treatment with ATRA, thus defining a new APL syndrome.
20 The present invention provides that arsenic trioxide or

nelarsoprol can be used to treat such cases of APL.
Transgenic animal models of APL associated with t(15;17) and
t(11;17) for testing the therapeutic benefits and dosages of
arsenic compounds of the invention are described in Section

25 5.4 hereinbelow.

| Humans having leukemia are sometimes refractory to
conventional methods of treatment by reason of having
undergone anti-leukemic therapy (e.g., chemotherapy). Thus,

the invention provides a method of treatment of leukemia in a

30 human who is not responding to conventional therapy
comprising the administration of a therapeutically effective
and non-lethal amount of a combination of arsenic compound
and another chemotherapeutic agent, such as but not limited
to, all-trans retinoic acid@ (ATRA) or other retinoids, to the

35 human. The arsenic compound can either be arsenic trioxide
or melarsoprol or a pharmaceutically acceptable salt thereof.
The invention also encompasses the treatment of retinoid-
resistant patients with an arsenic compound.
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long as the first adm nistered agent is still providing antileukemc
activity ingid@aggsrn when the second agent is admi nistered. cﬁr)‘ysﬁ;“dzjae
nodes of adm nistration described herein may be used to dellver t he
conbination. In preferred 10 aspects, the leukema in the human treated
by the conbination is refractory to general nethods of treatnent, or is a
rel apsed case of |eukema. 4.3. PROCESS FOR THE MANUFACTURE OF STERI LE 15

ARSENI C TRI OXI DE SO_UTrIQ\lsﬁaelﬁié%&ﬁ%&ﬂ@gnd&x@faﬁé&mnwﬁwﬁu BEy be
formul ated i n{ﬁg s{ erd Ite harga%gut i.cal tglﬁegar atj ons f(%

admi ni stration o humans f or BEREHT £9°7 yﬁﬁﬂo’ﬁﬁs and solid

t unors. Conpoeﬂmime(;‘@#pemthﬂg as comistmteodr t seguentdaldlyn fWhrenil ated in a

conpati bl e pha&ﬂﬁ?ﬁﬁé&@ sﬁéﬁéﬂx@{a:ﬂﬁb’ %epafaaﬁf@ da%&eaeﬂaylﬁé)el led for
treat mant of and, usq % bFEe treatrent of the indic | eukem a,

| ynphone,® or 88R4%LS OB LR FIEE, tPﬁeCIi‘?ﬂ‘/%frﬂerr@ﬁeBFEﬁl Y ¥t hod
for the nmanuf dengiras cﬂheafphatnad:mxusmlredoagesttls)rstod&pprevmrm
therapeutic eaﬁeﬁéln@enaedaeeﬁvi *ioa{@ﬂ%aﬂf :?eeﬂe sta&b &'Qgeent is

it

(As[err]Qerr]:\% Arseni ¢ trioxi raw materi ..i norganic
conpound t hat 3fRiRGHHAEES: al P?Ya% medes af WW*‘F&P%d%\P@fi it is
difficult to Hessim my%beﬁséﬂw rdeliive2qtthe USomaindtion. Eulzleerrrehe

i nventors, are, t LN

As[err]derr] gg a p’har naggﬁlt(?ﬁg% ﬁl‘e‘;‘i‘,e %?‘ E'%}rll g’isjegbb*%\y She| c(ﬁ)‘?lﬁegci&tn%ttqon
directly 35 1is|¥RFacteuako ‘J%IF%Teﬁﬁi @ﬁt§loéﬁe§§n‘@r¢%¥w¢ut P6n1$nathe +5

val ence st at erépspsdarl daebt proleddb@nind val ence state (trivalent). For

exanpl e, potassiumarsenite (KAsQerr]; which is present in Fower's
solution) and salts of arsenious acid contain pentavalent arsenic. It is
known that one form of-3- lgRDCESSaFQRJrﬁ'Eﬁ |W56Tml@tﬂmibﬁe ot her.
(Goodmart® G | man's The PhaRARSEX RIQOXIBRS 86 Bherapeutics, 9th edition,
chapter 66, 1660, 1997). A fresh soI ution of arsenic

The arsenic compounds of the invention may be
formulated into sterile pharmaceutical preparations for
20 administration to humans for treatment of leukemias,
lymphomas and solid tumors. Compositions comprising a
compound of the invention formulated in a compatible
pharmaceutical carrier may be prepared, packaged, labelled
for treatment of and used for the treatment of the indicated
25 leukemia, lymphoma, or solid tumor.
In one aspect, the invention provides a method for
the manufacture of a pharmaceutical composition comprising a
therapeutic effective and non-lethal amount of arsenic
trioxide (As.0.). Arsenic trioxide (raw material) is a solid
30 inorganic compound that is commercially available in é very
pure form. However, it is difficult to dissolve As.0; in
aqueous solution. TFurther, the inventors are unaware of any
published teachings on how to formulate As.,0, as a
pharmaceutical composition suitable for injection directly
3s into a human. . Arsenic is present in solution in the +5
valence state (pentavalent) or the +3 valence state
(trivalent). For example, potassium arsenite (KAsO.; which is
present in Fowler's solution) and salts of arsenious acid
contain pentavalent arsenic. It is known that one form of
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trioxide containing arsenic in the trivalent state wll be 5. gradually

oxi di zed tQy Ient state if exposed to air for a prolonged period, and
as a result o?%‘ﬂ% accunul ati on of pentaval ent arsenic, the l’&'@'ﬂé@ﬁ@@k

toxicity of a solution of As[err](err] will change over time. (1d.)
Furthernore, it is observed that the total anmount of arsenic in solution 10
decreases over tine. This Ioss of material is caused by the pr ogressive

conversi on of,.ar | €l u o] si ne ich is a
gaseous corrpod%&ﬁgie is ﬂo’%get ttlhgg g °€he$art@fﬂ% m@’f‘%’ﬁeﬁ icin
phar maceut i céqheaBBPF'Ea‘F?b?%lqafl tﬁ?éléoﬁée'ﬁb%\w%}#tleﬁs ,aﬁtacteﬂwblqbnngr edient in
the inj ect ed chaptermasgrigéo carveat beAWﬁéél@'é@ﬁatz.dd olfS ai*Eéﬁ:.é'ndeS' rabl e

t |1 Si S the solutio sphere ause
a(r)s?neo:,vsagl s%q OB‘)%dg E%géa‘{ taE%s Ph&vale Pér rr?evrﬁq@ ngagﬁci%%
devel ope® a maﬁb}alf‘-ﬁronﬁmdatﬁm@eafcwnlent rstptield fhiexphsed to ameri‘mrrres
t he above- de?cmllaednqwbb]ﬁ%dﬁf andl Wbl hi F¥s@nd o abid 'a%umiaiﬂéggﬁ *(;53?1
ri ses so ng, sol i i gh. puri r in

gglnﬁt ion at %lk{'abéh lgﬁc?‘irsaesmch gaf'@ﬁxf'ﬁ‘é% 1'1"21 %ﬂg:ry &fafppelutien gt
sol uti on of @@dﬁ&mﬂ}dpbanm Y Uamgsed (Id0) ai mzsuiamdnezautgllhsand oblt ain

25 clear ol ution ni cal sti,rring and/ or gentle
Eﬁeatl ng may begggbl Ogli}ﬁ 3‘1 t&sf b}-\gFe? 1B ST d'lnsﬁoggtb‘B‘? ai ned by
di ssol v#®ig t Iﬁ’@%&ﬁsasc@mm&ovemghﬂ.osér ypf owdtleriad del ohused aly knd
As[err](Jerr Jpr r@EE@Vé‘%Mﬂél‘o% et Efgenf@"fﬁle{he ts'&'l%tighuih‘ea drs il %O

basic to be ar naceut i cal rrpom tion. Just the pH

of the As[er;j( et r"?us‘%l dfi Bngg?ﬁ%u§o?cﬂ‘mcﬁﬂ‘d1 att rpep H?‘?‘Eﬁ%ﬁf—qrﬁ wafBis for
exanple, to dscoacthcularbn rofokdlepatit im/ pharnddei2iciieappl tedd ey rile

d h ' id (1 M
solution is thancbackntidticH &F Wnt BcRgid i uﬁkféhl%?rt Hllj LRE %Rié&%eacg' O(

a
L?gﬁl i\/ﬂg%ncemagg%"ga thm?%]rsﬂﬁa%%%laéﬁ'éngs It imandee HP@%FbF?‘a%ﬁFd?Pto occur
in the As[er @ldpur rfsine Uto scabee framt thé | sohetiforalinted tha| ftmd<Prire
sol ution nmay yebglsbeastfhd |iged bokogrample, - 14

The inventors have experimented and successfully

developed a method for formulating arsenic trioxide which

20 overcomes the above-described problems of solubility and
stability. The method comprises solubilizing solid high
purity As.0, in an aqueous solution at high pH, such as -pH
greater than 12. For example, a 5 M solution of sodium
hydroxide may be used. To aid solubilization and obtain a

25 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.

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

as 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.O: solution may then be sterilized for example,
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by filtration (e.g., through a 0.22 [err]mfilter), and stored in sterile
vials. To nake oov24paer maceuti cal conposition that can be dire E#. hﬁ# % ed
into a subject, the conposition nmust be 5 sterile, standar @ues
known to the skilled artisan for sterilization can be used. See, e.g.,
Rem ngton' s Pharmaceuti cal Science. the pH of the partially neutralized
As[err]Jerr] solution nay be further adjusted to near physiological pH by
di I'ution (10- wﬂmtﬂhtmh(ék&hamssw&ad 25 snl eEitdd), a%acg 3ted PO
dextrose sol utlon 1798 xarrp e, 10nL of a partla l'y neutralize (11‘
As[err]Jerr] s OXI%S be added to 500 nL of a 5% dextrose solution to
yield a final pH of abole ke ta)pﬁaﬁmaéfémtmm@dmpbsihmmmmﬂt ican beduces
the oxidation dafre@rtagnhﬁgé&e%ph%boa s 3—5&%‘ Eah &8 e

act ur'e R TRt od R

cont aining 15 arsenic trio manu
i nvent i ongs ho 455 r]'S\'/eﬁt?Eéﬁﬁq |tl“"§ HHE“?%HEP%FP Fheeskigled PHRRWAGE@H? CAL

COVPOSI TI ON AmewmbESaffommdﬂ\llbﬁTEéiﬂiﬂ\l Fe£,01edigng Rémimgedrireention, the
arseni c conpo i ol ogi cally acceptabl e sol vat es may

Li)nds 20 ) zs
be fornul at ed fh(?FmB‘F&Ftb‘Fa asrce‘r?ﬂ"@FaI he RHhicf thei partimllypmgutralized
- adni ni strat i ols:@heoibhionceay ikalfupthpar adjurtammyobhedn phyesiicldggear for

- exanpl e, sol utdORg, dﬁﬁﬂﬁ? u{ o&‘i%Be?ﬁia’)“%t%f Wg?{ﬁp,gagé,ﬁfe hed.as.a drug

product 25 for recons I on wat e e Ve |c¥é
before ud®. SFUFH RUR O DraSFETLERORRIWEIOhe Fozpakampls, ddmienti anal neans
W tB_ ph?r mac e gartabl yy asaepizallzedandid., i y@ﬁuﬁi&hd cas w%m&hi rtgaf @@@nhﬁ. 62 9.,
sorbitol syrup =ce Y rqQgen e
enul si fying a%er?t 1%8{]9&& %ed’llu\éq%h £ I"ﬁ’le]oci a%ggfig elg %tﬁ ag’ vfé‘Pn cl es
(e.g., al nond o, Bheym ‘@r@f ﬁhefm‘cqm@rm e‘édveg%t'@t# @mdlas)mnanﬂ
% eseL vati ves sf@egic meté.fualumronpmpuénf(a&a(&rl@mbeaﬁ J]?'.s.l.d?fs %%Eaﬁnmjm
e phargaceu opposj i ake ormo a ets
or capsu?%s p?alé%glf% %@%{3" %%ﬁgg%ﬂg tbr’fe&h? W?’hﬁ)fﬁﬁ r?%‘@e& Eﬁﬂ'?}’
~ accept abl e exﬁhﬁ?"eh’@@r%‘c% sEabiil by n@l@g@i@s shel§. lifeegel ati ni zed mai ze
starch, polyvinyl pyrrolidone or hydroxypropyl - 15 -

4.4. PHARMACEUTICAL COMPOSITYION AND MODES OF ADMINISTRATION

According to the invention, the arsenic compounds
20 and their physiologically acceptable solvates may be
formulated for oral or parenteral administration.

For oral administration, the pharmaceutical
preparation may be in liquid form, for example, solutions,
Syrups or suspensions, or may be presented as a drug product

25 for reconstitution with water or other suitable vehicle
before use. Such liquid preparations may be prepared by
conventional means with pharmaceutically acceptable additives
such as suspending agents (e.g., sorbitol syrup, cellulose

derivatives or hydrogenated edible fats); emulsifying agents

30 (e.g., lecithin or acacia); non-agqueous vehicles (e.g.,
almond oil, oily esters, or fractionated vegetable oils); and
pPreservatives (e.g., methyl or propyl-p-hydroxybenzoates or
sorbic acid). The pharmaceutical compositions may take the
form of, for example, tablets or capsules prepared by

35 conventional means with pharmaceutically acceptable
excipients such as binding agents (e.g., pregelatinized maize

starch, polyvinyl pyrrolidone or hydroxypropyl



met hyl cel lulose); fillers (e.g., lactose, mcrocrystalline cellulose or

cal ci um hy osphate); I ubr| cants (e.g., magnesium stearate, talc or
sitica); dlqiclpn eogi}gnts (e.g., potato starch or sodi um st ar cRC 5(‘?’8? ?4e) or
wetting agents 5 (e.g., sodiumlauryl sulphate). The tablets may be
coated by nethods well-known in the art. For adm nistration by inhalation,
t he conpounds for use according to the present invention are conveniently
delivered ing fo .a S pr. ti

pressuri zed p%é%é‘%rﬂéﬁ nebul ?%?ig}ts Eé't e l%%%gfts%é ggc%é%tpes]t%r%ﬁ'gﬁ ant,

e.g., dichlorelildlesy @mreichdrdnmt hyahbgsw fghssphatiehantubricants (e.g.,
di chl orotetrafl uorpet hane, carbon_di oxi de or other  suitable gas. I n the

case of a prBRINFFINM, shearage, ( hRLlY Bt hifia) im) SEBLEeTARYR ried Ib
providing a %étato Vé?\'la\k%ht %rdgblﬂﬁﬁ StAEETAY cTRRY ; Paspé&il.fh% \ Qnts

cartrid ges o in e in an inhaler or insuff Iator

f or mul at ed céﬁt%tnﬁfﬁgé‘ EV BlPa?‘h)e' céq]i‘ﬁoﬁﬁalﬁﬁﬂ may kg é’&aé?eﬂoékﬂer
base such asmg@qéﬁe,,ém_m%hmwﬁecg,_l:@ounds nay be formul ated for
parenteral 20 adm r ti,on ection, g by boI us inj ectlon or

LD
conti nuous i nfusi on. P&ﬁgx?ﬁ’r&l‘ rﬁ%c‘ﬂh&} nbet]b‘? dsnEERi t
dosage form ueegacccmdmgpdﬂoether prasemﬂ:tmveiﬁsemanbacmvmlemﬂﬂy an added
preservatlveaeibeequsltw@arm t @k & b f QI bRy aBral

sol utions or enul sions in ol or . aqueous_ve contain
formul a&%ry H’g’%ﬁ?‘é“sztﬁf’n Pé‘é"‘?u?b’eﬁd?%ﬁ llsﬁearbn I“iliﬁhnﬁhﬁnﬂ?%r"%l%ﬁé‘r Akde
agents. AltepnapelHnt, tehg.acticvklongdfiiwitonsrhane,i n powder form for
constitution with a suitable vehicle, JO(%m&_*steri | e éro en-free water,

before use. sprchlorofluoromegpane, digh elFaglgoraethang s qatﬁb%‘arryl ng
out the therdpexide omgtinerssofitahkeigaent i th8uchski 68 mcpnusmmadone or

Tor e cont Al NGkSobGEIARFUIEARE! Unth! REL e UM R bl N GHARRICE 0 OTPOUNGS
i n pharjmceut i accept ab orm e arsenic co din |aI of a
kit of ﬁ‘é |$:‘?/éirﬁ]118ﬁrn€ymﬁée¥'ﬂdt?f‘é°‘f’5r ‘m &Ppéuﬁﬁérﬂ%é’cﬁqt&d-ldﬂ?s

of, e.g., gelatin for use in an inhaler or insufflator may be

formulated containing a powder mix of the compound and a
suitable powder base such as lactose or starch.
The compounds may be formulated for parenteral
20 administration by injection, e.g., by bolus injection or
continuous infusion. Formulations for injection may be
presented in unit dosage form, e.g., in ampules or in multi-

dose containers, with an added preservative. The
_ compositions may take such forms as suspensions, solutions or
25 emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active ingredient may
be in powder form for constitution with a suitable vehicle,
e.g., sterile pyrogen-free water, before use.

30 The invention also provides kits for carrying out
the therapeutic regimens of the invention. Such kits
comprise in one or more containers therapeutically effective
amounts of the arsenic compounds in pharmaceutically
acceptable form. The arsenic 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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acceptabl e solution, e.g., in conbination with sterile - 16 sal i ne,
dextrose soﬁwigg oor buffered solution, or other pharmaceutdqak g?«n4
acceptabl e sterile fluid. AIternatlver, t he conpl ex nay be Iyop | zed or
desiccated; in this instance, the kit optionally further conprises in a
container 5 a pharmaceutically acceptable solution (e.g., saline,
dextrose solution, etc.), preferably sterile, to reconstitute the conpl ex

the i nvent SSLHE‘?‘{*&L?’%@%@ T U L A S AR
i nv [ u i ses Syri p g [
10 steri | ePPBFRFHHS %XCFFF\%WW“‘C&%F&X %’d’g‘/% &E‘p'ﬁﬁﬂﬁ i\ﬁé)]aﬁ rcohol
pad. Instructtbascamp&enmmagnhélyywphihﬂﬂed bordeslidoated;atinobkhbdd ar seni c
compounds by 3nEthRLe! AheiilYobteAlle Bredle sisude il 2 doddieligeut i C

dose of an arsenjc e acute or ¢hroni c managenent of
| eukenia il | avBP?rWﬂquqﬂ%é @v%???RFﬁhietﬁ@lﬁﬁﬁﬁﬂtQng ‘t0SB&iPeeat ed and the

route of adni Bla§££ééé %lu-gligndoé'@c.)an%r%?%%glﬂﬁd%l LAYBNEYconit {t1leSO

vary accordlng %. on and response of the
i ndi vi dual P@n?°mE¥F%N$° f°§%n%r%ﬂ utles dar| IR M RYERCEPS ar seni c
trioxide for t he condi tirpARodREE I ériesl ifv@he, Na ak £t g:eme:thal hysvénﬂm:about 0. 05

to about 5 N ¢4 ght | St / S .St ered
parenterally orgérgf éé%?& ggglga %&Hﬁ%&ﬁ%kg errégkt(ﬁ f%%%gﬁ?yﬁ% f%g% rom
about 2.¥to &semle. r2§°r mje%:mft@et FPRRiele. amddpPEr abP?CIEiFﬂ?dar seni c

trioxide formiahabhéen paid t h@nsByYeeEicons iaedbpehoskal 1y 1fn@r1uaeara1<¢1|°rum of 62
cl.es eac

days, or unt|I n, follomed two to.t n addi.t.i gna

| asti ng about §é§8a§§raﬁ-ﬁ° urat ?E%Qn%r °&aﬁﬁ?3 epeci%d'lnr’u‘&lsn Eeb a’y

vei ght of a pastéemtwith 30 acute pronyel ocytic | eukenmia, a daily dose
of ‘arsenic trioxide grq&ieeﬁnat;haau&xé d£$S thBaRpdtk il doze Be afdmré&i®y ed.

A1l Y oSl 00 5" UL DS JORLARL LTS 1Bk RN ©
vary with the severity of the condition to be treated and the
route of .administration. The dose, and perhaps dose
frequency, will also vary according to the age, body weight,
condition and response of the individual patient. 1In

20 general, the daily dose ranges of arsenic trioxide for the
conditions described herein are generally from about 0.05 to
about 5 mg per kg body weight administered in divided doses
administered parenterally or orally or topically. &
preferred total daily dose is from about 2.5 to about 40 mg

25 of arsenic trioxide. Preferably the arsenic trioxide
formulation of the invention is given daily for a maximum of
60 days, or until remission, followed by two to ten
additional cycles, each lasting about 25 days in duration.
For example, depending on the body weight of a patient with

30 acute promyelocytic leukemia, a daily dose of arsenic
trioxide greater than or less than 10 mg can be administered.
Alternatively, following the weight-based dosing regimen, a
therapeutic effect can be obtained with a daily dose of
arsenic trioxide less than 10 mg.

35 For treatment of solid tumor, a preferred dosing
regimen involves intravenous infusion of about 0.1 to about 5
ng per kg body weight per day for 5 days. This five-day
treatment protocol is repeated once per month until the tumor
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arsenic trioxide | ess than 10 ng. 35 For treatnent of.solid
t unor, A% dosi ng reginen involves intravenous infusjon of about
0.1 to abou Egng per kg body wei ght per day for 5 days. ngfqy%@@ﬂﬁﬁ-
treatment protocol is repeated once per nonth until the tunmor - 17 -
growm h 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 gen lx‘éﬁé’?g}()ébﬂﬁ‘ Yeda® rtélger?t%%ttgltmg bOd %ﬁ,%&t—

adm ni st er ed es a m nrs paren
topically. ArﬁBEFEFi@éI total daily dose is from about 0 5 to about 4 ny

el arsgprol per kg bodysvngiﬁela’flgepeaiec{utx@ft%m Tdaqugpnosetifqaﬁe%erﬁoe
trioxide or Q evel opnent_and_progressi.on of. cancer. can
be monitored By cgﬁhﬂf%g%sc{%(r%v’\% :‘/i h?ﬁ%”&r?re %%ed%lﬁé’ BRP™nROYS Beded to
det er mi n? ng: tl°e€l§P'§to$ RYeF bﬂ@é’cwenehﬁnmlgmm%umaﬂwedm oiredeer s,
e.g., carci naaﬁhhieaeﬁe@rﬁaﬁﬁi&r@\@&&) orabpmx; e&zomo%tl%ﬂlyandzachanges in

A M S T e A

of an arseni @edénﬁenndlamemmmcdwnwdlmpl asma Ievel s. It should be noted
that the attending phy'fhé'e?ﬁé&l“o‘% '(:HQ"“!:H%(P}P n?i’ﬁ wheBnie {:P:[&ﬂ?et%r

mterrug{’ or st t | ower dosage ,due to toxicity, bone
marrow, *Vi vefne&FrﬁPBﬁé# 5‘ﬁ§t %ﬂv@%ﬂ%ﬁs%%t Féﬂﬂ?ﬁgcﬁihﬁ ci an
woul d al so kmowitowed obaarnhwmthtodsaﬁpuwn in etiermntt td.nhﬂ.gﬂﬁengllmrtﬁlrﬁ:tl f the

clinical respqpseelStH0le H‘g'n% (R&%ig%f‘%ﬁ@i %glcé' ?Elgf Ll?gir rOVI 3, ng

Again, any suitabl.e rout m-ni stration na

t he patient \H“Fﬁtéﬁee]?"r%‘ﬁ?wsdoﬁge'oFa’éﬁl%ﬂeé'g?ﬁY@f’éGrrﬁaéﬁﬂenﬂto? Eanpl e,
oral, transdedphh-fevopoptmiret iand phangeer b Metphtlicgreana/or néizgruscul ar,

intrathggal ¥ nbhEohbi€da EMdYEaPHREOXESn IRSARE R R am.

Desirable blood levels may be maintained by a
continuous infusion of an arsenic compound as ascertained by
plasma levels. It should be noted that the attending
physician would know how to and when to terminate, interrupt

20 or adjust therapy to lower dosage due to toxicity, or bone
marrow, liver or kidney dysfunctions. Conversely, the
attending physician would also know how to and when to adjust
treatment to higher levels if the clinical response is not
adequate (precluding toxic side effects).

25 Again, any suitable route of administration may be
employed for providing the patient with an effective dosage
of an arsenic compound. For example, oral, transdermal,
iontophoretic, parenteral (subcutaneous, intramuscular,
intrathecal and the like) may be employed. Dosage forms

30 include tablets, troches, cachet, dispersions, suspensions,
solutions, capsules, patches, and the like. (See,

Remington's Pharmaceutical Sciences.)
The pharmaceutical 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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30 I nclude tablets, troches, cachet, dispersions, suspensions,

sol uti ons, §94465 Patches, and the like. (See, Rem ngton'ﬁﬂ: S98/24024
Phar maceuti cal Sciences.) The pharnmaceutical conpositions of e 9gfzesent
i nvention conprise an arsenic conmpound as the active 35 i ngredient,

pharmaceutically acceptable salt thereof, and nmay al so contain a
phar maceutically acceptable carrier, and optionally, other therapeutic

I ngredi ents, fsa&tgxaﬂ@f@r@do fsraqeé {o‘:’&ﬂ:S!PécP £3hd nIPﬁaé&mcany
"phar maceuti cal ' ers_to salts Er@}e}gar ed from

£ .
phar maceut i calqcx‘f)égg nga’l‘:ﬂ’b tr?&‘r’rct BQFésa%‘F‘Hsbsaaﬁ?& béE%%ud’r‘?'ﬂ:I‘lPt?F Aot Rfhni c

and or gani ¢ acnganandabbdesandlbasphar naceuti cal conpositions include 5

conpositions suitable f e th%&ma@léﬁ%@él &h&a%@ﬁtﬁ&ﬂ@sf’ﬁéﬂﬁi i ont ophoretic,
amuscu e

parenteral (includin cut.anequs, Intr I nt rat hecal and
i ntravenofs), SAWPRSH h°‘i“’ne‘5qfi'6'§tb §uﬁf’5b‘l”éa¥ro&‘t“@°i5ﬁiaﬁ9“‘§ﬁ§/'er?ré&§geﬁﬂ'ﬂr
depend on t he ijnnitopRopeich e vyairiehyeal t tEneidiingi eﬁbbetmgeduseat ed. 10

[0 the case Whake RisLOILAY NS hOLER'I0N Ble0LHSLEY, CRRSLH! R,

enpl oyed, a s range ma out Ine ?o about
40 ny arsenic I‘tqsltoﬁ%l‘éal?kﬁ aqo‘-’d:&l iy apBoFiven Gaset Ulébo‘iﬁpemi 9§ &hsenic
trioxide per K&d&edyaﬂwgéﬁeﬂlQ&abfdehéyeoﬁlﬁ%urerné &;.Eb,a?dwt 10 nmg 15

nel ar sop per kg body. ht__t ot ab e arsenic
carrier égul d be delive %l% $2ERal %Iea‘?% ﬁﬂ‘f&ﬁé{?ﬁ@ﬁs nhlﬂﬁc 28" 88d as drug
delivery devi dafusion cempasitilonsdsaemphoyredierbsanbablel dasader vapte t fonyet ed

delivery syst Q.{gé $dChe 8. f USREEBLGUt! BRS B SLEt 403hd mﬂcotéﬂékiwl €s
or specific a er? practical use, arsenic co can,he corrbl ned
as the active g‘i a?é E}Pqurﬁ ’mgPd Bﬁn?%&‘lﬁ dofgnhass 28Hife

carrier accordmeOﬂM veighantictad! dphay mece wbcndl 0¢dmpouakbuty ltOembnl ques.
The carrhpegr rr%lrag.ggpggl pera]eg ql,gdya{,éf&yt of otfa@r gglgfpendl ng on the form of
preparation In addition, the arsenic carrier could be delivered
via charged and uncharged matrices used as drug delivery
devices such as cellulose acetate membranes, also through
targeted delivery systems such as fusogenic liposomes
20 attached to antibodies or specific antigens.
In practical use, an arsenic compound can be
combined as the active ingredient in intimate admixture with
a pharmaceutical carrier according to conventional
pharmaceutical compounding techniques. The carrier may take
25 a wide variety of forms depending on the form of preparation
desired for administration, e.q., oral or parenteral
{including tablets, capsules, powders, intravenous injections
or infusions). In preparing the compositions for oral dosage
form any of the usual pharmaceutical media may be employed,
30 e.dg., water, glycols, oils, alcohols, flavoring agents,
preservatives, coloring agents, and the like; in the case of
oral liquid preparations, e.g., suspensions, solutions,
elixirs, liposomes and aerosols; starches, sugars, micro-
crystalline cellulose, diluents, granulating agents,

35 lubricants, binders, disintegrating agents, and the like in
the case of oral solid preparations e.g., powders, capsules,

and tablets. In preparing the compositions for parenteral
dosage form, such as intravenous injection or infusion,
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desired for admnistration, e.g., oral or parenteral (including tablets,
capsul es, lixo I ntravenous injections or infusions). In_preparing the
o REPDSE

conposi ti or oral dosage formany of the usual pharnace i a may
be enpl oyed, 30 e.g., water, glycols, oils, alcohols, flavoring agents,
preservatives, coloring agents, and the like; in-the case of oral liquid
preparations, e. ¢., suspensions, solutions, elixirs, |iposones and

ls; st ] GI40- _GLYS line I se, . dil ,

r anulat | ng SHENRT PSSO meiChay bl eiflovi 8 ol YEEGS L

the like in 9¥EHEedLS or YLLRHS d SYPBEar BERIREVAEiIYes 30AdERS, 12’5&)sul es,

and tabl ets.krow p;oepap'ségskm?a)rmothbi aﬁg. f cEx4pyIey @falsudhsage ermI such
traven i J - - [ [ utica

rodi & may pOenteray 8ngbsitiohy Weriad) But 5 Han MIRATES

preser vt i vEREXEFPSEhBIVT Xe ROTNR Lk GalABscoskothexn sqlutiens.t . Thratptak of

;(%:V? par ent eicie ibgfrmnai aroewid fB‘dlxdj{[é;ﬁndbhihyfli_}S@ a%lﬁ%ir%iié(?e&%@ tiﬁtﬁ videxdf ose
VvV, nor Qr r salutrons. e 10oLla Se.0 rseni c
conpound rran?{'ﬁ’%é)&%%ﬁﬁs?g‘g% i v FAM 98P ﬁf?’&\?é?%ﬁs%f P %,c’ 883‘.’ rangi ng

from about 20Q0 md.abBhe yoboneriof Widutdbnnflwid drild iverryf hocdrding taary
accordi ng t aHd&dtatalosesgamisteted!, €droF Odx A @rsahienteibkigxi de 10
suppllgg as a_l .nk agueogi sol ution at gg/n1 cgpcentratlon |€ diJuted in
10 to 500 mSHPIERAAR: Pot? Rb1AAUSHS SREVESRY Fort M/ ™y ERBEET RS bN
over a peri o cfilpted ianyP nep 509 mdbodit 5% edextrnge salatdonut ahdmsdur s.

An exenpl ar Y0 Unteafbnbhgai MBI oAePahi §8Fi YA tdF itime raQHXRY from
| ynphoma, or_ soli (%Lecancer can | r%%l ve adm ni stration Dy intravenous

dai I}\{
i nfusi on of 2RWnTen PLERFER §9 2P fOBESIeWF%iti on at a daily dose of
about 0.01 to 1 ny ar3enexemplany deouyree bf tfedtmgntweifglat patitht pith ent .
Preferagly, P&ﬁé&ni@,lﬁ?’ﬂ?héﬂiéﬁ%zc dd1i@XbdRcOFT &0 AR LR y20  per day
is used. The course ol reat pent may continue unti one martow, renj ssion

i s observed qﬁm*m*§$r§|agne@¥E&R§;q¥qgous infusion of arsenic trioxide in

an aqueous solution at a daily dose of about 0.01 to 1 mg
arsenic trioxide per kg of body weight of the patient.
Preferably, about 0.15 mg arsenic trioxide per kg body weight

20 per day is used. The course of treatment may continue until
bone marrow remission is observed or when side effects are
becoming serious. The course of treatment may be repeated
for up to ten times over approximately 10 months with a break
of about 3 to 6 weeks in between courses. The post-remission

2s course of treatment involves infusion of arsenic trioxide at
a daily dose of about 0.15 mg per kg of body weight of the
patient on a daily or weekdays-only basis for a cumulative
total of 25 days.

30 5. EXAMPLES

Described below are examples of uses of the arsenic
compounds of the invention in treatment of various 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.

- 20 -



becom ng serious., The course of treatnment nay be repeated for up to ten

times over W,gﬁzgatel y 10 nonths with a break of about 3 %WU n
bet ween courses. The post-rem ssion 25 course of treatnent I nvolves-

i nfusion of arsenic trioxide at a daily dose of about 0.15 ng per kg of
body wei ght of the patient on a daily or weekdays-only basis for a
cunul ative total of 25 days. 30 . 5. EXAMPLES

Descri bed bel ow are exa{pl oRareSeRTOkTHE of the
invention in treatnment of vgphe &/ PES R LEH i oY e N iggse and

ot her experinments-the arsen o z s on were

Xl de U U [
found to be well- 35 0 i n ]ggs}mal e APL
patients were given 10 Trtrltge (%?E?ﬁgg%rgfer?%g% raflgxl:?%jéa 0 nullata?%ﬂﬁ%f t he
i nvent i or® oncBYERP1Y Yeukamigosedl hinefseddgiuddng the APL. cellsline NRMSEN C
TRI OXI DE AND a6 ARSGRRGInck MDEEs A ¥ S dant bl MYEL K [Ad-AVERME Ao EtB4 LI NES

The activity ryr rel | ar.sQpLol I I 5 el ol d l.eykem a
cell lines, i gé?ﬁs(ﬁg&;lgl e%Aé%pgg%g?i%ee ﬁ]@ﬁ'g‘:&g%ﬁ( gé?rrk& ifhlgggga%%—erlg' i‘st ant
cell line derHb6Q, fKomh NBpdt the myelarrgecysipr eablslinee UPAY a¥as PML- RAR[ err ]
fusion prot el fhvedtghtddG lroaBRak it B QEREOSY IPML GOl melliAEIAE37 Was

I nvesti ed. _To exam ne t.hetrol e%of. PM. . in meiil atin % ar seni cal
activityr° t he*FRVAHTO S Y estRY YHEFOL§eALEC u%?s%cf PRAg 298 5oni ¢
fibrobl asts (NEFsY mumingoesbrpenbw f{BWohlasgeniMers) iandvkpoh Ramrd¥\l gene

had been inact(huﬁgsﬁbg%ﬂ%gl PHOMS: SILGHDIERAL hoRe Bt Haes! ¢Hh¥rivdtdss found
that both corrgg nds jnhibited cell 1g;_rowth and”i nduced gpoptosis in al |
eSte

15
cell lines t oMo yGORSs SEFETPIRAN 1T TBEERECTAY :AdierF] EPLRG ThAT
equi nol ar conbeth rednmrsidsanghilyiftedmeld] erpyth carkd[isrdukcedoapeptosis in

| o ' o  ch
As[err]Jerr] afel ogpd i126dsPMesbd, P%I%S@L%F% P Qnd}lﬁftlg REnPOodi &5 a4 C

was fol |l owed b\F/l PM_ degradation 1 n | : as in H and U937 cel’l
lines. Althoulf FERHUT GPPGER R P IEREiPg B0Pm 19 nE%Dilli ndodfbwt h and
i nduci ng apophe®hsreldcaliidedoPMAfdrel tPML-RARX onto nuclear bodies, which

was followed by PML degradation in NB4 as well as in HL60 and
U937 cell lines. Although melarsoprol was more potent in

20 inhibiting growth and inducing apoptosis, it did not affect
PML and/or PML-RARa nuclear localization. Moreover, both
As.0, and melarsoprol comparably inhibited growth and induced
apoptosis of PML+/+ and PML-/-MEF, and inhibited colony-
forming unit erythroid (CFU~E) and CFU granulocyte-monocyte

25 formation in BM cultures of PML+/+ and PML-/- progenitors. A
detailed description of the methods, materials, and results
of these experiments is provided in Wang et al., Blood, 1998,
92:1497-1504.

Results from the experiments show that the -

3¢ 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.O,
relocalized PML protein onto nuclear bodies and induced PML
and PML~RARa degradation in NB4 cells while triggering
spoptosis. However, similar effects were also observed in
HL60 and U937 cells which do not harbor the PML-RARx fusion
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PML and/ or PM.- RARa nucl ear |ocalization. Mreover, both As[err](Jerr] and
nmel ar sopr ably inhibited gromh and i nduced apoptosis of PM.+/+ and
PML-/ - I\/EFO{NOC% |%I%| bited colony- formng unit erythroid (CFEFEPSWWGFU
gr anul ocyt e- nonocyte 25 formation in BM cul tures of PML+/+ and PM.-/ -
progenitors. A detailed description of the nethods, materials, and results
of these experiments is provided in Wang et al., Blood, 1998, 92:1497-1504.

Results fro c, eff of both
arseni cal s mﬂ J;fese ce |n1é‘§tl]|9¥\gé y 13’%‘%%%3 Séxﬁresﬁg%llsnrrsa]tﬁhttp are
dependent onc®Ph binesvitesRed] vithowk Rlkeyiing. PMR Add{oF | FEs-RARSI-ar sopr ol
was somewhat nore pot ame @dmparedtidting oaﬁrohoberALoL rhﬁmhﬁélla&*sagrQIPWth

and i nduci ng e, ef S of drugs_were

dependent . ﬁggﬁ&s ﬁ@‘ibig L3 ‘f'eﬁg Q g TRRY 2 As %F]pa‘gr ?T
rel ocal i%zed Fhe Wﬁﬁﬁ#"@nﬁﬁdﬁ%l Mulﬁil% OzanMLndn@é@lr FEML-RAR

PM.- RAR[ erT ] edﬂgélaﬂatmprfaua NBfe Cohd 51 ¥ fet! bibdaevbd doy PO GRiventEeyever,

simlar effegts vver aI so serve HLL60 d.U937 cel i.C t
har bor t he 8ﬁes g'ip k3t &?3 $) KpPBEVET™ peﬁ'\é%es&ﬁr 8?9
i nduced apopt—bgl%elln lsilnlest hesteﬂIWitfnemtl'esmwomtihout altering PWM. and/ or

PM.-RAR[err]. The diffrrqat h@&bnﬁo@s‘a Ifﬁfatofbc&sbeaalzﬂl—@éﬁia@ma W%h%ﬁoprol
appear eq) neg%ﬁgl ble in vitro not. appear, _to defen

expresst%n Jresh RASYieHs L¥f EF—WE‘*%er? dheppntiAgikepic e?ﬁ?é’tts P fact,
the snal |l ef Aebt TbhFRD,edalsyafibe noweaidpErsient bangxpeessan taff PMLERARE O 2

weeks), was ﬁPMﬁbl}:%da%s@ et Qef&ﬂéd |J!rp%§xet ﬁ%%eguﬁﬁi% %dd &%”Bﬂ%gﬁ

is al so foun that bcl -2 downr at1on, een previou

linked to th %n’t?"raéﬂ:kéﬁﬁ%eéf’fé tRBopd %ﬁ"é’ﬁh]lq er Finphinpite \76§§tal o) not
dependent onwhepres SHMIn exprebbiBARyEs rdsgumtiailn tobehausetitewkemicr ed in the

NB4 subgd oneegfb-id) diartehiGah B 265 L1P" eq{*l% 'w%r@O{:eIQf &C:{r?mo% F' nally, to

test whether PML expressi on.was essenti a he anti [ eukem c effects
of arseni cal SPPRRMG TS %?Est%%‘?e‘ﬂ‘llcﬁlrﬁﬁu%‘m animals Whereln wild-

type PML had been eliminated by homologous recombination. In
these cells wholly lacking PML expression, both As.0. and
melarsoprol were equally 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-RAR«
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 leukemia.

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

as alterations in PML expression. Thus, the arsenic compounds
of the invention have a potentially broader therapeutic role
that is not confined to APL.



enbryoni c fibroblasts and BMcells from ani mals wherein wild- type PM. had

been el i m Ny agagonol ogous reconbi nation. In these cells W% LgKki ng
PM. expression, both As[err]Jerr] and nel arsoprol were equa ectlve

in inhibiting growth and 20 i nduci ng apoptosis, and both had simlar
effects on normal CFU-E and CFU-GM col ony fornmation. Moreover, no
di fferences between wild-type and PM_.-/- cells were observed. Wthout being

limted by any theory, togebhererd $AoByShF sl aRstERRe t theory that
the antileukem c effects of fhesa '8 WATHE Ggﬁém? I%dependent 'y of
both PML and PM.- RARa expre g wth the

medi ci nal history of anggr bgoior l? %qg LPgénf(f,] %tgggﬁggaeg%zed by

alterations in Pl\/Lgote| st ance
| eukeni a.%30 ccmplexing mel?ﬁ'éepegﬁ%@% erfd’i é&?@r?m‘?bothﬁisA?Fémﬂfq}ér r] and

mel ar soprol ambeechr naed yac ithee tasatmént %Q&Qc@ﬂ%ﬁﬁdﬂbé&ﬁhasﬂyﬂ opré and

| ynphoi d di se I e dat dicate that cytotoxic activity

is not nediat %g%ECt% ngf%%@a%% ggbl il thngb?’é ?g %qpﬁ"s\éﬁ & ?%“Sl seases

~that are assoéllaﬁédrwlﬁﬁ%atlaﬁt of sehmardici B-pall ekpxdenirod ifeffidbve t he
arseni ¢ conpodidsraeérs Ntavenveehi ORvaRi8rat R0t gﬂala{é YeddiQgdep b her apeuti c

role th IS to APL. - 22 - 5.2. CLIN CAL STUDY OF
XELARSC%_ ﬁg%ﬁﬁﬁ%ﬂ% M ADVANCED LEUKEM A Mel arsoprol, an organic
arseni cal synthesized HMelarsoproiplsxipigedehar esoled de éwnglinkl] nisy capr ol ,
has primarilygBess P&EEHOREEE, t ¢SPLGR: 19E, ABL) GRL td& Qﬁ%easw asis. The

ef fects of nel arsopr ol rﬁlﬂﬁfo i nduction of apop t05|s I n ['i nes

represent at | vEXSPYLHPD A1y B 8F| 2 ?/‘?ﬁﬂ‘\bﬁPBPFPEF%&’r% Q:f-l §19r ‘d@ed/Ha3Rd been
i nvest i gat ed, s&aded hat mesm temperathfre. dAsswr i(btgmdel st IMduliar SBPY obas

(suppl iegs as A8ebebed 3% T0EBLHoDY, NG Pﬁg&f&&&or aoa%lceg%@{ PA)
. was diluted | n Q{’Lgfgnene 1% ‘ymol/L asgxtloacl dlgggze.gxgr?lé Qntoo 107" mol/L) and
were made in RPMI 1640 media. An Epstein-Barr virus (EBV)-
transformed B-prolymphocytic cell line (JVM-2), an EBV-
transformed B-cell chronic lymphocytic leukemia (B-CLL) cell
20 line (I83CLL), and one non-EBV-transformed B-CLL cell line
{WSU-CLL) were used as targets. Dose-response experiments
with melarsoprol (10 to 10" mol/L) were performed over 96
hours. '
Unexpectedly, the inventors found that melarsoprol
25 caused a dose- and time-dependent inhibition of survival and
growth in all three cell lines. In contrast, As.O. at similar
concentrations had no effect on either viability or growth.
After 24 hours, all three cell lines treated with melarsoprol
(10”7 mol/L) exhibited morphologic characteristics of .
30 apoptosis. A prominent concentration-dependent

downregulation of bcl-2 mRNA after 24 hours of exposure to

melarsoprol in WSU-CLL 183CLL, and JVM-2 cells was observed.
Decrease of bcl-2 protein expression was also observed in all
three cell lines, whereas As.,0. had no effect on this
35 parameter.
G;ven that the in vitro data above have shown

unexpectedly broad antileukemic activity for melarsoprol
against both myeloid and lymphoid cells, and generally at
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stored at roomtenperature. As[err](err] (Sigma, St. Louis, :VD) was %510
di ssol ved | nol /L sodi um hydroxi de (NaCOH) at a stock solution o
mol / L. Serw g'gﬁaut ion (10[err] to 10[err] nol/L) were nmadePFRUEAR40AG540

nmedi a. An Epstein-Barr virus (EBV)- transforned B-prol ynphocytic cell line
(JVM 2), an EBV- transformed B-cell chronic |ynphocytic |eukem a (B-CLL)
cell 20 line (183CLL), and one non- EBV-t ransforrred B-CLL cell Iline

WSU- CLL e pons erinments wth | ar sopr ol
ElO[ err] ) t ge%‘gw&eﬁqﬂ \}\‘/tg?ég%g o&rr%g %&éi" g% S waﬁné&b‘éﬁ%"cﬂ &E t he
i nvent ors f otYRluyatke thel ahgspaevkwtlc%ametx daneé- Pmﬂ,htmaieedépendxent

i nhi bition obf awlaz\wprandlgrm@nIgsa@dénﬂéﬁmeh@éha séSor ridiraephb
As[err] qerr ngl m | ar concentrations had no effect on either via I |ty

or growt h. At Fhours, all three cell lines treated with nel arsoprol
(10 nol AL) exh| b| t ed rﬁﬂ-ﬁhbﬂ-egp%tM%lotemel $rregtedfwhth a peft GVis. A

pr oni nent COMﬁEﬁﬁﬂ alazdgpeaﬂe@tqwkpym :@gga%haoaeeil?%o@ JiRNAKal t Gies

hours of exposur oprol i ﬁ ,_and JVM2 cel |l s”was

n
observed. Detré€ ‘i%ltd‘ronﬁ&? gw r 5P 7 e’sfbrr&gﬁ"&‘ 1REsPEP 5o Tisdmi&daln al |
three cell |{ogs waghdr 9ggkasprrPay) ks rd mdykd oo Bafezt ami thies mdBkg on

aneter. t hhe V. ab dly broad
gﬁ[i I etiéem (c:i)ée/l%ﬁ val}ﬁ/ aflh dhﬁgflsa{rﬂg%ﬁ %gm %\sé?ag ?‘I §g%£§]%§ﬁﬁ]é%phm d

cel I's, ¥nd giRiudeq, cé’lltur%senm ‘6’:/‘\7@? ShofEeshr &FP%?F%“‘E et 1&s [tér Pptherr],
a study was nelarstpeclt andvasimi ealdng pritheeeikdaneries, cpedmitticand

potent | al efibeaiae ofr BakeasaPantiddy WRAAILeNL S lyd elgpced or

refractory | euke Were tYeated with a

brief 1V injRct |20rF’?59§?1PBr TRESR, P%‘é‘ﬁé’&ﬁeéﬂﬁbe&% IRt Mewdieh, CfEth an

addi tional 3pnie HHe3Rdl @hgegm%gl ng pts The initial dose was 1 ng/kg on
Day 1, ng/ kg on Day 2, and 3 on Dai(x 3 and all days thereafter.
Paral | & in vitro stul¥fdhg a meth based on high performance liguid

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 T4y 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.
as

5.3. ARSENIC TRIOXIDE INDUCES APOPTOSIS IN K562
CHRONIC MYFELOGENOUS LEUKEMIA (CMI.) CELLS



10 I ncluded culture sensitivity of fresh | eukemc cells to both

el ar sopr ol yapgofagdeerr1derr] , along with serial flow cytonetric studies
of surface antigen expression, apoptosis, and bcl-2 expressi U g4
patients with AML and one with CM. have entered the study. i5

Usi ng a nmet hod based on high performance |iquid chromatography that is
sensitive to approximately 10 ng/m, prelimnary pharnmacoki netic data show
t hat peak plasma drug concentrations were obtained i nmediately after

injection with a Cmax thahinaage ronf t m on
20 day 3. E%gél e th lt|aI gllljé{ utlc?%%ngs%&v\g?r% gezl prol onged

T[err]y has s sf‘%d‘ﬁ sgeFFEWr%F &tafeﬁréﬁﬁ)bﬁﬁmldq:’l(%r%)aPE%"'Eﬁ*ﬁjer
t he concentr aapoptesis nn @MEvesSésﬁhﬁémwroamﬁﬁé@réf aelllst Ant b6y phase

AT T hos ol dase ekBSKU Gl AQB Jaf BB SIILAERL 08 PRY a9, 504

ng[err]hr/m on_Day Det ec oncentratrons of the 'dr wer e
found in plashd Hneaﬁge}( %01 YM-ni Alhgueesiofg cetis Weng %m@na?:el atively
wel | - tol er at sdridoyerime gobiiatssovay eHeSoused &famuﬁmrsp@bnaaéeééw
injection sit Si reactive encephal o

(occasi onal | y%éggg%%ée} dad{@gﬁggfrea? rre%?sagflflé Y Wawatsﬁ’fﬁé 88% %’Z‘ﬁa“have
been obser vedPlREsEXF 1§ Fﬁe‘é’ée Sand ddneuggpeptagist wasl detepred bmy have

broader peti vinbyphbbsgy NEIGANEGLAR Ry ,aRGat Bﬁk? (@@crt%b pABBeytd ch are
cytotoxic to | eukem c %?li}hln vitro, and thus the

rapeuti c ar e readily
achieved in vivo. 35 5 SERF +9%kd0RDR £ a%IFE)IGf’T N K585
CHRONI C MYEL OBERQYS ¢fflgkitMon KBBR )cedl lgBowthdor viabl 1Rliyl. adEhephgraeatest

chronosone pOéfté&e &l\/leeqql brbite Aﬁﬁ%dr%ﬁﬁ@dwég é&‘érﬁw‘tﬂel' % f4-sepic
trioxide (As| JQe]r(gg%\E qm)t es.apopt osi s CML.. ension cul tures of
cells in Iog ﬁasé 5 3o SpOEER 7 Xsl[qé’llll]la’e‘?ﬁaaﬁ t&ndénPPars difs of 1
x 10[err}> M 8Bxpros@Wertd Ms.-xndré xeddfdmd JinMraBléquots of cells were

anal yzed at veagdieus: time points over the course of 72 hours to assess

¥ Cell Growth Impairment % Viability ©p value

Control 0 92.1 + 0.9
5 x 107 M As,0, 63.0 78.8 + 0.5 0.0001
20 1 x 10 M As,0, 75.3 61.9 + 2.9 0.0223

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 10 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
107 M As.0,. Quantitative assessment of apoptosis, aé
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 107 M As.0. resulted in an upregulation of p21 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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viability and apoptosis. Viability was neasured using trypan. bl ue .

excl usi on; odi}fagS AT time, apoptosis was detected by 10 g&hol o

flow cytonmetry, and DNA gel electrophoresis. Arsenic trioxi & 98(24
concentration of 1 x 10[err] Mhad no effect on K562 cell growth or
viability. The greatest effect on cell growmh and survival was seen with 1
X 10[err] MAs[err]Jerr]. K562 cell growth and viability data after 72

hours of 15 posur ] Tahl e Ie 1. %
Cal | "G owt | it ron ERSARERAREE, o SERHOEY ddiol Hn° anmmiil
92.1 [err] 0.9 5 x 10%@- Adp E r . BLZF-RARx /g g 0.5
0. 0001 20 1 x 10[e -+ -5~ 64+—90—+f-err]
2.9 0.0223 Evidence that this arseni duced rease,in viahility
represemed apopt osi s AR, RIPPYS °°¥\7b’r‘bﬁtﬂ“3§1‘“&af éﬂ:ﬂe‘%ﬁoﬁ?ﬁ&ﬁdﬁf'&?i s

i ncl udi ng newbtianehidmssomad andnaliotzionontdohatnvar Wabky eivtdive ithe

st ai ned Cyto“PéﬁﬁiéEaﬂ?@%?c&eEhﬁ ﬁétlnoiénﬂgl t%gc@bkgrl9[€§iﬂ%ﬂw us on

As[err]Jerr hour s. his corre w th” evidence
i nt er nucl eos :J’r’f’é‘l’m%%‘?%gé- §°\/P§B§F| IR Kt Jhe grPBEPRopRRFR IS iF thRa
extracted f rma'chﬁﬁ-Zy o I2PIexpseed the M{Ierge]nelvlléshtea] &h echdond@omet abati ve

assess t o p t r no I t hat
75. 6% ﬂP Epsé%’[ &g}e@@%[a}ﬁ err h’ &E Pfed%%o%%‘gg S as
conpar ed WI tHaBb%%"f‘-’ertf*]e F@5¢ é@ht?ﬁ?)s%flﬂllfé-"&t teotreatmentywighAdd-of K562
cells with 10fens |RédiAR]iey mbOReNATRA LS U fed ing aampméeet&élﬁsyldhf rﬁ%&srrRNA

as detected naI | | a n the
GL phase of P%e cel *becyc ‘e. gsaagggﬁ?%%ldégp Qh rc(ﬁ:afse)n {:ﬁfrl oxIde as a
t her apeuti c &Be¥$ 4c9°°(§IVLreSP°E§e to ATRA. THERAPEUTI C TRIALS WTH

RETI NO g5 ACl D AND ARSHN GeERl @KbDEs £ Asd @ IdfOaeté] inl MnBMr&MR &Y JofAND
PLZF- RAR[ er I’L IR%[}%%’\# %tMtgé élsea were cre %ehelgv\ﬁ ﬁét? tl C jigukem a

(APL) is assocCi at'e N chT onDSoar nslocati1ons ar i Fy
i nvol ve the TFansyeris |Weoweﬁﬁegﬂé‘?¥¢ﬁ-ﬁ<% bycis¢rapdarspt beckniqua)in ocus on
which the expression of the PML-RARa or PLZF-RARa 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-RARc transgenic mice develop
myeloid leukemia with features of APL similar to those in
humans.

('DCO

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 pg per gram of body weight per day administered
intraperitoneally. Mice were bled once a week to evaluate
the response.
30 PML/RARc leukemias responded well to ATRA w1th 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-RARa and
35 PLZF-RARc 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.



chronosone 17 to other loci in the genone, such as in the mgjority of APL
cases, the Rvbogesans! ocated on chronosone 15, 10 and in a Sa4l he
PLZF gene on chronmpbsone 11. Patients harboring the t(15;17) are sensitive
to treatnent with All- Trans Retinoic Acid (ATRA), yielding conplete
“remssion rates of 75%to 95% APL associated with the t(11;17) (PLZF-RARa)
shows a poor response to ATRA. 15 To test the efficacy of

- As[err]( err] However,t inavies) mizPARARTREGkE s Tr'&%péh&éazﬁ‘odﬁfyetgr eat ed
in transgenic mce. Transgenic mce were generated by standard techniques
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epsi n- eni c
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humans. TRer aperfataent aP‘ét origite Fequigkebherafssdini ragihensvith haghow ng
(rjegl Tens were & csds&rst eﬁ ATRA. Amse klﬁdﬁﬁzé]ﬁa@rdl%@@ %pbﬁéa%l\wsg%hfer
ayamnlser eryr body wei ght per
day admi ni ster F&ég?ﬁ Qﬂlﬁyatﬂfeﬁ B:Ip( gﬁi‘e a week to eval uate
t he response. In both FMI/~RARa hnﬂkmﬂMARezsmeuklemml IATRA ATRA
w th hi gh remssdidhoeat 88r¢ W ) | e¥itro,
f‘f%f ! S8 800, Hul% E@Ekgﬁ{'asl relﬁh&aeg ﬁh&g@xc e

ATRA IndLi entiation, and I ted | s as
wel | as | ukerﬁ%’“@@llBHyw?%r?F&Hed(ﬁdvnaBBn@e%r%ﬁagﬁargpF%e?PmeﬁT%rs
assays i n bot htriedtmgARa dflte ¥vo trBhEFeRIR[mdude hnedbem bs. aléﬁJmtsbarﬁ@re in

ex vivo exper iy thel @HE?EQ:.?n %|a' aoE Q‘S’HESBA oLhet T

tunorigeni ¢ capacity when ante |nrec mceuon pre-

i ncubat i on wi t$PURERALIGQR; for lﬁﬁeraé'-alﬁéa e&| ARL \/V@rtéeﬂﬁﬁorﬁgbﬁl‘—@t tozeTRA
However, in viamy iRl ZPLRARE@ridtddewieni 8Be regnonded pROFéyineh A'ERAs(o'ZS%

W th regygen ]2§t swrz]@' Bedl G005 EanBln A h UGG W06, L0F binkg (2O
.5 or 6 ug per gram of body weight per day is administered
intraperitoneally. Mice are bled weekly to evaluate the
remission of the APL.

20 5.5. MANUFACTURE AND STABILITY OF PHARMACEUTICAL 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 mL, 1.0 M) was added to 393.6 mL of H.0 in a 500
ml Erlemmeyer flask, which yielded an As.O. concentration of 1
mg/mL at pH = 12. A 5.0 M HCl solution was preparec 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.O, 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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| eukemias in PLZF-RAR[ err] transgenic mce are sensitive to ATRA 5

treat nent, h@ht require therapeutic reginens with high TRA
These fi nd?‘}%%g ave direct inplications in the treatnent of Pgﬁﬁ%’aﬁ% ts
with t(11;17). In both PM.-RAR[err] and PLZF- RARa | eukem as, ATRA prol onged
survival, but |eukem as relapsed shortly after 10 rem ssion was

achi eved, and were refractory to further ATRA treatnent. The two transgenic
mouse nodel sthe wialks wedvas added ttm 2fF00caly Skndexosese ssflutdparr] Jerr],

and ATRA+As[eﬁ{&1q}e_{g]]ded B @QARY NGk i 4 gy, treatment of APL patlents
resistant to ATRA,” and in APL asspciated wth_the %%Fl%%l? " gi men of

As[err](err] 15 atthe hiph) BUnLtY £f the bulk.sF & rFP€ err]
at 6 [err]g econfified Jiseb Fabilebl] eby Jarqueic gbsorptidmelrywei Gluplpeateday is

adm ni stger ed é 18pess tf%i-ahhiéenhfé&fa@é é? ﬁ%a%\ﬂ%%# é&lx?é’i%d@kf’erhhe
rem ssi on of e APL. N ABI LI TY OF

PHARMACEUTI Cﬁﬁsm%ltaﬁaéoPFﬁe%}? r%&ﬂ];reé“"ar sORPRY t PR Ui RR¥ S Es [ err] O err])
was sol ubi | i zenfirmed ttieliextrenél) Mgmcburmtlyydlfothd%tadaﬂxbg mBterial.
suspension Whge 3t L& &ft-giniQTREABLNE TP %; gi 1 1B iR ch

yi el ded a cl ear onogenaous so ution. err err utlon (2 m,

1.0 M was aBEeduFH %%9"‘6-% BFeHP@?ﬁF?’GQ%la’ yer flask, which

yi el dedcean As[err] d erpde aemeeﬁuawlﬂibwfthhtrmhetsaluetbns lake AtableM HC

sol ution was e@ t H /%

W th H[err]01§5€19% %%f)eg ]-,8@ %%%e%ttl(? ngye % {\%nﬁf %’%é?jﬁt
sol uti on waslpPgs et tangesfisy P@Grvtam%yrl nge to a 1000 n1_ enpty evacuat ed
container. The As[err](err] soluti on was back titrated with HCO (0.725

m, 5.0 M t roxwrat of t.h bactltr err]qerr]
sol ut i 8& Sil?gp?ered “gh sﬂnﬁyf% ug‘%ﬁ‘?? dézrliﬁxfmﬁﬁts i t and
was added to each of apprOX| nate ster e evacuate sterile vi a S.
make t he pha

““““““““““““““““ i'i'"”—'“‘_"“_“‘””’";"‘“*‘“—*“‘"‘“_“‘__“-_"““‘“‘ US| y
into patientf SamolﬁLC@dlet h SASOth | WO | of A=0R7 |-

the vials an \S\./a osesoumn
A 1quot A 140,600 600 707 629 680
Alicuot B 139,000 564 703 688 687
‘20 Assay 1.1% 6% 0.57% 8.7%
- |l variance
* Identity of sample codes:
A-01: Intermediate product solution after 1n1t1a1
25 solubilization in NaOH.
A-02: Intermediate product solution prior to HCl
titration.
A-03: Intermediate product prior to Millex filtration.
: A-04: Finished product from sterile 10 ml £ill vial
30 immediately after manufacturing.
A-05: Finished product from capped vials two months after
manufacturing.

as
6. EXAMPLES: CLINICAI TRIALS IN APL PATIENTS
Arsenic trioxide was evaluated in patients with APL
40 to determine whether this agent induced either

cytodifferentiation or apoptosis. Twelve patients who had
relapsed from extensive prior therapy were treated with
arsenic trioxide at doses ranging from 0.06 to 0.2 mg/kg per
day until a bone marrow remission was achieved. Bone marrow
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which yielded a final pH of 6.5. The high purity of the bulk starting

mat eri al wasye@nbigpeed (see Table 1) by atomc absorptionetr¥CTB§9¢4%ﬁ‘te 5
- sanples of four internmediate or final-step solutions were assaye or t-otal

arsenic content. Assay bul k powder confirmed the extrenmely high purity of
the starting material. Data for arsenic content of the internedi ate and
fini shed product solftions re presented in Table 2 below 10

The data bel ofiPBRBUFTAE G SHPEEi SRcially JeRpFared, B £1oW,SYEOBBELY not
appear to be &0y imuonepharwtybeyefhhvrésrsmoef iar st chywrddizantonTabl e 2

Arseni c cont enrAPM r&eddt SLARILAL S {H gﬂ(}gﬁnhggséf%h%l ! é:eacti%xo?gfi_

finished product solution of arsenic trio

A- 02 A- B8R) assay)for PHLABARTG RyRregsion, a%,ww bdot 707
629 $80 Akprassidh of thk38pBPfosis-EfEkociated 7Poteins, Gggpaszf 687 20f
Assa . 4% 9 WA L% Var | * o ldentity o
sarrpl>/e codes: ZA?B‘%;}" qunt]fgrg#%afa %&'ﬁer%(fl?&t SLSVG ?%;hé Z#%stﬁllfi al 25 g
sol ubi | i zat i ofFRA*XA@®OHRrAdghly effegieivaedfioat dnguoihng tcommletironeptsaion o
HCIO titrati oninAr@8apsed ;ialﬁfi&hﬁgdirﬁﬂelﬁmgu@tlifﬁﬂi:?l ﬁ%ﬂwgglee&sfi I tration.
A- 04 Fi ni .prLo t.fromsterile i Vi . .

i medi ately afi % grggﬁ%%%‘?%@tt&r Wilohe f%? cy%o@ﬁ%ﬁ%?%?c?dh@f‘df FBAREE I g

vi al s t whP nonPisapepeesifmmiticcaspagse B iyatimaVPh ERukemin CALIFRI ALS | N
APL PATI ENTS Arsenic trioxide was evaluated in patients with APL 40 to
determ ne whether this agent induced either_cytodifferentiation or
apoptosis. Twel ve patients who had rérﬁpse‘@ extensi ve prior therapy

were treated WiiRiddBe¥dtddoloXi 881 dibAGES realdt-Sfedf<OMn188e804 0. 2 MY/ kg
per day unti| dﬁa&%‘&s”egfr %\Q‘Lr g@n?frl'xggd \Aklgrs c?r gi;gxggicsBooI}e fr{%roi'ggvcéngg in
15 situ hybridization (FISH) analysis for a t(15;17)
translocation, or by reverse transcriptase polymerase
reaction (RT-PCR) assay for PML/RAR-«. Patients must have
relapsed from standard therapy that had included all-trans
retinoic acid plus a combination of cytotoxic drugs. Signed
20 informed consent was required, and the protocol was reviewed

and approved by this center's institutional review board

Arsenic trioxide treatment: Arsenic trioxide was supplied as
an aqueous 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 mg/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. Subsegquent courses were generally given at

3as 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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nononucl ear cells were serially noni t or ed by flow cytonetry for .

i mmnopheW | uorescence in situ hybridization (FISH), reverse
transcripti onﬁég‘fz%nerase chain reaction (RT- PCR) assay for PENUSIR40Me, 1]
expression, and Western blot 5 expressi on of the apoptosis-associ ated
proteins, caspases 1, 2 and 3. The results showed that -1 ow doses of arsenic
trioxide are highly effective for inducing conplete rem ssion in rel apsed
patients wi tNorifloriGli Guedhg I €6RDHNS e Hatiedgacwite csddul dpathyphetre
cytodifferentjati ng; | '!918 0 p | | asphase. jvation
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i ncl uded a dfhgrdatelet gpuntand (fHikrinpgen: afchrrgels kvelsusr 88¢@PRe in 15
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reverse_transcriptase. pq [ase_reactjon. - P say I [RAR-[err].
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al | -trans r eanhclecirpdapiicgrans mMeneisesiadilycopbtaingd. diudenesmgreey 20

i nformed conggyitravdon’ BAHY6L0pi psl Wi PeRiFesRbaV\as Havd MR angd approved
by this center's %Sﬁét u *’onal review . hoard, Arsenic_trjoxi dett r.eat ment :
Arsenic tri BETEUNTE Mp% ?Eﬁagge’énmgq\aeé'ﬁg‘l?ﬁ?ﬁ?i‘6?15i perpeRted; a1 s

cont ai ni ng I1Comyeritioha25respdnsg. crifferidr wgreasbserveds whiah ddcinded0 ni

of 5% q@xt r os&ARiAY b@NpBAd hBEHSFOd I saVengusly S¥fipreds) $1Be4rs once
per day. WiiJe the'initial cohort_ of patient ]rroﬁcel vedpelther 10 or 15

mg/ day as a FPHRCDTEE, 2t ReOPRf €115/ Bt Meo 28R PHRERLPT Ot Y /2R8 i nventi on
of a wei ght - dekksyawegmaen (0.15 30 ng/ kg/ day) that was heretofore
unknown. The drug was given daily until bone marrow remn ssion was
observed. Patients who achi eved conplete rem ssion were_eligible for

treat ment wi SR (IIRENCPBERSEEPYISHUeSy HePRT sn iRk Pt FRTTRE o
precediysg coblce®l satipleguesieCodllesteterandganavalibyear veille ware a dose

of 0.15 ng/k R alyl t : , L gL L.L her
daily or on %%J afg g%#)glﬁ gcgg%%?%é) (ﬂtqjéfﬁéig%%tg%%ﬂo% e@gﬁrgig%s over

approxinatel?“ﬁiﬂ?ﬁﬁﬂﬂ%§? Qe;gc;ed by direct immunofluorescence staining
using fluorescein isethiocynate (FITC) or phycoerythrin

conjugated monoclonal antibodies: CD16 (Leu 1lla), CD1l1lb, CD33
20 (Leu M9), HLA-DR, CD45, and CD14, purchased from either
Becton-Dickinson (Mountainview, CA) or Immunotech Immunology
(Marseille, France). Dual-color staining was performed by
incubating cells simultanecusly with two monoclonal '
antibodies, including CD33-PE/CD11ib-FITC and CD33-PE/CD16-
25 FITC. Negative controls using irrelevant monoclonal
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/CD14
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 acquire and analyze data.
35
Fluorescence in situ hybridization (FISH): Selected
specimens that had undergone immunofluorescence staining for
CD33 and CD1l1lb were sorted for cells that coexpressed both
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11 flow cytondti&p Fegh?lf eremEnget rEﬁbékélmmpeasvwftwleﬁmwtnmta?borf: | aser.
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d
 nonocytes fro SR UEY f%l?nldg‘gfa(% %\ﬂ%grgﬁgt@s %“%?Vﬁgq%?'s FeFH %nd
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- data. 35 Fl uorggeanesriib SiinutB¥behdhZatd0bwel! SF) a welieGiedxssc/o.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]-
[aminioacyl] tetra acetic acid, 170 mM NaCl, 1mM
dithiothreitol, 0.2% NP-40, 0.0l U/mL aprotinin, 10 ug/mL
leupeptin, 10pg/mlL pepstatin, and 1 uM 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 Y, 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 95°C for 3 min.
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speci nens that had under gone i nmunof | uorescence staining for. CO33 and CDl1b
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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 12 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).

35 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,



Laboratories, Hercules, CA) at 595 nmw th a BSA standard. A 35 sanmpl e

buf fer cont zw@bggmgp %gl ycerol, 0.4 % SDS, 0.3 % bronphenol H.}gg,sé;og‘ %
pyronin Y, in 1x stacking buf f er (Tris base 0.5 M 0.8 %SDST

2- mer capt oet hanol, was added to the cell |ysates, which were heat-denatured
at 95[err]Cfor 3 mn. - 31 - Subsequently, 15 [err]g/lane of protein

was | oaded on a SDS- pol yacryl am de gel containing 12.5% pol yacryl am de and
" was si ze-fractwsnelilad fioy levedt in Hvsuedice. bPrveeiverywereper tphexsil dloed ont o

Tras- Bl ot[errlléa)a-ngft@rs aRdi m&&&&adbvaﬂdtﬁe ratiqdl Bedaukid ncqau- S as
an i nternal dj n%tu%nt rol . ga;()bl t anti,- hu nmonocl %nal nti bodi es,

i ncl udi ng casp Y2 pBSe nFekr & o5 {%F‘@’r GF EiBECER TSR Sesant a
Cruz, CA), andvwes pyd.o8s( Ph&megEmouSaasDoﬁgmﬂG@y,werefatlrlema’cmmtsbound

ant i bodi s mr@eéﬁ‘f‘é@%@’cUﬁb@ﬂté&%lﬁ@H §&‘r-tcﬂoassf}i§epr x ‘PML bands%rom
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~al., 1992, Pr Ofaa BLégagBmﬁg’éngr? Q:r%g%e%} é%xlzls%r wqttha%rs 3, Blood,

82: 1689- 94) ents ve patients w rel apsed or
refractory APL ‘c’/\?é?’@-qer*eafeﬂr Arro pamderns pakientc sarddhaxe crRAL S 8

thlerapydv:}ot h rﬁéﬁdm)ldfstﬁﬂgeﬁyf@hoﬁrﬁ (iﬁuaSt{l»J@@iéhtB)couﬂaspat ients had |
rel apse rom (0] w tr.ans ant IOﬂ al so
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fail ed donor UST o1 ei'ng nain ained on
henodi al ysi s f o¥angs,oidi §or Bhanontdis)ur eHowever cai o ftheady: Pﬂm of the 12

patients achi eﬂ@ﬁﬁge@oaﬁkeﬁ fl@éns%%ldﬂa RELRENSH S e skl | AShE ot rt@@ts@ent
The patient who & ggn qbe )@l #,i ﬁgged an |ntr§cr arl1 4.
henor r hage on 2y ?‘gn elr i 337 Gr af PO taﬁ’é’Fgﬁﬁ in
respondi 3§ pattQHtheNEQPQQlﬂa@@gqxnﬁmgdrug2re5nstance 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

35 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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Adver sqgEvenggrenthie ﬁltgg{,gg{-_l&gndi tion of patients in this study was highly
vari able, which refle

their extensiye 20 rjor .t.herapy. .The
protocol did not requ%P@mﬂBs?)#Yea‘ﬁezé:ﬁa&ﬁmPﬁr%%cg‘éé?%ﬂt’@%&%fiﬁ?ﬁ Ss
i nduction t hanzing ahei iBEys den pufgiditguent ansantiosinel eltdie paimdi anduaildas
hospi tal i zed,/ol r.gi ceRiaPl a@ﬁP@é‘tpéﬁleﬁt\éeHBU&&ﬁé&'%ﬁesﬂﬂl‘é&ver 8 patients

were hospitalize or conplicati ons | eukem a, 5 whom 25 required
transfer to BFESURAMY 9@%5?@%3"“@9@8??‘583%9”1 ntfiﬂi'éﬁ"eﬁn 23R8 BReF*ted
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"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 proportidn 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. 1In 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
s in complete remission were sorted by flow cytometry for
coexpression of CD33 and CD1lb. Using fluorescence in situ
hybridization (FISH) analysis, three hundred cells were
examined early in remission. Similar to control APL cells,
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adni ni st ered tdertilvasdopafi@mtrnrmauld hehetbpokeitia psiogenétersed in all cases

w t hout 10 further intervention. Conmon adverse reactions included

- |1 ght headedness duri ng the infusion, fatigue, nuscul gskel et al H‘%%i N and
mld hypergl ydSREEIITRIGE IMALYSISS dBTEFSLR EHHFIESShERE™ P BT due t o

peri pher alo neulicitiuey eatonelVrs weteoketrhaiby . &xanipatli byt Bestarhddot

I mobi i zed f o[, prel.ange | UL SSi venk | dokhe

ot her pati ent naagl Y%r}géntg%% eﬂna?ﬂ’?\sé%r ggggﬁ?cékhalsés?%re y??%%%%fr?eorﬁg gg

studi es: APL |@asi@geadt and ZRRFRAFS & I"’§rﬁh‘aPr%‘Dllate§xE)Pegﬁvm,reé\i? BAti gen
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I nduced a progressive decrease int [QpPeLt i f _ce dat, solely
expressed cD33 ™ _cc?r?ge\fffﬁg%\&f r?cq:r é:ralgggleﬁ ?ﬁéeé“ge:hc‘)%o?t%i lc:)%é%% cells that

expr essed5CD1 1indigetangi aehlvatinn sfeghei enzyre -ur hgte 1s@lFQ)iSPMe enent s.

Wii l e these chapfiemriell €hde @fircddidhedr 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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APL cells, 9diSease) tq nedpki¥erty Rhenomencrnc&hps §5cnpremal fferdadignal ,

i ndi cati ng aranansétimiiicoachat teeathddt abnBAR- Fehallgpressanit t heir origin
from the neoplaside £l e LoEVEE, SN fellactromibe, sag, patjent were
agai n sorted USl ng t'Hese sarme par aneter$ fatef i ren ssion, only the
normal pat t ERRISTLFIR dt-OSc&RcB-3P gABfKkIwas detected, indicating their

derivation from nor mpliharaneppeeinhsid g iindhees\\eéehindd ot anal ysi s:
Protein extr f r.om.haone w opucl ear cells re.serially
exam ned byds‘gé%é?%tlbﬁtgtonaﬁg? %ﬁs?%%wse’ gﬁgl glé? scgﬁ%cggéeirﬁ\&%ltaﬁénﬁr ecursor
forms of caepheet? ehhmnsenigstrioyide appesguitst ¢ incorpleter r dgsemée to

arsenigp tri gxadees r£ fatibAr 88VEe£114 Rirad SAabieRhedh Sy i d
expressi on of gleave

fragnepts of caspase 1, 15 i ndi cating activation
of the enzyfB* 23R Jigf"%l §ga§8 e’r"’fﬁ’Tp’c%\tqfor?"Fﬁa{“aié‘iﬁ? e%%‘i& T Re
cl eaved f or pedls cbbpns €8 lbs ahdcERIZ edrespectdvelody Baelly idurtimse

experiment s;dagst {of, e Welhst PerelfaMfd QMo £ASNEBSca ikl that
6.3. DISCUSSION In this s w th few exceptions atients admtted to

ud
Uhe trial hEBREASTER1ARF AbLri pPBCYRPSTRAL ariene: EoLL8  RETRASTS In
converkd onakhehbont henamy, deepihei tise achimvementr ofvat chisjxakiyat i on. At

entry, patigphsSibéfe!ltiSission; however, later in remission, the
coexpressing cells - while still readily detectable - were no
longer positive by in situ hykridization. The morphologic
appearance of leukemic cells during therapy is also far less

20 distinctive than that observed during therapy with all-trans
retinoic acid. In fact, leukemic cells from many patients
displayed 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-~l} 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. 8Since these enzymes induce widespread proteoclysis, it
is conceivable that PML/RAR-o is a caspase substrate.
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- 37 - [err] 38 Al'l patients had previously received one or nore
courses of - retinoic acid, plus an anthracycline an{ibhkQhd | us
cytosine ara #ﬁ%@@%ﬁ. * Denotes individuals with proven reti%g? %%@?gaance
(i.e. lack of response during reinduction 5 or relapse while on retinoid
mai nt enance); t Denotes patient who died early. Oher treatnent:
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net hot r exat e/ Wlicpatients hate prepiopsly receivedcpne r@F BRFS SQUFEeHI @5 MLO5

(ant i:i- CD33 mﬁ@l@]—@%ﬁhls aﬂéﬁlbﬁﬁy:)' aci?, To L AWPREShr ey AL {3 ddSE bl Mt i &/ MPHOVA
Based upon the initi | scovery of .the antitunor, ] epy
trioxide in viR¥§ gég?ﬁqﬂe §r€§1¥‘°ﬁ§lﬁ%hoc’§/{beenloi%ﬁgs}S%%‘Zlcu%}g]tv%%g ? #%ﬁ%d
one patient wirdtinbid resishance dieegrlakk lofr yespense | GHpINGTE SARBUARECD
Le' apsed gr Opdplrteilﬁbtgezﬁ{ﬁ!% &n ¢afygHid Qnghaﬂntbhﬁha@)/; 1 'Ifféxi&b BOpat{EMOgOUS
one marrow transplantation. pi rapi d progression of hi | sease:-prior
to starting t RS Oded; %a’EH'oxB%gthg?ﬁ%?}',‘e tf‘ea?’%‘?ﬁx%%r ngpggﬁg%&t%'oxi de
ef fected a nmajallogen@ds Xdhe mashrownkagmsplartagcishze” of his cancerous | ynph

nodes and spl ' . L ' | Oly —lcHBI PY¥E: of his
qﬁﬁﬂ¥§MgE&%&%ﬁﬁ%ﬁﬂﬁg%tﬁﬁ%g? A pWiobldr @n 8% Vo —cHB {dilc

qual ity of lifé. I'NFCAL USE I'N HENAT}SDO ETI C CANCER 25
Arsenic trioxiaid@3ug| B3 sERtsCPP & ORI GRLaABELLOSY 1 prelini nary

test, ongopatient with colon cancer who received one treatnent with arsenic

tri'oxide showed a maj or reduciigly bR NisnARRUMLEEAL CORMIFARNDT yONi ©

antigen) level. The patient Venous I ntusion of 30

0.1-5 ng arsenic trioxiBesqerugen hhdyinbt it pescdaygryoef fihe antitumor
effects of arsenic trioxide in vitro against B-cell

lymphocyte lines, the inventors treated one patient with

15 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%)

20 shrinkage in the size of his cancerous lymph nodes and
spleen, which was also associated with a major improvemenrt of

his quality of 1life.

8. EXAMPLES: CLINICAL USE IN NON-HEMATOPOIETIC CANCER

25 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 shcwed a
major reduction in his serum CEA (carcincembryonic antigen)
level. The patient received daily intravenous infusion of

30 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.

35 Clinical data confirms that arsenic trixoide can
also be used to treat other non-hematopoietic cancer, such as

colon cancer.
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As was di st asbottdted mrdteiplsgseaspasgesed, i aof Gel kefiiacthans of whol e

bl ood. 16°ar alckgkgg%égé&lagécplg_e%c%%gv%?r §U99§§tﬁ-§|l%hh%§, ﬂsﬁeaﬁaﬂ)@@rt ments were

freel y excha eak Vvalue Imitial half
lives of abGéFrGerﬁ‘—lh% t(rﬁwel'/r)eaﬁax\@@eﬁtm PrRes egséue 1R 0nerRpaRetn |

Appr oxi mat elayur2a§o afeameraﬂrsnm peeEedtdaseavns 1&@@%@&@6@ Pem{ddion t hin
the first 2 s ,s Hg cegl itiag.ed %xdose rgnq{#;q:stu o yﬁatle ts with
di seases ot ust ng A cfaﬂ y PAtFaveho &‘osnpﬁé 25 edul e for
a cunul at i véaﬁﬁﬁﬁﬁ %)fa% eRapPasses /t ABAt aehivalbiams @feboth sa!épﬁ\%%kJs apd dose
| evel si9f Ochspage03 15 PR 141 yEd sbedy b1Eb8dnd fir it foFOellahéntad patients
have been 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 ng 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)l 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
35 this ongoing study show that clinical use of As.O; induces
partial differentiation and apoptosis in APL, but that the
therapeutic effects of this agent are not confined to this
disorder.

- 40 -




- the S art from

accrued, including patients with CLL (2 patients), AML (3 patients),

| ynphoma (4 and CM. (1 patient). Five 30 patie

renoved fron‘ﬁgﬁhe S udy early due to rapid progression, and SBﬁWgﬁ{he
pl anned 25-day course. Over this dose range, the drug has proved

wel | -tol erated; adverse effects have included skin rash, |ightheadedness
during the infusion, fatigue, and QIc prolongation on EKG Results from 35
this ongoing study showrbéagpredenti daventeonfisAsiodr tpCper Hinitefudosspaprei al
differentiatiog, aag %BQEFL@% Seﬂﬂbd‘iﬁbntgUéeééﬁbédh%ekaeﬁapemaéedef fects of

- this agent are 'not confined to, this disorder The pres
i nvent |gon is nYﬁr’tCB"st“’Fll‘F&‘E%‘a"qnﬁ §@o§€eb§mﬁﬂ$l§6’e&f‘f P‘éd%?'f’tﬁ]ﬁ %’F‘gse

. descri bed her edescdibedeterein iwild bedohecapparentoftot kbosavakililed in the
addition tg0 t ckihe a e skibkled in
"ase AR3CEh0CH, I%Jogir{sa;m BebLr DECASEE, ARRACHbAL £1 YRS ki

ore t|o nmodi ficat]ons are
i ntended to falntended; fot él%éblﬁé”@f tgﬁes‘éﬁb%rﬂfed‘-h@l aPRendeq, Gl s .
publications are cited Werebls purlidatibns udres diftedhhebehr g thecor porat ed by
reference in theld) SULLELL S5icn dhe incolfbPadcd BALVEL Lo in niffet hod
- for treating acute nyelog enous g [ human conprising adm ni stering
to a human w tw%ﬂéiﬁtéeﬁyel ogenous | eukem a a therapeutically effective
anount 5 of arsenic trioxide. 2. A nmethod for treating chronic

nyel ogenous | eukem a in a human conprising admnistering to a human with
chroni c nyel ogenous | eukem a a therapeutically effective 10 anount of
arsenic trioxide. 3. A nethod for treating solid cancer in a human



conprising admnistering to a human With a solid cancer a therapeutically
effective ‘g@%‘; gf arsenic trioxide. 15 47-Fhe_nethod of claim3 in

whi ch the $8° P& %ancer is cancegm’iﬂm’i' tive tract, sdHGVY{ISLM04
oesophagus, liver, stomach, col off / ai n, bone, breast, or
prostate gland. 20 5. A net hod fof trea:tﬁ/i@ #eukem a resistant to
treatnent with retinoids in a human .conprising admnistering to a human in
need t her eOWHAT tIRICXPIMEDCIBEY effective anount of arsenic trioxide or |
mel ar soprol . 25 6. A method. fo reating.l eukenia, | homa, or solid
tumors in a human, cdtpri iﬂﬁtﬁﬁ%ﬂ%‘?%?cé'ﬁa%dnﬁoaﬁu ﬁn‘%ﬁ%ﬁ?@éﬁ t hereof a

t her apeut i cieukenid dar iav bunapurempy isigicedopndstesing to arthamant With of
claiml, 2, aéutél,ngmo%en%er ebik@Rdta %h‘érta%eﬁ&campfeﬁé&m@ hhbaxtde is
adm ni s} ered_per ay. 35 [a 8. he nmethod of claim1, 2, 3, 4,
or 5, wherePh AR 0 3%t arsenic trioxide per kg body weight of the
human is adm ni stered per day. - 42 - 9. The nmethod of claiml, 2, 3,

4, or 5, wherein arsenic il p@¥ ' 2 $ike el i nf usi on.
10. The met hod of, cl,g:inm 1?\ iZu?iﬁ(gg&5%:‘,:%r\/\[naée;:lrpeal!:‘\trzf§l effofile SRR

r 5. adm ni'stration of arsenic
trioxide i siPRNEBIBATHA PYTGR FPOPGI IR ASIPAERRELIG NS 2 g’dg‘@l"\/g&tpn t he
human. 11. <cheomixt ek lsigenbasnidéGkénid e rtherapeusiogllye peffidativence to ten
tinmes iaﬂle sgﬁg&l@fqisg%g%q;:ngﬂ?gf&gpnt 10 for 3 to 6 weeks, and

resumng dairly admnistration of arsenic trioxide five to seven tines a
week for a cunulative total of 25 days.

3. A method for treating solid cancer in a human
comprising administering to a human with a solid cancer a
therapeutically effective amount of arsenic trioxide.

15
4. The method of claim 3 in which the solid
cancer is cancer of the digestive tract, soft tissues,
oesophagus, liver, stomach, colen, lung, skin, brain, bone,
breast, or prostate gland.
20
5. A method for treating leukemia resistant to
treatment with retinoids in a human comprising administering
to a human in need thereof a therapeutically effective amount
of arsenic trioxide or melarsoprol.
25
6. A method for treating leukemia, lymphoma, or
solid tumors in a human, comprising administering to a human
in need thereof a therapeutically effective amount of
melarsdprol. '
30
7. The method of claim 1, 2, 3, 4, or 5, wherein
about 2.5 to 4.5 mg of arsenic trioxide is administered per
day.

35 8. The method of claim 1, 2, 3, 4, or 5, wherein

about 0.15 mg of arsenic trioxide per kg body weight of the
human is administered per day.
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12. The nethod of .claim1, 2, or S5—wherernmatt=15 trans retinoic acid

Is also admwosiased to the human. ; 13 e f claim ein
adm'ni stration of arsenic trioxi deUﬁm%ﬂ 'y for 5 a(i/)im Wﬁ The
met hod of claim 13 which is repeat N 15. The met hod of claim
6, wherein about 0.5 to 5 25 nmg of nel arsoprol per kg body weight of the
human is adm ni stered per day. 16. A nethod for manufacturing a sterile
phar maceuti cal composi ‘ion% fiebPeds 8F Stiimhilst Rat Porf ¢ PTG YhATREMS

whi ch conpri sgseaisetroxidendisdadninicreamichag dabtpavensg: imfEusioehubilizi ng
arsenic trioxide in an aqueous solution at pH greater than 12; (b)
neutralizing the arsenic trioxide solution 35 wth hydrochloric acid to
pH about 8.5; (c) dil u}9ng Tsemethed| ef i31akm de 3ol OF i Dn Whe¥@RiBtep (b) in a
phar nacest i cadmiaistratidmiofsaaBiehiz ebriviideoier sepbetet] dad19bantiy; and -
43 - (d) ri Lzl ey | npesition. 17. A sterile

phar maceuti ca gb#%%%@?ﬁ%%ﬁgﬁgggg?g gﬁé&ﬁ%%f Ph?ggtéékﬁqhto humans whi ch
conprises arsenic trioxide and dextrose in a pharnaceutically acceptable
carrier. 18. The phar nBCeutih@aine€RBRO0SE td 1 inOR 0C kathedy’ SipRiksheg 1 noy/ m

of arsenic t'ﬂé%é%g?hg'oé%%'fo ten times the steps of suspending treatment

——)

L3

10 for 3 to 6 weeks, and resuming daily administration of
arsenic trioxide five to seven times a week for a cumulative
total of 25 days.

12. The method of claim 1, 2, or 5, wherein all-
15 trans retinocic acid is also administered to the human.

13. The method of claim 3 or 4 wherein
administration of arsenic trioxide is repeated daily for 5
days.
20
14, The method of claim 13 which is repeated once
a month.

15. The method of claim 6, wherein about 0.5 to 5
25 mg of melarsoprol per kg body weight of the human is
administered per day.

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

17. A sterile pharmaceutical composition suitable
for injection into humans which comprises arsenic trioxide
and dextrose in a pharmaceutically acceptable carrier.

18. The pharmaceutical composition of claim 17
comprising 1 mg/ml of arsenic trioxide.
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