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ACID CONTAINING OXALIPLATIN FORMULATIONS
FIELD OF THE INVENTION
The invention reiates to formulations containing oxaliplatin,
BACKGROUND OF THE INVENTION

Oxaliplatin Is an anticancer agent. Oxaliplatin (CAS 61825-94-3), also known as L-OHP, is a
third generation platinum complex. The term "oxaliplatin® as used herein includes cis-
oxalato(trans-£1,2-diaminocyclohexanc) platinum(ll), its optic enantiomer cis-oxalato(trans-~
4-1,2-diaminocyclohexane) platinum(Il), and any mixture thereof.

Oxaliplatin is currently approved and marketed for second-line treatment of colorectal
cancer, Oxaliplatin is available in a lyophilised form (20 mg, 50 mg or 100 mg vials). Just
prior to administration, the lyophiliscd powder is reconstituted using water for injection or
5% glucose injection solution to provide a solution containing 5 mg/m! oxaliplatin.
Typieally, the reconstituted solution is then further diluted in 250-500 mL of 5% glucose
injection solution. The diluted o:;aliplnﬁn solution is then infused either by peripheral vein
or central venous line over 2 to 6 hours.

Lyophilized oxaliplatin has some disadvantages as a pharmaceutical form, The
manufacturing process for a lyophilised dosage form is complicated and expensive. For
example, the risk of sterility failure during marmfacture of freeze dried forms is generally
higher than is the case for liquid solutions. In addition, the reconstitution of freeze dried
preparations requires both skill and care as it involves several risks, snier é/fi/ , incomplete
dissolution of the powder, contamination through handling a highly toxic substance as a
powder or cake, and maintaining the sterility of both the vial and the infusion solution

: during reconstitution and transfer to the infusion bag, Thus, to administer a lyophilized

30

drug, multiple handling of the drug is required - the lyophilised oxaliplatin s First

- reconstituted, then diluted with a 5% glucose solution and then administered by intravenous

infusion. :

Purther, following reconstitution, oxaliplatin is prone to instability, particularly in solutions
containing certain nucleophilic agents. For example, some reconstitution solutions
containing chloride fons, such as 0.9% sodium chloride solution, are commonly used in
hospitals. The mistaken use of such a reconstitution solution in the case of the lyophilized
form of oxaliplatin has the serious consequence of rapidly decomposing the oxaliplatimum
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metal complex, forming a precipitate (dichloro-diaminocyclohexane-platinum derivative)
with NaCL

As a consequence of the limitations described above, several stabilised aqueous ready-to-use
(RTU) liquid oxaliplatin prepatations have been proposed:

1.

US 5,716,988 and AU 731981 disclose a pharmaceutical formulation consisting ofa 1
t05 mg/mL solution of oxaliplatin in water having a pH range of 4.5 to 6. However,
subsequently, WO 99/43355 and US 6,476,068 teport that simple aqueous solutions of
oxaliplatin prepared according to the methods taught in this specification are
insufficiently stable.

WO 99/43355 and US 6,306,902 disclose an oxaliplatin solution formulation
containing 1 to 7 mg/ml oxaliplatin, a buffering agent end a pharmaceutically
acceptable carricr. The preferred buffering agent (and only example) i oxalic acid or
an alkali metal salt thereof.

WO 01/15691 discloses solutians of at least 7 mg/mi oxaliplatin containing a solvent
containing a sufficient amount of at least one hydroxylated derivative sclected from
1,2-propanc-dio, glycerol, maltitol, sucrose and inositol. The specification statcs that
these arc the only suitable agents to use after consideration of several options.
Furthr, if buffcring agents are used, the specification teaches that the buffer should
have an oxali¢ acid base. '

US 6,476,068 discloscs an oxaliplatin solution formulation comprising 0.1 to 10
mg/ml oxaliplatin, an cffective stabilizing amount of the monocarboxylic acid, lactic
acid, and a pharmaccutically acceptable carsier. The preferred concentration range of-

‘oxaliplatin is 2 to 5 mg/ml.

US Patent Application No. 20080109515 discloses an oxaliplatin solution formulation

containing a stabilising amount of malonic acid, The examples are directed to

formulations having an oxaliplatin concentration of 2 mg/ml. In contrast to the
teaching of this application, and as is discusscd below, the present inventors have
found that malonic acid destabilises oxaliplatin in solution.

Buffering agents are used in liquid pharmaceutical formulations to adjust the pH of the
formulation and to maintain the formulation within a desired pH range. As mentioned
above, the dicarboxylic acid, oxalic acid, and its salts have been proposed as a buffeﬁng and
stabilising agent for oxaliplatin, Oxalate ion is formed in aqueous solutions of oxaliplatin by
hydrolysis, thus conceivably this reaction may be slowed (using Le Chatelier's principle)
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through purposeful addition of oxalate ion to solutions of oxaliplatin. However, oxalic acld

has some disadvantages as a pharmaceutical buffering agent, notably it's toxicity. Oxalic

_acid is potentially nephrotoxic and also requires speclal handling precautions, which

complicate and limit its use in pharmaceutical products.

There is a need for agents that can be used with oxaliplatin solutions as alternatives to the
prior art buffering agunts (oxalic acid, Jactic acid and malonic acid) and which do not have
the disadvantages associated with the use of oxalic acid.

Idcally, the alternative agents would not destabilise oxaliplatin in solution. In particular, it
would be uscful if the alternative agents imProvc the stability of oxaliplatin in aqucous
formulaticis in a manner that minimiscs significant degradation of oxaliplatin and limits the
formation of unwanted impuritics such as dinquo DACH platinum and diaquo DACH
platinum dimer. ’

Further, it would be preferable to limit the amount of unknown degradation products in the
aqueous formulation. Any unknown degradation product present in an amount excceding
the thresholds sct in the guidelines of the ICH (International Conference on Harmonisation
of Technical Requirements for Registration of Pharmaceuticals for Humen Usc) is required to
be identified. This imposes significant requirements on the manufacturcr of the formulation,
as they arc required to identify trace amounts of an unknown degradation product. In '
addition, the presence of unknown degradation products is an indication that there may be
additional risks of toxicity and unknown side-cffects as a consequence of the prescnce of
these products, It is therefore of interest to a manufacturer of a formulation to avoid
producing unknown degradation products. '

Ideally, additional pharmaceutically acceptable buffering a gunix should be non-toxic and be

- present in the smallest possible quantity. Purthermore, during manufacture they should be

introduced in the safest and most convenient manner possible.

SUMMARY OF THE INVENTION

'In a first aspect the present invention provides a pharmaceutical liquid formulation of -
" oxaliplatin for parenteral administration, said formulation comprising

()  oxaliplatin;
(i) . water; and

(i) anacid
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wherein the acid is stabilising and is niot malonic acid, lactic acid or oxalic acid.

In a second aspéct the present invention provides a pharmaceutical liquid formulation of
‘oxaliplatin for parenteral administration, said formulation comprising

(¥ oxaliplatin; -
I 5 (i) water; and
(i) anacid comprising at least 4 carbon atoms.

In a third aspect the present invention provides a pharmaceutical liquid formmulation of
oxaliplatin for parenteral administration, said formulation comprising
0] oxb]j.platin,

10 (i)  water; and

(i) anadditive selected from the group consisting of a pharmaceutically acccptable *
- carboxylic acid, a salt of a pharmaceutically acceptable carboxylic acid, a pharmaccutically
acceptable devivative of a pharmaceutically acceptable carboxylic acid and mixturcs thereof;

wherein the additive is at a concentration of at least .01 mM and wherein the acid is not
15 malonic acid, lactic acid or oxalic acid.l :

In a fourth aspect, the present invention provides a pharmaceutical liquid formulation of
oxaliplatin for parenteral administration, said formulation comprising

(i) oxaliplatin,
(ii) water; and -

20 (iii) anadditive selected from the group consisting of a pharmaceutically acceptable
carboxylic acid, a salt of a pharmaceutically acceptable carboxylic acid, a pharmaceutically
acceptable derivative of a pharmaceutically acceptable carboxylic acid and mixtures thereof;

wherein the additive is at a concentration of at lcast 0.01 mM and wherein the carboxylic acid
is of the formula: '

25 HO2CIC(RINR2)INCOZEL

wherein n = 2 to 6; and R1 and R2 are each inélependently selected from the group consisting
of H, OH, CO2H, halo and methyl. '
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In a fifth aspect, the present invention provides a pharmaceutical Hquid formulation of
oxaliplatin for parenteral administration, said formulation comprising

() -oxaliplatin,
(i) water; and

(i)  an additive selected from the group consisting of tartaric acid, a salt of tartaric acid, a
pharmaceutically acceptable derivative of tartaric acid and mixtures thereof;

whorein the additive.is at a concentration of at least 0.01 mM.

In a wixth aspect, the present invention pravides for the use of a pharmaceutical formulation
according to the first to third aspects in the preparation of a medicament for the treatment of

a cancer.

In a scventh aspect, the present invention provides a method for treating a cancer which
comprises administering a pharmaceutical formulation accord.ing to the first to third aspects
to a patient in need thereof.

In a cighth aspect, there is provided a method for preparing pharmaceutical formulations
according to the first to third aspects, the method comprising the steps of:

@ dissolving oxaliplatin in water to form a solution;

© (i)  dissolving the additive in the solution;

(iii)  optionally, adjusting the pH of the solution with a pharmaceutically acceptable base.

In a ninth aspect, the present Invention provides a pharmaceutical liquid formulation of
oxaliplatin for parenteral administration, said formulation comprising

1) about 5 mg/ml of oxsliplatin,
(i) - water,and
(iii)  an additive consisting of tartaric acid and the sodium salt of tartaric acid,

wherein the concentration of the additive is about 0.2 mM and wherein the pH of the
solution is from about 4.7 to about 5.5.
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Tn an tenth aspect, the present invention provides for the use of a pharmaceutical

formulation according to the ninth aspect in the preparation of a medicament for the

treatment of a cancer.

In a eleventh aspect, the present invention provides a method for treating a cancer which
comprises administering a pharmaceutical formulation according to the seventh aspect to a

_patient in need thereof,

In a twelfth aspect, there is provided a method for preparing a pharmaceutical formulatlon,
the method comprising the steps of:

()  dissolving oxaliplatin in water to form a solution;

(i) dissolving tartaric acid in the solution;

(i)  adjusting the pH of the solution with sodium hydroxide such that it is in the range of

from4.7to 5.5

whercin the concentration of oxaliplatin is about 5 mg/ ml and thc concentration of tartaric
acid is about 0.2 mM,

BRIEF DESCRIPTION OF THE FIGURES

Figure l{a)is a chfomatngfam showing stability of a solution of oxaliplatin in water stored at
40°C for 12 weeks. '

Figure 1) ise chromatogram showing stability of a solution of oxaliplatin and tartaric acid
in water stored at 40°C for 12 weeks,

Figure 1(c)is a chromatogram showing stability of a solution of oxaliplatin, tartatic acid and

. sodium tartrate in water stored at 40°C for 12 weeks,

Figure 1(d) is a chromatogram showing stability of a solution of oxaliplatin and succinic acid
* disodium salt in water stored at 40°C for 12 weeks.

Figure 1(e) is a chromatogram showing stability of a solution of oxaliplatin, maleic acid and
sodium hydroxide in water stored at 40°C for 12 weeks.

Figure 2(a) is a chromatogram showing stability of a solution of oxaliplatin in water stored at
40°C for 8 weeks,




10

15

20

25

WO 2005/020980 PCT/AU2004/001168

7.
Figure 2(b) is 2 chromatogram showing stability of a solution of oxaliplatin and tartaric acid

in water stored at 40°C for 8 weeks,

Figure. 2(c) is a chromatogram showing stebility of a solution of oxaliplatin, tartaric -acid and
sodium tartrate in water stored at 40°C for 8 weeks,

Figure 2(d) is a chromatogram showing stability of a sclution of oxaliplatin, tartarie acid and
sodium tartrate in water at 40°C for 8 weeks, the ratio of tartrate to tartaric acid being greater
than for the solution of Figure 2(c).

DETAILED DESCRIPTION OF THE INVENTION

In a fimst aspect, the present invenﬁ'on provides a pharmaceutical liquid formulation of
oxaliplatin for parenteral administration, said formulation comprising ' »

()  oxaliplatin;

(1) water; and

(i) anacid

wherdin the acid is stabilising and 1s not malonic acid, lactic acid or oxalic acid.
It is preferred that the acld is a carboxylic acid, p&fuably a dicarboxylic acid.

In a preferred embodiment the acid is selected from the group consisting of citric acid, malcxc
acid, sacchatic acid, succinic acid, malic acid, tartaric acid and mixtures thereof. 1t is
preferred that the acid is malic acid, succinic acid, tartaric acxd and mixtures thereof and is
most preferably tartaric acid.

In a second aspect, the present invention provides a pharmaceutical hiquid formulation of
oxaliplatin for parenterel administration, said formulation comprising '

(i) oxaliplatin;
(i)  water;and
(i)  anacid comprising at least 4 carbon atoms.

It is preferred that the acid s a dicarboxylic acid and preferably comprises 4 to 10 carbon
atoms, more preferably 4 to 6 carbon atoms, 4

In a further embodiment the acid comprises 1 or 2 hydroxyl groups.
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In a preferred embodiment the acid is selected from the group consisting of cltric acid, maleic
acid, saccharic acid, succinic acid, malic acid, tartaric acid and mixtures thereof. Itis
preferred that the acid is malic acid, succinic acid, tartaric acid and mixtures thereof and is
most preferably tartaric acid. '

In a still further preferred cmbodiment of the first and second aspects of the invention the
acid is at a concentration of at least 0.01 mM.

In a third aspect, the present invention provides a pharmaccutical liquid formulation of
oxaliplatin for parenteral administration, said formulation comprising’ '

(L oxallpiatln,
(@)  water;and .

(i) anadditive selected from the group consisting of a pharmaccutically acccptable
carboxylic acid, a salt of a pharmacentically acceptable carboxylic acid, a pharmaccutically -
acceptsble derivative of a pharmaceutically acceptable carboxylic acid and mixtures thereof;

wherein e additive is at a concentration of at least 0.01 mM and wherein the acid is not
malonic acid, lactic acid or oxalic acid.

Preferably, the acid is a dicarboxylic acid.

Preferably, the acid is selected from the group consisting of citric acid, malcic acid, saccharic

" acid, succinic acid, malic acid, tartaric acid and mixturcs thereof.

In a fourth aspect, there is provided a pharmaceutical liquid formulation of oxaliplatin for
parenteral administration, said formulation comprising : '

) oxaliplatin,

| (i)  water;and

() en additive selected from the group consisting of a pharmaceutically acceptable
carboxylic acid, a salt of a2 pharmaceutically acceptable carboxylic acid, a pharmaceutically
acceptable derivative of a pharmaceutically acceptable carboxylic acid and mixtures thereof;

wherein the additive is at a concentration of at least 0,01 mM and wherein the carboxylic acid
is of the formula:

HO2C[C(R1)(R2)InCO2H
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whereinn = 2 to 6 and Rl and R2 are cach independently selected from the group consisting
of H, OH, COZH, halo and methyL

Pharmac'euncally acceptable acids include glutaric acid, citric acid, malic acid, succinic acld,
tartaric acid and mixtures thereof, Preferably the pharmaceutically acceptable carboxylic
acid is selected from the group consisting of malic acid, succinic acid, tartaric acid and
mixtures thereof. More preferably, the pharmaceutically acceptable carboxylic acid is tartaric
acid. .

Prefarably n =2 to 4; more preferably n =2,

Tartaric acid (HOOCCH(OHYCH(OH)COOH) is used in food and pharmaceutical
formulations as an acidulant, sequestering agent, or antioxidant synergist. In pharmaceutical
formulations, it s widely used in combination with bicarbonates, as the acid component of
effervescent granules, powders, and tablets. It displays nonc of the toxicity associated with
the use of oxalic acid as a stabilising agent, such as nephrotoxicity.

Succinic acid (HOOCCH,CH,COOH) is used as a food additive and in detergents and
cosmetics. It can be found naturally occurring in animal tissuces, and in vegetables or fruit.

Malic acid (HOOCCH(OH)CH,COOH) is used as a flavouring agent, flavour enhancer and
acidulant in foods. It is found naturally in apples and many other fruits. ’

Citric acid is (2-hydroxy-1,2,3-propane-tricarboxylic acid) is widcly distributed in plants and
in animal tissues and flulds.

Maleic acid has the formula HOOCCH=CHCOOH.
Saccharic acid has the formula HOOC[CHOHLCOOH and is derived from starch.

In a fifth aspect, the present invention provides a pharmaccutical liquid formulation of
oxaliplatin for parenteral administration, said formulation comprising:

) oxaliplatin,
(i) water; and

() an additive selected from the group consisting of tartaric acid, a salt of tartaric acid, a
pharmaceutically acceptable derivative of tartaric acid and mixtures thereof;

wherein the additive I3 at a concentration of at least 0.01 m.M.
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Many of the carboxylic acids of the present jnvention are found as isomars. For instance,.
tartaric acid has many isomeric forms. The present invention cantemplates the use of any of
the isomers of the carboxylic acid used as an additive, For instance, where the carboxylic
acid is tartaric acid, the tartaric acid may be sclected from any of the isomers of tartaric acid
including the group consisting of (+)-tartaric acid, (-)-tartaric acid, mesotartaric acid and
mixtures thereof. Preferably, the tartaric acid is (+)-tartaric acid.

Where the additive is a mixture of a pharmaceutically acceptable carboxylic acid and a salt of
a pharmaceutically acceptable carboxylic acid, the concentration of the additive is the sum of
the concentrations of the carboxylic acid and the salt. Prcferably, where the additiveisa .
mixture of a pharmaceutically acceptable carboxylic acid and a salt of a pharmaceutically
acceptable carboxylic icid, the salt is the conjugate base of the carbuxylic acid so as to forma
buffer solution.

When the additive includes asaltofa pharmaceutically acccptable carboxylic acid, the salt of
may be formed in situ by the addition of a pharmaceutically acceptable base to an acid
solution. Altcrnatively, the salt may be added directly to the formulation.

Preferably, the concentration of the additive in the formulations of the first to third aspects of
the invention is from about 0.01 mM to about 2.0 mM, more preferably from about 0.1 mMto
about 1.0 mM, even more preferably from about 0.1 mM to about 0.6 mM, yet more
preferably from about 0.2 mM to about 0.6 mM. ‘

Preferably, when the additive comprises asalt of a pharmaceutically acceptable acid the salt
is a sodium #alt.

Pharmaccutically acceptable derivatives of carboxylic acids include but are not limited to
such derivatives as esters, amides, carbonates and carbamates of the acid,

The amount of oxaliplatin present in a pharmaceutical formulation according to the
invention is preferably up to about 15 mg/ml, preferably about up to about 7 mg/ml.
Preferably the amount of uxaliplatin is in the range of from 1 to 5 mg/ml and most
preferably is about 5 mg/ml.

As will be understood, the adt_iiﬁve should be used at a concentration which does not
destabilise the oxaliplatin and preferably aids stability of the oxaliplatin. The desired
stability of oxaliplatin will depend on the intended shelf life of the pharmaceutical
formulation and the manipulation prior to administration. More specifically, a stable
aqueous oxaliplatin formulation is one in which there will be no siglﬁﬁcant chemge in
oxaliplatin potency at the specified storage condition. The criteria for “significant change”
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are as defined in the Intemational Conference on Harmonisation (ICH) Guidcline: Stability
Testing of New Drug Substances and Products Q1A (R2). Thus in the case of injectable RTU
oxaliplatin solution, potency of oxaliplatin should be at least 95% of initial content, and .
solution remains clear, colourless and free of precipitation for a pharmaceutically acceptable

. duration of time.

Preferably, the additive is at a concentration sufficient to buffer the formulation at a pH in
the range of from about 3 to about 8, more preferably about 4 to sbout 7, even more
preferably about 5.

As is known to a person skilled in the arta buffering system is a mixture of an acid with it
comjugate base in a solution, the mixture being formulated so as to maintain theupH ata
desired level. As defined herein, "buffering agent” refers to an acid or a base which may
form a component of a buffering system whether or not the acid or base is assoclated with its
conjugate base or conjugate acid, respectively. .

Pn.-ferabiy the pharmaceutical formulation of the invention i provided in a sterile, sealed
container. For example, a neutral glass of type T and a stopper. Examples of the stopper
include those made of an elastomer based on halogenated butyls, possibly coated with a
fluorinated polymet.

In & sixth aspect of the present invention there i3 provided the use of the formulations of any
one of the first to third aspects in the preparation of a medicament for the treatment of a
cancer. : '

In a seventh aspect of the present invention there is provided a method for treating a cancer
which comprises administering a pharmaceutical formulation according to the any one of the
first to third aspects to a patient in need thereof,

The cancer can be any cancer that is amenable to treatment by oxaliplatin, either alone or in
combinationi with other chemotherapeutic agents, and includes colorectal cancer.

'The term "treating” as used herein, unless otherwisc indicated, means revemsing, alleviating,
inhibiting the progress of, or preventing the disorder or condition to which such term:
applies, or one or more symptoms of such disorder or condition. The term "treatment", a5
used hereln, refers to the act of treating, as “treating” is deﬁned immediately above. -

In the above methods, the effective dasage of oxaliplatin to be administered to a patient
rangcs from about 10 mg/m? to about 250 mg/m’, more preferably from about 30 mg/m*to .
about 180 mg/m? and most preferably is about 85 mg/m?. Howeveyr, it will be undemstood
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that the therapeutic dosage administered will be determined by the physician in the light of
the rolevant circumstances including the severity of the condition to be treated and the
chosen route of administration. Therefore, the above dosage ranges are not intended to Himit
the scope of the invention in any way. Administration of oxaliplatin will typically be
according to best practice known to those skilled in the art at the time of administration.

The present invention also provides methods of preparing the formulations of the present
invention. Accordingly, in a further aspect there is provided a method for preparing a
pharmaceutical formulation, the method comprising the steps of: '

§Y) dissolving oxaliplatin in water to form a solution;

() dissolving in the solution an additive selected from the group consisting of &
pharmaceutically acceptable carboxylic acid, a salt of a pharmaceutically acceptable
carboxylic acid, a pharmaceutically acceptable derivative of a phammceulicaﬂy acceptable
carboxylic acid and mixtures thereof;

(i) optionally, adjusting the pH of the solution with a pharmaceutically acceptable base
wherein the acid is not malonic acid, lactic acid or oxalic acid.

In another aspect the present invention provides a method for preparing a pharmaceutical
formulation, the method comprising the steps of:

® dissolving oxalipiatin in watir to form a solution;

@)  dissolving in the solution an additive sclected from the group consisting of a
pharmaceutically \acccptablc carboxylic acid, a salt of a pharmaccutically acceptable
carboxylic acid, a pharmaccutically aoccptlable derivative of a pharmaccutically acceptable
carboxylic acid and mixtures thereof;

({l) optionally, adjusting the pH of the solution with a pharmaceutically acceptable base
wherein the carboxylic acid is of the formula:
HO2C[{C(R1)(R2)}nCOZH

wherein# = 2 to 6; and R1 and R2 are each independently selected from the group consisting
of H, OH, CO2H, halo and méthyl.

Preferably, n =2 to4. More preferably, n=2.
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In yet another aspect the present invention provides a method for preparing a
pharmaceutical formulation, the method comprising the steps of:

] - dissolving oxaliplatin in water to form a solution;

(i)  dissolving in the solution an additive selected from the group consisting of a tartaric
acid, a salt of tartaric acid, a pharmaccutically acceptable derivative of a pharmaceutically
acceptable tartaric acid and mixtures thereof;

(i)  optionally, adjusting the pH of the solution with a pharmaceutically acceptable base.

pH adjustment may be carrled out with any pharmaceutically acceptable basc. Preferably
the pharmaccutically acceptable base is a sodivum hydroxide (NaOH) solution.

In a further aspect, the present invention provides a pharmaceutical liquid formulation of
oxaliplatin for parenteral administration, said formulation comprising

@) about 5 mg/ml of oxaliplatin,
(i3) water, and
(i)  anadditive consisting of tartaric acid and the sadium salt of tartaric acid,

whercin the concentration of the additive is about 02 mM and wherein the pH of the
solution is from about 4.7 to about 5.5.

‘The present invention also provides for the use of the formulations of the present invention
in the preparation of a medicament for the treatment of a cancer and in the treatment of

" cancer in patients.

In a still further aspect, the present invention provides a method for preparing a
pharmaccutical formulation, the method comprising the steps of:

()  dissolving oxaliplatin in water to form a solution;
()  dissolving tartaric acid in the solution;

()  adjusting the pH of the solution with sodium hydroxide such that it Is in the
range of from 471053

wherein the concentration of oxaliplatin is about 5 mg/ml and the concentration of tartaric
acid is about 0.2 mM. '
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In order that the nature of tho present invention may be more clearly understood, pmfcﬁed
forms thereof will now be described with reference to the following non-limiting cxamples.

EXPERIMENTAL
Measurement of Stability of Oxallplatin formulations

The stability of an oxaliplatin formulation over a period of time can be measured by a
number of complementary methods. Visual appearance and stability of the pH of the
formulation are important indicators and these can be measured by techniques well known
to those ski!led in the art.

‘Stability can also be measured by high pressurc liquid chromatography (HIPLC) techniques.
HPLC is a technique that is widely used and well known in the art. HPLC can be used to
measure the potency of the oxaliplatin wherc potency is defined as a percentage of the initial
concentration of oxaliplatin. HPLC can also be used to méasure the relative proportions of
known and unknown degradants in an oxaliplatin solution. ' '

Known degradation products of 0xalip1atin include:

. (trans-#1, Zmanmocydohexane)trans-dﬂlydmxo(oxa]nto) platinum (IV), This a
oxidative degradation product of oxaliplatin. This degradation product has been
designated as Impurity C in the Examples.

. (6P-4-2)-diaqua-[(1R,2R)-cyclohexane-1,2-diaminc-kN,kN']platinum, or diaqua
DACH platinum. This is a hydrolysis degradation product of oxaliplatin, This
degradation product has been designated as Impurity B in the Examples,

. (SP-4-2)-di-ji-oxobis[(1R,2R)-cyclohexane-1,2-diamine-kN kN Jplatinum, or dlaqua
DACH platinum dimer. This is a degradation product resulting from further reaction
" of Impurity B. This degradation product has been designated as Dimet in the

R S-oxaliplatin is an isometic form of oxaliplatin which is found at low Ievels as an impurity
in oxaliplatin (ie cis-oxalato(trans-#1,2-diaminocyclohexane) platinum(I).

Overview of the Examples

Example 1 details an initial trial of oxaliplatin formulations using a number of agents over a
pH range from 3 to 7 in which the ability of tartaric acid, maleic acid, succinic and malic
acids to stabilise oxaliptatin was comparcd to a control. Of the acids tested, tartaric acid was
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found to give the most stable oxaliplatin sclutions end it was subsequently tested across a
wide pH and concentration range as reported in Example 2. This study confirmed the
advantagcs of tartaric acid and also indicated that there was a preferred concentration range
for improved stability. A further study, reported in Example 3, then reviewed a number of
other acids at a sct concentration (0.3 mM) as buffering agents in solutions of oxaliplatin.
This showed that formulations containing malic and succinic acid had impurity levels which
were comparable to the tartaric acid formulation. Contrary.to the teaching of the prior art, .
the malonic acid formulation contained a surprisingly and unacceptably high level of
impurities relative to the tartaric acid formulation, Solutions containing citric, maleic and '
saccharic acids also showed reasonably low levels of impurity. The stabiliscrs of the prior
art, oxalic acid and lactic acid, also displayed reasonably low levels of impurity which is
unsurprising in the case of oxalic acid due to the operation of Le Chatclicr's principle.

" Example 4 provides details of a preferred formulation of an aqueous solution of oxaliplatin

and tartaric acid.

Example 1

 ‘Ihe stability of an array of oxaliplatin formulations in water for injection (WFI) having an

oxaliplatin concentration of Smg/nl was assessed. Potential buffering agents of oxaliplatin
that were tested were tartaric acid, malic acid, succinic acid and maleic acid. The pH of the
formulations covered a range of values.

Comparative Example 1(a)
Preparation of the Control solution

WFI (watcr for injection) was added to a suitable glass veasel to about 80 % of the desired -
quantity of final volume and warmed to 45-50°C. While stirring and flushing with nitrogen,
the desired quantity of oxaliplatin (calculated at 5 mg/mU. ot the final desired volume) was
added and dissolved. The solution was then made up to the desired final volume with WFL

Example 1(b)
Preparation of Dicarboxylic Acid Solutions

For the formulations described below, WEL was added to a suitable glass vessel to about 80%
of the desired final volume and warmed to 45-50°C. While stirring and flushing with
nitrogen, the desired quantity of oxaliplatin was added and dissolved. Thercafter the
proposed stabilising dicarboxylic acid or its alkali salt was added to the axaliplatin solution
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" untll completely dissolved. Where required, pH was adjustid through the addition of dilute
NaOH solution. ‘The sohution so formed was made up to the final volume with WFIL

Table1 Oxaliplatin formulations containing maleic and malic acid based agents
Formulation Malalc pH 3 Malslc pH 5 Malele pH 7 Malic pH 7
Oxaliplatin ( mg) Bmg Emg 5myg Smé ’
Malic acid disodium satt (mn)‘ Na N/a Na 1.5mg
Malele ackd (mg) 0.03 mg 0.08 mg 071 my N/a
NaOH 10N Na 0.087 uL 100 Na
WFl gqs imL 1mbL iml 1mL
Inigal pH of the final formuiatlon’ | .50 | 528 716 6.92
"Table2 Onxaliplatin formulations containing succinic acid baséd agents
Formulation Sucelnle pH 3 Sueeinlo pH § ‘ SucciniepH 7
Oxaliplatin & mg Bmg smg &mg
Buccinic scid disodlum salt Na 0013 myg 1.033mg
| succinic acid 0.13amg 0.003 N/a
WFiqs imL 1mb imL
.Inilhl pH of the final tormulation | 357 6,03 6.91




10

15

20

WO 2005/020980 PCT/AU2004/001168

17,
Tables  Oaliplatin formulations containing tartaric acid based agents
.| Foermulation Tartaric pHs Tartarlc pH 6 Taetaric pH 7
Oxaliplatin LS mﬁ smg . Smy
NaOH .mu Nfa 0,033 L 0.067 pl.
Initial pH ot the final ;o'tmulatlon 388 4.8 7.08
Molarity of Tartarlo AcidTartrate In | 2.0x10°M 22510 M 3.1 x10*M
Solution '

The pH values used to designate the different formulations are indications only and do not
nocessarily reflect the exact pH of each solution. The exact initial pH values are provided in
the tables above. '

Example 1(c)
Stability Study

In accordance with an accelerated stability protocol, the formulations were stored at 40°C
with 75% relative humidity for 12 weeks. o

The potency of the formulations was examined by high performance liquid chromatography
(EIPLC) at 4 week intervals over the 12 week perind. Potency is defined as a percentage of
{he initial concentration of oxaliplatin, Most formulutions maintaincd at least 95% potency
over the 12 week period. The exception to this was Maleic pH 7 which had a potency of

. 41.9% after the 12 week period. Malcic acid could not therefore be considered as a viable

stabiliser.

In respect of the use of malic acid s an stabilisor, the study of Malic pH 7 was tctminated
after 4 weeks due to significant precipitation and colour changes within the formulation. .
Accordingly, malic acid could not be considered a3 a viable stabiliser. As is discussed below
this result may have been a consequence of the high concentrations of the malic acid disodium
salt in the formulation. '
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Only very low levels of the oxidative degradation product Impurity C [(trans-I-1,2-
dinminocyclohexanc)&ans-dihydroxo(oxa]ato) platinum (IV)] were detected in the
formulations. This indicated that the formulations were substantially free of oxygen.

BExample 1(d)

Study of the Degradation Products of Oxaliplatin at 12 weeks

Formulations Control, Tartaric pH 3, Tartaric pH7, Succinic pH 7 end Maleic pH 7 were
analysed after 12 weeks at 40°C with 75% relative humidity for the presence of major
degradation products of oxaliplatin [Impurity B( diaqua DACH platinum) and Dimer
(diagua DACH dimer)] using HPLC,

The chromatograms of the formulations are presented in Figures 1(a)-(e). The Ww
peaks at above 0.01% ave reported.

Figure 1(a)
Control 40°C 12 weeks

This system displays an impurity peak at 5945 minutes corresponding to Tmpurity B (diaqua
DACH platinum) and a further peak at 9.897 minutes corresponding to Dimer (diaqﬁa
DACH platinum dimer). A further three unknown impurity peaks are present. Oneis
present at 3.909 minutes at a level of 0.00% and two at 3.026 and 3.386 minutes at 0.01%.

Figure 1(b)
» Tartaric pH3 40°C 12 weeks

An impurity peak Is present at 5.932 minutes which has been allocated to impurity B (disqua
DACH platinum), There is also present an impurity at 3.906 minutes. There is no impurity
peak corresponding to Dimer (diaqua DACH platinum dimer).

Figure 1(c)
Tartaric pH7 40°C 12 weeks

This system displays an impurity peak is present at 5.931 minutes which corresponds to
Impurity B (diaqua DACH platinum). There are also three unknown impurity peaks eluted
at 3,027 minutes, 3.387 minutes and 3.906 minutes at the level of 0.01, 0.01 and 0.03%
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respectively. There is no impurity peak correspox{ding to Dimer (diaqua DACH platinum
dimer).

Figure 1(d)

Succinic pH7 40°C 12 weeks

This system displays a large number of unknown impurity peaks. These are present at 3.075
minutes, 3.581 minutes, 4.007 minutes, 4.164 minutes, 4.368 minutes , 6.512 minutes and 7.684

. minutes. An impurity peak is also present at §.956 minutes which corresponds to impurity B

(diaqua DACH platinum),
Figure 1(e)
Maleic Acid pH7 40°C 12 weeks

The system displays a large number of unknown impurity peaks present at 2.587 minutes,
2.751 minutes, 2.880 minutes, 3.042 minutes, 3.378 minutes, 3.599 minutes, 3.983 minutes,

4.203 minutes and 5.339 minutes.

Tt is clear from a visual comparison of the chromatograms that the tartaric acid stabilised
formulations are far more stable than the malcic acid and succinic acid stabilised
formulations. In addition, in comparison to the chromatogram of the control formulation,
the formation of Dimer (diaqua DACH platinum dimer) is suppressed in the tartaric acid
stabilised formulations. Further, at lcast in the case of the Tartaric pH 7 formulation,
significantly less Impurity B (diaqua DACH platinum), the principle degradant, is formed.
In addition, the tartaric acid stabiliscd formulations do not display as many unknown
impurity peaks as the control formulation, o

Example 1(e)

Study of the Degradation Products of Oxaliplatin at 8 weeks

Formulations Control, Tartaric pﬁ 3, Tartaric pH 5 and Tartaric pH7 were analysed after 8
weeks at 40°C with 75% relative humidity for the presence of degradation products of
oxaliplatin using the HPLC protocol of Example 4.

The chromatograrmis arc presented in Figures 2(a)-(e)
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- Figure 2(a)
Control 40°C 8 weeks

This system displays an impurity peak at 6.304 minutes comrespornling to Impurity B (diaqua
DACH platirum) and a further peak at 10.145 minutes corresponding to Dimer (diaqua

' DACH platinum dimer). An unknown impurity peak s present at 3.913 minutes.

Figure 2(b)
Tartaric pH 340°C 8 weeks

This system displays an impurity peak at 6.306 minutes corresponding to Impurity B (diaqua
DACH platinum). There is no peak corresponding to the presence of Dimer (diaqua DACH
platinum dimer). An unknown impurity peak is present at 3 916 minutes.

Figure 2(¢)
Tartaric pH 5 40°C 8 weeks

This system displays an impurity pesk at 6.306 minutes corrési::ond.ing to impurity B (diaqua
DACH platimum). There is o significant peak corresponding to the presence of Dimer -
{diaqua DACH platinum dimer). An unknown Impurity peak is present at 3.911 minutes.

Figure 2(d)
Tartaric pH 7 40°C 8 weeks

This system displays an impurity peak at 6.306 minutes corresponding to impurity B (diaqua
DACH platinum). There i8 no significant peak corresponding to the presence of Dimer
(diaqua DACH platinum dimer), An unknown impurity peak is present at 3.913 minutcs,

In comparison to the chromatogram of the control formulation, Dimer (diaqua DACH
platinum dimer) formahcm is suppressed in the tartatic acid stabilised formulations.

Summary

It is clear from a visual comparison of the chromatograms of Figurcs 1 and 2 that the tartaric
acid stabilised formulations of oxallplatin are far more stable than the maleic acid and .,
succiric acid containing formulations, Tn addition, in comparison to the chromatogram of
the control formulation, the formation of Dimer (diaqua DACH platinum dimer) is
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suppressed in the tartaric acid stabilised formulations and, in some cases, significantly less
Tmpurity B (diaqua DACH platinum), the principle degradant, is formed. Further, the
tartaric acid stabiliscd formulations do not display as many unknown impurity peaks as the
contral formulatian which is of importance in mieeting the guide lines of the ICH and also in
mirdmising any side effects due to the presence of unknown impurities. The increased
stability of the oxaliplatin formulations applies across a range of pH values.

Although malic acid and succinic acid were considered as unsuitable agents following this
experiment, later investigations, as detailed in Example 3, demonstrated that matic acid,
succinic acid and maleic acid can be used with oxaliplatin. A possiblc reason for the Initial
finding that these formulatians were unsitable is because of the relatively high
concentrations of certain of the succinic and malic acid formulations uscd in Example 1. For
instance, the succinic pH 3 formulation has a concentration of succinic acid of about 1.10 mM
and the suecinic acid pH 7 formulation has a concentration of disodium salt of succinic acid
of 638 mM. Similarly, the concentration of malic acid disodium salt in the malic pH7
formulation is 842 mM. The concentration of maleic acid in the Maleic pH 7 formulation's
about 6.1 mM. By contrast the tartaric acid concentrations of the formulations of this
Example range from about 0.2 to about 0.3 mM.

Example 2
21 Background

This Example was conducted to further investigate the effect of different amounts of tartaric
acid and the effect of pH on the stability of oxaliplatin solution formulations, The tartaric
acid formulations were compared to a control formulatian of oxaliplatin in water and to a,
formulation of oxaliplatin in oxalic acid solution (according to US 6,306,902).

22  Preparation of formualtions for analysis
221 Mixing procedure for the formulations

. Add about 80% mL of desired amount of WHT into a 2L mixing vessel and heat to 45-
_ 50°C, while stirring and flushing with nitrogen.

. Add oxaliplatin (total 7.5g) and mix until solution becomes clear.
. Adjust to the volume with WFT to 1500 mL.

. Divide the bulk solution to 100 mL each. Keep one 100 mL solution as the control,
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. Add the required amount of tartaric acid solution 5% w/v or oxalic acid and NaOH
(10N, 5N and/or 2N) according to the formulation details in Tables 5 and 6.

. Cap the final solution and keep in the fridge until filling.
222 Filling and capping

. Filter each formulation using a 0.2 ym syringe filter.
. Fill 2,0 mL of each formulation filled lnt;) a 2mL vial and cap.

Tables 5 and 6 indicate the quantities of reagents added for each differént formulation.

Table 4 Formulation details for the oxaliplatin solutions containing tartarlc acid of
Example 2
Item ' Tartaric Tartaric Tartaric Tartaric Tartaric
(0.0003M) (0.0006M) | (0.0030M) | (0.0067M) | (0.0002M)
Formulation | A25 | A40 | A5.0 | A70 | A85 | B40 | B7.0 | C4.0 | C7.0 | D4.0| D7.0 | E4.0 E70
D :

Oxaliplatin | 5 | 5 | 5 | 5|5 |85 |5 |5 |5 |5]|5]58]S5
(mg) '
Tartavicacid| 0.05 | 0.05 | 0.05 | 0.05 | .05 | 0.09 | 0.09 | 045 | 045 | 1.0 | 1.0 | 003 | 0.03
(mg) )
WFl g8 S N0 W W S T S W N T A W A S A S O O O
(mL) . '
TargetpH | 25 |'40 | 55 | 70 | 85 | 40 |70 |40 | 70 {40 ] 70 | 40 | 70°

Note: Molecular weight of tartaric acid = 150.09
A = Formulation containing tartaric acid at 0.0045% (0.3 mM)
B = Formulation containing tartaric acid at 0.009% (0.6 mM)
C = Formulation containing tartaric acid at 0.045% (3 mM)
D = Formulation containing tartaric acid at 0.1% (6.7 mM)
E = Formulation containing tartaric acid at 0.003% (0.2 mM)
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Table 5: Quantity of oxaliplatin and excipients required to be used for the
preparatiori of the oxaliplatin solutions containing tartaric acid of Example
2
lem Tartaric (0.0003M) Tartaric | Tartaric | Tartarie | Tartaric
(0.0006M) | (0.0030M) | (0.0067M) | (0.00020)
Formulatio] A25 | A40 | A5.0 | A7.0 | A85 | B4D | B7.0 | C4.0 | C7.0 D4.0 | D7.0 | E40 | E7.0
1o . .
Oxaliplatinf 500 | 500 | 500 | 500 { 500 | 500 500 | 500 | 500 | 500 | 500 | S00 | 500
(mg)
Tartaricacld 45 | 45 | 45 | 45 | 45 9 9 45 45 100 | 100 3 3
(mg)
Tartaric 90 90 90 90 o0 | 180 | 180 | 900 | 900 | 2000 | 2000 | 60 60
acid
5 %w/v
L)
WFL gs 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 200 | 200 | 100 100
(L) '
Table 6 Formulation details for the oxaliplatin control formulation and oxaliplatin

solutions containing oxalic acid of Example 2.

- Item Conttrol Oxalic acid
(0.001M)
Oxaliplatin 5 5
(mg) .
Oxalic acid N/a 0.126
| (mg)
WEFI gs (mL) 1 1
TasgetpH | 55 3.0

‘Note: In the initial screening, the pH 3 tartaric formulation was formulated at pH 3.78.
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23 Stability Measurements at the Initial Time Point:

" All of the oxaliplatin formulations at the initial time point were clear, colourless sotutions

with no visible particles present in solution, The appearance of the solutions are set out in .
Table 7. Measurements of the pH results of the formulations are also shown in Table 7.

Table 7 Test Results for pH and Appearance of Oxaliplatin Solutions of example 2
at Initial Time Point
Formulation | pH initial Appearance

Control 577 N
A35 3.56 N
A4.0 3.96 N‘
A0 5§22 N
A7.0 7.44 N
A8S 847 N
B4.0 4,08 N

B7,0 727 N _
C40 399 N
C70 691 N
D4.0 397 N
D7.0. 7.37 N
E4.0 3.9 ‘N
B7.0 74 N

Oxalic acid 294 N’

N = a clear, colourless solution with no visible particles present in solution
24  Stability Measurements

The formulations were then stored at 25°C and 40°C.

The sppearance of the formulations was assessed at the initial, 4 week and 8 week time
points, Bach formulation remained clear and colourless.

The pH of the formulations was measured at the initial, 4 week and 12 week time points for
25°C as shown in Table 8 and for 40°C as shown in Table 9.
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Table 8 Test Results for pH of Oxaliplatin Solutions of Example 2 at 25°C
Formulation pH initial pH dwks pH 12wks
Control 577 5.80 5.73
A33 3.56 3.54 n/t

Ad 3.96 3.99 3.89

A5 522 5.03 5.15

A7 744 554 554

A8S . 847 6.26 n/t

B4 4.08 4.52 n/t

B7 727 543 - 5.84

C4 - 399 . 403 n/t

7 691 5.16 5.44

D4 3.97 4.12 n/t

D7 737 531 n/t

B4 3.99 455 475

E7.0 74 5.61 6.15

Oxalic acid 294 342 331
Table 9 Test Results for pH of Oxaliplatin Solutions of Example 2 at 40°C

Formulation pH initial pH dwks pH 12wks

Control 577 5,79 3.30

A35 3.56 _ 3.57 n/t

A4 3.96 3.93 381

A5 522 5.06 501

A7 744 5.43 5.64

A5 847 617 /it

B4 4.08 4.29 n/t

B7 7.27 5.61 5.95

C4 3.9 4.17 n/t

Cc7 691 5.25 543

D4 3.97 4.14 n/t

D7 7.37 3.36 n/t

Ed 3.99 424 4.89

E7 74 425 6.10

V Oxalic acld 2.94 3.25_ 3.32
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241 Potency assay -

Formulations A4, A5, A7, B7, C7, E4, E7, Oxalic and the Control were maintained at 25°C and
40°C and were assayed for potency by FIPLC after 12 weeks, Table 10 reports the impurity
profile determined from the potency assay for 25°C. Table 11 reports the impurity profile

5 determincd from the potency assay for 40°C.

Table10  Impurity profile from the potency assay for certain oxaliplatin formulations
of Example 2 at 12 weeks time point at 25°C

Impurity Control| A4 A5 A7 B7 Cc7 E4 K7 | Oxalic

.

Totalofunkmown| 030 | 005 005 007 | 008 | 017 | 010 011 | 015
" impuritics
R,S-Oxaliplatin | 0.01 0.01 001 oM 0.01 001 0.01 001 | 001
Oxaliplatin | 99.87 | 99.89 9989 99.89 | 9988 | 9972 | 99.86 99.85 | 9978
ImpurltyC | 001 | 001 o001 o001 | vor | oor | 001 oo | o002

Total impurity (%)} 0.12 0.07 | 007 T 009 0.1 0.19 0.12 L 013 | 018

10 ' ' ' _

Table 11 Impurity profile from the potency assay for certain oxaliplatin formulations
of Example 2 at 12 weeks time point at 40°C

Impurity - [Control| A40 A50 A70 | B70 C70 | E40  E70 | Oxalic
) . acid

Totalofunknown| 015 | 018 013 014 | 008 053 | 007 008 | 05
» impurities '
RSOxaliplatin | 001 | 000 oot o001 | 001 002 | 001 o001 | oo1

Owaliplatin | 9967 | 9966 9974 9973 | 9981 9927 | 9977 9977 | 99.66

ImpurityC | 002 | 002 oo o001 | 001 o002 | ot om | om

. Totalimpurity | 018 | 021 | 015 | 016 | €10 { 057 | 009 | 010 { 018
(%)
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‘242 Tmpurity B Assay

. The level of impurity B of the formulations maintained at 25°C was assayed by HPLC after
12 weeks for A4, A5, A7, B7, C7, B4, E7, Oxalic and the Control. Table 12 reporis the
imputity profile determined from that impurity B assay for 25°C. The level of impurity B of
the formulations maintained at 40°C was assayed by HPLC after 8 weeks. Table 13 reports
the impurity profile determined from that impirrity B assay. '

Table 12 The levels of impurity B and other unknown impurities from imputity B
' assay In certain formulations of Example 2 at 12 weeks time point at 25°C

Impurity Control| A4 A5 A7 B7 /4 E4 E7 | Oxallc

Totalofunknown| 007 | 005 006 006 | 004 | 006 | 002 006 | 006

impurity
Imp B 024 | 029 012 010 | 013 | 006 | 021 018 | 038
_ Dimer 010 | Nd Nd Nd | o002 | Na | Na o005 | Na

Totallmpurity (%) | 041 | 034 018 046 ] 019 | 002 | 023 029 | om

Table 13 The levels of impurity B and other unknown impurities from impurity B
assay in certain formulations of example 2 at the 8 weeks time point at 40°C

impurity Cotrol]l A4 A5 A7 | B7 C7 | BA  E7 |Oxalc

Total of unknown 015 6.06 0.09 010 | 009 o1 0.06 007 0.05

‘impurlties
Imp B 026 | 024 009 009 | 011 006 | 019 019 | 036
Dimer 0.17 0.01 Nd Nd 0.03_ 001 Nd Nd Nd

Total impurity (%) | 0.58 0.31 0.18 0.19 | 023 .18 025 026 041
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Formulations A4.0, A5.0, A7.0, B4.0 and E7.0 were stored at 25°C and 40°C for 9 months and
then analysed for pH and impuritics. ' :

2.5 Results and Discussion

2511 Appearance Results

Appearance was clear, colourless with no visible particulate matter present in most of the

formulations (Table 14).

Table 14 Appearance of oxaliplatin solutions at different ime point at 25°C

. Formulations Appearance Appearance
9 months (25°C) | 9 months (40°C)

Control N | N*

Ad N* N+

AS N N

A7 N/t N

B4 N N

B7 N N

N = a clear, colourless solution with no particulate matter present in solution

N* = a clear, colourless solution with few particles present in solution

N*" = a clear, colourless solution with some black particles present in solution

N/t =not tested
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Levels of impurity B and Dimer in formulations Control, A4, A5, E4 and E7 at 9 months for
both 25°C and 40°C were assessed using HPLC. The results ate shown in Table 15 and 16,

respectively.

From the assay, the formulations A4, A5, B4 and E7 containcd less total impurity than
control at 25°C. At 40°C, formulations A4, A5 and E4 containcd less total impurity than the
' control, n all cases the Dimer impurity was suppressed relative to the Control and indeed

was not detected in formulations A5, A7 and E4.

Table 15 The % of impurity B and other unknown impurities from impurity B assay

' in certain formulations of Example 2 at 25°C for 9 months

Impurities Centrol Ad AS | m hivd

Total of unknown 007 0.05 0.06 0,03 - 0.10

impurities ‘

Imp B 0.22 0.27 0.11 0.18 0.15

dimer 0.15 ND ND ND 0.06

Total Impurity 0.44 | 9.32 0.17 I - 021 | 0.31

ND = not detected.
Table 16

The % of impurity B and other unknown impurities from impurity B assay

in certain formulations of Example 2 at 9 months time point at 40°C

Impurities Control Ad AS A7 E4 E7
Total of unknown 022 0.20 0.31 042 022 0.46
imputrities
ImpB 026 021 0.09 0.08 023 0.12
dimer 0.14 ND ND ND ND 0.04
Total  impurity |  0.62 0.41 0.40 050 0.45 0.62

ND = not dctected

26 Summary

The screening study indicated that tartaric acid is a suitable stabilising agent for oxaliplatin
at a range of concentrations, In terms of the ability of tartatic acid to stabilise the oxallplatin,
concentrations of 0.2 mM and 0.3 mM (formulations E and A respectively) are preferred,
although formulations at 0.6 mM (formulations B) also demonstrated some stabilising effect,
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Example 3

As shown in Example 1, a formulation screcning study showed that the presence of tartaric
acid in an oxaliplatin solution can suppress the formation of impurities relative to a control
solution and thereby stabilise the formulation. The studics discussed in Example 2 indicated
that the total concentration of tartaric acid in the formulation was of importance in providing
a stabilising effect. The possibility existed that other carboxylic acids may have the same
stabilising cHect. This study involved the screening of a range of carboxylic acids (other than
tartaric acid) at a set concentration (0.3 mM) in oxaliplatin solutions. The formulations were
" placcd at 40°C for 5 weeks and then evaluated for stability. The performance of the
formulations were compared to a'solution of oxaliplatin containing tartaric acid at 0.3 mM.

31  Experimental

'[he following acids were used In the study:

Tartaric acid Maleic acid
T.actic acid C D-Saccharic acid
Citric acid anhydrous Succinic acid
Maloni¢ acid Oxalic acid
Malic aﬁd

3.1.1 Procedure for making 1% acid solutions

Each acid was weighed separately into a 100mL volumetric flask. The solutions were made
up to final volume after dissolving the acid completcly.

312 Preparation of oxaliplatin formulations

About 80% mL of the desired amount of WFI was added into a clean glass beaker and heated
the WHI to 50°C -55°C, while stirring and flushing with nitrogen. The oxaliplatin was then
added to the beaker and mixcd until clear solution was obtained (about 50 minutes was
needed to achieve complete dissolution of vxaliplatin). The sotution was then made up to
volume with WFL The bulk solution was divided into 100 mL quantities and the required
amount of acid solution was added to each 100 ml. quantity according to Table 20. Each
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formulaticn was then flushed with nitrogen until the dissolved oxygen content in solﬁt_ipn
was below 0.05 ppm.

3113 Filling and capping

Each formulation was filtered using a 0.2 um syringe filter, Then 5 mL of the solution was

5 placed into a 10 mL vial, and capped and sealed for each formulation.

10

3.1.2 Formulation Details

Tables 19, 20 and 21 show the formulation details and quantities of oxalipletin and excipients
needed for each formulation.

Table 19 Formulation details for the oxaliplatin solutions of Example 3 (unit
formula) '

Formulation | Tartaric | Lactic | Gitric { Malonic | Malie | Maleic |Saccheric | Succinie Oxalie

D acid acid acid acld |
acid | acid acid acid . acid

Oxaliplatin | 5mg | 5mg | 5mg | 5mg |5mg| Smg 5mg | -5mg | Smg
(mg)

Acidinmg | 0045 | 0027 | 0063 | 0.031 0.040 | 0.035 ,0.074‘ 0.035 | 0.022

Acid immolar| 03 03 | 03 0.3 03 | 03 0.3 0.3 03
comoentration -
(mM)

Molecular | 150.09 | 90.08 {21014] 108 [134.09| 11607 | 24802 | 11809 | 72
weight ‘

WFlgu(mL) | tmL | lmL | 1mL 1mL 1mL | 1mL 1mt 1mL 1mL
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Table 20 Quantity required for the oxaliplatin solutions of Example 3

Formulation [Tartaric] Lactic | Citric [Malonic] Malic | Maleic |Saccharic|Succinic Oxalic
mn acid | acid | acid acid acid | acd acid acid acid

Onaliplatin | 500 mg |500 mg | 500 mg | 500 mg | 500 mg | 500 mg | 500 me; | 500 mg 500 mg
(mg) :

" jAdid (mg) 450 | 270 | 630 | 332 | 402 | 348 | 744 | 354 | 216

1% acid inul.| 4500 | 2700 | 6304 | 3120 | 4023 | 3482 | 7441 | 3543 2160

WFLqs (mL) {100 mL|100 mL]|100 mL {100 mL [100 mL | 100mL 100mL {100 mL |100 mL

Table 21 Actual quantity added for the oxaliplatin solutions of Example 3

Formulation |Tartaric| Lactic | Citric Jmalonic] Malic | Maleic [Sacchar |Succinic | Oxalic
D acid | acid | acid acid | icocid acid

{Oxaliplatin | 100 mL } 100 oL {100 mL {100 mL {100 mL {100 mL|100 mL | 100 mL | 100
bulk solution ‘ ‘ , , mL

_(5 mg/mL)

%acidinul| 4500 | 365 | 630 | 315 | 405 | 360 | ‘745 | 365 |2160

'WFI gs (ml.) |100 mL | 100 mL 100 mL | 100 mL {100 mL IOdmL 100mL | 100 mL | 100
mL

* Saccharic acid was added as powder in 100 mL bulk solution to give 0.3 mM acid
concentration.
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.32  Stability evaluation at 5weeks at 40°C

The oxaliplatin solutions containing the various carboxylic acids were formulated and place
at 40°C at 75%for stability eveluation. The formulations was evaluated at the five weeks time
points and the results are reported below. ‘

321 Kesults and Discussion
3211 " pH and Appearance
The pH and appearance results for the formulations of Example 3 are shown in Table 22.

Table 22 Appearance and pH of oxaliplatin formulations of Example 3 for 5 weeks

Formulations ID . Initial 5 weeks

Appearance pH Appearance pH
. . 40°C 40°C
_Oxaliplatin/lartarlc N/t 3.65 N 3.70
Oxaliplatin/ lactic . N/t 3.94 N* 401
Oxaliplatin/citrie N/t 3.65 N 361
Oxaliplatin/malonic N/t 3.69 N 364
Oxaliplatin/malic |- N/t - 3.81 "N 391
Oxaliplatin/maleic N/t 3.64 N 3.68
Oxaliplatin/saccharie| N/t 5.34 N 475
Oxaliplatin/succinic N/t 4.05 "N 409
Oxaliplalin/oxallc N/t 376 N 3.89

N =clear colourless solution with no visible particles.
N' = glear colarless solution with few black particles,
N = clear colorless solstion with many white paridcles.
N/ ¢ =not lested.
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Potency and Impurity Results’

PCT/AU2004/001168

The potency of the formulations of Example 3 was measured by HPLC after 5 weeks at 40°C
(Tsble 23). Each of the formulations maintained a potency above 95%.

Table 23 Potency results at initial and 5 weeks for the oxalipiatin solutions of
Example 3 at 40°C, '
Formulation ID | Initlal (mg/mL) | 5 weeks (mg/mL) % of initial
Oxaliplatin/tartaric 519 5.17 99.6
Oxaliplatin/lactic 530 5.18 97.7
Oxaliplatin/citric 5.19 5.15 99.2
Oxallplatin/maloni 521 5.18 - 994
<
Oxaliplatin/malic 5.21. 5.15 98.9
Onxaliplatin/maleic 520 5.06 97.3
Oxaliplatin/sacchar 522 501 96.0
ic
Oxaliplatin/suceini 522 5.17 © 990
_c :
Onxaliplatin/oxalic 524 521 99.4

‘The formulations of Example 3 were also assayed by HPLC for the presence of impurity B
and Dimer after 5 weeks at 40°C. Table 24 reports the results of this assay.
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Table 24 Test results at 5 weeks at 40°C of the formulations of Example 3 for
nnpurity B and the dimer impunty.

Formulation % Tmpurity B % Dimer
ID

Oxaliplatin/tartaric 0.36 ND
| Oaliplatin/lactic 034 ND
Oxaliplatin/citric 0.26 ND
Oxaliplatin/malonic 027 | ND
. Oxaliplatin/malic 0.31 ND
Oxaliplatin /maleic 0.18 ND
Oxaliplatin/saccharic 0.28 ND
Oxaliplotin/succinic 027 ND
Oxaliplatin/oxalic 017 ND

WD: None detected

5  Table25 summarises the impurity profile obtained from the assay for potency by HPLC

which was cartied out by ITPLC at the 5 week time points.
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Table25 Impurity profile from potency assay for oxaliplatin solution formulations of
Example 3 at the 5 weeks time point at 40°C, '

impurty  [Tartaric|Lactic [Citric [Malonic|Malic [Maleic |Saccharic|Succinic{Oxalic
dadd acld lacid locid  |acid Jacid lacid acid jacid
Total of unknown | 001 | 009 | 051 | 593 | 00 |02 | o042 | 003 |02z
impurities
, RS Oxaliphatin | 001 ] 001 | 001 | 002 |00 |eor | 0w | oo |o;
Owaliplatin__| 9991 | 99.71 | 9950 | 9320 | 99.89 | 0958 | 99.36 | 99.90 | 9949
tmpurityC | 001 | 008 | 002 | 020 | 002 | 002 | 005 | 001 [ o0s
Totol impusity from| 008 | 013 | 03¢ | 615 | 0 | 036 | 049 | 005 | 033
_potency assay(%)

The total impurity levels for the Examplc 3 formulations from the HPLC assay for potency
and the HPLC assay for Impurity B after 5 wecks at 40°C are shown in Table 26.

Table 26 Total impurity for oxaliplatin solution formulations of example 3 at5
' weeks time polnt at 40°C ' '
- Impurity  [Tartoric| Lactic |Citric| Malonic [Matic|Malelc | Saccharic | Succinic | Oxalic
acid | ecid lacid | acid |acid] scid acld acid | acid
Total impurity | 003 | 013 [0.34) 615 10.03] 036 049 0.05 033
from potency
assay (%)
Impurity B(%) | 036 { 027 10.17| 0.18 {031 0.26 028 0.34 0.27
Dimer (%) ND ND {ND| ND |ND| ND ND ND | ND
Totalimpurity §{ 039 | 040 [051 ] 633 (034 0.62 0.77 0.39 0.60
(%) '
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‘33 Summary

Formulations contammg mahc and succinic acid showed impurity levels which were
comparable to the tartaric acid formulation. Contrary to the teaching of the prior art, the
malonic acid formulation contained a surprisingly and unacceptably high level of impuritics
relative to the tartaric acid formulation. Solutions containing citric, maleic and saccharic
acids also showed rcasonably low levels of impurity and would be considered to be suitable
buffering agents for oxaliplatin. The stabilisers of the prior art, oxalic acid and lactic acid,

* also displayed rcasonably low levels of impurity which is unsurprising in the case of oxalic

acid due to the vperation of Le Chatelier's principle.

Example 4

The following fum\ulauon was prepared for the purpose of regulatory testing:
Oxaliplatn  5mg

Tartaricacid 0.03mg

NaOH (adjust to pH of approximately 5)

WFI gs TmL

The pH is adjusted to pH 5 with a range of from 4.7 to 5.5 using NaOH. The coxpcmtfnﬁon of
tartaric acid is about 0.2 mM.

Throughout this specification, the word "comptise”, r variations such as "compriscs” or
"comprising” will be understood to imply the inclusion of a stated elernent, integer or step, or
groups of elements, integers or steps, but not the exclusion of any other element, intcger or
step, or groups of clements, integesa or steps.

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is solcly for the purpose of providing a context for the
present invention. It is not o be taken as an admission that any or all of these matters form
part of the prior art base or werc common general knowledge in the field relevant to the
present invention as it existed in Australia before the priority date of each claim of the
applicéﬁon. '

Tt will be appreciated by persons skilled in the art that numerous variations and/or

_ modifications may be made to the invention as shown in the specific embodiments without
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departing from the spirit or scope of the invention as broadly desctibed. The picsmt
conbodiments are, therefore, to be considered in all respects as illustrative and not restrictive,
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CLAIMS

1. A pharmaceutical liquid formulation of oxaliplatin for parenteral administration, said
formulation comprising

@ oxaliplatin;

@@  water; and

(i) | an acid

wherein the acid is 8(nbﬂisiné and is not malonic acid, lactic acid or oxalic acid.

2. A formulation according to claim 1 wherein the acid Is a carboxylic acid.

3. A formulation according to claim 1 or claim 2 wherein the acid is a dicarboxylic acid.

4. A formulation according to any one of claims 1 to 3 wherein the acid is selected from the
group consisting of citric acid, maleic acid, saccharic acid, succinic acid, malic acid, tartaric acid

" and mixtures thereof,

5. A formulation according to any one of claims 1 to 4 wherein the acid is selected from the
group consisting of malic acid, succinic acid, tartaric acid and mixtures thereof.

6. A formulation according to any one of claims 1 to 5 whereln the acid is tartaric acid.

7. A formulation according to any one of claims 1 to 6 wherein the acid is at a concentration of
at least 0.01 mM,

8. A pharmaceutical liquid formulation of oxaliplatin for parenteral administration, said

. formulation comprising

(@)  oxaliplatin;

(i)  water; and
(i)  anacid comprising at least 4 carbon atoms.
9. A formulation according to claim 8 wherein the acid is a dicarboxylic acid.

10. A formulation according to claim 8 or claim 9 wherein the acid comprises 4 to 10 carbon
atoms.
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11, A formulation according to any one of claims 8 to 10 wherein the acid comprises 4 to 6
carbon atoms. :

12. A formulation according to any one of claims 8 to 11 wherein the acid comprises 1 or2
hydroxyl groups. '

13. A formulation achrdirng to any one of claims 8 to 11 wherein the acid is sclected from the

. group consisting of citric acid, maleic acid, saccharic acid, succinic acid, malic acid, tartaric acid
- and mixtures thereof. ' :

14. A formulation according to any onc of claims 8 to 13 wherein the acid is selected from the
group consisting of malic acid, succinic acid, tartaric acid and mixtures thereof.

15. A formulation according to any onc of claims 8 to 14 wherein the acid is tartaric acid.

16. A formulation according to any onc of claims 8 to 15 wherein the acid is at a concentration
of at least 0.01 mM,

17. A pharmaceutical Hquid formulation of oxaliplatin for parenteral administration, said
formulation comprising

@ oxaliplatin,

(i) water; and

“(iif) - an additive selected from the group consisting of a pharmaceutically acceptable carboxylic

acid, a salt of a pharmaceutically acceptable carboxylic acid, a pharmaceutically acceptable
derivative of a pharmaceutically accdptable carboxylic acid and mixtures thereof;

wherein the additive is at a concentration of at least 0.01 mM and wherein the acid is not malonic
acid, lactic acid or oxalic acid. '

18. A formulation according to claim 17 whercin the acid is a dicarboxylic acid.

19. A formulation according to clalm 17 wherein the acid is selected from the group consisting
of citric acid, malcic acid, sacchatic acid, succinic acid, malic acid, tartaric acid and mixtures
thereof. '

20. A pharmaceutical liquid formulation of oxaliplatin for parenteral administration, said
formulation comprising : ‘

(1) water; and
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(i) an additive selected from the group consisting of a pharmaceutically acceptable ‘cazboxylic

acid, a salt of a pharmaceutically acceptable carboxylic acid, a pharmaceutically acceptable
derivative of a pharmaceutically acceptable carboxylic acid and mixtures thereof;

wherein the additive is at a concentration of at least 0.01 mM and wherein the carboxylic acid is of
the formula:

HO2C[C(RL)}(R2)[nCO2H

wherem n =2to 6; and R1 and R2 arc cach independently selected from the group consisting of H,

" OH, CO2H, helo and methyl.

21, A formulation according to claim 20 whereihn =2 t0 4.

22. A formulation according to claim 20 wherein the acid is selected from the group consisting
of citric acid, saccharic acid, succinic acid, malic acid, tartaric acid and mixtures thereof.

23. A formulation according to any one of ¢laims 17 to 22 wherein the carboxylic acid is
sclected from the group consisting of malic acid, succinic acid, tartaric acid and mixturcs thereof.

24, A pharmaceutical liquid formulation according to any one of claims 17 to 23 wheacin the
pharmaceutically acceptable carboxylic acid is tartaric acid.

25. A pharmaceutical liquid fbmmlation of oxaliplatin for parenteral administration, said
formulation comprising

()  oxaliplatin,

#H) water;and

(i) en additive selected from the group consisting of tartaric acid, a salt of tartaric acid, a

pharmaceutically acceptable derivative of tartaric acid and mixtures thereof;
wherein the additive is at a concentration of at least 0.01 mM.

26. A formulation according to any ane of claims 17 to 25 wherein the concentration of the
additive is from about 0.01 maM to about 2.0 mM.

27. A formulation according to any one of clalms 17 to 26 wherein the concentration of the
additive is from about 0.1 mM to about 1.0 mM,

28. A formulation according to any onc of claims 17 to 27 wherein the concentration of the
additive is from-about 0.1 mM to about 0.6 mM.
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29. A formulation accordil'\g to any one of claims 17 to 28 wherein the concentration of the
additive is from about 0.2 mM to about 0.6 mM,

30. A formulation according to any one of claims 17 to 29 wherein the additive comprises a salt’
of a pharmaceutically acceptable acid and wherein the salt is 8 sodium salt.

31. A formulation according to any onc of claims 1 to 30 wherein the concentration of
oxaliplatin up to about 15 mg/ml. '

32. A formulation according to any ane of claims 1 to 31 wherein the concentration of
oxaliplatin up to about 7 mg/ml.

33. A formulation according to any one of claims 1 to 32 wherein the pH of the formulation is
in the range of from about 3 to about 7,

34,  The use of a pharmaceutical formulation according to anyone. of claims 1 to 33 in the
preparation of a medicament for the treatment of a cancer. ‘

'35. A method for treating a cancer which compriscs administering a pharmaceutical

formulation according to any one of claims 1 to 33 to a paticnt in nieed thereof.
36. A method for preparing a pharmaccutical formulation, the method comptising the steps of;
(i) dissolving oxaliplatin in water to form a solution;

(i)  dissolving in the solution an additive sclected from the group consisting of a
pharmaceutically acceptable carboxylic acid, a salt of a pharmaceutically écceptable carboxylic
acid, a pharmaceutically acceptable derivative of a pharmaceutically acceptable carboxylic acid
and mixtures thereof; '

(#)  optionally, adjusting the pH of the solution with a pharmaccutically acceptable base
wherein the acid is not malonic acid, lactic acid or oxalic acid,
37. A method according to claim 36 wherein the acid is a dicarboxylic acid.

38. A method according to claim 36 wherein the acid ig selected from the group consisting of
citric acid, maleic acid, saccharic acid, succinic acid, malic acid, tartaric acid and mixtures thereof.

39. A method for preparing a pharmaccutical formulation, the method comprising the steps of:
(1] dissolving oxaliplatin in water to form a solution;

(i)  dissolving in the solution an'additive selected from the group consisting of a
pharmaccutically acceptable catboxylic acid, a sait of a pharmaceutically acceptable carboxylic
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acid, a phanmaceutically acceptable derivative of a pharmaceutically acceptable carboxylic acid
and mixtures thereof;

(iii) optionally, adjusting the ptI of the solution with a pharmaceutically acceptable base
wherein the carboxylic acid is of the formula:
HO2C[C(R1)(R2)InCO2H

wherein n = 2 o 6; and R1 and R2 are each independently selected from the group consisting of H,
OH, CO2H, halo and methyl.*

a0, A method aMg to claim 39 whereinn=2to 4.

41. A method according to claim 39 wherein the acid is selected from the group consisting of
citric acid, saccharic acid, succinic acid, malis acid, tartaric acid and mixtmes thereof.

42, Amethod acoordlhg to any one of <laims 36 to 41 wherein the carboxytic acid is selected

from the group consisting of malic acid, succinic acid, tartaric acid and mixtures thereof.
44. A method for preparing a pharmaceutical formulation, the method comprising the steps of:
M dissolving oxaliplatin in water to form a solution;

(i)  dissolving in the solution an additive selected from the group consisting of a tartaric acid, a
salt of tartaric acid, a pharmaccutically acceptable derivative of a pharmaceutically acceptable
tartaric acid and mixtures thereof; ' ’

(iii)  optionally, adjusting the pH of the solution with a pharmaceutically acceptable base,

45. A method according to any one of claims 36 to 44 wherein the concentration of the additive
is from about 0.01 mM to about 2.0 mM. '

46. A mcthod according to any onc of claims 36 to 45 wherein the concentration of the additive
is from about 0.1 mM to about 1.0 mM.

47. A method accoxding to any one of claims 36 to 46 wherein the concentration of the additive”
is from about (1.1 mM to about 0.6 mM.

48. A method according to any one of claims 36 to 47 whercin the concentration of the additive
Is from about 0.2 mM to about 0.6 mM.

49, A method according to any one of claims 36 to 48 wherein the additive comprises a salt of a

'pﬁamaceutically acceptable acid and wherein the salt is a sodium salt.
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50. A method according to ariy one of claims 36 to 49 wherein the concentration of oxaliplatin
is up to about 15 mg/ml.

51. A method according to any one of claims 36 to 50 whercin the concentration of oxaliplatin
is up to about 7 mg/ml, : '

52. A method according to claim 51 whercin the concentration of oxaliplatin is about 5 mg/ml.

53, A method according to any one of claims 36 to 52 wherein the pharmaceutically acceptable
base is sodium hydroxide.

54, A formulation according to any one of claims 36 to 53 wherein the pH of the formulation is
adjusted to be in the range of from 3 to 7.

55. A pharmaceutical liquid formulation of oxaliplatin for parenteral administration, said
formulation comprising '

(i) about 5 mg/ml of oxaliplatin,
(i)  water,and
@)  an additive consisting of tartaric acid and the sodium salt of tartaric acid,

wherein the concentration of the additive is about 0.2 mM and wherein the pH of the solution is

from about 4.7 to about 5.5.

56.  The use of a pharmaceutical formulation according to claim 55 in the preparation of a
medicament for the treatment of a canccr.

57. A method for treating a cancer which comprises gdministering a pharmaceutical
formulation according to claim 55 to a patient in need thereof.

58. A method for prcparhg a pharmaceutical formulation, the method comprising the steps of:
@ dissolving oxaliplatin in water to form a solution;
(i)  dissolving tartaric acid in the soluton;

(i)  adjusting the pH of the solution with sodium hydroxide such that it is in the range of from
4.7 t0 5.5

wherein the concentration of oxaliplatin is about 5 mg/ml and the concentration of tartaric acid is
about 0.2 mM. :
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