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*MAGNET KEEPER- SHI ELD ASSEMBLY BACKGROUND Strong nagnets incl ude
el ect r onagn¥OMG¥8per manent nmagnets. An 5 el ectronagnet cafiES03£10347
producing a large nmagnetic field is cunbersone and requires a very large
power supply. Permanent magnets exist of relatively conpact size that are
capabl e of producing | arge magnetic fields. However, permanent magnets
cannot be turned of PERMANENT MAGNEFTEEEPER-SHIELD ASSEMBL YW t chi ng,
t hey saturate surrounding perneable material and their emtted field cannot
be attenuated. ~ o Consequently, permanent magnets are difficult to shield
and those that produce |arge nmagnetggckicrovynpe difficult to handle and
store in many settings for which such a nmagnet m ght otherw se be useful.
For exanpl e, the Siengahagiegisdludedlestronesgesund efindrienCinggnet) Amrget drugs)
and/ or thera&eut I c agent(s), . devices) or diagnostics) tq specific sites
t hrough he electromagnetcapablé ofiprodusing A lasge magneficdigld isquambersomenndo achi eve

prol onged r ' L.aed ' . Of

i agnoor i ¢ SRS alerylabl poite bl PEORSRH! hAieH il or MM tinffact

i nterest is suEesthatdrecapbble o pr@iuchigl yrgemdgnetic fields.e Howelérepemanattuced by a
per manent nmagnet can be used,tq cqnirol the mgration gnd retention of such
particles atr_g?%e&éia‘%‘?tt%éé\m%ﬁ%\ﬁéa,swaﬂéﬂq i_‘fi:}a%‘g(ds QelgR Wt"i'{%ﬂ%fynagnet
in a 20 clinaRgdte $&rbiddthg\Ritndatle nialial 8AGHeE emetbAAETY cﬂi’ﬁ‘ot?&?ﬁ fated.

invention relates to an apparatus conprising a keeper-shi el

per manent0 megensequentlyis pemeanent magnéte ateadi fieaultenishicld antitbosghat paedwee largeler s

the 25 magnet_ easier,.to st.ate.and handle jin a varie of. set.tin and for

many- appl | caPTEe Beich Ui ucty PaR nd sl iRl Blehef Tordibh At 1

acconpanyi ngnggr@v\hﬁn%ﬂomw{sbgeMi ption below. Oher features, objects

and advantages of the invention will be apparent fromthe description and

drawi ngs, and fr drorteliamplepthemse ofitnagrdticfily fesporddvePaiticéynd tadfetiing(sy 38

PCT/ US01/ 10347 SCRI PTI ON DRAW NGS The detajls of, one or nore

enbodi nent s ad/or Rﬁ?@ﬁ?gﬁ’%&d@’ 129 ‘Pﬁ“‘?sﬂ"&h? speeifimstes rauehthtv ngs and

the descygl ptdRRHRE ' i Qfesot‘i%gﬁ he

i nvention w I'{wge %@%g?&'{ﬁ%’%??‘?ﬁé leds’ girﬂl1 Eﬁ%’?ﬁ%ﬁ’g"@’%ﬂ%&, and”
localized concentrations of drug and/or diagnostic agent by retention of magnetic

particles in the region of interest is possible. The externally applied magnetic field
produced by a permanent magnet can be used to control the migration and retention of
~ such particles at target sites. However, handling and storage of such a magnet in a
20 clinical setting would be challenging. '

SUMMARY

The present invention relates to an apparatus comprising a keeper-shield and a
permanent magnet mounted within the keeper-shield. The appa:atué renders the
25 magnet easier to store and handle in a variety of settings and for many applications.
The details of the invention are set forth in the accompanying drawings and the
description below. Other features, objects and advantages of the invention will be

apparent from the description and drawings, and from the claims.
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fromthe clains. FIG 1 is a sectional view of a keeper-shield $ bﬂéﬁin
-an extended, oi}erati ng position according to an enbodi nent. Flréo Ei%%
graph showR0¥183%e- nagneti zati on curve of the magnet of FREIT . 3A
and 3B are graphs showi ng the gradi ent magnetic field strength of the
magnet of FIG 1. FIG 4 is a sectional view of the keeper-shield assenbly
~of FIG 1 in a fully retracted, storage position. FIG 5 is ~ sectional
view of the .base of the kee%sm ﬂ%mwqul G 1 showi ng the

position of the ri,ngs. = 5 FIG 6 i,s.a graph, show the force exerted by
the springs at di%g?QF'gﬁf of 018 QrirBere emele‘é_ tggén\{cpﬁ&éfreisﬁf?)ﬁém&e

keeper - shi ehdoppariink iralingt fhd the dEé&g,tiEn bélow. ORI gEatiies, bjects; apdbl ¥
according to another "enmbodi'ment including a back-up actuator nechani sm and
magnet i ¢ f i advantageds afidhednvention wild be appasentSrasm thepdeseréntion apd dravingg and g
stand according,tq, an_enbodi mrent for positioning the keeper-shield assenbly
FIG 9 i% agaé&ﬁ%% ng the field strength as a function of depth in a

body. FIG 10 is BiG: 1 Eé a%e*cti{?@di%e%) ?gé‘&r@eéé el akSatbl SerfiRd e

angi ographi es of hepatic arteries gnetic targeted carriers having
vari ous conepsthtisg pesitioriccaslington smisidimentsor bed t hereon (MIC-D03. FIG 11
I's toxicokinetic data for patients undergoing injection of magnetic

particl es havi ng FiGxdisdgraph skawiag ithede-magnetizatioricurye ofthe thagnetof &G 1 ed

| ocation in the %atient' s body through sel ective application of a magnetic

field. Like refeF¥i8e3AwntdBsre arapheshoyvingthe exadiontraagnetic fieldistrength of
el enent - m :8?}‘%@9 2004 WO 01/ 76038 PCT/ US01/ 10347 DETAI LED
DESCRI PT] ON"ACCH G ng to an enbodi nent of the invention, a nagnet

keeper - shi el d assg@bh ¥s 4 SecBbAM VIH of BekbéRIdRR] ANGNPRDTFIGC] i £hdlyof a
per manent magnet 1 n areas peripheral to one magnetic pole in an extended,

oper ati ng postraciedpstarageposiionat e the entire magnetic field in a retracted,
storage position. The magnet keeper-shield assenbly is suited t ener at e
pléwa.sqmﬁboggﬂb,l

and position a hiF§@. §isesestional yiaw pHihe basepfithe kespet-shi
targeted tu gﬁ)&wﬁxigttﬁéposition of the springs.
15 FIG. 6 is a graph showing the force exerted by the springs at different
positions of the magnets travel in the keeper-shield assembly of FIG. 1.
FIG. 7 is a keeper-shield assembly according to another embodiment including
a back-up actuator mechanism and magnetic field and magnet positibn measurement
devices.
20 FIG. 8 is a stand according to an embodiment for positioning the keeper-shield
assembly.
FiG. 9 is a graph showing the field strength as a function of depth in a body.
FIG. 10 is pre- (left panels) and post- (right panels) dose angiographies of
hepatic arteries for magnetic targeted carriers having various concentrations of
25  doxorubicin adsorbed thereon (MTC-DOX).
FIG. 11 is toxicokinetic data for patients undergoing injection of magnetic
particles having doxorubicin attached thereon and targeted to a desired location in the
patient’s body through selective application of a magnetic field.

Like reference symbols in the various drawings indicate like elements.



FIG 1 illustrates a magnet keeper-shield assenbly 10 according to _one
~énbodi ment. A keeper-shield 12 approximately 10 cmlong i s provi ded 3nPER 2804
cyl i ndri ca"W®8K&038 di mensi oned to accept a cylindrical per RERESOVHRdhet

16. The material used in keeper-shield 12 is substantially perneable to
magnetic flux. According to the present enbodi nent, a soft steel,
preferably 1010-1018 steel, is used for keeper-shield 12. O her suitable
shielding material includes, for exanple, munetal (75%\i -5%Cu ~s

2%Cr - 18%-e) and supermal l oy (79% N -15% Fe-5% MD). The keeper-shield
material nay be |aninated. TheDETALED DESCRIPEIEONer - shiel d 12 has an

i nner diameter of, 5.6.cm and an outer .dianeter of 8.1 ¢cm A s|eeve 20 of
nonmagneti c mat erf1S5Prding ﬁ?raﬁ\ﬁ"g@d‘“&?&}ﬁ’é t %@V‘F‘}‘W@ra%&‘i‘ﬁ!iﬁp%‘ﬁh’ﬁ& e 14 to

keep the mageRmbieRiRéAdedol dtehudth trdtas _ea@ﬁemrcﬁ’\é%hn&egi gﬁgnai-ﬁ'g}e'ag- 20 A
cap 22 may be provided to prevent magnetic objects and debrrs f‘rom
nmagnet i cal | perphesalita gne magneticpale jrarneextended.mpetatipg ipejition andattammgedbe

Pr ef er abl [ S,: l. i Q- axi aus ter calibration
port 21. ¥h§3‘g’85§a4“ gugﬁ eclégsr}gﬁga\i\%ﬁéol?%%{h? ltlpg.cg'ﬁ%g'lagﬂ%rﬂg%rﬁﬁg# i oned over
the center assembdf isfsuied tof gemeratelamf positivphelhidibgradfent, ROAYiGHZIAE nidigeOrt 21 is

10 cmfromthe front face 24, in the retracted 2s position. The port 21
accepts a pfl&@énmeepoﬁarmwmraﬂm | -ef fect sensor, of a gaussneter 19

magnet . A miitel flsfEeha Mg tep Bestistb etaBAY 1) 2HoHIE obF cpetiERsts o
magneti gal | W l?ééB@F—ﬁ;iélB%%Pr&xﬂﬁa&Wm MGl ?;o%?ded%ﬁﬁpz{ 9}12@11%% fe ghternate

enmbodi nent, cap 22 is conStructed from magnetic 30 nater rt her
i ncreases t dimensianed teacseptsecylindricali perménensmgguet 461 The mataial ugd iDEC 2004 WO

0l / 76038 P )14 . et. 16 can fabricated from any hi.gh energy .
nat eri al i%f ?%{él%mlé%%%V!%??gﬁemé%@ﬁgc ﬁ%'oﬁf@rﬁiﬂﬁﬁ% 1, 39, and
57-71) conpoptdsemt@tboditfiéht HscTRsBEl] pre¥erabivil 01101 3 RaAYIE UsHl fof REEPBREIBIA

anongst others, ceram.cs and ceram.c oxi des such as anongst others ferrite

and gar net dénf¥hsrispisable shhelding matgsak inpludese for sxampley mumetad {15 Wbh6art i ons.

Accor di 't i o i i d.fklpom a
conposi 'EI ?OnQ‘(ﬁd}ﬁleﬁg)é@eﬁéﬁﬁ}s%%p?f ng/ﬁgjg%g% Fe}:ﬁ"é’ Iﬁ[g%ﬁ@é l?e%}: ?rlﬁ%hﬁ‘lfl{lled to
5.0810. | cmatérial nimy bg.18minhfed] Thesidengdlhl§ oficaeperpshiale 12 Has i mhéur gy gr ade
39H (BHMax at 39 ). CO sition of Nd2Fel4B.that is_sufhstantially free of
“barium and gf%%%ﬁﬁ%ﬁﬁ@“&@@ﬁpgmeﬂ' f%é G| 655.5‘?‘%{? 2@ 0? pumagnetic .

de- magnet i z a{a@al (ForbVided aloRg kiR w&%m&%ﬂm&@m&%@%@&%ﬁ& RerftOZROS! L €.
~ Preferably a seal'ant is applied to the outer surface of nagnet to

i nprove cor Mithinotherbors andeprevent Qurfiane kindingsi t i ons of NdFeB, and other rare
earth, ceramc, or su cti n%ﬁgagnets may be suitable for magnet 16.
royige

er condu

For exaﬁ?d)l S, st rgfﬁ’_rﬁ’rﬂ@hé? gf‘ﬁe meatmwﬁeebi@etsanédr‘zﬁfg@mfi el d and
i ncrease i :
regnct 1 1SS PR s PR Rt b el

e g €ap ap pnaxi me ibmtiers . Therp a recéds
density tines maglirlle iC P{bﬁdi ent .groa%goct 8:;- appr oxi ely 3 Aa‘grosa&{aeussﬂcm
and t he fluivf"&léﬂ etﬁ?c%? S BYHEPnLOVEE! ﬁﬁ&m{qﬁ‘?‘t ‘i‘@_% Juaghet 38cm
The fiel d sti6eThtboRémafiROmst 2 Pis FIGH Srohifhe Bott fabe 24,3 theeliREtEd ONS as
magnet 16 zo with a 48 M3e rating would produce 130 gauss and

appr oxi ﬁlﬁ]t elpgsition.{Bhe nost2laczeptaaprobe?y ﬁormplﬁgslialha e Sgamlsg)fat 3Er3rb Icm
FIG 1 i i it . - Shi 10
howhi ch R 19556 Adlling 08 ol Hellf o (BRI AR REPEE” . o

12. FIG 3AnidgnestA aiaghetidwashegBptirché érabslided ireMhe baseufahd &4 87 ound a

-magnetic nmodule 25 with 25 the net 16 in the extended position. The
magnet i c md%ﬁ%emr?@g%@%ﬁggge%%melﬂﬁzt hat covers the keeper-shield

assenbly 10 hol di npgnet 1 The etic figld is st est at front
surface 24 and a/g%r’. o &ﬁ"fag@ ?‘gs%ﬁpggtpﬁ chm%%ﬁn%e?‘he nort h
and soutsh pohferidlandBgtiRt inkfeasts @B ivohitie deRsed witByin B § gatiss Bhe.CONCave. A

concave front face may be 30 provided to focus the magnetic field of the
north pole of the magnet. -4 WD 01/ 76038 2 3 DEC 2004
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PCT/ USO01/ 10347 FIG 3B is a nore detail ed graph of the magnetic field
.profile in the operating position. As shown in FIGS. 3A and 3B tAd BilyeH
produces (OMO&XT&MB8 a nmagnetic flux density of greater than arcrEysmliods 50
gauss at 13 cmfromthe pole face and a magnetic flux density | ess than or
equal to 5 gauss-at 38 cmfromthe, pole face 24 in the operating position.
FIG 4 illustrates the magnet fully retracted in keeper-shield 12 for
storage. The nagidagnetl6 yarpbes fabritdted frameaniydiigloéneripe mareiab incaldigd Alnibunt s
the magnetig field |ineg, ,thereb tt.enyat i t magnet.ic flux around the
keeper - shi e?ﬁ%ﬁfﬁ .(atpﬁ“‘iﬂ‘é“&éiﬁa@i@&gg&ﬂ&%ﬁ‘@?lﬁﬁnﬁwﬂ&héﬁ produces 5

gauss at abeathardn@Bbalt A8 AdodinilmGRnAbrod &ths L3thi netic
fl ux makes hanpdli ng and stori gg t he ﬁeeé%%-sh?%#gmgggmglﬂﬁ%gg@?, as

t he attenua®Kisesf @anangst @heys fartitel andgamst tempotitions abd permanemimiagretr ear
of magnegic action of,.the keeper-shield 12

provi des | or% %’Arn%uétr%(r){; g@@{){ﬁérpr g‘ﬁgg’?ﬁ]ﬁjﬂn‘%ﬁﬁgF%‘i’&§Wdﬁgﬁfm tdf tengt h.

Accor di ng t dalirivated TrRBe AlcoRipbSitlbiBMioodPRiTRADHSRRbE nla@as:. fhel é'éngt gtrength
due to random donmai n: ~5 realignnent over the life time of the device is

expect ed. THeachingdéq 5.08£0.&Icen din. tyos.8 bih. 1 amdedsth (fomm & popdbme)l mhetalbagpar abl e

to that of f 24 ole). The r=ghjeld 12 attenyates the
field at thé‘t@g_{??kﬁ@g?ﬂ?" Wé‘ﬁ%ﬁ@ﬂ‘?&éﬁ‘@ﬁevﬁt@?‘ﬂw tghy §e¢ 6h and
magnet i zabl asithaad sGORNAER Bondihg Bidiss. TFIOM HiNSHaPRIRI G nlenSRRAREA KB-}?bJ ects
to fly toward the rragnet's poles. 20 The attractive force between bottom

face 2619 sogurvesen erpde32H meadymigmdsoremriropsemposite Reeferalily bisealent is he nagnet
into the fu : i 4. tuator rod 30 is provided
t hr ough thehggqéﬁqgg?{%&%u@gﬁ%geﬂn% ncgﬁsi%pmoqf %?grﬁ%s?%‘rf 15laRE%or di ng to the
present enbodi ”e@ther%_idb%i%ﬁé’m@eﬁ,%fy B-El\é?fhr@é?ﬂa@%u power ed screw

dri ve nechani sm 32. ‘]’hl S nechani sm cou e noto riven.” 25 Due to the
strength of sepescandyeting magnetsmanbe suitablefor magnet 16ctRue example, siedriger f ace 26
and base 2

8. ery l.arge,.and,i ncrease a rate th i r oxi_mat el
proporti onaP{asgﬂgtP ﬁéyibﬁ\)‘gf’g? QFPd‘IEq‘?é °§‘$°i’n€‘éd B’é_‘i W?ﬁeﬁaﬁp?ggkdfag@p 26 )a/md-
t he bases 28tarddigitat Forélamiste, Rk rhipn8fi€ ALL Aensify %fggagfge{ ¢ 59%3543@%%9"

position, at which the attractive force is about pounds. rings are
provi ded t omsesued withjad.akeshose,:Nedel 410 grussmater.ris epprosiniaselyd 12 gavssswith he

action of t : ] t .0 primaty sor.j 34 is
provi ded i th E‘?,@ﬂ‘%g&%g&%%éi‘l@%ﬁ%§§fﬁéﬁ%§@gﬂf&gﬁ%@éﬁ§? of the
base ar oundgausstiahand tieecflBOdenisity of the 8t 16 SRppR&imaelyd.S giisd\ak I8,
peripherally, a own n FIG 5. Secondar stgrl ngs are | onger than spring
34 and ext eﬁhe %ﬁﬁ&?&ﬁ aaa@@ewqpmm&%kyr g sag dimepsians g8 magnetel &
assenbl pgs SIS Atilnl “&eanq{ ' 2 26 to
pr event ht'?he;‘%lzthraia‘tngs frofn‘Jtlh g%hetl afl?é/bolas%rl ng %\bk(ﬁggg%&gﬁ(f%%fs%&of t he
magnet . Theat&cmiabdlidssthmﬁgdussatr&&mgs is cunul ative, as shown in FIG 6.

In the fully retracted position, the springs exert a conbined force of
about - 225 pounds Fi@ } Hlustrpes the operating positiomef the keeperghizld assemblybl® inng about

140 pounds j 0, i i t 85 no ) e

or i mary spr P ISGERRE 86 YRl il 33 oPRbly i bR AREKlerlr sRBKT TR BIET. e
28. After tBAsllpsirates thémagnetivniibdd ytrempth posiledgroand b hagnétic mbauleRStwitlpr ce.

The springs,only c éac t he cer,for_a portion of the magnet's travel

t hr ough®} heﬂ’(?d‘f%g.negr HH °§§Fa ition, (The magasticmodule S ingludes ddusie bore 14

when fully gy¢ FROLREShi ' 1 inio the
bore 14 V\/nenéﬁgdﬁhltfgo%)s(t endeg& sﬁé’é‘ﬁ?ﬁ?ﬁ%‘f@ gﬁ%%%g%? ’gﬁeoi\%ln%#ér?f{cﬁ G

7, a secondfield is swengestnt front surfase 24wod abottomi sarfaco6,dertespondidgend t he
magnet in cas f ilure aof the prinary.actu r mechanism that is,

act uat or rogesgﬁ%élﬁ%atgéﬁ%wlﬁ?ﬂﬁgsw&ﬁégﬂifme i the event that- the primary
act uat or nmechani j t | ds ,a_secondary. spring in plac 20
is renoved, and Zﬁﬁ??%@%‘gdﬂ' s@%ﬁ%\gé{}%r%ggqg‘ &cqr}é?%&%yfaf %Ygf and t hread
pi tci a8t uapmvideddo S6custhe maguetie dieldwithe hoith poleastitheomaggeaper - shi el d 12.

Secondary rod 40 i driven by Secondary screw drive nechanismto push the
magnet 16 out of bore 14.



A sliding position indicator 44 can be attached to the magnet 16 éo

-indicate i{s (positi on relative to the housing. This allows the us P RES R@bw
the magnet &8930 26 fully extended and fully retracted PEEUSISE47 A

probe 46 for a gaussneter 48 can be provided at the back of keeper-shield

12. Probe 46 that neasures.the~magnetic field emanated from the back face

* (south pale) of net 16 at that positioa. As the magnet is extended, the
measured field d&?éﬁé@é?‘%éﬁMF@h@ﬁﬁeif@a@%@ﬁwP&Oﬁii‘:émti@apemﬁlnger 48

to cal cul at e [ f rth pole.face 24. This

ol 1 ove. 1 ho TRt OBk 05 £AAnd Sp g Mash Broflch (o) Winsis 16035
PCT/ US01/ 108k dextsity of pieatbe tianad efuul 650 gabdseit | 3cmafpgih itleeddl@ face @hd wnuous| y
over the range of Fﬂéﬁe ds, elman'ﬁt ed between the fully extended and fully
retracted nﬁgﬁgglc i4eP3hGiess F‘F@I-e‘ﬂmhq 2 8usa aba8 emdromm thegwlefase2dimg t o an
enbodi ment  {he QperdAA F@sﬁ@&e posi tioni ng of keeper-shield assenbly 10.
Keeper-shield assen% y 10 is encased in a 5 cover 52 which is attached to a

rol ling stand 54FIgy. 4allagtratesghe fagnet fullp witidadh kB&RIsREI 2UbRLBHR! M 56

i
that can be rotated in three dinensions. The articulated arnms 56 ‘and cover
52 may be | bkmagneticallspermsable saterial ofithe kegpereshield shuntsthd owignetit fieldght and

. orientati tg il . i Al nt, .of Lt he at ed etic
field onto Ty BeteBl atrhlif BleRadRl auRARRY B keebbe SRR BT Y07 1 e
type shown the réttactedositionpthe heaghevpadwes Sdansy dtaBoly22keRrom! fRs R A ed
under the me Fl exi,bl e ‘llv,ggnet tHol der (FM T). The FMH houses and positions
the magifet i LUk 8RFRALeM PEIhe magnetinflyx makescaanidling opd epting thedvenpey-shipldi t h
magnet 16 nRyerdBlyUdRdsiks) af fY diefldtd rddddds alYs %ﬂgﬁﬁé fb&gﬁrtﬁincicpa %‘}*éo gny
application. Typically, magnetic particles canpbe ~ s designe t iver
any gi ven dhageayof tiaggeticsnoduledsnFurtiiretheshuntirfg actign of the keaperishietd 12 0 _
deliver ant]tunor,agents may.useful. The treatnent_qf solid tunors using
chenot her apéfow & @ggﬁerﬂpﬁof%goxb OWH%IQSWPEE}EWQQ%W%QKFW@@B%pti nal

dosi ng, andhb?gﬁb&hﬂdﬂﬂioﬂirﬁédlﬁﬁo RBARAYI SIS bLficld-strihdth 4 %ﬁﬁ&tﬁn HSﬁigEr.ance of

the tunor cel| tunor architecture limting access of ug to t L-unor
cel I's, ol ukaligment over the lifegime of thedevicady expsstetit i ng in linited effi.cacy.
Al t hough the nmagpet €an operate to tenperatures up to about 140 C, the

preferred oper a%@?&?‘?ﬁ'@ fisid athottamfacs 26 (onthpaledis gempaakletathabofit 50 C

for such clg g)@b QN - t h ctiweness and
di m ni sh syfééué%ﬂce t oXl i(’:t?? |E)lee ) ‘({;?c %%P t8 %?kﬁél&]@nﬁ ¥ g“r}gsg%‘h?i? %:de%é%n{oé‘?ﬂl pc')ale,

i nvest i gat owhich seduces tadiatipe thterferemegpmissidmiand stagadtizable 3bjeof cdnbeme dr ugs by
infra-arterjal injection,inmediatel roximal to the tunmor. One possible
reason why ﬁﬁm&ﬁé}n@%ﬁ@mewo H}?g{‘ﬂg“r‘g’é%"df F°chY FRyed Bre magnsh s peles.i ke
doxorubjascin i's Wl i 1 I~ i ng

hepat i ?Qarteri olngﬁﬁ ggtﬁﬁie%ﬁgrggfb%ﬁereg;&e’"l %‘3#%?6 &E‘eﬂh&%@ﬂt%‘ngt%g%‘?g@ﬁﬂ%. Nor mal
cl earance nkeeherrshietd 12 dimsed the neaghet into tire fally retracted pbsitioh @Ot 4r apeut i c from
the region of the r angd, .therefore, 30 only transiently increased

| evel s of taﬁ:g.la&qrd'aagﬁgs P@&%ﬁwpsﬁh&sw%mwbwmmt abortafhore 45 ect .
Regi onal t hgé@edin i I ehs dal.i - USL WO

01/ 76038 ? ,gé DEC gg‘gu%g%g%;'loggf%ﬂkeeperg{ S d|L%)I lgaggérgﬁr%?%gg\% th magnet

16 coul d i ripvered saréw dnive meghanism 82s This méchadistyconkdhbembtoridriven.at t he t unor

while limting systemc drug%sconcent ratjions. The keeper-shield assenbly 10
i s posi?® oned oviare o the siengtly of the gagnetcl §; she attractivefercabgivesenithe bottoamded

fromthe f : i ls rati osition
(FIG 1) Ef;&ﬁénﬁ,‘ﬁ?{g%?ﬁd%@ﬂ*jﬁ%f@ﬁgﬁ%ﬁfg%@@@ﬁﬁ@ﬁ{gglg%?l_ shi el d
assenbl y 10prapettipnalite the iaverseref the distande batwdeh thebstiont face 26 andithertrser i bed
time perio t be from sevFral seconds to ny, hours., After

suf ficient d%& B@lﬁﬁ@“{vﬁég’%gﬁﬂﬁatﬁ 1n the, b’éerfﬂ%e‘fn?@ﬂm atyvhigh thect ed

posi tion f oftridtivedoRe ifatdut 206 gthe field strength (on axis) of the
magnet 16 as a function of depth. . EXAMPLE 1 Magnetic targeted carriers
(MICs) @re a propyprirgisare/provided SPOffset adagh pottiod oFithis laftRRHveordd t8eadd the
activated carbon. See for exanple, U S Patent Nos. 5,549,915, 5,651, 989,
5, 705, 195, 25HQn oftheactiatey rod 30. Adelatively sirong oripwsy swing34ds poyvided iste ~ 5
MICs conbi ne el enental iron and activated carbon in m crospheres of 0.5 -
5. pln. The activated carbon is capabl e §f adsorbing and desorbing a w de
vari ety of drug substances: The el enental iron conponent of the

m crospheres allows targeting and |local retention after hepatic arterial
adm ni stration, by placenent of an external nagnet on the body surface.
MI'C- doxor ubi cin (MIC-DOX) can thus be

Ji




20 adnministered by selective catheterization of one of the hepati€q nre 2004
-arterioles_feeding an HCC. Pl acenent of the external magnet over the region
of the tunSYORMTME for efficient targeting of the MIC- DOX. POFEISOHEN0347
(doxorubicin) is designed for the magnetically targeted site-specific
delivery to a liver tunor-in the presence of an externally applied nagnetic
field. 2s Ei ghteen swi ne were assigned to 6-treatnent, groups including 3

control gr otfierpfthebassazaundractuator vad3 ooy sependary RngRA6 sre provided gi ven a

Sncri 11 ceq. PepmpHerdhoR sown T FIGS, SoconBhY fiffeiBe gl iRl SiEYEad tNeN
Bi ol ogi cal | gxtend)thrbughathe bhsec28 intoéxternal speling keger3hidlddssemblisa3ge | esi ons

were limted to the targeted area only of the 30 liver in groups receiving
z75 ng of MIC, a#ddnarmetallio spaberf@ mayiteqrovided/en botid@iface 2630 grventitheed t o be

25 MIcy 2 X.. Evi dence f.or 0ssi bl ner gi.st .G - WO 011 76038 23
DE?:g 200 P%H%WEW?BXW%%&%Q&EW%E“%&O& ‘gﬁlﬂ'ved, wher e
arenchynma regen i g ' et [ ed t he
rvr G ny hepat ooyhe sofieibhacbt A8 HARIC aRRAK J AR, B T3 iy

desi gnat i onretfactet position, the sprimgsexert acowbineklfored of abotr 225 PolAdEenIEX) -

Doxor ubi ci n- HC jection, USP was puychased from Fujisawa, USA. The drug
carrier wasSHAFE! ahm@?%épﬂpgggwgwg At 340 pewnds and seqomdary springs

rendered st ¢ cdiriBiti [ At i n'Eba‘ﬁr i i ' .S, 10%
manni t ol an§6 ~%&g‘?/ytélg€%%@§/rsr5e¥) ﬁ%?dg’éllfhgfpose Wj.ﬁ?ﬁg{bd%ﬁ‘gﬁg‘{@gfn&o t he
magnet #ssewptoabaut B125xnbfrom\iege@8. Wdtedthis pditvt-the aecdndaryspringss3s ur ed and

supplied by FE I ncor porated. The drug substance (doxorubicin) and vehicle
wer e suppl i‘é‘?ﬁﬁ%“@?ﬁﬂmgém@uti ons, and the drug carrier was supplied as a

sterile dry powd ) 97 i W x 2. 5..n (1)), ,housed in the .

FMHis a rare- ea%ﬁs{%ﬁ%@g’g?&% cé#%e %ﬁ@%&ﬁr%?rﬁaﬁﬁggmé’ﬁaﬁgs ¢ ~ 5 face)

purchased fthoongiathe bbreStrizaary Ispring 84 ekighdsedbott 0.425 & intbQhe BEHEI13IveHanat i O, a
f MIC drug, carrier product was incubated at room

vial contai pinhg 100 0, :

t enper at ur eﬁ’({ii'aexﬁﬁdé%“d\ﬁe?%d&fyn@"@ﬁ ﬁﬁ?’“&ﬂg abpus 1 Anne into the bage &4 yhenr 30

m nut esqs Thgy &faegr ubicin solution was then diluted with 16 nL of
vehicle for injection and sonicated for 30 seconds using a Col e-Pal ner

U trasonic 20 C aaeedingSions enbddinkel ishowt BFFIG. Jeh bécBRdAY (Bdckt t

adm ni stration. The resulting dose solution had a .con%ﬁt@g:t |l§)r2 agtfuaéa.rll

ng/ M of doseeehanism is providsd to exjend the magmet inicase of failure of theqrinsdry metudtonest i ¢

SW ne used | Is \ ined from.S & S Far (sap Die CA) .

~ The ani nmal shl\%%@%&ﬁi%’éé%gg’o%{a&’%& 2?.8“ ‘?’%w?i‘b'éﬂel%?ﬂ‘sﬁn?% ﬁhﬁ\?&vﬁﬁ% t he

out set. of tthe peinity actiatoreleshatin Fiikya berewhst Holdsta HeSorfdatitlypritflift pize UNI f Or m
in age and wei ht?:gs ﬁgts i ble. They were generally prepubertal to young
adul t aff malSJERAN¥rG B 031&8604&%1’9@}1’@ ofithe,same dipmetenand theead\pitski ght s
ragged fromyehia 1'nsé$1 j oy o o
conditions for tgprr?iag'aidr(rﬁm 0 L%ﬁgg'@%ﬂggéke?%&g%@kﬁﬁl g%q%gﬁéﬁtggﬁﬁg ¥ 23
DEC 2004 Woldven/noggomdiry ssew diiyesiechishismde pGeinthe miaghetské oytiof bore-14A t ot al

of eighteen aninmals, were randonly assigned to six treatnment groups of three
ani mal s/ group asAsHlisiRg pesitiamindicatop 44 ¢en beattasheditothe magnesi 16dd indicdteitse dose

of test artjgcd: ARRAL e 1 - i | Lon. . The ani S wer e
eval uated for lc%l?i%eglges ﬁ%%llwrﬁ;@ | @%%0@5&3%9&?\%? g?ﬂ“,'&%ﬂ’?ﬁnggils ubgfehol ogy
i ndi ces2s anfullytéxtended aadilbrretractedipositiodaed bel ow. Al animals were
eut hani zed on Day 29, except for those animals that required early

sacrifice. A ful A probe 46 4gr agaissioeter48 exh berpravidediai theback dfkeeparrshieldd t o
t he end of espstudy,..and a partial necr was conducted. gn those ani mal s
that were s(iél'r Pfqtng% tggtrqlwu%smp Iﬁ%Bfél‘{‘?“?%‘e'% Q’SF&%@E}‘ or

hi st opat hol péleyaf mayiétU8tat fhiat ps3iGeH? AS tieGnipiet B eRfelddd e theisated fleldni mal s
wer e dosed using a fixed concentration of the test article. The | ow,

medi um  anddefrepsesTEhemsasugersent is useddy axmiczoqontrolierd8 tokcalchlate the aaguetic
vol une. .4lab lyi dose. based on.t.he dose
cal cul a:taoe d ??g jr%t t1 hczﬂ g\? %@%@g fév%g ?gh iﬁ% e%ﬂe&r%vn%méeg&? 5°r &ﬁ% 2 93@?%%‘8%‘?t ive

groups.




Table 1: G oup assignnents and dose | evels G oup No. Ani mal s/ Go%)aTrD%etmnt
-G oupDose Wto 7@8% MICTot al Dose (ng) Do: MICDose Vol unel3Vehi cl®e

Control 0.0 Y 00 t 0.000045 nl23Dox- H gh Control 0. 73 ?CGRMUIQ%H

0. 0018045 m.~33 -MIC-Hi gh Control 0.00 t 0.008.85 t 0.83022545 nl343

, MTC-Dox - Low0.08 t 0.001.01 t 0 032255 mL453MIC- Dox - Med0.22 f 0.012.79

t 0.1667515 63MIC- - H f.0.068. 94 0.711822545 mL,4 ' Th

dose in ny/ E@Q‘?ﬁé 31@09%?%8%'8 Rﬂi‘c't‘tilfg‘ %PEP%@-EIYp(P‘(}f theirarge efdfieldsach ©

Lreatment gemapated Beidvelhercing ckehitéd & A drbRRGRINEAI P! O, 4 Mo/ of
i 0

doxorubicin. ' The dose solution had a concentr at mg/ M of MIC
drug carrier. ~ Fi@. 8ilhstraek disiagd Sb&dccﬁdxﬁg'?&&ﬂéxh%dﬁiénpﬁrog’td@d E@éﬁ%
doxorubicin and 5.0 np/ M of, MIC drug carrier. 25 - 3 DEC 2004 WO

01/ 76038 PCPPyapnIng 98keencrshigldassermaply d4A. Eﬁemobxeéd assdmblydrﬁ)l iseheasedina f ast ed

over ni gh [ el Q. .sur hi tion
Cor the s 6EoRE 32 WELE IWasathed o d 1BftdaMlanfl s BY o hrippl e cotbePaliited 1

150- ng ket amwmmmﬂgtmmmmméumnsmdm@ml@ma@a%gggnm was
di si nf ect ed th b ad| tion gnd the swgical site s was covered with

a Steridr ap@n g&w[cr &Eﬁrﬁ@%%%ﬂ@w magnstd$ at g desiredrheight and
during the eAeR&EGH tozﬁél'h%e pragis@ dlikAther: bf e%ﬂnaﬂh@ﬁ%ga Etic #Jag%rgggﬁner al

anest hesia, a skin incision was % Inthe rig ur na Rd t he
ani mal s wer targeiedhsiteatAn aticalatddemagnetic applwntoeoijthestypsagshomridMG & cut aneous

syat om 1| pBEBRd B PRl ESEE dnmporsied uienthe varee Flveitie Mogaeicot
[ S A s el

Inc., Bloom ngton, Indiana) and a
I nc. V\atertl@'vm, MA) were inserted into the celiac artery. The conmmon or

proper hepatic agter cat heterized, and angi ography was perforned to '
sel ect a segnent B%aﬁ\ﬁgid ‘F‘Eb’ w&bmga?ttlérlpax lisedl%cmmdmemﬁdequate

accessi bi | i hyy magndtieatdt fcﬁqpygpﬁléap é %paﬁfrg’t“g"%m %érge@ié‘% tn?;It icle

was targeted. The right, mdd
branch ther designedde dekiesr anmghendrugmﬂwgﬂoMmg‘Enacmuﬁ%nfaghhﬁi &fmﬂ&ar get,

| F d Ta | F t
Aggl ogrggﬁy v%“'é“’?’ﬁge'}ﬁ‘%g‘é‘ﬂ #ﬁ?&n?you%?gi (F@ar ?‘Hgf‘gcf lém&sm t he desired

segment al  belfsmdth@hpy has bR Wi ddy s§5¥micBicRY rdd &E{BQ] of the
liver. -n gi 01l 6%38 23 DEC 28’8459PCT/ USOl/ (r)34 gnet acemeﬂﬁ and

Depth Measu F‘é‘lﬁp ¢ jathermaehanismsc(si8y multiphe dmg mesisténce lof thestgmet ccl&s

det er mi ned Rol=Tcih r di sk, on .t he ntr, surface
of the pig E%I?SI £ one eﬁ#dﬁ?ﬁc@&?ﬁh@ tg%featu?of) é?ﬂ‘m&ﬁ‘& iﬁtﬁ%‘?&% ely 1 -
2 cmdi2tal fqrdmg)eemﬂmﬂgamdnnﬂtedoeﬂia&bg Althsugh the mdgnecan@dperat tof i ed under
angi ography, and s the disk was outlined on the skin surface to guide

pl acenent ofeMRATEALIFES HR L0 a@\'& é4Qqn@ the greferresnperating renge of theomagnet i fremdept h

fromthe ca ° tdae the magnet was determ ned by
angi ography5 o?bgér:oggs tsla 5‘§°ha“2'§l°ﬁfw§§ HWent was done by pl acing a

metal ruler on tR{Eardefls Mi@gﬁeﬁ%%ﬁ‘ggﬁ&%ﬂﬂﬁﬂkﬁ%&%ﬁq ca{. het er

position, and neasured by angi ograp
procedur es, cartain chemdtherapentiofagents, ibvdstjgaters have m&mté@tdﬁfg@ﬁﬁd:ﬁihimﬂoh n the

flexiblg m K | el seml y, was ce tered in the marked position
on the gsurfggtﬁg%f&?gsgﬂ% nﬁfﬁ"'g #‘@-’Wﬁﬁ e?foin?‘Pl thedupar. OR8 ng t he
entire i nfupbssiblefeRSROWRS ah SAlRMBSmet ofthe‘iherﬁﬁeﬁ@%é&fof%ﬂ agéllieonal 15
m nutes follow ng the conpletion of the infusio

doxorubicin is not observed after administration into a tumor-feeding hepatic arteriole

is the lack of retention of the agent at the site. Normal clearance mechanisms lead to

rapid elimination of the chemotherapeutic from the region of the tumor and, therefore,

30  only transiently increased levels of the drug are regionally available to exert an

antitumor effect. Regional therapy achieved through targeted drug delivery using
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15 Test Material Infusion - The test article dose volunme was infused as
‘repeated cycles of 7.5 nL infusions at an infusion rate of 2 ni/ m3 (065029@)‘
4 (Mrc- DO AW 88 group) received a single 5-nb inj ect i onPCTASOHY4T i bed
in Table 2. The cycles were repeated every 15 minutes until all of the dose
vol une was adm ni-stered. Prior to each infusion cycle, the test article
suspensi on was kept uniform by Eassi ng the 20 materi al between two

connect ed skRepsrgitield assembly 16y agnetrb@w%impm?w fm%bbm?wsglgtzlers o
4 . I . S| on cle X m-

B
ot v ol ueny o7 D keepet-SuA ALY Hiiadsieied 0 S e R g Yhiredd. O
7. gzg:\)/rrc- DCPhe magngh isaersted fi56 the fally rmcmﬁogﬁgm(nmdmfomﬁ@&a;mg_

A7, i i - f 1 I on, an
angi ogr 4m WRsHigBtEIG D mgged ﬁ@%%{%\ﬁ%&ﬁh@sfm 32 Fngmefqr#&ei% ect ed
| obe of thasbemmy.mmagszagmmmmmrmctmmsmbﬁ %e &&%bl&%ﬁkﬁra e;/r%gf he

catheter. The .Tracker 5 was then renoved and re angi og

common or pheijeRy befam several sacondete nEanydonrs ridtertshffiniet expesube,itheench gl i de

catheter t ] cv of the.hepatic arterjoles. Tgxi I netic
Anal ysi's - C}ﬁ qggs{pgﬂg?tgggbptrﬂgﬁﬁﬁ%ﬁ?eépﬁmmf %’f Smeeﬁboéﬁﬁ%? °cflcﬂ?‘i5<ect ed
in EDTA-Corﬁu&hgdxr(grxhjdis%fﬁxéﬂﬁgaéﬂI%idmh&idnrbf@eﬁﬂhps 2, 4, 5 and 6 on Day O
prior to dosing, and at 15, 30, 45, 60, 90, 120 and 180 mi nutes post dose.
The samsl es were m xed i medi ately by inverting at |least six tinmes, and
then centrifuged. Analysis of plasna doxorubicin |levels were quantitated by
| -i PLC. Results Angiography - Tabl eEXAMBLEIEs i nformation on the |ocation
liver, including depth relative to

g;t Lgte ef— a.rog?f t Tdﬂ,aﬁ«ﬁv‘a%é“w&%&%@@pm P BFPPAiStasy, Buespsphesy compositgrafphy . -
13 23 DEGeehbttal¥3rPddd’&fvated carbon. See for example, U.S. Patent Nos. 5,549,915,
5,651,989, 5,705,195, and co-pending U.S. Serial Nos. 09/003,286 and 09/226,818.

15 MTCs combine elemental iron and activated carbon in microspheres of 0.5 - 5 um.
The activated carbon is capable of adsorbing and desorbing a wide variety of drug
substances. The elemental iron component of the microspheres allows targeting and
local retention aftcr hepatic arterial administration, by placement of an external
magnet on the body surface. MTC-doxorubicin (MTC-DOX) can thus be

20  administered by selective catheterization of one of the hepatic arterioles feeding an
HCC. Plabement of the external magnet over the region of the tumor allows for
efficient targeting of the MTC-DOX. MTC-DOX (doxorubicin) is designed for the
magnetically targeted site-specific delivery to a liver tumor in the presence of an
externally applied magnetic field.

25 | Eighteen swine were assigned to 6-treatment groups including 3 control
groups and 3 doses of the MTC-DOX preparation. Animals were given a single
administration of test article and evaluated over 28 days and then sacrificed. There
were no adverse effects in the DOX alone group. Biologically significant treatment-
related gross and microscopic lesions were limited to the targeted area only of the

30 liver in groups receiving 275 mg of MTC, and the “no adverse effect level” NOAEL
was determined to be 25mg MTC/2mg DOX. Evidence for a possible éynergistic
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Tabl e 3: Post treat rrent anal ysis of enbolization PCT/US01/ 10347 ?3OHIPC %bk
- Tr eat nent Wﬁﬁ%o TLi ver -Segnents argeted Depth (cm.

Enbol i zati on cle Control 7S42, 3, 49.5-7552, 3, 48.6- 76B8T/US0I/19347

87. INA3Mean 8.4 SD 0. 992Dox Oontro_l 7512, 3, 4, 89.1+7632, 3, 48.4-7647,

88. 3-Mesn 8.6 SD-0.363MIC. Control 7502) 3, 4, 89+7534 7) 810. 8++7614)

O o, Yooy P DR SN, S i bbb o, 1

811. 5+/ - 762Re danady cdusedSoyveagetéd ML bAnbd/ ke @Q&ﬁ%@ﬁéﬁ@éﬂesﬂo e more
88+++7572, 3, ,4, 811 (+++7654, 7, 810" +++Mean 9 = not

avai |l abl e a§°§§} W nition: (-) No observed enbolization 5 . (+). M nor
enbol i zati on of sel ective arterioles (++) Mderate enbolization of
selective arterioles ' (+++) Significant to conpl ete enbolization of

sel ecti xe and W arterioles 3 End procedure angi ography was not done. The
ani mal vvoke up f I"f g the procedure aad the catheter had di sl odged frpm

the original po /| 7603 C 2004, 0347
Toxi coki netic Das'{ﬂ(:lé & é@%oééﬁée%%geugﬁ‘g gﬁ%(ggf’ﬁ?ﬂ‘ icip &f&%ﬁ vzed by
HPLC. Sarrpllb@cqmblemt-ﬂmahgéatmm Usbwas pﬁtchésed&iorﬁlﬂdjlﬁ“&rUS)A TRedAfgy Ng and at

15, 30, 45, 60é 90, and g_ post - dose. Results show that the
MTC- DOX gr ST yias, ‘%EX Padad.r Bhe MIgsovergyendered | e or
no circul atstdle gﬁé%ﬁﬁi xﬁ‘aﬂxaﬁén S'mé’%théle ﬁ?r%%@tlnf%ls-m@sﬁgéxﬁ?f @O 584199est

t hat the druq[m(emal ned | ocalized primari rar i'n the
MI'C- DOX0t r &ar mmeg:ydnqﬂﬁlosmmcdﬂwodeﬁgntnﬂmmhe ft‘mgmmndbl BrFlexible ect

tr eat nent chan pri limted to the
target ed ré\g%%’r??gllom gernP'Wge@“%ﬁ S0d supnlied 'W*ﬁ&xmrwa@idcl% In
general , ridzi@sdBpinGe CRABAMNWKRARI: hireSBYAIcLaY sleR AR the the
i ncreasi ng dose of MIC parti cl es st severe |ver c anges in

bot h gr oup$irigeaTion was supplipd aha stes!@ cbv pivwderp Fiteircdgnet (1G7dn|(w) 8 2:Mih 6) .
(D) housed in the FMH is a rare-earth NdFeB permanent magnet (5 kgauss at the pole
15  face) purchased from Magnet Sales, Inc. of Culver City, CA.

For administration, a vial containing 100 mg of MTC drug carrier product was
incubated at room temperature (18 to 25°C) with 8 mg (4 mL) of doxorubicin C
mg/mL) for 30 minutes. The MTC-doxorubicin solution was then diluted with 16 mL
of vehicle for injection and sonicated for 30 seconds using a Cole-Palmer Ultrasonic
20  Cleaner using the “Sonic Degas" setting prior to administration. The resulting dose

solution had a concentration of 0.4 mg/ml of doxorubicin and 5.0 mg/ml of MTC drug
carrier.

Yorkshire domestic swine used in this study were obtained from S & S Farms
(San Diego, CA). The animals were laboratory bred and were experimentally naive at
25  the outset of the study. Animals selected for use in this study were as uniform in age
and weight as possible. They were generally prepubertal to young adult animals
approximately 3 to 4 months of age, and their body weights ranged from 23 to 29 kg.
All animals were acclimated to laboratory conditions for a minimum of 7 days prior to
study initiation.
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As a result of the use of the permanent nagnet, extravasation of I\/{g C 2004
“particles h@‘%@ &%portal area tissue (including the walls of the |gm
artery bra y% s ~s noted in all animals receiving MCREY¥I04187 MrC
particles in the Kupffer cells of ~. the hepatic |obule was noted in all
groups receiving ‘MIC, although only in one of the three animals (at a

m ni mum severi ty?‘{i he group receiving the MIC-DOX | ow dose (‘group 4). In
nmost ani mal' s, nuf{é | eated giant cells were associated with the presence

of MIC particlesA 1.2l tj . 20. Several other treatpent
rel ated changes \?ﬁ?%’lag;bgg%r’ﬁ"%gf'%got??l%%fgﬁlgeeﬁm S &Y E?HQW&‘Y ?Sﬁ’@nfg‘f‘bet ed
liver and weikereptnes gioups ofititesanimalshiresh dsshbivarin Tao1d Rbelbivd'Fagh Snimal
(bridging), a .chgggie%glgr acterized by bands, of fibrous connective tissue

connect i ng %4fye Qse of tesharticlgdly heppticintrasasteriehinfesions The pninals t he

MIC- DOX 4 o i . ! i stentl CcCO ni ed the
bri dging | BF aosaraBifiar Phefe MElinbiP QLR B RRR, L) pn oY BRARSS

i nfl ammat i oandoéthén pararretetssasaiestribel ®eldwc t Al upimal e wers euthadized D4y BEent in
t he groups recejyi r]%ﬁ?S of . MIC particles _or greater (G oups %r 5, and
6). Chroni cPXfEPt (\{’ét £ § thatrequigedearly saerifice. rA fald secrapsyuasconduetedi ng

the high doggaRhni irGi 6 d s, only
‘mld focal pe?i bl arﬂﬁ#%ﬁgg??%gﬂ%?té%g%ﬁﬁyhanad gp?‘l%‘?'g&aﬁ? nglg‘%Secei ving 30
t he MIC- DOXcdngictéd o8 those BBimalg that DEE s200ficd catlys GORA] REEl 653ikk0d0347 | n t he
targeted liy ver.e necrosis. of entire hepatic | obules was present in

t he M]-C_ﬂbo)gtﬁfeaﬁaggrggst&pgﬁgﬁg%emnggmr0| group had noderate necrosis of
the targeted regj : ' I i.n,the MIC-DOX Nedi um dose group
had nul d necr osi ?@@‘?%%%é’f&??%yﬁ%@fn st‘?a?’ggf’#"}sf’\geargxeir eas of
chr oni ¢/ act ¢coneestritivhl cf thetestoticler Thel ks dnédiem parrPligh MTEDOXi dosés v

MIC- DOX Hi gh.- dgse..gro only. Thjs inflanmatory reaction was a response by
t he body t oa%%&%&wﬁﬁ%e "F-é’éipafvei% Tableck ligs thectotal dose and the mpdgrdase

Pat hol ogy, BiRed datBeddRd chi - EYARle} i gh Dose of
MIC particles (G oups gcar?gﬁge)d,ﬁdéﬂtrﬁﬁegggﬁg%%gh%r esg%@@orgkequ :
particl & wespectigegraupst he hepatic artery, portal areas and hepatic | obul es
(Kupffer cells) in the non-targeted regions of the liver. The presence of
these particles in the non-targeted region of the liver did not appear to
cause any associ ated danmage to the liver. Mdderate bile-stasis in the
non-targeted region of the |iver was present in only one aninmal receiving
t he MIC- DOXphigh.dose and was consi dered to be secondary to 15 the severe
changes ocﬁ%gngq’%ﬂupﬁés‘gﬁpﬁﬂgéﬁs‘ir‘gﬁﬁwe the liver in that animal. No
ot her g resonLsrdgof—thetargated—regror—M-c+oscepte

Pat hol oﬁf}’wf“& hgﬁ:.ofil; ss‘llj'éeg T‘"Kﬁ'_a“f)arti I%gewlgﬁr eseht WR_P ('%@bm\ng o3¢
art eri ps—-a—thestomlch—of a singlle al®hal in & e Bok 1 gMTGose §PHTA
These parthcles wlre |a¥ehislsGonteal wi| t4:00¢ 9dti BP0 KOOl atldi on [of ®o | 45mL
mul ti nucl eat ed| gi ant |cpéx-BighOdntrolt ey Wi1See4 t oo+ Woe| No 1§ el dted chzlmmz n
the stpmagh. Changes [{RFrRed Vgl OO L eat et T Mcroseont RARGELS
i ndi regtl gsnrel ated to 1'?-‘cr}ga E%ir?gm\}\mog&oﬁo%%od i hgﬁﬁé)%c Hi ghfza;

ORI y. [These cmanggi CiDoR S AW 'fb.ds']:eoj)dj”'gj.ﬂjfﬂdg’ ancy SEI €ey
the ol baicar—dbtobior el Gk Moo | AA20 01, | 279 %008 | v 0f 1 hd habat |15 mL:
pat hol pay.5 I n t he3| ungM3E-DomoHigh tHET2t:h0.0f RBP4RIOTIf [ omIgr olp BS t hesmuhs
severe lung i nfl| Briedbse imuke whs Bstifbhted BasedloR the BRragé P Weight fdraheh Fredtiieht Sronp. Ve €
charactgyistic ofrne dsaGsifioh Add RERBERARVESMRPhoRVGLARANY ei ther as an

acqui red infect i DfheQhse Vdiftion BaddbHckrbiatidn'df 5.0 Re/MlGe ML Bk carfireUr @l i brosis
~and pleura infl afﬂ%ﬁhbs@@ql%ﬁﬁ&%%&ébﬁ%@oq o)o“?.ﬁlﬁ I S’fa%g CL%E{}N%&Q%U ic

inflammation of t}igs AsderCardiumin one

01/ 76038 PCT/ US01/ 1%3~7 animals fromthis group was al so nost likely due to
bacterial infection. G anul omatous inflammtion or neutrophilic ‘
inflammgtion in the spleen-of 213 , animals fromthis group were likely
extensions of inflammation in other tissues of the body. 5 Concl usions

Ei ghteen fermal e donestic swine were adm nistered a pul satile adm nistration
of one of the following treatnents via the hepatic artery: vehicle control
(negative . control), 18 nmg doxorubicin, 9225 ng MIC, 25 ng MIC/ 2 ny
doxorubicin, 75 nmg MIC/ 6 ng doxorubicin, or 225 ng MIC/ 18 ng doxor ubi ci n.
Toxi cokinetic results indicate that doxorubicin is not freely circulating
in any of the MIC-DOX groups, and therefore suggests that the drug has been
| ocalized to the targeted site through the use of the externally placed

per manent magnet. Based upon the gross and the m croscopi c pathol ogy, the
NOAEL was 25 ng MIC/ 2 ng doxorubicin. 15 EXAVMPLE 2
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Clinical Engineering at the UCLA Medical Center has eval uated the 55% A
- Fl exi bl e Magnet Hol der | ot nunber DO02. A three-part test was perf ?0(9
deternmine iVO®EEBRti al effect on the equipment that will bePqRESEADINN
angi ogr aphi ¢ procedure room The field strength of 20 the magnet  hol der was
set at 1,000 gauss. 1. Fluroscopic X-Rav Unit This test was nade to

determ ne the influence of the nagnet to the inage intensifier in various
di stances. A | i néCqthéterization|pnededureptibln animakssvere fastedcbvemightqappeokigtatedy t he

i i nt yf i i di . de. Al dj st 2
maur enment $2ar & PARE) BHHE 16 SRS, 47 BlrARioN FociHe Broceige.scach srgral S6. ¢ ype of
procedur e t aveigitedeit ippé-aisdthetifedewith U30irRR k&¥aminEBMa 196 M@xﬁ%‘ﬁ% émééﬁglﬂngv

12-inch field nodes. In both cases the magnet started to
i mage at a 309 kegf gachianimal wasidisinfectediwith hetadine splutiorsaid the swrgitabgitred og

| et . - : 8 4 8 PCT/ USO0L1/ 10347 2. |nfusi
(E)Ce)\r/r}) cgse%/gr ivgh%sc oiv%r; dwi %ﬁd %g‘\‘/;?%gés) v(“/‘\ei\? ggéiéfc%%’%! Wﬁﬁf“ﬁlfséeﬁ?)‘feﬁxgquvuts Ioo'? he
Fl exi bl e Magomibs Hotinipthe ctheteBaatios anduidiedins@tion §1866dure Undéepbherder € t he

only devices affected by the Flexible Magnet Hol der. Wien the Magnetic
Modul e was WPEHRGSIS ASkiE Gisian yas madgdn the night inguinal awe and tip-animasavere al ar m

st oppi ng i nfyYsi : foREdR i : J i . t

physi ol ogi cgﬂnlgﬁfg g?ﬁﬁéﬁ;&&%@%ﬁ?ﬁ%ﬂ%@ %%?gﬁg%ﬁé@?t%({@é%ﬁ& hi n

cl ose proxi rwerg admijnistere 0 RE bf heparint(Elkins+Sina) systendicllyegtiorite delivery gnce

W th rmq'torin yfenfOrrra&%.éeCaﬁéio ,ttho | d, be used when this deve?}(;:e isin
cl ose prb)xi H?I& %us[arggmg{; g 'ifﬁa OMRRES: not in use, this device shoul d
be at least 36 i e X [ .ntensifier. It ig not, to be
used in pr esence%gﬁ{‘}&?%ﬁ&’gﬁ g—g@@%%@ﬁ&h%mﬁ i@f’&@%@lﬂqmas@%.
Note that silmdiend)had a@:035uneH irgleld glidetvig (McditetNBicIOWARBIHoWRMAGIvE €d t0 be
15 1,073 gauss#ﬁéo i ncregse.the above. nentioned "safe" distanCes by 10%

woul d be nmot¥e Hltgﬁxefqe actery. The coramon;ar Propen henatic artary was eatheterigedat i on
that the Fl i i { il i j t
whg ar eenot %gdrilmlliﬁ? %ﬁgﬁ’g%%’:?é rgdr?]'gm/e g?O §§\E/§lr?g£ééi\§?%jebs{abﬁés¥e# %lgpat%#g?tglaétgn? iegdS

criteria5i nprovidesadequate acoessilsilityrtothe desited dotwf ofitheliver tmhichothe tesdirGic[20X001
(attached). _A_nunber enbodi. ment s .of . t he, i nventi on have been descri bed.
Never t hel es3Vas{igregEd, ?%%ngﬁd@r“@%é’d l?‘i Q?pﬁﬁ%{}'s °ﬁW@iP¥3§ﬁ£ thegeothe nade
Wi t hout depavasithh datiRfBrize® withia Tracke? 328 caihe Y e{nﬂﬂ: ci i ngly,
ot her enbodinments are within tahe gcope of ttﬁgt¥%eﬁ’09mﬁﬁg?%: al %@ﬁf%@j 2 3
DEC 20f 1 WHARPer2ovise (Fagetdnc., Freemont, CA). Angiography was then performed to

verify catheter placement in the desired segmental branch of the hepatic artery feeding
20  the selected lobe of the liver.
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| . Apparatus conprising; a kreper-shield having ate inner surface_ and
-outer sub, exid a base; g permanent magnet slidaby nounte in sai d23 DEC 2004
keeper - shi YAOHH®3having a front face, a bottomface; nid aRCGEYUSLALME, din
in aretracted position the keeper  shield substantially contains the outer
si de surfaceand t-he bottom face us adjacent the 'brio; and actuator having
-a first end extending through the base and contacting the bottomface of

the magnet; and Magngt Plasementand DepwpMeasurementy ndJsing \giography, placementd

exerting a ' ] j_ Lt v T
e "o SpbmapRl ab dlibfinfioh bp Bacite 1hh kit ABLFAE BT Y Wieal; e
in the keepeurfadeiofithe piggopitiohed tentrahprthe capibiary bixish; &l dppepdmarly @ The
appar atus of _cl.ai wherein.the botfomface inclydes a spacer 1S

conpri si ng 8"5%%&8#{‘? ga ’e?P'aﬁ‘e g‘ﬁ% Stpﬁém%i“@ai"%‘i‘g‘i‘iﬁ‘ﬂd&&P@PEéP%ééér The
apparatus o 164 ' 531?{,-' . us of
claim1l V\heiheei(\dr%ﬁ% ﬁg&%ﬁ?@o ugci;‘;g a gﬁt ﬁézﬁlg%%gésﬂ@{mg ‘Hg%%gﬁggg%ﬁgaboutt
10 cm t he f magnetfpositionrwastdeterminedsa depth fiom the cathater fip ool theacenteb poiint bf gaaus
at a di stang’gls Iesstthatcl Qr e%ﬁl to aboHt 12‘2 cmfromhe front face in the
retracted pOSiPghyt Was determineq py angiogranhy,s o STeVRS %ﬁé{e@% t he

keeper - shi eltaseemRents0ss doneByilaciag #lell MAkForl Be el RGih& <§ﬂtHe<sij,- The

apparatus~ of claim 1 wherein'the resilient menberexerts a forca in a range
of from abo#istal torthesathstes positinnand 1acaguned by angiogtaphyoFollowingahe in t he

rattaot PQSI:L i odiE lalm. i .=..conprising a c

magnet i.gcgl I ?/E %gﬁg?%&oge 1 "gs’gé;%%r -éﬁ? gf@%%pgstrﬁ%eﬁ%%@eg@qssagu magnet .
19 AMENDED theHEeMible magnet keeper-shield askefdb(y waHentored inthe Biagked pésitidn il @i m S
wherein the cap conprises, an enbedded rnagnetic material. 10. The apparatus

of claim§g thesueiase 9ﬁ@emo%pmewmtmt®am5m@am ,
dapted t o ige. 1 1. Th
ohar atus . BRERIBTEbER: 4,3, bl BERFhadiiGhd 1 SHARMES RAGABL B8 1 Lo "

mat eri al . 1@ompletion aptiwrinfusionof claim 1 further conprising a nagnet

position indicator operatively connected to the magnet. ~ ' 1'~. The :
appar at i of cl adest MatariahbyfusiampThestestgrticlp dossavolutne was infased@arepeatedf ace of

t he keeper ' s [yd: anRnect to ,c field
roasur i ng. R0 Eur 7S HLREIRR RHRRGHeD o B £ BLEH (rot A THRIRDX Tomgrer
sai d keeper abse@du@hbgeimsihglbmﬁeﬁmx?mi debetitedi® Table20 Fhe'tytRS i 2l
substanti at | perneagle tQo_a magnetic is flux r a cavity in the

keeper - shi eW8re ISRPRieC aNArY J 5 spjpptes yntilpllof the desevolumps wasadministered. Baioes  and
S o1 YRS BB cf e e TR a3 WA Kpf G Wy paiRg oo™ "

actuat or extendi ase,
20 material between two connected syringes 5 times.

Table 2: Test material infusion parameters

Group Treatment Dose MTC (mg) Dox (mg) Volume (mL) | Number of
No. Group Volume | per Infusion | per [nfusion | Per Infusion Infusion
Cycle Cycle Cycle Cycles
1 Vehicle High Control 45 0 0 7.5 6
2 Dox-High Control 45 0 3 7.5 6
3 MTC-High Control 45 375 0 7.5 6
4 MTC-DOX — Low 5 25.0 2 5.0 1
5 MTC-DOX — Med : 15 37.5 3 7.5 2
6 MTC-DOX - High 45 37.5 3 1.5 6
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a plurality of springs extendiing through the base, said springs
-operative to exact a foray in a range of frog about |75 pounds t 0 25bOEE B
pounds on MWROHHHBHmM face of the magnet in a retracted posi PCBAISOY/10BET Tl xa
magnet keeper shield assenbly of claim 14 wherein the plurality of springs
conprise a primary spring exerting a force of about 140 pounds oct the 25
bottomface is the retracted position) and a plurality of secondary springs
exerting a farcel8ft Iafision Angiogsapies At the gad phihe infusign.cn angidgram evasact ed
position. X o r.-shiel enb of el aim 14 further

dbhe togo)eﬁ§ Iﬁ'@gﬁ?e cﬁ RIS art%ﬁés xgﬁ.‘\%%?vtegolﬁh%gﬁ t@a?‘

ol b ver.
conprising a screw mechani sm oper W&t he actuator.
20 ,A 2 3ADgiogeiphy Was pesfdanétthréughake Tpicker IPBPadetcnaThe Tratker ¥ wises and

e, beak facg, said et prodycing at_|east about 118 gauss at 10 cmfrom
the front f§'§8 r?‘ﬂ"Y%F%%ﬂé’éﬂ‘ﬁ@égﬂ ofthe sempIon L Brapgr bepatig sitenbyes 5 gauss
at a di 9§ angafdmied thidvRiph te S:E¥ALh i fi L. tag
retracted pgéstif'gi on. | 8. ‘Ighe magnéet e%éggsaerr?%ﬁﬁ&e Bg{sﬂs‘?yﬁfﬁ“g%f&%ﬁ%l’n%‘%
furthcr conpériglesy a plurality of bores is the keeper-ahicld, each bore
addaptcd to accept a particular one of said springs. and wherein at |east

one of said bar odo¥igokitetisArnlysis -asligyots of appoaximiately 2:@ mlavDwholedlocd. The
magnet keepgr.- shi I f. claim sl at her . conpri si ng sgrew drive
rnechani sr n%ﬁe&&@#@gﬁﬁg’m é@?@&mgf;ugegi]tgong @@ grigal upsbg,_ 4, %2"6‘8 het.hod
of in vtvo DayOveioy todosi®gand a1 30} 45160590,1100 an®1 SPhIRACTFIsBHES: The-

adm ni ster|§na%F COITPOS,I tion tqg ,a patient, said conposition conprising a
magnet i ¥ pa pewerednixed immedigtely by, iverting at deast six tmes,and thesceotrifigese 1 r ont
a shiel ding Yot . gauss at a di.stance
of about 10%%9??%9%3?#3d%?%ﬁtbﬁggfc\e??l@ggg |0H%Eé§g§a%§%gnet over a desired
| ocation on flee patient; and 20 directing said particles to a desired .
| ocation in the patient with the use of a nagnetic field provided by said
magnet . 21Reskils net hod of claim 20 wherein extendi ng the magnet conpri ses

ext ndi ng an: act 0 t - shi.el d~t.o push t net out ff
t he keeper shi elg?glg%rd&@ ?@ 1rea Pﬁggfﬁgorﬂi}éﬁgpn&%@?% sor}iléﬁngg ing the
nmagnet tgyai regionawithinithglivery ineludiMpadepthrelative tefutheiér gositiof, drfd degred dfange of
from about 16? ounds lt)o abqut 225 p%unds ina fully retracted position
22. A net hod® O A% BOFEYS R APIOEIAP e gnet i ¢ particl es conpri sing:

ad~mi ni stering acid magnetic particles into a patient; and 21 "tea nagnet
keeps-shield. assenbly of claim 14 wherein the cavity is 2 3 DEC Z00
directing said particles to a desired location is the body with the use of
a magnetic field providedl by an externally situated pernmanent maggot
produci ng a magnetic flux density greater than or squat to about 50 gauss
at about 13 cmfroma pale face of the 2~. The nethod of clainms 20 or 22
wherein said nagnetic particles have a biologically active agent attached
t hen) Z4. diagnostic agent attached thereon.

13-



25: The nethod of clains 20 or
- 26. The nethod of clains.20 or

conpri sed SYORVHP3%nd car bon.
sai d per manent magnet

22 wherein said desired | ocation |s

22 wherein said

27, Then net hod of clains 20
is oonprised of NdFel 3,

magneti o par

" 2%, 'The rne

f}*&ﬂf@%@iﬁ. .

t hod of

claims 20 or 22 wher ei n sai d adm ni steri ng conprises injecting said

magneti c kp hod of clains 20 or Z2 wherein
sai d adr n?gi{’% ﬂtg g“”agﬁ?f\f&b 1'ng [s{‘gllg d magnetic particles via
cat heterf s 20 Ol [4ver rurtner conprrsinglthe step of
ang| Ograp@/o“ |29 é&ne..ifaﬁ,..ge hetmelf | clsaiyflh30 Wher gigy, &ls)d anpi DGR
ai ds pl acene °f ﬁe magnet i n r¥eat Ofrg thehhq patl ent. The net hod of
ol ai ns 2P—et=—22—frtr-t oSO TTE e T 1Ty d.l vy peTTTH E‘IT_'I'E'Q'I'I'E".'—I'TT_'EL
stationafy pbsi ti &ﬁh‘fiﬁ"?)‘l?ﬁdout 78 onl hf ime lof inject] o said "
magneti c| particl ¢s. 33. The netfA&d of | 2134 ns 2C,or 22 yr_déhpr] sing -
mai nt ai nj ng sai d|permanent nmagnegss i n 12§mqmionary positiom]aft=r coml eti g
of injection of g$aid nagnetic [particles. 2~ 1 et no Clal ms 20 or
22 where|n $;d magnetic particlies have a AVENDED gﬁ@g % EC 200. 4 34.
'"The methad of cllainse 20 or 22 iwherein said admni Ling ises
i njecting sakd nadpeetontroparticll@8l i n  pgehed cycles 35 . nethod*of
cl ai m 34| wherei n|sai d repeated|qgyxl es|baye floW rates of abput 0.5 ™/mn
to about| 5.0 nL/min 36. The netfpp—of Qéﬂrnd4 mnereln'smé%lrlecrlng
conprise% i nj ectilng sai d magnetHe—parti-etes—r-repeated cyc.es H-ofmabottt
every 1 finute t¢ about every 60 mnufjes 37. The hod of%% nms 20 or 22
further tonprising positioning|said nﬁqnet over| safB deS|ﬂéd Iacation priar
to said adm Bi st fakTOtongbl sal d [gserposi tjxns.s 38.] The nmet hodgof ¢l ai ms+ 20 or
22 where|ln said gonposition co Sgses gnpgapeUIrC“agents 358 A netnqg Tor
decreasi hg systeratic toxicity fef—a—thdg—eorprHsthg—prep i)
conposi t { on conpii si ng nagnetic7ﬁhr1ivﬁ in cophination W¥h kaid Hrg:
adm ni st ering saijd conposition|into a}patient; Meaendi nd0.2 per nanent
magnet having a flront face and|a bott¢m face frjom spkeepemwgshigld to
produce &t T gast [FREHoki3wod Noge a1 4 203 zgance or apout 1p5 fromIney
fronit face; pc3|t|on|ng sai d—perrafeni—raghet—over a\ﬂiy et—t+ocattonman
the. patient; and 20 directing éﬁiﬂ.ﬂﬂéﬁaﬁﬁa_pﬂLflP|P< to eSired.-
| ocation|in the pgatient with thd6lise ¢R,B4r8hagnetic field B oduced by said
per manen{ magnet. Mean 8.4
SD 042
5 MTC-DOX Medium | 723 2,3,4,8 9.5 +
756 14,7,8 11.5 +/-
762 2,3,47,8 8 -
' Mean 9.7
SD 1,43
6 MTC-DOX High 748 2,3,4,5,8 8 +H+
' 757 2,3,4,8 11.7 -+
765 4,7, 8 10 4+
| Mean 9.9
SD L.51
NA = not available
2 Symbol Definition:
) No observed embolization
5 . ) Minor embolization of selective arterioles
(++)  Moderate embolization of selective arterioles
(+++) Significant to complete embolization of selective and main arterioles
* End procedure angiography was not done. The animal woke up following the procedure and
the catheter had dislodged from the original position.
10
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ANEI\iDED SHEET 2 3 DEC 2~4 40, A nethod for decreasing syste_m'p 23 DEC 2004
' ' f di agnosti c,

-tirculatio gent selected fromthe group consisting o I C,

tlherapeut [ ?Y@glr{ g%nbi natioins thereof, conprising; prepari F?&Tdfsé_lfm%él tion

conprising magnetic particles in conmbination with said agent; admnistering

the conposition i-nto a patient; positioning a pernanent magnet over a

- desired | ocation on the patient; and directing sai ]9 magnet i ;: pa;}[leﬂjes to

desired | ocat. on ,i.n atjent with the use of a nmagnetic fi _

Ito? gvi SZ'd by sai d%?ﬁ@?{%?enfrlﬁa’#héiaﬁ%m@éﬁmﬂ@mfr@x_e@bmn%re/\dml_ ; ¥eed bgai d

magnet is PHPLCI Gagthlwes efl id&SGF l.0 [ prior to.sai

adgi ni st ra!toi on of said corfcrp%g?t I on @SBT%’?W?@?R@&‘OHO Qsingandas 185 30,0

i i 46, andellaniniites pestt dose. He36ks SHIWORANBEMTODERIES,L | M
g/]tleirﬁj! Q%fﬁlﬁgg%rﬁﬁfm net i n.ma?fiegl es. % The method of clai nsérélg.)sor 40
wher ei n saioic% perp%rrgéneﬁt %ﬁﬁ?‘?&‘f 1510 crixol group hayeditte orno eispniating dexonbicin

: : . . . . 40
i nj ection ofs shewdl inFgRes | CTREE rishls! g,mogfs | ai.ne, 39 or
:/mnjerei n sai d, adm ni stering cpntﬁrﬂtggu%%?tetggl naﬁ@fg}g ( ﬂg?cla'bz?fiart i cl els as
r epeat ed CWYA‘Sﬂleﬁme%tSH@mﬂmMT@+D®X4reahnéxﬁlgEoug@1 d repeated cyc esf
have flow rates pf about 0.5 nl/nmin to about 5.0 nl/mn 46. The net hod o]
cl ai m 44 wher ei nZpifopicdiabinlesy. dgrgeted Kiverm Rivent treetneeny related ﬂﬁé@sﬁ%l@-bom

' rimag ini%n ' her
60 m . : cl ai 2 22,. 39 and furt
g\éﬁ{)?/i si ng drhg{lgégcvg#%g sa;@imrrahgﬁdejttor;j%%ggﬁtg%rMéﬁf@ﬁi%;gcIgrmcet ﬁ; nmost
about 50gudseriving MTC padictes. Iregenetd anicrsscop Isy Wsed iy %@%ﬁ{yq, H1\A/r1erein

the. act uat SroRcsig o PR Tt e citiol M1 Barieiep i he anast sl chinegesmgnt
out of the ik®othegroapy rRtélving tHVENPER ITNETC pa?ﬁ&esq%gogg%%l and 6).
As a result of the use of the permanent magnet, extravasation of MTC particles
into the portal area tissue (including the walls of the hepatic artery branches) was
15 noted in all animals receiving MTC particles. MTC particles in the Kupffer cells of -

the hepatic lobule was noted in all groups receiving MTC, although only in one of the

three animals (at a mxmmum severity) in the group receiving the MTC-DOX low dose

(group 4). In most animals, multinucleated giant cells were associated with 1_'.he

presence of MTC particles in the portal area tissue.

20 Several other treatment related changes were present affecting the portal
regions of the targeted liver and were present in a dose-related fashion. Portal fibrosis
(bridging), a change characterized by bands of ﬁbrops connective tissue connecting
adjacent portal areas, was a prominent change except in the MTC-DOX low dose
group. Bile duct hyperplasia consistently accompanied the bridging fibrosis.

25 Bile pigment, peribiliary fibrosis, neutrophilic inflammation of bile ducts and
bile duct rupture were Variably present in the groups receiving 75 mg of MTC
particles or greater (Groups 3, 5, and 6). Chronic/active inflammation was only seen
in those animals receiving the high dose of MTC particles (Groups 3 and 6). Of these

changes, only mild focal peribiliary fibrosis was present in a single animal receiving
30 the MTC-DOX low dose.

-15-



49. The magnetic keeper-sheild assenbly of claim 14, wherein the hottom
-face incl ugdes a s a(F:)er conprising a nonmagnetic material, and the%ai:toﬁﬁtm"
contacts t%oglé%f@%ﬁf. 50. The magnetic keeper-shiel d assenmbl PQEHUMAIHT 14
where in said magnet conprises material selected fromthe group consisting
of rare earth el ements ceramics, ceramc oxides, ferrites and garnets 51.
The magnetic kee&er-shi el d assenbly of claim 14, wherein the nmagnet

conpri ses mat eri Hi thedargeteddiver, severérneagosisipf endine hepaticdotnilesNaidsgideseAt i Co, and

! hpide . e
coeper ohi ofs MEGPOX BREUS E00E; TEMECHd erdimiad pdectepegronis of ° |
53. The magthettirgeted epgion ahd 6hl§ ons 2aiHd]\Nn tHe MITELDO Melivnt B3 §6u}331'id<§' ng a

tically adhered to the keeper-shield over the front Tace of the
magnet . whePARRESESE ot e bese fofuesdn e targetsg. IIVFﬁe@M_a@QﬂthOmﬁ?qu?nle- shi el d
ssenbl y5 of inelhintBtibh: [thé 2585 . ]
gper ati ?el ym?onnect glds"lth:()“"n%l e tggt uat gfﬁ%&%zﬁ%a%eﬁ%‘f@aﬁeﬁ?ﬂ d

assenbl y of ondyailhisinflammatery rezetipn iveis agespopse bryedhiethydp fo iefcaad and isdfate
keeper-shi el d earlh bore adapted to accept a particular one of said
springs, antd®fPRSALRESIOSSeast one of said bores is adapted to accept a

second act uat or d. 56.. Th ngti g, keepger-shield assenbly of clajm 14,
further conprisi %crgscoﬁl%geé'o@%? 'ug?'é' g‘"f%f Kersdndghs HIEPs Thapiving the highg
magnet . 57. . J58@f MIDOPatticléqenSipsTird 6), 285RIND 'nyodaiatéEbrl,%béﬂcl‘bfm ther
conprising a position indicator. . AVENDED SHEET"
10 ~ particles were seen in the hepatic artery, portal areas and hepatic lobules (Kupffer
cells) in the non-targeted regions of the liver. The presence of these particles in the
non-targeted region of the liver did not appear to cause any associated damage to the
liver. Moderate bile-stasis in the non-targeted region of the liver was present in only
one animal receiving the MTC-DOX high dose and was considered to be secondary to
15 the severe changes occurring in the targeted region of the liver in that animal. No

other groups had particles outside of the targeted region.

Microscopic Pathology, Other Tissues - MTC particles were present within
submucosal arteries in the stomach of a single animal in the MTC-DOX High dose
group. These particles were associated with a minimal accumulation of

20  multinucleated giant cells but otherwise, there were no related changes in the
stomach. |

Changes Indirectly Related to Treatment - Microscopic changes indirectly
related to treatment were found in the MTC-DOX High dose group only. These
changes were present in the lung, heart, and spleen. These changes were

25  inflammatory in nature and likely developed secondary to the clinical deterioration of
the a_.m'mals- resulting from the hepatic pathology.

In the lung of two of the three animals from group 6, there was severe lung
inflammation with bacteria in the bronchi. These changes were characteristic of a
bacterial bronchopneumonia developing either as an acquired infection or via

30  aspiration. In one animal, pleural fibrosis and pleura inflammation was associated
with the pneumonia. Neutrophilic inflammation of the pericardium in one of the
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2 3 DEC 2004 58. , The nethod of any of clains 39 arid 40, whereir? $HEA 2004
- hmagnetic particles conprise carbon, and iron. .. 59. The nethod of any of
clains 39 01/%%herein said desired location is a tunor.. PATASOHET or
providing variable field strength froma pernmanent nagnet conprising
extendi ng the nmagnet froma keeper-sluield assenbly, wherein the
keeper-shiel d assenbly conprises: a keeper-shield conprising a materi al
subst anti al 8 rfﬁgﬁﬁﬁléq Pﬁﬁ@‘r?iiq most|likely duego hagterialtinfertion. he

keeper - shi ' hdneiol |gla; -1y ‘ and id cavity
bei ng adapg%i%ngﬁg%%gg%ﬂﬁg rragng?%ﬁg\é}lmzd a°¥’?§nt'm§;8'?é{p@§ﬁ18?m°‘?€(?e; Cee e
. . _ A animalstfoen dhis graupnwére dikelyrextembionbef flammation inbki fiskuds ofRE | NOS
ext endi ng through the base, said springs operative to i a exert a force in
a range frol?ﬂ‘@bout 175 pounds to abort 225 pounds on the bottom face of the
magnet inn agr Slyr 2 ted position;) and wherein said nmagnet produces at inset
about 1f' g genes 8%* a di stance of about 10 cmfromthe front face in the

t ended itiop; d . t di, st |
than o equal o dhsapTegalteimeghe SRk A iy B S pRsedle BT gBS 11 on
b AL 00 AL i A e POt LR oy ey Tohc et it (bt A A
% A(. A% Al . r. A9af L. Af,; zZ w
zijpj ]e‘ Z]U] c iéﬁo(t};%p&l éed’f;kﬁa‘?oé‘?ﬁ']bézg] %@&Nﬁ&éﬂﬁ mgMEC20ng daxerubisis, 7ams] ca] ca] ¢
a] ca] ca] ca ol - . . C e
D<E1[ Al wr | glgqmw@ca cal cgii:q c%ca%% %/altjgcigna% ((i:%t O(r:%t l‘(::15311] ch fgﬁgﬁl%%?f%léﬁ cajcalc
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e AR ol g AR Sl i Sl
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ca] ca] ca] ca] ca] ca] ca] ca{ca] caU] cal] ca] ca ca]}(((:a(]:ca] C al ca] ca! d679, ;
- z7< =S777 microscopic pathology, the NO was 25 mg MTC/2 mg doxorubicin.

15 EXAMPLE 2

Clinical Engineering at the UCLA Medical Center has evaluated the FeRx
Flexible Magnet Holder lot number D002.

A three-part test was performed to determine its potential effect on the

equipment that will be present in angiographic procedure room. The field strength of
20  the magnet holder was set at 1,000 gauss.

1. Fluroscopic X-Ray Unit

This test was made to determine the influence of the magnet to the image
intensifier in various distances. A line pair resolution phantom was mounted to the
center of the image intensifier and successive readings were made. All distance

25  measurements are referenced to the central beam of the 1.1. For the type of procedure

to be performed, an evaluation was made using the 9-inch and 12-inch field modes.
In both cases the magnet started to influence the TV image at a 36-inch distance. At
12-inch, the image resolution dropped off completely.

30
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1] comprising:
a keeper-shield having an inner surfuce, and outer surface, and a base;
2 permanent magnet slidably mounted in said koeper-shield and having a front

5 face, a bottom face, and outer side surface, wherein in a retracted position the keeper-

base; and

an actuator having a first end extending through the base and contacting the
bottom face of the magnet; and

10 aresilient member extending through the base and exerting a force against the
bottom face in the retracted pqsitipp.

2. The apparatua of claim 1 wherein the actustor is adapted to extend in
the keeper-shield and push the magnetout of the keeper-shield,

3, The apparatus of claim | wherein the bottom face includes a spacer
13 comprising a nommagnetic material, and the actuator contacts the spacer.

4. The apparatus of claim 1 whersin the magnet comprises NdFeR,

5. The apparatus of claim 1 wherein the magnet produces about 112
gauss at a distance of about 10 cm from the front face in the extended position and
produces about 5 gangg at 3 d:stanoe less than or equal to about 22 em from the front

20 face in the retracted position. 5

o,
&

6. The apparatus of claim 1 whersin the kesper-shield comprises a
material permeable to a magnetic flux.

7. The éppmtus of claim 1 wherein the resilient member exerts a force in
a range of from about 175 pounds to sbout 225 pounds on the bottom face in the
25  retracted position.

e

B. The apparatus of claim 1 firther comptrising a cap magnetically
adhered to the keeper-shield ‘over the front face of ?hc magnet,

19
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&10%E' ()- 10%/K ’(‘3 s 26 FIABR-S where(x(Ihe cap comprises a port adapted to

accept & probe adapted to bu connected to a magnetic field measuring device,

5 11. - The apparatus of claim 1 wherein the kesper-shield comprisas a
laminated material.

12. Thc apparatus of claim 1 further comprising a magnct position
indicator operatively conmected to the magnet

13.  The apparatus of claim 1 farther comprising a probe adjacent a rear

10 face of the keeper-shield, said probe adaptsd to be connected 1o & magnetic field
measuring device,

14. A magnet kesper- shield assembly for housing a magnet, said keaper-
shield assernbly c.ompnsmg

a keeper-lhleld comprizing a matetial substantially permeables to a magnetic
1B flux; , L -

a cavity in the keeper-shield, said cav:ty compnamg an inmer side wall and a
base, and said cavity being adapted to accept a magnet having a front and a bottom
face;

an actuator extending through the base; and

20 . a plurality of spnngs extending through the base, said springs operative to
exert a force in a range of from about 175 pounds to about 225 pounds on the bottom
face of the magnet in a retracted position.

15.  Themagnet keeper-shield assembly of claim 14 wherein the plurality
of springs comprive a primary spring exerting a force of about 140 pounds on the
25  bottom face in the retracted pos‘itioh, and a phurality of secondary springs exerting a
force of about 85 pounds on the Bottom';faco in the retracted position.

16. The magnet keeper-shield assembly of claim 14 further comprising a
gcrow drive mechanism operatively connected to the actuator.

20
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5 22 cm from the front face in the ratracted position.

18. The magnet keoper—uhwld usembly of claim 14 further comprising &
plurality of bores in the keepor-ahxeld. each bore adapted to accept a particular one of

said springs, and wherein at least one of said bores is edapted to accept a secondary
&ctuator rod.

10 19.  The magnet kesper-shield assemnbly of claim 18 further comprising a
sorew drive mechanism operatively connected to said secondary actuator rod.

20. A method ofin vt_vo delivery of magnetic particles, the method
administering a compomhon toa pauont, said composition comprising
16 magnetic particles;
extending a magnct havin,g a tront and bottom faoe from e slucldmg keeper-
shield to produce at least about 118 gauss at a distance of about 10 cm from the front
face; ' '
positioning said magnet over a desired locatiots on the patient; and
20 directing said particles to a desired location in the patient with the use of a
magmetic field provided by said magnet.

21.  The mothod of claim 20 wherein extending the magnet comprises

extending an actuator thmugh the keeper-shield- 1o push the magnet out of the keeper-
shield; and

26 retracting the magnet compris"és retracting the magnot against a spring force,
wherein said spring force is in a range of from about 175 pounds ta about 225 pounds
in a fully retracted position

22. A method of in vivo delivery of magnetic particles comprising:
administering said magnetic particles into & patient; and
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| $X810%& () - | $Xg10%& ()¢ particles 10 a dosized losation in the body with the tse of s magaetc
field provided by an externally sitnated permanent magnet producing a magnetic flux

density greater than or equal to about 50 gauss at about 13 cm from a pole face of the

5 23, The mothod of claims 20 or_:22 wherein said magnetic particles have a
biologically active agent attached thereosn, -

24, The method of claims 20 or 22 wherein said magnetic particles have a
diagnostic agent attached thereor.

25, The method of olaima 20 or 22 wherein said desired location is a tumor,

10 26.  The method of olaims 20 or 22 wheorein said magnetic patticles aro
comprised of iton and carbon. ' '

27, The method of olaims 20 or 22 wherein gaid permanent magnet is
comprised of NdFeB, ¥
28, The method of claims 20 or 22 whereln said administering comprises
16 injecting said magnetio particles intra-arterially.

29, The method of claims 20 or 22 wherein said administering comprises
delivering said magnetic particlos via catheter.

30. 'I'hé method of claims 20 or 22 further comprising the step of
anglography. -

20 31. . The method of claim 30 whq;ein said angiography aids placement of the
magnet in relation to the patient.

32,  The method of claims 20 or 22 firther comprising maintaining said
permanent magnet in a stationary position throughout the entire time of injection of said
magnetic particles.

25 33.  The methad of claims 20 or 22 further comprising maintaining said
permanent magnet in a stationary position after completion of injootion of said magnetic
particles,

22
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The method of ¢laims 20 or 22 wherein said administering comprises
injecting satd magnetic particles in repoa:ed cycles.

35.  Themethod of claim 34 wherein said repeated cycles have flow rates
of about 0.5 mL/min to about 5.0 mL/min.

5 36.  The method of claim 34 wherein said injecting comprises injecting said
magnetic particles in repsated cycles from about every 1 minute to about avery 60
minutes.

37.  The method of claims 20 or 22 further comprising positioning said
magnet over said desired locaudn prior to sud ad:mmsl:mnon of said composition,

10 38. The method ofclmms 20 or 22 whercin said composition comprises
therapeutic agents.

39.  Amethod for decreaing systemic toxicity of a drug comprising:
armg a composition comprising magnenc particles in combination with
said d.rug -
18 administering said composition into a patient;
extending a permanent magnot havmg a front face and a bottom face from a
keeper-shield to produce at least gbout 118 ganas at a distance of about 10 cm from
the front face; :
positioning said permanent niggmt over & desired location on the patient; and
20 directing seid magnetic particles to a desired location in the patient with the
use of a magnetic field produced by said petmanent magnet,
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said springs, and wherein at loast one of saxd bores is adapted to accept a second
26  actnator rod. ' : ¥

56.  The magnetic kaaper-shleld asscably of claim 14, further comprlsmg a

sleeve situated between said inner wall and sdid magnet.

30 57.  The magnetic keeper-shicld assembly of claim 14, further comprising a
position indicator, '
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- 59. The method of any of claims 39 and 40 wherein said desired location is
a tumor.. - |

¥
5 60. A method for providing variable Held strength from & permanent
magnet comprising extending the magnet from a keeper-shield assembly, wherein the
keoper-shield assembly comprises: '
) a keeper-shield comprising a material substantially permeable to magnetic
ux;
10 a cavity in the keeper-shield, said cavity comprising an inner side wall and &
:ase, and said cavity being adabte@'__lto accqj_)t a magnet having a front and a bottom
ace; . oy T i) .

-

an actuator extending through the basge;
_ 2 plurality of springs extending through the base, said springs operative to
15 exerta force in a range from about 175 pounds to about 225 pounds on the bottom
: face of the magmet in a retracted position; and |
wherein said magnet produces at least about 118 gauss at a distance of about
10 cm from the front face in the w:tgtided position and produces at most shout 5 gauss

at a distance less than or equal to about 22 cm from the front face in the ratracted
20 position.



