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(54) Tide: ACID CONTAINING OXALIPLATIN FORMULATIONS ~ 

~ (5'n Abstract : There is provided a pharmaceutical liquid formulation of oxaliplatin for parenteral administration, said formulation 

N comprising (i) oxalipladn ; (ii) water; and (iii) an acid wherein the acid is stabilising and is not malonic acid, lactic acid or oxalic 

O acid. Methods of preparing the formulation are also disclosed . There is further provided the use of the formulation in the preparation 

0 

f a medicament for the treatment of cancer and a method for treating cancer which comprises administering a therapeutic amount 

~ of a pharmaceutical formulation. 
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ACID CONTAINING OXALIPLA71H FORMULATIONS 

FIELD OF THE INVENTION 

The invention relates to formulations containing-oxaliplatin. 

BACKGROUND OF THE INVENTION 

g Oxalipletin Is an anticancer agent. Oxa]iplatin (CAS 61825-94-3), also known as t-0HP, is a 

third generation platinum complex. The term "oxaliplAtin" as used herein includes cie-
oxalato(trans-1-l,2-dieutviriocyclohc.~xmnc) platinum(Il), its optic enantiomer cis-oxaiato(traits-

d-1,2-diaminocyclohexane) plaiinum{II}, and any mixture thereof. 

pxaliplatln is currently approved and marketed for second-line treatment of colorectal 

10 cancer, pxaliplatir is available m a lyophilised form (2U mg, 50 mg or 700 mg vials) . Just 

. prior to administration, the lyophilised powder is reconstituted using water for injection or 

3°/n glucose injection solution to provide a solution containing S mg/ml oxaliplatin. 

Typically, the reconstituted solution is then further diluted in 25U-50(1 mL of 50A* glucose 

injection solution . The diluted oxaliplatin solution is then Infused either by peripheral vein 

15 or central venous line over 2 to 6 hours. 

Lyophllized 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 manufacture of freeze dried forms is generally 

higher than is the case for liquid solutions. In additicm, the reconstitution of freeze dried 

20 preparations requires bath skill and can as it involves several risks, inftrAll;~, 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 lyophi]izc.~d 

drug, multiple handling of the. drug is required - the lyophilised oxaliplatin is first 

25 reaonaNtuted, then diluted with a 5% glucose solution and then administcrcd by intravenous 

inf%k4ion . 

Further, following reconstitution, oxaliplatin is prcine to instability, particularly in solutions 

containing certain nucleophille agents. Por example, same reconstitutiml solution,q 

containing chloride Ion4, such as 0.996 sodium chloride solution, are commonly used in 

3U hospitals. The mistaken use of such a recanstitution solution in the case of the lyophilized 

form of oxaliplatin has the serious consequence of rapidly decomposing the oxaliplatinumn 
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metal complex, farming a precipitate (dichlaro-diaminocycloluxane-platinum derivative) 

with NaCl. 

As a consequence of the limitations described above, several stabilised aqueous ready-to-use 

(R'ITJ)liquid oxaliplatin preparations have been proposed: 

1. US 5,716,988 and AU ?31981 disclose a pharmaceutical formulation consisting of a 1 

to 5 mg/mL solution of oxaliplatin in water having a pf-I range of 45 to 6. However, 

subscxiuLmtly, WO 99/43355 and US 6,476,068 report that simple aqueous solutions of 

oxaliplatin prepared according to the methods taught in this specification are 

insufficiently stable . 

10 2. WO 99/O355 and US 6,306,902 disclose an oxeliplatirt solution formulation 

containing 1 to 7 mg/ml oxaliplatin, a buffering agent end a pharntaccuticaIIy 

acceptable carrier. 'Ihe preferred buffering agent (and only example) is oxalic acid . or 

an aIIc.ali metal salt thereof. 

WO Ol/15691 discloses solutions of at least 7 mg/ml oxaliplatin containing a solvent 

15 ' containing a sufficient nnwumt of at least one hydroxylaEed derivative selected from 

1,2-prcrpanc-diol, glycerol, maltitoi, sucrose and ino,aitol . The specilicatian states that 

these arc the only suitable agents to use after ecmsideraNrnt of several opticmm 

Further, if buffering agents are used; the speciAcaHcm teacbea that the buffer shuuld 

have an vxatid acid base. 

20 4. US 6,476,068 discloses an cxaliplatin solution formulation comprising 0.1 to 10 

mg/ml oxaliplatirt, an affective stabilizing amount of the monocarbaxylic acid, lactic 

acid, and a pharmaceutically acceptable carrier. The preferred concentration range of 

oxaliplatin is 2 to 5 mg/ml. 

5. US patent Application No. 20030109515 discloses an oxaliplatin solution forululation 

25 containing n stabilising amount of malcmie acid . The examples am directed to 

formulations having an oxaliplatin concentration of 2 mg/ml. In contrast to the , 

teaching of this application, and as bt di ..acwscd below, the present inventors have 

found that malonic acid deatabilises oxa]iplatnn in solution. 

Buffering agents are used in liquid pharmaceutical. formulations to adjust the pH of the 

30 formulation and to maintain the formulation within a desired pH range, As mend oned ' 

above, the dicarboxylic acid, oxalic acid, and its salts have been proposed as a buffering mid 

stabilising agent for oxadiplfltIn . .Oxalate ion is formed in aqueous solutions of oxaliplatin by 

hydrolysis, thus conceivably this reaction may be alowcd (using Le Chatel3er's principle) 
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through purposeful addition of oxalate ion to solutiom of axalipletin. However, oxalic acid 

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

. acid is potentially nephrotoxic and also requires special handling precautions, which 

complicate and limit its use in pharmaceutical products. 

5 There is a need far agents that can be used with oxaltplatin solutions as alternatives to the 

prior art buffering agents (oxalic acid, lactic acid and malonic acid) and which do not have 

the disadvantages associated with the use of oxalic acid. 

Ideally, the alternative agunts would not destabilise oxaliplatin in solution. In particular, it 

would be useful if the alternative agents improve the stability of oxaliplatin in aqueous 

10 ' formulaticiw in a *nA*.*wr_that m;n;**, ;s,t: significant degradation of oxaliplatin and limits the 

formation of unwanted impuritica such as diaquo DACH platinum and diaquo DACH 

platinum dimcr. 

Further, it would be preferable tv limit the, amount of unknown degradation products in the 

aqueous formulation Any unknown degradation product present in an amount exceeding 

15 the thresholds set in the guidelines of the ICH (International Conferu-nou on Harmonisation 

of Technical Requirements for Registration of Pharmaceuticals for Human Use) is required to 

be identified. This impcr,x.~t significant requirements on the manufacturer of the formulatim,. 

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 

20 additional risks Of toxicity and unknown 51d1 .'-t`,ffeChi d8 A conacqumcc of the presence 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 agents should be non-toxic and be 

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

25 introduced in the safest and must 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 

(i) oxatiplatin; 

~30 (ii) water; and 

(iii) an acid 
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wherein the acid 3s stabilising and i$ not mnlonic acid, lactic acid or oxalic Acid . 

In a second aspect the present invention provides a pharmaceutical liquid formulation of 

oxaliplatin for parenteral administration, baid formulation comprising 

(i) oxaliplatin; 

5 (ji) water, and 

(iii) an acid CompTi.4ing at least 4 carbon atoms. 

in a third aspect the present Invention provides a pharmaceutical liquid formulation Of 

oxaliplatin for paranteral admirrisMaticm, said formulation comprismg 

(i} uxaliplatiry 

10 (ii) water, mid 

(iii) an additive selected from the group consisting of a pharmaceutically acceptable * 

carboxylic acid, a salt of a pharmaceutically acceptable carboxylic acid, a plaa:maccutically 

acceptable dLnivative of a pharmaceutically acceptable carboxylic acid and mixtures thereof, 

wherein the additive is at a concentration of at least I) .ql n,M and Wherein the acid its not 

15 malonic acid, lactic acid or oxalic acid. 

in a fourth &Vect, the pmsent invention provides a pharmaceuticd liquid formulation of 

oxaliplahn for pax'enteral admiiv.9tretlon, said formulation comprising 

(i) oxaliplat'vn, 

(u) water; and - 

20 (iii) an additive selected from the group aonsi.sting of a pharmaceutically acceptable 

carboxylic acid, a mat of a pharmaceutically acceptable carboxylic acid, a pharmaceutically 

acceptable derivative of a phcmmaceutically acceptable carboxylic acid and mixtures thereof; 

wherein the additive is at a concentration of at least 0.01 rnM and Wherein the carboxylic acid 

is of the formula: 

25 Ii02CLC(Rl )(R2)]nCO2H 

wherein n = 2 to 6; and Rl and RZ are each independently selected from the group consisting 

of H, OH, C02iT, halo and methyl . 
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In a fifth aspect, the present invention provides a pharmaceutical liquid formulation of 

oxaliplatin for parenteral administration, said formulation comprising 

(i) oxsliplatin, 

(ii) water, and 

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

wherein the additive i.a at a concentration of at least 0.01 mM 

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

10 a cancer . 

In a tcvonth agpect, the prevent invention provides a method far treating a cancer wWch 
comprises administering a pharmaceutical formulation according to the first to third aspects 
to a patient in need thereof. 

In a eighth aspect, them i.4 provided a method far preparing pharmaceutical formulations 
15 according M the first to third acpecfs, the method compris~ the steps oh , 

(i) dissolving oxaliplatin fn water to form a solution; 

(ii) 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 
20 oxaliplatin for parenteral administration, said formulation comprising 

(i) about 5 mg/ml of oxatiplaHn, 

(ll) water, and 

(iii) an additive consisting of tartaric acid arui du sodiimt salt of tartaric acid, 

wherein the concentration of the additive is about 4.2 mM and wherein the pH of the 
25 solution is from about 4.7 to about 5:5. 
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In 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 prvvidce a method for treating a cancer which 
5 comprises admini,vtering 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 formulatioti, 

the method comprising {h2 steps of: . . 

(i) dissolving oxaliplatin in water to form A solution; 

10 (ii) dissolving tartariC acid in the solution; 

(iii) adjusting the pN of the solution with sodium hydroxide such that it is in the range of 
from 4.7 to 5.5 

Wherein the Ccmcentration of oxallp]Atin Is about 5 mg/ml and the concentration of tartaric 
acid is about 0.2 mM. 

15 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1W is a chromatogram showing stability of a solution of oxaliplatin in water stored at 
40°C for 12 weeks. 

Figure ~2(b) is a chromatogram showing stability of a solution of oxaliplatin and tartaric acid 
in water stared at 40°C for 12 weeks. 

20 Figure 1(c) is a chromatogram showing stability of a solution of vxaliplatin, tartaric acid and 
sodium ta:trate in water stored at 4{1°C for 12 weeks, 

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

Figure 1(e) is a chromatogram showing stability of a solution of cucaliplatin, ntialeic acid and. 

25 sodium hydroxide in water stored at 40°C for 12 weeks. 

Figure 2(a) is a chromatogrvn showing stability of a solution of oxaliplatin in water stored at 
40°C far 8 weeks. 
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Figure 2(b) is a chromatogram showing stability of a soltttion Of OxallPlatin and tartaric add 

in water stored at 40°C for 8 wccl~s. , 

Figure 2(c) is a chromatogram showing stability Of a solution of oxaliplatin, 
tartaric-acid and 

sodium terhrate in water stored at 40°C for 8 weeks. , 

Figure 2(d) is a chromatogram showing stability, of a solution of oxaliplaflt'4 tartaric acid and 

Bodium tartrate in water at 4Q°C for A weeks, the ratio of tartratc to tartaric acid being greater 

than for the solution of Figure 2(c) . 

DETAILED DESCRIPTION OF THE INVENTION 

!n a first aspect, the present invention provides a pharmaceutical liquid formulation of 

1U oxaliplatin for parentml administration, said forrruilation comprising 

(i) oxaliplatim, 

(ii) water; and 

(iu) an acid 

wherein the acid is stabilising and Is not malonic acid, lactic acid or oxalic acid. 

15 It it, preferred that the acid is a carboxylic acid, preferably a dicurboxylic acid. 

In a preferred embodiment the acid is selected from the group consisting of citric acid, malcic 

acid, saccharic acid, succinIc acid, malic acid, tartaric acid and mixtures tlv-wof. It is 

preferred ftt the acid is malic acid, succinic add, tartaric acid, and mixturcs thereof and is 

must preferably tartaric'acid. , 

20 In a second aspect, the present invention provides a pharmaceutical liquid formulation of 

oxaliplaHn for patenteral pdmini,stration, said formulation comprising 

(i) nxaliplatin; 

(Ii) water; and 

(iii) an acid comprising at least 4 carbon atoms. 

25 It i3 preferred that the acid LS a dicarboxylZc acid and preferably comprises 4 to 10 carbon 

atoms, more preferably 4 to 6 carbon atorns, 

!n a further embodiment the acid comprises 1 or 2 hydroxyl groups. 
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In a preferred etnbodiment the acid is selected from the group consisting of citric acid, malelc 

acid, saccharic acid, puccinic acid, malic acid, tartaric acid and mixtures thereof. It is 

preferred that the acid is malic acid, succinic acid, tartaric acid and mixtures thereof and is 

most preferably tartaric acid . 

5 In A still further preferred embodiment of the first and second aspects of the invention the 

acid 3s at a concentration of at least 0.01 mM. . 

In a third aspect, the present inventicm provides a pharmaceutical liquid formulation of 
oxalIplat3n for parenteral administration, said formulation cOmPrising' 

(i) ' oxallplatln, 

10 (ii) water; and 

(iii) ' an additive selected from the group consisting of a pharmaceutically acceptable 

carboxylic acid, a salt of a pharmaceutically acceptable carboxylic acid, n pharmaceutically 

acceptable derivative of o pharmaccutically acceptable, carboxylic acid and mixtures thertvf, 

wherein the additive is at a concentration of at least 0.01 mM and wherein the acid is not 

1.5 malontc add, lactic acid or oxalic acid. 

Preferably, the acid is a dicarboxylic acid. 

Preferably, the add is selected frum the group ccmoiututg of citric acid, malcic acid, saccharic 

acid, sucdnic acid, mali .c acid, tartaric acid and uuxturcs tltc :reof. 

In a fourth aspect, there is provided a.phatmccutical liquid formulation of uxaliplatin for 

' 20 parenteral adminishraticxt, said formulation comprising 

(1) oxaliplatin, 

(i{) water; and 

(iii) an addifive 9elected from the group consisting of a pharmaceutically acceptable 

carboxylic acid, a salt of a pharmaceutically acceptable carboxylic acid, a pharmaceutically 

25 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 add 

is of the formula: 

HC72C(C(Ki)(R2)]nC02H 
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wherein n = 2 to b; and R1 and It2 are each independently selected from the group consisting 

of H, OH. C02H, halo and methyl. 

pharmaceutically acceptable acids include glutaric acid, citric acid, malic acid, t+ucc+nic acid, 

tartaric add and mixtures thereof. Preferably the pharmaceutically acceptable carboxylic 

acid is selected from the group consisting of melic acid, succinic acid, tartaric acid and 

mixtures thereof. More preferably, the pharmacevticallp acceptable carboxylic acid is tartaric 

add. . 

Preferably n = 2 to 4; mom preferably n, = 2. 

Tartaric acid (HOOCCH(DH)CH(OMCODM is used in food and pharmaceutical 

16 formulations as an pcidulant, sequestering agent, or antioxidant nymx:cgist. In pharmaceutical 

. . formulations, it i4 widely used in combination withbicarbcmatc.~s, as Ue acid component of 

effervescent granules, powderR, and tablets, It displays none of the toxicity associated with 

the use of oxalic acid as a stabilising agent, such as ncphrotoxicity. 

Succinic acid (HOC)CCH,Ci-1zCo0i'n is used as a food additive and in detergents and 

15 cosmetics. It can be found naturally occurring in aninxa1 tissues, and in vegetables or ftvit. 

Mfilic acid (HUQCCH(QIi)CHZCOOH) is used as a flavouring agent, flavour entwncer and 

acidulant in foods. It is found naturally in apples and many other fruits . 

Citric acid is (2-hydro)cy-1,2,3-propane-tricarla*xylic acid) is widc:ly distributed in plants 
and 

in animal tissues and fluids . 

20 Ms.ileic acid has the formula HOOCCH=CFTCOOH . 

Sacchuric acid has the formula FIQOC(CHOHJ4COOH and is derived from stardL 

In a fifth aspect, the present invention provides a pharmaceutical liquid formulation 
of 

oxnllplatin for parenteral administration, said formulation comprising: 

(i) oxaliplatir,, 

25 UP water, and 

(iii) 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 is at a concentration of at least 0,01 mM. 
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Many of the carboxylic acids of the present invention are found as isomers. For instance. . 

tartaric acid has many isomeric forms. Thc present Invention contempLztes 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 add may be sclCCtCd from any of the isomers of 
tartaric acid 

5 including the group consisting of (+)-tArtAri.c acid, {-}-t%rtarlc acid, mesotartaric acid and 

mixtures thereof. Preferably, the tartaric acid is (t)-tartaric acid . 

Where the additive is a mixture of a pharmaceutically acceptable carboxylic acid and a 
salt of 

a pharnutccutically acceptable carboxylic acid, the concentration of the additive i.4 the sum of 

. the concentrations of the carboxylic acid and the salt . Prc,ficrably, where the additive is a . 

10 mixture of a pharmaceutically acceptable carboxylic acid. and a salt of a pharmaceutically 

acceptable carboxylic acid, the salt is the conjugate base of the carboxylic acid so as to form a 

buffer solution 

When the additive includes a salt of a pharmaceutically acccptable 
carboxylic acid, the salt of 

may be formed in situ by the addition of a pharmaceutically acccTtable b&-).-- to an acid 

15 solution. Alternatively, the salt may be added directly to dc formulation. . 

Preferably, the concentration of the additive in the formulations of the first to third aspects 
of 

the invention ix from about 0.01 mM m about 2.0 mM, more prt.~ferably irurn about 0.1 MM 
to 

about 1.0 mM, evenmore preferably from about 0.1 mM to about 0.6 mM, yet more 

preferably from about 02 rnM to about 0.6 MM. 

20 Preferably, when the additive comprises a salt of a pharmaceutically scceptoble acid the salt 

is A sodium Lmlt. 

Pharmaceutically acceptable derivatives of carboxylic acids include but are not limibed to 

such derivatives as esters, amidea, carbonates mid curbamates of the acid. 

The amount of oxaliplaHn present in a pharmaceutical formulation according to the 

25 invention is preferably up to about 15 mg /ml, preferably about up to about 7 Mg /nil . 

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 additive should be used at a concentration which does not 

destabilise the axaltplatln and preferably aids stability of the oxaliplatin. The desired 

;iU stability of oxaliplatin will depend on the intended shelf life of the pharmaceutical 

formulation and the manipulation prior to administration. More specifieally, a stable 

aqueous oxaliplatin formulation is one 4n which there will be no significant change in 

, oxaliplitin potency at the bpcxified storage condition. The criteria for "significant change" 
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are as defined In the International Conference on Harmonisation (Im) Cuidcline: Stability 
Testing of New Drug Substances and Products Q1A (It2).'1'hus in the case of injcxtablc RTU 
oxaliptatin solution, potency of oxaliplatin should be at least 95`Yo of initial content, and, 

solution remains clear, colorless 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 about 7, even more 
prcEexnbiy about 5. . 

As is known to a person skilled in the art a buffering system is a mixture of. an acid with it 
10 conjugaCc; base in a solutioq, the mixture being formulated so as to maintain the pH at a 

desired lcvr.l. 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 associated with its 
conjugate base or conjugate add, respectively . . 

Preferably the pharmaceutical formulation of the invention is provided in a sterile, sealed 
15 container. Far example, a neutral glass of type T and a stopper. Examples of the stopper 

include those made of an etastomer based on halogenated butyls, possibly coated with a 
fluorinated polymer. 

In n sixth aspect of the present invention there 9s provided the use of the formulations of any 
one of the first to third aspects in the preparation of a medicament fiir the treatment of a 

20 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 
25 combination with other chernotherapeutie agents, and includes colorectal cancer, 

'!he term "treatime'aa used hcrr~ unless uthc,~rwisc indicated, means n:vLming, alleviating, 

inhibiting the progress of, or preventing the disorder or cauiditixm to which such term 
applies, or one or more symptoms of such disorder or condition. The term "treatment", as 
used herein, refers to the act of treating, as "treating" is defined. immediately above. ' 

30 In the above methods, the effective dosage of oxaliplaHn to be administered to a patient 
ranges from about 10 mg/me to about 250 mg/m', tnore preferably from about 30 mg/mZ to . 
about 180 mg/m2 and most preferably i3 about 85 mg/m:2 . However, it will be understood 
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that the therapeutic dosage administered will be determined by the physician in the light 
of 

flu, relevant circumstances including the severity of the condition M be treated 
end the 

chosen route of administration. Therefore, the above dosage ranges are rtot intended to limit 

the scope of the invention in any way. Administratiort of oxaliplatin will typically be 

according to best practice known to those skilled in the art at the time of adminiPtretion . 

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: . 

(i) dissolving oxaliplatitt in water to form a solution, 

10 (II) dissolving in the solution an additive selected from the group consisting of u 

pharmACeuticsilly acceptable carboxylic add, a salt of A pharmaceutically acceptable 

carboxylic acid, a pharmaceutically acceptable derivative of A ]pharmaceutically acceptable 

ca=boxylic add and mixtures thereof; 

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

15 wherein the acid is not malonic acid, lactic acid or oxalic acid. 

in another aspect the present invention provides a medtod for preparing a pharmaceutical 

formulation, the method comprising die steps of : 

(i) dissolving oxaliplabn. u1 water to form a solution; , 

(ii) dissolving in the solution an additive selected from the group consisting of a 

20 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, . 

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

wherein the carboxylic acid is of the formula: 

25 H02C(C(Ri)(R2)]nC02H 

wherein ~h = 2 to 6; and R1 and RZ are each independently selected from the group cemsieting 

of H, OH, C02H, halo and methyl. 

Preferably, -n = 2 to 4. More preferably, n = 2. 



WO 2005/020980 

13 . 

PCT/AU2004/001168 

In yet another aspect the present invention provides a.method for preparing a 

pharmaceutical formulation, the method comprising the steps of-, 

(i) dissolving oxaliplatin in water to form a solution; 

(ii) dissolving in the solution an additive selected from the group consisting of a tartaric 

acid, n salt of tartaric acid, a pharmaceutically acceptable derivative of at pharmaceutically 

acceptable tartaric acid and mixtures thereof-, 

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

pH adjustmcmt may be carried out with any pharmaceutically acceptable base. Preferably 

the ph=ma~,~tir,auy acceptable base is a sodium hydroxide (NaOH) solutiaaL 

10 . in A further a5pect, the present invention provides a pharmaceutical liquid formulation of 

oxaliplatin for parenteTal administratim said formulation comprising 

(i) about 5 mg/ml of oxallplatin, 

(ii) water, and 

(iii) an additive conAiatlng of tartaric acid and the sodium salt of tartaric acid, 

15 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 . 

'fhe pt^erettt 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. 

20 in a still further aspect, the present invention provides a method for preparing a 

pharutacc.~utiCal formulation, the method comprising the ateps of: 

(i) dissolving oxaliplatin in water to form a solution; 

(ii) dissolving tartaric acid in the solution; 

(iii) Adjusting the pH of the solution with sodium hydroxide such that It Is in the 

25 range of from i.7 to 5.3 

wherein the concentration of oxaliplatin is about 5 :mg/ml and the concentration of tartaric 

acid is about 02 mM. 
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In order that the nature of the present invention may be more clearly understood, prcfc:rred 

forms thereof will now be described with reference M the following non-limiting examples- 

EXPERIMENTAL 

Measurement of Stab111ty of Oxallplatin formulations 

The stability of an oxaliplatin formulation over a period of time. can be measured by a 

number of complementary methads. Visual appearance and stability of the' pH of the 

formulation are important indicators and these can be measured by techniques well known 

to those skilled in the art. 

Stability can also be measured by high pressure liquidrhromatography (HP[.C) techniques. . 

10 HPLC 9s a technique that [s widely -used and wen known in the art. fii'Lc can be used to 

measure the potency of the oxaliplatin where potency is defined as a percentage of the fiffial 

concentration of oxaliplatin. HFLC can also be used to measure the relative proportions of 

known and unknown degraclant,a in an oxaliplatin solution. 

Known degradation products of oxaliplatin include: 

15 0 (trpns-I-1,2dian-dnocydohexane){1'am-d ihydroxo(oxa]ato) platinum (IV). This a 

oxidative degradation product of oxaliplatin. This degradation product has been 

. designated as Impurity C in the Examples. 

+ (SP-4-2)-dkqua-I(1R2R}-cyclohexane-l,2-diaminc .-kN.kN'JPlsxtlnum, or diaqua 

DACH platinum. This L9 a hydrolysis degradation product of oxfiliplatin . This 

20 degradation product has been designated as Impurity B in the Examples, 

(SP-4-2)-di-li-oxobisj(1R,2It)-cyclohexane-1.2"diamim-kN,kN'lPlatinum, or diaqua 

DACH platinum dimer. Thi,a is a degradation product resulting from further reaction 

of Impurity B. This degradPtion product has been designated as DimeC in the 

Examples. . 

25 R,$-oualiplatin is an isomeric form (?f UXAl1pIAtiII which Ls found at low levels as an impurity 

in axal9platin (ie cis-oxtilato(trmts-1-1,2-diaalinocyclohexane) platinum(In) . 

Overview of the Examples 

Example 1 details an initial trial of oxal{platin formulations using A number of agents over a 

pH range from 3 to 7 In which the pbllity of tartaric acid, rnaleic add, succinic and malic 

30 acids to stabi114e oxaliplatin was compared to a control. Of the acids tested, tartaric acid was 
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found to give the most stable oxaliplatin solutions and it was subsequently tested across a 

wide pH and concentration range as reported in Example 2. This study confirmed the 

advantages 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 

5 other acids at a set concentration (03 mM) as buffering agents in solutions of oxaliplatin. 

This showed that formulations containing mnllc 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 

10 saccharic acids also showed reasonably law levels of impurity . The stabilirscra of the prior 

art, oxalic acid and lactic acid, also displayed reasonably low levels of impurity which is 

unsurprising in the case of oxalic add due to the operation of Le Chatciices principle. 

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

and tartaric add. 

15 Example 1 

'lhe stability of an array of oxaliplatin formulations in water for injection (WFn having an 

oxaliplatin concentration of 5mg/ml was assessed . potential buffering agents of oxabplatin 

that were tested were tartaric acid, malle ac[d, auccinic acid and maleic acid. The pH of the 

formulations covered a range of values. 

20 Comparative Example 1(a) 

Preparation of the Control solution 

WFI (water far injacEiaai) was added to a suitable glass vessel 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/mi, et the final desired volume) was 

25 added and dissolved. The solution was then made up to the desired final volume with WF1. 

Example 1(b) 

Preparation of Dicarboxylic Acid Solutions 

For the formulations described below, WPl was added to a suitable glass vessel to about 80% 

of the desired final volume and warmed to 45-5U°C. While stirring and flushing with 

30 nitrogaa, the desired quantity of oxaliplatin was added and dissolved. Thcnafter the 

proposed etabilising dicatboxyllc acid or its alkali salt was added to the oxaliplatin solution 
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until completely dissolved. Where required, pH was adjusted ttu+ou,gh the addition of dilute 

NaOH solution. '1'tuer solution so formed was made up to the final volume with WPI. 

Table 1 Oxallplatln formulations containing maleic and malic acid based agents 

Formulation Malalo pH 3 1Aalde pH 6 Maktc pH 7 Malb pH 7 

OxallpleHn (MM 8 my S M9 5 mg S M9 

IAaltc add dlsadlum ssit (mg) " we Wa Mla Mng 

M0101o acid (mg) 0.03 mg 0.08 mg 0,71 m9 Wa 

KsOH ION lWa 0.007 pl . 16.9 ,U1. we 

VYFI q* 1 mL t ml. i mL t mL 

initial pH of the final formulation' , 3.50 I 5.38 1 7.16 , 8.92 . 

5 Table 2 Oxaliglatin forcnulations rnntaining succinic acid based agents 

Formulation Sueelnle pH 9 8u0o1nW pH i Sacctnlc pH 7 

OxaiIplaUn 6 mg 6 mp sing Smo 

Succinic add dlsodluan salt N!a 0.013 Mg 1.033 mg 

SucCintC add 0.13 mg 0.003 Wa 

WF7 qs 1 mL 1 mL , ! mL 

Initial pH W the final formulation ~ 3-57 6,03 I 6,91 
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Table 3 Qxaliplatin formulations containing tartaric acid based agents 

Formulation TarfariC pH 3 Tartarle pH S Tarteft pH 1 

oxalipladn . L5 my 5 mg 5 mg 

No OH 10N Nit 0.033 pl. 0.087 pi. 

. 

Inidal pH of the final formulaelon 3.68 4.8 7, 

IAOtaity o} Tirprte AeidlTartraie In 

Sokdkn 

2.9 x 10'' M 

. 

22 x 10'' M 8.1 x 10'' M 

1he pH values used to designatc the different formulations an: indications only and do not 

necc;ssariiy reflect the exact pH of each solution . The exact initial pH values are provided m 

5 the tables above. 

Example 1(c) 

Stability Study 

in accordance with an aLcelaratod stability protocol, the formulations were stored at 40°C 

with 75% relative humidity far 12 weeks. 

lp The potency of the fnrsnulations was examined by high Performance liquid 
chromatography 

(HPLC) at 4 week intervals over the 12 week period. Potency is defined as a percentage of 

the initial concentration of uxaliplatin . Most formulution,v maintaincd at least 9596 potency 

over the 12 week period . The exception to this was Muleic pH 7 which had A potency of 

41 .996 after the 12 week period . Malcic acid could not therefore be oonsidcred as a viable 

15 stabiliser. 

in respect of the use of malic acid as an gtabilisor, the study of Malic pH 7 was termiuatod , 

after 4 weeks due to significant precipitation and colour changes within the formulation. . 

Accordingly, malic acid could not be considered. ac a viable stabiliser. ,As is discu.wsecl below 

this result may have been a consequence of the high ccmcentracions of the malic acid disddiuui 

20 i+nlt in the formulation. 
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Only very low levels of the oxidative degadation product-impurity C [(tram-1-1,2. 

dimainocyclohexana)trnns-dihydroxo(oxalato) platinuai (IV)] were detected in the 

formulations. This indicated that the formulations were substantially free of oxygen . 

Example 1(d) 

5 Study of the Degradation Products of Oxaliplatin at 12 weeks 

Formulation.a Control, Tartaric pH 3, Tartaric pH7, 5ucciaic pH 7 and Mateic pH 7 were 

analysed after 12 weeks at 40°C with 75°/a relative humidity for the presence of major 

degradation products of oxaNplatin [Impurity B( diaqua DAG'H platinum) and Dimer 

(diaqva VACH dirner)1 using HPLC . 

10 The chromatograms of the formulations are presented in Figures 1(a)-(e) . The impurity 

peaks at above 0.01% are reported, , 

FigMlta) 

Control 40°C 12 weeks 

This system displays an impurity peak at 5.945 minutes corresponding to impurity 13 (diaqua 

15 DACH platinum) and a further peak at 9.897 minutes corresponding to l7imer (diaqua 

DACH platinum dimer) . A further three unlcnown Impurity peaks are present. One is 

present at 3.909 minutes at a level of O.U3'YA and two at 3.026 and 3.386 minutes at 0.011%. 

Figure i(b) 

Tartaric pH3 40°C 12 weeks 

20 An impurity peak Ls present at 5.932 minutes whichhaa been allocated to impurity B (diaqua 

DACH platinum), There is also present an impurity at 3.906 minutes, There is no impurity 

peak corresponding to Dimer (diaqva DACH platinum dimer) . 

Figure 1(c) 

Tartaric pH7 40°C 12 weeks 

25 This system ciisplqys an inpurity peak is present at 5.931 minutes which corresponds to 

impurity S (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 corresponding to Dimer (diaqua DACH platinum 
dimer) . 

Figure I(d) 

Succinic pH7 40°C 12 weeks 

5 This system displays a large number of unknown impurity peals. These are present at 3.075 
minutes, 3.581 minutes, 4.007 minutes, 4.164 minutes, 4368 minutes , 6.512 minutes and 7.684 
mtnuteq. An impurity peak is also present at 5.956 minutes which corresponds to impurity B 

(diaqua DACFi platinum). 

Figure 1(e) 

10 Maleic Acid pH7 4a°C 12 weeks 

The system displays a large number of unknown impurity peaks present at 2.587 minutes, 
2.751 minutes, 2.tiEiQ minutes, 3.042 minutes, 3.378 minutes, 3.599 mdnutes, 3.983 minutes, 
4,203 minutes and 5339 minutes . 

It is clear from a visual comparison of the chromatubrrms that the tartaric acid stabilLsed 
15 formulations are far more stable than the aualczc acid and succinic acid stabilised 

formulations. In addition, in comparison to the chromatogram of the control formulation, 
the formation of Dimer (diaqua UACH platinum dimer) is suppressed in the tartaric acid 
stabilLSed formulations . Further, at least in the case of the TurEaric pH 7 formulation, 
significantly less impurity B (diaqua DACH platinum), the principle degradant, Is formed. 

20 In addition, the tartaric acid stabiliscd formulations do not display as many unknown 
impurity peaks as the control formulation . . . 

Example X(e) 

Study of the Degradation Products of axaliplatin at e weeks 

Farmulations Control, Tartaric pH 3, Tartaric pH 5 and Tartaric pH7 were analysed after S 
25 weeks at 40°C with 75% relative humidity for the presence of degradation products of 

oxatiplatin using the HPLC protocol of Example 4. 

The chromatoganis are prc;scrtted in Figures 2(a)-(e) 
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Control 400C 8 weeks 
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This sy+stcm displays an Impurity peak at 6.304 minutes corn.~sponding to impurity B (diaqua 

DACH platinum) and a further peak at 10.145 minutes corresponding to Dimcr (diaqua 

5 DACH platinum dimer). An unknown impurity peak is present at 3.913 minutes. 

Figure 2(b) 

Tartaric pH 3 40°C 8 weeks 

This system displays an impurity peak at 6.3(16 minutes corresponding to Impurity B (diaciua 

DACH platinum). There is no peak corresponding to the presence of Dimer (diaqua DACH 

1Il pLztinum dime,). An unknown Impurity Peak i9 present at 3.916 minutes. 

Figure Z(c) 

Tartaric pH 5 40°C S weeks 

12-ds system displays an finpurity peak at 6.306 minutes corresponding to impurity B (diaqua 

DACH platinum). There is -no significant peak corresponding to the presence of Uimc:r 

15 (diAqua DACH platinum ditner) . An unknown Impurity peak is present at 3.911 minutuns . 

Figure 2(d) 

Tartaric pH 7 40°C 8 weeks 

This by-6tem displays an impurity peak at 6.306 
minutes corresponding to impurity B (diaqva 

DACH platinum). There 9s no significant peak corresponding to the presence of Dimcr 

20 (diaqua DACH platinum dimer). An unknown impurity peak is present at 3.913 minutes, 

In comparison to the chromatogram of the control formulation, Dimer (diaqua DACH 

platinum diner) formation is suppressed in the tartaric acid stabilised formulations. 

Summary 

It is clear from a visual comparison of the. chromatograms of Figures 1 and 2 that the tartaric 

25 acid stabilised formulations of oxallplatin are far more stable than the maleic acid and . . 

succmic acid containing formulations. Tn addition, in comparison to the chromatogram of 

the control formulation, the formation of Uirner (diaqua DACH platinum diiner) is 
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suppressed in the tartaric acid' stabilised formulaticw and, 9n some cases, signiffcantly less 

impurity B (diaqua DACH platinum), the principle dcgradant, is farmed. Further, ft 

tartaric acid stabilibcd formulations do not display as many tnImown impurity 
peaks as the 

control formulation which is of importance in meeting the guide lines of the IM 
and also in 

m9rdmiaing any side effects due to the presence of unknown impuddes, The 
increased 

stability of the oxaliplatin formulations applies across a range of pH values. 

Although malic acid and succinic acid were cons Idered as unsuitable agennis 
following this 

experiment, later Investigatiom, as detailed in Example 3, demonstrated ftt xneHc 
acid, 

succinie add and meleic acid can be used with oxaliplatln . A possible reason for the initial 

lo finding that these formulations were unsuitable is because of the relatively high 

concc.zttratlons of certain of the etiuccinic and malic acid formulations used in Example 
1 . rw 

instance, the sucainlc pH 3 formulation has a concentration of succinic acid 
of about 1.10 mM 

and the succiti9c acid pH 7 formulation has a concentration of disodium salt of succinic 
acid 

of 6.38 mM. Similarly, the concentration of rnaHc add dLsndium salt in tltc malic pH 7 

15 formulation is 8.42 m1vl. The ccmcmtraHon of mateic acid in the Maleic pH 7 formulattcm'Ls 

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. 

' Fxamplt 2 

21 Background 

ZO This Example was conducted to further investigate the effect of different 
amounts of tartaric 

acid and the effect of pH on the Stability of oxallplatin solution formulations, The 
tartaric 

acid formulations were compared to a control formulation of nxaliplatin in water 
and to ai 

formulation of oxaifpLitin in oxAlic acid solution (according to US 6,306,902) . 

2.2 Preparation of formualtions for analysis 

25 2.2.1 Mixing procedure for the formulations 

. Add about 80% mL of desired amount of WFf into e 2L mixing vessel and heat to 45- 

50°C, while stirring and flushing with nitrogen . 

. Add oxaliplatut (total 7.5g) and mix until solution becomes clear. 

+ Adjust to the volume, with WFI to 150U mL. 

30 a 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 

(ION, 5N and/or 2N) according to the formulation details It Tables 5 and 6. 

Cap the final solution and keep in the fiidge until filling. 

2.22 Filling and capping 

5 " Filter each formulation using a 0.2 }Im syringe filter. 

" Fill 2.0 ML of each formulation filled Into a ZonL vial and cap. 

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

Table 4 Formulation details for the oxaliplaHn solutions containing tartaric acid of 

Example 2 

10 

item Tartaric Tartaric Tartaric Tartaric Tartaric 

(R.0003" (O.OD06M) (0.0030M) (0-0 (0. he 

Aprmv lation A2.5 ' A4.0 A5.0 A7.Q A8.5 84.0 B7 .0 C4.0 C7.0 D4.0 D7A 54.0 E7.0 

ID 
OxallplatIn 5 5 5 5 5 5 5 5 5 5 5 5 5 

m 

Tartaric acid 0.05 0.05 0.05 0.05 0.05 0.09 0.09 0.45 0.45 1.0 1.0 1 0.03 0.03 

(m ) ' 

wFl qs 1 1 1 i 1 1 1 i i i i . i 

ail. 

Target pH 2 5 ' 4.0 I 5.5 I 7.0 I 8.5. I 4.0 ~ 7.0 I 4.0 I 7.0 I 4.0 I 7 .0 ~ 4 .0 ~ ~ 7-0- 

Molecular weight of tartaric acid =150.09 Note: 

A = Formulation containing tartaric acid at 0.00459/6 (03 m)v1) 

, B = Formulation containing tartaric acid at 0.009"/0 (0.6 mN1) 

15 . C = Formulation containing tartaric acid at 0.045% (3 mM) 

D = Formulation containing tartaric add at 0.1% (6.7 mM) 

' E = Formulation containing tartaric acid at 0.U03% (Q.2 mM) 
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Table 5: Quantity of oxaliplatin and excipients required to be used for the 

preparation of the oxaliglatin solutions containing tartaric'add of Example 

Item Tartaric (0.0003W Tartaric Tartaric Tartaric Tartaric 

(0.0006M) (0.00.a03vi? (0.0067M) (0.00021N) 

ForrnvlaH A2.5 A4 U A5.0 A7.0 A8.5 B4A B7A C4.0 C7.0 D4.0 U7.0 E4 .0 &7.0 

TO 
Qxalipls ' 500 500 500 500 500 500 500 500 500 500 ~ 500 50U 5W 

m 

Tartaric ad 4.5 4 .5 4 .5 4 .5 4.5 9 9 45 45 100 100 3 3 

m 

Tartaric 90 90 90 90 90 180 180 900 900 2000 2000 60 60 

add 
5 "Iw/v . 

( L) 

WF1 qs, 100 100 100 100 100 100 100 100 1UU 100 100 1IlQ 100 

mL ' 

5 Table 6 Formulation details for the oxaliplatia control formulation and oxaliplaHn 

solutions containing oxalic acid of Example 2. 

Item Control Oxalic acid 
(0.001 

OxaliplaHn 5 5 

Oxalic acid 

(Mg) 

N/a 0.126 

WFI x (mL) 1 1 

Target pH 5.5 I . 3.0 1 

Note : In the initial screening, the pH 3 tartaric formulation was formulated at pH 3.7ti . 
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All of the pxaliplatin fnrmulatinns at the initial time point were clear, 
colourless Rn1Wcms 

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. 

5 Table 7 Tent Results far pH and Appearance of Oxaliplalin Solutions of example 2 

at initial Time Point 

Formulation H inifial A arince 

Cantrol 5.77 N 

A3.5 3J% N 

A4.0 3.96 N 

A5A 5.22 N 

A7.0 7.44 N 

A85 8.47 ' N 

84.0 4.08 N 

B7,0 7.27 N 

. C4.0 3.99 N 

C7A 6.91 N 

D4.0 3.97 N 

D7A. 7.37 N 

E4.0 8.99 N 

H7.0 7.4 N 

Oxa2ic add 2.94 N ' I 

N = a clear, colcrurless solution with no visible particles present in solution 

2,4 Stability Measurements 

10 The formulations were then stored at 25°C and 4Q°C. 

The appearance of the formulations was assessed at the initial, 4 week and 8 week time 

points. Each formulation remained clear and colourless . 

The pH of the formulations waas measured at fl-to 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 S Test Results for pH of Oxaliplahn Solutions of ,Example 2 at 25°C 

Formulation H initial H 4wla 12wks 

Control 5.77 5.80 5.73 

A3.5 3.56 3.54 n/t 

A4 3.96 3.99 3.89 

p5 522 5.0.3 5.15 

A7 7.44 5.54 5.54 

A8.5 8.47 6.26 n/ 

4.08 4.52 n/t 

B7 727 5.4 .9 5.84 

64 3.99 4.03 n/t 

d 6.91 5.16 5 "44 

p¢ 3.97 d.12 n/t 

.7.37 5.31 n/t 

g4 3.99 455 495 

0 7.4 5 .61 6.15 

Oxalic acid 2.94 3.42 3.31 

able 9 Tes t Results for H of Oxalt latin bolunons or C 

Formulation H initial Ti 4wks H 12wks 

Control 5.77 5.79 3.30 

A3.5 3.56 3.57 n/t 

A4 3.9f+ 3.93 3.81 

,0.5 5.22 8.06 5.01 

p7 7,44 5.43 5.64 

p8,5 8.47 6.17 n/ t 

B4 4.08 4.29 n/t 

g7 7.27 5.61 5.95 

C4 3.99 4.17 n/t 

6.91 5.25 ' 5.43 

D4 3.97 4.14 n/t 

D7 7.37 3.36 n/t 

3,99 4.24 4.84 

7.4 4.23 6.10 
Oxallc add 2.94 3.25 ~ 332 

cample 2 at 40°C 
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Formulations A4, A5, A7, 87, C7, F.4, E7, Oxalic and the Control were maintained at 25°C and 

4U°C and were assayed for potency by IIPLC after 12 weeks. Table 10 reports the. impurity 

profile determined from the potency assay for 25°C . Table 11'reports the impurity profile 

determuu,"d from the potency assay for 40°C,. . 

Tab1e 10 imparity profile from the potency assay for certain oxaliplatin formulations 

of Example 2 at 12 weeks time point at 2B°C . 

Impurity Control A4 A5 A7 ~ S7 C7 FA 87 Oxtil3C 

Total of unknown 0.10 0.05 0.05 0.07 0.08 0.17 0.10 0.11 0.15 
impurltics 

XS-Oxalipla6n 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Oxaliplatin 99.197 99.89 94.89 94.89 99188 99.72 99.86 99 .85 99.76 

Impurity C 0.01 0.01 0A1 0.01 0.01 0.01 OA1 0.01 0.02 
f Total impurity (9o) __0.12 0A7 0.07 O.U9 0.1 0.19 0.72 0 .13 0.18 

10 
Table 11 Impurity profile from the potency assay for certain oxaliplatut formuladons 

of Example 2 at 12 weeks time point at 40°C 

Impurity ~ Control A4.0 A5.0 A7.Q 87.0 G7,0 Fs4,0 F7,0 Oxalic 

Odd 

Total of unknown 0.15 0.18 0 .13 0.14 0.08 0.53 0.07 0.08 0.15 

Impurities 

R,S-Oxaliplatin 0.01 0 .01 , 0.01 0.01 0.01 0.02 0.01 0.01 0.01 
Oxilip]atin 99.67 99.66 99.74 99 .73 99 .81 99 .27 49 .77 99.77 99.66 
Impurity C 0.02 0A2 0.02 0.01 0.01 0,02 0.01 0.01 0.02 

. Total Impurity 0.18 0.21 . 0.15 0.16 0.10 0.57 0.04 0.10 0.18 
o~ 

I . 
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The level of impurity D of the formulations mantairied at 25°C was assayed by Tti'LC After 

12 weeks for A4, A5, A7,137, C7, E4, E7, Oxalic and the Control. Table 12 reports the 
impurity profile determined frorn that impurity B assay for 25°C. The level of impurity 8 of 

Utc formulations maintained at 40°C was assayed by HPLC after 8 weeks. Table 13 reports 

the impurity profile determined from that Impurity 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 C7 fi4 El Oxalic 

Total of unknown 0.07 O.U5 0.06 0.06 0.04 0.06 0.02 0.06 0.06 

Impurity 

Imp 8 0.24 0.29 0.12 0.10 0.13 0.06 4.21 0.18 0.38 

. Dimer 0.10 Nd Nd Nd 0.02 Nd Nd 0.05 Nd 

TotAI im uri 96) 0.41 0.34 0.18 0.16 0.19 0.12 0.23 0.29 0,44 

ia 

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 

bripurity Control A4 AS A7 B7 C7 E4 E7 Oxalic 

Total of unknown 0.15 0.06 0.09 0.10 0.09 0.11 0A6 OW 0.05 
impurities 

Imp B 0.26 0.24 0.09 0.09 0.11 0.06 0,19 0.19 0.36 

DimGr 0.17 0.01 Nd Nd 0.03 0.01 Nd Nd Nd 

Total im uri (0/6) 0381 031 0.31- 0.18 0.19 ' 023 . 0.18 0,25 0.26 1 0.41 J 
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Formulations A4.0, A5.0, A7,0, E4.0 and E7.0 were stared at 25°C and 40°C for 9 months and 

then analysed for pH and impurities. 

2.5.1 Results and Discussion 

2,'~,1.1 Appearance Results 

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

formWalionq (Table 14). . 

Table 14 Appearance of oxaltplaEin~solutions at different time point at 25°C 

10 

. Formulations Appearance 

9 months 2S°C) 

Appearancc 

9 mvnt}vw 40° 

Control N N` 

A4 N' N" 

q5 AT N 

A7 . N/t N 

134 N N 

E7 N N 

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

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

N" S a dear, colourless solution with some black particles present in solution 

N/t =not tested 

15 



W O 2005/020980 

29. 

2.5.12 Impurity B Assay 

PCT/AU2004/001168 

Levels of impurity D mnd Dim" in formulations Control, A4, A5, E4 and E7 at 9 months for 

both 25°C and 40°C were assessed using HPLC. The results are shown in Table 25 and 16, 

respectively, 

5 From the assay, the formulations $4, A5, E4 and E7 contained leas total impurity than 

control at 25°C. At 40°C, fcmtiulations A4, A5 and &1 contained less total Impurity than the 

control. in all cases the Dimei' impurity was suppressed relative to the Control and indeed 
was not detectod in-formulations A5, A7 and E4. 

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

10 in certain formulations of Example 2 at 250C for 9 months 

impurifi.. control A4 AS E4 E7 

Total of unknown 027. 0.05 0.06 0.03 0.10 

impurities 

imp 0 0.22 0.27 0.11 0.18 0.15 

dimer 0.15 ND ND ND 0.06 

Tow tm~urity - i 0.44 0.32 0.17 021- - 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 

15 

Im urities Control A4 AB AT E4 E7 

Total of unknown 0.22 0.20 031 a.42 0.22 0.46 

unpurities 
. Imp B 0.26 0.21 0.09 0.08 0.2,3 0.12 

dimer 0.14 ND ND ND ND 0.04 

Total__ impurity 0.62 0.41 0.40 0.50 0.45 0.62 

ND = not detected 

26 Summary 

TEuc screening study indicated ftt tartaric arid is a suitable stabilising agent for oxaliplatin 

at a range of concentrations . In terms of the ability of tartaric acid to stabilise the oxallptstin, 
20 concentrations of 02 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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As shown in Example 1. a formulation scrc:cnmg study showed that 
the presence of tartaric 

add in an oxaliplatin solution can suppress 
the formation of impurities relatlve to A control 

solution and thereby stabilise the formulation. 'The studies discussed in Example 2 indicated 

5 that the total concentration of tartaric acid in the formulation was of importance 
in providing 

a stabfilong effect . The possibility existed that other carboxylic acids may have the same 

stabilising effeCk This study Involved the screening of a range of carboxylic acids (other 
than 

tartaric acid) at a: set concentration (U .3 mM) in oxaliplxtin soluticma. The formulations were 

placed at 40°C for 5 weeks and then evaluated for stability. 'Ihc pcrfurmance of the 

lU formulations were compared to a'solutlon of oxalip]adn containing tartaric acid at 0.3 
mM. 

3.1 Fixperimental 

'I2ue following acids were used in the study: 

Tartaric acid Mlaleic acid 

Lactic acid D-Saccharic acid 

15 Citric add anhydrous Succinic acid 

Malortic acid Oxalic acid 

Malic add 

3.1.1 Procedure for making 1 % acid solutions 

Each add was weighed separately into u 100mL volumetric flask. The solutions 
were made 

ZO up to final volume after dissolving the acid completely . 

3,1,2 Preparation of oxaliplatin formulations 

About $0% mL of the desired amount of WFI was added into A clean glass beaker and heated 

the WFI to 5Q°C -a5°C, while stirring and flushing with nitrogen. The oxaliplatin was then 

added to the beaker and mixed until clear solution was obtained (about 50 minutes was 

25 needed to achieve complete dissolutiom.of oxaliplatat). The solution was then made up to 

volume with WFt. 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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formulation was then flushed with nitrogen until the dissolved oxygen content in solutiorx 

was below Q.D5 ppm. 

3 .1 .1.3 ~ Pilling and capping 

Each formulation was filtered using a 0.2 Eim syringe filter. Then 5 ml, of the solution was 

5 placed into a 10 ml, vial, and capped and seated for each formulation 

3.1.2 Formulation Details 

Tables 19,20 and 21 show the formulation details and quantities of oxal{plafin and excipients 

needed far each formulatiaai: 

Table 19 Formulation details for the oxali.platin solutions of Example 3 (unit 

10 formula) 

Formulation Tartaric Lactic Citric Malonic Malic' Maleic Saccharic Succinic Oxalic 

ID add 
acid acid acid acid 

acid acid acid 
acid 

pxalipiatin 
r 

5 mg 5 mg 5 mg 5 mg 5 mg 5 Mg 5 mg 5 mg 5 mg 

Acid In 0.045 0.027 0A63 0.031 0.0411 0_0.35 0.074 ~ 0 .035 U.U?2 

Acid in molar 03 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

crn,cx~ntraHon 

mM ' 

Molecular 150.09 90.08 210.14 104 t34.09 116.07 248.02 178.09 72 

weight 

WFl y (m L tmL 1mL rl:mI. 1mL imL . 1mL 1 mL 1 mL 1mL 
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Table 20 Quantity required for the oxaliplatin solutions of Example 3 

Formulation Tartaric 
acid 

Lactic 
acid 

Citric 
add 

Malonlc 
acid 

Malic 
add 

MalciC 

acid 

Saocharic 
acid 

Succinic 
acid 

Oxalic 
acid 

OxaGplettin 

(m 

500 mg 500 mg 500 mg S00 mg 500 mg S00 mg 500 mg 500-8 MOMS 

Acid 4.50 270 6.30' . 3.12 4.02 3.48 7.94 3.54 2.16 

1% acid in uL 450d) 27QA 630.4 312.0 402.3 348~2 744.1 3.54.3 21bA 

WFi gS (m L) 1 100 ML L 100 ML I 100 ML 1 100 ml. I 700 mL I inn-7 I 10(hnL I 1Up mL 1 100 mL ~ 

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

Formulation Tartaric Lactic Citric malonlc Malic 

. 

MaleEc Sacchar Succinic Oxalic 

ID add acid acid acid ic acid acid 

Oxaliplatln 100 mL 100 mL 100 mL 7p0 mL 100 mL LQO mL. IM ml . 100 ML 100 

bulk solution 
. ml, 

5 MR/ mL 

1°lo acid in uL 4.50.0 355 630 315 405 350 '7 .45 355 216.0 

WFI qs (mT.) 10(1 mL 100 mL 300 mL 100 mL 100 mL 100mL 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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The oxaliplatin solutions-containing the various carboxylic acids were formulated and place 

at 40°C at 7596for stability evaluation The formulations was evaluated at the five weeks tame 

points and the results are reported below. 

5 32.1 Results and Discussion 

3.2.L1 ~ pH and Appearance 

The pH and appearance results for the formulations of Example 3 are qhown m Table 22. 

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

Formulations ID Initial 9 weeks 

. . Appearance pH Appearance 

WC 

PH 

4(rC 

OxalipiaNn/lartarlc N/t 3.65 fV 3.70 

Oxaliplatin/lactic . IV/t 3.94 N' 4.01 

Oxallplatin/citric 1V/t 3.65 N . 3.61 

Oxsliplatin/malonic N/t 3.69 N 3.64 

Oxaliplutin/malie N/t 3.81 N 3.41 

GzaliplakLtlmaleic N/t 3.64 N 3.68 

OxalipIsHn/aaccharic N/t 5.34 N^ 4.75 

.Oxall letin auccinic N/t 4.05 N 4A9 

pxaliplalinloxiallc N/t _ 3.76 - N 3.89 

10 N= cleprcvlourless salvtr'orr rvifh nu visiGle parhiles. 

N = clear colorless solmtion Wlifew black parliclev, 

N"' = clear colorless sotulr'oo rvdNr nfany wlrite paMClrs. 

N/t= nof tested. 
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The potency of the formulations of Example 3 was meas{tred by HPLC after 5 weeks at 40°C 

(Table 23). Each of the formulations maintained a potency above 95%. 

Table 23 Potency results at initial and 5 weeks for the exaliplatin solutions of 
Example 3 at 40°C. 

Formulation ID IuiHal (mg~ml) 5 weeks (mg/mL) % of initial 

Oxali ]Atin/tartaric 5.19 5.17 99 .6 

Chcali latin/lactic 5.30 5.18 97.7 

Oxali larin c1tilC 5.19 5.15 992 

Oxallplatin/molani 
c 

5.21 5.18 ' 99.4 

OxaB la6n/malic 5.21 . 5.15 98 .9 

Oxali lntln/trialeic 520 5.06 97.3 

Oxalipladn/sacchar 
ic 

5.22 5.41 96.0 

lipletin/uuctiiti 

c 

5.22 5.17 

' 

99,0 

Oxali latin oxalic ~ 524 5.21 99,4 

The formulations of Example 3 were also assayed by HPLC far the prc:sc,"nce of impurity B 
and Dimer after 5 weeks at 40°C. Table 24 reports the results of this assay. 



WO 2005/020980 

35 . 

PCT/AU2004/001168 

Table 24 Test results at 5 weeks at 40°C of the formulations of Example 3 far 

impurity B and the dimer impurity. 

Formulation 

Id 

96 Impurity B 96 Dimet ' 

Oxalt latin/tartHric 0.36 ND 

Oxali latin/lactk (1.34 ND 

Oxali IaHn/ciMc 0.26 N1a 

Oxali latin/malonic 027 ND 

Oxali latin/malic 0.31 ND 

Uxali latin/malcic 0.18 ND 

Oxall latlnlsaccharic 0.28 ND 

Oza1i latin/euacinic 0.27 ND 

OX8 I3tlil/U7CBIIC 0.17 ND 

WD "None dcteckd 

5 Tab1e2S summarises the impurity profile obtained from the assay for potency by BPLC 

which was carded out by I IPLC at the 5 week time points . 
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Table 25 Impurity profile from potency assay for oxaliplatin solution formulations of 
Example 3 at the 5 weeks time point at 40°C 

impurity Tartaric 
add 

Lactic 
acid 

Citric 
acid 

lonic 
acid 

Malic 
acid 

Maleic 
add 

Saccharic 
acid 

Succinic 
acid 

Oxalic 
acid 

Total of nnknown 

impurities 
0.01 0.09 0.31 5.93 0.0 0.33 0.42 OM 0.27 

R,s-oxatiplati o.oi 0.01 0.01 0 .02 o.cn 0 .01 0.02 0.01 0.01 

Oxa " latin 99.91 99.71 9959 9320 99.89 9958 99.36 99.90 99.49 

im uri C 0~01 0.03 0.02 020 0.02 0.02 0A5 OA1 0.05 

Total impurity from 

~otc~ncy a9sa °/n 

0.03 0.13 O.:i4 6.15 U.U3 0N 0.49 0.05 0.3 .9 

The total impurity levels for the Example 3 formulations from the I-II'LC assay for potwey 
and the HPLC assay for Impurity 0 after 5 wccks at 40°C are shown in Table 26. . 

Table 26 Total impurity for oxaltplatin solution formulations of example 3 at 5 

weeks time point at 40°C 

tmpurity 
. 

Turtark 1.actic Citric Mnlcmic Malic Male~ Saccharic Succinjc Oxalic 
acid acid acid acid add acld acid acid acid 

Total impurity 0.03 0.13 0.34 6.15 0.03 036 0.49 0.05 0.33 
from potency . 

assay MU) 

Im uri 6 ̀ Yp 0 .36 0.27 0.17 0.18 0.31 0.26 0.28 0.34 0.27 

D1mer (%1 ND ND ND ND I ND ND ND ND ND 

Total impurity 0.39 0.40 0.51 6.33 0.34 0.62 0.71 0.39 0.60 
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Formulations containing malic and auccinlc acid showed impurity levels which were 

comparable to the tartaric acid formulation . Contrary to the teaching of the prior art, the 

malcmic acid formulation contained a surprisingly and unacceptably high level of impurities 

relative to the tartaric acid formulation. Solutions containing citric, maEeic and saccharic 

acids also showed reasonably law levels of impurity and would be ccm,aidered to be suitable 

buffeting agents for oxaliplatin. The stabilisers of the prior art, oxalic arid end lactic acid, 

also displayed reasonably low levels of impurity Which is unsurprising in the caw of oxalic 

add due to thc operation of Le Chateliet's prtnciplc. 

.10 Example 4 

The following formulation was prepared for the purpose of regulatory testing: 

Oxaliplatut 5rng 

Tartaric acid 0.03 mg 

NaOH (adjust to pH of approximately 5) 

15 WPIqe7mL 

The pH is adjusted to pH 5 with a range of from 4.7 bu5.5 using NaOR The concentration of 

tartaric acid Is about 0.2 mM. 

Throughout this specification, the word "comprise", or variations such as "comprises" or 

"comprising" will be understood to Imply the inclusion of a stated element, itttegc:r or step, or 

21) groups of elements, integers or steps, but not the exclusion of any odw element, integer or 

step, or groups of elements, integers or steps. 

Any discussion of documents, acts, materials, devices, articles or the like wluch has been 

included in the present specification is solely for the purpose of providing a context for the 

present invention. It LS not to be taken as an admission that any or all of these matters farm 

25 part of the prior art base or were 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 

application . 

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

rncxiificaHom 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 d.esetibed. The prc*cnt 

embodiments me, therefore, to be considered in all respects as illustrative and not restrictive . 
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1. A pharmaceutical liquid formulation of oxaliplatin for parenteral administration, said 

formulation comprising 

(i) oxaliplatin; 

b OP water; and 

(iii) an acid 

wherein the acid its stabilising and is ]not m6l0niC acid, lactic acid or oxalic acid . 

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

3. A foxmulahon according to claim 1 or claim 2 wherein the acid is a dicnrboxylic add- 

10 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 formulatian according to any one of claims -1 to 4 wherein the acid is selected from the 

group ccyrisisting of malic arid, succinic add, tartaric acid and mixtures thereof. 

15 6. A formulation according to any one of claicns 1 to 5 wherein the acid Is tartaric acid, 

7. A formulation according to any one of claims 1 to 6 wherein the acid Ls at a concentration of 

at least 0.01 MM. 

8. A pharmaceutical liquid formulation of oxnllplatin far parenteral administration, said 

formulation comprising 

20 . (i) oxaliplatm; 

(H) water; and 

(iii) an acid comprising at least 4 carbon atoms. 

9. A formulation according to claim 8 wherein the acid is a dica,rboxylic acid . 

10 . A formulation according to claim 8 or claim 9 wherein the acid comprL9eq 4 to 10 carbon 

25 atoms. 
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11, A formulation according to any one of clFxime 8 to IO wherein the acid comprises 4 to fi 

carbon atoms. 

12. A formulation according to any one of claims 8 to il wherein the acid comprises i or 2 

hydroxyl groups . 

5 13. A formulation according to any one of claim 8 to 11 wherein the acid is selected from the 

. group consisting of citric acid, maleic acid, saccharlc acid, suceinic acid, malic acid, tarEatla acid 

and mixtures thereof. 

14 . A formulation according to any one of claims 8 to 13 wherein the acid is selected from the 

group consisting of malle acid, succinic acid, tartaric acid and mixtures thereof. 

i[J 15 . A formulation according to any one of claims 8 to 14 wherein the acid is tartaric acid . 

16. A formulation according to any one of claims 8 to 15 wherein the acid is at a concentration 

of at Lost 0.01 mM. 

17, A prarniaceuEIcal liquid formulation of oxaliplatin for perenteral admirtistration, said 

formulation comprising 

15 (i) u"liptatin. 

(u) water; and 

(iii) an additive selected from the group consisting of a pharmaceutically acceptable carboxylic 

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

20 wherein the additive Ls at a concentration of at least 0.01 mM and wherein the acid is not malonie 

acid, lactic acid or oxalic acid. 

18. A formulation according to claim 17 wherein the acid hi a dicarbaxylIc acid. 

14 . A formulation according to claim 17 wherein the acid is selected from the group consisting 
of citric acid, malcic acid, sacCharic acid, succinic acid, malic acid, tartaric acid and mixtures 

25 thereof. 

20 . A pharmaceutical liquid formulation of oxaliplatin for parenterat administration, said 
formulation comprising 

(i) oxaliplatirt, 

({i) water; and 
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(lii) an additive selected from the group consisting of a pharmaceutically acceptable carboxylic 

acid, a salt of a pharmaceutically acceptable carboxylic arid, a pharmaceutically acceptable 

derivative of a pharaiaccutlcally acceptable carboxylic acid and mixtures thereof; 

wherein the additive is at a concentration of at lebst 0.01 mM and whcrrm the carboxylic acid is of 

5 the formula: 

x0zc[C(xl)(R2)lncozH 

wherein rt =,2 to 6) and R1 and R2 an: cach'indepettidently selected from the group consisting of T-T, 

OH, C02H, halo and methyl. 

21. A formulation according to claim 20 whereitt n = 2 to 4. 

10 22 A formulation according to claim 20 wherein the acid is selected from the group consisting 
of citric acid, seachailc add, succuuc acid, atalic acid, tartaric acid and mixtures thereof. 

23 . A formulation according to any one of claims 17 to 22 wherein the carboxylic acid is 

selected from the group consisting of analic acid, succinic acid, tartaric acid and mixturca thereof. 

24 . A pharmaceutical liquid formulation according to any one of claims 17 to 23 whervin the 

15 pharmaceutically acceptable carboxylic acid is tartaric acid . 

25. A pharmaceutical liquid furmulation of oxaHplatin for parenteral administration, said 

formulation comprising 

(i) axeliplatin, 

(ii) water; and " 

20 (iii) aa additive selected fram the ;youp consisting of tartaric acid, a salt of tartaric acid, a 

pharmaceutically acceptable dcrivativc of tartaric acid and mixtures thereof; 

wherein the additive fs at a concentration of at lcast 0.01 mM. 

26. A formulation according to any one of claims 17 to 25 wherein the concentration of the 

additive is from about 0.01 rnM to about 2.0 mM. 

25 27. A formulation according to any one of claims 17 to 26 wherein the concentration of the 

additive is from about 0.1 mM to about 1.0 rnht . 

28. A formulation according to any one of claims 17 to 27 wherein the concentration of the 
additive is from . about 0.1 mM m about 0.6 mM. 
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29 . A formulation according to any one of claims 17 to 28 wherein the concentration of the 
additive is from about 0.2 ntM to about 0.6 MM. 

30. A formulation according to any me of claims 17 to 29 wherein the additive comprises a salt 

of a pharmaceutically acceptable acid and wherein the salt is a sodium salt . 

5 31. . A formulation according to any me of claims I to 30 wherein the concentration of 
oxaliplatin up to about 15 mg/ml. 

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

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

34 . The use of a pharmaceutical formilarion 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 canccx which comprises administering a pharmaceutical 
formulation according to any one of claims I to 33 to it patient in need thereof. 

15 36 . A method for preparing a pharmaceutical formulation, the method comprising the steps of; 

(i) dissolving axaliplabn in water to form a solution, 

(ii) dissolving m the solution an additive eclech:d from the group consisting of a 
pharmaceutically acceptable carboxylic acid, a salt of a pharmaceutically acceptable cafboxylic 
acid, a pharmaceutically acceptable derivative of a pharmaceutically acceptable carboxylic acid 

20 and mixtures thereof; 

(Iii) optionally, adjusting the pH of the soluficm with a pharmaceutically 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 is selected from the group consl9ting of 
25 citric acid, malc:ic acid, eaccharic add, succinic acid, malic acid, tartaric acid and mixtures thereof. 

39 . A method for preparing a pharmaceutical formulation, the method comprising the steps of; 

(i) dissolving oxaliplatin in water to form a solution; 

(ii) dissolving in the solution an 'additive .elected from the group consisting of a 
pharnnacc:utically acceptable carboxylic acid, a salt of a pharmaceutically acceptable carboxylic 
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acid, a pharmaceutically acceptable derivative of a pharmaceutically acceptable carboxylic add 
and mixtures thereof; 

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

wherein the carboxylic acid is of the formula: 

H02C[C(K1)(R2)]nC02H 

wherein n = Z to 6; and RI And R2 are each independently selected from the group consixtatg of H, 
OH. C02H, halo and methyl.' . 

4[) . A method according to claim 39 wherein n = 2 to 4. 

41 . 11 method according to claim 39 wherein the acid is selected from the group consisting of 
10 citric acid, aaccharic acid, succinic acid, rnalir acid, tartaric acid and mixtures thereof. 

42 . A method according to any one of claln+s 36 to 41 wherein the carboxylic acid is selected 
from the group conivistlng of malic acid, succinic add, tartaric add 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, 

15 (ii) dissolving in the solution an additive selected. from the b~raup consisting of a. tartaric acid, a 
salt of tartaric acid, a pharmaceutically acceptable derivative of a pharmaceutically acceptable 
tartaric add and mixtures thereof, 

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

45 . A method according to any one of claims 36 to 44 whercin the concentration of the additive 
20 is from about 0.01 mm to about 2.0 mlVt . . 

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

47. A method. according to any one of claims 36 to 46 wherein the concentration of the additive" 

ix from about 0.1 mM to about 0.6 mM. . 

25 48 . A method according to any one of claim.; 34 to 47 whc:rcan the concentration of the additive 
is from about 0.2 mM to about 0.6 znM. 

49.- A method according to anyone of claims 36 to 48 wherein the additive comprises a salt of a 
'pharmaceutically acceptable acid and wherein the salt is a sodium salt. 
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50. A method according to atiy one of claims 36 to 49 wherein the ccmccntration of oxaliplntin 

is up to about 15 mg/ml. 

51. A ~fethcxi according to any one of claims 36 to 50 wherein the concentration of oxaliplatin 

is up to about 7 mg/ml, , 

5 52 A method according to claim 51 wherein the concentration of oxfrliplatIn ti 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. 

10 55 . A pharmaceutical liquid formulation of ox.aliplatIn far parenteral 6dminist;rativn, said 

formulation comprising 

({) about 5 mg/ml of vxaliplatin, 

(ii) water, and 

(iii) an additive consisting of tartaric acid and the sodium aalt of tartaric acid, 

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

from about 4.7 to about 5.5 . 

56 . Theme of a pharmaceutical formulation according to. claim 55 in the preparation of a 

medicament fur the treatment of a cancer. 

57. A method for treating a caaice .~r which comprises Omuustering a pharmaceutical 

20 formulation according to claim 55 to a patient in need thereof. 

58. A method for preparing a pharmaceutical formulation, the method comprising the steps of: 

(i) dissolving oxaliplatin in water to form a solution; 

(ii) dissolving tartaric acid in the solution; 

(Iii) adju.9ting the pH of the solution with sodium hydroxide such that it is in the range of from 

25 4.7 to 5.5 

wherein the concentration of oxaliplatin is about a mg /ml and the concentration of tartaric acid is 

about 02 mNL ' 
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