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Medical Product

Field of the invention

This invention relates to a medical product, such as a pharmaceutical product, and to
a method of making such a product, and is particularly applicable to a product
containing cisplatin or another platinum-based anticancer drug in a form deliverable
to a mammal.

Background to the invention

Cisplatin is a widely used and successful anticancer drug. It was initially developed
for treatment of testicular cancer, and has been used also in treatment of head and
neck cancer, small cell lung cancer and ovarian cancer. It is a potent antineoplastic
but is also very toxic. Because of its side effects, there have been searches for other
platinum-based drugs which are analogues of cisplatin. Iproplatin, tetraplatin and
carboplatin are, or have been, in clinical use. Others have been proposed. All of
these compounds are electroneutral platinum complexes, with four or six

coordination of the platinum atom. Bis-platinum complexes have also been proposed.

Anticancer therapies using cisplatin and its analogues have usually involved
intravenous delivery. This tends to cause debilitating side effects due to the systemic
administration of the drug. Broadly speaking the drug is transported not only to the
tumor site but also to other tissues. Therapies targeting only certain tissues with drug
carriers which release the drug in a controlied manner are therefore sought.
Proposals for loading cisplatin into organic polymer systems, e g
poly(methylmethacrylate) have been made.

Cisplatin has an advantage of high thermal stability but tends to be reactive and

unstable in solvents.

Ceramics based on calcium phosphate have been developed for slow-release
delivery of bioactive materials. An example is hydroxyapatite ceramic,
Cao(PO.)s(OH) 2, which has a high compatibility with human tissue. The bioactive
material is absorbed at the surface of the hydroxyapatite cement, and is released by
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washing out, not by degradation of the cement. Calcium phosphate cements
containing drugs for example are described in US patent 6730324. US patent
5296026 describes phosphate glass cements which may include a drug, such as an

antibiotic, which is released as the cement degrades.
Summary of the invention

The present invention seeks to provide a delivery system for drugs and other medical
agents, specifically cisplatin and its analogues, which can avoid problems arising in

manufacture and in storage, and provide effective delivery into a mammalian body.

According to the invention in one aspect there is provided a medical product
containing an active medical component, for example one having a low or moderate
thermal stability, incorporated in a body of phosphate-based glass in the form of an
amorphous solid oxide material comprised of metal cations and phosphate anions,
the glass being degradable by water to release the active medical component.

The rate of release of the active medical component can be modified by adaptation of

the chemical composition of the glass.

According to the invention in another aspect there is provided a method of making a
medical product comprising the steps of:
(i) forming a metal phosphate sol,
(i) incorporating an active medical component in said metal phosphate
sol,
(iii) gelling said sol, and
(iv) heating the resultant gel to convert the gel into a phosphate-based
glass in the form of amorphous solid oxide material comprising metal
cations and phosphate anions, the active medical component being
incorporated in the glass, and the glass being degradable by water to
release the medical component.

The invention provides a delivery system which avoids a problem of degradation of
an active component due to action of a liquid solvent in which the component is held
for storage or due to the use of an elevated temperature associated with

conventional glass formation by melt-quenching. The product of the invention is easy
to handle and store and can be injected in finely divided form, e.g. as beads. It may
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also be produced in the form of a fibre or fibres or as a larger solid body such as a

rod.

The phosphate-based glass used can be highly biocompatible. Thé product may be
targeted to specific sites in the body, for example by injection of the glass as beads
into a blood vessel entering a tumour, resulting in entrapment of the bead in the
blood vessels (e.g. capillaries) in or near the tumour. For example it can provide
continuous delivery of the active component at an appropriate rate directly to the
tumour site, if inserted directly as a rod or other solid body implanted directly into or
near the tumour. The glass in bead form may be delivered to a desired site by

biopsy.

Particularly it has been found that cisplatin can be incorporated into the phosphate-
based glass in a convenient manner using a sol-gel process and when incorporated
in the phosphate based glass remains at least partially unaffected by the process and
by the glass during storage and is released in a useful manner and a useful quantity
when the glass is contacted with saline solution.

The physical form of the glass product can be selected according to the desired use.
One suitable form is as small beads, e.g. of micrometre or nanometre size, which are
simple to deliver by injection. Larger beads of a suitable size may provide a second
therapeutic effect of embolisation of blood vessels, in addition to the therapeutic
effect of the released drug, for example the chemotherapy effect of a released
platinum drug. A procedure involving embolisation using beads is described in
European Journal of Pharmaceutical Sciences, Vol. 30, January 2007, pages 7-14.

Preferred size range or ranges for the beads are 50nm to 1000um, more preferably
500nm to 1000um, particularly 10 to 1000um, more particularly 50 to 500um. A size
range suitable for entrapment in capillaries may be 1 to 50um, preferably 5 to 20um.

Other deliverable forms which the glass may take are as mentioned as a fibre or
fibres, preferably of diameter in the range 10nm to 10um and a larger solid body
having for example dimensions of at least 1mm in each of three orthogonal

directions.

The active medical component is typically distributed throughout the body of
amorphous-phase phosphate-based glass and may be distributed homogeneously
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(with uniform concentration) throughout the glass body. This allows good control of
its release as the glass degrades.

The glass body may be a single phase body, and may be a discrete body
unconnected to another solid phase (for example, a bead). The glass body may be

non-porous, or may have porosity.

The active medical component is typically one or more chemical compounds and
may be a drug (pharmaceutically active agent) having therapeutic effect, or a medical
diagnostic agent, e.g. an X-ray contact agent, a tracer or a marker. A tracer or
marker is for example an agent containing a radioactive element.

The invention is especially applicable in the case where the active medical agent has
moderate thermal stability and can sufficiently withstand the process of incorporation
into the phosphate-based glass body. The method of the invention provides a
procedure for the production of the glass incorporating the active medical component
at a low temperature, compared with conventional glass formation temperatures.
Preferably the active medical component is thermally stable at 100°C (e.g. for at least
one hour) and more preferably thermally stable at 150°C (e.g. for at least one hour).

Since inorganic compounds having very high thermal stability can be incorporated in
a glass by other methods, the active medical component is typically not a metal oxide
which is a component of the glass and is typically not an inorganic metal salt. A
typical active medical compound used in the invention is a compound including
organic carbon chemistry, for example including one or more bonds selected from
carbon-carbon bonds, carbon-oxygen bonds and carbon-hydrogen bonds. Typically
the active medical compound is not stable at 400°C.

The active medical component is preferably one soluble in a non-aqueous solvent,
since water is undesirable in the sol-gel method here described.

The invention is particularly suitable for platinum-containing drug compounds useful
for cancer treatment, such as cisplatin and its analogues. Such compounds include

cisplatin (cisdiamminedichloridoplatinum(ll)),
iproplatin (cis-dichloro-trans-dihydroxy-cis-bis(isopropylamine)platinum(iV)),
[CiS'PtCIz(N Ha)]gHzN(CH2)4N Hz,
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5
carboplatin (diammine(1,1-cyclobutane-dicaarboxylato)platinum(ll),
(aquo)sulfato(1,1-bis-aminomethyocyclohexane)platinum(ll),
tetraplatin, also known as ormaplatin,
oxaliplatin,
(cis-amminedichloro(cyclohexylamine)platinum(ll),
cis-amminedichloro(cyclohexylamine)-trans-dihydroxoplatinum(lV),
bis-acetato-cis-amminedichloro(cyclohexylamine)platinum(lV),
trans-amminedichloro(cyclohexylamine)dihydroxoplatinum(lV),
transplatin,
cis, trans, cis-Pt(NH3)(CgH11NH2)(OOCC;3H;),Cl5,
nedaplatin,
malanato-1,2-diaminocyclohexaneplatinum(ll),
5-sulfosalicylato-trans-(1,2 diaminocyclohexane)platinum(ll),
poly-[(frans-1,2-diaminocyclohexane)platinum]-carboxyamylose, and
4-hydroxy-sulfonylphenylacetato(trans-1,2-diaminocyclohexane)platinum(ll).

Such platinum compounds may be employed in the product of the invention singly or
in combination of two or more, and also in combination with one or more other active

pharmaceutical compounds.

The platinum-containing compounds which may be used in the invention are typically
electroneutral and have four or six coordination of the Pt atom or atoms.

Other pharmaceutical agents have thermal stability enabling them to be used in the
product and method of the invention. An example is tetracycline.

The amount of active medical compound, particularly the amount of platinum .
compound or compounds, e. g. the amount of cisplatin, in the phosphate-based glass
is preferably in the range 0.2 to 5 weight per cent, more preferably 0.5 to 2 weight per

cent.

The phosphate-based glass used in the invention is usually defined herein as
comprising metal cations and phosphate anions, but it may equally well be expressed
as an oxide solid solution, e g (Ca0)(Naz0)(P205)x+y.
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Preferably the glass is at least 90% by weight of metal cations and phosphate
anions, and may consist substantially entirely of metal cations and phosphate anions.

The metal cations of the phosphate based glass are usually of at least two metals.

Preferably the cations consist of or include at least one alkali metal and at least one
alkaline earth metal. The alkaline earth metal cations may be one or more of Ca*”,
Mg** and Sr**. The alkali metal cations may be one or both of K* and Na*. Most
preferably the cations consist of or include Ca* and at least one of K" and Na*.
Other cations may be present, for example cations of at least one metal having a
valency of greater than 2. Metal cations of valency of 3 or more, for example
transition metal cations preferably of valency 3 or 4, may be employed to decrease
the water-solubility of the glass. Examples are Fe**, Ti**, Ga® and Ta*". Ga* can

provide an antibiotic property.

Suitably, the metal oxide composition of the glass, in mole per cent and expressed as
P,Os and metal oxides, is

] P,0s 35 -65%, preferably 40 — 60%

(i) alkaline earth metal oxide or oxides 20 — 60%, preferably 25
- 60%

(iii) metal oxides other than alkaline earth metal oxides 5 — 35%,
preferably 10 — 30%.

This composition can provide suitable water-solubility. Preferably in this metal oxide
composition the amount of metal oxides other than alkaline earth metal oxides and
alkali metal oxides is not more than 5 mole %, more preferably not more than 3 mole
%.

The phosphate anions are preferably orthophosphate (PO,*), pyrophosphate
(P,0;%), metaphosphate (POs") or ultraphosphate (P,Os), or mixtures of these. The
anion ultraphosphate is conventionally expressed as P,Os  Other anions, such as F’,
may be present, provided that the desired degradation by water is obtained. Such
other anions are preferably not more than 5 mole % of the anions. The glass used in
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the invention may be an ultraphosphate glass, i.e. one containing 50 mole% or more
P,Osin the phosphate anions.

The phosphate-based glass is water-degradable and therefore is biologically
degradable to release the active drug component, for example when in contact with
blood. A suitable test for this biodegradability is the ability to release the active drug
component when the product is immersed in saline solution.

The solution rate of the phosphate-based glass in distilled water at 37°C is preferably
in the range 1 x 10® to 1 x 10?2 mg/mm?hr.

In the method of the invention step (i) is preferably performed by combining alkyl
phosphate material and an organic alcohol oxide of at least one metal. Preferably
step (i) is carried out in organic alcohol solution. Preferably step (ii) is performed by
adding a non-aqueous solution of the drug component to the sol. A suitable non-
aqueous solvent for cisplatin is DMF. Step (iii) may be performed by allowing the sol
to stand at a temperature in the range of 40 to 150°C, more preferably 40 to 100°C,
most preferably 50 to 100°C. The time of standing is preferably at least one day,
preferably at least two days. Step (iv) may be performed by heating the gel to a
temperature of at least 100°C, in order to remove solvent and water and organic
molecules derived from the sol materials, preferably at 150°C or above. Cisplatin is
thermally stable up to 270°C, and therefore can withstand the heating step. The
upper limit of heating temperature in step (iv) is determined by the thermal stability of
the active medical component, and may be for example 250°C. In general the heating
temperature and time should be such that a substantial proportion of the active
medical component is not thermally degraded.

The composition of the starting materials, including the metal elements present, is
selected in accordance with the desired composition of cations and anions in the
glass product, described above.

The alkyl group of the alkyl phosphate material preferably used in step (i) may be an
alkyl of 1 to 10 carbon atoms, preferably 1 to 4 carbon atoms, may be straight or
branched chain and is preferably unsubstituted. Propyl, isopropyi, n-butyl and
isobutyl are preferred. The phosphate of the alkyl phosphate is preferably mono- or
di-substituted by the alkyl group.
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The organic alcohol of the metal oxide of organic alcohol which may be used is
preferably an alkanol of 1 to 6 carbon atoms, more preferably 1 to 4 carbon atoms. It
may be unsubstituted or may be substituted with —OR where R is an alkyl group of 1
to 4 carbon atoms. Preferred are methanol, ethanol and 2-methoxyethanol.

In the method, the presence of water in the sol is undesirable and is very preferably
avoided.

The sol containing the active drug component may be subjected to electrospraying to
form beads, which are then gelled and then heated to dry them and form the glass.
Electrospraying may be performed by ejecting a stream of the sol from a nozzle
through a heated zone onto a substrate, with a voltage applied between the nozzle
and the substrate, e g 10-30kV. Bead size can be controlled in this process.

The beads may be of a suitable size, e.g. up to 500um, to embolise blood vessels
when injected into the patient, thus for example providing an additional therapy to the
platinum treatment, by embolisation of blood vessels associated with a tumour. To
cause embolisms in this way is known to be of advantage in some cancer treatments.
The embolisation may have the advantage of preventing or restricting the spread of
the active drug component to other sites, thereby increasing efficiency of treatment at

a selected site.

The dosage amounts of the pharmaceutical product of the invention in its use may be
according to the established principles, if any, for the particular drug.

The invention also extends to products for use in the medical treatments herein
described, particularly products containing a platinum compound for use in the
treatment of cancer, such as testicular cancer, head and neck cancer, small cell lung
cancer and ovarian cancer. The invention further extends to the methods of medical
treatment herein described.

Introduction of the drawings
Fig 1 shows a reaction scheme for the sol-gel synthesis of a product of the invention.

Fig 2 shows Pt Llll-edge EXAFS fluorescence data.
Fig 3 is graphs of UV/vis spectroscopy study of cisplatin release.
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Description of embodiments
Preparation of cisplatin in (Ca0)o.3(Na20)02(P20s)0.5

The following precursors are used, without further purification, in the sol-gel
preparation: 2.5 ml of 1:1 molar mixture of mono- and di-substituted n-butyl
phosphate (OP(OH),(OBu") and OP(OH)(OBu"),, Alfa Aesar, ~98%), 1.15 ml sodium
methoxide solution (NaOMe, Aldrich, 30 wt% in methanol) and 4.95 ml calcium
methoxyethoxide solution (Ca(methoxyethoxide),), 17.5 wt% in 2-methoxyethanol).
The Ca-methoxyethoxide solution is prepared by reacting the appropriate amount of
calcium metal (Riedel-de Haén, 98%) with 2-methoxyethanol (Aldrich, 99.8%) under
argon at 80 °C for 24 hr. The concentration of the resultant solution can be confirmed
gravimetrically by evaporating the solvent and heating to 1050 °C for 12 hr to convert
the alkoxide to CaO.

The sol-gel preparation is shown by the flowchart in Fig 1. The n-butyl phosphate is
first added dropwise using a syringe through a septum to a vessel containing the
NaOMe solution: the soiution is stirred magnetically throughout this addition. After
one hour, the Ca-methoxyethoxide solution is added using the same method. The sol
is then allowed to gel at room temperature, which typically takes ~ 2 hrs, and left
overnight. During this period the gel liquefies, allowing the cisplatin solution to be
added and mixed in. The cisplatin solution is 15 mg cisplatin in 1 ml
dimethylformamide (DMF) (equivalent to 17mM), corresponding to 1 wt% cisplatin
relative to the (Ca0)o.3(Nay0)o.2(P20s)0s) glass formed later. The resultant sol is cast
in a polypropylene container and aged at 60°C for one week, during which time the
final gellation occurs, before drying at 120°C for two weeks. The dried gel is heated
to 200°C at a ramp rate of 5°C/min and this temperature maintained for 1 hr to
remove solvent, water and organic molecules deriving form the sol materials.

Evidence of cisplatin encapsulation and release

Pt Ly-edge EXAFS (Extended X-ray Absorption Fine Structure) data (collected in
fluorescence mode) verified the encapsulation of cisplatin in the
(Ca0)p.3(Nax0)0.2(P205)0 5 glass (PBG). The data were fitted using a model based on

the premise that some of the CI” ligands are replaced by oxygens during the sol-gel
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processing. The structural parameters obtained from the fitting process are given in
Table 1 below and the data shown together with the fits in Fig 2. From the Pt-ClI
coordination number we can estimate that ~65% of the cisplatin is encapsulated
unchanged in the dried gel, and that heat treatment to 200°C causes further CI

ligand exchange.

Fig 2 shows the Pt L -edge EXAFS fluorescence data: (top) cisplatin, (middle) dried
cisplatin doped phosphate gel and (bottom) cisplatin doped PBG. The experimental
data are depicted by solid lines and the fits by dashes line.

Table 1 Structural parameters obtained from fitting the fluorescence EXAFS data.
The parameters in italics were fixed. N = coordination number, R = atomic
separation and A = Debye-Waller factor. The units are Angstroms (107°m).

Data- Shell . N/A R/A AIA*> |Rgy.

Cisplatin Pt-N 2 2.043 0.004 36.18
Pt—Cl 2 2.319 0.005

Cisplatin loaded Pt-N 2 2.000 0.007 51.02

sol-gel PBG Pt-O 0.7 2.035 0.004

(dried gel) Pt_Cl 1.3 2.314 0.007

Cisplatin loaded Pt-N 2 1.999 0.011 53.11

sol-gel PBG Pt-O 1.5 2.026 0.010

(heated to 200°C) | pi_cj 0.5 2.313 0.008

The release of cisplatin into saline solution from the phosphate-based glass (PBG)
was monitored using UV/vis spectroscopy. Fig 3(a) shows the evolution with time of
the absorption spectra of the saline solution exposed to the cisplatin-loaded PBG
together with the spectrum from pure cisplatin dissolved in saline for comparison
(broken line); the graph clearly shows the release of cisplatin as a function of time.
The solid lines in Fig 3(a) are, from the bottom to the top, the absorption curves at 1
day, 2 days, 3 days and 6 days respectively. The release profile, obtained by plotting
the absorption at 301 nm against time, is shown in Figure 3(b). The results show
sustained release of cisplatin for three days before the release profile reaches a

plateau.
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Claims

1. . A medical product containing an active medical component of low or
moderate thermal stability incorporated in a body of phosphate-based glass in the
form of an amorphous solid oxide material comprised of metal cations and phosphate
anions, the glass being degradable by water to release the active medical
component. |
2. A medical product according to claim 1 wherein said phosphate ions are
selected from orthophosphate, pyrophosphate, metaphosphate, ultraphosphate and
mixtures of two or more of these.
3. A medical product according to claim 1 or 2 wherein said metal cations
consist of or include cations of at least one alkali metal and at least one alkaline earth
metal.
4, A medical product according to claim 3 wherein the alkaline earth metal
cations are selected from Ca**, Mg** and Sr**.
5. A medical product according to claim 3 wherein said cations consist of or
include Ca™ and at least one of K" and Na*.
6. A medical product according to any one of claims 3 to 5 wherein said cations
further include cations of at least one metal having a valency greater than 2.
7. A medical product according to any one of claims 3 to 6 wherein the metal
oxide composition of the glass, in mole pef cent and expressed as P,Os and metal
oxides, is

(i) P2Os 35 - 65%, preferably 40 — 60%

(i) alkaline earth metal oxide or oxides 20 — 60%, preferably 25 - 60%

(iii) metal oxides other than alkaline earth metal oxides 5 — 35%,

preferably 10 — 30%.
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8. A medical product according to claim 7 wherein in said metal oxide

composition the amount of metal oxides other than alkaline earth metal oxides and
alkali metal oxides is not more than 5 mole %, preferably not more than 3 mole %.
9. A medical product according to any one of claims 1 to 8 wherein the glass
body is a single phase body.
10. A medical product according to any one of claims 1 to 9, wherein said single
phase body is a discrete body, unconnected to another solid phase.
11. A medical product according to any one of claims 1 to 10 wherein the
phosphate based glass is non-porous.
12. A medical product according to any one of claims 1 to 11 wherein the active
medical component is selected from a drug having therapeutic effect and a medical
diagnostic agent.
13. A medical product according to any one of claims 1 to 12 wherein the active
medical component is thermally unstable at 400°C.
14, A medical product according to any one of claims 1 to 13 wherein the active
medical component is a platinum compound.
15 A medical product according to claim 14 wherein the platinum compound is a
platinum complex, e.g. cisdiamminedichloridoplatinum (il) (cisplatin) or an analogue
thereof.
16. A medical product according to claim 15 wherein the amount of the platinum
compound in the phosphate-based glass is in the range 0.5 to 2% by weight.
17. A method of making a medical product comprising the steps of:
| (i) forming a metal phosphate sol
(i) incorporating an active medical component in said metal phosphate
sol,
(iii) gelling said sol, and

(iv) heating the resultant gel to convert the gel into a phosphate-based
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glass in the form of amorphous solid oxide material comprising metal

cations and phosphate anions, the active medical component being

incorporated in the glass.
18. A method according to claim 17 wherein step (i) is performed by combining
alkyl phosphate material and an organic alcohol oxide of at least one metal,
19. A method according to claim 17 or 18 wherein in step (i) the metal of the
metal phosphate sol comprises at least one alkali metal and at least one alkaline
earth metal.
20. A method according to any one of claims 17 to 19 wherein step (i) is carried
out in organic alcohol solution.
21. A method according to any one of claims 17 to 20 wherein step (ii) is
performed by adding a non-aqueous solution of the active medical component to the
sol.
22. A method according to any one of claims 17 to 21 wherein step (iii) is
performed by allowing the sol to stand at a temperature in the range of 40 to 150°C,
preferably 40 to 100°C, more preferably 50 to 100°C.
23. A method according to any one of claims 17 to 22 wherein step (iii) is
performed by allowing the sol to stand for at least one day, preferably at least two
days
24, A method according to any one of claims 17 to 23 wherein step (iv) is
performed by heating the gel to a temperature of at least 100°C.
25. A method according to any one of claims 17 to 24 wherein the active drug
component is a platinum compound.
26. A method according to claim 25 wherein the platinum compound is

cisdiamminedichloridoplatinum (li) (cisplatin) or an analogue thereof.
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