WD 97/ 33552 o -
PCT/ USQ7/ 03687 . .1 . DESCRIPTION

WATER SOLUBLE PACLI TAXEL PRCDRUGS . " FI ELD OF
THE | NVENTI @ 97733852 The present invention reI at es gerRbsoyest 0 t he

‘fields of pharmaceutical 5 '~ conpositions to be used in the treatnent of
cancer, autoi mune di seases and - W The present invention
also relates to the fi-eld of pharnmac prepar ati ons of

anti cancer agents such as paclltaxel (Taxol) and doect axel (Taxotere),

in particular making pacl| vgs" SO : 9 JRIGRg the drug to
wat ef sol ubl e "~ noieties. BACKGROUND COF

THE | NVENTI ON Pacl [ ubul e agent extracted
fromthe needl es and bark of ﬁﬂgﬁ?ﬁ@??w&t Taxus brevifolia,

has 'shown a renar kahg ?feselnt Qﬂ@ﬂhéﬁtrblﬁte@féeﬁ&ﬁlly to thelﬁu&uaﬁrphaﬁmamehn
Phase | studies and early Phase and Il trials (Horwwtz et _al.,

1993). Thi s Shascopwesitiensptir be cuspd iinethe | tyeaiment, (#f asaees @%‘Weaﬁ‘ﬁFWea@i
cancer . 5.4 Hé}{o‘;isca%e a&%&-e}é{ HXY]e'ﬂﬁlgn ;bgsg”_necisuﬁﬂe%ee%eid“ of teaPNd

non-smal | cell ung can cancers, and 1n rreta atic
mel anona. I—b\A/e\/preparaoﬂﬁpKHntnchnfcén apenitt yudhras paclitaxel (Taxalparel doperaxed (Teéxotere),
~paclitaxel for clinjcal tr.ial se has be ibits insolubiljty in water 20
ocet axel i o sdhPapriAEREns Pl e R doRplS Y SPHoRRE e And o vatet bl |
noncyt ot oxi ¢ prgeehesor extracted fromthe needl es of Taxus baccata and
esterified with a chem cally synthesized side chain (Cortes and
Pazdur, 199%). Various cancer - cell lines, including breast, |ung,
ovarian, and col orectal canc dﬁl‘l m been shown to be
responsi ve to docetaxel. In |n| cg rra ﬁgocet axell mas been used 25 to
achi eve conpl ete or Hadtm:&ealanrmmnmﬂ:ulmaganemﬁed)M| thﬂneddmdndrtdrmeﬂzk _
cancers, and nant i taxel, is etﬁégl cally

formul ated as efh‘ég?ﬁié?l PRREs 1eg F‘Sf?"ﬁo‘r"?ﬁa’m‘?’%ﬁ remarkabi & anti-neoplastic

in human cancer in Phase I studies and early Phase II and III trials (Horwitz er al.,

15 1993). This has been reported primarily in advanced ovarian and breast cancer.
Significant activity has been documented in small-cell anq non-small cell lung cancer,
head and neck cancers, and in metastatic melanoma. However, a major difficulty in

the development of paclitaxel for clinical trial use has been its insolubility in water.

20 Docetaxel is semisyntheticall_y produced from 10-deacetyl baccatin III, a
noncytotoxic precursor extracted from the needles of Taxus baccata and esterified
with a chemically synthesized side chain (Cortes and Pazdur, 1995). Various cancer
cell lines, including breast, lung, ovarian, and colorectal cancers and melanomas have
been shown to be responsive to docetaxel. In clinical trials, docetaxel has been used

25  to achieve complete or partial responses in breast. ovarian, head and neck cancers, and

malignant melanoma.

Paclitaxe] is typically formulated as a concentrated solution containing

paclitaxel 6 mg per milliliter of Cremophor EL (polyoxyethylated castor oil) and



paclitaxel 6 nmg per mlliliter of Crenophor EL (pol yoxyethyl ated castor
oil) ard » WO 97/ 33552 .. . - '

PCT/ US97/ 03687 - dehydrated al cohol (50% v/v) and nust be further
di | uted befypre.adg nistration- - . (CGoldspiel, 1994). ThecasRérihes?!
Crenophor EL necessary to deliver the required ~doses of paclitaxel is

significantly higher than that admnistered with %ﬂy other drug, . t hat
i s formul at ed fehydpednolp! (S8ay o) andompt b fusther dHdted betoss, administigtionsg ¢ o
5  Crenophor,id [ V¢ j y regj%g SYEBY, - ' ' '

vehi cl e has al (ggmbﬂg lgg‘gé?ﬁ%ﬁdéﬁmﬁh{t gﬁgaus Hserl ggés}gsr%%gseggé: t?lg\rﬁqtﬁebfn _

| abor at ory ani deatssofzmdlitaxelissignificantly highersthaw thatidminib®ed) with anyf etber droghe

_ i d i taxel .that can bec.adm nistered t o [
bol Us. 1 ecti Ret S terbitARa dbrCrepRBite s e B s dms et el Cophor
vehi cl e ( Eissentremephat] includif 43sodilationddysphaaandyporension. This vehicle hhsglsant ,- i s

known to 10 |each phthal ate plasticizers _such as di(2-ethyl hexyl)phthal ate
(DEHP) from t HReen shown 3| cpysenseriepy SYpeaeniiiyly ihdpboratery\aniveals apdidmans r ati on .

- tubi ng. DEHP i t - t i Gl ' 58 Sk P '
car ci nogeni c i(?érf%%gglf’sl.ggq)hilgfaﬁgg%zﬁg{ﬁ?%% d%%é)a@p%lw%gg\a%gf&?s al'so shown
to form parti comdtebyniat belus injeetion isrdictatediby the sciite lethabtoxivity bfthe Cremophecessary
during adm nistration (Gol dspi 994).. Therefor special provisions are
15 Mhecessarsvehile @hemap el 199 I alon CHRRRG: Flord Sscia! s k0eh

sol utions o0 qpEHr Fhthdke plasticizerd! $igh dgl di(2Ethythexyphthaiies (DBAP) H8S Ghe
provisions inevitably lead to higher costs. Prior attenpts

to obtain wat erohginyighiesids hags and itraynnpus pdrainisatipr; whing, JPBHRB tis kpown to of
o f h AN BRSNS ot
G o 20" e HEb o i i AP b ORI BhecS PHE BrfBaOif G T8 5

(Deut sch et alpaclite@®9;is also showrhtd fonmepartidulate H288) overitimevand, thtud ERetipn ddr ugs

have not proven chenically, staple £ r _devel o nt . . For

exarpl o, Dout SERCSHEY dhtne Wsgpeion oltspel 98K, 1ffreherd SpebERN IR e o
pacl i t axel1s bufeceysdry Forihd prepdration 88 abiMenishaton of sualitaxdl Soktibns tabmite Afel % and
the triethanol am ne and met hyl gl.ucam pe salts were soluble at only about

1% In 25  adlng ddiverydepatisniscing these provisigms ineyisabby leaditothighsecastist abl e.
Simlar results were reported by Mathew et al. (1992). G eenwal d et
‘al.. reported the synthesis of highly water- - soluble 2' and

7-pol yet hyl ene gl y&uior sttemptstoebtaimater foirblepagtitadel diavaincludgbihy preparationer |

of prodrugs of paclitaxel by placing solubilizing moieties such as succinate and amino

20  acids at the 2‘-hydro$cyl group or at the 7-hydroxyl position (Deutsch ef al., 1989;
Mathew ef al., 1992). However, these prodrugs have not proven chemically stable
enough for development. For examplé, Deutsch ef al. (1989) report a 2'-succinate
derivative of paclitaxel, but water sblubility of the sodium salt is only about 0.1% and
the triethanolamine and N-methylglucamine salts were soluble at only about 1%. In

25  addition, amino acid esters were reported to be unstable. Similar results were reported
by Mathew er al. (1992). Greenwald ef al. reported the synthesis of highly water-
soluble 2' and 7-polyethylene glycol esters of waxol (Greenwald et al., 1994), however,
no data concerning the in vivo antitumor activity of these compounds were reported
(Greenwald er al. 1995).

30

o



no data concerning the in vivo antitunor - activi ty of these conpounds were

-reported » (Geenwald et al. 1995). 30 _
-2- : WO 97/ 33552 ST
PCT/ US97/ 03@®A733552 ' Qthers attenpts to 'sol ve t hePET/USHIMIBEATS have
I nvol ved m croencapsul ati on -of paclitaxel in both |iposones and

nanospheres - (Bart O@?@g%@gﬁ% ZJ %lve]_tggsgzﬁr?b-mﬁs ave involvel %%&ﬁuﬂﬁbﬂ})r on was

reported to be as ree paclitaxe however . posone
fornmul ati ons cputlitaikeli ingbdtle diposdnsen @0 raospherax éBartoni @ng Boitardal1P§0)st Abt e 5

(Sharma and Straubi nger, 1994). Unfortunately.. t he.nanosphere formulation
proved t dpaseme latgs, F%mPgn?ttPll{’F aéehé%'ae ﬁg?eeﬁa(‘iﬁ%xio.o“éfv%a‘fv

sol ubl e pacl i t gyRbmé FoidllAiond Rontaining lefiAthat 0% datlinsel wdré Phptiseiyasamat s of
paclitaxel and docetaxel w thout the di sadvant ages _caused by the

i nsol ubi | ity ofShamme and fraubingay, 1994). Unformpgeliicthe spaaspharaforgulatien pfoyed pr ead
use of pacl | ta\?&eﬂe tIO)%lC.t erlelisrlt%lﬁgnéegﬁﬂ#éﬁgesfor a water L&lgﬁ]eﬁmlﬁ&epfo%ﬁaﬁ&? I is
erapy to

praduced, causing paclitaxé e. expensive. course of
treat ment nmay thestcasecddivel effeaiveaasionins | ¢ff pactitel endndbeetaxdhevithouss théie

~added di sadvant,age that not, all funors respopnd to paclitaxel therapy, and
this nmay be 'd'sa%"ﬂ't}%gefﬁm’ts%by EW‘%@W%&& ‘ting into the tunor. There
is an imediate need, 15 therefore, for effective formnulations of

paclitaxel and related drugs that are water soluble with I ong serum

hal f |ivesl@or treaAnother obstacle teothe widsspreadmserad patlitaxel éssthe diptited resources
rheumatoid arthritij.s well..a oL, the.prevent]j of restenosi.s of
vessel s subj ec OTowmch %&h r%l]u's §°‘Is“ﬁc B agnﬁﬁcgl%f‘ggt;!/ﬂg‘r’?'d(os eeﬁ’tq?eﬁsglfs'e' ‘A20
SUMVARY COF THEoubdeEdffic@ithent may cost severall thougane i6ltdrs,i for exdnipde) Jhedesis tthe
overcone these gnd. other drawbac I nher ent . he prior_ art
provi di ng co F‘?fi'é‘ﬁg' ?‘Wﬁéfmm%gf‘bm@ ‘B‘ﬂ"&p » and this may 2
~ due to the paclitaxel not getting into ‘the tumor. There is an immediate need,
15  therefore, for effective formulations of paclitaxel and related di'ugs that are water
soluble with long serum half lives for treatment of tumors, autoimmune diseases such
as rheumatoid arthritis, as well as for the prevention of restenosis of vessels subject to

traumas such as angioplasy and stenting.

20 . ' SUMMARY OF THE INVENTION
. The present invention secks to overcome these and other drawbacks inherent
in the pﬁor art by providing compositions cbmpn'sing a chemotherapeutic and
_ antiangiogenic drug, such as paclitaxel or docetaxel conjugated to a water soluble
polymer such as a polyglutamic aci& or a polyaspartic acid, for example, or to a water
25  soluble metal chelator. These compositions are shown herein to be surprisingly
effective as anti-tumor agents against exemplary tumor models, and are expected 1o be
at least as effective as paclitaxel or docetaxel against any of the diseases or conditions
for ‘which taxanes or taxoids are known to be effective. The compositions of the
invention provide water soluble taxoids 1o overcome the drawbacks associated with

30 the insolubility of the drugs themselves, and also provide the advantages of controlled
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anti angi ogeni ¢ drug, such as paclitaxel or docetaxel conjugated to a water
sol ubl & ’ pol yner such as ‘a polyglutam c acid or a polyaspartic acid,
for exanple, or to a water 25 . soluble metal chelatof. These conpositions
~are shown herein to be surprisingly ~ effective as agt.i- agents
“agai nst ex¥RSIRM$? t unor nodel s, and are expected to be %erg!aé Igast, as
effective as paclitaxel or docetaxel against any of the diseases or
conditions  releasef gy thahtuniors ancashewn diereim saobel sradicated im apimab modela faftetce  ve.
The conpositigng of the .. jnvention provide water soluble taxoids to
overcome t he UJREGATAKENONSUMIMSFAODY; h 30 ‘the insol ubility of the drugs
t hensel ves, and al so provide the advantages of controlled -
- 3- WD 97/ 33552 . L _ .
PCT/ US97/ 03687  The methads; dessribed, hereip saylds alsp desisdyio Hasks; water, sejuble ,
eradi cat ed: | | . ; ' ' Madias r ati on.
The met hods dRpHT opREE: Bt bk hefipeuic agaii G ideS 300 dhugariiiting L1 1
pol ymer conj ugepside, ednipiside, fladaeabinee doxoubicjpndasnoroymin,r esadim gefleosowragil, dr ugs, .
i ncl udi ng opsi de, . teni post de, fl.udarahi,ne, doxanubi cj aunenycin,
emodin, 5-flu h‘raE?qa,gml’ cam %ﬁfmeﬁeuﬁﬂfola?d%ar’lr'ﬁagﬂlgci S{hﬂg elgn |‘(§:) aci ds,
verapam |, epgiclshSHies 1aNphrticular, Gibe¢ QEEMRS iwith hNfrdeahydroxyl agroup wall bgent s
with a free hydroxyl group would be conjugated to the,bgqoklynprfs by
simlar cheniewjugaisdceithe polymereby: sinlen chemisplrepctiony gs deseribed hgggip) for 5 cp
- conj ugati . e | LAl L Lo ' L o4 of-
the cheni S V@#l‘&ghgﬁﬂ&gw&%‘m{“ﬁ%ﬁﬁ by e %‘ﬂ?gﬂ%‘;‘?‘%@?ﬁgﬁﬁﬁgi med
i nvention.  the ch¢émizel ayand as suwhl would dlLiwihinithe scope lofl theotlaitmed iventiand t o

et opsi de, tenjposide, . .canpt ot.heci n,and. the. epot hi | ones. . used
herein, conj ujﬁé)ﬂséo“gf"&‘s avowld e‘P‘[’IE‘iﬁ’ LPd“I? ew"“]da1 DObg'F 3%1%%”808.&%])?%% @55‘3%? St
bondi ng of t hgunfdtBedis® ahd) ehePsHortiiBhesOr AS i8ddeheédéin, ddnjugated to a water kélubls al so
understood that 'the water soluble conjugates of the prese i nvention

t
mey be adni ni pelEnercmeans therepvalent bending of %@rﬁéwa?a@zwewé"haﬂf’hg ot her
ant i - t unmoy 5 or _

It is also understood that the water soluble conjugates of the present invention
may be administered in conjunction with other drugs, mcludmg other anti-tumor or
anti-cancer drugs. Such combinations are known in the art. The water soluble
paclitaxelor docetaxel of the present invention may, in certain types of treatment, be

20  combined with a platinum drug, an antibiotic such as doxorubicin or daunorubicin, for

example, or other drugs that are used in combination with Taxol.

Conjugation of chemothempeutic drugs to polymers is an attract_ive approach

1o reduce systemi.c toxicity and improve the therapeutic index. Polymers with

25 molecular mass larger than 30 kDa do not ieadily diffuse through normal capillaries
and glomerular éndothelium, thus sparing normal tissue from irrelevant drug-mediated
toxicity (Maeda and Matsumura, 1989; Reynolds. 1995). On the other hand, it is well
established that malignant tumors oftcﬁ have disordered capillary endothelium and
greater permeability than normal tissue vasculature (Maeda and Matsumura, 1989;

30' | Fidler et al., 1987). Thus, a polymer-drug conjugate that would normally remain in
the vasculature may selectively leak from blood. vessels into tumors, resulting in

4-



anti-cancer drugs. Such conbi nations are known in the art. The water

sol uble pacl i taxel or docetaxel of the present invention may, in
certain types of treatnenty:be 20 conbined with a platinumdrug, an
anti bi oti ¢ Wgekamas doxorubi cin or daunorubicin, for PETUBS 0368317 Ot her
drugs that are used in conbination with Taxol. ' Conj ugation

of chenot herapeutic drugs.to polyners . is an ttract,i roag

reduce syst en WUPPpIeEPPBlaton ‘#r’rﬁ%ﬁ’ ﬁle e ut ﬁdgﬁnaﬂgl fh‘mars with
25 - nol ecul arconfightet Magekt hdrg aepmrohnsmtad reteasd, Ip;‘ocﬁicfr@qﬁ-dohgddodr@
normal capillaries : and: gl omerul ar endof helium thus s r| ng, nor mal

tissue from irPePe¥ait “m"&g’ﬂﬂfedﬁ&?@ﬂ water solubls, pQlyrmsrs may heo Wzer a,
1989; Reynol dsy, ?év)z %(}v %J@felrr@gs@%solui: el OmpBiulds. At{)reseﬁﬁra@%é@'a?d t hat

mal i gnant turmrs 0 capl I ary endot hel i um and

greater pe rfrreaiymthehqaxtdlm:raiqmlyaiersthass been\eaaminktdifon mlr(albﬁmij eahahch/himgorur a,
1989; 30 Fidler 987 t hat uI d
normal |y remai ?Pe?h gmgde Wﬁ‘i?gf }ﬁ@r@o%"ggg qu@ %‘E’ FYC(STH ood
vessels into tARN e cﬁ:?éit'llvtdrnﬂé}géxﬂg clinical evaluation, including SMANCS in Japan and

-4- WO 97/ 33552

PCT/ US97/ 0368 7THPMA-Dox in the PnisedKingdom (Naedas 193 L apscekinad Xpémkpta, aP93)-

Addi tional ly, polynmer-drug - conj ugates nay act as drug depots for
sust ai ned rel ease, producing prol onged drug exposure to tunor cells.
Finally, weer sol Ublile m&lemrmstbsmyaiamldmm&mosdaiméamhose compowhdsimt as

well as to solubjlize,.ot e | nsol u ou resent vari ety
of 5  synt he‘f‘F %H‘ith?éFﬁ %‘Eﬁgjjﬁg?}'e&g@?ﬁpéﬁﬁrhaﬁ% eigane ﬁléq?erm‘hbl lity
t o enhance t Un@ortes and Paz&l?em95) andiﬁﬂgbdﬁuatearﬂbn(iﬂmp@&oe&a&ﬁas%m and
Mat sunura, 198 ). However, a few are currently undergm ng

clinical eval U8 &h; mneqlhemw;f onsheically Syaghesizechmolecules, anpyprefersd isra ¢ he
Uni ted Kingd d
ni ted Kingdom %(gc‘sii’aof ]tﬁ’eq enéﬁpeéi\%&&i‘ folRRRGC @\éﬁﬂean lfhmlud‘nq%%un s that

t he present dISC ure x01d I's under st ood t* ose co

I ncl ude pald i t[2aehB, 4aﬁ;6b;9a(xﬂl‘aﬁ@1),,1lanﬂa,dﬂdnenbuﬂw(satxmamm}have t he taxane
skel et on Cortes and. Pazdur, 1995 and e i,s0l ate m nat ur al
sources such 6@/&1{% epropanoic lc? ) l%s{b cetyloxy)qE (g oxy)

2a,3,4,42,5.6,9,10,1 1,12,12a,12b-dodecahydro-4,1 1-dihydroxy-4a,8,13,13-
tetramethyl-5-o0xo0-7,1 1-methano-1H-cyclodeca[3 ,4]benz-[-1 ,2-bloxet-9-yl ester. It is
understood that paclitaxe} and docetaxel are each more effective than the other against
20  certain types of tumors, and that in the practice of the present invention, those tumors
that are more susceptible to a particular taxoid would be treated with that water

soluble taxoid conjugate.

" In those embodiments in which the paclitaxel 1s conjugated to a water soluble

25 metal chelator, the_coxriposition méy further comprise a chelated metal ion. The
chelated metal ion of the present invention may be an ionic form of any one of
aluminum, boron, calcium, chromium, cobalt, copper, dysprosium, erbium, europium,
gadolinium, gallimﬁ, germanium, holmium, indium, iridium, iron, magnesium,
manganese, nickel, platinum, rhenium, rubidium, ruthenium, s_amarium, sodium,

30 technetium, thallium, tin, yttrium or zinc. In certain preferred embodiments, the
chelated metal ior_x will be a radionuclide, i.e.. a radioactive isotope of one of the listed

© s



tree, or f,rom cel I  cult ure', ~or chem cally synthesi zed nol ecul es, and
prefefred Is a _ chem cal of the general chem cal forrrula Cerr]JHerr]
N err], including [2aR- 15

2 6 9 R* S* , 1
i T R SN P R o

.hydroxybenzenepropanm C .acid , 12bbi s(acet yl oxyy) - 12- (henzoyl oxy) -
2a, 3, 4, 4a, 5, gngalg.oP @iﬁ@ér&dz‘a’hflzéﬁsm&eebwaﬁemtlﬂﬁ%ﬁm dPaox Pada Is, "1T3e13-
tetranet hyl - So@xomy, %%llm pano- 1H cycl odeca[ 3, 4] benz-[ 1, 2- b] oxet - 9 yl
ester. It is rstood that paclitaxel and docet axel are each nore
effective than the ot her agai nst 20 . certain types of tunmors, and that in

‘the practice of the present ntion, those t . that are nore
SUscept bl e o a BIHPFEL T NP GIRBariRn G Brelapclie Brieies b s, Betm

sol ubl e t axoiigvenftn HizRide, but are not limited 1o, dxéﬂ@lén@@ﬁﬁn BRMMckd (OMTPMY) ch the
paclitaxel is conj ugat ed .to a water soluble 25 al chelator, the

conposi ti on redhylengdieminctetreagstic se ?&ld:hel(ﬁlt)@d) met b#, 7s1<9rtetranmyclododecmel at ed

netal ion of eN ny. one,. of
al um num borr\g)jrqll Cﬁezé‘@uérﬁcag%rgg um ) co Y%%‘g ygpqgg@ M :
eur opi um acid (FEIA)| ﬂiyﬂﬂ»cqulidbnﬁmmg&pmu (HEDB} rdimeAcaptosibcific dcid dl um

i ron, nagnesi nganese, c ati num _rheni um rubi di um
r ut heni um séﬁ&h@m diethy FH‘”QW“"F%‘EFFE%‘F‘FB&? SPRepdt | ity RTHYD yandr it or

zinc. In lgertaﬁ{,ﬂbbgﬁﬁzflﬂj"l‘?ﬂ URBEIHB hkand RNN' N-etaliRLi 4210 r@fst eg&p i

be a radionuclide, i.e. a radioactive |sotope of one of thé
WO 97/ 33552 ethylenebxs (oxyethy!enemmlq)-tetraacetxc acid, with DTPA being the most preferred.

PCT/ US97/ 03687 r erred radi nucl | de clude, but are not
limted to [2} ened{ egl%f&“ent e‘]"? e Tr rﬁv%mn may Oe%ﬁ(cof’g??‘]"f’h and
[err] Pt. comprising ' In-IPTRA-phdlieakelvat er sol ubl e chel ators to be used in the
practice of the present 5 i nvention include, but are not limted to,

di et hyl enetri am nepent aacetic acid (DTPA), et hyl enedi am netetraacetic

acid (BRTA), " fn &rﬁ&@m%@&xfn@ﬂ@%yg{eoﬂeﬁﬁfﬁﬁ@mon the paclitaxel or docetaxel
N, N,N',N'-tetraacetate

t et r aazacycl eyt bateonia A W -solvbleapelmtr; and preferablyd theTEobaper is
hydroxyet hyl icggngd RRE thrnﬁg% bplieBEh or @Bﬁgeorﬁ@e%a%ﬁ&ﬁgl' Bidocdilel Thus

when functional groups are used for drug conjugation, as above with the C2'-hydroxyl

~ of paclitaxel, a degradable linkage, in this case, an ester, is used to ensure that the

20  active drug is released from the polymeric carrier. Preferred polymers include, but are

| not limited to polYethylenc glycol, poly(l-glutamic acid), poly(d-glutamic acid),

poly(dl-glutamic acid), poly(l-aspartic acid), poly(d-aspartic acid), poly(di-aspartic

acid); polyethylene glycol, copolymers of the above listed polyamino acids with

polyethylene glycol, polycaprolactone, poiyglycolic acid and polylactic acid, as well

25 as polyacrylic acid, poly(2-hydroxyethyl l-glutamine), carboxymethyl dextran,

hyalur_onic acid, human serum albumin and alginic acid, with polyethylene glycol,

polvaspartic acids and polyglutamic acids being particularly preferred. The
-pox')'glutamic acids or polyaspartic acids of the present invention prefefably have a -

molecular welght of about 5,000 to about 100,000 with about 20,000 to about 80 000,

30 or even about 30,000 to about 60,000 bemg more preferred.
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(DWVBA), diethyl enetriam netetranethyl enephosphonic acid (DTTP) and 1-(p- .
10 am nobkenzyl ) - DTPA, |, 6-diam no hexane-NNN , N -tetraacetic acid, DPDP,
and et hyl enebi s (oxyethyl enenitrilo)-tetraacetic acid, wth DITPA

bei ng the RRShH, r.fi%ﬁf erred. - A preferred enbodi ment ofpé-hasgmmﬁnt

i nvention may al so be a: conp05|t|on conpri sing

[err]| n- DTPA- pacl i tlaxel certgij Hleenbod nent

present invention, “B%%’ft??daygf the %ﬂ@%?%%l prﬁﬁegl) RV é?ﬁ L‘Rﬁt ged to a

wat er sol uble 4 e)&@@ina@ﬁ&imﬁécﬁﬁﬁll?%éépﬁabﬁ daley B8lGitidrSas describédbélogasach t o t he
2'or. the 7- hydroxyl or both_of the paclitaxel or docetaxel. Thus

Wnen functi ona SO@F‘@QW@# ke sterilel of atepi any @@h}"&b‘é‘é water, b&?“”?&bﬁ%”%aﬁ?ﬂq he
ydroxyl | or othef ingP@iidshd R to holEOF QP B e gk iR Uituld Dubd Y alfeBIE or AN

ester is use oen active ug isre eas rom t he
pol'yneri c dar rother. haﬂlifaf ractiod \qdmhyzdmmtemttolﬂamhaltor anman SubjCCtJOThdfomeI ed to

pol yet hyl ene col , poI -glutam c.ac ol y(d-gl utam,c, ac

pol y(dlI - gl ut a?#’ PLeseqf) In ‘é‘fcﬁp( Fnaés%‘%?r tché“i%‘l“?f? %é ?%&“ﬁqfﬂté‘ﬂ |°8m£%37‘ﬁ‘3n

pol y(dI - aspar tdomprisin aaaie%meﬁgémt&ydnﬁnﬁn&& such OB Paiitied of dosdiepbOVE
listed pol yam no aC| %s W th pol yet hyl ene lgzl'gycol pol ycapr ol act one,

~ pol ygl ycol i c eronivgaied tpa highzpelpenlas ovetght avatemspluble polymes opm 9 ghelgton. cTheoi d,

pol y(2- hydroxy HE gm e oni c
acid, human sep um aF‘g)h néﬁ?ﬁ?@@@é&(ﬁ&%ﬁ({dﬁ& gl&{: ROlY%lne g{;%co{!g

pol yaspar titc gmilyhspartatic paug/gf at chelator, apreféﬁabl;em'gApaIttnsculHoaiddyrsmb&ftmraed.

The pol ygl uta c aci ds or, pol yas artic acids t e I nvention
preferably havr 1anuc de m%\’%&'ﬁﬁda& 'R'f‘"’&‘? 3B tor (F"go&?‘é‘bﬁ‘ﬁtpri% 000
with about 20, HRfndOuRlP bmBokiR0 mﬁo inchidE £VBErapRiEt O bOcibRAN

60, 000 being nore preferred.

V\@adigiiss Batope. _ _
PCT/U897/03687 It is understood that the conpositions of the
present invention may be di spersed in a pharmaceutically acceptable

carrier solsuti on adn desdn 'e:hb@ﬁuhaimwhe ﬁiumht mvenuonanaobamdscribmlahdnémodst erile
or aseptic and iy e e s RUL RS beutis 3h Mush P satixel or docotaxel
by tumor tissuc. This method may comprise obtammg a conjugatc of the drug and a
metal chelator with a chelated metal ion, oontactmg tumor tissue with the composition
and detecting the presence of the chelated meta) ion in the tumor tissue. The presence
20  of the chelated metal jon in the tumor tissue is indicativé of uptake by the tumor
tissue. The chelated metal ion may be a radionuclide and the detection may be
scintigraphic. The tumor tissue may al_so ‘be contained in an animal or a human

subject and the composition would then be administered to the subject.

25 The present invention may also be described in certain embodiments as a
method of treating cancer in a subject. 'I_'his method includes obtaining a composition _
comprising a chemotherapeutic drug such as paclitaxel or docetaxel conjugated to a
water soluble polymer or chelator and dispersed in a pharmaceuucally acceptable
solution and administering the solution to the subject in an amount effective to treat

30 the tumor. Preferred compositions comprise paclitaxel or docetaxel conjugated to a2
polyglutamic acids or polyaspartic acids and mbre preferably to poly (I-glutamic acid)
-7- '



or other ingredients known to those of skill in the art that woul d-cause no
allergic or 5 other harnful reaction when adm nistered to an ani mal or

human subj ect. Therefore, “  the present invention may al so be described
as a phar ge:Tol lcal conposition. conpri sing a chenotherapeutic or '
anti - cancer %’%ﬁ uch.as paclitaxel or docet axel cdif Gﬁg’@&a”to a high

nol ecul ar wei ght water sol ubl e polymer or to a chelator. The
phar maceut i caPr pelfgospartie gcighy The comgesitienisyaft thy inventia sre oinderstobg gb earmat i ¢

acids 10 pol ygsp 3 ' [ 0 ref er abl TPA. It is also-
under st ood thgt a@é&@a&l s{;@&&g‘?\%cﬂ é%r}f%}g%heéﬁs ct?n%’?tg‘g‘aéﬂﬁi”-’ Akl?r‘?ﬁ‘rmé’@ent, or
drug, and thaefféctiee pnésemid include, Rhafordeclithitedato biefs) Randel, Osvafily chnitel, ude a

t herapeutic anmpount of .a chel at ed _ .radi oactive isotope. 15 In
certai n embod 1 melgpoma. bung,cance, gastric gancerm golpmcaneerchead @ad aeckranesr hod

of - det er m g ng ibll@ndspt ake of "a chenot herapeutic drug such as paclitaxel or
docet axel _ by tunor tissue. This nethod nmay conprise obtaining a

‘conj ugate of the drug and a. . - metal chelator with a chelated netal ion,

contacting tunor td,ssue wWth the c 0Si ti.0 and detecgting.the
presence of the ch-fe}}eﬂé‘howg?%ﬁ T e '?‘ig?ﬂ?rs°{"ﬂe§§%é°.“°¢ﬁg&ﬁrpé%§ﬁ’&,‘é 20

of the chel at&diosehd] upfaRe inthe hambipivr 16 iaaxfﬁﬂmérﬁxgimmﬁédﬁzmim&m*dﬁ&e by

t he tunor _tissue. The.chelated netal ion may be a radionuclide and the

det ection naydrB& or prodrug.This methodmay ingludeanyof theiimeging trshnighesalissussednt ai ned
in an anijml Mové i WARR itaxodi LELon: woul d.t hen, be

adm ni stered to‘_’t he subjae%af {lm%aﬁhr%%éd%ﬁgqg? g‘?ﬁa"?\#&f‘%\%ﬁf ':;L&%Ctm al so
be descri bed detectedrin & mmonbdlisrstapt providesaa cost effentitvia ochy aff detepraininpothepaicer in

a subject Thi h I ncl udes obt ai ni a conposition . conprising a
chenot her apeﬁ’f1 zr:‘r:%} dr nggru‘é'ﬁﬁgsmb %5 Iele%ﬁ(fg?mo’FsPé'gE &3 BIiA-paslijaxelherapy & o

wat er sol ubl eth¢selcgses whefe i ahigtdoes AétchetlinedBe H@forl Nt B BHRMPREAYhAGRA] ¥
acceptable , solution and adm nistering the solution to the subject in

an anount ef fIB@ENg dechpique cap beyyseditn predigtthe respanse to paslitaaelandi toiidentificonpr i se
alioab at | = o !
paclitaxels orpafi@fetharat n&%&Q@%ﬁ%ﬁoﬁ gx%egféiﬁ%d{c?%c?% %meﬁna?cﬂe.clgye%rfor

pol yaspartic acids and nore pre tam ¢ “acl
-7- | the patient. The assumption is that if there is mo reasomable amount of
chemotherapeutic agent deposited in the tumor, the probability of tumor response to

that agent is relatively small.

20 In certain embodiments the present invention may be described as a method of
obtaining a body image of a subject. The body image is obtained by administering an
effective amount of a fadioactive metal jon chelated to a paclitaxel-chelator conjugate
toa squect and measuring the scintigraphic signals of the radioactive metal to obtain
an image. ' ' o

25 _

The present -invention' may also be described in' certain broad aspects as a
method of decreasing at least one symptom of a systemic autoimmune disease
comprising administering to a subject having a systemic autoimmune discase an
effective amount of a composition comprising paclitaxel or docetaxel conjugated to

30 poly-l-glutaxixic acid or poly-l-aspartic acid. Of particular interest in the context of the

. present disclosure is the treatment of rheumatoid arthritis, which is known to respond
-8



WD 97/ 33552 _ o _ - o '
PCT/US97/-03687 . ‘or poly 1-aspartic acid). The conpositions of the
invention are understood to be “effective agai nst any type of cancer

for which t ggy,?fsgpj ugated taxoid is shown to be : - ebbpkémBssand woul d
i ncl ude, bu e limted to breast cancer, ovari an cancer,

mal i gnant el anoma, |ung cancer, gastric, cancer,, colon gancer, . hea nd
neck cancer 1 somgcagegindayql yvhen administered in the stanlgrd %TP&?‘%‘F‘“PFB&‘E&F\% a
tunor nay | ”C'EPQ&zSS)ﬁ@%_,%?.?'OR% gﬂﬂh@fue%f‘enp%?ltb:h@fé,e!it is contenflatélP ¢k ake!

upt ake in the tunor prior mni'stering a therapeutic anount of the
drug or prodr ueffecivengssmof ithed wawy splubleutisoids yof he tpesentniayéntign t widhnotgbe's

di scussed 10 above i ich.a paclitaxel-chel at or-chel tal i “
adni ni stered t “ﬁ“‘%ﬁﬂﬁ’é{\é&}e %“gaem.' o 8&“§°EP§‘H€'F ﬁ“oéeq’u%grﬁ(ﬁel ‘rs;'gtg'f W% ovi des
a cost effesti modgnayfactial £éontrollditrelehstt fotnulation thed aéléadsesthe hetive Mg over!l d not

‘be expected to respond to DTPA-paclitaxel therapy in, - . those cases
where the dr ug? Besios of simeg dierefors, therrompgpitipns of the desepi iR EAPeE SREABE 10 f  an

i magi ng techni : : ;'ﬁ’&ﬁ Dt ' l.and to
identify 15 gé;% %ﬁ%&gpete?%t?&g]r é&#\% ﬂfél e°§/ to ?g’?g’gn , geﬁggfméigtzﬁs%gand
‘cruci al tinme nsivaigegesmvadroflet release. It ishalsquriderstuiod thaf ithe taxaid ogrhpasitions of hat | f
“there is no reasonabl e, ampunt of .chennt her apeut i.c ent deposited in
the tumor, t hellfRSEH: IAVERHOB mEY, i std: U GHCnggn Wit other s, syell gegan
relativel yi naédgiogenezﬁ_inhibitor (AGM-1 4705 EOlivet b &UM{)B@H&EO&@H%PV esent

I nvention may be described as a nethod of obtaining a body inmage of a
subject. The body inmage is obtained by adm nistering an effective

amount of a radi oaG.V ' e, . nac 'hﬂg.x&?-

conj ugat e to@esﬁﬁé@ta %ﬂtr?eggls%% ﬁ’g’bﬁtﬁe‘@s&"??%%u grap lfgbgllk%ér‘fg%? of the
radi oacti ve meindicattothatizhaivater soluble pacliiarelgjand ddBetaxels of the present ifiveatipn wilbnt

i nvention may also be descri.bed in certain broa pect s. a met hod
of ' decr easi ny ST e SRR ER SRl apein SERERIR IV Wi

conpri si ng1sadnfidi exa@ple§t isCcontefiiphiteiCthal) ¥dted Golabls Yatiihke wAlll R BRI QsdH sease
an . effective ampunt of a conposition_ conprising paclitaxel aor, g
~docet axel conjBgiRgtPriigpiagted medicpl devipes: stiehcas Jubipes shysy, pethetamspartificial aci d.
O particul ar ke igguﬁg' 1 SRRARE kudhf ast ak Sk SChasdl & 1 S the
treat ment of r!hg’?maf gfné art rltfrlﬁ;gsl ‘i"chasipté hOW ztmc?ecr%‘g\(ngoo‘gd’fé br '

- 8- venous stents, including balloon-expandable stents. In these embodiments it is

contemplated that water soluble paclitaxel may be bound to an implantable medical
20  device, or alternatively, the water soluble paclitaxel may be passively adsorbéd to the
surface of the implantable device. For example, stents may be coated with polymer- |
drug conjugates by dipping the stent.in polymer-drug solution or spraying the stent
with such a solution. Suitable materials for the implantable device should be
biocompatible and nontoxic and may be chosen from the metals such as nickel-
25 titanium alloys, steel, or biocompatible polymers, hydrogels, polyurethanes,
polyethylenes, ethyleneviﬁyl acetate copolymers, efc. In a preferred embodiment the
water soluble paclitaxel, especially a PG-paclitaxel conjugate, is coated onto a stent |
for insertion into an artery or vein following balloon angioplasty. The invention may
- be described therefore, in certain broad aspects as a method of inhibiting arterial
30 restenosis or arterial occlusion following vascular trauma comprising administering to
a subject in need thereof, a composition comprising paclitaxel or docetaxel conjugated
0.



WO 97/ 33552 | | . -
PCT/ US97/ 03687 - in sone cases to taxol when adm nistered in the

standard Crenophor formulation (US - 'Patent 5,583,153). As in the
treatment of tumprs, it is contenplated that the effe%lveness of the

wat er sol uBP784RDi ds of the present invention will not - 36%; i ni shed
by the conjugation to a water soluble noiety, and that the water soluble 5
prodrug nmay att palg-l-glutamit racidl @dpalyed-aspericf asidru Inathe pradtica tof 1thd emthed, thae

t d Th f th iti f the
F esont 1 noentiRisE: TRy beh RERY pass, vASSily SRkeR O i TPRPIGE R AROISR QR ot

rheumat oi d ar idiial hgiopiady SatRAP fer exaitipleViahd ﬂ{éfdcoﬂfﬁoﬁxﬁﬁu may be AHARERIE a
controlled release. It is also understood that the taxoid conpositions of

the present i #esHY ip@visRguslyeor RYER Coated M Asitent aRdthe slentris eplantedgtdlgssighiuch as
an 10 angi Omla'?t{ambb' tor (AGWV 1470) (Qiver et al., 1994) or

nmet hot r exat e. The fi ndi ng that paclitaxel also inhibits
restenosis after balloon angioplasty i ndi cates that the water soluble

pacl i taxel s and dogeta of .the sent entian find a
variety of applic E Jd’é‘ﬁ’& 25 the, ‘Pg“d“?‘%&r Q}?{e ?&Ia“afﬁ’r#nﬂ‘?f"g’ lermedica) dexags;
9625176) . 15 whdréih tRe@éWibeSis chited sm%maakmbfdoﬂxﬁﬁ ffaxS10r tdcRaxel

paclitaxel will be useful as a - coating for ant ed nedi cal devices,
such as tubi m;ugm rie polygintanaicegeids orr palysspariig acids ah raoraant sffeqtive 4o

el ectricalg () 1Y) | |
venous stient S, E:slﬁ' § a.IcPﬁlgn expg%da efst eﬁ l& Fxs{cﬁemg{ctg%hgﬂ‘nent S it
i's contmmosmenis bihﬁlb pnm:mrmsainnblae dpsceibed herah amd) inbeertainpréfeired an

i npl ant abl e ne devij c ternatiyv t he .wat er, sol ubl e

pacl i t axel rrai’“%? “B%Pé% thrsfspt ﬁ&gﬂﬁf{e‘ﬂ%\‘ et bllob angipplesty gy tf“l"l‘é“’“mg

i'npl ant abl e digéffedive ROmhiBK *EEnBsis. St ent s may be coated with pol yner -

drug conjugates by dipping the stent in polynmer-drug solution or spraying

the stent with such a sol utlon Swtable materials for the

i mpl ant abjge devi g, Shout dphned em i OB Qb R

chosen from t he net as nic titani um St ee

bi oconpat i bl ecoprpoyitien sqm;br;sdrgqg@gmtammlayxls conigated to the 2' or bhydymtym;xi ltle s,

ethyleneV|nyI t at ol yners,. .etc. ef erred nbodi nt t he

Cat ot S0l ubl T RARHRIE o Rvend RRAPPY SompRei R AR S FHROEEE B e 2 ot el
onto a stent or7 hydrh§1 otU&E'bfb&Uﬁtdelt OA$iised héreiny the lternfi"a fpbmghmﬂuaambal | oon
angi opl asty. The invention be described therefor in certain

broad aspect s°fa§°’é{8hmi6c!°’éﬁ" F’ﬁh’idb ipplynd-elptaraic jagid), pply (d-gliamie arid) gpd
arterial fecl gy odl-ghRhhRQ Ul MAShHe! tedhs by PUFRspHACHCId® | 9 pA RpRiR Lffds ™9 € O

include poly (1-aspartic acid), poly (d-aspartic acid) and poly (dl-aspartic acid).

_ Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
25  which .this invention belongs. Although any methods and materials similar or
equivalent to those désf:ribed herein can be used in the practice or testing of the

present invention, the preferred methods and materials are now described.

'BRIEF DESCRIPTION OF THE DRAWINGS
30 FIG. 1A. Chemical structure of paclitaxel, PEG-paclitaxel and DTPA-paclitaxel.



a subject in need thereof, a conposition corrpri si_ng paclitaxel or docet axel
conj ugat ed . _ -9- WO
97/ 33552 ' _
PCT/ US97/ 03 to poly | - gI utamc aC|d or poly I-as In
the practi CS’%?”’%’H’& met hod, the subj ect rray be a corgtgi:‘;{?%/99 yp ass
vascul ar surger organ - transpl ant or cqronary .arterial
angi opl asty pat ﬁgh B. (bemisalsifpcare apddaeacHen %ﬁﬁ@FPTQ‘;H“}?ﬁ)PfBQ‘P&ﬂWﬁlst ered
directly, intravenously, or even coated on a stent and the stent |s
inplanted at the sight 5  of vascul ar trauma. ' S
enbodi nent of tH&. |2n\ﬁ’fﬁct (ﬁpmhtpxal%@-fpwlmxehmd@fﬁ?ﬁ&paml meplnhﬁ;tande\of ce,
wherein the devhg coat with a conposition.conprising paclitaxel or .
docet axel %@%ﬁ’%ﬁe 0 pol ygl utami ¢ acids or polyaspartic acids in
an anmount effective to 10 inhibit srmoth rruscl e cell prollferatl on. A
_preferred ‘device is a stent coated with t conposi tions of the
present i nvent i k¢ dsAntitympr eftegt #@@Arpaamehwmgwmwwqrsd
- enbodi nents, the stent is adapted to be used after balloon angiopl asty and
t he coating ' is effective to inhibit restenosis. 15 In
certain preferrE. dnidediaretiing (dAyh)etolraabhrtnmmrﬂ;mgtem Baany dflee deattient with

conposition co | ut a ds .conjugated to the 2' or 7
hydr oxyl or ?ﬁ?‘i Q%ﬁf’k gﬁ‘f‘i"i"g‘i’@l&c‘%Pa"é\‘Fé& a conposi tion conprising
. pol yaspartim aci d conj ugat ed to the 2 or 7 hydroxyl or both of

paclitaxel . As used herein, the terms "a pol y?\ééqtamc aci d"
"pol ygl ut ani ¢ 0" Gaemenseintigsanhs of mjpe bearing -ﬁ)ﬂmmlfgllo(vdngghMUﬁmus aC| d)

and 20 poly ( C F;Eg cid": _
"pol yaspartic a:giccd@p%a"h-PDi‘ Jélcpa l%In]el(ti’?aspar %%a%@%@gg%%wd asparti C
acid) and poly (dl- asparti c acid). Unl ess defined otherw se,

et cal S oAb B S B pipet i b R T 0

15 C. -[J-- represents percent paclitaxel remaining attached to soluble PG, —A--
- represents percent paclitaxel released, - O -- represents percent metabolite-1

produced. .

FIG. 7A. The antitumor effect of PG-paclitaxel on rats bearing murine breast tumor

20  (13762F). -01- represents the response to a single i.v. dose of PG (0.3 g/kg); -A-

| represents response to paclitaxel (40 mg/kg), -O- represents response to PG-pachta.xel
| (60 mg equlv pachtaxel/kg)

- FIG. 7B. The antitumor effect of 'PG-paclitaxel and paclitaxel on mice bearing OCa—l.
25 ~ tumors. ~-0- represents the response to a single i.v. dose of PG (0.8 g/kg); A
reptesents response to paclitaxel (80 mg/kg), -®- represents response to PG-paclitaxel

(80 mg equiv. paclitaxel’kg), -O- represents response to PG—paclltaxel (160 mg equiv.
. paclitaxel/kg). '

T ) OO



25 which this invention belongs. Al though any, nethods and materials

simliar or equi valent to those described herein can be used in the

practice or testing of the “  present invention, the preferred nethods _
and nat er i gJog7R848, NOW descri bed. _ R0 dgEPCR PTI ON

- OF THE DRAW NGS 30 FIG |A Chemcal structure of pacl ilEa-xe%;],’_:,0

PEG pacl i t axel__and DTPA- pacl it axel . . . ) :
-10- _ 9?93.3 élggzamnmnor effect of PG-paclitaxel on mice bearing MCa-4 mamimary

PCT/ US97/ 0368 . : ) ructure.. .reactigqn sche for.
production of %I%rccinp?énc?l ?F‘ggél j@ mﬁk@éﬂtfﬁ*eé&pgﬂ& fae%lﬁélgfl 'ng%sfiq[(}gﬁi < A= _
PEG pacl i t axelreprestniilithesponse tb asaigleoitv. dosel of P& (816 FKg)Oi @ - representli@sphRéeANO MR
- cells. 5 Fl Gi 3.. Antitunor effect of _DTPA-FacI itaxel on MZa-4 -
mammary t umor & PG-paclitaxel {f-meAke).\ R representniesperss i) PEpaclisanch (60me equivanet er

of 12 nm akte Nt~ W aGl biaxel. - litaxel and | '
PEG pacl i tfgxe .aélfi%éflﬂf), '-OT\Q#EEQ SIS TESRY uﬁg?ﬁ?ﬁcg%glgﬁc}g%%e bearing MJerr] .
tunmors foll ow ng intravenous " injection of [err]ln-DTPA-paclitaxel and.
err] 1 n- DTPA. r indicates t tumor. . _FIG 6. Hydrolytic
Eie_-grladat i on ofﬁé’éfgaaqﬁ appiymor & _‘t‘é‘IrT??@‘rPé‘é}“?’?_‘F’ pesinsh sofyfisspe gargema umes  C,
Joferr]-- repyesA f HALE AN BAClnl e b BHR! B Mindle! ARG P EffID.C PG

--Jerr]-- represents percent paclitaxel reledsed, - epresents
percent net abedprdsentd the response to a single i.v. dose of PG (0.8 g/kg); -O- represents response

10 1o paclitaxel (80 mg/kg), -A- represents response to PG-paclitaxel (160 mg equiv.
paclitaxel/kg).

FIG. 7E. The antitumor effect of PG-paclitaxel against syngeneic hepatocarcinoma
tumor (HCa-I) in mice. -0I- represents the response to a single i.v. dose of saline, -A-
15 represents the response to ﬁ single i.v. dose of PG (0.8 g/kg); -C— represents response
to PG-paclitaxel (80 mg/kg), -A- represehts response to PG-paclitaxel (i 60 mg equiv.

~ paclitaxel/kg). ' |

FIG. 8. Release profile of paclitaxel from PEG-paclitaxel in phosphate buffer (pH
20  7.4). Paclitaxel, -X-; PEG-paclitaxel, -O-. - '

FIG. 9. Antitumor effect of PEG-paclitaxel on MCa-4 mammary mmors. -[J-
represents the response a single i.v. injection with a saline solution of PEG (60
mg/ml), -W- represents the response to the Cremophor/alcohol vehicle,-O_-represents

25 asingle dose of 40 mg/kg body weight of paclitaxel, -®- represents PEG-paclitaxel at
40 mg equiv. paclitaxel/kg body weight. '

DETAILED DESCRIPTION OF THE INVENTION
The present invention arises from the discovery of novel, water soluble

30 formulations of paclitaxel and docetaxel, and the surprising efficacy of these

-12-



produced. FIG 7A. The antitunor effect of PG paclitaxel on rats
bearing murine breast tunor 20 (13762F). -[err]- represents the response

to a single i.v. dose of PG (0.3 g/kg); -[err]-. represents response
to paclltaxel (40 nmg/ kg), -O represents response to PG pagli | .. )
(60 ng equi VVO!Hé?é?’?t axel / kg) . - ~FIG 7B. The anti tuﬁ’g?“}%ﬁ", of

PG paclitaxel and paclitaxel on mce bearing OCa-1 25 tunors. -[err]-

represents the forsstivhe againmmiungbus in vivo. Polye(l-ghutaatc éﬂdﬁogiﬂggtﬁﬂ pachitaxel

represents respagnse Lo acli taxel err| resppnse
to PG pacl i t axdPG-paclitaxel) gdmipist %ﬁfiu % m‘%&’f"ﬁ“&x%{%ﬂﬂﬁ)cm‘ g(g&ége
g‘; /Sggggg t 0_ PG efidah@flor Gldih WBlaf @ ic¥mpared to thP3frhé Uaseeds/ pallitaxel without - VO

PCT/ US97/ 03687 PG. Mice fi¢a®d with pﬂph@xelmlmemm’rlthe# eamabinaion pgiise pp¢litaxebandon .
m oo beari 1g Mt SR RelaVed tupor o Rl AR, Hub BBioR rogrb ' Jevels BREERENL B

response to-a

response to a sanngineatbd uon&iogﬁmpfafta(ieﬁ (aaﬁ; O¥Misg@pver; itethé hraxmﬂ)ltcﬂmﬂ dose
response t o PG paclit axel 40 2@0 [err] %gnts res onse to
PG paclitaxel (BOINgefdheP Q‘Pac@axe ﬁ%‘r‘gﬂ‘ea ) ‘R%)eq‘""@a"l Resgrp Pnse to

PG pacl i t axel (tﬁﬁgrsrﬁgésk&%:%;{letflg Ssapgreééé@the? Bmof $hréHi! iahd! Eﬂ?ée &;SERIE& & two

PG paclitaxel agalnst so sarcona tunor (FS In mce.
-[err]- representnhs folowing reatmenttremained tuyioe fiee (MTBodefingd a%@b mmﬂ @ose

10 that produced 15% or less body weight loss within two weeks after a single i.v.

injection). In a parallel study, the antitumor activity of PG-paclitaxel in rats with rat
mammary adenocarcinoma ( ]37621-‘) was examined. Again, complete tumor
eradication at 40-60 mg equiv. paclitaxel’kg of PG-paclitaxel was observed. These
surprising results demonstrate that the polymer-drug conjugate, PG-paclitaxel,
15 successfully eradicates well established solid tumors in both mice and rats after a
| single intravenousminjection. Moreover, with a half-life of 40 days at pH 7.4, PG-
paclitaxel is one of the most stable water-soluble paclitaxel derivatives known
(Deutsch, et al.,' 1989; Mathew et al., 1992; Zhao and Kingston, 1991).

20 DTPA-paclitaxel is also shown herein to be as effective as paclitaxel in an in

| vitro antitumor potency assay using a B16 melanoma cell line. DTPA-paclitaxel did
not show any significant difference in antitumor effect as compared to ﬁaclitaxel
against an MCa-4 mammary tumor at a dose of 40 mg/kg body weight in a single
injection. Furthermore, ' Indium labeled DTPA-paclitaxel was shown 10 accumulate

25 inthe .MCa-4 tumor as de_ménstrated by gamma-scintigraphy, dembnstraﬁng that the
chelator conjugated anti-tumor drugs of the present invention are useful and effective

for tumor imaging.

The novel compounds and methods of the present invention provide
30 significant advances over prior methods - and compositions, as the water-soluble
paclitaxels are projected to improve the efficacy of paclitaxel-based anti-cancer

-13-.



represents the response to a single i.v. dose of PG (0.8 g/kg); -O
represents response 10 to paclitaxel (80 ng/kg), -[err]- represents
response to PG paclitaxel (160 ng equiv. . paclitaxel/kg). . FI G
7E. The antitunor éffect of PG paclitaxel against syngenei c hepat ocar.ci nona
“tunor (HCXQ9"B$2nice. -[err]- represents the response t%c"é{"?f’ﬁ%ﬁ'é iLv.
dose of saline, -[err]- 15 represents the responseto a single i.v. dose
of PG (0.8 g/therapy,- By previdingemarer rsofyblensiad controllddo rédiéasp graklitacel ederived

ng/ kg), -[err]- represents respqonse to.PG paclitaxel (160 ng equi,v.

pacl i t axel / kgfPmpositions. e compbeiian sliginais B¢ apel 61 solugts thabagy apeiped

PEG pacl i t axelith GigPReeabalen Wil bRbr paitagll combodtionsPak! ddltiR! radiolibeled

. PEG paclitaxel, -O. - FI 9. Antitunor effect of PEG paclitaxel on
MCa- 4 mammar ypaclitaxsls whichds ishown to retaip apti-suraon activitys Wil sgisnbe usefdiinghe i . v.

injection with a saline so [ on, of PEG (60. - e(rgﬁ%h-
r epr esent stf[ He Pe ﬁgnbs%orf'ok#'&]hgr’ % rcf)%’o'rn/ggﬁgacogﬁgf’w@%?%Irygg,eh!"él’_" &%nts 25
~a singl e dosepaolitadd) wily b tdken!yupviby @hpartiduldd aambi by ekintigiphiy, singtec ph@&ENt S

PEG paclitaxel at 40 ng equi v.sﬁéﬁcl i taxel / kg body wei ght. :
DETAI LED DESCRgstanorpmpuiter femogsaphyr (FECT) or positron emissicn tomegw@pby (FEBnt i on
arises fromt [+ S5 o vV IGO0 .'%'??“’ | of-
paclitaxel an sdg%gtngg{eo%{ agdtﬂfhhgé Islslflr&ﬁélaéﬁlng eP I C ch/fag{u t esg&h&g&'
-12- T3 iar@86&may be helpful in guiding the practitioner in the selection of patients

| PCT/ US97/ 1%368&7) undergo paclitaxel therapy.

The paclitaxel may be rendered water-soluble in two ways: by conjugating .
_paclitaxel to water-soluble polymers which serve as drug carriers, and by derivatizing
the antitumor diug with watef soluble chelating agents_. The latter approach also_.
15 provides an opportunity for labeling with radionuclides (e.g., iy, Py, 1%Ho, %Ga,
#™Tc) for nuclear imaging and/or for radiotherapy studies. The structures of
paclitaxel, polyethylene g]ycol?paclitaxel (PEG-paclitaxel), polyglutamic acid-
‘paclitaxel conjugate (PG-paclitaxei) and diethylenetriaminepentaacetic acid-paclitaxel
-(DTPA-paclitaxel) are shown in FIG. 1. '
20 | | | |
. In certain embodiments of the present invention, DTPA-paclitaxel or other
paclitaxel-chelating agent conjugates, such as EDTA-paclitaxel, DTTP-paclitaxel, or
DOTA-paclitaxel, for example, may be prepared in the form of water-soluble salts -
'(_sodium. salt, potassium salt, tetrabutylammonium salt, calcium salt, ferric salt, etc.).
25 These salts will be useful as therapeutic agents for tumor treatment. Secondly,
' DTPA-paclitaxel or other paclitakei-chela_ting agents will be useful as diagnostic
agents which, when labeled with radionuclides such as '"'In or #™Te, may be used as
- radiotracers to detect certain tumors in combination with nuclear imaging techniques.
It is understood that in addition to paclitaxel (taxol) and docetaxel (taxotere), other

30 taxane derivatives may be adapted for u_sé in the compositions and methods of the

-14-



- formul ations against tunor cells in vivo. Pol'y (I-glut ani ¢ ‘aci d) conj ugat ed

pacl;i t axel (PG paclitaxel) adm.nistered to mce bearing ovarian
~carcinoma (QOCa-1) caused - . significant tumor growth del ay as conpared
to the sameydQsgses pacli taxel without - PG - M ce tregiceisvdisbe?

pacl i taxel al'one or with-a conbination of free paclitaxel and 5 PG :
showed del ayed tunot growt h.initjially. ~ but..t unots Legrew | evel s '
conpar abl e to Presentiny nmqngéleaéaﬁ Sus PO o snd e °gf‘e” ultgg’fse. ‘RS der . at

the maxi mal tobgtRt@ferde®Blaims. = (MID) of the PG paclitaxel conjugate, (160
ng equiv. paclitaxel/kg), the growth of =~ tunbrs was conpletely -
suppressed, the tunors shrank, and m ce observed for two _ nont hs

foll owi ng treatnent i hed. t ' " sSieTd i85 of asﬁ% e dose
10 that produced 1@@?@? ‘}'gdsi%s' gogy%ﬁgﬂés%gsng%.tswutmg \%g-g_s a?fa;éerl a
single i.v.5 have showaahatdn)micd thedlLIpgr(a0%dethalt deds), oft DRT Avphclitancbobseciedvi t y
of PG paclitaxel,i

B ELN I N ERTEUNE PP TP i IR NG e

paclitaxel / kg @émPiesBi ®hith padiRixcl\BiffienIefo/Boke DEBREE of the doseSwblithé RisPaintsesul t s
denonstrate that the polynmer-drug conjugate, PG paclitaxel, 15 -

successful |y eimpisedbyJinyited| sobubilihy [of Paeldaxsh pnd) vehigle toxicity sediated withaMd rat s

fe . e - . : i ;
30 daye at ph FifRiighdlt "AKGRRL S NGO b Bresl AT, ot Wil BERL ak'or® ©
wat er - sol ubd e plenidthesapyl wohild i deihine Sthé effestive and ma{xaalt ®idnated idosaiges inl 989;

Mat hew et al ., 1992: Zhgo and,Ki ngston, 1991). 20

DTPA- pacl i taxth'flgagﬁ'i“é}')?qé'm hH@P'gF‘h’J?ctf' be as effective as paclitaxel in an
in vitro antitunor potency assay using a B16 nel anoma cell |ine.
DTPA-paclitaxel did . hot show any significant difference in antitunor
~effect "as conpar ed Inocesiain ¢mbodipents of theguention. & stentepatpdiwiteraheypelymen at a

dose of 40 ny/ kg, i ' 08! 26t inn. t :
Lorr] 1 ni um | s S ROl bl Be Msbl o greven: pesBiid, ' ciops: OF RS
MCa- 4 t unoi5 asfaliemings balidordanziopipstyna-Recemt fegulaspiny climiesiowialsr asing) dballémat t he

“chel ator conjugate nti-tunor drugs. of the present, invention are useful -
and effective g‘pm&b?eoﬁ’e“fsl}ﬁﬁf’mf‘ﬂﬁgﬁaﬁm _Ra“s own as‘@%ﬁ?‘&?ﬁ’\‘f&l‘ RAIGYinds
and met hods of add@e pédusEdH of rBt€dkis @BmPired tolitandbkd baBbdH ddgicphidly @RS Over

prior .met hods and conpositions, as the water-sol ubl-e . paclitaxels are
~projected to i fipri®P8)-t Aecasding sty rPopsrcioripkizehyRothesis nerintimasigastion is
- -13- associated with increased cell proliferation. Currently, popular opinion holds that the .

‘20 critical process leading to vascular lesions in both spontanebus and accelerated
atherosclerosis is smooth muscle cell (SMC) pro]iferation (Phillips-Hughes and
Kandarpa, 1996). Since SMC phenotypic proliferation after arterial injury mimics
that of neoplastic cells, it is possible that anti-cancer drugs may be useful to prevent
neointimal SMC accumulation. Stents coated with polymer-linked anti-proliferative .

25  agents that are capable of releasing these agents over a prolonged period of time with
sufficient concentration will thus prevent ingrowth of hyperplastic intima and media

into the lumen thereby reducing restenosis.

‘Because paclitaxel has been shown to suppress collagen induced arthritis in a

30. mouse model (Oliver et al., 1 994), the formulations of the present invention are also

- contemplated 10 be useful in the treatment of autoimmune ‘and/or inflammatory
-15-
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PCT/ US97/ 03687 therapy by provi di ng wat er sol ubl e and cont roI | ed

rel ease pacl i taxel derived conposi ti ons. 'Such conpositions elininate
t he need r solvents that are associated with sid seen with
prior pacl#‘?%@é’?s conpositions. In addition, radiol abel edfc%ﬁﬁﬁéga I t axel,
which is shown to retain anti-tunor activity, will also be useful in the 5

i magi ng of tudistases Pupbt perheumatoigyrastheitis. | Partitarelobinding dipstubilin tshifigether i ne
whet her a | i
~scintigr aphy, © ul“?\%%e {%%%53 Qﬁ’icrétutlﬁﬁe h@ésgrg%%g%k%ttgg d%'gmls ﬁhm?ii‘g%r) or

positron em Saﬂ@fyotlemgli'thmpﬁﬁblockmg cellsTini lhe daé mmnitamd sageyaBeterdtn be
used to decide the efficacy, of anti-cancer treat Thi s

i nf or mati on nR§CHIBISKS Y, be Wobratlat U5 SUBPESSYOn: %Hé“r““’f"ﬁl t ﬁer eAls i on of
patients 1§ PREHRART %ﬁaﬁaa‘ﬁéc}fﬁ:x%#’tw adfcts may affect rapidly |pYSlifeRing { axel

may be rendered water-soluble in fwo ways: by conjugating pacl'i t axel
to water-sol uinﬂemmtoyyrmeﬂs wiridc farthermare paclitaxe) iohibits,ceell mitosisbyigkationyat i zi ng

"~ the antitunor dru Wi t. ubl e heI at i ent The | atter. approach
also 15  protheme 'W%ﬁ‘ﬁﬂn% dﬁgﬁr 3%‘% l(S’HUC# Gé‘ﬁ{‘
(e.g.,[err]l npacixﬁsca]ﬁ(ay hﬁkrahﬁbxgxdgem]aamy by blo:il@r[gr &omnaftm enidgthbRalcell TG Ng
and/ or for radiot her(ﬁﬁ studi es. The structures of pacl it axel
\of

pol yet hyl ene Bigeiom. (hivry ercalel 9PECHsEEIT. ik epbvmebew\gaatﬁdam@u&%?fdﬂw
- paclitaxejy CO&M@&&&P&@%&W&M@% Sefd &Yﬂr&%&ﬁ@?&ﬂ:ﬂﬁ?ﬁ@&uﬁ@&%' c

aci d- pacl I t axel PA-pacl itaxel) are shown i'n
In certain enthectmtexdt gﬂtht HEheppodyraert conjugetad |fmnulaDTﬁWl§9@@¢d h'a‘mal world ot her

DTTP. paci | 1 axBfo OBR e i XA of Vi Fifes B0t i g romer o

the form of \Aaihﬁmus;ottubhteo &adsbect of the n(:mﬂnwfaaﬁtﬂs,tha@tmﬁnulﬂmamaybe

~ tetrabutylampniumsalt, calciumsalt, ferric salt, etc.). 25 These salts
will be usef ulnleﬁgedPhEFEiﬂ@%ﬁi“?"gij@ pffected joi a%eSeat nent . Secondl y,

DTPA- pacl {4 axel or other paclitaxel-chelating agents will be useful as

di agnostic agents which, when | abeled wth radionuclides such as

[err]In or [err] TcThenabarmcqyged preparations  of gaclitaxgk @r sdocetaxpbt switable efor aj n
t nh
under st ood ¢ nioePRle e etels 5 Rleded 3ehithe f BPL SRS and serie porpaTor ) o o)

ot her 30 ta&ar}ﬁe;ﬁﬂ_hbﬂaﬁ'lsteﬂ&t infegtable sotiaiohe dr Qispersioms. | In dlheaseothed®dinhi ons

and net hods of t
must e sterile and must be fluid for injection. It must be stable under the conditions -

20 of manufacture and storage and must be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The carrier may be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable
mixtures thereof, and vegetable oils. The pre\_rention of the action of microorganisms

25 can be brought about by vaﬁous antibacterial and antifungal agents, for example,
parabens, chlorobutanol', phenol, sorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for e);amplc, sugars or sodium
chloride. | | |

30 Sterile injectable solutions are prepared by incorporating the active -
compounds in the required amount in the appropriate solvent with various of the other

-16-



-14- WO 97/ 33552 T ' : _
PCT/-US97/:03687 present invention and that all such conpositions and
met hods woul d be enconpassed. by the appended cl ai ns. '

Toxicity st%sﬁﬁ3?9har macoki netics and tissue distributi orpcqiusgmm
DTPA- pacl i t axel have shown that in mce the LD err] (50%Iethal dose)

of DPTA-paclitaxel observed with a sjngle dose intgravenous..(iv) -
injection is ab’_éﬂi?‘?‘% “r?&!“ﬁ&‘%o&?"‘(ﬁei”@hfeqﬂ'?cgc bliowed by HﬁEF(ral 55”1‘%_“9%\'
paclitaxel is Q! dispedsiKae RRGARICHP indolfrAins Ghe/ FidR. §t&aizEd iablive
inposed by limted solubility of "‘paclitaxel and vehicle toxicity associated
withiv - augredients inga & swrcilepohicleevhich ¢onfsingtthe basic dispepsiansmediuntiand thesur e, -
one skilled in the art, of. 10.. chenother: l,d er e gf tive
and maxi mal’ tolr%GruérF%c?td&féslﬁagg'c?tﬁ qgom "B %ﬁ?ﬁ{égl ab??%dﬂ‘@? ‘%%‘emle rslzeﬁ%man
subj ects. 5 powders for the lpfep@Ratibibf stexile dfifectelilé Solofiorishthe ipefernéd methods 6ft ent
coated with the po%mer- paclitaxel conjugates nay be used to prevent
restenosi s, th@rpEses aregreum-diymgsnd dreezerirying tochmiguas it wirldiadler of.
Recent results gd, i E{g?éﬂhen}}fph@kﬁym thaldistrOPRpredient fro ARRNGGRIEstHh&Nt s 1N
coronary angi oplasty have shown a significant benefit in patency and
the reduction dilteredsolatiosthereafhnpar ed to standard bal | oon angi opl asty
(Serruys et al ., 1994). According to the response-to-injury

hypot hesi s, neointima formation is ~  associated wi'th increased cell
proliferatijgn. Curr @agtdsyd hpefy "panfiidediieilly hetptablendrridrh Gnctflies ay iahd Gl
process | eading to vascular |esions, in both spontaneous and acce| erated

at her oscl er osi $olvents dispersionmedia ceatings, asiibactesialamds autifingd peems and isponicughes

and Kand a8 hike St qﬂ%g ' P [ QN .

~arterial inj ur?égnﬁsm CcS B, q?ﬁglf"sgfﬂﬁgop a%ﬁdgagggﬁfga{%cg&ﬁ%jslgl e that

~anti-cancer dr ggbstamegs isevelislafown incheagy dixcept insofar rag giny tcommeektiGiCmedia or

. accunul ation. Stents coated.\w th ner.-l i.nke nt.] - prol.i ferative 25
agents that ar g&e@épéblugzogxp%bﬁe g{o (r)ldg’gtb}?é‘s'ee é@‘ﬂf’g’ dt?e 2 ‘ﬁr%Foh’é?He‘é'@ri od

of time W il compositidnki Bi Edtiterflited:Nt Sapplaentiry | actie Sngredisi@ tcah NGiOWeh Of

hyperpl astic intima and nedi a ..
_ incorporated into the compositions.

The phrase "pharmaceutically acceptable” also refers to molecular enfities and
compositions that do not produce an allergic or similar untoward reaction when

20  administered to an animal or a human.

For parenteral administration in an agqueous solution, for example, the solution
should be suitably buffered if necessary and the liquid diluent first rendered isotonic
with sufficient saline or glucose. These particular aqueous solutions are especially

25  suitable for intravenous and inu'aper_itoneal administration. In this connection, sterile
- aqueous media which can be employed will be known to those of skill in the art in

light of the present disclosure.

.Th.e following examples are included to demonstrate preferred embodiments
30 of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by
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into the |unen t her eby reduci ng restenosis. o Because
~pacl 't axel has been shown to suppress col l agen.induced arthritis in a 30

mouse- nodel (O iver et al., 1994), the fornulations of the present

I nvention are also conterrpl ated to be useful in the ”,F;E‘t,%?ﬁsll of
“aut oi mundARMW¥ER i nfl ammatory '

-15- WD 97/ 33552

PCT/ US97/ 0368t71e mventordnosﬁmstﬂm well hin etbe rpllwclmbﬁrﬂub ayveltiont |asd thusacdn baxel
bi ndiing to tubul. hifts. br umto stabl e cro

ol yrers. and TRRUE=] f EmH breferve foes hr it BpieGy However Besf Shak i€
replication b#elahQBHilNGn ﬁghﬂo?ﬂherbréiéﬁt disdiGsufel apPréchité ﬂxaﬁﬁ:&qeehaﬁgéé%@be

mechani sms nmay be i nvol ved in arthrltls su pression by paclitaxel. For .

exanple, 5 mpflednitheppeqificembpdiaeniy,which logrdped still ebm@@tlécemaymufax ect

rapi dly proli hernore paclitaxel

I nhibits, Sgel{eﬁf%ﬁ%%ﬂslﬁ%gdep%ma??{ }rﬁﬁ@?ﬁ:ﬂ{%&ﬁge%{g}%?ﬂv&#% ‘racel |l ul ar transport

and neut roph| I Herr]derr] production. In addition, paclitaxel may

““have antiangi ogenic activity by bl OCN ng @ 0pr di nated endot helial cell
mgration (Qiver et al., 1994). The t he pol yner conjugated prodrugs

of the 1 0 present invention are qergspPabihed to be as useful as free

paclitaxel in the treatment of rheumatoid arthritis. The pol yner

conj ugat ed f o¥ymtheass obRTHARaFIB8%eY her ein woul d al so offer the

advant ageg, of del ugt ter |
sol ubi I'i tl)?/) It is R gsi(s)"-’q{zitrlloq'lasp‘ﬁhlﬁg’gerl (ﬁ?eﬂgrea &ln\%l)%%p%&ﬁ %flﬁg?sthe
fornul ati ons aalﬂgddxethylenetnaxmnqsmmr: aendphltydhdd(mmﬁem {210insg, 0.585 endlf ect ed
joint areas. har nac g% of rep ra ons of paclitaxel

or docet axel %Lﬂ Eapfhe fegstion m‘""‘FEJ"éaét ¥8tis
- solutions or gliesdae ﬁawamréﬁﬁéry t@reafawmrmm mﬂ!ﬂd@rw@m&a@n of

sterile injectable solutions or dispersions. In all cases the form
nust be st er iWwas paned inte dispilled waiergstirted at #jCefor 2Omin, rud the precipitats colidctedunder

the condi {4 ong, 20 4o {od.na%apmwpﬂ%pﬁa%éﬁcam BIoLubg ol ARG 456

agai nst the contamn ng act M croor gani
and fungi . Thizvelaped iaracetayitriiewates (I:1)e Raclitaxel had aﬂRspdnsnﬁOMedhumhnd

ntainin for I r, hanol I r ex
conta 9 %oveeéma rgz)acl?taxe\fva“%ti I%(t a? ¥ of 0. &Otoyoo% &raso rcm%vgmy séraping and
‘ " eluted with an acetonitrile/water (1:1) mixture, and the solvent was removed to give

15 mg of DTPA-paclitaxel as product (yield 10.4%): mp: > 226 °C dec. The UV

20  spectrum (sodium salt in water) showed maximal absorption at 228 nm which is also
characteristic for paclitaxel. Mass spectrum: (FAB) m/e 1229 (M+H)', 1251
(M+Na), 1267 (M+K). In the "H NMR spectrum (DMSO-dg) the resonance of
NCH,CH,N and CH,COOH of DTPA appeared as a complex series of signals at &
2.71 - 2.96 ppm, and as a multiplet at & 3.42' ppm, respectively. The resonance of C7-

25 Hat 4.10 ppm in paclitaxel shifted to 5.51 ppm, suggesting esterification at the 7-
position. The rest of the spectrum was consistent with the structure of paclitaxel. '

- The sodium salt of DTPA-paclitaxel was also obtained by adding a solution of
DTPA-paclitaxel in ethanol into an equivalent amount of 0.05 M NaHCO,, followed

30 by lyophilizing to yield a water-soluble solid powder (solubility>20 mg equivalent
paclitaxel/ml). | ..



gl ycerol, propylene glycol, and qudid pol yet hyl ene glycol, and the |ike),

sui t,able ; m xtures thereof, and vegetable oils. The prevention of the
action of mcroorgani sms 25 can be brought about by various antibacterial
and antifu&gg% Sagnts, for exanple, . - parabens, chi orobgi-mmmssphenol
- sorbic aci ?n nmerosal ,- and the like. In many cases, it wll be
‘preferable to include i sotonic agents, for exanple, sugars or sodium
chl ori de. 30 : Sterile injectable solutions are prepared by

-incorporating yidelytidshabihfy of DTPA-g&IRALINDS i n the required anount .in the
appropriate solvent with various_ of the other
-16- WO 97/Besisygirolytic stability of DTPA-paclitaxel was studied under accelerated

PCT/ US97/ 03687 ondmtons BH&{}ﬁ qln?%ePDﬂgX rﬁélﬁ%fegwgp&ys%l@ﬁ il $H 0S8R N%ﬁ‘gbOV\Bd by

filtered steriTza I Spersions are prepare
_i ncor por atifg idmeousabluous(pﬂ{ e13) hndzmil;aed by/HPLC The ﬂﬂ’@%‘jrsemtcmnmsttd)oﬂa

sterile vehi cl e. which contajps th baic i.0 m and,.t he
‘required ot her Wajery &t g2 ( ’f'cpbfﬂnf &%’ éf? rrg% P licargel, 2
~sterile 5 pPé’HE'i‘ﬂfEimEP{soérKifc 12E $RAp2 PR Negtm 86(PdctibLintetabs h@ab&asmlﬁu ons,

the preferred nethods preparation are vacuumdrying and
freeze-drying U&é\t‘lméﬂ!l@sorvmcbh fiate| stationpowithsr elygot (acetonifrie/mgthanaléd.02M

[ ngredi ent - pl'ug, ang AddLilonalsAGel Lad: | BUiALH Gt UV BRARWPHONS hye

sterile- SOl er eo sed her
" phar maceuto cauleteymacaﬁﬁésabf eDTRA-phctitaxel ramt upaeditanely wered 16881 and 8.83 &ﬁinyent s,

di spersion nedi a, t|n anti bacteri.al antif n‘I agents and
i sotonic reﬁéﬁ’l‘f Gali A3y Wege qqﬂ?@”&é‘e"’gf n’g@P é‘aﬁ‘;ﬂé SRS &0 f or
phar maceut i cal Je‘(erﬁ:ﬁ{e'd(@DTPA— acﬁt%e? bADPRTitakS HRbhrRANN Thelestitared hhif-tie C e Pt

i nsof ar as any conventi onal rre la or agent is inconpatible with the
active i ngredi ®MTPA-peclitaxel ing.5 MNati (e cobution & abent 16¢laysns sdom tsmpesiatyre.
- contenpl ated. Supplenentary active ingredients can al SO be
i ncorporated into the conpositions.
" 15 Effects of DTPA-paclitaxel on the growth of B16 mouse melanoma cells in vitro:

Cells were seeded in 24-well plates at a concentration of 2.5 x 10* cells/ml and
grown in a 50:50 Dulbecco's modified minimal essential medium (DEM) and F12
medium containing 10% bovine calf serum at 37°C for 24 hrs in a 97% humidified

- atmosphere of 5.5% CO,. The medium was then replaced with fresh medium
20  containing paclitaxel or DTPA-paclitaxel in concentration ranging from 5 x 107 Mto
75 % 10° M. After 40 hrs, the cells wére released by trypsinization and counted in a
Coulter counter. The final concentrations of DMSO (used 10 dissolve paclitaxel) and
0.05 M sodium bicarbonate solution (used to dissolve DTPA-paclitaxel) in the cell
medium were less than 0.01%. This amount of solvent did not have any effect on cell _

25  growth as determined by control studies.

The effects of DTPA-paclitaxel on the growth of B16 melanoma cells are
presented in FIG. 2. -After a 40-h incubation with various concentrations, DTPA-
paclitaxel and paclitaxel were compared as to cytotoxicity. The ICs, for paclitaxel

30  and DTPA-paclitaxel are 15 nM and 7.5 nM. respectively.
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The phrase "pharmaceutically acceptable” also refers to nolecular entities .
and ° conposi tions that do not produce an allergic or simlar untoward
reacti on when 20 adm ni stered to an animal or ‘a human. For-
parent er alwaq%jgrftratlon in an aqueous sol ution, -for exgnphiey sol ution
shoul d be suitably buffered if necessary and the liquid diluent first
rendered isotonic¢ ' wi-th sufficient saline or glucose. These part I cul ar

aqueous sol ut |6F§“§Pé°f§§b‘é‘b‘?‘3‘?‘f"§ry2‘§mn°§’iﬁ Ma-0 wyer medel:ayenous and-

i ntraperitoneal adngeg ;etcgqf/pan miBe VateSin SRS ItP lhamat eous
medi a whi ch can be errpal oyed will be knO\I/l\p to those of skbérﬁnoma(%gggt I n

| i ght . of the pindherusaigsod|thestighs thigh (5 x 10 cells/mouseThéVHenlthQ) Indogrpives are.

i ncl uded to d I I od| he nt i on. '
shoul d be app?@?ﬁg{”e@pﬁ?/’ptzﬁggg %%{9 il Placﬁ ‘E};ﬁé{mk %ée] was gufegcaﬁ'm ques
di scl osed isn troezemdmo ﬁg ch}ﬁiNﬂbntfpil:litﬁbW]/k@Bé@S@ﬂghtI & betinglfadiel, sameangd by

-17- WD 97/ 33
PCT/ US97/ 0368 78bsolute alw%‘?\‘éCmem ap/5p dilpted, with saling ] 1) wereuspd. Jumor Bosvtof ¢ he

‘i nvention, an%%erﬁﬁ’&d%l by meﬁ?ﬁﬁﬁ%%gﬁaﬁh&oﬁgnﬁm{ﬁgugaﬁe&éf Wl{&ﬁqhgo des.

for its practice. However, thdse | i ght
of the pr esenttMpxss:km)mtad lapqnnemdatrztdr,hhe tumgon \eroovth deley wasnaltdated. The nade

in t he specific. enbo ch are di scl ased still obtain a like or
sinilar 5 r‘B*sﬁWF'%&a%ﬁ?Wﬁhé‘bﬁ’H%WFWW‘ét g’aﬂ&f‘{n and scope of the
I nvention.}0 Exanpl e 1 :

DTPA- Pacl i t axel - Synt heS| s of DTPA-paclitaxel:
sol ution of paclitdbgImpangronh crve iy shavm in FIG c?ryCBMPWFQ 1 cnnvolmth

paclitaxel and DTPA-paclitaxel showed antitumor effect at a dose of 40 mg/kg. The

- data were also analyzed to determine the mean number of days for the tumor to reach

12 mm in diameter. Statistical analysis showed that DTPA-paclitaxel delayed tumor

15 growth significantly compared to the saline treated control at a dose of 40 mg/kg (p <

0.01). The mean time for the tumor to reach 12 mm in diameter was 12.1 days for
DTPA-paclitaxel compared to 9.4 days for paclitaxel (FIG. 4).

Radiolabeling of DTPA-paclitaxel with !''In

20 Into a 2-ml V-vial were added successively 40 pl 0.6 M sodium acetate (pH
5.3) buffer, 40 pl 0.06 M sodium citrate buffer (pH 5.5), 20 ul DTPA-paclitaxel
solution in ethanol (2% w/v) and 20 ul '“_InCl; solution (1.0 mCi) in sodium acetate
buffer (pH 5.5). After an incubation period of 30 min at room temperature, the
labeled “'In—DTPA-paclitaxel was pur_iﬁéd by passing the mixture thrdugh a CI8

25  Sep-Pac cartridge using saline and subsequently ethanol as the mobile phase. Free |

"in-DTPA (<3%) was re_moved by saline, while I'1In-D'I‘PA-paclit«a'xel was collected
in the ethano] wash. The ethanol was evaporated under niﬁogen gas and ihe_labeled
product was reconstituted in saline. Radiochemical yield: 84%.

30 - Analysis of I'lIn—D’I‘PA-pa::litaxel: _



added di et hyl enetri am nepent.aaceti c acid anhydride (DTPA A) (210 ng, 0.585
nmol ). , at O[lerr]C The reaction mxture was stirred at 4[err]C

overni ght. The suspensi.on was.- ~filtered (0.2 [errimMIlipore filter)
to renove unW@ﬂ/ﬁgszDTpA anhydride. The filtrate Was Eerusyo3et O
distilled water; stirred at 4[err]C for 20 mn, and.the precipitate -

|l ected. 15 The d r oduct ified by. ' ti.ve Ih
err oiiica gel ol aHBLCaNGS ised to SRy Wpatronen HoBS RL B 6 P A
Pacl i t axel. had a&rgﬁués‘rg;]-Bﬁézsga?gg%m%%faﬂmhﬂmpmp,a1 I . /@ o 6. ) Whieisaxel

with an Rerr] v . was renoved by scraping and _
eluted with an acekmmifilled with@D8r5 b silicargek t Theecolummwasnheluted et e flowyatg of 1 -

renmoved to give L f DTRA- pac} i tax A o :
np: > 226 [err] crdpin ‘W*ﬁb%%ﬁp"gé& &u‘r”nat?rsodil ﬁ?nthgéﬂ?g%eé}/a{r@?%éh%\%e%
.max:_ rr;al aIbS'OR/Et i %m?pg&rn?F%g)pmhé_%?ggﬁt( sl\%ftem m?gnéaimbmdiwﬁh e Iﬂﬂrcrys]fz;l67
paclitaxel . ss spectrum e ) +, , , _
(MFK) . In the [ edelestonmr Q@W&Wflmfseqcfef%r't Hhe %Vﬁﬁ?ﬂweﬁlgwa%“‘ym’ '-
" NCH[err]CH err]N ' r ,ﬁ;(;}ﬂ : RRRE DHQPITEX wRiEH f.
signal's at [err] p%ﬂcaﬁkg%li_ . .Q%Bﬁlp%?@éand agﬁcggr?ﬁﬁl%eiapﬁgt at e???%gc.lﬁz
ppm respecti vel yeterfion timsofiafcminf To7-' BEDTPA was protablyp gerived flpmltﬁammﬂ

shifted to 5.51 suggesting e | ficatipn,at.the 7- PGS 0.
The rest of the IHRA FefftnREn R e R TEAweGiewt Aot fofenn of AP
The sodium sght ghcHébRPcdddtd Witk its U cldbmetograingindizatinpythacitle peakaat 3013uhinon
of DTPA- paclitaxel in ethanol into an equival ent anmount of 0.05 M

NaHCO3, fol | owed v@e indesd the dpigey romppyndo Updsr dhe, spme shromatgsantucs sodiiggsder
figl__Ub' i ty>2\9®%g§{§ggwgtﬁmnﬁm A€ bl §#XGhin™M Phe radiochemical purity of the final

PCT/ US97/ 03687 . preparation igsl90% s determinedibly i HRL CofnalpgiRA- pacl i t axel :

The hydrolytic stability of DIPA-paclitaxel was studied under accel erated
conditions. Briefly, 1 ng of DTPA-paclitaxel was dissolved in 1 m 0.5 M
NaHCO3 5 agueoMEol&Bbdi dciffigtaphy:9. 3) and anal yzed by HPLC. The HPLC system
consisted of a '

~ Female C3Hf/Kam mice were inoculated with mammary carcinoma (MCa-4).
in the muscles of the right thigh (5 x 10° cells). When the tumors had grown to 12
mm in diameter, the mice were divided into two groups. In group I, the mice were

1t
L

anesthetized by intraperitoneal injection of sodium pentobarbital, followed by
20. .DTPA-pablitaxcl (100?200 mCi) via tail vein. A y-camera equipped with 2 medium
energy collimator was positioned over the mice (3 per group). A series of 5 min
acquisitions were collected at 5, 30, 60, 120, 240 min and 24 hrs after injection. In '
group II, the same procedures were followed except that the mice were injected with
"'n-DTPA as a control. FIG. 5 shows gamma-scintigraphs of animals injected with
25 '""In-DTPA and 'In-DTPA-paclitaxel. '''In-DTPA was characterized by rapid
~ clearance from the plasma, rapid and high excretionlin the urine with minimal
retention in the kidney and negligible retention in the tumor, the liver, the intestine
and other organs or body parts. In contrast, l11In-l_)T}"A-paclitaxel exhibited a
pharmacological profile resémbling that of paclitaxel (Eiseman er al, 1994).
30 Radioactivity in fhe brain was negligible. Liver and kidney had the greatest
| tissue:plasma ratios. Hepatobiliary excretion of radiolabeled DTPA-paclitaxel or its
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'V\aters 150 x 3.9 (i.d.) nmNova Pak colum filled with C18 4 [err]msilica

gel, a Perkin-El mer isocratic LC punp, a PE Nel son 900 series
|nterface a Spectra- Phy5| cs UV/ Vis detector and a data station. The
el uant (acgipAkigst | €/ met hanol /0.02M . - ammoni um acet atg-rmsdidssgy Was run

at 1.0 m/mn wth U/ detection at 228 nm The 10 '_retentlon times of

DTPA- pacl i taxel aclitax wer,e 1.38 man espect | veI
Peak gr eas wer®¢ %{’}gﬁ% Y wg © W%W&P@ﬂf%ﬂ?%‘gm&f@cémﬂf&“#&pbl 4

~determ ne the ﬁmﬁé Fiakd12% Slpnifedh Pifduint 8K S InO9E &é&? mat ed
hal f-life %‘?’PA— pacl i taxelI in 0.5 Mllx\]laH ﬁg%érl%bgﬁgst f‘%ﬁgl S about 16
days at room t‘émsléh éﬁd!lple Wh!cmgﬂy pEWéetmmgtf rOBTﬂAhpabmcamlpadnaxdhe The owt h
.of  B16  nouse t [-ax e,seeded ‘i n
24-wel | plat ers%a%pglgagg cen |o%1 O(rgf Jp-DTRAsRslitael C@ Fﬁﬁ Jgponstrate -

in a 50:50 bulmadb'drx-DTMai:hﬁxhllis #blered deters Edtairtumohlind 1o GhARNYy B8 Gipfake
medi um cont ai nlfng 1% Yo bovi ne calf serum at 37[err] Cfor 24 hrs in a 97%

humi di fied ’%@We?"?‘]c Iry FE™ PR pRistiaghe pelestice pf aced
with fresh m%aﬂ@ﬂt@ﬁ»rthc%@ﬁékdi‘b@&ngﬁd i taxel or DTPA-paclitaxel in .
concentration ranging froms x 10[err] Mto .~ 75 x 10[err] M "After 40
hrs, the cells were released by trypsinization and counted in a :

Coul ter counter. The final concentrat |l§ns 8f£DI\/BO (used to dissolve

paclitaxel) and 0. 05 M sodi um bi te solution (used to dissolve
DTPA- pacl ixgaxel ) in the cell polygmdhmmmmcﬁm than 0.01% This anmount
of sol vent did not _have any effect on cell 25 growm h as determ ned by

~ control studies. The present examplfrfisn@nf%i%thesomwwmé Ppelitgre] tcom wates- gr owt h
of B16 nel ano t | G ubat i on
| CBIBR PEYREE poly (LBRESAR! &) () D1vé- pllhl, of feleboliile

with various concen taxel. were
conpar ed as t qolymess oR¢d s y!rugTbmntrSBS wall egtahlisheda (edpedk, 199910Maeda and

DTPA-pacl i t ax Qle@lior ) BY, fihafiidn Bis SBHBPR' oliBhise otherwise insoluble drugs,
PCT/ U897/ (]3681he drug-polymer conjugate also acts as a slow-release depot for controlled drug

release.

Synthesis of PG-Paclitaxel
PG was selected as a carrier for paclitaxel because it can be feadily degraded
20 by lysosomal enzymes, is stable in plasma and contains sufficient functional groups
| for drug attachment. -Sevefal antitumor drugs, including Adriamycin (Van Heeswijk
et al., 1985; Hoes et al.; 1985), cyclophosphamide (Hirano et al., 1979), and Ara-C
(Kato et al., 1984) have been conjugated to PG.

25 " PG sodium salt (MW 34 K, Sigma, 0.35 g) was dissolved in water. The pHof |
the aqueous solution was adjusted to 2 using 0.2 M HCl. The precipitate was
collected, dialyzed against distilled water, and lyophilized to yield 0.29 g PG.

_ To a solution of PG (75 mg, repeating unit FW 170, 0.44 mmol) in dry DMF
30 (1.5 mL) was added 20 mg paclitaxel (0.023 mmol, molar ratio PG/paclitaxel = 19),
15 mg dicyclohexylcarbodiimide (DCC) (0.073 mmol)' and a trace amount of
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Antitunor effect on nmanmmary carcinoma (MCa-4) tunor nodel:
Femal e C3Hf/ Kam m ce were inocul ated with nmanmary carci nona ( MCa- 4)

in t'he miscles of the right thigh (5 x 10 cells/nouse). Wen the tumors had =

gr own to 8 nm (approx. 2 wks), a si ngl e dose of pacl]
~ DTPA-pacl i t IRPTA¥EE given at 5 10. 20 and 40 ny equi val %&?6%2’8% axel / kg -
body weight. In control studies, saline and absol ute

al cohol / Cr enpphalimébyBaindpyridies W)sammeaet@mva@v@smprmm OBt h
was determ ned dail by r en
the tunor Spaerpeh B T bbb bR r i, Miee {BRA Sl 0
cal cul-ated. The convers:oﬁrbciaadﬂwxei e+ 035 esl poipmer tonjipac cm"r=e Oambﬂa phatel y
15 - nm 10 t umor_grow h curve is sho vﬁé‘kf’ Qﬁhr;rpar ed
to controls, bot(PHCh"MeOl'bercW i)axéflhe AFASUPPT BRNYEEC VRS 3& "‘éfHFP’[ u |
effect at a d0SG Qi Ggg;{)ewgm -wal RBllected and HALFin Wb t%%a&laé WS afbr-drag -

- determ ne the nmean n er of days for the tunor to reach

- .di aneter. Stati sohjpaate. aBalcbmgmgsth@wwhtmm otnavmapd@ Pﬁanehe mwmtendm)r 15

h f cat | f
R o N T Ol RRES of Qi€ pRiiaadCcchlGitihs BTN Shpliad COSC OF 40

di aneter was 12.1 days for DTPA- pacl i t axel conpar ed to 9.4 days for
paclitaxel (FIG 4). 'Radi ol abel i ng of DTPA-paclitaxel wth err]in
20 - Into a Jhpjsodjupisalt ofFiGspacitasel canivgals Sva5cablained e issalving they

sodi um acet afge afithf e I ﬂﬂak!él‘ t '
buf f'er (pH 5r05) (p%-&uci glr ?]Slﬁﬂ%&i'PA- acl Frlmlkg %O%E %Ihtx&sgﬁgﬁ- on I n e‘?dﬁa&lQWZ%

w v) and 20 [er rakaln$tehstijlbd1@ht?e@dwcé§bl,000)dq réniove lomlchaswd!ghtmoamms

buffer (pH 5.5). After u '.od n te ure,
the o "7\ Sbel e cies RREER AL, Lyl o/ Bt yeigr R e e

m xture through pawddd Phe pacﬁﬁkblleaﬁtcﬁt&htﬁilb @g@mdﬁt B6hjGgikd Was aéwhrﬁnﬁaagquvnt ly
et hanol as the npbile phase. - DTPA (<39% was renoved by

saline, while [éﬁ%ffmww)@aal "éa{%w) sd%qor!&%l@a to polymes boynd paglitmieho|
wash. The etjganqhyasy3ey a%—ﬁécﬁ&x&!”%ﬁ ﬂgﬁ&%@ﬁhﬂ@%ﬂt@& bﬁ)etcl %?%5% be

product was reconstituted in saline. Radiochem cal yield: "84%
Anal ysi s of [ er synthesiZE@hy gacinethod by simply increasing the ratlo of pachtaxel to PG used
- 20_
_ "H-NMR (GE model GN 500 spectrometer, 5()0 MHz, in D,0): '8 =775t
7.36 pﬁm (aromatic components of paclitaxel); § = 6.38 ppm (Cyo-H), 5.97 ppm (C;5- .
20 H), 5.63 and 4.78 ppm (C,"-H), 5.55-5.36 ppm (C;™-H and C,-H, m), 5.10 ppm (Cs-H),
4.39 ppm (C,-H), 4.10 (Cy¢-H), 1.97 ppm (OCOCH;), and 1.18-1.20 ppm (C-CHj) are
assigned to aliphatic components of paclitaxel. Other resonances of paclitaxel were.
obscured by the resonancés of PG. PG resonances at 4.27 ppm (H-ct), 2.21 ppm (H-
), and 2.04 ppm (H-B) are in accordance with pure PG spectrum The couplings of
25 polymer conjugated paclitaxel are too poorly resolved to be measured with sufficient
accuracy. The solubility in water was > 20 mg paclitaxel/ml.

 Characterization of PG-paclitaxel
Ultraviolet spectra (UV) were  obtained on a Beékman DU-640
30 spectrophotometer (Fullerton, CA). The content of paclitaxel conjugated to PG was
estimated by UV based on a standard curve generated with known concentrations of
23



WO 97/ 33552 _ : .
PCT/ US97/ 03687 HPLC was used to anal yze the reaction m xture
and purity of [err]In-DIPA-~ . -paclitaxel. The system consisted of a LDC
bi nary pun@.q ¢s: p X 8.0 mm(i.d.) Waters . cqolum flférﬁggms% DS 5
[errfmsilica ge The colum was el uted at a flow rate o

with a gradi ent re er t hanol d| ent fromO0%to 85% 5
met hanol over %3 mfﬁ@"é]aéd“ %‘?é]"%‘ge %ﬁ‘ﬁ%@w iROHRSY CORINEAte iwRte 1 yst al
detect or and aansm a%]ﬂl%&ﬁan%\c{tﬁe ﬁﬁ{e%ﬁ&af tifstio tb&RBE ﬁgam/th'ffﬁnﬁx

anal ysi s, purification by Sep-Pak cartr| ge rermve nmost
[err] | n-DTPA, fm\w hergbegt Beer's laWet Anishown by rits UV Spedtruri,nPG-Paelitaxel has

[err]ln- DTPA bl I ved from ; ' 'DTP, conta ant in
 the DTPA-pacl i %ax&ﬁm‘%\ Xcd'lg °I gsS%‘[OBQ?VH‘ﬁnang?’fﬁ r PP 285 PR S t axel.
correl at ed 5wi tcbnéeh@atioy ﬁma@ﬁﬁiagﬂ PQ-pachitdkElavis étinBRl third dh%dﬁtd &3ve3 mn
was i ndeed the target conpound. Under the sane chromatographi ¢ conditions,

pacl i t axel - had®eaersied it knqwnjcopceatratiops of packitaxviia methanel peabserntiopof 228y of
:theflnal Visbly % I P SiS

Whol e- body sci nt %ﬁgﬁéma@)&e mit &ﬁﬁﬁ%@%ﬁ?ﬁ%&?}z%&ﬂm&&ﬁ%ﬁ% d|mrﬁﬂfhl ated.
with mamary eesthanobate22B MBahayvy the same rmolart dxtinetion ainé othf folléve Lambért Besitsgh (5 X
10[err] cells When the tunors had grown to 12 mmin dianmeter, the
mce were d|V|ﬂ‘éd into two groups. In group |, the nmice were :
‘anest heti 2ed by intraperitoneal injection of sodi um pent obar bi tal, followed
by [err]ln- 20 . DTPA-paclltaer (100-200 nCi) via tail vein. A
[err]-camera SHPypeation¢ laafﬁélaph»fﬁtudxesofl’é:w&@»;ueb| | i mator was positioned

over the mce (3 Pfhe FEIFNRD re
coll ected at 5, 30%60l 12011101(2&1%Elr lvﬁ&gﬁ f?’ﬁh%émg lt E’F?%g%é‘éﬁ%g%ﬁ ke
group 11, thepmhwrduemaﬂowphsew&)olmmt systenp torsiveedd of hwo IHDIE mbdéle

ot ed ¢ s PRI TR B G B o R o a s

[ err] 1 n- DIPA- po@ phétodiode ari@rde}dcfbr DTRA elifiefnt CHRIFR a8 nk? 801 O YalAdh With UV
cl earance frorcpthe pl asma, rapid_and high excretion in the urine wth

i ni mal PIEFHIORSFIN 27 Omph @omnaﬁw of erlitaxg) to PiGteaulted inan inerease in thae
tumor, the |iyRfecufaP@eight GHA-PRlitaxel, Lgﬁigaetéd’é ié?{he Qﬁxﬁ%'?ﬁ tél{uomiﬂk‘,

contrast, [err]ln-DIPA-pacli taxel exhi ar nacol ogt ca{S brofl |l e
resenbl i ng t hatin of PGaac$.0min of PGipaclsaeeh cajugate, asﬁﬁﬂ}ﬂz)ed bS(GPC Fiteticalealatedi ty i n

' Sctierpl amamP iR 2l o ek el ol LA G i e e

DTPA- pacl 20 axef 4965 ikDa. The crude product contained a small moleoular weight. contaminant

(retention time 8.0 to 10.0 min, and 11.3 min), which cah be effectively removed by
converting PG-paclitaxel to its sodjum salt, followed by dialysis.

| Hydrolytlc degradation of PG-paclitaxel conjugate

25 - - PG-paclitaxel was dissolved in phosphate-buffered solutions (PBS 0.01 M) at
pH 6.0, pH 7.4, and pH 9.6 at an equwalent paclitaxel concentration of 0.4 mM. The
solutions were incubated at 37°C with gentle shaking. At selébted time interifals,
aliquots (100 pl) were removed, mixed \ﬁfith an equal volume of methanol and
analyzed by high performance liquid chromatography (HPLC). The HPLC system

- 30 consisted of a reversed-phase silica column (Nova-Pac, Waters, CA), a mobile phase
| of methanol-water (2:1, v/v) deﬁvered at a flow rate of 1.0 ml/min, and a phoiodiodc
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. The present exanpl e denonstrates t

-21- WD 97/ 33552 -

- PCT/,US97/,03687 net abol ites was one of the najor routes for the
cl earance of the drug fromthe bltood. - Unli ke paclitaxel, a

si gni fi cant gyussy Of [err].In- DTPA-paclitaxel was al so ex@CEhssn3es?
~through kidney, which only played a mnor role in the clearance of

paclitaxel. Th unor _had. si gpigA 0, .

[err}!n-DTPA- pgeé‘l"c'l“l’ax Jlth.e ?ﬂceeé'ggt B gftﬂsd &gﬂn%dngg érlfngch %ee paglitaxel and other

[ er r] | n- DTPA- pasgrddaioreproisctsii legohi samiat veastcalealated by comparing thaysbak aregaraith i f y _
t he upt ake - of [err] Il n-DTPA-paclitaxel i nffthe tunmors, which in turn,

may assist in ?§epastiybrainedostandard curge prepated o peelitadsh gssyming thit e nent

Exanple 2 10  po1ar extincrion coefficient of %aé:h (!,:eak £2¥ Yt s I SarfBCis IhdPAE bhciitakel,

onjugation of paclitaxel "'to a water-
sol ubl e pol §nethe ydi-Kfe(of thyl conpugite, extiimaled () 132148 apddalays atipth6.0, 7.4 and

wat er - sol ubl e _ ol ynmers used as, dr carriers is well establ.i d
(Ropecek, | 19007 Tpeveqwers deiynfl o st Rsbtstte réaciioe iy HEIL
ability to sol giysisZ fevedlBr it Scubatioh W PGPatiitexel i PBBesdhititils PstodiuEed
conjugate also acts as a slowrel ease depot for controlled drug_ _

rel ease. ~  pacligyeltandsseyergk other spegies dpghuding one that is more pyrgphobitcthart ed as

a carrier for ' aéﬁ% hecaysey ) Jufi2gf L, degd.. 30 .
|l ysosonal enzy?f@sﬂ,ak%ls staél‘%ﬁ%alllin lﬁ{gascgrraamgﬁ con?gﬁﬁggﬁlf ?ﬁg%t wﬁﬁ%c(?slt onal
groups 10 f oproblabiyy7-apipaditaxeln tecoBredsin B Soat pHt Lhmurpaisadgbat of padlitectelnafter _
Adri anycin (Vap, Heeswij k , . ., 1985; Hoes et al., 1985), _

cycl ophosphani @Wr"afr‘ﬂ?“ﬁtmﬁl(ﬁq%m), and Ara-C -~ (Kato et al., 1984)
have been conjugated to PG 25 PG sodiumsalt (MN 34 K, Signg,

0.35 .g) was dissolved in water. The pH of
In vitro studies _

Aliquots 6btaine_d from PBS solution at pH 7.4 were subjected to analysis by a
15  tubulin polymerization assay. The tubulin assembly reaction was performed at 32°C
in PEM buffer (pH 6.9) at a tubulin (bovine brain, Cytoskeleton Inc., Boulder, CO)
concentration of 1 mg/ml (10 uM) in the presence of testing samples (1.0 uM equiv.
Paclitaxel) and 1.0 mM GTP. Tubulin polymerization was followed by measuring the
absorbance of the solution at 340 nm over time. After 15 min, calcium chloride (125
20 mM) was added to measure CaCl,-induced depolymerization of nﬂcrotubules. While
PG-paclitaxel freshly dissolved in PBS was inactive in prodﬁcing microtubules,
aliquots of PG-paclitaxel incubated for three days did result in tubulin polymerization.

The microtubules formed were stable against CiCl,-induced depolymerization.

25 The effect of PG—paclitaxe] on cell growth was also examined by tetrazolium
' salt (MTT) assay (Mosmann, 1983). MCF-7 cells or 13762F cells .were seeded at 2 x
| 10* cells/ml in a 96-well microtiter plate treated 24 hrs later with various
conoentrationg of PG-paclitaxel, paclitaxel or PG, and incubated for an additional 72

hr. MTT solution (20 pl, 5 mg/ml) was then added to each well and incubated for 4

30 hr; The supernatant was aspirated, and the MTT formazan formed by metabolically
viable cells was measured by a microplate fluorescence reader at a wévelength of 590
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t he aqueous sol ution was adj usted to 2 usi ng 0.2 MHO . The precipitate was
col |l ected, 'dial yzed against distilled water, and |yophilized to'yield 0.29

g PG . To a solution of PG (75 ng, repeating unit FW170, 0. 44
nmol ) in dry DVE 30 (1.5 nmL) was added 20 ng pacli taxelgi_o. 023 ol , _
mol ar ratid" 22 i taxel = 19), 15 nyg di cycl ohexyl BEGVBFAPP4Y de (Dco)
(0.073 nmmol) and a trace anount of . S ' _

-22- - \AB1. OV Er3b& three day period, PG-paclitaxel inhibited tumor cell proliferation to an

PCT/ US97/ 03687 - . irrettFI inopyridine (DVAR)  The regclio |1 oved
to proceed at SKisBhfimiar io that of Fecpachtael Foubymen brbast mos salf i SR, 3t aiphy
(TLC, silica) réaﬁnmoicggvagh&mm 0.59 ﬁppqufasm@iu %ccl] g2 iverd! pd-Phclitaxt 55) to

pol ymer conjugate (Rf E bi |l e phase, . CHClJerr]/MeOH = 10:1) - The
reaction nixt dmeasieed ip paglisaxel equivalent wiie). grgainstthe 13%2F oell dine.tsepsifivity for pi t at e

voni ugat o. by FOREEEC 0 £ LANMI LR chhfaibiBn Bl BF WL 1K 76 oy 1 ng

‘materials, - pM). [Fok bodiictll litehe {0 0FPO hlonewaogeaterthn 1004V concentrati ons

can be synthesized. The sodium salt of PG paclitaxel
'~ conj ugat e-was obt ai ned by di ssolving the 10 product in 0.5 M NaHCO err].
The aqueous sdF ¥ive BRHtYNOTASHERYE| i t axel was di al yzed agai nst distilled

~water (MACO 1, 000) af0q; : 28 Wl i%,m;lT]c ANLNRNG 'S ~and
excess NaHC(O err] g‘telall %& ygjgﬂél %g?{io&l’:l o?gttﬁg I a y%ggl%ﬁ g?%’eéngﬁs.oé' ng of
whi te 10 p@adear Cefter inparcondanee avithdostitusionali guidelines. §3H/Kem ndcecwere bgalt e was
determ ned by ... (descrihed bglow.as 21.%{ww . Yiel conver si on
to pol yner boﬂﬂ% 'ﬂ%{gﬁaf'lpéx'gl a %gmgub%g. \?gcg A)mPgepéﬁ%ﬂtelo?v#’ipﬁnﬂFﬂﬁer

pacl i t axel comagiatiof ORcdlogyd S86lita funidds were produéed Hehe AREc1OYT thBirghiighod by
-sinmply increasing the ratio of paclitaxel to PG usgd.

[err]H NWR (cef ftmrle CBR/Kgp mige e5rimk by injecting vk 0” ppripg evariap)carginoma) =
e err] - mc?li%%@ﬁgb% FreRRR MRS, Bep@atcldohtHCa-D U fibrus’ 38
- 15 sarcoma (FSa-II). In a parallel study, female Fischer 344 rats (125-150 g) were
" injected with 1.0 x 10° viable 13762F tumor cells in 0.1 ml PBS. Treatments were
initiated when the tumors in mice had grown to 500 mm’® (10 mm in diameter), or
when the tumors in rats had grown to 2400 mm’ (mean diameter 17 mm). A single
_ dose of PG-paclitaxel in saline or paclitaxel in Cremophor EL vehicle was given in .
20 doses varying from 40 to 160 mg pquiv. Paclitaxel’kg bddy weight. In control
- experiments, saline, Cremophor vehicle [50/50 Cremophar/ethanol diluted with saline
(1:4)], PG ( MW 38K) solution in saline, and a paclitaxel/PG mixture were used.
Tumor growth was determined daily (FIG. 7A, 7B, 7C, 7D and 7E) by measuring
three orthogonal tumor diameters. Tumor volume was calculated according. to
25 formula (A x B x C)/2. Absolute growth delay (AGD) in mice is defined as the time
in days for tumors treated wnh various drugs to grow from 500 to 2,000 mm’ in mice
minus the time in days for tumors.'r.reated wifh saline control to grow from 500 to
2,000 mm”’. Table 1 summarizes acute toxicity of PG paclitaxel in rats in comparison
wiih paclitaxel/Cremophor. Table 2 summarizes the data concerning the effect of PG-
30  paclitaxel against MCa-4, FSa-Il and HCa-l tumors in mice. The data are also
| summarized in FIG. TA-FIG. 7E. | |

26



200 H), 5.63 and . 4.78 ppm ((err]'-H), 5.55-5.36 ppm((err]'-H and
Clerr]-H+m, 5. 10 ppm (Cerr]-H), 4.39 ppm (Cferr]-H, 4.10
(derr]-H., 1.97 ppm (OCOCH3), and '1.18-1. 20 ppm (C-CH3) are- , assi gned
to al i phati Gygesfasgent s of paclltaxel Ot her resonances of pPaasdriosgse! were
obscured by the resonances of ‘PG PG resonances at 4.27 ppm (H[err]), 2.21 .
ppm (H [err]), and 4 p err e.l ord ce wth pure PG
spectrum The couplings of %Q‘g “g%‘feym E’Aﬁ}"&g‘gﬂﬁxﬂ ‘is?}ﬁ S%hre too '
poorly resolved to he nmeasured with sufficient accuracy The
~solubility in wat &ouas > ﬂpsﬁgLﬁ@élTP{“ﬁx Body{Weight | TimegghNadir ¢ ir’r@apfﬁﬂl of
PG paclitaxel . | (mgfkg) avileath dJpdeassin %( V) wédays) obt 4i Recovenn a .
. Beckman DU- 640 30 spedt.rophojoneter ((Fullerton,| CA). The cont erfdaysf
pacl i taxel conjRGpichieaxkld |PG60asS 1/4 eqt1 masgd by| UV baged onfa stiandard
curve gener at ecpo/u%mtdﬁi&vm qoenNcent rgd 1 ons o111 - 6 11

- 23; / a 60 14| 167 | 6 15,
PC-I- U897 0368[ Pachtaxelﬂ 'p(ILI T aa)\c FTOEICT I QIIUII7@__J:L\I i

=z 2o 1 T1raSSHit1e
~that the polynce-F—eeﬂj—Hg-aJé et - reo—d¥-4g—ht-retd had
t he -same nol ar_&'ﬂ_uwma-@ S ndi"!%\.t_deh I "¢l oved’ | anhert
Beer's |aw. AsEhouwn by jli03 g/ke ,npfof um! PGhAclitlaxel s 8
charact eri sti c Grempphoaxel| 2Bs®rpti O wifh X &hifts| frombP28 to]230 dm The
5  concentratiVehic®® paclli t axel [i n PG pdclitaxel wWas estinmated|based on
standard curve generated with known concentrations of paclitaxel Tn

- nmet hanol at absorptDrags wére adfinistered intrayenassy ititd) 18 26DR tunbdibesditlg)Fisthe@R) ugat e
in water at 5230 nm(genthlé, N80 gyigQ sthiglédnjettion. net hanol at 228 nm have the

sane nol ar extincg lp@:pa%nﬁxmbmnwnw dlssBR'ﬁ{g the conjugateliR¥4lind 08 m,
Gel Perneation Chr

QgBHvORHCRBR /. UTiheSiR 9&55’ éﬁ!d 0.975
relative nol ecul & MR}ig '. %é&i%ﬁie %m lﬁlfﬂ%ym)del
an

perneation chromat qgranhy

LT punps gupl ed _ ;‘8!6 emJ ’rh sto kuér?n
e?ma{htre %Xl on was vcglume 21t gﬁtﬁk H t 1.0

“Waters 15 90 phot
13mlperrat.

m/mnwithuo P
¢ PG solution was prepared by dissolving the polymer in saline (22 mg/ml). The
. injected dose was 0.3 g/kg (1.8 ml per rat), which was eqmvalent to paclitaxel
15 dose of 60 mg/kg.
'd Cremophor vehicle was prepared by diluting a mixture of ethyl alcohol and
cremophor (1:1) with saline (1:4).
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detection set at 270 nm Conjugation of paclitaxel
- nol ecul ar wei ght of PG paclitaxel;

incredse in the
the shift of retent
PG pacl it axel

ion tine from®6.4

as i ndi

to PGresulted in an

cated by -

m n. of PGtoSOmn of

conj ugate as anal yzed by . GPC. The cal cul at ed

nol ecul ar

. wei ght - of I*@ﬁ'ﬁ-?F}fzt axel' contai ni ng 15-25% pacl taxel (w w)*¢EUSROIEL range

20
cont am nant

be effectively renoved by

~salt,

of 45-55 kDa. The crude product- cont ai ned ‘a smal |
(ret emable2: ThemntBufiof PIfdd ofPGiPaclitawtiAgdingd i n),
DiffereRINypes éfi /A ¥nBM@ae! Tung¥el to its sodium

nol ecul ar

wei ght o
whi ch can

tumors treated with saline control to grow from 500 to 2000 mm®.

were taken to be significant when less than to equal 0.05.
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fol 'owed by dial ysis. Hydr ol yt I c degradation of PG pacl i t axel
conj ugate 25 — PG pachgAXer  was i gs ey LETed
sol-utions (PBSTun(l)o.r01 M at %H 6. 0 PH T. 5100 %éi%:@ 6 at an gqgl val ent -
paCI i taXEl C g’ii‘ url of —A—PA—Te STE € -I. Redbat-ed—at
_37[err]CW|thjg§ntl éé& At selected t rrerr?§ );Is ' algﬁgﬁs
(100 [err]l) were r g ?xed ‘Wi th an eqpal Ko me‘f‘t'fanﬂl 0 .
- anal yzed by hi gh per$&PaRIE deRiclsui d chr omat pgr &g 7((iiﬁDLC). TRe HPLE2&y st em
30 “consisted of 3 P@V@M e silica cpl uddRddh- Pc, 3\Rat dr 0.0282) |
“nobi | e phase qfPGrBedi é6longgk er (2: 1, v[v)14tli.véied |at 94 f|1jo00aL e of
1.0 m/mn, and a QRG-Pakl (P mg/kg) - 444129(5) 39.6 | <0.0001
- -24- WO 97/|33bktaxel (40 mg/kg) 9.0x0.6(4) - | 42 0.0044
- PCT/ US97/ 03687 Pacliteke (80afig/hkg)The concent r agi3a0.3qk) PG|bouysd daolgobexel .
free paclitaxel and other degradati on| products i n g¢ach sarnpl e was
cal cul ated by pgliPdrgaife t Ne peak areas w t h 1.9+03 (§epatatel y dbtained
~ standard curve prepap'@g)g paclltaxel : mzrkgot Q@} the g9
extinction coeffici cReak at 228 e()sa a§ t hgt
paclitaxel. 5 Tr é)f the conju be 40
and 4 days at pH 6. . 9.6 res ?y&f{l were Q%term< lb_y a
| i near | east -square aI ysis. H hal ysi 2% e\e t hat
i.ncubation of PG p3 af' S sol uti on ﬁacl [ and
several other speciléSH f‘@ﬂ# ng one that is rro?@i‘%'%@oph bi &-1t hgn0-0008
paclitaxel (netabolfite<l). In-fact, the anmpunt of netaboffite-1, jwhich was
most 10 - pr obd¥fag 1Sslinmacl i taxel, recovered i A3tB8(&x pH 7.4 syrpassed
that of paclitaxel |3 @8 g/ke) 100 hours of i n@ds8Hi(@n (Kl ADde) .| 0417
: L Cremophor Vehicle 6.8+0.8 (5) -0.5 0.539
PG-Pacl (40 mg/kg) '8.240.7 (5) 09 0.218
PG-Pacl (80 mg/kg) . - 8.6£0.2 (5) 1.3 - | 0.0053
PG-Pacl (160 mg/kg) 11.0+0.8 (4) 3.7 0.0023
Paclitaxel (80 mg/kg) 6.410.5 (5) 0.9 0.138 -
PG+Paclitaxel 6.710.4 (5) -0.6 0.294
5 a Mice bearing 500 mm’ tumors in the right leg were treated with various doses of
PG-paclitaxel (40-120 mg equiv. paclitaxel’kg) in saline or paclitaxel in
Cremophor vehicle i.v. in a single injection. Control animals were treated with
saline (0.6 ml), Cremophor vehicle (0.5 ml), PG solution in saline, or PG g/kg)
‘plus paclitaxel (80 mg/kg). : '
10 b Tumor growth was determined by daily measurement of three orthogonal
diameters with calipers and the volume was calculated as (a x b x ¢)/2. Shown
in brackets are the number of mice used in each group. The time in days to
- grow from 500 mm’ to 2000 mrm® are presented mean+standard deviation.
¢ Absolute growth delay (AGD) defined as the tlme in days for tumors treated
15 with various drugs to grow from 500 to 2000 mm’ minus the tune in days for

The time in days to grow from 500 to 2000 mm’ were compared for treatment

groups and saline group using Student’s r-Test. P-values are two-sxded and



In vitro studies S Al i quots obtained fromPBS solution at pH 7.4
wer e subj-ected to analysis by a 15 tubulin polynerization assay. The
tubulin assenbly reaction vas perforned at 32[err]C ~in PEM buffer (pH
6.9) at at sh9ssg POVi ne brai n, Cytoskel eton Inc., Boul deicrafsodnses? -
concentration 01F3? mg/m (10 [err]M in the presence of testing sanples .
(1.0 [err]Mequiv. Paclitaxel) and- 1.0 mM GIP. Tubulin polynerization
was followed by nmeasuring the .~ absorbance of the solution at 340 nm

~ over tinme. After 15 min, calcium chl orEq&n(,IJCQ_}.S 20 MY was added to

measure Cad [err]-i nduced depol yneri zation of microtubules. Wile
PG paclitaxel freshly dissol ved RolvetindencglydohBaclitaxel i n produci ng

m cr ot ubul es Q PGP ) ed for three days dldt_ K
result in tubuﬁ?’ﬁmﬁbﬁg’iﬁgﬁ é“a'eneﬁlycol p%xhﬁ,lfﬂgﬁ-fc é&ﬁt&%hl es formed were stable .
agai nst CaCk[err]-i ma@adaeﬁsw ymmpnsﬁed cm:wo Stepb. Fxrst 2'—succmleﬂmehﬁf(élma‘s of

" PG paclitaxel on cell growth was al so ex ed b al t

(MIT) assay (MPERaRH 2coPodng to fargponteq grac “6? ki I§’€ I% E%cl’éaé‘éld@aat 2 X
10[err] cells/ m b23 frddly B s %c?ﬂlsm&uﬁ&é 288 ﬁ%%biﬂﬁio‘?}ivé’ré‘alﬂiv&d‘é@?&&:ﬁ" th

vari ous ncentr at | ons G pacl | axel, paclitaxel or
i ncubat ed for axﬂaydchﬁstpyndmb (¢ 2nl) at roomh tempiefEfure §orud hosn  TixOpyrading was theng/ nl )

was then added to e | an inC-ba d for 4 30 The sudo ant
was aspirat ed, 54?83? e“\iﬁh‘ z“éﬁ‘f Fﬁe‘g[}bva%fgﬁﬁ F’Egpl'ﬁm’an (5‘7’5 le
ESU S was ﬂaasqheqx&yp;ﬁtermag anhmea nl h!&tdﬁSC%ﬁﬁufaE%ﬂﬂﬂyaidde’ﬁ \m&ghg;f?g&gfz

PCT/ US97/ 03687 crystals Werﬁ epllestad toryicdd (1RP sre a‘asywwhm!ﬁapr BEGtnaclitaxsl was
hi bi t ed f fo
roe pact i t axerYiiEsiz=p] By |6 Aot Garbloyt 2;ethox i by @bdthgehe | EEDY O

free paclit axeF For east tunor
-resul tant | (] emefliated| mslinaarcectﬁnSQR[ ersolutibi of 2pmctinylepaclitaxeh (169, 88, péBr] M

for PG paclitaxel asuyr ed acI i t ui v al nst
the 13762F cel A9t and ﬁ??‘ﬁ‘\?’( 15’ 24X I%Béq gb'@
[err] M wagscompadipi xﬁethﬂeﬁehﬂﬂoﬂ& wha&uﬂédaBBDQ((lmmg,r() 72=nﬁmT)9 The reac{ueﬁr] M

For both cell lines, the |IClerr] of PG al one was greater Q 1 [Warsr]M
: mixture' was sti at room temperature for 4 .crude product :

chromatographed on silica gel w;th_cthyl acetate followed by chloroform-methanol

~ (10:1). This gave 350 mg of product. 'H NMR (CDC]_;,) § 2.76 (m, succinic acid,

‘COCH,CH,COQ,), § 3.63 (PEG, OCH_;CH;O), 5 4.42 (C7-H) and & 5.51 (C2-H).

20 Maximal UV absoi'ption was at 288 nm which is also characteristic for paclitaxel.

| Attachment to PEG greatly improved the aqueous solubﬂlty of paclitaxel (>20 mg
equivalent paclitaxel/ml waier)

" Hydrolytic stability of PEG-Paclitaxel

25 _ PEG-Paclitaxe] was dissolved in ﬁhOSphatc buffer (0.01M) at various pHs at a -
~ concentration of 0.4 mM and the solutions were allowed to incubate at 37°C with
gentle shaking. At selected time intervals, aliquots (200 pl) were removed and
: lyofmilized. The resulting dry powders were redissolved in methylene chloride for gel
permeation chromatography (GPC analysis). The GPC system consisted of a Perkin-

30  Elmer PL gel mixed bed column, a Perkin-Elmer isocratic LC pump, a PE Nelson 900
| series interface, a Spectra-Physics UV/Vis detector and a data station. The elutant
' -29-



I'n vivo antitunor activity Al animal work was carried out at
the animal-facility at MD. Anderson 10 Cancer Center in accordance with
“institutional guidelines. C3H Kam m ce were bred - - and maintained in a
pat hogen-fyp@7hasi | ity in the Departnent of Experinental PCTNSW'Bﬁ&qi ati.on

~Oncology. Solitary tunmors were produced in the nmuscle of the right thigh

~of female C3H Kam m ce (25-30g) by . injecting 5 x 10[err] nurine ovarian.:
car ci norma (methylenechlonds) was rupalyhfl m)/mip v V(datestor et a6 2fhnmc dibei nona
C(HCa-1) or i Ridign hihes SAPEOIFRCIERR 2hd paciitdkePwiR'6l b Y ﬁ{eamiﬁ N

- Fischer 344 rats (1125-6350 g) rmcwer-e 2)aclhlﬁla?(‘;:ct ed vm%lﬁsﬁgugrf &rrl viabl e
13762F tunor PBeskageaswepe quantifieB&)d the petcemsagesof\REG-paclitaxel remiainiiggd &l thben t he

theTtumors | i apiesf R WiplieT PR Bt Ll i B P Peo panippet o "

single .5 guéamind byGneaqkdst-siuates apls 214 V& SA'miRa athk hatBke 4t pHE.6Waphor EL

vehicle was given in 20 doses varying from40 to 160 equi v. :
~ Pacl i taxel / kg7-Baei9. Relegsg profiles of paslaxel from BEGwa¢litnst at PR 14 isssho@n émophor .

vehi cl e [50/ SHggenophor /et hanol diluted with saline (1:4)], PG (MN

38K) solution 1n saline, and a paclitaxel/PG m xture were used. ‘Tunor

grrowm h was determned daily (FIG 7A, 7B, 7C, 7D and 7E) by neasuring

t hree orthogopal tu dia S. . funpr .vo was cal cul ated according to
25 formula (gﬁﬁwé'_ci}? %“g?.s gﬁ@é@ﬂ’&?‘&”gm&#g@a e(‘ﬁgﬂ’mﬁﬁa g¥mos def i ned
~as the tine ~_ FolowigStht Prodediir® 'described irf the\\byitbtoXidity Mdies! WHBSDTPAI! OW .

- from500 to 2,000 nmm{err] in mce mnus the time in days for tunors

treated with Raglitaxsl, melangma calls wereseededoim 290@ell plates at a concogationpERS]x  Tabl e

1 summari zes ' 'I'Em!:o i B ml in,connari san -
with paclit ang;é %ﬁ%ﬁ&g%ﬁ% ) a‘%l {%B@Eﬂ r‘r’rhrar | zJeIsnut%ﬁéé1 %g?mamc] %srfg&a;u i"ffﬁmf'he
effect of PG (DME) andaf]2i mediwh canfainirgt 10V bdvind-Gdf seruramad 3T1Cafor 26 Wedinsa i N
' [712(63:3. - The dat Wgﬁp@%@g?mosphcrg of 55% é&ld L chadiim was thes rep ased with fresh
PCT/ US97/ {336 &hedium containing paclitaxel or its derivatives in! coﬁé‘éﬂir@tiomﬁr@l{gﬁoﬁ{ 5% 10
PG Paclitaxely i n Fi schery Rat s*

_ Mto 75 x 107 M. After 40 hrs, the cells were released by trypsinization and

counted in a Coulter counter. The final concentrations of DMSO (used to dissolve

paclitaxel) and 0.05 M sodium bicarbonate solution (used to dissolve PEG-paclitaxel)

| in the cell medium were less than 0.01%. This amount of solvent did not have any
20  effect on cell g_rowth as determined by comtrol studies. Furthermore, PEG. in the _
| * concentration range used to generate an equivalent paclitaxel concentr#tion from 5 x
10” M to 75 x 10"° M also did not effect cell proliferation. '

Antitumor effect of PEG-paclitaxel against MCa-4 tumor in mice .

25 | To evaluate the antitumor efficacy of PEG-paclitaxel against solid breast
tumors, MCa-4 cells (5 x 10° cells) were inje‘ctedlinto the right thigh muscle of female -
C3HfKam mice. As described in Example 1 with the DTPA-paclitaxel, when the
tumors were grown to 8 mm (Approx. 2 wks), a single dose of paclitaxel or PEG-
paclitaxél was given at 10, 20 and at 40 mg' equivalent paclitaxel/kg body weight. |

30 Paclitaxel was initially dissolved in absolute ethanol with an equal volume of

 Cremophor. This stock solution was further diluted (1:4 by volume) with a sterile
-30-



G oup _ Dose # of Toxic Body Wi ght Time at Nadir Ti me of Full

(mg/-kg) + Death - Loss in-% (days) Recovery : ,

(days) ~ PGpaclitaxel[err] = 60 14 15.7 7
I el w00 g o o

| }_2 SP :f: Intg ;s?cyllgglcal so]u&oxbwﬁﬁun 15 mlﬁ}“fs otl injection. PE? Qachtaxel was dlSSOlVCd?

; o ?)rGEarGr;)r ]nosrahpe (6 mg equiv. ;chﬁm@ﬂ/liﬂl) anin’lt@red through”a ﬂenle filter (Millipore, 43

9 - Vehi cloel[nér Spline, paclitaxel VGhlclBs d@,sglwl@ha&afﬁﬁemosk@r(bd) ii'ilﬂt?‘hm&ﬁ@ley into

13762F tunor - beap] noy EE%E:Q’% OB%)S(%P . (600 mgk m%@gﬁ%‘i%ﬁ%% ({]gl e

__|nject|on paclita utr by di ssolving the
conjugate if sakpefiteqfS. rfgmzor growth was deammncd daily, | byt measuring )hreeTh&lmgnpdct ed
vol unme at 60 / k Was Pacli t Crem) hor

~solution was p (RATLETS. d@g"b#\?it‘r‘f@°'ﬁé?flr\=§°§§depm‘3 dipmgter, R xt ur e
of ethyl al cohgglaﬁq,gsg;;@mgmor (30 ng/nm). This stock solution was 10
further diluted wth saline (1:4) before injection. The final concentration
of . . . paclitaxel in the solution was 6 ng/m . The injected vol une

“at ‘60 ng/ kg was T g eyt Ay bnd 1nFIG?25tad?s%o$%§r%ﬂ¥E bé P>

prepared by. dissolv pol'yfher i n sa
i nj ected dgse p&sxu&eBagd b@l(ta’keBefﬁct:pdy dehilygd nmﬁurcgrowﬂs Patlitael evak rheére
pacli taxel or. vehi.cl e was

15 of .60 h,
prepared by di Fﬁ?ﬁ“ﬁ@ﬂg"%%g}t n@'@‘ﬂ‘%h the é’gﬁﬁf’cea‘ﬁ?f hot statistically'si $88bhor
(1:1) with sal paQitdxbl feated tumors requxred 9.4 days to reach 12 mm in diameter whereas PEG-

paclitaxel-treated tumors required 8.5 days Statistically, these values were significant
- “(p > 0.05) as compared to their corresponding controls, which were 6.7 days for the
15  paclitaxel vehicle and 6.5 days for the saline solution of PEG (FIG. 4).

While the compositions and methods of this invention have been described in
terms of pre_fefred embodiments, it will be apparent to those of skill in the art that
variations may be applied to the compositions, methods and in the steps or in the

20  sequence of steps of the methods described herein without departing from the concept,
o spirit and scope of the invention. More specifically, it will be épparcnt that certain
~ agents which are both chemically and physiologically related may be substituted for
the agents described herein while the same or similar results would be achieved. All
'such. similar substitutes ‘and modiﬁcaﬁons apparent to those skilled in the art are
25 deemed to be within the spirit, scope ‘and concept of the invention as defined by the
| appended claims.
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-27- WD 97/ 33552 : '
PCT/ US97/ 03687 ' o : Tabl e 2. The Antitunor Effect of

PG Pacl i t axel Agai nst T . Different Types of In Vivo
Miri ne Turiodess. Tunor o o Drug[err]_ PCTIUS97I(;56§;E to
Gowerr] AGD[errT t-testferr] : _ _
500 - 2000 mmierr] MCa-4 Saline _ : s o
4.80.8 (5) PG (0.6 g/ kgyferences . - 9.31.12 (4)-
4.5 0.0114 - Crermophor Vehicle - 6.10.7
(5) 1.3 0. 265 "~ PG Pacl (40 ng/kg) : g
8.61.2 (4) The figlogving ref@cmﬁ to the extent that they@rovidel exéﬁﬁlaf;gbﬂogedural or
_ ) :
. ij, i% é Egg other néc%%fé supg)ﬁma%@r to those set forth hcrggt?ﬁlztas?gg ic z((}nﬁﬂ'pcp\ratfd
9.00.6 (4 herem‘ﬂ»yieferenceo 0044 . . Pacl it axel (60 ng/ kg)
9.30.3. (5) 4.5 .0. 0006 - FSa-Il - saline " o -
1.90.1 (5) . PG (0.8 9/ kg) - . 2.80. 2 (-6).
(06)9 _. : 004§anon g Boitard, "ﬂ PP g;%e mvﬁ %ﬁrmﬂgilk a?hvxty of free, a%d 20. 2.
3.80. 4 (6) encaps la %axol . Jc%ff)oencap ula (160rrg/ kg)
5. ' t axel
258 g (g' Cones' ? and P<oq5|80 "Docetaxel" Journal _fa E}nlucal Onco gy, {T}:’ g?
T /2655, 1995.
Deutsch et al., "Synthesis of congeners and prodrugs. 3. water-soluble prodrugs of
: taxol with potent antitumor acthty,“J Med. Chem., 32:788-792, 1989.
15

Eiseman et al., "Plasma phannacokmet!cs and tissue distribution of paclitaxel in
CD2F1 mice," Cancer Chemother. Pharmacol., 34:465-471, 1994,

Fidler, er al., "The biology of cancer invaéion and metastasis," Adv. Cancer Res., .
20  2B:149-250, 1987, . .

Goldspiel, "Taxol pharmaceutical issues: prepai‘ation,.adtﬂinistmﬁon, stability, and
compatibility with other medications," Ann. Pharmacotherapy, 28:S23-26, 1994.

25 . Greenwald ef al., "nghly water soluble Taxol derivatives, 7—polyethylene glycol _
- esters aspotennal products "J Org Chem 60:331-336, 1995.

Greenwald ef al., "nghly water soluble taxol derivative: 2'-polyethylene glycol esters =
: as potential products " B:oorgamc & Med:cmal Chemistry Letters, 4:2465-2470,
.30 1994, '

‘Hirano ér al., "Polymeric denvatwes of actlvated cyclophosphanude as-drug: dehvery |
systems in antitumor therapy," Makromo!. Chem., 180:1125-1130, 1979.

35 Hoes et al., "Optimization of macromolecular prodrugs of the antitumor antibiotic
adriamycin," J. Controlled Release, 2:205-213, 1985.

Hofle et al., DE38942.

40 .' Horwitz ef al., "Taxol, mechamsms of action and resistance," J Natl. Cancer Inst.
Monographs No 15, pp 55-61, 1993.



PG+Pacl i t axel 3.00.2. (6) 1.1  0.0008"

HCa-l . Saline ' : - 7.30.3 (5) - -
PG (0. 8 g/ kg) _ S . 7.70.4 (4) | 0.4 ~ 0.417

Cr enophor \(9&67)& _ 6.80.8 (5) - 0. Sperruséhnaay

PG Pacl (40 f’f’ L 8.20.7 (5) 0.9 0. 218

ﬁg Egg: E?go , "Antitumor activity g gutrg moﬁsx}anosgloytosmc @nﬁggtgg :31

Pacl it axel (8(p Waypic acid and its derivgtivej, @ancf es.,44:2501984. (. 138

PGtPacl i t axel 6.70.4 (5) -0.6 0.294 5

~a Mce beari ngi(@ﬁeehm‘[l‘he rpptenmnirmfswatcr-s;ohxbler pejinerice garviens oint taxgated cand siti- e
various doses spécific drug delivery"RG(oanbilddoReddasd, 402129098 ui v. pacl i t axel / kg) -
~in saline or paclitaxel in Crenophor vehicle i.v.. in a single
" injection. CongémbekdRhd B opedk@ia tTaBittdMt Waichsoluble polymericSaiticaet Anfgsil ) ,

- Crenmophor  vehi ghvéfedss md)unsa%&ﬁouteh@m Procesd thidfh Sphp RSorfifok Rel. Bioact.

pl us pacl i't axels.{e8 00k, 1998, b Turmor growth was determ ned by daily
measur eneng, of three orthogonal - dianeters with calipers and the

Yplume vas o o eﬂ)daslvfa@uém X ﬁﬁ phosopic, AT 8 28
from 500 mi er '% f’g%l[rwee[‘)"er'e"s’g‘ﬁ 7 nq‘r’fﬁansf ?ﬁrd?aeféyd% gt1|98n
C Absol ute gr ] ay (AGD) defl ned as the tine in days for turmrs

treated 15 with variqus drugs ton:growfromSOOto 2000 nmferr] -
m nus the k5 meMpgri @ad Kipgston, "Modified "taxqly; .  Qxifation: prgdygts Bf damobne. &irol to

grow from 500 &hemA79MH0&196- - d The tine in days to grow from 500
to 2000 nmierr] were conpared for treatment ' groups -and .sal i ne
group using StMethew' & e, TSynthesis \anll Leysluation pfsome dwaleraslble prodrugs andner e
taken to be sM;nwitweaaftaxdimthlaamnbhmmn"éM CBer2 535:145-151, 1992
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Exanpl e 3 - ~ Pol yet hyl ene gl ycol - Pacl it axel
Synt hesi s of pol yet hyl ene gl ycol paclitaxel (PEG paclitaxel) 5 '
~ The synthesis was acconplished in two steps. First 2'-succinyl-paclitaxel

- was according to a reported procedure (Detgaﬂg; Y '
1989) . Pac\%’&@é?%g(zoo mg, 0.23 mmol) and succi ni c “anhy ﬁdﬁ (288 ny,
2.22 mmol) were allowed to react in anhydr ou @pyrldl ne (6.mM) at room

tenperature f¥m Hegswdk erigd, The symhesifand chasppierization idecpdrigmpiciphe
residue was tregugate andtits anmptexes with adrisgnycin: E20t i A Coanall«fd Relersed:3016  The

~precipitate wats,dP8%ol ved in acetone, water was sl owl y added, and the. f| ne

~crystals were collected to yield 180 ng 2'-succinyl - pacl i taxel

. PEG pacl i taxeWeis%: al, "Hypeistisithaty zektibys fm Taxol," J. Clin. Oncol., 8:1263-1268,

- N-et hoxycar bomydg: 2- et hoxy 1, 2- di hydr oqui nol.i ne (EEDQ) nedi at ed
coupling reaction. To a sol ution of 2'-succi nyl - pacl i taxel (160.ng, 0.18
“mmol ) and mt%g@gg*gxyet hyl ene amine (PEG NH2, MWV 5000, 900 ng, 0.18 15
"mmol ) in nethylene chloride vvas added EEDQ (180 ng, 0.72 mmmol). The

" reaction S st rature.for.4 The crude
product v zhdb, &, ‘gr@a‘? %‘f@%"%ﬁ i fepasation, pf 5%( “S9E o) | oned
by chIoroforn@ﬁ@ﬂWﬁﬁﬁ?“& 24% 350 ny of product. [err]H
NMVR (CDCl[err]) [err] 2.76 (n1 su00|n|c acid, -
: COCH[err]CH[err]CIIerr]) [err] -3.63 (PEG OCH[err]CH[err]C) ‘[err] 4.42
'(Cﬁakb and 8 5.51 (C2'-H). 20 - Maximal. UV absorption was at 288 nm which
is al'so characteristic for paclitaxel. Attachnment to PEG greatly
inproved the aqueous solubility of paclitaxel (>20 ng° . equivalent
paclitaxel/m water). Hydrol ytic stability of PEG Paclitaxel 25
PEG Pacl i taxel was di-ssolved in phosphate buffer (0.01M at various pHs at
~a ~ concentration of 0.4 nMand the solutions were allowed to incubate -
‘at 37[err]Cwith gentl e shaking. At selected tinme .intervals, aliquots
(200 [err]l) were renoved and - lyopnilized. The resulting dry pomders
wer e redissolved in nethylene chloride for gel per meati on
chromat ography (GPC anal ysis). The GPC system consi sted of a Perkin- 30
“ Elmer. PL gel mixed bed colum, -a Perkin-El ner isocratic LC punp, a PE
" Nel son 900 . - series |nterface a. Spectra- PhyS|cs UVYV's detector and a
data stati on. The el utant : -29-
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PCT/ US97/,03687 : ('-_rret hyl ene chl ori de)" was run at 1.0 m/ninwith the
WV detector set at 228 nm- The - retention tinmes of PEG paclitaxel and
paclitaxel Wi@nesst and 8.2 mn, respectively. Peak mrransinese

quantified and the percentage of PEG paclitaxel remaining and:the
"percentage of paclitaxel rel eased mr-emm ed. The half life of

PEG paclitaxel 5 determ ned by |'ine : t-squares at pH 7.4 was 54
- mn. The half-life at pH 9.0 was - 7.6 min. Release profiles of
-paclitaxel from PEG paclitaxel at pH 7.4 is shown in - FIG 8. -
Cytotoxi-city Studi e4 comppsithrpenirisingssn ansitigondoe eenivgates foah Bieter saluble i n

vitro 10 ' C ty
Studi s wi th OREEro! AL Ehelal 18 RN Gid BEinP nighs PTGl Boibbh ¥
pl at es at ascoewepsidd, &Inipmda,fcaﬂpﬁthecmorepotm&berr] cells/mM and grown in-a -
50: 50 Dbul becco' s ‘-nodi fied mnimal essential nedium : (DVE) and F12

“medi um cont ai ni ng 10% bovine calf serumat 37[err]C for 24 hrs in a

97% hum-di fi ed at nosphere of 5.5% CJO err] The medi um was then repl aced
with fresh 15 medi um cont ai ning paclitaxel or its derivatives in

~ concent r at i ons2r angTlerompositién of cldm 1 whergin thejanfiAtungor dBugds pafligaxel M After 40
hrs, the cells were released by trypsinization and counted in a _

“Coul ter counter. The final concentrations of DVMSO (used to dissolve

paclitaxel Joand 0.05 M sodi um bi carbonate sol ution (used to dissol ve

PEG pacl i t axel 2; t he .cel were |less than 0.01% This anpunt

of sol vent did”not 'ﬁéﬁf@‘“gﬂﬁnwg"l"é‘?‘f e Bhergin spid anti-ghoagrideug s degetaxelni ned by

:c'ontrol studies. Furthernore, PEGin the concentration range used to
generate an equi val ent paclitaxel concentration from5 x - 10[err] Mto
75 x-10[err] ‘M.al so did not effect cell proliferation. - Anti tunor -

-effect of PEG pacl | j L0 mce . . To -
~eval-uate the antl t uror W%@g@éﬂg%@gdﬁ%e@s?a%y -y |‘fﬁg RS i R S
‘tunmors, MCas 4 wstet olfble methDdhelatof. cel | s) were injected i nto the right thigh
.muscle of female - Cerr]H /Karn mce. As described in Exanple 1 with
the DTPA-paclitaxel, when the tunmors were grown to 8 mm (Approx. 2
wks), ‘a single dose of paclitaxel or PEG pacli‘taxel was given at 10,
20 and at 40 equi val ent paclitaxel /kg body weight. 30 Paclitaxel was
initially di ss®l vedthesompastionef claimdn qumpaﬂnkqehﬂlﬂtmmomf )
- Crenophor. This stock.solution was further diluted (1:4 by volunme) with-a
~sterile . . : _ o - 30- .
6. The composition of claim 5, wherein said chelated metal ion is selected from
the group consisting of aluminum,. boron, calcium, chromium, cobalt, copper,
- dysprosium, erbium, europium, gadolinium, gallium, germanium, holmium, indium, -
iridium, iron, magnesium, manganese, nickel, platinum, rhenium, mubidium,

25 - ruthenium, samarium, sodium, technetium, thallium, tin, yttrium and zinc.

7. The composition of claim 5, wherein said chelated metal ion is a radionuclide.
30

- ~35- ' ___________.———M—“ .
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WD 97/ 33552 ' _

PCT/ US97/ 03687 . - physi ol ogi cal solution within 15 minutes of

i njection. PEG paclitaxel was:dissolved in saline (6 ng equiv.
paclitaxel@?%%n filtered through a sterile filter (MIllipore, 4.5
[err]m. S B¥Shacl i taxel vehicle, absolute al cohol : Cr EFB{HIESHO3687- 1)
diluted with saline (1:4) and PEG solution in saline (600 ng/kg body
wei ght) wer e 8used Tha compesitin OBclamei(,pwhuqamml radionaxlide isosdidetedaorl @her M ned

‘dally, by neagw_&cr&gﬂ&lhnr&e Q{te 8910“2' 99m. 905 nglgmgt ers. Wen the turmr
ia

si ze. reached bt urtby del ay was

cal cul ated. - _ The tunor growth curve is shown in FIG9. At a
dose of 40 .ny/ kg, both PEG 10 paclitaxel and paclitaxel effecti vel y

del ayed tunor growth. Paclitaxel was nore - effective than . -
PEG- pacl i sax alat iy fene tatistically signifi cant
Paclit axelts t?leat edA tu 9ga€§,§&“ g ﬂpﬁgg@}apggxr%ach 12 mmi-n di ameter
.wher eas PEG paclitaxel -treated tunors required. 8.5 days.
~Statistically, t hese val ues were si gni-fi cant (p-> 0.05) as corrpar ed

to their cor r espondi ng controls, which were 6.7 days for the 15 :

pacl it axel vabicl lfhaashxﬁ)sﬁxoﬂmlﬁﬂM iRredi bdid YvafP sbiiub Q:thfa of 'r:sGsegfc b 4 in
escribed in

Wil e the conpositions and.nethods of this invention ave een
terns of prefl@M etec BB neonsisting t ofiyj diethyjenciriaminepentascstic hesid ¢DTBAD, |' i n

“the art at S li,e he co itio t hods
and in .t?}g sft(]al gn%c¥¥|ﬁiﬁéﬁ%g§tgc m Ie)g‘én olfg'éggw c@gﬁﬁ‘?ﬁ)ﬁ}’ scri bed

herei n w t holN"-thopanetateng (DO(Tm),t hﬁeuamcmatetradecane-hslﬁ'm'ﬂ\t'" -eshesicOPacigf t he

~ invention. e |ca be ap t that certain . agent s
~which are b%&ﬁp nf‘%‘g(f’i‘%? He‘ﬁh P‘&SB‘&PE @E]P ) atdim erﬁmoss@@&bmdt st ed

Tfor thmmsamtaemmman HoSpHohR SRBTIP sul ts
woul d be achi eved. All such si m%ﬂgl!r’ °§%bst| tu{t?s a?ﬁj dgli tions-

apparent to PRBCRTKHOTEA in the art are 25 deened to be within the

~spirit, ggope and concept of the invention as defined by the - appended

cl ai ns.

11.  The composition of claim 4, wherein said  chelator s -
diethylenetriaminepentaacetic acid (DTPA). |

20
12. The cbmposiﬁbn of claim 1, whercin'said water soluble polymei' is sel.ec.téd |
from the group consisting of poly (d-glutamic acid), poly (l-glutamic acid), poly (dl-
_ glutamic acid), poly (d-aspartxc acld) poly (l-aspartic acid), poly (dl-aspartic acid),
polyethylene glycol, polyacrylic acid, - poly(2-hydroxyethyl l-glutamme),,
25  carboxymethyl dextran, hyaluronic acid, human serum albumin, alginic acid and a

combination thereof.

13. ©  The composition of claim 12, ivhe'reih- said polynier is further defined as a

30 copolymer with polycaprolactone, polyglycolic acid, polylactic acid, polyacrylic acid,

36
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PCTAUS97403687 - Ref er ences

The follow ng references, to the extent that t hey provide exenpl ary .
other details supplenentary to those sggnkendsissherein,

pr ocedur al R’Q -
are specific IIy mcorporated 5 ~herein by reference, Bar t oni
‘and Boitard, "Invitro and in-vivo antitunoral act|V|ty of .free, and

encapsul at ed tP&Wé?'hydfngF belramisey gasbgrymethy] glextrapy hyglyrogic aclgy bumegy ¢ o5
J.E. and PazdgEmFgl utsch ‘i’%‘ﬁbf‘c‘dﬁpéeﬁ?‘h"ﬁ‘mq &,lﬂca| Oncol ogy, 13: 2643-

- 2655, 1995. esl's congeners and prodrugs. 3.
wat er - sol ubl e prodrugs of - taxol with potent antitunor act|V|ty J.
Med Chem, 32:788-792, 1989. 15 Ei seman et al., "Plasm
pharnacoklnetlcs and tissue distribution of paclltaxel in - CD2F
mce, " Canger jghenuhdesmpdsith BReRIm 12, 3P sad folyrh@3dhs a molecular Weighesf, et

al, "The biol ogy of cancer invasion and rret astaS| s, " Adv. Cancer Res., 20
28 149- 250, 1gﬁgxmabout5000toabout 100,000. - .

_ 15.  The composition ef claim 12, wherein said polymer has a molecular weight of
10 from about 20,000 to about 80,000.

16. ~ The composition of claim 12, wherein said polymer has a molecular weighi of '_ _
about 30,000 to about 60,000.
15 .

17. The composition of claim 12, wherein said water soluble polyme'r_ is .
conjugated to the 2'-and/or the 7-hydroxyl of pacl_itaxel.dr docetaxel.

20
' ' 18.  The composition of claim . 12 wherem said water soluble polymer is

polyethylene glycol.

25 19. The composition of claim 12, wherem said water soluble polymer is poly a- :

. glutamic ac:d)

20.  The composition of claim 12, wherein said water soluble polymer is poly (I-
30 aspartic acid). ' | -
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Gol dspi el , "Taxol pharmaceutical issues: preparation, adm nistration,

stability, and - conmpatibility with other medications," Ann:

Phar macot her apy, 28:S23-26, 1994. 25 Geenwald et al., "H ghly water
sol ubl e Taxal derivatives, 7-polyethylene glycol tenti al
products, "W®98#§* Cchem, 60:331-336, 1995. €} een\A/acIEiIg?scg

"Hi ghly water soluble taxol derivative: 2'-polyethylene glycol est ers
as potential products,” Bioorganic & Medicinal Chemstry Letters,

4: 2465- 2470, .30 .- an t er' tives of
activated cyc] Opheli'ﬁﬁgwlt'%‘s(’fcfratﬁraa‘d&) fp:%\r/sggilnaph acvengcfal {aéﬁtca?ﬁﬁnr :
therapy " Makdgofutioh. Chem , 180: 1125-1130, 1979. Hoes et al.
"QOptimzation of macronol ecul ar prodrugs of the antl t umor ant i bi otic _
-adrianycin,” J. Controlled Rel ease, 2:205-213, 1985. ~ Hofle et al .
DE38942. 54'0 Horwitz et al., "Taxol, mechanisns of action-and
‘resistance,” J Natl. Cancer Inst. Monogr aphs No. 15, pp...55-61, 1993.
-32- 220 9'A 88862 of determining anti-tumor drug uptake by tumor tissue comprising
- PCT/ US97/ 0368% . Kato et al., "Antitunor activity of : :
1- b- ar abi nof %ﬁ&‘?ﬁ cyt osi ne conj ugat ed with pol ygl utam-c acid and
its derivative", Cancer Res,, 44:25, 1984. Kopecek "The potenti al

of wat er-sol ubI e poI yneric carriers in targeted and site- . specific
drug del ivery", J.32) Coneb@iningdaRemepesition jcomprising o, cowe%}e of pachtaxel or -

10 docetaxel and a metal chelator and a chelated metal i ion;
| b con_tac_::ting said tumor tissue with said coniposition; and

. ¢)  detecting the presence of said chelated metal jon in said tumor tissue;
15 _ _ .
~ wherein the presence of said chelated metal jon in said tumor tissue is indicative of

paclitaxel by said tumor tissue.
20  23. A method of claim 22 wherein the anti-tumor drug is paclitaxel.

24. The method of 'claiml22, wherein said chelated metal ion is a radionuclide and
said detection is scintigraphic. | ' ' ' |
25

25. The method.of claim 22, wherein said tumor tissue is in a subject and said |

composition is administered to said subject.

30 _
26. A method of treating cancer ina squect comprising the steps of:
-38-
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Kopecek and Kopeckova, "Targetable water-sol uble polyneric anticancer

drugs: . -achi evenents and unsol ved probl ens," Proceed. Intern Synp. _
Control. Rel. Bioact. - Mater., 20:190-191, 1993. 10 Maeda and
Mat sunur a, }‘)}%595 tropi c and |ynphotropic principles pefrusoroes? '
macr onol ecu‘]vg rugs", Critical Review in Therapeutic Drug Carrier Systens,
6: 193- 210, 1989. 15 Magri and Ki ngston, "Modified taxols. 2.

Oxi dat i on products of taxol," J. Org Chem, 51:797-802, 1986. :
Mat hew et al ., " hes Em@,n% gs and
~derivatives. of taxo P an |tu ra&%‘??ﬂ/ﬂmﬁg%dwe%r&%Hpél%mg‘ﬁ 45- 151,
1992. 20 to Mwatmsql,uble polytiapi dletamr@pﬁrdtsmrspdas sagxaﬂr@peuceallymcenpt@lmvw h -
and survival Qllca ion to proliferation and CytOtOXIC assay, " J.

| mmunol .~ Met ho‘ﬁ@“"%@n 5-63, 1983. = Oiver, S.J. et al., Suppression
of col | agen-induced arthritis using an .angi ogenesi s 25 inhibitor, :
AGMW+ 1470, and a fricrotubul e stabilizer, Taxol," Cellular Inmunol ogy,

157: 291-299, 1994. b) admmmqrmg;fgldmgms teﬁﬁdﬁabjerér%an ames&@ﬁs@v%m |

pat hophyS| ol OQ}%P:{% ent| ve strategies," JVIR, 7:321-333, 1996. 30
Reynol ds, yrrers hel p gui de cancer drugs to tunor targets- and keep
them there . Natl. Cancer ‘Institute, 87:1582-1584, 1995.

Scudiero et al. " EvaI uation of a Soluble Tetrazolium Fornmazan Assay for

Cell G owth 35 and Drug Sensitivity in Culture Using Human and O her

Tunor Cel Iyoli s, " The Rfefod of clamR@@ﬁrﬁérEﬂ,salé%mﬁ&%ﬁroﬁ%gﬁrnkggﬁﬂmxel Serruys

et al., "A conparison of balloon-expandable-stent i mp| antation with ball oon
angi opI asty in patients with coronary artery di sease,” N. Engl J. Med,

331: 489 495, 40 1994. ‘Sharma and St raubi nger,” "Novel taxol" _
formul ations: Preparation and Characterization - of taxol -contai ning

| i posones, " P2dr m TRe smsthddl o8 8Rin8 26, filrher! comprising determining the paclitaxel or
docetaxel uptake of said tumor prior to séid administering, whcre'gn said determining
15 is Iby -administering a chelator-metal jon-paclitaxel or docetaxel conjugate to said -
subject and detecting the presence of said metal ion in said tumor. |

29'. The method of claim 26, whereih said cancer is. breast cancer, ovarian cahccr,
20 mahgnant melanoma, lung cancer, gastnc cancer, colon cancer, head and neck cancer

or leukexma.

| 30, The method of claim 26, wherein said cancer is breast cancer.
25 | |

31.  The method of claim 26, wherein said cancer is ovarian cancer.

30 32. A method of decreasing at least one symptom of a systemic awtoimmune
disease comprising administering to a subject having a systemic autoimmune disease
' -39-
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45 US Patent 5.583,153 | - . 33-
VO 97/ 33552 ' - :

PCT/ US97/ 03687 van Heeswijk et al., "The synthesi's and
characterization of pol ypepti-de-adri anyci n o conj ugat&l?&gmfk@

.conpl exes qsﬁ_%ﬁf?l anmycin. Part 1", J. Controlled Rel ease .
315, 1985. 5 Wiss et al. Hypersen3| tivity reactions from Taxol," J.
din. Oncol ., adeff@tise 496@1t of a compoﬁg@g comprising p fop dacrexel ronjugatedhie, Z

and Ki'ngst-on, " Modi f e Preparati on of wat er- soI ubI e
t-axol phospha?@g%'gl“%‘f act y§f"%§%@%§a‘%&l 1991. . . o .
5 33.  The method of claim 32, wherein said composition comprises paclitaxel.

34. © The method of claim 32, Wherein said composition comprises poly (l-glutarnic :

acid).
0
35. . The method of claim 32, whe_rein | said system autoimmune disease is
rheumatoid arthritis. | . | '
15
36. A method of inhibiting arterial restenosis or arterial occlusion following
vascular trauma compﬁsiﬁg administering to-a subject in need thereof, 2 composition
‘comprising paclitaxe] or docetaxel conjugated to poly (I-glutamic acid) or poly (I-
asp'artic acid). '
20 |

37. The method of claim 36, wherein said composition co_mpﬁses paclitaxel. -

25 38. The method of claixﬁ 36, wherein said composition comprises poly (I-glutamic
acid). ' ' ' ' '

39.  The method of claim 36 wherein said subject is a coronary bypass, vascular

30 surgery, organ transplant or coronary or arterial angioplasty patient.

- -40-
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40.' The method of claxm 36, wherein said composmon is coated on a stent and

. said stent is implanted at the sight of vascular trauma.

41. A phannaceut:cal composmon comprising pachtaxel or docetaxel conjugated

to a water soluble polymer or chelator

42.  The composition of claim 41, wherein said water soluble polymer is poly (1-
aspartic acid) or poly (I-glutamic acid). ' '

43,  The composition of claim 41, wherein said chélator is DTPA. -

44. The composition of claim 43, further comprising a therapeut:c amount of a
chelated radlonuchde

45. A method of obtaining a body.'im'age of a subject comprising:
_ a)  administering to said subject an eﬁ'ectix)_e émouht of the agent of claim
6; and - ;

b) measuring scintigraphic signals to obtain an image.

41-
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1. A conposi tion corrprl sing an anti-tumor drug conjugated to a water

sol ubl e pol ymer or netal chelator and wherein said anti-tunor drug is
paclitaxel, docetaxel, 5 et.opsi de, ten|p05|de canpt ot hecin or

epot hi | one, 2. The conposition of claim1 wherein the

ant i - tunorY@¥P$E paclitaxel. 10 3. . The conpodCH{USKB8TC| ai m 1,
wherein said anti-tunmor drug is docetaxel . 4. The conposition
of claim1, wereAn snplahtabie |med1¢abrded'raag wl&mmrwdgaé\ed: is0 coatdd withvat er

sol ubl e netal chel at 03|t|onB{f§cla|m4 further

conpri sing a°8ﬂ8‘?sé‘f°é‘d°%§l”§1ng Q?ﬁmaxel?(ﬁ dobeiEre °° Jugate 10 POfREIATIE FFIGT ¢ ai m

5, wherein s?bga@aﬂicaa&ﬁdn BRhAburt effedtive &Rl fobth #iscle cell ProRfetHiOHP
consi sting of al.um num boron, calcium chrom um cobalt,” copper,

.dysprosium erbium europi um gadolini um -gal l'i um ger mani um hol mum -
indium ¢ Iridium iron, magne5| um manganese, nickel, plati num .
~rhenium ftubidium 25 Trut hen| um samarium “sodi um technetl um thalli um _
tin, yttriumiand Therimplantable medical device Thelainnag) Farttier derir@fl as batent &atd&her ein

sald chelated HE gl ion.is .a radionuclide. 30
with said composition. '

10  48.  The implantable medical device of claim 47, wherein said stent is adapted to
be used after balloon angioplasty and said composition is effective to inhibit

restenosis.

15 49. A composition comprising polyglutamic acid conjugated to the 2' or 7
hydroxyl of paclitaxel. ' ' .

50. A composxtxon compnsmg polyaspartlc acxd oonjugated tothe2'or 7 hydroxyl o _
20 of paclitaxel. ' o

51. The composition of claun 49, wherem said polyglutarmc ac1d is con_]ugated to
the 2' and the 7 hydroxyl of pachtaxel o
25

52.  The composition of claim 50, wherem said polyasparnc acid is conjugated to
the 2' and the 7 hydroxyl of paclitaxel.

30

42-
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PCT/ US97/.03687 .8. The conposition of claim?7, wherein sai d -

fadi onuclide is selected fromthe group consisting of [err] Gy,
[err] G, [ egddsRsssherr]nirc, [err]Y, [err]In and [err]Pt PCI/US97/03687 9.
conposi tion conprising [err]ln-DTIPA-paclitaxel. 10. The

- conposition of claim4, wherein.said water sol uble chel ator is selected
from the group consisting of diethylenetriani nepent aacetic acid
(DTPA), 10 et hyl enedi am net etraacetic 610/1d| (EDT .
1,4,7,10-tetraazacyg ododecane- N, N , N tet raacet ate (DOTA),
tetraazacycl o addatane- NN , N'N ' -tet raceti c aC| d (TETA),

hydr oxyet hyl i. & di posphonat e (HEDP), di nercaptosuccinic acid _ )
(DVBA), di et hyl enet r iNHri net et r anet hyl inhospt‘@nl c BBpd (DTTP), DPDP and

1-(p- “am nobenz¥l ) - DTA. 15 11. Tge Y conposition  of -
claim 4, wherein $aid |jchd '
di et hyl enetri am nepe aci d X2

031' ' ,':;
| OAC
Paclitaxel: R1_ =R2=H |
PEG Pachtaxel | |
‘R1= COCHZCHZCDNHCHQCHZ(OCHZCHZ)ROCHS
R2=H

7 DTPA paclltaxel
. Ri=H
R2= 4

NN
N

-COOH ~ COOH  COOH COOH

2'-DTPA-paclitaxel: S
Rt= - R2=H

__—”\/ l\/
N

COOH  COOH  COOH COOH
FIG. 1A
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20 . 12. The conposition of claim1, wherein said water soluble

pol yner is, sel ected fromthe group consi sting of poly (d-glutanic
acid), pon (1-glutamc acid), poly (dl- glutamc acid), poly
(d-aspartic %%lgg 15 Qoly (l-aspartic acid), poly (dl-aspart igeTaiofiisss?

pol yet hyl ene pol yacrylic acid, = poly(2-hydroxyethyl

“1-glutam ne), 25 carboxynethyl dext r an, hyal uroni ¢ acid, human serum
al bumin, alginic acid and a- conbi nati on t her eof . 13. The
conposition of claim12, wherein said p0|§ﬂﬁr is further defined as a 30
copolynmer with polycaprolactone polyglyc 'c aci d, polylactlc aci d,

pol yacrylic acid, . . ' - 36-

WO 97/ 33552 ' _ - _ _

PCT/ US97/ 03687 - pol y(2- hydroﬁyethyl.1-g|utanine) car boxynet hyl
~dextran, hyaluronic acid, human '52 serum al bum n, polyalgi-nic acid or a
conbi nati on. thereof.. - 5 14. G The conposition of claim 12, wherein -
- said polyner has a nolecular WE|g@E of - from about 5 000 to about

100, 000. ' PL?E conpo$Lt|on of claim12, rdcein said pol yner _
has a nDIecuIar melght 0 = < o -
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10 from about 20,000 to about 80, 000. : 16. The conposition of

clai.m 12,, wherein said polyner has a nol ecul ar wei ght of . about 30, 000
to about 60, 000. 15 - 17. The conposition of claim 12, wherein '
sai d wat er ggﬁ polyner is conjugated to the 2 aﬁ@ﬂg@whhﬁ7
~ 7- hydr oxyl pac taxel or docetaxel. - 20 - 18. ‘The ‘conposi tion of
claim 12, mhereyn sald wat er sol ubl e polyner is pol yet hyl ene gl ycol .
25 19. The conposition of claim 12, wherein said water sol ubl e pol yner
is poly (1- glutam c acid). : év The conposition of claim
© 12, wherein said water. soluble polyner i's 1ﬁ (1--30 aspartic aC|d)
.37- _
: 600000
- ——  Paclitaxel
300000 —&— PEG-Paclitaxel
——L{+—. DTPA-Paclitaxel -
400000 o
]
=
2 300000 -
(<54
D .
3 W
200000 -
100000 -
D .
0 — T T
0 20 40 60 . 8 100
Equvvalent Paclitaxel Concentratlon (nM)
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WD 97/ 33552 -
PCT/ US97/ 03687 . 21.  The conposition of claiml dispersed in a

phar maceutical |y acceptable carrier . solution. 5 22. A

met hod of q§5§%§§3y_ng anti-tunor drug uptake by tunor ti sRCRUSIIEINBT si ng
the steps or: - , a) obtai ning a conposition conprising a
“conj ugate of paclitaxel or 10 docetaxel and a netal chelator and a
chelated netal .ion; - b) contacting said tunor tissue with
sai d conposition; and ) fb/r;{e;lt'ect-ing the-presence of said
chelated nmetal ion in said tunor tissue; wherein the presence of

said chelated netal ion-iffi sarad tanor t1ssSue 1s 1 ndicatlve of :
paclitaxel by sai dgfunor {tissyg. DTPR%&CIR&XBHM od of claim22 wherein
the anti-tunor drug§i$8pqclit§%el. PA-nacli he nethod of ¢l aim 22,
wherein said chel a[éd nmefal 10 |%%Pﬁa&§ﬂﬁ§§§%:ﬁ d "said gletection
i s _scintigraphic. S —0— ~-pdC _ - '
B 1A - |
5 .
=
=3
2 10-
2
< .
6 -1 _ T I
0 5. 10 15
- - Days after Treatment -
FIG. 3
15— . '
“»
> O Controls S
=3 -12.1

‘B Paclitaxel Derivatives
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25. The nethod of claim 22, wherein said tunor tissue is in a subject and
said- ‘ conposition is adm nistered to said subject. 30 . 26. A
met hod of treating cancer in a subject conprising.the steps of:

-38- . WD 97/ 33552 o ' :

PCT/ US97/ 036 .a) obtaining a Conpoéitio rising
paclitaxel o?zﬁg%gﬁgxel conj ugat ed to a water solublegfﬁﬁgﬁgpagr

chel ator and dispersed in a pharmaceutically acceptable sol ution; -and
5 . . b) adm ni stering sai.-d solution to said subject in an:
anmount  effective to . treat said cancey q 10 27. The met hod of
cl.aim 26 wherein said conposition conprise! gaclitaxel. - 28. © The

met hod of. claim 26, further conprising determ ning the paclitaxel or
docet axel uptake of said tumor prior to said administering, wherein said
determining 15 .is by adm nistering a chelator-netal ion-paclitaxel or
docet axel conjugate to said - -subj ect and detecting the presence of
said nmetal ion in said tunor. S

DIPA-IN 111
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29. The nethod of claim 26, wherein said cancer is breast cancer, ovarian
cancef, 20" nmalignant nelanoma, |ung cancer, gastric cancer, colon cancer,
head and neck cancer : or | eukem a 30.  The nmethod of claim
26, wherein Woe3sssacer is breast cancer. 25 31. - Thedss, of
clai m 26, wheréin said cancer is ovarian cancer. 30 32. met hod of
decreasing at |east one synptomof a systemc aut oi nmune - di sease

conprising admnistering to a subj ect having a systenic ‘autoi nmune di sease

- 39- : WD 97/ 33552
PCT/ U897/ 03687 an effective anount c6/1a1 conposi tion corrprl sing
paclitaxel . or docet axel conjugated to poly (1-glutam c acid) or poly

(1- aspartl c acid).

100
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w 40
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0 I B e e
0 50 100 150 200 250 300 350

Time' (hrs) B
FIG. 6
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"5 33, The nethod of claim 32, wherein said conposition conprises

paclitaxel:* 34. The nethod of claim 32, wherein said conposition
conprises poly (1-glutamc acid). 10 35. - The nethod of claim
32, wherein MNo¥/3§yRtem. autoi mune di sease is: ' rheunat TQFgaﬁg?;tls

15 36. A nethod of inhibiting arterial restenosis or ar

~occlusion foll ow ng vascul ar traunma conprising adm nistering to a
subj ect in need thereof, a conposition conprising paclitaxel or _

" docet axel conjugated to poly (1l-glutamc ig% or poly (1- - aspartic
acid).. 20 .37.  The net hod of.cJa?ﬁ{ wherein said conposition
conpri ses paclitaxel. 25 38. The nethod of claim 36, wherein said

~conposition conprises poly (1-glutamc © acid). - -39. The

~method of claim36 wherein said subject is a coronary bypass, vascular 30
surgery, organ transplant or coronary or arterLaI-angiopIasty patient.

- 20000
| Control | o
15000 - - Paclitaxel
10000
5000~
00—
- Time (Days)-

FIG. 7A
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WD 97/ 33552

PCT/ US97/ 03687 40. The net hod of claim 36, wherein said
conposition is coated on a stent.and ' said stent is inplanted at the
si ght of vasc¥Pam33ss2auna. 41. A pharmaceuti cal f@ﬁg@%hﬁ%?ﬂ
conprising paclitaxel or docetaxel conjugated to a.water soluble
pol ymer or chel ator. 10 42, The conposition of claim4l, wherein
said water soluble polyner is poly (1- aspartic acid) or poly
(1-glutamc acid). : -43. The-conggﬁt ion of claim4l, wherein
said chelator is DIPA 15 _ 4. -~ Thédfc irposi tion of claim43,
further conprising a therapeutic anount of a - . chel at ed radi onucl i de.
20~ 45. A mat_hod of obtaining a body inmage of a subject conprising:
4000
S ~ Paclitaxel
| ~ Control T
o~ 3000+ . T B
— 2500+ S
e PG-Paclitaxel
2 20004 - (80 mg/kg)
>
E .
£ 1500~
=
1000+
500 " i PG-Paclitaxel
~ < | (160 mg/kg)
0, : ((r(xrlerUIIUrU(u(I)-q).___o o WoWWig 1:
0'__ | '20_- 40 60

_. Time (days)
. FIG.7B
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a) adm nistering to said subject. an. e'ffe'ctlve anount of the agent of

claiim25. 6; and b) measuring sci nt I graphic signals to
obt ai n an i nage. _ -41-
WD 97/ 3355 3552 . . . PCT/US97/03687
PCT/ US97/ 0%%%%7,3 46.  An inpl ant abI e nedi cal device, wherein said
device is coated with a conposi tion conprising paclitaxel or
docet axel conjugated to polyglutam c acid or. pol yaspartic aci d | n an
anmount effective to inhibit snooth nuscl %f pr oliferation. 5
47 The i npl ant abl e nedi cal device of a'll further defined as a
stent coated with said conposition. '
2500 '
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2 = T el IL
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FIG. 7C
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10 48. - The inplantable nedical device of claim47, wherein said stent"
I s adapted-to - . be used after ball oon angioplasty and sai d conposition
is effective to inhibit restenosis. 15 49. A conposition
conprising palyesseam c acid COI’IJ ugated to the 2' or 7 Cﬂ?&"i’ﬁ]’ of
pacl it axel . 50. A conp05|t|on conpri'si ng pol yaspar |c-aC|d
conjugated to the 2' or 7 hydroxyl of paclitaxel. 51. The
~.conposition of claim49, wherein sald pol ygl utam c aC|d is.conjugated to
the 2' -and the 7 hydroxyl of paclitaxel. i The conposition of
cl ai m 50, wherein said polyaspartlc acid i Oﬁ$mjugated to the 2' and

the 7 hydroxyl of paclltaxe2500 30
-42- .
@~ 2000+
E .
E
- _
_Eg 1500
=
= _
g; - 1000+
500

4 6 8 10 12 14
~ Days Postinjection

FIG. 7D
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- 53. (Anended) - A conposition conprising an antitunor. drug conjugated to a
waters #% ~ -soluble polynmer so as to provide a drug-conjugate having a
~ higher water solubility than the unconjugated drug and the ability
t o accunul at ¢ud #A38ssk unor, wherein said pol ymer is wsbﬁogﬁwt am c-
acid), poly(l-glutamc acid), poly(dl-glutarnic acid),
“poly(d-aspartic acid), poly(l-aspartic acid), or poly(dl-aspartic acid),
pol yacrylic acid, pol y( 2- hydroxyethyl 1- gl utam ne), . carboxynet hyl
dextran, hyaluronic acid, human ' {*Z%leunln or alginic acid or a
conbi nati on thereof, and wherein said anti drug is paclitaxel,
~docet axel , etopside, teniposide, canptothecin or epothilone. . 54.
The conp05|t|on 65 d 53, wherein said conposition is a pharngceuti cal
10 conposition Oﬂnpr|5|ng paclitaxel or docetaxel conjugated to[a water
sol ubl e pohsnes rein said water soluble is selgcted from
t'he group conS|ng Qf cid). poly (I-gldtamc
acid), -poly (dI aspartic acid), -paly

utam q.

(1-aspartic acid)2 p v i( i pol yacrylic acid, poliy(2-
hydr.oxyot hyl 1- ggg ne), dextran, -hyaluronic acifd, human
serum 15 al bum or alginic-a i g#7or a conbi nation thereof. ' 55.
“The conposition 6@ claidh 5 in said polynmer has a nol ecul aj wei ght of
--fronlabout 5, OOOEEO é out - 56. The conpositi¢n of claim
55, wherein sai depol yner i ght of- from abogt 20, 000
to about 30, 000. & ? . ~Jjon of claimb56, wherein said
_polyner has a noégcu Qr i 0 to about 60,000.
52 . | : _ _
T I I '
0 , 100 200 - 300
14
12 -
10 -

Saline solution of PEG

- Average Tumor Diameter (mm) |

8 —#— Cremophor/alcohol
- —O0— Paclitaxel
—eo— PEG-Paclitaxel
6 _ I I .
0 5 0 15
Days after Treatment

FIG.9
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The phar maceut i cal conposi tion of claim 54, V\,herel n

is S s Been Re laced
| ! onpries paclitaxel' or docet axel conjugated to a water
ol u ﬂ I erein $B-d3vd ér3 'S8PMIBI e pol ymsnz474758Hkect ed frragrrmah¢924 #15
g f poly (d-gl utanje—gea)epaly (1- glutarrk, id)
(dl -glutamic acid) or a conbinatiop \THWeSHEET HAS BEEN |: The !ls-eﬂ@f"‘a 3/ 8

conpositi.on according to claim54 o selREPLAGED Y del rver E%I{tﬁg‘el (?R 1998
docetaxel togg tunmr, %ﬁi%
agent in the tgr ea{mrren?mé t%glr%e gﬁgnt}(ﬁ%‘hﬁtsgmgf a rrp03| ﬁ

to claim58 waeid}epelyt(-ghitymitesdid); ipohy (dl-glataaiic atid)ossly Q&%pixﬁc&cld)ﬂpélyaﬂ'-d

reduce systenm c toxicgity nornally caused by said _agent in the treatnment of

cancer. 61. 8spariie arid), opoly @rﬁ?ﬁﬁm"l apidc pelvarmydict acid) apaly@chydepsyatky! &ai d

conpoesition n t
colbre pol y SRS PR e defloat 3RS abfd hUSEh Sbrpkef albBirfn 9 Finic
conposi t i%n addosr |angomchmalnanmlﬁhofvwamewaeﬁm @aidaast@ituher dRlig Cisegadlitaie,

breast cancer, ovarian cancer, nulignant nel anoma, |ung cancer, gastric
cancer, col o‘liP'iP&ﬁi@bF tenippsids; Ramptathaciner | - '

54. The composmon of claim 53, wherem saxd composmon is a pharmaceuncal
.10 . composition comprising pachhxel or docetaxel conjugated to a water soluble
polymet, wherein said water soluble polymer is selected from the group consisting of
' poly (d-glutamic acid), poly (l-glutamic acid), poly (dl-glutemic acid), poly (d-
aspartic acid), poly (l-espartic acid), poly (dl-aspartic acid), polyacrylic acid, poly(2-
hydroxyethyl I-glutamine), carboxymethyl dextran, hyaluronic acid, human serum

IS albumin, or alginic acid or 2 combination thereof. '

'55.  The composition of claim 54, wherein said polymer has a molecular weight of
from about 5,000 to about 100,000. '
20 |

56.  The composition of claim 55, wherein said pnlymer has a molecular weight of
- mns e —-——from about 20, 000 to about 80, 000, —-comrmr e o s e

25
57 The composition of claim 56 wherein said polymer has a molecular Welght of

- about 30 000 to about 60,000.
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63.

The use of a conposi tion according.to claim 62 Wherejin_said. cancer o
; 1925818

i s_;&-m-@qzst cancer. 64. Th(g_w;.gao:f 3a3mrrp03| tion gamqiﬂ-lﬁg to cl %.’!“3@
wherein sai'd cancer is.ovarian cancer. fié 4,& 9 0 3 68
- 44- | | SUBSTITUTE SHEETS R‘

: v"ty“l... 0? HJ“R “

58.. The phannaceutxcal composmon of claim 54, wherein said composition
compnses pachtaxcl or docetaxel conjugated to a water soluble polymer, wherein said
water soluble pqumer is selected from the group consisting of poly (d-glutamic acid),
poly (I-glutamic eacid), or poly (dl-glutamic acid) or a combination thereof,
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