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BENDAMUSTI NE PHARMACEUTI CAL COVPCSI TI ONS FOR
LYOPHI LI SATION FI ELD OF THE | NVENTI ON 5 The present
i nvention pertains to the field of pharnmaceutica
conpositions for the treatnent of various disease
states, especially neoplastic diseases and aut oi mmune
di se ANVSSTING PHWRMACEGTR 26 COMPUNITRONSIFOR!

f ormulations conpri SiReG P qust ards,
particularly the nitrogen nustard bendanustine, e.g.,
bendanusti ne HCl. 10 BACKGROUND OF THE | NVENTI ON The
present invention clains the benefit of and priority
to US Serial No. 60/iBAnH GOEHEINVENTIONUary 14, 2005,

entitled, "Bendanusti ne Phar eutical Co sitions,"
whi ch (T4 PrFee. BECBRQPoHaNS {0 IO of BRarmagPufiFel cpmpositions for

entd f&iMent oPGariifll Blieask k@iek, R8pRilly hbaildftic dikdasddihd autoimmune
follow ng description includes information that may_ be

2 - . | Y.
usliseares. Prartienierbsh drelater trpherreacsrticsbiormplateiscrBRTispg nitween
n %us%ds??ﬂln&ﬁé:ﬁnthg BAtoseMhusia@behddn@isiRY, b2 beddhnkiify HCI.
art, or relevart, to t"he presently clained inventions,
or that any publication specifically or inplicitly

referenced is prigile@ikopREfaHSTEEONVENHON gh
reactivity in agueous solutions, nitrogen nustards are

20 di f fThepiesent nvemtionm dlaie thedepdfit ofratpriarigntosUS Rerial No.

of i for Al St.rat i inoa. | i Li

¢ oofenst et 1R B  Bthdathfie PR RL]

byCondgiokitienh,”hwhkiph isdhcorparated hatinfyireference indisientisty, atciuging
e in ueous solution, nitrogen nustards are

gbiﬂ"é”éf‘m?%%gradati on by hydrolysis, thus, the

r econsrhé foileehiny dd8dptios mulildds €ormadon thatshay Buseful in

atient as soon as_ possible after jts.regconstitution. ..
ggnm ¢ Rresent i11pven§on. Itis not an acfmxssmn tﬁat any suclfll mt%rmatlon

( ﬁé&r B 6t(dre6dbh, a6 @Rl frdeniBpéinaled InveBidhs] ordhany piblidaden
lyl}y butyric acid, i's an atypical structure with a

b eprsifisain ooimplicitlygefergneedds gEPt At ure i ncl udes an

acti veppl 1 iFi:ﬁ%I: e i SRWEdS
bendarr& E‘t&aih%}éé&q%?/dr cﬁ%agtrri&lgg)ﬁ ﬁﬁo@héﬁut%onﬁ\&ﬂl\ﬁr@a_l . e

HCl
ctifficgttofprnmdataas pharmacenticadsand prpsefiensupplisd for; admipisigation in a

s L7 By i Feltly Gii1 B8 RbpidaF

R Y e e S S G

| pemonabpriento edministratiomeOnce in aqueous solution, nitrogen mustards are
subject to degradation by hydrolysis, thus, the reconstituted product should be

administered to a 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 1
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Cytostasan(r). Since that tinme, it has been marketed
in Germany under the tradenane 5 Ri bonustin(r). It has
been widely used in Germany to treat chronic

| ynphocytic |eukem a, Hodgkin's disease,

non- Hodgki n's | ynphona, nultiple nyel oma, and breast
cancer. Due to its degradatlon i n aqueous sol utions

g Iu Ipglel 5@8 I’ﬁuﬁ b%ﬂ(‘}} Pﬁé {H:éﬁ-l} s bemocratic

gi’lﬂﬂc I(GDR) aagh) way M'Iaﬂd iﬁign Q%? e ndmahat Et%atxon under the name

mustin contalns endanust i n roc i

frartostasani txpceithat ffmey ik has been %rgfﬁﬁem 3%5815 %ﬁ?ﬂa@e
Emsan{usfm 1t hbd BReR Q\R&é?y #4238 if QL R'Qtreaf GEQAS fynpbéyio-

T finished |yophilisate is unstable when exposed to

| leykemiaTHedgkinds disease, hen-Podgkin's lyn@hsme,rré@ltlplﬁ npielome, #rd
a%%tcﬁ@ pred glass bottles. The current |yophilized
formul'ation of bendanustine contains degradation

pr odu cDue toritstdepmyativn duaqudensisnlytios (Hikseetheraitrogen grusirdshe

st ance f I

L e L U B
bﬁo’rdmlmsn ofi&:ndmtis&ne‘rﬂhbdxmﬁtm@) aodtqqunndarmetinqimdtm‘hhﬁdﬁ and
i nj ec i.on dr u m
et i s ophpdtpof o A i SRyl beeliBl ot wing
r @éb_ﬁmi&utioﬂl THe fiisiedddgaphiligate fﬁﬁkﬂah% whitn p:qiosmtb light. Therefore,
adm nistratio 0SS e

et i bl if b o® b glored e Buriey Thelsdmsetdrarbiized
Sg?rﬁﬂlagbm of lfeﬁﬂm{ubsﬁn@&mtdm d@@%&ﬁﬁ?}wdﬁgﬂs tiot 1(?39 tGEQuE @uring

er for Injection e reconsti oduct is

{ eEaFtuTiRg ol fbodrue ﬁ?batasmnﬁ{ fﬂe@ oL a5GR praocss to make
QMéﬁmgﬁmﬁQ@ tdiugct i on. The nute of adm nistration is
by |ntravenous i nfusi on over 30 to 60 m nutes.

Fol | owfwgentlederdamustintciis forplated 492 hopkilized powvdogfop fnjgetpn
| Bhifhq gbﬁ@o;\ahgﬁs m%e Q%Pﬁ'?ﬁ#%‘fﬁﬂn% pRf 20 B &bl eThO¥ial® are

peri o r room erature storage or

f opened mthn;esorup@tedgs olosafe thettime @fcpathm@d@wmﬂommwweme
h gl‘ol&h(l}t(%{l re\% tut e A Oﬁ{%dl#lf, gfg{ &lg (166) m&#&eﬁ%dnﬁ?* I(Wni,l'{fo? ﬂ;e 25

on (ass
t ergyeesahtatien) of Steal;qaé?Vatbr fot Fogectiohmyi ’Rluame)nstlmé product is further

reco It i zed

o BaY e 1P g 4% SRR PR P Shor ek AREbE

| adihdddratidria by inteoans infilsicaroverd0 to@quiingesat | east

fiftee nut es may, r i &e.as.l.o hirct

i nut cEolodts raensRed i ATt R i BReb Bl ok of

f géndah@stiRatd dﬁ&@dhﬁr @f)éi'gddﬁﬁ' 7 Goals uﬁ&ﬁ@@cﬁﬁ tdndperatuae storage or for
reconstituting the uc sur.e .af
b&sasHPen sigEage gt %vétcg ?Qﬁﬁobﬁ&%‘ﬂ@" %ﬁ&% Pﬂ’g dministered to
PGSt WihiERARS SSvid] A& oRMnRIdh |(BsurhRE rddd® feniperaRé SbLYe of
andlrrpurltyforrratlon due to the hydrolysis of the

pthscdeExtpp)-wat er . Thus, a need exists for |yophilized
formul gd ﬁ@&s@ﬁlﬁ&?@ﬂﬁ%génﬂﬁenﬁglﬁﬁstﬁé BropRiL&T 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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to reconstitute and which have a better inpurity
profile than the current |yophilate 5 (lyophilized
powder) fornul ati ons of bendanustine. German (GAR)
Patent No. 34727 discloses a nethod of preparing
W[ 5-bi s-((3-

c hihapeasest thy poterdial foo ldseofziotindnans] igipuxity)fpmedtikm dee to the hydrolysis

c cids substituted in the 1- position.
%f%%ﬁ%{%yvﬁ%%ént No. 80967 di scl oses an injectable
p r epar dhusyanedd existd for YOphilized formulations of bendamustine that are easier

)T B SRR E R PaIT a0y ”ﬁkﬁﬁ%éb%?' it Bthikls

philifd Hoivass formmlibibad béampstear i ng 4

hyl b hl h
gfnt nz @gﬂa%nféﬁmc 2 3{ P%«)e t36i27341$%085%ﬁ Jaleth@épmwaf@ﬁyﬁ-bls-(ﬂ-
PRuRRetyD- ﬂé&%&%ﬂu&%&ﬂ %ﬁa?-a@{ana J&&ﬁ&ﬁ&a\cfds%%sﬁmtmn ofe 1-

bendanust’i ne. 15 R bomisti'n(r) bendanusti ne Product
mbasEemph (updated 1/2002)

http:/ b ( %{Qﬂ{ . %@é??d&éf?dspé)m@f gtgble Pre]paratlon of a(n[l-

bendanust | u/‘product nonor an or mat |
ahwtﬁylﬂﬂmmaaﬂd»rnéthyl) amﬁiouxénﬁglaiﬂam;dc(z)wamrammymcmmde.

et al ort SOU ea Sar was nore
St abl e CPRAEI Spienl¥s, 1Y Sislosmmetind Bt pevaitiect-d-
agdeth 1$Lumtmﬂor§éﬂh;ﬁpamﬁ@beﬂmiu‘ﬂﬁdw¢oxb&wnc weiger or in
20 TBA/ water mxtures ( al . (20Q1) tL.J

Phammc Stnand GPRY Pty 159{8?&&9}%%@&%%%@%&% de
Pekddbiden the art see e.g., US Patent Nos.

5 418, 223; 5,413, 995; 5, 268, 368 5,227, 374, 130, 305;

4, 659, BdgmugtiRberdgmustian Brodactgemogiaph (upheied 89@%)| i zed

n #é %S?\_: LA ggtf/ de.: g;gg
|I!!]l ) Ilg?ﬁ% ag:nhg IlilUCUa I, %ergiaﬁl%t dlic'ﬂnono a h.pdf

Patowdqesaformaagrsamvmbsmus@@t@qlud@g ngugﬂzscnpsom? 373;

and 5, ggét 2P 38bo Eﬁ&%ﬁﬂ&{;&a&% L:EN%%A B%&bsba%%ﬁlsi Ehﬁe%&qary

formul atrons o prostag -1 made ving
P&Eatolitlendn pude wtétivracidf dinathybstfoxidel noathylyirgxybwatgt or in

i e R S
st gbl (ri‘ijdjﬁ_ilh&Bd: ; deiailha?mm@hioitwmnmea%t seab.gl, Utgiemtent Ngs
S BES B B AR At LA Gfee S8R o 68 e

espe6ar.l y neopl astic diseases and autoi mune
di seases..  An .emhodi nent of the_ inventjon is

phar maéBgyPehilized siffagen mugiard JosBmude s displosed in Thternational
?g?ﬁelgiaﬁbr{‘ﬂo Wb %1703/@66(12@%@?9&?\10@ 6516 027,301501130; $9992,912;
5,227,373; and5 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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bendanustine) HP 1, as shown in Fornmula I, HO~- N ~ N
Of )--~OHCA ~Nv Fornula Il at the tinme of

rel ease or where the HP 1 is the anmount of HP 1

present at tinme zero after 10 reconstitution of a

| yophi | i zed pharmaceutical conposition of bendamustine
as d eEhﬁprmnlt ihemnspmis dinacted forstablernhamnageriiselj compositiensf

phar npce [ i

P OfoRB S i GRRAR iy i B bR Bl %06 R
beanﬁmnﬂ&basa athtes, ldBpetiallp nedplastbdiyeapes tandrauteintniung disozsas-

mor o, phappalrgr s i eaton IR bRy R abbeatialth,

pbéidamaliing cothiniigmet mdde thdnabold 030840 abmatt(h¥% (@edypaéentoft
the inv on is a i zed preparation of
bg?ﬂiigﬂ‘ﬂ &ﬁfléﬂvﬂﬁlﬂgxﬂlg"{] h’ore than about 0.1 %to

about 0.3 % bendanusyd di eter as shown in Formula
Il at release or at ti er@ aftger reconstitution

HO- HO) NNO HO ~Nj~ \> GHN OH Iti~ N 20
Formula I11. Yet anotdier efbodi nent of the invention

is a lyophilized preparation of bendanustine
containing not nore than &pBaH 50 preferably 0.15%
t Qt tﬁpﬁiﬂ% opreﬁaéﬁe or%ﬁf@ﬂyﬁ’i’l RenSihine st Pl gﬁ&nﬁﬁt@ﬁ&fb Aefb after

For mu release or at tine zero af

r easomstitiition pf alyomhzqd rhamerpticsl compritien afbepdamugige as
ARQLAA AR A W3 reldla droclnfh PR o ilindeBentiokBRMbAi S
0] anustin

preparation e wh
cberrdamustale mmtamhgmetmmm aheutd: 3% (aseansrcepinsbaudamustine)

E%’ 1 t%rﬁ {10 %lﬁ'rno %%reoth oﬁ{j(? E@%,Z}Q&X pgfél‘abq{?' n& et Bfan LHGR

1on O
0.40%, more preferably not more than about 0 35%, even more preferably not more

than 0.30%.
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 ITI at release or at time zero afier reconstitution
HO™™
G e aSay
Formula ITL
Yet another embodiment of the invention is a Iyophilized 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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ethylester as found in the drug substance used to nmake
the lyophilized preparation. In another enbodi nent of
the invention is a |yophilized preparation of
bendanusti ne contai ning not nore than about 0.5%to
about 0.9% (area percent of 10 bendanustine) HP | at
the tinme of drug pr6duct release. In a preferred
enbodi ment is a Iyogh%lized preparation of

bendanusti ne containi hg not nore tK&P%AbBH 0.50%
(area percent gf 1e) , preferably not
nore than about 0.45% €ferably not nore than
about 0.40% nore prefer I)/"lnot nore than about

0.35% even nore preferably not nore than 0.30% An
aspect of this enbodi mentFarmulaf¥philized 15

prepar ati ons of bendanustine containing not nore than
about 0.5%to about 0.9% preferably 0.5% (area

per cenyeaihbhetdbodirndene pf thPinvaitiontiea yophelized preparatiemobhf

dr ug roduct where the |yophili.zed preparati ' :
o RERAEGtH e Tyt e oG OF PP e Pt 1V i
aq6 aRlkMahe0 QW) preteRdly 0.1%, prebtetthad he cormstentibn of bentigmustine
invention, the |yophilized preparatigns of..20 .

WA ASCTRLEND & SRR R i SR R
HP1 f ofy, dloth @dbodiRhtiof thed TRVHNHSN is aRycphitizadbpigpatation of

nmonths, preferably 24 nonths, to_aboyt 36 nonths or
gbenaomsivesRnipingmeHmaTe RO 1% s thoRt 050 oreh Byrestt of
t %@ﬁ’d’%&%ﬁﬁiﬁ?&% t%lﬁﬁﬂl@ %Qﬁrugﬁ)?odﬁa%ﬁasé fa Afiferradetibodiaitis

t enperat ur er enbodi nent of the i'nvention iSSO"/a(area
(1]

pladyaophiized Pmﬁratijmgﬁ @gndamupﬁqe lsamtaingmg nph@p@d]ggl agout. 0. .
ﬁ garrcg'ﬂ S H%Aﬁlg%hm%%f A 'éﬁ'ilst‘g}(?lt)lg Bgtkgﬁm UMb ©.459) bridkd prefrably

fore out 0.9% HP1,
phef momiihan abott 0O nidrerprefebabist na nBOSthamehopt)- 3356 cvign rore

nor e, t han about, 0. 45% r : : : n
e b R

0 ﬁﬁ%aﬁensaﬁ bemtagptiefoentaining nottoreshan abhir). 3% soshouth@oe
t he Pl is the anount_.of .HPL .pK . e
PRy § S (EF PR OA TR SR T FAREe g o
P HERREEN AR he TyopRilidarpieparation & packaged ismseaitoriotheent i on.
In preferred aspects -5 of the invention, the dosage
f ehasagertisallyAcetptable ¢ogtaighyt 500 mg of bendanust i ne,

about  }Pydt Gn Ubped tHalinGéntibe, HbkIyosHilided prephations2F Mg
of bendanusti ne, about 100 ng of ben aﬂgqsrt'tﬁ%s ?‘ﬂg onths
atbendanpigting e Heble with asrnest f918¢ arpaynt hHF h K7 2plef APGHE R pmonths,
of ' RNprkfrB PO SRES W dboal 360acARor igtdater tvhad
SPf%}fgﬁghlggg%ﬂgaﬁiﬁf@zed preparation of benéz;gfrgug [

t
c stered atiabept 3dto abonte30f hBrefestsd (Rmperatuyes fopstgge fre oYY, ¥ and

pr, r % .11 Pl. Preferred dosage forns can be
a@gé r@(g%l%en%ae é%r%. 500 ng of bendanustine, about 10 to

about 200thegemtiodireend afiiks invertionds & pharpaceutigpl dpsage form that

D R b iacaRRM o hBGsit HohtfingHofmBRAMSN

> dReIES Bph%}'gﬁg%{l 18%@%1@851% SoehBRRaT o
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

-5-
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10 In still another enbodi nent, the invention includes
a pharmaceutical conposition of bendanustine

i ncl udi ng bendamnusti ne contai ning not nore than about
0.5%to about 0.9% (area percent of bendanusti ne),
preferably not nore than about 0.50% preferably not
rmffehd inGentiom ahd ddﬁag’é&%n canrbe abnsuskﬁ ao aitmluyS OO(_mg ofiregddrimestine,

0.40% ef.era a out
i, 1000 el e o BF Gl ShRne, aPS 27 Befas bPRARRERY. hoout 100
anﬂg of bema&Rusai®) 4Ad atdlut mangﬁftrmammgsam c sol vent s

wherein_said HP amount .of HP1 pr
r el ease pnaterEm E%‘L’S‘ﬂgf‘? VSRS F‘PE!WW} g?aﬁgosage form that

| ingihéds 'azl%mmg@ﬁrgﬁﬁﬁiéh'o@ BéndeRiRAS critsifing hot more than about
bendanusti ne as disclosed herein, In different aspgec t%to

of0.3%ite a@%@ﬁ%nﬁﬁfﬂabﬁ‘y%f BBhi lrefegpd dospeq omassan be @
f f%ﬁht%@ of BRAEREtideC it 0to aj%ﬂt 30@Ing of béHdaBaARE, about 25

ut ano |sopropanof et hanol , net hanol, acet one,
etmgl bf bendanaustine, aboud il pRmEpf bendrmuiiise.and abowt 200 mepf o
%ghaqﬁlgggghane nmet hyl et hyl ketone, nethyl isobutyl
ket one pent anol, nmethyl acetate, carbon
t et r acHh el mthedcm’eqdmntsm mustition includesaphagarcsniicd one,

chl ﬁlgﬁg)g&?&q}eh A StlIl&X%}U%H%BéH&%ﬂH gt:érﬁaxﬁﬁ% Hot Iﬁ'&g than about

cye Pr e rgani c vents I one
0r0.5f6 teatwirt @9 Yidamh peromt hitreptiamysting aproferablynet mtﬁ ﬂlan about

pa tertia
or DR Bt AP e abty D530 Blore flefiRA G R | B o
TBMO% -hitt grefdrably Acttmdoelthyh atadut 085%, oren rerd pl’afeyabbmcy jmore
esent i nvention invol ves .
%Q*/Q’ a&g@ B?/g‘fnef’ﬁpoﬁe or aé’hcasaﬁﬁ ‘;rﬁgetr%?o Lis
t r’cﬁe hrﬁﬁfrﬁ)f MﬁHBDprfesMﬁt ﬁthelbzfse btithes zae hﬁerﬁgcoastrtmimaﬁ e lyophllized
specification or. bepdapusti.ne de nts SS
t PhATagsEficalcomppsifione HWM% ng C@aef%n ?&4&?“% agpects
%onlﬁﬁ BAbRBRER Yhe BRRLla 83154k REbletied BbRMBLEROT®f teftirgV e
t he phar maceut ical 30 conposi tions_ described, her

Arbutasieb @@r@;an@lhm-gu@wdgqmolp gthanol methagok acetone, e%hyq acetate,
ORE AL ARARB L oBRRIE\Rinld: Hhetfarl2CACRILG) oY, GG

des ‘setting a rel ease speC|f|cat|on for
BFiSolxutyl bg:oneeéswentmi wethylqoethtecarbpn tgpacklprde, é@w&léfhﬁulfmde

g ?Qﬁ%%ac&?ﬂe chlgrog htgmﬁ eﬁ%@%ﬁ@ﬁe REBEYGH, A 'b?dléhexane

ai ns no pout ~ 0 5%(area per cen
bé?rdﬁrmd;bngm;z sd}#entsanclu@ @gvemoreafcthenolempibanokwmepapel, o

od, tor [ a
nEtﬂla s Progan&?o Pe?t a?’?ﬁﬁ’tgﬁol B%%g efgr{/\ég ?%]amc velg is tertiary
S éfutdnoly alo &heirf asl TBA, thutzpels teftl-huatl alsohdlor tebmwmlﬁlﬁtqlﬂel
degr ad s_at .lLess.than.about ef &
<056 1 bt P aerg AL AR 1ot RS E BB st for o
t henddmadtied pfo&ucfs tthe @tprévter@hontiich R€luties sattiog b rd@Ee specification
Preferredte rafures fo ra are.a
B GORIoE sl gf ke EAg e oD g R o about
hes @b4) (£ chdedfbeRAmUBEHE) o Bﬂl@rvﬂmwaclﬁe%%e ﬁlﬁtﬁﬁibeutlcal
percent of " bendanustine) HP1l at re‘nge% 51?
e rRoBWOREeRS dgporibpdheraipe Ajagppct of this § glgntflﬁ? mathod for
e fiRiGE WenBPagdroval for a bendamustine product which includes setting a release

specification for HP1 to be less than or equal to 1.5% (area percent Bendamustine).

D'H




| yophi li zed preparation of bendanustine which includes
controlling for the concentration of bendanustine
degradants in the final product, such that the
concentration of bendamustine degradants is | ess than
about 4.0% preferably no nore than about 2.0 %to
aﬂ&mtbemda@m@ane(mc@at hpesin containg nop eretithesationt). S%(arpepasesntof

en&gnug{u@eﬁmﬂ sa%eie achi eve the pharnaceuti cal
A st

conp05| &s&¥Bed herein. The bendanustine
pr oduc tAnbtheeémbodimdémisresnetoad fopeldaining agenioy approvabertao

ou % f.er.abl u .50 : of
o etaistne pag Riop 1€ Brolp A8 nidh sncthucs 3 PALEAR ©
5d Isﬁé&ﬁk&&&n for béﬁhﬁm&ﬁe@egmmw ahtessithamgpboat 7.9%pirieferablydabout
pre endanu in ri se
P oriBe i sronty- P, CRRGeTEROSRERI s BREBS miifhhis slored s ebout
d@gcwwsam Théfeﬂ-ddrt&h e{iﬁtﬁﬂablfdr stosagelaretdbaﬁt 5°etand about room
rel ease, the concentratlon gﬁ HP1 i s IﬁE nbo %@y
priemRsratirey The Bopdamystiog Prdpethgreingonias aghmeie;thanabaytd->%
at(aﬂa@ﬁercéﬂt HPbéﬁfiaxﬁx'isﬁﬁé)(HPleaéPéléaaél on, the concentration
bendanusti ne degradants is |l ess than about 7.0%

10 pr ef er dppipermbndirecnt phihe HESRHONSS DOIPPESS S5 SRATUIRCHTRS 2
p%iﬂ%e& o ?ar@ﬁdﬁ%f%@ndahﬁstﬁ{e%tﬁ‘& iBtuddR QHﬁtro?ﬁgt i@r ﬁb out

her enbodi ment of the invention

b @nmgttqnmé bendempgting iegndantsi is e fing] Rrodush Smh that the
di 'c&%éﬁ?%tﬂﬂl ST SOkt dQ%rgdafﬁfs SRR Sth A %ﬂ’c 4’ 0BS r¥ﬁfﬂb§y no more

sol uti1on or I Spersions I ncl ude a | east
ortimnsibaiti 2.0 %i tn gb@ AOSh (e Perpens pf bandanessing)at Edgaseon

Whjpeh - L ed
R e e T T
dmamngnmymnhDMKmhﬂmnnmﬁmnnmabumﬁﬂ@n&mmmﬂﬁﬁbuﬁbmﬁéé@@
t 0.5%t t
opERh RO (e K Rtaifetg MR ERe 0" (20
nmore  [Thepesabinyeftiona@éclosmragproreas for miahyfaddurdipld lyephdived

:rrg;?e qilsg g{)abl O 300 QEOIBP eCt }l}ﬂg%)rt € congenu'nggﬁ of

20 Phendayfidtihd degﬁﬁlnﬁﬁlm tﬁ@ﬁﬂeﬂ bfduef sudll ﬂﬁe Iasnetwse thé cGidehtration of
anot her enbo

ment of the invention a, benda
PR g .20, BRSTOraY (7o R DB AT DR s P 5
OREndBf prdfubt RpEAUNCthe %ﬁb@ﬁa‘ﬁo%%&ld&h@stﬁ@ Hégrzhdéﬁts 6 less than
di spersions include at | east one stabili

c ahewTiQ% orefarably naanese tham plrous 8,0%JA @YY 70 vhersipseid pradret
| 6Bl ARG A by Bhrhendanust i ne so that t he

anount bendanustine 5 ethyl ester produced during
25 | yophi |Anpther enbddiroent abibe invention ipa bensamysting @re-kyephilization

:;@8@? n o %#Esm% %ﬁg&?lkg @n@&f n(f&ﬁ brafid g@ih%ift% gvgegr} thg%ﬂlutmn or
P rchn;baxsmds fnchide aﬂeaspom stgbd;zing qoaeemtrmmﬂauprganw @plvent which

di
i Iggcgl%%ss t:]:‘la gﬁ%}s&f Idﬁ%racgar or y o%‘ﬁgg‘.?sg% J‘ﬁ‘xaﬂge {nﬂ?ﬁé gy’ ﬁﬁf bl%ﬁuced
didufifg Byop]ilhzamfn ifiogi abguiodie 2dthonms rdeesmog axueed émm/@ﬁl%SO about

30 ORI e prsvitar N REIGRS) PRRGHY b0% wRlerbiio et

WpréBrably 0.40%, more preferably 0.35%, even more preferably 0.30%. An aspect of
this embodiment is the Iyophilized powder produced from the pre-lyophilization

solution or dispersion.
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reduces the | evel of degradation of bendanustine so

that the anmount of bendanustine ethylester (as shown
in Formula IV) produced during |yophilization from

about O to 24 hours is no nore than 0.2% preferably
0.1% greater than the concentration of bendanustine

et hyl e$tienatberfembndimient dftie idyangorsishadendrmstineuedwphilikaion

hi | t .
o iPEorrst R tomof e B § st o yRER, W gution o
aldspediogcinods aﬂIﬁsfM&tabﬂizlrxgrcemntrat@naf e ok auiT sdlveme which
I hiljzed t th t I d
s ad e P AERRLR P st co it a4 B¢ iflamustine
a|eﬂ@'l'6§der p@ﬁ?&ﬂﬂu@ig lbqsmmmﬁb?ntabfﬁ’d)tt@:zahmﬂl u ddle@ﬂ%egméed
orm a iliza .on;, .a
O B15% P HefmontsPnSimstine: Anafieet otns arbetitoiidhe,

%)Eﬁ]z Bepeiaiey sloldinced fpaihe btezl?ébhﬂizﬁ@@f suutm oﬁ&@lﬁbnfldilﬂm

suc t hods cont ai.ns not nore .than out .0.5%t

about §tibagothsr éﬁ’@?‘g&e?t o’ ﬂB?O)glvengPIélg aﬁ’é? ting pre- Q1yoph1hzatlon
b %&qﬁ&}'&t dlﬁy%r)sm%%bm@ﬁsm bvéy nid?e El%ﬁtﬂb’ kdvehis whéi€h8isblution or

said HP 1 i's the armun% present at rel ease or
adispersiens inglude affleast or}eétabﬂgmgtcemeeﬁﬁat@n of preOYEgRIp RRLY ) @hich

P u:@sctﬁé‘febgl%k dERIAASH bf &ﬁdﬁﬁushﬁ@%@ﬁﬂﬁé dniint SEdeBdamustine

concentrations I nclude about 5% to about

9 9th996ﬁtea(a@ ahovmam Fosrmga Bhauedupedguringdyaphdigtion figye ghout 0 to 24
6 0 %
Botip Btihers s PR 3 eradfn BRI
abemhotustireetiiylaster abfoutd in2h9drug subistante Wedto mmkeftha pred

de nol ,

o R io el ST R Rrerhed RE S oW ARGy IR

A nor eThé ﬁ]ﬁreitfoﬁdlsa ldisclosds meshodb ﬁjrpr@myng)ajbemdamustme lyophilized
preferr.ed con tlon rtLar ' .
B e S S T L R
ofalcbml&olwhwbmeén about 316 tcﬁzdﬂut 100% (cva aacbhoboocfoqm epﬁe-

i zati err

aoR it tono et a %@P@hﬂ% s Biplil e sitioe mreinhe
b %&Qﬁﬂ%&ﬁﬂeﬂ?oﬂ;ﬂ&etﬁ RpArafidithad? i §ich hﬁtt‘tibb@bﬁntﬁﬁb not more than
erred nmet hod for prepar

. -sIn a a,
bebmaws/e forpboy Efg%ﬁaﬂf?ff@@y&%/péﬁré? pgjRent o ?ﬁ&ﬂﬁ%vﬁﬂ??)ﬁg’l as

t BfovH BrPo¥RRAITI, WvhieinQRidSimb 1Lk MR RIS A Spréskn ot €2k O6r at
the pre- lyophilization solution to a tenperature

b éimpgerptasist recm@mtlgn ef the hiephilizinbarmageytisalsomposifieny e

S, o B3 61 ks
r &bfporaboutiTe%; alnmle ﬁ%eto blortut 60P6t about 536 kanaboyt iﬂ%s.ahglt 5% to about

: %g?er at yﬁ ﬁt [ on ﬁl%rég[edé&)r% or glb &ﬁﬁch&t o a faB&iP

7Q0%ay Ia‘BQut BY%et @mferr@l aﬂch)hoﬁ nnodardie $0¢ ot inone of meﬁlamic@hmbal y

dryin erat bet ween. a t 5anda

aﬁ\é"p\?’??l ¥°a 3’ ]Wﬂnog %V%FHW%&%% ug TR9° RS u TS htafé S is

f @érﬁ%r@t—ﬂa&ﬂdla NMupiefeied borpiittdtion efiteﬂfaejpbutaidl ixrabolitr2086 tombeut

preferr t.hod oh|I|2| . .

P BV bty et Koo AP aEReEh ol prbatioontys e addiionetone

PleRcipéRiYkdrt Babhiffatinal Wi iréfrrédexcipient is mannitol. Preferred pre-
lyophilized concentrations of bendamustine are from about 2 mg/mL to about 50

mg/mL.
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about -50C to forma frozen solution; ii) holding the
frozen solution at about -50C for at least 2 hours to
about 4 hours; iii) ranmping to a prinmary drying
tenperature between about -20C and about -12C to form
a dried solution; iv) holding at a primary drying

t enper ht aiprefefred matlnodl for peepaingbontamigtine lyophilived prepapation,

g et e Db S aReRRiR HetiBPe ey

h Wo@himgatidn salu&aﬁ: torctethyeratnsel belpwt ﬂnnpeﬂﬁ‘lﬂ,l pﬂzférahly :’:ﬂO C.etasbrm
u t 20 . hour f lc [

¢ adRpe s BishEoRoae Fiedieart iR aberiefon S afetetably o'
t er]Ealt &ﬁ% I2 H@Uﬁsﬁﬁl@ |ramg/1n§ mélﬁozaﬁﬁéiﬁtm?&bﬂpﬁm&@‘ﬂrymg temperature
pref erahl y about ect i s enbodi.nept js
P hevamtiokoro s andavestct B dn orbar ied h%?}h D Bt fr s
P16 tEiYoHTADURK G} Binflg ths dH&T Wl to Pﬁe@éﬁfaf;ediymg temperature
pre-|yophili zed concentrations of_ be d s% e) 'R

out 40 hours to

f Peiteamdhont 25°Ggndebauptbatad o holding
efrd RBim@kind @%Bhﬁﬂeﬁ%éﬂﬂfhnb§ ﬁ‘ihﬁn&r)é ?fﬁférl‘dd&ﬁéﬂhd@lqy’ﬂﬂﬁhzmg

tai ned fromthe nmethods of  preparing

t
gihygﬁégwg&l;zq%gn solafion qomnsigesd) disesing the gre- lyprhilizgtienysolution to
hebdilt '50°6%0 isgi’x? 'ffb‘é@lpgdhﬁfbna i ledﬁiéﬁhé’ £57cA80HAM SHlabOR -50°C

fornmul ation E [T zati on i ncl ude an
efuiapleat2 hane tealsmab durssiiiiy rampinga @ painaphdiyg dgmperature

é&g@ btsbﬁl \5.6&% andqabe{lte flf{d t%q"omf Phr ls@fu'tlgﬁl 1?1 ﬁ&l&’lﬁ’lﬁ%t a

a concentration o
mprimiatyalryiag tempemlme &rtabarttil0 fo aﬁoum&imuﬂﬁ) samrgmmﬂbe dried

t t but l.cohol )
G o oo AT Bl ARG bl 28R Bla ABRMoec and
t b RoMiaght asecaxerytdiging ’gempbnahlreﬁ:d at 1863t pheypanatd abost 20

de from such bendamusti ne f qrnul IncJ ude
R b AR a R sy Bignsly R GonctrBhiolf Siteriy-
cgﬁndmtm@sbouml(?é tow]@]gmm%,g)fa&tramwmdu}zm%dmmsmmﬂmg aI
t era eutica effective anpunt ceutica
fti5 s addien o ApSHEP BT HiAee BopRZE Ry e

e?c@ﬁbﬁﬁs ﬁlamnt%l t FreREEple-IYbphilizS @t sheptatioBaTbeadualustine are
conposition. Some conditions anmenable to treatnent

wiftom abput ZeesioEbers0smeMke i nvention i ncl ude chronic

| h
n)c; g’p Hg tth& egib%gﬁnlgeﬂg @gﬁ@%\ﬁmﬁ'@ﬂ% ly@Fﬁllgéde%a@l@n or g)reparatlon

ltip
bpbtained famdhe methagdy of pg@mmg Q,ﬂa@d@ramg@g yop}rlrl}{lzed preparation
h [ ratlve di sorders, 5 and an aut oi mune
dl}ﬂ[sg‘glggz{(eiCH F?r eferred conditions include NHL, CLL, breast
cancer The iamehtioValspinyblyes behdamussinerfarmalatpusdfasyephilization) that

RPNk o b B LSRR ot
p fatondation incheks bnndqmmtme amsconcentrpﬁmrqfab@utl b og/mL, mannitol at

pr e ar ﬁ%%#gi% 6 3 Ouggf ? H@""Pﬁ H?“t%ig cg{mrggg a§ %cgﬁt?atlgltx of'about

C QU%I (vivpind agerd dhdliided ifh tidnibodinten@ofthé invadtiontaad the lyophilized

i nvol ve
preparatlons 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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adm nistering a therapeutically effective anount of a
phar maceuti cal conposition of the invention where the
condition is amenable to treatnment with said
pharmaceutical conposition. Also included in the

i nvention are nethods of treating in which the 15

p Mamemth sad plompesiital comspositionh8orme vanditiopnaraermablerto

Pk chiapitiet LA iR ERAR nRSHL
c Qé\ﬂ{aﬁﬁaf(my H@rgmnmmmmdgmmﬂy@hmm EVHEY, imnitipid

R

_S a8 ah hftoih@fureldRBase APffded c&xﬁd@@dﬁs iide OFHIL, fCGLD Bmasﬁcmr,

S | yophi_li zation cyc|l.e for uci n oph| i.zed
SNl Prefre g AR aRACHiseasss in R Pt G oo
PrselbR%sis @8 b P i I i zation cycl e incl udes a) freezing
to about -50C over about hour s; i@@ ol di,ng at -50C
tep

for abtsiided ini§ejnyentions ?rsﬁlaﬁ ysg of aesifed ﬁtamwems or
%ﬂ&ﬁxacg)tlcsl HraBfoR of D Gvdn@ibn 30he R@RERoturd bf b A¥RicAdert or

tween about 25C and about 40C or hi gher for about 3

h$lagr teeatmeny ofipmgdipa) cprditipne ps dafived hargs ia adatignd thet mwelve or
a %&%%%ﬁé pe@% ?@ﬁb&ﬁe%&oﬁ%@% gﬁém%%ubﬂ c&mp&’x’t'ion of

at™ a C, at a pressure 13.5
nheannvman the eoatlitign amepatdtodregmnhwite paid nh%trma@utwal
he ] 5§ﬁﬁﬂly seal ed; wherein the pressure is about
15 crons throughout primary drying and 50 m crons
t hr ougAdestineeded il the ynveotion argmethodsafjirsatingif whidhshe ycl e

B e

a&ﬁﬁ-&bopﬁstlt hg@ts@Vﬁbﬁ&ﬂﬂhWheolﬂas’Bﬁ aféne i gmqnlpnbr, zenturrently, or

red d fr hi I | c A
b egtent AR ST £ S PGPS PRt e infenton.
S‘P@éﬁﬂrélthn%édibla@tlééfg%hﬁ‘s afeaﬂﬁ’ﬁd@éslspanﬁxf foab:mo 5c f or

| oadi_ng freezing to abo 0C. over

hoﬁw@er PIP‘P‘) a}te? ug?nﬁ%&aimmiﬁﬁw cygle @r%du‘“rl%)

I phiiged Qenﬁgﬁﬁﬂtme g%:@fi&fs of R kventidHO UX Preferded ylpBiliagion
at” about -20C for hours; ranping to abpout z%)Cfor

ovHsle Hishdes 2) Feraing tQ Ahouh S0 per about § heursidy) holgingat
NOHEw 4 1 }n‘g ﬂg%ﬁi{%@% b?@mysbouﬁﬁo&y hal tat-hol’@ﬂ{r 30

Vill about - ours;

, z!nnmsmj rmplag)‘mhetwm@bw 25 Coardpbord 40 G InEnes S Shest 4 hours

t‘} e n a it Cafg%r A gﬁ'«%)%bljjo?t g)o (ﬂ())i{ ﬁout)ﬁs)hﬁ{elfrfén@ rgﬂgﬁlg to about
130Koiar Ishoux;ih) )mh@chdg #gbosAidnat abiosrexEd3 Sy iAo ut 40C

gl ) AR B Rl s

5 iduhons] S0unicmasithoenghout phiotaty d':@,ng and 50 mmuhleugtfouammdary
1 har ceu |ca ble
¢ oo o aibehof BT IR B Mepdian g SORGRLIR s for
alsmhrslaﬁ@ tHéh @ix@;ma tb Bo° m@h@ hdsursxr Anathet aebeyt afgma eib&diment is
m crons throu houyt sec dar preferred
o PR e BPUFTod RrepaTpL n% petilishih costhsg aRhfig prétéired
a%hh%@tlon cycle includes i) startmg 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-



10

15

20

25

30

hours. The invention al so enconpasses a pharnaceuti cal
dosage form of bendanusti ne contai ning not nore than
about 0.5%to about 0.9% preferably 0.5% HP1 (area
per cent of bendanusti ne) wherein said dosage form
conprises a vial or 15 other %har maceut i cal |y

abows: rappiag torhost 187C ovenabast h heuy ¥ hpdding gt +1§eC forebent 20

0 | .. - ' i QF:: . .
oS v PR BT PRSI ol el s C o
c ebwys 20 haurs;dnsrampingdmetmntrd £ iChever pldut0.8 hawsiy) hoBlingst about -

ot T SORS, Oy QU 0Ll

out
mbighenfbrabost 15 BEust i) imldisgbtweeanaboeti 257 atdsaboitrif) € darabout

Do hantEit e Bie Y BRUPAEG b Bopy G HRR Bh O oline tabone

i 4oiQufde sboubs hokaslimldading bClboatfi3Q} at bprasgurerbf abowadb peilin a

abput 25.5 / L bout. 30% (.v{Vv) .tertiary-butyl

o PRistrapencpi iefpiab e oo o brer et b po pieeoce
| Vot 130 nﬁbl?nﬂmd. gh&ﬁﬁni&n@fy&irﬁb 5 iry thﬁli/\ﬁh (Il’ﬁicﬁ)i)ne thrafghewti sﬁﬁmﬂary
tq persons of ordinary ski in the art on .t

f iRy 2 Bredered spbadimentstqpil) rampp PBRA OB S Rtor Wbout 15
DRAMENGS Fig. 1 shows the solubility of bendanusti ne at
various tenperatures for two_ different sol utions of

bendaniie nwention alse FRooRIPYsse & RiEPacewiipaliiQsas oA ghs t he
P Yerd el hefinfle ridPimblRlharABBheR395 tdtoRl 0.0RCHORLLA00.5%,

b amustine 1 n various al cohols for 24 hours at 5C
REH(}| (arsa pereenp pEendaraustine) wheeein spiddospes form corpprisehg vial or

b%&%ﬂéﬁ&&&ﬁa&%@ g%; 5ththe Coflaingd, WHAYR sBRHPI ROmT4h@udt o HP1

formation after ours 1n various al cohol/water
C presait preonatituiah 61 a tihe gerowlerteanstitpiion ofispid dosagp form.

for nat i.0 I : ' .

o SH g @l itonf S sl BAIPWSbup ) (ke 306 kg container,
c ybdue 160@mglentdianm, shduh mgdo agpud 2 Fleantamenamdaboutddd vent .
Fiﬁ;}%@ 6, shows a chromat ogram for Ri bonustin(r) using
HPECORENEd No. 1. DETAI LED DESCRI PTION OF THE

| NVENTTRprésinfiaveisien ake ireludes gradydphilized fiaonmanehtatab”
refers.to the preparation_of a drug,...e.qg. e

b esraesitteps fESenimEng, hPhimredprebpiiStompetiion i,

a peEAmRbtiRHMabb@ N5 mghhef @iiolaboat Z88WmB/mIT hbsut 30% (v/v)
"formul ation" can_include the addition of

pleatigrgdutyl plecholpnd ®aleht abl e exci pi ents, diluents, or

carri effese and other embodiments of the invention are described hereinbelow or are

evident 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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As used herein, the term"|yophilized powder" or
"l yophilized preparation” 15 refers to any solid

mat eri al obtai ned by |yophilization, i.e.,
freeze-drying of an aqueous solution. The aqueous
solution may contain a non-aqueous solvent, i.e. a

sol ut i Big. 3 slomsdERIdFofmagUklvunationdfiont hoursyip various
n%ﬂoﬁ‘&i}]vfa?elﬂ%o%&wrﬁn}it(ssé Preferably, a |yophilized

repara nwhich the solid naterial is
obt ai nBig mom dimpe (Khrmila dll) frmaiontafter24deoysds eekiok

a e e non-aqueous sol vents, nore 20
giéf’%fl'@ﬁ?ef}c?'ﬁ@ ?‘fg at qﬁeous sol vent is an al cohol. By
" st abl Bigphahowe £ Wopkitization ojds fok badamusinemsing a IBA/water co-

ph rrraceutl cal conmposition having sufficient
sfYBY ty to have utility as a pharnaceutical product.

Pr ef er gig| § showsSlcARin@itdpna FR REbEnRAI® asAPHPLCirmahdiaso. 1.
sufficient stability to allow storage at a conveni ent

tenperature, preferably between -20C and 40C, nore 25
preferably appyiATRED iDESTRIPTIONOF THE NVENEOONAD! €

period of tinme, the shelf-life of the product

Whi ch A8 s borsin, Siederins SEPraplBtee{om i PIegarean oL e 2.
S b dIRALES, Al folnPQE8Hle FRRMIREREE A ﬂia:&ﬁ@ha‘h%ﬁe& rpreferably

| onger even nore preferably twenty-four nonths

| elgmen. He, "Sorerilavionteapriediudehn ddition of 9ha§mﬁcenbwﬂ1b1§c@ptable
Igﬂgﬁ%m ﬁhﬁerf@%%arﬁér@e or expiration can be that

ere the active ingredient degrades to
a poi nAs &@dﬂleﬂenwﬂ:@@%qd‘ﬂyqphyxzed:mw@d rqulyephibizeditheparation”

L yen st abl a [ aI 0 [
RIS R R LR bR oD MAHRERNY, 18 st QB ool Byeous
s pelatidn. The amgams slution mpyrcohtans ree-ageos sdl:mht hheradotution
Prefer%g a stahl e pharnmaceuti cal & g l;iobis one
WFPBPPSRRSY ASpRARd s POBRE Ao oo el RRlSy FreftR
i B@bﬁlﬁz&l’ﬁrepamt@n is drie i @high k% salid maws4l 1aﬂﬂalhe<85y freek@-dfging
of un-degra €gllrcgctlve referably at | east ,ab ut 90 %
ahe R e R i T e
apreferafi-th @bn-aquiods oBedht ek hleshodf tinme. By "stable
I yoph| [1zed pr eparatjon” is meapt an ophi li zed
pr epar BY ['6#ble phepmarguidss W%%WP%‘PW%@P%P apepputical
?&Rﬁ»ﬁ 'hﬁﬁhg SuffiSiertistbilAY ohat@htilite sk J‘;ﬁfaﬁhibeﬁﬁkfal product.
st ab phar maceuti cal ‘conposition have uti | i ty

aBreferahlnrarpiabla RhogpacewicaLromposijion hes Pﬂi&@at stybilitydopow
t Bdtact B6 &sg,r%ny&t eféﬂﬁ@ eGP b&%&ﬂ-@o"@ s WRCCAbre

structure e ter apeutically effective anount"”
aprefesahdy shonue2i€C toabeut 308G foltvateasoammowf time, e riheshelf-life

bgfﬁ&g Pﬁoﬁ%wéhecfas g %Jﬁﬁl%ﬁ% L{. h&ith §x§%§@ A Ex i B lor

ons 0 bei ng
t tcmgerenhorel prefemblyronn gmrbnlongear eversabieptferably treepy-fumreonths

Wb IR ot e enp ey i enltof ihgls® I Shos PR
t expifation ¢ahn befilt BinbiMi @1 {ifnb &theteshe a&:hwdng@dieﬁt degrades to a point

[ ﬁ%ﬁ},t P,/ Sk rI‘ng Rérpgégg gﬁthe ?)Z'eﬁééfl [ﬁpvrgntgro%t s? %rleap%ialsn"lacg%cal

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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slowi ng to sone extent, preferably stopping) tunor
grow h, and/or, (4) relieving to 15 sone extent (or,
preferably, elimnating) one or nore synptons
associated with the cancer. Therapeutically effective
amount can al so nean preventing the disease from

006 of uni-degrrddad autivayirefadablyhtiteastalyoub 80 P, entl mpepecfetbly thleast

di b d t hi bi t
S one Hher ERBRa PCLEE e SR Ao BRI E et )
Fur t heBy “sthlelyaplilizddgadgayation’f ﬁﬁieamenﬁfmplﬂlmeﬁqﬂeﬂhﬁtibh at

Sg?‘?lg%fuf At eREG s S 5 T e ey g stble

Eﬁ&xﬁ@@éﬁhba@bﬂnyosﬁid‘ne@tnaveutdﬁss@sSapﬁaﬁﬁacbamdppwaddt ne for
e treatnent of non-Hodgkin' s oma capn be. from,

about | B0 GemRsefh SR fhe-26te e FICRERHIS & Ghae fyfetioa

Copseauti ve days. The cycle can be repeated about
every three to four weeks. For the treatnment of

chr oni &he term hberppeutically alieetive amount]' s wedh Bersindelersdo tigh
o gxrﬂa{n%%@ tialcoRd g@«iﬂd veflp %Qﬁ]nﬁgfﬂér%thgtr\mﬂém%vé t@d%ﬁle?eéteﬁ%ﬁ or

can be repeated after about 4 weeks. For the
t mwae ofithe smstm@ﬂ@ﬁmdlsordfrrmg aregied. dgaeference tp¥he treatment of
t
OSEAABISH 2SR UG ok VR 0 4
rrgffmz obl) dalpsing ﬂarstze 1>5the\w1m;cr (ZQ inhibéting, (thahig/ shewipg to 9@3}?3

rt%r Pr% elrr]a% 8?“?@%%2%& 'nﬂe? s1.5‘191 'fg(/ bﬁ@g oEne]ex%nNtﬁ:ﬂ is,

b rslea&tg to aome exteﬂn,qyre['amb}ytstqppmg)mﬁmngubvah and/oka (/D rdliezing t@

30 b th t.hot
o B i e SRR 5 pihP ol SEGhE il e
00aridasy SThtrapadicllw¢ifdotiveeqpadunt ¢anralsofmdah preeyrting t]ﬂxhsﬂase from

every.4 . weeks a secongd-line qof ther for breast
C AR 1p S et B gt isssee Bob s pot et
1%&5&«3'& éﬂﬁb@@nﬂ:ﬂ&ﬁs aftwaise%salwptd@hyle@&tttehmm)o fruithe,

cl e about every weeks. used here

PR o A P h?é’eaa AR gt icPpases thefife expectancy
agf‘é’ﬁa{fﬁht AR Ryith sSteGingl dR6Edar. OTypitfal therg, E&ﬁ@ﬁ%&fc@ﬁveﬁoses

proliferation of cells not subject to the usual
| foribendamagtnedpr e gaptmentof ngg-g@dg}@p & iysaphoma can be from about 60-

S% in(gnl?oé'}{'&sa"s I Sin@R&I3ke oﬂ t%o%ﬂse@xﬁﬂ@gyﬁd The €16 BelrOfbated
m Xture

co-m xture, bl end which inhibits,
e bbovit meare @areerte four tesekso rFor the nentment of Whropisdynphacyiéc leukemia

ﬂg)tlyegﬁd af stih a?aﬁlble g1\f%ﬁ {t“%ggtoég):{og'rﬂ%m on da S 1 and 2 The cycle

rprol SR cell
r eaﬂnmspeatetdcaﬁar ghanit4 wedka.r Foptbewrdatrhent pf)Hodgkm s dlsease (stages 1I-

f er at [ d
R SREBHE Bl b B Sl 00 BV tly° 36 Rl o
gondhys 1fmue;b1e&mﬁm10aag/m2 oaudays ' ind161 vinaistihe t 4tmghe’ on

ARG s bondaEEiRe S0/ 2P OB e B POR i QOesare

agsoul evirg R “@éleswtﬂar BicsR CARES b&ldaRuaihe mzo&ﬁgtré) on days 1 and 8
enl argenent . used herein, the term"vial" angfer

af3P RSy @D G%P@P%M%m@h%xaseﬁg ing/rgy on days 1

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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15 flexible. "Controlling" as used herein neans

putting process controls in place to facilitate

achi evenent of the thing being controlled. For

exanple, in a given case, "controlling" can nean
testing sanples of each lot or a nunber of lots

r abotlt 200-y5Mimg/nandayd lyandDevith regetitioe of tha cyal¢ atai everyot
dgggégants as a release specification; selecting 20
pP5E€&ss conditions, e.g., use of al cohols and/or other

or gani @s asdd\hertirs niedplistie” 1efegs tolay@ppladn, xdidhdnarsabinatnad growth,

or dispersion, so as to assyre. that .the concentration
oﬁuo%c%g\wg&aﬂfrgn%?%ﬂﬁs obapiplterstigy PLeqll gt SESFHGR LS

u ‘I‘iﬁiﬁ_éﬁﬁsaﬂ r'gl\bwl‘ﬂh aRs uRll ?greﬁ?%ﬁ@ie?ﬂlﬁhﬁtc ﬁhig?dht" igl ag{ c&ﬂ@ﬁf tusd, by
setting release specifications for the anmpunt o

d EQiRBeRHipns adt KU CQrEHure; Qf egeiwhl%%blfse%ﬂ?tswﬂm% or
apRGLAYShe AfopsROA bfizCall, product by a regul atory
agency, 25 Such as the U S. Food and Drug

Adrmi ni 4s pesdibereim hapesprefiferationtis teg everrroduglione cellnjp fespense
0 B > "y i 3 &8s &8s! i which the
B o R o B e i i

i selfrravenpeaguce ingespbyse fe & patietaregrovah gactorc Bxgaplengisuch

i i 0 t ai - . i .. .

c oSSR BARES india BiaoBRCA R, 5Bfinis, cndomrriois,
parcen cmbwley degéneBliva disorders yndbenignagrewthidisor dsrsaticigsquostate
si de eff%cts. Exanpl es of pharmaceutically acceptable
cSﬁ%%ﬁ@ﬁ?s are provided in The United States

Phar nade pedefciiSHe, terfitfavial Nasfdrotoainy Feled doatajnet, Nifiether rigid or
aglggﬁ)fd at the United States Pharnmacopeial Conventi on,

h ®h Rockville, Mi. in 1990 and FDA | nactive

| ngr edi'@gttrofBuigtiss 1kS@RerdiA Yeahssmutire prockds doyirolkn flacs.to
Food. and .Drug Admi_ni strat.ion (bat re hereb .

| editps Aottty of dredhion beive Ftegild K0, SRR & yen case
APy BESRY" cdalnidh t@fiAciQsnplis of edcHl6t@n s n@hbaof it wepilarly or
that neet _necessary limts and/or %EfCifiC§ﬁ¥ﬁns t£%¥1
ar@demlys pefiogthe consetiationpt dRETAIANS 85 416 aESRoCIIPHEN B DS
"’ B%Eﬁ%@&ﬂﬁér&?é.g.%@ SlcsHoR EndAs othsLsighifid fivenshiatte pean
a’5 conmposition that is made under conditions such

t pophilization solytiomen dispersionaterasiie atshiitha hecgneeptipon ot

e Inls d i Ltk BioR . COBRIIR: f
pﬁ%%%%u#?%:%lﬂ c?g%tt a Ttgﬂé%glistpi gntgg, ?e. g., V\Aﬁlt%hgrut

| idegradanisdry, seting brldasepesificasionk fon heagnonniof dpgradasgsccan be used
cargi
e e e

i godhied dise 1.6t Foosl and Drig Adthindstinthorsandrsimilay egewcies insathes gountries
sol ution,or dhgpersion as 10 well as a liquid form

r SRERFOPS L 2BACLA i on or infusion after reconstitution

of a | yBehith "ARenadentally atdeptablePas yshbiiersin eeascihit the thing

dosage form' as_used rein neans the ar naceut i cal
i A e MU L S e A
| Bhathaddtitibdl lcompbditatdl @ods Abt caliBASIcpable 1638 ofyptdrmacological

adm ni stration _of one or npre doses ty i cal | y.apout
1 agtivity_og unagcceptable 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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15 5, 1-6, 1-10, or about 1-20 doses. Preferably, a
"phar maceuti cal dosage fornf as used herein neans a

| yophi l'i zed pharmaceutical conposition disclosed

herein in a container and in an anount suitable for
reconstitution and delivery of one or nore doses,

t y);yi theaUJSyF@mimnﬂ Drug Adingstrationd(bothSire Berghylinch@poraed bybwstrrence

h%%l %‘%ﬁl%in a@? }%1?06&4@11 %Qcies of SoTidSs %P%Fﬁggﬁlghts that meet

conpri er sul

p Imacesmye hmlts and/gr sﬁéblmnmptﬂm e cutsiteaif therUSPTNE may also be used.
phar ma |cal dosa orms |tabl | C or
infii sﬁgﬁ eﬁrgep acfeﬂ@fagaoénp tert e ug'a%@eéﬁnslgﬂégllrﬁ%ag%ns or
dicompositicrthatds mﬁtﬁeamdbxe:opdlmsach thetnipisissitablp fanachﬂhiismeion to

585, S0 0 . R ol e D5 BRERRRRIS

S @bétbtabRexEipicHisSHL] witlas limitition) statiRAAS bulking agénts, nﬁfeﬁs
dosage &frmsh uld b sterlle fl ui SélF‘%]rStable under

RS e B A N hegein phagacetitical

| icatbekital ihé18des Bt ¥ AHH 1phiRdERH pféfﬁyéblﬁliﬂaﬁﬁmohﬁfon lok Gispedision as
risin or exa

di spersi on _nedi um conp
mﬁwép liqgi pfemywdss@eweagorg?rye@ﬁlsn aﬁ%ﬁ%ﬁ?ﬁ%"gﬁfﬂﬂpmhmd
O?réplaﬂﬁblg pol yet hyl ene glycols and the |ike, vegetable
'S, nontoxic glyceryl esters, and suitable m xtures
t her eof.* ‘Pirirenapeudioadioragn fosm” psyased herginmesns the pharmaceutical

%ﬁg@éﬁﬁg 'dl":SP%s&l retﬁ'?be%@ grgelllthliglegld an/ Qﬁdlﬁ’l%‘%table for

acteria ant I gal agents, for exanple
p accabstitigjonZ0d a&mmumf@ne ozph@ndbsesswmlbf ahottd 2, 1-3, 1-4, 1-

t I t k
R P30 8 Ak B SOy W R et
atbeteiramenng p hyppkilizedpharmavgutizal ceamp@s1(1¢:Pﬂl)sclos¢d berein in a container

phat maceut i cal . f.qQr pul at i

e o ftoon st o hosion o Bei B St Ginore goses
Wityigicalllip @bgait i1 $22033, 1-4;[5-51 hé,rlalie ot atouel-L6 dosesf Thd]ﬂlaﬁﬁ’dccutlcal
Pr.ef er ny, an exci p| iS ther eu.ialb |n<ah 1 The
{ dprge e om Rt AN B uted e Sitlen e hepmbcP@lobny

V @bdeplaBR cost@inth i The pRArmacdtiadl idbsage frm sultablkion hjgembs,
and, bi nders.  Exci pients can al so be_those substance

pEBEPR Usersaminclyds sigrle agsORsIolgRR P dtheripna or diile powders
i Bgﬂnﬁﬁﬁﬁg & actfé RwHiBPME hdphed! fhﬁhggﬁ%ﬁ&hhﬁbhﬁﬂe&rauon

process. Preferably, excipients are approved fo

Qr
c ohsprle injeptalle oraniisible splyfons prdispergions. diatkgpses, the ulfimate
aQBi4gh frnhbad be bteffte; AHTAR STARSLRIRERS coRMIYRS BE Jn)(nufacrt]ure and

regarded as safe). CGRAS substances are || sted
Fetotrean dheliqud eatripnor yt:hl@lp cagrbe asolveat adiguidstisprisipamgdium

FEGHbASMLAS bl Rhtordnddofa pb61 H a2 dy (ST, prbfiftene giyeol,

exc llqmé polsethyieﬂlajgimolsmmﬂ tlwrlécenmgeﬂablmomsdlomom lgtyeenybésters, and

inc 10, na th |

& PP e TR e proRBich Sf e gf i S 3 Elled i o b

shedmniplhzhaﬂg;yozaﬁmrahﬁmteﬁm anfl antifuagat aguals, forezamsple, Ipatabens,

ampunt of a C ent o t hat reduces

t flofobyiapol,p 388 F%h‘& ngﬁﬂﬁépaﬁ%{ﬁpﬁe to achieve a

speci f Aedsed Ry, tinf teﬁlﬁ@d&(ﬁﬂﬁﬁi" $ndafis thB eutfstanéds ussdtg formulate
;gtgv%% aml:atggutl?:élang'led%ent tb lrn(’;"oS %%actegtlct pg)rmulatmns, ina

preferred embodiment, an excipient does not lower or interfere with the primary
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15 degradant HP 1, a stabilizing concentration of an

organi c solvent is that anobunt which results in an

HP1 concentration (area percent of bendanustine) of

| ess than about 0.5% preferably less than 0.45 %

preferably less than 0.40 % nore preferably |ess

t rthﬂapbu% effectrof the APBf Reefstsbly, beexinioni s tberaw%waélﬁ dnegty dire
& R S4d

e, REpERE Yo 5s LA, Bucad vl SIRARRE, shifily

d rhmgaﬂghgenm,ohmdﬂomdarss Eadupilentz paxgalwdmctMts sdistamﬁswtesan ina

éﬁ)%%agg c 1 rnul;|1t1s’o L g%l%r g_[rgclﬂ ot r}%%d['?é?%wrtré? %liF %ﬁ%cturing
prpeelsed. Hrefemhl?eéxcqﬁeﬂtms afphaved ﬁh@n tonsidébe(l 4o basafefoc burhan

o bl e sttbise R £6, R s pRGpcel B ogtitke AR, Gras

prsabstinby ate ligtedbyt tha Ho@beﬁidﬂ)rég &%mﬁ;tatlcﬂxnﬁ the[Gode efiFedafal

adtpeatatis CERyn 1B 1iimg AT RR o P BeSBERl i vy

be ot tpra@na@e&gﬁ@wma@&, bi&-aéb not BhitetPloChexTios;, menuam
" or gani c solvent"” means an organic material, usually a

| gl ad Hhedike.  of di ssol ving other substances. As

used helsQkds herdif KRN YonSdntidilor1aa Bk ganRbNEIRE or “a
means an anount of solvent that is equal to or bel ow

r stebiliringsencenationf po plophek meavs thaf ereunb phan Rreagic gobyent or
3Q SRRt ‘i‘edu@fs tgﬁ? 1 e&é&éﬁaﬁ&n diPeh @t Aghd BB8hieve a specified

(I'nternationa nces on Harnoni zati on,

| rigyiet 0f degeadantsini thiefinah deigpondurie Sor ereample, Wit fessect (pie

ey 9 D R 5 8 g

Th&uttemmn HRI @asatraigon Cama peretns af bendamustine) dfdesd thag about

553y TR 5 AR 68,

Galnsir0e3 597, nore prefonablplestian/0.816%%, @it @lpénomore preferably less than

|| bl ti
PR SihrSaLt SRR PR e R Ak an
P peotucie s stfaﬁllﬁihé abricetittatibn bf irhﬂ‘gaﬂlqm]ﬂ‘mt is 2t hrooum that results in

benda stine : Thel | robtained,frar

o datrel degradi soResieaos GhIEaS e fffg&@ PSSR LSt g Sboue
t g, @ ﬂ:%ﬁ%eﬁ&ﬁhis%ﬁ) %réféﬁﬁﬁ'l 1éds m ab§LA\GeHE nodd preferably less
bendarrustlne Furt her, iéﬁset |zed5 odugt s of

pianeahoutiSYe and FYSA meTa b eaabésé bt 4-0%- Bofiep eefP?Péﬁf
RipBIH i 9 m¥int the raﬁxaﬁl%tfatslsec%ﬁtdeg@ddnmg JHP 18 folative to the

10 particul ar BPlI, bendanustine di ner

bemgurhes bendamastinglas determingsk £.65 by BPLEeconst i t ut i on,
upon s tI‘B% ?ﬁ “Qﬂcgallilb 901{1%1‘? PREARLE ox_ﬁ%ﬁlc ﬁ:rﬁltérﬁl’“uglﬂﬂl a liguid, capable

reconsti and m xture. e pr esent | nvent| on

f@fdismlvmgobhembstﬁm:ﬁsml ati ons of bendanustine usef ul

for treati Qpl as é’lg ) l.at.i

descri éeg dg% 1éeurg gr%c% GA gt pean %§ glit e 5%’nag agl%ﬂﬁtn‘)f

C @olivernt diat Brequaltid oslieldve mmmamdedddnetm fongharmaceutical products, for

arg{.ellmrﬁ Ir5?|1'eac§ntn|n§:en @tlcﬁ” gt{ié)eliines (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.

(o)
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radi oacti ve therapy. An aspect of the invention is
condi tions and neans for enhancing the stability of
bendanustine prior to and during the |yophilization
process, upon shelf storage or upon reconstitution.

20 Anti-neopl astic agents which may be utilized in
conbi nEe tcum {elehset’ he“at tahamj’l meanits dofg product ag @mi thgmelease

Il%’c lf#ldgu rg?:oi %rb%\(gll %E‘Seélﬁ 5‘3%8"“% )%’8#;05 not her apy

SourceABGekeréllQQ?) Both books are wi dely recognized

and re vai |l abl e .t esklll art h
are | a?lbe P@Vgllf’ %t?ﬁi? HE%}’BT“% aﬁg’aagmée taz’?ea"\?’ét S{)
l ﬁrepﬁemﬁ'bmlbahdaktﬁﬁtme ab particulhr thxleﬁx&lentﬁuﬁiromﬂesd‘mm%onmfor the

F beibon o borgmpaGP Hoby TROHDRYAS B e g ned o sulk

Cﬂﬁiﬁﬁtah&{sélpiﬁore%éﬁly REdnstarn Itmtthecpra@@my Svaildlat lyophitiged

FIERITCACTE, D

aﬂﬁ’%ta%ettétqﬁﬂﬁ‘i‘@ 1616 fHad RiboRfuktixld With Sdspéc Edetthin Ainfrities, in
such as preéedni sone and dexanet hasone, i nmunol ogi cal

aga,rhetﬂar , berdempstine glisaeroand berdanmsting elpisten;rigr fon g
ggﬁsﬁttﬁtUﬁ hlg@ﬁ stu:h%e bfthb %Fﬁ?&te Bf R1IBRARLShKitAHALE

a category of - m sce€l l aneous agents, including
c@thpmmds such as antisense, small interfering RNA,

and t Q?hé Sﬂu %%Ent 1@!/411'?1515‘ ﬁ{r’hﬁ%ﬂfwd&tf&‘?ﬁul%ﬁ ofl?eﬁ@ér?t%ﬁh&useﬁﬂ for

agent rox proteases (MW
i trbdting mmasusﬁseamm T fomudtiohadestribed beteiitriap be mmlstered

ﬁ%ﬁ%orﬁ%orgbm&t?o %%1 :It‘ri‘ nﬂg&ﬁe g{idlﬂ&ﬁai Olpéo? ttc

€ used 1I'n conbination w
ofadtdaetmerﬂmmyl ons consi sts of anti nmet abol | te type

antine Iastl nt | ' o
ant i neDPPLSEH g JéYﬁng‘o?ﬁ)‘/‘o?) %@Pgég%%@hﬂ%k@%&%ﬂ%bﬂw
C 6f enBirhidginOpridita andduring ﬂi@&ﬁhﬂu@ﬁlﬁﬂ mreceps, upon shelf storage or
5-FU-fibringgen, acanthifolic acid, 5

aWPWIEEASE S| e, brequi nar sodi um car nof ur,

O ba- REhigNedpiRiS &A%, wtﬁofpxh@pwmmhed #\cb@Binaton with the

t ar abi ne phosphat e. st ear at e, bi te
|_ qrmylatiposigf th evBYsnéipn inolyde rog}é?g&%%ﬁ.ﬁ[ﬁ@f(?ndexq? PP  16- 17,

VXY St . 9%%&@&6&1&&1 SOﬂéédpdok (Yosst)i Bethibooks
DVDC, dOX|qur|d|ne Wl | conme NA, Merck & Co.

Eace(méely rasognizadiand readily @‘5@119‘?1@ forfhe skilledAEiseBi ne

phOSph @&fahtm lastic agents av: mlablemcommermal use,
uranl dirk uor ouregg f Daii chi Sei

Fm c:tmal mbpn@pgad myr&@imczl dv@elonmmtywh_mh q@l@bhqseYeEteﬂ ifgr

Bt pey T RSO I EhARUAEHS" Rup RUnEG s pees

NEilL mﬁ@e\wﬁmormaeysﬁsmﬁaﬁyz anﬁmtwéypd_mme,rqovﬂﬂLtDNA-

D8 5 RO 30 U 0k

Eﬁé)m&oné'bfd dmmhfmmmblpgmﬂuagmtsk interfaron-type agents,
i ein ki se i nhibi,tors

I-rgqj}f;géntggtﬂlp@sgaatgé—r? ﬂ%l%/ i}f?l ne 01 S, pro-apoptotic agerrl]ts and a category of

miscellaneous agents, including compounds such as antisense, small interfering RNA,

I-

and the like. Alternatively, other anti-neoplastic agents, such as metallomatrix
proteases (MMP) inhibitors, SOD mimics or alpha, beta; inhibitors may be used.
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A second fam |y of antineoplastic agents which may be
used in conbination wth the conpounds of the

i nvention consists of coval ent DNA-bi ndi ng agents .
Sui t abl e al kyl ati ng-type antineopl asti c agents naybe
selected fromthe group consisting of Shionogi 254-S,
al do- phosfamdlyiofl entimaed] axtjo egentsalticlemaynbenased anaxibimtion wb

5@% Ehrlg 5%1:1&“@@‘ Ql%e r‘p}g%% céRcbq%izs { ff antiy fiie t bogltélgt%e’ an%‘{go%ﬂs{iggg%nts.

ChuitubicaniimiStabélite aineeplaslc agdntsan@mwelebtpd fromph@gmup

nsabne sl A AR R T esn i <1

DAQﬂB(thia)zé’lc &g@ﬂgﬁydcﬁm,rdam?m Qtba-GHigy GGP30694, cyclopentyl
cytostatic, Erba distamycin derjvatiyves,
CRYkosine; g¥farapipe P@ghat%ﬁf%@?ncﬁ@rab% CEPJB%nEﬁﬁ%@%Mml

eﬁb{v@:ﬁlb@@ | 32 ghh RS BRteSk 7@ idb&ygandkihé) Qidokd TV sdtomi
Chi n0| n GYKI -1 hepsul fam | fosf an de,
 BRE slor s N elogic HEY bvsiok GeCo. TP irambine,

LS8 i U i 1

PDoiichi SeTAuED]5% isapronukiiverelizine Bkt Yl 85014, A& Y-AeAGLS,
sé@gl ﬁ&x%%piﬁ% ﬁ%‘l@iﬂe&atmél%m'gws 26s é'ﬁrﬁ}{ﬁﬁé 1 NEeNEPe 16,

, taurosztl ne term om e
¢ HC&‘JNSC@?@SSQ, N AIACI39661 ANGL NSC16805670 Wamenbambert PARA) y

?)Pgm Hg“e%ﬁﬁ&&' FicRs &BSAé’a\ﬁi 61%&%\{ SE%(‘:' a”rAC 788,

conpoun T oged here
cﬂmguanﬁe tibzcdint, [Bitetriont Tmpmnmutexateaxrbm kigasg génhl@rs,

i tabl e antibi o PR L neo i cC agents may be
Shrestpei PP ek R AR o O Tai ho
4 1 8 1- AA séohd fmﬁilycnf raunmplmmmgmtmwﬁich nag b needliapenignation

0si ne, DR- 456 rivative,
Amt qualpm% ghip ﬂnve%lqnﬁaﬂ%%%%‘iw eﬁrﬁé E’b’ﬁ‘e NS -
glsmﬁabla/&b ky]ldhngayﬁe'B uhﬂﬁabpl Ni/alsﬂi@geﬂétf mgggey&ledﬁedﬁﬁom the group
i suca erln ri sto ers [ ers.
BWSlzs%frf hegmogi Z5¢ %@P@hm% é‘f“&?arwl\%ﬁg one,
g&ﬁﬂmﬁhbﬁi BBRY67, DesdtPiiuddi/ Eﬁchutaae I Whl@ina@é/@ASIOZ
BIW 28438, bl eonycin suI fat enwg%/ost atin-1, Taiho

CearbnpRating earmy ﬁthEi’ﬁ@P?l Sispefin,

1
Sanahhe et %%*m%@%k%“mm oy Fitko
lﬁ@@lsa Ddi9t?18|4,s&mubmm Mgmgﬂm&@@hempumne d1platmum

Fgﬁ Ellbg dlsg%{ﬁfnt%h%t e§ dﬁggﬁ Wﬂ&Z&Qhﬁﬁﬂ EO@ eﬁnustme

I'tin, esperam ci n-
eEﬂwnmrm mzmm esﬁamstmnphcrs@&at@s_@mn fﬂqmustmﬁaUmmﬁQibﬁ-M

];] QY ’-l’éﬁlﬂ{% F@fc%?agrg&%ﬁ: Igéllhtﬂp ?ﬁﬁ:&s %mafosfamxde

i mhmmm,mmmmpmmmm-mommusow BRGNS C-342215,

KM 5539, Ki.r]j KRN- 860 Hakkq. KT-

R RoRere G e R 5 R € 5 i, e,
(x?nmﬂe $1tglc§l4@ 1?747,, Ybbill HorSki 8- QNEspﬁGﬁﬁstmeﬁ’Dﬁghﬁ $diyakn TA-
mitonycin mto

Smi t hK| i TJA
n&te F@&mlﬁmﬂlt%?ﬂﬁ’i@é Eetrﬁ]gﬂ@ngf?mp ‘%’me%mc’l

Another family of antineoplastic agents whlch 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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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, vincristine), CVPP (cyclophosphamide, vinblastine,
procarbazine, prednisolone), COP (cyclophosphamide, vincristine, prednisolone),
CHOP (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 || DrugsUsed || Discase
Doxorubicin &

1AC Cyclophosphamide Breast cancer

;lCFM (CF, FNC) "Cyclophosphamide, ]Breast cancer
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| H DAC Cyt arabi ne AML (post- em ssion) Doxorubicin,
Bl eonyci n, ABVD Vi nbl asti ne, Dacarbazi ne Hodgkin's
Chl oranbuci |, Vinblastine, ChlVPP Procarbazine,
Predni sone Hodgkin's Etoposide, Vinblastine, EVA
Doxor ubi ci n Hodgkin's Mechlorethanmine, OPP
VWncristine, Procar ;qgérgﬁami—lggﬁkmﬂmge redni sone
chl oret ham ne, V|ncri stl ne, Procar azi ne, OPP/ ABV
. i ) UI T, rluugt\l s Euuybl TT]
| asti ne MOPP/ A F ’ham %;(I n's 22
ubicin, Vinblal F‘h%tfexa ?Fﬁ%ﬁaﬂ TReeais e
Predni sone Cvcl opho loxantrgne
M ncri stine, Non- HofigkexangonePFladroimoih
phospham de, encoviosihi ne, Met hoﬁBexsucmce(:O\/l_A
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g@%e%él'bpx'@ﬁy Oy U b i PN | 00gKi NBreadtcARBS! 0€,
o1 T OT1Cs LA P ARLY uullle
Non- Hodgki n's  Met hjp{irRisting, D Xé’&%’éﬁ}‘brm Doxor ubi ci n
C y hosphani de Thiotepa, Fluoxymesterone |[Breast cancer
Etoposide, Mitoxantrone,
EMA-86 Ctyarabine AML (induction)
Cytarabine WITH
Daunorubicin OR
7+3 Idarobicin OR AML (induction)
Mitoxantrone
Cytarabine WITH
Daunorubicin OR . .
5+2 Mitoxantrone AML (induction)
. Cytarabine AML (post-
HIDAC remission)
Doxorubicin, Bleomycin,
ABVD Vinblastine, Dacarbazine (|Hodgkin's
Chlorambucil, Vinblastine,
IChIVPP Procarbazine, Prednisone  ||[Hodgkin's
Etoposide, Vinblastine,
EVA Doxorubicin Hodgkin's
Mechlorethamine,
Vincristine, Procarbazine, .y
MOPP Prednisone Hodgkin's
Mechlorethamine,
Vincristine, Procarbazine,
MOPP/ABYV Hybrid Prednisone, Doxorubicin, |[Hodgkin's
Bleomycin, Vinblastine
{MOPP/ABVD Mechlorethamine, [Hodgkin's
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Cycl ophospham de,
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Pr edni sone,
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ci n, Doxorubi cin,

m BACOD Vi ncri sti ne,
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Non- Hodgki n' s
Met hot r exat e,
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M toxantrone, Et opofpsiardiitin, Naalgsstife,s | M t oxant r one,
M nbl astine, Predni 3me&nybit)Bidpskiiée Non- Hodgki ns
Pr oMACE/ cyt aBOM r edp s@fa®ne DoXor ubi ci f), Non- Hodgki n'
-3 Cycl ophospham d¢, Etoposide, Cytdrabine,
COoOTTy T T, VT TTCT TS T v TTOCST B OaCcoOvuUl 111,
Septra Vincristine, ]L‘%h?f}%ﬁphﬂgfle’ '&ﬂ%l dphosphani de, R
NO®@l an, Predni so m 15 &106H Nei-Bbagias
%Eidnisone ultiple 8? C MPr o vﬂ;ncristine,
orubicin_ VAD Dekanethasone Miltip Melomg |

ncristine, Carnus
MCP Predni sone As
Lati on of bend
enoval of an organ
pi cal exanpl e of

f

-

Vieaistindg dMetigrerate,,
givausdviorie, Cytaralsihe ev
c sol vent
he

i n wat er.

Cyctophodphphide,an, M|l tipl e Myel oma

a lyophilized
Non-Hofiglants ng
The nost

DHAP

Dexamethasone, Cisplatin,
Cytarabine

Non-Hodgkin's

ESHAP

Etoposide,
Methylprednisilone,
Cisplatin, Cytarabine

Non-Hodgkin's

MACOP-B

Methotrexate, Leucovorin,
Doxorubicin,
Cyclophosphamide,
Vincristine, Prednisone,
Bleomycin, Septra,
Ketoconazole

[Non-Hodgkin's

m-BACOD

Methotrexate, Leucovorin,
Bleomycin, Doxorubicin,
Cyclophosphamide,
Vincristine,
Dexamethasone

Non-Hodgkin's

MINE-ESHAP

Mesna, Ifosfamide,
Mitoxantrone, Etoposide

Non-Hodgkin's

INOVP

Mitoxantrone, Vinblastine,
Prednisone, Vincristine

Non-Hodgkin's

[ProMACE/cytaBOM

|[Prednisone, Doxorubicin,

Non-Hodgkin's

23



10

15

sol vent used to prepare this fornulation is tertiary
butanol (TBA). Other organic 5 solvents can be used
i ncl udi ng et hanol, n-propanol, n-butanol, isoproponal,
ethyl acetate, dinethyl carbonate, acetonitrile,
di chl or.onet hane ..rr,eth I, ethyl ketone. nethyl ..isobut.
ks et ate, nethanoll,
d i de,
aﬂwimt\am@isnnejl t hyl sul fone,
DéhbigexatthbEarowrimc gdi ng sol vent s
Sdpbey or i n conbingtion. 10 Usef fil
t abI e sol utions wi(th bendanusti ng
activate the
r1Te Selcetiled
orm cdmmercially
concentratio

%mlélr’u in \Y
frtionally, the s ?lans BIPEoPe u%@%ﬁ@%ﬁl%ﬁng
noved easily frofn an aqueous di sperjsi on or sol utipn
f_the dr&g__r_)r oduct throuah 15 il \/nr\hi Lizatiaon
_vacuum dryi ng. PiMelphalisl, Predaisenst ut ifon havi ng a
Rentration of -24 about 2-80 ny/ miMubipdd Myelbing
about 5 to 40 ng/nL| nore preferably %20 ng/nL and

eVen mor e pr ef er abl fs‘bﬂe-ﬁoxgﬂfb% bgndanustine 1s
’l . .

sed. A pharnmaceuti &ept ab
YeApi ent can be di in the aqubbiiiplpMxyelema

Tts usef ul

i lventi-on—inelud . et

ét assi um phosphat e|Viarmisting, Gagpesting.ar far i ¢ aci d,
elatin, glycine, Glpb%%ohydr ates guch as | actose

for the pr esent

& , mal tose, yedaphespharaider ose, | Agagie BYeloma
ehalégse and het as zP@hSOHManm tol isja pr eflzl?r ed

XCi pi ent. Other exgipients that may {be used if
sired include antijoxi dants, such asJl without
ITmTtation, ascorbrc acid, acetylcysteline, cystelne,
sodi um hydrogen sul fite, butyl-hydroxyanisole, butyl

10 hy dAQHb‘sfcﬁi)é&SJé@e@ fa l?dplhﬂi%ed REARASOOL b@ﬁ@tx@fs@ne i®hchieved
chel ators. pi cal fornulation and |yophjlizati.on

ﬁdloaf%r@mrv anyerganie solvet i water; Hbe mostiymiga! exarln of B
| SoIREM Vikddad p&slnewus kraRiiibd é@érhﬁ{i bﬁ@ﬂoﬂ@s ﬁrﬂ)ﬁl&dorgﬁﬁc

usi ng standard equi prent as used I'yophi | i zat I on

ofolyerdseambeugidripeludingethgnol. a-nregasel, véauraeeil sgerpRngl. gl
IQ%@? %I I %ﬁ 'c%%g %e ApGodi é lgichio ?&ﬂé{ﬁﬁq héh lteﬁgfl ketone, methyl

n ‘accor ance W t o] cal
e isobatyhiestanepdcetohe; gpentanol maﬂlvleﬁmat@nme@nn@maémn detrachloride,

d&étﬁﬁ?&é&u&eaﬁéx ugfgzllclé{on hb;&aﬁ etﬂg% Flﬁ.fot’lé avdtic acid,

f or mu ar naceu | ca
c oygichenarien g‘hvmezdedm'g" belvend mby orused mgmptally at m)combmatlon.

£ st Bl Sl Ry ol SRR B Gl Shd B0

| appredifitly dégradelor deattivate {Hs IARS. try@mmﬂﬂutyafbmdammina imthe s

S B B e o s BB Dot LS Pt of

81 A8 MmQBIvehts AdARibnSINE the sdentsB&ild bé aa@albw Gﬂb‘émg ZRbvah

owler is stable as a |yophil|lized powder  for
P easily from an aqueous dispersion )c/)r spolutlon of the%rug product, e.g., through

C}-l

lyophilization or vacuum drying. Preferably, a solution having a concentration of

-24-



about six nonths to greater than about 2 years,
preferably greater than about 3 years at about 5Cto
about 25 C and can be readily reconstituted with
Sterile Water for Injection, or other suitable

carrier, to provide liquid formul ations of
besheahar§e meanL, mfsrablwamw 5tof0 gy, more praferablisi-2Qigbnl and

e.

ik itfe BERSRLPIZD 17 el bl LR P00 ot on,
i.e., th phqatmatm'awmac@atable tyopidigition excipiest qan bé disslbrted ‘nathe
S o J)u% IEwhas-gh Bx 1 'SIFJy é/ff) egct,}l i al :ﬁg?or flia;le’lrtes&%{] 1ﬁxv%{1tlon include,

ersron nornai |rs

5p hwﬁlmxthmitatnm:l, $odivme mqmaaklhm phasph:ae reétric baid, tdrjaria delid)geiaim,

10

15

20

25

30

XS Bhd YRS FRR A lafiose, Ritst ealiost ebEAER Attt

Vv Od e YRy, trehalésglah@ hdtastREH) QVIRinktoks a gefonetd Ieﬂgplaﬁt Ot Bkdipients

S cihoRR e AP e s Rucas, o Ry scorsc
bed%ﬁﬁ%bﬁﬂd:ﬁtéldd@ysfeﬁle Joaﬁndg&dgeﬂsm@teqswﬁrh@mo@yamoldﬂbutyl-

m xing, 5) adding water to achieve the final vol une,
_ hydegytofiene orAlplagosapberelaceietectt chelatgifout 1C to about

30C,  prefypicalbim AR and® fyophifthdiBR Bt dsBfil B 26616 with the

steps are shown in a certain order, it is understood
t HRaescRfaventiey isipeyided belqw. dyephilizetiomennde camsied gpigising standard

| NG hiEAes 306k B 5iEiuRSn BovaPRANBing ARLYAL ity bE ARl

n a wel asi s al so
P rd@pmimmppn theteneipmens|and fagilitios usgd ﬁpéhesﬁlbfﬁmelan be
sterili I j
Gener alf SooRn it b AR 1R e j2ESA! i b, U alrous
t rolygbhitization 3¢tutidnceralispensioh ésfirstf fotmudated #ula phaymhaseutically

Sl b L8 AR BEHP G LA deAAIARD ol

persion Can
nEbimanisr Kiledinto am @pﬂpaatb sized gal, partialyistipperad aﬂd)lohd%dmkto the

after .sterilizatio t he,sol.u n. of di.sper.si on
C Sdbbifier s FommiARe BimideS s pfin e SIRREGE, O
s erdphillﬂéﬂ it La nhﬁstlhre t:m?i:u (ﬁﬁﬁg ramxtgé) oﬂabﬁﬁtﬁr 1 totgalboﬁm@pettdﬁgls
vesse erre sui t,a nt a
oEceya %Féu fing fxﬂfﬁe AR YIS ST a}¥gphgized powder * for
efab&ift kix\tdnths 1§ @fbﬁiei‘ théﬁ Qbouk@ 5*@41';4, }Sre‘féi‘ﬁalfl Qfeﬂ‘ﬂéf ﬁﬁm ﬂfbut $ years at
ef fectivel ficient philized

c 8P Sifetos )épw Q\%Péﬁd F‘FPebedP%S’g‘M é%cop%mtt?ﬁ with ﬁﬁﬂi@e‘%\’éfar forg
S G Botidf, orWted QLHfabie cHirfeRld ﬁ’t‘awdé‘ hb{lhé fornfRutidRSebeRRithustine,

herein and as known in the art. typi cal procedure

f switaylecfos intersad pminisiration o sa.ebymaéanr% prtigqtiona Fergntravenous
S '- ' io t er,
2 Al iR e oA Aa ForBliod 2% oo I

rm@thpﬂscimmmmsef@r@blyhsolphmedure or process may be made

depen d'h‘fﬂ%; ? "1‘% }#ﬁﬂatﬁcﬂl n 88 disgRtion Mkmbity gi?% frPlatddn a

pre-1yop Ion so |on or- dispersion
I phmmataunedllycncepmblea@ntameebu 1) adifitig aml exyipient) sughras thaotitol

| fabgutad: % d I it 58 m&mﬂ? %I%)tulng b walﬁerrtbbout 8&2 St (oA VDR 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 HCl to

the desired concentration with mixing, 5) adding water to achieve the final volume,

5.



10

15

20

25

30

tenperatures and then subjected to tenperatures well
bel ow t he product's freezing point, generally for
several hours. Preferably, the tenperature will be at
or bel ow about -40C for at |east 2 hours. After
freezing is conplete, the chanber and the 25 condenser
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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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closure is typically a stopper, nost typically a

sterile rubber stopper, preferably a bronobutyl rubber

stopper, which affords a hernetic seal. 25 After

| yophi lization, the bendanustine |yophilization powder
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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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propanol was found to be better than iso-propanol in
preventing precipitation in this system The two

al cohols with the greatest effect on solubility were
n- propanol and 25 tertiary-butanol. Table 1.
Bendanustine solubility over a 24 hour period in

var i ouEhellyepiilifed fovmutationsnidhp niesentgayvenfien may peteconstintads
C&mgvra%r?p‘%cféﬁw terlYE WHRR P Iﬁ'%éﬁ&m mtﬂcgfe file A Yokh &ER-

recipltat recipitate = 5% CCS Preci pitate
Pealeénts, taprevidd @94ppEHri@esolghs: Gﬁt@ndqmttsmeefor abpinsr8ioncs

S St B DS by o

Pa@nixpird; exngaifrcfor gianmieenoma%aﬁms CCS CCS Precipitate
-28 20g gqu?%gCCSCCS 30% CCS CCS CCS CCS
nProp‘n vy /) 5% CCS CCS CCS Precipitate 10% CCS
CCs cc&mmasa%m&mﬁ@snm& (B@ﬂarrﬁﬁ%e@(ﬁvﬁéﬂataﬁ?@ aCwith

83505k of St SR A B3 A B s

39“?%5 ke, $itSol mﬁ%%u;ﬁﬁloﬂolﬁ%&ﬁa%rﬁi%d by
| ﬁ’ﬁwénszeq“aye%s gt of St Cn i s S, ComRRe T gEpamitol 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 CC8 Precipitate Precipitate
10% CCS CCs 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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CCS CCS Precipitate

CCS CCS CCS stands for cle

ar

(v/v) 5% CCS CCS CCS Precipitate
20% CCS CCS CCS CCs
col orl ess sol ution

10% CCS

30% CCS CCS

Experinments to quantitatively determine the solubility

of bendanustine at _varjous tenperatures for three
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Wt syater endamégt i ne [regui res| dagophi | | gagli@e in
ordenoek o make a prigggct suidagbl e f lofcs 29 Precipitate
phafmeseuti cal use.CCloweve na€sct urifng
of || J,Eﬁ).n.s_aje

conm)nCQSBtwdémclﬁ@rcolﬁﬂdwsom}on pr| or to I yoph| l'i zati on.

Thus, the use of aqueous solutions during the
corrpoug e%‘gaeﬁﬂq%%ﬁ%u 1taF{rfﬁg Saéxﬁﬁmf sﬁﬁﬁ%@%ﬁé dafnustfHa Gt
ot her ro en an res on o

t kariglss m:gnmram'as:for thveeChifferenfselntibns, ard s’mmnmﬁzertm lhgure 1 and

wdenied 1 et 86 P P4 Y 8 bstiaP o

anust i ne
€ €X] =rgn it was
1 ONS CO %

f baved oh brabilivysihdiesatdsulty desunped bdlow). -For both solutions tested, the
solubility of bendamustine decreased linearly with temperatures from 25°C to 0°C.
This experiment confirmed the data shown in Table 1 and highlights the difference 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, q.s. to desired
volume

20 mg/mL

18 mg/mL

27 mg/mlL

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
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finish tinmes, provide |yophilate powders that could be
reconstituted nore quickly than the current
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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).

HO™™
J/Nj::j:%%ﬂ\:}~0H
cl N
Monohydroxy bendamustine (HP1)

Formula I

Table 3. Stability of bendamustine in water

Hold Time Purity (%Area) HP1 (%) Dimer (%)
0% Alcohol, i.e.,, | 0hours 99,11 - 0.60 0.11
Water Alone 3 hours 98.83 0.86 0.13

6 hours 08.44 1.22 0.17

24 hours 95.67 3.81 0.29

The other major degradant observed during this study and other long term
stability studies was the dimer of bendamustine.
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5 O her degradants contained in the Ri bonustin

| yophi l'i zed product are bendanustine ethyl ester
(BMLEE) (Formula 1V) and BM DCE (Formula V). BMLEE is
formed when bendanustine reacts with ethyl alcohol. C
000CH2CH3 CI*~N 1 N N 10 Bendanustine ethyl ester
(BMLEE) Formula IVH N~ NHO'H N ~OH i BMDCE 15
Formula V FlgU@/\Q sunmmari zes t iNg y r sults of an

HPLC anal ysigo-afkt tubatng &N
vari ous al cohol s %EZEE@*ﬁQu}§ at 5C. sults are
presented as the areapercent of the total peak area.

The numerical val ug r ovided in 20
Tabl es 3-9. The pur??%ﬁ&ggé%#gﬁeshﬁﬂﬁngglutlons
cont ai ni ng hi gher concent Famidallbf al cohol s,

regardl ess of the alcohol. O the al cohols eval uated,
bendanusti ne degraded the least in a solution

cont ai Oitheg degradants 368tifred in)theTIB’AomustindmplnﬂiZm%Odm argbout

oot ouPl e RBF O A ey PR Robffe V], mame

3@ofruédyvhenrbehddnmrstihe neantymiﬂeethyleashwhbled in a biphasic
system due to the 25 insolubility of n-butanol in

wat er at these concentrations. -31 Figures 3 and 4
show t he anmount of d&gradati on of bendanusti ne as
measured by HP 1 a di mer formation quantified by
HPLC (as descri bed he eln) BPI andCo@etLCHs formation
I ncreased as thg zgggorgioncentratlon
decreased regar {ess ohol. This increase in
i mpurities occurred MAth nt|C|pated time 5
dependence (see Tabl es 3- 9) Tert but anol and

n- but anol appear edB&idamuitiae ethglesten@M1ER)COhol s in
preventing degradation of th % duct. As seen in
Tabl e 10, mannitol had on the stabilization

‘of bendanustine with TBA Table 4. HPLC stability

results for the stability of bendanustine in various
et hyl al cohol concentllati ons over a 24 hour peri od.

HP1 and Di mer mere|Jﬁ“${f§f§§lﬁ§_d§L6ﬁased in

Ci

BMI1DCE
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.
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10 this study. V/V al cohol Hold Tinme Puri %\rea HPI M
Dieter 1.9% Ethanol O hours 99.11 0.64 0.12 3 hours
98.83 0.90 0.14 6 hours 98.60 1.12 0.15 24 hours
96.16 3.41 0.27 5% Et hanol O hours 99.31 0.44 0.12 3
hours 99.10 0.64 0.13 6 hours 98.87 0.86 0.14 24

hour s Biguge3 andgsiwwibe apogrtefdagmdationefperdagysting ag npgsured
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OfereRdéhce Ge®Tdlles 329). Torirtmta@ sl 8dd nthutkolappeardcbduberids to other

ettt R et tiiibpion e GRS o 3D, Rl had
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99. 1B 1 houir s 9§8304 11 64090 19 0.14

| 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 (%)
alcobol (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 houts 99.42 0.34 - 0,12
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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) HPI1 (%) Dimer (%)
alcohol (v/v)
5% Iso-propanol | 0 hours 99.21 048 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% Iso- 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 Q.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 Q.59 0.12
6 hours 98.86 0.80 0.12
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st udy Cancent 2dhonsn Hol d 98phe P

12
24 h%k@ E}%L%ﬁabé“!s@%s fon bepdapusiine

5% | so-propanol O 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% Lso- O 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% 1so- 0 hours 99.49 0.21 0.11

proganol 3 houl24®as39 |0 3P765 12 |6 Aé&hrs |

0. 13 202Mefhggk s | 9bovs1 1./04 %%67 30p6 | 32 0| hou -%1 99./56

0.1 0.10 prop%ﬂ%‘lfs 3 Hour
99.40 0.24 0. 115,24 holrs
HPL G 35% 83ahdol V| 6 Bkl TS [T OT gbggdan
met Hyl al cohol |eraaent rlati ong ove
HPl jand Di ener | ébawue i nguri t9P&%-th

Di ener (% al cohol v/v 5% Met hanol O hours 9935 0. 40
3 hours 98.97 0.70 0.14 6 hours 98,66 Q.95 0.14

W 'fllgo ]g;oa g

0. 340V 42 imer wage iipyraties that ncreased duthis study. o )
0. 14 ‘ﬁ%ﬁ eh nH?‘%T’g'? i %“‘EY %@’@ 1
hourfas pA—O—4-4T—l1 rs
08. 497 E8 0. 1675 hoyr s §§943 i . ol
0 hqurs 99.59 Dgidars0. 1( 98.76 0.91 0.14
24 hours 97.46 2.20 0.21
10% Butanol 0 hours 99.44 0.30 0.1
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. Soluhons were vortexed prior fo 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 howrs @ 5°C 98.80 1.21

NOTE: The samples analyzed without mannitol 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.

D. Lyophilization Cycle Development
Different pre-lyophilization formulations were prepared at various

concentrations of bendamustine, mannitol, and alcohols in water. The cycle
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3 hours 99.43 0.27 0.11 6 hours 99.25 0.34 0.11 24
hours 98.65 0.76 0.13 Table 9. HPLC stability results
for bendanustine in various n-butyl al cohol
concentrations over a 24 hour period. HPl and D eter
were inmpurities that increased in this stud .
Cotevelnpment ivesichdoged and optiRized atyeaghoftepSprtigezivRI(fagtns. fhowikr

oG8 o e Y el e Bt g e drt

hdwigrein.97. 46 2. 20 0. 21 109But anol GChours 99.44 0. 30

0.11 3,.h 18 0.49 0. 12 .6.h .
24 houegueta A7 ofe pirhhaint ifta dodVenSobiio] iy afa
0.63& ¥ IjldphiliRativaypefedSd fimalaBdnsinclide the fotlowing99. 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 . 1 24 hours 74 0.12 5 a- Both
sol uti gnrég%%éqlz | ayers/ phacgg%gg?@i quids in the vial.
Sol ut i Besdagawsine ort exed pAPE 20 MEARBl e  preparati on.
The redmnbiioli N Tabl es 1- 9abdutloGehg/mhat the stability
of ben%&&g{i ne HC with alfo%?ﬁ@%t#d%j JR | and dieter

i mproveésS Wth increasing alcoho conger?trati on. 10
Tabl e ¥eterHps.do st abi | ity Aesiggd veumgr pendanustine in
TBA W igheitcthyhlbdiolls saBstad froth methebl, A-propatisl o i0fdpanbl

51e Puri %rea HP1 % TBA 20% (v/v) with Mannitol O
hours 99.59 0.17 24 hours 5C 99.35 1.27

Ingredients Concentration

Bendamustine about 5-20 mg/mL

Mannitol 10-30 mg/mL

Alcohol 1-20% (v/v)

Water, q.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, g.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 12-17 mg/mL
Mannitol about 20-30 mg/mL
Alcohol about 5-15% (v/v)
Water, g.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 15 mg/mL
Mannitol about 25.5 mg/mL
Alcohol about 10% (v/v)
Water, g.s. to desired volume

-35-



10

15

20

25

30

35

TBA 20% (v/v) w thout Mannitol O hours 100.0 0.00 24
hours 5C 98.80 1.21 NOTE: The sanpl es anal yzed w t hout
manni tol were anal yzed by HPLC using a nornmal phase
met hod whil e the sanples analyzed with mannitol used a
reverse phase HPLC nethod. Slight 15 variability may
be seen in other sanples anal yzed between the two
nmet hods. D. Lyophilizatio cl e. Devel opnent Different
pre- | yg‘tﬂﬁ?q“?"'i%ti on formul g?ﬁg%ﬂgﬁ‘%re prepared at
var i ouBendzomsiinetHGlt i ons ofbdpe2ddmginl.ne, mannitol, and
al cohomﬂéolv\ater. The cygldato0-s8mefigl el opment was

an

change optim zed at eac p freezing (fast
nol i pary dryi né’%g%?%g(ﬂe‘{‘fg rature and

vs. sl
pr essuiter, @ndo secondary desirtedigolemme descri bed herein.
Based upon all of the infornmation detail ed above on

solubility, stability, an 5 ease of |yophilization,
pr ef er &’%gdf%‘ﬁml ations i ngP‘EFGBt“iq‘?B f ol | owi ng:
| ngr edBemtasmu@inedECit r at i onaboBeh@@mgénl.ne about 2- 40

mg/ L I\,gég%mltol about  0- 50,4¥B{dlbo hg/ei, cohol about
0.5% 40% (v/v) Water, q.s. tﬁég?{sh’r%d vol une wherein
the al SBWB is sel ected faoME P AAHEDY, n-propanol, or
i sopr ofutea) g.s.kogr edi ent s @sivekvdlwme i on 15 Bendanusti ne
about 5-20 ng/nL Mannitol 10-30 ng/nL Al cohol 1-20%
(vliv) _Water, q.s. to desired vo] une wherein the
al cohoMerediesls ect ed from HEIRAFBIOD - propanol , or
i sopr oBamdamuste HCIgr edi enstwuCttemigmal i on
Bendan#ﬁgjn-gog about 5-20 ”9&0511—20-%@&]9' 10- 30 ng/ nm

o -

Al coh % (v/v) 25 Water, q.sS. 1o desired vol unme
| ngr edPBHEY Concent r at | onabout 1-10% A

Water, g.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 15 mg/mL
Mannitol about 25.5 mg/mL
Butanol about 10% (v/v)
Water, g.s. to desired volume
Ingredients Concentration
Bendamustine HCl1 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 HCI1 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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Bendamusti ne HO about 12-17
20-30 ng/ nL 30 Al cohol

to desired vol une

about 5-15% (v/v)
I ngredi ents Concentration

ng/ ML Manni tol about
Water, (.s.

Bendanustine HO about 15 ng/ni 35 Mannitol about 25.5

mg/ mL Al cohol about 10% (v/v) :
vol uneseﬁ’aémha%ﬁh ent s Oom&w‘-s%
ng/ m. Mannito

agm@é% (vl V)

about 2-
about

Water, g.s. to desired
Bendanusti ne HC

0 nmg/ L 5 But anol
V\&te tqoogdr’“?/@jﬁ?(des,i red vol une

| ngr edTemarybﬁtandent rat i oreboBEREHslviie HO about 5- 20

mg/ L Njd ol about 18«30 yoind- Butanol about
1-10 % (v/V) \ater,

to desired vol une

I ngr edi ents Concentration 15 Bendanusti ne HCl about

12- 17 hmgtedientsManni t ol
1- 1O%dﬁéﬂd\£x)nust1\ﬁ§tl-ﬁfl' g.s. a{bgutdf%fn
ents_Concentratio

Mgaitol t ol  about 25.
t 0o desaboatPOv¥l Bife'vR5 | ngredi ents

4o Bendanust i e ddGhrakout 2-50 nmg/ nl

I ngredi
ng/ nL MeBH
(v/v) Téfmrylbutaqols
Conce

n

abol¢nc@@ragon ng/ n.  But anol about

olume 20
rru t| ne HCl about 15
m gt‘}tanol about 10%

opt

Manni t ol ab ut 0-50 ng/ L

Ingredients
Bendamustine HC1
Mannitol

Tertiary butanol
Water, q.s. to

Ingredients
Bendamustine HCI
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HCI
Mannitol

Ethanol

Water, g.s. to

Ingredients
Bendamustine HC1
Mannitol

Tertiary butanol
Water, g.s. to

EXAMPLES

Concentration
about 5-20 mg/mL
about 10-30 mg/mL
about 5-80 % (v/v)
desired volume

Concentration
about 12-17 mg/mL
about 20-30 mg/mL
about 10-50 % (v/v)
desired volume

Concentration

about 12.5-15 mg/mL
about 0-30 mg/mL
about 20-30 % (v/v)
desired volume

Concentration
about 15 mg/mL
about 25.5 mg/mL
about 30 % (v/v)
desired volume

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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Tertiary butanol about 0.5-100 % (v/v) 30 Water, g.s.
to desired volune Ingredients Concentration
Bendarnustine HO about 2-50 ng/ni Mannitol about 0-50
ng/mL 35 Tertiary butanol about 0.5-99.9 % (v/v)
Water, g.s. to desired volunme |Ingredients

CE;mq:ﬁsraad inao wa&ﬁo Becmhsidersd tonlimitidie sedpsof the-iS@ntiey imany
Manni t ol about 0-50 ng/nL Tertiary butanol about
08B o6 (v/ v) V\&ter gq.s. to desired volume 5

I glkﬁ/gts Concentration Bendanustine HO about 2-50
nni t ol about 0-50 L tiary butanol

gligqmigmggmgg{@@ @reysra.10t %Qzé)gg&cf’.“g.o;&{?o@ssi red vol une

| Mgfusithl, 0 6r dgaivalent (MallimkrodBendanust i ne HC1 about 5-20

"EhOA N }xf«ir7t Piéb 90%1)3931?% nivhbal @pbdifyg but anol

desired vol une
| Feytesybat gl ’fﬁ’nc%endarrustl ne HO about

1191e&12nm$§6ctr&ﬁahm;anm)ol about 20-30 ng/nL Tertiary
oﬁ&%'l (ﬁ'@ 10' 50 % (v/v) \ater, g.s. to desired
Vo | ents Concentration 25 Bendanusti ne HCl
a1§@1mf°P112015 'WWE mL  Mannitol about 0-30 ng/nL
Esfana(Spoeuth) 20- 30 % (v/v) Water, g.s. to desired

VWayermePLC 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 pm 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,O

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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30 I ngredients Concentration Bendanustine HC1 about
15 nmg/ M, Mannitol about 25.5 ng/m, Tertiary
but anol . about 30 % (v/v) Water, q.s. to desired
vol une 35 EXAMPLES The foll ow ng Exanpl es are
provided to illustrate certain aspects of the present
i nvention and t g Riigl2¢%B%€1 #in skill in the art in
practicing the These -37 Exanples are in no
way to be consi b@:‘"éﬂi‘ifg@ﬁ r%"tunt he scope of the
iRuEnmie:on i3|6mmy manner. Materials: Bendanustine
:@0 SS@n Lot #s 0206005 and 0206007) 5

nnito NF or equivalent (Mllinckrodt) Ethyl
Al cohol Dehydrat ed (200 proof), USP or equival ent
(Megetivum) Tertiary-butyl al cohol, ACS (EM Science)

'\/R/Io'Bﬁé‘Pﬁasé Pect bli%'ﬁF]&'IN@ACﬁf(Qﬁjinm (Spectrunm) 10
| So-pr |y ( Spectrum Water,
Hfobil @P&‘déBor e ﬁgﬁznfé%]& Acet oni tri | e, HPLC
guade 280 maqui val ent (EMD) Trifluoroacetic Acid, J.T.
Bak&/raik® Matd\@fRhin HPLC grade or equival ent (EM

Sclence 488 | uoroacetic Acid, HPLC
gf a’aémozoféa&WﬁY % g"r}‘ a@e?é B # JT9470-01) ui
MEBlumn\iéher s 2696"(AI liance HPLC system wi th phot odi ode
ag%ﬁyl gﬁtpector 52 Waters 2795 Alliance HPLC system
W T (ei wavel en%Lh detector Analytical Bal ance
(fpectipe Volupgegs  19BLi1028) and (Mettier XS205) VirTis
Lsﬁﬂﬁbboﬂwnuﬁtbvmmg’mﬁghMHZor bax SB-C 18 5 pm 80A
250 gf%?ﬁﬁ@'ﬂﬁ Cat # 880975-902 25 Exanple 1-

I ocedur es I\/Egoo%gm 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 pm 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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Mobi | e Phase A: 0.1% TFA; H2O Mobil e Phase B: 0.1%
TFA; 50% ACN: 50% H2O UV: 230 nm 30 Flow rate: 1.0
nm./mn Colum tenp.: 30 C Columm: Zorbax SB-Cl18 5 m
80 A 4.6 x 250 mm Sanple tenp.: 5 C Injection Vol une:
10 L 35 Sanple Concentration:0.25 ng/nL in MOH
Cradhgpt : 2098 for 1 mn 20 - 90%B in 23 mn 9098 for

T 7o ack 57 ﬁ""@' T mo/np Qgan 2098 for 4
i i'lh%(& ??)n: ’[)ng: Pogt—Tumn lh ﬁS“T[‘in 5 Method 2
bbttePhase—A—0 0 THFATH2O /—\um(@. )1 Mobil e Phase

0 ?Z% A '—"’04% \ (%. —W—2 -39 Fl ow rate:

.&mj, H-A—Col-tn- or-ba %&Cl%ziﬁ'r%@ A 4.6 x 250 mMm
f‘nlun{jspﬂnp . 30 C2 8 )j ection

ol ums9-010 15 Saddl 25 n‘g/m_ in

OH 380adiént - 0 for 3 min 0 ISEDOAB_Ln 13 min 50 -

70‘%B|n17mn 70 - 9098 in 2 min 20 9098 for 5 nmn
back tSanplepreppration; dissolve the drug product 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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hold at 098 for 4 mMin Run tine: 40 mn Post run tine:
5 mn 25 Method 3 Phase A. HPLC grade water with 0.1
% TFA(v/v) Phase B: HPLC grade ACN / water(l:ly/v)
with 0.1%FA(v/v) UV: 254 nm30 Flowrate: 1.0 rrL/m'n
Col um: Zorbax SB-C18 5 m80 A 4.6 x 250 mn Col u
t enp. : ThoreEngemibmes forsqme Bepdamusting Eenurigigs W&H%LC Method 1
3 n
SefER ok BB AN RORLC e s Rt
0 u€ing the FPLU procesidredd®scribed bergip imshownin Bigo® 80 30.0 20
80 31.0 82 18 Sanpl e preparation- dissolve the drug
product with 200 nL MeOH. Sonicate 6 mnutes. The
sol ut i @able &t Retenition Firheefdr Bendamubtineiand sonichef itsPnpities using
0.5 nygHPLL Methd hod 4 Phase A: HPLC grade water with
0.1 % [TFA(V/ v)Sanigheidand3: HPLC |gr ad RedéiloniTirhe Gnif)
WFA(VfvV) UV. 254pinm 10 Flowj{rate: 1.0 1l146i n Col umm;
Zor bax{ BonuS FRn&akfusingm 4.6 ¥ 150 nun 22.182
BM1 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 (BMIME). 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.

Tablel3- Ribomustine Impuirty Profile using HPLC Method 3

% Area
Batch Bendamustine(HCI) | HP1 BMIEE BM1 Dimer | BM1IDCE
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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Colum tenp.: 30C Sanple tenp.: 5C Injection Vol une:
2 L 15 Acquisition tine:31 mn Post tinme: S mn
Diluent: NMP/0.1% TFA in water (50:50 v/v) G adient:
Time mn. %Phase A %Phase B 0.0 93 7 593 7 13 73
27 16 73 27 25 10 90 31 10 90 20 Sanple

&p&@% ati|@A.6lor net hod 441.2di s$0l19e t he|fdbg produke2

row—afount—ef—d-uetit—to—prepare—=a—
concentration of 4.2 nmg/nL for injection directly into
t Bearhple - SdltibililBy be necessary to perform a second

diluti (the.10 /vi al e, form .to obtai .
o 5y oo P S R S i
B A P S B S i

(0] escCri peda, above, are sno In lapl e ..
ARutpaleobol(TE AN WS dsfsrmiped byRyigBhinseriqn: ;Kmﬂgﬁtﬁ@%ﬁw@mme
HRLG Iﬁ%/&&,?ﬂidﬁﬁto@ Q51519 RBEhINGES 'Efbphl%d SNOYAL IR thiikHicabad acohol
Tabl e 11: Retention Tine for Bendanusti ne_and sone of
i sajutiops (Fablg Dt teemigmpeipture. \emplss Weredhengriisrgatad at 5°C and
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gg%ggggﬂg{a i E‘faf‘%"%ﬁ}dﬁ?%%ﬁa’%ﬁ?‘f agcgo%l 8RR sdMlicRs. Forall
alcohols the solubility of bendamustine increased as the concentration of alcohol
increased. The formation of a precipitant was also dependent on the temperature and
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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10 anal ysis, the nethyl ester ofbendanustine (BM ME).
The retention time difference between BMLME and BM
Diner was only 0.3 mnutes. In order to resolve BM

D ner, another BPLC nethod (# 2) was devel oped. HPLC
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M fepdr@sss(of adphRratidy. 15 Table 12: Retention Tine for
bendamijsti ne._and inmpurities using HPLC Method 2.
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BNbeEmpeRBud gackdgtojabout G¢) for 29 mimdes 2pd tfgn refFaraied at5°67 A

1. . .

- pAmlessgedotlyifiop Jrf sl Btk et bgtbinea
Sdierain hftar P, 3i6eand 3# hbjirs whyn gbreenif&rust i ne

I-Icg,(gtﬁﬂ % g in water (alone) and with varying
am)'un?s gﬁ‘mneéoﬁanol , ethanol, propanol, isopropanol,
but anolSohtidng @ntairdmgy1 Emfyutlybenddrmekind, 26 .5mAy/mbasannitol, and

O e D b R 3% R lon in BT P 5% 103, 2004 g 30%

W /&) TBApmEhandl profinol, isofprdpagol] srdbueablkifl wakes olafd prepared at

sol utions (Table at room tenperature.. Sanples were_
© RS e e dod e 1 1D gt R i Foblgegled gt °C.
angdsadpléofach fophulRasd wasnallye&l BPINT afdr©C 3,19 dnd 2@ %iours when
Resu‘laqqg% summari zed in Table 1 indicate that

b&tetistSne sol ubili ty is 10 dependant on tenperature
andl $igug Rt of al cohol in aqueous sol utions. For

all. alcohols the solubility of bendanustine increased
as t he Tablad shewsthe gabibity ragulis pbendamustipe Batpter prith no addition of

T QidERbI V8 £34 l%upﬁfrifdﬁgdit 5@ BURIMAUME dSRRRE {fBkly HwhiEbut the

tenperature and ) )
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

-43-



10

15

20

25

30

The solubility of bendanustine was al so determined in
20% (v/v) TBA 15 containing 25.5 ng/nL mannitol in

wat er, and 30% (v/v) TBA containing 25.5 ng/m,

manni tol in water (Fi g 1) Bendanusti ne was added to 4

each sol uti,on m Xi uptil.it woul d po,
| 8 e g figher in 30%51}%/3?%%&%%41 salption s pamparedpighyother
t QIcBhat sofuﬁénsllt Mﬁmﬁited 86 th&Eal spke re@lired 21l TOEmMENP! €s

vvere centr| d pl aced back__at the original
g@ %erqwll framyihscument Fibamustin® méent%ren Although

éﬁ%%luﬂb@&?&:n&gm sﬁh@cozi‘ﬁhldscl% é@?fnﬂ a0t ﬁb&ic@&rahﬁn of 15

|umch oride, which lowers th erature of

i mg/mbatah selegtedl fonthe tf@rqyéqtlan treompgnsa eshgbuhfﬁerenpes eAPI
S @559 ity Wi td 4 Fegcé‘sgﬁ bAR ARY éllé\'?l?' g f—?lg@ AR dPfferBREL A

e “was taken and prepar ( C anal ysi s.
r estmenfsatmﬁ of h%se/@xpeldmmm regnisessh@wmLitn filkil gQimg of an d
S ynt of TBA, 20% (v/v) and 30% (v/v),
QA mMHE >Pper| ment (Fig. 1) was based 25 on
st abl I Thqsmfauﬁselﬂmﬁwn} areeetd vhlameiratio idsrificat foqaodidingra

Rl 5o TR pdd el SRR Do T Sty

olyobhmdaimsducma)cm Hetwgea Bodous 60%aE merwm mblumde e AHrml. vial

i e e M

f em%/efif i ci ent and robust phar maceutl cal 30
manuf acturing due to the s ility and sol ybili
benda n%i’s"-{“i'l-t?é Wansaleetqd;ag @heé’b‘il%‘tﬁ gRNtGR ordprtofpaipipin a ermulauon

beRARPIHI ibABuIRES ISAREestvRrd iefosaédfodlyhiRie tHeBfect&f mbinitol on
/ L bendanustine at 5 but hi gher than the limt

aberglemustine selobilityandpprarenpe oftheprodecdnivispaitel decreases the
C ecflﬁﬁney@%ﬂﬁm%nnﬁ% lfs%%/ﬁmﬁfmfﬂoﬂ?éthin%[ S BsA Qﬁhe@ﬁkdsohﬁlons
hin the solubil imt regardless
t Em@p@r golutions pesitainiag s‘tfmﬂ L O%;ﬂthaAol agd A thyowt prannitol did
ﬁ{recgqléfgfé&%?moug{)@wer e’ ? ée‘é’ﬁl? n wat e§ ag%édl oom
t pwp:ertats wae obseryefl withoh 2 . ﬂﬂaemedis ino pragipitate wWithtaugous

rione YBgb ERRRIMD Tl A kol Belfihind dud 85 bbbt

f oranmiktcdt Ilmrd@nas anIyz el formePbaReuresistapt tdi!reakagdndldmg

desct.i bed . nerel fter. and 24.hour o

S PR iE gt 5P 1Y gyt ipnfor i P Vi ) Pffrepce
cobﬁeﬁjeﬂhmgaﬁﬁpm@zmgenﬁaﬂmﬁtme 25.5 ng/ L mannitol,
and 1, / % 10% 20%.0r 30%.(v/ thyl .al ohol.in
wat er ols 58ied HsErpsRd Q"‘%‘&ﬂﬁ/ *‘%&E&ﬁg?

PHeR@WR) a sifnfificapt ﬂb&fﬂhbtlo@wadl@élﬂﬁﬂ ko hffecyiue Slabilvey cﬁf the filling
prepared at roomte rature, placed into an ic

bsRIhi GG i 5466 iR BT SMler Rlcglaaleag theyundesirable offect

of lowering the freezing point of the bulk solution and thus requiring long
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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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after 0, 3, 6 and 24 hours when stored at 5C. C

Stability Results Table 3 shows the stability results
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0.796
agent lﬁﬁngvmth% o9 Tobili sbiity eposriGroapfiion and many
considerations, the following is a preferred pre-lyophilization formulation of the

present invention: bendamustine HCI 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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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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o SiePy it Bemaihod desibed hetsi withoupderBrting:dy éﬁaplé&@@ﬁa%wf the
DhisWeRorPWibRSpdcitteafly, Hﬁ&lﬂ%taﬁgﬁ?&ﬁ tHa cérmmda,weht% vHidhQ#R both

—

4

p
I

30% TBA sol ut1 ons, lized cake fractured and
p 6heraicaliyzand @P@%@lwcﬁﬂ(y@ﬁlﬁt‘aﬁ &0 tp solventydisclosgd hergin may be
a@ﬁ’&ﬁ S foPthe 95\Wél Qdéi‘éﬁye@ ! §1 vﬁﬁfe&h@éaﬁﬁ o‘f"sﬁrﬁlaf‘refsﬁl% would be

| yophi | at e, anlnlcatlono back

plachioiredn Al snels simélpr sybistisuts @dml%@tmwnarm&thpﬁfeshlled in
Pt )
Kk DA, SR g 408 bt BBt e By mea vy e
V\mplmndecbeiam to determ ne the cause and sol ution to
the problem of the powder ejection. The pressure was
r ai sedAflrpatentsQpatent appl:ﬁmcms,dmd pnldlcpmnmeptlmeﬂllm the spegification

I

1 peftaine ZAlhgatérms, @aﬁeﬂ&pp]xdaﬁﬂﬁbe ghdt pmbBcdmousr are hereim 1ﬁconnmated by

Trr]cle eregg]eatg ghe sgl%g egt%nteas 1.’(e 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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The length of primary drying was next eval uated. For
exanple, the followng very slow drying cycle was
eval uated: freezing from25C to -50C in eight hours;
hol di ng at -50C for 5 hours, warm ng and drying
fro 50C to -.25C i seven‘hours » ol di,n for

FAh et B g pRE BHE SOPUT G  FRBHr e tp RS
t mna&ldgmfr mapbélrephkedi wigh dither 6ftbsbiliertwotedmat Theltbfths and
war m ng and, d&é;n fro éSC to. 40C cﬁgsm hour p%.
h@fpa«?Sﬁ@n% Which ﬁtbg%%n refsed FHPImS ATgPssrREon 0
ChARRERN, add tB&S Wlﬁ) iffentiChavis the As4TRUEh e 40G e)qN@ssmns of

powder ejectlon was observed. $|s cycl e

5
r SXRdnEAnY SqEValents ogtb? o8 shawnndidiseeribed grdopiams fhsgrof, but
I 86:0R8dehlZe4 Bt ‘&a?ﬁgé ﬁ%dlﬁcﬂohp% bosMbR W #ein (i sB6pePuRd to

a particular theory, the |l ems with powder ejectian

2mventign glaimeds (fhus, lwhpﬁldrbé @mlﬁgwqddbat @th&b thegpresged invention
r f

V3 et it lly Ui Y Bot Chind ey eTblal MaliRe, |
amodélcztldnatc& variatiph of thi eongspess bérein disclosedayayr erssoyied to by those
d cle

- et A0 BB Al Rpr AR BTk dbred o be

r withimm:regpcaﬁd ofumb nwentionas defired diytﬂ@rappmdyd tleimsl  al cohol
prior to secondary drying may prevent nelt back as

wel | as powder ejection. 30 The |yophilization cycle
was further optim zed under these gentle conditions
(Fig. 5. There were no i medi ate degradation

products as a result of drying at 40C for up to 20
hours. Exanple 7- Lyophilization cycle -47 Step
Description Tinme (Hour) Tenperature (C) pressure

icrons | 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 Ramp 0.5 -12C 150 9 Hold
15.5 -12C 150 10 Ramp 15 35C 50 11 Hold 10 35C 50

12 Ranp 1 40C 50 Hold 5 40C 50

-49-



10

15

20

25

30

Total 89.25 - - Al of the conpositions and net hods

di scl osed and cl ai ned herein can be nade and executed

wi t hout undue experinmentation in |light of the present

di scl osure. Wiile 5 the conpositions and nethods of

th|s i nvention have been described in terns of
IscladmeddSodi ments, it will be apparent to those of

sk|II in the art that variations may be applied to

t he conmpositions and nethods and in the steps or in

t he Atgtiesewiicaf compogifien ofbepfaanysiine(oatagaagiqt Bioge thay ehayt

%bb@@&ea%%&@ﬁttdfeaﬁaﬁﬁmr@ﬁpﬁ R Jhbevn %nﬁoraﬁw of the

i nvention. Mre specifically, it be appar ent t hat
certain solvents which are both 10 chenlcally and
physi ol ogically rel to the solvents disclosed

herein may be substituted fo& the)solvents descri bed
herein while the sane ots woul d be
achi eved. Al such siorl a st tes and

nodi fications apparent to those skilled in the art
are deened to be within termyaflit and scope of the

T

nﬁmpmﬁﬂﬁquﬁmﬁbﬁosbaﬁmﬁuamb|on are indicative of the
| evel s of those of ordinary skill in the art to which

the invention pertains. Al patents, patent

aap ithé dnh¥aion @Mrcﬁﬁ@dolc%hlloi%ﬁerahehdm&mﬂoﬂ HIEIOE awrﬁzole than
ref erence to the same extent as if each in qnﬁ
a lyop zed

pﬁs V4 @ meRov S beISEPRIELH e ADer P RRTLPR §

| pbaafiGofitendusieor porat ed by reference. 20 The
invention illustratively described herein suitably may
be practiced in the absence of any el enent(s) not

S § e‘f‘hé édm@ﬂdsﬁﬁog L&otdReed eh el Qherg—lﬂlﬂ'fe anlddint SPERMNE Bot théte than

- each I nstance hefein any of the terns

@éB{pﬁaregupn@ent of bendgmystinghjatdispcgerd affef seoerstitutigp gf a Iyophilized

‘Eﬁ% e replaced with either of the
o?ﬁ@é£€ &gggis ‘g terns and expressions which have
been enpl oyed are used as ternms of description and not
Imtati.on ent i t

0 Tht SRR e ind P L PO B 15 bR
e 0.8/ @atea peentfof boirlafmestiney & sinshverwraf@nctcalstitkion el lyophmzed
portions %g% gof tbut it is recognized that various
B FPFTRLR 9 Mossible within the scope of the
i nvention cl ai ned. Thus It should be understood that

al t houg esent nt i as .been s |f|ca

d Pséyl w@&msg DlsPEALST P B AT ) BTt abot t0¥y
atﬁe?o%ntoﬁveﬁdaﬁmﬁasa)mmféwé@gl ation of the concept s

hereln di scl osed may be resorted to by those 10

skilled in the art, and that such nodifications and

Vgl ia qﬁ,&m% o bfepaaAcH S8JeREnhRtifEcontidiky Kbt ifdee BEPRDUPH.5%

this n as defined by the appended cl ainms. -49
Wirsga nescept @f bendpnjustine) 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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1. A pharmaceutical conposition of bendanustine
containing not nore than about 0.9% (area percent of
bendanustine) HP1 as shown in Fornula Il, 5 HO-) f N

\' N} i-OH C NFornmula Il wherein said HP1 is the
amount of BPlI present at fine zeraq after . . .

r 8¢ dHe biophifizespresaration pergEing @fé@%r%{ﬁ%?‘&ﬁ% Rregpration is stable
ben@iabapsitid\ e atBurk of HIPE fHUNRAS abb BixafBHsCHHRE stoeedtdt 3¢ Q1

1, wherein the anbunt of HP1 is not nore than 0.5%
(area percent of bendanustine) at tinme zero after

rgc gﬂﬁyo%)ﬂiiké&'br ardtioh ¥R ihd R thim B! RRGER5hi Brephration is stable
bendamisti ne. 15 3. The conPosHl on according to _claim
1 withtrespedtito this@mamesof HP4 ffonqblaastiaBoyi d2 mepwths vhg sfored a7 C.
(area percent ofbendanustine) at time zero after
reconstitution of a |yophilized preparation of =
bédndZhelyophilizedprepTtation anepidiriettp olaing 6.cvlrasin spid preparatiqn is |

wh i.n.th t R i 9 °
(AP Wi e B bl T 5 s B o iRt sttt
r&€constitution of a |yophilized preparation of
bendanustine. 5. A lyophilized preparation of

bendanusti ne contai ning not nore than about 0.9%

( anea phemaitical ddssgedamiicinmingtdphamtacewicalaempositortof A

| yophi lized preparation of bend e cont aj.ni .nQt
PRS0 A Sy o B L AT e ™ SRR AL gt
Hembw@lof HPl @assent at'releddte | yophi | i zed preparation

according to claim5, wherein the preparation is 30

packaged in a vial or other pharmaceutically
aq6 e Al bl ceRIth Pl R e- fornPEbnihrisiia® phit@iédticdledmposition of
preparation according to claim®6, wherejn ,sa%#a )
pbensamustingreontginingnof morehianabeutlyede kPl o Wherein spid fi! is the
Ofaﬂg{mtf Em?r s&fSH refQUt six nonths when stored at 5
C. 9. 'F e lyophilized preparation according to claim
6, wherein said preparation is stable 5 with respect
tqst i iml 92 i JFeiticaPdosage
wiin A AR o kbt (7% b PR prhndoil iiosse
adaoror ehimpgisescaboiitsi mg 6 abaheY08img efticadamusiieg: at i on is
stable with respect to the anount ofi Pl for at | east
about 24 nonths when stored at 5 C

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 dosége

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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10 11. A pharmaceutical dosage form conprising a

phar maceuti cal conposition of bendanustine containing
not nore than about 0.9% HP1, wherein said HPl is the
anmount of BPlI present at release. 15 12. A
pharmaceuti cal dosage form conprising a pharnmaceutica

C U81pA phirinaceutital dosagel formsbinpesivgthe dyophiligedprepavasion of plaim 5.
about 0.5% HPI, wherein said HPl is the anount of BPI
present at release. 13. A pharmaceutical dosage form
0f9.cA pharinkdeutivdl ebpdriticnef pominmastime chwptisigisadanustie

form, conpri ses about t o aboyt .500 ng  of

AP T $AD 200U 3V ofateB RO e of ROCHRe PO} Lpnd a race
Chrabuht dloneWd &lo8é Srglfi€sdatspwae inisaid [P ds thg @motuairofiHP 1
conprises about 10 ng to about 300 ng of bendanusti ne.
opresent ataelgassy nmceut i cal dosage form of claim 11,

‘wherei n the pharnmaceutical dosage form conprises

about 25 ng of bendanustine. 16. A pharnmaceuyt.i cgl .
o2 adyeharmepaugipal eprponition of Rendeapine ecoptas ety P ojercin the
gg@%g@ Sﬁ%{gms‘e@m ESBShABOM cohS9tinEbiohe BERA6kRPE Shtid -

armaceuti cal dosage formof claim 11,
husensil,m-propanoh arbwasek isoprapangb sthgeol, methanol 3rgipHes eyl acetate,

a&i%gthgf? ?agbcmateo &e&%ﬂﬂ@%@@gﬁ ethiapes methyl AhPHRIdEBGHdkyICal

dosag orm conprising t yophi'['i zéd preparation of
Cisalbtrtyl&etond,g,—peﬁt@hhm@ybwiampmmﬁp@@bﬁn@ﬁ dizpethyl sulfoxide,

cisabutyleto o ifohioidn don
R T e S T e e

BPI and a trace 5 anmobunt of one or nore organic

sQ] vents, wherein said HPLl i.s the . .

o2k & el smpesyfon feborie Ao Whesfin (5 dnggnic sotven
ofs sbiesied fitid tthd\@roar eomsidiingpfione o oot Sthavodmeétanph propanol,
organic solvent is selected fromthe group consisting
op¥ 13gpropgped, gid terpnyibyianol o byt anol, n- propanol ,

n- but anol, isopropanol, ethanol, nethanol, acetone,

et hyl acetate, _ di nethyl carbonate, acetonitrile, .

(P2 W pRETEETHGY, BTN AENPIE R Wé{ﬂﬁw ° PEBHE STt
kKgtaRsr bhtapsint anol , nmethyl acetate, carbon

tetrachl oride, dinethyl sulfoxide, hexafl uoroacetone,
chl or obut anol , di nmethyl sulfone, acetic acid, and

cygl i PRF@MI $Rkth&QUSRPELihE 8 frace amount
a%%'oggﬁ%gﬁtﬁgd%ﬁi%%%nm?éc%r el nM%ﬂhe organi c solvent is
sef mrdrgahid sodvent-he group consi sting of one or nore of

et hanol , net hanol, propanol, butanol, isopropanol,

and tertiary butanol. 22. A pharmaceutical conposition
a24.0Adjaphilized pleparatichGiccontiiog & ¢laint23 wheyein s&d gegatie selvent 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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20 is tertiary butanol. 23. A lyophilized preparation
according to claim5 further conprising a trace anount
of an organic solvent. 25 24. A lyophilized
preparation according to claim23 wherein said organic
solvent is tertiary butanol. 25. In a nethod for
ob6.alori meghajenalytaiamgragusl apmovad fdy elbdmimmsﬁimrpmm'd thet |

he i h i.
ITMY v S L T e
t Birless4hdd o‘i’mﬁtﬁﬁ al. mﬁ‘&e!ﬁenﬂmmdajnmdm%ﬂtmngnot more than

nda rodu contai t nore than about
O 515‘? 368 ggﬁtog‘%?nd Fﬂéﬂgﬁ &5°%P1 at rel ease.

-52 26. In a nmethod for obtaini ng agency approval for
a bendarrustl ne product, the i nt whic
c&fplniagpethedsiof phiginmeagensy appre b Wﬁmred%md“ct the

bgndaresdit WRicR boriises Mttidp@Ssheltidd kpedifiGida Fortbendantelfifeor

a bendanusti ne product containing not nore than ,  about
odepyadenis ébleﬁéh%\em%d@r%mi@@ﬁb@@ﬁ%ﬁ)ﬁnﬁfpr ypendampsiigg proguct
2 fontdifinB nSEhRE thah Gborl? l@tS% AEAPRGANE YerRBRLAUR) HP Ot rBlease.
bendanusti ne product, the |nprovenment which conprises
setting a shelf-life specification for bendanustine

deg dR%ust s fo m%@?&g&%ggéyor?g&?z %1% i uQ)?BEndamustme which

ben st contal nin
neampriseecontraiing erdhe @n@@ﬂ:r@m bordaswstinegfegradants in the final

b e n ? %Eﬁ {131%? aﬁp{eas%t & ?&n%@%?ahon %Pb ?amé’nﬂ? Qﬁéﬁmfs ? less than
Tur ng a I'zed preparation
be 0(%1 (anmpemean behdanmstntm) arsbthe conveminition nfHP bis lesshan 0. 5%

ncentr ti n of bendanustine degradants in the final
ol Srp ety

W@f rel ease, the concentration of
bendanust i ne degr adants is |ess than 4 0 % (area

5 o BB R B RS  e B

28omypised @ﬁ‘lﬁﬁﬁlfng gdr tlé@ébhiﬁc’lﬁhuﬁﬂ \A%ﬁl)eﬁdalnyﬂﬁxm delgméishts in the final
prepar atiron o endamnmust | I.C
CpiviRGS o o ConTEEIRE BHAP LM 1o JHbTTRersRe of

dEGHaaRa4HnS) dt RelbdR€ ahd t‘ﬂé’l boncBtRfbE bf behtsihustingBegrdtants is less than

concentration of HP is less than 0.9% ( arealafercent
of -O%et thertiremeforodvet exmratm whesingaid productds sieed et 24G- on
of bendanustine degradants is less than 7.0%at the

time of product expiration; wherein said product is
s3@r AgrazessIa m@@lfacmrpg@dmlfzeé piepeoaef bprdagugtine which

P

j hi
c%'() rrfJI‘P sgée éo%ggn g@@'rtfi‘é éo?l ??fa?ﬁﬁ&g%nc s atd’é%}aﬂgk%ts in the final

bmdmnmbh thet te gcmwdtamtlsn pHEP his 1éss thmh 0.5%6 (queaquitrent ofsuch

%{9@%‘{2 SGE%‘C)O ag Gauk oLr a t%Q c(}jnceﬁ §f l!:e%ﬁé«m%ﬁ?ﬁ draffeds N B than

|ne ease
c DOLE thetichOd médlhem@&amm wheretlegidadaiutsis sorddes §°A.han

31. A lyophilized preparation of bendamustine wherein the concentration of
bendamustine ethylester (as shown in Formula IV)
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7.0%at the time of product expiration; wherein said
product is. stored at 5C. 31. A lyophilized
preparati on of bendanustine wherein the concentration
of 30 bendanustine ethylester (as shown in Fornula W
-53 G COOCHzZCHs Cl~~iNI NN Formula IVis no nore
than 0.2% greater t#lan the concentrati on of
bendanusti ne et hyl es{er as found |n the drug

subst ance used to maKe the |yophil FP8¢ e sparation. 5
32. A lyophilizg i endanusti ne
according to claim5 c yng not nore than about

0. 5% bendanustine ethyl esterf as shown in Fornula IV Cl
000CHzCH3 cv I : NN 10 Fornmula IV. 33. A
bendarusti ne pre-1yophil iBampldVsol uti on or dispersion
conpri si & ' Ld
<Brart S e 07 B nELEPR S0 HEh Syt kR )
sfoahd ini thé mgg suintanerusedito oakedlie lyoplolizgd prapasidrvent whi ch
reduces the |l evel of degradation of 15 bendanustine so
that the amobunt of B PI produced during |yophilization,
fsnm aﬁ@kﬂhz&i prégaraibn O bigrlamadims actotdiggivetiin 6. @dtainingawt

: d
per ce B EPP’& %?’W@Fﬁ“ﬁﬁﬁ’é egﬁ n}éﬁi' ﬁm(%an%nm ng

one or nore organic solvents, wherein said solution
or di spersion conprbses at | east one stabilizing 20
concentration of an rganlc sol vent mhlch reduces the

| evel of degradatio of bendanustl that the
anount of EPI gﬂgg/ r| lyo |z§t|on from
about 0 to 24 @bdur co xceed 0. 5@6(area
percent bendanusti ne). e lyophilized powder
produced fromthe pre- Iyophlﬂlzatlon solution or 25
di spersion according to g+a| -54 36. A nethod of
prepari ng a bendamnusti ne iVt zed preparation

conprising, a) dissolving bendanustlne in a

stabilizing concentration of an al cohol so
33. A bendamustine pre-lyophilization solution or dispersion compnsmg 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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conpri sing between about 5% to about 100% (v/vV)
al cohol to forma pre- lyophilization solution; and 5
b) lyophilizing the pre-Iyophilization solution;
wherei n sai d bendanustine |yophilized preparation
contains not nore than about 0.9% (area percent of
b &6.d Anusthadvd prépRingabealdanrsting [ypplitizddpréparation eoragrisingai d
BPI is_{
a ssolv%g%léﬂéam% ugeh gﬁﬁ%‘?ﬂ% gﬁ{lceﬁt? ti%ﬁﬁgae%glgoh%?mlént

nmet hod prepa
pr epar admpmmgdmwaes Bt 5%)to abasis D00 ('sgjv)b\mmﬂdm $drinreepren
a st abig'l [ Zix chocgcgnt%%{i on of an al cohol sol vent
conpr i §PAYAELPRARHHOR, 5%to about 100% (Vv/ V)

al cohob) 1yépilading the predyophitizpiivd soksibh,on sol ution; and b)

hili in the re-lyophilization solutjon; 15 o
OB ceLpb s R et e piropAier ot o g pbout 0.9%
C @ﬂé@e?&nf&tbemsﬁm;mkae sHowd ik Fornfils HawleEis el HPfl is the
bendanust.i ne HPI as shown in Forrmula I, wherein said

Bppoy of HR1 P‘?ﬁ%ﬁﬂreGFSGHPl present at release. 38. A
met hod according to claim36, wherein the al cohol
concentration is _between 20 about 5% to about 99.9%

397. A mathadod perpadngi bradamsusting yeploBzed pepaatinn compyising,
al coholy dls%ol%ﬁllg%gﬁcﬁﬂmgﬁ&% Q @ﬁbﬁiﬁmg @&ic%nt@aﬁo%? ﬁ?dléﬂhol solvent

et hanol”, prop I So- propanol , “but ano
terti awnmxnarbgﬂween Q@Uhﬁ)% tonabpast HY ﬁfé@@%@hﬂ@o foma pEm

39, wh is tertiary-butanol. 41. A
met hodﬁga@%orgl ng to é I m40, wherein said tertiary

but anol:)ly@hdtznzgtb@mdmphdizaﬁnnwhlﬂioabout 20% to 30% 30

{ Sprea iR il Bl i oollIR0G) AR apgy 0.5%

@Eea@rceﬁt dfe:biiﬂzdnmmm@ Hil agjstowndh Eommﬂﬁll, w&lmq:m sznd EiP1 is the

exci pi.e efore | yophilization. 44. A
%H gbﬂ) a'ir8 ®%°2i m 43, wherein the excipient is
mannitol. 5 45. A nethod accor d| ng to cl ai m 36,

wherei n t he bendanust.ine con tion is about. .2 to
S0 REROLAECOaRE 4 GG PRGBS L B RraoR b SRR
N Juesksas esudomgyt 0 one of clains 36 10 to 45. 47. A
nmet hod according to claim 36 wherein step b)

conprises: i) freezing the pre-Ilyophilization solution
t 89 2A AR BLHIRg RELSW 1) YMbreinb@id alddhol 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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forma frozen solution; 15 ii) holding the frozen
solution at or below -40C for at least 2 hours; iii)
ranpi ng the frozen solution to a primry drying
tenperature between about - 40C and about -10C to form
a dried solution; iv) holding for about 10 to about 70
hasir 8;methodraecqriing td élein036, etlersinl autekdpiehids added befockar y
d%ﬂg t enperature between about 20 25C and about
AH% i) holding for about 5 to about 40 hours to
forma bendanustine |yophi I | zed preparation. 48: A
nmet hod according to cla erej ai d al cohol is
{4 AROATERTORE 1 gl VACHB RS PG ol ai m
48, wherein said tertiary butanol is at a
concentration of about 20%to 30% 50. A ne
adsopdnsibpdiascording melaiz 36, whrrainiths pendapustine &W&Fﬂtf@%{s ajout
CoORC eIt on of 30 about 30% 51. The |yophilized
powder obt ai ned fromthe method according to one of
clainms 47 to 50. -56 52. A nethod according to claim
3 e of claims 36
p?ﬁe“‘ﬁ’ﬁé e Bohor BERIcN RS il bl BdoRing S ene ol
ftooden solution; i) holding the frozen solution at
about -50C for at least 2 hours to about 4 hours; 5
iii) ranping to a primary drying tenperature between
alB.uA méhdd wmfd'mgmmlaim Iharein figp h) eonahrisesd sol uti on;
iv) .hal di.n [ b
1) PR BRGNS | FABSEARL o Sl o
a secofuii@rnyfrodeysohgionenper at ur e betvveen about 25C and

8 i A S
2 glu (rjlﬁaf ~ch %Othmmomeﬁ kdtd Iﬁg‘ﬂﬁ? dojfirgy tembeatuvd tetvesen about -

IS ter y-b 15 54. A net hod
accor df‘%&aﬂléa'é‘f“ér]rﬂé %é%@?‘ﬂs@g}o&tertl ary but anol

i's g ﬁol%@%ﬂbbﬁktl'oqaab&fwwi&ﬂé 20%to 30% 55. A
met hod according to 54, wherein said tertlaré/ ?w g
between a out

is a0 ram@@ﬂéhﬂ(ﬂneétsplﬁﬁo%to a sgeapdqry §Hope tspperatur
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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56. The |yophilized powder obtained fromthe nethod
according to one of clains 52 to 55. 57. A nethod
according to claim 36 wherein step b) conprises: i)
starting with a 25 shelf tenperature of about 5C for
| oading; ii) freezing to about -50C over about 8
hours; i1ii) holding at -50C for about 4 hours; iv)

o ponehSogesihe f Hent YEbnaRRNn ) o lE:, *) 150 Gyt

aboui) fieezihgthe ,praﬁly))pl’flhiaﬁbm golation-td Blout €H0°G booform 2 @roherusodytion;

Vii). abo oV out I

ol cihEPBE s e itiop gy el D CR® a2 HAUS to il dppurs
t 8 aHiy l;‘impﬁh%@fé Optehard Gry&igluﬁﬁp&atﬁremu;@n about F2oPd Iamgalmut -
about C for about 15.5 hours; xi) ranping to
betvveeﬁ%%b J?@S%‘%r?&ﬁ‘gﬁ’ﬂiut 40C or hi gth fgr about 15
hou ris% h¥ldink ab@bAmAG @ﬁhg«@ﬁrpemab@m aERC1 @fchbaioisthodBC

for about 10 hours; Xxiil) t.o about 40C over

abouY) Tampiigthe d@ﬁaﬂu@?nwcﬂsamgma fempargtare brtweng sheut

5 hour§5°@deqggﬁtqgo@tanabout 5C, at a -57 pressure of
about psi in phar maceuti cal |y acceptabl e

contd} heldulgwaa s¢cgndanemut@wqr§w§ aé!faSt\ﬁﬂ’@P’éluﬁ t pRout 20
pressufg,is about 150 microns throughout prinary
drying and 50 microns throughout secondary drying. 5
58. A lyophilization cycle according to claim57,

1857 B eRbE a5k o ol Sl B o R e

I yophi lization cycle of claim57 or 58. 10 60. A

for. lyophil i

2o Asopa e S Bt 3 e SRR bR R ftiion
C ofialeout 2@ it@30%f about 25.5 rTg/m_ tertiary-butyl
al cohol at a concentration of about 30% (v/v) and
water. 61. A lyophilized preparati on nade fromthe
f 35 mal méth@hacasdRpdo 54) wikredd aidrehi@ry buldmobia at #Acoreértvationdf
treating a nmedical condition in a patient conprising
2By Q%ng the preparation of claim5 in a
pharmaceutically acceptable solvent to produce a

pharmaceutical |y accept abl e solution and,adm ni s erJ n
téﬁs Ahejlygphilizadiroyder qbiaingddinm @5 efhod peeording o ong9f Alpimst
s@) §s.sol ution, wherein said condition is anenable 20
to treatnent with said preparation. 63. A nmethod of
treati ng according to claim®62, wherein said condition

7 S % HiGh&Haceblaf g't& claith %gk{r&ﬁ@% 315; bcﬁnﬁrﬁ%‘ elﬁrhtﬁftmg vs11m a

i'n s diseas mul ti
nyhélﬁmmpelbtumabctaﬁc@ for lwlmgt iikfegeping M@O@hﬁe &F ovezs AbPUA B

alﬁ%&ﬂsgﬂ}iﬁﬁ@%ﬁ %f f§§ Z@o\ﬂgﬁ' hops algr%gmg fo J0oRALbover about 3

accor erein ndition i s non-
hours; v) holdlng 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, ata
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Hodgki n's | ynphorma. 65. A nethod of treating according
to claim63, wherein said condition is chronic 30

| ynphocytic | eukem a. 66. A nmethod of treating
according to claim63, wherein said condition is
multiple_ nyeloma. -58 67. A nethod of treating .
aduessE Af abeptdBaipship2 ph@maﬁ%m%%yrﬁﬁ?quﬁb}?gcoa@mem%é%r i ng

t hermélicadpledrRd; PESHA R p@8ue1s 26bi@ti15D FridrBnsARRRbIbAE pBary
with one or nore anti-neoplastic_ agents wherein said

arfirying agsl Hsmiceong weughpat sgeopdary gpfivg: . concurrently, or
subsequent to 5 the adm nistration of the dissolved
preparation of claim5. 68. A nmethod of treating

ad8odiypppilization eyoln Bordingiteslain Fe vhereinréepdkh &t ra@pedtorsbout
is_,,oge%o %}téﬂaﬁ{jﬁ’s&%&‘?i fic for CD20, wherein said

ant’i o%y IS given prior, concurrently or subsequent

to the adm nistration of the dissolved preparation of
clai m5, 10..69. A netho i ng. aecor di

1%, R yoRRue ne RS G el ok HE T ARG B Bty 57 or .
arthritis, nmultiple sclerosis or lupus, 70. A nethod

of treating.accordi.ng t.o claimé6 erein. the nedical
o SR PRI yebstiBp FesPrbecendfRigidi b BFnc A or
phabmsmg/i;]lnaﬁlmdﬂsb Bﬂ&gﬁgcgeﬁhﬂpfon?e@lﬁbﬁtﬂﬂﬁﬁ iipfm I:,thfemiaxiyrﬁuag
no re than about : area percent o
béﬁﬁ‘]’g&i’é?ic?f?fn%‘@? efﬂ”%{‘iﬂ}jé%@&g%wfaﬁr-m conprises a

vial or other pharnmaceutically acceptabl e container,
wherein said HP 1 i.s the amount_ of 20 HPI cgnesent

pi6d. Adyeniilized preparation magde from the farnyilatiop agcording to claim 60.

reconstitution of said dosage form 72. A
phar maceuti cal dosage form of bendanustine containin

né2. donethedefiiregting @ medica opmlifion ig 2 Patigné poraprisingrdissolving the
b P%QIEH bf@dim"$ e hBm RSO AN ORI prcifiSe &

vi%a o?ﬁg{kﬂae?%g r}rlace‘utlglc?g@fy gpcqept abl e gcr)nt al ner,
wipbariageutigally aqpeptible sohionand pdmisisteriag qmeidmationt At

pre- I 2 r . . cer ok 1
; ek RFRRRY obtiB Al BF ofd ey O hid gondition is amenable
p hatresimenttwithedaiddwemmepgioh.or m according to claim 72,
wherein the vial or other pharmaceutically acceptable
cont ai ner contai ns bendanustine at a concentration of
alseutA thé&hédofihwatiiig &woding/te claing62) evhereBsakMcongdition is selected

phar mgceut | cal dos for cqrding to i.m 7

P AL ihhafyoE Fe ey HoRi et poaFloS b Ematoma.
C QaMlEp1O Biycloiaf Bredxbcddesfanalsdell iehgafander, 20 e Aitoidinnme diskase.
about 100 ng/container. -59

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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75. A pharmaceutical dosage form according to claim
72, wherein the vial or other pharmaceutically
accept abl e container further conprises mannitol at a
concentration of about 5 ng to about 2 g/container. 5
76. A pharnmaceutical dosage form according to claim
72, wherein the vial or other pharmaceutically

acee Rt alled 6PRLAhD Scoldild B faih @ﬁﬁﬁih%?&nﬂﬁﬁﬁgfa@njﬁs‘ter&g the
concentration of ~about 170 ng/container. 10 77. A

prdissolved hteparaiien fiekaimide cemiipation 3vihese oF Baregnti-neoplastic

CSATYN NSO 88 R0 5y 8 ki

t ethe admipistriginmydf thel dissblybd prapatatioatofclainy8. The
preparation of claim5 which is a pharnmaceutica
conposition. 15 -60

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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