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X (57) Abstract: The invention relates to a mixture containing rare earths. The aim of the invention is to provide neutron-activated

Q radioactive materials that are easy to produce and handle and that can be used for a wide range of different applications. To this end,

v={ 2 homogeneously, finely dispersed mixture of thulium oxide and a matrix material is provided.

(54) Bezeichnung: SELTENE ERDEN ENTHALTENE MISCHUNG UND DEREN VERWENDUNG

O (57) Zusammenfassung: Die Erfindung betrifft eine Seltene Erden enthaltene Mischung. Aufgabe der Erfindung ist es, einfach
? herstellbare und gut handhabbare neutronenaktivierte radioaktive Materialien zu finden, die fiir die verschiedensten Anwendungen
einsetzbar sind. Gelost wird diese Aufgabe durch eine homogene feinverteilte Mischung von Thuliumoxid mit einem Matrixmaterial.
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MIXTURE CONTAINING RARE EARTH AND THE USE THEREQF

The invention relates to a mixture containing rare earth
and the use thereof.

Radioactive medical products, which are inserted in a body
for example in the form of stents for the drainage of bile in

connection with tumor—-caused stenoses, are well known. In the

conventional products of thilis type metals are used as radiation

sources which, in the form of a wilre spiral, are directly in-
serted into body cavities such as the bile duct (EP 539 165) or
which are disposed in the interior of a stent/catheter (EP 539
961) . In order to prevent mechanical damage, the radioactive
sources are denerally coated (EP 778 051). However, the me-
chanical resistance of the metallic radilation sources 1s rela-
tively small when a particular diameter 1s exceeded so that for
example coils of thin wire must be used. Furthermore, the ra-
diation sources disposed in the 1nterior reduce the open cross-
section of stents or catheters so that they clog relatively
easily. The devices described above are furthermore relatively
complicated and expensive and therefore find 1little wuse in
practice.

EP 778 051 discloses the manufacture of wire consisting of
thulium which wire, after radio-activation, 1s suitable as a
radiation source. However, metallic thulilum 1s an unstable
compound, which is decomposed by water and body liquids. The
metallic thulium must therefore be enclosed by a coating of for
example titanium, which protects the core from mechanical and
chemical influences. For the manufacture of thulium-containing

coated wire, an expensive procedure 1s requlred. It comprises

the manufacture of a core and a coating, the extrusion of a
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relatively thick wire to form a wire of the desired diameter,
the cutting of the wire to the desired lengths and the careful
sealing of the ends, which must be completely enclosed in the
coating.

It is furthermore known to coat the stents with an antigen
and to attach a radio-marked antilibody to the antigen
(WO98/43694). Their manufacture however 1s complicated and ex-
pensive so that they have not found routine clinical applica-
tions.

WO 92/03170 suggests the use of micro-spheres, which con-
sist of radioactive material surrounded by several layers and
to use them directly or contained 1n a tape or wire. In this
case, however, the process of manufacturing such micro-spheres
is also gquite expensive.

It is the object of the present 1nvention defined in the
claims to provide materials, which can be neutron-activated so
as to become radiocactive and which are usable for, and adapt-
able to, various applications and which are furthermore easy to
manufacture and easily neutron activated.

The problem is solved by the features given 1n the clalms

by new materials made neutron radioactivatable which contailn at

least one compound of the rare earth and/or thulium oxide homo-
geneously and finely distributed in a matrix matérial.

As a result of the radiocactivity Qf the material treated
with neutrons, the growth of tumor cells 1s limited, or respec-
tively, thé formation of scar stenoses is prevented.

The use of radioactivity on the basis of a suitable matrix
material makes it possible to dose the radicactivity 1in place
and to avoid collateral damage upon use thereof 1in medical ap-

plications.

grabn

The use of an inert compound of the rare earths, espe-

cially inert thulium oxide ensures that no undesirable reaction
occurs upon contact with body liquids or tissues whereby the

material may be changed or the body 1s subjected to chemical

2
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damage. Thulium oxide is water 1nsoluble and body compatible.
Particles of different sizes of thls material can easily be
manufactured and can be mixed with different matrix materials
(among them polyethylene, polyamide, polypropylene, polytetra-
fluoroethylene, polyvinylidenfluoride, silicone and PMMA
(highly densified plexiglass). It 1is the purpose of the matrix
material to contain the thulium oxide homogeneocusly and enclose

it permanently while providing for a suitable shape.

It is advantageous that thullum occurs 1in nature only in
the form of one stable 1sotope so that, during radio-
activation, no othér radioactive 1sotopes are formed. Further-
more, the decay product ''“Yb is also a stable isotope so that

170

no further nuclear decays occur. Also, the Tm decays mainly

by B radiation which has a suitable range for many applications

of therapy. Only in a small part (only about 2.5% of all de-

cays) a 80 KeV y radiation is emitted. The corresponding radia-

tion dose deposited in healthy tissue which surrounds the tumor
or the target is negligible.

It is further an advantage that the components and prod-
tcts made from these materials can again be radio-activated
when their radiocactivity has faded (for example, because of an
excessive storage time). The part materials can also be recy-
cled and other or the same products can be manufactured there-
from after grinding and renewed extrusion and radio-activation.

With the radio-activation by neutron irradiation the nu-
cleus of the thulium-169 is converted to an unstable state 1n

the form of thulium-170, which decays with a half life of about

4 months (128.6 days) while releasing B and y radiation. Be-

cause of 1its large cross-section for thermal neutron capture

Flvas b 5oy 3o pmartionl ariw i btabhle foar they mannafarcrtnre ~f rodds e

active implants. The first P radiation (rel. intensity about

81.6%) has a maximum end point energy (maximum energy) of 986

keV (average energy 323.1 keV), the second fraction (rel. 1n-

3
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tensity of about 18.3%) has a maximum energy of 883 keV (aver-

age energy 290.5 keV). The emitted B radiation has a range in
tissue of only a few millimeters.

The content of thulium 1n the matrix material is 0.1 to
25%. With an addition of more than 25% of rare earth compo-
nents, the material costs would increase and the mechanical
properties of the matrix materials would change, for example,
the brittleness would 1ncrease. With a low content of less
than 0.1%, the irradiation times 1n the neutron flux would be
excessively high. With excessively long irradiation times how-
ever, the irradiation procedure becomes too expensive and ra-
diation damage to the matrix material may occur.

For these reasons, a thulium content of 4 to 6 wt% on the
basis of the matrix material 1s considered to be advantageous.

As matrix materials, very different materials are suitable
such as plastics like polyethylene, polyamide, polypropylene,
polyvtetrafluoroethylene, polyvinylidenfluoride, PMMA, or sili-
cone, also with reinforcements by fiber materials, glass, poly-
mers, ceramics, metals and theilr alloys,'teflon, glaSs fibers,
carbon fibers, dental and bone cement, silicone compounds as
well as organic and bio-organlic compounds. It 1s only neces-
sary that the matrix material can be mixed with the 1nert com-
pound of the rare earths (as a stable or unstable isotope),
maintains the required mechanical properties and has the needed
chemical stability particularly with respect to body fluids.

With the multitude of possible matrix materials, 1t 1is possible

in most cases to choose materials which have already been used

for the particular application, particularly 1in the medical
field, that is, materials whose properties are known, and to
mix these materials with a suitable amount of the inert com-
pound of rare earths and radio-activate them subsequently. It
is for example possible to make heart valves flaps of thulium

oxide mixed with carbon fiber containing plastic materials or
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to produce stents and catheters of thulium oxide and polyethyl-
ene.
For the use as endoprostheses 1n the area of the bile

ducts and the pancreas passages polyethylene has been found

particularly advantageous because of its flexibility, durabil-
ity, and resistance to body fluids, low cost and simple proc-
essing.

X-ray Contrast materlials may be added to the neutron-
activatable materials in order to make 1t possible to determine
the position of an endoprosthesis by x-ray fluoroscopy. Barium
sulfate, mercury sulfide or bilismuth subcarbonate are suitable
contrast materials. With the use of Teflon (fluorized matrix)
no additional contrast material 1s needed for achieving visi-
bility with MRT. For good contrast in the x-ray fluoroscopy a
contrast material content of for example more than 10 wt3 based
on the matrix material 1s advantageocus. A content over 40% re-
sults in an excessive change of the mechanical properties for
example with regard to brittleness and flexibllity, so that the
contrast material content of the end product should be between
10 and 40%.

The material that i1is to be radioc-actlvated comprises a ma-
trix and thulium oxide (and additional contrast material i1f de-
sired). To form end products the materials can be combined be-

fore or after the radio-activation with additional radio-

activatable or radioactive or non-radlocactive materials or com-
ponents.

Depending on the desired results different substances with

e

different half lives, radiation types and energles may be com-
bined. For example, a comblination with additional rare earths
with smaller half-lives would make sense for generating a high
initial dose. It is furthermore possible to introduce radioac-

tivity into the material for example by additional implantation

of P into the surface.
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Depending on the circumstances, 1t may be advantageous to
make only that part of a catheter radioactive which comes into
direct contact with the scarred stenosis to be treated.

For strengthening the stents or for achieving certain me-
chanical properties the material can be deposited on an inert
carrier for example of a plastic material or metal or respec-
tively, metal grid.

It is advantageous to activate the stents by neutrons af-
ter their treatment by a medically approved sterilization and
sterile packaging since, 1in thils way, additional handling and

processing steps 1involving radioactive materials <can be

avoided. The y radiation dose 1involved with a neutron irradia-

tion in a reactor also has sterilizing effects.

The level of the radiocactivity emitted later cannot only
be controlled and determined in advance by the content of thu-
lium oxide but also by adjustling the duration and 1ntensity of
the neutron irradiation. In the area of technical medical ap-
plications, the radioactivity increases proportional with the
irradiation time. This is made clear with the following for-

mula for the calculation of the resulting radioactivity per cm

probe length: A = n®® 1n2 T/,,» (n = number of Tm-atoms/cm; © =

105 barn = 105 x 107%cm?; T.,, = half life = 128.6 d; ¢ = 1.85 x

10?2 neutrons/cm’s; t = irradiation time).
The radioactive material or, respectively, the radiocactive

endoprosthesis are well body-compatible and serve as therapeu-

t+ic materials in humans and in animals, The (- and fy-radiation

emitted from the end product by the radio-activation may in
principle inhibit cell growth that 1s the growth of tumor
cells, fibroblasts and bacteria.

‘ I+ is the aim, first to inhibit the cell growth of eucha-
ryotic cells and if possible to destroy also dormant euchary-
otic cells. In order to destroy also prokaryotic cells such as

bacteria and fungi or to prevent further growth thereof sub-

6
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stantially higher doses are required as 1n the case of eukary-

otic cells. This 1is important for particular applications 1in

the human body, for example, to prevent a growth of prokaryotic

organisms on the implant surface, also 1in combination with

other processes, for example, silver coating or an antibiotic

therapy. With the rapid decline of the effective dose with in-
creasing distance from the stent prokaryotic cells particularly
on the implant surface are affected. |

Stents in the form of hoses are used as endoprostheses for

keeping tubular passages, such as bille ducts or air ducts,

passable.

The invention will be described in detail on the basis of

examples.

EXAMPLES

Example 1

Manufacture of the materials

To Polyethylene, whose constitution 1s approved for the
manufacture of bile duct- and pancreas-passage-prostheses 5%
thulium oxide (Tm,03) in powder form (as 1t 1s commercilally
available or finely ground in a ball mill) as well as 20% BaSO.
serving as additional contrast material are added. They are
intensely mixed. Upon melting (heating to 200°C) the finely
ground particles remain suspended 1in the mixture and, after
cooling of the polymer, are homogeneously distributed 1in the

mass and firmly surrounded by the plastic material.

Example 2

Manufacture of bile duct stents
From the molten plastic material according to example 1,

using an injection molding machine or extruder, a hose with an

inner diameter of 2.5 mm and a wall thickness of 0.25 to 0.5 mm

is produced. This hose 1is then further processed to endo-

protheses with the common dimensions by cutting the hose into

7
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sections of 5 to 10 cm length. To both ends of these sections,
parts of a plastic hose with the same diameters are welded
which were manufactured without the addition of thulium oxide.
With a stent of a total length of 14 cm, the end thereof adja-
cent the duodenum is free of thulium oxide over a length of 4
cm, 1in order to prevent damages at the i1ntestinal mucus layer
and other tissues. The end of the hose adjacent the liver 1is
also kept free of thulium oxide over a length of 2 cm. At both
ends of the unfinished stent a splint 1s raised which acts as a
barb to facilitate anchoring of the stent 1in the bile duct.

The stents are placed into plastic bags, which are welded
closed and sterilized with ethylene oxide. Then they are ra-
dio-activated by neutron irradiation 1in a nuclear reactor. In
the following inspection the spectrum and the 1ntensity of the

emitted radiation are measured.

In order to obtain an activity of for example 18uCi per cm

hose length with a content of 4.38 wt% of "*°Tm, the irradiation
rime is about 135 min at a neutron flux of 2 x 10%n/cm’/sec.

In order to inhibit proliferation in tumor cells an activity of

15%Ci/cm® is sufficient.

Example 3

=
—

In order to inhibit in wvitro cell growth for example of

tumor cells or fibroblasts at a distance of 2 to 3 mm from a

radiocactive thulium oxide-containing plastic tube with a diame-

ter of about 3 mm, about 6 to 20" Ci/cm tube length. are required

depending on the radiation sensitivity of the type of cells.

In order to destroy dormant endokaryotic cells 1in the same test

set-up, higher radiation doses are necessary. Those are, de-

pending on the radiation sensitivity of the cell, about 12 to

50"Ci/cm.
The neutron-activated material consisting of a matrix and

the inert compound of rare earths can be combined before or af-

8
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ter the activation with additional radiocactivatable, radiocac-
tive or non-radioactive materlials or compounds.
Depending on the desired effect different radiocactive or

radicactivatable substances with different half-lives, radia-

tion types and energy may be utilized for that purpose. For
example, a combination with additional 1inert compounds of the
rare earths with small half-lives would be reasonable in order
to provide a high initial dose. Furthermore, additional radio-
activity may be inserted 1into the material for example by ion
implantation of **p into the surface.

The neutron activated radioactive materials can be used as
therapeutic means in humans and animals.

They are suitable as medical products SUCh as 1lmplants for
example for surgical procedures, endoprostheses, catheters,
stents, for the targeted embolization of malignant space re-
gquirements, for external applications on the skin, as compo-
nents of artificial heart valves, or as plugs in the field of
eye therapeutics.

Stents or catheters of radioactive materials are suitable
in the arterial, the venous, the peritoneal, the periduval and
the cerebral (ventricle drainage) fields.

Depending on a particular problem, 1t may be advantageous
to make only a part of a hose section of plastic material 1in-
cluding thulium as radioactivable component and to weld this

section together with a thulium-free hose.

In order to save material and to reduce the y-radiation
part, the material can be deposited on an inert support member
for example on plastics, metals or metal grids.

It is advantageous that the medical products can be pack-
aged in a medically approved and a sterile manner before the

activation by neutrons occurs. In this way, handling and pro-

duction activities involving radiocactive materials are avoilded.
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The level of the radiocactivity emitted later can be con-
trolled not only by the content of the 1nert compounds of the
rare earths and calculated in advance but this is also possible
by adjusting the duration and intensity of the neutron irradia-

tion. In the range relevant for technical and medical applica-
tions, the obtained radioactivity 1s 1increased proportionally
with the irradiation time. This 1s apparent for the example of
thulium oxide also from the following approximation formula for

the calculation of the resulting radloactivity per cm probe
length; A = n® 1n2 t/T./,, wherein n = number of Tm atoms/cm, 6=

105 barn = 105 x 107*cm?, TY? = halflife = 128.6d, ¢ = 1.85 x
10'°N/cm®s, t = radiation time.

For medical and technical applications several activity

ranges are of interest for which the radiocactivity can be ad-
Jjusted. It is desirable to dose the radiocactivity in such a
way that the growth of eucharyotic cells 1s prevented.

‘ In order to prevent the cell growth 1n vitro for example
of tumor cells or fibroblasts at a distance of 2 - 3 mm from a

radiocactive thulium oxide-containing plastic tube with a diame-

ter of about 3 mm about 6 - 35 ,Ci/cm hose length - depending on

the type of cell are needed. In order to destroy dormant

eucharyotic cells in the same test setup, higher radiation

doses are necessary. They are about 12 - 80 ,Ci/cm® material
surface depending on the radiation sensitivity of the cell.

It may further be desirable to destroy also prokaryotic
cells such as bacteria and fungi or at least to prevent further
growth thereof. This is important for certailn applications 1n
the human body for example to prevent growth on the 1implant
surface of prokaryotic organisms and the results thereof such
as septic strokes, the formation of abscesses and the formation
of centers for further infections particularly because implant

infections have been difficult to treat. To this end, a neu-

tron irradiation up to a radiocactivity of 500 “Ci/cm® material

10
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surface i1s advantageous. Also, the combination of these mate-
rials with another method such as silver coating or an antibi-
otic therapy is possible.
It is noted that, with the steep drop of the applied dose,
5 the prokaryotic cells particularly on the implant surface are
highly affected while the effect on eucharyotic cells which are
not directly adjacent the implant is much lower.
These materials are also 1mportant for the prevention of
germ growth on parts of medilcal 1installations or apparatus.

10 For this purpose, a neutron radiation up to a radioactivity of

20,000 *C/cm® material surface is reasonable.

This effect is useful particularly 1n connection with com-
ponents which cannot easily be exchanged but still have to ful-
fill aseptic criteria for example because they come into con-

15 tact with organic materials for example filter installations,

hose systems, collection contaliners etc.

Further Examples
Example 4

20 In the form of small balls of plastic material, the mate-
rials are suitable for the targeted embolization, by way of an
arterial access, 1in a tumor or a metastasis, 1in order to be
held in the capillary area and to achleve in this way a local-
ized growth inhibition. The advantage of the concept is that,

25 in comparison with an embolization with non-radiocactive sub-
stances, (for example starch particles) will, beyond the me-
chanical and nutritive effects of a disturbed blood supply,
also affect cells which are disposed 1in the circumferential
area of the tumor and are supplied by other vessels. Because

30 of the relatively long half life of thulium oxide of about 4
months, also dormant Tumor cells which are substantially less
radiation sensitive than proliferant cells, can be reached. As

a result, the recidivism quota 1s lowered in comparison with a

11
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pointed external irradiation or an embolization with substances
having shorter half lives. A long-term elimination of a local
recidivism 1s possible.

The use of a targeted radio embolization however is not
limited to arterial flow areas - 1n contrast to conventionél
embolizations, but is also possible in lymph passages. In this
way, lymphogenic metastases of a malignant melanoma at an ex-
tremity can be treated by the injection of radioactive thulium-
oxide-containing polyethylene spheres. It 1s advantageous in
this connection that the radiocactivity 1s spread along the me-
tastasizing passages and can therefore be accurately targeted.
As a result, the radiation dose beyond the target volume 1is
substantially smaller than with external radiation.

For the manufacture of these particles 5% flnely ground
thulium oxide is added to body compatible polymer ethvylene.

The thulium oxide makes the later radiocactivation possi-
ble. Upon melting (heating up to about 200°C), the finely
ground particles remain suspended 1in the mixture and after the
polymer has cooled down they are homogeneously distributed in
the material and firmly encased by the plastic material. From

this material small polyethylene particles with a diameter of

for example 30 - 100 um are prepared. The material may also be

cooled and then ground. The desired partilicle size 1s obtalned
by filtration or screaming procedures. Subsequently, the parti-

cles are activated by neutron bombardment in a nuclear reactor.

Example 5

Plastic materials whose composition 1s approved for the
manufacture of urinary tract catheters are mixed with 5% Thu-
lium oxide, which has been finely ground 1n a ball mill. Upon
melting of the mixture (heating to 200°C), the finely ground

particles remain suspended in the mlixture and, after cooling of

12
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the polymer, are homogeneously distributed 1n the material and

firmly encaSed in the plastic.

From the molten plastic, a hose with for example an inner
diameter of z.5 um and a walii thlckness of 0.25 mm is manufac-
tured by an injection molding machline (extruder). Thils hose 1is
then further processed into a double J-catheter with conven-
tional dimensions by cutting 1t 1nto sections of 5 - 10 cm
length. At both ends of these sections, pileces of a plastic
hose of the same diameter are attached. These plastic hose
pieces are free of thulium oxide. Both ends are bent into a J-
shape (for example, by bending when heated) 1n order to hold
the catheter later in the proper position. The part of the
catheter, which comes directly into contact with scarred steno-
sis or tumor stenosis that 1s to be treated, 1s then radiocacti-
vated. By the radiocactivity, a recidivity of the scarred ste-
nosis (inhibition of fibroplast growth) 1s prevented or, re-
spectively, the growth of tumor cells 1is limited. The stents
are melted into plastic bags and sterilized with ethylene ox-

1de.

It is an advantage that at the same time germ growth on

the surface of the catheter 1s reduced.

Example ©

Materials such as fiber reinforced plastics (carbon fi-
bers), which are approved for making heart wvalve flaps, are
mixed with 0:5 = 3 % by weight thulium oxide finely ground 1n a
ball mill. Upon melting, the finely ground thulium particles
remain suspended in the mixture homogeneously distributed and,

after addition of fibers, can be brought into a desired form.
The thulium oxide is homgenously distributed in the polymer af-
ter it is cooled down and is firmly enclosed in the matrix.

The body is then radiocactivated by neutron bombardment 1n a nu-

clear reactor.
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With radiocactive heart valve flaps made from such material
the growth of bacteria thereon, which may cause the formation
of a septic thrombus, 1s prevented. Because of the intense
movement of the heart wvalve flap, thrombi localized at the

heart valve tend to be carried as emboll to other areas, for

example into the brain where they cause infarctions. With the

B-radiation of the radioactive materlal a high surface dose is

obtained which prevents the growth of germs. In addition, a

mechanical heart valve flap has no direct contact with the

heart muscle tissue so that, because of the short range of the
radiation of for example 19T, damage to the heart muscle cells
is negligible. Such a heart valve flap can be combined with

non-radioactive material to form a heart wvalve.

Example 7.

Surgical implantations such as screws, plates, joints and
joint parts which consist elther of plastic material with or
without fiber reinforcements or of metal alloys or of comblna-
tions of the two materials are mixed with finely ground thulium
oxide for example in an amount of 0.o5 - 10 wt3. Combinations
of the two materials are possible for example in the form of a
metal core surrounded ' by a thulium oxide containing plastic
coating. As plastic materials particularly duro-elastic mate-
rials and materials with a high impact strength and fracture
resistance are suitable.

Examples are polyethylene-~HD compounds and polyaramide
compounds. Upon melting, the finely ground compounds remaln
suspended in the mixture homogeneously distributed and are 1in-
jected by an injection molding technigque for example around a
metal body which forms the center thereof. The body 1s then

radioactivated by neutron bombardment in a nuclear reactor.
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Example 8
Various applications of radiocactive materials are possible

in connection with the human eyes since, because of the closely
adjacent highly differentiated areas, tumor surgery such as
retino- and melanoblastoma often results in a loss of the organ
functions or at 1least 1in a reductlion of the wvision. On the
other hand, it is often impossible to treat inflammable or pro-
liferative areal infections at the retina and the choroid mem-
brane (for example, perlphlebiltus retinae, passarteriites no-
dosa, thrombangitis obliterans, diabetic retinoapathy) with the
conventional medication theraples and 1nvasive retina treat-
ments such as kryo- or laser coagulation which result only in
spot scars.

For both indications radioactive thuliumoxide-containing
(for example, with a thulium content of 0.1 - 10%) plugs of
plastic material (for example, polyethylene, transparent sili-
cone polymers or thermoelastic plastics) may be stitched to the
outside of the eve or attached 1nside the eye adjacent the ret-
ina in order to stop proliferative processes, which may lead to
further retina damage. But also retina tumors such as retilino-
blastomers, which cannot be eliminated by a sight-maintaining
surgery because of their size, can be treated wilith such plugs
before or after surgery or without surgery. By radioactivity
particularly also individual .inf‘iltrating tumor cells can be
reached which otherwise cannot be treated. Thulium oxide ap-

pears to be particularly suitable for this kind of application

because of the range of its B-radiation of only a few millime-

ters, its half-life which makes extended application possible

in order to destroy also dormant cells and the relatively small

amount of y radiation which may cause clouding of the lens and

is superior to conventional types of irradiation. Upon melt-
ing, the finely ground thulium oxide compound remalns homogene-

ously distributed in suspension 1n the plastic mixture. The
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mixture can be brought 1into the deslired shape for example by
injection molding and the material body can subsequently be ra-

dioactivated by electron bombardment in a nuclear reactor.

Example 9

The radioactive materlials are sultable for use in connec-
tion with tumors, which cannot be removed surgically because of
their location, their large size, because of infiltrations or
because of the general condition of a patient. This concerns
tumors of the skin such as basalloms, melanomas or spinalioms
and also of soft tissues. For the treatment of these tumors
and particularly of small, macroscopically invisible colonies
in the fringe areas around the tumor, a radiocactive thulium ox-
ide containing body for example in the form of a platelet of
thermo-elastic plastic or polyethylene as matrix material with
a thulium content of 0.1 - 10% can be attached or stitched on
before or after an operation or also instead of an operation.
For uneven anatomic 1locations easlily deformable gel-like or
liquid plastic polymers such as sllicon polymers with the same
thulium content may be used. Upon melting, the finely ground

thulium oxide compound remains 1n the plastic mixture suspended

~and homogeneously distributed. It can be brought 1nto a par-

ticular form by injection molding techniques. Subsequently,
the body is radiocactivated by neutron bombardment in a nuclear
reactor. The advantage of this procedure 1s again the low ra-
diation'exposure of the surrounding tissue, the access to 1ndi-
vidual cells resident in the surrounding tissue, the possibil-
ity of ambulant treatment and the elimination of mutilating

surgical procedures.

Example 10
Components of technical apparatus for example in the medil-
cal field which are contaminated regularly or potentially by

prokaryotic organisms and cells but which should be kept free
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of germs and which cannot be decontaminated easily and regu-
larly such as collecting contalners hose systems, filtering
plants, housings of electronic components etc. may consist of
the multitude of the materials mentioned above, for example of
plastic materials including 1nert components with an addition
of rare earth such as thulium oxide. Also, bodies of organic
or bio-organic compounds such as cellulose, organic gels,
starch etc can be protected from the growth and destruction by
procharyonts if the finely ground inert thulium oxide is sus-

pended in the matrix in a homogeneously distributed manner and

the bodies are then shaped as desilred. The bodles are subse-
quently radioactivated by neutron bombardment in a nuclear re-
actor. Technical components can be subjected to substantially
higher radiocactivity than human bodies since the radiation gen-

erated by the Tu decay is easy to shield.
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K 193 Can

Patent claims

1. Thulium containing mixture consisting of a matrix ma-
terial and thulium oxide homogeneously distributed in the ma-

trix material, the mixture being radiocactivatable by eXposure

to neutron radiation.

2. Thulium containing mixture according to claim 1, char-
acterized by a thulium content of 0.1 to 25 wt?® based on the

matrix material.

3. Thulium contailning mixture according to claim 1 and 2,
characterized by a thulium content of 3 to 6 wt % based on the

matrix material.

4. Thulium containing mixture according to claim 1 to 3,
characterized in that said matrix material consists of bio-

compatible plastics usable for medical applications.

5 Thulium containing mixture according to claim 1 to 4,
characterized in that said matrix material consist of polyeth‘w
vlene, polyamide, polypropylene, polytetrafluorethylene, poly-
vinyliden fluoride, teflon, silicone or PMMA including option-

ally reinforcement fibers such as carbon or glass fibers.
6. Thulium containing mixture according to claim 1 to 5,

characterized in that an x-ray contrasting agent (for example

BaS0,) is added to the mixture.
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7. Thulium containing mixture according to claim 1 to 6,
characterized in that at least one additional radioactive or
radioactivatable compound which has a half-life and radiation
type and energy different from that of thulium is added to the

mixture.

8. The use of a thulium contalning mixture according to

claim 1 to 7 as a therapeutic medium in humans and animals.

9. Stents as endoprotheses for placement in the form of
hoses in human and animal body cavitilies and consisting of a

mixture according to one of claims 1-7.

10. Stents according to claim 9, which have been made ra-

dicactive by neutron treatment.

11. Stents according to claim 9, disposed in a sterile

packaging and radio-activated after closing of the packaging.

12. The use stents according to claims 9, 10 or 11 as a

therapeutic medium in humans and animals.

13. The use stents according to claims 9 to 12 as a thera-

peutic medium, to keep tubular organs passable for body fluids

oY alr.

14. Radioactive materials characterized by at 1least one
inert compound of the rare earths, which 1s homogeneously or
inhomogeneously distributed in a matrix materlal and has Dbeen

radioactivated by neutron irradiation.

15. Radioactive materials according to claim 14, charac-

terized in that the inert compound of the rare earth is thulium

oxlde.
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16. Radiocactive materials according to claim 14 and 15,

characterized 1in that the content of compounds of the rare

earth is between 0.1 and 25%.

17. Radicactive materials according to claim 14 to 16,
characterized in that the matrix material consist of plastic
material, glass, ceramic, polymers wlth or without fiber con-
tent such as carbon or glass fibers or metals, teflon and or-

ganic or bio-organic compounds.

18. Radioactive materials according to claim 14 to 17,
characterized in that an x-ray contrasting agent 1is added to

the mixture.

19. A radiocactive material according to claim 14 to 18,
characterized in that at least one additional radiocactive com-
pound which has a half-life and radiation type and energy dif-

ferent from that of the rare earth 1s added to the mixture.

20. Method for the manufacture of radioactive materials
according to claim 14 to 19, characterized by a dosed neutron

irradiation.

21. Method for the manufacture of radiocactive materilals
according to claim 14 to 20, characterized 1n that said neutron

irradiation is selected so as to provide a radiocactivity of 80

uCi/cm® material surface for destroying eucharyotic cells and

preventing their growth.
22  Method for the manufacture of radloactlve materlals

according to claim 14 to 20, characterized in that the neutron

irradiation is selected for providing a radioactivity of 20000
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}.LCi/cm2 material surface for destroying prokaryotic cells and

for preventing their growth.

23. The use of radioactive materials according to claim 14

to 22 as therapeutic means 1n 1n humans and animals.

24. The use of radioactive materials according to claim 14
to 23 in medical products such as 1mplants, endoprotheses,
catheters, stents, for the targeted embolization of malignant
space requirements, for external applications on the skin and
for internal tumor therapﬁz, as artificial heart valve compo-

nents, or as plugs for eye therapy.

25. The use of radioactive materials according to claim 14
to 24 in the manufacture of plant components, for the destruc-

tion and prevention of growth of prochariotic cells on, or in,

those components.
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