1 RADI QCACTI VE ARSENI C- CONTAI NI NG COVPOUNDS AND THEI R USES IN THE TREATMENT
OF TUMORS This invention relates to a process for preparing a radioactive

ar seni c- cont ai ni ng conpound and uses of the 5 radioactive arsenic-containing
conpound in the treatnent of tunors/cancers such as henat ol ogi cal

mal i gnancies and solid tunors. Particulafly, an arsenic-containing conpound
sel ected froma group consisting of As203, As2S3, AS2S2 and a conbination

thereof is subpgptgsct Py AR ENTON cbiv ARGk Aké LonPOUNDEARE B hskBaint he

arsenic elenment contalned 1n the arsenic-containing conmpound is converted to
a radi oacti ve THESTREETMENI @F TUMORSr adi oactive arsenic-contai ning conpound
can be fornulated into a pharmaceutical conposition for the treatnent of

tunors/ cancers, sUEHSas WERELBFodiSdaleS15omdl i Ry %est AndPEBRF - 1Undr s.
Tunor s/ cancer s bave. BLYEYSPEER: @ LhHeRt b (achealt huel | duimsy behags.  For

many years, the nediclna as endeavored "to research and devel op
ef fective fredi cedésaftoive ke seneat mentaioming goopshudnicetbe tHumvent op to the

present, there is not 20 an megi ci g% that is e%featclt.ive in theqcligigal
treat ment of tt&WBF§/E%IP1‘f:‘°e“F SUGdr1T Cafar Py P hethdr rERTRERTS 6t FUet
tunor-related diggases bgdelc@sahppat ogel | alhamicarenRamBlngAl cBhESERE, the
cell therapy for netastasized liver cancer or liver cancer that has

under gone unsucedsstefl fowald Zapursorséat ieatof A9vRh nl A Fer f dPaAngna
ranscatheteral, arberial, srbaLization (IAE). o 2 BeLauAneous gt bangl

inj ection, or “addPriHy LsyatEm enpt herapy, Such as admi Al stration of
doxor ubi cim, atgeabinsati sAcHfthatoxhd esrddhilt gh edese avdtadaxar whi eha, or
conbi ned chenot herapy (cisplatin + 5-FU + 30 | eucovorin, abbrev. PFL) .

Al t hough the r @¥iS§8iBnCPRAERIBING FEFPOURAL IS caPRETT 1% Fed2EaR2BEIYD to 15

g?‘r’f?er since nost,,Qf,\2.GRe LY RANGERAL LENLS RAKE cbhV8EnEh LBRASLEn AN/ OF
can be formulated into a pharmaceutical composition for the
treatment of tumors/cancers, such as hematological
15 malignancies and solid tumors.

Tumors/cancers have always been a threat to the health of
humanbeings. For many years, themedicinal field has endeavored
to research and develop effective medicines for the treatment
of tumors/cancers. However, up to the present, there is not

20 any medicine that is effective in the clinical treatment of
tumors/cancers, particularly in the treatment of liver
tumor-related diseases (such as hepatocellular carcinoma) .
At present, the cell therapy for metastasized liver cancer
or liver cancer that has undergone unsuccessful localized
25 treatment is mainly performing a transcatheteral arterial
embolization (TAE) or a percutaneous ethanol injection, or
adopting a systemic chemotherapy, such as administration of
doxorubicin, a combination of tamoxifen in high dose and
doxorubicin, or combined chemotherapy (cisplatin + 5-FU +
30 leucovorin, abbrev. PFL) . Although the remission rate of these

anti-cancer medicines can be up to 15 ~ 30%, since most of



conplications (suchasl eukocyte reduction, platelet reduction, or liver
functi on deconpensation), system c chenotherapy is not suitable for such
patients. Therefore, chenptherapy is 5 unable to effectively extend the
overal |l survival of patients suffering fromliver cancer. Since 1990,
arseni c-contai ning conpounds (arsenical sf have provided another direction
for research and devel opnent in the treatnment of tunors/cancers. It was

reported that yhem afsSenie bl ;?ﬁp&lefma%@niﬂbéﬁeaﬁ%omsi phapyenausly at a
dose of 10 ng/d to patients with relapsed acute pronyelocytic |eukema, a

conpl et e rem sspopl {CR)igra esuddfa9letikouytte bedachi mv.epll at(Sexe Shductdon, et al .
, Blood (1997), 89: 3354) . It _was also reported that, other_ than arsenic
trioxide, arsBhithEntAPREAGEHHRARIESd00h oY S (STHF0 SPEBOFREF §BY 15

Naturalis Tabl gbs"cOMd R Didg %ﬁ%ﬁ”ﬁ&t%&ﬁééQerk(é%f%%gj%le,aBHerRHEﬁeré;?} raar seni c
tetraslfide (As4S4) can achieve conplete rem ssion rates of 98%dand 84. 9%

respectively. (Seel&Murge Zfedf ivelyCancend Chenwtdrerl IPharvicol of200d)ent48 (suppl

1) : S72-S576). Lni | studies further indicated that | owdose arsenic 20
D oxi e oot nPOE LR R Lo Bet e o aeE hd  rapare et ey

pronyel ocytic Ledkeihds atarsedBichY sd0sgvefpbOBidmihketnbor 4 28 daysn c d
achieve a conplete remssion rate of 80% and that side effects caused by
arseni c trioxi ges¢aneh aas dgastornantesnithd tdestuebarndetuhars Abarckrm and

cardi ac 25 toxicity) re redu hen.Y, et al., lLeukem a (2001), 15:
735-741). It was g}éswc? rre%%éftee(?c ?ﬁ%‘i &ﬁgg a%ast‘Pé et e WA e Rt B reedl
pronyel ocyti ¢ Leukemmowdlakl- 4 rantse bEt1iMeigy dAebb{AHM)s whiehisd Bdsarut e
pronyel ocytic | eukem a, the adm nistration 30 of a conbination of arsenic

trioxide and ofRBFS HGHYSLEGERICASLHENESF) 2 [LEWIEEE TP SipTer Ry tate
therapeutic effecdys é%ﬁd%e:\’é'%li% . bee sga%‘f?”k?‘ t2091) 731%)2:5(:18}1'9%;)76' 1184).

In recent years, the nedica e as gradual 'y expl ored "the nechdri sm of
arseni c trioxi de:iBasghe Itmeataleutirgforaedithat , other thanarsenic trioxide,

arsenic-containing substances such as “Composite Indigo

15 Naturalis Tablets” containing arsenic sulfide (As,S,) and pure

tetraarsenic tetraslfide (As;S;) can achieve complete

remission rates of 98% and 84.9%, respectively. (See Wang Z.Y.,

Cancer Chemother Pharmacol (2001), 48 (suppl 1): S72-876).

Clinical studies further indicated that low-dose arsenic

20 trioxide administered intravenously to patients with relapsed

acute promyelocytic leukemia at a daily dose of 0.08 mg/kg

for 28 days could achieve a complete remission rate of 80%,

and that side effects caused by arsenic trioxide (such as

gastrointestinal disturbance, facial edema and cardiac

25 toxicity) were reduced. (See Shen Y, et al., Leukemia (2001),
15: 735-741).

It was also reported that for patients with relapsed acute
promyelocytic leukemia or all-trans-retinoic acid (ATRA)
resistant acute promyelocytic leukemia, the administration

30 of a combination of arsenic trioxide and other drugs (such

as GM-CSF) resulted in a synergistic therapeutic effect. (See



pronyel ocytic | eukem a. According to reports, the mechanism5 of arsenic
trioxide in inhibiting acute pronyel ocytic | eukema <cell lines may be the
triggering of apoptosis at relatively high concentrations (from0.5 to 2

nmol /L) and the induction of cell differentiation at |ow concentrations (from
0.1to 0. 5gnol/L) . (See Chen GQ et aB., Blood (1997), 89: 3345) . 10 In
2002, Mller et al. , propounding the possible nmechanisns of actions of

arsenic trioxiggebnaCapcer. Resealeha(2902)), £2i3893+3803,¢3fated that these
actions might result in tthe "induction of apoptosi's, the inhibition of growth

and angi ogenesi s,InambertteypauemtummeﬁldaIffereelldt has |g1ra,dua|idytd§na;bldzﬁed3ecause
arsenic affecte . cel l.ul ar and physi.al ogi cal pathways, a wide variety

o)
of mal i gnanci e§ﬂ ©i et Jr?@“ Bt AT SFRMatFIeF Eecincdre dif¢asarnd phmretderi ved

from several e SUSHER a
trioxide. In 28%#!??%1%&, ti &%?gf(lﬁgtl tutes ofgkaga]};ét)%&Eﬁ I—DEYIS:‘%%%Q{&S@Um ted

St at es pr oteeded awisehicltimioxddetim ahlsilpift igngseni tee ptronpxice/tic hewednlaogi ¢ and

solid tunors, di cated | their, reports that arsenic trioxide can
i bi £ Gr ok hoBFL THE GRNGBR ST 1L OHEE Lt Bt (RARACE LpObt DSIA 1 YF he

cancer cell |hﬁlﬁ§ comn@xla@llgﬁg i 9. @ft@rfﬁmbg/ﬂr'z% decconsuated in 25

connection with hematol ogi c nalignancies include, 1n addition to acute
promnyel ocyti c Pé&ukeht ailfaf(ﬁ}teéltﬁ?éllétldat elﬂ&érﬁcalc(emm)atloaéut(ér@ynQ)HOMi c

:-lgggﬁimn'a:s fgggﬁg%a“w@:ﬁgﬁrgg%%%ﬁ%c |é3 |%&ken§£°om983’y§p:‘3 stﬁ:%yndr onme

and mul tipg e 30 nyeloowe., Vil éniatal, drcpalisdohgaheans s 131 deacianduct ed
in connection with solid tunors include prostate cancer, 4 cervical cancer
and bl adder caREeRCtiGer MirdjcRir trieidends 6@P§?f(§9®9§rd€ (U1

2):22-28). In geptesheso200Q, tha Food t%%%e%glgﬁ 93& %'58 £ (FPA)e Of the

United States approved arsenic trioxide as an or rug or treating
acut e pronyel oé¢ypfucticukefi aap@bfeom,arttmmmhlbltlon of growth and

angiogenesis, and the promotion of differentiation, and that

15 because arsenic affected so many cellular and physiological
pathways, a wide variety of malignancies, including both
hematologic cancer and solid tumors derived from several tissue
types, might be susceptible to therapy with arsenic trioxide.

In 2001, the National Institutes of Health (NIH) of the

20 United States proceeded with clinical trials of arsenic
trioxide in hematologic and solid tumors, and indicated in
their reports that arsenic trioxide can inhibit growth of many
cancer cell lines, and promote apoptosis in the cancer cell
lines. The clinical trials of arsenic trioxide conducted in

25 connection with hematologic malignancies include, in addition
toacute promyelocytic leukemia, acute myeloid leukemia (AML) ,
acute lymphocytic leukemia, chronicmyelogenous leukemia (CML) ,
non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, chronic
lymphocytic leukemia, myelodysplastic syndrome and multiple

30 myeloma. The clinical trials of arsenic trioxide conducted

in connection with solid tumors include prostate cancer,



of Health (DOH) of Taiwan, R O C., approved marketing of an arsenic

tri oxi de-cont ai ni ng pharmaceutical preparation ("ASADI N Injection"; |icense
no. 000005) by TTY Biopharm Co., Ltd. (Taiwan), in January, 2002. 10 In
recent years, studies on the treatnent of solid tunors wth arsenic trioxide
have gradual ly developed in China. It wad indicated in a report that in an
eval uation of the therapeutic efficacy of arsenic trioxide using an ani nal

model  of M CecdbiNdi Valnddalng it ddstldarthioned dhaty ke 14 e ofrpl> the

m ce could be extended to 127.2% after admnistration of “arsenic trioxide at
a dose of 2 nybkgolefid omsecuti veuplays2) :A2Se8)Lin et al., "Study on
Anti-tunor Activity of Arsenic Trioxide, "China Journal of Chinese

Mat er i aMedi ca (1999)SeRFATBRT 290%) theoFeys 9424099 ACESr85pahdPhg B oN
1285743A) disclosgs (rRihgds, foL _taga%xto"v%ﬁt OeoL, of péﬁ%&%@eaas't %’FH}%HPML and

solid tunors, which includes admnistering to a patient a rapeutically
ef f ecti ve sanouatugfoarsenitdnyracaxiede aatyedcyol garugeal semhedbepartenent
mel ar soprol, which can be used in 25 conbination with other therapeutic

agents (such aSt B4t HEPHPett i T3 "amadRoPr bt e ARRY S BAF SEhePapeutifes or

other nedical technjgues, 56 Ak {OnARLOUS t BRaGHRLELY: &f1 | iffepDiadite
patient. In addition, the pharmaceutical conposition wused in the

af or esai dpat ent “ASARIN Gbstantpml | yistepelr .s6P 09 DN bIOTBUBLabharfidio. ,

i ntravenous in%e tigﬁ or ang%jgnhugnd ifbéﬂ so suitable for oral delivery,

or topical or tFansdetnil™ delfvery s The Preparati on of the sterile sol ution

i nvol ves fthe adj ushmesdentolespecidiu@irld ¥altirs c rkathée: toreabmedttiors
tunors/cancers, in addition to chenotherapeut ics, radiation has been used
by the nedical Witelarsenicntrhexiiadivos srafdat teadgiaicrsd anseases, It

particularly | Qaéhﬁnhﬁggwgnﬁno‘ca GaNS (BHCh; @S, §KIn,680C8LS ARd tye

nasopharyngeal cancers) since the di'scovery of the radioactive
therapeutic efficacy of arsenic trioxide using an animal model

of mice with liver tumor, the result showed that the life of

15 the mice could be extended to 127.2% after administration of
arsenic trioxide at a dose of 2 mg/kg for 10 consecutive days.
(See Lin et al., “Study on Anti-tumor Activity of Arsenic
Trioxide,” China Journal of Chinese MateriaMedica (1999), 24(3):
1-3).

20 WO 99/24029 (corresponding to CN 1285743A) discloses
methods for the treatment of leukemia, lymphoma, and solid
tumors, which includes administering to a patient a
therapeutically effective amount of arsenic trioxide or an
organic arsenical, i.e. melarsoprol, which can be used in

25 combination with other therapeutic agents (such as
chemotherapeutics, radioprotectants, radiotherapeutics or
other medical techniques so as to improve the quality of life
of the patient. In addition, the pharmaceutical composition
used intheaforesaidpatent is asubstantiallysterilesolution

30 suitable for intravenous injection or infusion, and is also

suitable for oral delivery, or topical or transdermal delivery.



Ra el ement (226Ra) by the Curies in 1898. Wth the devel opnent in the
research of the radionuclide science after Wrld War 10 |1, scientists have
gai ned abetter understanding of the of fects of radiation on living
creatures, which has further inproved nethods and techniques of radiation
t herapy, increased the rate of survival,%and prolonged |ifespan, while
reducing the side effects of radiation on nornmal tissues. 15 Internal

radi onucl i de t@ﬁég9¥ £££@Qo%@fEﬁeg%e&@@eQkhﬂEEBEQnV%ﬁvggHH@%&fﬂ%dm%&ge

radi ati on doses to the targeted di seased tissues by using appropriate

r adi ophar maceubf capesci(fRes pBwWhrialleesspari ng normal tissues. For sel ective

| ocalization, either 1ions or nolecules that are specific tqQ.di seased tissues

are 20 used as cafPi &€ f bFetHB?Rpebfi &W‘é@&isdﬁ@acﬁﬂés o™ sBPﬁbT‘_bo%n&O
m croparticul a&ﬁe&@% u%%%utfa%Rg%_igB & L E BPURethe i@l QNN to

i ncrease upt akée or confine the in a body cavity. Radionuclides for
t her apeut i usenstioulod abaoahkeatd terbattmeBd ohdiiatdases ,t hatt hawkahiyghd i near
energy transfer (LET) in order to destroy malignant and ot her rapidl

proliferating EBFI CIRATMSRS off. FRBGSTHcl T 1SS &/ttt i FYPTHA 0T i des,
(2) aemtti ngaééﬂtil%ﬁiéaﬁ.eéa@é’@rs():)’éiﬂ@éjEQ@HQEEQG§r§' bate Hieeay: dyec igleect ron
erna

capture (EC) and int conversion (1C to result 30 in the em ssion of
Auger and Cost 8e-reoming (C°RY) dvethe shwiesThe 1828gelbh tBepdetsldnments jn
mmMs so that they are effectiv faor Jl.arge,tunors. The _ran of rticles
15 50" 100 m 48 HEhai ARGy Pare €1 Cer 0B P bHS i T s coan 1 & R

m cronet agf ases, sRadhonyed hdes ghhatdamdt tARGRTdeaidt abdkn § o€ GHeONEE it
effective only when they are carried across the cell nenbrane into the 5
nucl eus to danBferPNALIsBcanse HiHe Fanye TS t WBdehetdt ftHeRECT SRYPVEGN The

o oresal 5, DAL HIE ENCANALILEL P Dl Lavgg, | Bicaon g g e
radi onucl i des aheeldfstadvinal akdmesptoamaged lifespan, while reducing the
side effects of radiation on normal tissues.

15 Internal radionuclide therapy (IRT) works by the principle
of delivering large radiation doses to the targeted diseased
tissues by using appropriate radiopharmaceuticals (RPs) while
sparing normal tissues. For selective localization, either
ions or molecules that are specific to diseased tissues are

20 used as carriers for therapeutic radionuclides or soluble and
microparticulate radiopharmaceuticals (RPs) are introduced
regionally to increase uptake or to confine the RP in a body
cavity.

Radionuclides for therapeutic use should be able to emit

25 radiations that have high linear energy transfer (LET) in order
to destroy malignant and other rapidly proliferating cell
populations. They include (1) B emitting radionuclides, (2)
a emitting radionuclides and (3) radionuclides that decay by
electron capture (EC) and internal conversion (IC) to result

30 in the emission of Auger and Coster-Kronig (C-K) electrons.

The range of B particles is in mm’'s so that they are effective



10 2 of said review article, including 32P, 67Cu, 76As, 89Sr, 90Y, 1311,
153Sm 165Dy, 166Ho, 169Er, 186Re, 188Re, 198Au, 211 At, 212Bi and 213Bi, of
which 131, is the nost widely used therapeutic radi opharnaceutical and is
used for the treatnent of thyroid cancer and hyperthyroidism Table 3 of
said review article 15 al so nentioned sevéral radi onuclides, which are
prepared in specific forms of therapeutic radi opharmaceuticals for

parti cul ar applicatlons. boever,c Sald.r eyl e artifl& iis sblenboo on dhe

preparation of ut’i'c radi ophar rom arsenic-containing
conpounds, suchhas tate3enre€ effifieexide,for2Bmat Senmortrarsuhni cdemanadsaaseni ¢
sul fide. In 2002, Yong-Jin Chun et al., described_in FEES Letter,

(2002) , 519: 195Raghonephides SBAF Chirt AReee 204nC SeRIFFFERPRGETENCT £oT i el

cancer cells {8, 0Nigl N9 pCadl AL DAk LPY L@ 806 ddhula¥R. sgRd fhat the

combi ned treatmen arseni c trioxi i n chenot herapy and 1 oni zi ng

radi ati on fasasypeegssto cefrbget DNAN hdmusecahrendngd aferrhieceal e tancerns Al |
literatures and patents nentioned here i nabove, as we 11 as the literatures
cited therein, 1r &G4 Acéfporated herein by reference in their entirety. 30

For devel opi ng angffegetinme ; q{rygbfaggdtc;}gtgg%Qtapglclt@gpry@l&qnﬁﬁy@l t he

Applicants attenpt to conbine 7 c em)phar maceuti cal therapy and radi ation
t her apy, andpr @vicde and Mmac@egzagl@rr jor €par emygPharmalf @actdaleDas &Eni(20 ¢@ht ai ni ng

conmpound, the process_ includes the bj ect i n

ar seni c- cont ai fii° ﬁ&séo%éﬂné{%éf’}éﬁt @dlt OE‘“Fﬁ&f%e(% Jgﬁogbé%oém SEFRGof Fdcs,
As2S3, AsZPH2, andrasaipwbivhaki o tdiereehctodangetb | Oich f sk atSP@ﬁ theat ment
such that the arsenjc elerent contajned in the  arsepic-cgntainjng conpound
is converted t6 & ra¥ioacPrve dfseni Bri sotepe: Bhd 18U¢i1)AFecoweri®y t he

resul tant pr OdUQtB fr OIP Svsl—? h( pap THI § NV Ownlc?éls)}) RLOYI gﬁéré‘peutlc

phar maceuti cal corrt)os
radlopharmaceutical and is used for the treatment of thyroid

cancer and hyperthyroidism. Table 3 of said review article
15 also mentioned several radionuclides, which are prepared in

gspecific forms of therapeutic radiopharmaceuticals for

particularapplications. However, saidreviewarticleissilent

on the preparation of therapeutic radiopharmaceuticals from

arsenic-containing compounds, such as arsenic trioxide,
20 arsenic trisulfide and arsenic sulfide.

In 2002, Yong-Jin Chun et al., described in FEBS Letter,
(2002), 519: 195-200, that arsenic trioxide can sensitize human
cervical cancer cells to ionizing radiation both in vitro and
in vivo, and that the combined treatment of arsenic trioxide

25 in chemotherapy and ionizing radiation has a synergisticeffect
in the treatment of cervical cancer.

All literatures and patents mentioned hereinabove, aswell
as the literatures cited therein, are incorporated herein
by reference in their entirety.

30 For developing an effective drug for the treatment of

tumors/cancers, the Applicants attempt to combine



whi ch includes: (a) a therapeutically effective anbunt of a radioactive
arseni c-cont ai ni ng conpound, the radioactive 15 arsenic-containing conpound
bei ng prepared by a process conprising the steps of: (i)subjecting an

arseni c- cont ai ni ng conpound sel ected fromthe group consisting of As2CB,
As2S3, As2S2, and a conbination thereof t® a neutron irradiation treatnent

20 such that the arsenic el ement contained in the arsenic-containing compound

is converted to ;?}uda{l%?na%te'u ; Ffﬁlﬁ%%%g ?E)E%@qatgggt@llegf)ipg,egg&gﬂo@gdghe

resul tant pr od'ﬁl&? 1 phar maceutical |y acceptabl e
carrier. The phappBegysd i ﬁak pespasitdoa asdoodcngve oathesidmatEiioingcan be
used in the treatnent of tunors/cancers, such as henatol ogical nalignancies
and solid tunprempeyrl hééleaplf@ﬁésssiwlfq%ﬁthet REFBPeBtic effect conpared to

that of the existi ng 30, arseni ¢ dﬁ;)g%(éeqmelcb%%ﬁga?ﬂﬂh %gs%mgg ugs dsueh as

those disclosed i tﬁgb&?or esai ent's or er a?u 8 O her features
and advantqges of therphesegioupvestidiening bE begnnerappar eﬁbsj,natnhiea
fol l ow ng detailed description of the preferred embo rrent of th
invention, with refepehteatin ﬁéeéée%r?ﬁ’a%%eﬁéranvﬁ tlﬁ F| g. 1

shows the gamma- ener gy spegi eJ at tyﬁsé{l%enweﬁgﬁﬂeraomﬂalﬁgen yﬂ76ﬁ§z
contained in arsenic I’IOXI after neutron |rrad|at|ontreatrrent Flg 2

shows the distributi amseﬁltheomtaa:ﬁixdargi vermosedi ¢ 15t r iaoxiveatadc o ngto this
invention in the tunors in the rats .10 at dlffere t tines after tail vein

injection and hepati €&} PeFY*VE rit*stti'6n; S8hd°Fi g7 3 shows the distribution of

the radi oggtive argeni cecbtéPXiga RCeeEdlBEnt Optdtiscd meent seapi it he tissues
or organs o
? This invention also provides a pharmaceutical composition,

which includes:
(a) a therapeutically effective amount of a radioactive
arsenic-containing compound, the radioactive
15 arsenic-containing compound being prepared by a process
comprising the steps of:
(i) subjectinganarsenic-containing compound selected
from the group consisting of As;03;, As,S3, As;S;, and a
combination thereof to a neutron irradiation treatment
20 such that the arsenic element contained in the
arsenic-containing compound is converted to a radiocactive
arsenic isotope; and
(ii) recovering the resultant product from step (i) ;
and
25 (b) a pharmaceutically acceptable carrier.
The pharmaceutical composition according to this invention
can be used in the treatment of tumors/cancers, such as
hematological malignancies and solid tumors, and has a more
significant therapeutic effect comparedtothat of theexisting
30 arsenic trioxide-based anti-cancer drugs (such as those

disclosed in the aforesaid patents or literatures).



of the rats at different tines after tail vein injection and

15 hepatic

artery injection. The present invention provides a pharnaceuti cal
conposition, which includes: (a) a therapeutically effective anobunt of a

radi oactive arsenic-containing conpound, the radioacti
ar seni c- cont ai ni ng conpound bei ng prepared by a process
of : (i) subjecting an arseni c-containing conpound sel ec

irradi ati on treatnent

ve 20

conprising the steps
(i) . . ted fromthe group
consi sting of Aszggheégé u S2.a aRdafragodinaticonrtBeneofnton@ideut ron

such that the arsenic el enent contained in the

ar seni c- cont ai RLDY seipeuagphsesoniertthed fodlawirgidsdetiled dassenpeidot ope;
and (ii) recovering the resultant product fronlst%ﬁ€(k%}and 30
inve

phar maceut i cal P§ pPE®f e 1at r PRPOITPRA s ent

i ncludes the steps ) subj ect

G T B

b) a
EW%V?des
apr ocessf or pr%gg&%@g?é %ﬁréﬁg %%%5&¥§39£§§n&fswa i Rhngng¢enpounds, which

an~ arseni ¢- cont ai ni ng conpound

selected 4$rom a greup RS tdd dgnmf - AR, spAS2 B3N AS2R2a regl e temdyithat i on
t he arsenic el enent

contained in thelsrgbnisc- eomtaiHihg 1BonPORRREC | 5TLORVET t &4 55 aPFadt Ghcti ve

5 thereof to a peutrop irradiation treatnment such tha

arseni c isotopg;.

apd.£ii) ¢REAWRNING the resultant product fromstep (i).

The neutron irradiation treatnment used in the process of 10 this invention

is known to one skiilg.ed $hpushehar digsetbutfinn efarpt &28afctive #Eheatand D.

Robert Lu (1996), Pharnaceut. cal searc
invention, a sét"éfté eéﬁF?éﬁ%gggghF§154nJ&ﬂt

3
i hing conmpound can

e place

n( 13%} t he ‘?tzhgn_o:}c%ll n 'téll

e.nrénné S

in an atom c

reactor afd the & SRMNL+COoMa A e €NPaend icarcthen dnel isetdyteict edt¢oy 15

neutron irradiation treatnment for initiating a nuclear
injection; and

reacti on

15

20

25

30

Fig. 3 shows the distribution of the radioactive arsenic
trioxide according to this invention in the tissues or organs
of the rats at different times after tail vein injection and
hepatic artery injection.

The present invention provides a pharmaceutical
composition, which includes:

(a) a therapeutically effective amount of a radioactive
arsenic-containing compound, the radioactive
arsenic-containing compound being prepared by a process
comprising the steps of:

(i) subjectinganarsenic-containing compoundselected

from the group consisting of As;0;, As,S;, As;S;, and a

combination thereof to a neutron irradiation treatment

such that the arsenic element contained in the
arsenic-containing compound is converted to a radioactive
arsenic isotope; and

(ii) recovering the resultant product from step (i) ;
and

(b) a pharmaceutically acceptable carrier.

The present inventionalsoprovides aprocess for preparing



so as to convert the arsenic elenent contained in the arsenic-containing
conpound. In a preferred enbodi nent of this invention, the

arseni c-contai ni ng conpound used in the neutron irradiation 20 treatnent is
As203. I n another preferred enbodi nent of this invention, the radioactive
ar seni c- cont ai ni ng conpound produced by tHe process of this invention can
emt 7 particles and Q particles. 25 In still another preferred enbodi nent

of this invention, ., the radig ive 1iGiCORL ALY, GRRAUNEC-DE@skIced by
the process of ?%‘?%O?‘Cﬁ'vlé"n ?5%8}6%%%%%%9%%9% S0 o%e. In a further preferred

enbodi nent of tRikSstayendtéon, the radioactive arsenic-containing conpound

produced by the 30 process of this invention is radi OaCtH\é% arfen'é;d
trioxide, which can)esitbiFceind @n PFS559CVEYREAEHTI CBEINEY £T.29%55° 10
0.657MeV (6 .20-01 and (3 energy. |1 V N as, L, A8 Me¥nb38YR ion 2. 96
MeV (510-01. THeE Hdl ?r‘?é‘? 80%?1%%]/&1;9 fﬁ'%%@llgss%zsé 5%hours. The radioactive

ar seni c- cogt ai niyagee@npeuadnaceosdi Ngradiattitirs dreeemenonshal bbeh teSted and

denonstrated to have an 5 activity of inhibiting the ﬁrowth ggmtgu 5 cells.
Therefore, it iarscoAtemAmRnedoRraiies PhvBRIAGIT taf OThea* Fadf 6actrve

ar seni c-cont ai ”'is”%o?{}g??g&dt%sa usefiWadedvEher 8B acddtiopeqf anphar maceut i cal
conposi tions. Aécordin y, this invention also provides a pharmaceutical 10

conposi tion, conpr(isi)ngecba}rang herapmsuiltahkypepdeet | Mot mseRt (b1 - a

radi oactive arsenic-containing conpound, prepare tk I i ocess;
and (b) a phar macetis @&PltiVoﬁci:gﬁ‘%g%elo@aFgle%rTerig u%goggi%&tpg%?ﬁgss o

i nvention,;ot he phar taceUt i 68l i $ WMAGI £b0sne Gl lhedusadehe dihe (teeat fient of a
tunor or cancer. Pr ef erabl_y, the tunor or cancer is selected from.a group
consi sting of example, Samir C. Mehta andD. Robert Lu (1996), Pharmaceutica
Research, 13 (3): 344-351). 1In this invention, a selected
arsenic-containing compound can be placed in an atomic reactor
and the arsenic-containing compound can then be subjected to

15 neutronirradiationtreatment forinitiatinganuclearreaction
so as to convert the arsenic element contained in the
arsenic-containing compound.

In a preferred embodiment of this invention, the
arsenic-containing compound used in the neutron irradiation

20 treatment is As,0;.

In another preferred embodiment of this invention, the
radiocactive arsenic-containing compound produced by the
process of this invention can emit ¥ particles and £
particles.

25 In still another preferred embodiment of this invention,
the radioactive arsenic-containing compound produced by the
process of this invention contains '°As isotope.

In a further preferred embodiment of this invention, the
radioactive arsenic-containing compound produced by the

30 process of this invention is radioactive arsenic trioxide,

which can emit 7 energy [0.559 MeV (45%), 0.563MeV (1.2%),



hemat ol ogi cal mal i gnancies and solid tunors. Preferably, the solid tunor is
selected froma group 20 consisting of breast cancer, rectal cancer, liver
tunmor, ovarian cancer and prostate cancer. Mre preferably, the solid tunor
is selected froma group consisting of hepatocellular carcinong,

chol angi ocarci nona, liver cell carcinoma,10fibrolanellar variant of
hepat ocel | ul ar carcinoma, 25 intrahepatic bile duct carcinoma, m xed

hepat ocel | uar chol angi cocari no undi ffer ' JhHepat lkul 292 |

carci nona, hepdt 6aa” t(ﬁ'(éﬁgrh)ra %g%waseﬁn%ﬁg&oﬁcgﬁm%ﬁx Eiﬁjl Q'E%C%@I he|toat o)bl astoma,
chi | dhood hepat)i gt MB®r (5@Nd prineabylf hepsd adel fAH alT.car ¢ndfmd Bours.
Preferably, the hematol ogical malignancy is | eukem a or |ynphoma. Nbre
preferably, the héiet ohdipaetivieaRi§ARRE IR AT TG eLTRYTS aﬁcgrg?aapto

consi sting of acute, pronyel ocyti | eukem 0}, g4 eytkem a
(AM.) , acute It%’rﬁhbg‘;’??? toR %Semeae,ng ?%?céﬁgegoﬁﬁgﬁgg%ygb(%),

non- Hodgki §' s Jyapheyesr Hadgki B1sglgHepheaarh aifr onnor loaiplkoc¥hecefewkenia, 5
nyel odyspl astic syndrone and nultiple nyel oma. According.to this ipv\genti on,
the term "t her dpeltsi @@Fllt?mpéﬁf—%‘ét?Wet%u‘rﬂ"'e“éswﬁ‘ség“aﬁeggﬁr aR3%an amount

of aradioactive_ material:coniainipaupRarmmcaticah oATRESkirkonyLal o s
e

sufficient to &¢iiC&ve the inte herapeutic effect without 10 causing

undesi red seri gimriadicati 68l desmgesittdonsn-targeted tissues or organs when
adm nistered to a manmal in need of the conpositi ondfog %fa ?HJ@HB Jhe
t her apeuti cal |y efAENEILHnddHE WRYIVER YEpRhaT 1y on Bdr Tt erent " fact ors.

These factgrs inglude,;fQr & ARGeq.the type of disease, the age,
bodywei ghtl,8 15 heg\lpt% céndi ticgﬁg and ?esponse of the subject to be treated,

and the route of admi telseraerencueteallthel f ¢eliaffeanewdll P2 FeaC+€ anount
o thi s nvent | on TAFHE CEBFAG A Sa B Rah i REE S dn Are aeT | Ragwn to.
one skill process; and

(b) a pharmaceutically acceptable carrier.

15 Accordingtothisinvention,thepharmaceuticalcomposition
can be used in the treatment of a tumor or cancer. Preferably,
the tumor or cancer is selected from a group consisting of
hematological malignancies and solid tumors.

Preferably, the solid tumor is selected from a group

20 consisting of breast cancer, rectal cancer, liver tumor,
ovarian cancer and prostate cancer. More preferably, the solid
tumor is selected from a group consisting of hepatocellular
carcinoma, cholangiocarcinoma, liver cell carcinoma,
fibrolamellar variant of hepatocellular carcinoma,

25 intrahepatic bile duct carcinoma, mixed hepatocelluar
cholangicocarinomoa, undifferentiated hepatocellular
carcinoma, hepatoma with tumor invasion to common bile duct,
hepatoblastoma, childhood hepatic tumor, and primary
hepatocellular carcinoma.

30 preferably, the hematological malignancy is leukemia or

lymphoma. More preferably, the hematological malignancy is



20 in the art into fornms suitable for parenteral, oral, or topical

adm ni stration, such as solution, capsule, dispersion, suspension, and so
on. Preferably, the pharmaceutical conposition according to this invention
is fornmulated into fornms suitable for injection, 25 such as powder
injection, |yophilizationproduct for injécdtion, emulsion injection, oily
injection, liposone injection, etc. According to this invention, the term
"phar maceuti cal | acceptable carrijer” rejdy e R eFhicer known
inthe art to %%Y%Ctﬁetd;bfﬁor? of the" ﬁﬁpggtsg?ggop%p%ﬁ#acg% cal s 30 and

i ncl udi ng, butpQtedidiAgD) | fcut@hgslondl eetensid (AYE,) . alurcehmIRhasYFaRi ¢
solvents, stabilizers, chelating agents, 12 preservati ves, eﬁgld(s?iokf.inerss,
suspendi ng ageheskemnid ueahsonigeMyelai¢er$kENd2] | mes O He Wsage and
adm ni stration_freguenc f . the eut.i - bbkenNcacadsiing to this
i nvention wil | 1YEPHAP3 é{éj i ng %ﬂ@t' e%f'oﬁgd\%lngq act%gtr:g: t he seve??ty of
the disease topherbapat et theyadebne sandtridrt irdet eyedadat he body weight,
age, health condition and response of the subject to Qe treat etdi a(%elr}eral ly,
the phar maceut i caRceorpdRdt FONthht coF g Fo Lthts FPAVent PRy € adi ni'st er ed

parenteral |y, 10018t} Y. .9ntPOLGaLAY LRI ARCAREUAG Rl s oafodemp/dg of
body wei ght pg ay, in single or nultiple doses. Preferably, the

phar maceut i cal nceapositionofnihkj sphaventdwridas adarpester®d wByCBontS nuous

i ntravenous injection, topical arterial  singl i_nj Iy topi t unor
direct injecti 68f£1529Rk YonATY V&F%%épt(%ﬁ%g%kﬁrgh%%% ?%%égﬁv‘gﬁ%}?%lnt can be

adni ni st ened daily;f.9r RaPer il friupst 0280 €lays @imadpat icb noeAtssyensd
followed by 2 to 10 nore courses, each lasting 5 to 60 da Ina preferred

enbodi nent of tdiissueavent oxgang h@l%éﬁ@é@@?%%recﬁot%raséﬁ‘f“@?)c{gﬁ?aﬁ“ﬁ? d”‘compound
: flj ggal:lt ggn- hrr g ieaégrgpc?'gist%rgncfo£ rd, %l der . and,d §h£9£§'&£@itc%jlliyn59f@@tﬁpéjeous
amount will vary depending on different factors. These factors
include,forinstance,thetypeofdisease,theage,bodyweight,
15 health condition and response of the subject to be treated,
and the route of administration, etc. The therapeutically
effective amount can be determined by one skilled in the art.
The pharmaceutical composition of this invention can be
formulated by techniques which are well known to one skill
20 in the art into forms suitable for parenteral, oral, or topical
administration, such as solution, capsule, dispersion,
suspension, and so on.
pPreferably, the pharmaceutical composition according to
this invention is formulated into forms suitable for injection,
25 suchaspowderinjection,lyophilizationproductforinjection,
emulsion injection, oily injection, liposome injection, etc.
According to this invention, the term “pharmaceutically
acceptable carrier” as used herein means any carrier known
inthe art tobe suitable for the manufacture of pharmaceuticals
30 and including, but not limited to, water, normal saline,

glycerol, organic solvents, stabilizers, chelating agents,



formulation. In a nore preferred enbodi nent, the aqueous injection

formul ati on includes an appropriate anount of the radioactive arsenic
trioxide, ethylene diamnetetracetic acid 25 disodiumsalt, a buffer, and
water. In a nore preferred enbodi nent, the aqueous injection formulation has
a radioactivity in a range of from2 to 4&Ci/m . 1In a nore preferred
enbodi nent, the aqueous injection fornulation has a radioactivity in a range

of from2.77 to_ 30 3, ﬁaerryef&[g Brodidmis, ferlwenat,i ent
with liver can@@?seﬁa%he&ghag%rr%%éeut]i cal corrp%églltlrﬂgg according to this

invention cangheaadninésd erad hypoeamssof hepatic artery single i nj ect| on
and liver tunor direct injection. Liver tunor direct ection fl S

preferred. 5 The ﬁ}lﬂair retRsddiec al ab npRST HG FACC G rfgr “TH's iTven | on can

be administered sin i IS Wy ihes ciedisgheas ien &ier apeutic
met hods for tr&8¢F Fl% %ﬁ%?as ccé)ﬁl 51@55 (#ot ﬁeighrredl Ci nés i ncl ude, but are

not |imited to,vare}oa@@étmmgﬁontahn@)ﬁoflenwmgxmqtcma i Qgerﬁm%\?ﬁdOflﬁle

5-flurouracil, vinblastine and all-trans. -retinoic aci dt Thendtt@%rgcﬁ*ltl C
net hods i ncl ud@l@ﬁ@ﬁﬁt%?&p‘&r%dex%? R B S 2t AaF &UGT 1t HeT apy

invention wll ?f %Bll%hn@(gncpﬁ’tl"@Vaﬁfi tdpors@ bewiny soxgepkeso 1t is
(0]

under st ood t hat” t e 1”0 Wi ng 15 Exanples are illustrative of the invention,
but are not to bee t@easéduecbaseﬁalmyt,l nghehepkzoprcoitidrd | APBRPFbR1IONR.
Ani mal Source: Ml e

ey.rats 5 wee om the
ani mal center AW ﬁaltoYéxi\‘Aésl\/llﬁ‘éerffhl v%rlsslta;/(gill&als\j/%%% %g%%g%é%g)lignd t he
ani mal cenper eral‘iqty 098l 596iaNee EoHAGIhquntabnean (IR €.0C.6) ngy ks pecbbdel y,

were used in the follow ng experinments. After purchase, the rats were kept
at the aninal wetﬂcghtoperhbawnsﬂl%m@%PrNﬂ‘é]r"e]éfleEQ@F@? m 1ya; b {ﬁ:

Ener gy pharmaceutical composition of this invention is administered
by continuous intravenous injection, topical arterial single
injection and topical tumor direct injection.

15 The pharmaceutical composition of this invention can be
administered daily for a period of up to 60 days or until
remission, followed by 2 to 10 more courses, each lasting 5
to 60 days.

Inapreferred embodiment of this invention, the radioactive

20 arsenic-containing compound is neutron-irradiated arsenic
trioxide, and is formulated into an aqueous injection
formulation. In a more preferred embodiment, the aqueous
injection formulation includes an appropriate amount of the
radioactive arsenictrioxide, ethylenediamine tetraceticacid

25 disodium salt, a buffer, and water.

In a more preferred embodiment, the aqueous injection
formulation has a radioactivity in a range of from2 to 4 mCi/ml.
In a more preferred embodiment, the aqueous injection
formulation has a radioactivity in a range of from 2.77 to

30 3.25 mCi/ml.

In a preferred embodiment, for a patient with liver cancer,



Council, Adm nistrative Yuan, Taiwan (R O C ), under constant 25 conditions
of tenperature, noisture, and photoperiodism During the period of rearing,
wat er and feed were not linmted, and bedding was regularly replaced twi ce a
week. 2. Source of Tunmor Cell: The tunor cells for the establishnment of the
animal nodel 30 with liver tunors were N13Sl1 rat hepatona cells purchased
from the Anerican Type Culture Collection (ATCC, P.O Box 1549, 14 Manassas,

VA 20108 USA). The rat hepat.o NL- Si Slébjrectadst OnSaeCRSSi Ve
sub-cul tures t5¥;§e9£%ﬁm%cﬁ%gts]tc‘r§ %g}nkgsggﬁ%a%%&%d%%i ng Cell Bank. Exanple 1
5 Preparation @fnnadh@astise midsenneahs bdxiete tingoft eysemal & FRd¢ deopowder
(avail able fronfTYBi opharm Co. , Ltd.) was added to a <§|uartz.tube ((;fjartz(r)
gl ass, Toshi baandiaipey) tumandiraet dpeRFREODF LENEL qIMAZIt e WRECCorpl et el y
sealed by a mxed flane Pér%aél oxygen. The quartz tube was w apped 10 with
al uni num foi | afd™PhEnPpFated Tnto an al umi num capsule so as to act as an

i rradiatiop targetryiushdigndddiadicalli @mpoand i oa anewidongita sldi @t pvAntFeat ment
was performed for a period of 30 hours under,K operational condétiotr;ﬁ%%hat

woul d enabl e tdee rkess AT SHeg@GctS M9 WarF alt adPBRETT Y Br 4 r8m e to 15

4 mo. After irradiatl the, quartiz. Habe a6 wh-cBY i AgGitiordgcahoets. and 3
m of 1N NaCH smﬁdﬁtc?%ﬁg\?ﬁs a%aed in]io the cut quartz tube to dissolve As2(3

1 n of 1IN HGusol othen wadiadded timedete, XMtni aLEedoratErmitEhafPy, 1 ni

6f normal saline was_added 20 to adjust the_concent i ft tion to
1 ng/m. Gammel¥EGY CdBect r &ﬁmﬁﬁéﬁgr s ogaf(ﬁg' ir r?ﬁ%?gﬁgar sgﬁlsggw'

trioxi de- ggnt ai 41 Mg, SekHkE 0N s Lhtidlengdivasconduetedetshage adild.i Tohannel
Anal yzer (MCA). Non-irradiated arsenic trioxide was fornulated in the sane
25 fashion int cclesgleutiionmaihhda ewncsia caemeRNBF2RY MjFhiextgrnal bean

radiation therapy.
This invention will be further explained by way of the
following Examples. It is understood that the following
15 Examples are illustrative of the invention, but are not to
be construed as limiting the scope of the invention.
1. Animal Source:
Male Spawn-Dawley rats (5-week-old, 150g) purchased from
the animal center of National Yang-Ming University, Taiwan
20 (R.0.C.) and the animal center of National Science Council,
Taiwan (R.0.C.), respectively, were used in the following
experiments. After purchase, the rats were kept at the animal
room of the Institute of Nuclear Energy Research, Atomic Energy
Council, Administrative Yuan, Taiwan (R.0.C.), under constant
25 conditions of temperature, moisture, and photoperiodism.
During the period of rearing, water and feed were not limited,
and bedding was regularly replaced twice a week.
2. Source of Tumor Cell:
The tumor cells for the establishment of the animal model
30 with liver tumors were N1-S1 rat hepatoma cells purchased from

the American Type Culture Collection (ATCC, P.O. Box 1549,



use as a control in the follow ng animal experinments. Results: Figure 1
shows the result of the gamm-energy spectrum analysis of the
neutron-irradi ated arsenic 30 trioxide-containing solution. In addition,
Table 1 bel ow shows the nuclear data of the arsenic elenment included in the
15 neutron-irradi ated arsenic trioxide. Asd4shown by the results of this
Exanpl e, nucl ear reaction mas initiated when arsenic trioxide was subjected

to the neutron 'rradlatl t,0 Ch &% 2 £ drlie Y sPRedyti Rgra
radi oactive nu84 9 éﬁ%%éﬂ nbgﬁ %ggaﬁﬂgienergy [8 559 MeV (45%

0.563 MeV (1. 2%ﬁﬁ>th@57toM&Mcé@s2@&]sdnﬂcumtxaebetasﬂﬂengyaW@Sﬁ@rwﬁ®ﬂ¥8@©
2.40 MeV (359% |, 2 96 MeV (51%]. Therefore, neutron-irradi ated arsenic
trioxide can beamkednidnat RerkirmtGadrt B8Pkt unor s/ cancer s (for killing cancer
cells). 10 Table 1. Nuglear energy data of the arsenic elenent in

neut ron-irradi &t nic trioxide Elenes tTarget Natural Nucl ear a.

synt hesi sHgl f - 13§ﬂﬂ§¥d§§8haoenﬁi@bﬁkﬂﬁiv&na&gynlc trioxide
Nucl ei exi st enceReacti onlifeneutronFSnittedem tted ié% %§¥£Q section
1, (b) 0.559-45%. m%ﬁ26’550156319"2@9?8@‘3%5%&‘)&%35 ? o™ opharm

7) Ashr s4. 40. 657 6. 2ﬁgd9 vg%l;o/gé.dgi'l.@o]a 4% & AS e QA tSASS 1 Sed, 4okBiBhle) 15

Exanpl e 2. Esta an ani mal "nodel mnth l'iver tunor Operationa

Met hod: The tunnﬁxﬁﬁlISndahebbenesgathﬁnnﬁntZﬁUQﬁéaaﬁPWﬁﬂeﬁﬁﬁéﬁeaﬁPﬂh liver

tumor were of a rat hepatoma cell |Ii -
by a mlxgd flame of gas gky&in %He quartz tube was wrapped

10 with aluminum foil and then placed into an aluminum capsule
so as to act as an irradiation target during irradiation, and
a neutron irradiation treatment was performed for a period
of 30 hours under operational conditions that would enable
the resultant product to have a radioactivity of from 2 to
15 4 mCi.

After irradiation, the quartz tube was cut by a cutting
tool, and 3 ml of 1N NaOH solution was added into the cut quartz
tube to dissolve As,0,. 1 ml of 1N HC1 solution was added thereto
20 minutes later. Finally, 1 ml of normal saline was added

20 to adjust the concentration of the solution to 1 mg/ml.
Camma-energy spectrum analysis of the irradiated arsenic
trioxide-containing solutionthus obtainedwas conductedusing
Multi-channel Analyzer (MCA).

Non-irradiated arsenic trioxide was formulated in the same

25 fashion into a solution with a concentration of 1 mg/ml for
use as a control in the following animal experiments.
Results:

Figure 1 shows the result of the gamma-energy spectrum
analysis of the neutron-irradiated arsenic

30 trioxide-containing solution. Inaddition, Table 1 below shows

the nuclear data of the arsenic element included in the



purchased fromthe Anerican Type Culture Collection (ATCC, 20 P.O Box 1549,
Manassas, VA 20108 USA) , and were subcultured to set up a Master Cell Bank
and a Wrrking Cell Bank. The rat hepatoma cells, N1-S1, were suspended cells
that were dispersed in Iscove's Mdified Dul becco’'s Medi um

(1'VDM (G bcoBRL(r)) supplemented with 1%Ppenicillin (G bcoBRLO 25 and 10%
fetal bovine serum (G bcoBRL(r)), and were cultured in 1 6 an incubator with
50-8 C02, at 37C . Wien cultured to 1. .06 .cel | p I m  of
N1-S1 cel s weFEtE8hRpt B G ?ﬁ?ﬁs’?%fgﬁ% lﬁ%fo‘(égﬁélﬁ%%%% %rél%el&?ats
(5-week-ol d, 1500}y betaweapithenddvelr asdctiyerwazapait tatedwhenr gesgniand the
wounds were cl osed by sutures. Rearing of the rats was continued for ten
days, and ul t r ascixd ds casE wey eaies UsEle PeugEPRAT TARY 251 BIMIR TS RFUBYC t unor
and tunor size. After scannin ni.mal s _t hat I d v rs were
used to conducﬁfﬁﬁ§°§X§;9§ﬁ§% f%)u%ﬂﬁ%?lﬁgﬁﬁfﬁégﬁﬁgﬁﬁ?gggf&%ﬁgiﬁéyap

eut hanasi aswas Riasii£§eman chegrest. sufo Ndie (28¢5, ORESEIMY (NI2%)S10+ @57
hepatoma cells subcultured for 2, 7 and 9 passages. were used to esiablish
the ani mal nodeleVin § R3)iVevt edrprsta erFeshl 15M8Y (Edhpdri®ddft Gl d> Ehown in

Table 2. 15 Tab g 2. ﬂ?e el 1 nffLQP@f&éprPemoﬁmﬁm%é@targan;&l rat

hepat ona cel | s “of” di Ferent passages. Date of test Date of tunorNunber

of Nunber of aniumilekiNenber wef hekaghunbe ©nepdamret odntwpdantedwiars dével oped
passagesconduct edi nci dence (m d/y)ani mal stunor (md/y) 907 17, 027007 31,
022028. 57% 708 0 1i@27668°21, C0©22535. 71%

10

Table 1. Nuclear energy data of the arsenic element in

neutron-irradiated arsenic trioxide

Element Target Natural Nuclear |a.synthesis| Half- | Thermal Gamma energy | Beta energy
Nuclei | existence | Reaction life neutron BEmitted emitted
(%) Cross- (MeV) (MeV)
section
Owm(b)

0.559-45% 1.75-8%
2 26.5 0.563-1.2% 2.40-35%
As “Bs 100 (o, 7) As hrs 4.4 0.657-6.2% 2.96-51%

1.213-1.4%

B
} _—
"*Asis (n, 7) *Asis 7*Ses, (Stable)

15 Example 2. Establishment of an animal model with liver tumor
Operational Method:

The tumor cells for the establishment of the animal model
with liver tumor were of a rat hepatoma cell line, N1-5-1,
purchased from the American Type Culture Collection (ATCC,

20 P.0O. Box 1549, Manassas, VA 20108 USA), and were subcultured
to set up a Master Cell Bank and a Working Cell Bank.

The rat hepatoma cells, N1-S1, were suspended cells that
were dispersed in 1Iscove’s Modified Dulbecco’s Medium
(IMDM) (GibcoBRL®) supplementedwith 1% penicillin (GibcoBRL®)

25 and 10% fetal bovine serum (GibcoBRL®), and were cultured in



708 14, 027008 28, 022637.14% 210 07, 024010 31, 022562.5% 211 11, 025011 21,
023080% 20 10 days after the N1-S1 rat hepatoma cells subcultured for 9
passages were inplanted into the livers of the 5-week-old rats, the

i ncidence of liver tunor in the rats was about 30% 10 days after the N1-Sl
rat hepatoma cells subcultured for 7 pasis@bges were inplanted into the livers
of the 5-week-old 25 rats, the incidence of liver tunor in the rats was about
35% 10 days after the NI-S1. rat hepat |I's subcultured for 17 2
passages were PRpFAALRATThi' g"l ?Sé’r s&gﬁ%(zé 5-week-old rats, the

i nci dence of |iver whdARk1kQrtAeonatx108seabpul, Z096° ALl te Oemiltafall silage of

this experinent, use of the hepatoma <cell |ine subcultured fogL 9 sages
PEtor

resulted in a ldelds wemmsanslpdcEnkkEenof MR HE 3094 AP AYRs 28" Y tunor
growt h condition. n cell ubeul p l§eh-NStsach

i mpl anted int ortaﬁg\/\ggd‘l”%%{ O%Cf’hg%rldgg gﬂggﬁ%&f it?/lgr gfﬁ%%ﬁvﬁﬁ i nlgi dence was
raised to 70% m@ndut-Bergr omid wendicuinds wasebetdsrd byTheretese, Réarwes found

in the experinment that, 10 days after 10 the N1-S1 hegatoma cell line was
i npl ant ed i nt o AfhiehdsarBgvasgFortiguest 0T RBR 43V A% Het T Y Mot 3 4eVR1 op

\fver turors, and.Lhg IDGdence,of dioieh LMD euhb: was teldki yeby. | ow
After devel opnment 0O i ver tunor, d

e tunor mght, due to self-elimnation
in the rats, shifitek staeveny desappearthwitt hedtdevid caeyl hidec Aumorsavfent .
Accordingly, it is determned that in a cell lipe with | ow nunber,
the cells have Y6 y8t CRAPET EREE*RAY "HbrHRSI P%rﬁ?r ré)r‘f%& lgﬁggiﬁg&gbndi tion
thereof igpbettgry andhARE S Shabl 829 iidaat ohhend neddenge tok iraduci ng |iver
tumor in 20 the rats is considerably increased. In addition, when a cell
line with a | oRgmadsage nunber is used, if the rats are not given nedication
after devel opnment ljiver_ tunors, t | i Uy 8. L
conti nue growi ng aﬁ\{} -féllnraaﬁ %egaetsour?at cebfls sxgéulé fot 9, T’7h€ﬁ1cf é%ﬁs\é’aggs

were used to establish the animal model with liver tumors.

The results of comparison are shown in Table 2.
15
Table 2. The tumor incidence for rats implanted with N1-S1

rat hepatoma cells of different passages.

Date of test .

b £ Date of tumor| Number of bein Number of animals Tumor
mber of i )

Nu implantation| implanted J with developed . i

. conducted incidence

(m/d/y) animals tumor

(m/d/y)

07 17, 02 70 07 31, 02 20 28.57%
08 07, 02 70 08 21, 02 25 35.71%
08 14, 02 70 08 28, 02 26 37.14%
10 07, 02 40 10 31, 02 25 62.5%
11 11, 02 50 11 21, 02 30 80%

passages

[SSR IR SR BENE EEN § JYe)

20 10 days after the N1-S1 rat hepatoma cells subcultured
for 9 passages were implanted into the livers of the 5-week-old
rats, the incidence of liver tumor in the rats was about 30%.
10 days after the N1-S1 rat hepatoma cells subcultured for
7 passages were implanted into the livers of the 5-week-old
25 rats, the incidence of liver tumor in the rats was about 35%.

10 days after the N1-S1 rat hepatoma cells subcultured for



in the death of the rats due to netastasis and ascites. 25 The liver tunor
ani mal nodel established using rats in this experinent is a stable ani mal

nodel . However, in the selection of cell lines, it is preferred to use a
cell Iine of less than 5 passages so as to nmaintain the growh condition of
the tunmor cell line. 30 Exanple 3. Biodist¥ibution test Hepatic artery

injection: 1 8 The hepatic artery was di ssected fromthe hepatic tissue of

the rats by su%?B?l 9 tuy %aﬂ@éd'ﬂ&&PQﬂge9le£Q<%h%heh§p@éé£ ardery,

and the test s coﬁfarnrn neutron-irradi ated arsenic trioxi de as
prepared i n Examplse 5hel s defjpecsed iivetrocunver hepated aaast\easy abPhe PE: 10 tube
was renoved after injection, and a sur%écal thread was used to bind and fiXx

the bl ood vessel s, Atolhowett 1Al SERee PAGLOF PRET 1GRAd UST4T CRRPAPERPBRt i on:
10 The test inj e%“?”neS%' %%'%gpgﬁig@tf%&“é ﬁgsgsgéé%shﬁrceﬁlﬁ%edm%rxseu%&r

trioxide as prepared was 1 hjected into the tail vein using a
syringe w th ne@dh@eﬂ@e 25 aﬁpetaBp@nahxhemﬁmntls$éqquy anuunt gfowth
radi oactive arsenic trioxide 15 radroactrvr%y ran 2.77-3. q%

concentration: GqRFLHIOR - dfiefaFel hf SMPICYR TH5SE: CG'%§’ F@&frﬁFebéraae
Exanple 1 was |njeghed m&?t&a%g?&@%és Wetihd iges, tanonsvEbraugh thewbepatic

artery and tail® ein, respectively. The rats were sacrificed by taking a
| ar ge anount ofnbhﬂmmce&&amaﬂaddﬁpTﬂﬁuanéthhgupgtﬁcondlqﬁon@iséﬁﬁtﬁB

respectively, af ter injection t he bl ood eart | u |

spl eens, krdnéV?”xiﬁngtrﬁégw;E?ﬁﬂ%éf%th$n?ﬁgﬁrlmen£d:Eﬁﬁn?g mé@exfé%%ved

These tissyes ofpoOnNEarRs Wep8tOhACELL 1 N irRSRAast Ml antbes, irad thiehBbties

irradiation intensity was nmeasured by a ganma counter 25 (Wallac 1470 W ZARD)
The cont ent p@ﬂ¢@ﬁtgg@soﬁmgy§éh|@f the rats would develop liver tumors,

and the incidence of liver tumor growth was relatively low.
After development of liver tumor, the tumor might, due to
self-elimination in the rats, shrink or even disappear without

15 any medical treatment.

Accordingly, it is determined that in a cell line with
a low passage number, the cells have not yet experienced any
morpholical change, and the condition thereof is better and
more stable so that the incidence of inducing liver tumor in

20 the rats is considerably increased. In addition, when a cell
line with a low passage number is used, if the rats are not
given medication after development of liver tumors, the liver
tumors in the rats will continue growing and finally result
in the death of the rats due to metastasis and ascites.

25 The liver tumor animal model established using rats in
this experiment is a stable animal model. However, in the
gselection of cell lines, it is preferred to use a cell line
of less than 5 passages so as to maintain the growth condition
of the tumor cell line.

30 Example 3. Biodistribution test

Hepatic artery injection:



trioxi de per each gramof the tissue or organ was cal cul ated using standard
curve regression. There were two or three experinented rats in each
experinmental group. Some of the organs and tissues (bl ood, kidneys and
livers) 30 were transferred to the Institute of Nucl ear Energy Research for
conducting Inductively Coupled Plasma Mask8Spectronetry 19 (1 CP-MAS) so as to
observe the biodistribution of arsenic trioxide in the tunors and organs or

tissues. Result: The LheraReutic, ok, andres abeli cndaldhy cof igsseni c 5
0

trioxide in the trea n%efﬁ various mal1gnant tunors in humans have been

wi del y studi ed gnghdiseussediukpuwevers R0 bileiwstsr i bt ddrcahensef th t hin
living creatures is still not clear. This experine illustrates.the

bi odi stri buti omephtit0 rafiegaot i v @rséRfc t95%xi deCTH 19 tﬁ%gglﬁﬁ%g each of

the organs as observed_at -hour i olOridds g@ngs geskeghi ¥ehvple af ter
injection of tH¥ gﬁpoégf?g/lea%?%eaﬁflsceﬁtlﬁ oxi de into #%gprar ats thr ouglﬁ t he

hepatic argery jaR@st ahle¥eba. iiguie 2ephows atherbi ddiestPEi-BAt Foheofas he
radi oactive arsenic trioxide 15 according to this i nvei{lti %E in the.tugors in
the rates at didrforedneftpResR 33O njfdct PoR T it StigH T1Feh&p5t "é%artery and

tail vein. Figyre 3 ghows, the Rhodisstesbiid orahokbe by adivadligveratseni
trioxide according to this invention in each of the organs of the rats at

di fferent tinmesvafder injection 20 through the hepatic artery and tail vein.
Radi oactive arsenic trioxide was injected respectively into the tail vein
and hepatic art®ty! ofeithé™WEF528y 1. V. and |.H The dosage was cal cul ated

usi ng M RQymet hod, aAnd:&deins&si 4anNss1 dd 18n ¢ohediahmefndiher-cor-gansdandetine
tunors was 25 cal cul ated using Excel software. Finally, the radiation
absor pti on dosexiserEachropxifie ¥ paepasedt 18 FHEEPAFd 1t MRS t iR eWgste

cal cul at ed usi n&eMt%CﬁEv?éi%oLts\l/\%ea g x{g%s%]itcﬁ ALEsshawn 5.

Operational method:
A fixed amount of radioactive arsenic trioxide
15 (radioactivityrange: 2.77~3.25mCi/ml, concentration: lmg/ml,
animal injection dose: 0.45 mg/kg) prepared in Example 1 was
injected into the rats with liver tumors through the hepatic
artery and tail vein, respectively.
The rats were sacrificed by taking a large amount of blood
20 from the heart at hours 2, 4, 16, 24 and 48, respectively,
after injection, andtheblood, hearts, lungs, livers, spleens,
kidneys,intestines,bladders,muscles,andtumorswereremoved.
These tissues or organs were placed in respective tubes, and
their irradiation intensity was measured by a gamma counter
25 (Wallac 1470 WIZARD). The content percentage of arsenic
trioxide per each gram of the tissue or organ was calculated
using standard curve regression. There were two or three
experimented rats in each experimental group.
Some of the organs and tissues (blood, kidneys and livers)
30 were transferred to the Institute of Nuclear Energy Research

for conducting Inductively Coupled Plasma Mass Spectrometry



in Table 3 below. 20 5 Table 3. Radi ation absorption dose in each of the
organs or tissues and the tunors after injection of radioactive arsenic
trioxide into the aninmals through the tail vein and hepatic artery,
respectively, by I.V. and I.H IVIH (mGy/ MBq) (nGy/ MBg) LungO0. 470. 56

Spl een0. 760. 95 Ki dney0. 250. 28 Liver0. 130.24 Muscl 0. 060. 12 I ntesti ne0. 160. 23
Tunor 4. 2621 The radi ation absorption doses in the tunors after injection of

radi oactive arseni,c oxi.d ARPAtHLC pidkt 8k ¥iBRdi dMeot adtsatgid were
21 ny/ MBq and EQEGM%§$/§g §s r%@%@ctlvefy,lihe |%f%rtnce ther%betmeen

bei ng as |arget&&px5délﬂESthQWEﬁmars thasergang her dtilseuesr gans, incl udi ng
lungs, spleen, kidney, and |liver, appeared to be simlar. After injection of
t he radi oacti veRemudénic trioxide via the hepatic artery, the content of the

e s iner Ert LSS 1B ebDE Ll Gl bR eaahR, bibapeais dlur | 1

the interval betwe urs was obviously higher than the result
obtai ned i the QxReuERN B t!é@tt’ﬁ)erwhbﬁh'alﬁaduEMaJllgeant|terIT@(J,“EI ignhumdes t he
experimental group with hepatic artery injectiaqn, after inj ectlon
the content of have rh@?@ad@“ﬁﬂdhr§éﬂﬁhe%0E¥¥%oQFﬁ%u??F he CMFEFTt unot® went

down to achi ev%l%%'l%@%?bu#gO the XRekd frent @-Evgﬁglﬁ}e%@%%bngs ts@l'llV@cbtﬂ
injection, the "content o %e radi oactive arsenic trioxide in the |liver

tumor had the dieadency to go up gradually 4 hours after injection. 1In the

two experi
experimental gr.gups whi ch, adopt ed different outg

blodlstrlbutlon of
10 radioactive arsenic trioxide in the tumors and each of the
organs as observed at hours 2, 4, 16, 24, and 48, respectively,
after injection of the radioactive arsenic trioxide into the
rats through the hepatic artery and tail vein. Figure 2 shows
the biodistribution of the radioactive arsenic trioxide
15 according to this invention in the tumors in the rates at
different times after injection through the hepatic artery
and tail vein. Figure 3 shows the biodistribution of the
radiocactive arsenic trioxide according to this invention in
each of the organs of theratsat different times after injection

20 through the hepatic artery and tail vein.
Radioactive arsenic trioxide was injected respectively
into the tail vein and hepatic artery of the rats by I.V. and
I.H. The dosage was calculated using MIRD method, and the
residence time in each of the organs and the tumors was
25 calculated using Excel software. Finally, the radiation
absorption dose in each of the organs or tissues and the tumors
was calculated using MIROSE 3 software. The results are shown

in Table 3 below.



25 of adninistration, the contents of the radioactive arsenic 21 trioxide in
the liver tunors reached identical equivalent values 16 hours |later (Figure
2). The contents of arsenic trioxide in the blood, kidney, and liver were
anal yzed by |1 CP-MAS, and the obtained results 5 (not shown) tend to be
identical to those of the biodistributiorfOtest using radiation analysis. O
Lredéesteddorgans the contents of radioactive arsenic trioxide in the
adder and uri e se n dHYF @hehougards ad er
injection via gngl e%af%%ﬁggggg ggﬁég%%?g%dﬁgﬁnaﬂ$%i contentsof?he
radi oactive arsenic tikoxéslend Bheheutear bf teheihieg; icand it hedspreelvavere al |

mai ntained wthin a certain range (1-3% 1D/ g rt.her no th

resi dual dcont ents of arﬁén¥<a(§|réé2§f-139emt&rO’él%‘?naélf“?ﬁﬁﬁg‘ﬁfé)qggl) 2R Létaﬁg orye ;ﬁs or ©

ti ssues dropped 48 hours e e an h | t f
ﬁdeF%F%Fglé%%ﬁ|gh 95%§Qcéf%éﬂ¥' b%)l vangnhghe. gesults o

adni ni stration throu§ ure were very close. These results
shoul d be able to support that t he phar maceutical conposition containing

radi oactive arsemi-e—t+rioxideris—suirtghte for 7syst emlq{ admnistration. 20
Addi tional |y, this—expert+went—ind '”G‘ﬂﬁg 2 ‘, legq%@ygﬁgq of —the net hod of
inject ion, the extept—ef—aceun m‘tgu{ill‘gl Seni Tt Ldlé@(l deTn the tunor is a
fixed val ue, andH-hat2O¥oratter W;Q .nj ectt+on n:d %u is—enpl oyed, there
is a certain extent S%eeuccum! at--op—of—arsentre—tt+i oxt n—tte heart, |ung,
and 25 spl een. Both % e trioxi d%‘zﬂéhd radi-ption—m-ght—cause danage to
such tissues and nm;mgerfhp ef ore the radiopetive d".:'ﬁsieni e—tyioxide of this
invention can be|for¥if%ed in a suft3ble carrier sééjf xat—-t—can be retai ned
within the liver |t JBBPSHBR® speci fPche | ywhi-l Causi?}ﬂquo harpor | ess harmto
nearby tissues 30 adH"8¥gans " EXAMPLES 4" Ther a‘pgu_(__i_g_éf_f,ee(__a_ssessrrent 22

The radiation absorption doses in the tumors after
injection of radiocactive arsenic trioxide via the hepatic
artery and the tail vein were 21 mGy/MBg and 4.26 mGy/MBq,

10 respectively, the difference therebetween being as large as
5 times, whereas those in the other organs, including lungs,
spleen, kidney, and liver, appeared to be similar.

After injection of the radiocactive arsenic trioxide via
the hepatic artery, the content of the radioactive arsenic

15 trioxide in the liver tumor reached its peak during the interval
between hours 2 and 4, and was obviously higher than the result
obtained in the experimental groupwhichhadtail veininjection.
In the experimental group with hepatic artery injection, 4
hours after injection, the content of the radicactive arsenic

20 trioxide in the liver tumor went down to achieve balance. In
the experimental group adopting tail vein injection, the
content of the radioactive arsenic trioxide in the liver tumor
had the tendency to go up gradually 4 hours after injection.
In the two experimental groups which adopted different routes

25 of administration, the contents of the radioactive arsenic



A. CONTI NUOUS VEIN I NJECTION The rats with [iver tunors were given nor nal
saline, an injection solution containing arsenic trioxide w thout neutron
irradiation treatnment (concentration: 1 ng/m; animal 5 injection dosage:
0.45 ng/kg), and the injection solution prepared in Exanple 1 which

cont ai ned radi oactive arsenic trioxide Kaving subjected to neutron
irradiation treatnent(radioactivity range: 2.773.25 nCi/m; concentration:

1 ng/m; and aninal.injectio X 5 10 - mBhKYlent { €SPEELE MBI RV A tail
vein injecti on,tré‘ﬁ}él?ll%emi%lf%cfllo\ge%g\%élsm%&r%mri Aued for two weg%.l Bef or e

i njection, theysigesofsthwidd varetrun®igumas2)exani ned by ul trasoni ¢ scanni ng.

U trasoni c scanning was conducted in the first week, the se(gon}g.\@ek
andt hef i ft hweek, r&5pecentNts Of5 aXPEBICSERITXGI® (e THAj BLPPIN ST 1t o

observe the change.in _siz ' -p Firal Lyg the ks nwerfsactd fi ced
for observing Whet her" twf?éfgeg’\f‘/\a‘/af rreec% %2? g%?s. E. “HEPATI G ARTERY SI NGLE

| NJECTI ON Fhe hheednswessealenddo bhadrepatal tanthesy afetlee digdestetbdyiom 20 t he
hepatic tissue of the rats by surgery, and normal saline, an injection
sol uti on cont aitgiSiguatBent 23 ¥F5IGK @82WEhDut neutron irradiation treatnent

(concentration: 1 pg/ g téQged%@ggﬂ's,iEﬂégéh{é’é‘n@'@%ﬁgﬁédﬂa&iﬁi&/gg&eni@nd t he
injection solution prepared In anple 1 which contained radi oactive 25

arseni c trioxi deibaviingisuthedtleddes redt nomne rred acicond only to that
treatment (radioactjvity r angek:t?u%lé%%%é?ng%%é?ﬁ vi%ogﬁgﬂlte(r?aattg%nértle /[

and ani mal i nj €t FBR age e), were | njected respectively

via the hegpati g @rdenwdih. StREkLent8hESHE A radoBet Ovearaget totoxide size
of the liver tunors was exam ned by ultrasonic scanning. _Utrasonic scanning
was conducted iim 2Bet heattr sthewdelnd t Redsehontkie “oi¢ efé Prifhirek,

respectively, after start.of, theJani§ehhompfg. PbsRIgE ! Y change in size
Furthermore, the residual contents of the radioactive
arsenic trioxide in all the organs or tissues dropped 48 hours

15 after injection (Figure 3), and the results of administration
through IV and IH (Figure 2) were very close. These results
should be able to support that the pharmaceutical composition
containing radioactive arsenic trioxide is suitable for
systemic administration.

20 Additionally, this experiment indicated that, regardless
of themethodof injection, theextent of accumulationof arsenic
trioxide in the tumor is a fixed value, and that, no matter
which injection method is employed, there is a certain extent
of accumulation of arsenic trioxide in the heart, lung, and

25 spleen. Botharsenictrioxideandradiationmight causedamage
to such tissues and organs; therefore, the radiocactive arsenic
trioxide of this invention can be formulated in a suitable
carrier so that it can be retained within the liver tumor more
specificallywhilecausingnoharmorlessharmtonearbytissues

30 and organs.

EXAMPLE 4 Therapeutic effect assessment



of the tunor. Finally, the rats were sacrificed for observing whether there
was netastasis. 5 C. LIVER TUMOR DI RECT | NJECTION The rats with liver tunors
were subjected to surgery. After the locations of the liver tunors were
found, the tunors were directly injected with normal saline, an injection
containing arsenic trioxide wi thout neut2@n irradiation treatnent 10

(concentration: 1 ng/m; animal injection dosage: 0. 45 ng/kg) , and the
i njection prepared, i I i ai ned radioactive arsenic trioxide
havi ng subjectéﬁ g5mﬁg§?§gg 9?%¥2Q?a Fgﬁﬁireatnent (radiation activity range:

2.77-3.25 nC/m ;TonGenrt wat honivdr Myfmdrsofveeangené atdrol andiari mah 15
injection dosage: 0.45 ny/kg), respectively, once every week, twice in
total . Before injlectiionsaléionfenshiphadpréeric GrdpsidayieRant REUETEY

ul trasoni ¢ scanni ng.. U.trasoni c_scanni ted i he f _first week,
t he second meek?”ﬁ%%agﬁgnf ??? ek, #g%%é%EFggpggSZO af?gv%éfar? o? the

i njection 0 obsefate ithe dobagge bnasidg/kHf, tded tumrinjkiondbohy sollheivat s wer e
sacrificed for observing whether there was nmetastasis., RESULTS A

CONTI NUOUS VEI NPH9RPEEH OR ZXaTRAFel4WBarBw Shiotk e e X eaCtAdht AFSFBLGI ts of

cont i nuous Vel f J G611 0, 265 TAR R AeaSi 2001 Liyefod Mg sand . synvi val
time of the rats after belng %lven ormal saline, arsenic trioxide, and

radi oactive ar serdarntenitdxadeocbyt tonty nuousartes | véLW7FﬁLé5tioanmeﬂ;Size
(emx cm RNo.Befof & ALLEh on §ChEINL NCLease, (Y S fRanosaRunyLyah SLTTE
10 mg/kg), respectively, via tail vein injection, and the
injection was continued for two weeks.

Before injection, the size of the liver tumors was examined
by ultrasonic scanning. Ultrasonic scanning was conducted in
the first week, the secondweek, andthe fifthweek, respectively,

15 after start of the injection so as to observe the change in
size of the tumor. Finally, the rats were sacrificed for
observing whether there was metastasis.

B. HEPATIC ARTERY SINGLE INJECTION

The blood vessels of the hepatic artery were dissected from

20 the hepatic tissue of the rats by surgery, and normal saline,
an injection solution containing arsenic trioxide without
neutron irradiation treatment (concentration: 1 mg/ml; and
animal injection dosage: 0.45 mg/kg), and the injection
solution prepared in Example 1 which contained radioactive

25 arsenic trioxide having subjected to neutron irradiation
treatment (radiocactivity range: 2.77~3.25 mCi/ml;
concentration: 1mg/ml; andanimal injection dosage: 0.45mg/kg
dose), were injected respectively via the hepatic artery in
single injections.

30 Before injection, the size of the liver tumors was examined

by ultrasonic scanning. Ultrasonic scanning was conducted in



i njectionDecrease (de)(day) Week 1Wek 2Wek 5 NO|l saline 2541.38 x 1.61 x
1.130.989x0. 3911.85 x 1.47In 49.28 %oor32 0.921 2551.56x1.21.79 x 1.332.01
x1.512.99 x 2.63In 230 % oor 37 2581.59 x1.22.1 x 1.95--In 114 %oor8 2620.971
x 0.802x0.720. 645 x 0.54-1n 142 %oor28 0. 656 2731.42x1.01.14 xI1.012.5 x 2-1n
334 %Poor12 Arsenic trioxide g¢g=-P 2512361x 1.02.30 x 1.64--1n 116.93
9%oor 14 2531.32x0.92.03 x 1.411.71 x 1.401.28 x 0.933De 35.11 %V | d42 256

" - 0
T L T xS e ko
9Poor 40 Radi oafftdere starsedf cthe injection to observe the change in size
of the tumor. Finally, the rats were sacrificed for observing
whether there was metastasis.
5 C. LIVER TUMOR DIRECT INJECTION

The rats with liver tumors were subjected to surgery. After
the locations of the liver tumors were found, the tumors were
directly injected with normal saline, an injection containing
arsenic trioxide without neutron irradiation treatment

10 (concentration: 1 mg/ml; animal injection dosage: 0.45mg/kg),
and the injection prepared in Example 1 which contained
radiocactive arsenic trioxide having subjected to neutron
irradiation treatment (radiation activity range: 2.77-~3.25
mCi/ml; concentration: 1 mg/ml of concentration; and animal

15 injection dosage: 0.45 mg/kg), respectively, once every week,
twice in total.

Before injection, the size of the liver tumors was examined
by ultrasonic scanning. Ultrasonic scanning was conducted in
the first week, the secondweek, andthe fifthweek, respectively,

20 after start of the injection to observe the change in size
of the tumor. Finally, the rats were sacrificed for observing
whether there was metastasis.

RESULTS -
A. CONTINUOUS VEIN INJECTION
25 Table 4 below shows the experimental results of continuous

vein injection.



trioxide 2521.21x0.92.06x 1.531.73 x 1.441.49 x 1.24De 40.53 %00d>56 2591. 68

x1.182.32 x 1.461.90 xI

.451.08 x 0.78De 74.87

%>00d>56 2601. 26x1.02.16 x

-1.621.89 x 1.791.67 x 1.49to0 28.89 %00d>56 2651.20 x 1.96 x1.481.42
x0. 9540. 906 x 0.556De 82. 64 %00d>56 0.834 2741.84 x 0.998x0. 680.943

x0.5160. 919 x 0.304De 59.08 %=zxxl >56 0.815% Not e:
is classified as

(I'n%

0% 40% i s clas%jgl d,asg’
or nore or dlsappearance
I'iver tunor-bearing ratsftbaUxmB@gg@keanxnmwdabaiaheneu%hyntatrlQELdﬁ

injection began to die on day 8, and were found,
The si ze of thénfiumlé)a\ﬁ&éveaﬁ‘rs"c?m&uﬁﬁl?}él

scannwggne§g

asci tes.

first ultrasonic
15 ultrasonic scanning five we
tunors wassfound to be also larger than that at the
scanni ng exam nat+on
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In week 5,
of anesthesia Wwere—st

weeks after
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showed si gns of

shri nk
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| 8 RaSRANS &

t unor
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on,

%%glssect

lon,

rs HRCELERFEVAD Sinke o2f chumpitd 0 50%
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The surviving rats were subjected to

and the size 25 of the
first ultrasonic

The ra£&>g1;5#;5p with—mormat—sgtine were all dead 8
ectT Ol g0y Nno ”E[aikiiks was [eund-atf er di.ssectdon. 5 The
- er 1 . . .

pmetipy adi at €0 arsent c tri offrhee ¢ t&l yein were
rasoni c_scantfsig 1Wweek aftf linjection, and all the tunors
d@gﬁgjlarged The tunors had the tendency tjo shrink in week
te Tmor 5 | di; " NPT SHOW Tych, ¢hange. .. Rl S hal did]not die 10
HPalve—in—week HHheats—that—were—given
285 _ 11 56x1.241.79 x 1.33 2.01 X151 . & 99 x 3 .63 B % e v Y
€q; “H%?ﬁ%bzlkhgéXiug Ha—tati ehgh4gu Girgm,—{hejtunors
o b L eek af ey, i ection, UL, haf e Tegdency to
273 1.42x1.08 1.14 x1.01 2.5x 2 — In 334 % Poor 12
Arsenic
trioxide
group
251 1.61x 1.082.30 x 1.64 - - In 116.93 % Poor 14
253 1.32x0.972.03 x 1.41} 1.71 x 1.40| 1.28 x 0.933 De 35.11 % Mild 42
256 1.65x1.112.22 x 1.75 - - In 12 % Poor 7
268 162;36x 2.04 x 1.46/ 1.54 x 1.23 - De 31.31 % | Mild 14
271 1.52x1.131.01 x 0.8} 1.16 x 1.10 2.01 x 0.7 In 14.13 % Poor 40
Radiocactive
arsenic
trioxide
group
252 1.21x0.922.06x 1.53|1 1.73 x 1.44| 1.49 x 1.24 De 40.53 % Good >56
259 1.68 x1.182.32 x 1.46] 1.90 x1.45 1.08 x 0.78 De 74.87 % Good >56
260 1.26x1.012.16 x 1.62] 1.89 x 1.79| 1.67 x 1.49 De 28.89 % Good >56
265 10‘2803;‘ 1.96 x1.48| 1.42 x0.954 | 0.906 x 0.556| De 82.64 % | Good >56
274 %ii:u; 0.998x0.684 0.943 x0.516]0.919 x 0.304| De 59.08 % | Good >56

Note:

Increase in size of tumor

(In%) is classified as “Poor Response”;

decrease in size of tumor within 0%~40% is classified as "Mild Response”;

decrease in size of tumor to 50%

classified as

“Good R

esponse.”

or more or disappearance of tumor is

The liver tumor-bearing rats that were given normal saline

by tail vein injection began to die on day 8,

by dissection,

to have ascites.

and were found,

The size of the tumors was

also found to be larger than that at the first ultrasonic

scanning examination.

The surviving rats were subjected to

ultrasonic scanning five weeks after injection, and the size



in week 2. Wien neasurenent was taken in week 5, although the 15 size of the
tunors was bigger than when in week 1, it was snmaller than that when

exam ned 2 weeks after injection. The rats in this group were all alive in
week 8. In the experinmental group injected with normal saline, although the
tunors in sone of the rats appeared to sBAnk 20 slightly two weeks after
injection, their life spans were shorter than those in the groups subjected

to arsenic trigxide Jeeti,on PLLIRAUOIE NGAISERE thdOxiie. I egbl on. It
was found by @fssection that the tunmors had grown deep into the hepatic

ti ssues. Ther ef or&: vatthosgitr thanhimpresaappeni ed. The2S shihnkcsed ghithy when
the planar size of the tunors was exam ned by ultrasonic scanning, the

y
tunors actual | poreall ts7d inendere 1l ctegrof, erlcs PESEt 893 TRttt FT5F “Phe

ani mal s due to ascites.. . Iheslgge,ctleid;dddle;spans were shorter than the

groups treat ed™ W T H Ars&Ric trioxi de (anti-cancer nedication) and the 30
radi oacti we ar senirge tait@xi rihes (tedichy DA hbu ei et Gattddoay sermbe brdprgde o ikhi s
invention. 26 In addition, in the experinmental group treated w %h rsenic
trioxide inj ecEh®raiddfferofethe*ani vaf ?Y%@Ttéfa&é’g‘dci%a\ﬁ@éﬁlgzl vat at%egver dose

of anesthesi a. i£§e¥‘@§or§,°‘é@1@1_ by digsecthors thate sbhgat BOOESyd hateiryedi.d not
undergo netastasis or exhibit 5 abnormality. Adm nistration of arsenic

trioxi de to theheswmind hgdarherdlesidsasycontshried. ipovestierl - t he wdedt of

arsenic trioxide on the jnhibjtion of tunpr_gro t .skagnifigcant .
This experi neth?n‘d‘i“P:%ﬁSe(ﬁilghﬁf’Li%h?"ﬁé“ufclthrsc aﬁ%k 0 t\agaggg?s%%g@{:gﬁ% nuous
tail veinpjnjegki QRes@SEN Gebrbi 8XiUe, aBsvareld wek@ as radi oactive arsenic
trioxide according to this invention, had yet to exhibit any effect on the

i nhibition of tundr ghewrhts bRt t¥Rre oS PRUFReRbbETRSFed R ifilfal s in
b o CUE R B PR I O oA VR SR R i gl e of
tunors, and theraethanweéktdre aratdhpactioe ansemd the tendency to shrink
in week 2. When measurement was taken in week 5, although the
15 gize of the tumors was bigger than when inweek 1, it was smaller
than that when examined 2 weeks after injection. The rats in
this group were all alive in week 8.
In the experimental group injected with normal saline,
although the tumors in some of the rats appeared to shrink
20 slightly two weeks after injection, their life spans were
shorter than those in the groups subjected to arsenic trioxide
injection or radiocactive arsenic trioxide injection. It was
found by dissection that the tumors had grown deep into the
hepatic tissues. Therefore, although the tumors appeared to
25 shrink slightly when the planar size of the tumors was examined
by ultrasonic scanning, the tumors actually had the tendency
to grow, and resulted in death of the animals due to ascites.
Therefore, their life spans were shorter than the groups treated
with arsenic trioxide (anti-cancer medication) and the
30 radiocactive arsenic trioxide (radiocactive medication)

according to this invention.



trioxide according to this invention on the inhibition of the growth of
tunors in the rats was nost noticeable. It was determned fromthis result
that the nedicines did not produce any effect on the tunors during the first
week of medical 20 treatnent, and that the medicines began to exert their
growh inhibitory and rem ssive effects 2f the tunors in the second week of
conti nued nedi cation but the tunors still did not disappear conpletely. B.

Hepatic arteri al %c? t'JHneCIA Qﬁ'e %ig%??!ngnéapglrg%%%%eﬁ%tmémt al

results of usi ng arte single injection. 27 5 10 Table S. Size of

l'iver tunors a'&%%i&ﬁ&évﬂ{j édt‘ﬂi&)an sbhe satthe ahterlbeiene gieadninovesk Zaline,
arsenic trioxide, and radioactive arsenic trioxide by hepatic art singl e
i nj ection Turmrdusnzceo(f@mi&see:ﬁf amwﬁéagéa(l Mt ¥&°S BeFBF EXf qjegrsqcrﬁlé’@t&b% r

De R S |t Lt d =
Sal i no.qr oup. SOBE. STD B2 6- 8781 S5t 4 0BI ER L BLI R T 7 0Poet 38 5. 764

5030. 986X05983x% 12 -2882i 40X hd&ailéiXa91@@7kﬂ 36r R0 otL BoRidHbOto the
5060. 729X0. 823x 0. 7331. 26x 1.15-1n 44.9%oor 14 0.642 5071, 12x1. 71x 1 232 75X
1.832. 88x 2. 50Iswr¥4yi395pdaplig wgseeptinued. However, the effect of arsen

trioxide on the inhibition of tumor growth was not significant.
This experiment indicated that in the first week of a course
of continuous tail vein injection, arsenic trioxide, as well
10 as radioactive arsenic trioxide according to this invention,
had yet to exhibit any effect on the inhibition of tumor growth,
and the tumors in the bodies of the animals in all the groups
had a tendency to grow. In the second week of the course of
treatment, the medicines started to exhibit their inhibitory
15 effect on the tumors, and the action of the radiocactive arsenic
trioxide according to this invention on the inhibition of the
growth of tumors in the rats was most noticeable. It was
determined from this result that the medicines did not produce
any effect on the tumors during the first week of medical
20 treatment, and that the medicines began to exert their growth
inhibitory and remissive effects on the tumors in the second
week of continued medication, but the tumors still did not
disappear completely.
B. Hepatic arterial single injection
25 Table 5 belowshows the experimental resultsofusinghepatic

artery single injection.



Arsenic trioxide group 5121.40x2.07x 1.601.85x 1.281.90x 1.60De 8.21%M | d>42
0. 900 5130. 448x0.583x 0.7752.04x 1.341.25X 1.15In 218. 15%°00r 36 0. 452
5231.1 Ox1. 22x 0.8561.17x 1.142.86x 2.37In 549. 05%°00r 39 0.867 5241. 17x1. 21x
0.8781.23x 0.7071.10x 0.679De 29.69%M | d>42 0.525 Radi oactive arsenic
trioxide gr oup 5150.94 0Ox O 41.71x0. 7752 29x1. 51Di sappear edDe 100%00d>42 1
ilgo 6839 0. 50. 25x0. 989D| sappear edDi sappear edDe 100%>00d>42 3 5190' 87

7x1. 071 79x 819 9 >
5210. 783x0. 50. éﬁfg)iﬁ >[gi'osappg:'flr edﬁegﬁoﬁgggr g‘ﬁ%%%f%é?/&goagﬁ% 058tR|8t3éatsf ncrease
in size of tunor (I no/() | 5f1edrapsi hh efl s Po0dl Bespanseirsemdecteaseide, size of
tumor within 0% 40%is classified as "M|d Response"; _decrease in size of
tunor to 50% or nore or éﬂl%éféééé@éhé‘ée G SERiBrt 1o ideaB¥| FRat 15527 E56Y
Response. " After hepati Csﬁ{g} ry._si ng gnl nj ecti on of normal saline,

injec
5
Tumor Size {cm x am)
‘ Increase (In)
No. . Ee or'e After injection or Decrease | Response [Survival time (day)
injection (de) %
Week 1 Week 2 Week 5
Normal
saline group
502 2.27952 1.52x 0.875 | 1.31x 1.05 | 2.35x 1.01 | In 78.57% Poor 38
0.986x
503 0550 0.983x 0.989 | 2.10x 1.82 | 1.51x 0.867 | In 36.07% Poor 36
506 0.729% 0.823x 0.733 | 1.26x 1.15 — In 44.% Poor 14
0.642
1.12x
507 0.717 1.71x 1.23 2.75x 1.83 | 2.88x 2.50 | In 242.31% Poor 38
Arsenic
trioxide
group
512 10'49%0 2.07x 1.60 1.85x 1.28 | 1.90x 1.60 De 8.21% Mild >42
0.448x
513 0.452 0.583x 0.775 | 2.04x 1.34 | 1.25x 1.15 | In 218.15% Poor 36
1.10x
523 o 867 1.22x 0.856 | 1.17x 1.14 | 2.86x 2.37 | In 549.05% Poor 39
524 ]615722 1.21x 0.878 | 1.23x 0.707 | 1.10x 0.679 | De 29.6% Mild >42
Radioactive
arsenic
trioxide
group
515 0'941‘):0‘4 1.71x0.775 2.29x1.51 | Disappeared| De 100% Good >42
0.683x0.5 . .
518 19 0.25x0.989 | Disappeared | Disappeared De 100% Good >42
519 0'87055‘0‘6 1.27x1.07 1.79%x1.09 | 0.972x0.819 | De 56.60% Good >42
0.783%0.5 . .
521 o8 0.878x0.625 | Disappeared | Disappeared De 100% Good >42
Note: Increase in size of tumor (In%) is classified as “Poor Response”;
decrease in size of tumor within 0%~40% is classified as “"Mild Response”;
decrease in size of tumor to 50% or more or disappearance of tumor is
classified as “Good Response.”
10

After hepatic artery single injection of normal saline,
arsenic trioxide, and radiocactive arsenic trioxide according

to this invention, in the experimental group receiving normal



arsenic trioxide, and radioactive arsenic trioxide according to this

i nvention, in the experinental group receiving normal 28 saline injections,
the size of the liver tunors 5 weeks after injection was noticeably |arger
than the size of the liver tunors 1 week after injection, and there was
death of the animals in 2 weeks after imj&ction. In the experinental group
receiving 5 arsenic trioxide injections, the size of the tunors in sone of

the animals 5 weeks after injection was Lghtd ¥ SshelLsks o habkt hesrze of
the tunors 1 weeking &y SChig8ett e & ?Féﬁikgg %%ﬁnrshin Some of the animals

still grew. | nﬁ}}% EXPeriIENt Al ccaboyplipjectathniittle theerafli Deetliivwerar seni ¢
trioxide of this 8 I nvention, the tunors in sonme of the animals either
shrank or di sappeasedvezkweites afiteat iy cttd bRerards fReCRQATHE I Wt HE ot her

ani mal s di sappeared and shrank. 5 weeks after _inj i Utd C
ef fect of singl®3WLect3 s ot His&hic %%ﬁ%%ﬁﬁ%g%ﬁ(gf%%%@é%ﬁgﬁpﬁﬁ? hepati c

artery wassnot ., 15 satisfact yinjhkthough tihe siueoes te somersf inheowni mal s
appeared to shrink, the extent was not very |arge. However he atéf?artery

single injectiarf oheramlinslt iSveeaks et e ARIRFARCT HXDEdiAG LS TR S Thventi on

resulted in conpl ete di sappear.anc t.h I E i &, the1animal s 2
weeks after inﬁgﬁ¥55ﬁ?Sﬁﬁghﬁgtﬁﬁ%%yﬂﬁ%?g'?ﬁggﬁgﬁ%?%g?§gﬁ?%§§s al so had the
tendency to shhiddsi TAednate Yheldnimaukdsthie ldetev ni dedclie empehigenezt| t
that, when the animals were subjected to hegatic artery singl En'ﬁgéion
with radi oact i \varcmpséni ecteqd giitdet e A& PRY F%?ia&%e%SuFﬂl‘%d’gls F Oy % e |iver

tumor cel |5 and; 4]53Y8s | PHECE ARELY in 2BuE okl vRE ddiien dlissesteri sheatkon
Tabl e 6 bel’ow sHows t he experinmental results of enploying liver tunor direct

i njection. 29 Sr@ifabbeabed 3i weeld afitesrinigmrienandnd (iF VARC¥T ¥ BRSt he

rats other animals disappeared and shrank 5 weeks after injection.

The therapeutic effect of single injections of arsenic
trioxide directly through the hepatic artery was not
15 satisfactory. Although the tumors in some of the animals
appeared to shrink, the extent was not very large. However,
hepaticarterysingleinjectionofradioactivearsenictrioxide
according to this invention resulted in complete disappearance
of the tumors in some of the animals 2 weeks after injection,
20 and the tumors in the other animals also had the tendency to
shrink immediately. It could be determined from this result
that, when the animals were subjected to hepatic artery single
injection with radioactive arsenic trioxide, the irradiation
could destroy the liver tumor cells and tissues immediately.

25 C. Liver tumor direct injection
Table 6 below shows the experimental results of employing

liver tumor direct injection.



after being given normal saline, arsenic trioxide, and radioactive arsenic
trioxide by direct single injections through the liver tunor 'IU nr size (cm
x cm No.Before After injectionlncrease(ln) or ResponseSurvival

i njectionDecrease (de)%in (day) Wek 1Wek 4 Normal saline 5261.02x
1.311.82 x 1.492.82 x 2.22In 144.13 %oo0r230 5282.07 x 1.552.71 x 2.073.03 x
2.771n 49.61 9%°oor>30 5361.81 x 1.512.58 x 1.922.35 x 2.34ln 11.01 % oor>30
arsenic trioxi group 1 X 1. 4 . - . oM | d>30
5291.31 x 1. 305%g’iex[51.4§.%%7°§31f"?jo'l Nt e gséi&?g&éi%?}%o%%sﬁ)w X
1.871.21 x 1.19De 43. 99 Ateadpding Radiepatcdiwel salseni Cardarie drdexide oup
5301. 33x0. 6751. 10x0. 7000. 506x0. 642De 57. 81%00d>30 | , ‘

5341. 03x0. 7111. 10x0. 747RFDIRI1392DEVE R IS0 A5 3x1de by direct single

injectiong through the liver tumor

5
Tuvor size(cm x cm)
Before . . Increase(In) or Survival
No. injection After injection Decrease (de)% Response time (day)
Week 1 Week 4
Normal
saline group
526 1.02x 1.31|1.82 x 1.49| 2.82 x 2.22 In 144.13 % Poor >30
528 2.07 x 1.55 2.71 x 2.07 | 3.03 x 2.77 In 49.61 % Poor >30
536 1.81 x 1.51] 2.58 x 1.92 | 2.35 x 2.34 In 11.01 % Poor >30
arsenic
trioxide
group
525 1.23 x 1.03| 2.24 x 1.40 | 1.90 x 1.50 De 9.12 % Mild >30
529 1.31 x 1.30{ 2.21 x 1.49 | 2.67 x 1.70 In 37.84% Poor >30
533 1.12 x 1.08| 1.50 x 1.87 | 1.21 x 1.19 De 43.99 % Good >30
Radiocactive)
arsenic
trioxide
group
530 1.33x0.675| 1.10x0.700 | 0.506x0.642 De 57.81% Good >30
534 1.03x0.711| 1.10x0.747 | 0.708x0.392 De 66.22% Good >30
538 0.728x0.700| 0.945x0.600 | 0.500x0.244 De 78.48% Good >30
Note: Increase in size of tumor (In%) is classified as “Poor Response”;
decrease in gsize of tumor within 0%~40% is classified as "Mild Response”;
decrease in size of tumor to 50% or more or disappearance of tumor is
classified as “Good Response.”
10
After direct injection of normal saline, arsenic trioxide,
and radioactive arsenic trioxide according to this invention
into the liver tumors, in the experimental group injected with
normal saline, the size of the liver tumors 4 weeks after
15 injection was noticeably larger than that of the liver tumors

1 week after injection. In the experimental group injected
with arsenic trioxide, the size of the tumors in some of the
animals 4 weeks after injection was slightly smaller than the

size of the tumors 1 week after injection, while the tumors



5380. 728x0. 7000. 945x0. 6000. 500x0. 244De 78. 48%>00d>30 Note: Increase in size
of tunmor (In% is classified as "Poor Response"; decrease in size of tunor
within 0% 40%is classified as "M 1d Response"; decrease in size of tunor to
50% or nore or disappearance of tunor is classified as "Good Response.™
After direct injection of normal saline, &Psenic trioxide, and radioactive
arsenic trioxide accordi ng to this invention into the liver tunors, in the

experimental gr. oug i njgcted wi.th,  ngrinel §§$wl ne., {:Eg eggp%(;l%fe the %fcw?ﬂ tunors
a

4 weeks after 15 |nj ©&fi'on was 'noticea rger than that of the 1iver

tunors 1 week iafketednjiaat ios. radiddier iexparsarnt alrigndde anpeetioy twith
arsenic trioxide, the size of the tunors in sone of the aninmals 4 weeks
after injecti o hiES 1BVeRht Oy, el IFeFOrRahnthel Qff FdCoRNiRaLE URBFANY eek

after injection, while the. ééjrmchWBg%hn%e e idde gnipals; St 5hngraﬁeN I'n

t he experinental "group i n Ioactive arsenic trioxid
according $§0 ttlhleSdd d® €At igdd ] elchesidaror s1t ra:oazllld mn¢meeaiutrminsnskirtatm<c in 4
weeks of injection. Al of the animals were still alive at 5 the date the
proj ect ended. WrencRdiPareive BEIFrErRTIEY FHaR IR Hadrsadticve Wedi ci ne

was injected dicr u%%&l Eh@t o1 he ddiver coﬁgabfmméclpﬁaﬂéflrya@e@t'rgg} eyl tiver

i mredi ately destroy t lTver tunor cells and tissues, and this result was

simlar to thattumom t&El<ase oftssmfmyj eridepht $ cremutlér ap $imidetd ba ofat

radi oactive 10 nedicati OE thre .t her apeu c ef ftect assessnents .

her ei nabove car™ P& Safm& |sz“é‘(§’ efpo‘_’1 LGE G Tl HUo T Thi Favehous

i njectionythadi-gagthve arsenic trioxi de can | nhibit the growth of |iver

tunmors 15 effectively, and can extend the survival tine of animals with

liver cancer; tai IThﬁthrﬁﬁjfélﬁﬁacmuéﬂc Pbfritadis6ae ENoRt ArEEFieaPPVEx¢He has a

conparatively .small effec é} r%m ssion of liver tunors, but can also
s vmt

mmaxriz
prolong the Ii fbe ani ma i'ver cancer;

Continuous intravenous injection with radicactive

arsenic trioxide can inhibit the growth of liver tumors

15 effectively, andcanextend thesurvival timeof animals

with liver cancer; tail wvein injection of

non-radiocactive arsenic trioxide has a comparatively

small effect in the remission of liver tumors, but can

also prolong the life of animals with liver cancer;

20 IT. Hepatic arterial injection or single liver tumor

injection with radiocactive arsenic trioxide can cause

immediate damage to the tumors so as to inhibit tumor

growth, thereby resulting in shrinkage and

disappearance; the therapeutic effect of hepatic

25 arterial injectionor single liver tumor injectionwith
non-radiocactive arsenic trioxide is inferior; and

IIT. The dosage of radiation absorption by the liver tumors

in the animal bodies injected with radioactive arsenic

trioxide via the hepatic artery is five times that when

30 injected via the tail vein.



20 I'l. Hepatic arterial injection or single liver tunor injection with

radi oactive arsenic trioxide can cause imedi ate danage to the tunors so as
to inhibit tumor growth, thereby resulting in shrinkage and di sappearance;
the therapeutic effect of hepatic 25 arterial injection or single liver tunor
injection wth non-radioactive arsenic t¥toxide is inferior; and 111. The
dosage of radiation absorption by the liver tunors in the animal bodies
injected with wadiLpaghi ve arsenic trioxide via the hepatic artery is five
times that when 30 injected via the tail vein, 31 W claim 1. A

phar maceuti cal cofAposi &i PrRATCGISRAg COTRPS &t tPrer &F8WELEAPEY ef f ecti ve
anount of a radioactive . arsenic-contaihning.co i..d J ive 5
arsenic-containingaéoﬁp&ﬂﬁﬁ?aﬁﬁtﬁﬁag? ﬁ?&ga ]§%£B§§gg%§§gacé%%?#g?ﬁg$%he st eps

of : (i) subjectirBgnap- d6sEdCRENt ai BbAgote@pound seldect edratit oatai g oup
consisting of As2(8r As2S3, As2S2, and a conbination thereof to a neutron
irradiatioh treasapAt-IONEARCH IchatoRRIngr SEHNG IR dirt of nBHOF S Sai d

arsenic-containinﬁ goqgoqﬁgaiﬁfggn%%nted to a radioactive arsenic isotope;
and (ii) recovéf"RG thed resultant product fromstep (i) and 15 (b) a

phar maceuti cal | y acceqtahls eefihgeh azkentie cphasimteytoopbucdapdsctedn
according to claim 1, wherein said radi oactive arsenic-cqntai ni ng. conpound
can enit y parti d*68 andFSYrartiisesing. ofndSshRar ndteit i @:EPS%:'on?fgdsi tion

according to clai m,29,1 ;uher gl fsaid Ladbeachh Ve EeniienCertatkag
conpound contains an 76As i|Isotope. 4. The pharnmaceutical conposition
accordi ngl6o cl ai much that the arsenic element contained in said
arsenic-containing compound is converted to a radioactive
arsenic isotope; and
(ii) recovering the resultant product from step (i) ;
and
15 (b) a pharmaceutically acceptable carrier.
2. The pharmaceutical composition according to claim
1, wherein said radioactive arsenic-containing compound can
emit ¢ particles and B particles.
3. The pharmaceutical composition according to claim
20 1, wherein said radiocactive arsenic-containing compound
contains an ’®As isotope.
4. The pharmaceutical composition according to claim
1, wherein said radiocactive arsenic-containing compound is
As,0; having subjected to the neutron irradiation treatment.
25 5. The pharmaceutical composition according to claim
1, which is formulated into an injection formulation.
6. A process for preparing a radioactive
arsenic-containing compound, comprising the steps of:
(1) subjecting an arsenic-containing compound selected
30 fromagroup consisting of As;05, As,;S3, As;S;, anda combination

thereof to a neutron irradiation treatment such that the



1, wherein said radioactive arsenic-containing conpound is As203 havi ng
subjected to the neutron irradiation treatnent. 25 5. The pharmaceuti cal
conposition according to claim 1, which is fornulated into an injection
formul ation. 6. A process for preparing 3% adi oactive arsenic-containing
conpound, conprising the steps of: (i) s ?ecting an arseni c-cont ai ni ng
conpound selected 30 froma group consisting of As208, As2S3r As2S2, and a
conbi nati on thekeafctoecAeAcdbrenihed adisatdenrseheat pentasuthg thapotdd 32
arsenic elenment contained ins aid arsenic-containing conmpound_is converted
to a radi oacti e aPBERTES] St GpEaddrRAcEiyy eIVt ilFQTORE r 8BUI t ant product

fromstep (i). 7., .The_process accordi | aj rei he.,5 resul tant
product recovered Vﬁjs gﬁof?¥3n%gﬁkﬁﬁ%%%}kgggt?%%%gﬁ:g%§m7§Q§§r?ﬁéfes. 8. The
process accordi ng 1.0 clkraimgoceber eidtddiengr esill taaim produaiereiaovened by
step (ii) contains an 76As isotope. 10 9. The process according to claim®6,
wherein safd &eseArenteFedlatFgcoTRpednid sl (1H spBFETY) 7i #2A5203510. A

pharnaceutlcala%_gjT egkﬁkgglggr treating a tunor or cancer, conprising (a) a

t herapeutically tivé anount of a radioactive 15 arsenic-containing
conpound prepared day t Iteepracesssofacdaidingb;tandléb)p &, pheremscieut toal |y
acceptable carrier. 11. The _ pharnaceutical conposition of c|aim 10, wherein
the tunor or ca&RCHAtPEESBFRATEY FFUMF G S¥p SEGRsi &1 1 n§OBF2 2D Hemefdl ogi cal
mal i gnanci es andg@Lkd tunmors. 12. The pharmaceutical conposition according
to claim 11, wherein the solid tunors are selected froma group consisting
of breast 1@¢ancer, I.ect @hecamoeess| iaggortgner to cvariimart cankeredmdspiadst at e

cancer. arsenic-containing compound used in step (i) is As;0;.

10. A pharmaceutical composition for treating a tumor
or cancer, comprising
(a) a therapeutically effective amount of a radioactive

15 arsenic-containing compound prepared by the process of claim

6; and

(b) a pharmaceutically acceptable carrier.

11. The pharmaceutical composition of claim 10, wherein
the tumor or cancer is selected from a group consisting of

20 hematological malignancies and solid tumors.

12. The pharmaceutical composition according to claim
11, wherein the solid tumors are selected from a group
consisting of breast cancer, rectal cancer, liver tumor,
ovarian cancer and prostate cancer.

25 13. The pharmaceutical composition according to claim
12, wherein the liver tumor is selected froma group consisting
of hepatocellular carcinoma, cholangiocarcinoma, liver cell
carcinoma, fibrolamellar variant of hepatocellular carcinoma,
intrahepatic bile duct carcinoma, mixed hepatocellular

30 cholangicocarinomoa, undifferentiated hepatocellular

carcinoma, hepatoma with tumor invasion to common bile duct,



25 13. The pharmaceutical conposition according to claim 12, wherein the
liver tunor is selected froma group consisting of hepatocellular carcinong,

chol angi ocarci noma, liver cell <carcinoma, fibrolanellar variant of
hepat ocel | ul ar carcinoma, intrahepatic gi%e duct carcinoma, m xed
hepat ocel | ul ar 30 chol angi cocari nonoa, undifferentiated hepatocel | ul ar

carci noma, hepatoma with tunor invasion to common bile duct, 33

hepat obl ast omaheght bihoatbnizgpatdia 1dkhebr ahdppt i oar yumbepatndel pulwary
carcinoma. 14. The pharnaceutical conposition according to claim 10, which
is fornul ated hAPatage} it iGACL8PHAl ati on. 5 15. The pharmaceuti cal

conposi tion according cl.ai . rej j d. j I; -
arsenic-containing4éon%§% (%ﬂ?ég%§ﬁ?g§ ggﬁg§%#€g&ggggg>pé%?ig?eg%aﬁg. The
phar maceut i cal 100npRseh i DN AeeeNdiceg iotslai mnikdt iwhefernusat ton adi oacti ve
arseni c-contai ning conpound is 10 As203 having subjected to the neutron
irradiatioh treat dént . Thy. PhaEngsaeatigéeut PRRPS Eoiid d45°5H 138 bPdF iy T o cl ai m

10, ‘g'ggrei n said radi 0actiyve; aLSEN G GANL AL DL NG CHIRAWIG g CHPRHBM 76AS

emit yparticles and S particles.
16. The pharmaceutical composition according to claim
10, wherein said radioactive arsenic-containing compound is
10 As,0; having subjected to the neutron irradiation treatment.
17. The pharmaceutical composition according to claim

10, wherein said radiocactive arsenic-containing compound

contains an '°As isotope.





