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WD 2006/ 076620 PCT/ US2006/ 001308 BENDAMJSTI NE
PHARVACEUTI CAL COVPGCSI TI ONS FI ELD OF THE | NVENTI ON 5

wab@efpresent i nvention pertains to the field oPCT/US2006/001308

phar maceuti cal conpositions for the treatnent of
vari ous di sease states, especially neoplastic diseases
and autoi mmune diseases. Particularly, it relates to

phar mac i ' k& i

Mot ar ceeMARUSIR, $H ARLACEBIIENT] ChTIONS
bendanustine, e.g., bendanustine HC . 10 BACKGROUND OF

of and priority fo CELBPFALRGVERGHoN, 354 filed
Januafye pftserd @RatiSpridinRdo thedd %P’Eﬁéﬂﬂﬁ_@eutical compositions for

Phar maceuti cal Conpositions,” which is incorporated
thertesiamdny of wdrequs déssaderstdtess espacinlyp ngoplistic Idisgaseg and autoimmune

oA P o A By B
weRrd! patdenlgrly e ntk@ea sty Beidagiustind, eigS beadandustine HCI.

adm ssion that any such information is prior art, or
rel evant, to the presently clained inventions, or that

any publication B&@K@}N '@QPIO/F ?EEIFE(R}EI@T@N‘ ref erenced
t rghr [

Is prior art. Because 0O err eactivity in
aqueoThe preket imweatiomehinaohe benesit af algl pieit @ USfJerialiNo.

BT LS el TR b, oo StRB o
E@ b&ifsnd, eRARALS %n%ﬂp_@fhted&?ér'éih by réfere¥Bd BYits dAirét} i ihd188ing

ospital “personal prior to adninistration. Once in
figuresaisd glotms. i on, nitrogen nustards are subject to

degr agdat | by hydr.ol ysi t hu t he reconstitut.ed
or oaudbe EButte SEhSn hivabbrebi (EFRERbe WEa
BEdPASIiINE SePidsent ihVéntioBC RS hbtlantddaissiddbthBengantisnidienation
(4-{5-[Bi s(2-chl oroethyl)am no]-1-nethyl-2-benzi m dazo
isyrior agyy gryzeleyamiciodhe prssently slaippé Hiventionscerfhet apypybHcation
i 11 . ko ture includes an
c?fﬂfgilg?f&o%g%ﬂ}pnﬁgﬁr%gﬁ%sé@r oflrjml a II \Mlii ch shows
bendaBusiusef thhiy dighakhaivitgdé) aquebus sdlutbdnbl nitrogdd hudtiatls are
Q.Cl N Fornula | WD 2006/ 076620 PCT/ US2006/{ 001308 . .
dirichlriador alfgs PhaTRAC e Ssay& ?Weqﬁe?éapﬁ%wdlfs&dlmwmﬁﬁeon in a
ff:?r%fwﬂi@iaecpﬁﬂﬂlcthﬁtrbguiﬁ% Rt itutiSDRbuAGdn ‘g@%r,ﬂir’féldil?é@ Hospital

om 1971 to 1992 in that | ocation"under the nane

wysarsi pdemioraimigsingiont uce i agueons sofietipnpaidtogemmistanly are

IR TN RNl S R AN

ha P& YA tCa patient as soon as possible after its reconstitution.

Bendamustine, (4-{5-[Bis(2-chloroethyl)amino]-1-methyl-2-benzimidazolyl}
butyric acid, is an atypical structure with a benzimidazole ring, whose structure
includes an active nitrogen mustard (see Formula I, which shows bendamustine
hydrochloride).
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Formula I
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| eukem a, Hodgkin's di sease, non-Hodgkin's |ynphona,
mul tiple nyel oma, and breast cancer. Due to its

wale@osadské on i n aqueous solutions (like other PCT/USIPE6I001308

nmustards), bendanmustine is supplied as a |yophilized
product. The current |yophilized 10 fornmul ati on of
bendanustine (R bonustin(r)) contains bendamustine
hydr o j [ P ZeTelal g S .
for m Son QiU B ltnctPecindioRh i e\t DRt
Repulrlet(GDR)i and waimsamabﬂn fbad 97y trpt992| in dihat 10<$t1omnandfb ltles name

Pt S hob ihari s Ve s ladGerigty Hader tgadensme

Ritidnflttin®Y qpﬂéscyeéﬁ %décl)? ?d i defarRf toRACAIYSE I hocytlc

cont al ns degr adat'i on cts that” may occur dur

temkeshiec Hiod pltig’ safiscabe ndm-(ﬂ@dghbstlmphomm,dhuinpmunyeﬂgna rmd

l#/a gthl |ization process to nake the finished drug
FHFERCTCurrent |y bendamustine is formul ated as a

| yoph f

oo SO!jurb#_@ \f/{f, gé@‘i@@d’tor 135% n%dld&bﬁﬂdhgfbgg ‘rthEZé(')bﬂ}ﬁi&Q{l/ﬁE%éﬂ mﬁ’s%@s)

berdagmuatine isspenled aandyorddined lpi’QdthD'@ dflwyunﬁ@fslyommhzqqie

I3 ()r '&1&33%°n%2tb§3‘éd;ai}ﬂ4§gn? {Pfxgérh%ttl ?) stllggﬁgrgchlonde and

plagaRsltiatistiile BopHilzed fofhak atvh&te%wdﬁgfolﬁ irﬁﬁﬁﬁﬂicﬁl‘slu@ﬁ Jollowing
of Sterile Water for Injection. The reconstitute

pregnsiitutions Fherfinighed eppbiliats 7 Hessabiowheg exppsed to lezh@cyafherefore

ﬁ%ﬂérgﬁﬂc@m Rk & bRy J}Jarrﬁ)tef anreag?asg BHRs. OThe current 1yophlhzed
nistration i1s by [ ravenous usion over 30t

6l atiohexd beﬂﬁﬂmﬂnmgontanmd@radaﬁbn produits that thayloccur durmg

endanust i

et J?F%‘E‘Flg 0? f%ﬂ%éﬂ%ﬁ%gﬂ&}or@ a) gﬂi)%lgép lﬁ%ﬁn process N® make

E}fermﬁg}ﬁ;ﬁ %&,@ﬁage or for 6 days upon storage at
2-8C. The nL adm xture sol uti on nust be

ad m' niCarnentdylbenslamubignepia forerated aste kyophilisest povifer \ﬁrrainjection

t [tu m t e r t.ona

SR Pl PR 0 2D Pl FER G P F B S e ats are
Bﬁéﬁéﬂlﬁh& rédodstitien s blozegd tﬁ@ﬂﬂﬁrof pﬁuéﬁt bdmBadtiation 3§)poss1ble The
Reports fromthe clinic_indicate that reconstituti

peasluctelg ueqomstipter st 44 mh(&mhqﬂ (s presgaion] pr rlgallr (far the 25
d

AR YA BB S E A UAESARTR e

dids{ed mtd 50€ nflgrg.«, eb%ﬁ'odi\m Chipritlb éordnjediimt. , Thet toate of

| engt.hy .exposure of bendanustine to ter durln t he
P gﬁ %/"i HOR S PHFAETeUS m 1?/’&5"2"638/%?@6 k

PCT/ U@%ﬁ@x@h&%@&éﬁtuhﬂﬁ (eRS®St. RerNO el féir Infjé¥%ioh Q5 8ls of
potency and i npurity formation due to the hydrolysis

bﬁndahmspn@@t@@tabtfyfov\apgnod afhlsouraundss uoc@x iemmrett@ne storage or for

ﬁféggplladtf cc)lrlafg%) % %‘9(? uﬁgsgwdm@%ﬂgﬁ% pugloge st gé Sdministered to

%Wlbhﬁ’wﬂlﬁlﬁfﬂ Hoird dRAaltrBenstitafiem tasbut@iRp irboih &:n@perature storage of

g[ d?nl i zed powder) formnulations of bendanusti ne.
he admixture).

..1

The reconstitution of the present bendamustine lyophilized powder is difficult.
Reports from the clinic indicate that reconstitution can require at least fifteen minutes
and may require as long as thirty minutes. Besides being burdensome and time-
consuming for the healthcare professional responsible for reconstituting the product,

the lengthy exposure of bendamustine to water during the reconstitution process
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German (CGDR) Patent No. 34727 discloses a nethod of
preparing e)-[5-bis-([i-

w@ bdoernowehyl ) - am no- benzi m dazol yl - (2) ] - al kanePCT/US2006/001308

carboxylic acids substituted in the 1- position.
Pat 7 discl i nj I

B%c&%?sa%%?eggﬁ)fg{] ffgsl\bfa)o%e(%l%g an(gj irﬁ;?urﬁ? ?grm%%oh g{lee %:ot t%g h}efdrolysis
BBiHRYrodcPb$ wafes- chl or oet hyl) - ani no- benzi mai dazol ylI - (2

]-butric acid hydrochloride. German (GDR) Patent No.
15987 Thus$, sieed exists forslybpidlifadr forméptégrisied bandamustine that are easier
met hyl -5-bi s - chl or oet hyl. . .
K iR oo Bieh g 28505 ihyprity paefilg taadprgypidygphilate
BabstilizdpowldeBBntliafichsuTdendimisth€Ct abl e sol ution of
bendanustine. 15 Rlbonustlnéa) bendanusti ne Product

1SC.

monogGephay ((pRR) BatenySaFAy2 loses a method of preparing ®-[5-bis-(B-

hittp: [/ . r'i hosgphar df./ ri bopustin . . .

el st o R R AT 2 e R PR s i substituted i the 1-
podigsarat i on about Ri bormustin(r) including product
description. Ni et al. report that the nitrosourea

Sar CNGenaan (R PateaiVe S0A6'hdiselosasraniigjestable prepatstion odi-[1-

in re .acetjc acj di net hyl | foxi . .
bR R Greb ordilind oty i ainep BT ohirigessicbyppghloride.
et al ,GefrﬁQ@éQ&DRF‘Phtenw&hgw&iﬁéw@s A 2GetRS ﬂ)@bretparing 4-[1-
Lyophil i zed cycl ophosham de is known in the art see
aethyl-5uss Eacldaroetiyd). amigo-beazimidizoky]-2)-Butygs acig, 268, 368;

= 06 Cn (AT PR 38T bt 2R byt BBtenat oo

benddnsgligsed in International 25 Publication No. WO
2003/ 066027;  US Pat. Nos. 6,613,927; 5,750, 131;
5, 972 Rehomustip®bepdamusting Raodsicomenagraph (rpdeiad 42RO al .

HS IR b phdnl &diif/ﬂdﬂl’usﬁh;&%mﬁﬁstﬂﬂﬁﬁ&%@ﬁ@rﬁbﬁﬁ@f

EOe Dy df SSOfving PG L sotatromn of factose and
pevideaiyfohuatydn aboatRibomukigi@atcludiog proBuct dos@Plipn. 30

SuU Y OF THE | NVENTI.ON -3 6/ 07662 ) ;
pa%@g 6b¥; HTE et Ewtrﬁwge@ré{a??ﬁ@g‘ﬁﬁraﬂrei S?aba% indrfprtiary
bRtaBbBRAPINANAE ARS8 %&ih?@ikne@f@g@ﬁaﬁﬁaé; RietiBihyird 0 98ker or in

mustards, i'n particular |yophilized bendanustine and
IIBe\/wetsr imixturesgNiretral. (@001 )Vad.i b rfannerice22(:33-46).

especi-al |.v..neopl asti ¢ di.seases and,autoi nmun «
di se azfé’gf_’m%edgﬁ(gg)gﬁl?éﬁ 1(24? is ?{H%Wll’l e art see 6.2, EIS Patent Nos.
liag TRg eIt 3;995; GRBSBER! 5,007,874;5, I3OBOSMUEED,6989; 4,537,883; and

cont ai ni ng not nore than about 0.5%to about 0.9%
b&0B&H4Per cent of bendanustine) HPL, as shown in

For mu l].'ﬂe lI}Lophhgéd nitrogen mustard Ifosfamide is disclosed in International
Publication No. WO 2003/066027; US Pat. Nos. 6,613,927; 5,750,131; 5,972,912;
5,227,373; and 5,204,335.

Teagarden et al. disclose lyophilized formulations of prostaglandin E-1 made

by dissolving PGE-1 in a solution of lactose and tertiary butyl alcohol (US Pat. No.
5,770,230).

SUMMARY OF THE INVENTION
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'"~ZNOf }~~-CH d Fornmula Il at the tinme of
rel ease or where the HP 1 is the anount of HP 1

w@e@sone2@mt tinme zero after 10 reconstituti onP@F/US2006/001308

I yophi i zed pharmaceuti cal conposi tion of bendanustine
as ﬁcrl bed. herein, qll gc; d enb(% nt is. a
phar nE S DHESY INVEBHR S| Iiesfﬁd stalple hermaCe tical coprRostions, gt

Efgx% g&?ﬁﬁsﬁaﬂﬁ NindABk1R 1 ﬁ?z‘é@ BeRBhARRbe Ad its use in treatment of

amusti ne) "HP1, preferably not nore than about
ﬂarttﬁfamls@faﬂeestqmcseﬁweaﬂally neaeptlastio diseades anchaiﬁqltmmmlﬂhwses

or of cRAGFPoRBReakBr e SRR dosheckiR sbr B oPhen

BéndafRstidtVeatdisiig 6t ﬁoﬁe)’cﬁﬁhﬁﬂohﬂ@ S%%le@lﬁt&l 9% a1k percent of
bendanusti ne cont ai ni n% not nore than about 0.1 %to
©

bensigmusting) file pvishovar indermyiader as shown in Fornul a
[l at rel ease or atl_é,uare zero after reconstitution

HO--') NO HO-~N N OH N~~O 20 Formula |11,
Yet anot her enbodi nent o&@gz nverNiqQp is a
| yophi l'i zed preparati d Sst1 ne contai ni ng

not nore than about 0.5% preferably 0.15%to about

0.5% bendanustine et hyl Lla®S shown in Fornmula IV

at release or at tine zero after 25 reconstitution -4
YOhe €66/ 76620 oPGhetdSRE T/l G@ﬂ:@@&ouﬂ] of SIXICp12 B at ifne zpto after

C NN F la . lV. .Y th
{eﬁggqliﬂ%gﬁluqtga 1501?}9]6%%413 nos E&)erfll(%gg rgmsb honoc?tf bgngamustme as

b@s@ﬁ@é&lﬁérmﬁe A pFeTtrfed dfbsaRnERNS A phirBRcaltichiedtaaBeiion o8

lester (Forimula IV) is no nore than 0.2%

exuaibthq/comltalm% ngt marechan #heyt 0./&% @l’ﬁ@d@rﬁeﬂhﬁ’g kepdgnustine)
mf'e%ﬂl ot dl%%n@’thﬁﬁ %ﬁh@i?% Hﬁg‘? #}fafetrzﬁﬁ H&Hﬁore than about
S e I'n

Y'Shce zed eparatlon

am%j @iore pldsthibie mibt mbrd then almne 0135%3 even moieymﬁﬁ&rdbilymi more
ﬁ@gpar ation of bendanustine containing not nore than
5% t o about O. 9% (area percent of

Another embodiment of the invention is a lyophilized preparation of
bendamustine containing not more than about 0.1 % to about 0.3 % bendamustine

dimer as shown in Formula III at release or at time zero after reconstitution

HO
HO N N 0
\

S SR OSSN

N>—\-—>_ \

\
Formula III.
Yet another embodiment of the invention is a lyophilized preparation of

bendamustine containing not more than about 0.5%, preferably 0.15% to about 0.5%,

bendamustine ethylester, as shown in Formula IV at release or at time zero after

reconstitution
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10 bendanustine) HP 1 at the tine of drug product
release. In a preferred enbodinent is a |yophilized

w@e@paraed on of bendanustine contai ni ng not nOPET/URANG/001308

about 0.50% (area percent of bendanustine) HP1,
preferably not rmreCIt han about 0.45% nore preferably
not nore than about

0.40% nore preferably not nore
t han about 0. 35% egein nor e prefereglg%l (gt nore than
0.30% An aspect of t,@is enbodi ment /"I *{}? ilized 15
prepar ati ons ofcigendany N\E_?_ry(ﬁ/ni ng not nore than
about 0.5%to about 0.9 D erably 0.5% (area
percent of bendanustine) "HP L at the tinme of rel ease
of drug product where the |yophilized preparation is
packaged in a vial or othBérmykhBEV.maceutically
acceptabl e container. In yet another aspect of the
i nvention, the Iyophilized preparations of 20
benda ' ; ' t : PRPARA
o 1§ o arofifer SirBodin ottgftgbﬁrr%ﬁ?ﬁ??ﬁ%p}?&e@l kg v 12 fon _
baninhwstinerehereiatthg cagentoation of bewslaghstine Sbylagien (Fermyla IV) is

reate stor o,abou to about .30. P .
e e et e nbt 2Bl Gl telen b LR ylon GE Bt iine
LBYRSEALUoBnd NAE Al epfiaticnBEd toahaltd e LydpRilized preparation.
pharmaceuti cal dosage formthat 25 includes a

phar mde evethergmbasimendiof thainwintiga iva hiephilized pigparation oy

ot re t . Y .90
BlopRSrs B RO Yt el oBPGYLe B9 oo percent of
Bafdaniubidie) &Raudt 1k Hheef ding eratuef elakd. yinngirefemeé embadiment is
about . 0. 40% nor eegéef erably not .nore t ha(rgh ab

h Ut V)
B [yppYilized BYFPAGHEN BF RISARBRYIC FOPIAPRIPUHOTC SRRy ihel% (arca
%Q@en’c 'Elﬁ)eﬁ(%#ﬂegt?n giig gr Férably hoPhseihn §1|50Lﬂ: 614895 endRk pAferably

I me zero econstitution of a 30 |yophilized
potaparcahiroabout 046V monspicfeealdy notreorstkancabout Bieht g more

PO S0 G080 301 AR SRaERS AToPREBbs J s,
g%ﬁmaﬁoﬁdo@&némh@stﬁe Qbiita@) 18 nfre HRNAABHMLIIN I € abcRld 0194,

to about 300 ngy of bendanustine, about 25

of
peficably 9t 3 %.e(areatpstrent i endamesiinp B h A the time of g%asswé deug

Py ine R UBIHR llFnnf Flon I BB SRR BincPy £

phahiadasically yawrpiablezedtapteepar at i on of bendanusti ne
contai ni ng not nore than about 0,5%t0 about Q.9%
pr ef efaBitynothsyaspegspf thsigyaitiopthy Q?QBQIZF PR, ﬂnsb%f

'rmlg'gla@are %ﬁ?}gwﬁl@ &ﬁﬂ? &f 1 %ﬁféﬁfft}’cﬁtzﬂlnlefor ﬁplf%hgt ab&utié@months,

about ng of bendanustine, about 25 ng o
prefetablysii menths Ipoeferab YR 4nmgouths, be Alttantrd 6 manhs qirgteadgs oilen

200 f n gne. 100 n still another o
SioEt Bt TR ED o FisFeLTeA DR aies S ke e gyt 5 C and
GROReséh t@pRhtukendanust i ne i ncl udi ng bendanusti ne

contai ning not nore than about 0.5%to about 0.9%

( ar ea Apethss smbedinteahelthe inviendon ispmbpenagsnijcah desagp fam that

tilg]c%?de% g%ﬂ%nnaceutical composition of bendamustine containing not more than

about 0.5% to about 0.9% HP1, preferably not more than about 0.50%, preferably not
more than about 0.45%, more preferably not more than about 0.40%, more preferably
not more than about 0.35%, even more preferably not more than 0.30%, where the
HP1 is the amount of HP1 present at release or at time zero after reconstitution of a

lyophilized preparation of bendamustine of the present invention. In preferred aspects

-3-
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0.50% preferably not nore than about 0.45% nore
preferably not nore than about 0.40% nore preferably

wmoaoe/mieo t han about 0. 35% even nore prefer abP@I/Ns1006/001308
~nore 15 than 0.30% and a trace anount of one or nore

organi c solvents, wherein _said HP1 is the anmpunt of

epmesiing, the desge fym @R b@.ﬁh%utzﬁetpéba%@P mg of bendamustine,
LESR riétt Lt 8 pO g{&% lJeX&’éﬁl?ﬁsltlhé %@oumarﬁ ﬂ‘fd'aﬁﬁlstme about 100

conp05| ron o ne as dISC|O
mgdfdjeﬁmmmem abofit 20|O|mg efindamesiine. t he organic

solve d fro one or. nore ,of ter

ot andiet it sEhod et Sp (e dmsion Bupigmaeam i (ispeg form that
ﬁﬁ:‘lﬂﬁﬁ‘ 9'1 opﬁﬂ?z‘é@ Bfep aﬁ‘ahbﬁ bof Béﬁltaﬂlhﬁme c%gtaﬁhﬁghwhore than about
car onate acetonltrl | or onet hane, | ethyl

e, hy y
Qét’/m reabort. ﬁ%, Prafsr@blUtOyﬂ%kHP anreferrqdei@swﬁ:cfprmwmﬁl about 5 to

B AP s st e S BB LT G PR e, aboue 25

ﬂf%eéﬂbén&&hﬁ’stma Nbofiy l0akg X)ﬂB@damBEtﬁfe? aﬂi(Eﬂ)oQt YE0ng of
vents i nclude one or nore of ethanol, nethanol,

wslssvstine. but anol , i sopropanol, and terti ary but anol .

A nmor r { 1
S e R
abmpbditioroof Yeadamastine bmnly!dlngbmdlanmmmermtqnnag Boltmore than about

[ od f b
B oy b Ve et et et repderghtigh el g Py g pbout
05088 prdteladfaRt 8R)ré A aBoit®). 485, anée %%féﬂaﬁ@tﬂo@ ﬁmré an about

bendanusti né degradants at | ess than about
Oridf e madye precftr@blw 1t 01096 then abai0.35%0, Gven m@mmafepféﬂﬁc Beftmore

DS RS o o R BB s opein i

AsPRAdu®bf HPII preemad rdlBd3t of fime zo®t TR refc@ﬁstltlﬁhinaiﬂm Ilp@philized
gency approval for a_ bendanustine product which

P

ampgesicebeqmpRyition i bendamustpees dipdeger harefy r Inygiferept aspects

e R ok e T

Bhtanb]e ngaopEEb], md)m:{m@usuprdspzmel athanwi} meﬁmnwioacembeethﬂmetate,

0.5% (area r.e t f ndanust i at
Qe Farhqroen et come g BN St e et
"i‘s%%ﬁ Y kEBRE Qﬁn‘tan@[ n‘?ethﬁ%@&%“&&lb&ﬁeﬁﬁ&%ﬂef (Iiitiﬂh@hgl sulfoxide,

i mpr ovenent’ I ch i'ncl udes setting a shel
bdpeafluoraattiooe, Chhxrommmihwbmd@gﬁmam aridtanfl gyelohexane.

% erabl abaout b
Paitded ot PO RN AR R Y ot B b B ftboanol
5’0(1%611 isdpropassl! aant@rtia@y Bltent]l. A0oreyrefentd efkanic solvent is tertiary
nperatures for storage are about 5C and about roq

lbéFPB@]r alsgkaowiras TBdn drhFiaaelh Fat la%%loql%th@frféﬁwr&ébwla%lﬁ%hd
not %gﬂt E]J {onanrq%es(aarﬁ&_ﬁi%cP%gﬁ inif a ency n%pr{oval ffor a

bendarrustp| rel ease her
berddnmseing pmdutts the impeoesenf whichinvlides setting g ralease specification

bR el ERORg SCEILHL FAEY 70 PRIBAB e %o about

Gege 2 9& erbéht bBEddhtuBhe) R Othéthise B 4dhidvBMe S8maceutical

concéntration of bendanustlne degradants is less than
abupositiondesprilefddreadiny Anasprst ef this embodiment is a method for

obtaining agency approval for a bendamustine product which includes setting a release

specification for HP1 to be less than or equal to 1.5% (area percent Bendamustine).
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than about 2.0 %to about 4.0 % (area percent of
bendanustine) at release or 15 otherw se to achieve

wo b@sph@meiraceut i cal conpositions descri bed herBCHUSZ0€001308

bendanusti ne product herein contains not nore than

BhF Bendainnitute proRSa) bR GACE RO FISTS M ABl e laka percent of

B&%{%ﬁktlﬁél)\}ﬁﬂte{t%leéﬁ'e%' oses a process for
manufacturing a lyophilized preparation of

bendadusthenembddimiantis nmnetlscelsfoc obiindng agegey epprovad for a

PR S SRl b R R e A nEEREA R S

ﬁﬁﬁhél@fdr%ﬁn@fmustiﬁe &e%&ddnﬁs% 1dsk 8anQbo% 7. (D%?ﬁlefeaﬁﬁly about
area percent of bendanustine) and, at

. 5% the t
éwp ut 7.8%p(ares papent bp@amﬁm C¥ers B pisductis stored at about

pr e?"a 5%?# %,6‘?]:0 Cﬁn%{;egg ? ‘of% %@Q%b arg Eg% 53(3 %6{& about room

Yengrepdtiires dlhe bpndxﬂmmtme pmdacttdreaﬂin adntaihonot R@ettianadbout 0.5%

30C. 25 An er enbho f the invention is a
B’é : er}S’P@uFVt?SH llaﬁé $'fHR sol ution or

di sper, 'oﬁﬁr &?ﬁﬂ@&lh}%hf‘&f tRERVEALIJIDE 8 pRI@8 Hob nfaﬁhfé@t“&hﬁ% a
where the solution or dispersions include at |eas

lmphﬂ:zacbptenpznangn oﬁbﬂndnmustmeovhlch inghudes epattodlingoioy thet

whi ch reduyces.the .l eve fde ation

e TRt Gt S 1Bl goch ot the
Géﬁdeﬁﬂaﬁcﬂﬂﬁmehd&ﬂ&shﬁél dégradanie Wss thahabduk 41094/ preftostly no more
not exceed about 0.5%to about 30 0.9% (area per cent

Brantsbpvelhd ¥4 torabpuint. 8 e (ase pergensodpensaatusting |3y recass of
TRlcwisP IEd RS 'ty%&?glg/e%ﬂwl %oﬁ@géf??rﬁbdeﬁcrpoea%?e Vel

nore pretera aspe is e I ment
bSndahﬁlstny@pbdhcttZlefblrpMains mtanhre ¢ithnfabown Q. 5% to about 0.9%,

re-| hi | ti | ut
brsgerby 0oy Gi GRssossesbatpadimatyi) HRoahistcase. "
enmbodiie ﬁ?es@ﬁt i EtbAYRBILQN fric@s REMAAMRIrH a lyophilized

pre-1yophilization solution or dispersion comprising
prepactionof berslagmisiine wiich eomprises epeiralling &yithe ¢apgengration of

S EF B G B Pl Sl Hof i s soneppptono
EEM ek 1636 (a9 P FirbRFabDf 0.5%4) abaIsdrtdift of eeﬁdaﬁmsﬁiﬁes and at the
amount of bendanustine 5 et hyl est er produced durin

tignspafinredust exniratiparthepensentpatios of hell*f@m%ﬂ%@%f%ﬂéms 1§ less than
SEBECE AR, A B350 S REOMATYN 4 b procuc

aspect of I's fhe

w@dneaedaﬁduomct beatpue30ophi | i zat i on soI ution or
dlsper5|on Still her enbhodi t of the inve
is a @.ﬂﬁnpw@eal;%ft the FHIRANoD 5 AihsRdamaystie PEIYGP liZhtion.

\Ai)]ﬁﬂgﬁ §L @1@%&931? Ebﬁbﬁgng Hﬁe &r mIR R RAIMN &itSRhME MeSsolution or

ere t ol ution or di sper SI ons include at | east
d@estmub fialuderny leaemrstabdtlengwccmlfceraratlon g&an ergapicselyent which

e?%% § ag?n Bgﬁf d eg%tar%zlstolﬂgz? ﬁ@f eur}lq %?‘g?l ip'lJo(:“duced
fahﬁﬂ@ Iyophitihisd ﬁoﬁl\ébo@trmmuehude@ gol emeéu éboZtﬁO B%Nto about

fromabout O to 24 hours is no nore than

Wk eleegsIppragnt of begdampstine} Readerably %ﬁ}/&éﬁ?ﬁeﬁ{b%&r‘l@% more
preferably 0.40%, more preferably 0.35%, even more preferably 0.30%. An aspect of

this embodiment is the lyophilized powder produced from the pre-lyophilization

solution or dispersion.
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bendanusti ne ethyl ester as found in the drug substance
used to make the pre 15 |yophilization solution. A

w@e@berded organi c solvent is tertiary butanol PCITDg2006/001308

i nvention al so discloses nethods for preparing a
bendarrutln yaphilize rati on that includes

di ssoPh ﬁ@o g@mﬁ'}wqﬁ o T bfiang 4 B HREE Wephijigation
R R e A e A ey
dlepem;mmmmchzdd at Iy:aqt loné smbmglngnencpmleraugm@ffm drgatti¢ epivent which

o o R SRR By PLSHOH i
éth?l%steﬁﬁ@blﬁce@ da¥nk PyophRizatith £ poef o hbu% &%s nbB&&Bed

percent” of bendanustine) HP1 as shown_ in Formula Il

ghroait 8iSf6 Gapacparpent bendapmatingyo dmtaspict pithis eypladiment s the’
y%%ﬁﬁ%?d g w&tr 5&rdrlrlag§de % Iﬁﬁgﬁnteel?{,p{gfgﬁ%{f%}nﬂséwlbﬂ Br &EpérBSn.

ben d agtig hncﬁther dnitudiment of el incantioa i & ‘aftndammmrreq:ira-diﬁ)phlhzatlon
about 5%.to about 99.9% about 25 5% to a t

siBAn edisRsTANLERIRIEIAS SnsammaseiEsmisoHen OMLjaef% Splutig or
Eh@}r)1 A A5BHY inctiht B ?3 ld)?m gtgg/ﬂltzﬁlg%ﬁégntr’ﬁéoﬁ of a{ne&géﬁl@ olvent which

entrations o cohol are from about % t o about
Bd%sesPhetevelr edlegtadatigl of tienddruiéine sethet thewmoupt of bendamustine

g’tﬁgjf]e%g; {als g tvt)lg ﬁ{o]gmuﬁ)a %Ban S csﬁi g?%lﬁ)g @gﬁ@ﬁ%tho&%?m {)Out 0to 24

h&urs hsq{d’mbfét AP0 29 pRITEEBINT0ED) 6 C SRERRM tHaRith®sorREntration of
tertiary-butanol is about 20% t 0 about 30 30%

bq:@faematwnq/etbjd@s;@r Bdopndan thegrue substanch pseddamenke ehprer

e PP Sl HproR e A B AR bt on- A

| yophiThé #ifdnianslendiselbies msetiodds b‘eﬁpiapianmtgl ar1&ndamus‘tme yophilized

about 2 ng/ L to about ng 006/ 076 é ¢

preppiation et misiendissqlvige gﬁ%i%}%’ae er $i81F1B8 CcEpEiaRPE an
oBRAUBRMH SRl oARBbL 56 6h RIoRP IR (Y aldoHORGIfbin b Bib-

e pre-1yophilization solution conprises i) freezing
1}*0@hﬂlzetioﬂ godtfrink, padhlyopinilisink the wre- 1Y<tphahzaamp selution; avherein the

B @%ﬂ%ﬁn U\YPghlﬁEﬁ r%}gﬂfri?[ ! g%aztg §8‘f}h’?l %o%éa];lrrl%%ﬁ more than

ab&ife0.9% ﬁf @Jo%bbﬁ%, pBFerablyf (03 %aéaréaq%%enﬁoﬁwnﬂéhmsﬂnle) HP1 as
rarrplgj% frozen solution to a prinm

qmﬂa Bevhesein saiddil ! erawalt@%ﬁ’tl prqss@ at gelegseor at
I a
Aty R
Béﬁﬂaﬁglstlﬂerm@maf aleehol betiosatiticab dndlu@dboanilo ad abnut 899%, about
and vii) holding for about 5 to ag out 40

h
AN aaowem&myew 398 10 RS0 607 BRPL P iR YO o O 7t about
g{)‘? %O?Etfo h8dut 3599 hPIIefrﬁeﬁ%oﬁ&rﬁrQﬁons of alcohol are from about

atron solution conprises i) freezing the
Qﬁ%ﬂoyabpllm 30z aPrefemredallashblsrindlade @isaumors 0Omethafiol; pthanol,

froze sol ution; e frozen solu
aBaRoL Bowronp. bilahel, ed ey Patantl 20 Bp B afonol is
Itérhi t@mom gA efdrrBd bORENtrAon JT%erti &Rk aiol istabolE2 086 éabout

abou about -12C to forma dried sol ution;
B0Ye, pmf@mh]g abputaBO% An aspect of this embodiment is the addition of an

excipient before lyophilization. A preferred excipient is mannitol. Preferred pre-
lyophilized concentrations of bendamustine are from about 2 mg/mL to about 50

mg/mL.
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primary drying tenperature for about 10 to about 48
hours; v) ranping the dried 15 solution to a secondary

waleopsngpeeenper at ure bet ween about 25C and abouPCHO£006/001308

andI vi) holding at a secondary drying tenperature for

at least 5 _hours o0 about 2 0

o cona peferainel b papeiiie Abgbmbe e Bl e meerion

%IO %ﬁrzfn'g‘%é/ eklg@;ﬂgﬂiatﬂoﬁ 561854 cc?xﬁpﬁ%@ 1)399&%11 e/ %re-
Bferabl'y Ab t Ri s

0 An aspect diment is
tylophididatidn wﬁutm[h taatmpnr@lmheldyeﬁbﬂvé 4@/6ppnelfara_‘tdy FHHC, Ao form

B R sitions SE dolBhe Dol Bt tigs RERHTED rarefprly -50°C.
fdr%ﬂle@!ﬁ%ou@s 'i'ﬁ)( Mapifg BRAzeR @olﬁﬁéﬂﬂe a ﬁﬁﬁﬁﬂ&&ﬁ'ymg tem erature

enbodi nent of the invention is the |yophilized p

betweerephauat406 and lpbeiitn &Qf Crtp dprnt mripebciufing; &) mléﬁlarf%@out
0 REACAMYERLAE {Y OBl 2005 ERARGH oUW keo i} ASFifk temperature

I‘nvention a SO I nv ves

bettviatih Qﬂidu@ 05°C aid dboaps0°Ch 2wt w@nhdillimtg fot z[hblutlﬁito aimut 40 hours to
exci pient and a stapilizing concentratio

Brehbadamng@elyophigedmasnagaiions & AHIoLE P Fetanded ophilizing
ﬁl%ﬁ)g h{lfkﬁtl@ﬁ sttt & ’rﬂg}rfs% ) oﬁee@fng@ﬁ@%& lééplﬁﬁéd{‘ﬂen solution to

a concentration”of about
tlsout P-Wtb lfblyﬂl a ﬁiozmhsdlutam, di) coidieg theefrozsn sghltlab aiabout -50°C

0% (Vv/ Vv and I d .enb

(Ffélo ﬁeﬁ ?{CO ot goqr}g,,df}ﬂ %ﬁp}'}lggtco ggn ocgryg%q%mggrature
BERdRedh BV Swtt HRANGSNMLILIMS fhfth AdrRE seRbon; Ny holed it
the inventions are nethods of treating a medi cal

pomait drying tamperapyae fasgboutt Qtto pheu 48 dodEhY h ranRipg Hy dyied

t I ' .
SORBEER ROty e B AL eBA b B RG HRF At £6°C; and
RIYERGBING at @ secIn¥idy Aohg Eb?xﬁﬁ?eﬂ)ur@&ﬁ}/ dﬂ%ﬁﬂﬁh&ﬁi 8p% about 20
treatment with sald pharmceutjc sitiaon. rtr§
bowai & Rfﬁ%eﬂéﬁ@kabplés feétlarﬁbé‘é"’t“ﬁ{enfg PysTEREd ¢ cemtition Of tertiary-

og hr
ﬁy rrpﬁ% LhARS09 toldBGut I0Y CLL%fQIQEIS{;%EFﬂ@S}Q MANisfect of this

ocytic eukenla di sease,

ambedakykisrths additighabvem gxhidiont befotd lypplalizatipsl dnﬂ‘efm

br east cancer n ancer

yaaepr Srrrar HheoarS B R opssy hetgnsine ar
FosLatRt 2 Bighe/th aHo@F0dhg/Ans include NHL, CLL, breast
cancer, and MM Preferred autoi mmune di seases_include

r heumdtether smbpdimentof the invieptien isdh kypplalizedzodsp egpreparatlon
th
SR PP AR W RS proprtion

ﬂt@!@@écﬁherems of the invention in the manufacture of a
nmedi capent faor 10 th(ia treatment o

di cal e e
condi tlihg ﬁnveagma alsp ivglvse pen mulspp 0&%??59]{18(:%5 g{ophlhzatlon that
RS O%Q?léﬂh t ShEh 'sﬁglhﬁmgb%ﬁ@e?ﬁ‘dﬁbr?éf elnyorg{u{l@ GolvMR. A preferred

anount armaceuti cal conmposition o
|fmmaﬂat1cmnnmlhée@mﬂanwmd iat 2 concestraivarcdlabeuttly mg/esbz, mannitol at

VAAC%ECGSI”I%‘&UOI? QF g %J %I Cg?mL Eertrg)r? %u% l1 ltohol at a concentration of about

30% (v/v) and water. Included in this embodiment of the invention are the lyophilized

r—

preparations made from such bendamustine formulations.
Included in the inventions are methods of treating a medical condition in a
patient that involve administering a therapeutically effective amount of a

pharmaceutical composition of the invention where the condition is amenable to

9.
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Al so included in the invention are nethods of treating
in which the 15 pharmaceutical conpositions of the

WO pwesntdoen are in conmbi nation with one or nor ePCT/US2006/001308
anti-neopl astic agents where the antineopl astic agent

is given priqQr, concurrently, . or ubseguyent to th
geﬁgmlgwtgﬁlg @haqmacﬁlétmaﬁ%&mé&gm §§rnea9 ps genabfe to
R R e
{euemin(€iili) ododgkin's diseadej horzHodglan’s Jyrhphdnge (NI ) vwiltigle

20 ophil i zed bendamnustj.n reparati.ons of..th .
Lot QDAL PR PR d ) S e A P ape it fiee diseers
aid A ResInMAuldisdaes!t PreRifed Q¥AditiahIHElude NPU!, TLID breast cancer,
hol di ng_at -50C for about 4 hours; c) ranping to -25C
sk MMb Beafersedaiipismmune disssfsanclede thewuatpisharthoitis yyultiple
TR 0 between about 25C and about 40C or
ggllaoglrg%kggmébout 3 hours; f) holding between about
25C ailetlhatedui thEdaydntionaire ulic we of thersharigdcentiegd icompbdgtions or
about 25 20C in 1 hour; .h) unloadi ng at, about 20C, at
Rhyypseytical pyeparations ad the igventiop an tegpanfaciyp pfa medicament for
GRREAR: B § AU 2D ndi iR a%&ef{h%ﬂ etet£ A & YariBliBfinvolve
erein the pressure 1s about 150 m crons throughout
pdmimasteringy a/thagpantitaly effectivemsiouht el aghimomaceatical gamposition of

rying.. An.aspect of..this cycle invalves ste .
i bRetion REEGe comdifion s bt ¢ BYmsEuth R pfdppgrytica
bawipestis® 40C for 5 hours. Another aspect of this

enbodi nent is 30 the Iyophilized powered prepared from

such Wasspiarludedin the invgatiensare meghnds opiredtigrin ghich the

' vophi 1 ) e incl . e ;
PR LB oLBE AR s ab A s
afpubopl adiC aguists whibithe BnthiRuplastid dgent ib glvah pgiogtcondlfently, or
for about 4 hours; iv) ranping to. about -2

0C o
aBsEEUeRt gt admipistidioniof fephauprshticad pRENPASHIE ot ipgention.
%E@%fréh?aﬁﬁi%g Séﬂ&%&%@%%ﬁﬁ&ﬁes %ﬁb‘iﬁ%?foxr@ﬁﬁd).ng to about

-1 out 1 vi ) hol di

over a hour ; ng at -15C for about
2@ otheo embodivien) oftherpivagtianis alipepthilizaEch oyde faipoeducing

our:. viii), hol di ng at about. - 15C for ,about hour s:.
B3P biar sty e RisplPno AP Rlred Hoplidiion
bed1difethdRb aglﬁ‘éb!iing toldfeut F0° @B abdht DhAiRsl by hoddidg at -50°C for
ranpi ng to between about 25C and about 40C or 5 |%her

plogut dthours; ehrappingsto %510 oveorbow g Newrsadbbrlamet - I5CTamnt
OB dral e Ban o dd iy Aot dp (TR B B0k

fytiol dibg bbtweeh abisi ;2500 kadahang 4&1C fababdut 3Choais; @ ramping to about

ressure of_ about 13.5 psi_in a pharmaceuticall
20 Cepht bhpw: Emlending atahat 20:Cr @r?éqwswﬁ Ssas B

gﬁﬁ{r&b&%% %&gﬁgfegcgn{aﬁle@ Bkts Iﬁ:ﬁget'i'@aﬁgl Q83ed; IWHH’EQ@ ﬂi]{_et&oressure

I mary m crons througholt secondar
thr ahionty] 5O miczonprthfomghad peintsoyl drying anst omicxans throughowy eebondary

t.o .aboyt 30-35C. for about 15 rs.. The inyention .
4R4EE oAb SMRLS s YpR AR Hop ! VBl A BmieBi Ay 1ot 30-35°C for
bR aARlithérabell & M0°0UoP 8 hotil! AnbhRR aspReitf this eifbb@iment is
about 0.9% preferably 0.5% L

the lyophilized powered prepared from such lyophilization cycles. A more preferred
lyophilization cycle includes i) starting with a shelf temperature of about 5°C for
loading; ii) freezing to about -50°C over about 8 hours; iii) holding at -50°C for about

4 hours; iv) ramping to about -20°C over about 3 hours; v) holding at about -20°C for 6

-10-
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HP1 (area percent of bendanustine) wherein said dosage
formconprises a vial or 15 other pharnmaceutically

wa@ewept@bl e contai ner, wherein said HP 1 i s thRCHDS2006/001308

of HP 1 present pre-reconstitution or at tinme zero

fter reconst tut| of s osage ef.err

B RESts Dot LB Susrabefh IR Ak gt 11576 Thibou 20
ﬁb&wtwﬁqampﬁ{gqg ab@itnﬁs C ove@Pshdut 1(ﬁ@umh?@1mcamg1arabo@tbqstc for
ﬁggg t o about 2 g/contai ner and about

SRtharrsex) rappmaéo ghass eldt CioNeaaborohs Apwis; Xrholdige gt about -

Li <
B o BB S BB R e 6 B EETBAR 25 (PR ot 40" or
hizbketifbe abomasmms KkiiyieoldiGh balweuh aidut @§7Crhnd stann#4@°al for about

ut 25, bou 0% terti
30 Bonsi xiiL FATHIBE i SPOVHALE CHRUARh A RogH BT Rt Gingrat ehent
4N BBt }%%uijse %ﬁfda@ﬁg ah%o%'t BRE DN RESRE BF agé,ltqg'fid&‘ﬁn a
to persons ordinary skill in’the art based onthe

pbdtrtmbm'@auy emep@bles@ntanERﬂﬁFlsmEB@Rmamy epaleds whelrein the pressure

gl | AR e R o iahs 0GP GOty focondary
iR ndanystieRed bﬁbbﬁh{elnﬁitib;pl_g#) 8 Rthped30 abbig-3023530@8S about 15

the purity results of an anal ysis after
he@8bati ng bendanustine in various al cohols for 24

hour s

ot conte aNepHEPEs oRiriedl EREMARLe R0l daplhofil of

BéAd bR 6 ¢ AMABE notingre tBais hisows 013 tb dbbor drBYeapielfgrably 0.5%,
formation after 24 hours in variou al cohol / wat er

Ed1darep @stesnin! bsedamystae)whrein gpigkdosigedPrim compiises a vial or
t)ﬁfegg*drﬁﬂc@lftitc@ﬂ %cefi‘t‘ab‘l'é%ohﬂam\éﬁ Fi RSN séih ¢aNak iBESSunt of HP1

co- vents at - shows a lyophilization
oyeskig p[r@recbasmalnmmn at amﬂ:szuercgafmr T®Ahstitidon efisaidsdsiseganform.

e PR A el BB By 8 Moo,

bHYENDO @é/é&lt;ﬁﬁeru giasht b eiEiobohiteg/bSither dndrabuhial 78"

refers to the preparation of a drug, e.g.
B3 ne, in a formsuitable for admi ni stration to

"t or munaeraR aeRbn R T AT bl BptNAR phalitica

pbmpmiﬁ@astdf@ahdlammne pAqiﬁbIérre@ml-lpmﬁnh&,d cxdtripuanbﬁ incbudes

carriers. used herein, the te Y. zed
Begrarustipg qu FOIHiLP ey mapait ot 251-‘51%&)&% 2boyt30% V)
%thglﬂggﬁﬂ&ﬁ%lgﬁﬁﬁhﬂfd by Iyophlllzatlon i.e.,
ree ying of an aqueous solution. The aqueous
sol ut |Td)nsemml atloarteaibodanentmefthe westigoire described kereiabelow or are

Sé\%dcsnt to persons of ordinary skill in the art based on the following disclosures.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the solubility of bendamustine at various temperatures for two
different solutions of bendamustine in tertiary butanol.
Fig. 2 shows the purity results of an HPLC analysis after incubating
bendamustine in various alcohols for 24 hours at 5°C. Results are presented as the

area percent of the bendamustine peak.
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conposed of aqueous and one or nDre non-aqueous
solvent(s). Preferably, a |yophilized preparation is

wo@p@eiomedhi ch the solid material is obtai ned bRCT/US2006/001308

freeze-drying a solution conposed of aqueous and one

or no aq sol.v re,?2 referabl.y the
non- afiredguoto R drtPord ) Taration ne 4 ichzndaridus
RRBANBEAL doCRllvéenfi@eCt i on” is nmeant any
pharmaceutical —conposition having sufficient

st abi Fig %/ShQ)VShhmer Muhﬁll&@rmapm pfierQdtouesin varioasct
h tical t h
B o o i o S or age ot s comven:

o allow storage at a conveni ent

t enpergt. Gt shovdy ﬂ&@plﬁﬁkéﬁoﬁ%@dﬂ@ gor bed@4madtihe 46iag aMB £/ wA%er co-
preferably about 2C to about 30C, for a reasonable
BAVe®d of time, e.g., the shelf-life of the pr oduct

whi ChF%ta@ HEwas cﬁf&ﬁ{aﬁogﬁm‘?&em% hghlg?‘tusﬂl HPYR! fi8fhbd No. 1.
six nmort hs or [ onger,” nore pre era e year or

| onger even nore preferably twenty- four nonths  or

Longer” e BRERRD RER IR M KaRineiR e
anouniasQied heFBInAE k@mis P eorBfldrY SrcbR@icatt sfebalqaeﬁ apla% 8rieOe.g.,

a point 30 bel ow 90% purit For purposes o
perskpmisting ien fcrrnwmablblfer qg%amﬁ@tmntp@anammehgbmtmnb preferably

o Bt D BREGRob Lo B FRIRE B S on BT PRRB R cprabie

Bx&piendiluen®, &t abli@s.phar maceuti cal conp03|t|on is one
whi ch has m ni nmal degradation of the acti

i ngr edisaed haveig, the terny dyephilized powdgistor ab@nhﬂlggd preparatigy”

045 RO Oy Sy o m s

mleﬁm aﬂhwa@boﬂs%hmonmonﬁﬁﬁ’/a neuf- h@[eo!-m solege, iat a 2eldfiéh
for a § ? year period of tine. By st I@ IyI%%Flllzed
pYBpeied OF JiHucqus st OLRYTY Igpapqﬂuﬁwesa PéfarREfesgply a
B%}bhﬂﬁe@ Hlfeiomfatlsms oHe@R Whidhthe %lﬁﬂnﬁteﬁél% b®Rinsl b§ FreBfe-drying
simlarly defined herein for a stab

pselutiee eernpesafl of eqnrous @ncbcme qr(mctrauen@qmdous joluents more

ghe?rrn@c etl[l cal rods% venfﬁ Zc%[rhaped is meant that the
SrgeY %%%%Fﬁ%% dNge"R" cheni cal  structure.
The t n‘sfabteqmﬁﬁweuﬁ@dl bympdditesit iy treadtoun phar@aceigtid]
hereln refers to that amount of the compound bei ng

semPeHiiierhaving wéﬁcwq stabilgy tehayerubilishese: Rbaraaseulerl p‘&?duct
%&fé@?@ QEta&% E%l 9%%5%%10?1 =85 cle*a?éta‘&h{;f BAEH-

n refetence e treat neop
tibmgaratealbomhieylt tefrfpermtum,q)refasmbm betwém -QOf(b amh 40°Q@G mtmmt

%?f:ﬁ%ﬁ 1y<a§5)ut@§’ﬁl a{)eCt&OQ{:}hé% ?1 Fe%agg% Lﬁ,ﬁgqqﬁgtogﬁlgé%gf the s?lelf life

i BkoduRf SHRHEH Yo 54 AR e WA biT APLARY Six s or
i nhi |t|ngto sSone extent (that IS sovmn to sone

h)llgeln morp preferabllylope yeaspplongper ¢vemonorg mmﬁcﬂablyéwdmfrfom( wpnths
to 15 I f bl
B loh e theen Sre 2 1 b e oS B Il g s o

eRpiffion cANBE BRELhbERIJf YinRfWiegé iheacai@mBtedtonn dédrades 1®apoint
greventln t he di sease from
elow 90% purity. For purposes of the present invention stable pharmaceutical

composition includes reference to pharmaceutical compositions with specific ranges of
impurities as described herein. Preferably, a stable pharmaceutical composition is one

which has minimal degradation of the active ingredient, e.g., it retains at least about 85
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occurring in an animal that maybe predi sposed to the
di sease but does not yet experience or exhibit

w@9phose0 of t he di sease (prophyl actic treat meP€d/US2006/001308

Further therapeutically effective anDunt can be t hat

nt .t ha I Nngreases e e_expect an 20 of
e e B oo A6 PR D 3 e aht i G OrepypfeRRly at least
bh51: 9B bhERhdke SRS LS #98%ar podiRgRIUST I ne f or

treat ment o non- Hodgki n' s" | ynphona can be from
abo ut B@Ostaﬁz@dy@;ﬂﬁhx&dq:r@mmtma” & eéant hey Hopkilioed preparation

BuS SHFiEE: SRR a S n SRS 0 Ben for a stable
gﬂérﬁﬁb&lticﬁmﬁﬁ%‘ﬁtioﬁ fogidke Fikdty ab &lphirniRBGtRAVSIRG can
e given at about 80- 100 /nQ on days 1 and 2. The

cycl eBys'degradast is w@@tthai ﬂéﬁ acéive Apoindersone elebangegh chepaical

% gﬁljgent of Hodgkin's disease (stages II- 1V),
endanustine can be given in the "DBVBe regi men” with

daunomubéteeim'tizbapenticdlly edfective/sndundhgk kbd hédeolRes o tha

nmg/ n2 on days 1 and, 15, vlncrlstlne 1.4 /2 on days
amgRet of ghe corapayar fsiwg amstsrsd tht wpll aﬁleaggcssqmse&mt qne or

@M fiak W g{on{s 1Y@k derdf tré%‘t’é?ir »In f'ef@ﬁ‘eﬁgéto tﬁ@freatment of
/[ n?) on and

east canc bendanusti ne
ﬁeciiﬂ)asnsn a ﬁ@r@eu’malllyrefiedmm amatunb I'BfWS Itmtha’emhmtm evtmhehad: @he

gﬁj Cg%§§ﬂfg§ 1h§£]%ﬁ %f %&upf)g, é)l ﬁ 'E)]? %ﬁvbs :9 Jg%tto some

EMBALY prefordtl§ léﬁ)ppﬁ%) finfR aRAsktdsisN &) Qﬁhlbllﬁﬁ% @cpyonfl@éxta{t ¢ast is,

cancer, bendanustine can be gi ven at -

SIOPBIDPGERE eRET, DSHRBIYRPPIE) tebe growit allds’er iy rekicdng to
g&%ég%tﬁlgﬂg Aéréggxégl}{]gﬁg}naﬁhérbng é{&? %@S@?E&?glage\é%ﬂl the

erern eopI’a
b&mept. dblgrapeticdilyi a‘featitvad&ﬁ@mhn gsomichn presuahlggh@nﬁtséase from

occurring because of a proliferation of cells not
eepirERg Iy angpal fhetanayehq prasispgse F%%sﬂlssﬁsaﬁauhaow%xed

E%gde?feﬁce o@é&mbl &}ﬁg bEhEERBse @&pﬁﬁxctﬁ%eaeﬁaﬂ) Further,

nposi tion, ture, co-m xt or blend wh
thmmmuhw,llyelffenmvmmnt cat lzer st anpount that mcmsestth@hfe expectancy

neopl asti ¢..pheno e af | . . d herei .

BF% Bt oititey B et g it Breap M efsetive foses
f&ﬂﬁﬁ&‘aﬁﬁustﬁlg fox tﬁ@fréétﬁl%htadf rﬂhf}mdgkfrﬁ@ Iy&iphoma can be from about 60-
ﬂg& erproliferative disorders” are diseases in whi

mgfin” givEn 8s deivslsrdosrertwncansequdiig dayso Thesaele |ce1mberepeated

I
O B R BT e AR BRI PRGN P
@Dlgb)gﬁdrﬂamastﬁle catﬁ ag @Bfen ;ﬂﬂmmﬁt 80-1de geral ah dyy Idarsid. dBiescycle
gi?ﬂ %Q%@g?fi at r%@%a%té%v%%réﬁsg rFEr Sﬁ? f?%n?rpfo ﬁpiakm ¢ disgass (stgees 1I-
de) b @uﬁ@%é@@ Whet 8B VReYEdnh” with dalforbBiks: 25 mg/m?
ntr as u

erel n neans puttlng process
onudtyol snd hs blenaryciml 0 m@(nﬁ art Mye 1aohil6yenenstinefl 4 1hg/m” on

tdle?}lls a:nb(fe iSn Ind 8enJa%1Jst?r?e S(J: nEPays 1- § With re%e%/F On 6F1hE cycle
about every 4 weeks. For breast cancer, bendamustine (120 mg/mz) on days 1 and 8
can be given in combination with methotrexate 40 mg/m” on days 1 and 8, and 5-
fluorouracil 600 mg/m” on days 1 and 8 with repetition of the cycle about every 4

weeks. As a second-line of therapy for breast cancer, bendamustine can be given at
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"controlling" can nean testing sanples of each |ot or
a nunber of lots regularly or randomy; setting the
weoeonweenee@t i on of degradants as a rel ease PCT/US2006/001308
speci fication; selecting 20 process conditions, e.g.,
use of al cohols and/or other or | vents in the
howt 200, i en Givs daPa 2o BPOmQTRIiEr IFe S9thevarsA
Mdre that the concentration of degradants of the
active ingredient is not unacceptably high; etc.
Cont r Ak béedchefein "nabptpstc'anfess foya Imeptaismgwhiyhéa&’eabnormal growth,

BB ke bt SRy R TR 35 e
]Bﬂﬁﬁt‘i@ﬁ%‘fgk&ﬁh Rl Eherb, BintigRehREURS deh 88 cotpouten
as the U Food and Drug Admi nistration and simlar

egepvsition, dmisturercocnixhire wdlendrwhislyinbihts( ligianies Tytards, or
The te1{i1 gqarlrcm guottl C (htl Ceﬂccept abl e" as used herein
TR PRAFOR RECPRFRPPI HA s phar maceuti cal Iy

aC cepha bl hegeif) "hy;féﬁ}ﬁ"@ﬁﬁ@mioﬁ" isi the budprogductivnt eficeks &, regfonse
phar maceut i cal ‘I'}%(%;I tion, does npt cau

@mwlmﬂréwt}b@gwa Frvakisrasiye dipordses” 463 31@'?21898 igywhich the

ARSI B it B il T
‘fhyp&'ﬂpeoliﬂhlratleeidﬁbnlbfsg ieiaterdiabefie ratinpBRY,, psdtiesis, Nacﬂomﬂabsis

For nul ary adopt.ed .at t United State
‘M‘i’é%ﬁl?ﬁb‘é{( dg e&fﬁt}\sﬁlﬁ%ﬂﬂs an@ﬁsnl% gﬁ%ﬁé}sm%rs fugh a5 prostate
3% Apgk FDA I nactive Ingredient Guide 1990, 1996
ssued -14 WD 2006/ 076620 PCT/ US2006/ 001308 by the .
u S. Beuseddredeiny thy teahrivial’ refers tomywellad centeinesvelgiher rigid or
ﬂnc&;porated by reference herein, including any
°hgs). Cther grades of solutions or conponents
that mesiirolNgCes S8ddvhdréilinianapuiting pioessicbhizals impiacd toat
are outside of the USP/NF nmay al so be used. The term
fasHiateaeiavancat of bedas beiga confsollede fonetamrnle. on 2 SV eRheasH:
o) CoRdh
oS T e e e o O g lary or
eandomly; setting tecencentietiovAd egpattiintsias agelans Spmlﬁeatng, selectmg
phar maceuyt.i cal | ac t.abl e excipients

PHORFSS SOPHHONE €8 USF b7 oh $) q{é)t e@@ﬁgagjc %E]‘?epgsﬁg the pre-

%}% hil®hfon éyll!ltib%rﬁr%sp\éﬁIUnC 5885 to2dueditlat e lcdncedtibtion of
i hders. As used herein pharmaceutical conposition

derhdeissofishe agtiyeringredientiis vol uneceepibb: higspnie-| onfrelbng for

olu dl SPer si on I
SOl s B e B s PR Bl b v
ﬂf fagilitate %@uldt&?@ppﬂbﬁ@l@aqﬂllaﬁﬁaceﬁncaﬂ) prodoeiceLg negalatory agency,
dosage form' as used herein neans the Pharnaceutl

&lmwééhq Vendopd ard Bewgydraimdstintion Bhg, SR 2Bt he efa??drmtﬂes
lf%%{bn@mg?ﬁa’sw table for reconstitution and
ad n .

ni st of one or nore doses, typically about
1-2, Th3terir '4)haﬁna1:6utﬁ:,alljz abeptabled as oseddizoeit niea@Othdoihe shing

Preferabl har maceuti cal dosa as _.used
Hit & Thapradiraep P e S 6 e ar R e ta g ERRES: ofa
ghﬁﬁ{a‘ééﬁﬁaﬁ@d’rﬁﬁﬁlﬂoﬂ @oz 0t @du@@ﬁnac@éﬂiaﬁlé‘ 138 o PpRidbcological
uitable for reconstitution and del |ver¥ of ‘one or
p

actihvatydwamgeceptable adverse side effects. Examples of pharmaceutically

acceptable components are provided in The United States Pharmacopeia (USP), The
National Formulary (NF), adopted at the United States Pharmacopeial Convention,
held in Rockville, Md. in 1990 and FDA Inactive Ingredient Guide 1990, 1996 issued
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typically about 1-2, 1-3, 1-4, 1-5, 1-6, 1-10, or
about 1-20 doses. The pharmaceutical dosage form can

W@ ovpoT@eo a vial or syringe or other suitabl e PCT/US2006/001308

pharmaceutically 20 acceptabl e container. The

har eutical, dosage form.sujtable for injection or
Prisdr S o ArarEt ool atiar inol uE ety Wb EReY grterence
HErSRETR LIS Sy Gh®The HAWOShGes of SoRfibS dSoRfpoRGs et meet
i ngredi ent Whi'ch are ‘adapted for the extenporaneous
pecspraratimgin and/pr speeifichigons thas etcamitsidoef the anay also be used.

sol utions_or.. dispersions. |In.all, cases, th | timate
dosagRt it REREERIA R sy b RS hor i B bl aitic,
bdiBp st thit0B Snadk ufidrebaditiofisSsueh tha? it iS§udtaBRor ddiBinistration to

liquid carrier or vehicle can be a solvent or |iquid
By 8igo it igEeRda pnder SPicendigons and contans nharmagertically

R

cdrtisgs, dituehtsy ivehigey celupilizas) adbindund Asusetidiotetn pharmacesical

t hereof. The prevention .of the growh of . . .
ﬁ‘?%?‘ﬂ?bﬁ“@’a‘ﬁ?’é‘ﬂ% s %_(flna@ééﬁﬁ nores-kaﬁﬁ@;a%%ow@n or dispersion as
fRN1a0aHBId Blm 38y 3Dt infdeRSRbr RERMnSaftel RlcoRARMMRIFOf a lyophilized
par abens, 30 chl of obutanol, phenol, sorbic acid,

piepamstiosal , and the |ike. As used herein, the term

"excipi.ent” nmeans.the substances .used to fornmulate .
act | vE RATHAERIR dohvef IPe A SRRt dps iy Paftiabeutical
Baiap SBRESHY [dieRIsed REBHAl R gdA % cohfindr aid B L dn@shnt suitable for
enbodi nent, an exci pient does not |ower or interfere

ikcenstitgeonpandpdmynistratpn\ghone osmoresbses, bovalls2boe bd1388l-4, 1-
apeHt | t % 8F »

S EERP e PSSR B, Dby Lol Bkage form” as used

herein rpéas ' lyephilined phsmsaceatioal esmspositidnubsicsed Wetrircinessontainer

SO ubilizers,.%%ﬁﬁglizersﬂ .bulﬁing agegts, and d

AP eBRE B for esAnstingionsad (dRBERY ofiplt Arfpyg doses,

BpR289hboit 122, DAL FRCEULb CRN 0 fRLAVALIPHRS. ®he pharmaceutical

i'ndiréect or unintended result” of the manufacturing 5

gosage farm qanabepaist g viakrrsypinge bs otheeswiipble phadndcoutiagly

consjdered to be,safe for .h n danimal,. .. .
e AP EepRa Sy The BBt e 1ot 3R fogisetion or
Fea6sl a6t 8 i8R steriiRAqueoby RSLIRIL VT dRpersions besteldlt poliders
Food and Drug administration in the Code of Federal .
FegRIiERg ah activerrgredientonhichcpye adgpted for the extgporggepus preparation
LRI PLE LI R SRS e e e i
doxake forngshohlll beesterile dluidpntd sthide ihéer theAsondiieahs loénanhnfattare and
stabil&iin concentrati.ogn of an(gr ani ¢ sqlvent” or "a
Sipise 115¢ Hguid AT CF AeNiER o8t boh sall Sbieb fiaispersqpediim
Bidin® ffoPlk A& K fer SEh MR {Riyol RGPy dhAL ploB{idaE Blycol,
the | evel of degradation of bendanustine to achieve a
epkquifl pelyethiytone Iglysblsdad tladlire; segetableils, nontbxidraliperyl esters, and

r. ct. For .exa wi th. respect tq the. 15 deqgr adant
RSl B ST g B mifcblioh M vt et e
8&oYRishd by Vetoud BRXiNcteyiBl 41 anti@might zehfd, R ekiingdle, parabens,
concentration (area percent of bendanustine) of |ess

eiNarpbaksmgl phenadosoriye agid, thimsrosabgmd ik, 45 o
pref engllsyy h&éﬁl, fﬂgqg}np"eéligip%nt'rﬁﬁéﬁls RESHBEARLY &P formulate

active pharmaceutical ingredients (API) into pharmaceutical formulations; in a

preferred embodiment, an excipient does not lower or interfere with the primary
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than 0.35% nore preferably |ess than 0.30% and even
nore preferably less than 0.25% Wth respect to the

wor@sarde2or total degradant concentration of tPer/i/52086/001308
dr ug 20 product, a stabilizing concentration of an

anlcs ampunt that results
PP Sieet Shine bt ST APTL M pieibiends TerpouiAly Shprt. The
’ééhﬁd'%!ﬁél fefi"@asshp é?;Ees' c%ﬁferi Hﬁﬁerﬁ@%Blclezo/éb(lﬁﬁl%rﬁﬁfaﬁﬂﬁérs
bendanustl ne), pre erably | ess than about 6% nor e

pulsingragionty, anddinders Excinions cBalsabrithesesubateness present in a

N N T

g@@és%d Pdferablydex d}b‘]@ﬂis afetdpptdvee félcbrtcbﬁsldél@d fBueafe ff human
ndamusti ne, as termned, e.qg., C. The t

1} gumpbadgpinislation, ﬁﬁaMS‘&S@ﬁ?ﬁscﬁgW@}y rggarded %ﬁa;alrf%) SRAS
Ldbggéhg s a?élﬁét@& By I rddaSHg bfhg BaRin ot S Bhe R o,fle@deral
us ereln, trace anount of an or gani c sol vent
Reguistians (é!ﬁ‘ﬁm at 2 I0CFR S0l 82eantl 21 IGHR § § 8«equ@drp¢rated thete@i oyv

Co%;{hdggrrlg \é?(!éﬁisf oL iar lg,tcaﬁ%gr{) mn&%{ uCtt%ls 1ncfud1ng

{aRtigd1Ral ignale. Conf er ences on Har noni zati on,
I npurities-- Cuidelines for Residual Solvents. (BC.

Feder A uReshlieseinr‘a stabidigingapncenmptiey of7at) orgaie selyorty’ or “a

is the,l Ques nt» t hat e
i a0PHER] w20BHEY b8 R e R B ifent o
glcohicl tthdt ebd@eEthe Md@NST ddgeaddtitifofBedduatisihaso ﬁﬂ‘he\tehaEspemﬁed

rel ease specifications and can be used for it

levelericiearadputs fradie dipkéme pirdyets ot axanaplgevah reﬁﬁ%ct to the
LSS0 8101 U5 B L SRR i
paulis mndidP 1 d:dmemtratmnt(amm pecentiod endaorustih@tof dess tfaprabout

b3St dEPiABly Ts5ibirat O 48 PR p L iodih 000 & dRAapTeSHrablydess

L9 B85 ihdre &»%i@ﬂ&ﬁfy 1bdstigsh 6.86W, dleevRh ﬁ%ﬁ@ﬁfe)ferﬁm i1¢s8 ohem
I'yvophi I'i’zed "powder of bendanustine. Furt

026phi Witheesppetdd te averil Qrﬁetabdm@i@nt ¢angeriration of Hmfmaé drug

better [ rity rof| Ri b
ProgB% '{gglf ggligtcgﬁ%entrr% f' rgamg gqlgéﬁt% {}?a’& %ﬁxéll;ht that ie’sults in
b @cﬁé‘l&iﬂgﬁddlaﬂtﬁ:oﬁbémfatloﬁ (e tlhﬁitﬂa Bﬂéﬂug Iibﬁ)(&lbhl}éﬂdasé)@f lesptharabout
reconstitution, s)on storage of the |yophilate, cir
%1 (pespinstrepandampstine.arelginhly lssthan thout 6 %h@%? elengbly less
f t "

LESEAAED MLN heNAepI] EMeR LA O, By gt of
Béralafmustingd"ds ineast the smonied alspecficd degradost, axgmHﬂ]stéatad: to the

15 alo or in_.conbinati.on With ast one

AR D BB ey MBI or  radi oact i ve

ther agye tefh ‘@8R5 soWNent NBedd Rk g ﬂnﬁteﬁgln fédall ?raqlq@{m capable
means for enhancing the stability of bendanust i ne

pf dissolving athr sithstangest he | yophi | i zati on process, upon

hel f r « . )
shel T 34RE f(‘,:"rei% trace amount of an organic solvent” means an amount of

solvent that is equal to or below recommended levels for pharmaceutical products, for
example, as recommended by ICH guidelines (International Conferences on
Harmonization, Impurities-- Guidelines for Residual Solvents. Q3C. Federal Register.
1997;62(247):67377). The lower limit is the lowest amount that can be detected.
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upon reconstitution. 20 Anti-neopl astic agents which

may be utilized in conbination with the fornulations
w@booslmeenvent i on i ncl ude those provided in theCIVES2KR6/001308

Index 11, pp 16-17, Merck & Co., Inc. (1989) and The

h Both b
e @heff%@ﬁ %éépefrngg Rl T al?qoéas DS e gt fpq rslpase
sg:re&‘ﬁ%%bns-ﬁtl@ ofn BE fscd 36108 1ﬂtéﬂ@&f phabthadititd1 9aRRs! i C

ents avallable in comercial use, 25 in clinica
eval uat iGenemhd in pre-clinical devel oprrent whi ch

coul dpe. sel ect ed .f.or tmsnt of -

ot T PR RSO uE st PRp Tty R a0 AR ARl oRipositions
ﬁé} &froﬁﬂidndhlﬁﬁﬁm‘ée\lﬁf)ﬁhctﬂ&l e 1ﬁ€é1ﬁ1@ﬁ ﬁotcﬁ&desﬁ‘ﬁﬂﬁdl&ﬁons for the

anti biotic-type agents, coval ent ndi ng drugs,

lyaphikeationaifiverdaagsting HOh oTh‘bh’ﬁPhlﬁamoéqur Rbtaingd rf@)m such
%lnlﬂﬁﬁﬁ?ﬁst is c}rg %aﬁl&@gcongﬁtu&ﬁqgﬂ {89 P).eeséﬂgr grﬁﬁ@d@ %ﬁﬁﬁﬁ@d

i nmunolo I nterferon-
sodee I’oébéﬂdﬁtﬂu@’@mﬁ dganthsr, $h&l|yopiﬁhzdalqoro @Iatsm:ﬁ tﬂs present invention

Ry o sy P o hran S st B e ingRgutes in
%nt @lﬁgleﬁPF %eﬁa‘!ﬁnustl‘ﬂ@ quﬁé}eaﬂd ﬂ%ﬁdarﬂﬁtﬁ% %ﬁiyléé%lr,\/_’pno@ tdrer

I - neop ‘astic agents, such as netal lomatrix
mcmsaasm, pdviRforagholthe trophilseDr fdlidveing eecoastpnidon and
%‘%‘T‘ %éeznhl bitors may be used. -17 WD 2006/ 076620

Kt¥2006/ 001308 One fanily of antineoplastic agents

whi ¢ hTR&Yrebst UER At bINfEGEDHrONdeO forithilafiohd16f ndRauis uséful for
the inventions consists of antinetabolite-ty

eatingaspplasic diseagesn he foraulationp ées&ﬁb?%@r%cﬂa@@ administered
hd Qleﬁ@ogﬁ%l#a?lo %ﬂltrft 1880 @8@@% ?%a%ﬂ JeBﬁﬁ%ﬁ&?geﬁf dfor

Cons anosl ne, I zer)
fdfddefivdihenpgen, acanthifolic acid, 5

%mbg?t o ad'c?;éfil g@@%ﬁgggi;&%éﬁgﬁgégn re%%gﬁ?rr@%éncmg the stability

ﬁﬁ’l}%ﬁ?@%ﬁﬁﬁg@%ﬁ W%@dﬁfn%ﬁ%%fg?})hlﬁﬁtﬁﬁﬂﬂb&@s, @POh HeM RSrage or

dezaguani ne,
dpaiqunsyitutntnne di deoxyguan05| ne, didox, Yoshitom
r.idine

B R S N

RioSRHRLS of t@e ﬁﬁ\kéﬁﬁ@ﬁl {rféﬁidls those prov1ded in the Merck Index 11, pp 16-17,
N-(2' -furani éﬁ -5-fluorouracil, 10 Daiichi Seiyaku

Mgqus& Cq.slapr @PSP) g9 Ths|Ghepmetherany SoprqeBackdd997); Hath pgoks

£ 'l come
R o PR A FARAR il Yol JAIA' oo 0 S asso,
NCl  NPGer366IbrgdNUIMBNG o frhibéoplastia nperts daitbleletin filuaercial use,
pentostatln piritrexi li.camyci n, Asahi m cal
P Chagsa! pRAlBieT oA - IR UGBRTHEL WAy BR Pheciccied for
%ﬁ%ﬁt Db doblasia oy BoldbEeRibh drdgycfh@ﬁ'l'oﬂﬁ:réﬁyn &%6h antineoplastic agents

ors, 15 tyrosine proteln kinase'inhibitors,
Tedl into w&'rahnmjamcatcg@mas, nm@nwnulonaﬁyp%g@ﬂts covalent DNA-

R e anyoaRaEs pet BOrOR Aot Bt pg BRR AR such
Eﬁhﬁfébn@i‘ﬂﬁ QxR bihgsoRe Siffrsunologhttl h@diks interferon-type agents,

yl ati ng-type anti neopl asti c agents. nay be sel ected
ﬂrffﬁwrttm@ng pgeps such as the retinoids, pro-apoptotic agents, and a category of
miscellaneous agents, including compounds such as antisense, small interfering RNA,
and the like. Alternatively, other anti-neoplastic agents, such as metallomatrix

proteases (MMP) inhibitors, SOD mimics or alpha, betas inhibitors may be used.
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consi sting of Shionogi 254-S, al do-phospham de
anal ogues, altretam ne, anaxirone, 20 Boehri nger

woveswehaioro BBR- 2207, bestrabucil, budotitane, Ve&mnsmwas/001308

CA-102, carboplatin, carnustine, Chinoin-139,
Chi noi_n- 153, chl oranbUCJ I, cisplatin, ) .. )
cycl opRESERlyPERtingeRIATHc Agewy hichmebe usg6 8 gomiinatign with

i w%ﬁﬁ%@faﬁo@@%ﬁﬁsﬁm%%m

Syittaiﬂe atingstatielivmantireolastici agente maydeisvlested Gouythie group

DWA: 2114R, . | TI. E Erb t 245.
T Of FiEo T antBe Bt ST G EROREY Reemigine
Ql’lﬁTOMJadl%lél Qiréfl]u@éﬁﬂsdcﬁﬁl%oearﬂl@ﬁﬁutrbfaﬁﬁﬁl gy C@ﬁmd eGyclop entyl

i proplatin, |onustine, naf osf am de, hal an
aytoginacytirabing phesphatestartatenkyiarahine NQIIJUBGE@ k308 THzMerrel

ﬂsg’t eﬁ%ﬁaezfgg%mllér gn@mlhjﬁe o@g%P g&l&%mo%g %ﬁ&% %c{sﬂl‘f‘oml

DKEDE ] 8dxd Al dridiNakirelicon BHN ASMezek &SP, BX0$5 Ifw;rab'ﬁaa‘,l abe
Sei yaku TA 30 077, tauronustine, . tenpzal

ﬂewsdm% fldasebine pbpspbate, srtporqurasdl Nrigi- ﬁﬂmétfﬁérﬂwﬁwayﬂ

DB AR ERRL 12 iGRRI PP MR B TR Y USRI, illy LY-264613,

mt}mbsnzsapnm arethdvienate cWiell pen aMZPESo porapriniding SMEENSC-127716,

SR AT NG N 5. SRR ARG Bl LstRe AL,
Bétberal QaRIR0flicafReR, ALANCHeMichdPhoad IBakeda TAC-788,

acl arubi'Ci n, actinomycin D,. actinoplanone, al anosine,
thibguanine, tamﬁwa Ertzpamnanb Wi&.tnmntr@@ter,\mpm@kln;\fq inbivoE,

%%}% 181{955«?111 ﬁ% ase Hﬁlb?to I\Ll"'a:"lho LMTE&%% g an I sonyci ns,

azl no- n?c n- I'sucaberi n,
Bri st @l sebyt ﬁtmﬂ@biﬁnﬁﬁﬁeopﬁfstls hgdntdWykics nBybe 2586ih, combination

Bristol - Myers BIMY-25551, Bristol-Mers I@Ngl\g &660
BF‘M?%PQWF@S Biihedresmiion ponsifsL. qu@pgt ndiag agénts .
3 aﬁi@[{:{% g@mﬁg lt%yﬁ:ra%tlnpc;ﬁ%ﬁt: %éédﬂs thay b8 5d1&tét A8 he group
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, §|7ﬁetnwy>mustlnegmmcpmmgmt§®guone tetraplatm and trimelamol.

Another family of antineoplastic agents which may be used in combination
with the compounds disclosed herein consists of antibiotic-type antineoplastic agents.

Suitable antibiotic-type antineoplastic agents may be selected from the group
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Rituxan(r) and R-etodolac. 20 Preferred drug regi nens

for which the present fornulation may be used in
w@ovpMameseé on wWith or as a replacenent for one PCT/DB2086/001308

of the conponents incI udes, vvithout limtation, ABVD

B D T s s

I(J§E ﬁﬁ s%g%tevhﬂ s"i‘ﬁﬁe' \Hﬁdesnfér ﬁﬁ@é’tﬂﬁﬁﬂé‘ §inorelbine,

pre one {cycl ophospham de, vincri'stine,
\un‘mjxmlsmhmi&l}ne 26thmedides eyt Y epwenohiaViVES34, doxsta®i ci n,

vincristi

et hOR AL TBSPR S Pl oA S oy B A eton
AHefroet Ty dfMhik aBlehtioh BR! WL, I&th@n AmifRfif&inalogues, detox,
Ther apeuti ¢ Regi nens Abbrevi ation Dr u&ﬁ Used D sease

dimesnal B W2nMMASI G ecploted sishudroaleniBes A6IF-Sgnribech, ppfimod,

by Y S SRR s B Ao peroic

dkihansd{Canm &y Enapiospham de, CVF Met hotr exat e,
Fl uorouracil Breast cancer M toxantrone,

FI uor Migtheds for prgnaration o fesranfinennlastic agemis describgd ahoye mgy be

t
R i e AR M BOBE 668 pep SR L adopiN fofl Example, are
dstutiesd in .S pPeti Nes. 3;\&90@23@«1 é;ﬁ)éz JERAMBBOG: fpa peepiaring AV

%{éﬂuc“ Xr}gr eﬁ%\ﬁﬂgqﬂlﬁ o f‘gﬁljl %{5’ _919%60‘ ]gé)thods for preparing

%har %@taglﬁﬂwlt% éé%e@@me@ww(ywom%wL (i nducti on)
toxantrone Hi D C Cytarabine AM_ (post rem ssion)
Preferred antl-neoplastlc agents include, without limitation, one or more of

daunorubicin, bleomycin, vincristine, doxorubicin, dacarbazine, prednisolone,
mitoxantrone, prednisone, methotrexate, 5-flurouracil, dexamethasone, thalidomide,
thalidomide derivatives, 2ME2, Neovastat, R 11 5777, arsenic trioxide, bortezomib,
tamoxifen, G3139 (antisense), and SU5416, mitomycin, anti-CD20 antibodies, such as
Rituxan® and R-etodolac.

Preferred drug regimens for which the present formulation may be used in
conjunction with or as a replacement for one or more of the components includes,
without limitation, ABVD (doxorubicin, bleomycin, vincristine, dacarbazine), DBV
(daunorubicin, belomycin, vincristineg), CVPP (cyclophosphamide, vinblastine,
procarbazine, prednisolone), COP (cyclophosphamide, vincristine, prednisolone),
CHORP (cyclophosphamide, doxorubicin,

vincristine and prednisone) and CMF (cyclophosphamide, methotrexate, 5-

fluorouracil). Additional regimens are given in Table A below.

Table A- Cancer Therapeutic Regimens

| Abbreviation “ Drugs Used | ” " Disease
Doxorubicin &

1AC Cyclophosphamide Breast cancer

|CFM (CF, FNC) ||Cyclophosphamide, Breast cancer
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EVA Doxor ubi ci n Hodgkin's

Mechl orethami ne, MOPP Vincristine, .Procarbazine,.. .
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7 US2006/ 001308 PUBR “0(??‘%? oA cancer
Bl eomycin_ Ftoposide_ Predni sone CQucl onphospham de.
M t oxant rone, Vi ncr|[Mitoxaatrodd\BRioMauradiyggki n' s
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Met hot r exat e, COWLA| Leucovorin, Cytaraline
iggﬁ——rmq i Pex f =i i B BHAP
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Cytarabine WITH
Daunorubicin OR . .
542 Mitoxantrone AML (induction)
HDAC Cytarabine AML (_post—
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Doxorubicin, Bleomycin,
ABVD Vinblastine, Dacarbazine |[Hodgkin's
Chlorambucil, Vinblastine,
ChlVPP Procarbazine, Prednisone |[Hodgkin's
Etoposide, Vinblastine,
[EVA Doxorubicin Hodgkin's
Mechlorethamine,
Vincristine, Procarbazine, .y
MOPP Prednisone Hodgkin's
Mechlorethamine,
Vincristine, Procarbazine,
MOPP/ABV Hybrid Prednisone, Doxorubicin, |[Hodgkin's
Bleomycin, Vinblastine
[MOPP/ABVD Mechlorethamine, Hodgkin's
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Mitoxantrone, Vinblastine,
;N OVP Prednisone, Vincristine Non-Hodgkin's
ProMACE/cytaBOM Prednisone, Doxorubicin, |[Non-Hodgkin's
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Qididk $ioRIcAE 0NalpRELtdeEpidr6T dckiateS b dHelaBdrs! O
| yophi lization, sterilization is generally performed
by asépbpical formplatipe And tyophilizatipnsiygls usefubinzecordanasrvidy the
f.] nd
B33 hyenfibn i fbliRd BeiShLroptbgetl chh bt ks B e sppaard
beuipmbnteasededfor dydphilizadomodeackimaiiying Thecyld mag bg varied

radi gt i on Oln.this e,.after, sterilization, the
den 1”&111’8?‘11&’1 qyinnasH ﬁn@%hélgaysqdcfpr the fdWmih. 2 at i on.

Gener gl ﬁdéordail@e With tafifqﬁgal%ﬁ{bHHin%ﬁt &Hh% Pﬁeﬁt%&éﬁﬁH &fh agyeous

into a steri| receiving vessel en trans erre
pre- anmbmttoakﬁbbltmom d1Spemou fis ﬁxshfcmmnbuted inm phhnnztceumdraély

e PHB R BinPSoet st Biin B ophf Eereei® o sort

borapitd, fizled irt6 ah b%)r@@ﬁﬁt@ b@@d ﬁlal Eamiau? Btoppted Eﬁlﬂlé)ﬁ&ed #@ito the
to be marketed, 15 such as, out Timtation,

Bioghilizgi T&%@& bioebléuzmt&netﬁehnaws égscmh@wﬁermn thmplmqn isA
%%@hﬁi@l:d Furé 95 ?n {h@ rllrylg%%g au)lftlonlgto a%gut 8.0 gf;rcent is

IZ& I on SO IOﬂS o Ispersions IS

fichi¢vedb ﬁlhe\t\esulﬂﬁlgﬂ}’@hlhﬂtlbﬁ pewdersk stableds ahydphélized powder for
V\$)ul d. unde{lst and r:]tgat m)dl fications to the rocedure
STHRALARNYH & TR PIEHT Db ErertET hg abgy 3 years at

Qwut Rt td AgBut Qﬂ’ ¢ de &ﬂleoeq{eﬁdl X%@tfzﬁﬂsﬁﬂu@twm&%ﬁkéjﬁ?'a%? &

di spersion and |yophilizatio equi pne
Imi¢ation) prygthertseitghle damler ﬁ@pl}@l\/ﬁbd@uﬂlfoanulybm dfibeaddnoustine,

SPGB R ST G Pl FeOh: bfiaenous

ﬁclrﬁﬁﬂdtﬂ%ﬂon ABé Pdconddi@ited Bbhid foMul&RNET.&! thB PHArtnaceutical
Preferably, the tenperature wll be at or below about

corppositinm, i prefseably 2selBliens. After freezing is conplete,
f/ gs y E %ﬁgﬁ%rp lgwﬂH&Q@gﬁsglel%gg g? g‘éﬁrm@ﬁ %ﬂﬁx\fﬁfy@g?& f&%{u?élcgclf ina

pharmaceutically acceptable container by: 1) adding an excipient, such as mannitol

(about 0 to about 50 mg/mL) with mixing to water (about 65% of the total volume) at
ambient temperature, 2) adding an organic solvent (0.5- 99.9% v/v), such as TBA to
the aqueous solution with mixing at about 20°-35°C, 4) adding bendamustine HC1 to

the desired concentration with mixing, 5) adding water to achieve the final volume,
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previously chilled by circulating refrigerant.
Preferably, the condenser will have been chilled

whedoomrdsbe freezing point of the solution prefBPCHDE006/61308

about -40, nore preferably to about -50C or | ower,

RUER) 75115 i o 28 8 b 7 ¥ e rRb areteBiaout s°C.
AURbIFH B e PRckding sRPEHSEhEWR In 266N deB® it nddlabbd 8@Pone

m crons, preferably about 50 to about i5_0. mcrons is
gtled inghie artigan ghonge tie awdensd dhe stens and qpaditienas neadedin@uantities

U | . condenser. This usually

%%Cf}@@gﬁ%gé 5‘?%3%%8%%%}9%3% ng the shelves within the
| yophiThe pexlyophiikitioh sbligiop b didpdrsibs stusbelstediligdtphi@r to
%ogj?_i | izatiaon process at_a pressure -26 WO .

piilisstegy stepligation i gurerdly Rsaiorpethby #gPRe Hiratipn a1 frough a
b92 %91[6?1 o@@&ﬁ Hitef. AR Itipl O GeBSaBbA 91t RaE B ul¥d! ISterilization of the
optimal Iy take place very gradually, over the course
sdluis@venr dipennon san ecachiexedpy ethet methpdokhoyin indhpant.at gy e
should initially be increased from about -30C to about
2fHE%nd  mai ntai ned for about 10-70 hours.

Addi t i@ dave, afteestBriRAAH6H, the SN s @speionPie réady for
i ncreased fromthe freezing tenperature to about

beohiliggiay &eneraflirthe ltered solutigpwilhbginrodugsdgnteaatarile
Lect] f i | ate fr i te, .

POl A PRI ARt 8P D 8 P PR i
dmrfanﬁiuaﬂicﬁ?mw Bz effedtivaly blgldlspﬁilir,g;dp m&a?elly th@tfmmtﬂitmngis yife@ively
ca e. contirngel Yy taniljzation.o vacuum, condenser

cightly éyopaﬂl&eg rno@a gontaipgrsin Pdighdhe product ingq léﬁ'rmtﬂﬁf@ted
Lniti.al: i . . A
FRAS RS SRS EEr Al 1Py be
5- 40 Adypisal fEnoedutehfor dseyindyppdylidieg the powlypbkilieajont dobitions or

ure. i h b | owl.y ,.rel d t
BieRgSieiset BROLEIRE ToPOGTioRery Sl T Ervordipdgstand
fHa¥ iU cRESE 8 &S ArobedufSibt ptodeBiinag B8 Inadb Uepdt@indr sakueh things
conposi tion has been Iyophilized I n containers such as

99, Ausnotlinaited;ta) the prenlypphiizatiopspdion pefispasion gad beahdigation
éﬁﬁ L8l representative sanples 15 can be renoved for
purposes of perform ng various physical, chem cal, and
m cr obiitia1bg ileadrodhes issplaceddn allyophilizaton|ciantey under henge of
roduct. The |yophilized bendanustine formulation.is .
lepppeeaiuies _ ineb sBcstrd t%ﬁ@?%@é%ﬁ%ﬂb@@%%@#%%ﬁe%eg
BURL g@ﬁﬁaﬁ%%'se 23] Prefobly, R BhB&SHe wiTNER drRRiow
It u%h typically in the formof a vial, my be any
gbnut a)°€ fooattledsh2 housudificR Geamngispouipbats, thechanmpes and the

co-vials, which e capable of maintaining a steril.e

SORAePH At Y odled el SRR PRS2 Gndensp st fioq biyifis been

Efe@iaugﬁjcthﬂlbatb diRulBBhe FdiAberdRe Prefofibly, Meoa8énset #ill ke been
endamustine formulation. The closure is typically a

shilppbelow the Seezaiyppeial ofitheysadeiégn preferaplptorabetbdfarmore

ich
R L o e R
bBaatirnmidy, icracuaiion Bf the zhirhber shevd eontirai uatl 4 ptekatle bfidout 10

to about 600 microns, preferably about 50 to about 150 microns is obtained.

The product composition is then warmed under vacuum in the chamber and
condenser. This usually will be carried out by warming the shelves within the

lyophilizer on which the product rests during the lyophilization process at a pressure
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contai ners, such as vials, or alternatively the
pre-1lyophilization solution can be filled into such

woe@b®7@nd | yophilized therein, resulting in vPEI/BES2006/001308

which directly contain the Iyophlllzed bendanusti ne

f t fil

Fiie o AP 1037 b B0 Bfiiop§ o T ematine Bbeisayil opgimally take
PlabOvéryraaRy, ovePtheceiise 6f feveRdheds. Edr%kz!lrh}ﬁe 80 iproduct

har maceut i cal dosage form_ Typicall a vial w
gegineaatweasllpwplwtlahly ingesagRsy from ﬁbmud%/(h& trsbot l@°Cé@mi

Rinthifed FREEORDOMARE Aadtibhaly, M BloaBERREHALL B
mtmaéclbfrom éﬁ?frmnli’g)@ﬁl‘p%ﬁﬁ@% ﬂﬁﬁt ZBZD@@’KD@&B @&enc’i’(hef 30-192
ophilized fornulations o nvent i on
la%urgeafe wgftve%lwwemeﬁt?%?fé{l §§W1§§,\e/<%nrﬂég%{rrg val of
ﬁféror ﬁh@gséwa{e an®lyal %m@ﬁ@&éﬂeedufrﬁlg'ﬂ% BHEN dRnd frase.
sol vénts, provide an appropriaté& solutio
Eemp@’m dtyurrgacafndre cadﬁnmdsby stebibrationof vacmum,l gmdenser temperature
G S0 P, PR AL DT B s

B 81¥RdaSed 1dQILBEY 2556l 407€ - and Baaifi@ne® fdriabyut B0 BéUrsibi | ity
of bendanustine HO (bendanustine) in water (alone)

and wOnke theglrying gyelgisgemeplesed, ath@meﬂuse @dh?r@hﬂn}beu §%}Hbf? glowly

YR b s T DEBR B DA IR g

vaqivaleiteias). 1€ thelprodiet mrﬁpt&lltldnrl&p edri lyophiknmiintceniafners such as

bend stine at 15 , corrbl ne nnito

1) saafwngﬁ CHEPESIAR %4 Enoyed ppd sga %s’f éwgnfmreésméﬂve samples
19%'1%1 (Pkm | )

gé;m’p es 0\3\’/8{1 gér h n S?ge?i: i ger angdmag?@g%}gﬁgﬁﬁﬁz%g?f g%ldl

afitrebiolagicabfesB tamvalgze the qudltﬁ of thegreductil at es and/ or

Phat BbnamanteseidBrisies ByRiBatis ey mpdtlhH °

bRIMRRE&ItIEAEIGRASE fohe. m%ﬁﬁnﬁﬁeﬁic@p&&hgé forAQf esent
solutions. For the alco

ols tested, the sol ubi
mmdmm sithenghitrpiedisiadhefrmmf actcmay baampsiighl eaﬂo éﬁ@lf such

epe %%%ﬁ’ %J %%ﬁ’eC%{g%l%;‘?acﬁ%gacaﬁ%bqg? P}ntaﬁl%é%mﬁgarm?eﬁl ne

dnﬂrcﬁmienﬁr Sidhiohtiireers camete gldse loy plaktid) paowdedl thathihd matewital does
stallized after storage at 5C_ Al coho] s var{Lyed in

interaot pthythe hendamysting fojmulpgion, oThe Apurg 1sgvRIgAlbLR Happer,
ﬂ@ﬁ@uﬁ‘ ?Xteﬂ?er fubGét Bfppkh) f)%fé(mb@'%rbﬁﬁblﬁglpﬁh%ﬁst&ﬁbﬁp which

anol and ‘et hanol" "have an effect on
aﬁbrﬂsmlhenyetasseabrrpar ed with | ar ger al cohol s

(()]tc e{ Lléﬁ% ﬁlz'aéorh nlge bq D Ut tlglopfl_qbl}zmﬁ%%\fui rﬁnayrbeo Blled into

R6RRABA! sutB s Vi) dr aleerba&ld@gx th@ pre-fyaphilisAiops6RMBA lcan Be filled
preventl ng precipitation in this system The two

airte skl walziané Iyophiliged theeain, refufiting ingials whighidireet)y opaytein the
@é@é}%ﬁ%@ ncﬁ'ﬂ%s ngegfoﬁﬁ{ﬁaltlgﬁ ySQéflt lare IﬁQJ fﬁh&% or lﬁzophlhzatlon of

PIEILSt y ove hour peri o
viey sobutibonah@etpsaladh enwith @rs&xfbpat to provide a sealed, sterile,

pharmaceutical dosage form. Typically, a vial will contain a lyophilized powder

including about 10-500 mg/vial, preferably about 100 mg/vial, bendamustine and
about 5mg-2g/vial, preferably about 170 mg/vial, mannitol.
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5C. Zero Tine 3 Hours 6 Hours 24 Hours Methanol (v/v)

0% (Water Only) CCS CCS Precipitate Precipitate 5%
WEAB6QEB2(Pr eci pitate Precipitate 10% CCS CCS BO3US2006/001308
Preci pltate 20% CCS CCS CCS Precipitate 30% CCS CCS

oCS v/ 9 i .
b oct She WeRHIREH etdulatiohs SLS BrRseIisnEch fiay B Gecopgigpeed
wah Vﬁﬁﬁ ﬁ@eraﬂ? Stile A er foﬁﬁl] 3860R Mot 1f GRAR fluid such as co-

PCT/ US2006/ 001308 20% CCS CCS COCS. CCS 30% CCS. CCS CCS
givents tppEYyideoan pprapriptespiution ofbendanmystinefor gimiigrationoss

@ugﬁ%g Dfoﬁgﬁ &?%IWYGCI pi taté g@gm p|{&%'enous

Rdmbityietcahtained, (86 GEHPECRoMES silEH. 20% CCS CCS CCS CCS
30% n- But anol (v/v) 5% CCS CCS CCS
C%f%%%%cs CCS CCS 20% 2 layers 2 |ayers 2

I ayer §nhe sduauﬁ'e}sof&%%fa&uétﬁ%m1?(b&ﬁﬁ histénd) %?{vﬁteg(dlm b&d with
Tert-Butanol (Vv/v) Precl pltate

asingesdumédfplcchols com%me@(bsl;@@mxz@@n, e.g., methanol ethanol,
propanol, isopropanol, butanol and tertiary-butyl alcohol (TBA) was determined by

visual inspection. Amounts of bendamustine at 15 mg/mL, combined with mannitol at
25.5 mg/mL were prepared in 10 mL of the indicated alcohol solutions at room
temperature (see Table 1). Samples were then refrigerated at 5°C and inspected after
0, 3, 6 and 24 hours for particulates and/or precipitates.

The results shown in Table 1 indicate that bendamustine solubility is dependant
on temperature and the amount of alcohol in aqueous solutions. For the alcohols
tested, the solubility of bendamustine increased as the concentration of alcohol
increased. The formation of a precipitant was also dependent on the temperature and
time. Bendamustine did not precipitate immediately with any alcohol, but crystallized
after storage at 5°C. Alcohols varied in their effect on solubility. Without wishing to
be bound to any particular theory, smaller alcohols such as methanol and ethanol have
less of an effect on solubility as compared with larger alcohols (tertiary-butanol and n-
butanol). However, the shape of the alcohol is also important. For example n-
propanol was found to be better than iso-propanol in preventing precipitation in this
system. The two alcohols with the greatest effect on solubility were n-propanol and

tertiary-butanol.

Table 1. Bendamustine solubility over a 24 hour period in various alcohols when stored at
5°C.

Zero Time 3 Hours 6 Hours 24 Hours
Methanol (v/v)
0% (Water Only) CCS CCS Precipitate Precipitate
5% CCS CCS Precipitate Precipitate
10% CCS CCsS CCS Precipitate
20% CCS CCS CCS Precipitate
30% CCS CCS CCS CCS
Ethanol (v/v)
1.9% CCS CCs Precipitate | Precipitate
5% CCS CCS Precipitate Precipitate
10% CCS CCS CCS Precipitate
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30% CCS CCS CCS CCS CCs stands for clear colorless
sol ution Experinments to quantitatively determ ne the

wa@edoalovdeed y of bendanusti ne at
for three different solutions are summarized in Figure
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pr oce%tmé?fob@%ﬁﬁlﬂé?sﬁF’Féu"lo&nd ot her nltrogen
nmust ards can result |n degradation of the drug

prod ug& émgiﬂﬁ %‘c?%}e%l a ¥ tdla{‘aenﬁﬁ}g%ﬁé so%b%ﬁ@r df%léﬁdamustlne at

al coh on o endanust Ine
emdmsatbmgemmreﬁbeﬂmmﬁhfenf soluridng tiresusnmarided nbE1 gheunahd

Bl Ptheosnger BRRE6 ) and il S e by s et was
‘Bﬂéea‘ﬂm’statﬂm% stuldfl (fééﬁlﬁseﬁgscl%e*a@ab%&)' ot %otil%mfzibﬁé 1R, the

and/ or provide lyophilized preparations of
selubidity of bmndamw&thlealeb@aseérhmemuwnthjzermvematutee figim B5°C to 0°C.

mem lﬂltgl% t]%e”]? I%d( hﬁn’% {ashl owin in Tatle 1 anghl lﬁi!ightst ec?%f%rence in

bendamustine solubility for 20% and 30% TBA solutions.

Table 2. Solubility of bendamustine in TBA
-8°C

0°C 5°C 25°C

20% (v/v) TBA

25.5 mg/mL mannitol
Water, q.s. to desired
volume

14 mg/mL, 11 mg/ml. | 17 mg/mL 47 mg/ml,

30% (v/v) TBA

25.5 mg/mL mannitol
Water, g.s. to desired
volume

20 mg/mL 18 mg/ml, | 27 mg/mL 65 mg/mL

C. Stability
Because of its instability in aqueous solutions due to hydrolysis with water,

bendamustine requires lyophilization in order to make a product suitable for

-20.



Preferably, a lyophilized preparation of the invention

is stable with respect to HP 1, i.e., the anmount of
wWOoiR0d/0deeE not i ncrease appreci ably (does not BPXDES06/001308
the shelf- life specifications), for 6 nonths, nore

preferably 12 nonths, and even nore  preferably
phrasmpesutichlaise. 2 Howswerndyring the magefagypng of Lyprbilized druggroducts,

at _aboyt { : - Tahle
S s 5 LAY Tl s
Wéet dT agfecrd dblutions dfringaghe cdmpounding and 4l processgsefdr ioshdamustine

5C. Bendanusti ne degrades rapidly.in ter al ope d
#sk oHBT PR TSy CAT-iesHY hdsEAdhionpihn Brue Topict.

5 &@&ﬁﬂ%ﬁ@?ﬁ% RRLAFV4RbE A ohold ¥4 the HeHa@tidh SFheManffitine was
nohydr oxy bendanustine (HP 1) Forfula Il Table 3.
Stadiitéd toydetefrmiveenidl fommsiations conldbe Eruntidhal whinkdeallawr lopger fill-

biiok Stlssrowtie roPyH R POXer rek i o6 gty e Hificy than
PR WusreROR thEmbstdd® Gormblatidf, AT préBd®KophifizedpréParaiténs of

The ot her mmjor degradant observed during this study
berdlanruidne Wish g beerampyriymrpiileyvidt igapess togestatHEpyrihes ©-8-»

o e SUEPBIYlFges SRORARRS 5Toc20,POT L2000 001300
Di mer P{Bd@bID] aBophilized pieparatiod ofthOidventiatelystabinwith respect to
Iqlcl))rllf 1ae|:,n t%g a}nrgu;nhoefHRIPlbé)orcralsJ ?1%’2 irllcrlegs%pa%iI)Lceicfa%?y (%E)gsd Hcﬁtexgéeﬁ the shelf-
life specifications), for 6 months, more preferably 12 months, and even more
preferably greater than 24 months, e.g., 36 months, when stored at about 2°C to about
15  30°C, preferably 5°C.
Table 3 shows the stability results of bendamustine in water with no addition of
alcohol over a 24 hour period at 5°C. Bendamustine degrades rapidly in water alone

and forms predominantly the hydrolysis product, HP1 (monohydroxy bendamustine).

H

"o
o Lo

20
Monohydroxy bendamustine (HP1)
Formula I
Table 3. Stability of bendamustine in water
Hold Time Purity (%Area) HP1 (%) Dimer (%)
0% Alcohol, i.e., | 0 hours 99.11 - 0.60 0.11
Water Alone 3 hours 98.83 0.86 0.13
6 hours 98.44 1.22 0.17
24 hours 95.67 3.81 0.29
25

The other major degradant observed during this study and other long term

stability studies was the dimer of bendamustine.
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bendanusti ne et hyl ester (BMLEE) (Formula |IV) and
BM DCE (Formula V). BMLEE is forned when bendanusti ne

wo ech6x t h et hyl al cohol. CI COOCH2CH3 CI N PE&T/LIS24b6/001308

10 Bendanustine ethylester (BMIEE) Formula IVH N ~

NOf / N-~-OH C BMDCE 15 Eqrnula V Figure 2

summari zes the purity result $0f an HPLC anal ysi s

after incubati%h /FH bendarrust| ne us aR %hol s for
° Lla

24 hours atH5CFV‘ are
percent of the tot ﬁ%ﬁ\ﬁan The nunerlcal values
for Figure 2 are provided in 20 Tables 3-9. The purity

was hi ghest in solgtj {: r

concentration of "a Q%E‘gﬁt@?ﬁ%ﬂ%\qé?égg t he al cohol .
O the al cohol s eval uat ed Foheulddfusti ne degraded the
| east in a solution containing about 30% (v/v) TBA. In
about 10% and about 20 % al cohol sol utions, n-butanol

was s @?ﬁér'd@éraﬂ&t@&&i{ﬁﬁ&d ﬁghéjﬁﬂfoﬁgﬁﬁh ‘Pﬁ')p thzed product are
bendanustine. At 20% and 30% (v/v), but anol i n

hatcbmwmd:thﬂdstcm(m BEBHEoitoule y¥¥) ard BMéDcQE (feampl V). BMIEE
f - but t th
88?1‘??’&?‘? Bendlamustige ran?%HEF@%%%‘?%cw US2006/ 001308

Figures 3 and 4 show the anobunt of degradation of
bendanusti ne as neasured by HP 1 and dieter formation
quantified by HPLC bs descri bed herein). HP 1 and

di mer formation increased as the anount of al coho
concentration decreas d regardless G510GHEHal cohol .
This increase i@-hpari .\ Xccu red W th an
anticipated tine 5 dep eNng See Tables 3-9).
Tert-butanol and n- butano a peared superior to other
al cohols in preventing degra ation of the product. As
seen in Table 10, B@ﬂamtlginerwqdem (BM1#s®) on the
stabilization of bendamustine with TBA Table 4. HPLC
stability results for theFotmawplVty of bendamustine in

" various ethyl alcohol concentrations over a 24 hour

period. HP1 and Diner were inpurities that increased
in 10 this study.

NSNS
N OH
cl f\{

BM1DCE

Formula V

Figure 2 summarizes the purity results of an HPLC analysis after incubating
bendamustine in various alcohols for 24 hours at 5°C. Results are presented as the
area percent of the total peak area. The numerical values for Figure 2 are provided in
Tables 3-9. The purity was highest in solutions containing higher concentration of
alcohols, regardless of the alcohol. Of the alcohols evaluated, bendamustine degraded
the least in a solution containing about 30% (v/v) TBA. In about 10% and about 20 %
alcohol solutions, n-butanol was superior in preventing degradation of bendamustine.
At 20% and 30% (v/v), n-butanol in water resulted in a biphasic system due to the

insolubility of n-butanol in water at these concentrations.

-31-



10

VIV al cohol Hold Tinme Purity (%Area) HP 1 (% D ner

1. 9% Et hanol O hours 99.11 0.64 0.12 3 hours 98.83
WO0200/06108 6 hours 98.60 1.12 0.15 24 hours BGI/182006/001308

3.41 0.27 5% Et hanol O hours 99.31 0.44 0.12 3 hours

o, aoF5uRA 3532 shew By R <8 Sretiicda fep Bl Smesgured

boHPS 288 dﬁﬁer%ﬂ&tﬁml%\antﬁiédwmm (AU Berifed edezn). 21 and
hours 98.03 1.57 20% Et hanol O hours 99.54 0. 22

dimep formatign ingraggediss the gpogatof aleghplronsentigtion desrepgedrepardless
9 .

L e T i ST e P

d)ep]aﬁdenzé (e0diable99-B1 ’I@rt4ﬁtanihl ghdlibiliahdlexpbeartditperior to other

ljty results f ne.in var o
SR AUES (BRI A 9R OO S POV AS S9PB JabE 1 gmanpiis] had

@fg&t %%stmﬁrlﬁdnbﬁra%eﬂdaﬁﬁmﬁmlm fppeased in this
Concentration Tinme Purity (%rea) HP 1
( %Tabip HelPICptabiliy apmlts ltowhv ytalibity Dé bendpynestingin varions ¢yl alcohol
99 cgupetiratipnovera 24Bhdyopariod OHP 1 andDigyr were ampwitiapiliptgnoreased in
08 ligssigdygs8 0. 24 h s 97,68 2. 09 0,20 10% Tert-

ho‘hr SV/9Qledigl 0| IBIATidd | Butta@igirea houiPd (BD, P6 Dimet§on), 1 2
6 hoarEteel05 |0.h6@s 0. 13 24%hburs |98.©# 1. 64 001D 20%
Teft- O hours |3d0o89 0. 17 0.9883 putland}903 hwbur s099 48
0.%9 0.11 6 hours 98.60 1.12 0.15
24 hours 96.16 3.41 0.27
5% Ethanol 0 hours 99.31 0.44 0.12
3 hours 99.10 0.64 0.13
6 hours 98.87 0.86 0.14
24 hours 96.89 2.68 0.25
10% Ethanol 0 hours 99.44 0.33 0.11
3 hours 99,28 0.48 0.12
6 hours 99.10 0.65 0.12
24 hours 98.03 1.57 0.18
20% Ethanol 0 hours 99.54 0.22 0.10
3 hours 99.45 0.30 0.11
6 hours 99.36 0.39 0.11
24 hours 98.61 0.96 0.15
30% Ethanol 0 hours 99.62 0.15 0.10
3 hours 99.56 0.21 0.11
6 hours 99.52 0.24 0.12
24 hours 99.21 045 0.12

Table 5. HPLC stability results for bendamustine in various Tert-butanol concentrations
over a 24 hour period. HP1 and Dimer were impurities that increased in this study.

Concentration | Hold Time | Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Tert-butanol | 0 hours 99.34 0.41 0.12
3 hours 99.10 0.64 0.14
6 hours 98.85 0.88 0.13
24 hours 97.58 2.09 0.20
10% Tert- 0 hours 99.46 0.30 0.11
butanol 3 hours 99.26 0.48 0.12
6 hours 99.05 0.69 0.13
24 hours 98.04 1.64 0.19
20% Tert- 0 hours 99.59 0.17 0.11
butanol 3 hours 99.48 0.29 0.11
6 hours 99.35 0.40 0.12
24 hours 98.35 1.27 0.20
30% Tert- 0 hours 99.63 0.13 0.10
butanol 3 hours 99.60 0.16 0.10
6 hours 99.58 0.18 0.11
24 hours 99.42 0.34 - 0,12
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6 hours 99.35 0.40 0.12 24 hours 98.35 1.27 0.20
30%ert- O hours 99.63 0.13 0.10 butanol 3 hours
wWON060766206 0. 10 6 hours 99.58 0.18 0.11 24 POLUS2006/001308
99.42 0.34 0.12 -32 WD 2006/ 076620 PCT/ US2006/ 001308
Table 6. HPLC stability results for various n-propyl

al R0k, Im.@ﬁmlﬁt??és&%sfoﬂéﬁ&m% #0pyl Ae6hol Ent@hkatidds o%r%@d hour
H@rfodV\@!‘PQ ahdDitfidr WeRSmbittes thaﬁﬁ&@a%@cﬂmltms ftidyS st udy.
XG@J&EM [Hop 11 | HOlY inde “PdFW(%Weaf\ TB1 O [~ Differ g@ﬂe
9 RoeAWR) Y/ v 5% n- Propanol hours 99.25 0.43'0.{13
3 TG PropsholU | Ghdtes U- L b'mwrs J8. 6430. 9F U.4p 24
hours 97.24 2| 33uf 26 %O% po.6 opahol okshour s 9891534
0. Es 0.15 3 hetess 99. 17 09&® 0. 14 @sMourls 980.82 0.[70
0.6 24 hour$20mus7 1|83 07.28 20% n-2PBopanol @éhours
99| 1% BPe@ng. 18howds houfs 9992 0.26 0323 6 holiks
99 29 0.39 0. 14howy hojrs 9%1760 0] 97 %824 B09% 014
n- Propanol 0 hgg WS 99, 53 0 ﬁgio 18 #7Hours 99&;61 0.5

0.45. 6 hours 98194 o 200244 hoditd ool27 $iae—
%%-11- ' .
0. W P%n-Regpanel” 73hg—‘iulfﬂ_c st abl Ei izys resul ts:for 013

bepdanusti ne i gyyalious isgpsppyl |al Q)cg ol 0.14
concentrati ons ,PNEk A 4 hogigy per | od.qofP1l @and gxqver
Welr ol AIPdhanbll €9 n&Al TNCreaged 1Nl This study.o.13
Copcentrati on|bebgs Ti mp Pupssy (% ea)isHP L (%.1sDi me
(9 al cohol (¥hays 5% }730- py.¢panol O oours| 99.@W 0. 4
0.3 3 hours|28hw@5 0. 72 0997 0.36 0.17

00 -

Table 7. HPLC stability results for bendamustine in various iso-propyl alcohol
concentrations over a 24 hour period. HP1 and Dimer were impurities that increased in

this study.
Concentration | Hold Time Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Iso-propanol | 0 hours 99.21 0.48 0.13
3 hours 98.65 0.72 0.14
6 hours 98.56 1.02 0.14
24 hours 96.14 3.35 0.26
10% Tso- 0 hours 99.32 0.37 0.12
propanol 3 hours 99.11 0.55 0.14
6 hours 98.85 0.75 0.16
24 hours 97.68 1.92 0.21
20% Iso- 0 hours 99.49 0.21 0.11
propanol 3 hours 99.39 0.31 0.12
6 hours 99.22 0.42 0.13
24 hours 98.61 1.04 0.17
30% Iso- 0 hours 99.56 0.15 0.10
propanol 3 hours 99.47 0.20 0.12
6 hours 99.40 0.24 0.11
24 hours 99.15 0.52 0.14

Table 8. HPLC stability results for bendamustine in various methyl alcohol concentrations
over a 24 hour period. HP1 and Dimer were impurities that increased in this study.

Concentration | Hold Time Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Methanol 0 hours 99.35 0.40 0.12
3 hours 98.97 0.70 0.14
6 hours 98.66 0.95 0.14
24 hours 96.65 2.83 0.23
10% Methanol 0 hours 99.42 0.34 0.11
3 hours 99.01 0.59 0.12
6 hours 98.86 0.80 0.12

-33-



10

15

6 hours 98.56 1.02 0.14 24 hours 96.14 3.35 0.26 10%

Iso- 0 hours 99.32 0.37 0.12 propanol 3 hours 99.11
wW@2®5/006200 6 hours 98.85 0.75 0.16 24 hours BJ1/682006/001308

1.92 0.21 20% Iso- O hours 99.49 0.21 0.11 propanol 3

hollrs 90 39 O 210 12 Ay hg_urt- 00 22 0 42 ﬂ 1'2

ho
pr
0.
st
al
Di
Co
(0

A X o I §

SN T TP YR A W A S E AP,
puaSEtEoL o 20wy “47 70 2¢50%12 |6 Mtk s 59 2 T{S 24

1 24 hours g;@ 5 0)52 5, 10 |Tabh g S. |HPL
bility resuldysodor bendagrg‘gstl ng i nyyari ous U&g hyl
et MemaRC ENto ik 0NS | ovewsa 24 [houg.ieri 0d. BPd and
r were i MiWtotuk es that gmngreaged 6.2v t his soady.
centrati on |Hdilods Ti ng Purdy (% ead3HP 1 ( %9.1Di ne
al cohol v/\Z4%56ardvkt hanol98@5 hourls 99765 0, 4004312 {3

D
-r

hours 98.97 0.70 0.14 6 hours 98.66 0.95 0.14 24
hours 96.65 2.83 0.23 10% Met hanol O hours 99.42 0.34
0. Tkbled. HBLE staBilityGdsuls 59 bddiBustite noareus adufdalool®DcdicdnBrations

- 3viD 2006/ 766 28P PO/ NIB200EGL BOABI0Ss th@4ncheasrdgn 91k sGily.

ho

0. ]

1. ﬁS COncdiBradn?o | WpldEine| | Quitp(¥8ea9.|561HA.(22 (. Dimerd%)
r91c§_19>1®1V)0. 38 0.11 [6 hours 98./99 0.50.0.12 24
hOIUtlﬁ% B&ngd1 1./10500s16 30% M82hanol| 0 hur s|99. 893 0. 1?

0 3 hours |Fdous8 0.27 0.9894 6 hour©7209. 25 0034 0. 11
6 hours 98.76 0.91 0.14
24 hours 97.46 2.20 0.21
10% Butanol 0 hours 99.44 0.30 0.11
3 hours 99.18 0.49 0.12
6 hours 99.03 0.64 0.12
24 hours 98.13 1.55 0.17
20% Butanol® 0 hours 99.54 0.23 0.10
3 hours 99.45 0.31 0.11
6 hours 99.30 0.40 0.11
24 hours 98.81 0.91 0.14
30% Butanol® 0 hours 99.55 0.24 0.10
3 hours 99.40 0.29 0.10
6 hours 99.40 0.37 0.11
24 hours 99.00 0.74 0.12

a— Both solutions had 2 layers/phases of liquids in the vial. Solutlons were vortexed prior to sample

preparation.

The results in Tables 1-9 indicate that the stability of bendamustine HC1 with

respecf to HP1 and dimer improves with increasing alcohol concentration.

Table 10. HPLC stability results for bendamustine in TBA with and without mannitol
over a 24 hour period.

Sample Purity (%Area) HP1 (%)
TBA 20% (v/v) with Mannitol

0 hours - | 99.59 0.17

24 hours @ 5°C 99.35 1.27
TBA 20% (v/v) without Mannitol

0 hours 100.0 0.00

24 hours @ 5°C 98.80 1.21

D.

concentrations of bendamustine, mannitol, and alcohols in water. The cycle

NOTE: The samples analyzed without mannito! were analyzed by HPLC using a normal phase
method while the samples analyzed with mannitol used a reverse phase HPLC method. Slight
variability may be seen in other samples analyzed between the two methods.

Lyophilization Cycle Development

Different pre-lyophilization formulations were prepared at various
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W@ oneenee@mt i ons

24 hours 98.65 0.76 0.13 Table 9. HPLC stability

results for bendanustine in various n-butyl al cohol

over a 24 hour eriod. HP 1 aneCDUS®06/001308
were inp urities that increased in this stud

Ao o Ghapasdges SRim b rat Sp B fregna et veatiow).
Aty Qi (o Sangerdhre B SRR b Sp Rty Jfly ofBrbed

Bereh. 3 hours 99.18 0.49 0.12 6 hours 99.03 0.64 0.12
24 hoyrs 98. 13,,1..55 .0.17 20% But anol a 0 hqur.s, 99.

0. 23" Beske am Ay IeyorbaionetyieiBode g fiiGY” SpBhn gnd
Bast bf 1yddhiliztficn, Plof&tedfoBhutidsl iBOUdSiheEBIAng: hour s
99.55 0.24 0.10 3 hours 99.40 0.29 0.10 6 hours
99.40 0.37 0.11 24 hours 99.00 0.74 0.12 5 a - Both
solutions_had 2 | ayers/phases of liquids in the vial.
Sol ut MgRRdiGHEs e vortexed pkPBsenftatiathanpl e  preparati on.
The 1 Bstddnsustife Tabl es 1- Oahdmlcdtifg/diat the stability
of bepga tine HO with re t to.HP1 and di ner

i mpr 03@9%5% h increasing 51?%@%%%/0 ntration. 10
Tabl e AléddhoHPLC stabil ity alesmbi58e-#0% (sbndanmusti ne in

TBA wi i t hout mannj a 24 hour period.

Sarrpr\y%ﬁ?ﬁg'(tgd-\r ea) HP1 %“%@o?f/v) with Mannitol O
hour s Whereguthg alcpholig seletied frem meghawl, n-prepanpd,or dgsgyopanol
(v/v) without Mannitol O hours 100.0 0.00 24 hours 5C

98.8 Om]'g'rezd]ients

Concentration
Bendamustine about 5-20 mg/mL
Mannitol 10-30 mg/mL
Alcohol 1-20% (v/v)
Water, g.s. to desired volume

wherein the alcohol is selected from methanol, n-propanol, or isopropanol

Ingredients Concentration
Bendamustine about 5-20 mg/mL
Mannitol 10-30 mg/mL
Alcohol 5-40% (v/v)

Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HC1 about 12-17 mg/mL
Mannitol about 20-30 mg/mL
Alcohol about 5-15% (v/v)
Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 15 mg/mL
Mannitol about 25.5 mg/mL
Alcohol about 10% (v/v)
Water, q.s. to desired volume
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w0 bwedzspl es anal yzed with nmanni tol

NOTE: The sanpl es anal yzed w t hout mannitol were
anal yzed by HPLC using a nornmal phase nethod while

phase HPLC nethod. Slight 15 variability may be seen
in other sanples anal yzed between the two net hods. D.

Lyophilization Cycle Devel opnent Different

pr e"ﬁ%%ﬂiéﬂltga“ on formul ?B{%‘% {1 € Prepar ed at

vari ou corcentrations o endamnmustine, mannitol, and
al cohBesdamustiag HC1 The cyahaat 2-49mghimI2006/ 076620

PCT/ USg%41001308  devel opymipb.s0aqg/aftanged and
opti m zed at each step for freeziog)(ggé/f ast vs. slow),
A

pri maPy¥aPYi ng (bot h t enpdiodt el Bressure), and
seconwaitet, eyong as descrigadd vbagi n. Based upon al |
of the information detail ed above on solubility,
stability, and 5 ease of |yophilization, preferred

f or mulmgrédderds i ncl ude t he €ohdentwatngn | ngredi ents

Conce ' danusti ( =40 ng/ L Manni t ol
about Egﬁ%%{lgrg?e 0 Al Coh@ﬁ“ﬁ??ﬁ?“%_ % 40% (Vv/ V)

vat er Magniol t o desired voilawk10B8meg/mLt he al cohol is

sel ecBagnbr om et hanol , nNaRFEPANCL (vAY | sopropanol

I ngr e%a%%ts ncentration,15 &Ien anusti ne about 5-20
my/ mL VabEn&F181 10- 30 g/ MSTERAVRERS  1- 209 (v/ v)
Water, g.s. to desired vol unme wherein the al cohol is

sel ected_ met hanol, n égB or isopropanol 20
I ngre nggandt;‘éﬂgoncentrationce en%%%%%tine about 5-20

my/ miBendanmisting HEY- 30 ny/ shout A-ddimes/mb. 40% (v/v) 25

VWAt er Mafinfiol t O desired volugwe205k0ehgMiIent s
Conceptratjon

Bendanusti ne t. 12-17 ng/ L
Manni BBf8bout 20- 30 ng/ ngb%‘glﬂcllo%&zw about 5-15%

used a r evRCEHES2006/001308

(v/ V) Water, g.s. to

desired volume

Ingredients Concentration
Bendamustine HC1 about 15 mg/mL
Mannitol about 25.5 mg/mL
Butanol about 10% (v/v)
Water, g.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 2-50 mg/mL
Mannitol about 0-50 mg/mL
Tertiary butanol about 0.5-100 % (v/v)
Water, g.s. to desired volume
Ingredients Concentration
Bendamustine HC1 about 2-50 mg/mL
Mannitol about 0-50 mg/mL
Tertiary butanol about 0.5-99.9 % (v/v)
Water, g.s. to desired volume
Ingredients Concentration
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Water, g.s. to desired volunme |Ingredients

Concentration Bendanustine HCO about 15 ng/nlL 35
wormwelte@ko about 25.5 ng/ nmL Al cohol about 10% B@T/U$2006/001308

Water, g.s. to desired volunme -35 WD 2006/ 076620

PCT/ US2006/ 001308 I ngredi ents Concentrati on

BendaBustammstitHChbout 2- d®ub®/Seimg/Minni t ol about 0- 50

g/ iy ran Rt @anol  about O?)SO%E%)S()%%@H%V\MH g.s. to

desi red volune Ingredien ncentration

Bendahersierhautaol about 5- #PuHBLA? %EVAANNI t ol about
10- 30wmméry.s. tBut anol  aboufesied Qoftldev/ v) \ater, q.s.

to desired volune Ingredients Concentration 15
Bendanustine HO about 12-17 ng/nL Mannitol about

20- 30mgeddidnts But anol abouCodced@idrv/ v) Water, g.s. to
desirgd yol u I ngredi ent ncent.rati on
Bendaﬁﬁ%‘{%‘l@{{gﬁﬁ%ébout 15%?%1%%%tol about 25.5
mg/ m_.MaBuoitelnol about 10% ghouyd-50weg/md; g.s. to desired

vol umge2a-) MBLEA ents Congenit g@bbgp v/pgndanusti ne HCL
about 2-5 /L Manni tol about O- t(SO mg/ L Tertiary
but an®(atep®§tto0. 5- 100 % (YsUpd 3ot er, q.s. to

desired volune Ingredients Concentration

15

20

25

30

35

Ingredients Concentration
Bendamustine HCI about 5-20 mg/mL
Mannitol about 10-30 mg/mL
Tertiary butanol about 5-80 % (v/v)
Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 12-17 mg/mL
Mannitol about 20-30 mg/mL
Tertiary butanol about 10-50 % (v/v)
Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HC1 about 12.5-15 mg/mL
Mannitol about 0-30 mg/mL
Ethanol about 20-30 % (v/v)
Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HCl about 15 mg/mL
Mannitol about 25.5 mg/mL
Tertiary butanol about 30 % (v/v)

Water, g.s. to desired volume

EXAMPLES
The following Examples are provided to illustrate certain aspects of the present

invention and to aid those of skill in the art in practicing the invention. These
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Bendanustine HO about 2-50 ng/nL Mannitol about 0-50
mg/ mL 35 Tertiary butanol about 0.5-99.9 % (v/v)

wO\aioen766e0 s. to desired volume Ingredients  PCT/US2006/001308

Concentration -36 WD 2006/ 076620 PCT/ US2006/ 001308
endar nusti ne bout /. Manni I 0-50
lsegamﬂe_ies G P%\WYB‘BJ ?ﬂBSldgE?gJ? ?311%90% @ﬁ%lﬂv jogin any

Basnert 0 desired volune 5 Ingredients Concentration
Bendanustine HO about 2-50 ng/ni Mannitol about 0-50
ME{dikis: Tertiary butanol about 90-99 % (v/v) 10 Water,

qg.s, to.de ed vol u I Len entration
@%‘H@%’ﬁ@i‘q ﬁg I@Fguasﬁ%g’?’t Bs %@35 ﬁﬂé 8%@:@9} ol about
Mandiol EF ok edudivaleiitt(Vaillyndtadgnol about 5-80 % (v/v)

t . t e v I n [
Bt pey A O h e BB B Rorong) . 20
Ttiaiytmitylsebeninol, M&@M{ﬂctﬂnceﬁerti ary butanol about
w 00/& &{%}) g.s. to desired vol une

gred1 ncentr tion 25 Bendanustine HC about

Hroppanol §SpagitEm) Manni t ol about 0-30 ng/nl  Et hanol

BOubpanbt BPedinfsyy V) Water, g.s. to desired vol une 30
nt%ﬂ@d(bents ncentrati on Bendanustine HC about 15
REF®Wol about 25.5 nmg/ mL
Water, HPLC grade or equivalent (EMD)

Acetonitrile, HPLC grade or equivalent (EMD)

Trifluoroacetic Acid, J.T. Baker

Methanol, HPLC grade or equivalent (EM Science, Cat # MX0488P-1)
Trifluoroacetic Acid, HPLC grade or equivalent (JT Baker, Cat# JT9470-01)

Equipment:
Waters 2695 Alliance HPLC system with photodiode array detector

Waters 2795 Alliance HPLC system with dual wavelength detector
Analytical Balance (Mettler AG285, ID #1028) and (Mettler XS205)
VirTis Lyophilizer AdVantage

Agilent Zorbax SB-C18 5 um 80A 4.6 x 250 mm column, Cat# 880975-902

Example 1- HPLC Procedures

Method 1

Mobile Phase A: 0.1% TFA; H,0

Mobile Phase B: 0.1% TFA; 50% ACN:50% H,0

UV: 230nm

Flow rate: 1.0 mL/min

Column temp.: 30°C

Column: Zorbax SB-C18 5 pm 80 A 4.6 x 250 mm
Sample temp.: 5°C

Injection Volume: 10 pL
Sample Concentration:0.25 mg/mL in MeOH
Gradient: 20%B for 1 min
20 — 90%B in 23 min
90%B for 6 min
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Tertiary butanol about 30 % (v/v) Witer, g.s. to
desired vol une 35 EXAMPLES The foll ow ng Exanpl es are

w@e@shoteeo to il lustrate certain aspects of theP@r/ES®NE/001308

invention and to aid those of skill in the art in
practicing the invention. These -37 WO 2006/ 076620
PCT/ US2006/ 001328k tEXhBlied mine in no way to be

considered to | ] .of the invention in an
. t Wi y
manner. Materi a}}()gr(:Hl 2'gg/ﬁ%lanust} ne HC , (Degussa, Lot #s

Rupooes and ®X06007) 5 Mannitol, NF or equival ent
Bk thek P Et hyl Al cohol Dehydrated (200 proof),
USP or equival ent (Spectrun) Tertiary-butyl alcohol,
ACS (EM Sci ence) Met hanol (Spectrum and EMD) Propanol
Mepegrum) 10 | so-propanol (Spectrum Butanol

chy.um, Wat o I .Aqui val ent ( EVD)
B&?@ﬁ% ]ilesti ‘e, a&té*fbgﬁ (%g%e {19i'©a| ent (EMD)
Miobif¢ Bloaso&c et i 0.6 TEAJHIO: AN &P:515 Met hanol , HPLC
gvgdezfj@rmqqui val ent (EM Science, Cat # MX0488P-1)

rifluoroacetic Acid, HPLC grade or equivalent (JT
Hawente: cat k0 ylg@®_ 01)  Equi prent: Waters 2695
@b luinangerbiRlSB-sYs 5 g 80 Aht.phasodimde array det ector
Waters 2795 Alliance HPLC system wi th dual

@U@léﬁlﬂ?h detettor Analytical Balance (Mettler
FuERAS ey #1028) °@nd (Mettler XS205) VirTis

L ki Adv ge Agilent Zorbax SB-Cl8 5 m 80A
ﬂi‘?/egagﬁygé‘ﬁ{‘r?h,coﬁ%% Cat# 880975-902 25 Exanple 1-
$muide Gopeastigties ONBtRgMIIINEePHe Phase A1 0.1 % TFA;
e@iMebi | eofBase3s Bin0. 1% TFA; 50% ACN: 50% H2O UV: 230

nm 0— 50%B in 13 min
50 —70%B in 17 min
70 —90%B in 2 min
90%B for 5 min
back to 0%B in 1 min
hold at 0%B for 4 min
Run time: 40 min
Post run time: 5 min
Method 3
Phase A: HPLC grade water with 0.1 % TFA(v/v)
Phase B: HPLC grade ACN / water(1:1v/v) with 0.1%TFA(v/v)
UV: 254nm
Flow rate: 1.0 mL/min
Column: Zorbax SB-C18 5 um 80 A 4.6 x 250 mm
Column temp.: 30 °C
Sample temp.: 5°C
Injection Volume: 5 pL
Acquisition time: 30 min
Post time: 9 min
Diluent: methanol
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30 Flow rate: 1.0 nL/mn Colum tenp.: 30 C Col um:
Zorbax SB-C 18 5 m80 A 4.6 x 250 mm Sanple tenp.: 5
w@2doajoased on Vol unme: 10 gL 35 Sanpl e Concent r ap¢DOSDHNREN1308
nmg/m. in MOH Gadient: 20 for 1 min 20 - 90%B in
23 min 9098 for 6 min -38 WO 2006/ 076620
GfaHiddB2006/ 001308 back to 2098 in 1 min hold at 2098
f OFinde (Mhif.) [RUN %) PRised0 Nin PO%tPHA¢e B ime: 5 min 5
VEt hoglpZ MibiTe Phgse A |0. 1% TFAg H20: AN (9: 1)
Voot i',a_ol-'hase B: U.d‘gl/o TE/—\, H20" /-\ugi()(b. 57— UV: 230 nm 10

Fowt e—1—6ntt Cotunm—2Zor x—SB=€18 5 m80 A
4 G J‘li]fl . Cal 1 t o = 2N C vl terrp - 5 C

. \J J LI LI AJT U T COTT ') TT O uII’JI < (| ..
1 njed?%n Vol une: ati on: 0. 25
my/ o300 MEOH GraMfl ent: 0B for 8 nin 045098 in 13

mn 30 - 7098 in &7 nin| 70 - 908B in 2 |nin 20 9098
for 5 mn back to 0% in 1 min hold at 098 for 4 mn
Run t $ammple EepatatioRoditsolwethé divg produtt With 200 mL MeOH. Sonicate 6

minutes. The solution can be injected directly into the HPLC (ca. 0.5 mg/mL)

Method 4

Phase A: HPLC grade water with 0.1 % TFA(v/v)
Phase B: HPLC grade ACN with 0.1%TFA(v/v)
UV: 254 nm

Flow rate: 1.0 mL/min

Column: Zorbax Bonus RP-C14 5 pm 4.6 x 150 mm
Column temp.: 30°C

Sample temp.: 5°C

Injection Volume: 2 pL

Acquisition time:31 min

Post time: 5 min

Diluent: NMP/0.1% TFA in water (50:50 v/v)

Gradient:
Time (min.) % Phase A % Phase B

0.0 93 7
5 93 7

13 73 27

16 73 27

25 10 90

31 10 90

Sample preparation for method 4- dissolve the drug product with a known
amount of diluent to prepare a concentration of 4.2 mg/mL for injection directly into
the HPLC. It may be necessary to perform a second dilution (the 100 mg/vial dosage

form) to obtain a 4.2 mg/mL sample concentration.

Results
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di ssol ve the drug product with
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200 nL MeCH. Sonicate 6 m nutes.

The sol ution can be

i nj ectrabledil f Rétehiyor Tk fohBetRPh{us{igaandsomengf/itgilnporities using
Met hodgipd FbRgRdA: HPLC grade water with 0.1 % TFA(Vv/ V)

Phase
10 FI

B FAPLLSShAE Nty W TH UL 1T Y0 RA{HIYA Tihd/{mmy4 NM

!

:ﬂnJ4eS ]iXOIi.IS\OIO; ma%tél m ten 3 6€—Sanpt czzcl'gf €
“BMT Dimer 24.824
BMI1EE 26.968

Although HPLC Method 1 was capable of resolving impurities found in

bendamustine it was not capable of separating a potential impurity formed during

analysis, the methyl ester of bendamustine (BM1ME). The retention time difference
between BM1ME and BM1 Dimer was only 0.3 minutes. In order to resolve BM1
Dimer, another HPLC method (# 2) was developed. HPLC method #2 was capable of

separating all the impurities but required a longer run time of 45 minutes (Table 12).

Table 12: Retention Time for bendamustine and impurities using HPLC

Method 2.
Sample Name Retention Time (min)
HP1 15.694
BM1 25.420
BMIME 31.065
BM1 Dimer 32.467
BMI1EE 36.038

The impurity profile of various lots of Ribomustin using HPLC Method 3 are

shown in Table 13.

Table13- Ribomustine Impuirty Profile using HPLC Method 3

% Area
Batch Bendamustine(HCI) | HP1 BMIEE BM1 Dimer | BM1DCE
03HO08 98.14 1.07 0.21 0.34 0.03
03H07 97.67 1.5 0.2 0.33 0.04
02K27 96.93 0.93 0.29 1.18 0.08
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devel oped. HPLC net hod was capable
time.

The solubility of bendamustine was also determined in 20% (v/v) TBA
containing 25.5 mg/mL mannitol in water, and 30% (v/v) TBA containing 25.5 mg/mL
mannitol in water (Fig 1). Bendamustine was added to 4 mL of each solution while
mixing until it would no longer dissolve. The saturated solutions were allowed to mix
for 1 hour at -8°C, 0°C, 5°C, or 25°C. The samples were centrifuged and placed back
at the original temperature for a minimum of 30 minutes. The -8°C sample was placed
into an ice bath containing sodium chloride, which lowers the temperature of the ice
bath, and the temperature was measured when the sample was pulled for analysis. An
aliquot of each sample was taken and prepared for HPLC analysis.

The results of these experiments are shown in Figure 1 and Table 2. The
amount of TBA, 20% (v/v) and 30% (v/v), used in the experiment (Fig. 1) was based
on stability studies described herein.

As indicated in Fig. 1, the solubility of bendamustine decreased linearly with
temperature (25°C to 0°C). The solubility of bendamustine was temperature
dependant whether it was dissolved in water alone or with an alcohol. The 20% (v/v)
TBA may likely be the lower limit required for efficient and robust pharmaceutical
manufacturing due to the stability and solubility of bendamustine. A filling solution of
15 mg/mL bendamustine is close to the saturation limit of 17.2 mg/mL bendamustine
at 5°C but higher than the limit at 0°C. The 30% (v/v) TBA is the recommended
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manni t ol at’ were prepared in 10 nL of the
Bncﬁtdahednduc@iw]ﬂ soI utions (Table 1) at room

t enpe I e swer e the refrig te t 5C a

i ns pegf’fé“gloﬁT ?‘E‘%ﬁ‘g‘ 5 npg/mlpes. arﬁgqug, ﬁ)? "tﬁg‘f‘ﬁ Egnd
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6V} ERPemgthanel, pregandlciserprapanolopr Talt@mﬂ m wiler wetegoepared at

coh o
el e RPorn S P oS in g ROBoR DR R s Biem df rigeraigge 5°C.
wmﬂseﬂbacﬁﬁmﬁmamtwasmn@@z@ f HPL Qi dfirN0, 3V&nd28Gours when
delroend qt:mon the tenperature and tinme. The solubility

9519%3 stine was al so determned in 20% (v/v) TBA
25.5 ng/nmL mannitol in water, and 30%
ésls\?%ﬁ@ﬂgg%t aining 25.5 ng/nL  mannitol in water
( Fi g ThbleBeshdantlststabilitwassuits dEbleridamdstivie iofwagaatith no addition of

gl%i)ﬁcgllo(\)fgr z\levl Lgur period at 5°C. Bendamustine degrades quickly in water but the

:

stability of bendamustine increases with increasing alcohol concentrations (Figs. 2, 3
and 4). Although alcohols are frequently used in lyophilization to aid in solubility
problems, the effect of alcohols on bendamustine stability is unique, unexpected and
useful in manufacturing bendamustine with fewer impurities since an aqueous solution
can be used while maintaining the stability of bendamustine. TBA was found to be the
best stabilizer of the six alcohols tested (Figs. 2, 3, and 4). All alcohols at 30% (v/v)
reduced the formation of impurities HP1 and Dimer at 5°C for up to 24 hours. With
respect to TBA, HP1 reaches only about 0.4% when stored at 5°C for up to 24 hours.
Lower concentrations of alcohol may not be efficient, when formulated at 15 mg/mL
bendamustine and stored at 5°C due to bendamustine precipitation and impurity
formation.
Example 4- Formulation Optimization

After the solubility and stability of bendamustine were determined, the

formulation was optimized for lyophilization. Since the concentration of
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However, a significant mole fraction was required to affect the stability of the filling

solution and the ease of manufacturing. Smaller alcohols have the undesirable effect
of lowering the freezing point of the bulk solution and thus requiring long
lyophilization cycles at lower temperatures. Higher concentrations of methanol and
ethanol produced unattractive cakes that were difficult to reconstitute. 10% ethanol,
20% ethanol, 10% iso-propanol, 20% iso-propanol, or 30% TBA aqueous solutions
containing bendamustine (15 mg/mL), mannitol (25.5 mg/mL) were prepared and

lyophilized. The lyophilized vials filled from solutions of 10% ethanol, 20% ethanol,
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present invention: bendamustine HC1 about 15 mg/mL, mannitol about 25.5 mg/mL,

about 30% (v/v) tertiary-butyl alcohol, and q.s. using water for Injection. The
formulation is then filled at 5°C using 6.67 mL in an amber 20 mL, 20 mm vial and
partially stoppered with a bromobutyl stopper and loaded into a pre-chilled lyophilizer.

Example 5- Impurity assessment
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A. Freezing Rate
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are the hydrolfy3|s product HP 1, the D ner, and t
et hyI The teagthgrf prigeaiy dpiag Wﬁ%ne%m@@teCBngXé@nl%@e Following

n bt Q<05
YR B o R e MO A D 00 T gt tours;

BMHEE at sSO&’ﬁfcﬁzmS houtsewarming pwed qmyir%rﬁomaﬁt)b@ dxx+25°ﬁ i geven hours

Rt oS BHES 2 BT PTG AT B A 22 F 17 g C in o

B&Urs hh®@RolWRig! B tvRA hdtrd e 159 w%hhghn‘afdrﬁﬁg dRSitsP 0o 40°C
t-butyl ester. Experinments were rmed” usi ng
iy sy ht)lilré ﬁaqi helds rb’setn@rhwmﬁ% rédlsthaintairgng a chamber

romation.,.of t st er
BiA0hs HOI [ hobgoul Bhabd 6 BOURG fph o b ofEirFee.
Thisltytielredutted 20a {weurfSnndHccakethﬂrﬁabaﬁe ehas ecuaditutddidadily.
result indicated that it would be very difficult to

PGthout wzesh%%rtp bgbeynd t@sﬁ Rertiglar tb‘i‘éﬁﬂ»éhﬁ roblfansiith pWgrejection

fdd & 81%%% t

manu?act ar e rom TBA have tgggéég‘bégrﬁ%ﬂ | gﬁ%@gg%@?é{@

guiokliyethus cesdliing in dfforipovapbriflow otrhef thesdliersy vadl dsheeltbacl. With
roduc{_%l e]Sgnt hetic youtes usi n&tm)re reactive sources

R 8T 4 1T psaressbiek g Eyde am detiec ol srvapresApinte

E&e%@eﬁ&ﬂﬁa@l‘&tfﬁﬁn&ﬁ UBius, BV alll L%@oﬁ’d& whr by t@ﬁfa&‘@-ﬁutyl
he acyl chloride of bendamusti ne. A suspensi on of

alcohol prior to secondary drying may prevent melt back as well as powder gjection.

The lyophilization cycle was further optimized under these gentle conditions (Fig. 5).
There were no immediate degradation products as a result of drying at 40°C for up to

20 hours.
Example 7- Lyophilization cycle
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bendanustine in nethylene chloride was treated with
oxalyl chloride and N, N di nethyl formam de. After acyl
wa@ kioeni@eo was formed, the solvent was concent r BCBEUS208€001308
The resi due was added to net hyl ene chl ori de,
tert-butanol, triethyl am ne, and 4-

10

15

20

trrettyanropyrtdtne—ana—the—xt-ure viﬁ}*otuuunﬂgé%¥
 oStept efMDRssatiptien dV eXifiediour) A t Tempogitaee @CH Fo! wre
D fi caf?‘c‘m an ||nknn\/\n) r*ﬁrmmlgd WAS gl \b/(:\] (Mierons)
C IMS i d Held natlch t W25l echl ar web¥ht of -
pendanust i Mantpert -lbutyl &ster pnd thesgpCoton NVR did
not 3showed HB@ peck for gert-bptylr. TRecefore, |[this _
NS U LA A ST o A
as’an addHP]idnnal heneflt of hot for@ﬁﬁh t he =§t er150

Froﬁnhe alReomwl . |Exanplle 6- Llophil i¥0 on Oygle 150
Dev@l opprentHdlder qus | yaphi li zpti on cyselces wer ¢ 150
per ROT NET (mky al Yat e (g crit|cal SLRges.  of 150
oghmH—zat3 e -y
sePe Exndi?ion: d ﬁ‘.‘;'r”ﬁw ‘p;'c AT IR AN T
FrHNt ot (RO ¢ odsj ng fate, plimary T ng 50

| enbler af ur Eloldi me,| and1fressufe on t3#eCproduc{. A
Freezi ng R&Ragnp 46 VWO 2006/ 07 6R0 PCT/ 4482006/ 001308 50
e TTTErarfgR reqorrs gat —adopT @ TTET e 0

I

I t : I'Ur'i1ro ucpCIIUIll 1 tIIC LILINA "A "2 v B @ § 5 wiN LI
?Biﬁf?tgg! Hi-ons; tbe—s-Lo-aézs_t-he—pmducL_f_r_oz-e,_t_le_'_
quicker it dried. Larger crystals forned during slow

freezing fJor oduci ng bi gger pores allow ng nore
ef fi ciAdm tb@mmmtmﬁ andostheds dlsdlasedwagld@daxmﬁé bengint ¢an be made

R R g T NPT

a crltlcal CeSSIn

&fedoﬁlﬂa&ﬂbﬁs ancﬁneﬁﬁbds’@ﬁ thw&ﬁkdanﬁ@@ Bavebdern BesctiBed Bueigof
the first attenpts to Iyophilize from 30% TBA

glzﬂf%“fqdo%boderﬁ@ntsauwahbq @p@é@nkméboquf skikk g dhead thebyaiations
f |
i’iﬁ belaBpli&tho tﬁ%ﬁ@gﬁé}ﬁltiﬂn@ nd dBREs El?c{(:ﬁxschT ﬁglgf | |1§?heé s%glrllence of

tai h anorp rticles wt
sinpls clahe ortloid dmcbribeﬂlmemuﬁvlthdimdqumegl foentbe spias and scope of the

rodu | e an c Ir.r. when t product. reac

B HBre san Ao T B oAb BURaanE SBIveR R iich are both
VR A1Gy Al fhysioR6edallly r¥afell AR SoWBAE discR3bERerbR may be
determ ne the cause and solution to the probl em of the

pihatiBitedefos thei sohventhiiescribed dsteiewhids the ahwe ar simslar Bults would be
g:{l‘xq?\{yd (1 g&hgfrélﬁrsﬁbsq{t%isy Shd J‘%ﬁlﬁ e‘t%&%g Argnct% BHose g@ﬁ?d n

serve esser ex 'S experl

tisart dre de¢re@b@ttedviens et spifteind $8opelof @izd iAgertidh s @afined by the
ext e ded to 8 hours from2 hours. This change had no

grpended clags. | engt h of primary dryi ng was next
eval uat ed. For exanple, the follow ng very slow

dr y| néllaienss, paienieapalioationd, anflpublicatigns mentiord i the spegfication
h
%}?&)}?Vﬁ&%&?ﬁyggg@ogg%‘%gdlngglg&lg{]n tﬁo aﬁi& FhichFh 1nvgnt10n
pertams All patents, patent applications, and publications are herein incorporated by
reference to the same extent as if each individual publication was specifically and

individually indicated to be incorporated by reference.

The invention illustratively described herein suitably may be practiced in the

absence of any element(s) not specifically disclosed herein. Thus, for example, in
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10

hol ding for twenty hours at -25C, warm ng and drying
from-25C to -15C in two 20 hours and hol ding for

wWo denoyebour s at - 15C, warm ng and dryi ng fronPEC/E2006001308
40C in six hours and holding for twenty hours at 40C
é’a’ﬁh hRtdTRE H&%iﬂ %tﬁ/%f@h&@ﬁﬁp@‘éomp?fsﬁrés urc@né?itmgb@seﬁrﬂnaﬂy of”’, and

roughout dryi owder "ej ection (Fi g 5)

‘tdossstu@bf’ nil'danl:zy reylaml Wmls eiltee df thn othenéwo termes.nd l:le tmine and
wi t hout f og‘ture t hat recanstit ? rea

SPLAeRgs PHRBAHE bR TP ATt e erp doporerptigh Anth it of
BHARIS BndMHeR: B a¥eREnteinafAt iR BheARe AP Sudii tntsCaildtex pisdibns of
reconstitution nay be the result of drying the

¢xebsing anvesquivelentpafdhe featuresishowa snd dessijbechorsparidens thereof, but
2 fl t | L . {1h
ROl el TR RISy ML hashe o
inesitivatdldmes! Thig it shoglddasyidérstobé dansltlidugh ehe fradent issntion
reproduci bly _forned. Thus, renoving all unbgund vvat er

l@aﬁ&e@@chawﬂb étsyhosedamewﬁﬁﬂﬂesﬁmpdwn&%@mﬂapw drapines
R ER TEhloRhe e, 8R0S KRl oy s

dkiiléesicin glendrt, end dired sma}HnsdlﬁEatgms 8)d varidtieneanaepnsidered to be

I med] at e degr.adati on product a res of drying
‘é{?‘yﬁldée $PeQ hg%mv%lqp@g Hn@lyﬁ}ﬁp@ppﬁn é HgS-i zati on
cycle -47 WD 2006/ 076620 PCT/ US2006/ 001308 Step
Description Time (Hour) Tenperature (C) Pressure
Mcrons 1 Hold 0.25 5C- 2 Ranp 8 -50C - 3 Hold 4
-50C - 4 Ranp 3 -20C 150 5 Hold 6 -20C 150 6 Ranmp 1
-15C 150 7 Hold 20 -15C 150 8 Ranp 0.5 -12C 150 9
Hol d 15.5 -12C 150 10 Ranp 15 35C 50 11 Hold 10 35C
50 12 Ranp 1 40C 50 Hold 5 40C 50 Total 89.25 - -
Al of the conpositions and net hods di scl osed and
claimed herein can be made and executed w thout undue
experinmentation in light of the present disclosure.
Wi | e

-49-



5 the conpositions and nethods of this invention have

been described in terns of preferred enbodi nents, it
wowdob/obe2@pparent to those of skill in the artPCTE$2006/001308

variations nmay be applied to the conpositions and
ﬁ?hP%QEMﬁQ d.n the steps or in the sequence of steps

of the net od descri bed herein w thout departing from
the spirit and scope of the invention. Mre

ig O caI | ?l %Icém\émo%g?rﬁgﬁ%%@%ﬁﬁr%@g}cg atagﬁfgr rtloa‘yrrrl]ore than about
o) b%(aeéaqﬁlr&at biben@h@h&fhe) APY e sWﬁrﬁo}*mqlasm osed

herein may be substituted for the solvents described
herein while the sane or simlar results would be
achieved. Al such SI ar substitutes and

nodi fi cati ons appar 0 those skllled in the art

are deened to be W|th| r|t scope of the

i nvention as deflned t Re Ialms 15 Al
patents, patent applications, ‘and publlcatlons
mentioned in the specifi C%‘hﬂ Irnre i ndi cative of the

| evel s of those of ordinary s |I in the art to which
whereinsaghHPd s thp embantnsf. HPY preseat atrtire z¢ra et reconstitution of a
E’pgf“h i ons, .and ‘tﬁegsl i cations are herein incorporated

(e Prepdationok headamysting, t ent as if each indi vi dual
publication was specifically and individually

i ndicated to be incorporated by reference. 20 The
2.nVhe c¢mposiitﬁdnwpmahng\ﬁelcwhdés wiheteatthe @moint iUHE hisingt meye than

acticed. i of any el enept(.s 0 -
QR o b GondmRERdnd orf e SpGPERlifg oS byopnitized
1 Bar b2 O08nA G hstthe PCT/ U82006/ 001308 each instance
%EYEIH any of the terns “conprising", "consisting
essentially of', and "consisting of' maybe repl aced
31 e AR s RS0 Ef s b0 T Py e
Oﬂ%j@s@rpentantmf lzemdamodtinej at timmdrahftmcccﬁjsﬂmlbn oéa lwphiized
I ntent.i on_t hat |nthe use of such terns and
RieBRratien gike f‘mBS ¥¥cl udi ng any equival ents of the
features shown and descri bed or portions thereof, but
it is recognized that various nodifications are
Ho3ht pdmapasitidn avcotdagsio spramdy, whieein thewewuiioef BP hismetimore than

it shoul d be under od t t he -
P e e S R e iy Bl bd St tyaptized
ﬁm@&ﬁﬁ@e&ﬂ&ﬁhgﬂuﬁﬁﬁts and optional features,
nodi fi cation and variation of the concepts hereln
di scl osed may be resorted to by those 10 skilled in

h . . i fi.caLi . i ati 0

S8 500 APPSR QAR Y1 4hh B 00
¢cemnofisendefiisted) B 1tabecleppended cl ai ns. -49 WO

2006/ 076620 PCT/ US2006/ 001308 What is clained is: 1.

A pharmaceuti cal conposition of bendanustine

6. Olzktl%ﬂhﬁﬂed%tepa‘m&% dftRRGARNRMhe c&tﬁr{?n%q{o?ﬁm&e!h%ﬁ Bbo?10.5%

bendanusti ne) as shown 1 n For nul
(area percent of bendamustme) HP1 at release.

7. The lyophilized preparation according to claim 5, wherein the preparation is

packaged in a vial or other pharmaceutically acceptable container.
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5 HO") f NN-~OH C Fornula Il wherein said HP 1
is the anmount of HP 1 present at tinme zero after

w0 emonwdspd uti on of a |yophilized preparati on PET/US2006/001308

bendanustine. 10 2. The conposition according to claim

. o
R e R T s
with gespecttto theommmint af HP® fdn dt ieastthbopt ep aroatlisovhenfstored at 5° C.
bendanustine. 15 3. The conposition according to claim
1, wherein the anount of HP1 is not nore than 0.4%

éa'Tﬁ@ RehiIREd pféf)atlaﬁ&g @é&?&lﬁ@@ cléﬁn b, 'vﬂ’%rciﬁ k8d ptdp@fation is stable
reconstitution of aH%o phi[Tzed preparation o

withdespaeittp ilee amount R EHE b Ao laastobont nihg wihgn gtozadrat 6, C
wherein the amount of HP 1 is not nore than 20 0.3%
(area percent of bendanustine) at tine zero after
[ C'!DH@BIyiobhh‘ﬂlkémp@f)aratlérymbidlﬂgt@(tlalmr@ Mebicadin eid pfeparation is
bendanusti ne. yophilized preparation of o
sfabla avithriesnest ‘@dh% amﬁwﬁ@f FaY fapatdeashalipul Bhgronghsgyhen stored at 5
Far ea percent of bendanustine) HPl1 at release. 25 6. A
yophi |l i zed preparati on of bendanusti ne contai ni ng not
nore than about O 5% (area percent of bendanusti ne)

Zté‘r eleas ¥he| ophilized r%%rtion 4o of
SRR dpries ot e ag 0 pelspmpgsitiap 0
PéIARISEhd dbniyihg hopr‘hoféttﬁﬁf a8 OBCHP] | idrkid said HP1 is the
accept abl e contarner. -50 WO 2006/ 076620
maoyye? 6UY/ mese80d relgaseThe | yophi | i zed preparation
according to claim®6, wherein said preparation is
stable wth respect to the amount of HP1 for at | east
i?)OAtph‘ihﬁadmdel Hodige fordt eungstisate HplarmBceutibal compos1t1on of

hilized preparation accordi ng to claimg,
@nws@}faqoalﬁnaﬁg net mergghan abouiy pHo HBLdearein @a@ﬁg’l is the

ceast about 12 nonths when stored
t éﬂ&f%fg?;&?ﬁggtlr%pil |ized preparation according to
cl ai m 6 wherei n said preparati onis stable with
to t noun about 24
dhdiat e fordtofeaigy,(h y ey R AR B dosoge

ﬁﬁﬁ?&ﬁlﬁrﬁém&ﬂﬂp&ﬂgsﬂo%o@t JUoahpBEeHdbmaktineonposi tion of

14. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage

form comprises about 10 mg to about 300 mg of bendamustine.

15. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage

form comprises about 25 mg of bendamustine.

16. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage

form comprises about 100 mg of bendamustine.

17. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage

form comprises about 200 mg of bendamustine.
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bendanusti ne contai ning not nore than about 0.9% HP1,
wherein said HP1 is the anpunt of HPlI present at

WO 2doea®®20 15 12. A pharnmaceuti cal dosage for mPCT/US2006/001308
conpri sing a pharmaceutical conposition of
bendanusti ne_ contai ni.ng not npre than about 0.5% HPL, .
ergahﬁn%%eah%g o5age fOIE CORMBITHS ’fB?P {liged pieniration of laim 5.
rel ease. 13. A pharmaceutical dosage form of claim1l1,
wherei n the pharmaceuti cal dosage 20 form conprises
B oAtphsromagetiicah baaposiiit ofipendanmstide nerspiisieg bdntlamAstine

har.maceut i cal . dosa f of claim.l11l, wherei he
FHHRE L O ThAD B0 O-SPb RS SLREPBBHT R LR g trace
200kt 0?9Re BBmSe REAHAERISSH) Sherdin ddid F1RE MG bCAP1
dosage formof claim 11, wherein the pharnmaceutica
proseag et refeagan conpri ses about 25 ng of bendanusti ne.
- 16. A pharnmaceutical dosage formof claim1l, wherein

t he pharnmaceutical dosage form conprises about 100 ngy
6. hehad@mmacsitidat cordposition df hehddanmmtiae hecvading ascge {Diviterein the

of claim1l, wherein the pharmaceutical dosage _form
gARiF iselentdp selectohBomghe eroyR AeRmiigeioh gne oot tertiary
&9%191?9:}%59%9@%99 ﬁ/opﬁéél?cﬁ etfifrol, AR TR Bk, lyl peetate,
dosage form conprising yophi I'i"'zed preparation’o
dinsithgl Sarbofi&te, akefoharilepdieblpianadthanenmethiyt etbyl leetone, methyl

ben tine conpr.isi bendanusti ne cont.ai nj.ng, not .
RO FreabatRiaBo s R e odhn e BB Ry oxide,
k185 afetbricd 6KlorodufiBL Qim &hylQ0FofY, ab@iccRI, 8@t yelohexane.
sol vents, wherein said HP1 is the anount of HPI
present at release. 20. A pharmaceutical comnposition

e nust i n okdi n . cl.ai m. ' .
3 R EPRR BT AEE SRR ik 20 WAREh i solvent
Bfseleeted Glonhe gr&fp dodkikiidd §f ohié ob wicad6f ethimod rmgthmall, propanol,
n- but anol , isopragpanol, ethanol, nethanol, acetone,
Rutagql, iserrepanel, and teramphutangthonat e, acetonitril e,
di chl oror net hane, nethyl ethyl ketone, nethyl
i sobutyl ketone, 1-pentanol, nethyl acetate, carbon
22t Agdhinadedidgal dompoditjdn abfimg tdelaimH@x whengor the oeganivssolvent
c?l@gr Oggliltéan?l’ di met hyl sul fone, acetic acid, and
BytaReXEe 15 21. A pharmaceutical conposition
according to claim20, wherein the organic solvent is
sel ected fromthe group consisting of one or nore of
23-hArdpephiligedipsensratioprasprafia to cleim grf@lrthericgmprl@pa @drace amount

[t.ar utanol . 22. A pharmaceutical conposition

g@%oérg?ﬁﬁﬁg?%agl aim 19, wherein the organic solvent 20
is tertiary butanol. 23. A lyophilized preparation

according.to claim5 further conprising.a trace anount .
24. A lyophilized preparation according to claim 23 whertein said organic solvent is

tertiary butanol.

25. In a method for obtaining agency approval for a bendamustine product, the
improvement which comprises setting a release specification for bendamustine
degradants at less than 4.0 % (area percent bendamustine) for a bendamustine product

containing not more than about 0.5% (area percent of bendamustine) HP1 at release.
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of an organic solvent. 25 24. A |lyophilized

preparation according to claim23 wherein said organic
waeimeeme20 s tertiary butanol. 25. In a net hodP¢DDS2006/001308

obt ai ni ng agency approval for a bendanustine product,

t he inprovenent which co rlses sejfting a.rel ease
heloiamethed & qbéaamaé AGAT ePPrREalder a}dgalaﬁfﬂ@ Rpdycighe

0
A0 B kel SRRt ARGty Bt of 1
q. lﬁe%ﬂ@m @zqpdricéd rﬁ% :ﬁjr aﬂmndammne pe)dubiRbnidining hetamere than

AL T T

product, the inprovenent which conprises setting a

rel ease specification for bendanustine of HP1 at |ess
Fhali aonetbqd &r abtpiting ednsy aaplb@aicfarmbmdﬁmuptnr@meduct the
e R e R T
ddgkalanisnglagtiagy. (B/p Rarey percdi® beitdaRfithadyfo 4 lsvaldamau@tproduct
the . i nprovenent ich conprises setting a shelf-Iif

cqybaning agt mere thap a‘wﬁ eérm@mar@rceaé@%s‘a@ﬁpgstme) Hed at release.
than 7.0% (area percent bendanustine) for a

bendanusti ne product containing not nore than about

IR. SApfaressafop aranefat tunihg b dyapdiizetd ipr@)aralt-iﬁﬁ ofibendathrmatiee which

ilf’?%i%%?%\iﬁ?rg’i??‘b‘? B I son et Aaoh A by B tad RS in the final

ﬁ&@ﬂﬁcft Odulch Riht @ Eel&al%@ 8o B&Q:Ght!’r@efanﬂ b@ﬁdaﬁ&ﬁﬁﬂﬁé‘&%b&bﬁts is less than
%r adants in the final product, such that,

8% fasen parpent o6 hoslamustine) andtheisencralration kHAE gsrla@ath@rsO 5%
% (area percent of bendanustine) and
(lt eapgegcnegeﬁ ?%ﬁ“o fHPl is less than 0.5% 15 (area
percent of bendarmstlne) 29. A process for
manufacturing a | yophilized, preparation of

NAPERRSES 196 IARP Risturing ddyerbdized BFRPREToR q§ bensdamugiine which
B ESHithoR gtO{C])r RRNAAEMS LSS oﬂ?&ﬁ%ﬂﬁﬁ%ﬁ% Hds@rahglﬁs {d tR8lfinal

product, suc the concentration l'ess
mhdmt,(hu@%l(% ﬂma:opemtmnbn of HRD itlessdhanu8. Bi%n(e)eaqxemeat elase

R R e e T R )

W&y itk $ab 8f Bfo@ﬂé’c‘éfx irSticht Wh@fénﬁéal@ﬁ}odﬁ& is éiof&l‘%ﬁ? §C.
for manufacturing a Fyop hilized preparation of

bendanusti ne which conprises controlllng for the

T e R e s e S S R
ctdminﬁs bonttoligafop et At entratibie oflveidsinustie dapradehte &sme final

and the concentration of bendanustine d radant s is
preduct; figh thay theogoneentigion pHEPL1s lsssthitre P-Sgx(grsadiersht of

%ggﬁ}lfh&? gfjreféﬁé’éjéiﬁtthé Sordk &tgagﬂhg%rf befdanirbti é\degradan s Is loss than

| zed preparation of ndanusti ne wher €l n
¢ O%ca the Gine ofipwkluct expiration; wherein said product is stored at 5°C

31. A lyophilized preparation of bendamustine wherein the concentration of

bendamustine ethylester (as shown in Formula IV)
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30 bendanustine ethylester (as shown in Fornmula |V)

-53 WD 2006/ 076620 PCT/ US2006/ 001308 CI COOCH2CH3
wW@ko6M620 ~ N N Fornmula IV is no nore than O.2%/US2006/001308

greater than the concentrati on of bendanustine

et hyl ester as foun Iin t he drug substance used to

meke the |yophilizefd preparation. 5 32. A |yophilized

preparation of bend stine accordi gﬁiélain15

contai ning not nore than about 0. sbEhadust i ne

ethyl ester as sHowr1 NF Cl COOCH2CH3 N 10

Formula N. 33. A bendam pre-|yophilization

sol ution or dispersion conpr|sing one or nore organic

sol vents, wherein said solution or dispersion

conprises at |east one st &bmwlzaliyig concentration of

an organjc vent whi ch reduces.the. |l evel of
Hé’@rlﬁ%"&td‘%h&g‘!ﬁ’ eFeptefRfa G SPRGrataon FEhendAmesiing sipster 2
Bﬁhﬁm{% sbdfah&uded AP Riakéd AR hilidel PropaRRidh. O to
24 hours, does not exceed 0.9% (area percent
bendanustine). 34. A bendanustine pre-lyophilization

I yt.i on.or .di spersion,conprising ong o re. o gﬁi
i% 561}4? l’lll%mgfgfaﬁatlé)gi 03’ bg%tg%ﬂsgﬂe %crco 1%{5_) rcszluglnS cHtd g%ot
BRAPIhbS 8501 10.3% BEhdaaiistind @hylbitéd AGhowh It Pa@and IVat i on
of an organi c sol vent which reduces the | evel of

degradati on of bendanustine so that the amount of HP1
produced during |yoghilization, fromabout 0 to 24
hours, does not excé¢ed 0.5% (area percent
bendanusti ne). 35. $ﬁ§ | yophi |'i zed peytel,cpjoduced
fromthe pre-lyophilination golutioh or “25 dispersion
according to cl@ m33. 2006/ 076620

PCT/ US2006/ 001308 36. A pgetRod of preparing a
bendanusti ne Lyophilized preparation conprising, a)

di ssol vi ng bendanustine in a stabilizing concentration
of an al cohol solvent cofpmWaRY bet ween about 5%t o
about 100% (v/v) alcohol to forma pre- Iyophilization
sol ution; and

33. A bendamustine pre-lyophilization solution or dispersion comprising one or more

organic solvents, wherein said solution or dispersion comprises at least one stabilizing
concentration of an organic solvent which reduces the level of degradation of
bendamustine so that the amount of HP1 produced during lyophilization, from about 0

to 24 hours, does not exceed 0.9% (area percent bendamustine).

34. A bendamustine pre-lyophilization solution or dispersion comprising one or more
organic solvents, wherein said solution or dispersion comprises at least one stabilizing
concentration of an organic solvent which reduces the level of degradation of

bendamustine so that the amount of HP1 produced during lyophilization, from about 0

to 24 hours, does not exceed 0.5% (area percent bendamustine).

35. The lyophilized powder produced from the pre-lyophilization solution or

dispersion according to claim 33.
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5 b) lyophilizing the pre-Ilyophilization solution;
wherei n sai d bendanustine | yophilized preparation

W@ mbarqeso not nore than about 0.9% (area per cRCt/USF006/001308

bendanust i ne) HP 1 as shown in Fornmula I1, wherein
id HP. 1 t he t of, HPI res nt at rel ease., 10
¥ g@l%@ raa%@@fiﬁﬁau%msm SPW@W% RPWPHERS,
prepa 1&3%1\1119@98{&1%‘11&%6 ifth s &?Ag’&&%&%ﬁ@ & hi36hd1Rolvent
a stabil1zing concentrati on o anm al coh ent
c o mpr ccsnprgslﬂtngWecn gtoats %38mbaut 06U (VA0 @Mnh«vlltv)form a pre-
cohf é]]&) ? E)r e- ] yophilization solution; and b)
| yopht¥PP lﬁﬁncﬁsé”ﬂ philization solution; 15
wher epyyysphiflziRg RSy dpheidatiepilbdiged preparation

containS not nore than about 0.5% (area percent of
Wherghrmait bendmpypting la@hslmdmrmran@n IORtgIng not Jypee thamabout 0.9%

@géa%g gﬂf l?]entdgl%ustg’[égﬁ@’tl agfs Sl %th %ggﬁ%{Pl is the

accor g to c al m er’el
ahowholf HPdngeseht sitrklodsel S bet ween 20 about 5%to about
99.9% 39. A nethod according to claim36, wherein
said al cohol is selected fromone or nore of

et I
S 30k 5 0 AR 550108 O30
cl ai m)3bssolvieg béndasmstihedh achebilizig ¢omcerntmtipn bfi alamlobhol solvent

41. A net hod di | ai wh [ id
ert upgPE o et 576 bl G5 eFeBalf tbrmsape
to 30fkp ﬁng@onsalmrhggi according to claim40, wherein

said tertiary butanol is at a concentration of about
30% bpisoniglizing tiaaredphigrioussdewyn01308 43. A

&géﬂ%@d a e%dg &meq hfriilll g)ggpa%jﬁ)ﬁibﬂntg ﬁfopé tﬁgﬁ algosht 0.5%

ore yoph |za | accor
@aﬁeaqie&bem éBbendhmnstine) HiPd a8 XBdvipk ﬁﬂtorimlam,nnhdrah saldﬂ-l".llfﬁls the
A nmet hod_according to claim36, wherein the
pead of §1h L reeBhdidpierstt i on is about 2 to 50 ng/nl.
46. The |yophilized powder obtained fromthe nethod
according to one of clains 36 10 to 45. 47. A nethod
3% cArmiéthod saronling tn GEmnbfe mdiereirs thepldoholwmperitsion is hetween

reezj he [& Iyophlllzatlon solution to a
?l@’ﬂgé/"a'gﬁﬁ" W about -40Cto forma frozen
sol ution; 15 ||) hol di ng t he frozen sol ution at or

bel ow -40C for at |east 2 hours
39. A method according to claim 36, whereln sa1d alcohol is selected from one or

more of methanol, ethanol, propanol, iso-propanol, butanol, and tertiary-butanol.
40. A method according to claim 39, wherein said alcohol is tertiary-butanol.

41. A method according to claim 40, wherein said tertiary butanol is at a concentration

of about 20% to 30%.

42. A method according to claim 40, wherein said tertiary butanol is at a concentration

of about 30%.
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iii) ranping the frozen solution to a primary drying
tenper ature between about - 40C and about -10C to form

w@2@siad260l uti on; iv) holding for about 10 torPEDUS10047G01308

hours; v) ranping the dried solution to a secondary

drylng tenperature between about 20 25C and about
4 GA magthod,pqcprding @ Ghymy 36 Whsksin aexcipigidsiadded bete s t o

ndanustine | yophilized preparation. 48: A

ﬁ@?ﬁ%g g%%ordlng to claimd47, wherein said alcohol is
tertiary-butanol. 25 49. A nethod according to claim
48, wherejn sajd tertia ut an is at a
o anithod fesmieg toglaitn A 08D Sosroingnt A mgmiioh
according to 49, wherein said tertiary butanol is at a
concentration of 30 about 30% 51. The |yophilized
@s)m@ethm aicnating toorhaitd, miietedutha bendagiusting consauirasion is about
glaygé to 50. -56 WD 2006/ 076620 PCT/ US2006/ 001308

B nﬁ%?%od according to claim36 wherein step b)
conprises: i) freezing the pre-Ilyophilization solution
to about -50C to forma frozen solution; _ii) holding
§6,6The yophilises pavwdss oblaimes dwim thsgusthosk acgprdingigrons ohgiaHgs 36
{045about 4 hours; 5 iii) ranping to a primary drying

erfper at ure bet ween about -20C and about - 12C to form

a dried solution; iv) holding at a primry drying

enperature foyr aboyt, 10 t about 48 hours; v) ranping
%71 é%‘{ SPHIRSTR ‘{f'i‘)‘ma%s WhIRESSP ‘éwm&% enper at ur e
bet;yerazi# %ét re- %?c&hﬁ%tl@ﬁ’ Qittidea t@lﬁﬁer%bré’ beloWAbEHINE0°C to
at a seco :% ing tenperature for at |east 5 hours
up tofmimcmﬁo@@sohﬂon;s 53. A net hod according to claim

et HO LB ee PR e ST Yo YR oty

b utlﬁﬁ @émﬁt)lﬁg #e RoARGRMADA & 4 pﬂma@fd@iﬁ@lﬂémﬁ&%ﬁébeﬁﬁ%n about -
hod according to 54, wherein said tertiary

but ané@G@daaboutd@r%&nﬁonataudéwdépluﬂ%out 30% 20 56.
Th . from the nethod
q‘éir | ng étf&g&“ﬂqw%lé}ﬁlﬁzéggﬁgt ‘55 e

acc 0 one o 0 55.
v) ramping the dried solution to a secondary drying temperature between about

25°C and about 40°C; and

vii) holding for about 5 to about 40 hours to form a bendamustine lyophilized

preparation.

48. A method according to claim 47, wherein said alcohol is tertiary-butanol.

49. A method according to claim 48, wherein said tertiary butanol is at a concentration

of about 20% to 30%.

50. A method according to 49, wherein said tertiary butanol is at a concentration of

about 30%.

51. The lyophilized powder obtained from the method according to one of claims 47
to 50.
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57. A nmethod according to claim 36 wherein step b)
conprises: i) starting with a 25 shelf tenperature of

w@bwan7d® f or | oading; ii) freezing to about -BOZUSWEE/001308

about 8 hours; iii) holding at -50C for about 4

hours; iv) ranping to about -20C over about 3 hours;

v) hol ding at about -20C for 6 hours; ranping to about

é%ﬁ&%a@&% ing-to (9 36 WhireH HGoftlorizdC T Or about
ours; Vil nping to about -1 er about 1

houi) freezmg)thérmledyomliléaatiab soltitier] ®Q@bbHur-S6HO tet foRB ahfoaren solution;

ol Rl B b A E B0 P2 R YE otk hours
r arm) ri %ﬂiﬁ% t@ﬁbﬂﬁﬁﬁy AR teipbrafiRdibaRest a&ﬂﬁmc%afaséut -

for abou hours;” xii) holding between about 25C
and ab%lﬁtmﬁomlfaohneéts@mtlon,o hours; xiii) ranping to

abo over [ t
A B LR
V\D @QQﬁi}fﬁHgG&B AriPCI USROG 2048y dpireIsmperatire B&adén about
in a pharnhaceutically acceptabl e container

that Eé C pred shopt 441G ynd eal ed: " wherein the pressure is

abayy nd J b A isHBuAN 8About 20
i o S G ROl SRR o BRI oy R SHRuAD 3ibou

| yophhourgati on cycle according to claim57, wher ein

step (xi) is ranped to about 30-35C for about 15

hours. 59. The |yophilized powder prepared fromthe
BS’.OA%Ethédibéc%Pdiﬁ%@d @aiff 5% hHeRBi® ¢ai@hlcaBol is &8tif9-butnol.
formulation for Tyophili Zati on conpri si ng bendanusti ne

at a concentrati on of about 15 ng/ni, mannitol at a

n en | on.@ b ot

{;tflgcﬁ a%{:oE 1 gonc;ﬁrﬁgal} |§33 ﬁg{@g E%% {er@% ?fa}ﬁvfllé Y:laconcentratlon
mmtﬁmt 20%.t0 A0y ophi | i zed preparati on made fromthe
formul ati on according to claimé60. 15 62. A nethod of
treating a nmedical condition in a patient conprising
gﬁ.s A%h¥hbg a&c%ﬁmé’ fPRa mfeiée‘?ﬁ‘ sRd e‘f’t!lﬁ}r Bhnbs @t a concentration of
phar naceut | cal [y~ accépt abl e so vent to produce a
pwaat 38%eut i cal | y acceptabl e sol uti on and admi ni stering
to said patient a therapeutically effective anount of
sai d solution, wherein said condition is anmenable 20
50. Thé W&ed‘b&’@de‘i%‘b@hﬁd@ﬁﬁﬁ #d B&tho® ocoRiin®td e dFfclaims 52
treating according to claim®62, wherein said condition
ts5xsel ected from chronic | ynphocytic |eukeni a,
Hodgki n' s di sease, non-Hodgkin's |ynphoma, nultiple
nmyel oma, breast cancer, small cell |ung cancer, and an
aut ai metoe acbosdiag & cla12r53@4¢hep61méﬂﬂgéoﬁfprisé£ a) ktaging w1th a
according to claim_63, wherein_sai condltlon S no
rsdigtemRe Ty phARah S G B loading: o feerng foeboptg é’éemrdﬁbﬁ@w
hours! ) AdRihg A0ST 81 1Br S¥utla GORY! i) PngliSe 0 YBH 20°C over about 3

hours; v) holding at about -20°C for 6 hours; ramping to about -15°C over about 1

hour; vi) holding at -15°C for about 20 hours; vii) ramping to about -15°C over about 1
hour; viii) holding at about -15°C for about 20 hours; ix) ramping to about -12°C over
about 0.5 hours; x) holding at about -12°C for about 15.5 hours; xi) ramping to
between about 25°C and about 40°C or higher for about 15 hours; xii) holding between
about 25°C and about 40°C for about 10 hours; xiii) ramping to about 40°C over about
1 hour; andxiv) holding at about 40°C for about 5 hours; unloading at about 5°C, at a
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30 | ynphocytic | eukem a. 66. A nethod of treating
according to claim®63, wherein said condition is

woriosiopdee0 myel oma. - 58 WO 2006/ 076620 PCT/US2006/001308

PCT/ US2006/ 001308 67. A nmethod of treating according

to cl ai her_conpri sin dm nisterin

aiesSP oLaBEpas B i R aPht R R abEioh b B i

BeenedicallPieal cdf vheREOME pedshie ivhont BSOMBEGIsTh®aEEbut primary

anti neo Iastlc agent is given prior, concurrently, or

duag micgons {irpughetisrtondpidrsiigor t he di ssol ved

preparation of claim5. 68. A nethod of treating

according to claim67 wherein the antineopl astic agent

i58. Myopiﬁti'zdjimmcyslpacéo‘rdmgﬁcm claftb30, whdreinaiep (sBiidramped to about
ti.b rior, concurrently or subsequent

?@ Hgggd égsgwgon of t he di ssol ved preparation of

cl ai m5. 10 69. A nmethod of treating according to

claim 62 wherein the autoi nmune disease is rheumatoid

49+ Whe tyophilizad powier psetasedofsom the lyppiplisation@ycla offetairn §7 or 58.

of treating according to claim62, wherein the nedica

condition is a 15 hyperproliferative disorder. 71. A

BbaAReaUlati 6 fordpsphilezation BaraprisienBaidusubiie £ arbaddntragon of
not nore than about 0.9% HP 1 (area percent_of

Bt driae e mappdolet A cergeniratéRfabpdi ih T oEpRL degiagy-butyl
o bl t ,
HoBhol 5 BAGEARIAIBERLINE MV RAFERL B0 € Pocent |
pre- reconstitution or at tinme zero after

recqonstitution of said age f

Bﬁamae ﬁ?%dé?re%é%‘ﬁ’én?‘?ﬁéﬁ‘%fth@ofgﬁ‘&ﬁ%@? hsardipmto SHHYP:

not nore than about 0.5% HP1 (area percent of

bendanusti ne) wherein said dosage form conprises a

62aIA mgthdpﬁﬁﬁatmgairmaheal tcpioditipny1 1mmmh¢ﬂn®rtsnm dissebying the
the a

BB REbRiric i o AT aRiepfiBje Rl 63 8uce

pﬁ&ﬁﬁ@éuﬁd@lﬂy acceplabRabthtidaead edhdfisRring#3 saill patient a
phar maceuti cal dosage formaccording to claim.72,

m%apéuﬁcatlhyeeffﬁpﬁve '@P—Olélt pépaid pelutiom sdisrsin sald gondiienyis apegable
anmustine at a concentration of
%%?ﬁl .Wgﬂgﬁéhﬂﬁggggﬁg/contalner 30 74. A
phar maceut i cal dosage formaccording to claim 72,

erein_the .vi or other har naceuti cal | ccepta
B i fupd BeiiedinedepBhan PR O h i SRR LOR S ecied
aatnrd 901 Gﬁﬁgﬁ‘& i1 AREmia; ABAMEL ZURRART BEZPlodgkin’s lymphoma,
PCT/ US2006/ 8 75. A’ phafmaceuti cal dosage form

audiapldimyglanee, breastmanger, whall edlidungeangem bndan authigrmune disease.

64. A method of treating according to claim 63, wherein said condition is non-

Hodgkin’s lymphoma.

65. A method of treating according to claim 63, wherein said condition is chronic

lymphocytic leukemia.

66. A method of treating according to claim 63, wherein said condition is multiple

myeloma.
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pharmaceutically acceptabl e container further
conprises mannitol at a concentration of about 5 ng

W0 e00alomise0 2 g/ container. 5 76. A pharmaceut i caPCTHUSHGE001308

formaccording to claim72, wherein the vial or other
pharmaceutically acceptabl e container further

conprises mannitol at a concentration of about 170

169/ domisthiod@if tredithgratcomdiny to-clam i ﬂlﬂzﬁd:oﬁipﬁﬁﬂﬁgfaﬂﬂﬁmﬁ@hng the

conposition of bendanustine conprising about 15 ng/
Sashie stepmetinept clagsaen oagningtionith g ere b oD BN

QYEM) Whefeld S antHdbylastf 4 b v Pr tcSﬁcun%ﬁtl T Subsequent to
J antpibRgt Rt pive b L

preparation o rrraceutl
dlonplisinistretion oﬂiﬁe dﬁ@olved preparation of claim 5.

68. A method of treating according to claim 67 wherein the antineoplastic agent is an
antibody specific for CD20, wherein said antibody is given prior, concurrently or

subsequent to the administration of the dissolved preparation of claim 5.

69. A method of treating according to claim 62 wherein the autoimmune disease is

rheumatoid arthritis, multiple sclerosis or lupus.

70. A method of treating according to claim 62, wherein the medical condition is a

hyperproliferative disorder.

71. A pharmaceutical dosage form of bendamustine containing not more than about
0.9% HP1 (area percent of bendamustine) wherein said dosage form comprises a vial
or other pharmaceutically acceptable container, wherein said HP1 is the amount of

HP1 present pre-reconstitution or at time zero after reconstitution of said dosage form.

72. A pharmaceutical dosage form of bendamustine containing not more than about
0.5% HP1 (area percent of bendamustine) wherein said dosage form comprises a vial
or other pharmaceutically acceptable container, wherein said HP1 is the amount of

HP1 present pre-reconstitution or at time zero after reconstitution of said dosage form.

73. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container contains bendamustine at a concentration of

about 10 to about 500 mg/container.

74. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container contains bendamustine at a concentration of

about 100 mg/container.
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75. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container further comprises mannitol at a concentration of

about 5 mg to about 2 g/container.

76. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container further comprises mannitol at a concentration of

about 170 mg/container.
77. A pre-lyophilized pharmaceutical composition of bendamustine comprising about
15 mg/mL bendamustine HCI, about 25.5 mg/mL mannitol, about 30% (v/v) tertiary-

butyl alcohol, and water.

78. The preparation of claim 5 which is a pharmaceutical composition.
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