
27 JUNE 2005  WO 021067999 PCT/GB02/00721 1  Devices and methods for the
treatment of cancer This invention relates to devices and methods for
treatment of cancer, including  liver cancer, kidney cancer, prostate
cancer, brain cancer, and breast cancer. More  s specifically the invention
relates to devices and methods for the treatment of liver Liver cancer is
characterised by the, growth of one or more tumours In the lobes of  the
liver. Drily 5% of liver cancers can be treated by surgery. These tumours
may  arise directly from the liver tissue or from metastasis from tumours
in another part of the body. Metastasis of cancer to the liver is a common
cause tat death for  cancer patients, Primary liver cancer is one of the
most common cancers in the world. The greatest  1s incidence of this
disease is in Asian states where hepatitis is prevalent The two  principal
causes Of primary liver cancer are hepatitis 8 and excessive alcohol
consumption. Radiotherapy glasses have been used in the treatment of liver
cancer with beta or  20 gamma radiation. Glasses that have been employed
are biocompatible and  substantially Insoluble- in the body of the patient
insolubility Is considered to be an  important factor, since It prevents
unwanted release of the radioisotope from the  target site. 25 An example
of a radiotherapy glass, used in the treatment of liven cancer, is yttrium
aluminosillicate. This has been administered to the liver by injection of
microparticles comprising the glass, into the hepatic artery which is the
primary  blood supply for target tumours. The size of the mioropertlcles is
such that the  blood carries them into the capillary bed of the liver, but
they are too large to pass 3o completely through the liver and into the
circulatory system. The microparticies  follow the flow of blood to the
tumour, Which has a greater than normal blood  



supply. The patient may benefit from a combined treatment of the liver with
the 27 JUNE 2005  WO 021067998 PCT/GB02/00721 2  microparticles together
with perfusion of cytotoxic drugs Into the arterial circulation  of the
liver. Unfortunately the requirement that the radioactive glass should be
Insoluble may s Impair treatment (if the cancer. The continued presence of
cancer after the isotope  has d aged, may mean that further treatment using
gloss microparticles would be  desirable. However, the presence of the, now
non-radioactive particles around the  cancer reduce teh effectiveness of
further treatment with radioactive particles. to A further problem,
applicable to other forms of cancer treatmenu Of implantation, is the
interference of the implant with monitoring the tumour.  When
microparticles are -administered into the arterial blood supply of the
liver, it Is  advantageous for them to h "eve a size, shape, and density
that "results in a relatively as homogeneous distribution within the liver,
if uniform distribution does not occur,  then they may cause excessive
radiation in the areas of highest concentration:  There are therefore a
number-of factors that influence the effectiveness of  treatment using
radioactive microparticles. These factors Include particle ske, solubility;
biocompatablllty, stability to radiation, density, and shape; The use of
microparticles for the treatment of liver cancer forms part of a larger
field of cancer treatment In which implants are used to deliver radiations
and  chemotherapeutic agents. Cancers treatable to this way also Include
breast canter, as kidney cancer, prostate cancer, and brain cancer. For
example radioactive seeds  and pellets are presently used In brachytherapy
of tumours, a form of therapy that  Involves the Implantation of a
radiation source to provide localised treatment of the  tumour.
Brachytherapy contrasts with other methods of treatment that involve
treatment of a site with a radiation source that Is external to the
patients body; 



30 It lion objective. of this invention to address st least some of the
above mentioned  problems. 27 JUNE 2005  WO 0210479118 PCTIGBO2100721 3
According to a first aspect, the Invention provides an Internal therapeutic
product  comprising: 5 C an anti-ancer component comprising at: least one
radionueleotide and/r  at least one cytotoxic drug; and (II) a silicon
component selected from one or more of resorbable silicon,  biocompatible
silicon, bioactive silicon, porous silicon, polycrystalline silicon,
amorphous silicon, and bulk crystalline silicon. 10 For the purpose of this
specification bioactive silicon is silicon that is capable of  forming a
bond with tissue of a patient, resorbable silicon is silicon that Is
capable  of resorting to body fluid of a patient; and biocompatibie silicon
Is silicon that is  biotompatlble for the purposes of anticancer treatment.
Certain forms of porous 15 and polycrystalline silicon have ben found to be
bioactive and/or resorbable, as  disclosed In PCT/GB96/01863. For the
purposes of this specification a radionucleotide is to be taken as a
radioactive nuclide. Radionucleotides are also commonly referred to as 24
radionuclides. The therapeutic product may comprise at least one implant.
The silicon component  may comprise at least one Implant The or at least
one of the implants may  comprise a microparticle. The therapeutic. product
may comprise a suspension, 25 suitable for injection into a patient,
comprising the or at least one of the  microparticles, The suspension may
comprise an isotonic solution: 



The or at least one of the implants may comprise one or more of the
following: a  seed, a pellet, a bead. The therapeutic product may corpse
one or more 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
FC1,10302100721 4  The ant-cancer component may be selected from one or
both of a  radionuoieotide a cylotbxle drug. Preferably the or at least ore
of the Implants comprises silicon and has a shape  5 and composition such
that the or at leats one of the implants is suitable for  brachytherapy.
The use of silica in the preparation of a therapeutic product for the
treatment of  cancer is advantageous because silicon may readily be
processed by standard 10 microfabrication techniques, to form articles such
as staples, sutures, pins, plates,  screws, barbs, and nails. Silicon in
the form of porous silicon may also be  transmuted Into radioactive
compositions the nature of the transmutation being  dependent upon the
cancer to be treated. is The or at least one of thhe Implants may comprise
at least part of the silicon  component and at least part of the
anti-cancer component The or at least one of  the microparticies may
comprise at least part of the silicon component and at least  part Of the
anti-cancer component. The therapeutic product may comprise a  multiplicity
of silicon Implant. 20. For example the internal therapeutic product may
comprise a multiplicity of  Microparticles, each rnlcroparticle comprising
porous silicon. Preferably the largest dimension of the or at least one of
the mieropartides Is In the  2$ range 0.1 to 100 }rm. More preferably the
largest dimension of the or at least one of  the micropaitlc es is in the
range 20 to So pm. 



if the Internal therapeutic product is to be. used for the treatment of
liver cancer,  and Is to be delivered by Injecting a suspension of
microparticles into the hepatic  30 artery, then the dimensions of at least
some. of the rhicropartlcles must be such that  they outer, but do not
exit, the liver. 27 JUNE 2005  WO 02/017998 PCTIGR02t00721 5  Preferably
the largest dimension of the or at least one of the implants is in the
range 0.01mm to 30mm. More preferably the largest dimension of the or at
least  one of the implants Is in the range 0.5 mm to 30mm. Yet more
preferably the largest  dimension of the or at least one ofthe Implants Is
in the range 1mm to 30mm. The largest dimension of at least one of the
implants may be in the range 0.1mm to  5mm. The implant may be introduced
into any part-of the patient's body In which a 10 malignant tumour is
located. For exempts the form of implant introduction may be  subcutaneous,
Intramuscular, intraperitoneal, or epidermal. The Implant maybe  Implanted
into an organ such as a liver, a lung, or a kidney. Alternatively the
Implant may be introduced into tissue consisting of vasculature or a duct.
15 Advantageously the specific gravity of the or at least one of the
implants is between  0.74'06d. 2.5 g CM4, more advantageously, the specific
gravity of the or at least one  of the Implants is between 9,8 and 2.2
ggcm-3. The use of porous silicon Is advantageous In relation to the
treatment of liver 20 cancer. This Is because the density of porous silicon
may be controlled by altering  its porosity, Particle density Is an
Important factor In determining the success of  treatment of liver cancer
by administrations of rnlcroparticies to the hepatic artery.  Preferably
the silicon component comprises resorbable silicon: More preferably the as
silicon component comprises resorbabie silicon and the anti-cancer
component  comprises a radionucleotide, the radionucleotide being
distributed through at least  



part of the resorbable silicon. Yet more preferably the structure of the
resorbable  silicon is such that the half life of the radionucleotide is
less than the time taken for  resorbable silicon to substantially corrode
when Introduced Into the patient. Even 30 more preferably the structure of
the resorbable silicon is such that the half life of  the rradionuclectide
is less. than one tenth the time taken for resorbable silicon to
substantially corrode when introduced into the patient 27 JUNE 2005  Wo
0210679" vcsU 700721 6  Advantageously the or at least one of the implants
comprises resorbable silicon.  More advantageously the Or at least one Of
the implants comprises resorbable  porous silicon. The or at least one of
the implants may comprise resorbable silicon and a  radionucleotide. the
resorbable silicon having a Structure and composition such that
substantially all the tediontucleotida remains In and/or on at least part
of the or at  least one of tha implants for a peed, measured frgrn'-the
time of Implantation to greater than the half life of the radronucleotide.
. The or at least one of the. implants may comprise resorbable silicon and
a  radionueleotide, the resorbable silicon having a structure and
composition .such that  substantially all the radionucleottde remains in
and/or on at least part of the or at 1s least one of the implants., for a
period, measured from the time of Implantation,  greater than twice the
half life of the radlonucleotide. The or at least one of the Implants may
comprise resorbable silicon and, a  radlonucleotide, the resorbable silicon
having a structure and composition such that  20 substantially all the
radionucieotide remains in and/or on at least part of the or at least one
of the implants for a period, measured from the time of implantation,
greater than ton times the. half life of the radionucieotide. By ensuring
that the half life of the xadionucleotide is less than the time taken for  



2$ the resorbable silicon to corrode to any significant extent, for example
when It Is  introduced to the liver of a patient,. the danger of the
redionucleotide escaping to  other parts of the patient Is reduced. In this
way the implant may localise the  radidnucieotide to region of the tumour
until the radloctivity has decayed toe safe  level. The. use of resorbable
silicon ensures that repeated administration Of the 3o therapeutic product
is effective. Once the radionucleotide has decayed, orcytotoxlc  drug has
been delivered, the therapeutic product dissolves allowing a further dose
of Implants (for example microparticles) to be delivered to the region of
the tumour. 27 JUNE 2005  WO 021067998 PCT/GB02/0721 7  The dissolution of
the implant or Implants as result of the use of resorbable silicon  also
may assist in the diagnostic Imaging of the patient, since the tumour will
not be  masked once dissolution has occurred. Silicon contrasts with other
resorbable  materials such as polymers, in that it is highly stable to beta
and gamma radiation 5 used to treat liver cancer. The silicon component may
be micromachined to fabricate one or more Implants  having a predetermined
size and shape, teh size and/or shape being chosen to  minimise trauma
and/or swelling and/or movement of the implant. 10 Advabtageously the
silicon componeny comprises poprous silicon. More  advantageously the
silicon component comprises porous silicon and the anti- cancer component
comprises a cytotoxic drug, the cytotoxic drug being disposed in  at least
one of the pores of the porous silicon. 15 The or at least one of the
implants may comprise resorbable silicon and a cytotoxic  drug, the
resorbable silicon having a structure and composition such that the
Implant remains sufficiently intact to substantially localise the drug
release Of the  



sit of the implant 20 The implant may be designed so that once the
cytotoxic drug has been  substantially completely released the Implant I.-
then, resorbed, thereby allowing  further. implantation and/or diagnostic
imaging of the patient. 25 Preferably the silicon component comprises
resorbable silicon and porous silicon, a  cytotoxic drug being disposed In
at least one of the pores of the porous silicon and  a redionucleotide
being distributed through at least part of the resorbable silicon.  For
example. the Internal therapeutic product may comprise some particles of 30
resorbabie silicon in which a radioriucfeotide has been introduced, and
some  parties of porous silicon Into which a cytctoxio drug ties been
introduced. The  Internal therpeutic product may be fabricated by combining
the two types of 27 JUNE 2005  WO 02/067998 PCT/GB02/00721  8 particles,
immediately prior to administration to the patient. For example The two
types of particles may be combined less than two hours prior to
administration to  the patient. 5 The resorbable silicon may comprise
derivatised resorbable silicon. The porous  silicon may comprise
derivatised porous silicon, including the types of derivatised  porous
silicon disclosed in PGT/US90/01428 the contents of which are herein
incorporated by referee, 10 For the purposes of this specification
derivatised porous silicon is defined as  porous silicon having a
monomolecular, or monatomic layer that is chemically  bonded to' at least
part of the surface, including the surface of the pores, of the  porous
silicon. The chemical bonding, between the layer and the silicon, may
comprise a SI-C and/or SI-O-C bonding, 



is The ant -cancer component may be covalently bonded to the surface of the
silicon  component The silicon component maybe porous silicon, the
anti-cancer  component may be a radionucieotide, and the radionucleotide
may be covelenfy  bonded to the surface of the porous silicon. 20 The use
of porous and/or derivatised silicon Is advantageous because the rate of
resorption can be controlled by the appropriate choice of porosity and/or
derivatisation of the silicon. 25 The anti-cancer component may comprise a
cytotoxic drug, and the cytotoxic drug  may be selected from one or more of
an alkylating agent such as cyclophosphamide, a cytotoxic antibody such as
doxorubicin, an antimetabollite  such as fluorocil, a vince alkaloid such
as vinblastine a hormonal regulator such  as GNRH, and a platinum compound
such as cis platin. 10 27 JUNE 2005  WO U21067998 PCrIrmnja )o72n 9  The
anti-cancer component May comprise a radionudeotide, and the
radionucieotide may be selected from one or more of My, 12p, 12aSb,1141n,
Mpg,  "As 140La, a7Ga,1tPd, s%r 13i 1251, e1Co,'stir t : r,tef s4Cu, 201?b
and ""Au. s The radlonuc eoifde, such ras' P maybe an Isotope having a
structure and  composition that is obtainable by the transmutation of
3r'81. The radlonuclootIds,  such as OP, may be an Isotope having a
structure and composition that is  obtainable by the transmutation of 3081,
the aa%l forming at leastpartof a sample of  porous sllicon. Tie',
radionudleotlde, such as4F", maybe an isotope having to to structure and
composition that is obtainable neutron transmutation of 3,181" the 10$J
forming at least part of a sample of porous silicon. 



Preferably the Internal therapeutic product comprises a porous structure,
the  porous structure commprising at least part of the silicon component
andl comprising a  15 radionuaieotide. More preferably the porous structure
comprises a radionucleotide, the structure and composition:of the
radionucleobde being obtainable bythe  transmutation of 30SI atoms. Yet
more preferably the Internal therapeutic product  comprises a porous
structure, the porous structure comprising at least part of the  silicon
component and comprising a radionucleotide, the radionucleotide being 32P
20 having a structure and composition obtainable by the transmutation of
3Si atoms.  The anti-cancer component may comprise a radionucleotide,such
as 71 Ge, having  a structure and composition that Is obtainable by the
transmutation of 70Ge, The  anti-center component may comprise a
radlonucleotide, such as "Ge; having a as structure and composition that Is
obtainable by the neutron transmutation of Thee,  The antiancercomponent
may comprise a radionucleotide, such as rtGe, having  a structure and
composition that is obtainable by the transmutation of'Ge atoms  present in
a silicon germanium alloy. The anti=cancer component may comprise 30
radionucleotide, such as 710e, that is obtainable by the transmutation of
Thee  atoms present in: a porous silicon germanium alloy. 27 JUNE 2005  WO
02/067998 PCT/GB02/00721 I0  The use of transmutation to fabricate the
radionucleotide, from which the anti.  cancer component is at least partly
formed, may have several: advantages. The  distribution of the
radionucieotide formed by transmutation, In an implant  comprising porous
silicon may be substantially uniform. Such 's uniform distribution s should
allow relatively high concentrations of the radianucleotide to be
introduced  into the porous silicon. Further, transmutation may Allow the
retention of a porous  structure, and associated biological properties, of
the silicon. The anti-cans component may comprise a radionucleotide and
silicon 



to: component may comprise porous silicon. At least part of the
radionueleotide may  be distributed substantially uniformly through a cubic
region of porous silicon  having sides greater or equal to 0.1 microns At
least part of the radionucleotide  may be distributed substantially
uniformly through a cubic region of porous -.914boin  haying sides greater
or equal to 1 micron. At least part of the radlonucleotift may' is be
distributed substantially uniformly through a cubic region of porous
silicon  having sides greater or equal to 100 microns. At least part of the
radionucleotide  may be distributed substantially uniformly through a cubic
region of porous silicon  having sides greater or equal to 100 microns. V
According to a second aspect the invention provides a method of treating a
caner,.  the method comprising the: step of introducing an Internal
therapeutic product into a  patient, the lnternal therapeutic product
comprising: (1) a silicon component selected ed from one ormore of:
resorbable silicon,  biocompatible silicon, bloactive silicon, porous
silicon, polycrystalline silicon,  amorphous silicon, bulk crystalline
silicon,; and. (ii) an anti-cancer component comprising at least one
radionudeotide and/or  at least one cytotoxic drug; so Preferably the
internal therapeutic product comprises an anti-cancer component  selected f
rom one or both of: a radlonucleritide, a cytotoxic drug. 27 JUNE 2005  WO
021067998 PCT/GB02/00721  11   Advantageously the internal therapeutic
product comprises at least one Implant, the  step of introducing the
internal therapeutic product comprising the step of  Implanting the or at
least tine of the Implants into the body of a patient. More  advantageously
the step of Implanting the or at least one of the Implants comprises 



5 the step of biolistically Implanting the or at least one of the Implants
into organ(s) In  which the cancer is Iocated. The step of Implanting the
or at least one of the implants may comprise the step of  Implanting the,
or at toot one of the implants into one or more organs of the patient  10
The or least one of the Implants may comprise at least part of the silicon
,component-and at least pad of the anti-cancer component. The or at least
one r the Implants may comprise resorbabie silicon and a cytotexic  is
drug, the method of treating a cancer comprising the-furthor step of
relapsing at  least part of the cytotoxic drug in such a manner that the
release of the cytotoxic  :drug remains substantially localised to the
point of Implantation The or at least one of the Implants may comprise
resorbable silicon and a 20 radionucleotide, the method of treating a
cancer tontpdising the step of treating part  of the patient's body with
radiation from the radionuoleoude in such a manner that  the radiation
treatment is localised to the point of Implantation, and comprising the
further step of allowing the silicon to substantially completely resort
once the half  life of the radionucleotide has been exceeded; The method of
treating a cancer may be a method of brachytherapy. Preferably the internal
therapeutic product comprises a multiplicity of microparticles  suspended
in an Isotonic solution, and the step of Introducing the Internal
therapeutic product comprises the step of injecting the suspension into an
artery or  vein connected to and/or located in organ(s) In Which the cancer
Is located. 27 JUNE 2005   PCT/GB02/00721  WO 02/067998 At least one of
said microparticles may comprise at least part ref the silicon  



component and at least part of the anti-cancer component Preferably the
method of treating cancer is `a method of treating liver cancer and  s the
step of introducing an Internal therapeutic product comprises the step of
Introducing the therapeutic product into the liver of the patient
Advantageously the Internal therapeutic product comprises a radlonucleofide
and a  totoxc drug anti the method Of ,reeling canter comprises the further
step of 10 Combining the radionucleottde and the cytotoxic agent less than
10 hours prior tho`  introduction of the therapeutic product to the
patient; More advantageously the step  of combining the nucleotide and the
cytotoxic agent Is performed less then $ hours  before the therapeutic
product Is introduced into the patient. Yet more advantageously the step of
combining the nucleotide and the , cytotoxic agent is  15 performed less
than 1 hour before the therapeutlc-product Is Introduced into the  patient.
The cytotoxic drug maybe selected from one or more of: an alkylating agent
such  as cyclophosphamide,.a cytotoxic antibody such as doxorubloin an anti
20 such as fluorouracil, a vinca alkaloid such as vinblastine, a hormonal
regulator such  as GNRH, and a platinum compound such as cls platin. The
radionucleotide may be selected from one or more of: $Y; 32P, rsaSb, 1c41n
C=e 7BAs, 140 tar 7ca 103P d 1, 03r, 3h1, cz41, 600o, "21r, 64Cu,:?lb3pb
and  25 ' Au. The radionucleotide, such as 32P, may be an isotope having a
structure and  composition that is obtainable by the transmutation of 3051.
The radionucieotide,  such as 32P, may be an Isotope having a structure and
composition Thetis 30 obtainable by the transmutation of 3031, the 30SI
forming at least part of a sample of  porous silicon. The radionucleotide,
such as 33P, may be an isotope having a 27 JUNE 2005  WO 02(067998
PCT/GB2/0721. 



structure and composition that is obtainable neutron transmutation of 41,
the 3081  farming a# Must part og a sample of porous silicon. Preferably
the internal therapeutic product comprises a porous structure, the 5 porous
structure comprising at least part of the silicon component and comprising
a  radionucleotide. More preferably the porous structure comprises a
radionucleotide,  the structure and composition of the radionuclectide
being obtainable by the  transmutation of Si atoms. Yet more preferably the
internal therapeutic product  comp es a porous structure, the porous
structure comprising at least part of the tat silicon component and
comprising a radionucleotide the radionucleotide being  having a structure
and composition obtainable by the transmutation of 30SI atoms;  The
anti=cancer component may comprise a radiunucleotide such as 71Ge, having
a structure and composition that is obtainable by the transmutation of
7cGe. The 15 anti-cancer-component may comprise a rad ono entice, such as
71Ge, having a  structure and composition that is obtainable by the neutron
transmutation of 7Ge.  The anti-paper camponent may comprise a
redionucleotide, such as 71Ge, having  a Structure and composition that is
obtainable by the transmutation of "Poe atoms 20 present In a silicon
germanium alloy, The anti-cancer component may comprise  radionucieotide
such as 710e , that Is obtainable by the transmutation of tGe  atoms
present in a porous silicon germanium alloy. According to a third aspect,
the invention provides a use of an internal therapeutic.  25 product
comprising: (i) an anti-cancer component comprising at least one
radionucteotide and/or  at least one cytotoxic drug, and (1I) a silicon
component selected from one or more of resorbable silicon,  30
blocompatible silicon, bioactive silicon, porous silicon, polycrystalline
silicon, bulk  crystalline silicon, and amorphous silicon 27 JUNE 2005  NVO
021067998 



1 C r/00 fillfg72i.  14 forte manufacture of a medicament for the treatment
of cancer.  Advantageously the internal therapeutic product comprises an
anti-cancer  component selected from one or both of: a radionucleatide, a
cytotoxic drug.  Preferably the use of an internal therapeutic product is
for the manufacture of a  medicament for the treatment of liver cancer.
Advantageously the use of an Internal therapeutle product is for the
manufacture of  10 a medicament for-the treatment of cancer by
brechytherapy The therapeutic product may comprise at least one implant.
The or at least one of  the implants may comprise a microparticle. The
therapeutic product may comprise  a suspension, suitable for injection into
a patient, comprising the Ora feast one of  is the microparticles. The
suspension may comprise an isotonic solution: The or at least one of the
Implants may comprise resorbable silicon and a cytotoxic  drug, the
resorbable silicon having a structure and composition such that the
`Implant remains sufficiently intact to localise the drug release at the
site of the. 20 Implant: The or at least one of the implants may comprise
resorbable silicon and a  radionucleotide, the resorbable silicon having
a,structure and composition such that  substantially all the
radionucieotide remains In and/or on at least part of the or at 25 least
one of the implants for a period, measured from the time of implantation;
greater than the half life of the radlonuclsotide. The or at least one of
the implants may comprise resorbable silicon and e  radionucleotide, the
resorbable silicon having a structure and composition such that  30
substantially all the redionuclectide remains in and/or on at least part of
the or at least one of the implants fora period, method from the dine of
imprautatlori,  greater than twice the half life of the radionuclectide. 27
JUNE 2005  



W0021061998   PCT/GB02/00721   15  The or at least one of the implants may
comprise resorbable silicon and a  radionucleotide, the resorbable silicon
having a structure and composition such that  substantially all the
radionucieotide remains in and/or on at least part of the or at 5 least one
of the implants fora period, measured from the time of Implantation,
greater than taxi tithes the half life of the radionucleotide. Preferably
the largest dimension of the or at least one of the implants is, In the
range 0;01 mm to 30mm More preferably the largest dimension n ofthe or at
least 10 one of the a implants Is In the range 0.5mm to 30mm. vet more
preferably the largest  dimension of the or of least one of the implants is
in the range imm to 30mm.  The-largest dimension of at least one of the
Implants may be In the range 0.1mm to  15 The -or at least one of the
implants may comprise one or more of the following: a  seed, a pellet, a
bead. The therapeutic product may comprise one or more of the  following: a
staple, a suture, a pin, a pate, a screw, a barb, and a nail, 20
Preferably) the or at least one of the Implants, comprises silicon and has
a shape  and composition such that the or at least one of the Implants Is
suitablefor  brachytherapy. The use of silicon In the preparation of a
therapeutic product for the treatment of  25 cancer Is advantageous because
silicon may readily be processed by standard  microfabrication techniques,
to form articles such as staples, sutures, pins, plates,  screws, barbs;
and nails. The or at least one of the Implants may comprise at least part
of the silicon as component and at least part of the anti-cancer component;
The or at least one of  the microparticies may comprise at leapt part of
the silicon component and at least  



part of the and-cancer component. 27 JUNE 2005  WO 112/067998
PCT/GB02/00721 16  Preferably the largest, dimension of the or at least one
of the microperticles is in the  range 0.1 to 100 lam, More preferably the
largest dimension of the or at lest one of  the mioroparticles is in the
range 20 to 50 pm. s The Implant may be Introduced into any part of the
patient's body in which a  malignant tumour is located. For example the
form of implant introduotion may be  subcutancous, intramuscular,
intraperitoneal, or epidermal. 10 Advantageously the specific gravity of
the or at least one of the Implants is between  0.75 and, 21. 59 cm. more
advantageously the specific gravity of the or at least one  of the Implants
is between 11 and 2.2;gcm-3. Preferably the silicon component comprises
resorbable silicon. More preferably the  is silicon component comprises
resorbable silicon and the anti-cancer component  comprises a
radionucleotide, the radionucleotide being distributed through at least
part of the resorbable silicon. Yet more preferably, fithe structure: of
the resorbable  silicon Is such that the half life of the radionucleottde
Is less than the time taken for  resorbable silicon to subatantially
corrode when` introduced Into the liver of the 20 patient. Even more
preferably the structure of the resorbable silicon is such that the  half
life of the radionucleotide is less than one tenth the time taker for
resorbable  silicon to substantially corrode when Introduced into the liver
of the patient.  Preferably the silicon component comprises resorbable
silicon and porous silicon, a 25 cytotoxio drug being disposed In at least
one of the pores of the porous silicon and  a radionucleotide being
distributed through at least part of the resorbable silicon.  The
resorbable silicon may comprise derivatised resorbable silicon. The porous
silicon may comprise derivatised porous silicon. 



so The cytotoxic drug may be selected from one or more of: an alkylating
agent such  as cyclophosphamide, a cytotoxic antibody such as doxorubicin,
an antimetabolite 27 JUNE 2005  WO 02/067998 17  such as fluomuracil, a
vinca alkaloid such as vinblastine, a hormonal regulator such  as t RH, a
platinum compound such as cis platin, and a radioactive agent. The
radionuoleotide may be selected from one or more of $Y, 31p, 114Sb, r'41n,
$ ap0 78As! 144La 47 a, 9Pd 59$r 1111, } , Co, lr 1 , 71Ge, ECu, -Pb and
For the:purposes of this specification thetemi. *p of Is elther an animal
patient  ora human, pxatlent, According to a-fourth aspect the invention
provides e radionucleotide having a  structure and composition obtainable
by the transmutation of 3081, ,the 3-Si forming  at list part of a sample
of porous silicon, is preferably the readionucleotida has structure and
composition that ls~ obtainable  by neutron transmutation of 3Sd, the sSi
forming at least part of a sample of  porous silicon. According to a fifth
aspect the Invention provides a radionucleotide, having a 20 structure and
composition,obtainable by the transmutation of 3051, for the treatment  of
cancer. Preferably the radionucleotide has a structure and composition that
is obtainable by  neutron transmutation of 30Si. ;yS Advantageously the
radlonucleotide has a structure and composition that is  obtainable by
transmutation of Si, the 3081 fanning at least part of a sample of  porous
silicon. Advantageously the radionuclabtide has a structure and
composition that is obtainable by neutron transmutation of 30Si, the 3051
forming at  



so least part of a sample of porous silicon, 27 JUNE 2005  WO U2/O67i98
PCTtGBO2/ra072i The vse of the radionueleotlde may be for thetreatment of
liver cancer. The use of  the rr dionucleotide may be for the treatment of
cancer by brachytherapy.  According to a sixth aspect, the invention
providesa Method of fabricating a s radionuclebtide comprising the step of
neutron transmuting 31$1, the IDSI forming at  least part of a sample of
porous silicon. Preferably radio nucl iflda is -11f?  10 t cording to arr
seventh aspoot, the invention provides a.rnethod of fabricating so
Internal therapeutic comprising the atop {a) of transmuting silicon to form
a  radlonucleotide. Preferably radionuojeofide is P.  is Advantageously the
silicon comprises %i.  Preferably the silicon it porous silicon. 20
Advantageously the method comprises the further step (b) of porosifying the
silicon, The step (b) maybe performed after step (a). The step (b) may
comprise the step:  of anodising silicon. The step (b) may corirprise the
step of stain etching silicon.  is. According to a eighth aspect, the
invention provides a method of fabricating a  radionucieotide comprising
the step of neutron transmuting a porous silicon  germanium alloy. so
Preferably radlonucleotide.is 7"Ge. Advantageously the silicon germanium
alloy comprises 70 Ge: 27 JUNE 2005  WO M67998 



PC t FC=6{t2j!)ftT 7  19 A ordng to a ninth aspect the nventlon provides a
method of fabricating an  internal therapeutic comprising the step (a) of
transmuting a silicon germanium  alloy to form a radianucleotkte, s
Preferably radlonuclaotide Is "",Ga. Advvantageouslythestep of transmuting
thesiliaan g rrnaniunh-aloy tmrses the  stop of transmuting rle, the Thee
forming at least.parttf the silicon germanium lU alltfy, Advantageously the
method of fabricating an Internal therapeutic product  comprises the
further step (b) of potosifying the siicon germanurn alloy. is The step (b)
may be performed after step (a). The step (b) may comprise the step  of
anodising sflloon. The step. (b) may oornprise the step of
stain.etchingsilicon.  According to a further aspect, the Invention
provides an internal therapeutic  product;.as defin ed# in any of the above
aspeects' for use as a medicament. la According to a yet further aspect the
invention provides a use of an internal  therapeutic product, as defined in
arty of the above aspects, for the manufacture of  a medicament for the
treatrnent'of liver oancer. Accordingg to an even further-aspect  the
Invention provides a. use of an internal therapeuutio product,: at defined
in any of  the above aspects, for the manufacture of a medicament for the
treatment cancer  25 by brachytherapy. The invention will now, be
described; by way of example only.  30 27 JUNE 2005  WO02/467998 PMG1
r02100721 20  Administration of therapeutic products, according to the
invention, to a  



patient Therapeutic products according to the present invention may have a
variety of 5: forms suitable for administration by subcutaneous;
Intramuscular, intraperitonneal, or  epidermal teehnniras. Therapeutic
produce according to the;invention comprise a silicon component that .  may
bespherical, tozentle-shaped, m8 shaped, in the form of p strip,
or:cylindri 1.  ai Tile silicon component mayIbrm partofor at least part of
a powder; a suspension, a colloid. an aggregate, and/ora flocculate: The
therapeutic product May comprise  an Implant ora number of Implants, the.or
each implant comprising silicon and an  anti-caricercomp anent Such an
implant or iimplants maybe implanted into an  -organ in whirr a tumour is
located in such a manner as to optimise tholherapei tic  is' effect of the
anti-caner component. In one aspect of the Invention, the method of
treatment may involve brachytherapy,  and theorgan to undergo the
brachytherapy may be surgically'debulkedand the  residual space filled with
the' therapeutic product. in another aspect the organ to be 20 treated may
be Cored with an array of needles andth cores bock filled with the
therapeutic product of the' Invention, ,such a procedure being suitable for
brachytherapy of the prostate. If the therapeutic product Isto be used for
the treatment of liver cancer, a 25 composition may be administered to the
liver by Injection of silicon micropartlcles  into the hepatic or celiac,
artery, the micmparticles being delivered in the form of a  suspension In
an isotonic solution such asa phosphate buffered satire solution or
serum/protein based solution. The size of the microparticles Is such that
the blood  carries them Into, but not out of, the liver. The microparticles
follow the flow of 3 blood to the turnour, which has a greater than normal
blood supply. 27 JUNE 2005  ~ O 027ir67998 PCT/00421Up721 d  



In a y;further aspect, the therapeutic product may Comprise a multiplicity
of  porous silicon particles, said multiplicity of porous silicon particles
being divided into  two types of porous silicon particles; one type having
a cytotoxic drug and no s radionuole0tide and a second typo having a radian
ucleotids and no cytotwdo drug.  Soth types of particle may be administered
to a patient at the, sante time; though  they maybe shared separately prior
to administration; in this way the proportion of  the cytotoacic dtu and
radtonucleoti is may be selected to correspond to the  condition of the
patient. Separate storage of the two types of rtaicroparticie prior to to
adminlstratlon to a patient may be required If the cyft toxic agent is
degraded by  eurposure.to radiation from the radibinucleotide. To Improve
targeting further, a. vasoconstricting drug such as: angiotensin 11 may be
infused prior to silicon microparbele administration. This drug constricts
the fully is developed non turnourassocciatedvasculature, and
thereby'ctirects,the  rnicropartioles away from normal liver parenchyma.
Generation and/or incorporation of the-radionucleafide 20 A therapeutic
product according to the invention may comprise silicon component  and at
radionuoleofide. The radlonucieotide may be combined with the silicon
component, and/or it may be fabricated by the transmutation of silicon.
There are  several methods by which:a radionuoleatide may be commbined with
a silicon  component, or generated by the transmutation of silicon, to
forth the or at least part. 2s of a therapeutic: product according to the
invention, Four of these methods ara  given in sections (A) to (0) below,
so 27 JUNE 2005  WO 02i9G7998 PC It p2t407Zi 22  Fabrication of a app doped
porous sil% powder  (Al) 



s A standard set of Gz Si Wafers., degenerately dope with phesphorbus (2 X
il}2  cm's) Is formed into a Powder by ball milling, slaving, and wet =r
tching, J e milling  and-sloving Is carried tautin such'a inannerthat
$111con rnlcroparlieles having a  largest dimension in the e 25 to.50 pm
alo obtained, The poWdtr Is than  rendered porous by stain etching In an HF
based solution as described in Appi 10 Phis Laft;04(13j 169M 695 (4614) to
yleldpoibus.silicon micropartircles  Alternatively a Cis Sl wafer,
degenerately doped with phosphorous (2 x I0 1cm'!)  Wafer may be .anodised
in an Hl solution, forex-ample "a 60% aqueous or sthanoll6  solution, to
form a layer of porous, silicon. the anodisatlon may be carried but In an
as electrochemical cell by standard methods such as that described in US
6,348,648,  For example a wafer maybe e.: sed to tin anodisation current
density of Woman  5 and 50,0 mAcrri 2 forbetween I and 50 minutes. In this
ways layer of porous  silicon having a porosities in the range 1% to 90%
may be fabricated. 20 The porous silicon layer may then be detached from
the underlying bulk substrate  by applying a sufficiently high current
density In a relatively dilute electrolyte, for  example s current density
of greater-than 50 mAcm4 fora period of 10 seconds.  The detached porous
silicon layer may then t}e.crushed to yield porous silicon  isarficlos. 2S
:Alternatively the anodised wafer may be treated ultrasonically to detach
the layer of  porous silicon and to breakup the layer into particles of
porous silicon. Exposure to  ultrasound In this way may be performed in a
solvent the solvent being chosen to  minimise agglomeration of
the-resulting particles. Ultrasonic treatment In this way 30 results in the
formation of porous silicon particles. Some control over particle sizes,
of the porous silicon particles resulting from the ultresonio tr ltM--n ,
may tie  achieved by centrifuging the resulting suspension to separate the
different particle 27 JUNE 2005  WO 021067998 'C ICB02J00721 



23 '  sizes. The porous silicon particles may also be sized by allowing
the>suspension to  gradually settle at described in Phys. Solid State Sa(8)
1294-1297 (1994).  Whether poroslfcatlon is by stain etching or by
anbdisallon, the porosity of the 3 porous silicon may be selected so that
the overall density of the. microparticles for  administration to the
patient Is between 9.6 and 2.6 gran 4. The density of the  porous llleen
maybe tailored to take account of the density of the radioriucleotide  and
or cytott xtc agent vft which It is to be combined in ilicon powders a!
micron particle:size are a noble ammerdallyond nanometre  size particles
can be fabricated by processes such as ball milling, sputtering, and
larablation of bulk silicon: tai?)  IS. A sample of porous silicon PS
rtiaies, fabricaaed according to step (Ai), ate subjected  to thermal
neutron bombardment in a nuclear reactor to bring about neutron
transmutation doping of thesi-icon. The irradiation conditions are chosen
to  maximise P production Within the porous silicon. In this way 10-20 ml
levels may 26 be obtained which are suitable for treatment of liveruancer
tumours of I to 3 cm.  Phosphorous draping of silicon via neutron
transmission doping ofsllicon is a wsll  established means of producing
phosphorous doped silicon at approximately  o! cm 25 36$1+n31p  Further
neutron capture Is also. possible:  30 31P+no=:_.1? 27 JUNE 2005  WO
021067998 PCT/Cf02Iff9721 24  



The amount of 32P (a radionucleotide) present depends primarily on the
amount of  s'P produced and on tl amount of P originally prat, as well-as
the neutron flue:  If necessary, prior to the neutron radiation described
In this section, concentrations s of phosphorous In poroslffed particles
could be raised by doping the porous silicon  mioroparticles or
particles,with phosphinegas at.500to 700 C arorthophosphoric  acid followed
by an anneal at 600 to 1000 G Mtematively doping ofthe porous  silicon
micro particles or parttclee may be achieved by exposure to phosphorous
oxychloride vapour at 606 to 900 as described in IEEE Electron Device Lett.
to 21(9), p 388. -ago (2000). Iri this way concentrations of phosphorous
between 10  and 5 c 10 Con' maybe achieved. isle esmltia s. 13 Tritium gas
is incubated with hydride passivated porous.siliconc The hydride
passivated porous, silicon Is Irradiated with an electrony.beam in such a
manner that  the silicon - hydrogen bonds are progressively broken to
allow. replacement oftfie  hydrogen with tritium. The Electron beam may be
a 1-10 May beam. The. process  results In the formation of trftiated porous
silicon. A similar process of Isotope 20 exchange may also be used for the
Introduction of other radioactive gaseous  species such as ""I that may
become bonded to the internal surface of the pores..  Isotope exchange may
be promoted by the. application of heat and/or light and/or:  particle
bombardment 25 Ion Iinnlantation A sample of porous silicon may be oxidised
by a low temperature oxidation  process before Ion Implantation of the
radionucleoflde by standard techniques to  fabricate a monolayer of oxide
on the internal surface of the pores. The low 30 temperature oxidation of
the porous silicon being performed in such a manner that  sintering of the
porous silicon rrsiort tructUre, by the Ion llpIantaflon, is prevented.
The low temperature oxidation may be performed by heating a sample of
porous 27 JUNE 2005  



WO 021067998 PCTfc in/ooli 25  silicon at 300 Q for 1 hour In substantially
pure oxygen gas. The ion Implantation  may be performed In such a manner
that ions of the radonucieotide are Implanted  between 1 and microns below
the surface ofthe porous silicon. Acceleration  voltages for Ion
Implantation maybe In the range 5 Key to 500 Kell and ion doses . s maybe
in therange 1013to 101r Ion cni!: The tsrnperature of the porous silicon
maybe maintained at a substantially fixed temperature during Ion
implantation. The  temperature of the porous:silidon may be In the range :.
o to +10000  samples of ions that may be ton implanted in -this Way are !,'
La,12sl,, gal, and 103 d.  is Qom, Llouid.infiitradon A sample-of porous
silicon is Immersed In err aqueous solution of a salt:ot the  radioisotope
to be Introduced. The salt s thermallydeoompos t by a first heat is
treatment, and the radioisotope Is driven Into the skeleton of the Porous
silicon by- second heat treatment Alternatively If the salt of the
radioisotope has a relatively low melting point the salt  may be melted on
the surface ofthe porous silicon, the molter salt being drawn 204 into the
porous silicon by capillary action The salt may then be thermally
decomposed and driven into the porous, silicon skeleton by a two stage
heating  process as described In WO 8875538$8. ab o S ?f ionucleo de tra
utat of ilicon errn - lu loy  25 (El}  A boron-doped polycrystalilne
silicon germanium bulk alloy may be grown by  oriented crystallisation
within a crucible using standard techniques such as the 30 Polix method.
The alloy may be fabricated in such a manner that the alloy  



comprises 1-1Sat% Ge and has a resisfivty of I to 0.01 ohm dm. The
resulting  ingot of the alloy may be mechanically sawn.into sheets having
thickness 200 to 27 JUNE 2005  WO 02/067998 PCT/C8421ir0721 26  500
micrOnsi which may then be subjected to a wet polish etch to remove saw
damage, Anodisation may then be performed at current densities in the"
range 5 to  500 mAcm-2 In HF based electrolybe-for periods between 5
minutes and 5 hours, s The resulting layer of porous Silicon germanium may
then be gonverted to a  powder of porous silicon germanium particles by
similar meflods to those ri bribed In section AL The porous Silicon
germanium powder may than be subjected to particle tai bombardment, for
example neutron bombardment, to transmute r9 a to the
radionucleolide'7Cae. (Eli) 15 Altarriativeiy a standard Si or $CSI waor
may. be c layer, or w 4th alternate uitrathln layers of crystalline"r
ilicon and ge manium. The Si  and Ge being fabricated from sllane and
germane bystandard CVD techniques:  The CVQ"deposit"on temperature may be
in the range 300K to- QOOK. For  situations in which a silicon substrate Is
used porosiflbation of the silicon  germanium alloy may be by anodisation
or by stain" etching. For situations In which  a 801 substrate is used,
stain .etching may be used to both porosity and detach the  silicon alloy
fnsm the substrate. Form?tibn of the porous silicon alloy powder and
transmutation Is then perfomred  as Ina similar manner as that described in
(EQ. Fabrication of porous silicon implants having a well defined shape and
well  defined dimensions so A first SI wafer, having a sacrificial organic
film applied to one surface, is etched  using standard MEMS processing to
form a first away of photoifhographiily  



defined objects. If the entire $I wafer thickness is etched through, then
the first 27 JUNE 2005  WO 02(067998 PCTI0B0210072.1 27  array is held in
place by the sacrificial organic tilin. The first array is then bonded to
a second electrically conductive wafer to preparation for subsequent
anodieatlon,  The second wafer may be silicon having the same.
conductiviiytype and different  resistivity, or a metal coated silicon
wafer having the same conductivity type and s same resistivity as the first
silicon wafer. The first antsy is then treated with solvent  to remove the
organic film. Anadsction In HP based =electrolyte; is then performed  until
the first array Is completely porosified. Incorpvration of theradioisotope
may  theni performed by trt tment*f'tlle first array in powder forir, or by
treatment of  the first array while bonded to the second wafer. 10 A
similar process forthe preparation of a second array of porous silicon
photolithographlcally defined objects may also be performed by etching a
Sol  wafer by standard McMS processing. 13 Combination of silicon rnlaropar
ticles with cytotWto agent The porous silicon mlcmpartioies, fabricated
either by step (Al) alone or by.step (Ai)  In combination with step (All),
are then fit j*cgnated with a cytoto9c drug used for  20 treating liver
cancer, such as fi-fluorourac t. There are a number of methods by which a
cytotodc drug may be associated with  the rnicroparticle. The.cytotoxic
drug may be dissolved or suspended In a suitable  solvent, the
microparticdes may then be incubated in the resulting solution for a as
period of-time. The cytiotoxie drug may then be'depoelted can the'surfacb
of the  mlc roparticies If the microparticies comprise porous silicon,
ttiena solution of this  cytctoxie drug may be introduced Into the pores of
the porous silicon by capillary  



action. Similarly if the microparticles have a cavity then the solution may
also be  introduced Into the cavity bycaplllaryaction. If the cytotoxic
drug Is a solid but has 30 a sufficiently high vapour pressure at 20C then
it may be sublimed onto the surface  of the mlcroparticies. If a solution
or suspension of the cytotodc drug can be  formed then the substance may be
applied to the microparfcies by successive  Immersion in the:
solufionlsuspenston followed by freeze drying. 27 JUNE 2005  1VO 02M6797$
NCTIG802drN}72I 28  A tarlher rnsmnd by which a cytbtoictc&ug. may be
associated with porous $111don is  through the use of derlvatised porous
silloon. The cytgtaxm drug maybe covalently  attached direa.y.16 the d
ivatised silicon by a SIC or Si-00C bond. The release of  $ the
cytotoxiaegont Is aoiaievedd through biodo radation of the porous sitSo( .
a 27 JUNE 2005  0 29  Claims 1. An internal therapeutic product comprising
an anticancer component and at least  one silicon implant; characterised in
that the anticancer component comprises a s radionucleotide, 2. An internal
therapeutic product according to claim I characterised in that the or  at
least one of the implants comprises one or more of., biocompatible silicon,
bioactive silicon, amorphous silicon, resorbable silicon, porous silicon,
and 10 polycrystalline silicon, and bulk crystalline silicon. 3. An
internal therapeutic product according to claim 1 or claim 2 characterised
in  that the or at least one of the implants comprises a microparticle
having a size in  the range 0.1 to 100 microns, and in that the
radionucleotide is located in the or at  



is least one 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 S. An internal
therapeutic product according to 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 I 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 a  patient, the resorbable
silicon substantially completely resorbs once the half life of  the or at
least one of the radionucleotides has been exceeded. 30 7. An internal
therapeutic product according to any one of claims I to 6  characterised in
that the radionucleotide is selected from one or more of: 80Y, 32P, 27 JUNE
2005  0 30  1243b 114 59Fe 76As 140 La, 47Ca, 103Pd, 89Sr, 1311,
12816000192ir 12B, 71Ge,  'Cu, 6203Pb, and 198Au. 8. An internal
therapeutic product according to claim 7 characterised in that the  s
radionucleotide comprises 90Y and/or 32P. 9. An internal therapeutic
product comprising: (i) a cytotoxic drug comprising one or more of., an
alkylating agent, a cytotoxic 10 antibody, an antimetabolite, a vinca
alkaloid, a hormonal regulator, and a platinum  compound; and (ii) a
silicon component comprising porous silicon, the cytotoxic drug being
disposed in at least one of the pores of the porous silicon. 1s 10. An
internal therapeutic product according to claim 9 characterised in that the
silicon component comprises one or more of. polycrystalline silicon,
biocompatible  



silicon, bloactive silicon, amorphous silicon, resorbable silicon, and bulk
crystalline  silicon. 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 internal therapeutic
product according to claim 11 characterised in that the  25 or at least one
of the microparticles has a size in the range 20 to 50 microns. 13. An
internal therapeutic product according to claim 9 characterised in that the
anti-cancer component comprises an alkylating agent. 30 14. An internal
therapeutic product according to any one of claims 1 to 13 for use in  the
treatment of cancer by brachytherapy, 27 JUNE 2005  0 31  15. An internal
therapeutic product according to claim 14 for use in the treatment of
liver cancer by brachytherapy. 16. Use of an internal therapeutic product
according to any one of claims 1 to 13 s for the manufacture of a
medicament for the treatment of cancer by brachytherapy.  17. Use of an
internal therapeutic product according to any one of claims 1 to 13  for
the manufacture of a medicament for the treatment of liver cancer by
brachytherapy. 10 


