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BACKGROUND Strong magnets include el ectronagnets and pernmanent magnets. An
5 el ect r wagnedosgapabl e of producing a | arge magnetic fi epdriUsoicwsdrer some
and requires a very |arge power supply. Permanent magnets exist of
relatively conpact size that are capabl e of producing | arge magnetic
fields. However, pernmanent magnets cannot be turned off and since their

polarity is not r i L AR i@%ﬁ { e k‘ﬂ:fﬁ g perneabl e
materi al and thei ?Ele%hdeg#ﬁ@ég&g;mo I;oﬁéliia .@ﬁﬁ%%@g oﬂzgnsequently,
per mmnent magnets are difficult to shield and those that produce |arge
magnetic fields are difficult toﬁm&}g(ﬁ@g store in many settings for
whi ch such a magnet m ght ot her For exarrpl e, the use of
reane <A1 ¢ SRR e b AHIE ph E
sel ects veeleppbragiect capable of prEgIREIg a:lafgeehzfgneﬁ@ﬁelﬂds aghbeyemaml onged rel ease
of high, localized concentratl ons of drlgg and/ or 0(tgnostl c agent by

ret ent i onTeHIER Hewil 8I8C PAVES wipgly. |Fermprent sgenets exist ofraladealy cempesisi bl e.  The
external | Nel-1e Qpgnet can be
used to C%ﬁ?%‘thﬁ%ﬁkgﬂ%ﬂ@@f L:Bg{l]éla%gnget e%%l %gieo %Isuchg%lgrtlagl es at target
sites. Howmgnets cayanotibé tuyn@imff andsingetheit pelacity ia noagpeily switmﬁ’g) tldyi ni cal

setting vvould be challenln SUMVARY ., The |nve ion relates to an
S ppar at us SR SSONGUaE RESPleFRIENE el SToN NSk R R TRBUE L v t b 1
the k?@pe@ﬁ@qﬁéﬂly, PEEnABRAh A &€ Hﬁﬁ&ﬁt o BickParltP@B&! th b@ﬁcetlﬁ}gét ore and
handl e in a variety of settings and f many appl i cation etails of

the i nvenmagnetmrféeléseare ﬂ(fﬁt:tlit tonhankke a@)dcsmrpanmamgsaﬂlmgmfngwhmhdud:lhe
descriptign b h her eatu S, objects and advantages of the invention
w il be 55‘? kR edégg iption and drawi ngs, and fromthe clains.

30 -1 Wo 0V/ 76ggﬁe)?aggléf‘%)el\/ls%Q)%ﬁ?agnetically responsive particles to target drug(s)

and/or therapeutic agent(s), device(s) or diagnostic(s) to specific sites through the

15  selective application of a magnetic field, and to achieve prolonged release of high,
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 apparatus 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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DESCRI PTI ON OF DRAW NGS The details of one or nore enbodi nents of the
invention are set forth in the acconpanying drawi ngs and the description
bel ow. Owen1/feat ures, objects, and advantages of the inpenusamonis | be
apparent fromthe description and drawings, and 5 fromthe clains. FIG 1
is a sectional view of a keeper-shield assenbly in an extended, operating
position according to an enbodinent. FIG 2 is a graph show ng the

de- magneti zati on curve of DESCRIPHONOFDRAWINGEI GS. 3A and 3B are graphs
showi ng the gradient magnetic field strength of 10 the nagnet of FIG 1.
FIG 4 is a se®he detalls of @w wimarh embedipentssifitied thvemstiomdne yetdbrtrinGhel in a

fully retracted,. storage posjition.. Fl 5 is5.,a sectional view of the base
of the kol5arrenyinRdraEDenbIY b eseription beldyoRitie FERkeD OBER Aol ¢ he
springs. Adahtages 6f the irvedfioRWilk BOUppacent h@n{meqes&%ﬁbﬁ%m“&ﬂg%, & i ngs at
different positions of the magnet's travel in the keeper-shield assenbly of

FI G 18 Ffram the ckims.keeper-shi el d assenbly accordi ng to another enbodi ment

i ncluding a back-up actuator, mechani smand magnetic field and magnet
posi tion measuf Eiehts 2 gelienabgiewxf akeeperghjedd assemblydn ga esteadedy to an

enbodi ment, f.o¢ ket QN DGy -shield assenbly. FIG 9 is a graph
show ng t %Jr?t:i%%o%ﬁg%drng{]&g{ﬁﬂl Qgﬁgﬁﬁg?ﬁn@r&of depth in a body. FIG 10 is

pre- (left pangis)2 Brtrigsionisd GBlde RRpREEIatdASEr_NT IIRAh AR 8BFRE. 1. hepat i c
arteries for magnetic targeted carriers having various concentrations of 25

doxor ubi ci n adSIGEHSA w3 Bare drifis-shOXing tht Eradieht inagheici flelkithdigitcofdat a f or
patients undergoi ng injection of magnetic particles having doxorubicin
at t achd Eh?é?%ﬁt‘étﬁaqérget ed to a desired location in the patient's body

o el et e BBl Bt TR sy TR Svrbol
retracted, storage position.
FIG. 5 is a sectional view of the base of the keeper-shield assembly of FIG. 1
showing the position 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 position 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.



WO 01/ 76038 PCT/ US01/ 10347 DETAI LED DESCRI PTI ON Accordi ng to an enbodi nent
of the invention, a magnet keeper-shield assenbly is provided to attenuate
t he magnav®oi1/fdoss d of a permanent magnet in areas 5 peripoeuvadi/tes7one
magnetic pole in an extended, operating position and attenuate the entire
magnetic field in a retracted, storage position. The nagnet keeper-shield
assenbly is suited to generate and position a high gradient, non-ionizing
magnetic field into deep, targeted tunor sites. FIG 1 illustrates a
magnet keeper-shield assenbly 10 according to one enbodinent. 10 A
keeper-shield 12 approxi mat eDETAILED DESCRIPTROD i ded with a cylindrical
bore 14 dinensioned to accept a cylindrical permanent nagnet 16. The
material used iscordingdernshiboimean of thedunentiamta magngt b@pnealbbld to magnetic
flux. Acc nen oft ste referably
Ul SPeo\iea BB e SRR heta D52 B R e B LEERY ol i g

1010- 1018 st ee ee er-

mat eri gl padphetsso oh©maguaitote 1nrmr&te'ﬁﬂe({ Opéditing péaitidband’ddendatdin) and
super nal | oy (79% Ni, - 15% Fe- 5% %ﬁe The keeper- leld material may be
| ani nat ed entitgdnagngiic {igldin agetrctads stowage ppsitiony The magneh keepsshielddi anet er of

5.6 cm an S on A C
mat eri al ?SS%%P?%SGI& ']%Eh%ﬁ ﬁ)ﬁ%l}ﬁg‘ah%%%ﬁ&?t é(gr} g)fn va .gﬁglge}p t he magnet
centered fmldtlhtorddepaatgetedtamdrmeevent surface binding. 20 A cap 22 may be

provi ded to prevent nmagnetic objects and debris from magnetically adhering
to a fr onfl(ﬁabéluamat(:mmagnqi&leegerohleidrmsm@melO acmémgnabhqemhpdlmnt | s a

Delran Wt h axi s _gayssneter, cal.i brat. is a
recessed V\ﬁeper’% lﬁngg?:rgxg?éﬁ EHhlofgds Qm?ﬂlr‘ilg‘gwé\% ythﬁé"%% aX| s of
front fac@inéhsthedtgnRtpt al&lindfical ?@M@ﬁhﬁﬁaéﬂéﬁl@oThe mhtekial dstciﬁn fromthe
front face 24, in the retracted 2 osition. The port 21 accepts a probe

23, for ekeansr-shigldz)is S@bsiaé’élﬁllxéwble@ magnefig iuxredesording U)s@é to neasuring
the migne})fegeﬂt eﬁlb%(rjrgltéedxge {e}f ﬁgfagibf}; ©%1 dl%%@e{ hseuse e ele efﬁmnagnet I C

washer 31%c be e se-o the ca dher e

the cap tﬂae K)elmenﬁ&tim &hddihg ma‘kétﬁ:a{lﬁﬁhlﬁtgss,tibr axanqilé Gﬁlﬁlﬁétﬁl @Wmiw%(lm cap 22
is constryucted from magnetic_, 30 nmaterial further increases the vol une
encl 0d2d waG5-k8%eke) an mg]qu HQ% N1 15% Fe-S% MO). The keeper-shield

material may be laminated. The side wall 18 of keeper-shield 12 has an inner

diameter of 5.6 cm and an outer diameter of 8.1 cm. A sleeve 20 of nonmagnetic
material is provided along the inner diameter of bore 14 to keep the magnet centered

within the bore and prevent surface binding.

20 A cap 22 may be provided to prevent magnetic objects and debris from
magnetically adhering to a front face 24 (north pole) of the magnet. Preferably cap 22
is a Delran cap with an on-axis gaﬁssmeter calibration port 21. The port is a recessed
well in the face of the cap positioned over the center axis of front face 24 of magnet
16. The bottom of the port 21 is 10 cm from the front face 24, in the retracted

25  position. The port 21 accepts a probe 23, for example a Hall-effect sensor, of a
gaussmeter 19 used to measuring the magnetic field at a calibrated distance from the
magnet. A magnetic washer 31 can be embedded in the base of the cap to

magnetically adhere the cap the keeper-shield 12.

According to an alternate embodiment, cap 22 is constructed from magnetic

30 material and further increases the volume enclosed with-in the 5 gauss line.



-3 WD 01/ 76038 PCT/ US01/10347 Magnet 16 can be fabricated from any high
energy material including alnico, featuring rare earths (atom c nunber 21,
39, and Wedl)eosonpositi ons such as samari am cobalt and PCT/US01/10347

neodym um i ron- boron anongst others, ceram cs and ceram c oxides such as
anongst others ferrite and garnet conpositions and per manent magnet 5

super conduct or conpositions. According to the present enbodi nent, magnet 16
is fabricatedMagam b canbeofabticatesdl fodm AR Hiphi eneigyanaeridl idluding Akico, The
magnet is_. machined t 0.1 cm 10.1 cm|ength froma powdered
met al | ur g¥Faty F‘&cfér%ﬁ?ﬁg? %IH‘H%: r&?nbsg%b%e% a%%%%] ‘Eqnéi?PSBPnNé%beaMB that is
SubSt ant Sl £S04l and REAY Ao th ST

illustrates h ge na%;nnetl zgﬁ on B— 10 C or egra e%%%lr&nc

neodym u rrpbnics')sudhrae ameogpeshdeferite ahé gadnbycomnmﬂioasn and permapgitinexgnto t he
outer surface of magnet 16.to i ve carrosion r st ance. her
corrpos?tl B‘H%er‘iﬂnd}{ﬁfﬁg@m%‘?’?&l%‘ﬁhé%?ra?’@ tQ etmeseeé?faﬁ?%meaﬁa n‘?ﬁb‘&qédﬁducti ng
nmagnets Napbridied ‘fﬂo&@@h&nﬁ@ﬁtl@fﬁ&ﬂ%dﬂxﬁlmf B6roR AN hEenet  TRGSEnet f@INEt s may

be used to produce a stronger field and increased depth of Tield at the 15
target si machifed taeX8840.& cmodia.ayi 63 hflghenilength fremdepsydeyedometatignget 16

39MXe) , i th h Nbdel_ 4 ter, | i mat el
112 Gaubs A AN BRtioR NP (R arostipn of NGt sy tet b anteDh B obduct of
appr oxi mabgfivm a%d SBontARY BSrigs AR, 6. § liXtraR feldé- rﬁﬁ%ﬂeh@atiﬁQBeltl) 16 is

approximately 4.5 (g;uss at 38cm The field streng a magnet of
appr oA? mateivy ferrgra Mdﬁrﬁbmum@r@mrmgmpome mefw;ab}y asedRnMSOe r at i ng

'oss t han PR Rty "%f'%%e AR [Tl Gty SRR RENy Posi tion of -

t he keeper-shi BM/E‘] g@ggg %é about 3.5 cmfrom
the front of t?t 3:2131 %Jh{lﬁze (ggth ‘%alr&‘éf Fc”g he nmagnetic field
strength mp&iadnduexmgtmagmtmgmhé suitablediot magret W6t Boﬂ&aiﬂ]ﬂae sagmgr 16 in the

ext ended position. The gheti c nodul e i ncl udes a dyst er 27 that
covers thg‘aﬁ’é‘*éﬁgay?ﬁﬂ@? toyrg ?PSIV“PBgﬂéziq'ﬂﬁhﬁﬁrﬁﬁW depth of fie ‘ﬁﬁg}h"etl c field

i's sthengestetdite.f F&rléxaﬁiﬂlé %ﬁ%x%‘}na%‘%@n@ﬂi%?&érﬂ{fy ¥ hia gﬁa 19§39M@idSspondi ng

respectively to the north and south poles of magne
measured with a Lakeshore, Model 410 gaussmeter, is approxxmately 112 gauss with

a magnetic flux density times magnetic gradient product of approximately 3x10°
gauss’/cm and the flux density of the magnet 16 is approximately 4.5 gauss at 38cm.
The field strength of a magnet of approximately the same dimensions as magnet 16

20  with a 48 MGOe rating would produce 130 gauss and approximately 4x10> gauss %/cm

at 10 cm and less than 5 gauss at 38 cm.

FIG. 1 illustrates the operating position of the keeper-shield assembly 10 in
which magnet 16 extends about 3.5 cm from the front of the keeper-shield 12. FIG.
3A illustrates the magnetic field strength profile around a magnetic module 25 with

25  the magnet 16 in the extended position. The magnetic module 25 includes a dust
cover 27 that covers the keeper-shield assembly 10 holding magnet 16. The magnetic
field is strongest at front surface 24 and a bottom surface 26, corresponding

respectively to the north and south poles of magnet 16.

Front surface 24 may be flat or concave. A concave front face may be

30 provided to focus the magnetic field of the north pole of the magnet.



Front surface 24 may be flat or concave. A concave front face may be 30
provided to focus the nagnetic field of the north pole of the magnet. -4 WO
01/ 76038 WRC01/14884./ 10347 FIG 3B is a nore detail ed graph p€TAURE/wB4gnet i c
field profile in the operating position. As shown in FIGS. 3A and 3B the
magnet produces (on axis) a magnetic flux density of greater than or equal
to 50 gauss at 13 cmfromthe pole face and a nagnetic flux density |ess
than or -equal FIG 3B gaussre dbtaidéd iaph bOthelinBit feld3R6rild4n thHe operatiig
operating position. FIG 4 illustrates the nmagnet fully retracted in

keeper - shPesiion.DAs ghown s EIGS. 3Arnd 3R:the sragael nrgduses (mamsé amagaetial of the

keeper - shi | I ng the
magﬁet iC I%%gi g%}%? %3?1& t]keepgeﬁq!lglﬁ;gﬁ&q%ssssagng?m f&(glqlilfeﬁ%l?ﬁecgrg}e{ 1?act ed
posi ti on, ntageeticafjunedensity thss ttn or gquis so Agalbatd8 & from theqold faonk4 irace 24. | o

Thi s atter]_Qtlon of the magnetic flux makes handling and storing the
keeper-shf QPerAUgMBION10 easi er, as the attenuation reduces the 5 gauss

I to | t th t 25. Furth th
shunti ng acti of 3 AhETKeS BEmAREL M tomieid 0 Rt sRl Yolhof Fgrbbect s on 1rom
spuri ous TS sREneticallyPefmebik rsateﬁﬂqifhhe ?@xr _§Hid1@ shuthts the endphnesenéld

enbodi nent, no neasurable loss of field strength due to random domain 15

real | gnmetinesy ther ehmtenuat@gtthmagmettcﬁbxcpéw@ethe keapgpelield dssemidy rlrﬁg fretic

field hat f
24" (nor 1 n BaF L Aigh, W MiehRB Bods S SARDALBR R BB Gh tef ot
pol e, 10 V\/nlrhh; avedutivn of dth rahgreric flnk eidkes Barking ahé stofing drtkespgrhididaabl e

obj ect concernibé arising fromthe tendency of magnetic objects to fly
toward t h@ssgibhet0 easis) asdhe %ﬂ#ﬁ@%@év%ﬁh%gwﬁ Be tdesitban Hoemdmmace 26

(sout h pol)reangt xﬂf tlgﬁloﬁflletZPE F&hﬁ%) e Eﬁﬁhﬂﬁacﬁgn BF ﬁég@%&%hm pet into

the fully retracted position uat or I's provi ded
t hr ough t poviddesdoriiBtetm pputedtion fonrsgueus I sesudf tiod fidld seeriath. Aderdingditog to t he

resent enbodi nent tuator rod S manual | power ed screw
B Fve e Meteiroenbdiinen, b menstale ks 6F BEryypbeth 4he handdm dBEG o t ne
strengih ﬁafahrgﬁﬁemﬂhelﬁe tlﬁlté%f%etd@%e'ﬂ@xﬂe@feﬁe between the bottom face 26

and base 28 I's very large, and increases at a rate that is approximately
The magnetic field at bottom face 26 (south pole) is comparable to that of

front face 24 (north pole). The keeper-shield 12 attenuates the field at the south pole,
which reduces radiation interference emission and magnetizable object concerns

arising from the tendency of magnetic objects to fly toward the magnet’s poles.

20 The attractive force between bottom face 26 (south pole) and base 28 of the
keeper-shield 12 biases the magnet into the fully retracted position (FIG. 4). An
actuator rod 30 is provided through the base 28 to push the magnet 16 out of bore 14.
According to the present embodiment, actuator rod 30 is driven by a manually

powered screw drive mechanism 32. This mechanism could be motor driven.

25 Due to the strength of the magnet 16, the attractive force between the bottom
face 26 and base 28 is very large, and increases at a rate that is approximately
proportional to the inverse of the distance between the bottom face 26 and the base
28. The attractive force is greatest in the fully retracted position, at which the

attractive force is about 200 pounds.

30 Springs are provided to offset a large portion of this attractive force to ease the

action of the actuator rod 30. A relatively strong primary spring 34 is provided in the

-5-



proportional to the inverse of the distance between the bottom face 26 and
the base 28. The attractive force is greatest in the fully retracted
posi ti onwaby/wmBgh the attractive force is about 200 pourdBUS®OI0SEr i NgS
are provided to offset a large portion of this attractive force to ease the
action of the actuator rod 30. Arelatively strong primary spring 34 is
provided in the -5 WO 01/76038 PCT/US01/10347 center of the base around
act uat or e@fler3.thdbase asRmARGRALYT ST 30 JBous Becvndary spMhEETh arp@fdwiar al | y as
shown in FIG 5. Secondary_springs are |longer than spring 34 and extend
t hrough t ReFiphesallyss Shﬁwaueﬂ(grﬁq ccapslary spriigs geer longar dhap speisedfiands 38. A
nonnet al | | rQyi de . ; revent the 5
bxterid ﬁﬁgﬁeﬁhﬁﬂe P’F%é 2§§ﬂ e?&Yérgcagpﬁﬂ%Egeg)lé?%ﬁﬁ%l?%gse@éﬁg ?9

springs from magneti ca ering t ace the magnet. The

contribution pkﬁ&ﬁnamri&wcé@oﬁuwb?ww&edm AfAcd P6 Td Srevéit e the fully
retracted position, the springs exer

C . _ a conbined force of about 225 pounds
on thes sprrtngs frnin mageetisallyradheriogito thy ®itonoiace 2hof thagnagbetut 140 pounds and
secondary springs 36 contributing about 85 pounds. The primary sEring 34
contribut es thdhasentributionoftthe spsings ixgywanlativep as shownria HlGadelmtbe flfy er t hi s
poi nt the A | [ , springs only
cont act tﬁ%&g%gg@%%f) g’%’%%‘@‘lﬁé ?)é%&gp B@h@%@gﬁ%? f éég%t%l E %%ﬁ&ﬁltdﬁrggﬁ%% t he bore.
Primary sppacagdB4hepdiraagspeahg B4 contdBatiggatont d4G pramboasd seéondvey springs! y
ext ended, _and secondar rings extend apouyt 1.2 cminto the bore 14
when 15’ 76 epyir ekt S RpRur: ?Ege PHMARY P8 FeRtibYles fihe mAstAPIse 7, a
secongi@r y +6 Bagksu Bl 526t Béh CRABR) ' ' {?d%r% d the magnet in
case of fgllgl u?éé).ugf the pri qn%??@gcgggtt%ggﬂﬁnlggﬁgﬁcgm ﬁ%ﬁ%?a actuator rod
30 and screwributevke mestfartesm 32. In the event that the prinmary actuator
mechanismfails, a screw that holds a secondary spring in place 20 is
renoved, and aThpsedrisenbeeantashthg sparer g agfortipreokthamaghetifettavel and t hr ead
pitch as 0 | Syl f r-shield 12.
tlﬂ'&%gqh gi%o{e. §>rr1I Vaerk §%xl)1/x§€§4f é)&%‘é rs{%l%&&'tqp4i5h n ?n%g hleoq%é( ¢F %%te

Secondary ro S econ ScrevrdiT Ve® mechani SM o push the

magnet 16fillytexténded,and kécondas! speihgg3 Peaeid abdvut hdicepins thd bofealt Wherat t ached

to the magnet 16 to indicate its
15 lly extended.

According to an embodiment shown in FIG. 7, a secondary (back-up) actuator
mechanism is provided to extend the magnet in case of failure of the primary actuator
mechanism, that is, actuator rod 30 and screw drive mechanism 32. In the event that
the primary actuator mechanism fails, a screw that holds a secondary spring in place

20 isremoved, and a threaded secondary rod 40 of the same diameter and thread pitch as
actuator rod 30 is inserted through the back of keeper-shield 12. Secondary rod 40 is

driven by secondary screw drive mechanism to push the magnet 16 out of bore 14.

A sliding position indicator 44 can be attached to the magnet 16 to indicate its
position relative to the housing. This allows the user to know the magnet is in the

25  fully extended and fully retracted positions.

A probe 46 for a gaussmeter 48 can be provided at the back of keeper-shield
12. Probe 46 that measures the magnetic field emanated from the back face (south
pole) of magnet 16 at that position. As the magnet is extended, the measured field
decreases. The measurement is used by a microcontroller 48 to calculate the magnetic

30 field at 1 cm from north pole face 24. This allows the user to select a magnetic field



position relative to the housing. This allows the user to know t he magnet
Is in the 25 fully extended and fully retracted positions. A probe 46 for a
gaussnet avo4B7@ah be provi ded at the back of keeper-shi el BCT/LR01/18847be 46

t hat nmeasures the magnetic field emanated fromthe back face (south pole)
of magnet 16 at that position. As the magnet is extended, the neasured
field decreases. The neasurenent is used by a mcrocontroller 48 to

cal cul at e stréiggthragsied ifer éﬁﬁhrﬁhﬂhchp@hcahombﬁﬂimmuﬁlgrotvbr thergngeagEieltE. Thi s

al l ows the user to sel ect, a magneti -6 WO 01/ 76038 PCT/ US01/ 10347
strength 6@@4"%‘3 $tyieery thsfpukly §HF%§edé‘|§BIW%‘FFB?@@:&%F%P@&@P?S over the range

of fields etween th extende full acted magnet
posi t1ons. FI GHTG:§ igltipes sand 50 perktiBe e ombn ager Praridedisodiormnt

provi ded %QSlﬁ@lﬁﬁg oppéepbf-gﬂelagseinwﬁ@ekeam eh@daa%m&»lowenc'ée&%r shi el d
assenbly 10 is encased in a 5 cover I's attacthed to a rolling

stand 54 byves 52 p’rhldgmla@ad@d to e golting sbatﬂ éﬁ bEd spring-tnaded, eduaterbab@cechat can be

rotated in_.th di ons. The ar.ti.cul ted over _52 may be
| ocied i noOIRRA 5 e AR e O fudib e BBt s Thar Al At o6
orientati qid tsvet 82 hidytb%tl@cl&ﬁﬂﬁ poatieh iodnaBMin Aheridiec arpasdied h@%ﬂf‘ﬁ{d c fi I el d
onto the targeted site. An articulated nmagnetic applicator of the ty

shown i n Prientation to fpgjlitaimprecise aligiunenhaf e splanated mpgmriRdicld aatorthor at ed u nder

t he nane I itions the
magneti c EJI %%‘?Ll&h%?gﬁgulam @“"ﬁg%ﬂ%‘é%tzgrgf% lﬁgglglen‘ﬁhy'pfg w t h magnet
16 mayo be maaefictured:zmau suppliedosy Fe¢Rot) Incdmyoraad neddr che@anie ElegibleoMagimet
application. caII netic p rti.cl es, can be 15 designed to deliver
any gi venHﬁP.l% Jéﬁ@Mﬁ@oasjéﬁp pasigonsdhe magpatikeepes- Sb&.lq assemably t o
del i ver aRpitunor agents may useful. The treatment of solid tunors using
chenot herapy has been |imted by systemc toxicity resulting in sub-optinal
dosing, and bxcepdrishiti®albMBly TERKIRMHaEAS 16804 bd el iPbshjHddan Wil st ance of
the tumor cells, tunor architecture II'mting access of drug to the tunor
cel I's, voPuyrmaghetigipartidleforiasy apelicatien.dFypjyallyemagndtiegarticlésioaned ef fi cacy.
Althoh te 10 .. rat up .to _about 140 .C the
pr ef o e OTEIaY Bei P AL B Riofd G BB At e ReoP iRkl s

to deliver antitumor agents may useful. The treatment of solid tumors using

chemotherapy has been limited by systemic toxicity resulting in sub-optimal dosing,
and by multiple other mechanisms (e.g. multiple drug resistance of the tumor cells,
tumor architecture limiting access of drug to the tumor cells, volume of distribution
20  for drug) resulting in limited efficacy. Although the magnet can operate to
temperatures up to about 140° C, the preferred operating range of the magnet is from

about 10° C to about 50° C for such clinical applications.

In order to enhance the effectiveness and diminish systemic toxieities of

certain chemotherapeutic agents, investigators have attempted to target administration
25  of these drugs by intra-arterial injection immediately proximal to the tumor. One

possible reason why an enhancement of the therapeutic index of an agent like

doxorubsicin 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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about 10 C to about 50 C for such clinical applications. In order to
enhance the effectiveness and dimnish systemc toxicities of certain
chenot heva@eutdoss agent s, investigators have attenpted to PaT/ee1/10347

adm nistration 25 of these drugs by intra-arterial injection imediately
proximal to the tunor. One possible reason why an enhancenent of the

t herapeutic index of an agent |ike doxorubicin is not observed after

adm ni st r Rédpepshisld@sseniblyn0Wigedhgnet hepaild ﬁn?ll’o'&leéﬁihhey by ctdaginpaligk of
retention of the agent at the site. Normal clearance nechanisns lead to
rapi d el i Aiugonesntigiion picthe Hamen Wailelyaiiing systemin drig ConegnE#iQds. t he tunor and,

t herefore, 30 |y transiently increased.leyels of the drug are regionally
avai labl o to el8f %e%mr-?laﬁﬁ SEARRIY P FEeRtioRgd PYSTA ek LTLERR e RPETLg t hr ough
targeted gpegha ﬁétliyeitxndealﬂwnthe7ﬁ1M\Pr&ﬂe/ct%@Q;f%?a_ﬁﬁ’&(mbsqyol&éMena{ﬁﬁgper -shield

assenbly 10 wi th magnet 16 could inprove efficacy by increasing the drug
concend r appoora(FIGh &) byumenipuleting s¢rewidriva gneshanismide. dhadeemsnehield ati ons. The

keeper-shiel d, as | v .10 i s positioned. over. a_target si on t.he patient.
The nagnetssrolRERBR R e pliRae B iPis e SipE S @Rkt Baleeid 05 1 he
oper at i ngttat AR bk ifdin {dvefal sddonBytomMyhtued. | AlerSaffedlerl ekpesuf elani sm 32. The
keeper-shield assenbly 10 and patient are maintained in this position for

a prescri pagnetiipeetigeted deithetfily retiggted gositionforstosaget e Bnbews hedgll hours.

posi i on e (op BRI e i mighy | EROPRhctt ERE T 001 Y (on axis) of the

magnet; 16 as a function of depth. 10 EXAMPLE 1 Magnetic targeted carriers
(MICs) are a proprietary m crosphere conposite of elenental iron and
activated carbon. See for exanpl e gxXAMPIRatent 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
MICs conbi ne eMugraticdargetaicadrits QefiliCgpired prayprivtary inficrosplicos phrapesiteof 0.5 - 5

m The activated carbon.is capabl e of adsorbi nd desorbj a w de
vari ety of el reg afivated e ehHEHRTP oﬁ_-q% Sisahdnt. 524‘{5»9‘% |
m crosphes g3 akb 0504, AIIGhd 9&8an U?S?%'eriﬁlﬁﬁ@sﬂb%@@léﬁé &hd D§p8 gpg arteri al

admi ni stratton, by placenment an- externa
15 MTCs combine elemental iron and activated carbon in microspheres of 0.5 - 5 pm.

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 after 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. Placement 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 =75 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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magnet on the body surface. MIC doxorubicin (MIC-DOX) can thus be 20

adm ni stered by selective catheterization of one of the hepatic arterioles
f eedi ng amo oH@E38 Pl acenment of the external nagnet over thecT@giion3af the
tunmor allows for efficient targeting of the MICDOX. MIC DOX (doxorubi cin)
is designed for the magnetically targeted site-specific delivery to a
liver tunor in the presence of an externally applied nagnetic field. 25
Ei ght een Sﬁfdclnget&meﬁ I\f[ﬂ"@i grieDOXOwas bb@a\tddemﬂleg:rpajmchmlmlrugém@tiﬁgdbmm ol I
groups and 3, doses of the MIC repar 0 s were given a single
adni ni st r‘g‘f’ damage qepsad Q traste dDéQ\ﬁE@%%vse‘iﬁEﬂ%bw PRages Y be masre

sacrifi cefjmsf{lg; k§posere no adverse effects in the DOX al one group.
Biologically significant treatnment- related gross and m croscopic | esions
were limted to the targeted area only of the 30 liver in groups receiving
> 75 mg of MIC, and the "no adverse effect level” NOAEL was determned to
be 25nrgy MIC/ 2nydeéd¥als Evi dence for a possible synergistic -8 WD 01/76038

PCT/ US01/ 10347 effect between MIC and DOX was observed, where parenchym
regenerating fﬂ"bcrdesigratidanﬁge tehagete ttsydtvxals@ﬁ@ﬂﬂowmbicdm(MEG DOX)di vi di ng

hepat ocytgs to, be . to erial nation of
the test . Darombiea-FRA s o P e et R TR b5 OSADR AN o - Hict

| nj ect i oNgarki§RVIESI TV AR RaRHadtiieby HeRS IMED ed | The M TOs weRITEhRedVas MIC
and manuf actured by FeRx Incoraﬁora ed. The Cs were rendered sterile by

gamma i rr stetilgthycgamimy sradegiion) wchlplmfercmje@tiomss lm%mammltaod 0% 0.5% 10

car box rret | cel | eS| atl of t I is
ot b1 ootatoRaeiBaRd iy, TR SSTAARAE bORe BoehfSWRAIF s ARRBIR Y.
I ncor por amgnetiutﬂdezotmum)smg m&faeﬁwmtsupplied lﬁyanRé@]lﬂb@ﬂpGraw enfeuppl i ed

as sterile solutions, and the drug carrier was supplied as a sterile dry
powder . THagsabyatce (doxprubiging ppd Xehzclswm supphisd arotiesde selptienseandviiei s a

rare-eartf.| purchased
Fr om agnavLgal e wep BRI TRI0e 4 JLARKE STl mb gt PEY PG 35S I P
cont ai ni n@))Hdsedindhe FMEI draxgreemrﬂhil‘édFeBrpnﬂmanemmgnet (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 (2
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.

30



i ncubated at roomtenperature (18 to 25C) with 8 ng (4 nL) of doxorubicin
(2 nmg/nmL) for 30 mnutes. The MIC-doxorubicin solution was then dil uted
with 16 mooofeosehi cle for injection and sonicated for 30PeETSHA®3IAISI Ng a
Col e- Pal nrer U trasonic 20 O eaner using the "Sonic Degas" setting prior to
adm nistration. The resulting dose solution had a concentration of 0.4
nmg/ M of doxorubicin and 5.0 ng/m of MIC drug carrier. Yorkshire donestic
swi ne used in Mutkodst udy were obtained fromS & S Farns (San D ego, CA).
The animals were | aboratory bred and were experinentally naive at 25 the
out set of the S$lenetyl Dasiripdlog -Setotal o€ dighteen asignalswerdeirandomlig pssigred tas uni f or m

i d wei ght ible .T -al | bertal t
ndut s ani e BERAT s snirhSherol e BORR ihgeble DhaRey chachumifeler ght s
ranged fr aiteiddd hQing® ddbe of Aist arfible W LS pMRY iftraGfbiAT8ARGioh OTheARinatsOr Y

conditions for a mninmumof 7 days prior to _stud?{ initiation. 30 -9 VWO
01/ 76088 PemE wyshptefifon ghanges insdisicakbsignsabodyeweight clinigal-patholagyahdiges, ei ght een

ani mal s SSi j X £ r f thr

i mal of grstph a0 EteASS HARbeh feigh Syt AN L2t PAESE. o1 g
dose of t esdepefor itedse abiyndiemat iequirdl dadly3adréfidenl A fulf neiapdy whbeorthictedl S 5 were
eval uated for changes in clinical si body wei ght, clinical pathol ogy

I si gns, s
i ndi ces, oRAH apimaly thabsuswived fosthg endiaktbe stydy, 49 agartigd nectapsives wer e
eut hani ze t Q"aH?' ' rly
sacrifi ceeo%ﬁf @?*nﬁg%sre gglggﬁ%hs?{ g’%ﬁfég’?@%’a on 'aﬁ fug}%nn‘gﬁglﬁ% {}%? @Sr vived to
the ema ofolideeddbubligtopathdlogicabevalumbionecr opsy was conducted on those
animals that were sacrificed early. A full panel of tissues was 10
col l ected for Frenmpssigrsvents @l Desedlevels i Animads wgpe dossd gsingatixednd Dose

artiore, et RSCE T el B QIO GRS ot R o1 o

t he i nf ushonfunetionsf thEamfusiod vbiusies Tk I RitathedomPdaednd iR mBkkdostose based
on the dose calculated fromthe average pig weight determ ned for the
based on the dose calculated from the average pig weight determined for the
15  respective groups.
Table 1: Group assignments and dose levels
Group No. | Animals/ | Treatment Group Dose (mg/kg)’' Total Dose (mg) Dose
Group Dox MTC Dox MTC Volume
1 3 Vehicle Control 0.00£ 0.00 | 0.00% 0.00 0 0 45 mL
2 3 Dox-High Control 0.73 £ 0.04 0.00 £ 0.00 18 0 45 mL?
3 MTC-High Control | 0.00+ 0.00 | 8.85% 0.83 0 225 45 mL?
4 3 MTC-Dox —Low | 0.08+ 0.00 1.01 £ 0.03 25 5mL*
3 MTC-Dox—-Med | 022+ 0.01 | 2.79% 0.16 75 15 mL*
6 3 MTC-Dox —High | 0.72% 0.06 | 8.94+ 0.71 18 225 45 mL*
' The dose in mg/kg was estimated based on the average pig weight for each treatnient group.
20 ? The dose solution had a concentration of 0.4 mg/ml of doxorubicin.
3 The dose solution had a concentration of 5.0 mg/ml of MTC drug carrier.
* The dose solution had a concentration of 0.4 mg/ml of doxorubicin and 5.0 mg/ml of MTC
drug carrier.
25
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15 respective groups. Table 1: G oup assignnents and dose | evels G oup No.
Ani mal s/ Treatnent G oup Dose (ng/kg)' Total Dose (ng) Dose G oup Dox MIC
Dox MIC Wobun®o03d 3 Vehicle Control 0.00 0.00 0.00 O.O00rOT/@SGuBI0BA7 2 3
Dox- Hi gh Control 0.73 0.04 0.00 0.00 18 0 45 nmL,2 3 3 MIC Hi gh Control
0.00 0.00 8.85 0.83 0 225 45 nL,3 4 3 MIC-Dox - Low 0.08 0.00 1.01 0.03
2255 mM4 53 MICDox - Med 0.22 0.01 2.79 0.16 6 75 15 nL4 6 3 '

MIC- Dox - Hi ghQauhkZerizdtiOpibctdure O The adinal@ertFasitdovehigh@pprokiindtelykg was
estimated based on the average pig weight for each treatnent group. 20 2
The dose 3$&rUri WY RHORtOHRESENt Harepatatign for thepspqadurss cashapimdivasn. 3 The

dose sol ut,j C : I: 5. C i 4 The
dose sol uHe%eE%d gT ec%%gtgﬁt%iregwlgglﬁmg.k%ta%élgémg{s%gg?%l Gi 2‘11%'{]%5% O m/m
of MIC dhing le@of ¢aeh anidial was disiifedidd WithIBtaline/solstibh 2OBME sufgatdiaiter i zat i on
procedure - The api mpl s, were faste verni ght (approxjmately 12 - 15 hours)
P or S0 3 Gevd TR RS o e\ TREs B e FUECSLER SR OFas

wei ghed aggupd &fu:ﬁirk%& Bathétg@shtidh tahd 2@RiniErkieh pRIcRguraNndalydirax Y| azi ne. The
right hind | eg off each animal was disinfectéd wth betadine solution and

t he sur gi erdsthesiaea skindnrisioy waethad¢ inttha righeingeinalpeca andl the anithalypeersonnel wor e

surgical gl ov 0 r crubs during the catheterization,and

adm ni st rgﬂ%ﬁﬁ%}%&%ﬁ@or%ﬁ&g}' ke ardg\l?]eé%‘{é%wg}l%,ec IgYeSHARHRALS on was
nmade in tRerd Adihisted€!5 008l I RS ARparie (1R s BBy SeMRABy phorueaiad aii a the
fenoral artery using standard percutaneous techniques. Animals were
adnmi ni'&t ePEPhERBE againgfcathefrs indycedthgomBosi.nn) systemically prior to

gel very 2= 10(BLOPRN 5, sOBnCh CaLTEL S LAICED OIS S dhcer
\IAggieana) RfarR) Gnd30.035 HtnamgleadiAbivAe WMe8itdaRL.t RaRriolg MAWELt oW,  MA)

inserted into the celiac artery. The common or proper hepatic artery was catheterized,

and angiography was performed to select a segmental branch of the hepatic artery that

15  provided adequate accessibility to the desired lobe of the liver to which the test article

was targeted. The right, middle, or left hepatic artery, or segmental branch thereof,

was then catheterized with a Tracker 325 catheter (Target, Inc., Freemont, CA) and

Taper 22 wire (Target Inc., 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.

-11-



inserted into the celiac artery. The comon or proper hepatic artery was
cat heteri zed, and angi ography was perforned to sel ect a segnental branch
of the hapavi/zeoastery that 15 provi ded adequat e accessi bi PCTYSE1010847e
desired |l obe of the liver to which the test article was targeted. The
right, mddle, or left hepatic artery, or segnental branch thereof, was
then catheterized with a Tracker 325 catheter (Target, Inc., Freenont, CA
and Taper 22 Wagze( Rlat@ednt bnd Depthr Medsardémerns) Usihgangigptaphy, plaenidhen

per f or med verify catheter placenent in the desired, segnental branch of
the hepat Pﬁﬁﬂmwt ?‘%@W@nnﬁb& PRCIBE P dnedrEsier gl diskanbs ventie] o

01/ 76033 RirH LA MAAdsii b ehinEl 6 SR/ ERIIGAP BE ALY obfid qtsy- Using
angi ograpE , cpI aceeﬁ%? %1%1 t he m;gnet vva? ﬂeru%nega %#%ag'lgﬁg a22-i nch

di anet er npmtdastaldioshe cathatérdipy ftterdask’s pemifiacwaoierified upider angrigraphyeahdcent r al

to the capill.gry blush, an proxi mately. 1 - 2 ¢ istal to the catheter
o The: el aeitint i SoBrsRrtherom s pizaeGreat b Jiocaric QIR di ok vias
outlined gaghfigosifion vwilddbRERINES, DAL HBIARE BRAtep fotRe BBAGS 0int@FCE t he _
magnet position was determned, a depth fromthe catheter tip to the center
poi nt of thetraagneywes deternided by angiegraply. drigigogppapiapd 2Fadepthoups 1 and 2, a
depth neasurenent. was, done . pl.acin netal ruler on t ventral surface
of "the skIRAEERE RUGHPRT ol itk LBr AL TR ofe vantial uetiee LB angi ogr aphy.
Fol | owi ngdistg td theaatieRe padition, Ahd arditiresby kiigogiaphiyh Fdlotigd thehe 5 kgauss
rare-earth magnet housed in the flexible nmagnet keeper-shield assenbly was
cent ef®d PREIPEEPRAPICEeHYSRSs theinorthgele efithe § kepuss sargfearth magnethgrsediihe nagnet
was kept i LLi L0g. ' i.nf usion . pro - s 3, 4, 5,
0y and 1 olieARAE Bt cbig-shidfs S, |l Rl sn RACHEALE Bods LR 2

i nfusi on. thtSuffasd of\the eninal. Thé mapws was kbpt ih psesitien Hurdngthd eareipfusion was

i nfused as repeated cycles of 7.5 nL infusions at an infusion rate of 2
L/ i n (epmssg%eéwepq%ﬁ, Bof and dQreangddifianal by mvinres fallawigithe 5. i |
injectionlmn?Qﬁgggpﬁk@ﬁgﬁbﬂ.Table 2. The cycles were repeated every 15

m nutes until all of the dose volunme was adm nistered. Prior to each

i nfusk®n cycl e TedMgarkRgt InfllstonC| EheTekt RATK @ve WoRIMkeOR4s iHRisE@hcpYatb@SSi Ng the
20 material between twg connected syringes 5 timnes.
cycles of 7.5 mL infusions at an infusion rate of 2 mL/min (Group 4 IMTC-DOX low

dose group) received a single 5-mL injection), as described in Table 2. The cycles
were repeated every 15 minutes until all of the dose volume was administered. Prior
to each infusion cycle, the test article suspension was kept uniform by passing the

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 | er Infusion | 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 37.5 0 7.5 6
4 MTC-DOX — Low 5 250 2 5.0 1
5 MTC-DOX — Med 15 375 3 7.5 2
6 MTC-DOX — High 45 375 3 7.5 6
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Tabl e 2: Test material infusion paranmeters G oup Treatnent Dose MIC (ng)
Dox (mg) Volunme (nmL) Number of No. G oup Vol une per Infusion per Infusion
per | nfusvoenvréstision Cycle Cycle Cycle Cycles 1 Vehi cl ep¢ir/ghoidostr ol 45 0
0 7.5 6 2 Dox-H gh Control 45 0 3 7.5 6 3 MIC-Hi gh Control 45 37.5 0 7.5
6 4 MICDOX - Low5 25.025.01 5 MICDOX - Med 15 37.5 3 7.5 2 6
MIC-DOX - High 45 37.5 3 7.5 6 - 12 W 01/76038 PCT/ US01/ 10347 Post

| nf usi on Angi o@oahfusionMngidgeapind Mthehmbﬁthaaifomonamaaggigﬁgmmms done to

verify th atenc f the ar |eS|nthe ect ed of the liver.

Angi ograpﬁ?‘g) ﬁf%&%&cxﬂfﬁsgﬁe&wﬂﬁ% A The Tracker 325

was then AT &Jeﬁgﬁﬁéd mgﬂgﬁ@mxkafazm SHERATTPRe PhacREORRydepat i ¢
perforne e

artery was through the 5-french gl e catheter to determ ne the
pat ency ofhenrembregseandaepeat awogt‘aphy of tbx t@okion et pmpAnh.épﬁsc grteryAydsquot s of

appr ox mat el bl 0 d I ect EDT nt ai ni ng

t ubes roﬂ’l3 ﬁ/rfn 3&%5@%‘3\?%"8 caﬁleteé?oa‘ﬁegerg“%% Iﬁé ngy BﬁhS?’e?%‘cdom ng,
and at 15arté§bledd, 60, 90, 120 and 180 m nutes post dose. The | o sanples
were m xed i Mmediately by inverting at |east six tinmes, and then

centrifuged. Ababzylahazcodnqt}MhWﬂdpwaﬁmhtew 6 miesfewhoelabldodat ed by
HPLC. Results Angl ogra provi des, i nformatl on on the location

of the taige coliggied élgE %W?fﬁi‘lﬁmﬁﬁé"q%ﬂf’é‘? all apimalsin (grogept.If: pendbiope t o
cat heter f [ n gr aphy.
715 o 01 PR be H A BEL S ST 8O0 a0 P PRIk s B e

enbol itz at somples were mixed immediately by 1nvert1ng at least six times, and then centrifuged.

Analysis of plasma doxorubicin levels were quantitated by HPLC.

Results
Angiography - Table 3 provides information on the location of the target

15 region within the liver, including depth relative to catheter position, and degree of

embolization as observed by angiography.
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Ani mal Liver G oup No. Treatnent G oup No Segnents Depth (cm) Enbolization2
Targeted 1 Vehicle Control 754 2, 3, 4 9.5 755 2,3,4 8.6 - 766 2,3,4,8
7.1 NA3 wran7é®3gt SD 0.99 2 Dox Control 751 2,3,4,8 9.1 +PC¥/®8012103474 8.4 -
764 7,8 8.3 - Mean 8.6 SD 0.36 3 MIC Control 750 2, 3, 4, 8 9 + 753 4,7,8
10.8 ++ 761 4, 8 10.9 +++ Mean 10.2 SD 0.87 4 MIC-DOX Low 749 2, 3, 4, 8
8.5 - 752 2,3,4,8 8.8 - 760 2,3,4,8 7.8 - Mean 8.4 SD 0.42 5 MIC- DOX Medi um
723 2, TBablg 3: Bog-eatmeng @naly3is@f embslizgivpm 3,4, 7,8 8 Mean 9.7 SD 1.43 6

MICDOXHigh-748 2 3 4 5 8 8 444 757 2 3 4.8 11 7 +++ 765 4 7 8 10
t+ Animal Liver
Group No. Treatment Group No. Segments Depth (cm) ' Embolization®
Targeted '
1 Vehicle Control 754 2,3,4 9.5 -
755 2,3,4 8.6 -
766 2,3,4,8 7.1 NA’
Mean 8.4
SD 0.99
2 Dox Control 751 2,3,4,8 9.1 +
763 2,3,4 84 -
764 7,8 8.3 -
Mean 8.6
SD 0.36
3 MTC Control 750 2,3,4,8 9 +
753 4,7,8 10.8 ++
761 4,8 10.9 +++
Mean 10.2
SD 0.87
4 MTC-DOX Low 749 2,3,4,8 8.5 -
752 2,3,4,8 88 -
760 2,3,4,8 7.8 -
Mean 8.4
SD 0.42
5 MTC-DOX Medium | 723 2,3,4,8 9.5 +
756 4,7,8 11.5 +/-
762 2,3,4,7,8 8 -
Mean 9.7
SD 1.43
6 MTC-DOX High 748 2,3,4,5,8 8 +++
757 2,3,4,8 11.7 +++
765 4,7,8 10 T
Mean 9.9
SD 151
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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Mean 9.9 SD 1.51 NA = not available 2 Synbol Definition: (-) No observed
enbolization 5 (+) Mnor enbolization of selective arterioles (++)

Moder at e veorbobdozst i on of selective arterioles (+++) Signi PCT/@Rt1/t0847coONpPIl et e
enbol i zati on of selective and main arterioles 3 End procedure angi ography
was not done. The ani mal woke up follow ng the procedure and the catheter
had di sl odged fromthe original position. 10 - 14 WO 01/ 76038

PCT/ USO01/ 10347 Toxi cokinetic Data - Plasma concentrations of doxorubicin
were anal yzed WyxibbhikericS04m - PashR Bnéciit@ions (ﬁfﬂo%ﬁﬁfb‘fn WercanaRzed@Bgl 6 prior
to dosing and at 15, 30, 45, 60, 90, 120, and 180 m nutes post- dose.

Resul ts sHBWG HiamplesewnGloomtram Gugups 354.2% aodﬁmmea) dasingandddAdr i ci n

1" These ¥ ol P2 T pld 180 Rl B R Y B DnCROR B o' Phe”

targeted a4 dmpadted fethbHExddDicin' @atroBitbup houigtle M 66 Oisa0Ring BRbABIGAY .
Targeted Liver - Direct treatment related m croscopic changes were

primar i | ya3 shemineg Rigrre e Thayegesults spegpsbibabthe drig lempinedileralingsbe groups 1o
recei vi ”gpﬁ/ﬂ_&r@atgtth@ a?%ete%d Sedf ARMTC-BOK £ %’Qﬁt&r&%ﬁnges increased in

severity ort o the |ncrea5|ng C particles, with the
most severe Ilmro@éwagpémoz %bmrgetwm@ﬁ Dﬁfea'tyeaﬁﬂerhkla 184 ﬁﬁcé%gu&f MrC
particles (Goups 3 and a result of the use of e per manént magnet,
extravas acha@gesawewmmﬂy lhcrn@d to tmtt@rgeihé rggion of tha lizer mltlscsagrqupscl udi ng the
vvaIIs f t he. %Ccarrﬁlery br anc was. 15 noted in ? amg/&ls receiving
MIC pdl t Eﬁ"%lé’m PR IEY 0 Geperp ém QBYPET € $‘fss‘n%rFase ALSHEPR P | obul e
was not edpiopoiion tg rtlwmaareaﬁﬁgdwew MAC pasticld3owih i thyst Isswe@@ﬁv&fch%@s three

animal s (at a mninumseverity) in the group receiving the MIC | ow dose
(group 4)inhath mmsa«mem&thehmmqs@@f @H%énargplsﬁ((}r@@ps apgebl associated with
t he

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 minimum severity) in the group receiving the MTC-DOX low dose
(group 4). In most animals, multinucleated giant cells were associated with the

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 fibrous 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.
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presence of MIC particles in the portal area tissue. 20 Several other
treatnent rel ated changes were present affecting the portal regions of the
target ed WovBT603d Were present in a dose-rel ated fashi onpCPostialo347 br osi s
(bridging), a change characterized by bands of fibrous connective tissue
connecting adjacent portal areas, was a prom nent change except in the
MIC- DOX | ow dose group. Bile duct hyperplasia consistently acconpani ed the

bridging fibrosi fhe t2get li9eh s@RRMocrddey dflehntiteMepafi¢ bARE Svas pRUAIGRNI | ic
inflammation of bile ducts and bile duct rupture were variably present in

t he gr ouptherMEErROXghigh dage grpummthe MAIG ¢antiol group had moderategestysts of, 5, and
By g oubs e T ! : ; ;o
The i gh e BEtUFadin sATDRY AP i BT MECHOK iR ok Rl oo 1) 1O

m | d focahildateckislsi ofitlye hidpatio kibalesdasthetagend liver. aAsdas of ehranicrmlivé ecei vi ng

30 the MIC-pPOX | ow dose. . - 15 WD 01/76038 PCT/ US01/ 10347 In the targeted
liver,5se tngurreupdeddhg areas ofdisstosts in s Md §-RPX Higbdose 2ioMpt he MTC- DOX

0 oottt MR 0ol o PR R BB

m | d necr tisizonef oftrieerdsspat i ¢ | obules in the targeted liver. Areas of
chronic/active 5 inflammation surrounded the areas of necrosis in the
MIC- DOX Hi gh dd&erogeapipPaibalogy, Nan-Eargated duivert dn thergsaunsireseiving the higlsponse by

t he body suhround and i-sol ate the z s_of._necrosis. scopi ¢

pat hol gy St M Sr RIS (T8I g I ARG pRep BRI RS o T g " dose of
MIC pag t i phreislet Geediften 3n thethePitic diteny, Ipdrthlcaremdmd dkpatiRrebdec@ plffeMIC 10
particles were seen in the hepatic ar_ter)f portal areas and hepatic | obul es
(Kupf fer cells) mstheingnytargeted reaionspbthasdivesgiThp sresence ok thesq particlen i heesence of
t hese partjic i I I L: i th,appear to
cause any SEEE e o R AR pp 82 Oy ahy b o e PP RS
non-t ar getieet. Ndodavate bileistasislin thernonetsrgpted segivn bfithe hivygr wamngresent inednly ecei vi ng

t he MIC- DOX hi.gh. dose. an idered to, be secondary to 15 the severe
changes oBReAALIECRviRanE ST DL e G 810 PRSI USIEd ) bF REEORdAm Rl - Mo
ot her 19r oyRSe(RGE cRA{del 66QS Mt inthd Birted REichAITIRL Behr i @hPthimal. 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 animals 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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M croscopi ¢ Pat hol ogy, O her Tissues - MIC particles were present within
subnucosal arteries in the stomach of a single animal in the MIC DOX Hi gh
dose grou@oi/ddeese particles were associated with a m ni neCT/@secumsdzat i on of
20 nul tinucl eated giant cells but otherw se, there were no rel ated changes
in the stomach. Changes Indirectly Related to Treatnent - M croscopic
changes indirectly related to treatnment were found in the MIC-DOX Hi gh
dose gr oupni@ialsy/fronh kS grouphedsgdso mestdikplyahenéd badleridiénfbéthig. heart, and

spl een. These changes were 25 infl ammat Q{gﬁ in nature and |ikely devel oped

secondar y Gregnuloaatens nflajymatien oF peteaphdic igfammgiomyis thesrleensefid/3i ng from t he
hepati c pat: . : H]F | . up 6,

t here was %Té‘g%sfig&f‘&l:‘%g g}(lmﬁf‘%%}fgﬁ%}a&oe%@\nmtg hs {)){'}g{lerl %ﬁ?lﬁn‘l ﬁgéﬁt}%ﬁ%mf%e?’hese
changes weody.characteristic of a bacterial bronchopneunonia devel oping
either as an acquired infection or via 30 aspiration. In one aninmal,

pl eura$ fOondesionsand pl eura inflammti on was associated with the

pneunoni a. Neutrophilic inflammation of the pericardiumin one of the - 16
WO 01/ 76038 PCFightwy/female domeshiggivige veshadmministesedhaipulsigtife adminisitasion| i kel y

due to ba ' | ] S Ll [ r rophilic

i nfl anmat ?gﬁﬂéi %ﬂt{‘%gh@g‘{l‘lééﬁe%?‘%%’w %@%ﬁ#‘? "%‘rgéjm@%?lts? Céﬁ%ﬁlp@gé#%ﬂ i kel y

ext ensi onsortfol), 18 ngnadedoirdbicin 225t thg MTC sEag MTCLhag dbxstybicin, Zomed usi ons

Ei ght een f{ e dqQnesti.c sw ne we inistered a pulsatile adm nistration
of one of Nﬁ@@‘% E‘ENWHE}CW %‘a&?&‘ﬁg ﬁ@‘?ﬂ%‘%&ﬁ@ﬁ%@?lé- Pf"éP’;‘:ne%Tﬁ‘\é]it% control
doxorh i cfng&%&%aox&%égﬂﬁﬁgeg uﬁc@%a&ﬁgg}ﬁgzdgﬂ% Wcﬁ))g/lgr%%a’oxor ubi ci n.
Toxi coki netd theredorglstggesB thatdheditug hiabh beend ocadizedtocthe targetexbsitef theselgh the

circulating in,any of.th C- DOX gr oups and therefore s ests that the
g has. BekafIndBtembiy bBet hermae fepi®e BESE WtE e ar LR ot ho

ext er nal | yigo3sett RENISEE te NOARH wa2SRd MPC)? hBogé@briNd t he

m croscopi ¢ pat hol'ogy, the NOAEL was 25 nmg MIC/ 2 ng doxor ubi ci n.

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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15 EXAMPLE 2 dinical Engineering at the UCLA Medical Center has eval uated
the FeRx Fl exi bl e Magnet Hol der | ot nunber DO02. A three-part test was
perfornmedvoovgesernine its potential effect on the equipreMstim@sswi |1 be
present in angi ographic procedure room The field strength of 20 the
magnet hol der was set at 1,000 gauss. 1. Fluroscopic X-Ray Unit This test
was made to determne the influence of the magnet to the image intensifier
in various di shancegnfufiohiD¥®ideai r resol uti on phantom was nounted to the
center of the image Intensifier and successive readings were nmade. All

di stance 25 neadawivasmfisorndeitesfvaretesied viithid flesecgokingity ﬂoethﬂFlzklbﬂehe 1.1. For
the type of procedure_ to be perfar de using the

9-i nch andagpet Helder.; heBaeeraaodal ﬁzggt%ﬁobkgé)aﬁlﬁuﬁ%ﬁ\é\%gb’ 168 to

i nfluence d MEEM t]t}ff]’

resol uti onhjg(?g%-ge ’gfénlgf‘%%m CI%OW{fg WO S%e%lg(])%%&g%/a USO1 1%7 2.

| nf usi &n Ii)mlmafebesb’amtmusamseﬁaé‘ﬂmnr Open’tadamystoppingsnfadioni t hi n cl ose
proximty to the Flexible I\/agnet HoI der. The Baxter nopdel 6201, 6301, and
PCAI | were the3only Phasiplogi eriegiSysfem he Fl exi bl e Magnet Hol der. Wen
t he Magnetic Module was within one 5 inch of these units it caused a "Door
Open" al arm stTélsMﬁgumni@/w@wgwaémwmwwwmmoqvbﬁrafr&mf'gl@wém The

Mar quet t e s AhiRYIdseb dmmtmod ea%n%x%hsmth 5 ¢ WitAOECARSntbACrentits  tested
within close proxim ty ne evi ce w thout any
interfer ermélmmmtdnng[mrﬁ)unmmg per f or mance. 10 Cauti on shoul d be used when

this device is in close J)rom mty to the above equipnment. When not in use,
this device sh&automshauld beussd vdenithis dewice isdnctose prexraify ta hggboyat ensi fi er.

It i's 10t o} 0 Bent!SFAleh RoRhT8E S cliclloul B AUAPSGIARN 667 (U X-RESPI Tatory

image intensifier. It is not to be used in presence of any implantable devices or

respiratory ventilators.

Note that since the maximum field strength of the magnet was measured to be
15 1,073 gauss, to increase the above mentioned “safe” distances by 10% would be more

than sufficient.

' It is Clinical Engineering’s recommendation that the Flexible Magnet Holder
is safe to be utilized with human subjects who are not on life support and/or saving
devices, based on the specified criteria in the patient inclusion selection of the

20  Protocol #MTC-DOXO001 (attached).

A number of embodiments of the invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other embodiments are within the

scope of the following claims.
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Note that since the maxinmumfield strength of the magnet was neasured to be
15 1,073 gauss, to increase the above nentioned "safe" distances by 10%
woul d be wone7608han sufficient. It is Cinical Engineeri npCHFUS@EcOBTENdat i on
that the Flexible Magnet Holder is safe to be utilized with human subjects
who are not on |ife support and/or saving devices, based on the specified
criteria in the patient inclusion selection of the 20 Protocol #MIC DOX001
(at t achedywHATISWOEAIMEBNBOdi ments of the invention have been descri bed.
Nevertheless, it will be understood that various nodifications nay be nade
wi t hout departilng f rApparatisecoapprising: and scope of the invention. Accordingly,
ot her enbodi nents are within the scope of the following clains. -18 WD

01/ 76038 PCT/ Uske¢ped3hizld kg arSn@ersubEes, asd outer fyfime.cands mserpri si ng: a

keeper-shield having an inner.. face nd ouier surface,,and a base; a
por hanent | magnapearisabmpens oy FRSusf it selthbeEHleRaRnA e e S ¢ o
5 faces afgeCoORoh@eRe, MAbUMHRIC sEHEE, SUElALR, a 10RBEEH Podiflorpthe Reépe! ed
position the keeper- shield substantlaégy contains the outer side surface

and t he f shigid substantiallyceptaénsithe pwfer sidgegutace aed the fusttfaea isndisesntitie a first
end exten@%ggekprough t he base and contacting the second face of the
magnet; and 10 a resilient nenber extending through the base and exerting a
force agai nst thactusteehavng adiestiend extending thacightthp basetandreontactingthe appar at us
of claim1l wherein the actuator is adapted to extend in the keeper-shield
and push s¢renddzssef thrmagretiand keeper-shiel d. -3. The apparatus of claim 1
wher eijg the bobi:agtiAGRAis tidRsing 1200 Rhe AR FATRENREATR AOARRARST | C
material, and the actuator contacts the spacer. 4. Thé apparatus of claim1
wher ei n t kecond davetin donptraged pdditi@B. 5. The apparatus of claim 1 wherein the
magneti ¢ produces about 112

2. The apparatus of claim 1 wherein the actuator is adapted to extend in

the keeper-shield and push the magnet out of the keeper-shield.

3. The apparatus of claim 1 wherein the bottom face includes a spacer

15 comprising a nonmagnetic material, and the actuator contacts the spacer.
4. The apparatus of claim 1 wherein the magnet comprises NdFeB.

5. The apparatus of claim 1 wherein the magnetic produces about 112
gauss at 10 cm from the front face in the extended position and produces about 5
gauss at a distance less than or equal to about 22 cm from the front face in the

20 retracted position.

6. The apparatus of claim 1 wherein the keeper-shield comprises a

material permeable to a magnetic flux.

7. The apparatus of claim 1 wherein the resilient member exerts a force in
a range of from about 175 pounds to about 225 pounds on the second face in the

25  retracted position.

8. The apparatus of claim 1 further comprising a cap magnetically
adhered to the keeper-shield over the front face of the magnet.
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gauss at 10 cmfromthe front face in the extended position and produces
about 5 gauss at a distance |less than or equal to about 22 cmfromthe
front faseoon7dobe 20 retracted position. 6. The appar at uspof/usdiaiosa7l
wherein the keeper-shield conprises a naterial perneable to a nagnetic
flux. 7. The apparatus of claim1l wherein the resilient nenber exerts a
force in a range of fromabout 175 pounds to about 225 pounds on the

second face inothe Zhehppdraws oflclpias B iwherbin the chp @ompsdsahembefided ai m 1
further conprising a cap magnetically adhered to the keeper-shield over

t he front Mageetionatedal magnet. - 19 WO 01/ 76038 PCT/ US01/ 10347 9. The
apparatus of claim@8 wherein the cap conprises an enbedded nmagnetic

material 10. Thg ap%%?hfg%a{& oF%lgfgfﬁp gvh\gfé% ﬁle’?:aé Q&gﬁflpes%od@{édﬁﬁéd port

adapted to accept a adap e connette 0 a magnetic tield
measur i ngackeypt £ probd addpted tocbesqpacaddio adhagrest field mbémsughgdévies. keeper - shi el d
conprises a lamnated material. 12. The apparatus of claim1 further

conprising a net .position indicator operatively.connected to the
magnet 5 13, Thd TappABaenBsrats of e 1 et Kegpesr PR PmPiFSBe. adj acent a
rear- 10 {a%8aell nidigidieeper-shield, said probe adapted to be connected to a
magnetic field neasuring device. 14. A magnet keeper-shield assenbly

conprising: a keeper-shield conprising a material substantially perneable
to a magnetic 1R uxThespparatay of (lainh 1 durehek sepprising panagnetpoisitionavi t y

conprisin ' Side e; an actuator extendi ng through
t he base; éﬁ]l%t(g%gﬁ%tartlgf:g’tcf o%ét%%r%ﬁ%egrgagﬁ'endi ng through the base, said
springs exerting a force

13.  The apparatus of claim 1 further comprising a probe adjacent a rear
10  face of the keeper-shield, said probe adapted to be connected to a magnetic field

measuring device.

14. A magnet keeper-shield assembly comprising:

a keeper-shield comprising a material substantially permeable to a magnetic
flux;

15 a cavity in the keeper-shield, said cavity comprising an inner side wall and a

base;

an actuator extending through the base; and

a plurality of springs extending through the base, said springs exerting a force
in a range of from about 175 pounds to about 225 pounds on the second face in a

20 retracted position.

15.  The magnet keepef-shield assembly of claim 14 wherein the plurality
of springs comprise a primary spring exerting a force of about 140 pounds on the
second face in the retracted position, and a plurality of secondary springs exerting a

force of about 85 pounds on the second face in the retracted position.

25 16.  The magnet keeper-shield assembly of claim 14 further comprising a

screw drive mechanism operatively connected to the actuator.
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in a range of from about 175 pounds to about 225 pounds on the second face
in a 20 retracted position. 15. The magnet keeper-shield assenbly of claim
14 whereiwobhesopg urality of springs conprise a prinmary SPeT/i§01EMe47t i ng a
force of about 140 pounds on the second face in the retracted position,
and a plurality of secondary springs exerting a force of about 85 pounds
on the second face in the retracted position. 25 16. The nagnet

keeper - shi el d agsenirhy nknéli@bper il diadsBablycI¥Rim 4R ehelein Sk @Witgié ve
mechani sm gperatively connected to the actuator. -20 WO 01/ 7603
PCT/ US01/ adrpied toppcept panagagfiayingacisent fage and @ bask &e) spicbihagnesi m 14 wherein

the cavity, S .; i t . back
face v BrodBcREABOEA 15BaBGSRRY of ARHA 6UR fhdkn B HAMAA BSABRENE P2FL
in the expmddeidgpbsutts gassatd digamedlessnbanadradualdo gbaig 22ain fronhi thé foge | ess
than or equal to about.22.cmfromthe front 5 face in the retracted

posi tidn. 1afg In thedetragtedRositioner - shi el d assenbly of claim 14 further

conprising a plurality of bores in the keeper-shield, each bore adapted to

accept a parti ¢gl ar TABgaghet kREHe-shiMd AISmbBYE IR 0rtRdr cbﬁ@ﬁfs'ng%e of said
bores is adapted to accept a secondary actuator rod. 10 19. T’h magnet

keeper - shpkiralitnof berieb in thé kedpmi-shiekl, achttoes adnptedito s¢aegt aparticulemontr ofv e
hani tivel | dt i d t uat d, 20.
Tet hod coffy s aRaPEEIaR o oF S SOre TofapisadS ppEhedcdhepd

conposi ti gruMePfydl Sing nagnetic particles; 15 extending a nmagnet from a

shi el di ng keeper-shield to produce about 118 gauss at 10 cmfromthe front
face; \}é)osi tioning said magnet over. a desired |ocation on the patient; and

fol | olff ng sai d1dosi dnemageet kegparhieldapsembly ofslpiedl 8ifiterchapkisiager - shi el d
to  produgseQont yRolfss opbrafively hiERA"S $d SBRaAY oBMHRY d about 22 cm

fromthe front

20. A method comprising:

administering a composition to a patient, said composition comprising
magnetic particles; |

15 extending a magnet from a shielding keeper-shield to produce about 118 gauss

at 10 cm from the front face;

positioning said magnet over a desired location on the patient; and

following said positioning, retracting said magnet into the keeper-shield to
produce about 5 gauss at a distance less than or equal to about 22 cm from the front

20 face.

21.  The method of claim 20 wherein extending the magnet comprises
extending an actuator through the keeper-shield to push the magnet out of the keeper-
shield; and

retracting the magnet comprises retracting the magnet against a spring force,

25  wherein said spring force is in a range of from about 175 pounds to about 225 pounds

in a fully retracted position

22. A method of in vivo delivery of a magnetic particles comprising:

administering said particles into a patient; an
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21. The nethod of claim 20 wherein extending the nagnet conprises

extendi ng an actuator through the keeper-shield to push the magnet out of

t he keepave orihoss d; and retracting the nagnet conprises rPBCT/aStI/T0647 he
magnet against a spring force, 25 wherein said spring force is in a range
of from about 175 pounds to about 225 pounds in a fully retracted position
22. A method of in vivo delivery of a magnetic particles conprising:

adm ni stering diedingaaid paktides totalesirgthloc&in; inalte body Wih B¢ us668S
PCT/ US01/ 10347, directing . said partjcles to a desired | ocation in the body
with the megngic Beldppyideddbyransxierpally sityated pormaneatinagnetl | v sit uat ed

per manent magnet. 23. The nethod of clains 20 or 22 wherein said magnetic

parti cles have,s. _birglh Agisl detidit bl B 39 herch LAP BREd RSP es (B2d T

met hod of clains 20 or wherel n said nmagnetic par ave a
di agnost i biokggicdllyaactine hgedt atteehedthere®d. The net hod of clains 20 or 22
wherein said desired location is a tunmor. 26. The nethod of clains 20 or

22 wherein said,nmagnpetic rticles,are,,10 conprised of iron and carbon.
57, "The et noa 241 ote metB aretissE aftoF 22 Mt A Fgndie parilatibe &

conpri seddﬁgnaﬂilaggemzl&ach%mhd}eamod of clainms 20 or 22 wherein said magnetic
particles are injected intra-arterially. 15 29. The nethod of clains 20 or

22 wherein said nmagnetic particles are_ _delivered via catheter. 30. The
met hod of cl ai A8 20 The mesthodipfickpdms 28 p L7 sihsepin spid desizgd dgcatiomist ogr aphy. 31.
The net hoMr cl ai m 30 wherein said angi ography aids placenent of 20 the
magnet in relation to the patient:

26.  The method of claims 20 or 22 wherein said magnetic particles are

10  comprised of iron and carbon.

27.  The method of claims 20 or 22 wherein said permanent magnet is
comprised of NdFeB.

28.  The method of claims 20 or 22 wherein said magnetic particles are

injected intra-arterially.

15 29.  The method of claims 20 or 22 wherein said magnetic particles are

delivered via catheter.

¢

30.  The method of claims 20 or 22 further comprising the step of
angiography.

31.  The method of claim 30 wherein said angiography aids placement of

20  the magnet in relation to the patient.

32. The method of claims 20 or 22 wherein said permanent magnet is kept

in place throughout the entire time of injection of said magnetic particles.

33.  The method of claims 20 or 22 wherein said permanent magnet is kept

in place after the completion of injection of said magnetic particles.
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32. The nethod of clains 20 or 22 wherein said permanent magnet is kept in
pl ace throughout the entire tinme of injection of said magnetic particles.
33. The meohothoss clains 20 or 22 wherein said permanent PEDUSE/10347Kept in
pl ace after the conpletion of injection of said magnetic particles. -22 WO
01/ 76038 PCT/ USO1/ 10347 34. The nethod of clains 20 or 22 wherein said
magnetic particles are injected as repeated cycles. 35. The nethod of

cl ai m 34 wher ed. saiTile hefiaat @tlaine 20%r D2 vefdiOvuid aive\lﬁﬁetidaiarﬁa@wreo- 5 m/mn
to about 5.0 nmi/mn. 5 36, The nethod of claim 34 erein said repeated
cycl es wetlested aeRRpted ¢XsiRSabout every 1 minute to about every 60 ninutes.
37. The nethod of clains 20 or 22 wherein said nagnet is positioned over
said desired | qgati j ' LniShratd ' jtion. 38.
The method of orai ma S0 oLy AR £t SRELA B bl e AATRAR | |

t her apeut ofalzoge AtSsmL38in tdabatt BdmiLdnindecr easi ng system c toxicity of drugs
conprising: admnistering a conposition into a patient, said conposition

conpri sing nagpeti articl havj ng. a .drug attached, therepon; and
poSi tigni ng a gg‘r maﬁ-gﬁtme OdlncngIadW 4 hﬁ@gis?@cfeﬁ’e&? YIS ¥8TS ‘r‘i‘éecffg]ti ent. 15
40. A net koeh vt 8ReY ¢ Rshii@ t6 YBM R RV &y B0 RiMhiRE] on of di agnostic and/ or

t herapeutic agents conprising: admnistering a conposition into a patient,
sai d conposition conprising nmagnetic particles having a diagnostic and/or

t her apeuti c at 8Achedhe msthaskef ciginns 20 5 22 whereinysaid pagneiiepesitiengdeveover a
desired | ocati . d 1 en: . . et hed f i 39 or 40
wherein said ngég}ﬁgtgséésaq%%glﬁ)%l?’g%g O\l/(ﬁ%dmﬁé%ﬁgﬂlﬁ%g rgdd&mcgﬁog prior to said
adm ni stration of said conposition. 42. The nmethod of clains 39 or 40
wher ei n sai d péBmandht metlypdedf dlaimk @ptor 22 whetearc said bompagitbert cdnfyrisent i re ti nme
of injection of .said magnetic particles. 43. The nethod of clainms 39 or 40

wher ei'® s HISHPRSEUGRASRIY nagnet is kept

39. A method for decreasing systemic toxicity of drugs comprising:
administering a composition into a patient, said composition comprising
magnetic particles having a drug attached thereon; and

positioning a permanent magnet over a desired location on the patient.

15 40. A method for decreasing systemic circulation of diagnostic and/or
therapeutic agents comprising:
administering a composition into a patient, said composition comprising
magnetic particles having a diagnostic and/or therapeutic attached thereon; and

positioning a permanent magnet over a desired location on the patient.

20 41. The methods of claims 39 or 40 wherein said magnet is positioned over

said desired location prior to said administration of said composition.

42.  The method of claims 39 or 40 wherein said permanent magnet is kept

in place throughout the entire time of injection of said magnetic particles.

43.  The method of claims 39 or 40 wherein said permanent magnet is kept

25  in place after the completion of injection of said magnetic particles.

-23.



25 in place after the conpletion of injection of said magnetic particles.
-23 WD 01/ 76038 PCT/ US01/ 10347 44. The method of clains 39 or 40 wherein
said nagmeono7qasticl es are injected as repeated cycl es. padbUSHin@34ret hod of
claim44 wherein said repeated cycles have flow rates of about 0.5 ni/mn
to about 5.0 nmL/mn. s 46. The nethod of claim44 wherein said repeated
cycles were injected from about every 1 mnute to about every 60 m nutes.
-24 44.  The method of claims 39 or 40 wherein said magnetic particles are

injected as repeated cycles.

45.  The method of claim 44 wherein said repeated cycles have flow rates

of about 0.5 mL/min to about 5.0 mL/min.

5 46.  The method of claim 44 wherein said repeated cycles were injected

from about every 1 minute to about every 60 minutes.
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