27 JUNE 2005 WO 021067999 PCT/ GB02/00721 1 Devices and nethods for the
treatment of cancer This invention relates to devices and rreta?gﬁﬁ?%%
treatment of cancer, including |iver cancer, Kkidney cancer, prosta
cancer, brain cancer, and breast cancer. More s specifically the invention
relates to mwﬁsgyand met hods for the treatnent of I|iver &%g@@%%?ce IS
characterised by the, growh of one or nore tunmours In thg t he
“liver. Drily 5% of liver cancers can be treated by surgery. These tunours
may arise directly fromthe liver tissge or fromnetastasis from tunours
in anot her part of the body. Metastasis of cancer to the liver is a comon
cause tat death for %WFMMSW@5W|%WMmWrﬁMr is one of the
- most common cancers in the world. The greatest 1s incidence of this
di.sease is_.in Asian states where hepatitis is prevalent The two pr| nci pal

causes-. ?‘ Fhip mﬁfﬁ b lates imdevices andhﬂtﬁhbuﬁtstfarﬁa%ﬁ@né?fm?ew ﬁ}@ﬁi@ﬁ@" .
consunpti sses. have be used in e treatment” o i ver
cancer. Wi 3 %BBB?@&B%?Q&%PW E?@QW*"@?J]WM greear Maieoyed
are bi'dcors ",ﬁymmbawatwbldeﬂc@a@ha%@wdmm@Me oftigy pat i ent
I nsol ubi | %}%\;jﬁg considered to be an inportant factor, since I't prevents
unwanted, r e of the radioisotope fromthe target site. 25 An exanple
of a radi ot herapy glass, used in the treatnment of liven cancer, is yttrium

al um nosi L 1Li cate Thls has been administered to the | |ver by injection of
m cropar t i'ef’ F30 g W@%gmﬁh@fm@hmw griours Brige bissiofi s t he
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turmour, Wi ch has a greater
c:anearpaizents

| Pﬁmary livar: cancer is one of the most common: gancers in fhe: v%ﬂd The greatest
15 - incidence of this disease is in Asiar; states where hepa’txﬁs Is prevalent, The two

principal causes of primaty liver eancer are hapatifis B and sxcessive slookol
consumplion.

- Rﬁdiﬁiﬁéﬁ?y glasses have been used in the tréatmient of fiver cancer withia:etaaa?
20 gamma radiation. Glasses that have besn employed are biocompatible and
substanﬁaﬂy insolubléinthe body of the patient, Insoiubiﬁty is considerad to be an

important factor, since it: prevents unwanted relesise of the radicisotope from the
target site,

5 An example of g radiotherapy glass, used in the' treatiment of iwer canger, Is yihﬁum
a!um?neasiiiaate This has been administered to the liver by injection of
mictoparticles. camgrismg the glass, into the hepatic artery which is the primary
blood supply for target tumours, The size of the migroparticles Is such that the
blood carries them into the. capiftary bed of the liver, but they are too farge fo pass

30 completely through the liver and into the circulatory system, The micropariitles
follow the flow of blood to the tumour, Which has a greater than normal blaod
supply. The patlent may benafit frorm a combined treatment of the fiver with the



supply. The patient may benefit froma conbi ned treatnent of the liver with
the 27 JUNE 2005 WD 021067998 PCT/ GB02/00721 2 nicroparticlgs g? Q@g
with perfusion of cytotoxic drugs Into the arterial circul atlon t

liver. Unfortunately the requirenent that the radioactive glass should be

| nsol ubl e maygezdsmgi r treatment (if the cancer. The cont| [%%g%{esence of
cancer after the isotope has d aged, may nean that furthé W ¥nt usi ng
gl oss mcroparticles would be desirable. However, the presence of the, now
non-radi oactive particles around the cgncer reduce teh effectiveness of
further treatnment with radioactive particles. to A further problem

appl i cabl eaﬁmpameaesfcmmmemﬁtmmmw RAtOTBLEIY dfl sliﬁtﬁl{:ﬁé\hﬁéﬁaﬁ%ﬁw atigme
|nterferen0{e the inplant with m)nltorlngthetum)ur

mcroparti® Be el " adninistered into the arterial blood supply of the
liver, it I's advantageous for themto h "eve a size, shape and density

t hat "resu.t N a rel ativel y as honogeneous distribution within the liver,

i f uni f or nHETasEN, %ﬁﬁ%@nﬁﬁﬁhﬁéﬁ%mf@&%ﬁMyﬁhﬂdﬁ m_,ﬁﬁml ve
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and chenot herapeutic agents. Cancers treatable to this way also I|nclude
breast canter, as kidney cancer, prostate cancer, and brain cancer. For

e?atrrpl  r Aifurtripveblemedsplicabld tﬁ@%ﬂ&ffémﬁelrﬁ hﬁ’f&.étbbleg ’i?tg?ﬂeiﬁ%%§€.§¥t her apy
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radi ati on %fé

Brachyt herapy contrasts WI th other methods of treatnent that involve

tr eat nent }3 a. SlIe \’% gdl ation source that 1s external to the
pati ent s l}@ n hilcropa eesarea ministered into the-arterial biood supply of the liver; it is:

advaniageﬁqg forthem B have a Stze, shape, and-density that fesults In a relatively
15 hbmagenenus distitbufion within the: !;tfen It uniform dzstnbut:an does nototeur,
then t%ze_y gy cause sxcessive razﬁaﬁen intheareas ﬁf;htg_hest concentration.

“Thére are therefore a. namber of factors that influence the effectiveness of
freatient usifg radicactive microparticles. Thess factors include parficle size,
20 solubility; blocompatability, stability i radiation, density; and ghape,

The useof mictoparticles for the freatitient of iver cancer forris part of a larger
ﬁeid of sancer treatment in which implants are used to'daliver radiation. and
chemotherapeutic agents. Cancers treatabls In this way also include breast cancer,
25 Kidney caficer, prostats canter, and braiieancer. For exdmplé radioactive seeds .
and psliets are prosently used in-brachytherapy of tumours, 4 form of therapy that
involves the implentafion of a radiation souree to provide localised trestment of the
fumour. Brashytherapy contrasts with other msthods of treatmerit that involve
treatment of a site with a radiation source that is external to the patient's body.
36
It is an objective of this inverition to address af 1635t soms of the above menfionad
problama.



30 Itslion objective. of this invention to address st |east sone of the
above nentioned problens. 27 JUNE 2005 WD 0210479118 PCTI 19N 3065
According to a first aspect, the Invention provides an Interna therapeutic
product conprising: 5 C an anti-ancer conponent conprising at: |east one

radi onuel eotydlgmap@dg¢r at | east one cytotoxic drug; and (Iéq} a silicon
conponent selected fromone or nore of resorbable S|I|con fﬁ?%%% atlble

silicon, bioactive silicon, porous silicon, polycrystalllne silicon,

anor phous silicon, and bul k crystalline silicon. 10 For the pur pose of this
specification bioactive silicon is S|I|80n that is capable of formng a
bond with tissue of a patient, resorbable silicon is silicon that Is

capabl e ﬁLvre prtln%:to bodg fluid of a patient; and bioconpatibie silicon
s silico %ﬁmﬁéﬂa refashask the EV$f850ﬂt?¥6Vf§%$ B0 yuemattharapeutimprdutt eat ment .
Cert ain. f OfdvR ﬁgﬂgmwous 15 and pol ycrystalline silicon have ben found to be
bi oacti ve and/or resorbable, as disclosed In PCT/GB96/01863. For the
purposes of this specification a radionucleotide is to be taken as a

radi oagti ve nu Radi. erred to as 24
radlonﬁilldes q$heq?herap'Pgﬁh&%&%g%@Fﬁﬁ§@85§ﬁ§§$§g?§@%? 5@%@ BP1 ant .
The sil i cot legstwonaytotonimginugoaid i se at | east . one Inplant The or at |east
one of the inpl Cr O artlcle herapeutic. product
may conprise a @%%@%ﬁ%@w FWW@% @aﬁﬂﬁ%nt

conpri si ngi mkmnpxﬁim silisuts biczptiveosllisore pofiuerIRan! PP m;ﬁﬁ@sgﬁ&ﬁge nsion may
conpri se af b SRLN kiedo b k2K ervetaing silcon.

E1y
For the purposes of this specification bioactive siicon s stiicon thatis capatile of
forming & bond with fissue of a patient, resorbable silicon is silicon that is capable
of resorbing In biody fiuid of a patient; and blocompdtible silicon Is- sihmar; thatis
biscompatible for the purposes of anfl-canver tréatment. Conain forma of porous

15 and polycrystalline sificon have been found to.be bioactive ard/or resorbable, as

~ diselosedin PCT/GBYE/01863,

Fm- the purposes of this specification a tadionuclentide is to be taken asa
radioactive nuclide. Radionucieotides are also commonly referred {o as
20 radionuclidas;

The thetapetitic product may comprise atleast one implant. The silicon component
Mgy comprise at least one Implant. The or at lsast one of th irmplarits may
comprise & microparticle, Th,ethera;ae;uﬁg, product may comprise a susperision,

25 suitable for Infection into a pafient, comprising the or at least oné of the
microparticles. The suspsnision may compriss an isotonié solulion,  *

The or at least one of the implants may comprise one or more of the faﬁow%ng a
seed, g pellet, a bead. The therapeutic product may comprise one or mare of the
80 following: a staple, & sutre, a pin, a plate, a screw, a barb, cofl, thread, and & nail,



The or at |east one of the inplants may conprise one or nore of the
following: a seed, a pellet, a bead. The therapeutic productsfgyNEbees
one or nore of the 30 following: a staple, a suture, a pin, a plate, a
screw, a barb, coil, thread, and a nail. 27 JUNE 2005 WO 021"'7,99B

FC1, 1030210@@2&m$ﬁw§he ant - cancer conponent may be sel ected from one or
both of a radionuoieotide a cylotbxle drug. Preferably tFET&BIHIeast ore
of the Inplants conprises silicon and has a shape 5 and conposition such
that the or at |eats one of the |nplant§_|s suitable for Dbrachytherapy.
The use of silica in the preparatlon of a therapeutic product for the

treat ment ®he antimencer corasbrant RaRed FBrSid SIBbINBY 4 €adi |y be

processed %%%ngg@ad 10_ crofa rlcatlon techniques, to formarticles such
as staples i 88 screws, barbs, and nails. Silicon in

the form of porous S|I|con may al so be transnuted Into radioactive

conposi ti ogs.. thg r]{_gture of the transnutation being dependent upon the
cancer to Brereragly; § origk leprtons ofdhe ireplentsosmmprisesisiiizon mptiaet & ghapaconpri se

at | eass d f .the
ant i -cancg?Ii Cgﬂﬁg%%ﬁ?ﬁﬁ%ﬁ@%ﬁﬁé%‘?% ﬁggr%‘h@?%%%gfb‘%@%?es may
conpri se RMAEBYBESEYrt of the silicon conponent and at |east part OF the

anti-cancer conponent. The -t herapeutic product nay conprise a multiplicity
of silicon.lnplant. 20. For exarrpl e the internal therapeutic product may

conpri se a’fﬁm%ﬁpim Cryin paratipaTdf athempeate BrodkGhPRR tdAhBREGPT | Si ng

porous sild.con. . ""he Iar st dinensjion of t he_r_or at least one of
the nieropart ljdes cﬁ%g Q?%Pﬁ%h gﬁ%@n@qyggﬁﬂ;@ be prosessad by gleadandabl v t he
| ar gestzﬁodr- ol ‘,"’.n&b&lﬁmuﬁtidfﬁﬁﬁtam 8igh é@&aﬁhﬁ@ﬁ@r‘e&lﬁng%&%&' n the
range ts%ré%?s R8s, and nails. Siliéon 1n the forin of gorous sifiooh riay also be

transmuted into radioactive compusitions, the nature of the transmutation being
dspendent upori the caricer to'be freated,

| 15 Tﬁehor at least one of the implanis may. comprise at least. part-of the silicon
pc:snent and-at feast ;zartaf the anti-cancer esampanani. The or at least atie of
1he micmpart cles may comprise at least pait of the silicon component ard at ie:ast

part of the anti-cancer compenent. The: ﬁaerapezﬁic product may pemprise a
riultiplicity of siticon implants,

. Forexample the internal therapeutic product may comprise a multipficity of
micropartictes, esch microparticle cornprising porous silicon,

Preferably thi largest dimengion of the or at least one ofthe: micreﬁamc}és is in the
25 range 0.1 to 100 um. More preferably the fargest dimension of the or at least ohe of
the microparticles is in the range 20 1o 50:um.

if the Internal therapeutie produst is to be used far the treatmant of liver ¢ancer,
and s to be delivered by injecting a suspension-of m icraparticles fnto the hepatic

30 artery, then the dimensions of 2t laast some of the microparticles must be such thai
- they enter, but de 6t 8%, 1HE IVSF. '



i.f the Internal therapeutic product is to be. used for the treatment of
liver cancer, and Is to be delivered by Injecting a suspensi gf J9iNE 2005
m croparticles into the hepatic 30 artery, then the di nensions TN east
sone. of the rhicropartlcles nust be such that they outer, but do not
exit, the Iw{mz;g(;ﬁ;agJUNE 2005 WD 02/017998 PCTI GRO2t 00721 5 Preferably

t he Iargest di nensi on of the or at |east one of the inpl aﬁg’g@pque?gthe
range 0.01lmmto 30mm More preferably the | argest dinmension of the or at

| east one of the inmplants I's in the ragge 0.5 nmto 30nm Yet nore
preferably the |argest dinension of the or at least one ofthe Inplants Is
in the rarfyeferablytbe bogest dimengion gﬁ&mmla&m‘wﬁmﬁiﬁ&ﬁmﬁﬁﬁ&tjsﬁnm@f t he

s ol oyt 8 el %%%waﬁ@m%%%vofbwe A 1S

| ocat ed. Fdwe m&bmplmt@isﬁwﬁm@ﬁg& mﬁamttaaﬁtdn@dmi%@ﬁ PR ﬂgﬁt}@gegﬁaneous,
| nt ramusc ntr er| The | I ant ‘nmay ant ed
into an o?gé@ﬁ“éﬁﬁr?f %ﬁ ’3“3 ‘afmfgmigﬁmﬁ@m&h%ﬁﬁgﬂlmﬁ@thy t he

Irrpl ants may be |ntroduced into tissue consisting of vascul ature or a duct.
15 Advant ageous the s _eC|f|c gravity of the or at |east one of the

i nplants i TQ%E sion ofga legstgng o0 impiands may dwetia eomsigs O.tthm tepeci f i ¢
gravity o_g;ﬁ;hg or at least one of the Inpl ants is between 9,8 and 2.2
ggcm 3. The use of porous silicon'ls advantageous In relation to the
treatment of liver 20 cancer. This I's because the density of porous silicon

may be co"j_ q}d flgﬂf eNnsi; | s an

| nportant factor. e:‘ M‘erﬁig@%l%’ed?‘ﬁae&gﬁ%tégﬁagfp% PRI R ver cancer
by adriPni &8 WH@%Wnrﬁmlwa&ﬁaﬁmmaemié thet foamilbg iiap am mrwcmn Hiyeeer abl y

he sil " Le silicol ferably th
i1 con comuERERPBE i A SR T rkaideRa. e anBrt cvide
Kidely s N9

conponent implentad istsam orgasti sueh el ediveria luhbsorariiaa alien
di stribut. f%ﬂpzkﬁi G behtrb G into Hesue consisting of vaseulatire or & duct.

I

15 Mvanfageausly the specific gravity of the or at legstoneof the implants is betwesn
D78 and 2.8 e e, more adx:antageeusfy the gped fic.gravity of the or at leastone
of the implants is befween 1.8 and 2.2 gom™. |

The use of porous silicon is advantageous in relétion 1o the tréatmeant of fiver

20 cancer. This is becauss the densiiy of porous silicon may be: mntml!ed by a‘iteﬁng
s pomi’y Parficly dans:ty &an important factor in datemming ihe suGeess of
treatment of Hiver sancer by diminigtration of microparticles tothe hepatic artary

Préferably fhie silicon component comprises resorbable. élicon. More preferably the

25 silicon component comprises resorbable silicon and the enti-cancer componant
ex:xmpﬂses a radionusleofide, the radionucleotide being distributed through at least
pazt of the resorbable sllicon, Yet mors preferably the shudture of the resorbable
silicon is such that the half iife of the radionuclectide Ts less than the fime taken for
resorbable silicon to substantially corrade when introduced into the pafient, Even

30 more praferably the struciure of the resorbable ilicon Is stich that the half iife of

- the-radionucleotide is less than one tenth the tires takeri for ?é’éle slfidon fo

substantially corrode when introduced into the patient,



part of the resorbable silicon. Yet nore preferably the structure of the
resorbable silicon is such that the half life of the radi onugy goINEI®0DS

| ess than the tinme taken for resorbable silicon to substantially corrode
when I ntroduced Into the patient. Even 30 nore preferably the structure of
t he resor babteugighssgon is such that the half life of the rradionuclectide
is less. than one tenth the time taken for resorbabl e silif&3fER0g 0721

substantially corrode when introduced into the patient 27 JUNE 2005 W
0210679" vcsU 700721 6 Advantageously ®he or at |east one of the inplants
conpri ses resorbable silicon. Mre advantageously the Or at |east one O
the inplants corrprl ses resorbable porous silicon. The or at |east one of

the i npl anasvameg W&%@r%ﬁ%@?&’i&&ﬁé'ﬂgﬁ%@%&%@@gﬁ%@ﬁ”@ efkide. the

r esor babl SI I| on having a Structure an

subst ant i iagEoLs fﬁﬁﬁﬁétb@ﬁﬁ@m&féﬁaﬁmgiaﬁ&W@%@é&aﬁtﬁaa;@ast part

of the or @mé ﬁéé one of tha I npl ants for a peed, neasured frgrn'-the

time of Inmplantation to greater than the half life of the radronucleoti de.
The ér at |east one of the. |rrpl ants may conprise resorbable silicon and

: d | h truct d

C ommoa) U1 el st i TRC IR iy e igsr el Mlicboandes - ol ns i n

and/ or on raﬂiange{smqwma aasm-ﬂmmﬁmn BavinePa Shrulife Qg E&%@?ﬁ%ﬁ%ﬁﬁ-ﬁ tga{ or a
C

greater

d, ) |
E\SHOI i fe 0 g&&%{?&% #‘[@’8&‘%@%{%&@ ag'g ﬁtéﬁ%gﬁﬂﬂﬁ@ﬁﬂb‘mmmt s may
conpri se ﬁmlﬂhakﬂfﬁlﬁjﬁﬂm‘f@r@ pafod, ¥ s Fera kT ghggglgga}gwﬁgﬁf%@%b: et ﬁ'el icon

havi n 05t on dun at
radi o um%%%&ﬁ?@ﬁé?g§%? @rﬁ?ﬁﬁf%ﬂ%ﬁﬁﬁﬁast part of the or at |east one

of the inplants for a period, nmeasured fromthe time of inplantation,
tinmes the, half life of the radionucieotide. By ensuring

greater tﬁgn tot%]
That the HORMOE leashpre BEtiEMmANE My omprios reswbabibsticohangiame taken for
: radscanuc{esiisie the resorbable silicon having asiructure and composition such that
substantially all the radivriuclestide refvains in andlor on at least part of the orat
15 least ong of the implants for a Pperiod, measured from the time of inplantation,
greater than twice the haf life of the radionucleotide.

The oratleast ongof the implants may comprise resuibable silicon. and g
radibnucleotids, the resorbable silleon having a structure-and compesition such that

20 substantially sl the radionucleotids remains In and/or onat least part ofthe orat
least one of the implants fora peried, measured from the timé of implantation;
greater than ten times the half life of the radionuclectide,

By ensuring that the half lrfe of the radionucleotida is less than the time taken for

25 fhe resorbable silicon 6 corrode o any significant extent, for example when it is
introduced to-the liver of a patient, the danger of the radipnuciestide. escaping to
other parts of the patient is reduced. In this way the Implant may localise: the
radignucleofide to region of the turmour unt the radioclivity has decayed to-a safe
level. The use of resorbable silicon ensures that repedted administration of the

30 therapeutic produst is effective. Oncethe radionucleotids has decayed, or cyiotoxic
drug has been delivered, the therapsutic product dissolves. -allowing a further dose -
cf‘f ?mp!ants {for exarmple micropariicles) io be delivered to the region of the tumour.



2% the resorbable silicon to corrode to any significant extent, for exanple
when It I's introduced to the liver of a patient,. the dangerop{juNE2005
redi onucl eotide escaping to other parts of the patient Is reduced. In this
way the inplant may | ocalise the radidnucieotide to region of the tunour
until the ravkhogdsroskty has decayed toe safe |evel. The. g&i of resor babl e
silicon ensures that repeated adm nistration O the 30 th ?éﬁﬁ@Q§“product
is effective. Once the radionucl eoti de has decayed, orcytotoxlc drug has
been delivered, the therapeutic product 7di ssol ves allowi ng a further dose

of | npl antgy. (f.0r £X. 1 croparticles) to be delivered to the region of

t he fﬁmur?"’%‘%ﬁﬁﬁﬂ%&ﬁ‘ﬁ%&%ﬁ% - W%@Wb@%@ﬁﬁﬁﬁf@@ﬁﬁ}%%ﬁgt i on of

t he i npl anslso mdyasin s Hasdis@SosiE idhaihd 8 a2k nt esLhabl L) al so
(E} Srosomiysmnt tisaals niohp vedn, SHRSROUG A g’ 7

T 52 LaiL5el S5 kit win el o
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be m criondéfediedregdlivennaneat e one or nore | npl ants havi ng a predetern ned
si ze and shape, teh size and/or shape being chosen to mnimse traunma
and/or swel.ling and/or novenent of the inplant. 10 Advabtageously the

si 11 con-coffisienn emmpanent sy micsomitHinatto brcatsaeapnise plaknd he
sil1con caogpanent..cappri.ses .porous, si-l .con,_and the antl- cancer conponent
conprises a %1[3 T ‘ﬁ%@i“*@ﬁ@“@gﬂ‘%@%ﬁﬁﬁ@@ﬂ@ﬁha@@bﬁiyss%@as%w at | east
one of t hdnjsimiss tatimehendior swellig Ad/enmolémditofthe fhplkgast one of the

i npl anj,s may conprise resorbable silicon and a cytotoxi¢ drug, the
resorbabl e silicon having a structure and conposition such that the

| npl ant r &k nﬁwﬁé}y%@gﬁimm&@aﬁgﬁ ' ﬁ@é@iﬁé}?%@ér&se t he drug

release Of_.the S
acﬁza&agaaﬁaiyiha silieon component comprises porous silicon and:the anti-

‘oancer component comprises a eyiotoxio drug, the eytotoxic drug being disposed fn
-atieast one of the pores.of the pofous stlicon.

15
The or atleast one of the Implants may comprise resorbable sflicon and a cytotoxic
drug, the resorbable siicon faving a structure and compasition suck that the

Implant remains sufficiently Intact to substantially localise the'drug refease gt the

#ite of the implant. '

20 ,

Theimplant may be designed:so that once the eytotoxic drug has been
substantially complstely released the implant f then resorbed; thereby allowing
further implantation andfor diagnostic-imaging of the patisnt, : |

28 P’ii'efera}é!y thve silicon componaiit compHses resorbable silicon and porous sificon; a
eylotaxie drug being disposed in at lsast one of the pares of the poraus silicon and
& radionuclectide being distributed through at least part of the resorbable sllicon,

For example the internal therapeutic product may comprise some parficies of
30 resorbable silicon in which a radioriucisotide has been Introduced, and some

parficles of porous silicon info which a oylotoxic drug Has beed Introduced, The

internal therpeutic product may be fabricated by combining the two types of



sit of the inplant 20 The inplant nay be designed so that once the
cytotoxic drug has been substantially corrpl etely rel eased thgy jJuUNE2BbOS - -
then, resorbed, thereby allowing further. inplantation and/or diagnostic

i magi ng of the patient. 25 Preferably the silicon conponent conprises
resorbabl e s¢dsg@RMemNd porous silicon, a cytotoxic drug being disposed In
at least one of the pores of the porous silicon and a redFf V@B de

bei ng distributed through at |east part of the resorbable silicon. For
exanple. the Internal therapeutic produ&t may conprise sone particles of 30

resor babi e L n ch.a.ra rijucfeotide has been introduced, and
some part ? %‘JQE%?E q%’(g?%cﬂé\g Pirdn aam?fé%"fmmﬁe the petianddfes seemglatheswbeen

i nt r oducediypghef partities midy b conbi ni ng
the two t;tyzs_ 027 JUNE v B8 BbRBifedls omg’S?‘%%%’&%g??@%W%‘gs%ﬁ 9 ¢l es,

i mredi at el YeHEFEM t o administration to the patient. For exanple The two

types, of particles may be conbined | ess than two hours prior to
adm nistration to the patient. 5 The resorbable silicon may conprise

deri vatd sethe w@sershis slieon Mrcomammmaeﬁsemms@m@ww&m
derivatis I n s .of derivati.sed or ous
sil : \éonl d%@&%@hé}({ﬁ? %%@%fﬁg{grggﬁéa@%ﬂgﬁ% ﬁﬂfthmlpgﬁv ‘3'5@@"%2%1 nu
i ncor por afmmiﬁ@m eeipsad irFBCTIURRANI458YRs e@ﬁfeh@ & Wﬁ?ﬁ?ﬁf@l Hebihon

derivati'sg ﬁ ,q”‘} !; n.is defined'as” porous silicon having a
nononol ecu ' 1 n(@f ayer that is chemcally bonded to' at |east
part of- the surface I ncl udi ng the surface of the pores, of the porous

silicoy cal I n ween the | ayer and the silicon, may
conpri Se E@Fﬁ%’@ﬁﬂﬁﬁ 9k %‘%@%@5"’% gerivatised porous silicon is defined 25
‘porous silicon. havinig & monomolecular, or menatomis: fayerthatis chertiically
‘bonded to'at least partof the surface, including. the surface of the. pores, of the

-porous silicon: The chémica) bnhd?ng, between the layer dnd the. sllicon; may :
compiise a 81C and/or SHO-C bonding.

is
The anti-cancer aampenent may be covalently bonded to the stirface of the silicon
- ‘compongnt. The silicon component may be porous silicon, the anti-caticer
~‘component may be & radionucleotids; and the radionucleotide may ber am_aim?
‘bended 1o the surface of the porous silicoh.
20

The useof porous andfor derivaﬁsed sllicon is advantageeus becausethe rate of

resorption can be controlled by the. appmpnate choite of porosity andior
derivatisation of the silicon.

45 ¢ The anti-cancer component may- aamprase a cytotoxic drug, and the cylotoxic: drug
may be selected from one or more of: an alkylating agent such as
-eyclophosphamide; a eytotoxic antibody such as dexorubicin;.an antimstabolite
such as fluorouracll, a vinsa alkaloid such és vinb) lasting, -2 hormonal regulator such

a8 GN?%H and a platinum compeund such as cis-platin,
-



s The ant -cancer conponent may be covalently bonded to the surface of the
silicon conponent The silicon conponent maybe porous silicons7 YE 2005
anti-cancer conponent nay be a radionucieotide, and the radionucleoti de
may be covel enfy bonded to the surface of the porous silicon. 20 The use
of porous an@i®fs@eyi vatised silicon |Is advantageous bec %‘Qﬁ rate of
resorption can be controlled by the appropriate choi ce of %@? ’?7?‘ and/ or
derivatisatioon of the silicon. 25 The anti-cancer conponent nay conprise a
cytotoxic drug, and the cytotoxic drug $may be selected fromone or nore of
ent. such as cycl ophospham de, a cytotoxic antibody such as

an al kyl ath{\gﬂﬁg
doxor ubi ci %ﬁ%ﬁ!ﬁ'@ﬁﬁniﬁ@a}'%ﬁﬁﬁ%& radieniuslgatideand thee al kal oi d such

Sich as creiefufeon m ﬁ%%%g; g T boerrct e b7ako The
4

ar 7 *9 The
antl-cancer ‘-‘é}onﬂ@ae i iyd®iee, *ao snd PAu.

r adi onum eoti de may be sel ect ed from one or mor e of IW 12p, 12aSh, 1141n,
l\/pg, "As 140La, a7Ga, 1t Pd, % 13i 1251, elCo,'stir t : r,tef s4Cu, 201?b

and " Au. BicTadionadieofide, suohwed?P gnmybe an ise&mm stig@uRpdavi ng a

5 Eit PR BRTER D At oy el ”Waiﬁ“f rSfriesiig o

f':]reug;% efwaﬁas %?ﬁ&?bﬁ@hﬁfﬁﬁp&ﬁ%@@b%&ﬁ@bﬁaﬁlw %l? ek fs_?_t |eon o 3081,
9 us sl i |

r adi onudl| @%F%TB@ g é%\eg'gﬂgm, CHg B@ﬁgﬁ ﬂ"%%ﬁ%b pmfﬁ%ﬁt@ﬁﬁ@fﬁtsﬁmemﬁ and
conposi ti %rﬁﬂkﬁhde% FRERE@BRLS: ﬁfiﬁﬁo éﬁﬁpsﬁﬁyﬁk'a?ﬂgpé h&é&gat he 10$J

formn | east gart of a sa por ous si
18 simc:ture and compasifion thatis nbtainama nautron transmutation of ¥§i, the ¥

forming at least part of & sample of pofous slticon,

Preferably the infornal therapeutic produgt comprises a porous structura, the
porous structure .?ﬁbﬁsiﬂgi’af least partof the sificon h‘ijﬁ%ﬁﬁéh’i5-5@-5&&)?5??551@%
15 tadionudeotide. More preferably the porous structute comprises & ratisnucleoiide,
the structure and. cemposition:of the radionueleotide bsing obiginable by the
transmutation of SF atoms. Yet mors ‘preferably the Inferal therapsitic product
comprises a porous structure, the porous strutture comprising at legst partof the
' sliicon component and comprising a radionucleofide, the radionuclestide being ¥p
20 having & strustire.and compéisition obtainable by the transrutation of “Si atonis.

The anticancer component may comprise a radionueleotide, such as "'Ge, having

& siructure and compositian that is obtainable by the transmutaticn of Ga, The

anti-cancer compotient may comptise a radionucleotide, such as "'Ge, having a
25 shucture and composition that is-obtalnable by the neutron transmiztation of G,

The anti-cancer component may comprise s radionucleotide, such as "G, having
a shructure and composition that is obtainable by the trarismutation of °Ge afor’hs;
present in & silicon germanium alioy. The anti-cancer component may comprise

30 redlonucleotide, such as "'Ge, that is obtainable by the transmutation of mﬁe
atoms présent in.a purous &SR GETMaNIUM alloy.



Preferably the Internal therapeutic product conprises a porous structure,
the porous structure comprising at |east part of the silicop7 QUNPRE05
andl conprising a 15 radionuaieotide. Mre preferably the porous structure
conprises a radionucl eotide, the structure and conposition:of the

radi onucl eokgesRigag obtai nabl e bythe transnutation of 30Sl atons. Yet
nore preferably the Internal therapeutic product conpris&SEEBEENGS
structure, the porous structure conprising at |east part of the silicon
conponent and conprising a radi onucl eot ige, the radi onucl eoti de bei ng 32P
20 having 'structure and conposition. obtainable by the transnutation of

3Si  at ons. Therkge ahiranssaniation &fﬁbﬂ%ﬁtﬁﬁwi%ﬁﬂbﬁéﬁ feom adiighribelantit | de, such

? fag wefat%h??bggamg%'zéﬁ%mgaﬁﬁgﬁ nt e @ﬁggnengé\f#éé’ f" :

r adl onucl éasﬁfaﬁﬁemmeas&awwmmgnm agtransmutaﬁm iarmi ;mpmmsutuon that Is.

may compr i 5511 R 837G Blbaan L,

pristt
may conpriSea’

conposist i @ﬁwmiimmlm@ih eomeriadons mm@émmaﬁa% h@timua@%es ent in
a silicon r m um. alﬂé%%| Tgﬁ aﬁél —ca er co%onent y conpri se

r adi onuclé 7 TEiet E‘Smg B E1avAew 1o retrBlien efRAeUE i on of
Thee at ongruphe \,asmmwm } RicachHmBl |l oy. 27 JUNE 2005 WO
02/ 067998 PCT/ GB02/ 00721 10 %ﬁ?ﬁg@ transn‘l%tsgﬁmgn to fabricate the

radi onucl eotide, fromwhich the anti. cancer co_rrponent Is at |least partly
]; g(rjlrrgﬁuc rg%u: f"r rrgga#g?ﬁt TG nggﬁﬁ%n rnﬁﬂ%@é. 2-ena e silicon
si | i col mEPIRENEnbPe Senprg mmuwiﬁmns&tha ipaghifitbe nudidsle '
?ln!t ?\(/)vdlrjglag;é W%@H%g%%ﬁg rﬁfdé.o- j-'.':“ Viﬁrgg‘ ?Jb%i e Ry %?(r? S* "Al'l ow the
ret ent i onhgMing mﬁatﬁgﬂr&ﬁﬂ@rﬁe 0. tnitrons ddiest galtbbitegadmhugieoids t i es, of
R He8 _ forni thrs g cﬁﬁe?agrfgr? of ;5‘#{%':18 ShibS de and

-having sideg greéter or equai tra 1 mi,cmn‘ Atleast partof the radioriucledtids may
15 be distributed substantially uniformly through a cuhm region of porous sificon

haw‘rxg sides greater or equal to 100 microns: At lsast part of the radionuclectide

may be distributed substantially uniformiy through a cubic | region.of porous silleon

“having sides greater orequal fo- 1000 migtons,

20 Ateordingto o second s8pact the inventisn provides-a mathod of trégling a cancer,
ihe method comprising the. step of introducing an. internal therapeutic product into 5
pait‘em thé-internal therapsutio product comprising:

(i) a silicon component selected from ane or more of: resorbable silicon,
2 blscompatible silicon, bioactive silicon; poraus silicen, polyerysialiine sificon,
amorphous silicon, bulk crystafiine silicon; and ,
(it) an anti-cancer companent comprising at least one radionusleotide andior
at least one cytotoxic drug.

30 Preferably the internal therapeutic product comprises an antl-cancer component
selected from one or both of: a radionucieotide, a eyidtodic diug.



to: conponent may conprise porous silicon. At |east part of the

r adi onuel eot i de may be distributed substantially uniformy tiy gusE aogsbic
regi on of porous silicon having sides greater or equal to 0.1 microns At

| east part of the radionucleotide nay be distributed substantially

uni formy tiMeosahegy cubi ¢ region of porous -.914boin hayj n’ﬁﬁSI des greater
or equal to 1 mcron. At |east part of the radl onucl eot i F¥¢

distributed substantially uniformy through a cubic regi on of porous
silicon having sides greater or equal tp 100 microns. At |east part of the

radi onucl ept:i dg@ g 2?%9' stributed substantially uniformy through a cubic
regi on of MoH SOURlY, %ﬁ%@ﬁ@@%p@d@m@m ses@diaast-ona boplanfcthens. Vv

Accordi ng af med HREh of treating a
caner, taﬁ%; ogmg%%prl s%ef%é’t r%si%dp’ fﬁé%%@gggé%% ter nal

t her apeut |®PWH§§!9 pratdeast opatal g msmnmenmaﬁdgm patiEnti Mogr oduct
conprisin o one rnDre 0

r esor babl % g%fl e éé&ﬁ%mgﬁwﬁgﬁ%@% ﬁémrﬁ BRI FOMSIS8E S

sil'i coff, (oegtEpyaftbinlistivallydinplatiting theaomatdes &n&idﬂf@iﬂl itk ft6 bitnfd li"i ne
silicon,; ancer conponent conpr|5|ng at | east

r adi onudeﬁ%@ﬂ%ﬁéﬁsj@m st one cytotoxic drug; so Preferably the

i nternal therapeutic product conprises an anti-cancer conponent selected f

romone o g radlonucleritide, a cytotoxic drug. 27 JUNE 2005 WD
021067 998%#%8% 19 1hq or allgastRngRidhe inplents may eomatise: *th_ermpacﬁ ic
O Lz L.NQ...

product chnpriitesirtarl 4% t@ﬁ@efﬂﬁaﬁfmanﬁﬁﬁaﬁﬁ&%ﬁ P%{ngq%vl_

i nt ernal therapeut|c product conprising t ’
| east “tine of the Inplants into the body of a patient. Mre advantageously

the step afglorpkrzit 88 bPPieUnplintd ,eé?tw%ﬁg%t g ;55??!:?%%% pri ses

‘componentand at least part of the enti-cancer comporisnt,

;]

‘The or atigast one of fhe implants may. comprisé resorbable silicon and a oylotoxic

15 drag, the method:of treating a cancer: campneiag the furthigr step of releasing at
1east part of the eytatoxic drug in such amannerithatthe release of the eytotoxic
‘drug femains substantialy dalised to the paint of imiplantation.

The oratleast ane of the implants may comprise resorbable silicon anda-

20 radionuclentide, the taethod of reating & cancer: comprising the step ef‘freatmg part
of the patieri's body with radiation from the radionudieotide in such & mahnisrthat
‘the radidtion fragtment is locdlised to tha point of implantation; and comprising the

furtherstep of alfowing the silicon to substantially completely resorb oncethe half
Hife of the radionucleotide has been exceeded,

25
The method of treating a cancer may be a mathod of braghytharapy.

Preférably the intemal therapeutic product comprises.a multiplicity of mjem;aarticies
suspended in an isotonic solution, and the step of introducing tha iniemai

30 ﬁzerapeuﬂs product comprises the step of injecting the suspension !ni:a an artery or
‘vein connected to andfor iocated in crgaa(s) i which the canger Is localed.



5 the step of biolistically Inplanting the or at |east one of the Inplants
into organ(s) In which the cancer is located. The step of |y guNEg0b%e
or at least one of the inplants may conprise the step of Inplanting the,
or at toot one of the inplants into one or nore organs of the patient 10
The or | easky@ppmeRhythe I nplants may conprise at |east part of the silicon
, conponent - and at [east pad of the anti-cancer conponent. PFREBHRNZN | east
one r the | mpl ants may conprise resorbabie silicon and a cytotexic 1is
drug, the nethod of treating a cancer cespprising the-furthor step of

rel apsi ng at least part of the cytotoxic drug in such a manner that the
rel ease ofAkifas gH@aicbmicreparicies meyromprniss wh leakbpary of theadlicsad to the

poi nt of | . of the Lpplants nay conprise
resor babl eéas?#ii | conbgﬁg{@%géa&%f%g%ﬁm%ﬂ e"???é‘ﬁﬂgPhod of treating a
cancer tontpdising the step of treating part of the patient's body with
radi ati on nner that the radiation
treat ment Fg'r 9%%’2%@%@#%%6%9@1@ % Wﬁa%ﬁ beptingdiyecennner entlg t he

furthers stth@ cg}ihMgmg@egmmamgrgp@ B P4 y resort .
once the Qfswp |f%3!1 he radi onucl eot Fdebﬁggat)é@ré%fgeede%bﬂihe met hod of
treati ng d CaACEE" FEPgULR

REHctIRtoshe dvgratéhimpatientr ef erabl y the internal

t herapeutic product conprises a nultiplicity of microparticles suspended
in an Isotonic. solution, and the step of Int rodum ng the Internal
t her apeut iFEVERERE @’ésik'@iﬁﬁﬂiﬁf@%lfhﬁ@ﬁ@ ﬁ!@ﬁu--. fomrisey atrhdionusipelids @md&nt o an

5 odal oSS AR il o et o A B cnc 7
sai d niPcr SpEHiniey: t@ wﬁﬁm igleptids endthe eistoxipagentiets thae 10 e Bdor the
hitroduction of the therapeutic. preduct o tha pai:ient More: advantagecusly the stép
‘o combining the fircieotida and the cyioioxie agentis petformed less than § hours
“before the therapeutic pmduﬁt is mtmﬁuaad inta the patient. Yet more
advantageously fhis step of cembmmg the nucleotids and the-cytofokic-agent is
15 . performed less than 4 hour before the: therapeutie productis trodicsd into the:

patient.

The cytotaxic drug tdy be selected from orig or more of: an alkylating agent such
as cyclophosphamide, a aylotoxie-antibody such as doxorublein, an antimetabolite

20 &uch as flioraurac, @ vinda alkaloid such as vinblasting, a horrvional regulator such
as GNRH, anid a platinum compotnd such &8 ¢is platin.

‘Theradionuclsotide iay be-selectsd from one ormore of: Y, 2p, g, i,
®Fe Az, " Lo, YCa, Pipg, By, BT, 108 8, W2 19 Mas, #ou, 2°ph and
s oAy,

The radionucieotide, such as P, may be an isstope having-a structure and
compositioi that is obtainable by the transmutation of 81, The radlonudleotide,
such as P, may be an fsotope having a structure and eomposition thatiis

30  obtainable by the transmutation-of *3, the *°8i forming at least partof a sampls of
porous silicon. The radionucleotide, sueh as *2P, may beé an lsolope having a



conponent and at |east part of the anti-cancer conponent Preferably the

met hod of treating cancer is "a nethod of treating liver cancgy JaNE 2604 he

step of introducing an Internal therapeutic product conprises the step of

I nt roduci ng the therapeutic product into the liver of the patient

Advant ageougy/pzified Nt ernal therapeutic product conprises a radl onucl eofide
and a totoxc drug anti the method O ,reeling canter conpPrVE€BEOFRE furt her
step of 10 Conbining the radi onucl eot tde and t he cytotoxic agent |ess than

10 hours prior tho" introduction of thegtherapeutic product to the

patient; Mre adva?4 eously the step of conbining the nucleotide and the
cyt ot oxi c i Fﬁ&%i’ (eitisn thelds oblainable Rewlran transestatiamef PSicterBat i ¢

product (n?og t#&?} Ptp@ &% | re advant ageously the step of
conbi ni ng the | eot ipge e %f cy '8§§;@F%ﬁggent is 15 perforned | ess

than 1 hour before the therapeutlc product |Is Introduced into the patient.

e " ae. el SO REl L Bl el flufies i of n-an an

oin an anti

20° src{a‘s apafous stountars &mmmimgwe@tlpa&mfdmmrg@rﬁm@h nﬁ%kﬂii amf,ﬁ?mgrérmnal
regul at or an i num compound such as cls plati
r adi onucl e‘%%gg‘ﬂ%é@@ﬁ%’@@é%@&ﬁ? RBHe %\ﬁ'p ﬁéﬁﬁﬁﬁﬁaﬁ'ﬁ’a f@@ﬂﬂﬁﬁm 1c4ln
C=e 7BAs, t&ﬁ-&ﬁﬁaﬁzrﬂ?aﬁd é@%ﬁoﬂﬁdn ﬁﬁﬁémﬁﬁx@w&%j e ﬁ; : ?1 b3pb

3 ;u_ rad '_g e an I ope havi ng a

and 25 g‘cﬁiﬂeou e, such as 32P  mMay

st ruct ur e "Ehad L) HfqY Sh raigrale ;1%3‘ AL tharapemmmmt of 3051.
The radi ookl 4 S815RASre SRR VB : J Spton cture and
conposj.ti g [ tlsquobt alah%bfe by t'F @@ nsrm ﬁiﬁk%;iég%{%% > 309l

i
form nd a@qegﬁﬁwﬁmn%%m@ aradipaudentids; thecedionTtleotidechiamg®eot i de,
such as 33, _ AR ORRS i 7998
PCT/ GB2/ 0721. A 85}%3" ‘ﬂﬁaiﬁaé& b@%h’%ﬂ?@rﬁuﬁ% %ag? afome.
’*7**9;'éﬁf‘;f‘i’amﬁwmne.ﬁfk%fﬁ?ﬂﬁ—camfj:?ﬁm-fad;iéausie@tﬁiﬁa@sagh- aa7'Ge; having
- astruchure and composition that is pltainable by he transmiitation of 7°G&: The
15 anti:cancer component may comprise & radionugleotide, suchas "Ge, having &
structure and composition that is obtainable by the nettron transmutation of “Ge,

The anti-cancer component may comprise & radionuclsotide; such as *Ge, having
astructure and compasitian that Is obtainable by fhe transmutation.of Ge atoms

20 -prasenf in & gliicon germanium alloy. The. anﬁ~nancer component may comprise
radienucieaﬁde@ such as 7' Ge, that is-pbtainable by the transmutation of ?"Ge
atofs presentin & pordus siticon germanium alloy.

-Agcording to a thind aspect, the invention providesa usg of an internal therapeutic.
75 product comprising:

(i)aﬂ anti-cancer conponent cemzarising at least one radionucleotide: andfar
at least one cytotoxic drug; anid
(if) a silicon component selected from one or more of: resorbable sificon,
30 biscompatible silicon, bioactive silicon, porous sificon, polycrystaline sificon, bulk
- crysta!ima silicon, and amar;:shmis silicon i



structure and conposition that is obtainable neutron transnutation of 41,
the 3081 farnming a# Must part og a sample of porous silicon. 2PyeiNg 2bby
the internal therapeutic product conprises a porous structure, the 5 porous
structure conprising at |east part of the silicon conponent and conpri sing
a radi onucke®higessMore preferably the porous structure conprises a

radi onucl eotide, the structure and conposition of the radF&&BELEE de

bei ng obtainable by the transnutation of Si atonms. Yet nore preferably the
internal therapeutic product conp es a,porous structure, the porous
structure conprising at |east part of tFI tat silicon conponent and

conpri si ng“gaﬁmaﬁ ehee gl havi ng a structure
and conposition %ﬁl{ﬁgl nabFzg%;é%em?gansn%tagt%?ﬂo%%(??%éﬁ%r atons; The

anti =cancer conponent may conprise a radiunucl eotide such as 71Ge, having
a structur B8 transnut ati on of

7cCe. The %@gﬁbt@ca ce%‘corrp%g%te@n ﬁ#ﬁg@"@@@%@% o] Y1 ce, such as
71Ge, haviangnenest selecieddronane onpothi oft sreditracldotide 8yibRRicadrhy. t he neutron
transmytation of 7Ge. The anti-paper canponent may conprise a :
redi onucl eoti de, such as 71Ge, having a Structure and conposition that is

obt ai nabl é’rsgerafﬁgﬁie ass o ', i mkﬁ@n&bﬁem@@ﬁﬁ@éﬁ%&ﬁ@f@ B Ainukdbidratrly CON

ger mani u nt an onent may conprise radionucieotide
such as 7&8&{’%@{}%@’ mg rTE?'l*@?"transrrut ation of tGe atons
present in a porous silicon germanium alloy. According to a third aspect,
t he |nvent1 rovi % %?a use. of an internal therapeutic. 25 product
conpri si nés‘ % AU ihe Usketan ks %ﬁﬁ?@%ﬁ@ﬁﬁﬁ@ﬁ&fﬁ&m stavkue of
radi onuct m@?ﬂ%ﬁf%th@ﬁ%éﬁ%ﬂto@&&&\%g ARG H{% and (11) a silicon
conponent selected fromone or nore of SO ) ilicon, 30
bl oconpati bl e silicon, bioactive silicon, porous silicon, polycrystalline
sil i con QBwéKhe:ﬁbﬁéﬁ@b&oaﬁa b bﬁ%ﬁs@ﬁﬂeﬁ%ﬁé@%&ﬁ S et Tdast BhE of 00 VO
‘heimplants may comprise a micropaitisle: The! t‘i':arapeutaa pmtiuo% may comprise

‘a'susperision, sultable forinjsstion Inte a patient, comprising the or gt lsastone of
s the microparticles, The suspension may sompnse an :sa%cme sa%tman

‘The orat feast ong of the implants may comprise restrbable sificon and a cytetoxic
;dmg, the resorbable- sﬂisoa havinga stm@tur& and comptsman such that the

implant rermiaing. sulfticiently Intast to lacalise the: drig release at the sita of the.
B implant

radmnncieaﬁz%e the resorhabie silfaon having & structure and: campnsiﬁan Such that
‘ subs‘éantfally all the: radionucleotide remains In and/or on at least partof the orat

25 6 leastane of the implants for a ‘period; measured from the fime of Implaritation,
greaterthanthe half life of the radionucleotide.

‘The or at least one of the Irmplants fay comprise resprbable silicon and
radionucleotide, the resorbable silicon having a structure-and composition such that
‘30 substantially all the radionuclsotide remains in andfor on atleast ;Eaaifi--éf ﬁm of ét
-least one of the implants for g pariad, massursd 7o thé Bine o implaritation,
greater than twice the half iife of the radionudiectide.



1 Cr/00 fillfg72i. 14 forte manufacture of a nedicament for the treatnent
of cancer. Advantageously the internal therapeutic product CEPFRUNEE200%
anti-cancer conponent selected fromone or both of: a radionucleatide, a
cytotoxic drug. Preferably the use of an internal therapeutic product is
for the manypagk of a nedicanent for the treatnment of |iver cancer.
Advant ageously the use of an Internal therapeutle productP¢@@?%WmF%e

manuf acture of 10 a medi canent for-the treatnent of cancer by

brechyt herapy The therapeutic product y conprise at | east one inplant.
The or at |east one of the inplants may conprise a mcroparticle. The

t herapeutic product nay conprise a suspension, suitable for injection into
a patient,, conprising the Ora feast one of. is the mcroparticles. The

suspensi orl "R & Ignst pse of ihe keplgne sayglompiise reqnibable diconeid® one of t he
rggo?tn)azl za%?ﬁl con é\?iﬁé;]gé% st rie'ﬁsc‘t ure anﬁ%ﬁ%@%%ﬁ%‘ﬁ%ﬁ%*%ﬁ

1 npl ant  Eehslangalalkthei radionyclpstidsoemaing ipculd/orant dtdeabt pgrioétizasatat t he

g e e T e

site of t
resor bébl 2&5 : _ . ‘ ) ( .
stavtha e Simaadhe Sulf Tifet dfabe ididratclettidel |y all the,

a, struct uges 65 siirsiclatitid
radi onuci eotide remains In and/or on at |east part of the or at 25 |east
one of the inplants for a period, neasured fromthe tine of inplantation;

? [1 eat er I t ﬂ?ﬁa&éﬁy el lrddst ﬁirﬁéndfdgﬁoﬂ‘fﬁé bﬁﬁ%éﬁ%ﬂﬁ@fib@ %g&hﬁsﬁﬁfdﬁt@s é 0 nte ) of

e inplants may, conpri.se.resorbable.silicon and e radionucleotide, the
resor ggbl ga@%nﬁﬁéﬁ?%n&/?ﬁﬁ‘%i@?fﬁ béﬁ?%’?%% ‘BREsbAimansiongide enateasto

Subst apt | ahbof M nkisnieasiromoThags 0 Sanh R5BOAM, Yt #gHb MoBRLG b RAgbetPar ¢ of

the or at . east one of the inplants fora period, nethod fromthe dine of
i mpr aut at B Wﬁg’b?&ﬁ‘? "-ﬁtwngw-ﬁéﬁleﬁﬁ‘ 19981 fles tmigefenmaRI BB ecti de. 27
JUNE 2005 ,

The largest dimension:of at feast one of the implants may be inthe range 0.t fo
i

15
The.or atléast one of the implants may comprise one 6r more of the following: a
seed, @ pellet, 4 bgad. The therapeutic product may comiprisa ﬁﬁé'.aﬁﬁ‘%@ra-ef'ihe
following: a staple, 2 suture, a pin, a'plate, a screw, a barb; and a nal

20 Preferably the or at1&ast ong of the implants comprises silicon and has a shape.
and composition such that the or at least one of the Implants is sultable for
brachytherapy:

The use of silicon in the preparation of a therapeutio product for the ireatfnent of

25 Ganceris advantageous because silicon iay reedily be prodessed by standard
microfabrication techniques, to form articles such as staples, sum;ras pins; plates,
scraws, barbs; and nails,

The or at least one of the implanis may comprise atleast part.of the silicon

3¢ component arid at least part of the anti-cancer component. The or atléast one of
tha_ microparticles may comprise at leat part of the 8ii6oh component and at least
part of the anfl-cancer componernt.



W021061998 PCT/ GB02/ 00721 15 The or at |east one of the inplants may
conprise resorbable silicon and a radionucleotide, the resorfpguUnNeSkbogon
having a structure and conposition such that substantially all the

radi onuci eotide remains in and/or on at |east part of the or at 5 | east one
of the inpl apysiseesa period, neasured fromthe tine of Irrpl ant ation,

greater than taxi tithes the half Iife of the radi onucl eot |C3@BWP‘§’P’erably
the | argest dinmension of the or at |east one of the inplants is, In the
range 0;01 mmto 30mm More preferably tRg | argest dinension n ofthe or at

| east 10 one of the a inplants Is In the range 0.5mmto 30mm vet nore
preferably the largest dinmension of the or of |least one of the inplants is

|l ant & nayetEE e R RGsioRof B3 ooy 159 cngiof tne TisaGieranes rinthes

Orh i 399%& ﬂ%m@éf@;@ﬁy fB8argakd &meﬂgiﬁn%fﬂg&&‘%‘]t iﬁsi%%'o?t a

8 .
ol'I'ow ng: a

I mpl ant's g
bead. The er apeut may .CONpri se one or nore

st apl e, él‘?t %gepﬂé%“g?% I%’B%f%‘gﬁa%sf%r@ﬂﬂma barb, and a nail, 20
Pr ef eraé)l y) the or at |east one of the Inplants, conprises silicon and has

a shape apd &ﬁngosmlon such that the or at | east one of the I npl ants Is
sui t abl ef of ¥ gl bedyiroduesd iie apy pertiaf dampatiertsdody épwhighizon of a

t her apeut i &g ,gﬁgqﬂ gggﬁ f ce t ageoys because
silicon may ?geadl l'y i g"%ﬁ%‘%&é?@* P%%g%%w@q@ﬁﬁﬂ%gﬁﬁwﬁ% ni ques,
to form ar$ybiusme ._§Nﬂ§§ﬁ‘$iﬁa|ﬂak. ftrepatitonesl, opepiderpdiat es,  screws, barbs;

and nails. The or at |east one of the | mpl ants may conprise at Ieast part

of the sili c_o‘n__(as__ conponent ‘and at | east part of the anti-cancer conponent;

Tﬂe orlwat Adgutagrosshfthers gt theior it It 08B e SmplankeRBiatpaL]  of
the si 'Cqﬁ‘?ﬁ%ﬁg‘@gﬁ n?'@qn&le adevgn{agenusiy the spegcifie gravity of the or atlsastone

of the implants is between 1.8'and 2.2-.gom™,

F’referably the silicor componerit: csmpﬂ&es resorbable silicon, More prefarabily tha

15 siiton component comprisés rasorbable siiicon and’ the anti-cancer comporient
comprises a radionucleotide, the mdibnhucléntide Heing distibuted through at least
part of the resorbiable silicon, Yet more: preferably the structure of the resorbabls:
silicon Is stich that the half life.of the radioniiclesiide is logs than the titne taken for
regorbable silicon to substantially corode wher introdused Into the lve of the

20 patient: Even more preferably the structure of the re%rﬁabie sificon is such that the
half life-of the radionucleotidels less than cne tenth the fime: takerrfor resorbable
silicon to- substantially dorrodé when introduced mf;a the fiver of the pafient.

Preierably the sllicon component comprises resorbable silicon and porous sificon, a
25 eythtoxiﬁ drug being disposed in et isast vne of the. pores of the porous siliéon and
a radionuclectide being distributed through &t least part of the resorbable silicon.

The resorbable silicon fmay comprise derivatised resorbable silicon, The porous
stlicon may comprise derivatised porous sliicon.

30
The tyiotoxic rug may be sslected fiin one-&F ridre of: an atkylating agent such
as cyclophosphamide, a cyfotoxic antibody such as doxorubicin, an antimetabolite



part of the and-cancer conponent. 27 JUNE 2005 WD 112/067998
PCT/ GB02/ 00721 16 Preferably the |argest, dinension of the op7 guNEagbsone .
of the mcroperticles is in the range 0.1 to 100 lam More preferably the
| argest di mension of the or at |l est one of the moroparticles is in the
range 20 toyqPy vﬁ The I nplant may be Introduced into aérgart of the
patient's body In which a nmalignant tunour is |ocated. TEREMPT2 t he
formof inplant introduotion may be subcutancous, intranuscul ar,

i ntraperitoneal, or epidermal. 10 Advangﬁgeousl y the specific gravity of
the or at |east one of the Inplants is between 0.75 and, 21. 59 cm nore

advant ageomsﬂlh)aﬁﬁtmmmacll fd vinga alkhlboid chhtés@imaﬁhel SHBHNONE r@s%iﬁﬁtbf‘ﬁldﬁm ants
en

i s between, cm 3.. Prefer th ilicon conpon conpri ses
r esor babl €* %Wr@ ;‘Jiﬁ{; ﬁpgfpé’f"ﬁﬁlg’j‘* Fiaté'r BhE 8ECigRPBRAEM onpr i ses
résorbable silicon and the anti-cancer conponent conprlses a

radi onucl e&tl e t he radl onucl eoti de being distribug V%Fﬂhrﬁu % I east
part of thEN% ESYRIHY deinaychmselseed Formeons of speeonly vt 8by Wloure: of

t he regorli'@pééﬁ Moy goffel.s B pg og hagy frez.i £ 0, [ ¢ Ieottde
I's less thagn t#gstl %g ta‘lﬁn ?&;r éfes%rdggﬁ% Si f*‘f ?%hm{e *supat aﬁ?'&ﬁﬁ

corrode wheintroduced Into the liver of the 20 patient. Even m)re
preferably the structure of the resorbable silicon is such that the half
life of the radionucleotide is |ess than one tenth the time taker for

r esor babl d’ﬂl‘ﬁﬁ&yﬁﬁﬁﬁs&ﬁ%ﬁﬁms ificationy thedem GeationErs Sifiigregustitial pitent he | i ver

of the pat a@%ﬁ{iﬁt‘abl y the silicon com:)dhent conpri ses resorbabl e
silicon an porou ton, a 25 cytotoxio drug being disposed In at |east

one ofltt he pores of the porous silicon and a radionucl eotide being

di stri but ed..t h as rt of .t he. re,orbabl e silicon. The
&¥g Hﬂ%%’ %’g?f'"kb?ﬁ?% 6 javantian puvifese wdipmcieodde havAgaTthe por ous

resor babl &
si|icon mepruchmeaihd eotposiioh ot Bjﬁlﬁwstrédsﬁﬁﬁaﬁen of 3951, thie i forming

at least part of @ sample of pérous sitison,

15 Preferably the residionuclestide has & stnickire ard composition that Ts 6biaingble
by neutron fransiitation of "’”S;, the EQSLfE}I?Miﬂg: at lgastpart of 4 semple of
porous silicon.

- Avcording to 2 fifth aspact the Invention provides a radionuclentids; having a
20 strupture and compostion obtalnable by the transmutation of ¥8i; for the treatmenit
of cancer. |

Preférably the raﬁ’tbnuctegticﬁter has a structure and eomposition thiat is obtainable by
nheutron transmutation of si,

Advantageously the radionucleotide has a structure and composition that is
obtainable by transmutation of 81, the *si forming st least part of a sample of
porous silicon. Advantageously the radionucleotide has a structure amd
composition thatis obtainable by neutron transmutation of 81, the 8i forming at
30 leastpart of 2 sample of potous silicon,



so The cytotoxic drug may be selected fromone or nore of: an al kyl ating
agent such as cycl ophospham de, a cytotoxic antibody such as2flgxmNebhgs N,
an antinmetabolite 27 JUNE 2005 WD 02/067998 17 such as fluonuracil, a
vinca al kal oid such as vinblastine, a hornonal regulator such as t RH, a
pl ati num cormeiad-sgch as cis platin, and a radioactive agent. The

radi onuol eoti de may be sel ected fromone or nore of $Y, 3TPT/GBA2MEEL (' 41n,
$ ap0 78As! 144La 47 a, 9Pd 59%r 1111, } , Co, Ir 1, 71Ce, ECu, -Pb and
For the:purposes of this specification ghetenmi. *p of Is elther an ani mal
patient ora human, pxatlent, According to a-fourth aspect the invention
provi des efhausenfiteaatiotuckaitiomay besor lictirmatmentbflivapasicsh, anealeainabl e

of LQ?obéa‘iﬁﬁ%@hﬁ&?@% 90 bl 8 o Raberst o B SV uct ur o and

conposition that |s~ obtainable by neutron,transnutation of 3Sd, the sSi
formng at,|ea a sa porous silicon Accordlngtoaflfth

aspect theA"ﬁﬂ?%ﬁsﬁg%@ﬁﬁ%@r@er&%\%ﬁyﬁ%@@éﬁfﬁ%meﬁmﬂ gaw@@nsﬁructure and .
4
corrposwqadmbamaﬁééaa&wéthﬁiﬁé Wh@ﬁ&&?uﬂﬁ%re & g’%@%ﬁion o

cancer. Preferablgf t he rad| onucl eo |de has a's

i s obtai néﬁ?g Fesample af peruasilioonon of 30Si. ;yS Advant ageously the

r adl onucl eotlde has a structure and conposition that is obtainable by
transnutation of Si, the 3081 fanning at |east part of a sanple of porous

silicon. mﬁ%@aﬁwa’wwﬁama ucl abtide has a structure and
conposi tion that is obtainable by neutron transnutation of 30Si, the 3051

form ng at
10 According to an sevénthi aspect, the invention provids & methad-of fabies

intsmal therapeutic comprising the step (&) of transmuting silléon to form:a
radionugleotide.

Preferably radionugeotide is P,
15 .
Advantageously the-silicon cormiprises si.

Preferably the sllicon is-porous silicon.

20 Advantageously the method comprises the further step (b) of porosifying the
silion, "

The step (b} may be performed after step (a). The step (b). may comprise the step.
of anedis%ng silicon, The step: {b) may eorfiprise the step of atain etohing sliicon.

According fo-a eighth aspect, the invention provides a method. of fabricating a
radionucleotide comprising the step of heutron trarismuting a porous: silicon
germanium alloy,

30 Praferably radionucleotide is 'Ge.

Advantageously the silicon germanium alloy comprises "°Ge,



so least part of a sanple of porous silicon, 27 JUNE 2005 WD U2/ O67i 98

PCTt GBBO2/ ra072i The vse of the radionuel eotlde may be for thebyuNERboSf

| iver cancer. The use of the rr dionucleotide may be for the treatnent of
cancer by brachytherapy. According to a sixth aspect, the invention

provi desa Mwphedsmds fabricating a s radionucl ebtide conpr&g%&gé@he step of
neutron transnuting 31$1, the IDSI formng at |east part Rl gﬁble of
porous silicon. Preferably radio nucl iflda is -11f? 10t cording to arr
seventh aspoot, the invention provides ag nethod of fabricating so

I nternal therapeutic conprising the atop {a) of transnmuting silicon to form
a radlonucleotide. Preferably radi onuojeofide is P. is Advantageously the

Advant ageo P/ ORS L pinE AR e VBRI pioFiis a radtBnd oFseburatharass fyi ng ¢ he
sil'i con, Tinferaskhetapeutiaybmprsinteheegpak) wﬁ%ﬁﬂﬁﬁﬁ%g@%ﬁ ah Qﬂiéy‘ﬂ) may

conprise the step:. of anodisi. silicon. The step “corirprise the
st.ep of stgﬁﬁagﬁgﬁ?ﬁdggppp'8ﬁ@£*is. According to a eighth aspect, the
i nventi®n provides a nethod of fabricating a radionucieotide conprising

the step of, neutron transmuting.,a porous silicon germaniumalloy. so
Preferably&F%@?ghﬁgﬁﬁﬁmﬁﬁﬁﬁﬁ%kgﬁ@ﬁg Advant ageously the silicon gernmani um
all oy conprises 70 Ge: 27 JUNE 2005 WD M57998

Aﬁvﬁﬁiagemsiy the step -ﬁfﬁgﬁ%mﬁtiagjﬁfeasii;iﬁﬁﬁegﬁrméﬁiuﬁi alloy comprises the
step of tranarmuting Ge, the ™Ge farming atleast partof the slicon germiantum
E - o

Advantageously the method of fabricating ar Intemel therapeutic product
Gomptises th furthier stsp:(b) of potasifiing the slicon germantum alioy,

15 The step (b) may be performed after step (a). The step (b) may comprise the step

Atcording to a further aspect, the inventlon provitles an intemat therapeutic
pméuet,as ‘defined i any of the above aspacts; fr use as a madicamsnt

20 Acscording fo a_‘yﬁfﬁfi;ﬁﬁer?;ﬁ&pﬁgﬁfihjeiﬁveﬁﬁﬁﬁ provides & use of an intethal
therapeutic product; as defiied in'any of the above aspecis, forthe manufacture of
g-med icamient for the treatment of liver canicer. -;%ééatding%%ﬁ afeven 'rfarﬁisréaééeet’
the invention provides a.useof an internal therapautic prodiict,. asdefined in any of
ii'a_e above aspeits, for the manufacture of 2 medicament for tha treatment cancer

25 by brachytherapy. ' |

Th‘retfnvemiahwiﬂ how be described by way of example only.

34



PCt FC=6{t2)j!)ftT 7 19 A ordng to a ninth aspect the nventlon provides a

met hod of fabricating an internal therapeutic conprising thezstyeiNE 2bosf
transmuting a silicon germanium alloy to forma radi anucl eotkte, s

Preferably radlonuclaotide Is "", Ga. Advvant ageousl ythestep of transnuting
thesiliaan gudsRasbsnh-aloy tnrses the stop of transmuting rle the Thee
formng at |least.parttf the silicon germaniumI|U alltfy, SHEEEusl y the

nmet hod of fabricating an Internal therapeutic product conprises the
further step (b) of potosifying the su&@n germanurn alloy. is The step (b)
may be performed after step (a). The stép (b) may conprise the step of

anodi si ng Adilinistratithefthempeitis proavusty, AREbAEng 16 4% ﬁ*ﬁia‘ﬂ%@n tt::
st ai n. et chj Wl icon. According to a furt her aspect, the ent i on

provi des an4 rnal therapeutic product;.as defin ed# in any of the above
aspeects' for use as a nedicanent. |la According to a yet further aspect the .
i nvention provides a yse of an internal therapeutlc product, as defined in

arty of the’EBeRdicypdusts. a%ﬂim thapresaot nwmmmaymwsamefor t he
t reatr nent furthe-as pect  the ,
e oths slitdie Wiﬁ an |g* BT : %@P@ﬁﬁ‘? ‘3" ”t‘mﬁ?’ @Efined

| nvention provides a. use or Fhal
in any of efifermabtaskniGiescts, for the manufacture of a rredi canent for the

treatment cancer 25 by brachytherapy. The invention will now, be
descri bed; by way_of exarrpl e _Q_nllry 30 27 JUNE 2005 W002/467998 PMGL

r 02100721 Tierapwiiie firetunts SRS MAHT bt it e
i nventi on, é}?hg eﬁ

| ki spherical, iamnge shaped, rod shapsd, in iha ot of & strip, oricylindricsl,

10 Thesllicon cormpohant may formi partof orat least part of: a powder; asuspension,

4 colioid; an-aggregate; andfora fiocoula 6. The thsrapsutic: pme:!uct may comptise
an implant or: a number-of implants, the or gach: implant comprising sititon and an

santh-eancer cormponent; Such an implant or implants ray be limplanted Into: an
organ in which & fumoliris located in such 2 marnirer as{o optimise the therapéiitic

15 effectofthe aﬁﬂcanvser component.

| It one aspset of the invention, the method of treatment may invelve: brashythem by,
-and the organ o undergo the brachytherapy may be surgleally debulked and the
.resldua} &pace filled with e therapeutic product. In-another: aspect the organ to be-
20 treated may be cﬁred with @n girray of needlgs and ihe cores back filsd with the
therapautic product of the Invention, such & procedure being sultable for
. -brachytherapy of the prostate,

1f the therapeutic produét is fo be used for the freatment of liver cancer, a

25 composition may be administered fo the liver by injection of silicon micrapatticles
Into the hepatlc or celiac artery; the microparticles baing déliverst in the foim of a
suspension in an Isotonic solution stich a5 a phosphate buffered saline sofution or
serumiprotein hased solution. The size of the microparticles is such "ih’a’i:-"tﬁ‘e\ blood
cayries them into, but not out of, the liver. Tha microparticles follow the flow of

30 bivod o the tumour, which has a greater than normal blood supply. |



patient Therapeutic products according to the present invention may have a
variety of 5: forms suitable for adm nistration by subcutaneogs JuNE 2005

I ntranmuscul ar, intraperitonneal, or epidermal teehnniras. Therapeutic
produce accor d| ng to the; |nvent|on conprise a silicon conponent that . may
bespheri cal sy e-shaped, nB shaped, in the form of strip,

or: (F:)yl I ndri 16:@??19% |l e SP| I con corrpgnent ‘mayl br m part of g?‘%ﬁ’*&é@ﬁ’ part of
a powder; a suspension, a colloid. an aggregate, and/ora floccul ate: The

t herapeutic product May conprise an |Inghant ora nunber of Inplants, the.or
each inplant conprising silicon and an anti-caricerconp anent Such an

i mpl ant or ||rrpl ants maybe inplanted into an -organ in whirr a tunour is

| ocat ed i ny AN t ti hol herapei, tic 1is' effect of the
anti - caner’ co it M%@e g@%ﬁt{ﬁ%pfq &Y epmpone arnetipiitied of
tfeat nENt pORUE lsiﬁobw ﬁaﬂhmhwibmmmﬂ ré@@ﬁfr&ﬁﬁnérﬂ gg%{ng%f@%q ey Wi

debu and t reS| ace

brachyt her surgj.cal |y
t he' thera%g%wggﬁ%ﬂﬁ? RAbEREonsslype having amyiploxic drigea®Dnb r eat ed nay

? ﬁe?gqroﬁt ?g@g{%ﬁ%ﬁﬂ% i -.t‘il on, S‘Sézﬁ &%ééglgéiﬁ%-x@[]ﬁem%bl e for

br achyt her %m@a aﬁmxiiséemﬁw amﬂam@tm@m@ tiad, ehdaghused for

h e CaRGR d h
[ ver by LoLeotvon Shred fPaRerof RO, e Bvilog ararbrdim ol  ac,
i ﬁgﬁwenm on In

arter Y, t -“sfs‘.i-)ir. {Bdbﬂgﬁaeﬁdgm&?@.&l%im ik
an i sot oni{G=sial: ffer d satl re sol,u_tlon or
ser unf prot&ésl n 'ase%é#‘%ﬁ&%% 8? S5 anlerape ,

rib iy m&a@’ﬁﬂ@é eyfét%ﬂialé B ts AP dH

the bl%¥od Adain
o b N

strétion toempaic
Todmprove takgéting further: a. ~vasoeonsticling drug such as: angiotensin [l may be-
| infused prior o silicon microparticle administration: This drug-eonstricls the Rilly
15 developed non-tumotr associated vasculaturs; and thereby divects the
microparticlss away from riormal liver parenchyma..

. which has a gr
B PCT/ 00421Up721 d

Generation andlor incorporation of the-radionucleotide

20  Athérapeutic product accerding o the Invention may comprise. sificon-component
anda radicnucieﬂi:da, The radionudleotide may be:combinad With the sllicon
component, andfor it may be fabricated by the transmutation of silicon. Thers are
several mathods by which.g radionuciectide may be coimbined with-a sil c:én |
component, or generated by the transmitation of siticon, toform the or at least part

25 of a therapsutic product aceording o the invention. Four of these methods arg
given in sections (A) o (D) below,

%

3



I.n a y;further aspect, the therapeutic product may Conprise a multiplicity
of porous silicon particles, said nultiplicity of porous S|I2?9m”@§2bbgles
being divided into two types of porous silicon particles; one type having
a cytotoxic drug and no s radi onuol eOtide and a second typo having a radian
ucl eoti ds ameh peaseé ot wdo drug. Soth types of particle ngxgg% adn1n|stered
to a patient at the, sante tine; though they maybe share a3y ¥y prior
to admnistration; in this way the proportion of the cytotoacic dtu and
radtonucl eoti is may be selected to corkgspond to the condition of the
patient. Separate storaq&.of the two types of rtaicroparticie prior to to
admi nl st r atfdrbgigalioneiia crrdaped desoussiinanamtiwdert he cyft .toxic agent is
degraded by eurposure.to radiation fromthe radibinucleotide. To |nprove
targeting further, a. vasoconstricting drug such as: angiotensin 11 may be
I nfused prﬁ%& to SI|ICOﬂ m croparbel e adm ni stration. This drug constrlcts
the fully is devel oped non turnourassocci at edvascul ature, and

t hereby' ctirects,the rnlcropartloles away fromnormal |iver parenchyna.

Gener ats orAauhtiard (35310311 61 Mam,%géﬁ@af@ﬁdﬁw P h%%tﬁ peuti c -
pr oduct acco&ﬁ@? to t&ﬁl nvent i on g&rl se si on conpon and at
r adi onuol B g’ﬁ*?@ il RWEeRR balb ﬁ%ﬁ@ Vﬁﬁnﬁﬁ@l@!@tﬂchmt 'ﬁhemilimgon

conmponent & & gﬁﬁ@ %ﬁﬁﬁ ( LS Al f -sj licon.
There are &Y?e]%e?g b gﬁﬁb%/1 %%%é? %%%‘% ‘ ‘ UBfroi ned with
a silicon lafosste ‘f""‘ TP tg@dﬁ@ nmmm_q;._ ’ .' ﬁ!ﬁ'fhﬁi@on to

RS AARAY L) oo

fggdrtisigs.of a app doped

forth the ??ﬂ§? ' t
i nvention @E%ﬁ!red 5%%t l%lﬂ{]gfaaﬁ P%‘%%ﬁ Bt
so 27 WUNPIHSdat GAGI B2 16859685 prsgs) tngi'eym@asﬁ. 3 -_
porous sil % powder (AI )

Altematively a CZ Si wafer, degenerately daped with phosphorous (2 x ‘Zﬁzﬁ oSy
wafer may be dnodised in & HF salution; for example'a §0% ayusous or éﬂianafi;}
solution, fo form 4 layer of poraus sificon. ‘The anodisafion: ‘igy be cartied autin-an

15 elestochemical ¢ell by standard methods suech as that described in US 5,348,618
For axample a wafer may be sxposed to an ariodisation surerit density of bstwaén
5-and 500 mAom™ for-betwesn 4 and 50 minutes. In this way @ layerof porous
silicon having a porosities in the range 1% to:90% may befabricated.

20 Theporous silicon layermay then jbrss-ci::ff;a’<‘;2va\=zci' fromthe underlying bulk substrate
by spplying a suffnienﬁy high current density in a rélatively dliute electrolyte; for
example a surrent derasity of greater than 50.mAsm™ for g periid of 10 seeonids.

“The detached porous silicon layer may then be crushed to yield porous sificon
pariicles,

23
Altematively the anodised wafer may be treated ulfrasonically to detach the layer of
porous sfiicon and fo break up the layer into particles of porous silicon, Exposure to
ultrasound in this way may be performed in g solvent, the solvent being thosen o
minimise agglomeration of the- resulling pariicles. Ultrasonic treatment in this way

30 results in the formation of poroys sificon particles. SBome conirgl over particle stzes,
of the potous sllicon particles resulting from the ultrasohic treatment, may §a
achieved by centrifuging the resulting suispension to separate the-different particle



s A standard set of Gz Si Wafers., degenerately dope with phesphorbus (2 X
i1}2 cnms) Is forned into a Powder by ball mlling, slaving, spntiNERoGE
tching, J e mlling and-sloving Is carried tautin such'a inannert hat
$111con rnlcroparlieles having a largest dimension in the e 25 to.50 pm
al o obt ai nesko @grpeWdtr |Is than rendered porous by staig ﬂyg%n In an HF
based solution as described in Appi 10 Phis Laft;04(13; 1 o E§?24614) to
yl el dpoi bus.silicon mcropartircles Alternatively a Cs Sl wafer,
degenerately doped with phosphorous (2 »3 0 1cni!) Wafer may be . anodi sed
in an H so_{z;étai n, forex-anple "a 60% aqueous or sthanoll 6 solution, to
<Bf

forml a | ay@F%egs P@@?;SS&WF pariclesiioayaledibeatdedrbyralipwirg m@@agmgmggml nan
25 oLt CBRIEAF boElos oMo RLP GBS ) T 1880 PGRAT L0°C 7o

density- of Woman 5 and 50,0 mAcrri 2 forbetween | and 50 minutes. In this
ways | ayerysaf.ps IS «mSid icon having a porosities.in.the range 1% to 90%
may, be fab}ﬁﬁgﬁ ifi@ﬁﬂ%&'ﬂg@%ﬁ@%?&h (PriBypepdisaion, fae peresiietftbhed from
t he undéer | pomgsisilickn sneysie pdlentel voanm e Boas &iGleent Ly gh. cuerent
density | naﬁrﬁé-ﬁ&%@" \ﬁi‘lé#i?dl%l#étg? el ectr o??ytﬁg%@%lggﬁé éé%@j‘is %??%%fwdensi ty
of greaterTthah™ AL P R '1?&?@1@8%’1’1351@1 sSB @@y Thehderséy efthed por ous
silicon | apamtbsiicon e leiatsds I8 Galeta it el Mot QuSS drincon s isarficl os. 2S
: Al 't er nat |;\§éx t__phe_ anodi sgd%\/\igf8 2§ .%r(ay_ be @ﬁﬁ%%ﬁﬁ@?ﬁ%ﬁ?@ﬁaﬁﬁ%@?@%et ach
the |ayer Y OLBraRaicagepiwih whlshibisie beicopbited, | ayer into particles of
porous silicon. Exposure to wultrasound In this way nmay be perforned in a

sol vent, thg.,,s,glﬁve%,,,be&i ,_ng._,.C.hqgen to mnimse aggloneration of
t he- r eBul tPIigRTHEPWRYE &8 Mitin paisie size niiavaliabloloommbrsipun@AaRGREE S | N the

o L 1 s PO A b e Rt sl inar

my tie dJdewFEaRfiopofdslieiidongi ng the resul ting suspension to separate the
different particle 27 JUNE 2005 WD 021067998 ' C | CB02J00721

(Al)

i3
Asarnple of porous silicon particles, fabricated acsording to step (A, are subjected
fo thermal neutron bombardment in & nuclear reactor to bring about neutron
transrutation dopiiig of the:silicon. The ireadiation condiions are chosen to

~ maximise ¥ production within the porous silicon. In this way 10-20 mGi levels may

20 bé obtained which-are. suitable for treatment of liver cancer tumours-of 1 1o 3 om. -

Phosphorous doping of sican via netitron transmission doping of sticor s 2 wli
38?8_{3113!‘36@ meansof preducing phosphorous dgped silicon at fappmﬁma i&f}{ .
Further neutron capture Is also. possible:

20 31?’;&]‘1{):%



23 ' ,sizes. The porous silicon particles nmay al so be sized by allow ng

t he>suspension to gradually settle at described in Phys. Sol pg joiNgt 2068(8)
1294-1297 (1994). \Wether poroslfcatlon is by stain etching or by

anbdi sall on, the porosity of the 3 porous silicon my be selected so that

t he overal | védenpgigdwgof the. mcroparticles for adm ni stratlon to the
patient Is between 9.6 and 2.6 gran 4. The density of the PCSERSHYMN | een
maybe tailored to take account of the density of the radioriucleotide and

or cytott xtc agent vft which It is to conbined in ilicon powlers a!

mcron particle:size agre a noble ammerdal | yond nanorretre size particles

can be fabihgaaesef dlesudgotie) priasirt dabbhda s ﬁ{%
porous silico S

T o ee, | fay WERdedH %ﬁ%éﬁ%a@h@@ Sfalnslly Gloesat Ofﬁwgﬂaaﬁmmmﬁm

neutron bonmbardnent in a nuclear reactor to bri ng about neutron

‘transmnut at jon . 835%?' esi-i.con. The irradiation conditions are chosen °’
F %"7’%6% Whawenradiaiien deserbiedile diis. s@aitantmmm&aﬂrﬁ%ﬁo m

to maxim

| evel s smayoBghdspholiein pehouTise beidestbiia BeSbal oy ggﬁﬁg%gé ﬁﬁ g;gff uancer

tumours of L to . osp orous drapi ng
“transni ssi ‘ _ﬁ’@sé’fﬁﬁft iwithephospline th@ﬁﬂlial?ed Ceemthoptiopsieshici ng

phosphorou§m§q§ggmgl Aes 14 Further
neutron cap _t_Jr e ls aﬁ%%r?ﬁrg@ésasllﬁg?@@ﬁ | %é%ﬁ%ﬁﬁﬁwiﬁé@ 8 WO
021067998 PERNINIMIETtidles ovpatticles tnay be-achieved by exposure to p i"‘“"apham;xs
ﬂﬁyﬁhiwfde vapour at 800 10 800 C; as described in IEEE Elsttion Device Lett:
10 219), p 858 -390 (2000). In'this way concentrations.of phosphofeius between 107

and'5x.10% em™® may-be schisved.

15 Tritium gas is incubated with hydride passivated porous silicon. The hydride
passivated porous silicon Is iradisted with an electron baar i such-a manner that
the silicon—~ hydrogen bonds are. progressively broken to allow. re;}la'eemeﬁt ofthe
hydragexz ‘with Hitium. The-glection beammay bea 140 MeV: beam: ‘f‘he process

| results in the formation of tifisted. porous siticor. A sinillar process of isotope

20 exchange may also be used for the: introduction of ofhér fadisactive gaseous

species suph a8 ’w"’i that may become bonded tothe initernalsurface of the pores.

lsetcpe exchange may be promioted by the application of heat andlorlight and/or.
patticle bombardment.

25 {C)ion Ifplaniation

A samplé of porous silicon may be Gxidised by a low temperature oxdation
process before lon Implantation of the radioniiclestide by standeird techriqués to -
fabricate a monolayer of oxide on the internal surface of the pores. The low
30 femperature oxidation of the porous silicon beirig performed in such a manner that
sintering of the porous silicon microstructure, by the lofi Iffiplantation, is prevenited.
The low temperaturs. oxidation may be performed by heating a sampls of porous



The amount of 32P (a radionucl eotide) present depends primarily on the
anmount of s'P produced and on tl anount of P originally prat273atNERDOES
the neutron flue: |If necessary, prior to the neutron radi ati on descri bed
In this section, concentrations s of phosphorous In poroslffed particles
coul d be rawsadubypoegdopi ng the porous silicon moroparti éﬁ@éﬂ
particles,wth phosphi negas at.500to 700 C arorthophosphori’c Bt ol | owed
by an anneal at 600 to 1000 G Menmatively doping ofthe porous silicon
mcro particles or parttclee may be achpgved by exposure to phosphorous
oxychlori%% vapour . at 606 to 900 as described in | EEE El ectron Device Lett.

to 21(9), §Hicppmst: g‘ofqrzloma)r in suljstentizlly vare coperghs ATHiola IohiapRapANOT OUS

betveer, Lonapcortrd g 5, %%ﬁpéﬁtﬁagﬁ%ﬁ%ef&%l Bercdisyainpanted " %

passi vat edgioeend; ar&hﬁ mwmns babwr’tadlsaﬁa@é Wﬁ@wmgﬁlsﬁ@bﬁo haqamd n such a
manner th é%iﬁﬁ*%}%ﬁ? gﬁﬁ%gro nds are o.re55|ve y broken to
al.Low. repl ga an ?\fgtnﬁﬁtf’l TorpRd @YW@&W gesen nay be
a 1- 10$Maynisebein fHaaanpe 90835 1@?7%#'9&52 fhal é@fﬂ?@%’f %é &L ted porous

silicon. A_sim]lar ocess of. otope 20 exchange, nay for the
| nt r oduct i"B®" g}f" W%ff\eﬂa’% %3@ ﬁmﬁmﬂsgm w}anfaﬁﬁmammy
becone bomgemﬁﬁefwwpémmw ~__s-; LG £ DOT By : »§ exchange nmay

be pronoted by.t cation of He article
bonbar drre »,..\A%ﬁfipn%?ém@maiﬁnm%' St @ pepoxi di sed
by a | ow tgai&%at ure oxidation process before |on Irrpl ant atlon of t he

radi onucl eof | de by standard techniques to fabricate a nonol ayer of oxide
on thd¥int er nal surface of the pores. The [ow 30 terrperature oxi dati on of

t he por ougy "'-".;':.:::; g perforned in such a manner that sintering of the
porous siTicon rratort—tructUre, by the lon |lplantaflon, is prevented.

The | ow tenperature oxidation nay be perforned by heating a sanple of
porous 27a A 189 Borous:silicon is imrmetsed iran aquents solution of a-salt. of the
radioisotope to be: 'lﬂtrodﬁced The *saft"fs th"erfnaily decomposed by a first heat
15 treatment, and the. raéteisaﬁape is driven into-the skelston of the porous sificon bya
gecorid heat treatrent,

Aitemat:vely iFthe salt of the radioisofope hasa refativety low melting point the salt
B ‘may be melted o ths. Surface 6f the porous silichn, the rickten satt being drawn
20 intothe poreus silicon by capillary action. Tha'salt may then be thermally
decompossd and divan into the porous silicon-skeleton by a two stage heating
proeess as described in WO 09/53888.

(El)

A boron-doped polyerystallina sficon germanium bulk alloy may be grown by
‘oriented crystallisation within a crucible usifg standard techniques such asthe
30 Polix method. The alloy may be fabricated in such a manner that the alloy
" comprises 1-154t% Ge and hag a resistivity of 1 to 0.01 ohm 6. Thi resulting
ingot of the alioy may be mechanically sawn into sheets having thickness 200 to



WO 021067998 PCTfc in/fooli 25 silicon at 300 Q for 1 hour In substantially
pure oxygen gas. The ion Inplantation may be performed In suph UNR2005
that ions of the radonucieotide are Inplanted between 1 and microns bel ow
the surface ofthe porous silicon. Acceleration voltages for Ion

| mpl ant at | onvgeatlsesskn the range 5 Key to 500 Kell and ion %gﬁ@ maybe

i n therange 1013to 101r lon cni!: The tsrnperature of the- %33 i con
maybe mai ntained at a substantially fixed tenperature during |Ion

i npl antation. The tenperature of the poggous:silidon nay be In the range :.
o to +1000 san es of ions that may be ton inplanted in -this Way are !,

La, 12sl,, gaom fﬂii’! mﬁv&wsmmwedlm ammumacﬁ Adibver ey POT ous

silicon i S dammms L i RMEQM: | t: ot the 'radioi sotope

to be Introduced. “sYther marty %@@@M@%@%&ma.&w

treat ment , S9Rdniew assdoglecttalyids forprribas Be ﬁﬁbggrgpor ous
0

silicon by- second heat tAeat ment Alternatively If the sal't
radi oi sotope has a r_eI atively low nelting point the salt nay be nelted on

t he surfacdhefresulti :'-Q‘Spd;mgg)sﬂgeghﬁm;%rﬁ%% %Eﬂ%’{%ﬁ gy 4 into the

porous si l apillary action The salt. ma y
decorrposedlpé%gag%‘g w:hb ﬁ R HRTENgn Parisiey psimieemethadsty tostwo st age
heating pdesefimddn sdet@iabed I n WO 8875538%8. ab o S ?f ionucleo de tra
ut at of i1icon errn - |u loy 25 (EI} A boron-doped polycrystalilne
silicon germani um bul k alloy may be grown by oriented crystallisation

Wit hin a cTHeiHbkRIsUS; W; 1h 30, PoI i X et hod.
The aI oy Hﬁ%%e 1‘ab?rb|ﬁ§1a?é m@&%ﬁ@ #‘r’%ﬁﬁ%ﬁséﬁﬁ?g 4 1o paicle
bardraent, for example netitron Bombardment, to tmnsmufe Tetothe
radlonucleotide "'Ge,

N

{Eiiy

15 Alteragtively a standard 8i or 80! waferi may.be coated witha ciystaiiine SidBea

. layer, or with alternate ultrathin layeis of erystalline-silicon and: germanium The 8i
and Ge: ‘being fabricated from silaneand germane by standard. CVD technlgues.
This GV deposition temperature may b in ihe range 300K to- ?i}ﬂi}i{ For

| sitqaiieas in-whigh-a sificon substrate is usad porasification of the sillcon

20 germanium: alloy may be by anac?:saiitan orby:stain-etehing. For sit&aﬁons in which

F:! SOI substrate is used, stain stehing may be tised fo bothi p porosify and detdch the
silicon aglloy from the: ‘substrate,

74 Formation of the. pordus silicon alfoy powder ang trar;amu%aﬁﬁn is then perfomred
25 Inasimilar manner as that described in (E1). e

Fabrication of porous silicon implants having a well defined shape and wel]
defined dimensions

30 Adfirst Siwafer, having a sacrificial organic film applied to one surface, is etched
using standard MEMS processing to fofm a first array of phcmhﬁmgraphfsaﬂy
defined objedts. If the entire §i water thickness is stched through, then the first



gonprd ses 1-1Sat % Ge and has a resisfivty of | to 0.01 ohmdm The
resulting ingot of the alloy nmay be nmechanically sawn.into ShpgUNE2B0s0
t hi ckness 200 to 27 JUNE 2005 WD 02/067998 PCT/ C8421ir0721 26 500

m crOnsi which may then be subjected to a wet polish etch to renove saw
damage, Anodicagaiom may then be perfornmed at current dencsllgél%'gﬁ ! gﬁg
range.5 to -500 mAcm 2 I n HF based el ectrol ybe-for perio 5

m nutes and 5 hours, s The resulting |ayer of porous Silicon germni um may
t hen be gonverted to a powder .of poroug;silicon germaniumparticles by
simlar nmefl.ods .t those r|_br|bed In section AL The porous Silicon

ger mani um HEHENeldN Rigce, %@%ﬂﬁ@@m@ﬂmﬁ%t%ﬁway@ﬂWrmwmfor

exanpl e neg 'ftgg,gﬁagéﬁ 1 Dren: :313:;:@:3@%%%@:1@%#9@% waor

radionucledllde'7'"
6 BH8 iRtdrbie T

may. -be c 1hgegcond Mféfﬁmmw aetsicoahaving tiishh@ chadeet

et mane. bocPIBn Sl SeRlan Bn Farbthalng B suem carmuchs éa'réaaé}?@a%y be

germane bystan

in thesr ars@mwmﬁwam@mrsmmmm@ﬂﬁm %ﬁ:@n%ﬁg&dw girate Is
, ano

L5, 2125 B o i b e s .

3y gused,
stai n . et ehlinihefiest domayls edmbl S icon all oy
fnsm t he ?I]L%hﬁ?r at § F(sjm,» P ?b?rﬁgﬁiégrl‘g%%‘rpg g?ﬁ%g#gzb%&é%?’agnd
t ransnut a :-Wtﬁﬁ@a egtayiin powdeind s, Qrchit thexltimdaBer | bed in
(EQ Fabrﬂwﬁ@ﬂn@?%ﬁéﬁﬁﬁdéﬁ@iﬁ@gw 5 having a wel | defined shape and
wel | efined di mensions so Afirst SI"waréer, having a sacrificial organic

filma plied to one surface, | s etched using standard MEMS processing to
forma fi -ﬁ%imﬁ&wﬂ@és%?ﬁféérgﬁgfaﬁ% bk ¥ecana array of porous siicon
phetﬁlﬁhagraphmﬂy defingd. objects may also be. performed by efehing a 801
waifer by standard MEMS: progessing.

15 :
‘Combination of silicoh microparticles with cytofoxic agent

The -porous sflicon miﬁmpartmlas fabricated either: by step (Ai) dlone or by step (AD

it combination with siep (All), arethen tm;aregnafed with-a gytotoic drug used for
20 - ftreating fiver canesr; suchas 5~ﬂuoroaram[

There arg g ndmber of meﬁm!s by which & cytotoxic drug may be dssociated with
tha microparticle, The cytotaxiﬁ drug may bie dissolved or suspended in g suftabla
- solvent; the microparticles may then be incubated i i the resuiting soluion fora
25 .parlod oftime. The cytotoxie drug miay then be teposited o the: surface of the
microparticles: If the microparticles comprise. porous silicon, then a solutlon of the
ciotoxic drug may b introduced into the pores of the porous shicon by capillary
action, Simiiarty if the-microparficles have a cavity then the selution may also be
introduced into the cavity by capillary asction., if the: cytotoxic drug is a solid but has
30 a suificlently high vapour pressure at20C then # may be sublimed onto the surface
af the microparticles, 1 g solution or suspension of the eylotoxic drug can be
formed then the substance may be applied to the micmgarﬁc!es by succassive
immersion in the solufion/suspension followed by freéeze drving.



defined objects. If the entire $I wafer thickness is etched through, then
the first 27 JUNE 2005 WD 02(067998 PCTI0B0210072.1 27 arrag7iJUNERGOEN
pl ace by the sacrificial organic tilin. The first array is then bonded to
a second electrically conductive wafer to preparation for subsequent

anodi eat | onwo TEmyegcond wafer may be silicon having the )
conductiviiytype and different resistivity, or a netal cggggﬁm@WWﬁcon
waf er having the sane conductivity type and s sane resistivity as the first
silicon wafer. The first antsy is then tageated with solvent to renove the
organic film Anadsction In HP based =electrolyte; is then perforned until
the first array Is conpletely porosified. Incorpvration of theradi oisotope

may t heni AFBARENRBE sBLblkiat, BERLSL L L prst array i.n powder forir, or by
t r eat nent Aggﬁ?he T E%bygérl?fgﬁ %‘?‘%"%ﬁ@e‘%w get%é"‘i%@g ﬁ’é]@wwssﬂwms '
sinilar pr’g@@i‘fﬂ‘ ah heusmesiedyaiized pmond sifocre TRBGyRISAY Ry @Wﬁ%‘%‘%’on |
photolithqg@ggﬁﬁgﬁ%hﬁ; ag',égwggieggﬁ,n%§fa‘sq be _perforned by etchfng a
Sol m%erﬁ%&t@gﬁ%ar% KNS P BLEEIRgD by £ ebRinriiG-6rbasd. Theralenserafl ar opar
ticles i t¥wedylaeut agagEs Holilegsad 0waush BoHESR00:C BPRL HaphiBSand:abr | cat ed
either by step (Al) alone or by. ste%gzmk?@%gag%ﬁﬁ%ﬁag%&vsﬁﬂp%ﬁ%tep (AT,
are then fit j*cgnated with a cytoto9c drug used for 20 treating liver
cancer, such as fi-fluorourac t. There are a nunber of methods by which a
cytotodc drug nay be associated with the rnicroparticle. The.cytotoxic
drug may be dissol ved or suspended In a suitable solvent, the

m croparticdes nay then be incubated in the resulting solution for a as
period of-tinme. The cytiotoxie drug may then be' depoelted can the' surfach
of the mMc roparticies If the mcroparticies conprise porous silicon,
ttiena solution of this cytctoxie drug may be introduced Into the pores of
t he porous silicon by capillary

¥



action. Simlarly if the mcroparticles have a cavity then the solution my
al so be introduced Into the cavity bycaplllaryaction. If the2ViIUNER005
drug I's a solid but has 30 a sufficientlydigh vapour pressure at 20C t hen
it may be sublinmed onto the surface of 8fe nmlicroparticies. If a solution
or suspensi gg .0of the cytotodc drug can be fornmed then the substance nmay be
applied to I croparfcies by successive |Imersion in the:

sol ufi onl suspenston foll owed by freeze drying. 27 JUNE 2005 1VO 02M6797%
NCTI GB802dr N} 721 28 A tarl her rnsnmmd by which a cytbtoictc&ug. may be

associ at ed W Ahinienalibespeutiopradact ddmsrsily 4man L sed. porous
silloon. T é3¥iﬁ&[) : 'ﬁtWégeﬁ%X@Eﬁ%m Y .attgbgg ed di rdg\aéﬁgl%‘i%ayﬁﬁ%

i vatised silicon by ig L dhe Fhlicangercampatent fomprses a

cyt ot oxi‘hed@ftonusleatideni evedd t hr ough bi odo radati on of the porous sit So(

a 27 JUNE 2005 0 29 dains 1. An internal therapeutic product conprising
an anticancer conponent and at |east one silicon inplant; characterised in

t hat the arR.iArdnteenal diosrg i pre Qi Al : i;onucl eotide, 2. An internal
t her apeut i Gl oguct F&%?I‘p?{ﬁn ptoraglélg?ﬁaiﬁéﬁg!a dehetacienisedin atthonr  at

| east one &F 'BREONGHI BR@PEpEpPorBprisasanemr mureofdiocorpapfisiaddb! € silicon,
bi oacti ve $idactiod sili e | Lk 0N sorbapl e silicon, porous silicon,
and 10 Bol %cplstal lfaér?e?‘ si IP@%L%I,AHEC% ’lt’)e&f‘)%aﬂ%&%nr poreus silicemrands.  An

i nterndP t RAWSYaIAIINe slicon.and bulk enatailinet silicohai m 1 or claim 2 characteri sed
in that the or at |east one of the inplants conprises a mcroparticle
having a size in the range 0.1 to 100 mcrons, and in that the

r adi onucl edtfaintermal hermpsotic praduet accoading to claim 1 or claim 2 characterised in
that the or at least one of the implants comprises a migraparticle having a size in

the range 0.1 to 100 microns, and in that the radionucleotide is located in the or at
15 least ons of the microparticles. |

4. An internal therapeutic product according to claim 3 characterised in that the or
at least one of the microparticles has a size in the range 20 to 50 microns.

20 5. Aninternal therapeutic product according fo claim 1 characterised in that the

radionucleotide is substantially uniformly distributed through the or at least one of
the implants,

6. An internal therapeutic product according to claim 1 characterised in that the

25 therapeutic product comprises resorbable silicon and has a structure and
composition such that, when the therapeutic product has been implanted into g
patient, the resorbable silicon substantiajly completely resorbs ohce the half life of
the or at least one of the radionucleotides has been exceeded.

30 7. Aninternal therapeutic product according to any one of claims 1 to 6
Characterised in that the radionucleotide is selected from one or more of: ¥y ¥p



I's | east 'one" of the mcroparticles. 4. An internal therapeutic product
according to claim3 characterised in that the or at |east opg RINER00O5
mcroparticles has a size in the range 20 o 50 microns. 20 S. An internal
t her apeuti c product according to cI a| m 13@haracterised in that the

r adi onucl eotgy 4'1 sdabst.ant i my distributed through the or at

| east one of gsh n% ﬁrnﬁ aM Qéﬂdalaeshé?"hﬂ%'iutﬁ%o PP iRg, ggor ding to
claim chaPai, éPppeshd WBA@at the 25 t herapeutic product conprises
resorbable silicon and has a structure and conposition such that, when the
t herapeutic product has been inplanted into a patient, the resor babl e

silicon subgt C alf |life of the or at

| east one o? fﬂg“?’gﬁ.”gﬁ%gﬁ% ﬁ@ﬁg&ﬁﬁ%oﬁc@(ﬁ%zg ﬁegﬂfﬂgtwed mnthghther nal

t her apeul i cragichgglentide compiisay Y6 aadjor®re of claims | to 6 characterised in
that the radionucleotide is selected fromone or nore of: 80Y, 32P, 27 JUNE
2005 0 30 1243b 114 59Fe 76As 140 La, 47Ca, 103Pd, 89Sr, 1311,

128160001928 ;ArLARmMal terapeitfd pro8dst3Binp rar,\? 198Au. 8. An internal
t herapeutic product according to claim?7 haracterised in that the s
radi onucl eoti de conprises 90Y and/or 32P. 9. An internal therapeutic

product co rm i eftotgxic drlg d)rﬁyﬁéh‘i%éﬁé?oldﬁﬁ% & Wélﬁl&ﬁﬁj%& 4] gs%fﬁx\%}c - aa

al kyl atf "ﬁg‘%&, a cytotoxic antib

al kal oi Pho 7E antigsiabglit, a‘&m%ﬁim&whamomﬁmﬂmdr andch flatinund
silicon cormarpeuhdq}m)rl sing porous silicon, the cytotoxic drug being
di'sposed IRQat .east one of the pores of the porous silicon. 1s 10. An

i nt er nal QP"EJ‘PQSBO cormpRiagipongus elhcd)raltm Bytoluxlicarigbisfigd i n that the
Stlicon COURPBSE inAtTRAdtDRE oPie MrelBF fePoro ditayst @l I 1 ne silicon,

bi oconpati bl e
15 10. An intemal therapeutic product according to claim 9 characterised in that the
silicon component comprises one or more of: polycrystaliine silicon, biocompatible

sificon, bicactive silicon, amorphous silicon, resorbable silicon, and bulk crystalline
sificon.

- 20 11. An internal therapeutic product according to claim 9 characterised in that the
therapeutic product comprises at least one silicon microparticle, the or at least one
of the microparticles having a size in the range 0.1 to 100 microns,

12. An intemal therapeutic product according to claim 11 characterised in that the
25 or atleast one of the microparticles has a size in the range 20 {o 50 microns.

13, An internal therapeutic product according to claim 9 characterised in that the
antl-cancer component comprises an alkylating agent.

30 14. An infernal therapeutic product according to any one of claims 1 to 13 for use in
the treatment of cancer by brachytherapy.




silicon, 'bl oactive silicon, amorphous silicon, resorbable silicon, and bulk
crystalline silicon. 20 11. An internal therapeutic product 2¢GRYNE®050
claim9 characterised in that the therapeu®ic product conprises at |east
one silicon mcroparticle, the or at |eas®t one of the mcroparticles

havi ng a si éﬁefﬁi n the range 0.1 to 100 mcrons. 12. An internal therapeutic

duct ARdniepnal tharapauticiradiznt becording t | east
g; Ot Eg mag(r:qipg,rizg@gﬁ%po 3@?‘2% in tﬁgoriggéga’ggh? Tg fégﬁsn% @ﬁggiﬁa%&'@e.n%ﬁ one

i nternal therapeutl ording to claim9 characterised in that the
anti-cancer conponent conprises an al kylating agent. 30 14. An internal

t her apeuti C18r8g8§£ acqordLﬁ to any one of clains 1 to 13 for use in the
treatment of ~tancer SpygNg gﬁ?@ﬂﬁ%ﬂﬂdﬂﬂWﬂmi@%any(br@ofdﬁmsﬁﬂtdﬂg;ernal

t her apeuti cforthel renutsaee &7 Bgnd i f i.n_the treatnment of
| i ver cancer by brachyt herapy. ai%&h%gtgbo ea{%ralhﬁ%itrq{gﬁn??fé?ydﬂéﬁﬂW@Efppnduct

according to any one of clains 1 to 13 s for the manufacture of a

medi cament {DrUdeheéf Arf ipedrA® v, Rrachyt herapy. 17. Use of an
i nt er nal thfgr ﬁ%euti c_pr odugﬁeﬁégorgliﬁguﬁécﬁ?@ﬁ@yﬁ@W%‘F’zﬂfﬁﬁlmsﬂdom for
t he manuf acPlE BRNWERLGe ebamedidament For the traaimsit oPlivericfbericer by

br achyt her &ﬂ‘ﬁchﬁﬁ’erapy,
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