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Ecteinascidins have been identified, structurally characterized and
synthetic methods for making them have been described. See for example,
R. Sakai, et al, 1992, Prco. Natl. Acad. Sci. USA 89, pages 11456-11460,
“Additional antitumor ecteinascidins from Caribbean tunicate: Crystal
structures and activities in vivo”; R. Menchaca, et al, 2003, J. Org. Chem.
68(23), pages 8859-8866, “Synthesis of natural ecteinascidins (ET-729, ET-
745, ET-759B, ET-736, ET-637, ET-594) from cyanosafracin B”; and L
Manzanares, et al,, 2001, Curr. Med. Chem. — Anti-Cancer Agents, 1, pages
257-276, “Advances in the Chemistry and Pharmacology of Ecteinascidins, A
Promising New Class of Anticancer Agents”; and references therein. These
references describe ecteinascidins. Examples of ecteinascidins are provided
by ET-743, ET-729, ET-745, ET-7594, ET-759B, ET-759C, ET-770, ET-815,
ET-731, ET-745B, ET-722, ET-736, ET-738, ET-808, ET-752, ET-594, ET-
552, ET-637, ET-652, ET-583, ET-597, ET-596, ET-639, ET-641, and
derivatives thereof, such as acetylated forms, formylated forms, methylated

forms, and oxide forms, such as N-oxide forms.

The structural characterizations of such ecteinascidins are not given
again explicitly herein because from the detailed description provided in
such references and citations therein; any person of ordinary skill in this
technology is capable of obtaining such information directly from the sources

cited here and related sources.



2 At | east one of the ecteinascidin conmpounds, ET-743, has been extensively
studied, and it will be referred to specifically herein to illustrate

feat ur [S¢1 NVention. Ecteinascidin 743 (ET-743) is a
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Ectei nascidia turbinata and has the following structure: HO MeO NH Ove O
HOM AcOM N -M 1 NO \--0 ET- 743 A pharmaceutical conposition
conprising ET-743 in conbination wt a pharmaceutically acceptabl e
carrier, diluent or excipient is claimed in US 5, 256,663. A recent review
of ET-743, its chem stry, mechanism of action and preclinical and clinical
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ovarian and breast carcinoma. In clinical phase | studies of ET-743,
prom si ng responses were

Ecteinascidin 743 (ET-743) is a tetrahydroisoquinoline alkaloid
isolated from the marine tunicate Ecteinascidia turbinata and has the

following structure:

A pharmaceutical composition comprising ET-743 in combination with
a pharmaceutically acceptable carrier, diluent or excipient is claimed in US
5,256,663.

A recent review of ET-743, its chemistry, mechanism of action and
preclinical and clinical development can be found in van Kesteren, Ch. et al.,
2003, Anti-Cancer Drugs, 14 (7), pages 487-502;: “Yondelis (trabectedin, ET-
743): the development of an anticancer agent of marine origin”, and

references therein,

ET-743 possesses potent antineoplastic activity against a variety of
human tumour xenografts grown in athymic mice, including melanoma and

ovarian and breast carcinoma.

In clinical phase I studies of ET-743, promising responses were

observed in patients with sarcoma and breast and ovarian carcinoma.



observed in patients with sarcoma and breast and ovarian carci noma. WO
2006/ 046079 PCT/ GB82005/050184 3 Therefore this new drug is currently under
I nt ense,,j igation in several phase Il clinical trials in cancer
patienﬁng%ﬁﬁﬁgggariety of neoplastic diseases. As | FPCTGHRG508018¢d in WO
0069441, incorporated in full by reference, ET-743 is supplied and stored
as a sterile lyophilised product, hayving ET- 743, mannitol and a phosphate
buffer. A preferred forrmulation is e obtained from 0. 9% sodi um chl ori de
or other suitagble infysion vehicle, 250 pg of ET-743 with 250 ng of
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solubility, and its stability, particularly in bioconpatible forns and
formulations, is difficult to predict and achieve. These characteristics

o SRR ach h craractel!
Fechnol gy faft reRtafest ih o of POosRR BEcorRErasPa Ay A8l detareosag
f or MEBtA43$s tshipipliddeahtl H@re@ash bystespe 1FophilRd Ff&&ﬁ%g;}ﬁ@gn%wﬁ uses

preferably rely on fornul ati ons whose characteris ne or nore
of t het3.omamiiigl aricheomiwspiidtet huffest abl iprgfernetd rfoanhilatibnc énditd ons, or

under_,condi ti.ons arg as ar. .to apbient, conditjons as_possible, wth a
shel f° Ctia}réeciﬁ m; é@?g q°éﬁ5”b§ odde lﬂre‘?ﬁloeénﬁl‘éé [;3 Pﬁé’fﬁ%@ ivelielsi B0y to form
reco ' i ra%aq S r | anbi ent
condiq%? SE?’IE 1? g?qg}sﬂll %ﬁg r‘g 36%()1215' @.1’ Pﬁ%\%@&%@%ﬁ\?@%%@%& Fﬁ%ﬁsﬁﬁﬁ%‘gﬁ ons and
met hadul oghesphoricpreapadr itng adjush oy npHat | onThiko furinplaeidrdeisdesierabl e

features and characteristics .such as those referred to above. For exanple,
t he quggasﬁg\yqeg\,@gﬁ é%?dﬁrﬁﬁﬁaw@@?érl@wc@?n-et at reports that

ET-743 is a complex chemical entity, as revealed by its structural
features. In addition, ET-743 exhibits limited aqueous solubility, and its
stability, particularly in biocompatible forms and formulations, is difficult to
predict and achieve. These characteristics challenge the ordinary skills and
conventional methodologies in this technology, particularly when it comes to
the preparation of ET-743 formulations that are to be readily used for
medical purposes. Such uses preferably rely on formulations whose
characteristics include one or more of the following: biocompatibility,
stability under ambient conditions, or under conditions that are as near to
ambient conditions as possible, with a shelf life that is as long as possible,
and easy reconstitutability to form reconstituted solutions that are as stable

under ambient, or near ambient conditions, for as long as possible.

However, conventional formulations and methodologies for preparing
such formulations do not provide desirable features and characteristics such
as those referred to above. For example, the cited review of 2003 by van

Kesteren Ch. et al. reports that
ET 743 has limited aqueous solubility. However, by adjustment of the pH to 4, adequate
concentrations of ET 743 could be reached. Instability of ET 743 in agueous soiution
necessitated lyophilization In order to increase the storage stability of the pharmaceutical



ET 743 has |imted aqueous solubility. However, by adjustnent of the pHto
4, adequate concentrations of Er 743 could be reached. Instability of ET

743 | nyayl lution necessitated |yophilization | ncrease
t he stor age staf)gol ity of the pharmaceutical WO 2006/ 0114(2'88739@%0@2005/ 050184
4 product. ET-743 Is currently fornulated as a sterile |yophilized product

contai ning 250 pg active substanceper dosage unit, 250 ng mannitol as a
bul ki ng agent and 0.05 M phosphate buffer at pH 4 in order to solubilize
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typically involves freezing the solution, reducing the pressure for a

period of primary drying to renove water vapour fromthe frozen material by

subl |t 90 A 0vi@ SEALATIoela s 290 hd BFEGA0LAG, LABUEIRELA Ure, for

a period of secondary to remnov e sem-dried
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relatively large anobunts of ET-701 as inpurity. ET-701 is the main inpurity
produced during the lyophilisation process and during storage of the ET-743
f or mul at i direeze-deping typigallyhénkglies| freesing tHE- BaBitien, heducing the

pressure for a period of primary drying to remove water vapour from the
frozen material by sublimation and give a semi-dried mass, and increasing
the temperature for a period of secondary drying to remove residual water

from the semi-dried mass. The vials are then sealed.

The above-described conventional ET-743 formulation suffers from
several disadvantages. One of them is that the lyophilised ET-743
formulation has to be stored at about -20°C to prevent decomposition of the

ET-743 in order to achieve a shelf life of at least 18 months,

In addition, ET-743 formulations face the problem of formation of
relatively large amounts of ET-701 as impurity. ET-701 is the main
impurity produced during the lyophilisation process and during storage of
the ET-743 formulation. It comes from the hydrolysis of ET-743 and has

the following structure:



the follow ng structure: WO 2006/ 046079 PCT/ GB2005/050184 5 HO MeO I NH
O 0O"~-HOM HO SMON -M I NOOH ET-701 Formation of inpurities,
homevewo%o%m,i’ﬁ es or even forestalls the ability to standardize

f ormul at1 ons. i s consequently desirable to provi dePCHEBANAI8hs and

met hods for nmaking the sanme that provide enbodi nents whose conposition does
not readily and unpredictably changt;f) by the wuncontrolled formation of

i mpurities. Furthernore, another advant age of the above-descri bed
conventional ET-743 for rrull_al{)i on nethodology is that in order to obtain the

| yophilised formulation it Ssary to freeze-dry a relatively |l arge
anount of solution with fill mtémeorder of 5to20mM. In
contrast, it would be deMp¥Pab -,,dg§el op manuf act uri ng met hodol ogy for

formul ations with conmpounds a : -?43 that permts the naking of
formulations wth higher active goncentrations, so that the
vol umes to be handled are M8ns lyced. Tine and energy are needed
in conventional nethods for t eeze-drying, in view of the

relatively high fill volunmeg’o or 20 nl. Along with the tinme and energy,
there is also the risk of debemposmlgﬂ of the ET-743, particularly in the
secondary ET-701

Formation of impurities, however, diminishes or even forestalls the ability to
standardize formulations. It is consequently desirable to provide
formulations and methods for making the same that provide embodiments
whose composition does not readily and unpredictably change by the

uncontrolled formation of impurities.,

Furthermore, another disadvantage of the above-described
conventional ET-743 formulation methodology is that in order to obtain the
lyophilised formulation it is necessary to freeze-dry a relatively large amount
of solution with fill volumes in the order of 5 to 20 ml. In contrast, it would
be desirable to develop a manufacturing methodology for formulations with
compounds as complex as ET-743 that permits the making of formulations
with higher active substance concentrations, so that the volumes to be
handled are consequently reduced. Time and energy are needed in
conventional methods for the step of freeze-drying, in view of the relatively
high fill volumes of 5 or 20 ml. Along with the time and energy, there is also

the risk of decoinposition of the ET-743, particularly in the secondary
drying.

In view of the potential of ET-743 formulations as antitumoral agents,
there is a need to provide a formulation that can solve problems that
conventional formulations and manufacturing methodologies do not address
or do not completely solve. These problems include the problem of stability
of ET-743. Embodiments of ET-743 formulations should preferably exhibit
favourable freeze-drying properties, should preferably be susceptible of ready



drying. In view of the potential of ET-743 fornulations as antitunoral
agents, there is a need to provide a fornulation that can sol ve probl ens
that conventional formulations and manufacturing nethodol ogi es do not

addr essWO3PYP364B8t conpl etely sol ve. These probl ens i RET{ER2MHS01$4 obl em of
stability of ET-743. Enbodi ments of ET-743 fornulations should preferably
exhi bit favourable freeze-drying properties, should preferably be

suscepti bl e of ready WD 2006/ 046079 PCT/ GB2005/ 050184 6 reconstitution, and

t hey shoul d preferably exhibit dilution properties, such as upon dilution
wi t h reFonstentiony and hey eshiweldeprelsrsably enlmipitdiliiion qwepeaties such
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inter alia, a section on bul king agents” and | yoprotectants, including this
subj eshoult thus dllow fer thateffectiol wisophial foeaulanion vehilenhasagedonhat t he
met hodol.ogi es and formul ati ons, devel oged i.n_. the context of this invention
v e aBRPCablea gt R doreniraiaRs BeRd lor WIUSRRt | on Lo ET. 743 CBIECTS OF
THE INVENTION it is an object of this invention to provide stable

formul ati ons of ecteinascidins, and net hods of making such fornulations. It
i's a speciAi cgehgrdt ofvitW s of nverdiptsnttdrnpy odnderaztively stiabl parental

formulations is provided by Akers, MJ, in Journal of Pharmaceutical
Sciences, 91, 2002, 2283-2300. This reference provides, inter alia, a
section on bulking agents and lyoprotectants, including this subject matter

in the context of lyophilisation.

It is envisaged that the methodologies and formulations developed in
the context of this invention are applicable to other ecteinascidins, in
addition to ET-743.

OBJECTS OF THE INVENTION

It is an object of this invention to provide stable formulations of

ecteinascidins, and methods of making such formulations.

It is a specific object of this invention to provide a new stable
formulation of ET-743. In particular, a formulation is needed which has
greater storage stability. There is especially a need to avoid the formation of
impurities. In particular, it is desirable to provide embodiments of

formulations that are substantially free of ET-701.



formul ation of ET-743. In particular, a fornulation is needed which has
greater storage stability. There is especially a need to avoid the formation
of i E(S()iGﬁﬁ 07%” particular, it is desirable to provide enbodi nents of
formul ati ons that are substantially free of ET-701. WSY&HIBAE0HS

PCT/ GB2005/ 050184 7 Furthernore, other objects of this invention concern

t he devel opnent of manufacturing ne,thodol ogies that permt the preparation
of ET-743 fornulations with ET-743 concentrations that are higher than

those achieyed by conventional s. .Addi ti onal objects concern the
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for 1 I The invention provi des nmethods of reducing, or
eve?t%%ﬁ%ﬁ?ggﬁ?géﬁépg%g%gti ng, the formation of inpurities in ET-743
formul ati ons. Sone enbodi nents include nethodol ogy for reducing, or even

substantially elimnating, ET-701 formation in ET-743 fornul ations. The
i nvention al so provides nmet hodol ogy for nore effectively handling

SUMMARY OF THE INVENTION

According to the present invention there is provided ET-743
compositions which comprise ET-743 and a disaccharide, and methods for
preparing such compositions. Preferred embodiments of such compositions

are of pharmaceutical purity.

Other embodiments of this invention are provided by compositions

that comprise an ecteinascidin and a disaccharide.

Some embodiments of such compositions are provided by lyophilised
formulations which comprise an ecteinascidin such as ET 743 and a

disaccharide. Methods for preparing such formulations are provided.

The invention provides methods of reducing, or even substantially
eliminating, the formation of impurities in ET-743 formulations. Some
embodiments include methodology for reducing, or even substantially

eliminating, ET-701 formation in ET-743 formulations.

The invention also provides methodology for more effectively handling

formulations of an ecteinascidin such as ET-743, including methods for



formul ati ons of an ecteinascidin such as ET-743, including nethods for WO
2006/ 046079 PCT/ GB2005/ 050184 8 maki ng hi gher concentration fornul ati ons
and et for reducing the fill volume of a vial when producing a
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sol ubilising conplex chemcal entities, such as ecteinascidins, including
but not limted to ET- 743. Such nethods allow for the manufacturing of a
nore concentrated solution of ET-743 in bulk solution for |yophilising,
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ectei @?@{ndi ns such as ET- 701, or at least with a content of ET-701 as | ow
as pos . then ET-701 is regarded as an inpurity whose presence in the
formulation is to be at |least reduced. In addition, the use of

di sacchari des also inproves the storage conditions allowing long term
storage of the lyophilised formulation in a wide WO 2006/ 046079

PCT/ G%?EQ,%‘_P[SO&Q %ﬁﬁ INVENTION

We have found in the context of this invention that disaccharides
stabilize ecteinascidin formulations. Ecteinascidins, including ET-743, are
complex chemical entities whose behaviour in formulations is not predictable
in terms of the behaviour of other unrelated chemical substances. Such
behaviour is even more difficult to predict when at least one ecteinascidin is
included as the active substance in a formulation that is to satisfy
biocompatibility standards, including medical standards. We have further
found in this regard that the use of disaccharides as bulking agents can
drastically reduce the formation of impurities during the lyophilisation

process and storage of ET-743 compositions.

When embodiments of this invention are to provide ET-743
formulations that are substantially free of other ecteinascidins such as ET-
701, or at least with a content of ET-701 as low as possible, then ET-701 is
regarded as an impurity whose presence in the formulation is to be at least

reduced.

In addition, the use of disaccharides also improves the storage

conditions allowing long term storage of the lyophilised formulation in a wide



9 tenperature range, including refrigeration conditions and room
tenperature. The term "stable" as used herei nin, for exanple the

expr esgbh9hos {(ﬁ% ;[.,abl e ET-743 formulation", refers toPeTjéyzgwm%MsQn t hat

satisfies s ity characteristics as reported herern and equival ents
thereof, that are not possessed by conventional fornulations and that are
not achi eved when the fornulation é,s prepared by conventional manufacturing
rret hodol ogi es. Exanpl es of enbodi ments of the present invention are provided
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formulation is prepared by conventional manufacturing methodologies.

Examples of embodiments of the present invention are provided by
novel pharmaceutically acceptable compositions comprising an ecteinascidin
such as ET-743 and a disaccharide.

As noted in the introduction, ecleinascidins have been widely

described. They may have the following general formula {I):

wherein:

RS is OH, alkoxy or alkanoyloxy;

R6 is hydrogen, alkyl, alkenyl, alkynyl or aryl;
R12 i3 hydrogen, alkyl, alkenyl, alkynyl or aryl;
RI6 is hydrogen, alkyl, alkenyl, alkynyl or aryl;
R17 is OH, alkoxy or alkanoyloxy;

R!8 is OH, alkoxy or alkanoyloxy;



R21 is H OH, CN or another nucleophilic group; and Ra is hydrogen and Rb is
optionally substituted amno, or RAwth Rb forma carbonyl function =0, or

rbon to which they are attached form
tetrahﬁg@g@g@gﬁol ine group. In these conpounds the ggy@??‘lﬁ@ﬁ‘i@“ can be
selected in accordance wth the follow ng guidance: Al kyl and al koxy groups
preferably have from1l to 12 carbon,atons. One nore preferred cl ass of
al kyl and al koxy groups has from1 £ about 6 carbon at ons, and nost
preferably 1, or 4 carbon atoms. Methyl, ethyl and propyl i ncl udi ng
i soprigpys Hy Ql'ba@N e pBpthepRusisopbdliagrgupgaadps in the conpounds of the

pr esepj y. | udi ng 1 sopropoxy are

partlefgu éaﬁyg%pé&?%?%w%émﬁé?@gpsﬁggltﬁﬁgé)gﬁmoﬁds of the present

I nverRa aith Rhdbhera kBFBoRyEfifidtash elasy of al kyl and al koxy groups has from

4 to about 12 carbon atons, yet nore preferably from5 to about 8 carbon

at onsR?, dﬁﬁaﬁﬂstﬂ‘lep?@ﬁ@ﬁam which ghey ase agtachdsbfermagons. As used herein, the
unl ess_ot.herwi se nodified, refers to both cyclic and noncycl iC

t | K
gre(r)tTpt%traéMdr’i'B’bsd]rg"B 8198 &gPG¥ps will conprise at |east three carbon ring

menbers. Preferred al kenyl and al kynyl groups in the conpounds of the
present invention have one or nore unsaturated |inkages and from2 to about

12 carbo at,ons. One nor.e preferred class o nyl. or al kynyl groups has
from2 to %566‘:085?889(1&%’& elﬁ tyfBYE C&I’eg’@ Lﬁl%e; émsaquréz.eé? bon at ons.
Anot hﬁ{thr@fﬁfomlb%ﬁgéﬂd%etgs of al kenyl or al kynyl groups has from4 to

about 12 carbon at yet nore preferably from5 to about 8 carbon atons,
and nost preferably 5, 6, 7 or 8 carbon atons. The terns al kenyl and

al kynyl as,jysd herein efer Lo bath qyclic pnd noncyelic groups. WO
One more preferred class of alkyl and alkoxy groups has from 1 to about 6
carban atoms, and most preferably 1, 2, 3 or 4 carbon atoms. Methyl, ethyl
and propyl including isopropyl are particularly preferred alkyl groups in the
compounds of the present invention, Methoxy, ethoxy and propoxy
including isopropoxy are particularly preferred alkyl groups in the
compounds of the present invention. Anocther more preferred class of alkyl
and alkoxy groups has from 4 to about 12 carbon atoms, yet more preferably
from 5 to about 8 carbon atoms, and most preferably 5, 6, 7 or 8 carbon
atoms. As used herein, the term alkyl, unless otherwise modified, refers to
both cyclic and noncyclic groups, although cyclic groups will comprise at

least three carbon ring members.

Preferred alkenyl and alkynyl groups in the compounds of the present
invention have one or more unsaturated linkages and from 2 to about 12
carbon atoms. One more preferred class of alkenyl or alkynyl groups has
from 2 to about 6 carbon atoms, and most preferably 2, 3 or 4 carbon atoms.
Another more preferred class of alkenyl or alkynyl groups has from 4 to
about 12 carbon atoms, yet more preferably from 5 to about 8 carbon atoms,
and most preferably 5, 6, 7 or 8 carbon atoms. The terms alkenyl and

alkynyl as used herein refer to both cyclic and noncyclic groups.



Suitable aryl groups in the conpounds of the present invention include
single and nultiple ring conpounds, including nultiple ring conpounds that

cont ai and/ or fused aryl groups. Typical ar ntain from
lto 3%@%@%@%@9 or fused rings and from6 to about 1&“&%&@%@?@%9 at ons,

Specially preferred aryl groups include substituted or unsubstituted
phenyl , napht hyl, bi phenyl, phenantqﬁyl and ant hracyl . Suitabl e al kanoyl oxy
and al kanoyl groups have from2 to about 20 carbon atons, nore preferably

from2 to abgui, 8 carbon atong, still nore referably from2 to about 6
carbon at ﬁaglﬁa r BTHRRF elth foé%P‘B'dﬂdgannEhe A%’Eﬁsl’?&t B ed cl ass
of al kpneyto o] h ] 240 0 y erably
from 14 t%{)éa)é%)h El@ar onlE@%nm}?léan%ﬁﬁggpndéf e?lgérlg'@lr? ?glglﬁugglglgh 18
car borompoumdsTtiealg conpsinabeparate ndandperd fusgd Eays wrstipsut eftypicabreybr nore

avai l abl e positions by _one_or nore suitable groups such as OR =0, SR,
SCR , & ' CORgRIN INpRd 1 §q & geparafeqror Iy u;gweedqfrpz@ NFsEPRUL 1N,

hal og = ’ 2R" 70 el nqe . 13S

[ ndep‘g%éaeoﬁ F@{%F%%éd ?Pom elg%erfgﬂgaco s,li@ﬁ]ur%g 6@&%&3&_}9 B%%ﬁeﬁ_&r’ SH,
CN, hahegbstitt#ed ghedyH nd{imByCHBipHedRt, phehah it ethdandhradist i tuted G -
Cl2 al kyl, substituted or unsubstituted C2-Cl 2 al kenyl, substituted or
unsubstituted C2-Cl2 al kynyl and substituted or unsubstituted aryl.

Sui t abl | i tuents_isn_4h ds.of t £ i
el ude. F. SGUBE WREALVIED Falt e A PR IR A PorPBHE Fhose of
gener giriod Bbbms( mhordieeRirabANErdth IbeaBbut Bechpbdovtehsledtimihbans wil |

apply: R5 is an al kanoyloxy; "R6 is nethyl; R12 is methyl; R16 is nethyl;
WO 20psiiorsdy drear 2a32 abeigso reabon atoms, even more preferably 2 carbon

atoms. Another preferred class of alkanoyloxy groups has from 12 to about
20 carbon, yet more preferably from 14 to about 18 carbon atoms, and most

preferably 15, 16, 17 or 18 carbon atoms.

The groups above mentioned may be substituted at one or more
available positions by one or more suitable groups such as OR’, =0, SR’,
SOR", 80zR’, NOz, NHR’, N{R’)z, =N-R’, NHCOR", N(COR")2, NHSOsR", CN,
halogen, C{=0O)R", CO2R’, OC(=OJR" wherein each of the R’ groups is
independently selected from the group consisting of H, OH, NOz, NH»2, SH,
CN, halogen, =0, C(=0}H, C{=0)CH3, CO2H, substituted or unsubstituted C;-
Ci2 alkyl, substituted or unsubstituted C3-C;z alkenyl, substituted or
unsubstituted Cz2-Ci12 alkynyl and substituted or unsubstituted aryl
Suitable halogen substituents in the compounds of the present invention

include F, Cl, Brand I.

Preferred compounds of the invention are those of general formula (I)
wherein one or more of the {ollowing definitions will apply:
RS is an alkanoyloxy;
RG6 is methyl;
R!2 is methyl;
R16 is methyl;



12 R17 is nethoxy; R18 is OH R21 is H OHor CN, and Ra is hydrogen and Rb
Is an amdo group, or Ra wth Rb form=0, or Ra, Rb and the carbon to which
they are attached forma group of formula (I11): HO NH MO Exanpl es of

COWOUWB_:B&PM[}JZ% present invention include natural egggcggﬁ&o%&g, such as

ectei nascidin and other 1,4 bridged fused ectein I'n" "conpounds

di scl osed for exanple in US 5,089, 273, US 5,478,932, US 5,654,426, US
5,721,362, US 6,124,293, US 5,149,804, US 09/546,877, US 5,985,876 and WO
01/ 77115. Conpounds of the following fornmula (111) are particularly

pref epred: RB Ra OCH3 0 HO/ CH3 ORd OS\ HBCONCH3 rPN O \--OR21
wher e “Ra'd gﬁi} 8%gen and Rb is amdo of formula -NHRL where R is al kanoyl,
or WOR20Q608#6079 PCT/ GB2005/ 050184 13 Ra with Rb form =0, or

R2! {s H, OH or CN; and
Ra is hydrogen and RP is an amido group, or
Re with Rb form =0, or
Re, Rb and the carbon to which they are attached form a group of formula
(IT):
HO

NH

MeO }?'e, .J‘P\

Examples of compounds for the present invention include natural
ecteinascidins, such as ecteinascidin 743 and other 1,4 bridged fused
ecteinascidin compounds disclosed for example in US 5,089,273, US
5,478,932, US 5,654,426, US 5,721,362, US 6,124,293, US 5,149,804, US
09/546,877, US 5,985,876 and WO 01/77115.

Compounds of the following formula {III) are particularly preferred:

RR Re OCH3

HO CH3

N CHy

R4

where
Ra is hydrogen and RY is amido of formula -NHR!- where R is alkanoyl, or



Ra, Rb and the carbon to which they are attached forma group of fornula
(I')y: HONH MO Rd is alkanoyl; and R21 is H OH or CN. The al kanoyl

gr oups etyl or higher, for exanple up to C2 referred
conpounds 8@6}416%5 i nvention include: HOH NHAc i NH %@’&I@&/R@g“o HO Me O
HOM AcOS/ | AcOHO MM OMN MN -M O\--OOHLOOH ET743 ET637

Derivative A°. HOO I NH Ow 0_‘~HHO\/B MDO O HOMe ACOOSHI M 0\
N-M1l / NJJI / N O 0-00 OH "OH ET594 ET743 Derivative A

Ra with RV form =0Q, or

Ra, Rt and the carbon to which they are attached form a group of formula
(II):
HO

MeO

2L 5

Rd is alkanoyl; and
R2! is H, OH or CN.

The alkanoyl groups can be acety! or higher, for example up to Czp.

Thus, preferred compounds of this invention include:;

-0 : 0 OH
ET594 ET743 Derivative A



WO 2006/ 046079 PCTI GB20051050184 14 0 (CH2)14CH3 HO H HN Owve T~ O HO Me
MOl / NHOW O HOMe M OSFi ACOS N-M M\ HNN M OIl i N\--0
H10 rivative B or ET745 and related co ] i fferent
acyl g}wgﬁ%agé&é@ei nasci din 743, also known as ET743 grgizgﬁzeo%g@b din 743 is
particularly preferred. Exanples of suitable disaccharides for the
conpositions of this invention incll4ude | act ose, trehal ose, sucrose, and
conbi nati ons thereof. Additional exanples of disaccharides that can be used
in some enbodinents gf this invention include at |east one of maltose,

| somal t ose, cel |l obi os | sosaccharose, isotrehal ose, sorbose, turanose,

mel i bi ose, gentiohi 0sg, 14OHXt ures thereof. Sucrose is currently
preferred. In othécH¥nbodi mapmt s of the 1 nhyen n, the conposition conprises
an ecteinasci dj ' e- iree dCdeccharide. I n ot her
enbodi ments of the i NPOJL SES. e ect ei nasci di n
such as ET-743 andsa,st
t he inventi ofi®~MerSOr TRy ] conpris% an| est #gekdf N such as ET-743
and a sucrose-f df s

ari de. I n other pod] rents-i{0fe t he i nvention, the
Q -
-0 OH Q

ET637 Derivative B or ET745

and related compounds with different acyl groups.

Ecteinascidin 743, also known as ET743 or ecteinascidin 743 is

particularly preferred.

Examples of suitable disaccharides for the compositions of this
invention include lactose, trehalose, sucrose, and combinations thereof.
Additional examples of disaccharides that can be used in some embodiments
of this invention include at least one of maltose, isomaltose, celiobiose,
isosaccharose, isotrehalose, sorbose, turanose, melibjose, gentiobiose, and

mixtures thereof, Sucrose is currently preferred.

In other embodiments of the invention, the composition comprises an
ecteinascidin such as ET-743 and a lactose-free disaccharide. In other
embodiments of the invention, the composition comprises an ecteinascidin
such as ET-743 and a trehalose-free disaccharide. In other embodiments of
the invention, the composition comprises an ecteinascidin such as ET-743
and a sucrose-free disaccharide. In other embodiments of the invention, the
composition comprises an ecteinascidin such as ET-743 and a maltose-free
disaccharide. In other embodiments of the invention, the composition
comprises an ecteinascidin such as ET-743 and an isomaltose-free
disaccharide. In other embodiments of the invention, the composition

comprises an ecteinascidin such as ET-743 and a cellobiose-free



conposition conprises an ecteinascidin such as ET-743 and a naltose-free
di saccharide. In other enbodinents of the invention, the conposition

conpr i %zﬁgm%g@i nasci din such as ET-743 and an i son?ét&?g%{ggoﬁﬁ on

di sacchar I'n ot her enbodi nents of the invention,

conprises an ecteinascidin such as ET-743 and a cel |l obi ose-free WO

2006/ 046079 PCT/ GB2005/ 050184 15 d'§accharide. I n other enbodi nents of the
i nvention, the conmposition conprises an ecteinascidin such as ET-743 and an

| sosagcharose-free djsaccharide. I n other epbodimrents, of the invention, the
conpé¥fRFRRrdonin & R BHQAIISILP s S hIMETYEIM4 $hen gogwposition

I sotr, -free I: : i | n.Otshe gpetelel t L LV I on, the
corrpoC;5 ?I?I%lg%@s c%ﬁp??ggééggﬁﬁggt gﬁﬁgs ?:l F’deﬂeZ 3?h as gﬁ?i@&ﬁgﬂgrgﬁﬁs e-free

di sachibardidaide.l n dhhethanzedbottinheniaf of hthe riveshtion, thHee conmpmstibhon
conprises an ecteinascidin such_ as ET-743 and a turanose-free disaccharide.
| n otoRERPrigeHoanmafteingscidia i Waht #dn ET-KE3coripdsafi oisobishalesasfresn

ectei I such_a 1-7 | i-bj0s Q- I SaCC | ...l n ot her
erbod s Eife ! R An R Ehlb MBI SavESRef: A6 Mhuifurklsci

such camnprisdstdn edteirtagenld ehchses ETep48ifat chesrtise-Foe disddrRoife.
enbodi nents, the conposition of this invention contains |ess than 2% or

| ess Inhathan, enbpdimentanod. he, dnverien: ndie Gozppositidne ROMRPEKES. 2% by

wei ght , of at. J.east one ef er,abl,y _each of, lactose,..trehal oge, sucrose,
! ¢ Ss B R e Rt Y sluBBRe Stee RAAGHRIA oo d? Sfsoce,

t ur angsBediiénty 85 eheaitfrca®ith, @ieoé&npmﬁiéﬁrdfﬁnbﬁiisléé Ui ectéieragefdinand

"conbi nations thereof' as used herein refer to at |east two entities that
pr ovisdeht &e EdnY 48candta malikio$eirechdisacehasden ke wthsr endvatimerds of

S Rl A Bl S
t her e@fd a'gifioHigs@MediimapERaffct he product for which any

Thus, in some embodiments, the composition of this invention
contains less than 2% or less than 1% or less than 0.5% or less than 0.2%
or less than 0.1% by weight of at least one of, preferably each of, lactose,
trehalose, sucrose, maltose, isomaltose, cellobiose, isosaccharose,

isotrehalose, sorbose, turanose, melibiose, and gentiobiose.

The terms “mixtures thereof” and “combinations thereof’ as used
herein refer to at least two entities that provide the antecedent basis for the
terms “mixtures thereof” or “combinations thereof’. By way of illustration,
but not as a limitation, the terms “product comprising at least one of A, B,
C, and mixtures thereof” refer to embodiments of the product for which any
one of the following is satisfied: A is in the preduct; B is in the product; C is
in the product; A and B are in the product; A and C are in the product; B
and C are in the product; and A, B and C are in the product.

Furtherrnore; it is understood that terms such as  “reacting”,
“forming”, and related terms, applied to a chemical entity herein refer to any

one of: (a) the chemical entity as such, and (b) the chemical entity in the



one of the followng is satisfied: Ais in the product; Bis in the product;
Cis inthe product; A and B are in the product; A and C are in the

pr oduclyo Fe/@BgeC are in the product; and A, B and C roduct.
Furt her nore, ?‘?’ i s understood that terms such as reg?{rﬁ%]%zﬂest/@ﬁ%sgrm ng", and

related terns, applied to a chemcal entity herein refer to any one of: (a)
the chem cal entity as such, and ( the chem cal entity in the WD
2006/ 046079 PCT/ GB2005/ 050184 16 formin which such entity is present in

the feactiq di ogous to.name a. chem ent| or to give its
f or miTE! M ‘Yn]ﬂ]gj%c nﬂ?’ %E}AP.%W BragH ?ﬁﬁ‘ UWRep ARAlOgEUS e it or
gi vetd tr?aﬁl@rﬁuhﬁeﬂ"ﬁt:ﬁ?'diﬁlﬂyno@ By Mes MHR8la SA! tHe OBohtedy! df drhcl uding

products, formulations, conmbinations, refers herein to any one of: (a)
t he emnat;pragrsmﬁq:twanetf(m) ot He nant ityof rgwmetsf dormiate wis bhirggigh &ntity is

pr esent |nth di um |d|c ch m.cal ty herein
r ef e?%edtlt}“'\‘m &F ?Q)l}(il O h‘l‘b‘ﬁ?rsméi}l\:la ?Fi’ R?ich atlﬁnﬁh@IEi)nt ext in
whi cBoibih 8BRS HURrClo ahly 41 bR (BMh bk Bpfasas%& | 4t (B} kg, nami ng
the chemcal entity "sodium chforid provi |ng its chem ormul a

r ef eestityenri the dottheirenvhich Sach eamtyuehpda:smﬂmm thiel ecrdiam. f Boch is the

formin ich sodiumchl oride i,s rese e rel eya nmedium it al so
r ef eF%2TRLE) rréa@émg@& REHIGE euﬁatﬂsg Pléﬁel& s i?égheteédfombﬁt cal

Specfnd tgéﬂ gfésféet iR tﬂtecoﬁfé)ﬁta%hmpt U § Snflt | T8l Y Pa” lally

di ssoci ate species In medi um at are sol vat e part of

cageﬂlusasesmm,am mot lasothRmitgtten e hamiglpc thdnshesnivad uetityef &dddidni 0 herein
is intended to rep resent such specific conpound as well as certain

var i glogile” oo et% 1nawlt§a¢lt¢lemadrforwtgorm%r§ hegtigr teghe sHEYeNAChay have
oot Bach, SRR fleeclE] & S 38 e Kt dh BT o BRER LAREC a8 oi T ana
m Xt gf@genthéeneehe @ERvVAANS hﬁlﬁh@ﬂnw t i nalso refers to the coilectmn of

undissociated and/or dissociated chemical species if sodium chloride in the

relevant medium is entirely or partially dissociated, including species in

such medium that are solvated, part of cages, associated with other species,

etc.

Any compound referred to herein is intended to represent such specific
compound as well as certain variations or forms. In particular, compounds
referred to herein may have asymmetric centers and therefore exist in
different enantiomeric forms. All optical isomers and stercoisomers of the
compounds referred to herein, and mixtures thereof, are considered within
the scope of the formulations and methodologies of this invention. Thus any
given compound referred to herein is intended to represent any one of a
racemate, one or rmore enantiomeric forms, one or more diastereomeric

forms, one or more atropisomeric forms, and mixtures thereof.

Furthermore, compounds referred to herein may exist as geometric
isomers (i.e., cis and trans isomers), as tautomers, or as atropisomers.
Additionally, any compound referred to herein is intended to represent

hydrates, solvates, and polymorphs, and mixtures thereof when such forms



et el 1 ke e o

the scope of the fornulations and net hodol ogies of this invention. Thus any
gi ven conpound referred to herein is intended to represent any one of a
racemat e, _one or nore enantiomeric forns, one or nore diastereoneric forns,
one or IR TN soneric forms, and mixtures ther eofPCEGBINE PSS
conpounds referred to herein may exi st as geonetric isoners (i.e., cis and
trans isoners), as tautoners, or as,atropisoners. Additionally, any
conmpound referred to herein is intended to represent hydrates, solvates,
and pol ynorphs, and m xtures thereof when such forns WO 2 006/04 60 79

PCT/ erixy0s/ tsomsdiuny xisglditign; sempalings referesttite ikereint omoeniss inef erred

h in. ' ' ' ically-labelled f . Al LC | ,
t aut ovapBicHHl Bielsd ot AP g Bmetis EmaS, 180 Fheat Rt opi cal | v
| abely@laldl MBoRrtdle pAIPMRAPRGS BAHCTSOBICaIRE BSICAN doRing Wreshiher eof

are considered within e scope of the formul"ations and methodol ogi es of
t hi s comyaninds refeored doi bereanamne oointiss thoeof paioronsidereds witlén

quantjtative ressi Qns gi ven, herei re not qualified with the term
T abothe Seppéiof BEEERLIE Bt gt nibrRefbdsRof Siin IYSBHON | 5 used expl i citly
or not, every quantity given herein is nmeant to refer to the actual given

value, and it is also neant to refer to the approximation to such given
val ue t hafowgubdider easmmabl goheisenfdescrigtioas edoore tdfe thediquantitakivel in the

art, including .equiyalents and approxi mati,Qns_due to the experinental

and/ SFPI"?I%%%’&Q%?&‘ hermn I"‘B?ls"qtoﬂ%@%ﬁ gl“ﬂ)&h the G‘é‘TmThga%%ltieIEsttance or
subs | hi.s i« 40 3 .

sem %gﬁdgi gl?&tégﬁﬂhgﬁrcﬂ%? ﬁglf‘r?% ?‘r’?@%dl %guggam%éﬁgﬂg&u%@’oﬁeg' ns. In
enbodiuzenity gWwenehéiednaict meargutis refee etol theamceshkbighascivdiue, sndhitas ET- 743,

the ET-743 can be of natural origin, isolated for exanple froma tunicate
of tRésQdneRNEdPerHasdPatie apRIPEiABtipn: K spdeigen alaenthat woaldyr bi nat a.

The %gégtﬁ%aﬁﬁnbgeirﬂ%nse@tﬂh%tehc o tRE ”&Iséﬁﬂ%pyetéliﬁll in the art, including
equivalents and approximations due 1{o the experimental and/or

measurement conditions for such given value.

The active substance or substances in the context of this invention
can be of natural, semisynthetic or synthetic origin, including combinations
of origins. In embodiments where the active substance is an ecteinascidin
such as ET-743, the ET-743 can be of natural origin, isolated for example
from a tunicate of the genus Ecteinascidia, preferably the species
Ecteinascidia turbinata. The ET-743 can be of synthetic or semisynthetic
origin. Reference is made for example to WO 0069862 and WO 0187895,

both of which are incorporated in full by reference.

The ratio of the active substance to the bulking agent in embodiments
of this invention is determined according to the solubility of the bulking
agent and, when the formulation is freeze dried, also according to the freeze-
dryability of the bulking agent. It is envisaged that this ratio (w/w) can be
about 1:1 in some embodiments, about 1:5 in other embodiments, about
1:10 in still other embodiments, while other embodiments illustrate ratios in

the range from about 1:10 to about 1:l. It is envisaged that other



origin. Reference is made for exanple to WD 0069862 and WO 0187895, both of
whi ch are incorporated in full by reference. The ratio of the active

subst a bul ki ng agent in enbodi nents of thig.J i | S
detern?ﬁgghgg%@?%ing to the solubility of the bulkingﬁcggéﬁﬁggﬁﬁ?lmhen t he
formulation is freeze dried, also according to the freeze- dryability of the
bul ki ng agent. It is envisaged thatléhis ratio (ww can be about 1:1 in
sonme enbodi nents, about 1:5 in other enbodi nents, about 1:10 in still other

enbodi nent.s, while other enbodinents illustrate rati in_ the range from
oG TheA L BAYS PLER UGS AT $2568 (TR SbPHer: (B D0V abTID,

PCT/ GBgp i I{ren ¢ Jald J m about
1:10 to %ﬁ%ﬁ?gé&fﬁgo?ﬁl an Hg!tr{[ﬁ B?E?ﬁ%rﬁg%%ggi ?r%ﬁt?lsé E%@ggs%gﬂp%é{(%&gs in the
rangd:100ntcabbout L:150W.t 0 Whent tHe Hudive dhepouhal dstBE7€4ntiourdtios ET- 743,
the rati f ET-743 to bul king agent is typically. fromabout 1:100 to
aboutlw/i"%@f)gf%ﬁgf &9 dpalking AEAHolR %XPIE@@Yt Fogmgrbout dodO0nin @bgids er abl y
fromy. t u - PQ0s pr | L:.400. The
| yoph POy FEefFaAnhY A8, abduP d0a08 X GGy REBOPALE BaelerdBRnolnd
specialboed 1aRB0No sboet t HORsehdicvenrmasd préfeeabRoabeut WPO !t he active
conpound is ET-743, active anounts are illustrated by 250 g and 1 ng. The
present invention-is not limted by specific container forns or designs, as

| ong as t nt.ai o 1.S.,a6C eqfor its intended.use and .standards

t her ef or e%ﬁ%&’hﬁﬁ%ﬁ%“ﬁqtﬁﬁ?géﬁﬁbﬁ i%rﬁsgflée(g?%\?i H&&“@Wﬁ nt@g} | ation
cont gipeedidd athehfit ¢ ebadiahbyidinbbMaictivel sBomitRindopWhésethd Qlctiveat | ons of
this invention can be reconstituted and diluted to give a conposition of

t hi s conveownadns iBT-7HS, fastivecdimauntes are eiustratsd biyo250 nigr ave domsg. i nj ect i on.
The actual amounts of reconstituting fluid are not |imting features of
enbodi nents of this invention. By way of illustrations, but not as

limtati onge RO I™BRbSQbn! ORI itk d ¥y WpabifNSoAtsHet! RNl or

designs, as long as the container is acceptable for its intended use and

standards therefore. Embodiments of this invention are provided with a

formulation contained in vials, preferably tubing vials.

The lyophilised formulations of this invention can be reconstituted and
diluted to give a composition of this invention in the form of a solution ready
for intravenous injection. The actual amounts of reconstituting fluid are not
limiting features of embodiments of this invention. By way of illustrations,
but not as limitations, embodiments of lyophilised formulations according to
this invention are reconstituted with a volume of water.,  Most of such
volumes do not exceed about 20 ml, with preferred volumes being in the
range from about 1 ml to about 15 ml, more preferably in the range from
about 1 ml to about 10 ml, and even more preferably in the range from
about 1 ml to about 4 ml. When the active substance is embodied by ET-
743, the reconstituted solution in such embodiments contains a
concentration of ET-743 up to 500 pg/ml, with concentrations of about 50

ng/ml, about 100 pg/ml, and about 250 ug/ml being preferred.



this invention are reconstituted with a volune of water. Mst of such
vol umes do not exceed about 20 m, with preferred volunes being in the

range y(r’;?aog}a% g1l n to about 15 m, nore preferably éﬁﬁh%’éﬁ@gge from

about to about 10 m, and even nore preferably i ¥rom about
1 mM to about 4 m. Wen the active substance is enbodied by ET- 743, the
reconstituted solution in such enbogjnments contains a concentration of
ET-743 up to 500 Fig/m, with concentrations of about 50 Ftg/m , about 100
Fig/m, and about 250 Fig/ bei ng .preferred. WO 2006/ 04607
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cancéycongi of escoma, leipmynsarcomegpdipdedrtemey raaitgsarsonhepvarianat ment s.
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of such forms of cancer. It is understood that “treatment” in this context
refers to an action that leads to an amelioration of the cancer condition(s).
Embodiments of ET-743 formulations according to this invention can also be
used in the treatment of refractory cancer conditions that have not
responded favourably to other treatments. Furthermore, embodiments of
formulations according to this invention can be used in the trials with
laboratory tissues, including but not limited to clinical trials, analytical

trials, and modelling assays.

Embodiments of this invention that comprise an ecteinascidin such as
ET-743 are preferably administered by infusion. The infusing step is
typically repeated on a cyclic basis, which may be repeated as appropriate
over for instance 1 to 20 cycles. The cycle includes a phase of infusing ET-
743 formulation, and usually also a phase of not infusing ET-743. Typically
the cycle is worked out in weeks, and thus the cycle normally comprises one
or more weeks of an ET-743 infusion phase, and one or more weeks to
complete the cycle. A cycle of 3 weeks is preferred, but alternatively it can
be from 1 to 6 weeks. The infusion phase can itself be a single

administration in each cycle of say 1 to 72 hours, more usually of about 1, 3



Enbodi ments of this invention that conprise an ecteinascidin such as ET-743
are preferably adm nistered by infusion. The infusing step is typically

repeat%g&,@m@égl i c basis, which may be repeated as Mﬁ?%&ﬁ’g‘ﬁﬁ?vsz;or

instance 1 to cycles. The cycle includes a phase o usrng

formul ation, and usually al so a phase of not infusing ET-743. Typically the
cycle is worked out in weeks, and thys the cycle nornally conprises one or
nore weeks of an ET-743 infusion phase, and one or nore weeks to conplete

the c . ycle of weeks | referred,.but ;alternative it _can be
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the infusion tinme is about 1, 3 or 24 hours. The reconstituted and dil uted
sol utions exenplify enbodinments of this invention. A fornulation that is

reconstituted and diluted can,b adm ni stered i.ntra-yenously usi t he
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ar ea,028H1 35 et $WOB33P57 1, and van Kesteren, Ch. et al., 2003, Anti-Cancer

Drugs, 14 (7), 487-502. These three WO patent specifications and this van

Kesteren article are incorporated by specific reference.

Preferred dosing protocols include:

a) about 1.5 mg/m? body surface area, administered as an intravenous
infusion over 24 hours with a three week interval between cycles;

b) about 1.3 mg/m? body surface area, administered as an
intravenous infusion over 3 hours with a three week interval between cycles;

c) about 0.580 mg/m? body surface area, administered weekly as an

intravenous infusion over 3 hours during 3 weeks and one week rest.

An ecteinascidin such as ET-743 can be used in combination with
another drug. For example, it can be administered with another anti-
tumour drug. The reader is referred to the list in WO 0069441 and WO
0236135, both of which are incorporated herein by specific reference.
Examples of such other drugs include doxorubicin, cisplatin, paclitaxel,
carboplatin, pegylated liposomal doxorubicin, docetaxel, capecitabine, and

gemcitabine. Drugs with other modes of action can be used, including



I ntravenous infusion over 3 hours with a three week interval between cycles;
c) about 0.580 ng/ nR body surface area, adm nistered weekly as an
|ntravqpegﬁmhg&H§|on over 3 hours during 3 weeks and gne week

ecteinascidin such as ET-743 can be used in conblnatlgﬁTmﬁ?ﬂmm§WBiher dr ug.
For exanple, it can be adm nistered with another anti- tumour drug. The
reader is referred to the list in 0069441 and WO 0236135, both of which
are incorporated herein by specific“teference. Exanples of such ot her drugs
i ncl ude doxorubicin,, ¢isplatin, paclitaxel carbop| atin, pegyl ated

li po m iviy ci‘hgﬂH b%{%\%!l of thiseethesiimeg candbe fuate rq, FiBg @ ugs with
ot herglg'f@id&?m?ﬁ' I 6/ 046079
PCT/ GB2005/ 0 lfg%ﬁ%c}gggg%&t glggﬁledﬁ%&%q{n?gtﬁrﬁﬁgﬂ of the other drug can be

before, duri ng or after adm nistration of the ecteinascidin such as ET-743.
Enbodi nment sm%g formul ations of this i nvent ion that contain an ecteinascidin
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citrate buffer. OQther possible buffers can be uSed, such as phosphate/
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Bi oconpatible buffers that permt the contf
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pol y SErhgcenB B8 oSS HLER bS] datietor PiporyRte ROUSbGHORCe, aher

POSSithifferS WckBe® By es38GRLSe Hffetdnd glycine/hydrochloric acid buffer.
Mixtures of buffers can be used. Biocompatible buffers that permit the
control of pH at a desired value provide additional embodiments of this

invention.

Other components can be included in the bulk solution, for example
surface-active agents such as polyoxyethylene 20 sorbitan monooleate or
polyoxyl 40 stearate. Other possible surface-active agents include
phospholipids, such as a lecithin; polyoxyethylene-polyoxypropylene
copolymers, such as a Pluronic surfactant; polyoxyethylene esters of 12-
hydroxysteraric acid, such as a Solutol surfactant; ethoxylates of cholesterol,
such as diacyl glycerol, dialkyl glycerol; bile salts, such as sodium cholate,
sodium deoxycholate; sucrose esters, such as sucrose monolaurate, sucrose

monooleate; polyvinyl pyrrolidone (PVP); or polyvinyl alcohol (PVA).

The formulation is normally supplied as a vial containing the
lyophilised product. This supply form, however, is not a limitation of the
present invention. To provide a vial containing the lyophilised product, the
bulk solution is added to a vial and freeze-dried. As mentioned herein,

another object of the present invention is to provide a process for improving



phosphol i pi ds, such as a | ecithin; polyoxyethyl ene-pol yoxypropyl ene
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al cohol (PVA). The fornmulation is nesmally supplied as a vial containing the
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drying. As noted herei nabove, ET 743 has_|imted aqueous solubility, see for
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conventionally achieved with a 0.05 M phosphate buffer at pH 4. It was
As noted hereinabove, ET 743 has limited aqueous solubility, see for
example van Kesterén, Ch., et al, 2003, Anti-Cancer Drugs, 14 {7), pages
487-502. Conventional methodologies provide for the adjustment of the
medium pH to 4 with buffer, to solubilise ET 743. This pH control is
conventionally achieved with a 0.05 M phosphate buffer at pH 4. It was
found in the context of this invention that ET-743 solubility is improved in
the bulk solution by forming a pre-solution of the ET-743 in an acid. With
this pre-dissolution the ET-743 concentration in the bulk solution and the
vial can be increased and the fill volume in the vials can be reduced. In
these embodiments of the present invention, the fill volume is usually
reduced by about 80% with respect to that of the conventional {ill volume.
By way of illustration, but not as limitations, embodiments of this invention
provide a fill volume of 1 ml for a vial containing 0.25 mg ET-743, and 4 ml
for a vial containing 1 mg ET-743. The f{ill volume can optionally reduced
further in other embodiments of this invention by increasing the ET-743

concentration.

Conventional methodology comprised the dissolution of ET-743,
mannitol and 0.05 M phosphate buffer at pH 4 together with water for



found in the context of this invention that ET-743 solubility is inproved in
the bulk solution by formng a pre-solution of the ET-743 in an acid. Wth
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vial can g@ I ncreased and the fill volunme in the vials éan duced. In
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Ilustrative embodiments of bulk solution for freeze drying according to
the present invention are provided by a solution of ET-743 buffered at pH 4
with potassium dihydrogen phosphate and phosphoric acid with sucrose as

bulking agent.

An illustrative embodiment of the methodology accerding to this
invention provides as follows: ET-743 is dissolved in 0.1N phosphoric acid.
Then water for injection (“WFI”), potassium dihydrogen phosphate, sucrose
and ET-743 {pre-dissolved in 0.1N phosphoric acid) are mixed. Dissolution
is visually checked before continuing, and dissolution is considered complete
when it is so appreciated visually The pH of the solution is checked and
adjusted to a value in the range from about 1 to about 5, more preferably in
the range from about 2 to about 4.5, even more preferably in the rane from
about 3 to about 4.5, and most preferably to a pH of about 4.0 by slow
addition of a suitable acid. A prelerred embodiment of such acid is
phosphoric acid, in which case a preferred concentration is about 0.IN. A
suitable base is optionally added for pH control. A preferred embodiment of

such base is potassium hydroxide, preferably in solution, in which case a



Wi th potassi um di hydrogen phosphate and phosphoric acid wth sucrose as

bul ki ng agent. An illustrative enbodi nent of the nethodol ogy according to
this [nv i rovides as follows: ET-743 is dissolved in O 1N phosphoric
aci d. %@H‘t’/\b\‘ﬁpgf for injection ("WI"), potassium diffy/deBYaH'9Ysphat e,
sucrose and ET-743 (pre-dissolved in O i N phosphoric acid) are m xed.
Dissolution is visually checked be%ore continuing, and dissolution is
consi dered conplete when it is so 4ppreci ated visually The pH of the
solution is checked and adjusted to a value in the range fromabout 1 to
aboursiersist sopceniedisy is rabqute Or lge Themdymsa i ﬁrcalg»b@sﬂuuaizesi, bgven nore
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about O iN. A suitable base is optionally added for pH control. A preferred

enbodi nent of such base is potassium hydroxide, preferably in solution, in
whi ch case.a 2006/.046079 PCT{ GB2005/ 05018 4 preferred.concentration is
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per f @b feghperaboeisBelbsy of04is perfveftiedon conprise |yophilization by cooling

product below -40C. The primary drying is perfornmed at a tenperature from
about -20C to about -26C and a pressure of about 60 bar for

Embodiments of this invention comprise lyophilization by cooling
product below -40°C. The primary drying is performed at a temperature
from about -20°C to about -26°C and a pressure of about 60 pbar for
approximately 15 to 40 hours. The secondary drying is carried out at a
temperature {rom about 20°C to about 30°C and a pressure of about 100

pbar for approximately 20 to 40 hours.

Embodiments of lyophilised formulations of this invention are suitable
for storape at temperatures significantly higher than conventional
formulation storage temperatures. Examples of storage temperatures for
formulations according to this invention are around +5°C.  These

temperatures are readily provided by ordinary refrigerators.

DRAWINGS OF THE INVENTION

Figure 1. Comparative stability study. ET-743 purity evaluation after 6

months storage at 5°C,



approximately 15 to 40 hours. The secondary drying is carried out at a
tenperature from about 20C to about 30C and a pressure of about 100 bar for

appr oxi@b@bMist% t 0 40 hours. Enbodi nents of |yophil if@ﬂcﬁ%@)ﬂ#(ﬁy ons of
|

this invention are suitable for storage at tenperaturés signi antly
hi gher than conventional formulation storage tenperatures. Exanpl es of
storage tenperatures for fornul atiens according to this invention are
around +5C. These tenperatures are readily provided by ordinary

refrigerataqrs. W NGS OF THE .| NVENTI ON _Figure 1, Conparative stahility
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2006/ Q4RA1DPGPEEB2005/ 050184 25 Figure 2. Conparative stability study.
ET-743 purity evaluation after 12 nonths at 5C. Figure 3. ET-701 inpurity

production in different fornulations stored during 9 nonths at 5C. Figure

4. nparative ET-743 % pur.ity evpolution of the new fornulations and 3
bat cHA8UES 3 ef &erhdd 1Bt %fiBTFRd‘-&th}de”dtﬁlifﬁﬁe@t ferpdaenscstorgflgyre 5.

ET-7 s j hon in different fornulations stored during 3 nonths
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at 5 nparative ET-743 % purity evolution of the new

formul ations and 3 batches of reference fornulation, stored during 3 nonths
at 25C/65% RH. _Figure 7. ET-701 inpurity production in different

f or milig¥rofts, Siupparadve ifnly743n¥npHsitucvebdiosnifhe reyulosngilabsmsar at i ve
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Figure 5. ET-701 impurity production in different formulations stored
during 3 months at 5°C.

Figure 6. Comparative ET-743 % purity evolution of the new formulations
and 3 batches of reference formulation, stored during 3 months at

25°C/65% RH.

Figure 7. ET-701 impurity production in different formulations, stored
during 3 months at 25°C/65% RH.

Figure 8. Comparative ET-743 % purity evolution of the new formulations
stored at 40°C/70% RH during 3 months.

Figure 9. Comparative ET-743 % purity evolution of the new formulations
stored at 40°C/70% RH during 3 months.

EXAMPLES

Example 1



stored at 40C/ 70% RH during 3 nonths. EXAVPLES Exanple 1 WO 2006/ 046079
PCT/ GB2005/ 050184 26 Thi s exanpl e di scl oses a conparative stability study
of 8 new forrnulations with the conventional ET-743 forrmulation (with
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I nventi on. erence fornmulation was carried out usi

known bul ki ng agents such as dextran (Dextran 40) and povi done (Kol lidon
12, PVP) were tried for conparison,,.Surface-active agents pol yoxyl 40
stearate (Myrj 45) or pol yoxyet hyl €he 20 sorbitan nonool eate (Pol ysorbate
80) were gﬂ_zied I n some fornulations, and buffer was omtied in sone
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m cel lulose filter. The solution was filled into 25 m glass vials at 5

m /vial and maintained at -
Bulk solutions were prepared and freeze-dried by a standardised

procedure. A velume of 150 ml of each formulation was prepared:

The amount of potassium phosphate for the final solution {1.02 g} was
weighed and dissolved in 90% of final volume (135 mi) of water. Then, the
pH was adjusted to pH 4.0 with 0.1N phosphoric acid.

7.85 mg of ET-743 were added to a compounding glass vessel and dissolved
by magnetical stirring in 2/3 volume (90 ml} of the potassium phosphate
solution for approximately 1 h (dissolution was checked visually).

The amount of bulking agent and surfactant were added and dissolved in
1/3 volume of the potassium phosphate solution. Then, the solution was
added to the ET-743 solution and the agitation was maintained for 1
additional hour.

The solution was brought to final weight with water (a density of 1.019 g/cc
was adopted for all formulations).

The solution was filtered through a 0.22 um cellulose filter.

The solution was filled into 25 ml glass vials at 5 ml/vial and maintained at -
20°C until lyophilization process.

Lyophilization was performed according to the following table I:

Table 1
Freezing time to -48°C; 4 h
Primary drying: 48 h

Secondary drying: 44 h




20C until lyophilization process. Lyophilization was performed according to
the following table 1: Table | Freezing tinme to -48C. 4 h Primary drying:
48 h rying: 44 h WO 2006/ 046079 PCT/ GB20 After
freezesﬁtgyl ﬁg{i%tiﬁe vials were seal ed. The vials wer eoﬁﬁﬁg%&rlpgﬁ;ﬁ
refrigerated area (-20C). The conposition for each vial was as foIIovvs
(Table 11), noting that the water gyaporates during the freeze-drying
procedure. Table Il Reference Sucrose Dextran PVP Lactose ET-743 0.250 ng
0.250 ng 0.250 ng 0.250 ng 0.250 mg Mannitol 250 ng Sucrose 500 ng Dextran
40 500 ng Kol lidon 12 375 ng Lactose 500 ng Potassi um di hydrogen 34 ng 34
Ny 34fe&r Hted®-di4irg ﬂ%‘@%ﬂﬁ%@r@%@é&'&p” THRCY 18- vseraolffa%é?eﬁea tdod 4.0 q.s.
pH 4.0 q.s. pH40q pH 4. Water for injection g.s. m q.s.
5 ml rgfrdgerfited ages (- 20°Q). TabI e 11 (cont.) ET-poly80 ET-rrer ET- poI y803acc
ET- p80saccunbuffer ET-743 0.250 ng 0.250 ng 0.250 ng 0.250 ng Mannitol 250
mg 250 ng Sucrose 500 ng 500 ngy

The composition for each vial was as follows (Table II), noting that the

water evaporates during the freeze-drying procedure.

Table II

Reference Sucrose Dextran PVP Lactose
ET-743 0.250 mg 0.250mg | 0.250mg | 0.250mg | 0.250 mg
Mannitol 250 myg
Sucrose 500 mg
Dextran 40 500 mg
Kellidon 12 375 mg
Lactose 500 mg
Potassium dihydrogen 34 mg 34 mg 34 mg 34mg 34 mg
phosphate
Phosphorle acid qs pH40 |gs pH40|gs pH40(gs pH40|gs pH4O
Water for injection q.s. 5ml gs. 5ml | g8 Hml | s 5mi | gs bBml

‘Table 11 {cont.)

ET-poly&0 ET-myri | ET-polyB0sacc | ET-p80saccunbuffer
ET-743 0250mg | 0.250 mg 0.250 mg 0.250 mg
Mannitol 250 mg 2560 mg
Sucrose 500 mg 500 mg
Polysorbate 80 50 mg 50 mg 50 mg
Myrj 45 50 mg
Potassium dihydrogen phosphate 34 mg 34 mg 34 mg
Phosphoric acid qs. pH4.0|qgs pH40| gs. pH40
Water for injection qgs. 5ml | gs. 5ml gs. 5ml as. 5ml

Stability testing was carried at a temperature of 5 £ 3°C.

The purity evaluation of the nine formulations at 5°C during 3 months
is shown in table IIl and figure 1. In the case of the formulations displaying

a higher stability (Reference, Sucrose, Lactose and ET-poly80sacc), the



Pol ysorbate 80 50 ng 50 ng 50 ng Mrj 45 50 ng Pot assi um di hydr ogen
phosphate 34 ng 34 ng 34 ny Phosphoric acid g.s. pH4.0 g.s, pH4.0 g.s. pH
4.0 Wat inpection g.s. 5mM g.s. 5mM g.s. 5n Stability
testi ng‘%\?/azé&goédr;dr}?ed at a tenperature of 5 3C. The purg?&l}@\g&{gﬁ%’tsf'on of the
nine formulations at 5C during 3 nonths is shown in table Ill and figure 1.
In the case of the fornulations di s%ayi ng a higher stability (Reference,
Sucrose, Lactose and ET-pol y8Csacc), the WO 2006/ 046079 PCT/ GB2005/ 050184
28 stability testing vvasﬁ%rol onged _until 9 nonths, and in the case of

Lact o3i@bilifygtestiie oy sratangedonating meabhsi ppd BtthAgCaRes 0ed@steR%l onged
unti | ﬁr&a . L.hej ' : L1 LY, Qqat,%' [ ) figure 2
show ﬁ}éts o%ﬁﬁﬁogmtﬁgloé%nt}g? %:t%%ﬂlﬁgrgééfe@avﬁg |l ac O?g&%ﬂ%ﬁavgg?g? I mproved

st abi friorthsVduid t@ thetd higldetalsitise oDaealiy tatle 1MMhisd dgeread ahiow that
significantly |l ower than the decrease observed in the other assayed
f or micaFWasonFNHainingEFuenscpand tipcRsecdisnday sl apoBPrenado st EtY of

o7 st FulifeAEgEeaR oy Bek's, M eclialt i Sl bhd sl >

nont hghHDdedrbalé dbeePded In Yae PiheP aBBAYES [Si¥nhiat®ns6 94.83 96.01 12 nonths

96.31 95.22 Table Il (cont.) ET-743 uric
Table [II
ET-743 purlty {%)
Reference | Sucrose Lactose | ET-polyBOsacc

Before freeze-drying 98.04 98.34 98.06 87.96
t=0 97.67 88.15 97.21 97.85
1 month 96.06 96.89 96.35 97.72
3 months 94.37 96.64 95.33 97.58
6 months 52.81 97.01 24.07 95.98
9 months 88.17 95.36 94.83 96.01
12 months 96.11 95.22

Table ITI {cont.)

ET-743 purity (%)
Dexiran PVP ET-poly80 | ET-myr] | ET-p80saccunbuffer
Before freeze-drying | 96.18 97.62 86.45 87.46 97.45
t=0 94.64 93.72 92.46 96.36 85.80
1 month 93.42 91.96 89.38 94,36 91.84
3 months 84,890 90.40 81.18 85.31 B8.456

As shown in table IV and figure 3, the main degradation product of the
reference formulation, ET-701, was dramatically reduced when ET-743 was

formulated in the presence of sucrose or lactose.

Table TV

ET-701 (%)
Reference | Sucrose Lactose | ET-poly80sacc
t=0 0.188 0.086 0.060 0.050




Dextran PVP ET- of BO ET-mr ET 8osaccunbuffer Before freeze-drying 96.18
97.62 96.46 97.46 97.45t = 0 94.64 93.72 92.46 96.36 95.80 1 nonth 93.42
91.96 89.38 94.36 91.84 3 nonths 84.90 90.40 81.18 85.31 88.46 As shown in
tabl e hgyre 3, the main degradation product o ence

f or mul g‘i)gdr?,gm@'?%m, was dramatically reduced when E -gﬂgﬁ\%\%éﬁ;o?%‘rrml ated in
the presence of sucrose or |actose. Table |V ET-701 Reference Sucrose
Lactose ET- of 8osacc | t = Q0.1 0.066 0.060 0.050 WD 2006/ 046079

PCT/ GB2005/ 050184 29 1 nonth 0.53370.063 0.076 0.060 3 nonths 0.890 0.057
0. 054 0. 050 6—+prt-hs—4—F320-050-0-0620-050—0-merthe_—3-—225 0. 050 0. 050
0.050 It Wa;1 'F’8T}ﬁd I n the c:o;?t%;ét of ﬁpﬁ s |i nQ;%G[ I on tprg?ojdi siacchari des

i nprove the|3nafthd ity of EJ- TE30i N colfparijsoh0s t h nmaedsd ol .| Enbodi ments  of
such di sacc '@lﬁ'!.ohiﬁ' rctude iq%gb T BEES 0SS & E1rixt th reof. The
stability of_the formilations confrising disacchafides Is aliso inproved in
conparison y® ®AMBY her for myl #326ng cBABAI i NGO her cBA%RNtijonal bul ki ng
agents such as dextran and povi done. Enbodi nents of ~di sacchari de

formul ati ons according to this invention were determned to be stable for at
| east 12 dbnyvas fourhd. irEnthedicoentst off fthisnihathooa ahaor disagcharidess

I nvention have inpurity content that is significant|ly reduced wth respect
to HIRRTOBE th@rﬁgﬁmt&m EToAd I ersrRarisye fat angpnitpl.7 gtdmbodimesiti ngl y

r edugecy, SRt FENkTaey ihihid WABLEORERIRY bHA BixkEAY (RBRATYT Tage- active

stability of the formulations comprising disaccharides is also improved in

comparison with other formulations containing other conventional bulking
agents such as dextran and povidone. Embodiments of disaccharide
formulations according to this invention were determined to be stable for at
least 12 months at 5°C. Embodiments of formulations according to this
invention have impurity content that is significantly reduced with respect to
that of conventional formulations. Presence of ET-701 is accordingly
reduced. Embodiments of this invention comprise at least one surface-active
agent, such as Polysorbate 80, These embodiments exhibited favorable ET-
743 solubility properties and stabilization characteristics. The presence of at
least one surface-active agent, however, is not a limiting feature of this

invention, and other embodiments do not comprise such agent(s).

Example 2

The purpose of this study was to compare the stability of the standard
formulation of ET743 with five new formulations. This study evaluated the
stability of the formulations at +5°C.

The composition of tested formulations were the following {Table V),

noting that the water evaporates during the freeze-drying procedure:



agent, such as PoI ysorbate 80 These enbodl rrents exh| b| ted favorabl e ET- 743
solubility properties and stabilization characteristics. The presence of at

| east ogﬁﬁ@r;&@?-amive agent, however, is not alimting feature of this

i nvent i #d*ther embodi nents do not conpri se such RGEQBLWS/OSEBdanpl e 2
The purpose of this study was to conpare the stability of the standard
formul ati on of ET743 with five new fornul ations. This study eval uated the
stability of the formulations at +5G90 The conposition of tested fornul ations
were the followng (Table V), noting that the water evaporates during the
freezé2Bl¥ ng procedure: WD 2006/ 046079 PCT/ GB2005/ 050184 30 Table V

Ref erence ETt reafﬁgg}gﬁgg—rw Jotr-eataty—250- 250 250
ET-743 0.250 nyg [0. 250 ng 0. 25 W SEN: EIPREREV D 250
"y TERAkDSE SUU WEEHR TU0EHEY 8080 TSR Y50 | 80 10
Ny 10210 rg--460pg—Qlycine ngy— PGt :v:cl um 34 1y { ng 6.8

T Mamnitn 0 L
ng diihy Bgen ho%%]?ﬁe Phosphor i c acid g.s. pH . q. S. pH 4.0 g.%$. pH
4.0 @Tehaldd 4.0 |g.s. pH 4. (Botﬂyr@r ochitamhd D. 300 Pl 4.b aci d |VaGeF myor |d.S. 5
m qls g rt—t—g—S5m—ers—t——gs—t—g—s—1t HRi-edti-on

Sucroke 100 my

Polysorbate 80 10 mg 10 mg 10 mg 150 mg

Glycine 16 mg

Potassium 34 mg 34 mg 34 mg 6.8 mg 6.8 mg

dihydrogen

phosphate

Phosphoric acid | a.s.pH4.0 | gs. pH4.0 | 5. pH4.0 | 95.pH4.0 | q.s. pH 4.0

Hydrochlaric q.s. pH 4.5

acid

Water for g.s.5mi g.s. 5 mi g.s. 5ml g.s. 1 mi q.5. 1mi g.s. 1 mi

injection

Bulk solutions were prepared and freeze-dried using the following

particular protocols:

Formulations ETtreal, ETP80treal and Reference

A weight of 100 g of each formulation was prepared as follows:

The amount of potassium phosphate for the final solution was weighed and
dissolved in 90% of final volume {90 ml) of water.  Then, the pH was
adjusted to pH 4.0 with 0.1N phosphoric acid.

The amount of ET-743 (5.0 mg) was added to a compounding glass vessel
and dissolved by magnetical stirring in 2/3 volume (60 ml) of the potassium
phosphate solution for approximately 1 h (dissolution was checked visually).
The amount of bulking agent and surfactant were added and dissoclved in
1/3 volume of the potassium phosphate solution. Then, the solution was
added to the ET-743 solution and the agitation was maintained for 1

additional hour.



Bul k sol utions were prepared and freeze-dried using the foll ow ng

particul ar protocols: Fornulations ETtreal, ETP80treal and Reference A

wei ght of each formul ati on was prepared as f - _The armount of
pot ass?gfn%‘)]aoﬁ%s?gﬁate for the final solution was wei ghé’g‘l{é‘%ﬁmﬂ?@?&l ved in 90%
of final volunme (90 m) of water. Then, the pHwas adjusted to pH 4.0 with
0. 1IN phosphoric acid. The anount of 1ET- 743 (5.0 ng) was added to a

conmpoundi ng gl ass vessel and di 5303\ ved by magnetical stirring in 2/ 3 volune

(60 ) of the potassium phosphate, solution for approximtely | h
(di s¢BrqaleHoRakas heekght §e dinalweight with s¥afeRt of bul ki ng agent and

surf . i | v bn_ 1/ olu f . he _patassiu
phosgﬁg?ée&%gﬁhﬁ’ ggqﬁ%ﬁgﬁqhﬁ}hgﬁgﬁ @‘??%H%gﬁul%%feﬁﬁfag’ E%nEﬁW%QESFLt i on and
t he pgidratfii@atinrsidraipg.ai ned for 1 additional hour. WO 2006/ 046079
PCT/ GB2005/ 050184 31 The solution was brought to final weight with water.
The $bewmolatHonawas ifillast stot 2% sahiads at 2onypviedland osaintainesk at t2Q1Gg an
al i quoi;[. \}Beflore fli I ;Erati on for IPC. The solution was filled into 25 m vials
at SOmt S Y aRBIFAUNLPERGESSt - 20C until the |yophilization process.
Formul ati ons ETP80sacc250, ETP80treal 250, ETP80treal al y250 A wei ght of 30 g
of each fornul ation was prepared as follows: The anpbunt of potassium
phos fhateilatiogs ETP80 $accAHHe ETHRE0trealdi0 . dETREBtreadglyBB8 and di ssol ved in
90% of final volunme (27 m) of water. Then, the pH was adjusted to pH 4.0
wi th 0. 1N phosphoric acid or 0.1N HCl. The anmpunt of polysorbate 80 was
wei ghed a t / u : f i he anmount of
ET- 743 ( 7?‘%"@#%?'%%33%%&%5\%%%‘ ‘?é‘@%ﬁ%‘@ﬁ‘d‘:"ﬁg %ﬁ??g%bé%sigpowg'

The amount of potassium phosphate or glycine for the final sclution was

weighed and dissolved in 90% of final volume (27 ml) of water. Then, the
pH was adjusted to pH 4.0 with 0.1N phosphoric acid or 0.1N HCL

The amount of polysorbate 80 was weighed and added to 1/3 volume of the
buffer solution.

The amount of ET-743 (7.5 mg) was added to a compounding glass vessel
and dissolved by magnetical stirring in 2/3 volume (60 ml) of the potassium
phosphate solution for approximately 1 h (dissolution was checked visually).
The amount of bulking agent was added and dissolved in 2/3 volume of the
buffer solution. Then, the solution was added to the ET-743 solution and
the agitation was maintained for 10 min.

The sohation was brought to final weight with water.

The solution was filtered through a 0.22 nm cellulose filter.

The solution was filled into 10 ml vials at 1 ml/vial and maintained at -20°C

until lyophilization process.

Lyophilization process in all six formulations was performed according
to the following table VI:

Table V1
Freezing time to -48°C: 2h 30min

Primary drying: 29 h




and di ssol ved by magnetical stirring in 2/3 volune (60 m) of the potassium
phosphate solution for approximately 1 h (dissolution was checked visually).
The angyh ki ng agent was added and di ssol ved i 3 volume of the
buf f er 30}2?1[{8{06@% Then, the solution was added to the E‘ff/f;fﬁooé'gp‘l}f“f on and
the agitation was maintained for 10 mn. The solution was brought to final
weight with water. The solution waszfiltered through a 0.22 pm cellul ose
filter. The solution was filled into 10 m vials at 1 m/vial and maintai ned
at -20C until | yophgitzeati-onprrecess—iyephi-bizatien process in all six
formul ati ons was pe PEr Iﬁ(c‘éiépﬂghg tad the3Pdtl owi hg table VI: Table Vi
Freezing tinme to -43CT Zh 30 mn Primary arying: 29 h WO 2006/ 046079

PCT/ GB2005/ 050184 32 Secondary drying: 36 h After freeze-drying, the vials
ver e seal édterTireene-alrgingrihea viads fveereesealed. a Tied viglerweas tRirATefred00) .
Stability testing was carried at a tenperature of 5 3C. Al the

f or miP if‘?fﬁ’geﬁ% atiee(-2036le at 5C than the reference fornulation. No

maj or di fferences were noted between the new fornul ations. Table VII

di scl oses the ET-743 chromat ographic purity of the fornmul ati ons under
study: TalStablitly te$tifg3wRY catMeMatRetanpeestdrbidfemb (P80t real ETP80treaf
ETP80sacc ETP80treal gly 250 250 250 Before filtration 98.63 98.30 97. 10
97.67 97.22 98.3

All the formulations were more stable at 5°C than the reference

formulation. No major differences were noted between the new formulations.
Table VII discloses the ET-743 chromatographic purity of the formulations

under study:

Table VII
ET-743 purity (%)
Reference| ETtreal | ETP80treal | ETP80treal | ETP80sacc | ETP80trealgly
250 250 250

Before filtration 08.63 88.30 97.10 97.67 97.22 98.3
After filtration 88.62 08.46 97.27 97.67 97.06 98.46
After freeze-dried 97.96 98.18 97.65 97.37 897.79 98.18
1 month 97.35 98.22 97.78 96,39 97.40 98.22
3 months 97.65 98.53 98.25 96.61 96.66 98.53
6 months 95.28 97.38 96.93 97.01 97.06 97.38
Example 3

Six formulations ET-NF A, ET-NF B, ET-NF C, ET-NF D, ET-NF E and
ET-NF F were manufactured and used for further study of stability at

different temperatures.

Sucrose and lactose were selected as bulking agent. Two different
buffers were used: sodium citrate buffer 0.1M pH 4 and potassium
phosphate 0.05M buffer pH 4. Two different ET-743 concentrations in the
bulk solution were tested: 0.250 mg/ml and 0.100 mg/ml. Two different



After filtration 98.62 98.46 97.27 97.67 97.06 96.46 After freeze-dried
97.96 98.18 97.65 97.37 97.79 96.18 1 nonth 97.35 98.22 97.78 96,39 97.40
98. 22 Sé)g@@%gﬁ 7.65 98.53 98.25 96.61 96.66 98.53 6 nonths 95.28 97. 38
96. 93 97. .06 97.38 Exanple 3 Six formul ati ons HFEREBROSASPIE B ET- NF
C, ET-NF D, ET-NF E and ET-NF F were manufactured and used for further
study of stability at different t eratures. Sucrose and | actose were

sel ected as bul king agent. Two different buffers were used: sodiumcitrate

buffer O 1M 4 and pot assi phosphat e 0. 05M buffer pH 4. Two different
ET-7 eEB‘rﬁJc\!'Aé%rrCé'Ff%&%rﬁ kg rH&HEPdéBE A dhewdling soteme 64 28D vegl¥  and

0.10 / | +f / V) / 8 3 freeze-dried
cyol e e Moo e 8o AR G G R0t #25R 0t gt TR bat cn
of at least 125 vials was manufactured for each formulation. For each vial
t he corrpo%igtion of ,t@fe bul k solution was as follows (Table VII Ilzl‘, not i ng
that the WAt e$acyafist 4hescamnasitioneof thezbuix ysalytiopr svasiase follawse VI |1 |
ET-N T B_ETL: T- -NE E ET-NF F_Ingredient ET;743 1 ng 1 ng
T o e VM, pebl ety e ittcg bvenoriiol fpgindd Uhe diqezeridine- 400 m
1000 pagcedure: 200 ng Citric acid nonohydrate 43.6 ng 43.6 ng 109 ng 109 ny
--- 43.6 ng Sodiumcitrate di hydrate 45.12ng 45. 12ng 112.8ny 112.8 ny ---
45.12 ny

Table VIII
rarediont ET-NFA | ET-NFB |ET-NFC | ET-NFD | ET-NFE | ET-NF F
ET-743 1 mg 1mg img 1mg 1 mg 1mg
Sucrose 400 mg — - 1000 mg | 1000 mg -
l.actose - 400 mg | 1000 mg - - 200 mg
Cltric acid 436mg | 436mg | 109 mg | 109 mg - 436 mg
monochydrate
Sodum cirate 45.12mg {45.12mg | 112.8 mg | 112.8 mg 4512 mg
dihydrate
Potassium dihydrogen
phosphate - - 66 mg N
Phospharic acld - - - e g.s pH 4 —
Water for injection 4 mi 4 mi 10 mi 10 ml 10 md 4 ml

Bulk solutions were prepared and f{reeze-dried using the following

particular protocols:

Formulations ET-NF A, ET-NF B and ET-NF F
Preparation of 2L of citric acid approximately 0.2M: 76.96 g of citric acid

were dissolved in a volumetric flask of 2L and the solution was brought to
the final volume with water for injection.

of citric acid was 0.183M.

The final molarity of the solution

Preparation of 2L of sodium citrate approximately 0.2M: 117.64 g of sodium

citrate were dissolved in a volumetric flask of 2L and the solution was



Pot assi um di hydrogen _ 68 ng - phosphate, Phosphoric acid -- --- -- -- (.S
pH 4 -- Waterfor injection 4 mM 4 mM 10 mM 10 M 10 M 4 m Bulk solutions

were pregasRang freeze-dried using the following p tocol s:
Formul ati ons ET-NF A. ET-NF B and ET-NF F Prepar atlon%*lb%%og{wﬂg ric acid

approximately 0.2M 76.96 g of citric acid were dissolved in a volunetric
flask of 2L and the solution was brgyght to the final volume with water for
i njection. The final m)larity of the solution of citric acid was 0.183M

P | f 2L at 7. 64 f di
ci 1 1 0BG P SPAGPI R G i OB Pt 3 e el st v o
2006/@&655&%18@6%@1%Q,\‘mégélwa%élom;@m‘ht to the final vol urre vm th water for

injection. The final nolarity of the solution of sodiumcitrate was O.
175|\/l Prepepatiani oh 4éf ofilcibhatei bulice Hlf4 eppreximapryofi it el 32D riM ofl 125 nlL

d | ut 0.2M f d trat
Sol utTiEHE A5 PRa Vb PIRGTFSTRr LRI 7 toinl & aﬂheﬁbﬁft%’@%”%“q BEGR Lo the
{1 nalo.2up B YéllindRiciabRl of WIECt NAk sBikiddn [WEs SHHAIRN AR cliiegked and

adj usted to pH final nolarity of t esolutlon C|trate er was
0. 089\M1uﬂm8 MaZhnyasér Eor 74deotisn added taf aheomiummm nga@lcaﬁaclaedsa@ld and

di ssol b etic stirring ap ly 80% .of reqwredtotal
vol u ‘?filttPaﬁ’gé buﬂ‘]é? i%.’}"ﬁll\ﬁ"'f%?mgbﬂeot% WOTF 1ot (@itead s biekleln Wass checked
Vi suad) .MThen, t he amount of sucrose or |actose (55 g sucrose fornul ation

A and B, "and 27.5 g lactose fornulation F) was added and the mixture was
stirred38& mg of ET-743 was added to a compounding glass vessel and

dissolved by magnetical stirring in approximately 80% of required total
volume of citrate. buffer 0.1M for approximately 1h (dissolution was checked
visually).

Then, the amount of sucrose or lactose (55 g sucrose formulation A and B,
and 27.5 g lactose formulation F) was added and the mixture was stirred for
an additional period of approximately 1h until dissolution.

After checking the pH, the solution was brought to the final volume by
adding citrate buffer 0.1 M pH 4. Re-adjusting to pH 4 with citric acid was
needed for formulation A. Density of the final solution: 1.04 g/l. Final
weight 572 mg. |

The solution was filtered through a 0.22 ym PVDF f{ilter.

The solution was filled into 25 ml vials using an automatic pump and
silicone platinum-cured tubing 3.2 mm. Standard filling volume was 4ml.
The fill volume was checked at regular intervals (each 15 vials), and fill
volume adjusted if required.

After filling lyophilization stoppers were placed and the vials were loaded in
the lyophiliser at 5°C.

Lyophilization process was performed according to the following table 1X:

Table IX

Setpoint T i Holding
Cycle Step Pressure Slope (min) )
(°C) time




an addi ti onal
t he pH,

buf f er w AR
fornmul ati on A

nsity of the final

period of approximately Ih until
the solution was brought to the final

sol uti on:

di ssol ution.
vol unme by
Re-adjusting to pH 4 with citric aIpd
1.04 g/~
ng. The solution was filtered through a 0.22 m PVDF filter.
filled into 25 mM vials using an aujtsomatic punp and

Qe

The sol

Af ter checking
adding citrate

ded for
8, ght 572

uti on was

silicone platinumcured

tubing 3.2 mm Standard filling volume was 4m . The fill volunme was checked
at r egutarihteqrval S:T’Clg,h +5—H-at-sy—ans-fHt-+r—vol-ure—adi-usted—- requi r ed.
Af t el Wﬁ‘q’ﬁé I‘ogiﬁ‘? ¥e94t i pn &8ppef s & plaged and the|vials weife | oaded
in tghe Tyophiliser at 5C | Lyophilization procésshnwssnfigrfornmed ac¢ording to
t he fiol | ow ng thI%ebze 1 Thbl atmX Sgt poiSOECT Hol di ng Cycle Step Ptessure
Sl ope (FECAPE(C| time WO 2006/ 046079 PCT/ GB200%/ 85048035 |oadi ng|Shel ves T
atm %C 1h50m n Fregée b afm 3 Fleezigggc0. s mMn —Freege Z gtm 150C 6 h
Vacuum Ch vacuum Q0.5 45/ mn_ 1 dryving 0.08Qlnb -27C Suplimation|0.5C/ mn
1 dryi nga@n980 Ch 2818 h 0.5 mb
45 min
) 1° drying | 0.080 mb -27°C )
Sublimation 0.5°C/min
1° drying | 0.080 mb -27°C 58 h
‘ 3 h 30 min
. 2° drying | <0.020mb 25°C
2rd drying 0.25°C/min
2° drying | <0.020mb 25°C 40 h
stoppering | 0.010 mb 25°C

The vials were sealed. A final reconciliation was performed. The vials

were transferred to a refrigerated area (-20°C).

Formulations ET-NF C and ET-NF D

Preparation of 1L of citric acid approximately 0.2M: 38.48 g of citric acid
were dissolved in a volumetric flask of 1L and the scolution was brought to
the final volume with water for injection.
of citric acid was 0.183 M.

The final molarity of the solution

Preparation of 1L of sodium citrate approximately 0.2M: 58.82 g of sodium
citrate were dissolved in a volumetric flask of 1L and the solution was
brought to the final volume with water for injection. The final molarity of
the solution of sodium citrate was 0.175 M.

Preparation of 2L of citrate buffer pH 4 approximately 0.1M: 850 ml of citric
acid solution 0.2M were mixed with 650 ml of sodium citrate soclution 0.2M
in a volumetric flask of 2L.. The solution was brought to the final volume
with water for injection. pH of the solution was checked and adjusted to pH

4. The final molarity of the solution of citrate buffer was 0.089 M.



3h 30 mn 2 drying <0.020nb 25C 2d dryuig 0.25C/ m n 2 drying <0.020nb 25C 40
h stoppering 0.010 nb 25C The vials were sealed. A final reconciliation was

per f or jals were transferred to a refriger -200) .

For mul ;W(?(z)or?g}a%?y F C and ET-NF D Preparation of 1L O?ﬁfﬂpﬁ?o@?fé@l@
approximately 0.2M 38.48 g of citric acid were dissolved in a volunetric
flask of IL and the sol ution was br%Jght to the final volunme with water for
injection. The final nolarity of the solution of citric acid was 0.183 M
Preparation of 1 f. sodiumcitrate approxi mtely, 0.2M 58. 82 of sodium
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m xed with 650 m_ of sodiumcitrate solution Q.2M in a volunetric flask of
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di ssol ved by magnetical stirring in approximately 80% of total volune of
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The solution was filled into 25 ml vials using an automatic pump and
silicone platinum-cured tubing 3.2 mm. Standard filling volume was 10ml.
The fill volume was checked at regular intervals {(each 15 vials), and fill
volume adjusted if required.
After filling lyophilization stoppers were placed and the vials loaded in the
lyophiliser at 5°C.
Lyophilization process was performed as before for Formulations ET-NF A,
ET-NF B and ET-NF F (Table IX).
Due to the large volume in vials, the cycle proposed failed to give an
adequate liophilization and collapse was produced. To avoid a new
manufacture, all the vials were reconstituted with 10 mil of purified water,
purity profile of some reconstituted solutions was checked, stoppers were

replaced for two hole stoppers and the following new cycle was used (Table

X):
Table X
Cycle Step Pressure | Setpoint T Slope (min) Holding
(°C}) time
Freeze 2 atm -50°C 6h
Vacuum Ch vacuum | 0.5 mb
0.080 45 min
Sublimation | 1° drying -23°C )
mb 0.5°C/min




adding citrate buffer 0.1 MpH 4. No re-adjusting of pH was needed. Density
of the final solution: 1.04 g/l. Final weight 1404 ng. The sol ution was
filtered through a 0.45 mPVDF filter, The solution was filled into 25 m

vi al s ugpngeddeoasit omati c punp and si | | cone platinum ﬁé‘f/?ﬁztdé@%ﬁl%?’ 2 mm

Standard filling volume was 10m . The fill volunme was chec regul ar
intervals (each 15 vials), and fill volunme adjusted if required. After
filling Iyophilization stoppers wergyplaced and the vials |oaded in the

| yophi liser at 5C. Lyophilization process was perforned as before for
For nufations I:I-a]\'\ii: A ET-YFBgagd BT NE—F(-Tapte—+X)—DBug—to—the—Har ge

volune in vials,| thedgysge proposed faibsg to [give an adequai®h
| i ophjlization and coll apsd vvasbproduced To gvoid a new |[manufacture, all
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Cycl e S@@pirw;ggs tTS|O\,{mn\ Holldi-ng-—(CO)-tilme Freeze 2 atm
-50C 6 h Vacuu (?., é%qgm 0. 51Rp é mn SuBPitatidn 1 drying -23C b
0.5C/ M n WD 2006} 0246 CT/ GB2005/ 050 4~ 37 (Qoggec%rgﬁyi ng nb -23C 80 h
. 0.010
stoppering b 25°C
m

After freeze-drying, the vials were sealed. A final reconciliation was

performed. The vials were transferred to a refrigerated area (-20°C).

Formulation ET-NF E

141.21 mg of ET-743 was added to a compounding glass vessel and
dissolved by magnetical stirring in 1080 ml wfi + 3,240 mL phosphoric acid
1N for approximately 1 h (dissolution was checked visually),

The amount of sucrose (135 g} and potassium phosphate (9.18 g) was added
and the mixture was stirred for an additicnal period of approximately 1lh
until total dissolution of the molecule.

After checking the pH and re-adjusting to pH 4 with phosphoric acid 1N, the
solution was brought to the final volume by adding water for injection.
Density of the final solution: 1.04 g/l. Final weight 1404 mg.

The solution was filtered through a 0.45pm PVDF filter.

The solution was filled into 25 ml vials using an automatic pump and
silicone platinum-cured tubing 3.2 mm. Standard filling volume was 10ml.
The fill volume was checked at regular intervals (each 15 vials), and fill
volume adjusted if required.

After filling lyophilization stoppers were placed and the vials loaded in the
lyophiliser at 5°C.

Lyophilization process was performed as before for Formulations ET-NF A,
ET-NF B and ET-NF F (Table IX).



10h 20 drying <0.020 0C 0.045C/ mn. 2nd drying nib 62 h 2 drying 25C 0. 006
C/mn 0.010 stoppering nb 25C After freeze-drying, the vials were sealed. A
final Ll iation was perforned. The vials were transferred to a
refrigg&ggﬂﬁhgpﬁé (-20C). Formulation ET-NF E 141_2f“H5GBFmE$@#%3 was added
to a conpoundi ng gl ass vessel and dissolved by nmagnetical stirring in 1080
m wfi + 3,240 nL phosphoric acid for approximately 1 h (dissolution was
checked visually). The anount of sucrose (135 g) and potassi um phosphate
(9.18 g) was, added and the m xture was stirred for an _additiaonal period of
appr B4rdeelthe | larganveiums; in ‘aﬁf%orlamfawl%fpmrpw dailed. tnfgiee @mecki ng
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f i natmsehisidtare, 4110hegiials Fvarl reg@rghituldd4vivg. 10hel sofl phtifiedvwaatdd, | t er ed

through_a 0.45m PVDF filter. The solution was filled into 25 m vials using
an altGHYt PEOlHanel same sereretiblisdaselmbinnsuiveas cisckgds stoppersswestiar d

fillli fild v s.checked at. rgqular_intervals
(cachiatBITE 48 HEstopBOfS B a el gt So L SERCAS iny B oREs o g

| yoplédrhaRiticis BETONFeC sarne BY-pFapedadigixyhe vials | oaded in the [yophiliser
at 5C._ Lyophilization process was perfornmed as before for Formul ations ET-NF
A Bfterr igezadlyingi the( vidlse wexg. sealed. A final reconciliation was

performed. The vials were transferred to a refrigerated area (-20°C).

The desired ET-743 concentration was reached in all cases and the
impurity profile was similar between formulations. No differences in ET-743
concentration, and impurity profiles were observed during manufacture
(before and after filtration, or after filling). The colour of the bulk solution

was slight yellowish in those formulations containing lactose.

Formulations with 4 ml filling or 10 ml f{illing were initially freeze-
dried following the indicated protocol. Whereas formulations with 4 ml
filling were correctly lyophilised, formulations with 10 ml {illing collapsed. A
pressure variation in secondary desiccation indicated collapse and boiling of
the freeze-dried cake. Vials of formulations ET-NF C, ET-NF D and ET-NF E
were reconstituted with 10 ml of purified water. Purity profile of
formulations was checked. As no modification in the purity profile was
observed in compare with bulk solutions, it was decided to re-lyophilise the
vials using the indicated revised freeze-dried cycle. Batches lyophilised as
described, resulted in good aspect without collapse but some bottom

contraction.

The ET-743 content of vials was within specifications (95% -105%}.
Impurities profiles showed similarity between formulations and those profiles

are comparable with impurities of bulk solutions. Residual water content
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the different formulations ET-NF A, ET-NF B, ET-NF C, ET—NF D, ET-NF E,

and ET-NF F at 1 mg/vial under different temperature conditions.

A batch of 130 vials of each formulation ET-NF A, ET-NF B, ET-NF C,
ET-NF D, ET-NF E and ET-NF F, 1 mg ET-743/vial, was manufactured

according to example 3.

Stability testing was carried at a temperature of 5°C, 25°C/65% RH
and 40°C/70% RH.

Figure 4 and table XI show the ET-743 purity evolution of the new
formulations during storage at 5°C, in comparison with three conventional

formulations (containing ET-743, mannitol and phosphate buffer).

Table X1
ET-743 purity (%)
Reference 1 | Reference 2 | Reference 3] ET-NF A ET-NF B
t=0 87.70 96.90 87.70 99.086 99.00
1 month 94.70 94,60 94.00 99.28 08.86
2 month 93.80 92.70 93.70 99.21 98,97




WD 2006/ 046079 PCT/ GB2005/ 050184 39 was | ower or equal
| ar gest val ues bei ng those of

reconstid yiueh 59

than 2% w th the
formulations of 10 m filling. pH of the
utions were between pH 4 and pH 4.2 in all cases.

ear and col ourl ess w thout visible FdrEFBHOYEYEY or
precipitation. Reconstitution tinme was simlar for all fornulations and |ess
than 30 s. Exanple 4 The purpose of the study was to investigate the
stability of ET-743 in the differe formul ations ET-NF A, ET-NF B, ET-NF

Sol uti ons™ wer

C, ET-NF D, ET-NF_E__and ET-NE F at 1 ng/vial under different tenperature
condi ti ons| 3 moptatich 9860130 vPAPL of %3P f dr mA%RAZ on| ETONB A | ET-NF B, ET-NF
C, ET-NF B—fE—NF—fE—amd—t=—Nr——F—t-mg—EF="743~vrrat—nas—rearufact ur ed

according to exanple 3. Stability testing was carried at a tenperature of

5C, 250 65% RHrpRdx¥REAYP% RH. Figure 4 and table Xl show the ET-743 purity
evol ution of the new _formulations during storage.at 5C in conparison with

three conventional flprmulations (EJoWB&MY ) ET- 743, nmannitol and phosphat e
buffer). Table Xl ET-{/43rQEQE Y E7RF BETeT@0GEs |REENERCd 2 Reference 3
ET-NF A ET-NF t =D 97.70 96.90 97 ¥0 99. 06_99. 00 nonth 94.70 94. 60
94. 00 99. 28 98.86=02 PDrﬂ&Tﬂ393. 80 992870:93.980599.|21 9B&BI7 WO 2006/ 046079
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2 month 98.88 99.15 99.21 98.80

3 month 08.86 89.12 99.16 898.92

Figure 6 and table XII show the ET-743 purity evolution of the new
formulations during storage at 25°C/65% RH, in comparison with three

conventional formulations (containing ET-743, mannitol and phosphate
buffer).

Table X1I

ET-743 purity (%)

Reference 2
96.90
84.50
72.40

ET-NF A
89.06
98.57

Reference 3
g7.70
89.50
81.90

Reference 1
87.70
84.70

" 74.50

ET-NF B
89.00
98.09
98.13
98.38
88.16

t=0
15 days

1 month 899.08

2 month 99.10

88.98

3 month

Table XII (cont.)

ET-743 purity (%)
ET-NFD ET-NFE
88.98 98,15
99.11
99.13

ET-NF C
98.83

ET-NF F
98.88

t=0
15 days

98.90
99.03

98.35
98.01

88.31

1 month 98.32




Table XI (cont.i ET-743 purity (% ET-NF C ET-NF D ET-NF E ET-NF F t=0
98.83 98.96 99.15 98,88 1 nonth 98.53 99.03 99.14 98.71 2 nonth 98. 88

99. 15 9903d) B9 3 nmonth 98.86 99.12 99.16 98.92 Fi ble X I
show t he ET-Ggﬁ% guri ty evolution of the new fornulat ?g%@;ng&@?bg%ﬁi‘t orage at
25C/ 65% RH, in conparison with three conventional formnulations (containing
ET- 743, mannitol and phosphate buffer). Table XIlI ET-743 purity (%
Reference 1 Reference 2 Reference 3%ET-NF A ET-NF B t = 0 97.70 96.90 97.70
99.06 99.00 15 days 84.70 84 50 89.50 98 97 98 09 1 month 74.50 72. 40
81.90 99. 08 98.[1B¥month fpnPB3HI, 10 YB3 | 3 9t h DP8. 8B2H3. 15 Table XI |
(cont.) ET-743 mpity (A B NFGCish N b E=NF—E £ t =O 0 98. 83
98.98 99. 15 98. g‘%ﬁwiﬁoﬂ(( a;(éa‘g%. 3p \%8_—%30 99, 1@‘@8. 3 t“ia'%nt h 98.01 99.03 99.13
98. 32 WD 2006/ 046079 PCT/ GB2005/ 050184 41 2 nonth 98.35 96.99 99.10 98. 28

3 nmonth 98.33 98.93 99.09 98.14
Figure 8 and table XIII show the ET-743 purity evolution of the new

formulations during storage at 40°C/70% RH, in comparison with a

conventional formulation (containing ET-743, mannito]l and phosphate

buffer}.
Table XIII
ET-743 purity {%)
Reference 4 | ET-NFA | ET-NFB | ET-NFC | ET-NFD | ET-NFE | ET-NFF

t=0 94.92 98.06 89.00 98.83 98.98 93,15 98.88

2 days 87.17 99.02 98.10 98.48 88.95 99.12 87.53

7 days 82.04 98.68 g7.08 97.86 88.63 08.89 97.20
15 days 76.33 98.75 97.33 07.77 98.55 98.71 96.68
1.5 month 98.52 96.99 97.53 87.654 98.47 95.79
3 month 88.24 95.92 96.67 04.79 97.84 95.91

In addition, figure 5 and table XIV show the ET-701 impurity
production of the new formulations during storage at 5°C, in comparison
with three conventional formulations (containing ET-743, mannitol and

phosphate bulffer).

Table XIV

ET-701 (%)
Reference 1 | Reference 2 | Reference 3 ET-NF A ET-NF B

=0 0.70 0.84 0.53 0.11
1 month 2.56 3.09 1.73 0.12
2 month 3.45 3.54 2.69 0.12 0.13
3 month 4.61 5.04 4.28 0.13 0.13




Figure 8 and table Xl 11
formul ati ons during storage at 40C 70% RH,
convent wormbe/fse7ul ati on (containing ET-743, mannitol
ET-743 purity (% Reference 4 ET-

buffer).

Table X1
ET-NF D ET-NF E ET-NF F t
days 87.17 99.02 98. 10 98.48 98. 95
97.86 98.63 98.89 97.20 15 days 764

9

show the ET-743 purity evolution of the new
I n conparison with a

ﬁﬁ%@?&i@%& ET-\E C

= 0 94.92 99.06 99.00 98.83 98.98 99.15 98.88 2
.12 97.53 7 days 82.04 98.68 97.08
3 98.75 97.33 97.77 98.55 98. 71 96. 66

1.5 nonth 98.52 96.99 97.53 97.54 98.47 95.79 3 nonth 98.24 95.92 96. 67

94.79 97.84 95.

n,

figure 5 and table XV show the ET-701

I mpurity production gfTthe newfornyf,%{ﬁgﬂs durtng-storage at 5C, in
Corrpari son W th three—conventional for ations (r‘on'r ai_n ng ET-743,
manni tol and phosphatje 0¥ €r ). ETMIR X HTHF-E50] EWNFRef prence 1 Reference
2 Reference 3 Ef‘Eﬁ 3 'E‘I‘TNE—EF =G @70 0840536 ti—%ynonth 2.56 3.09
1.73 0.12 2 nopt 8_45 3754 2,69 0.12 p. 1 Lﬁ? no thDZﬁ61 b. 04 4.28 0.13 0.13
WO 2006/ 046079 PChbB4005d 950184 0412 abl & 94l V (cong41) El-701 (%9 ET-NF C
ET-NF D ET-NF ELET-NE

2 month 0.16 0.14 0.15 0.12

3 month 0.16 0.15 0.15 0.12

Figure 7 and table XV show the ET-701 impurity production of the
new formulations during storage at 25°C/65% RH, in comparison with three

conventional formulations (containing ET-743, mannitol and phosphate

buffer).
Table XV
ET-701 (%)
Reference 1 | Reference 2 | Reference 3| ET-NF A ET-NF B
t=0 0.70 0.84 0.53 0.08 0.1
15 days 7.99 8.20 422 0.14 0.12
1 month 10.58 14.18 6.86 0.11 0.12
2 month 0.15 0.16
3 month 0.17 0.17
Table XV {cont.}
ET-701 (%)
ET-NF C ET-NF D ET-NF E ET-NF F
t=0 0.15 0.16 0.15 0.11
15 days 0.18 0.17 0.16 0.13
1 month 0.18 0.18
2 month 0.18 0.19 0.24 0.15
3 month 0.22 0.23 0.24 0.18




t=0 0.15 0.16 0.15 0.11 1 nonth 0.12 0.12 0.14 0.11 2 nonth 0.16 0.14 0. 15
0.12 3 nonth 0.16 0.15 0.15 0.12 Figure 7 and table XV show the ET-701

| mpuri jon of the new formul ations during storage at 25C 65% RH,
in corrpwa??g)gﬁ%\ngdth three conventional formulations (%@f{ﬁg?‘}‘?ﬂﬂﬁ“@r- 743,

manni tol and phosphate buffer). Table XV ET-701 (% Reference | Reference 2
Reference 3 ET-NF A ET-NF B t=0 0.70 0.84 0.53 0.09 0.11 15 days 7.99 8.20
4.22 0.14 0.12 1 nonth 10.56 14.18 ¥ 86 0.11 0.12 2 nonth 0.15 0.16 3
nmonth 0.17 0.17 Table XV (cont.) ET-701 (% ET-NF C ET-NF D ET-NF E ET-NF F
t=0 0. 15 ésishownsiio.these figweps the1¢ability of 1be ma8 formarlahions18as. 18 2

nmonth.Q. 18..0.19,0.24.0..15 month 0.22 Q.23 0.,24 0. 18 WD 6/ 046079
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fornulations. In addition, the main degradation product of thé conventional
f or mdratriativsllyEedidced immshe new formulations.

Example 5

Three new formulations based on sucrose as bulking agent were used
for further stability studies. These new formulations differ in the phosphate
buffer molarity (0.05M vs 0.1M) and the filling volume or, in other words, in
the ET-743 concentration in the bulk solution (10 ml vs 4 ml).

The manufacture of a batch of at least 50 vials of each of these
formulations is described. A summary of formula description per vial is as

follows (Table XVI), noting that the water evaporates during the freeze-drying

procedure:
Table XVI
ET-NF G ET-NF H ET-NF |
Concentration Final Concentration Final Concentration Final
{mg/m|) composition (mg/mi) composition (mgfml) composition
ingredient
ET-743 0.250 1mg 0.100 1 mg 0.250 1 mg
Sucrose 100 400 mg 100 19 100 400 myg
Potassium
dihydrogen 6.8 27.2mg 13.6 136 mg 136 54.4 mg
phosphate
Z:;Sph"”c qstopH4.0 | gspH4a0 | qstopH4.0 | qspH40 | qstopH4.0 | gspH4.0
fﬁ.;ate:.r for g.s. to 1 mi 4 m) g.s.to 1 ml 10 mi g.s. o1 mi 4mi
injection




dramatically reduced in the new formul ati ons. Exanple 5 Three new

formul ati ons based on sucrose as bul ki ng agent were used for further

st abi | |%%Mg j es. These new fornul ations differ in the phosphate buffer
mol arity (0. vs O 1M and the filling volume or, i PO{ERIOKEOES in the
ET-743 concentration in the bulk solution (10 M vs 4 m ). The manufacture
of a batch of at |least 50 vials of each of these formnulations is described.
A summary of formula description perddvial is as follows (Table XVI), noting
that the water evaporates during the freeze-drying procedure: Table XV
ET-NF G ETANGothhE- OF 240 Comic g6 I Rrhfilatiohal FGenged) rahd ORTENRS was
Concentration Final (nglm) conposition (nmg/m) conposition (nmy/m)
conpoptepaned: | ngredi ent ET-743 0.250 1 ng 0.100 1 ng 0.250 1 nyg Sucrose 100

LR B AL 0, B Bl -
4.0 - ' s S : |
10 mqb%.rg.ggﬁgh?a%ﬁﬁﬁﬂ?%ﬁ%%‘?ﬁ%ﬁ et g N dhdedlloss SbidlErs 0 1
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ng of ET-743 were added to a conpoundi ng gl ass vessel and dissol ved
visually).

The amounts of sucrose (24 g) and potassium phosphate (1.63 g for NF G;
3.26 g for NF 1) were added and the mixture was stirred for an additional
period of approximately 1h until dissolution.

After checking the pH and re-adjusting to pH 4.00 if necessary with 1IN
phosphoric acid, the solution was brought to the final volume by adding
water for injection. Density of the final solution: 1.04 g/l. Final weight
249.6 g.The solution was filtered through a 0.45 pm PVDF f{ilter.

The solution was filled into 25 ml vials using an automatic pump and
silicone platinum-cured tubing 3.2 mm. Standard filling volume was 4 ml.
The fill volume was checked at regular intervals (each 15 vials), and adjusted
if required.

After filling lyophilization stoppers were placed and the vials loaded in the
lyophiliser at 5°C.

Lyophilization process was performed according to the following parameters

{Table XVII):
Table XVII
Cycle Step Pressure | Setpoint T (°C) | Slope (min) | Holding time
Shelves T* atm 5°C
o 11 50 min
Freezing Freeze 1 atm -S0°C 0.5°C/min
Freeze 2 atm -50°C 6h
Vacuum Ch vacuum | 0.5 mb
) 0.080 : 45 min
Sublimati 1* drying mb 2re 0.5°C/min
ubliration
1° drying o;gio -27°C 58 h
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performed. The vials were transferred to a refrigerated area (-20°C).

A volume of 600 ml of the formulation ET-NF-H was prepared as
follows:
62.76 mg of ET-743 were added to a compounding glass vesse] and dissolved
by magnetical stirring in a solution of 480 ml wfi + 1.44 ml of 1N phosphoric
acid for approximately 1 h (dissolution was checked visually).
The amounts of sucrose (60 g) and potassium phosphate (8.16 g) were added
and the mixture was stirred for an additional period of approximately lh
until dissolution,
After checking the pH and re-adjusting to pH 4.00 if necessary with 1N
phosphoric acid, the solution was brought to the final volume by adding

water for injection. Density of the final solution: 1.04 g/l. Final weight 624

g.
The solution was filtered through a 0.45 pm PVDF filter.

The solution was filled into 25 ml vials using an automatic pump and
silicone platinum-cured tubing 3.2 mm. Standard filling volume was 10 ml.
The fill volume was checked at regular intervals (each 15 vials), and adjusted
if required.

After filling lyophilization stoppers were placed and the vials loaded in the
lyophiliser at 5°C.

Lyophilization process was performed according to the following parameters
(Table XVIIi):

Table XVIII
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After freeze-drying, the vials were sealed.

A final recon

ciliation was

performed. The vials were transferred to a refrigerated area (-20°C).

The

ET-743

content

was

within

specifications

(95%-105%).

Impurities profiles showed similarity for all the formulations and comparable

with impurities of bulk solutions.

Residual water content was lower than

2%, being the highest value for the formulation of 10 ml filling.

The pH of the reconstituted solutions was between pH 4 and pH 4.28

in all cases.

Solutions were clear and colourless without visible foreign

matter or precipitation. Reconstitution time was similar for all formulations
and less than 30 s.

Stability testing was carried during 3 months at a storage temperature
of 40°C/70% RH.

Figure 9 and table XIX show the ET-743 purity evolution of the new

formulations during storage at 40°C/70% RH.

Table XIX



Table XVI11 Cycle Step Pressure Setpo nt T (C) Slope (mn) Holding time WO
2006/ 046079 PCT/ GB2005/ 050184 46 Shelves T atm5C Freeze 1 atm-50C 1 h 50
m n Fgg(?é@gtgﬁzj;dm n Freeze 2 atm -50C 6 h Vacuum Ch vacuum 0.5 nb 1
drying '0: 45 min ying mb 0.5C/ min Sublinati ofCTEBOHUH ng O
-27C 62 h 2nd drying 2 drying <0.020 25C 0.25' ¢ mn 2 drying nb 25C 02550 h
end Onb0 25C After freeze-drying, the vials were sealed. A final
reconciliation was perforned. The 47als were transferred to a refrigerated
area (-20C). The ET-743 content was within specifications (95% 1059 .

I mpurities profiles showed|sim | arietyas périypfed) t he forjnul ati ons and
conparable wth inpurities—of—bulk -solutions. ' | water content was

| ower than 2% being the hi f¥e¥k Gval F-Nod |t NETN6myl ati on of 10 ni
filling. The pH of T pecpnsttgred SghgsT ams et ween pH 4 and pH 4. 28
in all cases. Sol utlions were clear apd col ourl ess wi tjhout visible foreign
matter or precipitati7aays Recorestost ut | 09868ng was simjflar for all

formul ati ons and less—thah—-30—s—Stability itesting-vas carried during 3
months at a storage 129&rat ur¥97of h0EPPBY|RH.%8F%urle 9 and table X X show
the ET-743 purity &VGHHL] Ofogl e MEWGg BPT IO g gNS {duri ng st or age at

400 70% FhL Y& HoAuPY Ologl72 9869 g 40

2 month 98.29

3 month 897.71

In addition, in figure 8 the stability data is shown in comparison with
a conventional formulation (containing ET-743, mannitol and phosphate
buffer).

The results obtained in Examples 4 and 5 indicate that all the
formulations comprising a disaccharide as bulking agent are more stable
than conventional formulations containing mannitol as bulking agent.

Formulation ET-NF-G is a preferred formulation.

Embodiments of formulations according to this invention were tested
after storage under a plurality of storage conditions (including temperatures
of -20°C, 4°C, and 25°C/60% RH) at various storage times (including storage
times of 3 months, 6 months, and 9 months). The assay results indicated
that at least 99.5% of ET-743 remained after 9 months of storage at -20°C,
at least 99% of ET-743 remained after 9 months of storage at 4°C, and at
least 97% of ET-743 remained after 9 months of storage at 25°C/60% RH.
Total impurities, including ET-701, ET-7435, and other impurities did not
exceed 1.66% after 9 months of storage at 25°C/60% RH. In addition, the
level of ET-701 impurity did not exceed 0.21% after 9 months of said storage

conditions.



Tabl e XI X WO 2006/ 046079 PCT/ GB2005/ 050184 47 ET-743 purity (%9 ET-NF G
ET-NF HET-NF I t =0 99.18 99.23 99.00 7 days 99,04 98.68 15 days 98. 97
98. 86 . nonth 98.72 98.61 98.40 2 nonth 98 7.71 In
addi ti‘gﬁ,ﬁf&rﬂ""ﬁgure 8 the stability data is shown inﬁﬁ‘%%ﬁ?@é‘ﬁ“ i t h
conventional formulation (containing ET-743, mannitol and phosphate

buffer). The results obtained in Eﬁgnples 4 and 5 indicate that all the
formul ati ons conprising a di saccharde as bul king agent are nore stable

than conventional fornulations containing mannitol as bul king agent.

For nul at i &l tHE- Nfeehees cpredf beraid dxg mtenpooatediho deiesanse ah frminul at i ons
accordi.ng to.thi.s invention were tested. after .storage under, a plurality of
ot or Glfthn ATAT TRt R A Ay e e of HhisdnvEntiBhoere feParci Subebbo: re
vari gughé lRsAg8uté 'ﬁ%v(c&é&lﬁé@bﬂﬁ PLERDn thiEdiilosurBslifiéaidnd hs, and 9
nmont hs). The assay results indicated that at |east 99.5% of ET-743 renmai ned
af t eand@ adaphestiohs storwoas c@oditionsst drehsts®99% ofarEThd 4dadenatines! after 9
nont hs of storage at i&ﬁ a?g'agﬁ | east f;%bof ET- 743 remai ned after 9 nonths
of SEHHGHNEE BORE WItHE Re SEART Pf S MVEOHM-ng ET- 701, ET- 745, and
other inpurities did not exceed 1.66%after 9 nonths of storage at 25C/ 60%

RH. In addition, the Ilevel of ET-701 inpurity did not exceed 0.21%after 9
nont hs of said storage conditions.



WO 2006/ 046079 PCT/ GB2005/ 050184 48 Al the references cited herein are

i ncorporated by reference in their entirety. The features and advant ages of
this invention are apparent in light of the disclosure provided herein.
Based on this disclosure, nodifications and adaptations to various
conditions and usages can be made, thus generating enbodi nents within the
scope of this invention. 49 Cdainmst? 1. A conposition that conprises an
ecteinascidin and a disaccharide. 2. A conposition according to claim1,
wherein the ecteinascidin conprises ET-743. 3. A conposition according to
claim1l or 2, wherein said disacch¥™8e is selected fromthe group

consi st ose, trehal ose, . sucro d m xtures thereof. 4. A
corrposrtlt"rg ?{“pé’élg%rf‘tﬁif‘tr‘f&ml’rbse%ﬁ‘“aqcr‘ﬁnésc'%fié?iﬁa°§§‘1"ge'di saccharide is sucrose. 5. A

conposi,tj on accordin cl ai wher ei eratio (ww of
ET- 743'2t TR

di
SifaTioe® S CHSERE RigoTh Bt T 8500 6. A
ET-743 t
g?rsrgg(s:harro nen%%go? accorgm %C?lﬁ‘m 02\%3” '"ef@%[ilsacfﬁ%ﬁiﬁ's S7le&¥y%ﬁ§8gfof‘?on acgor di ng

to cl ac?ﬂs'étm%earcgrsen r?hr"il 0S% A4TB A °%43 to disaccharide is about
1:400. 8 crﬁ’n %QPE asclr:(;rdl(aéto c‘f’aﬁor d\!ghege nsaldadqéécéar & eersdslucrg%(:l aim which further

corrprlses a npPoSsi TGO HETET di ng to claim8, wherein

sai d b'ii'flig ﬁg&dr'n to % e%glg c{a%muﬁl %%Qpe rtatr %)ff T’ 748'(3[ rate bUfTe.r
gl yci ”ﬂ{s@é ngg [_nrago &N 15 tures't er eo . A conposition
according to an prece |ng C ar |ch further conpri ses a surface-active

agent. 14 (e1¢] EQ L, r I rface active
agent rat%u;o'fbm o &glﬂjg b ﬁ%&gﬁeet y‘lthgrragl) %W%&pgbl ?%ﬁo%%(%% %e{% pol yoxyl 40
stearate, and m xt ures thereof. 12. A conposition according to any pr ecedi ng

clai m 7WESoRib 1R cGHIP Rdith 8wiheFeid e FE (15 B 9F 748 1o Li%QRfUrgL Red formul ation.
about 1:400.

8. A composition according to any preceding claim, which further comprises a buffering agent.

9. A composition according to claim 8, wherein said buffering agent is selected from phosphate
buffer, citrate buffer, glycine/hydrochloric acid buffer, and mixtures thereof.

10. A composition according to any preceding claim, which further comprises a surface-active
agent.

11. A composition according to claim 10, wherein the surface-active agent is selected from
polyoxyethylene 20 sorbitan monooleate, polyoxyl 40 stearate, and mixtures thereof.

12. A composition according to any preceding claim, wherein the composition is in the form of a
lyophilised formulation,

13. A lyophilised formulation according claim 12, wherein the lyophilised formulation is in a vial
and includes an amount of ET-743.

14. A lyophilised formulation according to claim 13, wherein said amount of ET-743 is about 250
HE.

15. A lyophilised formulation according to claim 14, wherein said vial contains a formulation
comprising: about 0.25 mg ET-743, about 100 mg sucrose, and about 6.8 mg phosphate, wherein
said 6.8 mg phosphate is calculated as potassium dihydrogen phosphate.

16. A lyophilised formulation according to claim 13, wherein said amount of ET-743 is about 1
mg.

17. A lyophilised formulation according to claim 16, wherein said vial contains a formulation
comprising: about 1.0 mg ET-743, about 400 mg sucrose, and about 27.2 mg phosphate, wherein
said 27.2 mg phosphate is calculated as potassium dihydrogen phosphate.



13. A lyophilised for rruI ation accor d| ng claim112, wherein the |yophilised
formulation is in a vial and includes an anount of ET-743. 14. A

| yophilised formul ati on according to claim 13, wherein said anount of ET-743
is about 250 F19 15. A lyophilised fornulation according to claim 14,
wherein said vial contains a formulation conprising: about 0.25 ng ET-743,
about 100 ng sucrose, and about 6. &) ng phosphate, wherein said 6.8 ny
phosphate is cal cul ated as potassi um di hydrogen phosphate. 16. A |yophilised
formul ati on according to claim13, wherein said anmount of ET-743 is about |
mg. 1718. Anjethop bf thikérech viah coniizming oiyordsed Witmgatioo ofdniciwind®idimher ei n sai d vi al
cont aisemprsifedrased-dryingm bulk sohyion diahepmpaibros the edteiDasniginEnd 7 48acckdndeit 400 ny
sucrose, and about 27.2 ng phosphate, wherein said 27.2 ng phosphate is

cal cul '8t &ehethed prspralingitaisivia 1y dhaodethe plivepstidin 8. ET5043. 18. A net hod of naking a
vial containing a lyophilised formulation of an ecteinascidin, conprising

f r eezeX0dA yriefhgd af iediclog & formiabien efiidt70¢ dngpiormadalion REE B4 Forasisindi n and a

di sacdegra-dring a gk solutiop thabepmweiens Ed i 744 ando dijagghamideg, wherein the ectei nascidin
is ET-743. 20. A nmethod of reducing the formation of ET-701 in a formnul ation
of ET-2148 me&@ﬁpf}wrtmaﬁ@galbfmé@mdmu%goraas@eﬁn@dmnwf daimsAdto lonpri ses ET-743
and a @mpadetdysplyies apgcteims¢idin How agiflic gredipay mixgedhd Rrggitavedi ng fornul ation as
def i nexgteinasciginy Wit the pthgregmaanentyofitye bulkdngraphutian #1g. eptiszagyadivgfingiheddt ei nasci di n
in an déieding! seEUM i xi ng the pre-dissolved ecteinascidin with the other
conmponents of the bul king solution and, optionally, adjusting the pH of the
final Zof Gtethgf accopling Ao ﬁé‘ﬂ’?ddw%%ﬂ)ﬂ‘ﬁ%@mtsﬂd'&l‘sa@w 1, wherein the
ecteinascidin is ET-743. 23 A nmet hod _of .preparing a solution for

i nt r avenOdSteA PURERIANS 2P aveRP S RTH IOy COMRISIAE: RIVAZIng 2 YA ses

| yophi $o[rgess B@P@i'ﬁ%%‘”&‘?“&ﬁsﬁd‘aﬁ@ %?F@a%@h%ﬂdiﬂaévatea@d‘wﬁga REAEHUED form a

r econslufien @ "é'B’PSﬁalddPFon%iﬁﬂe‘jcfP “H?'] WAAPOPERHRABL i t ut ed sol ution with an

agueous system net hod accord | ng to claim?23, wherein the

ect ei n%sél”éﬁ‘k}‘?d?%”'@*lﬂag??@a‘mz@ whegen the getgipasgdiady K76 prepar ed according to

cl ai m23 for t nufac re o rredlc t for the treat ment of cancer,

wher e| lPFéJSEB ?1“ rEPA IR 1OF ‘igéP "'b? r‘?‘f"ﬂfgicﬁ'ﬁ‘?m fo
etreatmento cancer, wherein the solution is adminiStered y mtravenous mfusmn



