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myelogenous, promyelocylic, monocytic, and erythroid acute leukemias. The
recommended dosage is 12 mg/m? of Novantrone daily on days 1-3 given as an
25  intravenous infusion along with 100 mg/m’ of cytarabine for 7 days given as a
continuous 24-hour infusion on days 1-7.

Novantrone® is also approved for use in reducing neurologic disability and/or
the frequency of clinical relapses in patients with secondary (chronic) progressive,
progressive relapsing, or worsening relapsing-remitting multiple sclerosis.

30  Mitoxantrone hydrochloride is thought to be a DNA-reactive agent that is cytotoxic to
both proliferating and non-proliferating human cells in culture.

The toxicity of mitoxantrone limits the dosage of drug that can be administered
to patients. Moreover. the development of multidrug resistance in cells exposed to
mitoxantrone can limit its effectiveness. Consequently, formulations of mitoxantrone

35  are needed that sufficiently solubilize mitoxantrone while maximizing its efficacy for
example, by minimizing toxicity and the development of multidrug resistance in
treated cells.
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The present invention is for novel mtoxantrone conpositions, their
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stable. 15 The m toxantrone fornul ation should preferably be present in the
abovenenti oned pharmaceutical preparations in a concentration of about 0.1
to 50, preferably of about 0.5 to 25, w.%of the total dry fornul ation.
The abovenenti oned pharmaceutical preparations are manufactured in the
usual



manner according to nethods as are known, for exanple, by mxing the
| i posonmal 20 mtoxantrone with the excipient or excipients. The active
» conmpound 339.B80aLMaceuti cal preparations containing the aq;&y 0?/9{939”“(1 are
used in human and veterinary nedicine for the prevention, anelloration
and/ or cure of diseases, in particular_chose diseases caused by cellul ar
proliferation, such as cancer, in any ﬁam"ral, such as a cow, horse, pig,
dog or cat. Fqr.exanple, 25 d I oma .can be treated. effectively with
~the present monsRTRaRmfostAcEA. BuEG o et B e RPN s
parti cul aeing agueétdérr eftht changsefihe lifmoteeaimemeniafantd pihof thatlipesdse
parti cul o] N I I
~prolifer géllb%%;l' _[?R‘gé]%dﬁ@‘gelﬁ@s‘é*mé%ﬁ%ﬁo? ﬁ%?%@@giogg?%gﬁe? glrathgorfnnedt reating
human nufronps eisiare ef plesphatidihsholine, choldstoralsanst searyl ansine. dNegeiiwgly breast,
| ung and g eanuﬁesgﬁﬁ%gc%%e 5Re@ G SGnTRERRYAGHBEpHalily PURIFBGHI4RADI,

- preparations, ca mni stered [ocal 'y, oral|y, parentera ,
i nt r aper ARGRBAIPhLIASeERer bt Aratsredsrabedimsny tha Heerosa MijpxanEoRs er

i ntravengpastionndsilgiaé tararh $riftb§f €4r@iblipin, shélesRiclohnakegt 70 kg body
fromabout 0.5-100 35 ng/n2 m toxantrone is

wei ght, for exanple.

admi ni sth%P%a%pé:ngIoémey, From about 5.0 or nore to 50 ng/n2 of

m t oxant r one dhe poeferrpd épesabdlynitoxanirabe tdrnifatoon comtang suitbbuteladtyeny/ n2 i s
adm ng st . i 1 r 40 nmg/ n2 and
a1 18 o flete sl oE A SR B gt 28I TR SRR

m t oxant FUiRxaBEeNG® lipidirangerafrabaut Hbwd arore preferahlys ebeid rypord deviate
fromt hepf%‘?@x%@rsa%'ﬂfl!@ﬁ@@tiﬁﬂﬁ@re;ﬁ?et@%{bﬁy ﬁl%lﬁrlnlG-QO,%dSrﬁoﬁinr@feifa%W&B&R of
the nature and’body wei ght of the subject to be treated, the nat'ure and the
severityldfs-the illness, the nature of the preparation and if the 5

adm ni st r at i omheflipobemaefdeulton ard dohrind diktable reliti®e viddlarougsunidbth t he

dm ni strat,i .1 I . _Jhus, i ffi.ce,in,s. t
ot tnit osetiiclibin AR B BTk sholatrar PSR el I other
cases t hmﬁwmhﬂile%d-%mr@ ctﬂcaatioii}via:deswwiwlcd:mﬁnbeh@xsta@debﬂore
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excessli v t OXI CI ty, as et erm ne | enpl ri cal an d case-by-case 'studies.
One advaftoagd-dr2tlReapd sidlbAtore Brpberablyiten ciisuaitsdangs frpmdy 7 #es- 85 Aetthod of
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t ted |1 | .opi i : . i , h
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advant ageeusipy. sueblasypealing stiutieis tpthedinid flmeandrdispersing Herlilonwithe Form of a
combi nat iy breed mkEn Y beféﬂab_@f?&tﬂ%oﬁftio@ycoﬁ@ﬁﬁ it xAstRdRl StHeablfidbn The

exa es deponstrate that m'toxantrone adm ni strat roduces 2
e oF B PE AN SPHEL A ] Cal 5o LT of it SO bRtk S SE BGE e i shed by
i ncl usi omeithiodaof mpasgad bé asedpratvided thattiid dtersen arethal indoaus|sdfficidrer at e

hi gher d . ofe m : i i N | i I

ol at Pigitind foflet SERALNE Ty fod SIB TINLAIEEFOE OAPRRE TR | L
tinmes or misdueard farnolipasomeresor xamplnai minisg gitvbaby yaitexingonagnetic

m t oxant Ef?x‘}ﬁ}gé:i?cgp?%oerﬁg ﬁ%l\%ﬂﬁﬁﬁél!a@tﬂp%émbé‘cz{ﬂ S@fo@&‘éd%@nﬂggzka“d a | onger

el imnpation I i npound I1n mce Is denonstrated. P pl asma
concétit r APTIEHEL RS Tolation- oY hers wilamilay fpasHnegiase desiradesanpgidien #76/09- f ol d
hi gher i ﬁ]ttr;hﬁ)mgg éin s@m@m@alimmqﬁag@g. Mouse tissue concentrations of

convent i onal oxantrone wer ower in heart,. |lung and kidneys and higher
1 bver and SBRESRmARAT f BERL G e Kooton FHORRERT one as
conpar ed (éranwdathore atvialree] ly opHi bzehniposnmes 80prépatied iahy Ntivenimote® ccadded o i |

i aher 098 uRlydd:BASPIR RIS RS MRF AL ShETEL BoSamRared, Lo
conventional mt'oxantrone alone, 'however, toxicit rofiles appear simlar.
No td%i cimapugactured &y dissotvies theguidinarediontmand-emtachpherybarcihisy wpwen

obser ved hpfyglc@HS] & MstHbel tHONERIdeBInAL Qfi§ple 7N WRHAW aSer Wikighehalg@ses of

| i posomal . m toxanttone ar

) y .better tolerat .and re_effective tha
convent i SHEIIdWHFf%%ﬁﬁdrlﬂ%ﬁ‘i‘%ﬁ%‘ﬁ‘qnﬂgﬂﬂm? %ﬁ%‘“% gt digIsolUbisn 13 ?tﬁ’ageomal )
formul ati on. Havi ng described the present invention, reference will now be
made to certain exanples which are provided solely for purposes of
illustration and which are not



9 intended to be limting. EXAMPLE 1 This exanple shows one formnul ati on of
| i posomal mtoxantrone. Mtoxantrone 5 (3 (err)noles) is di ssoI ved with

‘car di ol i pyp ¢ghB2fod M0l es) in chloroform Phosphatidyl choliypg | es)
di ssol ved 1 n hexane and 10 pnol es chol esterol in chl orof orm | s ad@a‘g to the

m toxantrone m xture wth stirring. Thg sol vents are evaporat ed under
vacuum at about 30 Cor belowto forma thin dry filmof |ipid and drug.

Li posone sal i lutl ressively
- i )le ng tﬁlét% mggnen%z ﬁ%ih i%m ?l?;l'le PER aﬁqup?'é lr?ﬁlé’h e vor t exed
to provi cbbeanhdinedlpatb@ck &rarl @iifoslmtteeaka or powdenhaing o nmlsmrajeammm about
. uni | amel ljae; b OSARASa Wﬂiﬁbg r&%hagae&amoea lﬂﬁm}nﬂﬂa&&fof 1{1@038 hgpal at on

.of another formulation osonal t oxant r one ut about 6
(err) M nPpyRERmIb AL ot éé@éb@q‘tlépl n, 28 pM phosphatidyl choline and 20

pPM chgl est er olThe Sinal @mge@omﬁn replarwby adgiakVeninl whh efitdxanirOiRsofMaRor at ed.

e e Lpde DR e e o 8 s HEaiRg L SHRNAS t hon be

di al yzedyighsf ﬂhes’.yas;ﬂﬁihzewl liphdsa riIHeolﬁ;mseme afisutahydites st 80 t@mpmlhﬁe dsr Hssayed
by HPLC. Zgut enonstrates .t he 'pé-ﬁgai of anot her

for mul at i"on" 6t '53/ o d‘r%ﬁg?mugﬁtfer %gnn Y8R EREe §d I n
| i posoneslloyediw h}glrae prhille beintgrenihaleg,at tlxjpMiofintdngped for 4 Oyﬂmmhbmmbathdyl

chol ige, tyie%olY'cEt%F dTﬁlls'fWapdos%%gé m BQ@JSE%&S@H elitﬁér%%zi;’ln gé)(l) it g2.-5 m.

The drug id mxture caf be evapor at er vacu suspended
in an eqtl.ll 519’@)?%%%45 gupyiEeios speritbin 8 hoyssalberascenstitysioapatsing this descri bed

in Eﬁanphetﬁod %@tmgﬁﬁﬁﬁ%@}%ﬁﬂsa&&!dhﬁ%%ﬂtr@ﬁé at;zm ?é‘@ﬂfra‘pﬁedﬂlrﬂh@r Ehan 8?%
inthis ste nstrate eprearalono
Lot ey TURS AL AT oM, VTGt el o SRR Ghmaieicd the BuBtERRER g

| i posomesni2agphtl "M@z ardferable, aibyb 85 ofl.% loo shadf thy miseahirene ikknpapded in

oS By o tiorSRO S ilinerk el b, SROGISH LYy (B of DI 1001 B3 LRISY U

di ssolved'in a s6 OMes “ar e prepar
G eat er pﬁantose%qnetlwarﬁnp@dm 'éwdmpsmh@tlon ef ficiency can be expect ed.

10 EXAMPLE 5 ThBicffi SXRTR EnASKRAE 28 Sp AR be lRIMHiRd BNdalfyslsipagomal

m toxantt Pquot of the liposomal preparation ovzitiight in an aqueous solution and thereafter
dissolving the liposomes in methanol and anaiyzing the sample by standard methods

20  using high pressure reverse phase liquid chromatography (HPLC). Alternatively,
liposomes can be collected after centrifugation at 50,000 x g for 1 hour prior to
dissolving them in methanol for HPLC analysis. Generally the encapsulation
efficiency of mitoxantrone in liposomes will be more than 80% of the initial input
dose.

25 More generally, any suitable method of forming liposomes can be used so long
as it results in liposomal mitoxantrone. Thus, solvent evaporation methods that do not
involve formation of a dry lipid film can be used. For example, liposomes can be
prepared by forming an emulsion in an aqueous and organic phase and evaporating the
organic solvent. The present invention is intended to encompass liposomal

30  formulations of mitoxantrone however made.

The invention includes pharmaceutical preparations which in addition to non-
toxic, inert pharmaceutically suitable excipients contain the liposomal mitoxantrone
formulation and processes for production of these preparations. By pharmaceutically
suitable excipients there are to be understood solid, semi-solid or liquid diluents, fillers

35  and formulation auxiliaries of all kinds. The invention also includes pharmaceutical
preparations in dosage units. This means that the preparations are in the form of

individual parts, for example vials, syringes, capsules, pills, suppositories, or



M toxantrone (3 (err)noles) can be dissolved in chloroformcontaining 3
(err)noles cardiolipin and the m xture allowed to Form conpl exes. To
facilitatwoGeplegx 5 formation the chloroformsolvent is Qg%
evapor ati on. Phosphatidyl choline ( 14 p.noles) dissolved in hexane and 10
(err)nol es chol esterol in chl oroformczn be added to the dry film The

m xture is stirred gently and the sol vents evaporated under vacuum at bel ow

30 Cto forma thin d filmof ~hipid and,dru i posones are then fornmed
by ada ng eoRy P s tonBfor R R A G L BRI B R S ponen s
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*sol ution }o preformed |iposones and allow ng the mxture to equilibrate
such t haPPidBHXERE ni t oxantrone forms. Each vial of Novantrone contains
m t oxant rone Mablets; kapees @apailésy plIBNErdnaled, suppositories osohmismensushbesstomxase,

(0- 0agos Fod ko, B, HendRS 8 PR falons BRvlért ing Birg P58 5. 3°' ©
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ddi al ' i i

o bulg P ortnnRbhiOfe SRARASAL: B9l AeH SRS LR RS Shiltle o

f or abou€Xgpifintiareshesatin Whidethe davstive dipopemeli mietaniigne ipaficgotly of 25

tetranyr seabRyio ARMoR thdhputis vBEdBH ekanpRPoRRIMIERN:198]s dretafiPlaw bRl 1S

m xed for about 5 m nutes. out | 00 of chol esterol is,added tp the
Tor ot o et e len b Bss AlbRHhets rofubys Pasteatetns hod 865 ChpARabout 300
g of eggcphaaphatabibydxcifiaits rewhchatdéigosomalmix@dinfrone &wvdbler 5 min. A

seco aqueou i | i r t 35 C- 40" C

ond Boout 1 90 TR afe R SonRPol rinlt @by AL 3°5G Lol uti on
until thebavementioned pbansceutisé prapatatioasiis a soeeantrgtion bf ebad 0t htoodh a 0. 22
m cron pBE&eﬁbBe%@HoﬂPQIS%MS', Wi PRkt #Qofal ifyeformbfhtigRout 11 g is filled into

sterile vials _dnd lyophilized, Liposgnes prepared in this nmanner are in the
formof an of fINGAPOECIRGKIONSH PHARECUERR] PApRATEIgTS |age mapplastured indde uswad

moi st ur e ngdinkeeadcoeding e mete@biab hzcichd Wi dsoa®enpls Bhalkind 8 1@fosbess. The
stor.ed rior to 35 use. To prepare |iposonal

| yophilize roduct .| d at 4 C.
m tozé):\nt PBﬂoéPm?&gnwl%ﬁP%i’écﬂ?'Fgﬁ%r es"é’l’?l?’i“éh (15 mg) froma Novantrone vial is
added to a vi dlhegktivy ophpdungeand pheirsiecelticagpraparhtignscanitdiniofg the aotmde
saline ( 0 . i L e IV : : room
Fomper at G a pane gt usl 1 Hutar 5 SUH B0 AL (o BIRAnt B MANRERIAL L
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Unl ess noted otherwise, in the follow ng exanples a 1 ng/m m toxantrone
formul ation was prepared with a 1:15 mtoxantrone to |lipid molar ratio, a

hydrati Or\vaﬁzﬁsi‘{ﬂ? of 2 h, and a sonication time of 10 m nPC@ignp%ﬁ,ﬁ The
foll owi ng exanpl e denonstrates that mitoxantrone in the | i posoma

formul ati on descri bed above has a Iovveé toxicity as conpared to identi cal
30 concentrations of nonliposomal (conventional) mtoxantrone and that at

| east 15 xant rone ,ad |stere os | for ion is
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by day ofarmn 0@ ewﬁ ialifp ﬁﬁ‘i‘év VA &agtre%%%ay §9r&ﬁfrtf= PURHHSHRSIO8Nt | oss of
20% by day 10mute)@h@ﬂmdiéryoﬂiﬁme/ﬂfaedntdﬁa@u@m@laﬂnilhfstxfaﬁﬂﬁlpmiﬁfce@f the

st ud Th r enai n FouU al ne ht s eadj | hr.oughout t he
Stuagd 20T PR Ok SRR sty RaPa N @t hER T RLRIRER} o

bi | i r ubi mclb$iondn arliprsomnial rf@g@datémhl)?prtbclearmnmahﬂ@ouw icd¢riareehighos ghseisas e,
aspartat %g ﬂﬁ}]&&hh%ﬂéf\%é‘rs?lls(ﬁﬁﬁnqstg}e% sl H%d?ﬁ’élrf%gxﬁgﬁrt ean(i%@ have

henogl ob| emat ocrit unt count mean
cor puscul aﬁewwtﬁﬁ@%meaw@ .‘/ %%W’é’la Hé\%@f Eﬁtﬁuﬁe MEFBFVO Hisaes than

gor guscultaarmeh h@bhﬂerﬁwﬂnﬁﬁlﬂitbﬁédtﬂﬁleg Wibker plpdnad %rﬁkﬁtrat?cﬁlsn@mm@@rm I's,
and,peutro es es no

ai n?gal dge gf‘ qrE%ﬂFl'@f'&‘QPlhBﬁgl PR ﬁfﬁqb%‘?i nerF ﬁﬁmﬂﬂéfa?%# ﬁeﬁé group 1
m ce and plmmam‘onbhﬁragmsu pvere mpmexmtatdaﬁo_iﬂa_ld Bighet @rthASibust emh%folmi_s wer e

al so Obs‘ﬁf%%pmt O%a(?ldBm atrﬁbfeedo%égé% NBLY 0. BRMRATafIRALbANhAaPUN but

not creatinine
mltoxantrone were lower in heart, lung and kidneys and higher in liver and spleen after

administration of liposomal mitoxanirone as compared to conventional mitoxantrone.
30  Toxicity did not occur until higher doses of liposomal mitoxantrone were administered

as compared to conventional mitoxantrone alone, however, toxicity profiles appear

similar. No toxicity occurred in the liposomal formulation that has not been observed

previously with mitoxantrone alone. In animals, higher doses of liposomal

miloxantrone are better tolerated and more effective than conventional mitoxantrone in
35  its current conventional (non-liposomal) formulation.

Having described the present invention, reference will now be made to certain
examples which are provided solely for purposes of illustration and which are not



prerenal effect, possibly caused by dehydration or henobconcentration. No
other drug related effects were observed in these studies Hi stopat hol ogy
denonst r af,gd,59mpound ef fects on hemat opoi etic and | ynphoi IS, of the
spl een and bone nmarrow in mce treated with conventi onal ltoxantrone and
| i posomal m toxantrone. Full recovery évas seen on Day 67 in the |liposomnal

m t oxant r one treat ed animal s at all dose | evels suggesting |iposomal
m'toxantr .cytotoxic. In conclusion, no norbidity or nortality
was seen'l ?Pcte ulag)t W%/th any of the controls or the |iposonal fornulation
of up to 15 ng/ kg mtoxantrone whereas 100% 10 norbidity was observed in
the 1 S g8/ A@pfiese of conventional mtoxantrone HCl. Exanple 9 The

~fol | ow ng—exan'gwaer denonstrates that mtoxantrone in the |Iiposonal
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Forrmul ati on Dose 1 Liposomal mtoxantrone 3S ng/ kg 2 Li posonal mtoxantrone
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resuspended in an equal volume of saline solution. Liposomes are prepared as
described in Example 1. The mitoxantrone encapsulation efficiency is higher than
80% in this system.

30 EXAMPLE 4
This example demonstrates the preparation of another formulation of liposomal
mitoxantrone. In this preparation of liposomes 2 tM mitoxantrone, 2 pM of
phosphatidyl serine, 11 uM phosphatidy! choline, 2 pM cardiolipin, and 7 pM
cholesterol are dissolved in a solution. Lipiosomes are prepared as in Example 1.
35  Greater than 80% mitoxanirone encapsulation efficiency can be expected.
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The foll ow ng exanpl e denonstrates that mtoxantrone in the |iposonal
formul ati on described in Exanple 7 has a |ower toxicity as conpared to
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1 Conventional Mitoxantrone 10 mg/kg
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4 Liposomal mitoxantrone 25 mg/kg
5 Liposomal mitoxantrone 35 mg/kg
6 Blank liposomes 35 mg/kg
7 Normal saline solution

In the first 2 days no adverse clinical side effects were manifested for any of the
animals. During day 3 all group 2 animals became moribund and 3 were sacrificed.
Three animals each from groups 1, 3, 4, 5, 6, and 7 were also sacrificed intentionally
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Animal s treated with conventional mtoxantrone at 0.625 and 1.25 ng/kg
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moderate, mild or unapparent except in groups 2 (5 mg/kg conventional mitoxantrone)

20 and 3 (7.5 mg/kg conventional mitoxantrone). These animals showed progressive
weight loss of about 25 % by day 7. Group 1 (2.5 mg/kg conventional mitoxanirone)
and group 6 (7.5 mg/kg liposomal mitoxantrone) animals initially lost about 28% of
their mass but gradually recovered through the end of the study. Other treatment
groups exhibiled no change in mass during the study.

25 On day 7 the mice sacrificed from groups 6, 7, and 8 each exhibited a modest
AST elevation. The mouse from group 8 also had increased alkaline phosphatase
activity and the mice from groups 6 and 7 had reduced creatinine and alkaline
phosphatase. Moribund-sacrificed mice from groups 2, 3, and 6 exhibited marked,
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formulation described in Example 7 has a lower toxicity as compared to identical

35  concentrations of conventional mitoxantrone HCI and that at least 35 mg/kg of
mitoxantrone administered in a liposomal formulation is not toxic to mice. Thirty
male CD2F1 mice weighing 20-22 g were acclimated for | week and randomly
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15  animal was deceased. One animal from group 5 was a moribund sacrifice on day 10.
Three animals in group 1 were deceased by day 12. One animal in group 4 was
deceased on day 18. There was no indication of clinical toxicity observed in any of the
remaining animals through day 60 at which time all animals were sacrificed. Blood
samples were collected for hematological and clinical chemistry testing as described in

20  Example 8, and major organs were fixed in buffered 10% formalin.

The variation in animal weight in various groups was moderate, mild or
unapparent except in groups 2 (5 mg/kg conventional mitoxantrone) and 5 (10 mg/kg
liposomal mitoxantrone). These animals showed progressive weight loss of about 35%
and 25%, respectively, by day 9. By day 13, group 1 (2.5 mg/kg conventional

25  mitoxantrone), group 3 (5 mg/kg liposomal mitoxantrone), and group 4 (7.5 mg/kg
liposomal mitoxantrone) animals initially lost about 30%, 7%, and 30% of their
weight, respectively. Their weight gradually returned during the study. Other
treatment groups exhibited no change in mass during the study.

No morbidity or mortality was seen in the vehicle control group or groups

30 receiving up to S mg/kg (1 time on 5 consecutive days) of liposomal mitoxantrone.
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human. cytotoxicity.

Mice from the higher dose groups exhibited cytotoxic effects on white blood
cells and platelets, with clear decreases in neutrophils and lymphocytes and modest
decreases in platelets. In the lower dose groups the effects were much less marked.

25  The data show that conventional mitoxantrone at 5 mg/kg/day and liposomal
mitoxantrone at 10 mg/kg/day induced roughly equivalent acute liver injury, as
evidenced by increased ALT, AST and bilirubin by day 8.

In summary, clinical pathology data from these studies show that liposomal

mitoxantrone administered at 10 mg/kg/day is no more toxic than conventional

30 mitoxantrone when administered at 5 mg/kg/day and significant recovery from toxic
and cytotoxic effects was evident. The data show that liposomal mitoxantrone can
safely be administered at amounts that are more than twice that considered safe for
conventional mitoxantrone.

35 Example 13
The following example demonstrates that the liposomal mitoxantrone

formulation described in Example 7 reaches higher plasma concentrations, has a longer
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(Waters pBondapak® C-18) using a mobile phase of 33% acetonitrile, and 67% 0.16
M ammonium formate buffer, pH 2.7 delivered at a flow rate of | ml/min.
20 Mitoxantrone was detected at 600 nm. The limit of sensitivity was 10 ng/ml.

Plasma Pharmacokinetic parameters were assessed by standard methods. The
elimination rate constant (K) was calculated from the linear regression analysis of
plasma concentration-time curve. The area under the curve (AUC,_...) was
calculated using the linear trapezoidal method with extrapolation of the terminal

25  phase to infinity (C./K), where C,, is the last measured concentration. Other
parameters calculated were total body clearance (Cl) as Dose/AUC; volume of
distribution (V,.,) = CI/K; elimination half-life (t,,)=0.693/K ;ca-

In summary, following i.v. administration, liposomal mitoxantrone produced a
significantly higher peak plasma concentration (50-fold) as compared to conventional

30 mitoxantrone. The decrease in plasma concentration followed first-order kinetics with
elimination half-life of 6.6 min. and | h for conventional and liposomal formulations,
respectively. The AUC values and terminal elimination half-lives were C,,,,, AUC and
t,;» values afier conventional mitoxantrone were 0.41 pg/ml, 0.14 pgehr/ml and 0.11 hr,
respectively, while these values were approximately 21 pg/ml, 28 pgehr/ml, and 1 hr,

35  for these same paramelers after liposomal mitoxanirone administration. These
increases could be explained by the decrease in both the clearance and the volume of
distribution of the compound. The calculated total mitoxantrone clearance was
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15  difference remained at least 2-fold for up to 48 hours after administration.

At all time points examined, heart, lung, and kidney concentrations of
conventional mitoxantrone were higher for the conventional mitoxantrone-treated mice
than for the liposomal mitoxantrone-treated mice. At all time points examined, spleen

20  and liver concentrations were higher for the liposomal mitoxantrone-treated mice than
for the conventional mitoxantrone-treated animals, demonstrating that the liposomal
formulation shifts the distribution of the compound. Administration of conventional
mitoxantrone lead to heart tissue concentrations of approximately 10 pg/g at 5 and 15
minutes after compound administration with the concentrations decreasing gradually to 5

25  to 6 pg/g at 24 and 48 hours. After liposomal mitoxantrone administration, heart
mitoxantrone concentrations were about 6 pg/g at 5 minutes and the concentration
decreased gradually to approximately 2 pg/g at 24 to 48 hours. These data suggest the

potential for decreased cardiac toxicity for liposomal mitoxantrone.

30
Example 14
This example demonstrates the efficacy of liposomal mitoxantrone, as prepared
in Example 7, against human leukemia cells and demonstrates the increased efficacy of
the liposomal formulation as compared to a conveniional mitoxantrone formulation.
35  Murine leukemia cells, L1210 leukemia cells were grown in the peritoneum of CD2F1
mice by three serial propagations (i.p.). Ascites developed within eight days of the last
inoculation were used in the following experiments. Cytostatic activities of liposomal
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in the liposomal mitoxantrone formulation without enhancing the risk of toxicity.

30  Mice tolerated liposomal mitoxantrone dosages of up to 20 mg/kg (60 mg/m?), and
did not exhibit significant toxicity until liposomal mitoxantrone dosages of 35
mg/kg (105 mg/m?).

Example 15
35 This example demonstrates the efficacy of liposomal mitoxantrone, as prepared

in Example 7, when administered in multiple doses. Forty female CD2F1 mice were
separated into 4 groups of ten animals and inoculated with L.1210 cells as described in
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time of 37 days with 4/10 animals surviving to day 60. These data suggest a potential
clinical benefit of liposomal mitoxantrone over conventional mitoxantrone when the
drug is administered in multiple doses.

Example 16
This example demonstrates that in mice bearing xenografted human prostate

cancer cells, survival was increased after single dose administration of liposomal
mitoxantrone, as in Example 7, and mean tumor volume was reduced after multiple
dose administration of liposomal mitoxantrone as compared to conventional
mitoxantrone-ireated animals. Male Balb/c, nu/nu, 6-8 week old mice were
inoculated with 5 x 10° of human hormone-refractory prostate tumor cells (PC-3).
Tumor growth was monitored twice a week until the tumor volumes were in the range
of 60-100 mm®. Animals were then divided into groups and were treated by i.v.
injection via the tail vein with conventional mitoxantrone at doses of 0.625, 1.25, 2.5,
and 5 mg/kg once every other day for four days. Doses of mitoxantrone formulated in
liposomes were 2.5, 5, 7.5, and 10 mg/kg. Control animals received either normal
saline or blank liposomes. The median survival time was calculated and all surviving
animals were sacrificed on Day 34.

Animals treated with conventional mitoxantrone at 0.625 and 1.25 mg/kg
demonstrated 100% survival by day 34; however, no animals treated with 2.5 and 5
mg/kg survived. Survival rates for liposomal mitoxantrone were 100% for the 2.5
mg/kg dose, 91% for the 5 mg/kg dose, 43% for the 7.5 mg/ml dose, and 0% for 10
mg/kg dose.

The experiments were repeated for the treatments with conventional
mitoxantrone at doses of 0.625 and 1.25 mg/kg and liposomal mitoxantrone at 2.5 and
5 mg/kg following the same dosing regimen. In these experiments tumor volumes
were measured once or twice a week by measuring the three major axes.

Treatmenl with liposomal mitoxantrone at both dosages caused a significant
reduction in tumor volume compared to control groups and treatment with
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This example demonstrates that the liposomal mitoxantrone formulation has a
higher concentration in blood plasma, a slower clearance than conventional
mitoxantrone following administration to dogs. Plasma samples from dogs

10  (3/sex/group) administered conventional mitoxantrone i.v. at 0.13 or 0.26 mg/kg or
liposomal mitoxantrone i.v. at 0.26, 0.58 or 0.87 mg/kg were analyzed for
mitoxantrone levels by reverse phase HPLC using ametantrone as the internal
standard. Time points analyzed were 0, 5 and 30 min and 1, 2, 4, 8 and 24 h after a
single dose administration.

15 Plasma concentrations in animals receiving conventional mitoxantrone could
not be measured at the 5 min time point for the low dose and 30 min for the high dose.
One male that received 0.258 mg/kg was measurable at the 1 h time point. In contrast,
most animals that received liposomal mitoxantrone had mitoxantrone plasma
concentrations for up to 2 h for the low dose and 4 h for the mid and high doses.

20 Concentrations of mitoxantrone were much lower when conventional
mitoxantrone was administered as compared to when liposomal mitoxantrone was
administered as reflected in both C,,, and AUC values (Table 6). Additionally,
clearance was higher for conventional mitoxantrone as compared to liposomal
mitoxanirone. Both C,,,, and AUC values increased with increasing liposomal

25  mitoxantrone dosages while clearance, volume of distribution and elimination half-life
were constant over the dosages. There were no differences in these parameters
between the sexes. The results are summarized below in Table 6, which sets out the
mean for each parameter. Other parameters shown in the table include the
mitoxantrone half-life (t,,,), the volume of distribution (V), and clearance rate (ClI).

30
TABLE 6
Mitoxantrone Dose Cian AUC,... tn (I \Y
Formulation (mg/kg) (ug/ml)  (pghr/ml (hr) (ml/min/kg) (L/kg)
)
Conventional-M*  0.13 0.027 NCP NC NC NC
Conventional-F ~ 0.13 0.016 NC NC NC NC

Conventional-M  0.26 0.084 0.05° 0.36 89 2.8
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Liposomal-F 0.26 0.77 0.42 0.25 15 0.9
Liposomal-M 0.58 1.5 0.84 0.3 13 0.6
Liposomal-F 0.58 1.9 1.7 NC 6.8 0.6
Liposomal-M 0.87 241 1.84 NC 9 0.8
Liposomal-F 0.87 2.33 1.77 NC 11 1

M = Male; F = Female
®NC = Not Calculated
¢ conventional mitoxantrone was detected only until the 30 minute sampling time

5 This example shows that in the dog, administration of liposomal
mitoxantrone produced about a 9-fold increase in peak plasma mitoxantrone
concentration as compared to identical doses of conventional mitoxantrone. The
liposome formulation also exhibited increased AUC values as well as a decreased
clearance rate. Both C,, and AUC values increased linearly with increasing

10 dosage. The Cy,¢ values were approximately 0.5, 1.7 and 2.4 pg/ml at 0.26, 0.58
and 0.87 mg/kg (5, 12 and 17 mg/m?).

Example 18
This example demonstrates that dogs can tolerate higher doses of

15  mitoxantrone when the drug is formulated in liposomes as compared to a
conventional formulation of mitoxantrone. Conventional mitoxantrone was
administered to beagle dogs (3/sex/group) at i.v. dosages of 0 (saline), 0.129 or
0.258 mg/kg (2.6 or 5 mg/m?) on Days 1, 23, 43 and 65. On these same days,
beagle dogs (3/sex/group) received liposomal mitoxantrone at 0 (blank

20 liposomes), 0.258, 0.580 or 0.869 mg/kg (5, 12 or 17 mg/m?). Evaluations for
compound-related effects were based on clinical observations, body weight, food
consumption, ophthalmologic and ECG cxamination, clinical pathology, plasma
drug concentrations, organ weights and gross and microscopic postmortem
examinations.

25 One male dog in the 0.869 mg/kg liposomal mitoxantrone group was
sacrificed on Day 12 after one dose of liposomal mitoxantrone was administered
due to lesions and swelling of the left limbs, hypoactivily, pallor, dehydration, and
diarrhea.

One blank liposomal mitoxantrone treated female dog had alopecia while a

30  second had excessive salivation through the first 29 days of the study. One female
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20  similar to those observed in the conventional mitoxantrone-treated animals with the
exception that the animal sacrificed during the study (0.869 mg/kg liposomal
mitoxantrone) had leukopenia, thrombocytopenia and anemia. A slight anemia was
seen in the female dogs along with decreases in reticulocyte counts in both male
and female dogs. Rebound of reticulocyte counts was not as fast in females as in

25 male dogs.

No changes in coagulation or clinical chemistry parameters were observed for
animals in any of the dosage groups.

At necropsy, 1 male in the liposomal mitoxantrone 0.869 mg/kg group had a
fluid-filled pleural cavity and a thickened heart as well as gastrointestinal lesions.

30 These findings appear to be compound-related. At this dosage one animal had
discoloration of various lymph nodes. Three animals total in the liposomal
mitoxantrone 0.580 and 0.869 groups had blue coloration at injection sites. No
other findings were attributed 1o administration of compound.

In summary | of six dogs administered liposomes alone and | of 18 animals

35 administered liposomal mitoxantrone had limb sores accompanied by limping,
which is likely due to administration of the liposomes themselves. This study
demonstrates that dogs can tolerate higher doses of mitoxantrone when the drug is
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Toxicity (DLT) is defined as occurrence w1thm the first course of therapy (i.e. 21 days)

of unacceptable toxicity, defined as a grade 3 or 4 nonhematologic toxicity including

hyperscnsitivity reactions, other than nausea/vomiting or alopecia or a grade 4

hematologic toxicity other than neutropenia, or a grade 4 neutropenia which persists

for more than 3 days or febrile neutropenia defined as grade 3 or 4 neutropenia with a
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temperature of greater than 38.5° C, or grade 4 vomiting or grade 4 elevation of
hepatic transaminases (AST or ALT), or grade 2 (or higher) decline of LVEF
following a MUGA scan.

The Maximum Tolerated Dose (MTD) is defined as the highest dose level that
causes DLT in no more than onc of six patients treated at that level. If none of the
initial three patients treated at a given dose level develops dose-limiting toxicity
(DLT), dose escalation will continue. If one of the initial three patients treated
develops DLT, then three additional patients will be entered on the same dose level. If
none of the three additional patients develops DLT, dose escalation will continue. If
one or more of the additional three patients treated at a dose level develops DLT, dose
escalation will cease. If two or three of the initial three patients treated at a dose level
develop DLT, dose escalation will cease. Six patients will be treated at a possible
MTD to ensure that criteria are met before declaring that dose level the MTD.

A subsequent course of treatment may be administered 21 or more days
alter prior liposomal mitoxantrone dose, and when absolute neutrophil count
(ANC) is 1,500 m/m’ or more and the platelet count is 100,000 /mm’, and
recovery from any other treatment-related toxicily {excepl alopecia) is to
baseline grade or less than grade 1, whichever is less restrictive.

Treatment is delayed for one week for resolution of toxicities. If
toxicities are not resolved after a one-week delay, treatment will be delayed for
one additional week, with the same dose reductions as would have occurred
after the one-week delay. If treatment must be held for more than two weeks,
then the patient will be removed from the study.
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1. A mcthod of treating a mammalian disease comprising: administering to
a mammal a pharmaceutical composition comprising a therapeutically effective
5 amount of mitoxantrone in a liposomal formulation comprising cardiolipin, and a
pharmaceutically acceptable excipient.

2. The method of claim 1, wherein the mammal is a human.

10 3. The method of claim 1, wherein the liposomal formulation further
comprises a phospholipid.

4. The method of claim 1, wherein the liposomal formulation further
comprises tocopherol.
15
5. The method of claim 1, wherein the liposomal formulation further
comprises phosphatidylcholine, cholesterol, and a tocopherol.

6. The method of claim 1, wherein the cardiolipin is selected from the
20 group consisting of natural cardiolipin and synthetic cardiolipin.

7. The method of claim 1, wherein the liposome bears a negative charge.

8. The method of claim 1, wherein the liposome bears a positive charge.
25

9. The method of claim 1, wherein at least 90% of the mitoxanirone is

bound to liposomes.

10. The method of claim 1, wherein the mitoxantrone concentration is in the
30  range of about 0.5 to about 2 mg/ml.

11. A therapeutic mitoxantrone composition comprising a liposome
comprising mitoxantrone and a lipid component that contains cardiolipin.

35 12, The composition of claim ! I, wherein the molar ratio of the

mitoxantrone to lipid component is in the range of from about 1:10 to about 1:20.
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21.  The composition of claim 11, wherein said liposome is neutral.
22.  The composition of claim 11, wherein said liposome is a mixture of
multilamellar vesicles and unilamellar vesicles.
30
23. A therapeutic mitoxantrone composition comprising a lipid component
and mitoxantrone wherein the molar ratio of the mitoxantrone to lipid component is in
the range of from about 1:10 to about 1:20.
35 24.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid

component comprises a phospholipid.
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25.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid

component comprises phosphatidylcholine.

26.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component comprises egg phosphatidylcholine.

27.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component comprises cholesterol.

28.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component further comprises a phospholipid, cholesterol, cardiolipin, and tocopherol.

29.  The therapeutic mitoxantrone composition of claim 23 wherein the
mitoxantrone concentration is in the range of about 0.5 to about 2 mg/ml.

30. A method for preparing a pharmaceutical dosage form of mitoxantrone
comprising the steps of obtaining a vessel containing a quantity of preformed
liposomes that comprise 2 component that binds mitoxantrone, obtaining a vessel
comprising a quantity of mitoxantrone in a pharmaceutically acceptable excipient,

: mixing a portion of the mitoxantrone in the pharmaceutically acceptable excipient with

the liposomes, and allowing the mitoxantrone to bind to the liposomes to obtain a
pharmaceutical dosage form of mitoxantrone.

31.  The method of claim 30 wherein the preformed liposomes are
lyophilized.



