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agents. BACKGROUND OF | NVENTI ON Anti neopl astic agents are useful in cancer
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Tenozol omi de i s one such antineoplastic agent. U S. Patent 6.096,759 |ists
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with Tenozol onide is also kn&M@.&M&MZQA 940 (1993)). Treat nent
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testicul ar cancer; colon and rectal cancers; carcinonas; sarconas;

| ynphonas; | eukem as; anapl astic astrocytoma; and mycosis fungoi des.
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Temozolomide is known for its anti-tumor effects. For example, one study

showed that clinical responses were achieved in 17% of patients having advanced

20 melanoma (Newlands ES, et al. BrJ Cancer 65 (2) 287-2981 (1992)). In another
study, a clinical response was achieved in 21% of patients with advanced melanoma
(Joumnal of Clinical Oncology, 13(4) 910-913 (1995)). Treatment of gliomas in adults
with Temozolomide is also known (Eur. J. Cancer 29A 940 (1993)). Treatment of the
following cancers in adults with Temozolomide has also been disclosed: metastatic

25 melanoma; malignant melanoma, high grade glioma, glioblastoma and other brain
cancers; lung cancer; breast cancer; testicular cancer; colon and rectal cancers;
carcinomas; sarcomas, lymphomas; leukemias; anaplastic astrocytoma; and myéosis
fungoides.

Temozolomide is a water-insoluble compound. Temozolomide has been

30 admiﬁistered in pétients as micronized suspensions, as disclosed in US Patent

6,251,886. However, suspension formulations are not desirable because they may

lead to clogged veins.



s sublimed froma conposition after it is frozen. In this process,
pharmaceutical and biological agents that are relatively unstable in an
aqueous solution over a period of tipge can be placed into dosage
containers in an easily processed qu%id state, dried without the use of

damagi ng he and stor ' | Most
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SUMMARY OF THE INVENTION

This invention relates to pharmaceutical formulations comprising at least one

antineoplastic agent, processes of making the same, processes of lyophilization of the
pharmaceutical formulations, lyophilized powders and articles of manufacture thereof,

25  pharmmaceutical formulations comprising the lyophilized powder reconstituted in at
least one aqueous diluent, and processes of treating or preventing diseases
comprising administering the pharmaceutical formulation to an animal in need thereof.

One aspect of the invention relates to a pharmaceutical formulation comprising

at least one antineoplastic agent or a pharmaceutically acceptabie salt thereof, at

30 least one aqueous diluent, and at least one dissolution enhancing agent sufficient to
substantially dissolve said antineoplastic agent(s), wherein said dissolution enhancing
agent is urea, L-histidine, L-threonine, L-asparagine, L-serine, L-glutamine or mixtures

thereof.




and addi ng at | east one antineopl astic agent or a pharnmaceutically
acceptable salt 5 thereof. Another aspect of the invention relates to a

| yophi | i zed powder produced by Iyophilization of the pharmaceuti cal

formul ati on of the invention. Another qaspect of the invention relates to an
article of manufacture conprising a container containing the Iyophilized
powder of t hénotheeaspest.of t@ invertionrelatgsdota beedscfor makingitoe rel ates to a

pharmaceutical fornul ation Suj le . for, admnistration to atjent,
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~diluent. Another aspect of the invention relates to proces or, treating
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t her apeuihefetdfl y ef fective anount of the pharmaceutical fornulation of the

invention to a patient in need thereof. Ot her aspects of this invention

rel ate to and\intkeraspectnidpednventianiglates oraypahilizadspayrder dreusediyde, a
brocess Qa?mﬁeg of fife &%ac&t#cﬁpgngkfaﬁ&qoptﬂﬁﬁﬁfﬁn‘ﬂ n. said formulation and

articles’of manufacture thereof, armaceutical tornulation 20 conprising
t he |yophil i Zswthenaspectefdomisventicreglates toeareartide ol manufaciureesipdisingent s,

and a process. of r . i l,seases..(such as, for exanple,
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substantially dissolve the antineoplastic agent in the aqueous diluent(s).

The per3@o4§&ildent: he antineopl astic agent which is dissolved in the

phar maceut i caghnotferf 2Bt GHith@MvERIbr RIS {0 PProrEfor BBHEiiPo WéntiHg0 %0
preferably from about 75%to about 100% and nore preferably about 100%
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enhanci ng agent 1 ncreases the rate in I ch the anti neopl asti c agent
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said formulation and articles of- manufacture thereof, a pharmaceutical formulation

20  comprising the lyophilized powder reconstituted in water or other aqueous diluents,

and a process of treating or preventing diseases (such as, for example, cancer)

comprising administering the pharmaceutical formulation to a patient in need thereof.

DETAILED DESCRIPTION

25 The pharmaceutical formulation of the invention comprises at least one

antineoplastic agent or a pharmaceutically acceptable salt thereof, at least one
aqueous diluent, and at least one dissolution enhancing agent sufficient to
substantially dissolve the antineoplastic agent in the aqueous diluent(s). The
percentage of the antineopléstic agent which is dissolved in the phérmaceutical ‘
30  formulation can range from about 50% to about 100%, preferably from about 75% to
about 100%, and more preferably about 100%.
The dissolution enhancing agent is urea, L-histidine, L-threonine, L-asparagine,

L-serine, L-glutamine or mixtures thereof. The dissolution enhancing agent increases



30 seconds to about 90 seconds, preferably from about 30 seconds to about
60 5 seconds, nore preferably about 30 seconds. When urea is used in the
pharmaceutical fornulation as the dissolution enhancing agent, its weight

percent (W% in the pharmaceutical fdormul ati on can range from about 4 wt %

to about 60 wt%  preferably from about 8 wt%to about wt %_ nore
pr ef er 4be yate F%“’?‘&Béﬂ? aTE“WFﬂ/ﬁ i gt dissuives; i0,the Gayess ‘F_Uﬁpgﬂ dihte,

L- threqm ﬁm k8S RAEGH b dnEséiﬁﬁM‘@r atledt Hha@hnﬁe@duaéﬂcﬁg&ﬁmhrahereof are
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agent ( s:)ssqlmngnwg%\t in attieastioae aaueouws dikent ivrar2$ ma val eanranpge fent abkentabout 2
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only arsenonw;mbra:peaferably hhomtmrsmomn ical formulation as the dissolution

enhancing agent, its w har maceuti c formyl at.ion can range
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Non-limti ntgr exanp useful _antinegpl astic a%ent s include Tem)zol om de
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Chl orrre@?kf)::)ne 5 Hpsﬁr Egam de, Posf amude Mel phal an, Chl oranbuci |,
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Daunor L?E’PEF?]O fﬁf?@ﬁ/r{r gs M/ﬂ,ﬁ% %@%%MM)P?%@E ’%J{Q@mem t hramyci n,
Deoxyc@‘b@uns(oﬁt%td\étiwtmlwtﬂ/{; L- Aspar agi nase | nt erferons Et oposi de,-

Teni posi de Et hi nyl est r adi ol stil bestr Test ost er one,

b i sone, Wt Hsligineds Be.aay SBinsasis Bheh Bhbenaimareatisal PERVERAE! one.
Megest 143l tAe alsabletion EAREMdIRG BgeMEiiop irethel pHair@ageutidal firinLRibATAART ONe,

Pr edni sol one, Tri anti nol one Chl orotriani sene, Hydroxyprogesterone,

Arii nog|Tangs piefarally fios ahauist wive to akeul30Mise.dpete Rietsrally &oat @0outupr ol i de,
Fl ut am,ge, toTéUoﬁer%Wi‘% aﬁ@?ﬁés‘? |p?éfera§ly ffdrt Bbahi 2 widab 2@BLEd 0 Rty dr oxyur ea,

Ansacri ne, Procarbazi ne, tane, "M toxantrone, Levam sole, Navel bene,
Anastrazol e Noném:%agampjgg@é iuggflyl ardineoplastic agents include Temozolomide

20  (commercially available under the trademark TEMODAR® from Schering- Plough

-Corporation, Kenilworth, New Jersey), Uracil Mustard, Chlormethine,
Cyclophosphamide, Ifosfamide, Melphalan, Chlorambucil, Pipobroman,
Triethylenemelamine, Triethylenethiophosphoramine, Busulfan, Carmustine,
Lomustine, Streptozocin, Dacarbazine, Methotrexate, 5-Fluorouracil, Floxuridine,

25  Cytarabine, 6-Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, Pentostatine,

- Gemcitabine, Vinblastine, Vincristine, Vindesine, Bleomycin, Dactinomycin,
Daunorubicin, Doxorubicin Epirubicin, Idarubicin, Paclitaxel, Mithramycin,
Deoxycoformycin, Mltomycm -C, L-Asparaginase, Interferons, Etoposide, Temposude
17 alpha.-Ethinylestradiol, D|ethylstulbestrol Testosterone, Prednisone, |

30 Fluoxymesterone, Dromostanolone propionate, Testolactone, Megestrolacetate,

Tamoxifen, Methylprednisolone, Methyltestosterone, Prednisolone, Triamcinolone,
Chilorotrianisene, Hydroxyprogesterone, Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, Leuprolide, Flutamide, Toremifene, Goserelin,

S —



Rel oxafi ne, Drol oxafine, Hexanethyl nel am ne, and m xtures thereof. In a
preferred enbodi nent, at |east one of the antineoplastic agents is 5
Tenozol omi de. I n another preferred enbodi nent, the antineoplastic agent is
a therapeutically effective anobunt ofsTenozol om de. The w % of the

anti neopl asti.c agent in the pharmaceutical formulation can range from
about 1 Wisplatin, Secepladn, Hydroxpurenefmsagrife: Procasearing Mitatane about 30 10

W% mor nB&grf-t%r?eﬁL«‘évérF\%HPeaR%U&Pé‘néMAIﬁ’a%Ra?ot?g f}a@o}@t LOtBpat her

enbodi nen ar maceut fcal “tTornu r| ses at | east one
exci pi enReldXafiné, |Dmtoo<a@we>ttaxphmﬂ1ybﬁelsmmmalahd reixtirgs theteofi ncl ude

o Luitabl o nind B rEPGatheht 2L ablond of Po AR Bt The

sol ubj | i Tgmekolohfideant i neod asti c agent. 15 The average nol ecul ar wei ght of
pol ysorbates ran range from about 5 e to about 1900

| e,
preferably frBANRGIPrEensd eahodieemy Gtaniﬁm?ﬁﬁl@enhﬁraethgﬁg&&aﬂ%l y from

about 1 @ﬁgg{vgtyn%moam%zglgp,w ol e Non limting 'exanples of
pol ysorbates incl ude polysorbate 20, %ﬁor bate 21, Eol ysor bate 40,

po: | ysorbat e Bie wt°{9<9|fymﬁrnmeepmﬂc wrysm ftharpaceyisal fopnuation ean

pol ysorb 536290 | ude

pol ysorbg%r@ gfgo’m%B yso at eg%& an A)?pq @fa?sl)? ﬁereogumgataagé?ﬂa%be:

mol ecul awt%hemphe pwﬂerBE@fmrmaban@eNﬁ% tmalmumﬁ \m%)g/ mol e to about 60091rm| e,
preferably fr t t / r f ablyfrom
about 200g/ noﬁ‘rg’la"g‘egbé'%fo"%gﬂ/ Fhel gty Fﬁg'ag%r#pﬁsg?"r‘]& st " PEG 200,
PEG 300, ldaEtbrzﬂé)éxcuE?EGi Nidh- hramdg lek&npie8 of 2bitdte pytipieatsghgiads polysombataraj I

nol ecul e nmol. ec ight of about /6. 1 g/nole. Wien an excipient

i s used Pﬂ VF g%ﬁﬂ%@e@rﬁ%P% lleﬂﬁp&cpl'é pO'V??bﬂk&gqrﬁufﬂe "Ba‘é’feﬁaceut i cal
for mul at tRedfarThean@ipidnt ®Wustaadtindreadetne @ombﬂw oﬁtﬁe\éh%etﬁﬂé%he agohty from
about 2 wt%tg about 30 wt% nore preferably from about % to about 16

30 wi% | n anbih@veraseEuemiar Waighi ob RalyReDalRs <Al rangs fam:ahoshoqQs/TRis:
conpri sefo Aout19064/mAS phifbIdbRGrGA Bbut %U%hb@ tbidbOu XEBRffidle thorell t abl e

bul ki ng agents whi can be i'ncl uded har maceut | cal fornul ati on
i ncl ude REaienaby from éb?@s@OOQGW'@é%ab@t 1§6@9/le hN@ﬂT"ﬁ@'ngﬁ@ﬁWQ%@f

dext r 0se noRkabatks iINIGELBHIGESBARIR, pBIyESBaRSS ATHolYsorbate 40, pq]ysorbate 60,

polysorbate 61, polysorbate 65, polysorbate 81, polysorbate 85, and pjol“ysorbate 120.
20  Preferred polysorbates include polysorbate 20, polysorbate 80, and mixtures thereof.
The average molecular weight of PEG can range from about Zdoélmole to
about 600g/mole, preferably from about 200g/mole to about SOOg/molé, more
preferably from about 200g/mole to about 400g/mole. Non-limiting exémpl‘es include
PEG 200, PEG 300, PEG 400, PEG 540, and PEG 600.
25 Propylene glycol is a small molecule with a molecular weight of about
76.1g/mole. ‘
When an excipient is used in the pharmaceutical formulation, its wt% in the
pharmaceutical formulation can range from about 1 wt% to about 50 wt%, preferably
from about 2 wt% to about 30 wt%, more preferably from about 4 wt% to about 16
30 wt%.
In another embodiment, the pharmaceutical formulation further comprises at
least one bulking agent. Non-limiting examples of suitable bulking agents which can

be included in the pharmaceutical formulation include mannitol, lactose, sucrose,



cel lul ose, cyclodextrins, glycine, or mxtures thereof. In a preferred
enbodi nent, the bul king agent in the pharmaceutical fornulation 1is
mannitol. 5 When a bul king agent is used in the pharmaceutical fornulation,
its ww%in the pharmaceutical fornul fition can range from about 20 wt % to

about 80 wto/o ref er abl from about 35 wt%to about 65 w % nore
pref er aB‘P‘?ﬁU‘PrQB‘}ﬁ"&SOH?hﬂgsgwdﬂ‘fres%rb%@ffh g@’dr%mthxqﬁa@ﬁgf‘ﬁ'@ﬁtaé‘?ﬁ)odl ment, the

phar mac gyhjigsel cy@odBkrits Hérbhﬁfxte@méréss at 10 | east one buffer.
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phar naceut i clala pr@fefm@mbwlme@l dbe bukingagenbin therpharmaceawtigah fperewlatien sodi um
| act atesmg 'ﬁ §S| um |l actate, calciumlactate, |ithium phosphate, sodium
phospha 'ﬁ dssium phosphate, cal ci um phosphate, |ithium rmal eate, sodium
mal eat e, pot\amen larbunahgagent ﬁﬁseaimﬁharphauhaemﬁlcal fotrhulation ahstvetl’/a‘lrﬁhesodi um

Sodi um BbRraREREa FTERiofr AR apsa P ot 2D A g DM PP ERRLCe: ot .

sodi um ﬁéﬁiéﬂoﬁt 390&%&5'%@6@%@m0€@b@f&ﬁbmrﬂ%@oumo with Xé _ub@ﬂ gener eof .
Preferably, a buffer used in the pharmaceutical fornulation is at |east one

20 citr¥t% buffer. Non-liniting exanples of suitable citrate buffers
i nclude Iit hhlarﬁbmetr@ﬁ{&a.ﬁ@ﬂom@br@rﬁacéﬂ%w&maﬁ.aﬁ PurARR @BMPFidé£at POt assi um

citrate nonohydrate, calcium citrate nonohydrate, lithiumcitrate
di hiodr ateast eeufferci trate di hydrate, potassium citrate dihydrate, calcium

citrate di hyﬁ&‘?{u‘ﬁn%ng %&Mscbftgﬁt%ﬁletddﬁ@’%ﬁkﬁ’caﬁﬁ% Al §é& frfih?hl trihydrate,

potaSS|umC|tra ciumcilitrate umclitrate
25 tet rammﬁeeucamﬂmulatmntmdu@e cmteam;ftﬂratlmlumaetam sodioint lactate,

tetrahydrate. alc um,, C h I U hydr at e,

sod um eo@esim uft R B¥dte (LA HFSBh e, et ebho &, EoBETh A

ﬁi t rﬁt epp?gmafw?alem phoip{ham:nIm?:nmahaeatbewdiuanmbleat@ pdtass?m ?aﬁaﬁe i at
exa of assi citrate he ra cal ci.um at e hexahydrate,
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citrat etaiﬁ@?étahmnﬁi@ccﬁfat&aﬂoaim@écﬁﬁa@é otEi@n sueahste, Yheioma buffer is

used in the pharnmaceutical formulation, its wt% in the pharmaceuti cal

f or mul asYesina@lithiumacetatesodiim @celalg, pplassium acetete. Galsiunhaeatateadly 7 from
about 1QiMbikfe@gout 40 wt% nore preferably fromabout 15 wt% to about 28

Preferably, a buffer used in the pharmaceutical formulation is at least one
20 citrate buffer. Non-limiting examples of suitable citrate buffers include lithium citrate
monohydrate, sodium citrate monohydrate, potassium citrate monohydrate, calcium
citrate monohydrate, lithium citrate dihydrate, sodium citrate dihydrate, potassium
citrate dihydrate, calcium citrate dihydrate, lithium citrate trihydrate, sodium citrate
trihydrate, potassium citrate trihydrate, calcium citrate trihydrate, lithium citrate
25 tetrahydrate, sodium citrate tetrahydrate, potassium citrate tetrahydrate, calcium
citrate tetrahydrate, lithium citrate pentahydrate, sodium citrate pentahydrate,
potassium citrate pentahydrate, calcium citrate pentahydrate, lithium citrate
hexahydrate, sodium citrate hexahydrate, potassium citrate hexahydrate, calcium
citrate hexahydrate, lithium citrate heptahydrate, sodium citrate heptahydrate,
30  potassium citrate heptahydrate, or calcium citrate heptahydrate.
When a buffer is used in the pharmaceutical formulation, its wt% in the

pharmaceutical formulation can range from about 5 wt% to about 60 wt%, preferably




wt % | n another enbodi nent, the pharmaceutical fornulation further
conprises a pH adjuster. Non-limting exanples of suitable pH adjusters
whi ch can be included in the 5 pharmaceutical fornulation are hydrochloric
acid, sodium hydroxide, citric acid, phosphoric acid, lactic acid, tartaric
acid, succinic acid, or mxtures therebdf. A preferred pH adjuster for the
phar maceuti cal formul ation is hydrochloric acid. %afpadj uster is

used i n [TA@ aheut HRvE%tiP @Reut 4 Wik oPEPreferably frgm ?\bct““és vBialoraortie? cal

formul at @) can range fromabout 1 w%to about 20 wt% preferably 10 from
about 2 wt%to about 12 wt% nore preferably fromabout 4 wt % to about 8
w % The pH dn anetheseahedireent; halphrapacsulicaldarmyyation fupher eampyisesta it about

2.5 to ?@%{Er 6NOn- Irmﬁf _ tpﬁé%@f'()é&lt%ﬁl%ﬂ_ﬁ?@%te%ﬁhlﬁﬁcQt?BHtrnc‘i’uoﬁe Ak most

preferab rom about e pharmaceutli ca
f or msl at poarmeaacdutidad faryroztiohiaze Hygrovkleric atid esasiim bydrolside, sitrarasid,i n

cont ai neg ) d_i.n the.pharmaceutic ,ch Gan i ncl ude
pl astic 8@%@%??&&%@ gg'g' t@ﬂﬁpgaﬂg,r%ucgm%acé. 05[&?1%[&' %lmﬁf\'ggf Type |

bor osi | i Gat e Aypasfsrred pHtaajusterSor tlﬁerphenamdtmcartfhmmmiﬁrasrrnqordceledcearo. be a
syringe or vi nvention rel ates cess for

| . _Anqt her ect of the r
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conpr i segnhirhfacelifddd fd?fnulailbﬁiﬁh‘farﬁtﬂa #ém |aBaat 1 wr% t6laBEGH 20 WO, tﬁéfé?é&* ng agent
in at | east one aqueous | uent, nd addi ng | east one anti neopl astic

agent? orffgmpﬁbé?ﬂhﬁd\é%ttpéﬁppﬁﬂ%%épm&[ﬁ Efeé%(ﬁt"y frpmeat&M WrefteABRYYB i n t hat
order. Ipshe ideal enbodiment, the antineoplastic agent is added after

t he di ssol ution enhanci ng agent is conpletely dissolved. The dissolution 25
enhanci ng ageFhe pHof the phasaaceuticabiormulation preférablymangss fromabautadb e,

L-serine, S)tlrup rs‘?(# d?@fePébl ”?rér‘n%%ﬁ $995% @B% 4,/§e§n‘6°|h &fp(;grfelréar{i}“ﬁ&%s

di luent (s Teas
anot her eh@békt&moomhé process further conpri ses addr ng at Ieast one

N A R e e R
t he sol uttorsd inlcontdinrs eomendmdiseerih the piearpiaesetical fruut;thﬁ mm@m:a"n raeledé il1ing
ORISR AN R AT ST, + et e TR
| yophi | i g&slainemsd eFor exbirpR)ithd éstlainenalidscanfte a Syringe or vial.
Another aspect of the invention relates to a process'for making the
20  pharmaceutical formulation of the invention. This process comprises the steps of
dissolving at least one dissolution enhancing agent in at least one aqueous diluent,
and adding at least one antineoplastic agent or a pharmaceutically acceptable salt
thereof, preferably in that order. In the ideal embodiment, the antineoplastic agent is
added after the dissolution enhancing agent is completely dissolved. The dissolution
25 enhancing agent can be urea, L-histidine, L-threonine, L-asparagine, L-serine, L-
glutamine or mixtures thereof. The volume of aqueous diluent(s) preferably comprises
at least 80% of the total volume.
In another embodiment, the process further comprises adding at least one
bulking agent; adding at least one buffer; and"adding at least one pH adjuster to form |
30  a solution; preferably in that order, and filtering the solution.
In another embodiment, the process further comprises filling the filtered
solution into a fyophilization container and lyophilizing the solution contained within the

lyophilization container to produce a lyophilized powder. “Lyophilized powders” for



purposes of this invention is neant to include all Iyophilized forns

I ncl udi ng Iyophilized cakes. The noisture content of the lyophilized
powders can range fromto about 0.1 % to about 3% preferably from about
0.2%to about 0.8% nore preferably fgomabout 5 0.2%to about 0.6%

Moi sture content can be neasured by a noisture anal yzer; many suitable

nmoi st urpairposEs\of ¢his irvestigroismeeantdo includeaall Iyophilizet- fpopsinduding lyaphikzesl pr ocess
wher eby ter is sublinmed froma fornulation after it 1is frozen. In this
proces§’a ﬁﬁarnaceutical and biol ogical agents that are relatively unstable

in an aqUeoqheﬁﬁkblym'ré)eomémrofah@%bbmzéu‘ p(deIasQﬁﬁ rbﬁagepframad abotin0.d#sage 10
containers in_an |y processed_l i qui he use of

danagi 1@ akedk3%. %ﬁ?&?@‘?'& fiom abouyf Gp%edg 399%&%5% f“‘E?lpé‘%S@? %&?m QUt Anot her
aspect (Pﬁ%ttB%bbGtV@@‘KJ %ﬂugmr@bsmehpcérvwméasae@ EPAHfistuR SlinzRe by

| yophi It zat1 on of armaceutical formulation of the invention. Another
aspect rmnxmtable\mmsmﬁanelwmrégre@ochtailsca‘eal@blemnuf acture conprising 15

a container g O&%ﬁhﬂ%éﬁgordr}eéggﬂme%léﬁ\g?tgf}#dﬁ‘ﬂbhmeﬂq d f8¥ndiffon after it

l yophi lizati on o the I nvention.
Sui t abligfrozem. alnnblss)rmeessdpimrmedtlmené blologm:aal qgeefseihamreealaomlyrent , the

article o nuf acture cont.ains_a ther ef fecti unt of the
ant i neé‘ﬁ'FL&b aé’g%?ﬂe()gf spﬂjrhgn Py% %PF”%ngfet %&%’P bglplh Hd?tﬁ qloesgﬁggdl ment, the
ar tih cl eopfaingrs if a¢ basiny pfrucésisea ligoiistate periexl wmhwmm dSe of dahatiag dieapne

aqueous diluent for. re titution of. the |yophilized powder.
Recons @NAierEA I poded s ? qegdqn(geg &Pdh about 30 seconds to about 60

seconds. Anandfer éﬁﬁ&ﬁ fof e ihténtion\reritdsd Iyedhiized pfowderdPridiBeEby i cal
formul ation suitable for adm nistration to a patient, said fornulation

pr epar dprbjizatienekthe pharmaceuicaldarmupation ehigs "i"‘f?é‘t'P?ophl | i zed powder of the
| nventi on | a\na}h\éP'aea@cte? tié inl&iftidh refifes’te ma%fmdeﬁéu ure (Prié%h' lized

formul ati ons o har maceuti cal formnul ati ons can
reddnst@ qutta;dermqrmalmng thel lyophiizechpowdenmrogucedsy thaﬂyqprwtt;a@@mgf el uent (s) to
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patz(i) ent of a?pg;tl grlengque%wsrylluérletrfernl%cgnétlrt]&tlroer‘lpoef%e fyopwlzee(; Lg\%éP’ e amount of the
Reconstitution time generally takes from about 30 seconds to about 60 seconds. ;
Another aspect of the invention relates to a pharmaceutical formulation suitable
for administration to a patient, said formulation prepared by reconstituting
(resolubilizing) the lyophilized powder of the invention in a volume of at least one
25 aqueous diluent.
The lyophilized formulations of the pharmaceutical formulations can be diluted
or reconstituted prior to administration with a suitable aqueous diluent(s) to obtain a
finished concentration. For example, a concentration of from about 0.5 mg/ml to
about 5 mg/ml, preferably from abbut 1 mg/ml to about 3 mg/ml, and more preferably a
30 from about 2 mg/ml to about 3 mg/mil is suitable for transfer to an infusion bag for use
by a patient in need of an antineoplastic agent such as Temozolomide.
Another aspect of the invention relates to a process for treating or preventing

disease in a patient comprising administering a therapeutically effective amount of the




9 pharmaceutical fornulation of the invention to a patient in need
thereof. The pharmaceutical fornulation in this aspect of the invention
can be a fornulation which are the Iyophilized powders reconstituted with
wat er or other aqueous diluents, or tke fornulations which are not
prepared by reconstituting the Iyophilized powders, Non 5 limting exanpl es
of di seqﬁmnatémlbakfarrmhlatmm efithe dnv@ntipn &va pamnimnéemmemmfc iTherma, sarcong,
mel anomg br ai n Gancer cancer, thyr qi.

ol 1t curttenaSiiRcaftoiilaia A e ihatror Y BEouan e & Rifnupadfiwhich

ast rocytargthe opteiiesd mavdess recoﬁimb@dlwmva&r or oﬁéﬁé&@écﬁxs&ﬁméﬁ&, oritRet i cul ar
cancer, colon and rectal cancer, onmg,. | eukem a nyc05|s f ungoi des.

10 The degayaligns¥hiehara notipsepased I‘?& rWH‘HE%f”%‘MPpW"&eﬁLRW%S 87 t he
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I ncl udi ng speci es, age, I ght, sex and condition of the patient;
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the patien ar ac e 1ngre or sa hereof is
enpl oyednydmd;@ptﬁsiaaprdsjetek:aht@‘dtqshgﬂammecanlonamh regtatiedgreeni ne and

prescribe the appun nti neopl astic agent required to
preventb‘ %qeulbqrﬁlg,r re@?’%ﬁlismnﬁ?@&?ess of the di sease condition. For

exanpl e, t he Tae dosageo ssgraen Litiizmpihel phatrd acdutical farmalghidris dfsheewentdnd y about
150mg/ m 2 of bog érface ar(i%{ . The phar macrxreutlcal formul ation of the
i nvent i Jf Selspted Page@ HPP FoRS ?f'%m vangly gtfagions.inuding Serciei P88 di seases

such as wagm %d fRbaNEondiRnast @patitint; ARE spedid &Béé’s%tt@% trddiiéd, Ih&ancer ,
| ung cancer, ¥r oid follicul ar cancer, pancreatic cancer, breast cancer,

bl adder F@Hﬁ%té!rOf heyeandilipa o beiteeatech e wuts of admipisiatienmhe mgkand e cancer,

| ynphonsPafiEREEion 8RR AL oS UM ache predicntr Sall @it
f or Nl ateroployed: sAn 96§marily stilledpiwsisian candeadily getammine @nd ipoescribé thenul at i on
fo7 Ted. PehebRRARblA b ond s LU TeB e RIHIELert Ldluflr, bPGRLt e aquecus

di l uent can provi de en anc ance em cal
st abi | i tprogress béthepimasecmudlhoml Fooexanpe,itbe adamdesagaeofpaaomimmdel foal

formul ati on. i.s._stabl or at |l east 60 hours at room
terrperat?ﬂ%d%tdﬁgﬁ?erfgbﬁoéqéﬂg\#fpeﬂ bqqygﬁﬁ‘(ﬂaﬁ%ﬁ'&ﬁﬁ i ons. 30 Enhanced cheni cal
stabil ity of Thegphbsmadeuticaldormaatiar ofthé@ ivehtich aropd ubed il trieatiiteor | S

sui table for storage fromabout 40C to about 40' C preferably for about 12

montfis RCVGRIPG ONRORMINNE IEASHT BN T GUFNPTS. BATCPRE: PRATRERQIR

f or mul at dlieBiab@fiE Grdly cancer, lung cancer, thyroid follicular cancer, pancreatic cancer,
breast cancer, bladder cancer, myelodysplasia, anaplastic astrocytoma, prostate
cancer, testicular cancer, anaplastic astrocytoma, colon and rectal cancer, lymphoma,
leukemia, and mycosis fungoides.

25 The pharmaceutical formulation, its lyophilized powder, and the pharmaceutical

~ formulation formed by reconstituting the lyophilized powder with at least one aqueous

diluent can provide enhanced chemical stability. Enhanced chemical stability of the
pharmaceutlcal formulation means the pharmaceutical formulatlon is stable in solution
for at least 60 hours at room temperature (about 25°C) and ambient light conditions.

30  Enhanced chemical stability of the lyophilized powder means the lyophilized powder is
suitable for storage from about 4°C to about 40°C preferably for about 12 months or
more. Enhanced chemical stability of the pharmaceutical formulation formed by

reconstituting the lyophilized powder with water or other aqueous diluent means the



reconstituting the [yophilized powder with water or other aqueous dil uent
nmeans the 10 reconstituted |Iyophilized powder is stable in solution for
about 48 hours or nore at roomtenperature and anbient |ight conditions.
One advantage of the stability of theig | yophilized powder is extended
pharmaceutical product shelf |ife. Extended pharnaceutical shelf life

of fers m@nstﬁtuteddyomnlmquwd@mﬁemaugassol5t1¢quv@tbouh6$ Reursaaftioereraint , t he

pr esent (o) rising
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di ssol utj on enhagai F‘% Ff% canﬁ? L{rea L- hi |ne L- threonine,

L- asparab‘i’m?ceﬂ shelgh 3 SigniFRNt egphoig qg{‘?éreof The 10
phargraceut i cglyet Qﬁ@&ibﬁéﬂnﬁﬂdmrthé'p%eﬁ?ﬁ@éﬁﬁd?%ld@lo%é/staalée at |east one
ot her ingredient such as, for exanple, bul ki ng agent, buffer_ or pH

adj ust epharfpaceutical éomwé%t&nmsrempagméememowqw abieastpna dieslwtiPramount s.
Such ph@ﬂa] é t suk&%ﬁ“l@édb@fbﬁtnﬁ@%n?@dﬁe ié?ﬁofoﬁahtdb'.ﬁ ¥ RastbReussed
eln a I onal escri bes

above. process of preparing such
st abl e pmdduemtcahefdmsmman eohancmgsageﬂta:aﬁmetwfea, kehistidineeht , t he

above-d folaf-aolelyyy i '. 0 be Iyophlllzed
"o a TREnli Loty OB FRogiite. ohiRE e B thenc, ' 27 cuch

ar tiecl eplmémtmeutlcmtfmrrmlatimna:ompmmgl'mmazuldsraidbemay)hbm adeasisirietathed | at er
at an a riate ti ter ot her ous ent (

admini s 4)96}% spgh an[%éﬂ‘%'ﬁ rﬂbH[ﬁf@ Qﬂ“e"f'%ﬁ@ﬁp lﬂsé%rc P“)‘"Efé'oarﬁbove The
| yophi | j@&sibe@wBeveé betas@MAeir Aatufdgnd SMBURESOISIeh Hammatédticaps di scussed
above. The stable pharmaceutical formnul ati ons and | yoph| lized forns

compr i sfofguia¥enpa bavahesiabitiyaedissuasechaboyce ta iwventon addilionalxpL es
sect ongbgkigés o pFBGedsIiRRébg!shoh SRERI SR AT LaASRISaidhs! hal it all ovs

the formation of a stab aqueous sol ution cont ai ni ng an ant i neopl astic

agelt. Ot herln@dvahe@g@boﬂlmnbdee abover-gescaibed ferynuatianscopmriisingceut i cal
For mul ay;08,418mitfke %é{-PB aJobF-ﬁE'e&‘i'ﬁ‘fB é%@hﬁﬂz@& p%dé%%%t’ot@daﬂ PANple Sui tabl e
1 on, I C SO

to be reconstituted as dn"agueous S s suitable to
be adm cordaiperar sushaarticleiof manufactmem aleondition stitable & be tecopptituted latesins

prevent j ' j.al t . L eous_di | yen s%" means
D cwent b Ao GRhR iR AP B8k By e GG igh ., oo
exanpl epatiEnt amnesalicf tcédtment as dendlbd@abmerThmtybphilizedabbweers&%n hédmet r ose
sol utlog’h :imd Ott her ft B”IFS sdu i tabl E)or injection into a patient,
pre ar a 9ermsoragesa||yas scussed above. -
The stable pharmaceutical formulations and lyophilized forms comprising
Temozolomide are described in more detail in the EXAMPLES section below.
The invention is therefore advantageous in that it allows the formation of a
stable aqueous solution containing an antineoplastic agent. Other advantages include
25 the ability of the pharmaceutical formulation to be lyophilized and stored as a
lyophifized powder suitable to be reconstituted as an aqueous solution, which solution
is suitable to be administered to a patient in need thereof.
The term “aseptic” means preventing microbial contamination.
The term “aqueous diluent(s)” means aqueous fluids suitable for injection into a
30  patient. Non-limiting examples of aqueous diluents include water, normal saline, 5%
dextrose solution, and other fluids suitable for injection into a patient, preferably

suitable for intravenous injection into a patient.




suitable for intravenous injection into a patient. 11 Pharmaceutically
acceptable salts suitable as acid addition salts as well as salts providing
the anion of the quaternary salt include those prepared from acids such as
hydr ochl ori ¢, hydrobrom c, phosphoric,1sulfuric, maleic, citric, acetic,
tartaric, succinic, oxalic, malic, glutam c, panoic and the |ike, and

ot her aci ds r &hafreaceudiceliycacseplablensalie suitable @y agictagsdition salts @stwellasst ed in

of oot | vaclRBER It fifon SFETErenily ofi okt fthosd HRphRidRoh RELRRELY, 721 1Y

elicit thas Hydeobigricahydrobroeuic,catiosplasico sigturist m_letic’c,s:ﬁtie,acs;is,ttamm:'r: ani mal
phar mmoe LPRHE: SHET mRlG SIUEE RaERs e e IR Qe 7oy resied g e e

phar maceinafibcditiegllyCictebtadie edmguibtelidn UBIMNaL ot Pharhridbuticd/ Soehds eaher ei n
“there is a loss of no greater than 10% of the active agent when stored at
recomreno(é%n)storage conditions. The active agent for this is invention is

i ntended to mMrAB téhf theabb R 8Bbdtive a8RIUint” dnallifedrPthal arRlhtibctives
i ntended to nean aninmals, manmal s, humans, nonkeys, rodents, donestic and

f ar m ani rfegredientibat willglicit e biplegicaleimediealresnanse of adishre. systefmelended t o
mean an tyn ; HP‘E? {gasonposi tion, such as

t enozol om eagP&d?ﬁg'Pb}E)P?ne p+gess?|g€‘:%|ég'feﬂté escri bed above, that will
have 1an ant i ndbglterst iexterided phaonaceutical shelf litey &t iptgnde0 tamieanla shelftiéenal t hat

‘s bei S N
vetori nar PptiEtaliulcaoBalte K Mgk 1pTHENnE R BIEIRNGIEL wpeliEbBle ol o,
or di seaseldissiaignotgreatbelthaam_co% bfethp_taeﬁmﬁag?g,wr?rxmbmg a_mr?dtmaimémtged?f o)
f the,. astic conditjon. .The . term !"wei ercent" ("w%
For - pur poldadt,PoRiifary niis sty a0entiny bR isdmipPURT 1siateRdpd Ly wgh 1 oy e ght
of the phimtinespragticejent.or mul ati on. The term "Tenozol om de" is intended to

mean a conpound havipg.the formula; O NHZ NNN, CH3 0 12
15 . The term “patient” is intended to mean animals, mammals, humans, monkeys,

- rodents, domestic and farm animals.
The term “therapeutically effective amount” is intended to mean an amount of a
therapeutic agent of the composition, such as temozolomide or other antineoplastic
" agents described above, that will have an antineoplastic effect on a tissue, system,

20  animal or mammal that is being sought by the administrator (such as a researcher,
doctor or veterinarian), which includes alleviation of the symptoms of the condition or
disease being treated and the prevention, slowing or halting of progression of the
neoplastic condition.

The term “weight percent” (“wt%") for purposes of this invention is calculated on

25 abasis of total weight of the pharmaceutical formulétion. 4

The term "Temozolomide” is intended to mean a compound having the formula:



The synthesis of Tenpbzolom de is well known. See, for exanple, Stevens et
aL, J Med. Chem 27, 196-201 (1984), and Wang et al., J. Chem Soc., Chem
Commun., 1687-1688 (1994) which are incorporated herein by reference. 5
EXAMPLES The foll owi ng exanpl es haveidbeen set forth below as a guide to
the practitioner and are not nmeant in any way to limt the scope of the
present i nvehbé synthesi®PEembzobmideis aralidaou. Sge. fooexamats, Stevehstete

i nventiQ g c r 01 . Uea or
an am ngpa‘éiﬁn%%% 1%6?%6(‘?@8@ ‘rﬁ"gg %Ige(r)l‘%wI Da%ﬁé’ﬁ %9#'1[ gpeﬁ'}l s charged
and di sgimmgn.] 1681-16886199%dh ewhivheee ircorpdratadthergidryaeferehee.am no acid is L-
hi stidine, L-t hr eoni ne, L-asparagine, L-serine, L-glutam ne or m xtures
thereof. 2. An antineoplastic agent is charged and dissolved into the
solyion fromstep 1. Dissol uti ogpxaMpiEsanti neopl astic agent is conpleted
by m xing. 15 3. Water is added to the solution fromstep 2 to bring the
batch to a vbnrefaiowingexamples havaibesn satfeith Belew as/a guidetadhepragiilieners r om

step 3 | x,gé\/g i n exanpl es 2-5,
t he act hg?g?nﬁﬁn@é%ﬁtxa%hlf%ggrrgﬁ &%eﬁ%ftc rré%tcrﬂﬁgégg?rﬁsted according to
t he purMﬁﬂ_e drud’ hﬂmarmacwtlcmafovhulabbimgf thednvyesitiopus ggnéreliyrul a: gr ans
Tenozol om de b 00/ % rity. Sanple Calculation: Tenozol om de drug
subst anP& ar% \f)% SF% NGO 100/ 97.0 = 2.58 grans of Tenozolom de to
be ¢har ged fUI‘eaaorJarrdamtrmradnaWﬁhPol &maté)amﬂemg égéhtj andEa@nﬁéleis 2-5, grans

of concentrated l.oric t ar wi |l be, cal cul ated
o5 ol Shivag 2 deeonedant Eapbora tsieobs sfuem yPaRiT Be aipro e Laq) / oo w
Concent hatigre HCthreSaing! e-asparaginat L@anne%tl maéroahﬁﬂurd.@ thered®. 0% W w 100 X
1.48/38.0 = 3.895 grans_ Concentrated HCI L of Batch A was prepared by the

procedule dede @PB@%PRB@?‘WQGDB'S ehargad and gigsetyedinte theselutippdrom step 1

Dissolution of the antineoplastic agent is completed by mixing.
15 3. - Water is added to the solution from step 2 to bring the batch to a volume with a
desired solution density.

4: The-solution from step 3 is aseptically filtered.

o E_XAMPLE 2: * For batches A-D in examples 2-5, the actual amount of

. 20 Temozolomide to be charged is adjusted according to the purity of the drug substance
batch using the following formula:
grams Temozolomide = 2.50 x 100/% Purity.
Sample Calculation:

Temozolomide drug substance = 97.0% pure.

25 2.50 x 100/97.0 = 2.58 grams of Temozolomide to be charged for a 1-Liter batch.
**For batches A-D in Examples 2-5, grams of concentrated Hydrochloric Acid (HCI) to
be charged will be calculated as follows:
grams of concentrated HCL = 100 x (grams of HCI required)/%w/w Concentrated HCI

- Sample Calculation:
- 30 Concentrated HCl = 38.0% w/w
100 x 1.48/38.0 = 3.895 grams Concentrated HCI

1L of Batch A was prepared by the procedure described below.




*Tenozol om de 2.50 8 L-Threonine 4.00 13 Polysorbate 80 3.00 9 Sodium
Citrate Dihydrate 5.88 19 Mannitol 15.0 48 1 **Hvdrochloric acid 1.48
Water for injection gs ad 1,00 m 5 PROCESS OF MANUFACTURING 1 -LI TER OF
BATCH A PRICR TO LYOPHI LI ZATION: 1 .13.00 g of L-Threonine, 3.00 g of

pol ysorbate 80, 15 g of mannitol, 5-88 g of 10 sodiumcitrate di hydrate,
and 1.48 g of Hydrochloric acid, in that order, were charged and dissol ved
in water with agitation. The amount BatchsAt er was about 80% of the total

vol une (_ba,t_c_h__\Lo_L_Lm,eA 2. *2 B8 g of _Temzol om de was rhargpd and_di ssol ved
Wi th agjitation,int solutlion from Step 1. Conpl ete di ssol utionjof
Tenozol jom de n‘ER/g glﬁ‘ﬁ?e up toMaMis hours of mixiwt¥e 3. "Water is added to
bri ng thdebmzolomidet he final J@5he with a solutién density of 1.008 :
0. 002 dlllxThetonitieC. The sol uti g@.0Bs m xed for at [H8ast 15 minutes. 4. The
sol uti oPaipsorbated0 cal Iy filtedmegb through a sterijloized 0.22 ~mfilter
(M1 possdium@iie DHy@B® €) , [Wagh was washed andgiested for integfity,
into a [ShgRAitdized, 20 starnl ess st eel pressure yggSel or equivalent. For a

batch o **i—'i”d:p'x, BFicalg Tess, a Z9g M menbr ane 1 GeT—or gquivarent—as

used. LG r@cﬁd’fi‘\ é;éafdl et L1I T o i Lb‘l S, a [0=22—tm car tT uge filter

MCGL40 S S Th efroetn b
( Vi1t < oar-apore—GvinP)—was—tuseth—The \,uupuunucu batch—ean be

.stored at roomtenperature (19 - 250C) for up to 8 hours in a sealed,

steri|i zggdn ¢l B@Ngﬁﬁ%%@?‘r‘[ﬁéﬁ?%m@% PRIOR@)1 | tered 25

foll ow cally filled into
20- mL TyiORHILIZATION:ass vials in aliquots of 10.7 0.2 nL. The vials were
washed and sterilized prior to being filled 14 6 20- mm Dai kyo D-713

| yo- shapg rubb . whi ch wer.e |co |zed n erlllzed
wer e aseﬁt i car f@g ?ﬁe&ﬁ'éed’hm‘?t 3%18 e Iﬂo{'hai? gof r18n9 tS‘ %@;
| yopbi | i sbaiiune itee idihlyarate, and 1.48 g of Hydrochloric acid, in that order, were charged

and dissolved in water with agitation. The amount of water was about 80% of the total

volume (batch volume).

2. *2.58 g of Temozolomide was charged and dissolved with agitation into the

solution from Step 1. -Complete dissolution of Temozolomide may require up to 2
15 hours of mixing.

3. **Water is added to bring the batch to the final volume with a solution density of

1.008 + 0.002 g/mL at 25°C. The solution was mixed for at least 15 minutes. - )

4, The solution was aseptically filtered through a sterilized 0.22 um filter (Millipore,

GVWP, Durapore), which was washed and tested for integrity, 'intb a stérilized,
20  stainless steel pressure vessel or equivalent. For a batch of 10 lité‘rs 6r less, a 293-

mm membrane filter or equivalent was used. For batch sizes greatei’ than 10 Liters, a

0.22 um cartridge filter (MCGL40S Millidisk, Durapore GVWP) was Used.

The compounded batch can be stored at room temperature (19 — 25°C) for up

to 8 hours in a sealed, sterilized, stainless steel pressure vessel, and th{an refiltered
25 following storage.

5. The solution from step 4 was aseptically filled into 20-mL Type 1 flint glass vials

in aliquots of 10.7 £ 0.2 mL. The vials were washed and sterilized prior to being filled.



EXAMPI LE3: | L of Batch B was prepared by the procedure described above 5
except that 2 g of L-Histidine was used instead of 4.00 g of L-Threonine,
and 2.08 g of hydrochloric acid was used instead of 1.48 g of hydrochloric
acid in step 1. Batch B Ingredients hg/m wt% *Tenozol ornide 2.50 8%

L-Hi stidine 2.00 7% Pol ysorbate 80 3.00 10% Sodium Ctrate di hydrate 5.88
19% M@ni t @D-rvém Daikfo U—FWIyO@Imbpe irebbec sthppe i whch/\&ée;rwa’amedi, nj ection gs ad
1.00 10 EXAMP pre ure

descr | (UiEOBEEI SIS ged id apeglicaly ok Mg AR St YRS foRAREH of 4. 00 o
of L- ThpepRbRfzatbrspddttion. Batch C 15 Ingred| ents mg/ M (except for W%
wat er) *Tenpzol ornide 2.50 8 L-Asparagine 4.00 13 Polysorbate 80 3.00 9
Sodi umEXAMBLE 3ii hydr &k 6f Bateh Biwas peaparadby the UOEBdure’q%‘H'FQﬁS#ﬁQﬂVPC aC| d

1.48 5 L £6\ 0
pregar ed(@géﬁbﬁffsrdcf)ge Ec’énﬂ%g%%t% dksq)@%dgé\)/fe eX%fP&fFE ﬁﬂlrggmugne éncfﬁ a was used
i nst eachydfochldie agicbwas used esteadeofadB QoOqu;'oolnlor@ebrjzlsmstw‘b 80 in step 1.
20 Batch D wt% Ingredients

Batch B

Ingredients mg/mi wt%
*Temozolomide 2.50 8%
L-Histidine 2.00 7%
Polysorbate 80 3.00 10%
Sodium Citrate dihydrate 5.88 19%
Mannitol 15.0 49
**Hydrochloric acid 2.08 7
Water for injectiongsad | 1.00 ml
10 - '
EXAMPLE 4: 1L of Batch C was prepared by the procedure described above
except that 4 g of L-Asparagine was used instead of 4.00 g of L-Threonine in step 1.
Batch C
15
Ingredients mg/ml (except for wt%
water)
*Temozolomide 2.50 8
L-Asparagine 4.00 13
Polysorbate 80 3.00 9
Sodium Citrate dihydrate 5.88 19
Mannitol 15.0 48
**Hydrochloric acid 148 ~ 15
Water for injection gs ad 1.00 ml
EXAMPLE 5: 1L of Batch D was prepared by the procedure described
above except that 5 g of Urea was used instead of 4.00 g of L Threonine and 3.00 g of
Polysorbate 80in step 1.
20 : Batch D
. wt%
Ingredients mg/mi
*Temozolomide 2.50 9
Urea 5.00 17




My/ M ' . Tenpzolomde 2.50 9 Urea 5.00 15 Sodium Gtrate di hydrate 5.88
20 Mannitol 15.0 151 "Hydrochloric acid 1.48 15 Water for injection gs
ad 1.00 mM | After lyophilization of batches A-D, the resulting powder was
stored and, over a period of one weekl5 four weeks, eight weeks and twel ve
weeks, the ';arrlnl es_were reconstituted with water for analvsis. The results
are present SodiumaGiteate diswreale 5 Table | &h # Stability P8 nitiall %
Initial MeaMamnitai tial Misture Ph Recondbi® ution Tine Poi%k/ Condijtion
Assay | AssatiHyirochigrR)adii Ti ne (see) A |48 al 100.00 10QU0{800.00 4.4 3-75
30 A 1 weghyaterfor infétibdQsd 99. 63 99. 82 1004mB. 77 30 A 1 week, LTC/ILTR
Control 100.11799.99 100.05 0.4 3.77 30 A 4 week. 4 100.18 99.62 99-9 0.4
3-83 30 A 4 ngeKyoptiiZalion oPdatBRes -0 Iné AsQithgINdBP wah storu€akd, dker 39, 17
9B. 11 98.64 0.4 3.84 30 A 8 week, 25H 99.43 98.B2 99.125 0.4 3.81 30 A 12
week, 4 9gnadoleneweel fou weeksgeight wepks andiwgligess  thegsampleswere 99 23 0. 4
3.82 30 [ BonBiitlicdwitPRalp idrUhalRis] 0heQBsditstard p6sciin Patle Wasdiow L TCI LTR

100. 65 100A1 1We3 1.3 6.97 30 B 1 week, LTCILTR Control 99.63 10027 99.95
1.6 3.97 30 B 4 week, 4 100.45 100.4 190.44 2.1 4.00 30 B 4 week, 25H
99.89 99.04 99.47 2.0 4.00 30 B 4 € 240 99.86 99.66 9936 2.0 4.00 30 B

8 week. 2gkh®9.91 400y 15 10Q4QdL: wtmdd Ambdtwiftar BhobireVeRs, Arelohuddd 100. 00
100.08 2.0 4. OLTidlrontonkifonWe @beay 125kksB&. 84 ©Gf). 2 99¢%b2 2.0 4. Ofinedde) C I niti al

100. 00 1\V\O® 10000 Oni® 4- 00 30100.00 100.00 100.00 0.4 375 30
A 1 week, LTC/LTR 100.00 99.63 99.82 0.4 3.77 30
A 1 week, LTC/LTR Control 100.11 99.99 100.05 0.4 kN4 30
A 4 week, 4 100.18 99.62 99.9 0.4 3.83 30
A 4 week, 25H 100.24 99.13 99.69 0.3 384 30
A 4 week, 40 99.17 98.11 98.64 04 384 30
A 8 week, 25H 99.43 98.82 99.125 0.4 3.81 30.
A 12 week, 4 99.37 99.59 "99.48 0.3 3.83 30
A 12 week, 25H 9924 99.22 99.23 0.4 3.82 30
B Initial 100.00 100.00 100.00 16 3.96 30
B 1 week, LTC/LTR 100.65 100.41 100.53 13 6.97 30
B 1 week, LTC/LTR Control 99.63 100.27 99.95 186 3.97 30

B 4 week, 4 100.45 100.43 100.44 21 4.00 30
B 4 week, 25H ' 99.89 99.04 99.47 2.0 4.00 30
B 4week, 40 99.86 99.66 99.76 2.0 4,00 30
B 8 week, 25H 99.91 100.15 100.03 2.0 4.04 30
B 12 week, 4 100.16 100.00 100.08 20 4.01 3c
B 12 week, 25H 98.84 100.2 99.52 2.0 4.00 30
c Initial 100.00 100.00 100.00 0.3 400 ° 30
c 1 week, LTCLTR 97.59 103.68 100.635 0.4 4.04 30/
c 1 week, LTC/LTR Control ~ 98.14 99.55 98.845 0.5 404 30
o 4 week, 4 97.09 97.47 97.28 0.4 403 30
c 4 week, 25H 98.49 97.18 97.835 05 4.03 30
c 4 week, 40 97.96 97.28 97.62 0.6 4.06 90
c 8 week, 25H 98.42 97.56 97.99 0.6 4.04 30
o 12 week, 4 98.27 96.94 97.605 0.4 4.02 30
o 12 week, 25H 98.67 97.77 98.22 0.6 4.02 30
D Initial 100.00 100.00 100.00 0.4 4 30
D 1 week, LTC/LTR 103.87 98.41 101.14 0.3 4.03 30
D 1 week, LTC/LTR Contro! 100.46 98.95 99.705 0.4 4.02 30
D 4 week, 4 101.06 99.3 100.18 04 402 : 30
D 4 week, 25H 101.69 98.97 100.33 0.4 4.02 30
D 4 week, 40 101.49 98.95 100.22 0.7 4.03 - 30
D 8 week, 25H 100.86 98.78 99.82 0.5 4.01 30
D 12 week, 4 © 1013 99.28 100.29 0.4 4 30
D 12 week, 25H 101.37 9859 99.98 0.5 4 30

The results show that the temozolamide in batches A-D was stable over one,

- four, eight and twelve week periods.



C 1 week, LTC/LTR 97.59 10168 10D. 635 0.4 4.04 30 C | week, LTC/LTR

Control 98.14 99.55 98.845 0.5 4.04 30 C 4 week. 4 97.09 97.47 97.28 0.4
4.03 30 C 4 week, 25H 98.49 97.18 97.635 0.5 4.03 30 C 4 week. 40 97.96
97.28 97.62 0.6 4.06 90 C 8 week. 2861 98.42 97.56 97.99 0.6 4.D4 30 C 12

week. 4_98. %[ 96.94 9 60 0. 4 4.0 30 C 12 week, 25H 98.67 97.77 98.22
0.6 4. nltla 00 0.4 4 30 D1 week. LTCA TR
103. 87 98A ﬁaelaolmlgkébsqga|§@mnpekam§.@s zwwmaﬁv@wmréa wiPBRSARIH> 99105
0.4 4.02 30 D4 4 week, 25H

101. 69 fomn one phBatehes ADawere macedintp mmpnamo b@phwgatgm dalopbwzzztzom 7 4.03

30 D ekh 01.3 99.28
100. 20 5 A" 554 U4 B dng PG pcdyite, Alycdlor pop R T ichis 2 Vs
show thaanufaetutedrtqu)TSrsystemsnwlaauxsbéﬁomhé)lmbmzatam e over one, four, eight
and twe] ve week .peri EXAVR Procedure for Lyophilization The
20- L g{ assﬁ?é"@zq‘rﬁgﬁg’ﬁw? ggolgd %Brrrgh were filled with the solution
from orge of THattelyef Alidd vmrveergla@@pwbaumdadeaaym fhel I96pHilizer sheles.i zat i on.
Lyophi | | zation was then carried out by the follow nq rocedure A Lyost ar
Lyophi 13 zer THRiaERIizer Shatéervars heldat B jemmerabye cEAROU A SU6ET5 | he
| yophi I,.*O;J?glon. 1 . Lyophilizer shelves were cooled to -50 t 50C. 2. The

[

trays o |led vials were aseptically | oaded onto the Iyophilizer shel ves.
3. 10he 4.yopfAhkilyophilgkebheleeswere Wwaimeditp aboueret at@ire1 Sfhaapoand B& YC f or

4.5 h phi | h d .t t -22 20C i
15 norFeSkek ¥R Ran e e (el o SR A2 5 2 A I B Toout 22
20C forg at heashefeSWere coéedT@%béuhQBG@ i hEuSAIdaId 8t é‘&ﬁlﬂso @€ in 3

hours and held at about -
for 3 hours.

6. The condenser temperature was lowered to about -45°C or below, and then the

15 chamber was evacuated to about 100 um Hg.

T Once the chamber reached 100 um Hg pressure, full vacuum (50-70 pM Hg)

was applied and held for about 2 hours with the shelf temperature at about -50 + 5°C.
8. The pressure was changed to about 150 um Hg and held for 30 minutes.
9. The shelves were heated to about 5°C in 1 hour and 45 minutes. The shelf

20 temperature was then maintained at about 5°C for about 6 hours at approximately 150
um Hg pressure. '
10. The shelves were cooled to -2°C in about 3 hours and the shelf temperature
was maintained at about -2 + 2°C for 32 hours at approximately 150 um Hg pressure..
11.  The shelves were heated to about 45°C in 8 hours and maintained at a

25  temperature of about 45 + 2°C for about 5 hours at about 150 um Hg pressure. The
product temperature was then kept above -10°C.
12.  The shelves were cooled to about 4°C at a chamber pressure of about 150 um
and maintained at about 4°C for a minimum of about 1 hour.
13.. The chamber was vented with sterile filtered nitrogen to about 933 mBar.

30 14. The vials were stoppered inside the lyophilizer.

15.  The chamber was vented with sterile filtered nitrogen to atmospheric pressure.



for 3 hours. 6. The condenser tenperature was |owered to about -45*C or

- below, and then the 15 chanber was evacuated to about 100 ~tm Hg. 7. Once
t he chanber reached 100 |.Lm Hg pressure, full vacuum (50-70 pM Hg) was
applied and held for about 2 hours with the shelf tenperature at about -50
50C. 8- The pressure was changed to about 150 pm Hg and held for 30
mnutes. 9. The shelves were heated td7about 5*C in 1 hour and 45 mi nutes.

at - appr offmar LT Vasg el Feffied BER 1EIBA G el crRwieu it R 27 °

i n about sghldlours and the shelf tenperature was naintained at about -2 20C
for 32 hours _at approxi nat el 50 Fr essure.. 11. The shelves were
heat ed tg 'aboﬁ}e"%| WerR s rﬁ%%tréboé’rtlg %ﬁ@ﬁn@d‘"&&'“%"eﬁo? YRDEPTPIFEC-of about
45 2*C for about 5 hours at about 150 jam Hg pressure. The product
t enper at ur e Vihwilltbieeappcegiated hy\roselskilled i@ theTér theh ehargeswauld booladd td 0 about
40C at a chanber pressure of about 150 |.Lm and naintained at about 40C
for & ni WeRmRAEMens sesqritgstaboveanclydivg chamiral and stepeeshemicdl £hargess i | e
filtered nitraogen.to aboyt 933 nBar: 30 14. The vyials re stoppered inside
the | yopitied SRBA8 WBrEthe i IVERVeoREER UFERT of BramdE S ar od ni t r ogen
to at nos J : e, Vi

SpRRbe, Wa?ﬁﬁé’fngevmﬂ{%s %gt tnr?ﬁ'f% 16 @aﬂr’%ﬁ%r %ﬁ{mﬁﬁ’e&ﬁagg\b’l})g?d but

| yophilizer and cri npe nm al um num seal s. S were
stored afisahrente@® tsverRidificBBsnsNhich ardwRGIthE Bpieendeutpeaieh |1t Wi ll be
appreci ated by those skilled in the art that changes could be nmade to 5

t he enboidvemrtiong asldstmedomdthalappendaechdaioi.ng chem cal and st ereocherni cal
changes, w thout departing fromthe broad inventive concept thereof. It is
understood, therefore, that this invention is not limted to the particul ar
enbodi nents di sclosed, but it is intended to cover nodifications which are
within the spirit and scope of the invention, as defined by the appended
claims. Cains Wat is clainmed is: 1 A process of making a pharmaceuti cal
formul ati on conprising the steps of: (i) dissolving at |east one

di ssol uti on enhancing agent in at |east one




aqueous diluent wherein said dissolution enhancing agent is selected from
the group consisting of urea, L-histidine, L-threonine, L-asparagine,
L-serine, and L-glutamne; and (ii) adding at |east one antineoplastic
agent or a pharnaceutically acceptable $8t thereof. 2, The process
according to claim1 further conprising: a) _ adding at |east one bul king
agent; b) adding at |east one buffer; c) ' at | east one pH adjuster to
forma solution; and d) filtering said solution. 3. The process according

to cl ai : her, .conprising Iyophilizing said solution fromstep (d) to
forma lr\r/%% ]}(‘:‘I%lféz"g‘%dd%\/\der. 4. The lyophilized powder, produced by the

process 1of cliapmcadss bf mArkimy hiphaematentioal farei Uk orcesp Sihgahe sesp’! 6t ner
containing the lyophilized owder of claim4. 6. The artrcle of

manuf act ure 4k cor disf9ingd cataignss, onghalissaltinn ¢nbaneiagnagents in atslgashgseor
vial. 7. I : rdi t |

comr i 590 8uS dibeneuferdf SAISHORIBIRANEN DAY foctltit Srkoigd FORine group

r econst icounsisting aff waadLihistihing | z¢lrepaimde -asharagipleannseins, i gl Ligutamiag; on
suitable for admnistration to a patient, said formnulation prepared by
reconst NGt | ng the Iyophilized powder of claim4 in a volune of at |east

one aqueous i\l ue : S OL it i o) event 9.1'.13&% in a
pati ent conp(reill)si ng%ddfa i ﬁ g‘t[?g%fngné %ﬂ{érﬁ%%sel%%{%ca%qeaﬁeﬁet@!{ in‘%\ie ano%]r?llﬁ(:éol& t he
phar mac exctepabld saltilea¢ofon conpri si ng Tenozol om de or a pharmaceutically

accepta t thereof, at |east on ueous diluent, and at |east one

le s . X
di ssol u%i'pn 3‘[51?89{9%@15 Q@%q{fj'r&tpf@%'maﬁtfu'ft FQBRAHRGi al |y dissol ve said
Tenozol oni de, V‘é‘)e_ra%'dmog?ﬂ Had éﬁé)EHl‘idr@na ancing agent is selected from

the group consisting urea, L-histidihe, L-threonine, L-asparagine, L-
serine, and L-gbuteakingeat leeskbompabulier; i n need thereof. 10. The process for

treating or preventing disease acgordi o, claim9,. wherein said disease’
is carcinoma, s r@gﬂﬂ% ﬂ@?ﬁﬁ@%e,lo |ch&1,§,grgﬂ06®|%§?|&fﬂﬁf‘-%'? in cancer, lung
cancer, thyroi ddf eltkfifglsald §508&4.. pancreatic cancer, breast cancer,

bl adder cancer, nyel odyspl asi a, ﬁ)r_ost ate cancer, testicul ar cancer,
anapl ast3.c asltheopfipcea according to claim 2, further comprising lyophilizing said solution

from step (d) to form a lyophilized powder.

4, The lyophilized powder, produced by the process of claim 3.

5. An article of manufacture comprising a container containing the lyophilized
~ powder of claim 4. |

6. The article of manufacture according to claim 5, wherein said container is a

syringe or vial.

7. The article of manufacture according to claim 5, further comprising a volume of

at least one aqueous diluent suitable for reconstitution of said lyophilized powder.

8. A pharmaceutical formulation suitable for administration to a patient, said

formulation prepared by reconstituting the lyophilized powder of claim 4 in a volume of

at least one aqueous diluent.

8. A process for treating or preventing disease in a patient comprising

administering a therapeutically effective amount .of the pharmaceutical formulation

comprising Temozolomide or a pharmaceutically acceptable salt thereof, at least one

aqueous - diluent, and at least one dissolution enhancing agent sufficient to

substantially dissolve said Temozolomide, wherein said dissolution enhancing agent is

selected from the group consisting of urea, L-histidine, L-threonine, L-asparagine, L-

serine, and L-glutamine, to a patient in need thereof.



colon and rectal cancer, |ynphorma, |eukem a, or nycosis fungoides. 11. The
process for treating or preventing disease according to claim9, wherein
said patient is an animal. 12. The procg@s for treating or preventing

di sease according to claim9, wherein said patient is a mammal. 13. The

process 1ipor tMheapioegsefol freueng Ik prelvemame dreass Hdiardifg tbadiamP 9, WiRr&hn
said patient is a human. 14. A process for treating or preventing di sease
in a patSAghfliseasPrs SAfYNOMA@NSArced.i Mglanomarglipsna i glinbigstemae drainecanesint

5. Te b CRLEdh oo BE TR BB Br Sl uboRe bR o g bl

wher ei n casaed rdysledgsplasiac Prostatemeansar dosiuuldTEtATETR an@blaiB, astrocytoma,
gl i obl astoma, brain cancer, |ung cancer, thyroid follicular cancer,

pancr eatPP M ECtalfadast, WaRcema. IfueHdn. OlaNees's fuRaqiers:spl asi a, prostate
cancer, qyest gl ﬁ%lcgsgcfo tre@fl @?glg?esﬂﬁﬁ]g@%gg?mfg&ﬂhﬁrloaagirﬁ ®C MiHerein

cancer, |ynphons, em a, or e process tor
treati nga@ ppienténbnmmirdasease according to claim 14, wherein said patient
is an animal ._ 17. The process for treating or preventing di sease accordi ng
to clai 214, NAWRePWICESS Jaf Hepling antPrexertingfisgrse mrcorgiag gpodaiss 9 grherein

'itgegt Lﬂ%lgﬁ{pgﬁ&%@éinq&nmagase according to claim 14, wherein said patient

13.  The process for treating or preventing disease according to claim 9, wherein
said patient is a human.

14. A process for ftreating or preventing disease in a patient comprising
administering a therapeutically effective amount of the pharmaceutical formulation of
claim 8 to a patient in need thereof,

15, The process for treating or preventing disease according to claim 14, wherein
said disease is carcinoma, sarcoma, melanoma, glioma, glioblastoma, brain cancer,
lung cancer, thyroid folticular cancer, pancreatic cancer, breast cancer, bladder
cancer, myelodysplasia, prostate cancer, testicular cancer, anaplastic astrocytoma,
colon and rectal cancer, lymphoma, leukemia, or mycosis fungoides.

16.  The process for treating or preventing disease according to claim 14, wherein
said patient is an animal. |

17.  The process for treating or preventing disease according to claim 14, wherein
said patient is a mammal.

18.  The process for treating or preventing disease according to claim 14, wherein

said patient is a human.



