e 1 DESCRIPTION Irinotecan Fornul ation Technical Field
[ 0001] The present invention relates to an irinotecan
formulation including a closed vesicle carrier that
i ncorporates irinotecan and/or a salt thereof at a
hi gh concentration and to é-pharnaceutica
conposition containing the sanme. Background Art
0002] One category of p égigigé al products to be
used for cancer treat [ poi soner ase
inhibitor, and exanples thereof include canptothecin.
Canptothecin is penta cyclic al kal oid, which has been
extracted and isolated from Canptotheca acum nata (a

Iplramtedn Choma) Loyioal | et al. (USA) in 1966, and it
was found to have a high antineoplastic activity and
a w de antineoplastic spectrum (Non-patent Docunent
1) A conventional cancer chenotherapy agent exerts an

A nepplesiig activity by topoi sonerase |
i nhi bition, while canptothecin inhibits an 2 enzyne

[gdg¥¥ion of topoi sonerase that plays a role in DNA
replication, repair, gene reconbination, and

transeripiion, . by, 1opol SOMBLAse. L 1ONLR1 {1 0N, LO903]

formulation including a closed vesicle carrier that

incorporates irinotecan and/or a salt therecf at a high
concentration and to a pharmaceutical composition

containing the same.

Background Art
[0002]

One category of pharmaceutical products tc ke used
for cancer treatment is a topoisomerase inhibitor, and
examples therecf include camptothecin. Camptothecin is
penta cyclic alkaloid, which has been extracted and
isclated from Camptotheca acuminata {(a plant of China) by
Wall et al. (USA)} in 1966, and it was found to have a high
antineoplastic activity and a wide antineoplastic spectrum
(Non-patent Document 1). A conventional cancer
chemotherapy agent exerts an antineoplastic activity by

topoiscmerase II inhibition, while camptothecin inhibits an




Canpt ot heci n has sone problens in use as a drug.

Among them wth respect to water insolubility, sone

wat er - sol ubl e canpt ot heci n anal ogues each i nproved in

terms of insolubility have been proposed (see Patent

Docunment 1, for instance). 4n particular, irinotecan

hydr ochl oride (CPT- 11), which is a water-sol uble

canpt ot heci n derivative and has been put on thf .
engaificett YN Higou Gin RRHETONS A HridtruP T B exetts Y PNA

hi gh antineoplastic activity, so that it was highly |
reglpaettadr n s aii al 98 G| oM C igdi Mt rlgtd T ription

i rinotecan hydrochloride that is a prodrug is
byretaholdoned-a danto ISNEBBLtdat. is an active metabolite,

and it exerts an antineoplastic activity. [0004]
[dvRgnwhi | e, when irinotecan and a salt thereof are

adm ni stered, severe side effects such as bone marrow

dysfdéac]&sﬂ 2 angd, 9ass r ob e estipdndi St urhance arerug.

caus erefore, use thereof is severely

restri.cted. . i t] t i byl t _
nlgh e acti A e P BRI W ater
an a-hydroxyl actone ring due to.the sensitivity in an
s A0 SRR TR, 25 L UG (gt 17 et Y

~canpt ot hecin and an anal ogue thereof. [0005] |In order
ingp it ild thd aHoRE Pt T SRS ethd! §75 gt iRTheP O IPt§ Hunt - for
cancer treatnment using a canptothecin anal ogue as the
ircdldnagyicl elgpeeirtiicudatn ndraboltiecan hydre cheeadsigr i GEG -
mai ntain the |local concentration of the drug for a
1liongehich is a water-soluble camptothecin derivative and

has been put on the market in 1994 in Japan, is a prodrug
and exerts a high antineoplastic activity, so that it was
highly expected in clinical fields. After administration,
irinotecan hydrochloride that is a prodrug is metabolized
into SN-38 that is an active metabolite, and it exerts an
antineoplastic activity.

[0004]

Meanwhile, when irinotecan and a salt thereof are
administered, severe side effects such as bone marrow
dysfunction and gastrointestinal disturbance are caused.
Therefore, use thereof is severely restricted. 1In
addition, there is a problem that an antineoplastic
activity is decreased by hydrolysis of an a-hydroxylactcne

ring due to the sensitivity in an aqueous envirocnment,
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period of time. However, there is a fact that such a
drug has a half-life of as short as several hours
after intravenous adm nistration or subcutaneous
adm nistration. The drug is useful as a rel ease
control agent that can be used to deliver a

phar maceuti cal agent having a therapeutic

concentration. One approach for_splving these

Wh b iDL i%rqarﬁgftftgﬁ?dtrbt i aa%]aﬁloog%uee stihaebﬁeyOf'
and effectively to a target lesion site, and exerting

[C&®ant i neopl astic activity in a target lesion site is
to incorporate the drug into a carrier having a
cl oskd amesdic|ter forhve Sune alpropasatislers fordere ofer e
| i posone formul ation including canptothecins have

o ineady heen rmade kot exanm e ddngtaschdeien arepordued as
that, when canptothecin is included in a |iposone

£ HEETYANg, , Aydr gl y/si §; Of a i sty 00d acitones mdgesdsry to
suppressed (see, for instance, Patent Docunent 2 and

ma’c\f,llongc_&f)i% fe q)océf‘%g:t%@enﬂpaﬁ% tdonnd hergy hasr heerong

cl'osed a ne causing a |iposone nenbrane to

cont ai n §N- 38 itsel f, which is.an_active. gain bogy ofy,,
peflqcficﬁfot T h?/*&’?”(?&f rdritgléerfgl\lol%- fat ent Docunents 3 J

and 4). However, SN-38 is difficult.to stabé%ie;re in a
has Fodtiel -~ Ferrahe anth o 's b 3 1pi 'Y § ot 9od, so
~that it is difficult that the concentration of SN 38
initne g ersores | admived s ER el fOF BN OHPRIMRS AHRFR Has?tion:

al so been reported a manufacturing exanple based on a
Trousdomar ys neddodl | s whi chléasnotecarel yar e hilbrt dea e

wat er - sol ubl e derivative) is enclosed in a _
used to deliver a pharmaceutical agent having a therapeutic
concentration. One approach for sclving these problems,
delivering a camptothecin analogue stably and effectively
to a target lesion site, and exerting an antineoplastic
activity in a target lesion site is to incorporate the drug
into a carrier having a closed vesicle form. Some
proposals on formation of a liposome formulation including
camptothecins have already been made. For example, it has
been reported that, when camptothecin is included in a
liposome membrane, hydrolysis of an a-hydroxylactone ring
is suppressed {see, for instance, Patent Document 2 and
Non-patent Document 2). In addition, there has been

disclosed a method of causing a liposome membrane to

contain SN-38 itself, which is an active main body of



| i posome by the passive |oading nethod and is
stabilized by fixing it on the nenbrane of |ipid
bil ayer electrostatically (Non-patent Docunent 5).
[0006] Patent Docunent 1. JP 3-4077 B Patent
Docunment 2: JP 9-504517 A Nﬁh-patent Docunent 1: Am
Chem Soc., 94 (1966), 388 Non- patent Docunent 2:

Tomas G Burke et al. j ochem stry 99
i 3es asEEy Wﬁop%t o e e 39 apd gt -
Chronatogr:fhy B, 791 (2003), 85-92 hbn-patent
HopsoietentS -3 8) ggh it Wi g ldng etstabilige ofm acomtReyi e
Rel ease, 91 (2003), 167-172 Non-patent Document 5:
meVamuyekiarShzlikmpgte ats | raganter in dtlaad,12p (Wog8)it is
99-106 5 Disclosure of the Invention Problens to be
4190 ived thyt Hate dHw erdri@mt f{L0H ckhesdrfiuntn qflasma is
i ri notecan hydrochloride to be incorporated in a

nd i ROSIHER) 64 he Bheyea-gescri bed method of
encapsul ating irinotecan hydrochl ori de (the passi ve

I
a‘éidtt‘%eo?%%‘r’%%%%ﬁa%%‘%% o MR LA, | Srampl e
e Elon R gl g SRR ;ﬁdl'n"%”fh"éan
concentration of SN 38 that is an actjve netabo
hyidra@ufo e hidt d13F e T g dort @4 oy t%%reen%i‘rﬂfed in a

t hose
liposome by the passive loading method and is stabilized by

fixing it on the membrane of lipid bilayer
electrostatically (Non-patent Document 5).
[0006]

Patent Document 1: JP 3-4077 B

Patent Document 2: JP 9-504517 A

Non-patent Document 1: Am. Chem. Socc., 94 (1966), 388

Non-patent Document 2: Tomas G. Burke et al.,
Biochemistry, 32 (1993), 5352-5364

Non-patent Document 3: W. Gao et al., J. of
Chromatography B, 791 (2003), 85-92

Non-patent Document 4: Joshua Williams et al., J. of
Controlled Release, 91 (2003), 167-172

Non-patent Document 5: Yasuyuki Sazuka et al., Cancer

Letter 127 {1998), 99-106




anounts are not sufficient for clinical effects.

Al t hough the retentivity of irinotecan hydrochl oride
in blood is inproved by |iposone formation, the
concentration of SNN38 thaf is an active netabolite
in plasma is hardly maintainfed for a long tine
because the disappearance rate fromblood is stil

fast. Ther S t been reported a formul ation
DlFﬁaPsugﬁchség Eeﬁeﬁ ¢aMy appropriate/sufficient

encapsul ation_ anount of irinotecan (a prodrug) and/or
Prgbdahe tReP8ofoilNed D¥| 6§8d TPEEFELE and that exists in

blood in a state of suppressed hydrolysis of an
[080Rydroxyl actone ring for a long tine to maintain the

concentration of SN-38 that is an active netabolite

i n phas mEmduntordern timatsicatraihy ddvechf o rdolec drst ket | on of

SN-38 that is an active netabolite of irinotecan

inE}égE@QBlt@rd' de ian 1plaswRef B &hkongotierele slur ieevnefchod of
such circunstance, an object of the present invention

enc§ L2 1R%Q%d8 1 138 +2 P Mykllcdn ofdvend the @aldGive loading
gapsulatlon amount sufficient for clinical effects,

me?ﬁoh@{gggﬁc%and lq%%% QL Gapa l?t%% Q%Cﬁ%%uﬂgo 05 {drug

or a aIt t her 'osed vesicle

in upsula ficien £y of at
(mod 46 YeaEal e o ¢ kB FCand b CGIPﬁ?éFﬁ.gn%?Hm
concentration of SN- 38 t hat |s an a tlve tabo g
thef coricitaddn ofy ffodRiGAtE&an hySIT, &}asma an

time. Means to Sol ve the Problens [0008]
the concentration of SN-38 that is an active metabolite

thereof are hardly maintained for a long time, and those
amounts are not sufficient for clinical effects. Although
the retentivity of irinotecan hydrochloride in blcod is
improved by liposome formation, the concentration of SN-38
that is an active metabclite in plasma is hardly maintained
for a leng time because the disappearance rate from blood
is still fast.

There has not yet been reported a formulation that
enclcses a clinically appropriate/sufficient encapsulation
amount of irinotecan (a prodrug) and/or a salt thereof in a
closed vesicle and that exists in blood in a state of
suppressed hydrolysis of an w-hydroxylactone ring for a
long time to maintain the concentration of SN-38 that is an

active metabolite in plasma in order to maintain the



The inventors of the present invention have nmade
extensive studies for attaining the above-described
objects. As a result, they have obtained the follow ng
findings: when the renote | gadi ng net hod based on an
ion gradient is particular%& sel ected as a drug
encapsul ation nethod for irinotecan and/or a salt

thereof in a clase si.cl.e (an_ion_gradient. i
Coﬂﬁﬁﬁé&aﬁﬁgpd8ﬁo§N§S§e¥sﬁé el §e3C%ésicFéF%§ﬁ&lteeOf

drug is allowed to perneate throu%h th% cl osed
irjasitelcanmnsirass log Lidet redidé siRe T8FuG) 1 F¥e TidFug can

be encapsul ated at a high concentration, which was 7

har diry vachi efedsustt v itmingdraveart.i eralolpassi wE 1188 ng

met hod, and the retentivity in blood is dramatically
prefRneY e veernaed st @ca dricgydsiene agr epdrethudiathicm having a

conventional nethod, with the result that the

dr%%n coRiAl {100 i Rf afnddity s fifvidaxF cramitiotiked reffects,
(SN-38) (which is an active netabolite of irinotecan

ann¥%qroghl.or dgf%or'trdl?lr%%]tqw cAh1Re deeRin QRnstaNt AiQfotRcan

r
| ong perio Mor eover, they have obtai ned the

fol | ow findi = Wh t : ' t hod
a ngglogg Vtge 2‘% thlo &ﬁ;{ﬂr}%tﬁq fort ng Paa t():lql%l Stre)?ng{e%ﬁ'# &%a gﬂrﬁg gai (;'HEL gd:}? er IrnS

formulation stability at 9C can b r cal l
eqw.lofh&féffwryq% C}ésatbgeer?sgo 'iofﬁng rﬁ%ae{“ciwe/rte()tal
can be acsuired a formulation including a closed _38

liwdsi cimelin it P i maidtietdi NS e S 4P Hi gii
encupsul ation efficiency of 0.07 (drug (nol)/total | ,
tHaitpiids ar( rot)ive whtefbdlsite driud dmafissaarateh oot de 1o
sufficient for a clinical effect. There has not been
pll=efpel tfedk & long time.

Means to Solve the Problems
[0C08]

The inventors of the present invention have made
extensive studies for attaining the above-described
objects. As a result, they have obtained the following
findings: when the remcte lcading method based on an ion
gradient is particularly selected as a drug encapsulation
method for irinotecan and/or a salt thereof in a closed
vesicle (an ion gradient is formed inside/outside the
closed vesicle, and the drug is allowed to permeate thrcocugh
the closed vesicle membrane to introduce the drug)}, the

drug can be eﬁcapsulated at a high concentration, which was



formul ation including a closed vesicle in which
irinotecan and/or a salt thereof is enclosed at such
a concentration and can keep the concentration of
SN-38 (which is an active tabolite of irinotecan
hydrochl oride) in plasma for a long tine.
Accordingly, in order to attain the above- described

ohj ects, .the present .in i - [ - ;
hafﬁhfo?éﬁgevreea?aﬁj&hﬁlj“«%e??ﬁ%%?écéﬁéf‘a?%uﬁgtaid&#g
including a closed vesicle.fo d by a lipid.
meFﬁoﬂhiéﬁ%iFPﬁoF@&Sﬁtlgﬁgﬁoﬁnaggng ﬁﬁe égﬁaggﬁgqq%ane’
~encapsul ated at a concentration of at |east 0.07
impwbiegl codpagefbltPmenBiars ofét BrePeged Wolf. 3 n a
preferabl e aspect, an irinotecan fornulation
connearponatiesettheddr wg tht thecowsartr &hiadn thisglkenaemdration
at least 0.1 nol drug/nol lipid. The average particle
o £S72€ +0fy 1aM Oi-hyidietesaramptomileatino n SOf- 3the (phésdntis an
invention is preferable 0.02 to 250 pm In the

acRh&se e tiaMeantORs iiiriReitecam aRdreichd ocgdlde) tiferdafsma
may be encapsulated in a closed vesicle at a high

y
concentrati - a ﬁ%ﬁq I F re
catoRG %‘gepa‘rr&%hq‘o% n for irrg’lﬁ“%gr adi guof.&ff\gé%%]' (52!;@&1@'ﬁ§er'

i rinotecan farnu [ di 1.0 i '
Chg O o S HATO e AR oAt i i s fEn (ehe Adhote

bet ween the j nner aqueous as
loading method 1is selected, porﬁ%fﬁ%ﬁé%“s'ﬁﬁ%Ti(§ﬂ%t 37°C

and long-term formulation stability at 4°C can be
dramatically improved. Therefore, it has been confirmed
that there can be acquired a formulation including a closed
vesicle in which irinotecan is encapsulated in a high
encupsulation efficiency of 0.07 (drug (mcl) /total lipids
(mel)), which is a drug encapsulation amount sufficient for
a clinical effect. There has not been reported a
formulation including a closed vesicle in which irinotecan
and/or a salt thereof is enclosed at such a concentration
and can keep the concentration of SN-38 (which is an active
metabolite of irinotecan hydrochloride) in plasma for a
long time. Accordingly, in order to attain the above-
described objects, the present invention provides the
following.

[0009]



phase of the closed vesicle. By using the
above-described 1ion gradient, irinotecan and/or a
salt thereof can be incorporated in the closed
vesicle in ionization state at the concentration. (3)
The irinotecan fornul ati on according to the item (2),
in which the ion gradient is a proton concentration 9

gradjent_ having a pH gradi ent, where the val
Phe U b e ih b S b Then Tt S o FeS
the outer aqueous phase. (4) The irinaotecan,

VEOITRA dtq B AdROrd NP 1D THETE N (BRI v P TR
pH gradient is formed by a concentration gradient of

argly @nmeordadm iore el ors erormEhta®d gt gr advergntpatEen of
or gani ¢ conpound havi ng an am no group capabl e of

atheliaxgs torootWhateld/ md=or { dxxagrpicel, /memkb tene aset avhek gpidhencl) .
ammoni um i on concentration in the inner aqueous phase

I's 1 ghefrdharat hataofedhe outerisotecus phaselathene
can be formed a pH gradient where the pH val ue of the

i or HBEOUF: 45 4 sl dhars 4 hen pH Heqin the

out er aqueous phase. [0011] (5) The irinotecan

f.or fi ' t y one of the itens (1) to
lﬁaﬁtw ﬁl vﬁ@cﬁ?ﬁi}j{!&%sle%ls&]eéi cle is a |iposone forned
a_nmenbrane of lipid bila¥erofontainin a

b
o A e e Dl &1 & B e S AL M e oo

ne conponent. Th the item

(5) above, preferable is an aspect in which the q?i&
£ ratbr iR & gt dridh P T S A phosPHOT T P - haRf Figerable U.02 to

250 jm.

In the present invention, irinotecan and/or a salt
thereof may be encapsulated in a closed vesicle at a high
concentration by, for example, the following remcte loading
method using an ion gradient.

[0010]

{2) The irinotecan formulation according to the item
(1}, in which the irinotecan fcrmulation has an icn
gradient between the inner aguecus phase and outer agqueous
phase of the closed vesicle. By using the above-described
ion gradient, irinotecan and/or a salt thereof can be
incorporated in the closed vesicle in ionization state at
the concentration.

(3) The irinotecan formulation according to the item

{2), in which the ion gradient is a proton concentration



a phase transition tenperature of 50C or nore.
Specific preferabl e exanples of the phospholipid

i ncl ude a hydrogenat ed phospholipid and/or a

sphi ngophospholipid. 10 [0Q12] (6) The |iposonme may
further contain a lipid othér than the phospholi pid
and/ or a surface-nodifying agent. As the other I|ipid,

t l f f
3=S i PR BAP Py PG ageRt -ChEI 18 gggrﬁﬁé Bpii 1 Egéggyﬁé?e

derivative. Specific xanpl es of t dr ophi
inpeFyABHEPHE| BHESE bél}@ﬁﬁﬁléﬁén GI? %8§ ﬁ% € outer
nol ecul ar wei ght of 500 to 10, 000 daltons whi ch nmay
agbeoizat pbdaced as a phospholipid or cholestero
derivative. (7) The irinotecan fornulation according
to tihe irhemir(@ptcicrrwiiotnudalty onhe cowtreli ngurtioadd coft tem
the liposone is preferably nodified with a

(3hydraphhliice pekyper giracaenaspeciforinedwbiych goncentration
hydrophi lic pol yner derivative is contained as a

grﬁﬁﬁ%ﬁ%eo%oghfﬁh&%nﬁ%%nﬁon[QQ@3br(§)céﬂc@&@Qﬁ&lbﬂ Wiz ent

I rinotecan fornulation according to the item(6)

7 h f |
o 0% PLSRILALER A, SOMauIA ) Hs v bEshe, LupRbINY:

ace-no I ng agent 1I's al so
be@%ﬁL%&%ﬁ%%ﬁgsﬁL;'Egkié%% Pofet Honkl=gratg (AsFtds 3, 5-
ammonium ion concentration in the inner agueous phase is
higher than that of the outer aquecus phase, there can be
formed a pH gradient where the pH value of the inner
aquecus phase is lower than the pH value of the outer
agueous phase.
[0011]

(5) The irinoctecan formulation according to any one
of the items (1) to (4), in which the closed vesicle is a
liposome formed by a membrane of lipid bilayer containing a
phospholipid as a main membrane component.

In the item (5) above, preferable is an aspect in
which the main membrane component is a phospholipid having
a phase transition temperature of 50°C or more.

Specific preferable examples cof the phospholipid
include a hydrogenated phospholipid and/or a

sphingophospholipid.



di pent adecyl oxybenzam di ne hydrochl oride. [0014] 11
(9) A pharmaceutical conposition, including the
irinotecan fornmul ati on according to any one of the
items (1) to (8). (10) A pigphylactic and/ or
t herapeutic nethod of a diseéase, including
adm ni stering a prophylactically and/or
tgﬁrapeutically ef fective anmount of the irinotecan
{00l at i on according to any one of the itens (1) to
(8 to a host. (11) A nethod of releasing an
ef f ectli B aroRRSBEE THY otddifit ARG SatPiher bt
in a host, including admnistering the irinotecan
t Haor rileatihorsraedarmdichgiitd’ cenye  Sofd asfe el i g (Epettlo
(8) to the host. (12) A nmethod of exposing an
ef f ot itkee aganey lofpidricietlecareand/iov rrsidtal her eof
to a target site, including admnistering the
i i notetanlig nkaip o e cotdi ng tacamodngy ofg taeent
itenms (1) to (8) to the host. Effects of the Invention

1l OQ4R aﬁifhe}dﬂcﬁﬁ{ieﬁacﬂ Sorynd Atdan 44 e prepiedediicn the

present vent'i on encapsul ates irinotecan and/or a

e e L SIRPRR R AT B el one
glg)quu : %éﬁva‘;\é{]gir htrr}o onccejgatrr a'v}e!iog tsucfff iﬁ[ﬁ“&o fl‘H, Fho daltons,
which may be introduced as a phospholipid or cholesterol
derivative.

(7) The irinotecan formulation according to the item
{(6), in which only the ocuter surface of the liposome is
preferably modified with a hydrophilic polymer in an aspect
in which a hydrophilic polymer derivative is contained as a
surface-medifying agent.

[0013]

(8) An aspect in which the irinotecan formulation
according to the item {6) or (7) contains a compound having
a basic functional group as the surface-modifying agent is
aiso preferable.

particularly preferable examples of the compound
having a basic functional group include 3,5-
dipentadecyloxybenzamidine hydrochleoride.

[0014)]



descri bed in Exanples below, an irinotecan formul ation
of the present invention has dramatically inproved
retentivity in blood conpared to a conventionally
known irinotecan |iposone fornulation, so that it can
exist in blood for a |ong riod of time. In
addition, the fornulation has dranmatically inproved
formulatiopn stability at 37C and. | ong- .

f or P afi BRASIEGRN Y2 tCEEPoéﬁgéPlnbegé}%ﬁqp*@lg 5% he
Drawi ngs [0016] [Fig. 1] This is a graph sho 'ng.éhe
irieetipesn( fersasatipny é)CCSFdénEoFﬁ’ulaé?gi 8%%8 elEfated™®

stability test at 37C for the CPT-11 fornul ation
(1prepar@d.in Exanple 1. [Fig. 2] This is a graph

showi ng the results (release rate) of a formulation

accehenapes rsioakillaidty o estd/atr 3hfearmpeutid CCRELhpd of a

formul ation prepared in Exanple 3. [Fig. 3] This is a
4i9Laph  shawingihbe steswlits erGpar & elrepsivaertdkadly and/or

formul ati on accelerated stability test at 37for the
enelpth et 96THLALIGR RLCRALEDUNR BEARPIE i3.irlEicgard]

'S 1s a graph show ng concentrations of irinotecan

hydr.ochl ori_de in.pl a h Rl - drawng 1yt to
fo&%Péﬁ%ﬁﬁPe€FF8ﬁdﬁﬁ9a%¥§§?Eb%ﬁ%efgngﬁgigﬁ%%% gﬁgogﬁﬁ{8)

%Fi . 5] This is a graph show ng the rel ationship
2 péthween the pH val ue of an outer aqueous phase and the

CPT 13 11 encapsul ation etficiengyzé; or the o en .

ci r cildr & srahhaskiad 4Ry ening @D S G S AW £

di agram showi ng anti tunor effect , )
irinotecan and/or a salt thereof in a host, including

administering the irinotecan formulation accerding to any
one of the items (1) to (8) to the host.

(12) A method of exposing an effective amount of
irinotecan and/cr a salt thereof to a target site,
including administering the irinotecan formulation

according to any one of the items (1} to (B} to the host.

Effects of the Invention
[0C15]

An irinotecan formulation to be provided in the
present invention encapsulates irinotecan and/or a salt
thereof in a encupsulated amount of at least 0.C7 (drug
(mol) /total lipids (mol)) and includes the drug at a high

concentration sufficient for a clinical effect. As



of the CPT-11 preparation prepared in Exanple 8 of the
present invention by change of presunptive tunor
volunme wth tine. [Fig. 7] This is a diagram show ng
antitunor effect of the CPJ-11 preparation prepared
in Exanple 8 of the present“invention by change of a
body wei ght of the nouse. [Fig. 8] This is a diagram

showi ng, t.ransitian of the total .CPT-11 cang rati

ST 1P AGERAF S PP R S e a1 oF
Exanple 8. [Fig. 9] This s a diagram show ng .

ther PESSEEN 167 aTHe o1 NS SHsried] Gppreyed retentivity
concentration in blood plasma in a pharnmacokinetics

1 neYederddrerstmrefr atch & CCRT-Ckn vsinepatali loh K WIEX gl eg=an
[Fig. 10] This is a diagramshow ng transition of the

1 1S3 divaentIrsatiicon isv bitedd igl assma éxist in blood for a
phar macoki neti cs experinment of the CPT-11 preparation

1dny Bramle & iy 1h] aBAis ibs, atdieagoamudbowonghas
transition of the SN-38G concentration in blood

dr@n%%r{%ajlﬁf RN IREP K 16k 1GS: 1 Bxpardyrentt piad ey CPTankd
preparation in Exanple 8. [Fig. 12] This is a diagram

showi n I,Ci nphacyie),9f the CPT-11
loﬁlrgepyé%rrgr{ ihﬁgon@%&e%‘ptér%% Sl%%@#&fﬁﬁf 8. [Fig. 13] This

is a diagram showi ng henotoxicity (neutrophil) of the

CPT-11 preparation prepared in Exanple 8. [Fig. 14]

This is a diagram show ng antitunor effect
Brief Description of the [Drawings

[0016]

[Fig. 1] This is a graph showing the results (release
rate) of a formulation accelerated stability test at 37°C
for the CPT-11 formulation prepared in Example 1.

[Fig. 2] This is a graph showing the results (release
rate) of a formulation accelerated stability test at 37°%for
the CPT-11 formulation prepared in Example 3.

[Fig. 3] This is a graph showing the results
(particle size) of a formulation accelerated stability test
at 37°for the CPT-11 formulation prepared in Example 3.

[Fig. 4] This is a graph showing concentrations of
irinotecan hydrochloride in plasma at each blood-drawing
time after injection in a test on retentivity in blood.

[Fig. 5] This is a graph showing the relationship

between the pH value of an cuter aqueous phase and the CPT-



of the CPT-11 preparation prepared in Exanple 9 by
change of presunptive tunor volunme with tine. [Fig.
15] This is a diagram showi ng antitunor effect of the
CPT-11 preparation prepared_in Exanple 9 by change of
a body wei ght of the nouse. ?Fig. 16] This is a
di agram showi ng transition of the total CPT-11
concentr tlon |n .0ad Ias har macaki net.i c
116)(?[5]&81 ypr rﬁgaro OI,E)er]EXClrﬁ)Ciuel Sform
[Fig. 17] ThIS |s a dlagran1shomnng transition of the
exiisgdseme-atéicedsed CPT-11 concentration in bl ood plasma
in a pharmacokinetics experinent of the CPT-11
pr epdtiati dnl i AhiBxaspke dd agfrRing She@linBhies tilg uamodi ggiamt
showi ng transition of the SN 38 concentration in
ofbkoed qHTadTA dreras zhdrorReokdmeetddcsin experdleerit of thee
CPT-11 preparation in Exanple 9. [Fig. 19] This is a

prédis@gfi-anshowing twarsidden of dheurPtid@Gtumor volume
concentration in blood plasnma in a pharmacokinetics

expenipent of the CPT-11 preparation in Exanple 9. 15
Wl[)éig 20] This is a diagram showi ng antitunor effect

LR A, B

|s a dl%g&ﬁﬂ1shOMAn é_antltum)r %aé] Eﬁﬁﬂp%ﬁ1 %}
%ﬂﬁﬁ%} e

|n Exanple 10 [Fig. 22] ThIS IS a dlagran1shomn g
pPressEdi tilgiegfigqhey charge of a body welght of the mouse.

[Fig. 8] This is a diagram showing transition cf the
total CPT-11 concentration in bleood plasma in a
pharmacokinetics experiment in Example 8.

[Fig. 9] This is a diagram showing transition of the
liposome-released CPT-11 concentration in blcood plasma in a
pharmacckinetics experiment of the CPT-11 preparaticn in
Example 8.

[Fig. 10] This is a diagram showing transition of the
SN-38 concentraticn in blecod plasma in a pharmacokinetics
experiment of the CPT-11 preparation in Example 8.

[Fig. 11} This is a diagram showing transition of the
SN-38G concentration in blced plasma in a pharmacokinetics
experiment of the CPT-11 preparation in Example 8.

[Fig. 12] This is a diagram showing hemotoxicity

(lymphocyte) of the CPT-11 preparation prepared in Example




O CPT-11 concentration in blood plasm in a

phar macoki netics experinent of the CPT-11 preparation
in Exanple 10. [Fig. 23] This is a diagram show ng
transition of the SN 38 corgentration in blood plasnma
i n a pharnmacokinetics experrnent of the CPT-11
preparation in Exanple 10. [Fig. 24] This is a diagram
showi ng transition of the SN 38G concentration in

8-bl ood pl asma in a pharmacokinetics experinent of the
CPT-11 preparation in Exanple 10. [Fi,g. 25 his i.s. a
diadﬁ&@fﬂkﬁﬁnahﬂﬁaﬁ§i?igﬁaSFaWhéhgﬁﬁgglﬁe%OIOXlC£%y
concentration in tunors in a pharmacokinetics

(nexpecipiedt) off tdhe CPT-IL prEparation Bfspehtsi endrample
[Fig. 26] This is a diagramshow ng transition of the

8.SN-38 concentration in tunors in a pharnmacokinetics
experiment of the CPT-11 preparation in Exanple 10.
[ Fi grpi2y] 1Y s The saidi agramgshawishgwinansintianmofr tHéect
SN 38G concentration in tunors in a pharnmacokinetics

Nty jof X SRl 150N HatrpXa D &yl Ghakfye

Of‘[eéﬁ)%.r d%] 1T1hipsrtéi%§arg%-(%ogér%m show ng ant in?&rmr ef%ecta}ﬁg
f the CPT-11 preparat, - ige, of presunptive

of) BHSE U TR (e tgjhmo 0 [Fg 29] This
is a diagram show ng antitunor _effect, of th -
prepH?%Pi&ﬁ”byTgﬁﬁngé gfd&aﬁgaglﬁepaﬁpganFﬁeugﬁgh%éfeCt
in Exa@ple 12. Best Mbde for Carryjna%égé&the

ofl mPentGEGT 1 | COFAR 1 M At SR T he b 19 mdht igHnge
will be described

of a body weight of the mouse.

[Fig. 16] This is a diagram showing transition of the
total CPT-11 concentration in blood plasma in a
pharmacckinetics experiment of the CPT-11 preparation in
Example 9.

[Fig. 17] This is a diagram showing transition of the
liposome-released CPT-11 concentration in blood plasma in a
pharmacckinetics experiment of the CPT-11 preparation in
Example 9.

[Fig. 18] This is a diagram showing transition of the
SN-38 concentration in blood plasma in a pharmacokinetics
experiment of the CPT-11 preparation in Example 9.

[Fig. 19] This is & diagram showing transition of the
SN-28G concentration in blood plasma in a pharmacokinetics

experiment of the CPT-11 preparaticn in Example 9.




in nore detail. Irinotecan is a conpound which has a
canptothecin skeleton and is represented by a
chem cal nanme of (+)-(4S)-
4, 11-di et hyl - 4- hydr oxy-9-[ (4- pi peri di no-
piperidino)carbonyloxy]-lHjﬁyrano[S',4':6,7]indo|izino
[I,Z[ b]qﬁinoILn-3,14(4H,12FD-dione. I ri notecan and/ or
a salt thereof. is an antineopl astic.agent, and is a
wat ef+8ol 4Bl e T%h%s%%n%eéhﬁ%ﬁg%ssgp%§% o%%?%??%%rs%F¥eCt
(irinotecanHC (hydrochl oride)) shown below In the
cf pkheeRPT-speprtPeattoAn PHechapaf" Pfi REEEERATANE/ SHTEY
salt thereof" is sonetines referred to as
volumenetiebanimer ihdEughpleMe8awhi l e, the term
"irinotecan hydrochloride salt" is sonetines referred
to agigiriznot etians hydrachl ogtae" sloowidi@PIailtumd? effect
[0018] [Chemical Fornmula 1] CA O CNCN, ro O HC .3H0

ofStha~chbrM o pHOBar&2ken LQOiBhndhecpr asepllyi ReeghicoBf the
provides an irinotecan fornulation that includes a

moﬁggagg ﬁggﬁghg ggarrier) fornmed by a lipid menbrane,

I'n Ich t above-described irinotecan and/or a salt
theﬁggg.iiz?nC?gfglfgeg égagrg&gghowing transition of the

CPT-11 concentration in blood plasma in a pharmacokinetics

experiment of the CPT-11 preparation in Example 10.

[Fig. 23] This is a diagram showing transition of the
SN-38 concentration in blood plasma in a pharmacokinetics
experiment of the CPT-11 preparation in Example 10.

[Fig. 24] This is a diagram showing transition of the
SN-38G concentration in blood plasma in a pharmacokinetics
experiment of the CPT-11 preparation in Example 10.

[Fig. 25] This is a diagram showing transition of the
CPT-11 concentration in tumcrs in a pharmacokinetics
experiment of the CPT-11 preparation in Example 10.

[Fig. 26] This is a diagram showing transition of the
SN-38 concentration in tumors in a pharmacokinetics
experiment cf the CPT-11 preparation in Example 10.

[Fig. 27] This is a diagram showing transition of the

SN-38G concentration in tumors in a pharmacokinetics

experiment of the CPT-11 preparation in Example 10.




encupsul ation efficiency of 0.07 nol/nol (drug

nmol / menbrane total lipid nol) or nore. The cl osed
vesicle is not particularly limted and nay be in
various forns as long as it_has a structure capable
of enclosing a drug. There y be enpl oyed a
Iiposone Iipid m cr osphere, nanoparticle or the

enca sé?at Pern a

concentratlon O those, artlcularl preferab
Off G FATILe HESRAHE 1 1050 P At Ha s Ui cr LT

wi |l be nmade taking as an exanple an aspect in which
vod vaer Miidh dfimen diny iBretedlen 14.or nul ation of the present

invention is a particularly preferable |iposone. 18

[ 0020L.cA |dPjosThe si § scanpldasgeaof sacwemr ané iafumor effect

phosphol i pid bilayer and is a closed vesicle that has
ofa tSier WHiruie Frypang idrs paceseRyy alfed o theight of the

outside area via the nenbrane that is forned based on
mcR@al rChalacher s.0f  hydrophobi ¢ groups and

hydrophilic groups of the lipid, and an aqueous phase

(i nner aqueous phase) was included in the vesicle

space A liposone formulation is formed using the

i,p por at i as_a.carrier. The

Basﬁh%@ﬁﬁbﬁﬂﬁ g5r§¥%PQQ§q% ggﬁbgﬁeﬁpt&ﬁ "a bi omenbrane

and i s an anphi pat hi c substance, and the nolecul e has

[09*\dr ophobi ¢ group conposed of a |ong-chain alkyl

roup and a hydrophilic group conmposed of a phosphate
J gérelnaftg&, é%e preé%nt %nvégllon will g% dé;crlbed

e g ?ﬁés g%hgnhﬁgbrg%n% wqR%a%%%H%umor effect

in more detail.

Irinotecan i1s a compound which has & camptothecin
skeleton and is represented by a chemical name of (+)-(48)-
4,11-diethyl-4-hydroxy-9-1 (4-piperidino-
piperidino) carbonyloxy]l-1H-pyrano([3’,47:6,7]indelizinc[1, 2-
blquinolin-3,14 (4H,12H})-dicne. Irinotecan and/or a salt
thereof is an antineoplastic agent and is a water-soluble
substance used as a hydrochloride salt (irinotecan-HC1l
(hydrochloride)) shown below. In the present
specification, the term “irinotecan and/or a salt thereof”
is sometimes referred to as “irinotecan” or “drug”.
Meanwhile, the term “irinotecan hydrochloride salt” is

sometimes referred to as “irinotecan hydrochloride” or

“CPT-117.




group. Exanpl es of the phospholipid include
phosphati dyl choline (= lecithin),
phosphati dyl gl ycerol, phosphatidic acid, phosphati dyl
et hanol am ne, phosphati dyl seri ne,
phosphati dyl i nositol, and al’sphi ngophosphol i pid such
as sphingonyelin, a natural or synthetic phospholipid
such as cardiolipin or a derivative thereof, and a
“gUﬁHound t hat has been hydrogenated in accordance

with a conventional nmethod. Hereinafter, the term
"phospratipi d"Fesnsbietl mes referred to as
phosphol i pi ds for enconpassing those. O those,

er abl re a hydrogenat@gHphosph& i pid 19 such as

onent;
various speci efQof phesphel i By ained.
[0021] In a liposone, a pHSsphoIipio h 'ng\aO hase
transition tenperature higher than a Bédy te sat ur e
(35 to 37C) is preferably used as a nmai n nenbrane

[c@argonent so as not to easily |eak an encapsul ated
drug during a storage period or in a body such as

bl ood,e MyraQuar ,iaxnemeor@%ﬁovﬂ{edm?gfﬁ% é}gaéuch a

| i posong, It Is sonetines expose _
f c{r?nm%rtq_to r ec hta ary ntcrl% dbeosd ya ]t‘cel seer tc}}jers%é: l-léh a(tc a :c' rSl’ e rt' ) h ef ormed
I posone I e under a

I'S SOFTEJT S manufacture

L e
byt %”H‘?_'@%td” rmee m orr!alcrill et ,I oir;l %fh iacl?uo l@h e5 %bt o% J.%% s cf rerb eecf( anpl e,

irinotecan and/or a salt thereof is encapsulated in a high
encupsulation efficiency of 0.07 mol/mol (drug mcl/membrane
total lipid mol)} or more.

The closed vesicle is not particularly limited and
may be in various forms as long as it has a structure
capablie of enclosing a drug. There may be employed a
liposcome, lipid microsphere, nanoparticle, or the like,
which has a potential function capable of encapsulating the
drug therein at a high concentraticon. ©f those, a
particularly preferable form example is the liposome.

Hereinafter, descripticn will be made taking as an
example an aspect in which a carrier of an irinotecan
formulation of the present invention is a particularly

preferable liposcme.



approxi mately 60C, and the heat effect on the |liposone
formation i ncreases, so that a main nenbrane conponent
havi ng a phase transition tenperature higher than
those tenperatures is part'gularly preferably used.
Specifically, the main nenbrane conponent is
preferably a phospholipid having a phase transition
Hﬁﬁﬂﬂerature of 50C or higher. [0022] The |iposone
nmay ‘cont ai n ot her nenbrane conponent 20 together with
t he above-descrj bed nmain rane conponeni. . For .
exarfpl EPIIOTR bt e‘f%?%%?%gf‘{gta aF "Freo*lc&i’ﬁ%?%ojalpld
lipid other than a phospholipid or a derivative
biliggiegofand Het & ridfassd wohistlsddateflers ed o st Wither
lipids), and the nenbrane is formed of a mxed lipid
farggetcher spade tdwpa abomee-Tesc ritee dyploksphal iqe diialhshe
term"lipid other than a phospholipid" neans a |ipid
melitata s e thyidy ophoehi € Hgreup Gomosed @famadeng @i n
al kyl group or the like in its nol ecule and contains

h 2 o dHSRN Al O Whd hjdigmlecul &qdpamt asd hergof, ang

include, but are not particularly limted to,

anglaﬁﬁﬁg éeol (q_g"ner_? e.déé?)?%leﬁzq%le%eqi %Sas alr}g:l cﬁ&liﬁd the

such as chol ester ow as a stabilizing

agent), and a deri.vative _.thereof .such as a :
v SRRy plodibe kR au T8t e L seRorESRePSing the
derivative include stero|ls each having a
L BPEI98]5e iR RARAIpHE &t H h € S ith § @ T Sspeci f i ¢
exanpl es thereof include, but are not particularly
| i mihed tRdiospholipid” 1s a main component of a

biomembrane and is an amphipathic substance, and the
molecule has a hydrophobic group composed of a long-chain
alkyl group and a hydrophilic group composed of a phosphate
group. Examples of the phospholipid include
phosphatidylcholine (= lecithin), phosphatidylglycercl,
phosphatidic acid, phosphatidyl ethancolamine,
phesphatidylserine, phosphatidylinositol, and a
sphingophospholipid such as sphingomyelin, a natural or
synthetic phospholipid such as cardiolipin or a derivative
therecf, and a compound that has been hydrogenated in
accordance with a conventional method. Hereinafter, the
term “phospholipid” is sometimes referred to as

phospholipids for encompassing those.

0Of those, preferable are a hydrogenated phospholipid




chol esterol. The mxed lipid may contain a single
species or various species of the other |ipids. The
rel ease rate of the irinotecan forrmulation in plasnm
can be regul ated by the anobunt of chol esterol. For
decreasing the release ratelfo a low |l evel, the
formul ation contains cholesterol in an anount of

referably O to 20 21 nmol% while for jncreasin the
eaa%élif%?%g?rbatae%wbﬁ%‘%&m%@?@?%@%@%‘ﬂw SPC)

contai ns cholesterol in an anmount of 30 to 50 nol %

s viefagret im0 3 50rmdl Yhe [D023] A |iposone in the
present invention nmay naintain the above-described
menbkane rsd fuctemerdngetdreponeith, tdes abple- sgeste s bed
menbrane-formng lipid and may contain other nenbrane

preymaTendi € apabler tfu Hedg: contaf nethdghd pidd PRSP MR
wi t hout departing fromthe objects of the present

cdiremdon. Exanpl es of the other menbrane conponent
i nclude a surface-nodifying agent for providing an

“knﬁsnded characteristic to a carrier nenbrane

conmponent by changing a Iipid physi cal property

Exa Ies f the surface- ent i ncl ude, but
oo Tou® PR TS 15 N IRAG T A Gt ance,
a derivative of a hydrophlllc pol yner, a derivative

£ 1560 S S AT re SRR T oI Atchamade @ RadlY tiRRgyature (35

[0024] Exanpl es of the charged substances include,
tPR7 4f)e 1s preferably used as a main membrane component 50

as not to easily leak an encapsulated drug during a storage
period or in a body such as blcod. Moreover, in the case
of manufacturing such a liposome, it is sometimes exposed
to a higher temperature than the body temperature. That
is, the liposome is sometimes manufactured under a
temperature condition of about 50 to 70°C, for example,
approximately 60°C, and the heat effect on the liposome
formation increases, so that a main membrane component
having a phase transition temperature higher than those
temperatures 1is particularly preferably used.
Specifically, the main membrane component is preferably a
phospholipid having a phase transition temperature of 50°C
or higher.

[0C22]

The liposome may contain cther membrane component




not particularly limted to, a conpound having a basic
functional group such as an am no group, am dino
group, or guanidino group; a conpound havi ng an
acidic functional group; and the |ike. Exanples of

t he basi c conmpound i ncl ude MA 22 disclosed in JP
61-161246 A, DOTAP di sclosed in JP 05- 508626 A,

tob% 3%%5%3%%;%%%05 %%%gb%f%%}%%ﬁ?%%%%ﬁm%mﬂpg%é component.

3, 5-di pent adecyl oxybenzam._di n hydr.achl ori de .
Fodj §&pE9aE i A WOSO FLEIEE6 P 1en G e 3 iHREOSORG COMHAIPE 2
Tf xTM 50, DDAB, DC-CHOL, and DWVRI E. Exanpl es of the
1ipdrp el rhaviamg at pacseindild Plener enadlerigieddy s ddiarget
a fatty acid such as oleic acid, stearic acid;
(hgardhiadsicades sharitriges aldferasidd tsuels ashgandliipdsisde and
GWVL and gangli oside GvB; an acidic am no aci d-based

theUrkatirant SUchcamel aGyla- hrigledt aigie], tan@ttle iikér the
[0025] In the case that the above-descri bed charged

apSHRSLRARCE il A pHURSHE§ 1idnc! udi ng a conpound having a
basi c functional group binding to a lipid, it is

referre \ iani i.pi ls5i i de i
of 1S dﬁ@ar%? ones ?QFH& iztgldasr{ éﬁipﬁozs ilnlpgmfli p'ﬂ%dﬁsy :
bi.l ayer of a _|Iiposone, and the basic functijonal, grol .

e o B e Y S TR e A5 e BIHeR, G tna Hioptain
bi | .ayer of the carrier  (on the outer nenbrane surface

A 1dHd GO O e Fertir dtS TEHEFEES) “0b ORI eatiRo

of the nenbrane with a cationized |ipid enables
phempascemamoust ladidesi vedessiler t hgampkes thereof include,

but are not particularly limited to, glyceroglycolipids,
sphingoglycolipids, and sterols such as cholesterol
(described below as a stabilizing agent), and a derivative
thereof such as a hydrogenated product. Examples of the
cholesterol derivative include sterols each having a
cyclopentanchydrophenanthrene ring, and specific examples
thereof include, but are not particularly limited to,
cholestercl.

The mixed lipid may contain a single species or
variocus species of the other lipids.

The release rate of the irinotecan formulation in
plasma can be regulated by the amount of cholestercl. For

decreasing the release rate to a low level, the formulation

contains cholestercl in an amount of preferably 0 to 20




between the |iposone nenbrane and the cell. [0026]
Exanpl es of wat er-sol ubl e pol ysaccharides include, 23
but are not particularly limted to, water-soluble
pol ysacchari des such as glugironic acid, sialic acid,
dextran, pullulan, anylose, “anyl opectin, chitosan,
nannan cycl odextrin, pectin, and carrageenan. An
e .of wat er - sol ubl accharide derivative
RS R ol T A S ah e et RSO0 A el s ot
hydrophlllc pol ymers include, but are not
lygdti dieard g At t@n%r%tmje@%eg’i%dﬁ? 3 @rqunt of
pol yvi nyl al cohol, styrene-nmal ei c anhydri de
3Galttce radhttionlgs , mﬁﬁ%ﬁiﬁéfrl,y A Wity >eters mal ei ¢ anhydri de
alternating copolyner, polyvinyl pyrrolidone,
[g@ad3ivi nyl net hyl ether, polyvinyl nethyl oxazoline,
pol yet hyl oxazoline, polyhydroxypropyl oxazoli ne,

pol yhyditoxydmopyd t Heetdacs o @ esn Podry et hagd yh e dleghe
polydinethyl acryl am de, pol yhydr oxypr opyl

Kad dﬁ%ﬁ@gﬁg‘Bﬁ@ﬂéﬁﬂréuﬁdﬁéﬂﬁér with the above-

hydroxynethyl ceI ul ose, hydroxyethyl cellul ose,

AR DRI o
[g%g%rcfﬁmgfq%}genﬁg %ﬁ%ﬁ%ﬂ%& osome par |culetr

structure. That is, it is
liposcme without departlng from the objects of the present

invention. Examples of the other membrane component
include a surface-modifying agent for providing an intended
characteristic to a carrier membrane component by changing
a lipid physical property. Examples of the surface-
medifying agent include, but are nct particularly limited
to, a charged substance, a derivative of a hydrophilic
polymer, a derivative of a water-scoluble polysaccharide,
and the like.

[0024]

Examples of the charged substances include, but are
not particularly limited to, a compcund having a basic
functicnal group such as an aminc group, amidino group, or
guanidino group; a compound having an acidic functional
group; and the like.

Examples of the basic compound include DOTMA




preferable that the hydrophilic polynmer to be used for
24 nodification includes a nain body noiety of the
hydrophilic polymer and a structural noiety for
nodi fying a |iposone. In t? case that the structure
is a hydrophobic noiety suc as a lipid, the main
body noi ety of the hydrophilic polynmer is fixed so as
t o ,project f 0 Si rf. t.
Chf‘]ﬁ%%sscﬁJ r?gcilnn dtrlﬁerE ]T :)h rén:%@te%%ﬂ "t h@h@% r%lgschcglbog:ednoﬁhgtglp iOs5
inserted in the |ipospone nenbrane, ' ' c
Shere Pt i BT ARG T O AL T GG A ghodps
capabl e of binding covalently to a |iposonme nenbrane
G igathpasehtn (e O 4Taitd By mol Sy BT RS AR O PR A L ine
polynmer is fixed so as to project fromon the outside
hysindfcades rofde bl 94 posaihnel oW 9 ool @t asshdhe laike, salt,
| i posome nenbrane conponent such as a phospholipid
DO Ss At xaM-tie anzrs,deSIHEGe aofd tMRIHE . posone.
Hereinafter, there will next be described a
hy dreghghi &s compaundedp dendised, fof drf Mddec functional
hydrophilic pol ymer-hydrophobi ¢ pol ynmer conpound by a
g it 13 BB Ny DAY, TRieY Yo Rfh & hIORNIdd 61 P B 1.c
The hydrophobi c conmpound is not particularly Iimted.
\npJ es._-t.her.eof. i . . Vi o
A ooB et g SR oD & ot e gnghiosdae
f the hydr.ophobjc ompound i ncl ude: a phosphol i pid
CMIn@rst qjilﬁsdldseu&@as ATkt 15 r?é‘ilnroorafﬁjéf'ﬁ%a)?ee&f)
i pid descri bed below, a |ong- chain aliphatic

SUd nt FUALy G ithe Ty HA @edteer ;2nsh s Like.
[0025]

In the case that the above-described charged
substance is a substance including a compound having a
basic functional group binding to a lipid, it is referred
to as a cationized lipid. The lipid moiety of the
cationized lipid is stabilized in a lipid bilayer of a
liposome, and the basic functional group mcoiety may exist
on the membrane surface of the lipid bilayer of the carrier
{(on the outer membrane surface and/or on the inner membrane
surface). Modification of the membrane with a cationized
lipid enables enhancement of adhesiveness or the like
between the liposome membrane and the cell.

[0CZe]

Examples of water-soluble polysaccharides include,




the like. O those, a phospholipid is a preferable
aspect. Further, the hydrophobi c conpound nay have a
reactive functional group. A bond forned by the
reactive functional group i% desirably a coval ent
bond, and specific exanples2 t hereof include, but are
not particularly limted to, an am de bond, ester
er_bond ulfide bond, or disulfide bond. An
BT LUHSEE T 1Y (T pEt pron 15 P T 550 HeR1 ¢ abl y
a saturated fatty acid. The chain length of the acyl
PLREIFTE TR deds § aDlS A e HoraE Hési $ bt i A%l do
Cl18. Exanples of the aryl chain include dipalmtoyl,
defitstagar a3 L 1 akah padmy Y @38 stavay oybectAliphosiphiob $ i d mannan,
not particularly limted. For exanple, as the
cyshasihal 4 ipi d, pddieire, nayd bes tisefk anen havinn@xatple of a
functional group capable of reacting with the
watedr-ophidd e ol ydeFchagpeed fd<r exarmplesi il sed @ ycolipid
phosphol i pid having a functional group capabl e of
o €ad ing. M th a hydrophilic polymer include
phosphati dyl ethanol am ne having am no groups,
[ phati dyl gl ycerol having hydroxy groups, and
phosphati dyl seri ne havi ng carboxy groups. It is a

pref erabl e as t that the above-described
PhoSHI T O Rt RAHOTRIN es (20 LIRE S ATHy thSpni T aze not
pol ymer-1ipid derivative is conposed of the
Pagpohretdader i ldd YRAIrSphiRd & Pa1%Afsre fH 9% i diicrhe 26
conbi nation of the above-descri bed hydrophilic polymer
podnyy invilpiad- dahadot SFarnaranimaleid iarihvsty 1 dde pdridi mgp tamg
t he
copclymer, divinyl ether-maleic anhydride alternating

ond, et
béﬁaﬁf?ﬂﬁﬁ

copclymer, polyvinyl pyrrolidone, polyvinyl methyl ether,
polyvinyl methyl oxazoline, polyethyl cxazoline,
polyhydroxzypropyl oxazcline, polyvhydroxypropyl
methacrylamide, poclymethacrylamide, polydimethyl
acrylamide, polyhydroxypropyl methacrylate,
polyhydrcxyethyl acrylate, hydrcecxymethyl cellulose,
hydroxyethyl cellulcse, poclyasparto amide, and synthetic
polyamino acid.
(0028}

The hydrophilic polymer preferably has a structure
for modifying a lipesome. In particular, cone end of the
polymer chain preferably has the structure. That is, it is

preferable that the hydrophilic polymer to be used for



pur pose, an appropriate conbination may be enpl oyed.
Exanpl es thereof include a hydrophilic polyner
derivative formed by binding at | east one sel ected
froma phospholipid, other lipids such as sterol,
| ong-chain aliphatic al cohdf, and glycerine fatty
acid ester to at |east one selected fromPEG PG and
PPG. Specific _exanples thereof include N
moﬁdﬁ;}&)@;ﬁr}%w%dﬁr% I Gost MU Y, 4% fihg pydrophilic
preferabl e aspect that, in the case where the
PoRyEEsplRing ¢ pFolapaiusasl mstiygdnhiahaqfiyfsoling PEG)Lpospme -
phosphol i pid or cholesterol is selected as a lipid.
InExaueploes coft hep tPEGH igdimhadermievats ve Myolnoathdbl sustiety such
conbi nation include a PEG phospholipid derivative or a
2 sPEGLighal, estrer alaideomt imed.ethoro ft thehydrdapipHiildc polymer
polymer-1ipid derivative, a positively, negatively,
150710 1) |35 ahanged derinvaid v M paseledaddie of
selecting the lipid.” For exanple, in the case where

SRE | ! piod. e iy J8Id VRl ME, |
the[gxﬁ?lgio%g%g ﬁglggtﬁe\?zf cdartgfgctby}: the yé% ct of phloes haiLtSe
._groups, .while i.n the case ere chol.esterol, _,is
LrSEEEEted s B B TS TR d dert VAt v Gl BIAE §ReTe
neutral charge. The lipid may be sel ected depen?ing %p
Ehen& LS 127 PR AWSar NG g o PiEER & 1o

particularly limted. Generally, the nolecul ar weight
bigdipEGacy SHEE tly 1@ GO0 LFeaen Femprerne ssMPonegdo ttdie

7,000 daltons, and nore preferably 2,000 to 5,000
madal oy, moiety of the hydrophilic poiymer is fixed so as
te preject from on the ocutside surface ¢f the liposome by a
covalent bond to a liposome membrane component such as a
phospholipid exposed on the outside surface of the
lipcsome.

Hereinafter, there will next be described a
hydrophobic compound to ke used for forming a hydrophilic
pelymer-hydrophobic polymer compound by a bond to a main
body moiety of a hydrophilic polymer.

The hydrophcobic compound is not particularly limited.
Examples thereof include a compound having a hydropheobic
region (hydrophobic compound). Examples of the hydrophobic
compound include: a phospholipid and other lipid such as

stercl that form a mixed lipid described belcw; a long-

chain aliphatic alcohol; a glycerine fatty acid ester; and



Mol ecul ar weight of PGis not particularly limted.

In general, the nol ecular weight of PGis 100 to
10,000 daltons, preferably 200 to 7,000 daltons, and
nore preferably 400 to 5,02? dal tons. Mol ecul ar

wei ght of PPGis not particttarly Iimted. GCenerally,
t he nol ecul ar wei ght of PPGis 100 to 10,000 daltons,

pref.erably _200 to 7,000 daltons, .and nore referab
el GGt BE000°88! ( BnHoEPhERogee" A pPePErSRFEPSEpaET et
I s a PEG phospholipid derivative. Exanples of the
Fupthegho $hifo INYSiTe PR WratGore © Uinse Midde D5oley ét Kpéid ve
gl ycol - di st ear oyl - phosphati dyl et hanol am ne
fupPEGODSRER roupEG BSPEnfsfpreedr bl ehbesaastive fipcgional
gener al - pur pose conpound and is easily avail able. The

graheve=sdescriiraed yhydroephillene pelnyireambpypeeidded exanples
singly or two or nore of the polymers nmay be used in

tneeBbifNahicamdeSUEhta sedrerhidaire ipeyrar- hiiplided to, an
derivative may be manufactured by a conventionally

amfBQWR BL had + Exanples @h e 2 Blnod afr s$enihesy, Zipg a
PEG phosphol i pid derivative that  is a exanple of the

. itic polyner-lipid derivative 28 include a
dl%éﬂﬁgggokoggécting PEG with a phospholipid having a

functi onal roup capabl e of, reacting with PEG using a

e VG A e N e S g iRl S Lo Rk A

chl oride, carbodiinde, acid anhydride, and
deéPGﬁQ#éléeﬁﬁ&é?at?ﬁef§66Veﬁ&é§criE@ﬁ Fhﬁé?ibﬁ%ﬁt@r6§pthe

is allowed to covalently bind to PEG by such a
aciydachigdn, Lo delsdrebyvyiCel o Czo, more desirably Cie to

Cis. Examples of the acyl chain include dipalmitoyl,
distearcyl, and palmitoylstearoyl.

A phospholipid is not particularly limited. For
example, as the phospholipid, there may be used one having
a functional group capable of reacting with the hydrophilic
polymer. Specific examples ¢f such a phospholipid having a
functional group capable of reacting with a hydrophilic
polymer include phosphatidyl ethanolamine having amino
groups, phosphatidylglycercl having hydroxy groups, and
phosphatidylserine having carboxy groups. It is a
preferable aspect that the above-described phosphatidyl
ethanolamine is used.

A hydrophilic polymer-lipid derivative 1is composed of

the above-described hydrophilic polymer and lipid. The




a PEG phospholipid derivative. In a |liposone that has
been subjected to a surface nodification by using
such a hydrophilic polyner-lipid derivative, when the
adsor ption of an opsonin prgtein or the like in

pl asma on the |iposone surf Be is prevented, the

i posone stability in blood is enhanced, capture by

oo TS YO G e BV ALY S0 ane

.may be enhanced. [0029] The nodified ratio of a
Lipdgbrign@ati pag tdcotlar 4y il cesl t RerspeveddescriFed
hydrophilic polyner-lipid derivative is, as a rate to
Puirive Se migwa @ HLiopird 2 tge memil ing tg.on ma2@e mlkoyed.
preferably 0.1 to 5 nol % nore preferably 0.5 to 5
Expmi%oe sNathe: rielreft 1ol dee sprgseniphinvientdodiymetrheldrermt ive
“total lipids" neans total lipids form ng a nenbrane

footlRer Hyhan ndivdl eRhildaG thAndilldpicd dafdnvat i ve.
Specifically, it includes phospholipids and ot her

phloislf)ih%si igi'ElCl %‘h%g; %_%pi%_()ls@ﬁ‘the QA st efrlérlt,hq_ror‘lignfcll'f&%xs a

surface-nodi fying agent in the case whére the

23451855 TG00 06T, L 1R 15 WAL I o

y I's’inclu oes not

i ncl ude a phosphol. pi d ch h fidyl o
Lo DA ele RS, SBPTh o e Eh 0P Mty aSPRGH G i n
the hydrophilic palynmer-1lipid derivative. [0030] 1In
exﬁﬁ@lﬁﬁe§@ﬁFqcﬁVé@FﬂGﬁF @i@&%ﬁ%?ﬂﬁﬁﬂ&%&ﬁ@e alkyl, in

particular, it is a preferable aspect that, in the case
where the hydrophilic polymer is polyethylene glyceol (PEG),
a phospholipid or cholesterol is selected as a lipid.
Examples of a PEG-lipid derivative formed by such a
combination include a PEG-phospholipid derivative or a PEG-
cholesterol derivative.

For the hydrophilic polymer-lipid derivative, a
positively, negatively, or neutrally charged derivative may
be selected by selecting the lipid. For example, in the
case where DSPE is selected as a lipid, the lipid
derivative exhibits a negative charge by the effect of
phosphate groups, while in the case where cheoclesterol is
selected as a lipid, the lipid derivative exhibits a
neutral charge. The lipid may be selected depending on the

purpose.



nodi fication by the above-described hydrophilic
polynmer- |ipid derivative (PEG PE) may be perforned by
di stributing a hydrophilic polyner (PEG in both of
the inside and outside of ge lipid menbrane
(bilayer), or by distributi selectively in the
out si de nenbrane. Specifically, in preparation of a
lip formul ati.on d Lbed bel ow, the . liposone.
ey TBe TR et P WK TS o I DOSOME FEr W gty 11 pratec
and PEG PE uniformy (pre-introduction). The PEG PE
G%%}irnﬁ%%&&#@f W1 gois drie® i s> Ftnel by 00
conventional method using a m xed |ipid obtained by
deibanfy RURL940sbe-F8 Mg 19U o ldomsad Mg wre
PEG PE (post- introcuction), but particularly
prgrfefrertdht € i) G td godulie ddldrared by perform ng
sel ective surface nodification of only the outer
| ayeqo nfcd her I chtvernbramnel ©fndd |myeri dyr aogi Timinged.
t he menbrane surface with a hydrophilic polynmer from
Tri RRreutSi deraf tey: dermENgaHnmxdidd ed higpesame. 3G oo
conposed of the lipid bilayer (post-introduction). In
Hhi c f i ld WIS i
dadlgroﬁl\?ét ?J\S/%flég?%g d é%ﬁ tgjo%cﬂq‘?oy?%gl agerit ail‘}lor more
i ntroduci hydr il ol ymer, the hydrophilic
prﬁolefr?eﬁynorh?)e fc%/%’(r%r)gllmntdaaﬁr%&ls?{n a state that it
projects toward the outside, and the lipid nojety,
i &1 HE A ARSI RRGLYE R AT A WeF 1 Timi ted.
stable state by entering into the lipid bilayer
Comemsridite dhe Mpesone s, vd Ahatcd RiGe icad e Forkted ¥
| i posome having the outside |ayer surface of the
dalliting ,bir rapferr adml Wi ldh ttiche , d9iddeghidrisc goldy mgrre
binding to the lipid exists and is
preferably 1,000 to 5,000 daltons.

Of those, a preferable aspect is a PEG-phospholipid
derivative. Examples of the PEG-phospholipid derivative
include polyethylene glycol-distearcyl-phosphatidyl
ethanolamine (PEG-DSPE). PEG-DSPE is preferable because it
is a general-purpose compound and is easily available.

The above-described hydrophilic polymer may be used
singly or two or more of the polymers may be used in
combination.

Such a hydrophilic polymer-lipid derivative may be
manufactured by a conventionally known method. Examples of
a method of synthesizing a PEG-phospholipid derivative that

is a example of the hydrophilic polymer-lipid derivative




di stributed. [0031] After a |iposone formation step,
destabi |l i zati on such as aggregation occurs in the

| i posone depending on the tenperature or tine. Such
destabilization is different according to the

l'i posone |ipid conposition,zgo that the tenperature
or tinme is knomn to be different according to the

. lipid conp tio r.der |d th

ln&éﬁ?ﬁb@l@? &hé 3 l@@f#&@% gc@op CRENCd Eg having
lipid conp03|t|on |t 'S deS|rabIe that a _hydrophilic

a FengihdenadpGirPLPacEeR tdtep i Seeetiact &l thhéHG psde @
formation step. [0032] The tine for adding a

cahydyephi | Esapplyaeefi hha chydipphi LnclpdeyrEANAEdFt i ON
step is desirably near 31 imediately after the

chllbpasiene chabmatiiion det, e p.cidSpediviirdalkl, y antdhe luitrer ailsiehyde .
preferably within 180 m nutes because the heat effect

ThaN s FRRRI-3RE GAKRANENHS tAreNClesee iSURIhamees tos
small. The tine is nore preferably wthin 120

cogélg%%ﬁ Eﬂ%hh o) REef ¢ gagH%HM th%c%Qo%'n%be%heq%%& yvield

sirabl'y imediately after the |Ii posong formation

P, peC|f|caII fter the |iposone formation
?Fg phoﬁgkqllﬁ&soggr&lspersant may be poured dlrectly

in a hydrophilic I | ut
may B’eyaa poe‘;c?mé? EEE%H%@E‘SO %ﬁgﬂ:% f%&’%lq |S&1refrace

pol ymer solutlon to the |iposone dispersant after the
m0|d|1 a§aikd oo PyatisdAds BEEn Bn hyd@ophdd 1c Prdrdstay 181sh

be adopted a nethod of decanting the
derivative, when the adsorption of an opsonin protein or

the like in plasma on the liposome surface is prevented,
the liposome stability in blcod is enhanced, capture by RES
may be avoided, and the delivery ability of the drug to a
tissue or cell that 1s a delivery target may be enhanced.
[0029]

The modified ratic of a membrane lipid (total lipid)
by the above-described hydrophilic polymer-lipid derivative
is, as a rate to the membrane lipid, generally 0.1 to 20
mol%, preferably 0.1 to 5 mcl%, more preferably C.5 to 5
mol%.

Note that, in the present invention, the term “total
lipids” means total lipids forming a membrane other than
hydrophilic polymer-lipid derivative. Specifically, it

includes phospholipids and cother lipids (including



| i posone di spersant and the hydrophilic pol yner
solution sinmultaneously in another container for
mxing. In this case, fromthe viewoint of the
concentration uniformty and tenperature
uniform zation, it is desirdaBle that a step of
stirring by a stirrer or the like is added. After
addi ti on of a hydro hjliccPonner in a hydrophilic ,
NSRS ot fﬁ‘b%/ﬁk} gt n%%fLﬁCeeT‘%gd Magent in
stirred wwth heating for a predetermned tine at a
thehaeea rdresia i 9ie tehfarcsuad idry Highgentrret e it agr the
stirring with heating is 0 to 120 nminutes, preferably
h @ rtogeh G0 avigrout yerss ol do rafreineedd] iy e0 it 46 Indrd esut does
[0033] 32 Contrary to the above-described nethods, a
ndtl QESONRIC NtpH JY PG 1a g ane -f0gAdpHApidl, such as a
phosphol i pid having a reactive functional group is

eﬂﬁﬂﬂgﬂgﬂﬁ&ﬁduﬁw %r‘aﬂﬁﬁﬂgﬂéyBﬂ dRihQthe LRI in the
either end-activated PEGis added to the externa

e llT f [ DO i.nd.t.q..a nmenbrane-formng

hﬁ%rgﬁﬁggﬁgh&gﬁégk%ﬁéggﬁgf?%?ﬁ“ﬁ§§$ﬁ§ the functiona

[d%r%%p, to thereby manufacture a |liposone. O her than
tﬁ% above- descri bed nethods, the above- described
conponents are m xed, and the m xture is discharged

at dhi'glf FesElte B L hiYh- pPrieinme Reiaife type

emul sifier, to thereby yield a |Iiposone. This net hod
modd fggadiforc &Yy hge shavised s ribigso Sords apd illjife polymer-
Sci ence" (Terada, Yoshinmura, et al.; Springer-Verlag

liToklyolerige?)ive (RAIGHPE)S manc drep greatfed meer diyn ddystributing
ref erence.
a hydrophilic polymer (PEG) in both of the inside and
outside of the lipid membrane (bilayer), or by distributing
selectively In the outside membrane. Specifically, in
preparation of a liposcme formulation described below, the
liposome may be formed after mixing a liposcme-forming
lipid and PEG-PE unifcrmly {(pre-introduction). The PEG-PE
may be introduced after the liposome 1s formed by a
conventional method using a mixed lipid obtained by mixing
the liposome-forming lipids containing no PEG-PE (post-
introcucticn), but particularly preferable is a liposome
formed by performing selective surface modificaticon of cnly
the outer layer ¢f the lipid membrane of bilayer by

modifying the membrane surface with a hydrophilic polymer

from the outside after forming an unmodified liposome



[0034] In the above-described case, for sizing the

i posone to a predeterm ned size, sone techniques are
avai l able (edited by G Gregoriadis "Li posone

Technol ogy Li posone Preparatlon and Rel at ed

Techni ques” 2nd edition, VoBCT-111, CRC Press), which

IS incorporated herein by reference [ 0035] As a

i pid menbrane structure of a |iposone, here are .
CORBERT ImsHb e St ey S P 2L 9 gy - In this

vesicle (small unilanellar vesicle (SU) or Iarge
cagmi,| afesin & B3Irapdsildlce nAlywmer oflnbiidide Bivadisre hdised
mul tilanmellar vesicle (MV) including plural of lipid
ashia ayerisfyiAlg haeght &dx pogoreh\cioar ¢ g dmeptiie jor gsernmer,
i nvention may be conposed of any nmenbrane structure,

thRY el i ad 1 Peso e ieanpasethafntiidd aneld adtate
vesicle, and specifically, LW liposone is

tHAtehier ﬁb%%ec&é I ROSONE HSRRMSANe MyhDe Horngd d oy,
unrlane Iar form by passing forcrbly through a filter

| yral er.... |
Wh?C% % qﬁﬁh%}eggegpggﬁf&ltefg;ﬁgblng%ﬁﬂ%%éﬁgﬁgfﬂ%%ge
filter . VI por.e e Iargfr t_han

Sﬁﬁ%%iﬁbﬁﬁqﬁﬁfqﬁn%? 5i éﬁ@ldflﬁ et Qﬁﬁ%?%n%% a

predeterm ned pore size finall The nDre paSSI
Ligosegcof 159 13 HaTTg Sadi f?eer%rﬂm %V%fg

extruder, the higher the rate of unrlanellar
t hfeoivtsiiol, ley athaunfives exfultentl iprisiddil afgc segvhich the
regarded as a |liposone practically conposed of a
hydrophilic polymer binding to the lipid exists and is

distributed.
[0031]

After a liposome formation step, destabilization such
as aggregation occurs in the liposome depending on the
temperature or time. Such destabilization is different
according to the lipcosome lipid composition, so that the
temperature or time is known to be different according to
the lipid composition. In order to avoid the
destabilization that is different according to the lipid
composition, it is desirable that a hydrophilic polymer
modification step is set after the liposome formation step.
[0032]

The time for adding a hydrophilic polymer in &

nhydrophilic polymer addition step is desirably near



uni l anel l ar vesicle. The |iposone practically conposed
of a unilanellar vesicle specifically neans a
| i posonme having the unilanellar vesicle so that the
rate of the unilanellar vesicle to all carriers
(vesicles) formng a |iposo formul ati on may be 50%
or nore, preferably 80%or nore. [0036] In the
ab ve-d SCri ed [ posQ dr ili.c I chai ns
lmme i teeléfter éeﬁrftgceﬁa:ﬁ%sg%trlogjﬂiat orp%t)ég?t he 34
out3|de th posone, e |n ous,
SORHASE Cely S ARG OR S e SR Iy P e
bilayer is not nodified, so that the hy dro hilic
begaryrethehdiond &fd avdt ons@@mmneamqmﬂnﬁnrﬁsmﬂre@qq%osed
the i nner aqueous phase. In the case of a |iposone
subaviengethe sdisstarlilbut Tha simeciarvprenprbfanebsyabithiy
can be nmintained conpared to a |iposone having
1 2ly ehi ophiielsi, ¢ fpoitpRer $rdifstraibiyt ed torind e hdinutsisge sno saf
the inner and outer nenbranes of the bilayer nenbrane

de%\i%bllfy tiRgh R atal14e 8t elrh@ HeNNQh AWHROUS RSO Step.
low. In addition, 'the effect of stability in blood

Mo %” %cﬁ?E%bﬁ%@- %%%%r‘%h%hﬁ FQ%%hea%% ﬂion step, the

philic pol'ymers are smal conpare a i pésome
haV|n t.he pdéé rs dl%}rlbuted on t% both S|de

llpﬁgcm ngﬁsgﬁ&‘ 6&eFmIayer§OEFet e Bi r mé ﬁd%Ophlllc

[0037] hbte t hat_the tern1"retent|V|t |n g
POLYERS §° L arrt yMERAED a?neenr:b%g@dmawué dapr:a r fepethod

is present in blood. Wien the drug is released from
oft peddagr pehydrp@hilic polymer solution to the liposome

dispersant after the liposome formation step. In addition,
there may also be adopted a method of decanting the
liposome dispersant and the‘hydrophilic polymer sclution
simultanecusly in another container for mixing. 1In this
case, from the viewpoint of the concentration unifeormity
and temperature uniformization, it is desirable that a step
of stirring by a stirrer or the like is added.

After addition of a hydreophilic polymer in a
hydrophilic polymer modification step, the mixture is
desirably stirred with heating for a predetermined tTime at
a phase transition temperature or hicher. The time for
stirring with heating is 0 to 120 minutes, preferably 0 to

60 minutes, more preferably 0 to 45 minutes.

[0033]




drug di sappears rapidly from bl ood and affects a drug-
exposed site. A drug having excellent retentivity in
bl ood can be adm nistered at a snaller dose. [0038]
A carrier of the present ing ntion may be in a sphere
formor a simlar form The garticle size (particle
outer 35 diameter) thereof is not particularly

Ilnr ed but |s 0..02 0 25 I fer bly 0.03 to
é B e Pt ra%}Py ?33%%6_$e£%11?@e a% %artl chJep
outer di anmet er |s an average value of the dianeter of
CoffaiiHmy @ e A TIRITHMY fortid at4dh,2S vhikiiPgrholipid
determ ned by the dynamc |ight scatteri nmet hod.
hagged fa cafla g L tehel Wetterafiadatd ik alrf ﬁréarpe’f?arqmmd Y iy
Zet asi zer (Malven Instrunents 3000HS or S ZEM 5002).
cdri@39]ionAnl imdtiatdecamnd drtrar atiitdre ofertdreaqiriesdrsd PEG is
invention nmay further contain a pharmaceutically

adarcepiablle aitadddd Zari andl orf amd axigagdmadepending «on a
its admnistration route. Exanples of the stabilizer

M aHEe, F o it Arie Jiet éEHH'éé“é“ﬂﬁbeﬁﬂﬂﬂfﬁid‘hav1ng the

sacchari des such as glycerol and sucrose. Exanples of

%%ﬁeépyﬂﬂgoﬁ??%%%§ﬁﬁﬁﬁﬁﬁa,gq%%&%rm
hon%tq’%uesfff‘g f or heexaa OVé eIStCaml ngtq"’:?d t n:g'h %ve-

There ‘are Tout ocopherol |sone
aII4%{ whi ch can be used .in the resent |nventron

STRETRANTSt S &T F SHrRcat aé‘rﬁi ralf Ut dont ai n

discharged at a high pressure by a high-pressure discharge
type emulsifier, to thereby yield a lipcsome. This method
is specifically described in “Liposome in Life Science”
(Terada, Yoshimura, et zl.; Springer-Verlag Tokyo (1992)),
which is incorporated herein by reference.

[0034]

In the above-described case, for sizing the liposcme
to a predetermined size, some technigques are available
(edited by G.Gregoriadis “Liposome Technology Liposome
Preparation and Related Techniques” 27 edition, Vol.I-III,
CRC Press), which is incorporated herein by reference.
[0035]

As a lipid membrane structure of a lipcsome, there
are known membrane structures such as a unilamellar vesicle

(small unilamellar vesicle (SUV) or large unilamellar




pharmaceutically acceptable additive depending on its

adm nistration route. Exanples of the additive include

wat er, physiol ogi cal saline, a pharmaceutically

acceptable organic solvent, collagen, polyvinyl

al cohol , pol yvinyl 36 pyrrgﬁidone, car boxyvi nyl

pol ynmer, sodium carboxynet hyl cel |l ul ose, sodi um

pal yacryl at e, sod|un1 al |nate, wat er - sal ubl e dextran,
v am bk Tt A eI | i ose,

ethylcellulose xanthan gun] gum acaci a, casein,
vegdlcdts n(Mlggarinadivg e rilmralpradpyll ianial diilealers.

pol yet hyl ene glycol, petrolatum paraffin, stearic

aIc@dmhoughﬁﬂilignﬂqmerunanrdmﬂgnnozﬁﬂnnpneiéﬁﬂo,

mannitol, sorbitol, |actose, PBS, a biodegradable
inR@IYIRN, 8 &elBdrRes JT @ fUMin 2 nfd Gt riance,abl e

as a pharmaceutical additive, a physiological pH

prythen 1aceeptallie dad |dpdig Lodys é”ﬁﬁﬂﬁ%ﬂéﬂ%%r/¥b51cle,
additive to be used is not limted, but i1t my be

anfkeead Lhay thenahe %s%?ﬂsec“ﬁb;;dfeafdedaamves dependi ng

osage ’forn1ap ropriate i'n conbi nation
mnt nother addi ti ve. 0041] q;thecgresent

i nvéntitdir S AR i Sr?o‘%rescaéh orft' it ng such
addltlves may be provided as a pharnaceutlcal
und o RPGIi Bifo CTA pabfeSend AT dérpodintanwh &f fider
present invention may be stored by a general nethod,
pluge letamsise usiimoa aneferitgeidgtror At genenpér ataed afeQtwo
to 8C or at roomtenperature of 1 to 30C [0042]
or mcre species of filters having different pore sizes (a
filter having a pore size larger than a predetermined pore
size and a filter for obtaining a predetermined pore size
finally). The more passing times of filters having
different pore sizes using an extruder, the higher the rate
of unilamellar formaticn, so that the resultant product
becomes regarded as a liposome practically composed of a
unilamellar vesgsicle. The liposocome practically composed of
a unilamellar vesicle specifically means a liposome having
the unilamellar vesicle so that the rate of the unilamellar
vesicle to all carriers {(vesicles) forming a liposome
formulation may be 50% or more, preferably 80% or more.
[0036]

In the above-described liposome, hydrophilic polymer

chains on i1ts outer surface are distributed toward the



In the present invention, a |iposone takes a form

that CPT-11 is encapsulated. It is known that an

a- hydroxy 37 lactone ring in CPT-11 is known to be
hydrol yzed at a pH range hégher than a neutra
condition. Therefore, in th | i posome of the present

i nvention, the inner aqueous phase of the |iposone is

requi red to be .nmai ntained .at an acidic H to suppress .,
U RIS, Sl S0P TR By oS diiire T es PSS 1de
re%ardless of whether CPT-11 is taken in the lipid
sugitpepert & dreRe ilfvst sdusdiss 1pmdsk biAavss 45 giot
generally known to be hydrol yzed depending on the
mogdgpecat $ice tdva tp i healhyelraph idar ipellvaner faptaiynsaging not
carboxyl ate esters at the sn-1 and sn-2 positions are
sukgown t ited lye deagiriyputyedr dlny zéek amohedecomeased phase. In
lysolipid and a fatty acid (Git et al., Chem Phys.
thel phde 64 23118csbAR3IhavSueh tdecReset Bt uHsete,

the conventional |ipid menbrane conposition, and the
meR@FER@DISIakY 10f f Ren WHePihd iMRENARE dofaOVeda 1iposome
resulting in damaging the |iposone stability.

haygﬁg¢%%H§bgWHEQCtE%l&%@ s 3JU&QY$,, RAA%G %%ek%%kh sides
acidic; the pHinthe outer aquéous phase is
desi rabl y appr.oxi nmat el eutral fro tEF viempoi&% of
oL RBe PPBFA SCAbOrIEy. "RICEPUATT 6 WEr & IRES EERPFARY
two conditions are nost severely restricted is a _drug
SVERt LodGEE BN YBePe PR PRe 18PGY PALESUSCENGSSsiSplothe In
mxture is re%uired to be heated to at |east the ‘
adghasentr &hsi eildrctempesielid iol theblbpgi ¢ameksr ahgained
whi ch significantly pronotes the |ipid
even if the total amount of hydrophilic polymers are small
compared to a liposcome having the polymers distributed on
the both sides cf the inner and cuter layers of the bilayer
membrane.
[0G37]

Note that the term “retentivity in blood” means a
property that an enclosed drug in a carrier is present in
blcod. When the drug is released from the carrier, the
drug disappears rapidly from blood and affects a drug-
exposed site. A drug having excellent retentivity in blood
can be administered at a smaller dose.

[0038]

A carrier of the present invention may be in a sphere

form or a similar form. The particle size (particle outer




38 hydrolysis. In order to suppress the lipid
hydrolysis, it is desirable that the pHin the outer
aqueous phase is set to approximtely neutral.
However, when the pH in the__outer agueous phase is
set to approxi mately neutrap? hydrol ysis of an

a- hydroxy lactone ring in CPT-11 is pronoted. In view

.of those contrary two conditions, the pH value int

3 G Flq S e T B T Aot ddEioon Bk i 14 02
preferably 4.0 to 8.0, nore preferably 4.0 to 7.0,

tof @5t0haim. prafedeasibl 5.0 G to @ - 4 oouspionsy predRdiadtlihg - 05
a highly incorporated irinotecan formnulation of the

topllesentn.i nTbat pentialearpier Hipustar is ahormedaggnyalue
then a nethod referred to as the renote | oadi ng

o fmethlkodi iisgneienf arimed 1t @amiircaducd rit e 1doeg disd Mg ramu Jisgnion,
gradi ent inside/outside the |iposone nmenbrane. The

wHiMtie daadinig Ethod Ry heised if@it &G il Wethod.
capable of existing at a charge state in the case

spvrge;gfﬁé Ir 49 d SietdiSalnad i a0 RAPRARH 38 aQUgRUS

ium en an ion gradient is formed iInside/outside

t he .l i pos .. the dru V. ul at
Ze&@ﬁ&éblﬁrQ¥%3%§ﬂ ﬁ 5%3%%E%§: ?gﬁgﬁﬁ§§%%§%fﬁ§¥t§@%%hs

formed gradient. [0044] Exanples of an ion gradi ent
(906 Hed acr oss | i posonme nmenbrane include Na+/ K

concentration gradient. A technique 39 for adding a

dr udii it e @A IBATEPT i Posdife RFIHE invention

may further contain a pharmaceutically acceptable
stabilizer and/or antioxidant depending on its
administration route. Examples of the stabilizer include,
but are not particularly limited to, saccharides such as
glycerol and sucrose. Examples of the antioxidant include,
but are not particularly limited to, ascorbic acid, uric
acid, a tocophercl homclcogues (for example, vitamin E), and
the like. There are four tocopherol iscomers {(a, B, y, and
3), all of which can be used in the present inventicn.
[0040]

The irinctecan formulation may further contain a
pharmaceutically acceptable additive depending on its
administration route. Examples of the additive include
water, physiclogical saline, a pharmaceutically acceptable

crganic sclvent, collagen, polyvinyl alcohol, polyvinyl



renote | oadi ng method for the Na+/ K+ concentration
gradient is described in US 5077056 (which is

i ncor porated herein by reference), whi ch can be
performed with reference to é description. [0045]
In the present invention, ? ferabl e exanpl es of the
i on gradient include a proton concentration gradient,

th i fj.ed f H gradi ent
pyrs%aio%{?e R ey SR TR R T e o (e

menb h | than the pH
cargpef&?n%?thﬁfﬁgei&rel & oF oG REPARY eod o FHiEbus

phase). Specifically, the pH gradient may be forned
alpageadcon vak camperdiudrhe 618 tadhe e AL F ag eyt hy L

and/ or a concentration gradient of an organic
steorpoupechiavi, ngedh vdmiedd udiosep eapabice 1dfullssieng xanthan

protonated. A specific exanple of a nmethod of
guenNCapaUkatkicig,a cadkeug , ( igeilaatiesangarr ,a ddaflty ddremgof )

in a liposome using the ammoniumion concentration

probddieant gwilds1be p@)@_g/‘é@h@q@n eb@l1gWo 1P Eettlrh] ad und, posone
is previously formed in"an aqueous buffer contalnlng

pagrggfaﬁ 0.53 M, 9fc ni W 3&'& acald HRG QULLN -y

um’i § exchange of "a medi um cont ai ni ng no

nmoni ns a sucrose solutlon) tQ thereby
al%BPﬁPaﬁﬁgﬁﬁﬁ F&ﬁpg5ﬁlgra8Fent isit Foutélg Shé
posone 40 nenbrane. The inside ammni um.ions
blea*eﬁrfeera&led BRiLYRe Tamdp fieg “Aihd “5 o5 Wan & FrSACEant

pernmeates the |ipid nenbrane and disperses to
aceepiEhate 28mip e theemutieal additive, a physiological pH

buffer acceptable in a living body, or the like. An
additive to be used is not limited, but it may be selected
from the above-described additives depending on its dosage
form appropriately or in combination with another additive.
[0041]

In the present invention, an irinotecan formulation
containing such additives may be provided as a
pharmaceutical composition. A pharmaceutical composition
of the present invention may be stored by a general method,
for example, in a refrigerator at a temperature of 0 to 8°C
or at room temperature of 1 to 30°C.

[0042]
In the present invention, & liposome takes z form

that CPT-11 is encapsulated. It is known that an a-hydroxy



|'i posone inside. Wth the elimnation of anmonia, the
equilibrated portion in the |iposone noves toward
proton formation. As a result, protons are

accunul ated in the Iiposons and a pH gradient is
formed inside/outside the I posone. \Wen a drug is
added to a Iiposone di spersant having such pH

Lafs0ne]) A9 dori S CHRED G R = & P

annonlun1|on concentration gradlent |ncludes but not
ragget Pd@rgd y-han m et ke i at SheaRFOREUmMin the

hydr oxi de, ammoni um acetate, anmoni um chl ori de,
li@mm@manmﬂﬂﬁhqﬂpnaaeQﬂnﬁnﬂamﬁiqﬂdrthaainnﬁﬁnﬁqnﬂous phase
succi nate, anmoni um | act obi onate, anmoni um car bonat e,
o fammenildmdsamta ate,reand ranini b rexaltatieedNatte arhatcialic
technique itself for introducing a drug in a

pHPR:@V s Lp?z\ésfsorﬂfﬁd HydesamE Pyt hend emtyeidpadingtone ring

nmet hod for an ammoni umion concentration gradient is

re %%eﬁ'e%%d Ji M2 3L9224% (whisch {5 dNeqy RaAatied hensimnyer

reference), which can be perforned with reference

ol 18 o q%%crg Dtdgoe%u #h [Q047] Desirably, the organic

ound avin 0 group capable of being

proto ated has a | ow cular eC|f
D Chere e TS e FHIE e ot da DA glepending

nethylanlne et hyl am ne, propylanlne dlethylanlne
on the temperatur€ or pH value. In particular, fatty acid

carboxylate esters at the sn-1 and sn-2 positions are known
to be easily hydrolyzed and decomposed to a lysolipid and a
fatty acid {(Grit et al., Chem. Phys. Lipids 64, 3-18,
15893} . Such decomposed products upset the conventicnal
lipid membrane composition, and the permeability of the
lipid membrane is improved, resulting in damaging the
liposome stability. Therefore, when the inner agueous
phase is kept acidic, the pH in the outer aguecus phase is
desirably approximately neutral from the viewpoint of the
lipid stabkility.

A situation where those contrary two conditiocns are
most severely restricted is a drug introduction step. In
the drug introduction step, the mixture is required to be
heated to at least the phase transition temperature of the

lipid membrane, which significantly promotes the lipid




et hyl enedi am ne, and the like. In the present
invention, a suitable node is that irinotecan or a
salt thereof is incorporated by the renote | oading
met hod using the ammoni umign concentration gradient.
[0048] An irinotecan f ormuP4ti on of the pr esent
invention is fornmed by incorporating irinotecan or a

t hereof_ in the _above-described carr
AL BRI S e éu?%ﬂ:olyswr it

,nnl/nenbrane total lipid nol), preferably her than

19, e SRt | that tHee ri?fésléhtth%w@h&%rﬁquw? se 1s set
"“encl osure" neans a state where a drug is

t cerrgapst iatate 1 n reewtaral er HoWeeert emineal Shiempdind na the
state where part of or whole of drug nolecules are

outed udpeedus pHayeri ofset lipigbdhatinstaly conporent of
the carrier. A carrier of the present invention is

hyRUd Iy 805 byE a5 :¢ QMM A6 s e SBINO0- {:syIChh aseT Ol 15

filtration, dialysi's, nenbrane separation, or

pfd £ ugati Qn).,, Fg ig]%r %bxeoa%mg ArAOS s %g%%gt,i Bhe pH

the 42 carrier. A carrier is provi

he st ep .of J.§ novi n un Q ded dru Ther ef.or.e
U& 3in pt er acgu d_l asneaylrbgci‘rher e%%léht){% uction

rug concentra ion
i nsi.de and_ outsj de of the carrier via _a li

SYSH dyePr Pretdtabl 40 the Gedtr |Hé’rreofplieﬁ%e%ﬁ'ké3§’en4t 0 to 7.0,

i nvention contains no free drugs outside the lipid
fnghﬁyéﬁmeferably 5.0 to 7.0

[0043]

For completing a highly incorporated irinotecan
formulation of the present invention, a carrier liposome is
formed, and then a methed referred to as the remote loading
method is performed tc introduce the drug using an ion
gradient inside/outside the liposome membrane. The remote
loading method may be used for a common drug capable of
existing at a charge state in the case where the drug is
cdissolved in an appropriate aguecus medium. When an ion
gradient is formed inside/outside the liposome, the drug
may be encapsulated by permeating the liposome membrane
depending on the formed gradient.

[0044]
Examples c¢f an ion gradient formed across liposome

membrane include Na'/K' concentration gradient. A technique



after preparation of the carrier. Then, enclosed drugs
in the carrier are released to the outside area. The
carrier of the present invention having encl osed
drugs gets to a target site, with the result that it
delivers the encl osed drugégto the target site. The
delivery of the drugs to the target site may be
acconpl i shed. by taking incorparated drugs in th
EoarAiBnd P (HET dfgét RIS 015 By W99 g RHPI e ine
of the drugs to the target site or nei ghborhood
ropiedree dfoasiiar iMethad draugs e dandK t arRepe hr @ heOR agga@ient
site. [0050] In the present invention, the term
ig' el ssasiddedreand)s t3at7 Grd ehdlioded driugdnparadad itegrein by
diffuses to the outside of a closed vesicle by
ref@ssme: )t hrough adr pd pemuacel Wfiorhm regfddengartd erthe
or by changing part of the structure of the lipid
ddwinangn Wen irinotecan hydrochloride is
net abolized in plasma into SN-38 that is an active
[dﬁ%ﬁ?b°|ite and exposed to a target site at a high 43
concentration for a long tine, a strong antineoplastic
activity is exhihited o that it-is.,ijportant, to
contﬁrbl%? tPererSeﬁrgcaslen.veﬁitel Gel eparseeferra%%lrggfexaan lés’ of the
~irinotecan fornmulation in plasma can be controlled b
LogjaFStdHig t HE CitsiSest 161t Oarmsiiiten Wit - Thrrrabtle &nd
effect is expected by adjusting the cholestero
themsurts SResldrfhed & ot @ Bk arig H eatie et by
drug that exudes to the outside of a closed vesicle
seftrtdman tdar mitervadneupsiultdtee d rodirds erf ddrporsenitrsirand{ inner
i rinotecan hydrochloride to a drug incorporated in the
aqueous phase) lower than the pH value of the outside of

the membrane (outer agueous phase). Specifically, the pH
gradient may be formed based on an ammonium icn
concentration gradient and/or a concentration gradient of
an organic compound having an amino group capable of being
protonated.

A specific example of a method of encapsulating a
drug {(irinotecan or a salt therecf) in a liposome using the
ammonium ion concentration gradient will be described
below. Firstly, a liposome is previously formed in an
aguecus buffer containing 0.1 to 0.3 M of an ammonium salt,
and the outer medium is exchanged for a medium containing
no ammonium ions {(e.g., a sucrose solution), te thereby

form an ammonium ion gradient inside/cutside the liposome




carrier (weight ratio or nolar ratio) The phrase
"release rate is |low' neans that the anmount of a drug
exuding to the outside of a closed vesicle per unit
time is small. [0051] In tgg present invention, the
term"target site" nmeans a‘specific site in which a
drug encapsulated in a carrier is released and acts,
méﬁ$%£H¥¥BTﬁeP§kEgd%'%%%%ﬁiu%rQ%Rsoﬁg%h%qhﬁgﬁkQ%ke%r%%Qh
that 'I's specifiéed i'neach site, "and an i nterior
thereof. The target site such as a cell, tissue,,
AMRHOGER GG F AHRET A or RN En P HT T HET il i Gof
may be a site to be treated with a drug. Wen a
merErEdse gt W SRe Is§fosied aloi ety tasmanl aexfgrars e
effect. Exanples of the target site include, but are
lipets crparirisciulaar | filkihnmithed eflopiaatowor of] @852hi44 the
Exanpl es of a tunor to be treated include, but are not
eduantibadtard wdxdttidred it Ghea 1SiQld shntel nyve Speaidid proton
exanpl es thereof include esophageal cancer, gastric

fa3G8lon. CALOR ¢aBGek, habgenBowek earecAllakeet dh the
cancer, pancreatic cancer, |iver cancer, |aryngea

1iGRRCRe, W00 LHIC] L, PIOJE ald Cfo%{égﬁrrné?doaedﬁ%‘?{tﬁ%{éceéhe
reast ‘cancer, ‘uterine cancer, and ovarian cancer.

liposone a u% t%ng&degelg,atiﬁggg mar 930 O&sgg
iFnt'ernal organ, Pnt8r For <%t ereo%, and“the rPké!
Therefore, in the present invention, a di sease peans

haHE RN LT BEE TR AR P e o (9
exert an antineoplastic effect on it.

iiposome.
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[0046]

An ammcnium salt capable cf making the ammonium ion
concentration gradient includes, but not particularly
limited, ammonium sulfate, ammonium hydroxide, ammonium
acetate, ammonium chloride, ammonium phosphate, ammonium
citrate, ammonium succinate, ammonium lactobicnate,
ammenium carbonate, ammonium tartrate, and ammonium
oxalate.

Note that a technigque itself for introducing a drug
in a previcusly formed liposcme by the remote loading
methed for an ammonium ion concentration gradient is
described in US 5192549 {which is incorporated herein by

reference), which can be performed with reference to the

description.




[0053] In the present invention, the term "exposure"
nmeans that a drug released to the outside of a
carrier acts on the outside area. Specifically, when
a rel eased drug cones cl osg to and cones into contact
with a target site, the dru@ exerts its
anti neoplastic effect as its action. Wien the drug
[O%ct@ on the target site, it acts topically on a cell
%7 74 cel | cycle in which DNA synthesis is being
performed at the target site, so that an expected
ef f &3 3120 ke it . O TR TEM R rACTRII A BFFEE 12D LB AP uP
between the release rate of a drug froma carrier and
captad Leetodntiadingy prat Bladed dfa s e lear mMadre BHEH Fagaht.
mai nt ai ned. [0054] 45 A carrier of the present
Spiemvenitd exangl leas ehdandafotiecdndandlart arsalrtott Nemeidfedatto,
a preferable release rate, and the rel eased
melthiy1GhEed)) ant\Qlfard regl toridpgneafines Jdiwtigramine,
met abol i zed into SN-38 that is an active netabolite.
et HA RIL88M: idIVentd ¥hd Sisuged for exposing SN 38 to a
predeterm ned target site for a long time. Therefore,
in the present_inventian,. | : -
trea at%ael }g%sseé r{c?:uf q%a‘}reggz 1béyrp’aoé‘:w gsg'{l,gagg ylfc,)etr g&r/noe&;é olrsang{aog
. topical administration to the host atien be
i B East e it v By SR SO T4 " Sbr e Femote
which an effective amount of irinotecan and/or a salt
LogRdm@omatdoden@isde ¢ % FEICEAIE dird SrEive tarfdunt
of irinotecan and/or a salt thereof in the host or to
grexijese .an ef fective

[0048]

An irinctecan formulation of the present invention is
formed by incorporating irinotecan or a salt thereof in the
above-described carrier at a concentration higher than 0.07
mol/mol (drug mol/membrane total lipid mol), preferably
higher than 0.1 mol/mecl.

In the present invention, the term “enclosure” means
a state where a drug is encapsulated in a carrier. The
term also means a state where part of or whecle of drug
molecules are included in a layer of a lipid that is a
component of the carrier. A carrier of the present
inventicn is purified by a commonly used method (such as
gel filtration, dialysis, membrane separation, or

centrifugation), to thereby remove drugs uniocaded in the




amount of SN-38 to a target site at a high

concentration for a long tine. Exanples of the host

as an adm nistration target include mammal s,

preferably human bei ngs, ?éeys, m ce, |ivestock,

and the like. [0055] Exanplés of a parentera

adm nistration route to be selected include

i nt.ravenous injection (i.v.) such as drinp,
“I4tYmuscul ar injection, intraperitoneal injection

and 'subcutaneous injection, and an adm nistration
[Het*Hod may appropriately be sel ected depending on the

age or synptom of a patient. A carrier of the present

i nvéntdarnrisr 465 oy ded er &bt o-he paterene £ stgmey img

froma disease at an anount sufficient to heal the
urgyraicaindifudsde dheeaferer, todrakl echatetattlieastyrparntent

of the synptom For exanple, an effective dose of a
madl Wkl besncapsiatat ide ararditefids oselested fiomvia

a range of 0.01 ng to 100 ng per kg of body weight

a HﬁrJQ?%MJﬂgﬂﬁyerPrEQ%r%%§% o&h%h%aQQH%EeBfth%h%resent

present I nvention is not |n1ted thereto. For t

St (b an per o AT I o be Y] S IRe e

I Sease onse or

#ﬁ"a”rﬁ SN ?&%Licla'era%ﬁ%%?e@%&eapeﬁ §oq ftts in

addition, an administration period my appro%rlatel ,
the P E@Ted T USTAHRATRT o tHE K& TrdSyAistom ofeacarrier

patient. [0056] Specific exanples of the
cfhadmanicrassritori nwgtiogdn having enclosed drugs gets toc a

target site, with the result that it delivers the enclocsed
drugs to the target site. The delivery of the drugs to the
target site may be accomplished by taking incorporated
drugs in the carrier in the target site or by exerting the
effect of the drugs to the target site or neighborhood
thereof even if the drugs are not taken in the target site.
[0050]

In the present inventicn, the term “release” means
that an enclosed drug in a carrier diffuses to the outside
of a closed vesicle by passing through a lipid membrane
forming the carrier or by changing part of the structure of
the lipid membrane. When irinotecan hydrochloride is
metabolized in plasma into SN-38 that is an active

metabolite and exposed to a target site at a high




i nclude adm nistration of a pharmaceutical conposition

using a syringe or drip. Meanwhile, a catheter is

inserted into a body (e.g., lunen or vessel) of a

patient or a host to guide jts edge to around a

target site, and the conpo%%tion may be adm ni stered

through the catheter froma predeternined target site
romthe vicinity of the s or _a site

copsgon iSenacted L6 dvfbondr & ERET E s Lling

descri bed in Exanples, when the release rate of a 47
acgiiyd téndifosed 1od t8eard &hast lithd Spra®&tanty &t icsmtrol
was determ ned, the release rate was found to be | ow
th§o redaicel-at Bhehectebeascakat ef eheisarprerapf fppaulation
present invention is precipitated by centrifugation,
inapdathe amubte ocohttdee ldcuvpregest: iing the siypdrerdtearntl
and carrier is determ ned. Exanples [0057]

ambehel, Nahielh drike pagsent fifRventisor iddt ke Heserjivkaed ng
in nore detail by way of exanples, but the present

thb”%%%ﬁb%%e&%l”%%ohh%‘te@héotéPﬁser@%éHEEe§a€Bd &@ﬁhs a
exanpl es. Each concentratlon and particle size of

ra‘gr u%f %gt%%?l u't%t %%Ss palg%p%ﬁﬁ%ld% gﬁ‘:@ %’i%@%lde
con entratlon ntratlon

< dEndIH & ﬁ%%?sé)er) e el 04 e somnggests and

irinotecan hydrochleride to a drug incorporated in the
carrier (weight ratio or molar ratio). The phrase “release
rate is low” means that the amount of a drug exuding to the
outside of a closed vesicle per unit time is small.

[0051]

In the present invention, the term “target site”
means a specific site in which a drug encapsulated in a
carrier i1s released and acts, and means a cell, tissue,
organ or the internal organ that is specified in each site,
and an interior thereof. The target site such as a cell,
tissue, organ or the internal crgan, and an interior
thereof may be a site to be treated with a drug. When a
released drug is exposed to the site, it exerts an effect.
Examples of the target site include, but are not

particularly limited to, & tumor.

[0052]




determ ned using a kit for phospholipid determ nation
(Phosphol i pid G Test Wako, Wako Pure Chem ca

I ndustries, Ltd.). .Total l|ipids concentration
(mol/L): a total nol conceg ration (mV) of a m xed
lipid that is a nenbrane c %ponent, which is
cal cul ated fromthe phospholipid 48 concentration

above. The total lipids contain lipid.. c nents in a

sur £LEEEESS ﬂf‘la g térﬁk?rﬁ RNt @ﬁart&?agsecg lrﬂcggp <1 i A

do not contain a lipid (in exanples, PE (phosphatidyl
nogt RAAGHERILASY Yi A IPEGSPELEr ensPlichsi@ster oPPeCcific

Chol -PEG in a PEG derivative for introducing PEG
exBmpgesoncenterdt ilow (g wisprheleadoseaserat i96F twas cancer,

determined as follows: the fornul ati on obtai ned above
cobas cainkétred 14Q-gkolbdwsilt raplrgsi, olregited] cealdens, pamgtrZzatic

nmL of nethanol was added to 50 uL of the m xture,

cahekowed viy pasw, enertyngkaa Haverescanes idanersity
(excitation wavel ength: 360 nm fluorescence

pri@¥ehkenRgthnL 435 Bk Rl ! RenJOX U@ U RArRer, uterine
spectrofluoronmeter. The concentration of enclosed

cahfinotggggo%%q&%%hk%%k %.isTﬁsp£§§§§£§g%§§_igrggtumor

cer
amount Y/total formulati on anou
corporated drug anount ﬁ | ar ratio_of drug/tata
oy 43P e COcenTr SPForPOF (PAIMGEEEtn RYHNSSRT oFde
enclosed in a carrier is represented as a nolar ratio
thereodrughcottlie itkieds, TRAFEROTS, canl ctl&tBESFFBM a
ratio of the drug concentration to the |ipid
ingentémiy, ati oi.scaar Megns $hee appmp—d2e cpiiberd gumor, and a
| i posone di spersion
drug is expected to exert an antineoplastic effect on it.
[0053]

In the present invention, the term “expocsure” means
that a drug released to the outside of a carrier acts on
the outside area. Specifically, when a released drug comes
close to and comes into contact with a target site, the
drug exerts its antineoplastic effect as its action. When
the drug acts on the target site, it acts topically on a
cell in a cell cycle in which DNA synthesis 1is being
performed at the target site, so that an expected effect is
exerted. To exert such an effect, a balance between the

release rate of a drug from a carrier and the retentivity

in blocd of the carrier should be maintained.

[C054]




was diluted to 3 nL with physiological saline, and an
average particle size was determ ned by Zetasizer 3000
HS (Malvern Instrunments). [0058] 49 The foll ow ngs
are abbrevi ated nanes and nol ecul ar weights of used
conmponents. HSPC: hydrogenaﬁéd soybean
phosphatidylcholine (nDIecuIar meight 790,
manuf actured b ﬁ L ol estero
(ol et B Lk Gt thaget BT S0 15 l%% S
pol yet hyl ene Z@ycol (nol ecul ar _wei g
155 0D cmozsphde T oy | St haret apP heat n%l @%%f%?a%fF ghglease
5,938, Genzyne Corporation) PEGZOOO PE: pol yet hyl ene
r@ﬁ@poinqnmmecnébmamedghmlnoﬁe©@@)a@@b@ph@t$@&t thereof is
et hanol am ne (nol ecul ar wei ght: 2,725, NOF
f&%ﬁﬁ%&Eﬁéﬁﬁﬁof&%ﬁ@Oﬂnﬁbo$N~@@ly@ahyienangégtbve
(rmol ecul ar weight: 1,600)-chol esterol (nolecul ar

m@%ﬁﬁgﬁlté 9%@%&@Q%sé%ﬂ*%ﬁ#ﬁdﬂﬂ@n(ggrﬁgbd|ﬂdﬂ“§$§ﬁﬁhng SN-
ydrochlorlde (ol ecul ar weight: 677.19) R-DHPE:

3§h8$ Pe&é@s%ﬁgﬁg@sg%£ g@oibggtfgyla ethanel aai ne

ar wel ecu Probes, 1Inc.)

e %ﬁ?arlae?ﬁe”tadeﬁxﬁixxbe”%? o hcertT £t cpt SFent
Ltd.) [0059]
and/or treat a disease suffered by a host, systemic or
topical administration to the host (patient) may be
performed parentally by administering a carrier in which an
effective amount of irinotecan and/or a salt thereof is
enclosed to release the effective amount of irinotecan
and/or a salt thereof in the host or to expose an effective
amount of SN-38 to a target site at a high concentration
for a long time. Examples of the host as an administration
target include mammals, preferably human beings, monkeys,
mice, livestock, and the like.
[0055]

Examples of a parenteral administration route to be
selected include intravenous injection (i.v.} such as drip,
intramuscular injection, intraperitoneal injection, and
subcutaneous injection, and an administration method may

apprepriately be selected depending on the age or symptcm

of a patient. A carrier of the present invention is



[Exanple 1] In order to confirma nethod capabl e of
attaining an 50 irinotecan hydrochloride highly
encupsul ated |i posone formulation, drug introduction
at a high concentration was attenpted by the renote
| oadi ng net hod (Preparation?Exanple 1) or by the
passi ve | oadi ng net hod (Conparative Preparation
Exanple 1). For all jrinotecan hydrochloride +
acﬂmﬂdblrfpfo?%%dt@i%d%%@%r%fg?*f g {hePet nafiefse 2t &
abbreviated as CPT-11 fornulation%, PGE- PE (post -
angnroduesE) c ¢ posoneharns treds @Rt i Eie At Reugh °r t°
i ntroduction nethods are different. [0060]
a{Reeparatd onl E&xanppertl) o KRelnot eyhpading Hast ko@p e, an
Preparation of mxed lipid: 0.422 g of hydrogenated
c SBybenne phosphat | dydohel t nebé HaRG pantaBed 76nga ofrrier is
chol esterol (Chol) were dissolved in 25 nL of

sd T OUL ANOF o KRNEOn 808K UY . hieah@dt & 01 60Crg apeir t ke of body

m xture was cooled in ice, followed by freeze-drying,

W%J?%lﬁ@aeﬁggpydgr .ep?-[)ogvearefﬁ xed I{qid & HRPGLhale = o6

r-ratio). 61] (2) Preparation of |iposone: to

0.598 g.of t ixed_ lipid. ded
PRYPHEE oF S50 AnRBhi Ui SUTT GYet ST Lt IS Aad t he
lipid was all owed, to swel

( : [ fullg.. Then, éhe nifturgd
adpknit FF3edOMi PRTACYor RER i XEF LAY THe °F Buf taht

m xture was sequentially passed through a filter
afpor edssease 00Rspin x05 tEmeay be1PpRIRTMEti nes,

What man) '
prophylactically to alleviate the symptom upon onset 1n the
case where disease onset is predicted. In addition, an
administration period may appropriately be selected
depending on the age or symptom of a patient.

[0056]

Specific examples of the administration method
include administration of a pharmaceutical composition
using a syringe or drip. Meanwhile, a catheter is inserted
into a body (e.g., lumen or vessel) of a patient or a host
to guide its edge to around a target site, and the
composition may be administered through the catheter from a
predetermined target site or from the vicinity of the site
or a site from which blood is expected to flow toward the

target site.

As described in Examples, when the release rate of a




F

51 attached to an extruder (The Extruder T. 10, Lipex
bi onenbranes Inc.) at 68C, to thereby prepare a

| i posome dispersion. [0062] (3) Introduction of

PEG PE: to the resultant gsone di spersi on was
added 1.21 nL (correspondlng to 0.75 nol % of the
total |IpIdS annunt of the m xed Iipid) of a solution

p Iene coI 5000: osphatl ethano
dY (%R%%P%%g ¥¥}%ﬁ %%th (%%F%% ?%X?ntand {he
m Xt ure was heated at 60C for 30 mnutes, to thereb

de g FobRS PHOB0DDLPESS GRER “R7IeoRianPheR S ubsti t (id on

was perfornmed using a gel colum that had been
caubjbrtedho solvem rsubstilet¢onr ikt ol Woe mresent

hi sti di ne/ 10% sucrose solution (pH 6.0). An HSPC
irceneendt ai & ofr ev@sp ted e dn e dearst ngfagki tof orand the amount

phosphol i pid deternmination. A total |ipids amount (nV)

of\aShe Cat ey Bt &derh ¥ oM tfige HSRSe e0nELnt ratd ovar £ 0063] s
(4) Drug encapsul ation: an irinotecan hydrochl oride

ad@Pl= 11 4RO water (reverse osnosis nenbrane purified
wat er sol ution having a concentration of 10 ng/nL
was prepared. The irinotecan hydrochl oride solution
mas added to the |iposonme dispersion in an anount of

ﬁ%/HSPC =0.252 (ww for the HSPC concentration
above, and the

[0057]

Hereinafter, the present invention will be described
in more detail by way of examples, but the present
invention is not limited to those examples and test
examples.

Fach concentration and particle size of a drug-
encapsulated liposome prepared in each example were

determined as follows.

-Phospholipid concentration {mg/mL): a concentration
of phospholipid (HSPC) in a liposcme dispersion, which was
determined using a kit for phospheolipid determination
(Phospholipid C-Test Wako, Wako Pure Chemical Industries,
Ltd.).

*Total lipids concentration {mel/L): a total mol
concentration (mM) of a mixed lipid that is a membrane

component, which is calculated from the phospholipid



m xture was stirred at 60C for 60 m nutes, to thereby
i ntroduce irinotecan hydrochloride. After the

i ntroduction, the sanple was cooled in ice. After the
encapsul ati on of irinotecan hydrochl oride, the

| i posone dispersion was pa§§ed through a gel colum

that had been subjected to solvent substitution with
a 10 mv hIStIdIhG/lO@bSUCFO solu i on

C RV 2 UHIh SR at &0 Sdrigs: 58 %%ﬁsls%o&dlo

particle sizes of the CPT- 11 _fornulatlons obt ai ned
copvEeai® Showns iR Tadreodi Iy g yeshcapehseedes @ mixed
CPT-11 fornul ati ons of the present invention were
1 igbtdimed. do [0064¢ o1f Coivpad at 1 ved Pt epagzaiphe Exaipl e 1)
<Passive | oading nethod> To 0.2992 g of a mxed lipid
(HHSRG: Ghody = SdhAfol4mbhay Tat PBY)PPprepatiedl bychdkestercl)
same nmethod as that in Preparation Exanple 1 was

12086 Soity of n &l PG NQL £LAN: 1 Y OF OF M 10 F leu SDh G PIOE.
( CPT- 11/10963ucrose sol uti on having a concentration of

10 ﬂ%m{% cglqgeﬁ@%u%dwe&@amﬂs | oped &anémgtwwas

The re was stirre vortex mxer and the

I
I T R TR
dphgiRf at § ofe Bk arpt R ahYS%%l%JeffaeJoyS%fﬂefb%T Shg 2 mL of

i rinotecan hydrochl oride-encapsul ated [|iposone.
methancl was added to 50 uL of the mixture, followed by

measurement of a flucrescence intensity (excitation
wavelength: 360 nm, flucrescence wavelength: 435 nm) of the
mixture using a spectroflucrometer. The concentration of
enclosed irinotecan hydrochloride is represented as “drug
amount (mg)/total formulation amount (mL}”

»Incorporated drug amount (molar ratio of drug/total
lipids): the concentration of irinotecan hydrochloride
enclosed in a carrier is represented as a molar ratio of
drug/total lipids, which is calculated from a ratio of the
drug concentration to the lipid concentration.

-Particle size (nm): 20 uL of a liposome dispersion
was diluted to 3 mL with physiclogical saline, and an
average particle size was determined by Zetasizer 3000 HS
(Malvern Instruments).

[0058]




To the |liposonme was added 0.61 nL (corresponding to
0.75 nol % of the total |ipids anobunt of the m xed
l'ipid) of PEGO000-PE in the sane way as Preparation
Exanple 1 (3) , and the m xture was heated at 60C for
30 m nutes, to thereby i nt *dduce PEG5000- PE
Subsequent |y, unencapsul ated drugs were renbved usi ng
a gel. colu t hat had been subjected to solven
S UBSRE EF DRoWE e a21B MNP RECEF B ner 1095 sp oLaLecular
solution (pH 6.5). The conpositions and particle sizes
wekdhthe dbaad ¢orPRTAETDNs obtai ned above are shown
in Table 1. The drug was introduced in the same drug
anou$P@s hytnvcenaPedparubéan Framphetidvbohothrel]
hi ghly encupsul ated fornul ati ons were not obtai ned by
(idiee pabst wee i dloadi hgo matdnodt af 00653 b Exappl @, 23ETher e
was i nvestigated the initial anount required for
obt atwbng Sh&PIsddrbi glhy1 epcupsulal gdet oggBl 86| 0poDiay)
the present invention in the renote |oadi ng nethod.

(Pr epatal ] ok EAI& 2) e procedult, efiaparatdian

Exanpl e was repe€ate except that, 1 n the drug

5 R PR o 5 Pt T DR A s P Bt s
_sol %'on (10 my/nl) to be added to the PGE-PE
'ﬁgs$-éht§%ﬁﬂ%g% ¢ IRREHE U Sper si on prepared in the

same way as (1) to (3) is changed to 0.1, 0.2, 0.4,
and PEGzop0—PE: ‘polyethylene glycol (molecular weight:

2,000} -phosphatidyl ethanolamine ({(molecular weight: 2,725,
NOF Corpcration)

PEGiepp-Chol: polyethylene glyceol (melecular weight:
1,600} -cholestercl (molecular weight: 1,982, NOF
Corporation)

CPT-11l: irinotecan hydrochloride (molecular weight:
677.19)

R-DHPE: rhodamine dihexadecancyl phosphatidyl
ethanolamine (molecular weight: 1333.81, Molecular Probes,
Inc.)

TRX-20: 3,5-dipentadecyloxybenzamidine hydrochloride
(molecular weight: 609.41, Jokc Pharmaceutical Co., Ltd.)
[0059]

[Exanmple 1]

In order to confirm a method capable of attaining an




0.8, to thereby yield CPT-11 fornul ati ons. The
conpositions and particle sizes of the CPT-11
formul ati ons obtai ned above are shown in Table 1. As
shown in Table 1, CPT-11 higﬂly support ed

(encapsul ated) fornul ations~having the drug in a fully
ef fective concentration for clinical use can be

RS QYU ST (Y 01RO T PO S0Be)
f#ﬂ%agaewlgwﬁ)# ~ tmlg;zl\gli mt'i_c}n LaU aU V\__IL -1l é}l}OIQC Lfe,é_‘i' was
YN N yption |2t |a high qangentyallpn,

t CHI N7 mO(N}JO.- MMN.-1 S1 0Orir
atGlgni@D by 1fhe Uend @ HaNIAnH Gthed Er@po T OT Bagple
l{r;r(iy the passive loading method (Comparative
Preparation Example 1). For all irinotecan hydrochloride
incorporated liposome formulations (hereinafter,
abbreviated as CPT-11 formulation}, PGE-PE (post-
introduced) liposcme was used as a carrier although
introcduction methods are different.

[0060]

(Preparation Example 1) <Remote loading method>

(1) Preparation of mixed lipid: 0.422 g of
hydrogenated soybean phosphatidylcholine (HSPC) and 0.176 g
of cholesterol (Chol) were dissolved in 25 mL of t-butanol
(Kanto Kagaku) heated to 60°C, and the mixture was cooled
in ice, followed by freeze-drying, to thereby prepare a
mixed lipid of HSPC:Chol = 54:46 (molar ratio}.
[0061]

(2) Preparation of liposcme: to 0.598 g of the mixed
lipid prepared above was added 10 mL of a 250 mM ammonium
sulfate solution, and the lipid was allowed to swell fully.

Then, the mixture was stirred with a vortex mixer, and the

resultant mixture was sequentially passed through a filter

(pore size: 0.2 um x 5 times, 0.1 um x 10 times, Whatman)




to Pr C 0 4i ZD1 Eri 61 Nm61 LO\ ~ NdO) 61 m
S CNOrl rI NN QNU C O U Ua P\\ NNHN
d m 1 OOO0OO0OO HO4 MI EI a U v) Nma
NO- rl OH
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attached to an extruder (The Extruder T. 10, Lipex
bicomembranes Inc.) at 68°C, to thereby prepare a liposome
dispersion,

[0062]

(3) Introduction of PEG-PE: to the resultant liposcme
dispersion was added 1.21 mL (corresponding to 0.75 mol% of
the total lipids amount of the mixed lipid) of a solution
of polyethylene glycol 5000-phosphatidyl ethanolamine
(PEGs0pp—PE) in distilled water (36.74 mg/mL), and the
mixture was heated at 60°C for 30 minutes, to thereby
introduce PEGsqu-PE.

Outer agueous phase substitution was performed using
a gel column that had been subjected to solvent
substitution with a 10 mM histidine/10% sucrose soclution
(pH 6.0} .

An HSPC concentration was determined using & kit for
phospholipid determination. A total lipids amount (mM) was
calculated from the HSPC concentration.
t0063]

(4) Drug encapsulation: an irinotecan hydrochloride
(CPT-11) /RO water (reverse osmosis membrane purified water)
solution having a concentration of 10 mg/ml. was prepared.

The irinotecan hydrochloride solution was added to

the liposome dispersion in an amount of CPT-11/HSPC = 0.2




{J - - QHOOOOOO pHOOOOOOOO -0m-HL
aoo o.a-oUr Mmm' U aCO\ N6/l OOa ow
alO mCOIl OH-.i -Pwo (1) 4J ma -H~4 U o

~4roE dUOOoax41\ 1ln CaHOHNM CCmC
H'~ O0Orl ,70H+J1 1 I°4

(w/w) for the HSPC concentration {(mg/mL) above, and the
mixture was stirred at 60°C for 6C minutes, to thereby
introduce irinctecan hydrochloride. After the
introduction, the sample was cooled in ice. After the
encapsulation of irinotecan hydrochloride, the liposome
dispersion was passed through a gel column that had been
subjected tc solvent substitution with a 10 mM
histidine/10% sucrose soluticn (pH 6.5} to remove
unencapsulated drugs.

The compositions and particle sizes of the CPT-11
formulations obtained above are shown in Table 1.

Highly encapsulated CPT-11 formulations of the
present invention were obtained.
(00647

(Comparative Preparation Example 1) <Passive lcading
method>

To 0.2992 g of a mixed lipid (HSPC:Chol = 54:46%6
{(molar ratio)) prepared by the same method as that in
Preparation Example 1 was added 5 mL of an irinotecan
hydrochloride sclution {CPT-11/10% sucrcse solution having
a concentration of 10 mg/mlL), and the lipid was allowed to
swell fully. The mixture was stirred with a vortex mixer,
and the resultant mixture was sequentially passed through a

filter (0.2 uym x 5 times, 0.1 um x 10 times) attached to an



-Ha) -H-HHmMNJJrl J- a) IJ1) OProamrl m(O
Hroa) cordroEm(oEU a aa)wasx Eas>a N P
NWOPWXx aaUOH56 [0067] (Test Exanple 1)

Accel erated stability of fornulation at 37C Each
CPT-11 fornul ati on preparedﬁ%w Exanple 1 was heated
at 37C for a predeterm ned period. After the heating,

t he T-11 fornul ation was diluted 20-fold b ddi n
SHRYATof ot o - Sal fnkhe ahial {7 dceit FPPBGHT T ofi (Gegnble 1,

105 g, 2 hours, 10C) was perforned to precipitate a
tq}qhqqebyopﬁgpgggoﬁn(ipiﬁ@t@@gﬂ hydrochloride-encapsulated

hydrochl ori de- encapsul ated |iposone). The anount of
lipésonecan hydrochl oride present in the supernatant

was determned to calculate the release rate (% of

i rinotechs bygdoschkowbdeafideth 0helGRl- 1dortespuhdihgnto
The results are shown in Fig. 1. The CPT-11

of ps b ad i 90 prepasesl i NiCoapasabhNe oPreparatkof lipid) of
Exanple 1 was found to have the irinotecan

oS0 | AL A SRS 1, e
ch el Len, Lopated, p Bienacel o0 Frample 1hleen,
iégiggéggagEg%g$gﬁnlo%hggeaﬁggtﬁgﬁe&nencapsulated drugs
were removed using a gel cclumn that had been subjected to
solvent substitution with a 10 mM histidine/10% sucrose
sclution (pH 6.5).

The compositions and particle sizes cf the CPT-11
formulations obtained above are shown in Table 1.

The drug was introduced in the same drug amcunt as
that in Preparation Example 1, but CPT-11 highly
encupsulated formulations were not cbtained by the passive
loading method.

[0065]
[Example 2]

There was investigated the initial amount required
for obtaining a CPT-11 highly encupsulated formulation of
the present invention in the remote lcading methoed.

(Preparation Example 2)

The procedure cof Preparation Example 1 was repeated



the heating at 37C for 7 days. Therefore, it was
clarified that encapsul ati on of irinotecan
hydrochloride into a |iposonme by the renote | oading
met hod enabl es preparation of a CPT-11 highly
supported fornul ati on havi ng? excell ent formul ation
stability. 57 [0068] (Test Exanple 2) Fornul ation
stability at, 37C Each CPT-11 formul ation prepared in
SRl WPt mash FHeat @U@t SRTZPF 6+ 2 B PR et eF HPRddin
period. After the heating, for the CPT-11
Prepand atdonExanele el ebék, rove OFT-11/WdPechn/w) ratio of a
hydrochl ori de was determned in the sane way as Test
CExanpl RO lagudeus et ehseisat €1l 0fmeach) CRI-U4d added to the
formul ation was found to be 1% or |ess even after the
pdeats N ot - 3T dQlicdd daysSsorldedeiPELsidh YBSpared in the
clarified that the release rate of the CPT-11
<408 Rt on Py epar egh bys the, )y eupt e, | @adi ng, » mep hod Lsgq
not greatly affected by the supported drug anount
(4 at /lto LPi ds) e CRT-11
0 'eﬁg(t r%é)reﬁ/e %#g i#%/ég% c(lfj%)g uffat £2 olr% (gr%él?'on T-rElaes
excellent formulation .stabilit 006 le 3].
T USRS HHUR e e Hehbr ST S Hhotit T oM f B Bt Lons
fromthat in Preparation Exanple 1 was used as a
okt yhet IRPVHrapar @ erm 142567 i at i on
Specifically, the procedure for encapsul ation of
i ri bt eshewydh oERPbe i He Was- pbriibeley supported

(encapsulated) formulations having the drug in a fully
effective concentration for clinical use can be obtained by
the remcte loading metheod by increasing the initial drug
amount {(ratio of drug/HSPC).

[0066]

[Table 1]
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Table 1

by the renote | oading nethod in the sane way as

Prepar ati on

Exanpl e 1 using a PEG PE post-introduced

| i posonme (Preparation Exanple 3) or a PEG PE

br e-1 ntiroduced |1 posone 58 (|Reflerentjal |Preparation
ExAanpl € 1) i ncl udi ng.the pgi xed., [I4pid shown bel ow as a
relYpane con@onent.éP epar at|i on Example|3) (1)
Preparation Bf mxe |ipigi 1. 837 g 0f~ |hydr ogenat ed
soybean phosphati dyléhol i At (|[HSRC) | 706419 g of
chol estlerol (Chol )|, and 0.005 g iof jrhodam ne
di hexadecanoyl phgsphati dyl ethanollam ne{(R-DHPE) were
li §s56] vied i m250 mi Qf {-butanol heated at 60C, and the
M Xt @r g wag €0l ed i ice fol Tovied Dy fireeze-drying,
103tl%herebﬂ gr@parera m de Iicfg_idjhaviﬁ@.a nmol ar ratio
bf B HSRC: Ghok ' R- DHPE. = | 54:46: 0o1.o [ @T76T 1( 2)
Prepdr ation f5l i gosome: additian ¢f 10 nL of a 250
MM amoni um sul f atle solution,| stlirning wijth a vortex
m xer, land filterilng with a fliltler [attached to an
extri@der (0.2 pm|x 5 tines, 0.1 pmx|10|times) were
per f grmed ingthe [same|way as (E’]rei)armat ion Exanple 1
ex&gt t hat \5 37 d & thex mijxéd diph d spriepared above
pas used, tosthergby,yield a | Lijposeire ijspersion.
Subséquient | y& out dr aqlieous phase substitluti on was
perf @rmed with a 10 nm histi di ng/ 10% sucrose sol ution
pH ©6.10). [0071]
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(3) Introduction of PEGPE: to the resultant |iposone
59 dispersion was added a sol ution of polyethyl ene
gl ycol 2000- phosphati dyl ethanol am ne (PE&O000-PE) in
distilled water (36.74 ng/nlL) (corresponding to 2.8
nol % of the total |ipids aﬁéunt), and the m xture was
heated at 600C for 30 mnutes, to thereby introduce
[gﬁ 000-PE. [0072] (4) In the same way as the drug
[HHe psul ation in Preparation Exanple 1, 10 ng/nL of a
CPT-11/ RO water solution was added to_ the |iposone

di spe¥s?borErahe ahbubEce F eFRF P@dS F P EPTY 127 HepEIRLation

0.2 (wWw to introduce irinotecan hydrochl oride.
atSubseguent |y, the mixture was cooled in ice, and

unencapsul ated drugs were renoved with a 10 nmM

hi stigitinet H0% Buts osel sol oh i prefpred. ) Exdipele 1 was

resultant CPT-11 forrmulation is shown in Table 2.

hd DA/Blaf Refar endd ad  Frepat athonedxsrpled 1) AEer the
procedure in Preparation Exanple 3 was repeated

h%%ﬁﬁ,etg}?é (glsfi@PPOfc?ﬁn&Pa@fo@dﬁaeéj A FEPYRLEOTY by

"had previously been added to the m xed

2Bl 39,8 oJIEIbLaNe, compOnell (o1 PLepare: Al posgre

ispersed in es of 1 nner ‘and
1§ ofmiP akrohe ThR by oteduPerr e neRoh BEFGWP: 1516, 376711
foogm&lha?t inciri(e?i]!'ji_r?cin’éjecgei_rllspk%czlcpgcl:ﬁl%rl)il_clipeE—éncapsul ated
liposome}. The amount of irinotecan hydrochloride present
in the supernatant was determined to calculate the release
rate (%) of irinotecan hydrochloride from the CPT-11
formulation. The results are shown in Fig. 1.

The CPT-11 formulation prepared in Comparative
Preparation Example 1 was found to have the irinotecan
hydrochloride-release rate of about 60% after the heating
at 37°C for 7 days, while the CPT-11 formulation prepared
in Preparation Example 1 by the remote loading method was
found to release few irinotecan hydrochloride even after
the heating at 37°C for 7 days. Therefore, it was
clarified that encapsulation of irinotecan hydrochloride
into a liposome by the remote loading method enables

preparation of a CPT-11 highly supported formulation having

excellent formulation stability.



54:46:0.1 (nmolar ratio)) prepared in the sanme way as
Preparation Exanple 3 (1) and 0.094 g (correspondi ng
to an anount (5.6 nol% tw ce the anmpunt in
Preparati on Exanmple 3) of PE&000- PE was added 1 nL
of ethanol, and the mixture®’was dissol ved conpletely
by stirring at 65C for 30 mnutes. After confirmng
that the m xture was di ssolved conpletely by

(& @#ing, to the ethanol solution were added 10 nlL of
an amoni um sul fate solution prepared so as to_be 250
v Theseadfrarple hd) sBpempkaebeur dsalsl Prepat atf oh
Exanple 3 (2) with a vortex m xer and extruder were
per f bx oe d; PRAUL ofit enu bgjueon sp prasecd ubst Examp ba hagas
performed for the |iposonme di spersion obtained by

heldi g & A0% stisr s ot anmnd HQdticd n Wit ssamhanay
as Preparation Exanple 3 (4), 10 ng/nL of a CPT-11/RO

heMal BTy SOf it | 10he Ve addeh £, 14l ol | PASOTE: i $PET AN of
in an anount required for CPT-11/HSPC value = 0.2

i]{'vfl{cw)e apni &chr%:le {dé]%f&a&b{ygﬁﬁ? O:Qix dﬁﬁe ﬂrﬁ@rw Y as
1h ?ﬁ ol e an

e 1 ntroducti on, e mxture was co inice,

s EICABRMAEd dhcs s L gTered d B A ey
f%t)(%nrunlljalltaitgr?nw;ss fsohl?r\ll\cl'fl1 éon ngll%e 021" l[eosos75 veGriL a Jearblt ez]
heating at 37°C for 14 days.

Therefore, it was clarified that the release rate of
the CPT-11 formulation prepared by the remcte loading
method is not greatly affected by the supported drug amount
{ratio of drug/total lipids), and even a CPT-11 extremely
highly encupsulated formulation has excellent formulation
stability.

[0069]
[Example 3]

A liposcme having a membrane compositicn different
from that in Preparation Example 1 was used as a carrier to
prepare a CPT-11 formulation. Specifically, the procedure
for encapsulation of irinotecan hydrochloride was performed
by the remote loading method in the same way as Preparation

Example 1 using a PEG-PE post-introduced liposome

(Preparation Example 3) or a PEG-PE pre-introduced liposcme
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(Referential Preparation Example 1) including the mixed
lipid shown below as a membrane component.

{(Preparation Example 3)

(1) Preparation of mixed lipid: 1.5317 g of
hydrogenated soybean phosphatidylcholine (HSPC), 0.6419 g
of cholesterol (Chel), and 0.005 g of rhodamine
dihexadecanoyl phesphatidyl ethanolamine (R-DHPE) were
dissolved in 50 mL of t-butanol heated at 60°C, and the
mixture was cocled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid having a melar ratio of
HEPC:Chol:R-DHPE = 54:46:0.1.

[0070]

(2) Preparation of liposome: addition cf 10 mL of a
250 mM ammonium sulfate solution, stirring with a vortex
mixer, and filtering with a filter attached to an extruder
(0.2 uym x 5 times, 0.1 pm x 10 times) were performed in the
same way as Preparation Example 1 except that 0.37 g of the
mixed lipid prepared above was used, to thereby yield a
liposome dispersion.

Subsequently, outer aqueous phase substitution was
performed with a 10 mM histidine/10% sucrose solution (pH
6.0).

[0071]

(3) Introduction of PEG-PE: to the resultant lipocsome
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dispersion was added a solution cof polyethylene glycocl
2000-phosphatidyl ethanolamine (PEGzue—-PE) in distilled
water (36.74 mg/mL) (corresponding toc 2.8 mol% of the total
lipids amount), and the mixture was heated at 60°C for 30
minutes, to thereby introduce PEGpge—PE.

(00721

(4} In the same way as the drug encapsulation in
Preparation Example 1, 10 mg/mL of a CPT-11/RO water
solution was added to the lipcsome dispersion in an amount
required for CPT-11/HSPC = 0.2 (w/w) to introduce
irinoctecan hydrochloride. Subsequently, the mixture was
cooled in ice, and unencapsulated drugs were removed with a
10 mM histidine/10% sucrose solution {pH 6.5}). The
resultant CPT-11 formulation is shown in Table 2.

[0073]

(Referential Preparatiocn Example 1)

The procedure in Preparation Example 3 was repeated
except that PEG;¢-PE to be added in Preparation Example 3
(3) had previcusly been added to the mixed lipid as a
membrane component to prepare a liposome having PEG-PE
dispersed in both sides of inner and outer membranes, to
thereby prepare a CPT-11 formulation. The procedure is
shown below.

To 0.37 g of the mixed lipid (HSPC:Chel:R-DHPE =



117U | GO Lr) Hax UalLuCacC orn (aotH ao
i) 13Q roHCroH SJaNQ amwarn @Xw (D
NWa) uwa n a 63 0076] (Test Exanple 3) Accel erated
stability of formulation at .37C For each CPT-11
formul ati on prepared in Exar%gl e 3, an accelerated
test was perforned by heating it at 37C for 1 nonth.

\n, al | quo t he heated CPT- fo td
54 Tt d{%ﬁeﬂ/ R AN e "*T”tlel‘%k/als}J£ M%t%%ml%s by
addi ng physi ol ogi cal saline 0 wed, b .
Pqﬁﬁar%@rﬂr&i%@&?%%rﬁ(&l& A% %-,&z‘fh%u?%‘?/rﬁ%%ﬁo%mg to an
precipitate a CPT-11 fornulation. The fluorescence
anqirens|  y6 cop kel ponti g-e ameuolint PP £ nst R caremP e
hydrochl ori de present in the supernatant was
3deterrEGRe e weal culdatide 1t . gl eddencdt e afchrhltchenixture
| i posome (% . The results are shown in Fig. 2.
wddeanmwid Bred heoard i€l ¢ sy zeti of indieat | §oSONBOL N30 he
heat ed di spersion was neasured every 1 week. The
mifsulds are shown in Fig. 3.

After confirming that the mixture was dissolved
completely by stirring, to the ethanol solution were added
10 mL of an ammonium sulfate solution prepared so as to be
250 mM. Thereafter, the same procedures as Preparation
Example 3 (2) with a vortex mixer and extruder were
performed, and outer aquecus phase substitution was
performed for the liposcme dispersion obtained by using a
10% sucrose solution.

[0074]

In the same way as Preparation Example 3 (4), 10
mg/mL of a CPT-11/RO water solution was added to the
liposome dispersion in an amount reguired for CPT-11/HSPEC
value = 0.2 (w/w) to introduce irinotecan hydrochloride.
After the introductiocn, the mixture was cooled in ice, and
unencapsulated drugs were removed in the same way as
Preparation Example 3 (4). The resultant CPT-11

formulation i1s shown in Table 2.

[0075]




[0077] Figs. 2 and 3 reveal that the |iposone
prepared in Preparation Exanple 3 rel eased no drug at
37C even after 1 nonth (Fig. 2) and had a
substantial |y const ant part%iue size (Fig. 3), so
that it had excellent fornmul*ation stability. On the
ot her hand, for the PEG PE pre- introduced |iposone
prepared.in.Referential Preparation Exanple 1, the
drug-TaPe8sdlat 37C was started on the 64 third week,
the release rate on the fourth week was extrenely
high (Fig. 2), and the particle size increased since
the third week (Fig. 3), so that it was suggested

t hat menbrane breaki ng occurred since the third week.
From those results, for a CPT-11 highly supported
formul ati on of the present invention, the PEG PE post-
i ntroduced |iposone prepared by addi ng PEG PE after
the |iposonme formation was found to have a preferable
form [0078] [Exanple 4] In order to test long-term
preservation stability and stability in blood of a
CPT-11 fornul ati on of the present invention, CPT-11
formul ati ons were prepared by nethods in Preparation
Exanples 4 and 5 bel ow. (Preparati on Exanple 4) A drug
was i ntroduced by the renote | oading nmethod in the
same way as Preparation Exanple 1 except that outer
aqueous phase substitution for the PEG PE

post -i ntroduced




62

Table 2

| i posone di spersion was performed using a ge
had been subjected to sol vent substitution with
a 10 nM MES/ 10% sucr ose solution (pH 6.0)
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(corresponding to 0.75 nol % of the total |ipids anount
of the mxed lipid) of a solution of PEGO0O-PE in
distilled water (36.74 ng/nL) to introduce
. PEG5000- PE. Subsequently, tge drug was introduced by
the renote | oadi ng net hod i B°the 66 sane way as
Preparation Exanple 1 (3) except that outer aqueous
[O(H»)a(ﬁe substitution for the |iposone di spersion was
pertormed with a 10 mM MES/ 10% sucr ose sol ution (pH
6.0 to there repare, a CPT-11 highly supported ,
For MASHT GHFTRHR. Corber bt 6% SHnLI oY Tolb, Eogtlation
[0081] (Test Exanple 4) Long-term preservation
atstabidity test at 4C Each of the CPT-11 fornul ations
obt ai ned above was stored at 4C for a predeterm ned
perifodk eAfclerCRThel el apoeul of i drhepmmdetdrim fedamers otl, an
the particle size of the CPT- 11 formulation and the
adcellease gatte (tWwf dad Minechby Medraciy ard de: f3om tihe 1
CPT-11 fornmul ati on were neasured in the sanme way as

mole8st. ExampheqlotThe kasubbaranecshown kBrmhdbkec’d: was
[0082] [Table 3] ul (1) ONal r4 X

collected every 1 week, and it was diluted 20-fold by
adding physiclogical saline, followed by
ultracentrifugation (1 x 10° g, 2 hours, 10°C) to
precipitate a CPT-11 formulation. The fluorescence
intensity corresponding to the amount of irinotecan

hydrochloride present in the supernatant was determined to

calculate the release rate from the liposome (%). The

results are shown in Fig. 2. Meanwhile, the particle size
of the liposome in the heated dispersicon was measured every
1 week. The results are shown in Fig. 3.

[C077]

Figs. 2 and 3 reveal that the liposome prepared in
Preparation Example 3 released no drug at 37°C even after 1
meonth (Fig. 2) and had a substantially constant particle
size (Fig. 3), so that it had excellent formulation
stability. On the other hand, for the PEG-PE pre-
introduced liposome prepared in Referential Preparation

Example 1, the drug release at 37°C was started on the
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third week, the release rate on the fourth week was
extremely high (Fig. 2), and the particle size increased
since the third week (Fig. 3), so that it was suggested
that membrane breaking cccurred since the third week.

From those results, for a CPT-11 highly supported
formulation of the present invention, the PEG-PE post-
introduced liposome prepared by adding PEG-PE after the
liposome formation was found to have a preferable form.
[0078]

[Example 4]

In order to test long-term preservation stability and
stability in blood cof a CPT-11 formulation of the present
invention, CPT-11 formulations were prepared by methods in
Preparation Examples 4 and 5 below.

(Preparation Example 4)

A drug was introduced by the remote loading method in
the same way as Preparation Example 1 except that outer
agueous phase substitution for the PEG-PE post-introduced
liposome dispersion was performed using a gel column that
had been subjected to solvent substitution with a 10 mM
MES/10% sucrose solution (pH 6.0) in Preparation Example 1
(3), to thereby prepare a CPT-11 highly supported
formulation. The compositions are shown in Table 3.

[0079]



~+ @@a ro H aarlroro a\ 4 00¢cn101) 4
04 m0O) alwvooororoVl .H4J 4] a\ \ ~ a
aUaawr EHEa Oy4HI HIOIO aroco 12 r-|
Si1la NN O00.zHE1 1) aw roC0OO0ONTI 4
1J 4) -PV) L4 rovrom-0¥~V) ~)4 43 Q Cko

(Preparation Example 3)

The procedure in Preparation Example 4 was repeated
except that the mixed lipid prepared in (1) below was used
as a membrane component, to thereby prepare a CPT-11 highly
supported formulation containing 3, 5-
dipentadecyloxybenzamidine hydrochloride that is a charged
substance. The procedure is shown below.

(1) Preparation of mixed lipid: (0.4561 g of
hydrogenated soybean phosphatidylcheline (HSPC), 0.1876¢ g
of cholesterol (Cheol), and 0.0563 g cof 3,5-
dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissolved in 25 mL of t-butancl heated at 60°C, and the
mixture was cocled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid of HSPC:Chcl:TRX-20 = 50:42:8
{(molar ratio).

[0080}

The procedure in Preparation Example 1 {2) was
repeated except that 0.700 g of the mixed lipid prepared
above was used, to thereby prepare a liposome dispersion.

Te the liposome dispersion was added 1.42 mL
{corresponding to 0.75 mol% of the total lipids amount of
the mixed lipid} of a solution of PEGsge~PE in distilled
water (36.74 mg/mL) to introduce PEGspo—PE. Subsegquently,

the drug was introduced by the remote loading method in the
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UMa H68 [0083] For each of the CPT-11 fornul ations
prepared in Exanple 4 above, the particle size and
rel ease rate were not changed in even after 6-nonths
storage at 4C. Therefore, i*°® was clarified that each
CPT-11 fornulation prepared by the renote | oading
nmet hod has excellent |ong- term preservation

SHPALIAY 19S5 [DORATA T3t EBENE ol 59 S RoTERTR L/ Fgaf pouter
bl ood Each CPT-11 fornul ati on prepared in Exanple 4

aqrreparphaon Sxaaplestoantes)tlee hiReFoe oRlpersion was
irinotecan hydrochloride in physiological saline

pd comtraédi mgtd agl lmM ofiES £ 1 Gidt @eanc by deotht oen deyHwasC)
intravenously injected to the tail of a nouse

t& BAABL &b v T iePBb &re Sa Vverk- Dl dridhBA sdppantednfoymibhatinon.
i ri notecan hydrochl ori de anount of 10 ng/kg

ThEOLERSPONEI DY 19 8nddn0olkorimpiéenns of irinotecan
amount’). Blood was drawn 1, 6, and 24 hours after the

@éf tion and centrifuged (3,000 rpm 10 m nutes, 40
[@ ; . m
o collect plasma. The concentration of irinotecan

hydr?%gggrkggmkﬂe 4) Long-term preservation stability

test at 4°C
Each cof the CPT-11 formulations obtained above was

stored at 4°C for a predetermined period. After the elapse
of the predetermined period, the particle size cf the CPT-
11 formulation and the release rate (%) of irinotecan
hydrochloride from the CPT-11 formulation were measured in
the same way as Test Example 1. The results are shown in
Table 3.

[0082]

(Table 3]
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Tabkle 3

each plasma was neasured by fluorescence intensity
nmeasurenent. The plasnma was stored in a refrigerator
until the neasurenent. The results are shown in Table
4 and Fig. 4. 69 1In the case of each CPT-11

flor mul atji on|prepared |in Exanp] e 4,] the concentfatijon
cfmi'inotecan hydrochl oride in tHe pllasma cou|d he
measured until P4 hours after|{the | injectjon tp the
tlafl [ \&@iln, whilg in tlhhe ¢ase pf tHe ol ution pf
irgnangcan hydr pchl or|i de|i n physi dl ogijcal| sal|ne,| the
comcaqﬁra&ion could he mpasured only 1 hour after| the
inﬁe:b{an\to Lhe tail| vein,_, Thesefiore,| +he CPTr 11
flogmul4t|i Gh iprepared by {he | eRotled gadi ng-iref vd has
gngb ed ma ntai ni my tjhe |cencengr at fon 4f | i o nptegan
ry%ra‘ﬁloﬁide in plasm at a | high concentratipn flor a
[long &ériod of time. [0085] [[Tabl g 4] |70 | Tabl e 4
Coficerftrlation ih plasma |(pg/pl) |El apsed: tine| (hr) 1
6 24; =HT-11 fofnul atji on|(Preparatfion|189; 41 1p8.(J3
13218 HBxample 4) CPT-11|fornul atijon ¢ontai ni ng TRX-
185. 29 84.67 3.838 20 (Preparption Exanple 5)
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Sol ution of irinotecan hydrochloride in physiologica

0.39 ND ND saline [0086] [Exanple 5] In order to

test the drug efficacy of a CPT-11 highly

encupsul ated fornul ati on of the present invention,

CPT-11 formul ations were pﬁ@pared in Preparation

Exanples 6 to 9 below (Preparation Exanple 6) The

&rocedure in Preparation Exanple 4 was repeated

%e2 t that the mxed |ipid prepared in (1) bel ow was

used as a nenbrane conponent, to thereby prepare. a

CPT- EQrhﬁgﬁhyOfszﬁoPPEdlﬂofﬁﬁmaﬁﬁéhoﬁénPéﬁﬂﬁﬁﬁdSl§

di pent adecyl oxybenzam di ne hydrochloride that is a
Exhapbeds shbseéantec Fhetprbeedure andshewnapel bate(Tyre

Preparation of mxed lipid: 4.562 g of hydrogenated
nsoybeangphosphatédyhebelki aemtHSPE) st4r836 grof°C.

chol esterol (Chol), and 0.564 g of 3,5 71

THE PeRL adecyl oyybepzani di e hydr oghbpr tde-{ TRX-Z2@h1weien
di ssolved in 50 nL of t-butanol heated at 60C, and the

p?%égggerégstﬁ8°£880£3 iggdéﬁﬁlﬁgﬁﬁg bMagrgﬁéglgéMtngong—

y prepare a m xe i pid HSPC: Chol
= 50:42: 8 t 0087 The rocedure in
C o RohT e bR BRa P e et bpoated

[0084]

{(Test Example 5) Retentivity in blocod

Each CPT-11 formulation prepared in Example 4
{Preparation Examples 4 and 5) or a sclution of irinotecan
hydrochloride in physiclogical saline (containing 1 mg/mL
of irinotecan hydrochloride) was intravenously injected to
the tail of a mouse (BRALB/c, female, 5-week old, CLEA
Japan, Inc.) in an irinotecan hydrochioride amcunt of 10
mg/kg (corresponding to 8.77 g/kg in terms of irinotecan
amount) .

Blood was drawn 1,6,and 24 hours after the injection
and centrifuged (3,000 rpm, 10 minutes, 4°C) to collect
plasma. The concentration of irinotecan hydrochloride in
each plasma was measured by fluorescence intensity
measurement. The plasma was stored in a refrigerator until

the measurement. The results are shown in Table 4 and Fig.

4,



except that 7.002 g of the m xed Iipid prepared above
was used, to thereby prepare a |iposone di spersion.
To the |iposone di spersion was added a sol ution of

pol yet hyl ene gl ycol 5000- phosphati dyl ethanol am ne
(PEG5000- PE) in distilled §&ter (36.74 ny/nl)
corresponding to 0.75 nol % of the total |ipids
amount, and the m xture was heated at 60C for 30

m ndifeshto GaRe fu® PECHOULPE BibSdqi@h @ ePa R 1n
drug was introduced by the renote |oading nethod in .
Exelrglsarfs wle aorRespgaredticon Exdmiine teqes) hwdyodtHarasiy 1n

prepare a CPT-11 highly encupsul ated fornul ati on. The
theomesintd @rulsl dwweddurkablmEl [B088ursTabite5]thg N

-HNd +-1CM S4UH maroo uNooma"H CL
iBEddidd @ t@e Hadll NEH) while in the case of the
solution of irinotecan hydrochloride in physioclogical
saline, the concentration could be measured only 1 hour
after the injection to the tail vein.

Therefore, the CPT-11 formulation prepared by the
remote loading method has enabled maintaining the
concentration of irinctecan hydrochloride in plasma at a
nigh concentration for a long period of time.

[008B5]

[Table 4]
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Table 4
Concentration in plasma
(ng/mL)
Flapsed time {(hr) 1 6 24
CPT-11 formulaticn (Preparation 189.41 128.03 13 .18
Example 4)
CPT-11 formulation containing TRX-
2C (Preparation Example 5) 185.29 B4. 67 3.38
Solution of irinctecan
hydrochlcoride in physiological 0.39 ND ND
saline

[G086]
[Example 5]

In order to test the drug efficacy cf a CPT-11 highly
encupsulated feormulation of the present invention, CPT-11
formulations were prepared in Preparation Examples 6 to 5
below.

(Preparation Example 6)

The procedure in Preparation Example 4 was repeated
except that the mixed lipid prepared in (1) below was used
as a membrane component, to thereby prepare a CPT-11 highly
supported formulaticn containing 3, 5-
dipentadecyloxybenzamidine hydrochloride that is a charged
substance. The procedure is shown below.

(1) Preparation of mixed lipid: 4.562 ¢ of
hydregenated soybean phosphatidylcholine (HSPC), 1.876 g of

chelestercl {Chel), and 0.564 g of 3, 5-




aln roCoir O-HU'" CD H+J Wa um o00.m.
..0 4 04aou-11co(~-CaxUELO Hn GCio ( N
mH A m O) W73 [0089] (Preparation Exanple 7)
The procedure in Preparation Exanple 4 was repeated
except that the mixed |lipid pkepared in (1) bel ow was
used as a nenbrane conponent, to thereby prepare a
CPT-11 highly supported fornulation_containin% 3,5
ddppBREdectyPEXPEeR2EF AN e NAFEPSERPELPge ((TRE <V Here
char ged
disso%ved in 50 mL of t-butancl heated at 60°C, and the

mixture was coocled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid of HSPC:Chol:TRX-20 = 50:4Z:
g (molar ratio).

[0087]

The procedure in Preparation Example 1 was repeated
except that 7.002 g cf the mixed lipid prepared above was
used, to thereby prepare a liposome dispersion.

To the liposome dispersion was added a solution of
polyethylene glycol 5000-phosphatidyl ethanolamine (PEGsgpo—
PE) in distilled water (36.74 mg/mlL) corresponding te 0.75
mol% of the total lipids amount, and the mixture was heated
at 60°C for 30 minutes to introduce PEGsgpo—PE.

Subsequently, the drug was introduced by the remote loading
method in the same way as Preparation Example 1 (4), to
thereby prepare a CPT-11 highly encupsulated feormulation.
The composition is shcown in Table 5.

[0088]

[Takle 5]
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Table 5

subst ance.

The procedure is shown below (1)
Preparation of mxed |ipid: 4.562 g of
soybean phosphati dyl chol i ne (HSPC),

hydr ogenat ed
1.518 g of

dhol est er ol

i xtule

of the

(Chol ),
i pgnt aglecyl oxybenzan
i ssolved in 50 nL of

and 1,
i di ng
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was cogled in ige
o Cthereby prlepare a m

$0: 34:16 (nmolar ratio),
r epar ali on Exanple 1
m xed lipid

was

pr epared above was

mexed |ipid of HSPC. Chol

126 g of 3, 5-

hydrochl ori de (TRX-20) were
heated at 60C, and the
, followed by freeze-drying,
: TRX- 20
The procedure in
except that 7.207
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[ 0090]
r epeat ed

hereby

I""<(OO""O'HII""3C)O

4 sfﬂr
>U6%@§]

oadi ng

uently,

prepare a lip
em3|on was- agded
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iTt f oduce PEGL600- Chol .
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di spersant. To the |iposone
pol yet hyl ene
distilled

t he

i ntroduced by the renote
way as Preparation Exanpl e
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aqueous phase
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page

™M ME$/ 10% sucrose sol ution (pH

a CPT-11 highly encupsul at ed

o§£tion is shown in Table 6.

Total
lipid

mol/L

0.047

Lipid concentration

Phospholipid

mg./ L

18.36

PEG-PE

0.75

{molar ratio)

Initial membrane
composition
Lipid

HSPC :

Chol :
TRX-20

50 :42 : 8

Preparation
Example 6
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[0089]

(Preparation Example 7)

The procedure in Preparation Example 4 was repeated
except that the mixed lipid prepared in (1) below was used
as a membrane component, to thereby prepare a CPT-11 highly
supported formulation containing 3, 5-
dipentadecyloxybenzamidine hydrochloride that is a charged
substance. The procedure is shown below.

(1) Preparation cof mixed lipid: 4.562 g of
hydrogenated soybean phosphatidylcholine (HSPC), 1.518 g of
cholestercl (Chol), and 1.126 g of 3,5-
dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissclved in 50 mL of t-butanol heated at 60°C, and the
mixture was cocled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid of HSPC:Chol:TRX-20 =
50:34:16 {molar ratio).

[0090]

The procedure in Preparation Example 1 was repeated
except that 7.207 g of the mixed lipid prepared above was
used, to thereby prepare a liposome dispersant.

To the liposome dispersion was added a solution of
polyethylene glycel 1600-cholesterol (PEGige—-Chol) in
distilled water (36.74 mg/mlL) ccorresponding te 2.0 mol% of

the total lipids amount, and the mixture was heated at 60°C



Ua-a OHEr Uaa 4N EH ROa 4 ~roHW
OwN OO.ri UW -U- i NOOTrl aN"O.il N nmy.
rorl Ul @ OO.. rH . HU-HUP. a0OFO U Ln

Hx c Or +3 N
74

for 30 minutes to introduce PEGis-Chol. Subseguently, the
drug was introduced by the remote loading method in the
same way as Preparation Example 1 (4) except that the outer
aqueous phase substitution for the liposcme dispersion was
performed with a 10 mM MES/10% sucrose sclution ({(pH 6.0},
to thereby prepare a CPT-11 highly encupsulated
formulation. The composition is shown in Table 6.

[0091]

[Table 6]
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[0092] (Preparation

Exanpl e 8) The procedure in Preparati on Exanple 4 was

r epeat ed
bel ow was used

except that the mixed lipid prepared in (1)
as a nmenbrane conponent,

to thereby

preparefa CPT-1T highRly Supported fornul ation
gont@i nilng 3,5 di pentladecyl oxybenzam di ne
hydrechlliori de that i§ a charged substance. The
aroc®dure is shown bdl aw. |(1) Preparation of m xed
i piY: 4.562 ggof hydrdgenated soybean
phosghatidylch%line (|HSPC)|, 1.876 g of cholestero
(|/Chod), |and 0.564 g gf 3,5- di pentadecyl oxybenzam di ne
Hydr@chllori de (TRX-2d) werle dissolved in 50 niL of
t|- butanol heated at §0C, and the nixture was cool ed
i i—ee,—fottowed—by—fireeze-drying, to thereby prepare
a ngwed I'i pi d&dof HSPC:. Choli: TRX-20 = 50:42:8 (nolar
rlat#o). [[0093) L The pgrocedure in Preparation Exanple 1
was®repeat ed SeXcept |that [7.002 g of the mixed lipid
Ar epaked above was Used, ito thereby prepare a
li pgsone dispgﬁgion. .
o o UV& e
o =5
= g
193] ]
o
O
D
o 0 = 0
v N N
a3 o ™
v E
e
O
8]
o —~ T = -
o M - ~ =t
e o0, — o
+ O -d o N
@ & £ o
M
4
o o
QL -~
g | A 4
oo
3 o S r
2N |
g 3 £ -
o 0
- e
= ¥
] |
% ) o 8 o™
S co0
2370 e
5+ w©
Em - ~
~ 8 Hl g 2 & -
w29 o ™ ©
< 50| & oy =
Qg - O %
-~ = - Ay o
[ U e I}
— T
ot
O -
-
2@
T
YIoY
® E
0. @
T
S|
[a¥]




To the |liposone di spersion was added a sol ution of

pol yet hyl ene gl ycol 5000- phosphati dyl et hanol am ne

(PEGS000- PE) in distilled water (36.74 ng/mnlL)

corresponding to 0.75 nol %of the total |ipids

amount, and the mixture was 'feated 77 at 60C for 30

m nutes to i ntroduce PEGS000- PE. Subsequently, the

drug was introduced by the renpote |oading nethod in

[Q%%gkane way as Preparation Exanple 1 (4), to thereby
prepare a CPT-11 highly supported fornulation. The
conpbgrep@hatéogh@ﬂﬁmpﬁeTﬁ le 6. [0094] (Preparation
Exanpl e 9) The procedure in Preparation Exanple 4 was
r epebhedprexedptet hat Ptpanakedn| Epinippeepaved reapgdayed
bel ow was used as a nenbrane conponent, to thereby

epieparenar GHle 1di bheghl ypi suppesd eed f o nul ptbehow Thes used
procedure i s shown below. (1) Preparation of m xed

&1 01 ferndr 340 & Sy dr ogenat e 159Ybe CPT-11 highly
aphospﬁgtidylchd€$%% (HSPC) and £§%é% %ﬁa%? acholestero:ILg

§,Qh0L) et e, gl 550l yedo Lo 50, iy of 4z butanol - heated at
BT ERE ThE 3T i

e mxture was cooled ih ice, followed by

PR oTY L B VRN S R TS D008 e bt ofedlifEe=

in Preparation Exanple 1 was repeated except that
SR PPN EL of Hife REGESEYIDIlF ey &8 bve was  used,

to thereby prepare a |liposone dispersion. To the

| i po$bhePdéppertion wlsmayedddl arsdl ufi 8h2o8 Of
hydrogenated soybean phosphatidylcholine (HSPC), 1.876 g of
cholesterecl (Chol), and 0.564 g of 3,5-
dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissolved in 50 mL of t-butancl heated at 60°C, and the
mixture was cocled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid of HSPC:Chol:TRX-20 = 50:42:8
(molar ratio).

[0093]

The procedure in Preparation Example 1 was repeated
except that 7.002 g of the mixed lipid prepared above was
used, to thereby prepare a liposome dispersion.

To the liposome dispersion was added a solution of
polyethylene glycol 5000-phosphatidyl ethanclamine (PEGspoo-

PE) in distilled water (36.74 mg/mL) corresponding to 0.75

mol% of the total lipids amount, and the mixture was heated




sk

pol yet hyl ene gl ycol 5000- phosphati dyl ethanol am ne
(PEGS003- PE) in distilled water (36.74 nyg/nl)
corresponding to 0.75 78 nol % of the total I|ipids
amount, and the m xture was heated at 60C for 30

m nutes to introduce PEG5000-PE. Subsequently, the
drug was i ntroduced by the renote Ioading nmet hod i n

aaré%a(; Fal O AT BRI bostBporFoRe  BERARTEN. The
onposition is shown in Table 7. [0096] [Table 7] N -H .

Slel@sefaﬁen?ly oihe fFpg wep Entmodysed byt time dree-eolfrding
41 ZT N o 0')

method in the same way as Preparation Example 1 {4), to

thereby prepare a CPT-11 highly supported formulation. The

composition is shown in Table 6.

[(0094]

(Preparation Example 9]

The procedure in Preparation Example 4 was repeated
except that the mixed lipid prepared in (1) below was used
as a membrane component, to thereby prepare a CPT-11 highly
supported feormulation. The procedure is shown below.

(1) Preparation of mixed lipid: 4.940 g of
hydrogenated soybean phosphatidylcheline (HSPC) and 2.060 g
of chelesterol (Chol) were dissolved in 50 mL of t-butancl
heated at 60°C, and the mixture was cooled in ice, followed
by freeze-drying, to thereby prepare a mixed lipid of
HSPC:Chol = 54:46 (molar ratio).

[C095]

The procedure in Preparation Example 1 was repeated
except that 7.002 g of the mixed lipid prepared above was
used, to thereby prepare a lipcsome dispersion.

To the liposome dispersion was added a solution of

polyethylene glycol 5000-phosphatidyl ethanclamine (PEGsgop—

PE) in distilled water {(36.74 mg/ml) corresponding to 0.75
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mol% of the total lipids amount, and the mixture was heated
at 60°C for 30 minutes to introduce PEGspue—PE.

Subsequently, the drug was introduced by the remcte loading
method in the same way as Preparation Example 1 (4), to
thereby prepare a CPT-11 highly supported formulation. The
composition is shown in Table 7.

[0096]

[Tabkle 7]
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[ Exanpl e 6] The effect of the pH value of an outer
aqueous phase on the drug encapsul ation rate was
exam ned. (Preparation Exanple 10) (1) Preparation of
mxed lipid: 7.01 g of HSPC and 2.93 g of Chol were
wei ghed, and 10 ni of absol u8@ ethanol was added
thereto. Then, those were dissolved with heating at
68C._ After conflrn1ng that those were dissol ved
@Qﬁﬁletely, 90 nL of amoni um sul fate sol ution (250
was added thereto, and the m xture was stirred
[WxeRPHeattilng at 68C. (2) Preparation of |iposone:
after conpletion of the stirring with heating, the
r esulThante fifiedturcel wase gabs sed ud krfough cautfdd teeudrand nghase
a pore size of 0.2 pmfive times using an extruder

oheated dtre g68Gcpehsequent Inut et hesf iddzeri newas exchanged
for a filter having a pore size of 0.1 pm and the

filtrate %@%tﬁﬁﬁ§%ﬂu&&ﬁ%“9® the filter five tinmes.
Thereafter the fil ter was exchanged for a filter

havi r}%gseé% asc' t%f ‘?xfsﬁ A a'cﬁ 7arbci N B Ateg

was pa roug I'VE t'i'mes

rodu t| of PEG50QO0- PE: after the extr si on,
rﬁé W§&&e&92@h$ L aNGt 1§ PEGS Ogbggﬁgte ethanol
solutlon 36 74 ng/nL) so as to be a  predeterm ned

wpEGsdged PEI(%ﬁ’t enthefpl BposandeFpedhfRPlvedgiithaBeating
stirred at 60C for 30 mnutes, to thereby introduce
aPEES600- DSPEer AEbRE i théng nthatuthbon, wehe Sanpbiveds
cooled in ice.

completely, 90 mL of ammcnium sulfate solution (250 mM) was

added thereto, and the mixture was stirred with heating at
68°C.

(2) Preparation of liposome: after completicn of the
stirring with heating, the resultant mixture was passed
through a filter having a pore size of 0.2 um five times
using an extruder heated to 68°C. Subsequently, the filter
was exchanged for a filter having a pore size of 0.1 um,
and the filtrate was passed through the filter five times.
Thereafter, the filter was exchanged for a filter having a
pore size of 0.1 pm again, and the filtrate was passed
through the filter five times. Introducticn of PEGsapo—
DSPE: after the extrusicn, to the sample was added 20.4 mL
of & PEGsgpgo—DSPE solution (36.74 mg/mL) so as to be a

predetermined PEGsop0-DSPE content (mol%), and the mixture




(3) Quter aqueous phase substitution: for each ice-
cool ed sanple (8 nlL), outer aqueous phase substitution
was perfornmed using a gel colum that had been
subjected to adequate substitution with each of outer
aqueous phase solutions hafilng di fferent pH val ues
(pH 4.0, 5.0, 6.0, 7.0, 8.0, or 9.0), concretely,

t t h , 2.0 0
WM BT et %‘%e@%r%@éﬁf’é‘%f i1 or) PRl Hiotecs

hase solution having pH 6.0 (10 nM histidine/10%
vo0$S Fol uREBAY, thEt éfltaagééaéO}sha§Be §aMgdpongs cooled
having pH 7.0, 8.0, 9.0 (10 mM Tri s/ 10% sucrose
irsglagi ons). After the outer aqueous phase
substitution, each HSPC concentrati on was determ ned
usi ng3 p Plhosphaliipbds cledes duisst Dhukidénf ofctheach ice-
| i posone di spersion. The total phospholipid anount

Cdd@@dW@én ctd ated, foomet hey iSRG wIensendudd Dation was
[0098] (4) Drug encapsulatlon there was prepared an

pd A DQt&fal nﬁ%gré)c%”#cggu&n(rpp-rh )l{ac'lﬁcﬂtalon uld { &S F o

osnosi s ne wat er aving a

oncentrat.i on. of, 10 e i not ecan
At D g St (B et B TR e Rhase

i spersion in an_apmpunt 82 of CPT 11/tot p
S@iﬁbﬁrﬂ < P bt T ot 5 wiRth YRttt (PR o tﬂlh % %6 0,

| i pi ds amount (mM) above, and the m xture mas stirred
7t €00 f T 60 M nIRECT & bher@bie T maRitee phase

irinotecan hydrochloride. After the introduction, the
s cslartpl @ e cond et | 4. §.ceh - (AF it her eatciapsutialf 16 ofucrose

solutions}, outer agqueous phase sclution having pH 6.0 (10
mM histidine/10% sucrose solution}, outer agueous phase
soluticons having pH 7.0, 8.0, 9.0 (10 mM Tris/10% sucrose

sclutions). After the cuter aqueous phase substitution,

each HSPC concentration was determined using a phosphclipid
determination kit for the liposome dispersion. The total
phospholipid amount (mM) was calculated from the HSPC
concentration.

[coa98]

(4) Drug encapsulation: there was prepared an
irinotecan hydrochloride (CPT~11)/ RO water (reverse
osmosis membrane purified water) solution having a
concentration of 10 mg/ml. The irinotecan hydrochlcride

sclution was added to the liposcme dispersion in an amount




i rinotecan hydrochl oride, the |iposone di spersion was
passed through a gel colum that had been subjected to
substitution with a 10 nmM hi sti di ne/ 10% sucr ose
solution (pH 6.5) to renove unencapsul ated drugs. The
li pid (HSPC) concentration, 8drug (CPT-11)
concentration, and particle size of each CPT-11
formul ati on obtai ned above are_shown i Tgﬁle 8.
of JORoT 1Y Lr @l bnthpsdt ATOM fTi i jeﬁi]cﬁfj‘og/d?o howteprrqgpect
formul ati on obtai ned above, the drug encapsul ation
tefficiereyl (Upids wateut at®d) falonve heandtiler mixtpee was
final drug concentration CPT-11 with respect to the
st tedl adr @@’ Cofcent?® atimomc s 16t ¢ nohé natby Bccordiag t o
the follow ng expression. [Mthematical Fornmula 1]

i Ecepstdath eirefhi st eney off teRT-the (%Wt reddyialn, CREe
it/ Total Lipids (nmol/nmol)}/{Initial CPT-11/ Total

ségﬁr%ig%aén@ééf@éi)ﬁnxlé@c} GAQQ] 83 cHheg=Leswdisars

wn I1n Table 8 and Fig. 5. The table and figure show

1% OLLOWOG: 1 e sase dhere, LhR BH Yl ueoof 1be

er aque ( €ess, encapsul ation

PSR b TR b F27 70 B CHbet Wit o THe VarLe et o8

nore than 8.0, the encapsul ation efficiency of CPT-11
S%QGtiH%%¥%%s%%?h a 10 mM histidine/10% sucfose soluticn
(pH 6.5) to remove unencapsulated drugs.

The lipid (HSPC) concentration, drug (CPT-11)
concentration, and particle size of each CPT-11 formulation
obtained above are shown in Table 8.

[0099]

(Drug encapsulation efficiency)

For each CPT-11 formulaticn obtained above, the drug
encapsulation efficiency (%) was calculated from the ratio
of the final drug concentratiocn CPT-11 with respect tc the
initial drug concentration 0.16 (mol/mol) according to the
following expression.

[Mathematical Formula 1]

Encapsulation efficiency of CPT-11 (%) = {Final CPT-
11/Total Lipids (mol/mol)}/{Initial CPT-11/Total Lipids

(mol/mol)} x 100

(0100}



[0101] [Table 8 U N -H In Ln MLO CDLnh COr rn H

ma HN r-i HMNd MNd Na MHa UNNNN

NNNNN(N((NN r-l HHHHHHHHHTYII HH J, (O

a o+UNd HmCMLOCONOCO U UOOHMNMIO

MNHNLNnHP,-~ mmmmmmmmr r rolLHw wHH

}, "G OMmMr c Hmmr molLn HE\D Lo IO u-) Ln
r

u
Ln L dghi MGt o Qn ' bbb AL - dnd
table and figure show the following: in the case where the
PH value of the outer aqueous phase is B.(0 or less, the
encapsulation efficiency of CPT-11 (%) is a extremely high
value of 90% or more, while in the case where the wvalue is
more than 8.0, the encapsulation efficiency of CPT-11 (%)
decreases.

[0101]

[Table 8]
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, 7."" EHHHHHHHHHHHH CO U OSO0 4) ) O
Inr m Ln CO 7:5a O(0 O N85 [0102] [Exanple 7]
The effect of the pH value of the outer aqueous phase
on drug stability was exam ned. To 1 nL of each of
out er aqueous phases havi ng83different pH val ues,
concretely, outer aqueous phase solutions having pH
4.0,.5.0 (10 mM acetic acid/10% sucrose sol utions),
[ St 2} aqueous phase solution having pH 6.0 (10 nM
hi sti di ne/ 10% sucrose solution) , outer aqueous phase
{Boanptons]l having pH 7.0, 8.0, 9.0 (10 mM Tri s/ 10%
sucrose solutions) (pH 4.0, 5.0, 6.0, 7.0, 8.0, or
9. 0)Thdhatf st wSedhe npl 3ya biie Ro£piatat vone Exagpéeud Ophase
was added 0.7 nL of an irinotecan hydrochl oride

orl @.Tucglls)iiﬂgy\@ttyerwﬁ eyeiiBEne®dSNOSi s nenbrane purified
wat er) sol ution having a

To 1 mL of each of outer agqueous phases having
different pH wvalues, concretely, outer agueous phase
solutions having pH 4.0, 5.0 (10 mM acetic acid/10% sucrose
solutions), outer agueous phase solution having pH 6.0 {10
mM histidine/10% sucrose sclution) , cuter aqueous phase
sclutions having pd 7.0, 8.0, 9.0 (10 mM Tris/10% sucrose
sclutions) (pH 4.0, 5.0, 6.0, 7.0, 8.0, or 9.0) that was
used in (3) of Preparaticn Example 10 was added C.7 mL of
an irinotecan hydrochloride (CPT-11) /RO water (reverse
osmosis membrane purified water) soluticn having a
concentration of 10 mg/mL, and the mixture was stirred at
60°C for 60 minutes.

[0103]

The CPT-11 soclution cbtained above was diluted 20-
fold with each outer agqueocus phase solution, and 5 plL of
the samgle was subjected to measurement by high performance
liquid chromatography. Thereafter, the hydrolysis ratio
(open circular form existing ratio} (%) of a-hydroxylactone

ring was calculated according to the following expression.

CPT-11 open circular form existing ratic (%) =



concentration of 10 ng/nL, and the m xture was stirred
at 60C for 60 mnutes. [0103] The CPT-11 solution
obt ai ned above was diluted 20- fold with each outer
aqueous phase solution, and 5 pL of the sanple was
subj ected to neasurenent by 8% gh performance liquid
chromat ography. Thereafter, the hydrolysis ratio

(open circular formexisting ratio) (% of -
{ Berhy/diPexerl dctlon®2 pi Agranals! cal kUl at ed according to the
foll owm ng expression. CPT-11 open circular form

exi skidag: ratpoak WYrel86of [Pihenl ¢popeniacdlandORoxm

Acl ose) } x 100 Aopen: A peak area of CPT-11 open

ci rcul.ar,.:f or meaAcla0se oA pFak lar ed Bfe REclilad deem
circular form [0104] The results are shown in Fig. 5.
[dioyes clarified that, in the case where the pH val ue
of the outer aqueous phase is 8.0 or nore, the CPT-11

gggnThgiEQEh?§sfggﬁ1gﬁ%@ﬁiQE g%§[05(@© i ncreased and

extrene hi value o Joor nore. In order to
mai ntain_ the CP :1% tivity, . the pH val ue i
requ# eﬁafocggrﬁgﬁe rggﬁtSsl¥oFB§u%%?%sgkﬁﬁeh§8F0F§sV§lue
of a-hydroxyl actone ring. lkb$e§er, fromthe asgeci of
of | el SEEBT | REYSERF PPHR SRy HT of yEi 8F , Meher pHiGattE S open
desirably about 6.0 to 7.0. Considering the results
cipfcEkanpt @r®, et het pro vaE bk of 5t hinched eed agi@odds phase
upon drug introduction was found to be desirably
exgboste Yy Onfgh 7vOlue of 95% or more. In order to maintain
the CPT-11 activity, the pH value is required to be 4.0 or
less for suppressing hydrolysis of a-hydroxylactone ring.
However, from the aspect of lipid stability (lipid
hydrolysis), the pH value is desirably about €.0 toc 7.0.
Considering the results of Example 6, the pH value of the
outer aqueous phase upon drug introduction was found to be
desirably about 4.0 to 7.0.
[0105]
[Example 8]
(Preparation Example 11)
(1) Preparation of liposome
70.87 g of HSPC and 29.13 g of Chol were weighed, and
1C0 mL of absclute ethancl was added therete. Then, those

were dissolved with heating at 68°C. After confirming that

those were dissolved completely, 900 mL of ammonium sulfate



[0105] [Exanple 8] (Preparation Exanple 11) (1)
Preparation of |iposone 70.87 g of HSPC and 29. 13 g of
Chol were wei ghed, and 1C0 ni of absol ute ethanol was
added thereto. Then, those were dissolved wth
heating at 68C. After confi Brhi ng that those were

di ssol ved conpletely, 900 nL of ammonium sul fate 87

sol ution 50 mV) was ded thereto, and the mxture
SRS LE | 5D WL H TR i R0 | 2 Rt T BBy s
particle size of |iposome, Regulation of particle size
stofrigposoire: hedterd &ondt etion of the stirring with
heating, the resultant m xture was passed through a
filtex) heewgngahiporef spaetbfle 190zanefi VEPPFa®E usi ng
an extruder heated to 68C. Introduction of
PECEROH1 DSPEsn abtf epathecext £Usé 0af 1 opobhee sanpterwas
added 200 nlL of a PEGS000- DSPE solution (36.74 ng/nl)

cSfb BSc 19, ber ac s edet eF i hedi AEROLO: EPPEheops ent tant

(ol %9, and the m xture was stirred at 60C for 30

mf;'& eesw%élg%%Q%&%i&‘jﬁ%ﬁdycﬁf 000; DSPE, gftersihe or

ntroduc e sanp was cooled 1n i1te. (3) Quter

ueous, phase substitution For t | ce-cool ed l e,
LG TRt hate L Bl Tt en ST R T ne R hg
a cross flowfiltration system vvi%h an .out er_ agueous

phasE sBPALF bhOL 16T nkFCHpsti i nie/3 06 S UdtosE Tbn)t°

(pH 6.5). After the outer _
the sample was added 200 nL of a PEGsge—-DSPE solution

(36.74 mg/mL) so as to be a predetermined PEGseo-DSPE
content (mol%), and the mixture was stirred at 60°C for 30
minutes, to thereby introduce PEGspo-DSPE. After the
introduction, the sample was cooled in ice.

(3) Outer agueous phase substitution

For the ice-cooled sample, outer agueous phase
substitution was performed using a cross flow filtration
system with an outer aqueous phase solution (10 mM
histidine/10% sucrose solution) (pH 6.5). After the outer
aqueous phase substitution, the HSPC concentratiocn and the
cholesterol concentration was determined using a high
performance liquid chromatography. An amount of irinotecan
hydrochleride that should be encoupsuled was calculated
from the summation of the HSPC concentration and the

cholesterol concentration as the total lipid concentration.



aqueous phase substitution, the HSPC concentrati on and
the cholesterol concentration was determ ned using a
high performance |iquid chronmatography. An anount of
irinotecan hydrochloride that shoul d be encoupsul ed
was cal cul ated fromthe su@®ation of the HSPC
concentration and the cholesterol concentration as
the total lipid concentration. 88 (4) Drug
encap$ul BEVOneTREPBUnABIPRepared an iri notecan
hydrochl ori de (CPT- 11)/ RO water (reverse osnosis
menbf aaee puaif pedpantdrdn soluetenahabvdgoahloride (CPT-
concentration of 10 ng/ni. The irinotecan

1hydreehlot ¢ de ( sotat s ©no svwass asldednboahdepbht pOhsedevater)
di spersion in an anount of CPT-11/total |ipids anount

scluid® KaPlAGOL) cohddnt espest & thend ptml ITiHR ds
anmount (m\V) above, and the m xture was stirred at 50C

1§ 80620 0 WL 855 ch 1 Or THET 80y Dbk OgllC e, h L Aot LCAN 11iposome

hydrochloride. After the introduction, the sanple was

SEOOLEA LD L6en (B RRmYRl cof_pnencapsul ated. dyg,

er e encapsulation of "irinotecan h 11T de.
to tgﬁ iﬁ 0 one.gﬁs ersion was_added the oputer aqueous
0 pHas ETRb{TR T brv L Bhdt T 8REval Cof EinerRaph uk A dTlg-as )
performed using a cross flow filtration system (6)
alq:@gem ATOntloe ebreert ret$ of- Fored h%t|$%o%o§1%r 20 minutes,
di spersion after the renoval of unencapsul ated drugs,
tantlavotiy it iedwot ecamdiyelr ot hbod i aenl evasdalet érfriered he
using a high performance liquid chromatography and
integdwatetbrt 0 thd sapipile ofas ragwlietam ice.
(5) Removal of unencapsulated drug
After the encapsulation of irinotecan hydrochloride,
to the liposome dispersion was added the cuter aqueous
phase solution, and removal of unencapsulated drug was
performed using a cross flow filtration system.
{6} Regulation of concentration
Fer the liposome dispersion after the removal of
unencapsulated drugs, an amount of irinotecan hydrochloride
was determined using a high performance liquid
chromatography and regulated to 5.0 mg/mL of irinotecan
hydrochloride concentration.
{(7) Filter sterilization

After the regulation of ccncentration, the liposome

dispersion was filled intc a wvial tube through a filter




hydrochl ori de concentration. (7) Filter sterilization
After the regulation of concentration, the |iposone
di spersion was filled into a vial tube through a
filter 89 sterilization using a sterilizing filter
having a pore size of 0.2 g The conpositions and
particle sizes of the CPT-11 fornul ati ons obtai ned
above are shown in Table 9. [0106] [Table 99 NN H
steNLigatiqn rysin g ostepllizing H N dasno @ -pare (gize
6 Qo n(aO-H
of 0.2 um.

The compositions and particle sizes of the CPT-11
formulaticns cbtained above are shown in Table 9.
[0106]

[Takble 2]
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owroa opOer PMa00 O0(r34JroUHo0O0 roo
(0O-ouklo OO.HUaLO HU x o +) o roHa ro
R ~ro Nk S4 W aw91 [0107] (Test Exanple 6)
Antitunor effect 2.5 x 106 cell s/ nobuse of human
prostatic cancer cells

[0107)

(Test Example 6} Antitumor effect

2.5 x 10° cells/mouse of human prostatic cancer cells
(PC-3) were implanted subcutaneously in left inguinal
region of the mcouse (BALB/c nude, male, 6 weeks old,
Charles River Japan, Inc.). After implanting tumors, a
presumptive tumor volume calculated by 1/2-ab® (a
represents a lengitudinal diameter of a tumor and b
represents a short axis diameter thereof). From the next
day of a day (day 0) in which a presumptive tumor volume
achieved about 40 mm’, at 3 times in all every four days
(days 1, 5, and 9), a CPT-11 preparation prepared in
Preparation Example 11 or a physiological saline solution
of irinctecan hydrochlcride was injected to a tail vein of
the mouse. There were mice without injection of either
agent as a control group.

A presumptive tumor volume and a body weight of a
mouse were measured at Days 1, 5, 9, 12, 16, and 22.

After extracting tumcrs and measuring a weight
thereof at Day 22, further, an inhibiticn rate of tumor
grewth I.R. (%) was calculated by the following formula.

I.R. % = (1 - average tumor weight in a treatment
group / average tumor weight in a control grcup) x 100

(0108]



(PC-3) were inplanted subcutaneously in left inguina
regi on of the nouse (BALB/c nude, male, 6 weeks old,
Charles River Japan, Inc.). After inplanting tunors, a
presunptive tunor volunme cal cul ated by 1/2ab2 (a
represents a longitudinal di%areter of a tunmor and b
represents a short axis dianeter thereof) . Fromthe
next day of a day.(day 0) in_which a presunptive
CumoFaGbPubd “EenFévad AbeaE ZoSHHW3Fh§tr§853ﬁés in
all every four days (days 1, 5, and 9), a CPT-11 .
prepdnat C8E-prepaepdrRhioPr apdr AhroRNERARPPELER 0B 1N
physi ol ogi cal saline solution of irinotecan

shidt behl of i deinasetapebyddotblaridel ewehnpobvethe
nouse. There were mce w thout injection of either

s8genNtiasne 6QppreksgteuprfAcpr esugphby¥egkbweh ¥YekURBman
and a body weight of a nouse were neasured at Days 1,

p?@s@at}g’c&ﬁcefngigg-th@f%géagﬁéﬁécgkagptHﬂﬁb§r@8dto the
measuring a wel ght thereof at Day 22, further, an

oLIPLE DR T L) IS (At
L SUELHEG MFRLPCLADS LDeP LFSELITh 81088/ 2oLt

Table 10 and Figs. 6 and 7 show the results. The,
sghyt3anppbpar aPPbACARINYABOPRY ST 6PBgil €aPl8alPnefic. ©).

solution of irinotecan hydrochl ori de each proved a
Ferghéfi cahtheuppuessi dedenplcindiuenaer theowpyfveight of

human prostatic cancer with the treatnent group
tconpaned (Bighe7) .

[(0109]

[Table 10]



control group. The CPT-11 preparation proved higher
antitunor effect than that of the physiol ogical saline
. solution of irinotecan hydrochloride (Table 10, Fig.
J 6). Further, either agent did not influence the body
wei ght of the nouse (Fig. 733 [0109] [Table 10] 93
Tabl e 10 Dose Tunor weight Inhibition (ng/kg) (g,
nean S.D.) rate (a) Om%géﬁeg{gup 1. 260. 18

------------------------------------ CPT-11

preparation 25 0.030.01 97. o{#Lr epar gtuner Beamplte 11dnhibition

°0.0.020.00 98,3 100 0010000 15, weanzg.n.y . FREe
(%)
CPhysbdl ggbapl saline 25 0.640-25 49.0 -3salgsipongof —
——i-r--ret-ecan—56--0:-660:13-48-6---hydroecht-ortde-166——m e
ChTa80. ppeB2rstipp110] (Test Ekanple 7) 0.03%0.01 97.9
har macoki netics The,CPT-11 preparation prepared in

B ORAPaPT R B TRIFe Tl or RS hyel of Qe Osdhine %83

solution of irinotecan hydraeghl oride was ;CoRt jRUOUslyY 99 ¢
—i-pj-ect-ed-to-a

Physiological saline 25 0.64+0.25 49,0
soluticn of irinotecan 50 0.66x0.13 48.0
hydrochloride 100 0.48=%£0.20 62.3
[0110]

(Test Example 7) Pharmacokinetics

The CPT-11 preparation prepared in Preparation
Example 11 or the physiological saline solution of
irinctecan hydrochloride was continuously injected to a
cephalic vein of a cynomolgus monkey (male, 4 to 5 years
old, Guangxi Research Center of Primate Laboratory Animal)
for 4 min until satisfying a content of irinotecan
hydrochleoride with 10 mg/kg.

Collecting bklood from the cynomolgus monkey
immediately after injection and after the beginning of
injection; after 10 and 30 min; and after 1, &, 24, 48, 72,
168, 336, and 504 hours; blocod plasma was obtained by
centrifugal separation. Providing 50 plL of blood plasma

with 550 pL of an internal standard solution B {a methanol




cephalic vein of a cynonol gus nonkey (male, 4 to 5
years old, Guangxi Research Center of Primate
Laboratory Animal) for 4 min until satisfying a
content of irinotecan hydrochloride with 10 ng/Kkg.
Col | ecting blood fromthe cydonol gus nonkey
i mredi ately after injection and after the beginning of
injection; after 10 and 30 mn; and after

sgigitgn ofl 6Bnt 8BEal ankR e hotines t Bl 62 p@%%n%mab%Ylng
obtai ned by centrifugal separation. Providing 50 }L

caitbl Dogh pl Asnee, wihd 550 phaoinarwa st @t hatedtantfar d
solution B (a nethanol i.. 94 solution of interna

mst lanear dl Gubst aiices) a angenpl Byt nghe centsl fagat 11 or ce,
t he supernatant was diluted with nethanol 100-fold as

céh SR e {OF 1b8s b Ptpdn CPTMkh nWdONGENt @ iing 50 pL of
measur enent. Meanwhi Ie, PrOV|d|ng 50 pL of each bl ood

PR ?tg%ﬁm ol 200 | oyeek, s angesds soluion A
-tbetances ﬁ%‘éaﬁ%ﬁﬂ oAU AR vancer

10C). 100 pL_in upper er were se ted an re
S S/t ol 70 pHASENC B ST attF ohSPTSo OBt 1 Hec Bl fioheaaL
as sanples for free CPT-11 (i.e., CPT-11 rel eased

s¢pRA | 1Pos bhe), heP ef naf tEpT réf fated 1@sC) . 100 nL in upper
“li posome-rel eased CPT-11") concentration nmeasurenent,
18NeB8veonceapanti ol ardswe erediiplaned S BB HISNES8
10-0- gluclonide) concentration neasurenent. The
essargptebon pbt @i tietla ierehareabuged 2acharcpheenfoatfowe CPT-11
thereof with
(i.e., CPT-11 released from liposome, hereinafter reffered
as "liposome-released CPT-11") concentration measurement,
SN-38 concentration measurement, and SN-38G (SN-38 10-0O-
gluclonide) concentration measurement. The samples
obtained were measured each concentration thereof with
LC/MS/MS. Figs. 8 to 11 show the results.
[0111]

In the physiological saline solution of irinotecan
hydrochloride, the total CPT-11 concentration reduced
rapidly after injection and reduced to less than the lower
limit of quantification (< 1 pg/mL) until 1 hour.
Meanwhile, for the CPT-11 preparation, the total CPT-11

concentration reduced exponentially from 1 to 48 hours

after injection, and sufficient extension of retention time



LG M5/ MS. Figs. 8 to 11 show the results. [0111] In
t he physi ol ogi cal saline solution of irinotecan
hydrochl ori de, the total CPT-11 concentration reduced
rapidly after injection and reduced to | ess than the
lower limit of quantificati®n (< 1 pg/mL) until 1
hour. Meanwhile, for the CPT-11 preparation, the
total CPT-11 concentration, reduced exponentiallg from
was (PR ABIhbERS 2af EPRPFFRectieh, thne ehiffheiRhysiological
extension of retention tine 95 was recogni zed as
szirpar edl wi t dn t hat i vintohecphykidroghtaridealFhe- 8) .
solution of irinotecan hydrochloride (Fig. 8). [0112]
(dm 2 he physiol ogical saline solution of irinotecan
hydrochl ori de, the free CPT-11 concentration reduced

rel athvehy gl 6kbyoyntkl B8ahoHessalteioachrevingotbean
hi ghest concentration i medi ately after injection,

' t c n j on r |
ikt AL, e ceRpR e Sncrsiueapd g

concentration chi eve %he hj.gh ong %gfﬁ'o hin 1
r?éﬁﬁl%?{%rqufﬂfg%tV%E}Pa dh?%%% %géﬁge% ﬁg era%e?y
(Fig. 9). [0113] .In the physiological saline.solution
BYINTFE ot RCRACE Ay UPBCHIBR oL S LYo SNE36L CORCBHTT &t TDRCT
reduced rapidly after achieving the highest .
wiebele eblne acPoRel et ak erydasedriodpyakefvn, Marpwhile, 1n
reduced to less than the lower limt of .
tiguaneTfitaprepatat Do0N0Bheglinty GRTTL1290hegnpEration
Meanwhi | e,
achieved the highest concentration in 1 hour after
injection, and then reduced moderately (Fig. 9).
[0113]

In the physiological saline solution of irinotecan
hydrochloride, the SN-38 concentration reduced rapidly
after achieving the highest concentration immediately after
injection, and reduced to less than the lower limit of
quantification (< 0.0005 ug/mL) until 24 hours. Meanwhile,
for the CPT-11 preparation, the SN-38 concentration was
maintained for 1 hour after achieving the highest
concentration immediately after injection. The
concentration reduced after that, to be maintained from 6
to 48 hours (Fig. 10).

[0114]

For both the CPT-11 preparation and the physiclegical



for the CPT-11 preparation, the SN-38 concentration
was naintained for 1 hour after achieving the highest
concentration i medi ately after injection. The
concentration reduced after that, to be maintained
from6 to 48 hours (Fig. 1@?. [0114] For both t he
CPT-11 preparation and the phyS|oIog|caI sal i ne

solution of irinotecan h drochl th 38G
SRDrRB T H TR | e r BEORRE F5PR %?%%?“5%1 ettt ot 8¢
reduce slightly with maintain of the concentration
cqrrgtraion [astagaesin Bampre Bt et bXF el ¢y, The
CPT-11 preparation prepared in Preparation Exanple 11
ravasce njecdledl ¥ ovath ardiviedin of £ t hiee ratncéOD(BD) ¢1GS(Fig.
rat, male, 7 weeks old, Charles River Japan, Inc.)
1until satisfying a content of irinotecan

hydrochl oride with 3, 10, and 30 ng/kg, or satisfying
(¢es) physi ol ogi cal saline solution of irinotecan
hydrochlorlde with 30 ng/kg. Collecting blood of 0.4

m. f I t bef d aft
nj obt T oo SEni S SYG‘EM{%{@&W 20, and 27 days (for

5 veeke)co Ly WIbEL of peul fopbiLs g0 Lyrphocu o

gé XT 2000i Fi 12 d
( nex was 1Ajec éﬁﬁ¥% Iégll vegg [} %j§QOM/the

E
(CD(SD} IGS rat, male, 7 weeks old, Charles River Japan,
Inc.) until satisfying a content cf irinoctecan
hydrochloride with 3, 10, and 20 mg/kg, or satisfying the
physiological saline solution of irinctecan hydrochloride
with 30 mg/kg.

Collecting blood of 0.4 mL from a cervical vein of
the rat before and after injection; and after 2, 4, 6, 13,
20,and 27 days (for 4 weeks); the number of neutrophils and
lymphocytes was measured with automated hematology analyzer
(Sysmex XT-2000i, Sysmex). Figs. 12 and 13 show the
results.
[0116]

The number of neutrophils reduced transiently, to
recover quickly after that with any injection amount. At a

dose of 10 and 30 mg/kg as a content of irinotecan

hydrochloride compared to 3 mg/kg of the content, extent of



[0116] The nunber of neutrophils reduced transiently,
to recover quickly after that wwth any injection
anount. At a dose of 10 and 30 ng/ kg as a content of
i rinotecan hydrochloride conpared to 3 ng/kg of the
content, extent of 97 the fdmber reduction was |arge.
At a dose of 30 ng/kg, the nunber increased rapidly
in the recovery period. In 30 nq4kg each :% ot h
Ehenj BT oh BRfeHES1ORI YRt F1REAE - di et kg
transitions in the nunber of neutrophils were not
nyeeeyni zeeFg. rapddly The Hunbescorery yaphoeyt esiwakd
on a decline inmediately after injection albeit only
mel kghtdgyh dOwvevel , ithecel omsagonids f f erencii cdet ween
injections (Fig. 13). The results above descri bed
di eEOghh Ze8 & anstent r \eake i hesat oxtigd tyuiosr of
neutrophils in the CPT-11 preparation. However,

néd it £ASH{ Vs Of e REMBLOX}LEL Y YRS PRI X TR €l Wk@tﬂﬁimbéro of

that in the sane anount of the physiol ogical saline

1>§?ﬁff§o&€para+%h rare 5 f‘%ﬁ%’&#ﬁ& S0 o#‘?fém&

2 JpEFE TRl o o & °f < T n%aos?“ngo'oé'*%te
et hanol was dded thereto Then, those were dissol ved
b%ﬁW?ﬁ¢m%ﬁJ?@F%ﬁnSGSE?gﬁd%%} confirming that those were

di ssol ved ,
The results above described recognized transient weak

the

hematoxicity for neutrophils in the CPT-11 preparation.
However, intensity of hematoxicity was approximately equal
to that in the same amount c¢f the physiological saline
soluticn of irinotecan hydrcchloride.
[0117]
[Example 9]

{(Preparation Example 12)

(1) Preparation of liposocme

65.250 g of HSPC, 26.800 g of Chol and 8.000 g of
TRX-20 were weighed, and 100 mL of absolute ethancl was
added theretce. Then, those were dissclved with heating at
68°C. After confirming that those were dissolved
completely, 900 mL of ammcnium sulfate sclution (250 mM)
was added thereto, and the mixture was stirred with heating

at 68°C.



conpletely, 900 nL of amoni um sul fate sol ution (250
mMV) was added thereto, and the m xture was stirred
with heating at 68C. 98 (2) Regulation of particle
size of |iposone Regulation of particle size of

| i posone: after conpletion of t he stirring wth
heating, the resultant m xture was passed through a

filt havi ng a. pore_size e times using

bn extt ier b B8 £5 BBE Fher ouaRt PontopotRE

PEG5000- DSPE: after the extrusion, to the sanple was

addede 2002 hionf Ok PEESDE6S DSPES sBf ut i BRSOTS6. ?ﬁtﬁﬁ/ m)

so as to be a predeterm ned PEG000- DSPE cont ent
cqgmpl 94 1omnelf t blee n ki vrengasistiheeting, 600 besghtant

m nutes, to thereby introduce PEGO000-DSPE. After the
mimttmﬁ@lumisi ofasihe sanphehwasf cbodedhaningea P8¥e Quire of

aqueous phase substitution For the ice-cooled sanple,

100LER AOREOUSIPHASE nGUBSt &kt k@8 Wasa ped f o6 megl° usi ng
a cross flowfiltration systemwth an outer aqueous

phaSIen@p&al aeﬂo& 10 bl sipgbme/ 0% S U088 Sl ditdoN)to
(p C“After the outer aqueous phase substitution,

tﬁé‘e ﬂﬁ{ e ConCent 2! .?(5‘031{?19 L hey %‘.?iltr%;ﬁ per ution

concentrati on was deferm ned usSing or mance

chromat ogr aph An_anount _of irino
b O s AP o P e SRt A e %ﬁ 2060~ DSPE
calculated fromthe sunmation of the
cipmritht eel oh, ane t@]d%%’ﬁé?%lw%%n%‘éhﬂ?%l%% ahd tfrer 30

TRX- 20 concentration as the total |ipid
migopcent rae j omereby introduce PEGsgoe—DSPE. After the

intreoducticn, the sample was cooled in ice.

(3) Outer agueous phase substitution

For the ice-cooled sample, outer agueous phase
substitution was performed using a cross flow filtratiocon
system with an outer agqueous phase sclution (10 mM
histidine/10% sucrose solution) (pH 6.5). After the outer
acuecus phase substitution, the HSPC concentration and the
Cholestercl concentration was determined using a high
performance liquid chromatography. An amount of irinotecan
hydrechloride that should be encoupsuled was calculated
from the summaticon of the HSPC concentration, the
Cholestercl concentration and the TRX-20 concentraticn as

the total lipid concentraticn.

(0118]




[0118] 99 (4) Drug encapsul ation There was prepared
an irinotecan hydrochloride (CPT- 11)/ RO water
(reverse osnosis nmenbrane purified water) solution
havi ng a concentration of 10 ng/niL. The irinotecan
hydrochl ori de sol ution was added to the |iposome
di spersion in an anount of CPT-11/total |ipids anount
= 0.16 (nmol/nol) with respect to the total I|ipids
anouht ) (F)9 8DG9BSUAAELPAe mixture was stirred at
500C for 20 mnutes, to thereby introduce irinotecan
hydr8catervde. pAePeredhen ininodacanofydrhehdamphe was?-
cooled in ice. (5 Renopbval of unencapsul ated drug

1Af { eRO thet encapsuéas e oosodsi s i maniecane hydr o€hédr vdeer)
to the |iposone dispersion was added the outer aqueous

sPh@sLo 8 Oha i 08, a aBgntendbyatieh snencapsyhat edrick ug was
performed using a cross flow filtration system (6)

s Feg &L L0 9fi - SORCERL Hat QDL FPERtPEs | LAGSAMEs the liposome
di spersion after the renoval of unencapsul ated drugs,

dgg?ggyga%ig gﬁi%@55&9”09y8§?9?i9%%9§1 19§t§ﬁ§%§€d=

performance |iquid r omat ogr aph
regul at to 5.0 mg/nL of iyinptecan rochl oride
0 o RcuttF 207 oh 055 P FRRrt ofr T 2a0Ton AHDCPS: HASTRt (nb
regul ati on of concentration, the |iposope disgerslon
al@ise £ i FP@dth At B AV Al YR Bbet RFetight a>F i Ft BPT 169 minutes,

to thereby introduce irinotecan hydrochloride. After the
introduction, the sample was cocled in ice.

(5) Removal of unencapsulated drug

After the encapsulation of irinctecan hydrochleride,
to the liposome dispersion was added the outer aqueous
phase scluticon, and remcoval of unencapsulated drug was
performed using a cross flow filtration system.

(6) Regulation of concentration

For the liposome dispersicn after the removal of
unencapsulated drugs, an amount of irinotecan hydrochloride
was determined using a high performance ligquid
chromatography and regulated to 5.0 mg/mL of irinctecan
hydrochloride concentraticn.

(7) Filter sterilization

After the regulation of concentration, the lipocsome

dispersion was filled into a vial tube through a filter



sterilization using a sterilizing filter having a pore
size of 0.2 pm The conposition and particle size of
the CPT-11 fornul ati on obtai ned above are shown in
Table 11. [0119] [Table 11] a) N r{ U ON Um
4) N CL -Cr1r1JINOOPF 4 -0a~s1C0 -~
co E5rl1 CO 43 a

sterilization using a sterilizing filter having a pore size
of 0.2 um.

The composition and particle size of the CPT-11
formulation obtained akove are shown in Table 11.
[(0119]

[Table 11]
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Ca®d@0U E-N x CN Oro u roa 4ro0o 0x
~Aw a 102 [0120] (Test Exanple 9) Antitunor effect 2
x 106 cell s/ mouse of human | on cancer cells
(HCT116) were inplanted sub%@%aneously in left
i ngui nal region of the nouse (BALB/c nude, e, 6 weeks
old, Charles River Japan, Inc.). After inplanting
[§ S, a presunptive tunor volune was cal cul ated by
1/ 2ab2 (a represents a |ongitudinal dianmeter of a
tunofTapd Bxesptesent8nblishepy effect

2 x 10° cells/mouse of human colon cancer cells
(ECT116é) were implanted subcutaneously in left inguinal
region of the mouse (BALB/c nude, ¢, 6 weeks old, Charles
River Japan, Inc.). After implanting tumors, a presumptive
tumor volume was calculated by 1/2-ab? (a represents a
longitudinal diameter cf a tumcr and b represents a short
axis diameter therecf) achieved to about 90 mm® in a day
{Day 0). From the next day, at 3 times in all every four
days (Days 1, 5, and 9), a CPT-1l preparation prepared in
Preparation Example 12 or a physiclogical saline solution
of irinotecan hydrochloride was injected to a tail vein of
the mouse. There were mice without injection of either
agent as a contrel group.

A presumptive tumor volume and a body weight of a
mouse were measured after 5, 8, 12, 16, and 21 days from
the injection. Extracting tumcrs 21 days after the
injection and measuring a weight thereocf, further, an
inhibition rate of tumor growth I.R. (%) was calculated by
the formula as shown in Test Example 6.

[0121]
Takle 12 and Figs. 14 and 15 show the results.

The CPT-11 preparation and the physiclogical saline



axi s dianeter thereof) achieved to about 90 Mmm 3 in a
day (Day 0). Fromthe next day, at 3 tines in all
every four days (Days 1, 5, and 9), a CPT-11
preparation prepared in Prgﬁgration Exanple 12 or a
physi ol ogi cal saline sol uti of irinotecan
hydrochl oride was injected to a tail vein of the
use. There were mce _W,tho i njection of either
SQBBNtORsoE CENEP P BRoRE A DI RE LR FRG t SRBT SPoRume
and a body weight of a nouse were neasured after 5,
spyniblcapt aHEPPEISHays PEORTTtAE FHpett poAVEEXEPAChPHgD
tunors 21 days after the injection and nmeasuring a
cowpghtanper eotthf the hbreawment nhkbipi oampatredotot ther
gromh I.R (% was calculated by the fornula as
cofromnl | qrdest BteniEr-6l1 [ rathadl edXranchikilgs:r 14
and 15 show the results. The CPT-11 preparation and
athet physi oF ogtcathsal tRet 108 88! phioNo0bgi A N0L LT ARG
hydrochl ori de each proved a significant suppressive
&1 €£8n Of £ L UPDH o 0L ONE P OF o BHTBR: O O £ANEET WhEN 14,
the treatnment group conpared to the control group.
T- 1: p Lon, pr d. hj It r eff
T nat SR E RN IR ROy ot ML S Fhee "o VRR Gpl8EE of
i rinoteca drochloride (Table 12, FIG 14).
TR e g?f%Erfgbent di d not influence the body
[gfggrt of the nmouse (FIG 15). [0122] [Table 12]

[Table 12]




104 Table 12 Dose Tunor weight Inhibition (ng/kg)

___________________________ 104 il .

------------ CPT- 11 preparation 18.75 0.610.11 51.1
(Preparation Exanple 37.5 0.360.07 70.8 12) 75
0.140.03 88.7 _ Physi ol otiltk® saline 18.75
0.760.06_- ----------------- 39.0---- solution of

irinotecan 37.5 0.710. 08 43pdsehydrochl@stdRe7§nt Inhibition
0.530.14 57.4 [0123] (Test le 10) rate
Phar macoki netics due to sﬁﬁ&ﬁg%qum 'St O Rt er

appl ving cannulas to fenoral vein and fenoral vein of (%)

cbherpat o¢ERESD) | GS rat, male— 7 weeks ol dg4Ghard es —
—Ri-ver-Japan;—+ne.-)—under--anest-hesi-a;—and-sett-+pg-—-the e

CPatliinprbpklkatincage, the CRBE-.TE preparat oo prepared o1
in Preparation Exanple 12 or the physiological saline
(BBPHEFER IO CRRMRGEecan hyd?Z)ci%]I ori do Rege=0.07 .

to the rat until_satisfying a content  6f irihotecan

phydrotbbochdeswuitihe3, 10, arsd 730 ny/ kg.76€etd egdi ng 39,
blood fromthe rat after ingection; after
7.5 0.71+0.08 43.

hydrochloride 75 0.53+0.14 57.

1

8

1bntravenously injected thoughs; a fermorgl yain gannula gg 7
C

sclution of irinotecan 4
4

[0123]

(Test Example 10) Pharmacokinetics due to single
administration

After applying cannulas to femoral vein and femoral
vein of the rat (CD(SD)IGS rat, male, 7 weeks old, Charles
River Japan, Inc.) under anesthesia, and setting the rat in
bollmancage, the CPT-11 preparation prepared in Preparation
Example 12 or the physioclogical saline soluticn of
irinotecan hydrochloride was intravenocusly injected though
a femoral vein cannula to the rat until satisfying a
content of irinotecan hydrochloride with 3, 10, and 30
mg/ky.

Collecting blood from the rat after injection; after
2, 10, and 320 min; and after 1, 3, 6, 9, 24,and 30 hours;
50 pL of blood plasma was obtained by centrifugal

separation, to be diluted with 200 pL of an internal



2, 10, and 30 mn; and after 1, 3, 6, 9, 24, and 30
hours; 50 pL of bl ood plasna was obtai ned by
centrifugal separation, to be diluted with 200 pL of
an internal 105 standard solution. After providing 50
pL of the blood plasna diltf2d with the internal
standard solution with 500 pL of nethanol and
stirring, the diluted blood plasna was _dilu

d with
s R riGeEr M FBPEUL A0- | 1T SFs FE Waping 5 Wot t%oﬂf}fd

concentration nmeasurenment. Meanwhile, subjecting 200
plpistof dhlutgdd ueelh bt oo dipt aemal t ot aedd ¥ fyghprtion with 500

separation (100,000 x g, for 30 mn, 10C), and the
plobtAimech&to pland sipperitqyerhavesi bt ed ddl owd hp Da 9 WA S

H3P04 10-fold as sanples for free CPT-11 concentration

dIBasd efedt , 0 SNt 88y conggnt nakboa ABasuUBenplk, fandtotal
SN-38G concentration nmeasurenent. The sanpl es

cEPLA] NEd: WBK €r 2 FERS Uh &8s 88GH: £ONC MAlH 101t heng@fct ing
w t h PROSPEKT-HPLC in accordance wi th nethods such as

251?55@% > e di%f%%ef&?%ﬁ%‘éw?% T Z%fﬁi PG
Syt Bt or | He0 (e Fotal FopTed 1 pbnckht s bt 1 She r B¥tced
rapidly after injection and reduced exponentially from

oy &inge B heur S WIRPEANAYHT ST oht Hhoemht i BEh 19 ]\a/dn%I %0
ng/ kg). Meanwhile, for the CPT-11 preparation, the

HiPGLal OEPFld1ascepvrheratponfredue8d-allnesncentration
exponentially from10 mn to 30 hours after

me &g ecdrhent; , aSid- 3T Eoccent rext @nsiemsofement, and SN-38G

concentration measurement. The samples cbtained were
measured each concentration thereof with PROSPEKT-HPLC in
accordance with methods such as Kurita method (J.
Chromatogr. B 724, p335 to 344, 1999). Figs. 1lé to 19 show
the results.

[0124]

In the physiological saline scolution of irinotecan
hydrochloride, the total CPT-11 concentration reduced
rapidly after injection and reduced exponentially from 0.5
to 9 hours with any injection amount (3, 10 and 30 mg/kg).
Meanwhile, for the CPT-11 preparation, the total CPT-11
concentration reduced almost exponentially from 10 min to
30 hours after injection, and sufficient extension of

retention time was recognized as compared with that of the



retention tinme was recogni zed as conpared with that of
the 106 physiological saline solution of irinotecan
hydrochloride (Fig. 16). [0125] The
| i posonme-rel eased CPT-11 concentration reduced al nost
exponentially from10 nin t6%80 hours after injection
of the CPT-11 preparation, and sufficient extension
of reLentioT ti was recogni zed as conpared with
PRRStOHPIL Fd pﬁﬁgﬁaﬁoaPéaFl§a|PﬁelébPaFﬁsﬁnohydrochlOrlde
i rinotecan hydrochloride (Fig. 17). [0126] In the
(bhysi oPbgi cal saline solution of irinotecan
hydrochl ori de, the SN-38 concentration reduced
[@aphHly, just after injection, and reduced noderately
after 1 hour wth any injection anount, to be

approke i pbyorensel¥edeH0oCPB-NoUESnWehbr301i 88/ k8duced
Meanwhi l e, for the CPT-11 preparation, the SN 38

a GROSENE £36:hOR: [ gduged  oRdes aheh V- akh epoachi gying the
hi ghest concentration from3 to 6 hours after

1 &Lt 40N, At ¢ 4OSEsr Of | %pélgaég%pgxé KQyn eﬁ@fﬂév?e@-

The concentration reduced Tapi for our— a
| eving the highest concentration imediately afte
Sisitetrbat it R bk TR b e T AR
a  dose of 30 ng/kg (Fig. 18). [0127]. In the .
EiHhy s7701 Ty Y $a + Rt SBE 13 bR oSt Fihitecah qpinotecan

hydrecchloride (Fig. 17).
[0126]

In the physioclogical saline solution of i;inotecan
hydrochloride, the SN-38 concentration reduced rapidly,
jJust after injection, and reduced moderately after 1 hour
with any injection amount, to be approximately conserved to
3 hours with 30 mg/kg. Meanwhile, for the CPT-11
preparation, the SN-38 concentration reduced moderately
after achieving the highest concentraticn from 3 to 6 hours
after injection at doses of 3 and 10 mg/kg, respectively.
The concentration reduced rapidly for 1 hour after
achieving the highest concentration immediately after
injection, to be approximately conserved to 9 hours at a
dose of 30 mg/kg (Fig. 18).

(0127]

In the physiolegical saline solution of irinotecan



hydrochl ori de, the SN-38G concentration reduced
quickly to 1 hours after achieving the hi ghest
concentration at 10 min after injection with any

i njection anmount, to reduce derately after that.
Meanwhil e, for the CPT-11 ]p‘?ggaration, the SN-38G
concentration increased to 1 hours after injection,

d f
G Aotk S el A Pl =
prepared in Preparation nmple 9 as the CPT:11
1 Moy atippors Sl okl Hie dhl%*re%ecorbr%%mtr%eﬁ. ( min

was tested. (Test Exanple 11) Antitunor effect Human
2 otoni chreetor el 1) (HTY 20) ek thon 0@ im tegurdiecer e
transpl ant ed subcutaneously in an inguinal region of
madamusel  BALB e tugde, Melsewh lweekoroltthe AHEA11Japan,
Inc.) with a needle for transplantation. The CPT-11

pFmd et don tHepar-emd i epa od ¢ Dih Exaripd 58 Ofo al hours
physi ol ogi cal saline solution of irinotecan

a fyr oy @éﬂlden mé 1o asd eéjlirjﬁ’@l)if‘ Caudah, mei ni f hs ge

tlnes I'n total were a point (day 1) at which an
estimat ed volgge unDrs cal cul at ed by 1/ 2ab2 (a
ﬁﬁjor

CQOTl
re ers o as axis of each tunor, b refers to

éhﬁﬁmrn ner axis) approached to of around 100 mmB, an

ional 4 days (day 5), and additional 8 108 days

I&gay 9) after the transplantation of tunors. Mce
Gj ection of either agent were enployed as a

The CPT-11 formulaticn prepared in Preparation
Example 9 as the CPT-11 highly supported formulation of the
present invention was tested.

(Test Example 11) Antitumcr effect

Human colon cancer cells (ET-29) with 2 to 3 mm
square were transplanted subcutaneously in an inguinal
region of a mouse (BALB/c nude, male, 6 weeks old, CLEA
Japan, Inc.) with a needle for transplantaticn. The CPT-11
formulation prepared in Preparation Example 9 or a
physiclogical saline solution of irinotecan hydrochloride
was injected into a caudal vein three times in total which

were a point (day 1) at which an estimated volume of tumors
calculated by 1/2 *ab® (a refers to as a major axis of each

tumor, b refers to as a miner axis) apprcached to of around

100 mm>, an additional 4 days (day 5), and additional 8



control group. The estimated volunme of tunors and a

body wei ght of the nouse were calculated at 4, 8, 12,

17, 21 days after a first injection. The tunors were

al so renoved 21 days after the injection and the

wei ght of the tunors were he&sured, to thereby

calculate a tumor proliferation inhibition rate, I.R
(9 the forrmula as shown in Test, Exanple 6. [0129]

daphe @%@o
21

| ¥s gt Bt Shovlf i e aabP AR Be t Ry, oot uanEs Fi glice
. I'n the human col on cancer, the CPT-11 fornul ation
widHtbutt hien /s @t oyl cal theat | deesbl weTorentléyedhorecan
hydrochl ori de each showed a strong tunor proliferation
carmtivdil torouref f ect conpared with the control group

Further, the CPT-11 fornulation reveal ed a high

ant“IM@Uéstﬁ$£@§ﬁ €OIRRE eff Wk hot Hain®f 2 thedy weight of
physi ol ogi cal saline solution of irinotecan

ey dracid ord de {Jable.dey H o, 29) .12 Fuﬁ hez"1 Sibelreer o

agent didn't affect the body Wweight of nouse
401 Rlcr LO130),LTabl g 131,109 1 Tabl %Bg%efao% TR
after the injection and the weight of the tumors were
measured, to thereby calculate a tumor proliferation
inhibition rate, I.R. (%) by the formula as shown in Test
Example 6.
[0129]

The results are shown in Table 13, Fig. 2C, and Fig.
21.

In the human colon cancer, the CPT-11 formulation and
the physicleogical saline sclution of irinotecan
hydrochleoride each showed a strong tumor proliferation
inhibitecry effect compared with the control group.
Further, the CPT-11 formulation revealed a high antitumor
effect compared with that of the physiological saline
sclution of irinotecan hydrochloride (Table 13, Fig. Z20}.
Further, either agent didn't affect the body weight of the
mouse {Fig. 21).

[0130]

[Table 13]



Control group - 0.580.29 - ---------

------------ CPT-11 formul ation 25 0.180.15 69.4
(Preparation Exanple 9) 50 O 090 06 84.1 100 0.050.03
S B e e -

---------h----[-----[---[--Dcse ------ Tumor -weight -- Inhibition
------- Physi ol ogi cal sali 0.360.41 38.2 rate
sol ution of irinotecan 50(@§ﬁﬁgb.36 54 geants.b.) %)
hydrochl oride 100 0.330.32 44.0 [0131] (Test Exanple il

ca@ar@agfag@ki netics due to single admdag sty atd on —
-Mpuse--f-1-brosarcoma--{-Mth--A)i—2-5-%-105-celt-sinpuse- e

C%fbltfmtplamw subcut anecﬁfsly in and i reyhiondls reg| on 69.4
BAL femal e, 7 weeks ol d apan SLC,
ﬁ’%%f?ﬁr.ataﬂw‘én éx Eiev\%lre left>% o grow it @%g—r Jay'é after 84.1
the tunors transplantationgggnd then £RT% 0
formul ation prepared. .in Prggaratinn éigﬁ%rp & or 72
PWS&D&@Q&@hIssmmme solutiart of iri m;)t;eg:ﬁr@ 41 38.2
dr ochl oride was adm nistered into a caudal vein
D @/ kgt retec@dncent ratd on of |rfﬂ-n‘b‘t$@ar$6 24.9
I or| de After adm ni ation, 0 heart
é’]gocg% after 10, an?]bgo m _nut €s 30%7 3. 6, -0

12, 24, 48, and 96 hours, and was treated in a
centrifuge (15,000 rpm 1
[0131]
(Test Example 12) Pharmacokinetics due te single
administration
Mouse fibrosarcoma (Meth B), 2.5 x 10° cells/mouse
were transplanted subcutanecusly in an inguinal region of a
mouse (BALB/c, female, 7 weeks old, Japan SLC, Inc.). The
tumors were left to grow in 20 days after the tumors
transplantation, and then the CPT-11 formulation prepared
in Preparation Example 9 or a physioclogical saline sclution
of irinoctecan hydrochloride was administered into a caudal
vein with 10 mg/kg as a concentration of irinotecan
hydrochloride.
After administration, blood in a heart was collected

after 10, and 30 minutes, and 1, 3, 6, 12, 24, 48, and 96

hcurs, and was treated in a centrifuge (15,000 rpm, 1




110 mnute, 0 C, to thereby obtain plasma. The

obtai ned plasm was diluted 50-fold with 0.146 M

H3PO4, and was added to an equal anount of interna

standard solution, as a sa | e for neasurenent of

CPT-11 concentration in thellpl asma of an ani nmal

adm nistered wwth the CPT-11 formul ation. The

obtai ned plasma was diluted 4-fold with 0.146 M
mH3PGH, antfwags cadderr dlay arbtequalplament 6hei pbdeaakd

standard solution, as a sanple for neasurenent of an
o EN38 wEONEENh £ &dl | BN- andd ani GN- 88GI 6 ONCRIHT At kol @ach

in the plasma of the animal adnministered with the

a&E’Jdléo £19r@eqb§p9ﬁ@uﬁ9do§ gﬁ@&rﬁ@fc§f‘£ﬁ@$i’@nsbﬂuﬁD@n, as
plasma of the animal adm nistered with

apgd§%féogéf §§%E% %f gf'@@TtﬁI %5ﬁ@8$€f§910 in t%e

| o1 ood eart was collecte
r eno ed fromthe i ngujnal a washed
Jert AT ERTSS et I P e Rl <k A
measured. The resultant tunor was added to an amount
Eemslaf b of [ he SEItEd IR A 46 v pes, Hid irshdgdm Legrich
with a teflon honogenizer. 200 L of the resultin
0 hohdgénii £6d . t anor wags addddediot ansepusf pppepiabf internal
standard solution and 0. 75m of nethanol, suspended,
sandidhénsdefitise, stand éampbaefonimﬁﬂsuz&me@ﬂ(bfTh& SN-38
resultant solution was treated in a centrifuge
cdidbe 0002t Pih Snd Nt 818+ 38C) cplid Ot £ Ot Bsitlesh &n 4in mtheof

0.146 M H3P04 to O.lnL of supernatant, to thereby h
pﬂé@ma of the animal sdministered with the CPT-11
formulation, and a drug concentration in the plasma of the
animal administered with the physiolegical saline solution
of irinotecan hydrochloride.

After blood in the heart was colliected, tumcrs were
removed from the inguinal area and washed with
physiological saline, and then tumor weight was measured.

The resultant tumcr was added to an amount of 5 times of

cooled 0.146 M H;PCO,, and hcemogenized with a teflon
homogenizer. 200 pL of the resulting homogenized tumor was
added to 50uL of internal standard solution and (.75ml of
methanol, suspended, and then left to stand for over night
at -20°C. The resultant scolution was treated in a
centrifuge {15,000 rpm, 3 minutes, 0°C) prior to added 0.4

mL of 0.146 M H3zPCy; to 0.1lmL ¢of supernatant, to thereby




obtain a sanple for HPLC neasurenent. Each

concentration of the resultant sanple for neasurenent
was neasured with a PROSPEKT-HPLC according to Kurita
met hod (J Chronoatogr B 724, pp. 335-344, 1999.), or
the like. The results are <Rdwn in Figs. 22 to 27.
[0132] The CPT-11 fornulation increased an area under
the, concentration in_the plasma-tinme curve up t
©8p2ifoPdSaBRYe §OﬁegﬁLFe§F6éHFeFFﬁé upE%%h4C%”$%eratlon
conpared with those of the physiol ogical saline
coF0ei 6AsBitRRtnerBRaR fRydmesRhorhder respeepisugky, with a
owing to liposonme fornmulation, 1in the concentration
PROSEPRTIHPLA Bheopdésg&t@FKgriﬂQ)methbanﬁiCeromoatogr B
preparation as a |iposone formul ation increased an
7aseappnderstBesgoncent fat benths theepl asma- & &€ €41 ye
up to 2.5-fold as for the concentration of SN-38 in
shben pLhaphag and extended a nmean resident time (Fig.

23). Further, preparation as a |iposonme fornul ation
[bF ﬁgsed an area under the concentration in the
time curve up to 1.8-fold as for the

conce Lon.of. SN- 38 n the and ext nde
e RUTEERIS St BT L RS gt
phy SIO|O ical saline solution of irinotecan

Cﬁ?ﬂ?%EﬁPg%Pﬂeln atBBnEeAFTAT F&RE oF UF Y FnBPeb@n302-fold, and

hydrochloride in the tunor tissues became a maxi mum
achpeenteatdlont| by qp2toj fA- fhectdneenpessdewathotBose of

hours after admi nistration, and then decreased with
tRe3phesislofibalfskiire danwhoheofi hrinotecan

hydrochloride, respectively, owing to liposome formulation,
in the concentration of CPT-11 in the plasma (Fig. 22).
Meanwhile, preparation as a lipcsome formulation increased
an area under the concentration in the plasma-time curve up
to 2.5-fold as for the concentration of SN-38 in the
plasma, and extended a mean resident time (Fig. 23).
Further, preparation as a liposcme formulation increased an
area under the concentration in the plasma-time curve up to
1.8-fold as for the concentration of SN-38G in the plasma,
and extended a mean resident time (Fig. 24).
[0133]

In the physiclogical saline solution ¢f irinotecan
hydrochloride, a concentration of irinotecan hydrochloride

in the tumor tissues became a maximum concentration level



the CPT-11 fornul ation, the concentration increased
gradual |y, and reached a nmaxi mum concentration | evel
in the tunor tissue after 12 hours, and then
decreased nore mldly than_that of the physiol ogica
saline solution of irinotetdn hydrochl oride, to

i ncrease an area under the concentration in the tunor

.tissue-tinme curve 9.0-fold (Fig. _25). [0134 In.the

S BneaF oF SGPCal LEARFNE s Bttt PBRF o7 oF Erhopdian oo ratibl; and
hydrochl oride, a concentration of SN-38 in the tunor .

tPeBstesreeaefediannmaxPnifiEsneéntrafréairn theaRwivpke, 1n
tissue at 10 mnutes after administration, and then

tdect®aséd fgraduakliyn,| hhehecGPEnttataopnuliatikeasethe
concentration increased gradually to 6 hours after

gadtiual 3¢ r abh@nreandedt benaAbinohatordeateansbanlevel in the
concentration approximtely to 48 hours. Thereafter,

thhSrconsentr aktep decreassd aha exthnekbeBa9tdamore mildly
half-life in nearly the same way as that of the

S gLea a - - . rin :
ydrochloride, to fncrease an area under the
tﬁg% tH%? Lealns %h?§l§9béﬁ&gﬂ oL LRk QE?S@Eon of
; gone ntrathog [ 1thedtumtar tissue-tine curve 3d9-fghd
(F'9-°%8). Y i%%? AT hePhystofogrcal’ SaFfne™a=" 1€
solution of irinotecan 113 hydrochl oride, a
CRRRERhT 75t PBNT Bf thRet SRCE8E FRUERBIFENDH* VEi dsfigbeid (Fig.
reached a maxi num concentration in the tunor tissues
Z2at-10 nminutes after administration, and then
[gfggfased gradually. In the CPT-11 fornul ati on, the

In the physiclogical saline scluticn of irinotecan
hydrochloride, a concentration of SN-38 in the tumor
tissues reached a maximum concentration in the tumor tissue
at 10 minutes after administration, and then decreased
gradually. In the CPT-11 formulation, the concentration
increased gradually to 6 hours after administration, and
then maintained a constant concentration approximately to
48 hours, Thereafter, the concentration decreased at
extinction of a half-life in nearly the same way as that of
the physiological saline solution of irinotecan
hydrochloride, to increase an area under the concentration
in the tumor tissue-time curve 3.9-fold (Fig. 26).

[0135]

In the physiological saline solution of irinotecan




concentration increased gradually, reached a maxi mum
concentration in the tunor tissue at 12 hours after
adm ni stration, and then decreased gradually (Fig.
27). Therefore, it was confirned that the retentivity
in blood and tunor transitiédal properties in the
CPT-11 fornulation were higher than those of the
physi ol ogi cal saline solution of irinotecan
hiigupebhPsirge. a] 0286FNtFEXAAPI 6T1ENeTRE-EPF. 1 the tumor
formul ati on prepared in Preparation Exanple 7 as the
tCPFudd hegbhypdsappextmdmf opnukatirehioh tihethpr évent
i nvention was tested. (Test Exanple 13) Antitunor
tefkeet duelbomiadaesi afeati admehiatdeygohhr eadt ithesa
Mouse fibrosarcoma (Meth A), 2.5 x 105 cell s/ nouse

cueteateanspkankedysubtyt @neatisty1i ne@hnh DY SR €181 on
of a nmouSe (BALB/c, female, 7 weeks old, CLEA Japan,

Céﬁgﬁ%FgEQEOHC?I0}%aEQB EQBhgﬂlg Eéééﬂehn PﬁSQ?ﬁﬁh'on

or a pnysi ol gl ca ine solution o
d [ t t dal
obB-BR% REE-RY SpoEPLOE s ¥aRal g 29 hobe-3caude

s . or 7 11, and 15 days after tra tion
a?ﬂﬁﬂ?§trﬁ¢&8nmnFHSth?HJ88?F8ﬁ58ﬁ géPEthT ﬁ%gme g
enploged as a control group. The tunors mere al so
reno¥egrafeee ., 2itdaps FromieRed thaksphantatessiyngy in
wei ght of the tunors was neasured, to thereby
btabdubatietemch tuansipiohaﬂepabpentiahibhttba fafell

formulation were higher than those of the physiological
saline solution of irinotecan hydrochleride.

[0136]

[Example 11]

The CPT-11 formulaticn prepared in Preparation
Example 7 as the CPT-11 highly supported formulation of the
present invention was tested.

(Test Example 13) Antitumor effect due to
administration of a drug three times

Mouse fibrosarcoma (Meth A}, 2.5 x 10° cells/mouse
were transplanted subcutanecusly in an inguinal region of a
mouse {BALB/c, female, 7 weeks old, CLEA Japan, Inc.). The
CPT-11 formulation prepared in Preparation Example 7 or a
physiological saline solution of irinotecan hydrochloride

was injected into a caudal vein three times in total, that



I.R (9% by the fornula as shown in Test Exanple 6.
The results are shown in Table 14. In the nouse
fi brosarcoma, the CPT-11 fornulation and the
physi ol ogi cal saline solution of irinotecan
hydr ochl ori de each showed al%ﬂgnificant t unor
proliferation inhibitory effect conpared to the
~control group,_ Further, _the CPT-11_ fornmul ation
igxhi bi £ed®8ni §heRYanPFt drot lef #BEL 12t HAXSt RAFSSF t he
physi ol ogi cal saline solution of irinotecan
thydspehnbetden Frtheprsei thiere afdmowt dintecifrecet
t he body wei ght of the nouse. [0137] [Table 141 + 115
eTabte d4ebosecFeeanpinyeduanral obnbrologrogpy/ kg) on
days weight rate (g, nmean -t (%9 S.D.) Control group
- - 2n0lOudlrs were also removed after 21 days from the

_____________________________

results_are_sbown_ io Table_ l4.pphysjol ogical saline 50

7,9,11 1.470.18 26. 9 solution of irinotecan
In the mouse fibrosarcoma, the CPT-11 formulation and

the physiclogical saline solution of irinctecan
hydrochloride each showed a significant tumor proliferation
inhibitory effect compared to the control group. Further,
the CPT-11 formulation exhibited a higher antitumor effect
than that of the physiclogical saline sclution of
irinotecan hydrochloride. Further, either agent didn't
affect the body weight of the mouse.

[0137]

[Table 14]



5

hydr ochl ori de 100 7,9, 11 0.280.92 86.0 CPT-11
formulation 50 7,11,15 0.810.47 59.6 (Preparation
Exanple 7) 100 7,11,15 0.160.12 92.3

sol ution of irinotecan hydrochloride 100 7,11, 15
1.260.49 37.4 [0138] (TesbBExahble 14) Antitunor
effect due to administration of a drug once or tw ce

l\/busetfi br Olsaffoga (Nﬁic{beﬁ) 1Tfea1§mé(n@-05 Ceﬁdxﬁdhmuse Inhibition
were transpl anted subcutaneously gn,an i ngyikhahiregion 5t

of a nouse (BALB/C,QPQﬁEQS, 7 mee%% ol d, CLE% Japan, ri_e
Inc.) . The CPT-11 fornul ation prepared {(gn mean=® (%)
Preparation Exanple 7 or a physiological salline

| on of 1rrnotecan hydrochloride was I.nj_ect _
Contr?ﬁt§£%9%audal vein at 7 and/or 11 days o%cqufg'ggdce

cpT-11ncéphal aefbgr transpl ag ati on79fk tunorsy Moceg 116 §9.9
(Pre Wi t hout ﬁn%ec |o$ of any agent were enpl oyed as a

PROALTYT E¥PBUpS The tunprs were al so removed after 21

days fromthe transpl antati on7andilaei ghty,eb-thep1 96.2
—t- YD F S WaS—Aeas et t-o—t-hereby-—eat-eutate—t-urpr—— e

Physipioti¢atasabhneénhibiti o rate, 7w 2R11 (9% 1by7the. 18 26.9

solutfek mif ai asnshevwEni N Test Exanple 6. The results are
shown in Table 15. [Ol%%

hydrochloride 7,9,11 0.28+0.42 86.0
CPT-11 formulation 50 7,11,15 0.81%+0.47 59.6
(Preparation Example 7)

100 7,11,15 0.16£0.12 92.3
Physiological saline 50 7,11,15 1.99%0.47 1.0
solution of irinotecan
hydrochloride 100 7,11,15 1.26+0.49 37.4

[0138]

(Test Example 14) Antitumor effect due to
administration of a drug once or twice

Mouse fibrosarcoma (Meth A), 2.5 x 10° cells/mouse
were transplanted subcutaneously in an inguinal region of a
mouse {BALE/c, female, 7 weeks old, CLEA Japan, Inc.). The
CPT-11 formulation prepared in Preparaticn Example 7 or a
physiclogical saline solution of irinotecan hydrochloride
was injected inte a caudal vein at 7 and/or 11 days once cr

twice in total after transplantation cf tumors. Mice



In the nouse fibrosarcoma, the CPT-11 formnul ations

and t he physi ol ogical saline solutions of irinotecan
hydr ochl ori de each showed a significant tunor
proliferation inhibitory effect conpared to the

control group unless a par@léf t he physi ol ogi ca

saline solutions of irinotecan hydrochloride.

Further, some,of the CPT-11 fornul ations exhibited a
WHFgHBF aRYFEGRBR 8ff 8BY ARt WAL SofMPReYed as a control
physi ol ogi cal saline solutions of irinotecan

Sh¢dPoechl oride. Further, either of the two kinds of
agents didn't affect the body wei ght of the nouse.

[ 0140he[ Tabloeslyere BlEo Tableelb abase TPrledaysntt rbondhe
wei ght Inhibition (nmg/kg) on days (g, nean rate

t5aRsp 6% aCoBhr ahdgetpht ©f3th30tdhors- was measured, to
-------------- CPT-11 fornulation 12.5 7 1.950.29 44.7

solution of irinotecan 25 7 2.610.40 26.0
[HydPéchl oride 50 7 2.340.17 33.7

In the mouse fibrosarcoma, the CPT-11 formulations
and the physiclogical saline soluticns of irinctecan
hydrochloride each showed a significant tumor proliferation
inhibitory effect compared to the control group unless a
part of the physiological saline solutions of irinotecan
hydrochloride. Further, some of the CPT-11 formulaticns
exhibited a higher antitumor effect than that of the
physiclogical saline sclutions of irinctecan hydrochloride.
Further, either of the two kinds of agents didn't affect
the body weight of the mouse.

[(0140]

[Table 15]



CPT-11 formulation 25 11 1.700.81 51.8 (Preparation
Exanpl e 7) 50 11 1.410.42 60.2

Physi ol ogi cal saline 25 11 2.400.74 32.1 solution of

i rinotecan hydrochloride 50 11 1.980.45 44.0 CPT-11
formulation 12.5 7,11 1.980t90'214. 8 (Preparation
Exanmple 7) 25 7,11 1.630.39 54.0 50 7,11 0.650.13 81 6

Sttt mmmmmmmm--e- Dose---Treatment--Tumor weight Inhibiticn

"""""""""""" on-days- rate
Physi ol ogi cal sallne %Zgﬁ 7,11 2. 49+O 2§g2dm%an_. (%)
solution of irinotecan 25 7,11 2. 330. 62 33 - P

Controi?gg?f&.%” oride 50 7,11.2.080.43 41.2 %4@405@@ e

The CPT-11 fornulation. prepared. in-Preparation

CPT- 11E%@mwmbaﬁl@m t he CPT1215h|gth %upporteﬁ @Dtﬂuuallon 44.7
of the present_invention was tested (Test Exanp

(Prepanafyigmtitampre ef fect #$8 Human’l ung cahc@?—ébﬁﬂs 9.8
(Q&®6) with 2 to 3 quare wege transpl ant 70.1
subcut aneously in agnF§QU|nal region offa gngﬁfg

Phy51oi £ swdene el e, 6oweeks ol d7 CLEA J?P@@*‘d'ﬁi) 20.2
h a needle for transplantation. The CPT-11
solutlcﬁrorcvﬁﬂIaltlmrtemlepared%n Preparation Exanpl&@B 4y a  26.0
hysj ol ogi cal saline ol ution of |r|notecan
hydroc$%%#%Q%lorlde was |njé§ted |nt09a 2.34%0.17 33.7
CPT-11 formulation 11 1.70+0.81 51.8
{Preparation Example 7) 50 11 1.41%0.42 60.2
Physiological saline 25 11 . A0+0.74 32.1
solution of irinotecan
hydrochloride 50 11 1.98=+0. 45 44.0
CPT-11 formulation 12.5 7,11 1.95+0.19 44.8
(Preparation Example 7) 25 7,11 1.631+0.39 54.0
50 7,11 0.65+0.13 8l.6
Physiological saline 12.5 7,11 2.49*x0.29 29.4
sclution of irinotecan 25 7,11 2.33%+0.62 34.1
hydrochloride 50 7,11 2.08+0.43 £1.2
[0141]

[Example 12]

The CPT-11 formulation prepared in Preparation
Example 8 as the CPT-11 highly supported formulation of the
present invention was tested. |

(Test Example 15) Antitumor effect



caudal vein three tines in total which were a point
(day 1) at which an estinmated vol une of a tunor
calculated by 1/2 ab2 (a refers to a major axis of a
tunor, b refers to a mner_axis) approached to around
1 nm 3, additional 4 days 1lf8ay 5), and additional 8
days (day 9), after the transplantation of tunors.
M ce without injection of either agent were _enployed
as HUuBaAt ABNIgFeREerTRE 18t i(REPEd Vaithme &P éagﬂ% EHEr e
and a body weight of the nouse were calculated 4, 8,
wet@, tténsphdn2éddaybcuaknepushy fhrsn iinpuénpdnreghen of a
tunors were al so renoved 21 days after the first
mot:Bpe¢BROB/andudcywenght, ok wheksumbrs Ch@s mTeasu;ednct o
t hereby cal cul ate each tunor proliferation inhibition

witBt 8 nkeRie( ¥ rbyrihephanfbutacas shpwncem-Testormulation
Exanple 6. The results are shown in Table 16, Fig. 28,

. h ical saline
prgggreg'gn g?ﬁg&%é#?%? b?aﬁB?e yngp Bubﬂgﬁgﬁiogl 1 1

rcinonm, ornul ati on and

sog§g§£8'°9i§ahng%gggﬁ %&ggghﬁﬂogﬁggg%asiﬁbgg%ﬁganinto a

rochloride each sho a srgn cant

roliferation inhibitor ffect conpared to the
cafiRt: BELhgtBape BuPehoit ESEPYRLIn BFREI Bt PRR™E (day 1)
exhibited a higher antitunor effect than that of the
atphlisicbl egi eakimakinevoduomhat pnaotulmpirneedeapated by 1/2 ¢
hydrochl ori de (Table 16, Fig. 28). Further, either
abagent - didns t+ af { egd s dheapodyo iveh ghin®f, therefdbSeto a

(Fig. 29). [0143]
miner axis) approached to around 1 mm’, additional 4 days
(day 5), and additional 8 days (day 9), after the
transplantation of tumors. Mice without injection of
either agent were employed as a control group.

The estimated volume of each tumor and a body weight
of the mouse were calculated 4, 8, 12, 16, and Z1 days
after the first injection. The tumors were also removed 21
days after the first injection and a weight of the tumors
was measured, %to thereby calculate each tumor proliferatiocn
inhibiticn rate, I.R. (%) by the formula as shown in Test
Example 6. The results are shown in Table 16, Fig. 28, and
Fig. 29.

(01427

In the human pulmonary carcinoma, the CPT-11

formulation and the physiological saline solution of



[ Tabl e 16] 120 Table 16 Dose Tunor wei ght | nhibition
(my/kg) (g, nean S.D.) rate (%9 Control group -
2.910. 21 -

preliferation- inhibitory- effect- compared. to the control
----------------- Physi ol ogi cal saline 25 1.880.43
gr3hpb Betthéon ofiei CPhol echorbldt 480. &2h#i8i7ed a higher
hydrochl ori de 100 0.950.18 67.2 121 CLAIMS [1] An
ank&kﬂﬂb%C@@fEe&ﬂyhahlQﬂatn@Eueheaﬁgy@&gagqiwasl@baine
formed by a lipid menbrane, in ich irinotecan and/ or
tkh L3 -gneapsulatediat arepneeniakign of) .
Soggt?gésP% 8&8§Eﬁgﬁfﬁoﬁ§?3rﬁg noﬂ/neﬁbrane totall%ipid)
). [2]..The irinotecan,fornulati a di
FugPhby 1 55 Chiter 80R ha i fofeesatt SLRICETof gt TaR® 7
ion gradient between the inner aqueous phase and
mopgeer Faguedds -phase of the closed vesicle. [3] The

irinotecan fornul ation according to claim 2,
[0143]

[Table 16]



wherein the ion gradient is a proton concentration
gradient having a pH gradient where a pH value of the
i nner aqueous phase is |ower than a pH val ue of the
out er aqueous phase. [4] The irinotecan formul ation
according to claim3, whereén the pH gradient is
formed by a concentration gradient of an ammoni umion
and/ or a concentration q£ad|ent of an organic
conpound havi ng an ami no’#pr btip! %apable of being
protonated. [5] The irinotecan forpulation according

to any one of clainms 1 topdsewherei nuinbe ekogad Inhibition
vesicle is a |liposone y a nbrane+%%&%lp|d rate

bi | ayer containing a phosrﬂ%ﬂ? id as?a Weth Fane

conponent. [6] The irinotecan fornulatlnn according to

COﬁk@bﬁ1§roL%2 wherein the | iposone fUQt@QFFgO@iaInS a —

Li-pi-d-—-ot-her—t-han—t-he-phospheli-pi-d-andf-or—a
CP§uﬁﬂaé@Immdﬁﬁypwg agent . [7?5The i rinété3an0. 02 99.0
rmul at.i on_accor.di to cl wherein only the
PSGP@Fa§&PPag§aHPth§gI|poso |s ' nodi Pi-8d = %ﬁ@% 29.3
surface-nodi fyi ng agent cont@ ning a Ry@rophihhc 99,2
polyner._ [ 8] The. irinotecan formil ati.on-accord rh ng-t-o
Phgbabﬂb@1@E17salﬁuether conpgbsi ng a canpeund, maV|ng a 35.5
basi ¢ functional group as the surface- nDdlfy
sojgEArn Pd] iKipRacraceut i cal Eonpositi éniS¢ofp?i si ng 48.7
hy&?gchhgkggﬁecan formul ation gecording tg.any ppe of 67.2

8.
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CLAIMS

[1] An irinotecan formulation including a closed wvesicle
formed by a lipid membrane, in which irinotecan and/cr a
salt thereof is encapsulated at a concentration of at least
0.07 mol/mol {drug mol/membrane total lipid mol).

[2] The irinotecan formulation according to claim 1,
wherein the irinotecan formulation has an icn gradient
between the inner agueous phase and outer agquecus phase of
the closed vesicle.

[3] The irinotecan formulation according to claim 2,
wherein the ion gradient is a proton concentration gradient
having a pH gradient where a pH value of the inner aqueocus
phase is lower than a pH value of the cuter aquecus phase.
[4] The irinotecan formulation according to claim 3,
wherein the pH gradient is formed by a concentraticon
gradient of an ammonium ion and/or a concentration gradient
of an organic compound having an aminoc group capable of
keing protonated.

[5] The irinotecan formulation according to any cne of
claims 1 to 4, wherein the closed vesicle is a liposome
formed by a membrane of lipid bilayer containing a
phospholipid as a main membrane component.

[6] The irinotecan formulation according to claim 5,



122

wherein the liposome further contains a lipid other than
the phospholipid and/or a surface-modifying agent.

[7] The irinotecan formulation according to claim 6,
wherein only the outer surface of the liposome is modified
with a surface-modifying agent containing a hydrophilic
polymer.

[8] The irinotecan formulation according to claim & or 7,
further comprising a compound having a basic functional
group as the surface-mcdifying agent.

[9] A pharmaceutical composition, comprising the
irinotecan formulation according to any one of claims 1 to

8.



