WO 03/ 047587 PCT/ EPO2/ 13146 1 Title PLATI NUM DERI VATI VE PHARVACEUTI CAL
FORMULATIONS 5 Field of the invention The present invention pertains to the
field of wphanwmseuti cal conpositions for the treatnent offCmarpt/asté c

di seases and, particularly, it relates to pharmaceutical 10 fornul ations
conprising a platinumderivative. Sunmary of the invention The present
invention is directed to novel stable formulations of oxaliplatin, wherein
| actic acid and/or a 15 pharnmaceutically acceptable salt thereof serves as
a novel neans for preparing a dosage unit with an inproved stability. A
met hod for manufacturing such fornulations ready for adm nistration and
their use in antitunor therapy are also within the scope of the invention.
20 Backgrodtiktls the invention Oxaliplatin, also known as L-CHP, is a third
generation | afi I rn.. i [ - sed herein,

i ncl udes C|P§%W§%%ﬁ§’ﬁs%c§% c?&%ﬁ? platinun(ll), it
optic emationer cis-oxalato(trans-d-1, 2-di am nocycl ohexane) platinun(ll)
and any racem c mxture thereof. The term "oxaliplatin" also includes

ci s- oxal at ddlshef) the inyenhiascycl ohexane) platinum(l1) having high
optical 30y iy, ARy any@REIER! PHELEYifgUal L0 rudil oaleridian o 09. 5%
for exanple a cis-oxalato(trans-1-1, 2-"di am nocyctfohexane) plati nun(11),
wher ei n t hephwetageptpaait campdsditviesrs FBC tdard t2¢2Emeoitt aifnedopdlalsmiiong t he

diseases and, particularly, it relates to pharmaceutical

(g

S

10 formulations comprising a platinum derivative.

Summary of the invention

The present invention is directed to novel stable
formulations of oxaliplatin, wherein lactic acid and/or a
15 pharmaceutically acceptable salt thereof serves as a novel
means for preparing a dosage wunit with an improved
stability. A method for manufacturing such formulations
ready for administration and their use in antitumor therapy

are also within the scope of the invention.

20
Background of the invention
Oxaliplatin, also known as L-OHP, is a third generation
platinum complex.
The term "oxaliplatin" as used herein, includes <cis-
25 oxalato(trans-1-1,2-diaminocyclohexane) platinum(II), its

optic enatiomer cis-oxalato(trans-d-1,2-diaminocyclohexane)
platinum(II) and any racemic mixture thereof. The term
"oxaliplatin" also includes cis-oxalato(trans-1-1,2-
diaminocyclohexane) platinum(II) having high optical

30 purity, namely an optical purity equal to or higher than

99.5%, for example a cis-oxalato(trans-1-1,2-
diaminocyclohexane) platinum(II), wherein the melting point

is Dbetween 198°C and 292°C, obtained following the



WO 03/ 047587 PCT/ EPO2/ 13146 2 procedure described in Tanaka US patent No.
5,338,874 and, especially, a cis-oxalato (trans-1-1, 2-

cycl ohexawedBamsse) pl ati num(11), which possesses optical PpEmEPIY13fi6 99. 94%
or nore and a nelting point between 5 198.3C and 199. 7C, obtai ned follow ng
the procedure disclosed in Tanaka US patent 5,420,319. Oxaliplatin has
entered clinical devel opnent and achi eved approval for marketing. During
its devel opnent, oxaliplatin _has aroused lively interest due, firstly, to

its in vitEGOF?@ﬂﬁf|@?$ﬁﬁk¥%ﬁﬂ4@Uﬁ®@%¥aaH§|PPF?nte§€ecﬁaﬁﬁ@rﬁﬁ4m%ﬂﬂéu|n-
resistant el s and, cel | |In?S expres§i§g0£§§é§%ance gengs;nAndy

secondly, to-its godd clinical tolerance, the sence of renal or audltory
toxicity beiyr@ontmminmiiammfe)@ldtomdrre(mﬂot oxildictly. pCeHsssets wicdt iataller
antitunnral agent 15 c o%gglc agents (5-F ralt%trexed j rinQtecan or

cisplatin)P Y pP ti duc®s &W”ﬁadﬁpﬁve anBCoftBA Ry gitghEen

cyt ot oxisc afdgegtoc T*&%d)xa_'%p'ﬁ’td N- pkd ot e %mldmtdglon the NWoMRldure
established in the treatnment of netastatic col orect cancer. Regarding
its parti Clsﬂlle?rC@@Q%/tht darakeh dSamadeindt iSo¢28ndL%-s activity in msmatch

repair defiq QJh‘?L’ltp %ec' }(%{‘% ‘éHt a5y %S_L';]%tl%%tl té’e&é]?c&%rﬁz%ﬂ ﬁﬁgd CAlRQRIAL I N)

oxal i pl ati n"has s ntla 'n a € varl e fanor types,
notably i namwaai |f@zrr vl rikte taitriage r Dm)ttmtg)mt(s agelpnidnts @p«amllpgatthel pat h

to a 25 w der range of _indjcations. ani et al., US. Patent
47160, 86, K USRI LiVEHi: HHARTEPS Eoffpl SIS 1. 5 ot S AdcyaiteRexane
aCt'Velﬁs a0t 1P v & OqReUNESor & Saokal 8t o(t eap8=lalid- in cisplatin-
di am nocycl ohexane) platlnun1(II3 i S speci |caI y disclosed 30 in Exanple
4 (i) . resistant models cell 1lines expressing resistance
genes, and, secondly, to its good clinical tolerance, the
absence of renal or auditory toxicity being combined with a
low hematotoxicity. Combined with other antitumoral agent
15 cytotoxic agents (5-FU, raltitrexed, irinotecan or
cisplatin), oxaliplatin produces an additive and often
synergistic cytotoxic effect. The oxaliplatin-5FU + FA
combination is now well established in the treatment of
metastatic colorectal cancer. Regarding its particular
20 cytotoxic characteristics and its activity in mismatch
repair deficient cells (which are resistant to cisplatin
and carboplatin), oxaliplatin has shown potential in a
large variety of solid tumor types, notably in association
with other cytotoxic agents, thus opening the path to a
25 wider range of indications.
Kidani et al., U.S. Patent No. 4,169,846, discloses cis-
platinum(II) complexes of 1,2-diaminocyclohexane active as
antitumor compounds . Cis-oxalato(trans-1-1,2-
diaminocyclohexane)platinum(II) is specifically disclosed
30 in Example 4(i).
SmithKline Beecham, US patent No. 5,633,016, discloses a

method for inhibiting tumor cell growth using synergistic



Sm t hKl i ne Beecham US patent No. 5,633,016, discloses a nethod for
inhibiting tunor cell growth using synergistic WO 03/047587 PCT/ EP02/ 13146
3 conbi nawD®BR/0eS8A canpt ot heci n anal ogue and a pl ati num @ECEEPINEIHON
conmpound, e.g. cisplatin and oxaliplatin. Tanaka, US patent No. 5,290, 961,
di scl oses a process for preparing various platinum conpounds i ncluding
oxaliplatin, 5 which conprises adding silver ion solution to cis -platinum
(1'l) di hal ogen conpound, filtering of silver halide, adding iodide
conpound af@MREfaEdOBar Bén BheRREAEPHEECHR gL FUDasitd ad dPLTEARKE, US

patent s No 5,330 814- 30083.062 and 54201319 10 dhslioseeontical ly pure

l:
oxaliplatin an for prepari'ng the sane. i opha I nt ernati onal
pat ent applliatatkiagn T80 P4L&RE9No. db sz2P0se6l a flieeiesdsi ed poopesst fom f or

jointly admnistering cisplatin.and oxaliplatin. 15 Tanaka, .US. patent No.
5, 420, 319, PHEPAFGSEs V%’)F&Ioiuﬁl Eﬁiaﬁml’fﬁ\/icr?&pﬁ’i%ﬁ‘asoﬁf’lciélﬁlﬁﬁr Wléﬁ&g 1Brocess
for obt gi niydd dit comPeliseBhadmi ndSspatert iba. s21GE8c9880 diisclpsasiaumt abl e

oxaliplatin preparation for parenteral adm nistration conprisi n% an
aqueous solWtlondaf brapgphat Farrewnd, 20t cbiRiemg atdfon sgflven ohslagemi , and

with a pH i : r of 6. na .Euro at applkiscati on
No. 715, SSEEdBP@cI gs%ggdea gg’ ioﬁilgltdl or?}-lgf X 5?5)1 %t F:g%g)toplongwgfl ciBlsigrchl%’l n,
car bopl at i mroanficudiotmadicl acidrFU), tegaful, carnoful, 25 doxifluridine,

uracil, irinotecan,_adrianycin, etoposide nm.tonycin, mtoxantrone and

bl eonyci n; T&RG"Eb) U&gqtﬁ%q No- whi +h8 pf blucesZf- 88t EPde Sof28yAéPgi stic

effect 19n WilddiRge cRlpsicliring gapeer kBAABd%tin and methods for
preparing the same.
Debiopharm, International patent application WO 94/12193,
discloses a freeze-dried composition for Jjointly
administering cisplatin and oxaliplatin.

15 Tanaka, US patent No. 5,420,319, discloses oxaliplatin
having high optical purity and a process for obtaining it.
Debiopharm, US patent No. 5,716,988, discloses a stable
oxaliplatin preparation for parenteral administration
comprising an aqueous solution of oxaliplatin, in a

20 concentration of 1 to 5 mg/ml, and with a pH in the range
of 4.5 to 6.

Tanaka, European patent application No. 715,854, discloses
a combination of: (a) at least one of cisplatin,
carboplatin, 5-fluorouracil (5-FU), tegaful, carmoful,

25 doxifluridine, uracil, irinotecan, adriamycin, etoposide,
mitomycin, mitoxantrone and bleomycin; and (b) oxaliplatin,
which produces an additive or synergistic effect on killing
cells during cancer therapy.

Tanaka, US patent No. 5,959,133, discloses a high-yielding

30 process for obtaining chelating ©platinum complexes
including oxaliplatin, which does not contain

dihydroxoplatinum complex impurity.



Tanaka, US patent No. 5,959, 133, discloses a high-yielding 30 process for
obt ai ni ng chel ati ng pl ati num conpl exes including oxaliplatin, which does
not cont awo 034139 dr oxopl ati num conpl ex i npurity. WO 03/ 04PESEP02/13146

PCT/ EPO2/ 13146 4 Pharmaci a & Upj ohn Co.,, US patent No. 6,287,593, discloses
a phospholipid conplex of a platinumdicarboxylate including oxaliplatin,
whi ch can be reconstituted in a pharmaceutically acceptable vehicle with
or without 5 |yophilization and adnmi nistered to a patient in the_ treatnent
of cancer dhprsaEl o SGkdy Cebi oBﬁaPﬁfFeEEr BTBeaﬁ ﬁ@ﬂeﬁ?%pﬂ%%ﬂ%ﬁ No.

1121117 discl d utjeal g of
packaged |nasa gont ?%%a}#ﬂy%re%’?@g?e&el nbg sea :gf%gﬂslg t dlc%@dxﬁ)elg cal

use. The Iuqmldldmg)abaaﬂmplatlnoxaw]npd:]at|crarcabeadxtaobagt=:mt|stgdbelrprcasent ed

in the formof a ba WI h sever al art nent contal i ng doses f a
ready-t o- u%’asﬂrfatﬁq of i & -§§ﬁPﬁéng ‘%’g‘ %ent WI’H& 6, 063, ¥ %

di scl oses & olgfmtlrl%ttri%ﬂ Qindmni@fhi@ﬂs@é)ﬂfécﬂ teorg WohRithe €en  the
adm ni stration of 3-am no-1, 2, 4-benzotriazine 1, 4-dioxide (tirapazam ne)

pacl it axel tgrehtment mfatqamcaye@rtsbr@émr diseasesi-onal pat ent application

No. WO Ollﬂeg%g#h dip ! °E8§o§é$ﬁ' © Eﬂéﬂ&ﬂzonﬁggﬁl% E'oﬁ' atﬂrﬁB‘ r%@ilﬁo for

par ent er al STt on ai ning ane
maltitol, slicdddseesand/aor ihbghidl . Bhaeraeeuk;Lc.hJB 6, @&‘r@pﬁ&‘ratldnscl ages

pharmaceutical_, fornulations conprisin at i num_anal Qqgue comnpou
oxal i pl ati IP*Ad B dt GGyt %é’\ﬂ%r"rﬁ‘ E’Ietrheprg eff?b(s)LS( | £y @r fleaﬁ'ﬁidet y or

bei ng ngduddie dazpl fagde. n%rdlsctagl -Mers @il bhi guileer patdRRak 1Ral el
app Icatlogggglplatln can advantageously be presented in the form of

a bag with several compartments containing doses of a
ready-to-use solution.
Sanofi-S8ynthelabo, US patent No. 6,063,780, discloses a

15 treatment of mammalian solid tumors with the co-
administration of 3-amino-1,2,4-benzotriazine 1,4-dioxide
(tirapazamine) paclitaxel and oxaliplatin.
Debiopharm, International ©patent application No. WO
01/15691, discloses stable solutions of oxaliplatin, ready

20 for parenteral administration, containing 1,2-propane diol,
glycerol, maltitol, sucrose, and/or inositol.
BioNumerik, Us 6,066,666, discloses pharmaceutical
formulations comprising a platinum analogue compound, e.g.
oxaliplatin and a ©protective agent having either a

25 sulfhydryl moiety or being reducible disulfide.
Bristol-Myers Squibb, International patent application WO
01/66102 discloses oral dosage forms for administration of
the combination of tegafur + uracil (UFT), folinic acid,
and oxaliplatin and methods of using the same.

30 Sanofi-Synthelabo, US patent No. 6,306,902, discloses a
stable oxaliplatin solution formulation comprising a
therapeutically effective amount of oxaliplatin, an

effective stabilizing amount of a buffering agent and a



01/ 66102 di scl oses oral dosage forns for adm nistration of the conbination
of tegafur + uracil (UFT), folinic acid, and oxaliplatin and nethods of

usi ng t hewean®47580 Sanofi - Synt hel abo, US patent No. 6, 306pPe0ZPo2lixeé oses a
stabl e oxaliplatin solution fornulation gonprising a therapeutically
effective anount of oxaliplatin, an effective stabilizing anount of a
buffering agent and a WD 03/ 047587 PCT/ EP02/ 13146 5 pharmaceutically

acceptable carrier wherein the buffering agent is oxalic acid or an al kali
netal salt Rhpfeageutigadder yagfeptably garedtlapiieeat of ko EEOWL 712,

di scl oses c idd - It it i sin
: %%élﬁéalaﬁd detagds J,0r, e pat 'ﬂ&&l“’gglﬁ % # Sl ng

adm ni steri wth oxaliplatin. At present, oxaliplatinis solely
mar ket ed i Bidwmerfor M.of Cl,yopHd | ipestknr e payEltlcatsi orwhideh. 20e08ld/ 0t WL 2,
reconstituted efore adm nii%t.r ation, Theggﬁr rent%g{rrar keted fornul ation

is a | yophi TSP HoMERTFEE I MBSy o BECPREBNsE T ut etPAD 1 s - ST e

adm ni stsr atd b Qs ThP HdnBit 1 M vt f1or wildH @644 10Mp1QIt i@ 5% gl ucose.
solution and finally diluted with a 5%%: ucose solution (0.2 ng/n final
concent r at i&n) Prapent y opkip L i At dRalisplsstlied ve arppratsacht iB oABedifozav @ft ages,

whi ch do not I rii tr iye u of _thi Qr t in
such a pha?ln‘\é<£ euftjl:alcza f%%%#gg%lf%oﬁﬁé ﬁ%%\lu ac%l%g?na:eoanéet hmeescroéf:so%nl%tuﬁ% ution
of such priepBsed | adeiekposetide. | Mhel vedrpeisonnekrkaoeleryrmyilzariraci st s,

medi cal personnel, nurses) to risks of contam nation, which are

par {1 oul ar |5F sBr AYGERGTEZEE BRNED t 030 ci 49 0o net anbFt drRFPIIERes. To
adm ni sfper fusd yephbkrbzethmiePst adt 0o deubbe fandlningweknt hga ek Hg Ay
required, the lyophilized cake having to be first reconstituted and then
admi ni st er edhiaRE 19RO werS? i wmAe solution and finally diluted with

a 5% glucose solution (0.2 mg/ml final concentration).
The lyophilized oxaliplatin can present some disadvantages,
which do not render particularly attractive the use of this
15 product in such a pharmaceutical form.
Both the manufacturing and the reconstitution of such
preparations expose the involved personnel (workers,
pharmacists, medical personnel, nurses) to risks of
contamination, which are particularly serious due to the
20 toxicity of the antitumor substances. To administer a
lyophilized preparation, double handling of the drug is
required, the 1lyophilized cake having to be first
reconstituted and then administered and, moreover, in some
cases, the complete dissolution of the powder may require
25 shaking.
The risks connected with the manufacturing and the
reconstitution of a lyophilized preparation would be highly
reduced if a ready-to-use (RTU) solution of oxaliplatin,
whose preparation and administration does not require
30 either lyophilization or reconstitution, were available.
In order to meet the need for solution formulations of
oxaliplatin in a RTU form, able to overcome the above-

described disadvantages, some formulations have been



cases, the conplete dissolution of the powder may require 25 shaking. The
ri sks connected with the manufacturing and the reconstitution of a

| yophi | i 2&0 opioepsar ati on woul d be highly reduced if a reasgTiEPOUSHAC RTU)
solution of oxaliplatin, whose preparatdon and adm nistration does not
require 30 either |yophilization or reconstitution, were available. In
order to neet the need for solution fornulations of oxaliplatinin a RTU
form able to overcone the above- described di sadvant ages, sone

fornul at i orfsL 1RAAY beBROMPFOS/ 04 B5&Y- PCTEFPO2 PEPIARIG A r e@ly propeddd,

e.g., the qﬁQH I ggqlgﬂgg{'- §yg§h : f.or myl at i ed in
the US pate ts&%}.aaﬂgs, 16, 9 dalnac}: , Og%g%ogr%la&sﬁglcﬁﬁ\/eeﬁjf%%&?h&?hg?é
formul ati orss, Ares gaspor teedl t 0 s st ,aily RTWfsprantiatedlgns  Bordnt aitiiesg
oxal ipatin._A desirable objective is therefore that the stability is
further enhﬁﬁﬁ@&a%%l 85°t AP YT e tPor S&ABE RIV1 HVPREF PG a

prol onged RefdQbni JHLsPYe ivention nmeets these objectives by providing
10 oxaliplatin fornmulations in a RTU form wth superior stability
properties A edessrahbe abbiectdant i ¥4 edhknofprRTUhpitepshat Boabilatyodct i on

o hohes AR P800 oad DUILA N30 ol 0 g o pp
agueous solgititemlef kel ifdmatd prenes] gerdodf. maki ng a formul ati on
The present invention meets these objectives by providing
10 oxaliplatin formulations in a RTU form, with superior
stability properties versus the above-identified known RTU
preparations. It has now surprisingly been found that the
introduction of 1lactic acid and/or a pharmaceutically
acceptable salt thereof as a stabilizing agent in an
15 aqueous solution of oxaliplatin, serves as a novel method
of making a formulation with an improved stability versus
both the RTU aqueous formulation disclosed in the
Debiopharm US patents No. 5,716,988 and the aqueous
solution stabilized with oxalic acid or an alkali metal

20 salt thereof, disclosed in the Sanofi-Synthelabo US patent
No. 6,306,902.

Detailed description of the invention

It is an object of the present invention to provide a
25 stable oxaliplatin solution formulation comprising a
formulation selected from the group consisting of (a)
oxaliplatin, an effective stabilizing amount of lactic
acid, and a pharmaceutically acceptable carrier; (b)
oxaliplatin, an effective stabilizing amount of a
30 pharmaceutically acceptable salt of lactic acid, and a
pharmaceutically acceptable carrier; and (c) oxaliplatin,

an effective stabilizing amount of lactic acid and a



both the RTU aqueous Debi opharm US patents solution stabilized with novel
method with an inproved stability versus fornulation disclosed in the No.
5, 716, 988weand/0#1587 aqueous oxalic acid or an al kali netal PRO/EPat/i131sder eof ,
di scl osed in the Sanofi-Synthel abo US patent No. 6,306,902. Detailed
description of the invention It is an object of the present invention to
provide a 25 stable oxaliplatin solution formulation conprising a

formul ation selected fromthe group consisting of (a) oxaliplatin, an

ef fecti ve gthagimacaurgcatdint aeFephebile 1, Adndlacshar nacédii caitdy a

accept abl eé)'l:ﬁaarrrni %{e?ut(i@all %]Iciec%%gbq,e an . ef.fective stabilizing amunt of a

30 phar nac I'cally accepta I't of lTactic acid, and a pharnmaceutically
accept abl e Tt r i ®svehndoka) ipkatipl atfiormulan iehisectameorwdady | | zbng tawrount

of lactic acid and a WD 03/ 047587 PCT{LFPOZI 13146 7 phar naceut it;%%l" y

accept abl e LH GO aBAVE atPRSCAREIAL L Phat TREJRY caltiQF e eftaid i ri er .

The novel Qxald RIGHfOHhatnen s 136etdidgwho rhhau1RvYSMd . on have
substantially inproved storage stability 5 when conpared with the cl osest

known for mNcat iporior Nerpri of avhioh vibrhicpis canes awareivacdesdasdesbes
ii ons _as lg%vyo%rso%isd%% her ivri'd To,.the .best of applicants'

Ef\g{/\,{l 2113:, %t){?erig(%l%lt 6’1 atimn- pharnaceut i cal BFor rruleéit ihgﬁéelgf' the invention
are previous ytht0 bakBowsf angbpl £caot s Suggesiledidy, t thear toxaliplatin
pharmaceutical formulations of the invention are previously
10 unknown and are not suggested by the art.
A pharmaceutically acceptable salt of lactic acid is, e.g.,
an alkali metal salt thereof such as, e.g. sodium or
potassium, especially sodium lactate.
In a preferred embodiment, the present invention provides a
15 stable oxaliplatin solution formulation comprising
oxaliplatin, an effective stabilizing amount of lactic acid
and a pharmaceutically acceptable carrier.
In a more preferred embodiment, the invention provides a
stable oxaliplatin solution formulation comprising
20 oxaliplatin, an effective stabilizing amount of lactic acid
and water as a carrier.
In another aspect, the invention relates to a stable
oxaliplatin solution formulation comprising oxaliplatin, an
effective stabilizing amount of a pharmaceutically
25 acceptable salt of lactic acid, and a pharmaceutically
acceptable carrier.
In a preferred aspect, the invention relates to a stable
oxaliplatin solution formulation comprising oxaliplatin, an
effective stabilizing amount of an alkali metal salt of
30 lactic acid, and a pharmaceutically acceptable carrier.

In a more preferred aspect, the invention relates to a

stable oxaliplatin solution formulation comprising



A pharnmaceutically acceptable salt of lactic acid is, e.g., an alkal

netal salt thereof such as, e.g. sodiumor potassium especially sodium

| act at e. Wo oa/oprsef erred enbodi ment, the present inventionpPpr@mpoziend@ 15
stabl e oxaliplatin solution formulationgconprising oxaliplatin, an
effective stabilizing amount of lactic acid and a pharmaceutically
acceptable carrier. In a nore preferred enbodi nent, the invention provides

a stable oxallplatln solution _fornul ation conpr|5|ng 20 oxaliplatin, an
ef fective SPEIIBLALAG anBbnt S6FSFheVRC Bl | HAtPRat FROWRE a Uar SPELUM

anot her aspegl,chgy d”\ée%t}ia%arc"e'&tl%%ltw %c%(e?f&'a%leoé%&‘r@e%“ n sol ution

formul ati on conprising oxaliplatin, ve stabilizing anmount of a
pharnaceutwwakiyp@&tacmépudWLe Sdlet omVEacup@ acied atamsd anharnﬁcebﬂecally
accept abl e carr.i preferred aspect, the invention relates to_a
Stable xSRI Eoi M F bri AT “Bo fBPET g ok PP 7
effectiye %tfer@dtllz;len@t&mqritz iely amoalkabif BBHalumsakictefte 30id aetee aei d,
and a pharmaceutically acceptable carrier. In a nore preferred aspect, the
i nvention relc®ré&sefo a stable oxal iplatin solution fornulation conprising

V[)03/0475§{ @gﬁ/gﬁng%gb |I£%f%ﬂ{&oﬁﬂ gé%ﬁgégvetgtagllg% LRg canount

of sodium 'lactate and a p arnaceutlc y acceptable carrier
particuIarbwglh@éatnme@hl@mlpmldtaymﬂ@taoatabm@rlsxablp&aﬂu@lsmhnmlan

f | at I t 5 eff t abi | t f
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rel at egot 0 phattalleat i@sahipl atidcsptadion foamul at ideeyWrisiagd a
oxal i platin, an
pharmaceutlcally acceptable carrier.
The present invention also encompasses a stable oxaliplatin
gsolution formulation as defined above wherein oxaliplatin
is, particularly, cis-oxalato(trans-1-1,2-

15 diaminocyclohexane)platinum(II), more particularly, cis-
oxalato(trang-1-1,2-diaminocyclohexane)platinum(II) having
high optical purity, still more particularly, cis-
oxalato(trans-1-1,2-diaminocyclohexane)platinum(II) having
a melting point between 198°C and 292°C and cis-

20 oxalato(trans-1-1,2-diaminocyclohexane)platinum(II)
possessing optical purity equal to or higher than 99.94%
such as, for example, cis-oxalato(trans-1-1,2-
diaminocyclohexane) platinum(II) having a melting point
between 198.3°C and 199.7°C.

25 A method for stabilizing a formulation of oxaliplatin,
which comprises adding an effective stabilizing amount of
lactic acid and/or a pharmaceutically acceptable salt
thereof to an aqueous carrier and then dissolving
oxaliplatin in said carrier, is also within the scope of

30 the present invention.

A pharmaceutically acceptable carrier according to the
invention can be water or any solution containing water and

additional solvents that are soluble/miscible in water,



effective stabilizing anmount of lactic acid and a 10 pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier. The
present IWO@AM#BR7 al SO enconpasses a stable oxaliplatin SOTEPIDBI46
formul ati on as defined above wherein oxaliplatin is, particularly,

ci s-oxal ato(trans-1-1,2 15 di am nocycl ohexane)platinun(ll), nore
particularly, cis- oxalato(trans-1-1,2-diam nocycl ohexane)platinun(ll)

having high optical purity, still nore particularly, cis-
oxal at o(t ra?hJthl-aiS 2- BPENEHGEPdICohSEID! at FhIFT1Y - haYPRYLeBenEYSRd poi nt

bet ween 198 af%&%%an] féﬁ%}%ﬁols, and addltlo%al exc1 ients that,

oxal at o('t rans 1 ocy exane) pl ati nun(11 posses I ng opti cal
purity equardwider Hisgltenitdiay 9%.94%hesudlorasil stdromrexamplady  as, for

ci s-oxal ato(trans- 1- di am noc ohexa | atinunm( L) havin mel ting
poi nt  bet \ﬁé‘@ﬁ" . S%ézéﬁﬁosiﬁg °FC. glﬂer‘re{]ﬁ%eo’? B apit :"‘1 zi ﬁﬁrﬁg?ﬁr m# ation
of oxal kpl aldter. whi ch conprises adding an effective stabilizing anount of
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exanmpl e, dextrose or saline. Preferably, the carrier is 5 water.
molar concentration of 5.10°'M to 1 M, preferably it can
range from 5.10° M to 5.107° M.
The pH of the oxaliplatin solution formulations can range
from about 3 to about 9, preferably from 3 to 7.

15 A formulation according to the invention can be prepared by
a process comprising the steps of preparing an aqueous
carrier with the appropriate amount of the lactic acid
and/or the pharmaceutically acceptable salt, and then
dissolving oxaliplatin into said carrier.

20 Preferably the solution of the invention is provided in a
sealed container.

A further object of this invention comprises the use of a
formulation according to the invention for the treatment of
a cancer.

25 A  method for treating a cancer which comprises
administering a formulation according to the invention to a
patient in need thereof is also within the scope of the
present invention.

The term "treating" as used herein, unless otherwise

30 indicated, means reversing, 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", as used



The anmount of oxaliplatin present in a fornulation according to the

i nvention can range fromO.1 ng/m to 10 ng/m, preferably from2 ng/m to
5 mg/ M. Whe3ssmki | i zing anount of the lactic acid and/ or PET/EP02/13146
pharmaceutically acceptable salt thereofigcan range froma nolar
concentration of 5.10-'Mto 1 M preferably it can range from5.105 Mto
5.10.3 M The pH of the oxaliplatin solution fornulations can range from
about 3 to about 9, preferably from3 to 7. 15 A fornul ation according to
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preparing af AGRPUSmERIdd 8, Wid,d.he appropriate amount of the lactic
acid and/or the pharmaceutically acceptable salt, and then dissolving

oxal i pl ati iin ntle sabdveameitéiods20 threef el it tyi thedeshgei of afxalhieliatient i on
is provided in a _sealed contajner. A further object of this inventjon
conpri ses &t?erlf%ea l%\lgtf%lf | 59i 8nPaEesF irlfﬁmtgﬁjst &tgqnh\iaeh?ﬁqstonl o2t he
treatment afo @sanceso A§/A° rehbod peeférgBlingranCakert Wi GiyAOMYd ses
adm ni stering a fornulation according to the invention to a patient,in
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definedol maxdi ghel ociO8.on to be treated and the chosen route of
administration. Therefore, the above dosage ranges are not
intended to limit the scope of the invention in any way.
It is also an aspect of this invention that a formulation
described herein, can be combined with other
15 chemotherapeutic agents for the treatment of the diseases
and disorders discussed above. For instance, a formulation
according to the invention can be combined with alkylating
agents such as fluorouracil (5-FU) alone or in further
combination with leukovorin; or other alkylating agents
20 such as, without limitation, other pyrimidine analogs such
as UFT, capecitabine, gemcitabine and cytarabine; the alkyl
sulfonates, e.g., busulfan (used in the treatment of
chronic granulocytic leukemia), improsulfan and piposulfan;
aziridines, e.g., benzodepa, carbogquone, meturedepa and
25 uredepa; ethyleneimines and methylmelamines, e.g.,
altretamine, triethylenemelamine, triethylenephosphoramide,

triethylenethiophosphoramide and trimethylolmelamine; and

the nitrogen mustards, e.g., chlorambucil (used in the
treatment of chronic lymphocytic leukemia, primary
30 macroglobulinemia and non-Hodgkin's lymphoma) ,

cyclophosphamide (used in the treatment of Hodgkin's
disease, multiple myeloma, neuroblastoma, breast cancer,

ovarian cancer, lung cancer, Wilm's tumor and



In the above nethods, the effective dosage of oxaliplatin to be

adm nistered to a patient ranges fromabout 10 ng/n2 5 to about 250 ng/ne,
nor e pr efwoabloy7s8T om about 30 ng/ n2 to about 180 ng/ N2 an@CmEPp2/pried er abl y
is about 85 ng/n2. However, it will be;pnderstood that the therapeutic
dosage admnistered will be determ ned by the physician in the [|ight of
the relevant circunstances including the severity 10 of the condition to be
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the purine analogs such as mercaptopurine and thioguanine
which find use in the treatment of acute granulocytic,
15 acute 1lymphocytic and chronic granulocytic leukemias. The
formulation according to the present invention can also be
expected to prove efficacious in combination with natural
product based chemotherapeutic agents such as, without
limitation, the vinca alkaloids, e.g., vinblastin (used in
20 the treatment of breast and testicular cancer), vincristine
and vindesine; the epipodophylotoxins, e.g., etoposide and
teniposide, both of which are useful in the treatment of
testicular cancer and Kaposils sarcoma; the antibiotic
chemotherapeutic agents, e.g., daunorubicin, doxorubicin,
25 epirubicin, idarubicin, and mitomycin (used to treat
stomach, cervix, colon, breast, bladder and pancreatic
cancer), dactinomycin, temozolomide, plicamycin, bleomycin
(used in the treatment of skin, esophagus and genitourinary
tract cancer) ; nemorubicin and the enzymatic
30 chemotherapeutic agents such as L-asparaginase. In addition
to the above, the formulation of the present invention can
be expected to have a beneficial effect used in combination

with other platinum coordination complexes, e.g., cisplatin



11 rhabdonyosarcoma), estranustine, ifosfam de, novenbrichin,

predni mustine and uracil nustard (used in the treatnment of primary

t hr ombocywoB847580Dn- Hodgki n* s | ynphoma, Hodgkin's di seas@Camponyvausé an
cancer); and triazines, e.g., 5 dacarbagjne (used in the treatnent of soft
ti ssue sarcoma). Likewi se the formulation of the invention can be expected
to have a beneficial effect in conbination with other antinetabolite
chenot herapeutic agents such as, without I|imtation, folic acid anal ogs,
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e.g., Vinbl@sdn (USEHORYROOISREGYQRR NePRPBHPAER bast eghdogessi culad -
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agents, e.qg., .daunorubicin, doxorubicin, 25 epirubicin, idarubjicin, and

m tonycin ( 945 eat SUEtoma P cefvidx, colGFMaStEASy, bIERGTErCARd

pancr eapi ¢ 1 LaRRYe, FREINIYPAIN arleBeqleage,) .pl i canycin, bl eonycin
(used in the treatnent of skin, esophagus and genitourinary tract cancer);

nenor ubi ci A drrMHe taery padar O fensiike iayentiionagem &lseckheagctive
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e.qg., irinotecan (CPT-11), topotecan, rubitecan and
lurtotecan.
15 The following examples illustrate but do not limit in any
way the invention. All references cited herein are

incorporated in their entirety.

Examgles
20

EXAMPLE 1

Preparation of Oxaliplatin solutions

Solutions have been prepared by the following procedure:

Prepare the aqueous carrier weighting an appropriate amount
25 of organic acid or one of its related salts in order to

reach the established molarity; add water for injection to

make up to the final volume.

Weigh Oxaliplatin into a suitable container and add the

appropriate volume of an agqueous carrier in order to reach,
30 as an example, 2 mg/ml as final concentration.

Dissolution of the active compound in the aqueous carrier

easily occurs by a simple magnetic stirring or sonication.



be expected to have a beneficial effect used in conbination wth other

pl ati num coordi nati on conpl exes, e.g., cisplatin WO 03/047587

PCT/ EPO2/\WB14047587 and car bopl atin; substituted ureas suchPa3/Hrgzitae ur ea;
met hyl hydrazi ne derivatives, e.g., procy bazine; adrenocortical
suppressants, e.g., mtotane, am noglutethimde; and hornone and hornone
ant agoni sts such 5 as the adrenocorticosteriods (e.g., prednisone),
progestins (e.g., hydroxyprogesterone caproate); estrogens (e.g.,
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5 FORMULATION 1 is a representative example of the
formulations described in Debiopharm's US patent No.
5,716,988.

FORMULATION 2 is a representative example of the
formulations described in Sanofi-Synthelabo's US patent No.

10 6,306,902.

FORMULATION 3 is a representative example of a formulation
according to the invention.

FORMULATION 4 and FORMULATION 5 are reference formulations
described in Sanofi-Synthelabo's US patent No. 6,306,902.

15
EXAMPLE 2
Stability study

The above-mentioned formulations in Example 1 have been
investigated by an accelerated stability study and the

200 chemical assay of the active compound has been tested by
high performance liquid chromatography (HPLC) after 1 and 3
months of storage at 40°C and 75% relative humidity.
Results, expressed as percentage of the weighted amount of
the active compound, are summarized in Table 2.

25



30 as an exanple, 2 nmg/m as final concentration. Dissolution of the active
conpound in the aqueous carrier easily occurs by a sinple nmagnetic
stirring WO o3omseati on. WO 03/047587 13 PCT/ EP02/ 13146 TheCTaPonwilng

fornmul ations, as in Table 1, have been prepared. Table 1 Non active

oxal i platin pH ingredient(s)concentrati on FORMJLATI ON1WAt er for

i nj.2mg/ m 6. 7 FORMULATI ON2Sodi um oxal ate 0. 0005M2ng/ m 7. 1

FORMULATI ON3Lactic acid 0.0004Meng/ m 3. 7 FORMULATI ONdAcetate 0. 1M2ng/ m 4. 8
FORMULATI ONSCitrate 0. 1Mmg/mi 5.1 5 BOGRMSLATION 1 is a representative
exanpl e of the formyations described il REmopiar s sLabss Pat ent No.

5,716, 988. FORMULATI N2 is_a representlative exapple of thel fornul ations
described in Sanofi- $yARMGATA & US patlent®Nd. 10 6530%, 90p. FORMULATI ON 3
IS a representative ewanmlamd’maz for rrul ations ac<,or demga to L he i nvention.

FORMULATI ON 4 and FORMIEAT are—+ef §co .u Rl described in
Sanofi - Synt hel abo' s gb'oat ent 3. 6, 30 S I\/gtlftrr Stability study
The above-nenti oned flGPRIATESNS in ExcmpI1@°15 ha/e bé&re
Not
FORMULATION 5 28.5 determined

The above-tabulated data clearly demonstrate that:

- a simple oxaliplatin water solution is not stable after
5 3 months storage at the the tested conditions;

- lactic acid formulation has showed a stabilizing

capacity on the active compound that is more effective than

all the other mono and bi-organic acids tested.

10 EXAMPLE 3
Stability study

A second chemical stability study has been performed on the
following formulations here mentioned in Table 3 and
prepared by the procedure illustrated in Example 1.

15 The aim of this second study is to evaluate the stabilizing
effect of different concentrations of lactic acid and

sodium lactate and different pH on the active compound.

Table 3
Non active ingredients oxaliplatin PH
concentration
FORMULATION 6 Lactic Acid 0.005M 2mg/ml 3.1
FORMULATION 7 Lactic Acid 0.0005M 2mg/ml 3.8
FORMULATION 8 Lactic Acid 0.0001M 2mg/ml 4.7
FORMULATION 9 Lactic Acid 0.00005M 2mg/ml 5.1
FORMULATION 10 Sodium Lactate 0.005M 2mg/ml 6.3

200 The obtained results are summarized in the following Table

4 and show how even very low amounts of lactic acid and
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FORMULATION 8 95.5 939.5

FORMULATION S 103.0 106.0

FORMULATION 10 98.0 100.5




Non active ingredientsoxaliplatin pH concentration
FORMULATI ON6Lact i cAci dO. 005M2ng/ m 3. 1
FORMULAT Iv@NdBaets8T Aci d0. 0005M2ng/ M 3. 8 PCT/EP02/13146
FORMULATI ON8Lact i cAci d0. 0001M2ng/ m 4.7 ¢
FORMULATI ON9Lact i cAci d0. 00005M2ng/ m 5. 1
FORMULATI ON10Sodi uniact at e0. 005M2ng/ M 6. 3 20 The obtained results are
summari zed in the follow ng Table 4 and show how even very | ow anounts of
| actic aci ElAd®aND 03/ 047587 PCT/ EP02/ 13146 15 sodi um | actate have a
stabilizing capacity on an oxaliplatin water solution. Table 4 1 nonth2
nmont hs FORMULATI ON 699. 599. 0 FORMULATI ON 7101. 499. 5 FORMULATI ON 899. 599.5
FORMULATI ON 9163 a®1@6. OxEORMUBAThOMJINS8 G10Gosmb 1 W0i108/ 0dFBBrising a
PCT/ EPO2/ 13146 16 C ai ns 1. Stéﬁ e oxaliplatin solutiaon foorrfnul ation

g

conpri si ng &* 4t is&}eféle cted o SFEVEY &?&S&&’Fﬁn@t g of: 5 (a)
oxal i pl 3t nia)arx@ffieatitie,,Stabid f Zédei Posnib o i L 861 Bmoastdofandcic
pharmaceutical |y acceptable carrier; (b) oxaliplatin, an effective
stabi | i zi n@cafbumndofa Phagmacrdaralidyl AF captaftlabicargdier of |actic acid,
and a pharﬁﬁc%&gh%%lgxiﬁﬁcegkamé%fg%kﬁw%r;s%%%ilizing amount of a
pharmaceutically acceptable salt of lactic acid, and a
pharmaceutically acceptable carrier; and
10 (c) oxaliplatin, an effective stabilizing amount of lactic
acid and a pharmaceutically acceptable salt of lactic acid,

and a pharmaceutically acceptable carrier.

2. Stable oxaliplatin solution formulation comprising
15 oxaliplatin, an effective stabilizing amount of lactic acid

and a pharmaceutically acceptable carrier.

3. A formulation as claimed in claim 1, wherein the
pharmaceutically acceptable salt of lactic acid 1is an

20 alkali metal salt.

4. A formulation as claimed in claim 3 wherein the alkali

metal salt of lactic acid is sodium lactate.

25 5. A formulation according to c¢laim 1, wherein the carrier

is water.

6. A formulation according to claim 2 wheréin the carrier
is water.

30
7. A formulation according to claim 3 wherein the carrier

is water.



10 (c) oxaliplatin, an effective stabilizing amount of lactic acid and a
phar maceutically acceptable salt of lactic acid, and a pharmaceutically
accept ablwowatnsiser. 2. Stable oxaliplatin solution fornul Cir@POLEE | Si Ng
15 oxal iplatin, an effective stabilizing;,anount of lactic acid and a
pharmaceutically acceptable carrier. 3. Afornulation as clainmed in claim
1, wherein the pharmaceutically acceptable salt of lactic acid is an 20
al kali metal salt. 4. A fornulation as clainmed in claim3 wherein the
alkali metd- s@ COFMULASHOR AGPHENSoEURLRAE 4ve WIEFESSD Ao CRTITAEToN
accordi ng t,q glaqgerp 1, wherein the carrier is water. 6. A fornulation
according to claim2 wherein the carrier is water. 30 7. A fornul ation
according to claim3 wherein the carrier is water. WO 03/ 047587

PCT/ EPO2/ 13146 17 A.formul ati on ccorgln to Ia|m4 erei.n th
carrier is ‘natér. fgrmﬂlﬁgr"%‘l affon® ?l‘@? %’rrﬁl di'h ttE‘«? 5

effectiye sdraldiddizieng stapinti Ofnd aGrduraci @fanq/a@tla: pfwlraacgultd/@ | v
acceptabl e salt thereof ranges froma nolar concentration of 5.10-7 Mto 1

M 10. A f@hﬂﬁ“@ﬁe@ﬁlﬁléwal fEgePhadlgi NP9l twheheraof herangeef fieam vé
stabi | i zi ng, alrg}ur&ton% nt ttll%na%fd ang-ory q,_éamag;friceutl cally acceptable salt

t hereof ranges fro concentration 0-5 Mto 5.10-3 M 11. A
formul ati on as clal ned |n cIa|m2 wherein the 15 effective stabilizing
amount of | actic %cid anges froma . , :

10. A ormu claimed in c¢laim 9, wherein the

10 effective stabilizing amount of lactic acid and/or a
pharmaceutically acceptable salt thereof ranges from a

molar concentration of 5.10° M to 5.107° M.

11. A formulation as claimed in claim 2, wherein the
15 effective stabilizing amount of lactic acid ranges from a

molar concentration of 5.107 M to 1 M.

12. A formulation as claimed in c¢laim 11, wherein the
effective stabilizing amount of lactic acid ranges from a

20 molar concentration of 5.10° M to 5.107°

13. A formulation as claimed in <¢laim 12, wherein the

effective stabilizing amount of lactic acid is 4.107* M.

25 14. A formulation as claimed in claim 1, wherein the pH of

the solution ranges from 3 to 9.

15. A formulation as claimed in claim 14, wherein the pH of
the solution ranges from 3 to 7.

30
16. A formulation as claimed in claim 2, wherein the pH of

the solution ranges from 3 to 9.



nmol ar concentration of 5.10-7 Mto 1 M 12. A fornulation as clained in
claim1l, wherein the effective stabilizing anount of |actic acid ranges
froma 290ml&rssconcentration of 5.10-5 Mto 5.10-3 M 1®CTAPhmIITW at i on
as clainmed in claim12, wherein the effgctive stabilizing anount of lactic
acidis 4.10-4 M 25 14. Afornulation as clainmed in claim1, wherein the
pH of the solution ranges from3 to 9. 15. Afornulation as clainmed in
claim 14, wherein the pH of the solution ranges from3 to 7. 30 16. A

f or mul at i ort 7as AcIf@red &itd o8 &ismcd 2ifieslr ditn Clifd "pH Gof Wheweisolthei 8H Pénges

from3 to héW@é%ﬁg}g%5%%nEgE[%gQ%(%3{%@718 17. A fornmulation as clained in

claim 16, erein the pHo t he sol"ution ranges from3 to 7. 18. A
formulation as clained in claiml, wherein the amount 5 of oxaliplatin

f 0.1 m/m -to .10 nmg/m_. ,19. A f | at i | ai_ped i | ai
18, “wher ei 1 Shé LA O 0RR ISDRHTER AhGas T dm FHRGEIF £65 WGHAE 10

20. A for myratdan i3 42lidi Mt ThaiMo21 Wagkal o he aggunt of oxaliplatin
ranges fromO0.1 nmg/m to 10 ng/m . 21. A fornulation as clainmed in claim
20, wherein the anount of oxaliplatin ranges from2 ng/m to 5 ng/m. 15

22. A formulati,on LE in_clairn f u Lp t tr { a
cancer . 231% Pt hoarisatdBl  fia o/ Adika | 9 (SEAIR (1F, GARIAH Che
admi ni st er iaagpuatf erfmdxatliign aas rclrainged ifroad @i mg¥/ntlo te Spabi/edt i n need
thereof. 24. A nethod for stabilizing a fornul ati on of oxaliplatin,

10 20. A formulation as claimed in claim 2, wherein the amount

of oxaliplatin ranges from 0.1 mg/ml to 10 mg/ml.

21. A formulation as claimed in claim 20, wherein the
amount of oxaliplatin ranges from 2 mg/ml to 5 mg/ml.

15
22. A formulation as claimed in claim 1, for use in the

treatment of a cancer.

23. A method for treating a cancer, which comprises
20 administering a formulation as claimed in claim 1 to a

patient in need thereof.

24. A method for stabilizing a formulation of oxaliplatin,
which comprises adding an effective stabilizing amount of
25 lactic acid or a pharmaceutically acceptable salt thereof
or both to an aqueous carrier and then dissolving

oxaliplatin in said carrier.

25. A formulation as claimed in claim 1, wherein
30 oxaliplatin is cis-oxalato(trans-1-1,2-

diaminocyclohexane)platinum(II) .



whi ch conprises adding an effective stabilizing anount of 25 lactic acid or
a pharmaceutically acceptable salt thereof or both to an aqueous carrier
and t hen wWpIsUWBNg oxaliplatin in said carrier. 25. A f®C¥HPaY/ixm as
claimed in claim1, wherein 30 oxaliplag4n is cis-oxalato(trans-1-1, 2-

di am nocycl ohexane) pl ati nun(11). WD 03/047587 PCT/ EP02/ 13146 19 26. A
formul ati on as clai rred inclaiml, wherein oxaliplatinis

ci s-oxal ato(t rans 2- di am nocycl ohexane) pl ati nun(11) haV| n
optical purd&y?5 §?rmﬂl?5?‘ﬁﬂl atd%n S%a&F‘ESmsd“?n et lm 261 whg“ihéﬁ %the

mel ting po'dléalcif 1Gisirpxal ato(transgs 1-1, 2- di a@l@%glm&% @Lllmifff(l 1)
is between 198C and 292C. 28. A fornmul atl on as clained in claim26, wherein

the cis- 1@ isEimmayalcieskane) madiiavmddy c lhetvaxan d)ighaoptue@l Pu|m§§’esses
optical purity equal to or higher than 99.94% 29. A fornulation as cl ai ned
in claim28, wherein the nelting point of the cis-oxalato(trans-1-1,2 15
di am nogyclohexanepphatbatusthl | dsi schetmeen ik98c3giand26 199%H€zein the

melting point of cis-oxalato(trans-1-1,2-

diaminocyclohexane)platinum(II) is between 198°C and 292°C.

28. A formulation as claimed in claim 26, wherein the cis-
10 oxalato(trans-1-1,2-diaminocyclohexane)platinum(II)

possesses optical purity equal to or higher than 99.94%.

29. A formulation as c¢laimed in c¢laim 28, wherein the
melting point of the cis-oxalato(trans-1-1,2-
15 diaminocyclohexane)platinum(II) is between 198.3°C and

199.7¢°C.



