1 DESCRIPTION Irinotecan Formul 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 a pharnmaceutica

conposition containing the sanme. Background Art

[0002] One category ofpirarymesyfical products to be

used for cancer treatnent Is a topoi sonerase

inhibitor, and exanples thereof include canptothecin.

Canptothecin is penta cyclic al kal oid, which has been

extracted and _ i sol ated from Canpt ot heca acum nata (a
Trigjoficast B2 HyP wal | 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
Tedantiadwbo@iasitd ¢ activity by topoisonerase ||

i nhi bition, while canptothecin inhibits an 2 enzyne
[odagmcti on of topoisonerase that plays a role in DNA

replication, repair, gene reconbination, and

trapsory Ao Yy d:PP0S ORer 288s |t d b bi 10k ecan
formulation including a closed vesicle carrier that
incorporates irinotecan and/or a salt thereof at a high

concentration and to a pharmaceutical composition

containing the same.

Background Art
[0002]

One category of pharmaceutical products to be used
for cancer treatment is a topoilsomerase inhibitor, and
examples thereof include camptothecin. Camptothecin is
penta cyclic alkaloid, which has been extracted and
isolated 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

topoisomerase II inhibition, while camptothecin inhibits an



[ 0003] Canptothecin has sone problens in use as a
drug. Anong them wth respect to water insolubility,
some wat er- sol ubl e canptot heci n anal ogues each
improved in ternms of insolubility have been proposed
(see Patent Docunent 1, for instance). In particular,
i rinotecan hydrochloride (CPT- 11), which is a
wat er - sol ubl e canpt ot heci n deri ativi and haﬁ b%%wD A
enzygie dindid opaifett AP LESIF 7S . Br&8Y3 S ddrdg Tan
exerts a high antineoplastic activity, so that it was
regiighe i cexperstoad 1 n g8TieninEECoig1add onaf 3gyd transcription
adm nistration, irinotecan hydrochloride that is a
by b isprieravet dbalrlzidd tiat.o SN-38 that is an active
nmetabolite, and it exerts an antineoplastic activity.
[od®9PP4] Meanwhile, when irinotecan and a salt thereof
are admnistered, severe side effects such as bone
mar & t&éﬁ%éé&'}ﬁtﬂé)é‘ ek gRssp i et insd £ st uhegice
are caused. Therefore, use thereof is severely
restricted., l.n dit. i obl t -
e s 2t TR B RS R oTs e
an a- hydroxylactone rjng due tg t.h nsi td vi
50 DR A Tt 2P O L 1S R G 11 toetd! 8

canpt ot heci n and an anal ogue thereof.€ﬁ$OOO§l I n or ere
insolall Vit Y He2 e RREDrIPRMES AnS PerFHr Tt HE CGpth or

cancer treatnent using a canptothecin anal qgue as
instance). In particular, irinotecan hydrochloride (CPT-

11), which 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. In
addition, there is a problem that an antineoplastic
activity is decreased by hydrolysis of an a-hydroxylactone

ring due to the sensitivity in an agueous environment,



the cell cycle-specific antinetabolite, it is
necessary to maintain the |ocal concentration of the
drug for a long period of tine. However, there is a
fact that such a drug has a half-life of as short as
several hours after intravenous administration or
subcut aneous adm nistration. The drug is useful as a

wh%aagzg}ég(;}&é%%a ent tt{ht can b usﬁafoog@eelﬂﬁeerreoaf.
concentration. One approach for soIV|ng t hese

[0Gfobl ens, delivering a canptothecin anal ogue stably
and effectlvely to a target lesion site, and exerting
an antongepl astsclvactheidyove prolakees 208 pRr EQ ¥R tle
to incorporate the drug into a carrier having a

op el SR b Mesé £ €r § Ot men SoreL nra peomabisotdne ¢ on rata bygwd a6
| i posonme formulation including canptothecins have

thé"l é@fﬁﬁ?@f&wlff@%:@ﬁ(ﬂﬁ%&olitaaslt beemeeparied to

en canptothecin is included in a |iposone

maggggrant e {gégiy 5§cgﬁtﬁ§kﬁoﬁygfogﬂéa&f@@eféfn& léé@

ressed (see i nstance, Patent Docunent 2 and

Non- patent Doc nt | n._addj t| e
peﬂ}%@l%éeﬁllﬁerre l) catﬁlseirneg 1 qﬂ(}[scégnewr?gtnb%hb% Srug
contai n_ SN- 38 |tself which is an active maip_ body of

hag ajhahkbrethn ﬁ§d?%cﬁP%¥Fd%S(§Bﬁeﬁ% e%?ufﬁcﬁﬁ%%fs 3
and 4). However, SN-38 is difficult to stabilize in
intrpusoaes ﬁémtnaﬁérahaoﬂl@épb@%?%t?%%PHFya?%l%¥656at%%“
that it is difficult that the concentration of SN 38
Thendplhgsim iisefndi asaknedléaseacdphyotli agent that can be

used to deliver a pharmaceutical agent having a therapeutic
concentration. One approach for solving 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 o~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



There has al so been reported a manufacturing exanpl e
based on a customary method in which irinotecan
hydrochl oride (a water-soluble derivative) is enclosed
ina |iposome by the passiyve |oading method and is
stabilized by fixing it oé the nenbrane of lipid

bil ayer electrostatically (Non-patent Docunent 5).

[ 0006 at ent cunent, . 1: JP

o X -40 Pat_ent
iripgtgian NYarnshdoEgas VRN ﬁFggieﬁﬁcﬁgﬁﬁﬁéhp Froay -
Chem Soc., 94 (1966), 388 Non- .ent X
Howggegs GN-B§ Ké %’tlfél?QU1tBit8c ﬁéﬁibéﬁr‘fp te,et égo (%gggg’;"?%me

5352- 5364 Non- patent Docunent 3: W Gao et al., J. of
menBlraowatogt aifsarReat®l rE20oRY, igsbdpadn-Spattdqt it is

Docunent 4: Joshua WIllianms et al., J. of Controlled
di flalease t ik (2R0JonckeitrEr2 oo aNerds Dot prhasmas:is

Yasuyuki Sazuka et al., Cancer Letter 127 (1998),

ma i 99408 b £dF scliesiy e iofe the I nvention Problens to be
Sol ved by the Invention [0007] The anmount of

| fim&eecqgay&tyaﬁw& Nonl dedoriey d e pesat efidd) dkample

LLposonF _ e above-described nethod of _
SR e
hyé%ggﬁlééfgg(EgL%Lter—soluble derivative) is enclosed in a
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. Soc., 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



(rmol)/total lipid (nol). Wth such a incorporated
anount, the concentration of irinotecan hydrochl oride
in plasma and the concentration of SN-38 that is an
active netabolite thereof are hardly naintained for a
long tinme, and those anounts are not sufficient for
clinical effects. Although the retentivity of
, _irinoteca r Ldg in blood is inproved by

D13F588§5ﬁe0?0?ﬁ§t?gE%R%%g concentration of SN-38 that
IS an actijve taholite . in_pla [.s hardly maintained

Propdemg 8n§et £ VﬁgcgﬁsghFh%Rgﬁéggﬁéarance rate from

blood is still fast. There has not yet been reported
[00@7formul ation that encloses a clinically

appropriate/sufficient encapsul ati on anount of
i riDhet ereunta off ddring)tenedy &y dr osiloniREr 6F Ben a
closed vesicle and that exists in blood in a state of
incodpRressed ihy dr diysisonef tan taehpdoreyldasicarided Agthed of
a long tine to maintain the concentrati on of SN 38
end=hat,1ia% 131y iaGtote Jmt aleidddh lior ipleasitihd passder tloading
intain tthe 6 concentration of SN-38 that is an

GV I igdeppt ddrier hiraritd® .ios  (d
metg\oggngck{% Q%Q% h1&fay iddPtReRT i rug

ong time. In view of such circunstance,

(méyhéggﬁ%iuﬁgﬂﬁﬂg@%ﬁagze gthngﬁghi9”ih§o&8095@¥5d?m0§§t,

rug encapsul ati on anoun

sufficient for clinical effects | [ a d
the mm%ﬁ%%fﬁbébﬁl el%lfnc%ec(fa&ihrygdrioﬁmnlo felcr:Ha)\éneﬁaEjdl/aosrm R
salt thereof in a closed vesicle in a hj

h .
CherreupsRil et P CINTE 1 ard L EGE O (HRPOLEte
nol)/tota
théreog are hardly maintained for a long time, and those

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

There has not yet been reported a formulation that
encloses 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 a~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



lipid (nol)) and of maintaining the concentration of
SN-38 that is an active netabolite of irinotecan
hydrochloride in plasna for a long tine. Means to
Sol ve the Problens [0008] _.The inventors of the
present invention have mad€ extensive studies for
attai ning the above-described objects. As a result,

they have obtained the followi ng. . findings;
conrabie 1 eRaPhg Norfod Bhedd oF SSTSR "SraRcan &

. particularly selected as a.dru capsyl ation__met hod
§ PGk A VEERR ARG 4 T &1e FHer @8t o r1OA% 0EEd

vesicle (an ion gradient is forned inside/outside the

cl dsedrieesiafl sucind ttmiaRds &1 GRE o Perhidat e

through the closed vesicle nenbrane to introduce the
predaid) inveet idnud scam Ipercanicans Wsated camud atiign having a

concentration, which was 7 hardly achieved with the

A r P RHRID Nalt iRAS SintRirtoadi fTY cirgithdbr aidriiml effects,
retentivity in blood is dramatically inproved

an %g{fﬁg{&ee%ﬁr?h%%ﬁﬂ%% RIBRaRd I tdhdA oLoRy etindtdcan

e result that the concentration of
7- Eth

and/q% %#Qg%gb%%%ﬁﬁf%ﬁpg§cg{g§g&]é A8 i glidrs an

e of 1rinotecan hydrochloride) 1n

pl asma can be kept constant for_ .a | od
enc}it‘mlsg?lal\ﬁfr% LiChensyY hoat‘ivearkob]tea‘?snte ’t%;?g (Ifocgﬂggvén%l)/to)cal
_findings: when the renote  |oading nethod is selected,
ligtigt nimabiorrnd &b I5ain R 1R St on of i3
formul ation stability at 4C can be
that is an active metabolite of irinotecan hydrochloride in

plasma for a long time.

Means to Solve the Problems
[0008]

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 remote loading 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 through
the closed vesicle membrane to introduce the drug), the

drug can be encapsulated at a high concentration, which was



dramatically inproved. Therefore, it has been
confirmed that there can be acquired a formulation
including a closed vesicle in which irinotecan is
encapsul ated in a high engupsulation efficiency of
0.07 (drug (nmol)/total lipids (mol)), which is a drug
encapsul ati on anmount sufficient for a clinica

hargﬁ&egghigg%ﬁewa%% Rel BeeRehenenkadpassfieemibatiiony
I'Nn Irtln% a c#osed vesicle in which irinotecan and/or
sal t _t eof | .0sed. a h ; t Rt
metiﬁt TcaRE sbtrﬁet%gﬁﬁgéﬁ T BATE R S
_active netaboJite of .irinotecan r lLaride) in
lmHﬂi%%ﬂaQﬁ?P%i:q 5ﬁgat9&?98K9§0P&eﬁb¥%§pﬁﬁt%rgér)to
attain the above- described objects, th resent .
conivendrivingd medviodes Wid s |I&v%“ﬁr} t[h@("}og]h%s CO%%enMatlon
i rinotecan fornulation including a closed vesicle
of fotEtey Iyl Cor Hyiduictk ynresrampdred h 6 i twhiS8¥r 38)i rothd&in 1s an
and/or a salt thereof is encapsulated at a
actGARCetaid ot ofof aitr ireastcath Oy dmdmigir idirlugn plasma

mol / menbrane total lipid nol). In a preferable aspect,
carftibd Nidiat s il it i20n orl g piyates tines dr Mgradvar,
concentration higher than at - least 0.1 nol drug/ nol

erd e B AR ASLEL ) e i et aga et
_ _ preferabl e
loagﬁgg%%trn?eat%c%?t P A dhey presanti dOvaNtd Qb 114 poiecarrc
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 (mol)/total lipids
(mol)), 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]



t hereof may be encapsulated in a closed vesicle at a
hi gh concentration by, for exanple, the foll ow ng
renote | oading nethod using an ion gradient. [0010]
(2) The irinotecan formul atd on according to the item
(1), in which the irinotecan fornulation has an ion
gradi ent between the i nner aqueous phase and outer

agueplisay g?%@%@écmef&%m&ﬁtﬂ%' LhELuBnIsh gL ey

lon gradient, irinotecan and/or a

salt thereof .can .4 NCcorpo ed . e .cl
Vet 05%64 dny z%?f nlcgtné nga%%e’t hlerpc‘](;)ﬁrllcceﬁr:]tlr a%g%tne.ca(ré)
The irinotecan forpul ation accordu$g to the item éﬁ%ﬁ £
ang /P cHRthe hFE YT akff TCIRSE Hrdt oh- ONCENTT AT D ©
gradi ent having a fkhgéadient where the pH val ue, of
at theast nhed7 aepbowel priseg imol gueibranm & vaiRid grol) -
the outer aqueous phase. (4) The irinotecan
f oriml atpoafacsbldi agpéott haniteimo(dyani howhitat it
pH gradient is forned by a concentration gradient of
inESr FEFREG S hOndang/ Ht & concent ratien lgigiteenthamfa@an:
or gani ¢ conpound havi ng an am no group capabl e of

led&l N@, PrRLPN@E 84/ mEOr L EY¥AAPI €, in the case where the
ammoni um i on concentration in the inner aqueous phase

5 AR OBFENaT L cot et epoayseupoolpse. here
fo%$§?%£$§$ o?q€§8“Sr8Q§§€ igvéﬁWE%ntfgnp£g§epgtfgl&?b?fto
250 pm.

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 remote loading
method using an ion gradient.

[0010]

(2) The irinotecan formulation according to the item
(1), in which the irinotecan formulation has an ion
gradient between the inner aqueous phase and outer aqueous
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



aqueous phase. [0011] (5) The irinotecan fornulation
according to any one of the items (1) to (4), in
whi ch the closed vesicle is a |iposone fornmed by a
menbrane of lipid bilayer gontaining a phospholipid
as a mmi n nmenbrane conponent. In the item (5) above,
preferable is an aspect in which the main nenbrane

gra??gggnﬁgbikﬁ ? E90§9Q9H58EdwH@YEUﬁheathaaeubramsthbon
enperature-o OC’or nore. Specific preferable

,__exanpl es of _the _phgs LiLpi i gclud
i EORET R B4R o8 LO SEh hgBpRobunar ora 10 T 00LsT
(6) The liposone may further contain a |lipid other

aqueRys PRESFhosphol i pid and/ or a surface-modi fyi ng
agent. As the other lipid, cholesterol .is preferahle.
Pr elfer dibiee i@ ISR Mo i TR Le(HCRe &S50 diF Vi ¢ Ca zﬂ% 1tem
i nclude a hydrophilic polymer derivative. Specific
(3)exadnphes odf thiee pily drreyshienite igolfprmed byl @decacentration
pol yet hyl ene gl ycol having a nol ecul ar wei ght of 500
grdd&e%Q,Q&Qa@mdmmmniumMﬂdﬂwanmyoheaimtrmam¢e@ta9nagradient
phosphol i pid or cholesterol derivative. (7) The

of I NALRGAR fQnpHald onackod Raite idreurt empad) dfn

I chonly the outer surface of the liposone is
beigggg§(§§§ﬁ66%Qﬁ'f%8Q Wi.bhodeNydhophk! £asBOlBBE tRe@n
ammonium ion concentration in the inner aqueous phase is
higher than that of the outer aqueous phase, there can be
formed a pH gradient where the pH value of the inner
aqueous phase is lower than the pH value of the outer
agueous phase.

[0011]

(5) The irinotecan 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 of the phospholipid

include a hydrogenated phospholipid and/or a

sphingophospholipid.



in which a hydrophilic polynmer derivative is contained
as a surface-nodifying agent. [0013] (8) An aspect in
which the irinotecan fornulation according to the
item (6) or (7) contains alﬁonpound having a basic
functional group as the surtace-nodi fying agent is

al so preferable. Particularly preferabl e exanpl es of

[O@ig? conmpound having a basic functional group include
. 5- di pent adecyl oxybenzam di ne hydrochl ori de. [0014]

11 9)_A pharmaceutical .conposition,.jncludi
iriﬁé}ég%% BPRTPAT i BAY acdbrdffhg~T'o" &hy %n%ﬂ%ggtééﬁ%r
items (1) to (8). (10), 6 A prophylactic and/or
thamekkp R ¢t Hobtd AN Wi % -3¢t %@mg agent.
admi ni stering a prophylactically and/or
t hehapelue i cah¢y bipedi i veobeptatobfis HereferReERan
formul ati on according to any one of the itens (1) to
(8) Ptoremalbbst exérif) e ot bivel ofirfateasdoagining agent
effective anount of irinotecan and/or a salt thereof
indéude h9Stydi&ish LD @ 0oo B Ni & eIvangi ¢die iSpendtfdean
formul ation according to any one of the itens (1) to

exéf%lég_&Petﬁgsﬂ-dﬁéﬁ%ifﬁém%$m§hé% EXPDShdGa Bolyethylene
effective amount of  irinotecan and/or a salt thereof
g19Q 7 L2098 Sih81ecular weight of 500 to 10,000 daltons,
which may be introduced as a phospholipid or cholesterol
derivative.

(7) The irinotecan formulation according to the item
(6), in which only the outer 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-modifying 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
also preferable.

Particularly preferable examples of the compound
having a basic functional group include 3,5-

dipentadecyloxybenzamidine hydrochloride.

[0014]



including adm nistering the irinotecan fornul ation
according to any one of the itens (1) to (8) to the
host. Effects of the Invention [0015] An irinotecan
formul ation to be provided in the present invention
encapsul ates irinotecan and/or a salt thereof in a
encupsul ated anount of at |east 0.07 (drug
(molg)/ ot gl Iltn{ Q5 {018l Wor@Rd iitnenydesdiiriidigughat a
hidﬁ% %%%%Eh Fg%ioﬁ'suffigﬁgkt for a clinical effect.
. As 12 descrihed.in Exanpl bel o e 1030 8EAR tens
1ripetagest itor o2 &~6F§§éﬁs%ﬁn$8n?? n hasog?anatically
i mproved retentivity in blood conpared to a
(Lcaovedti-onal Iy known irinotecan |iposone formulation,
so that it can exist in blood for a |ong period %{
tineLo)l A godighwiactie dnst/an dhesmrLameat a9
improved formulation stability at 37C and |ong-term
dideerdnyl atricandirapiddrtin iatt AGNBrE @fr dpduckd Piiced lof anw/ or
Drawi ngs [0016] [Fig. 1] This is a graph show ng the
thd 2 uS dd el pasere dat) dfoumt arfmdat i foniraveeleer at ed
stability test at 37C for the CPT-11 fornulation
foz@rﬁ?lpaacri% | EARE do 4 BnlofThilke i Stamgraph to (8) to
show ng the results (release rate) of a formulation
accelerated stability test at 37for the CPT-11
a W%ﬁ%ﬂlation prepared in Exanple 3. [Fig. 3] This is a
gra%?1§h£w$g égeo£e§g égsing an effective amount of
irinotecan and/or a salt thereof in a host, including
administering the irinotecan formulation according to any
one of the items (1) to (8) to the host.
(12) A method of exposing an effective amount of
irinotecan and/or a salt thereof to a target site,
including administering the irinotecan formulation

according to any one of the items (1) to (8) to the host.

Effects of the Invention
[0015]

An irinotecan formulation to be provided in the
present invention encapsulates irinotecan and/or a salt
thereof in a encupsulated amount of at least 0.07 (drug
(mol) /total lipids (mol)) and includes the drug at a high

concentration sufficient for a clinical effect. As



(particle size) of a formulation accelerated stability
test at 37for the CPT-11 fornulation prepared in
Exanple 3. [Fig. 4] This is a graph show ng
concentrations of irinotegan hydrochloride in plasma
at each blood-drawing tine after injection in a test
on retentivity in blood. [Fig. 5] This is a graph
desAWRI 1tnh%}$'a?rl€a.tésorﬂy%rl'o@d het weem drke H featiie 2afi oan of

outer aqueous phase and the CPT 13 11 encapsul ation

th ef f ; CI ency n[(v,_QntgLrOé‘i mﬁqo%m%' léll%r flcl)t{ ov_@a %tétregltlvity

IS am showi ng
antltum)r effect of the CPT- 11 e aratian r
in et W St Thé PFESH W et R( o By c]:nange%oa;sn

presunptive tunor volune w¢th tlne [F| T
11 ppfimey riamHAH iR artq (T 1t 1t exgst %él gﬂ@é for a
preparation prepared in Exanple 8 of the _present
longwentiash dfy whenge Iof addpsdpnwethht formppatiensbas
[Fig. 8 This is a diagramshowi ng transition of the

drdnedtal c ATy Winmeneant f@tnudne b soed ipl idsyea t BHAC and
phar macoki neti cs experinment in Exanple B. [Fig. 9]

1on§ut°efn$ o 0 298§ homi gl f1ansd tdan of the
7 posone-rel eased CPT-11 concentration in blood plasma

in a pharmcokinetics experinment of the CPT-11
preparation in Exanple 8. [Fig. 10] This is a diagram

Br%?gg%g 2 s¢%|g o%ﬁ;@%% gﬁ% ?Cgoncentration in
[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 outer aqueous phase and the CPT-



experiment of the CPT-11 preparation in Exanple 8.
[Fig. 11] This is a diagram showi ng transition of the
SN- 38G concentration in blood plasma in a

phar macoki netics experine of the CPT-11 preparation
in Exanple 8. [Fig. 12] This is a di agram show ng
henmotoxicity (I|ynphocyte) of the CPT-11 preparation

11 %ﬁ%%%%%ﬂﬁ Eé%%&h% %%f eut iF%%L B%ﬁZc%%%ﬁ%%&agbém

XiCit
preparatlon pr%pared in Exanple 8. [Fig. 14] This is
exigtdingyrarh Wi‘ng antitunor effect of the CPT 11
preparat|on prepared in Exanple 9 by change
pr dStirept i8de ThAsr 1goPufe 2@ ER ﬁhﬁﬁlnPFﬁﬁtliBP0¥hF§f?§t
a di agram show ng antitunor effect of the CPT-11

of phepaFdt-ldn ppregpareed om tBeprplesl drbfxemedge 8 off &hisody
wei ght of the nouse. (Fig. 16] This is a diagram

presRoW NGidraisid ign dfardee oft eirals ERT-ive comeentviodiimen
in blood plasma in a pharmacokinetics experiment of

withhe iGRI-11 preparation in Exanple 9. [Fig. 17] This
I's a diagram showi ng transition of the

' | | PR %‘ﬁ d ]e' sed;CPT- L o qa%e@hbaahan aml%ﬁlee_i plraseR

ar FTB.C inetics EX eri mnent of
F 8
of Ma({%f—tﬁafsﬁﬁﬁaornaaufoq ﬁ)e ep{arle%t i3 ]Ex-g?r\ﬁé 38 %ﬁ't"’hgar am

present invention by change of a body weight of the mouse.

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

[Fig. 91 This is a diagram showing transition of the
liposome-released CPT-11 concentration in blood plasma in a
pharmacokinetics experiment of the CPT-11 preparation in
Example 8.

[Fig. 10] This is a diagram showing transition of the
SN-38 concentratioh in blood 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 blood 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



SN- 38 concentration in blood plasma in a
phar macoki netics experinent of the CPT-11 preparation
in Exanple 9. [Fig. 19] This is a diagram show ng
transition of the SN 38G gpncentration in blood
pl asma in a pharmacoki neticS experinment of the CPT-11
preparation in Exanple 9. 15 [Fig. 20] This is a

5 di agram showi ng antitunor effect of the CPT-11

" preparation by change of presunptive tunor vol une

Wwth time in anpl,e 10...[ Fi g. .S Is m
shovii ¥y antli t Eﬁﬁrs eff Scélggfg%é%ﬁ@hhﬁ?‘@%&%&?% by
change of a body wei ght of the nouse in Exa IeElo. 1e

(neuFiappiEd]) Fri $Hes GF i g RAARSTARY, (SRR R bt b= T
CPT- 11 concentration in blood plasm in a

8. pharmacoki netics experinent of the CPT-11 preparation
in Exanple 10. [Fig. 23] This is a diagram show ng
trapsigi ona pf ThHe iSNe=38iconeentstaviiog iamtiitoae pleddest
i n a pharnmacokinetics experinent of the CPT-11

of pc{]k?é)_aé@fipf bR Pl ¢h Prepdi@ ]ExEmsle O oylicgmas
S

owi nhg transition of the SN 38G concentration in

.00 asha | phay oki etd Gie . experi ment of the
of %%‘%repar%ﬁﬁ m%%n’pl e 10. [Fig. 25] This is a

ConCBRBr at7bn TH 1 dhors T & Bharesbald s gumor effect

con _ unor s arnaco_lnetlcs

o D R o LD P PR LA R 8 g
SN-38 concentration in tunors in a pharnmacokinetics

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
pharmacokinetics 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
pharmacokinetics 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 a diagram showing transition of the

SN-38G concentration in blood plasma in a pharmacokinetics

experiment of the CPT-11 preparation in Example 9.



experiment of the CPT-11 preparation in Exanple 10.
[Fig. 27] This is a diagramshowi ng transition of the
SN 38G concentration in tunors in a pharnacokinetics

experiment of the CPT-11 preparation in Exanple 10. 16
[Fig. 28] This is a diagrgﬁfshomﬁng antitunor effect
of the CPT-11 preparation by change of presunptive

tunmor,  volume_ with, tinme,i : ' '
s Big; a_épimb%m h Ant el Pl apt i
preparati on by change of a d i.ght of
ot PReERRRpLS RELPBESt IRBARY: GRACHPY g “eatmbheve CUte:
I nvention [0017] Hereinafter, the present invention
voluinkl whehdesmei badExpapasr é0detail. Irinotecan is a

conmpound whi ch has a canptothecin skeleton and is
regrasentad byhaschenacdiagass shoyipg(asfitumor effect
4, 11-di et hyl - 4- hydr oxy- 9-[ (4- pi peri di no-

of RhReripding) paebamulaxy] tyHcpynarop¥ adbobly7leadblti pfnghe
[1,2- b]quinolin-3,14(4H, 12H) -di one. Irinotecan and/ or

mougesqgtExl neof gi,s an antineoplastic agent and is a
wat er - sol ubl e substance used as a hydrochl ori de salt

|(o irr' elor%t-e%?ch}P.iég dr gcat&%gkgﬁ) shophaynthaheweibA bhethe

sal t thereo?'(?I IS sgoniine }e;n1:|r|?8tecan and/or a
CPTj%%Iﬂﬂﬁ&9¥¥r%ﬁiOQﬂﬁﬂyglm%iéﬂ%ﬁﬁ%%?§iﬁbéﬁ%ﬁ%aCOkinetics
"irinotecan hydrochloride salt” is.
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 tumors 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 of 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.



sonetines referred to as "irinotecan hydrochl oride" or
"CPT-11". 17 [0018] [Chenmical Fornmula 1] C2H5 O
CNC\NyO N O HO 3H20 N O HO _CpHs [0019] The present
invention provides an iri ecan fornul ation that

i ncludes a cl osed vesiclenfcarrier) formed by a lipid
menbrane, in which the above-described irinotecan

an r. a It thereqf .i§: S [ i
enlﬂju%sg% FHlonThiE! EReaci SpEBRo S bl g Puats essect
nmol / nenbrane total .lipid I r . l.os
of Fosi GPATIS ROETREA S &1 o P 88 Bhs Uy BE rAmeE
various forms as long as it has a structure capable
volgmeepaitdsitigica dr Jg:a™FHér é2may be enpl oyed a
|i posome, lipid mcrosphere, nanoparticle, or the
li Kegig Wi%h Fad sa ipoeedipalraiusbewéndc apaBltamer effect
encapsul ating the drug therein at a high
of GORCEMT-Al @reddrdthiase bya chpardd efl a Ibody ofedradldl ©f the
formexanple is the |liposone. Hereinafter, description

moMd lirPemga d aking as an  exanple an aspect in which
a carrier of an irinotecan fornulation of the present
invention is a particularly

Best Mode for Carrying Out the Invention
[0017]

Hereinafter, the present invention will be described
in more detail.

Irinotecan is a compound which has a camptothecin
skeleton and is represented by a chemical name of (+)-(48)-
4,11-diethyl-4-hydroxy-9-[ (4-piperidino-
piperidino)carbonyloxy]—1H—pyrano[3',4’:6,7]indolizino[1,2—
blguinolin-3,14 (4H, 12H) -dione. Irinotecan and/or a salt
thereof is an antineoplastic agent and is a water-soluble
substance used as a hydrochloride salt (irinotecan-HC1
(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-11".



preferable |iposone. 18 [0020] A liposone is conposed

of a nenbrane of phospholipid bilayer and is a cl osed

vesicle that has a structure formng a space

separated fromthe outside area via the nenbrane that

is formed based on pol ar c%aracters of  hydr ophobi c

groups and hydrophilic groups of the lipid, and an

[0 qéeous phase (inner aqueous phase) was included in

vesi cl e space. A | i posonme formulation is forned

usi t he oso corporating a drug as a carrier.
The(ﬂﬁﬁ%gﬁﬁb mai n conponent of a
bi omenbr ane and |s an anphi pat hi ¢ sybstance, and the

ecul s a hydr ophobi Czjfoup cofposed of a
| ong -cgaln : | kylh grou phi | i rou
<C:;>p hﬁ gg.,: 18 E'S o%)th2|40| 3H,0
P OSph0|IpId cl ude i
| eci thin), phat Ny 2 a '-' aci d,
phosphatldyl ethanolan1ne, phosphat ser%$
phosphati dylinositol, and a sphlngo sphol %a%isuch
as sphingonyelin, a natural or synthetic phospholipid
[0BW&h as cardiolipin or a derivative thereof, and a
conmpound t hat has been hydrogenated in accordance
Wi tTha sesvent | Dneén b osodedes nad t erindbhecat erm
"phosphol i pid" is sonetinmes referred to as

foRNOSPhAl A Piiise f Okc PREOIPASSI died haseicd thoseier) formed
preferable are a hydrogenat ed phospholipid

by a lipid membrane, in which the above-described

irinotecan and/or a salt thereof is encapsulated in a high
encupsulation efficiency of 0.07 mol/mol (drug mol/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
capable of enclosing a drug. There may be employed a
liposome, lipid microsphere, nanoparticle, or the like,
which has a potential function capable of encapsulating the
drug therein at a high concentration. Of those, a
particularly preferable form example is the liposome.

Hereinafter, description 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 liposome.



19 such as hydrogenated soybean phosphati dyl chol i ne
(HSPC), sphingonyelin (SM, and the like. As a main
menbrane conponent, a single species of phospholipid
or various species of phospholipids may be contained.
[0021] In a liposonme, a phospholipid having a phase
transition tenperature higher than a body tenperature
[Odé%ﬁ to 37C) is preferably used as a nmai n nenbrane
component so as not to easily |eak an encapsul at ed

c _ sily | e: N
ol R T EE oS TR Lte = Al STl e R it

| e case act'uring ‘su
| i posone

‘ It is sonetines expose to a higher
b A tha QI DO Carah (1 B ST pe
| i posonme is sonetinmes manufactured under a ,
fonrerpEratipace oiRia e df L xtio lth s Pt T/, 2 %% Béaniite,
approxi mately 60C, and the heat effect on the |liposone
merfloraved | et Ncy efrsesed Stagdrhtora palar nembratee wHmponent
havi ng a phase transition tenperature higher than

hydF§Sitob 1@ NPes@sIrasd | ydesph C1d ardyouypef ef atley Ligedd, and
Specifically, the nmain nenbrane conponent is

an PLELES @D oh &se pgﬂ%?é‘@'écﬁjé’olﬁ‘@%k&gs@) phaseiddansdd i 00 the

tenperature of 50C or higher. [0022] The |iposone
veQE!l&OQEQéQ.°§P%ﬁ;ﬂ§ﬁﬂ&@%%f%ﬁﬂ%¥¥%% 140 formed using the
liposome incorporating a drug as a carrier.

The “phospholipid” is 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), phosphatidylglycerol,
phosphatidic acid, phosphatidyl ethanolamine,
phosphatidylserine, phosphatidylinositol, and a
sphingophospholipid such as sphingomyelin, a natural or
synthetic phospholipid such as cardiolipin or a derivative
thereof, 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.

Of those, preferable are a hydrogenated phospholipid



together with the above-descri bed nmai n nenbrane
conponent. For exanple, it is preferable that a

| i posone contains a |ipid other than a phospholi pid
or a derivative thereof (2 reinafter, sonetines
referred to as other lipid ?, and the nmenbrane is
formed of a mxed lipid together with the

bove- descri be ospholi pi d. : RY BN o] t

suhar LAt doreats HoH G P e, ),

hydr ophobi ¢ group conpgsed af a |ong-chain alkyl
SPQﬁQﬁR?Xﬁ1¥hegﬂ“weqq?i@%agdﬁﬁ%ule and contains no

phosphate group in its nol ecul e. Exanples thereof

i nAAside, mabutmeRrang FERRIRSM ar 1§ S e FResies of

gl ycerogl ycol i pi ds, sphingoglycolipids, and sterols
phao i ichad e staariaius (gescireherf Eiasphasl ipistsabidy Adag

agent), and a derivative thereof such as a

contygenat ed product. Exanpl es of the chol esterol
derivative include sterols each having a

[Oég§jopentanohydrophenanthrene ring, and specific
exanpl es thereof include, but are not particularly

[ ryed $ 0.0 610] €3t olonTheo i xed 418l g gont ai

eci es’ or ~various species of the other
lipjds. The rel ease rate of t.he iri,notec ti
crqEl R T T T g e T e g Rl A ! £
cho| esterol. For decreasing the release rate to a | ow
to|2Uef) IhPFIFPEARLY dieee ot & M PhITERI Rt HRapent so

amount of preferably O to 20 21 ol % while for
as met ebsi egsihe Ferlease erEaPsBlatef ghrug during a storage

period or in a body such as blood. 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 is particularly preferably used.
Specifically, the main membrane component is preferably a
phospholipid having a phase transition temperature of 50°C
or higher.

[0022]

The liposome may contain other membrane component



| evel, the fornmulation contains cholesterol in an
anount of 30 to 50 nol % preferably 40 to 50 nol %
[0023] A liposone in the present invention may

mai ntain the above-descrifed menbrane structure
together with the above- described membrane-forn ng
lipid and may contain other nenbrane conponent

tog%@ﬁ%?{%%%g %E'n?ﬁgggtaéggglb?dtﬁglnlh@ﬁ§98ﬁemtbﬁpbhent.

from the objects of the present invention

Exanpl es of the oth r Cc
ForsrPRedEmdf fwnarsgsﬁ%%?% BBR5. Rata e akmenPEnsase
_ characteristic to a carrier nenbrane
lipéhapgheg taamisiaheﬁygpééplsr85eﬁt96r%§§ 0?52%8F¥?ﬁe
surface- nodifying agent include, but are ng
(hepafihiacitkear, | pohefiined rﬁéeraeéhﬁpgéé §GB§Fa%&Bld§ and

derivative of a hydrophilic polymer, a derivative of
£ hed méicataneolidbIfe rpeldy sdc ah arixee, lighd tegeltihes. wiLgb2&he
Exanpl es of the charged substances include, but are

abd¥l Raddigdadns sidnditied &t.o, a conmpound having a basic
functlonal group such as an anmino group, anidino

QUAN G A O Whar £ YHRMPHD N dTY rdsa
aC| c‘%%ﬁ%tloﬁgl group, ghd the |ike. %fén%leslﬁi )

11 L fg’lf}‘lgﬁ E% W dge%glggzgdpl\b‘ﬁgl%haln

transfectam di scl -
alkyl group or thec % eed ;Llnn F;; ole c%izlAé6 a’/'}id %@alns no

phosphate group in its molecule. Examples 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
cyclopentanohydrophenanthrene ring, and specific examples
thereof include, but are not particularly limited to,
cholesterol.

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

The release rate of the irinotecan formulation in
plasma can be regulated by the amount of cholesterol. For
decreasing the release rate to a low level, the formulation

contains cholesterol in an amount of preferably 0 to 20



di scl osed in JP 04-108391 A,
3, 5-di pent adecyl oxybenzam di ne hydrochl ori de
di scl osed in WD 97/ 42166, and the |ike, salt, DGOSPA,
Tf xTM 50, DDAB, DC-CHOL, apyd DVRIE. Exanples of the
conpound having the acidic functional group include:
a fatty acid such as oleic acid, stearic acid;
1991 de5 NAUAY s3rdl theAtied cpueh ;ag cangli osigte
mOl%anh g gang IOSF%% Gﬁ%! aﬁ agldIC am no aci d- based
ta qh as I gl & LkSnt of
Levg 2%% %t l"tha?t%\ét lésabove gg%grlélbqél Bharage nk o

substance Js a sub nce |ncI g compound having a
30 Fasidd Mg SRt Bi%hdi%h SQ&8%’°I|p|d it is

referred to as a cationized lipid. The lipid noiety
[003]the cationized lipid is stabilized in a lipid

bil ayer of a |iposone, and the basic functional group

moiZet i pregomexiist thon pires qrenbiraren et aeay gfairHadn gihe

bi |l ayer of the carrier (on the outer nmenbrane surface
abARA s N Bde nidMrefane dymans ursurdaes)her Midilf ithat iadrove-

of the menbrane with a cationized |ipid enables
de{d}!l NG TR 06 AONSSIMRNESH I At rld keorheimeert Hdre
I posone nmenbrane and the cell. [0026 Exanpl es of

mem rer{e cf%xﬁﬁ%nﬁrpcol %%G&lréardfj%?e I{b(:léaﬁcaﬁ?éd byl af£ not

Icu wat er - sol ubl e

pgogs',grﬁeg;‘;s e SUAIL B8, O HSRION Bl s Al Adbent
1nggg¥§gh 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-
modifying agent include, but are not particularly limited
to, a charged substance, a derivative of a hydrophilic
polymer, a derivative‘of a water-soluble polysaccharide,
and the like.
[0024]

Examples of the charged substances include, but are
not particularly limited to, a compound having a basic
functional group such as an amino group, amidino group, or
guanidino group; a compound having an acidic functional

group; and the like.

Examples of the basic compound include DOTMA



cycl odextrin, pectin, and carrageenan. An exanple of a
wat er - sol ubl e pol ysaccharide derivative includes
glycolipid or the like. [0027] Exanples of
hydrophilic polyners incluge, but are not
particularly limted to, polyethylene glycol, Ficoll
pol yvi nyl al cohol, styrene-maleic anhydride
disthberatingp garaleypris Adi vornle etbenowsekeie aphpdri de
alternating copolyner, polyvinyl pyrrolidone,

508%2'6%{,” 'ra%%tf'%%l't.a%t N8'sc1 RYY YNy FBLBYhL 2a%az0l TR

: c 3 I~ "oXazo :ne, Eolyhydroxypropyl oxazol i ne,
. pal yhydr.oxypr opy! cryl am de, I | ani

i BTl ey iy arstysragy yperahlBine
met hacryl ate, pol yhydroxyeth cryl ate .

hydmdmmqq;ﬂl%qslﬂ%slé{ Vy%ﬁ&%@é%wanﬁeﬁ% doder salt,
pol yasparto ami de, and synthetic polyam no acid.

DOSFO) 28] x TFeb Chy diDdgh IDQ‘%lynﬁndeé%abl y has a
structure for nodifying a |iposone. In particular,
ONnereqteh Xés tde thpol gomgrowrivhibm pimef erhebl3cihisc thimctional
structure. That is, it is preferable that the

grdysiraphidde: polsamty tax il distd dorol2c radid,i cattdaomi
|nfludes ﬁgjaln body noi ety of the hydrophilic
PO yBr, ANk Ay St UG Al s 11 &4 Yadid Sth fad liosid

ac ISOi%{hr%b' i'n the calsec?tshlat lthea1 sltructur eayéi gﬁaﬁ:g rosres
ydr ophobi ¢. noi et y-.suc | d piggh - i gL had

GMﬂD“i”éC?ygaorfgfjh%sjh@edr%p f ﬁ%aicfdlé Rhfind Mo B b SO0

ol yner

surfactant such as N-acyl-L-glutamine, and the like.
[0025]

In the case that the above-described charged
substance is a substance including a compound having a
pasic 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 moiety 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.
[0026]

Examples of water-soluble polysaccharides include,



is fixed so as to project fromon the outside surface
of the liposone in the formthat the hydrophobic
nmoiety is inserted in the |iposone nenbrane, while in
the case where the structg{e is a reactive functiona
group capabl e of binding 6&alent|y to a |liposone
menbr ane conponent, the nmain body noiety of the

ydrophi lic_pol r is fixe 0, as ro t.fromon
ou{tEF et e EEH TR b HESFr3oedhe et ShE R an

bond to a, | iposone menbrane conmponent such_as a
pobﬁ%%%ﬁ%??b@%se%%%%e@so%l?ﬁ%r%%%%l%%lgur$h%%1%fa$h%'

| i posonme. Hereinafter, there will next be described a
demumph@blbub@mo@mmlmebealusb@lp%timorcnﬁlh@oaan, mannan,

hydrophi lic pol ynmer-hydrophobi ¢ pol ynmer conpound by a
cybbode kor in rapact bodyan®di es yrafeanduydr Gphidsiamngda ywfera

The hydrophobi c conmpound is not particularly limted.

wa EXBAPbBSb1bHepeDyshPehagedad §oFPRaNdvdavhdBudes glycolipid
hydr ophobi ¢ regi on (hydrophobi c conpound) . Exanples

or %éhf pydrophobi ¢ conmpound include: a phospholipid
an er lipid such as sterol that forma m xed
Ob%pLd descri bed bel ow;, a long- chain aliphatic
hol ; a glycerine fatty acid ester; and 25 the

. Biafo RS, e BagRPReL, B3 DR S B ESPES o

functi onal roqg A bond formed by the reactive
PayhhetidhhY bupdi %OdeEWé%lejaefé%v%Jrﬁé%‘t’l bohtco hd

specific exanples t hereof include, but are not
popavingll ak¢9hol ni sedrene—maleic anhydride alternating

copolymer, divinyl ether-maleic anhydride alternating
copolymer, polyvinyl pyrrolidone, polyvinyl methyl ether,
polyvinyl methyl oxazoline, polyethyl oxazoline,
polyvhydroxypropyl oxazoline, polyvhydroxypropyl
methacrylamide, polymethacrylamide, polydimethyl
acrylamide, polyhydroxypropyl methacrylate,
polyhydroxyethyl acrylate, hydroxymethyl cellulose,
hydroxyethyl cellulose, polyasparto amide, and synthetic
polyamino acid.
[0028]

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

preferable that the hydrophilic polymer to be used for



am de bond, ester bond, ether bond, sulfide bond, or
di sul fi de bond. An acyl chain included in the
phospholipid is desirably a saturated fatty acid. The
chain length of the acyl fgain is desirably Cl4 to
C20, nore desirably C16 to~"Cl8. Exanples of the acyl
ch?in influde di pal mtoyl, distearoyl, and
yal.m t qyl st.earoy| . A phaspholjpid . s not rti rhy -
rnod e O o SR e Peas ERE DRGSOl KH Bt RUEW e 110
be used one having a functional group capabl e  of
polyaeat iang A tSHF B URAdr SIHi9SYe LYol fy%&ea jTPosome.
exanpl es of such a phospholipid having a functiona
In giheupasapdtilat dfhe edoriaigng tie & MafoIiatie magigfiversuch
i ncl ude phosphati dyl ethanol am ne havi ng am no
as GF QUpsLd,phrsphatirdygly ceriat yhand nthehydrdwapigriduppolymer
and phosphati dyl seri ne having carboxy groups. It is a
is Prefe! a] esaspegird fadt thenmkovecidesautidiett surface of
phosphati dyl ethanolam ne is used. A hydrophilic

th Oﬂ-\yp&f smhd P | At & 41S aRmaseHobidiGoiety i
ég\bol e- (fescﬁ‘g?%ydr op\r‘:&?l1 I ¢ pol yner alﬂgo Ili pi do.leThye l286
. conbi nat i of, t he above- [ b r i YJRL
lnsaﬁrTgEDeCFilﬁf gtr}iles lnlogfospogrr1 ?{rgeu gtfﬁq{/é’l S’%n?%%.l hdpﬂeéng:la% on o
the purpose, an appropriate combination nmay b
thenigy&ddire Exanl %gg?%‘feeotgfuq%tﬁcﬂfbaenfagﬂ?%ﬁ 0 Efﬁa}ek?lce of
~polynmer derivative forned by binding at | east gne
binding eV kot Y PhodphdTiee BRMRFANE F AP RRIH as-le
sterol, long-chain
main body moiety of the hydrophilic polymer is fixed so as

to project from on the outside surface of the liposome by a
covalent bond to a liposome membrane component such as a
phospholipid exposed on the outside surface of the
liposome.

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

The hydrophobic compound is not particularly limited.
Examples thereof include a compound having a hydrophobic
region (hydrophobic compound). Examples of the hydrophobic
compound include: a phospholipid and other lipid such as
sterol that form a mixed lipid described below; a long-

chain aliphatic alcohol; a glycerine fatty acid ester; and



al i phatic al cohol, and glycerine fatty acid ester to
at | east one selected fromPEG PG and PPG Specific
exanpl es thereof include a pol yoxypropyl ene al kyl, in
particular, it is a preferggle aspect that, in the
case where the hydrophilitT polyner is polyethyl ene
egcoI (PEGQ, a phospholipid or cholesterol is

cted .as i pid. f.a PEGJl

ehe a1 92 FBPREa By PLRERIRL TRdbidati GRCFRERRE goPeCt-
PEG-phosphoI id derivative or a PEG chol esterao

Furddgivattiiife XA%O TP Iy GERIING 5 & 19 ﬁ%ﬁCtlve
der|vat|ve a positively, negatively, or neutrally
funcharged derdurat | debrag fhemsdl bt &8ebyesekéeei ignehéonal
lipid. For exanple, in the case where DSPE is

grosgl dct etbsaisrablly @ dovdient piahd  derids afpece. fexdhidxiag 1 s
negati ve charge by the effect of phosphate groups,

thawidfe it casa whey ecthgastienalarls; 1seliecied s an
lipid, the lipid derivative exhibits a neutra

amiR2 P4 be%ﬂéxp'%ﬂaay & sehraied dependi RN the

pur pose. I"ecular” wei ght of PEGis not
r ul I|n1ted General ly, the nol ecul ar wei ght
dléﬁiéﬁﬁé gg O to 10,000 daltons, preferably 1,000 to

00 daI and r ef b| 2 O t.0, 5, 000
da HriscY ? %&%éﬁﬂ‘) & Q#ﬁnﬁ arly

limted. In genera t he nDIecuIar MEIght of PGis
desigBRYY Fo, THOTFAAY Ghis prastiet ablpeo6BoL8 Fepgph of the

dal tons, and nore .
acyl chain is desirably Ciy to Cyo, more desirably C;¢ to

Cig. Examples of the acyl chain include dipalmitoyl,
distearoyl, 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 of such a phospholipid having a
functional group capable of reacting with a hydrophilic
polymer include phosphatidyl ethanolamine having amino
groups, phosﬁhatidylglycerol 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 is composed of

the above-described hydrophilic polymer and lipid. The



preferably 400 to 5,000 daltons. Ml ecul ar wei ght of
PPG is not particularly limted. Cenerally, the

nol ecul ar wei ght of PPGis 100 to 10,000 daltons,
preferably 200 to 7,000 daE%ons, and nore preferably
1,000 to 5,000 daltons. O “those, a preferable aspect
is a PEG phospholipid derivative. Exanples of the

PEG phosphol ipi d derivative ..includ | yet hyl ene
co %‘% i s?%ea %/Ia%p%{)es_p%easﬁrdly e&e}%%cg%cgﬁ%éﬁlnce%oe&mer and
. (PEG- DSPE). PEG DSPE is preferable becayse it s a
Linjeher i iurRRide Qhridovhd dHd 6% e 2SPSPRVE PRLIEES The
above-descri bed hydrophilic polynmer may be used
PURRGRf Yy T ARRF WL Ffre i piedy feds Brayemel Qs in
conbi nation. Such a hydrophilic polyner-lipid
Exagrlemtiheremy treclubnd dotdraph byia mohwent idaaldacive
known met hod. Exanpl es of a nethod of synthesizing a

foriz(at phwsphoding hiderdasy ioree tdwllectsd af onanpl e of the
hydrophilic polynmer-1lipid derivative 28 include a

phdBIHO0 Of 4 F €t d 9 FE@W ddeid phosphali pich g » a

functional group capable of reacting with PEG using a

ali&ﬁ{?&%’étal easnaoggef%eﬁg-fegk%%tﬁ} gééé’l%gﬁedéztyeatnutrd Gt

I
of'1 de,” carbodi1m de,” aci

| utaral d e. he e-gdescrii unctional. group
et R T Sk VT Ay i 45 PR by SESER 4
reaction, to thereby yield _ a PEG phospholipid .
exgiiativeredh el P PR HRICHER NS i ettredt 0 a
f
paé%gcégil, it is a preferable aspect that, in the case

where the hydrophilic polymer is polyethylene glycol (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-1lipid 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 cholesterol is
selected as a lipid, the lipid derivative exhibits a
neutral charge. The lipid may be selected depending on the

purpose.



modi fication by using such a hydrophilic polymer-Iipid
derivative, when the adsorption of an opsonin protein
or the like in plasma on the |iposone surface is
prevented, the |iposone stapility in blood is
enhanced, capture by RES y be avoi ded, and the
delivery ability of the drug to a tissue or cell that

ﬂqu hYSEywéﬁ g%to H%EEG §”R8€CSg t%EEQE?%VZFEm%§ed‘

nDdl Fane

t he above-descr| bed hydr o lic_p id
GoBRFRULY vEnS, B0L8Gu0} v el oBtt RE ERbEAnEOPi b1, 000
ggnerally 0.1to 20 nmol% referablg 0.1 to 5 nmol%

dafppesprefefabphlp. &, £805tondl 00O NS ELPRaL , and RAEe
present invention, the term"total |ipids" neans

préﬁéahbﬂypEdQOﬁotnithéOnéabtane.other t han
hydrophilic polyner-lipid derivative. Specifically, it
I ncMudesuphespbBobhpi d$ asdiet het peptdsuflanthudingt2q.
chol esterol), further includes a surface-nodifying

Inageﬂérbm the masecwhgreythgnhsusfape- mdibyi pg agendo
her than the hydrophilic polymer-1lipid derivat i ve

daggogﬁbsggggeagpiyd99§ t O§ b5§|3g§t3n9h0§ Hoﬁbpéd such

ati et hanol an ne or chol esterol that

are_inclu Ln th d hilic polyner-lipid
Prai?FéggV gsg EBS%]SOP ?Eggpresent i nvention, |iposone

menbr ane nDdlflc tlon b¥ t he above- descri f

hydMQ&ﬁFP#érpaﬁﬁ _of G is not particularly limited.

Generally, the molecular weight of PPG is 100 to 10,000
daltons, preferably 200 to 7,000 daltons, and more
preferably 1,000 to 5,000 daltons.

Of those, a preferable aspectAis a PEG-phospholipid
derivative. Examples of the PEG-phospholipid derivative
include polyethylene glycol-distearoyl-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



lipid derivative (PEG PE) may be perfornmed by
distributing a hydrophilic polynmer (PEG in both of
the inside and outside of the |ipid nenbrane
(bilayer), or by distributgg selectively in the
out si de nenbrane. Specificélfly, in preparation of a
i posone fornul ati on descri bed below, the |iposone

be formned, af m.xi n Ore- ' . 14 pi :
ind PRGN o (e Eﬁ%ér BT R 5 ving
may be i ntroduced after th osone i s .f d by a
a %H‘rﬁfe‘rﬁri%]naﬂr% KoPaRin g 19 ﬂTlot}nggieﬁ)egd”t%/ a
m xing the |iposone- forn1ng l'i pi ds containing no
catREGHE (Poerplest rdcibie omtalyet pactiggl gyppuric
preferable is a |iposome fornmed by perform ng
chlsetedd | vea sud iaioel dmdiddichtardnydfidml yand eluhsraldehyde.
| ayer of the lipid menbrane of bilayer by nodifying

Thd he sl ader aed apena idh a1 hyshgphid i1 potedrero from
the outside after formng an unnodified |iposone 30

P}Q ©fnd N& lE*’l?(‘F']do(]}p d@yera (ROsdeidh F GGt HObY Nyield

IS case, mhen 0ph||IC polyner-l|p|d

L vative J Jodi fying agent for
éﬁﬁr%&ﬁﬁ? %P% dgoph ?IC pol ymer, the hydrophilic
|et IS _mjntained in that it
pro %c?sf?B%%.%etF%aBu?ﬁfd%ee%nﬁq? g%?%l%onnle?rface
which is a hydrophobic noiety, is majntained
modt fifaticn e B Bht BLFRE | w%rqup. %O%Ym%glrlpld
menbrane of |iposone , so that there can be forned a
detiyposbve, helvémgthe hedseERT Hen | @l e sSRRF AR Fretein or
l'ipid bilayer on which the hydrophilic polyner
théi hilkagit opldend | pi dtlexi isoaeme i surface is prevented,

the liposome stability in blood is enhanced, capture by RES
may be avoided, and the delivery ability of the drug to a
tissue or cell that is a delivery target may be enhanced.
[0029]

The modified ratio 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 mol%, more preferably 0.5 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 other lipids (including



di stributed. [0031] After a |iposone formation step,
destabi lizati on such as aggregation occurs in the
| i posome depending on the tenperature or tinme. Such
destabilization is dlfferent according to the
| i posome |ipid conpositionZ%o that the tenperature
or time is known to be different accordlng to the
pid conmposition. In order to avoid t
ch%%%%%rw at FBRCAL l‘ilglﬂ‘???e"fleﬁPIEEE%rIB?ﬂbfon?h%gent in
lipid conposition, it is desirable that a hydrophilic
th®o¢@ﬁ@rWhﬁﬁ§|th@a@ﬂéﬁa@@e®odsf3éﬁga@ﬂ@ﬁttﬁéh$¥pb%@hethe
formation step. [0032] The tine for adding a
hy@iydpbphiti popphgnet iphdadehydabvphel is potyndedaddut i does
step is desirably near 31 imediately after the
not | pRE0DIBef @r pR6EPROSIBPd sHPRChE| pRbEYhathayline is
preferably wthin 180 m nutes because the heat effect

etHQnH?QHEﬁBe 99?D8988B§195t§9810§§Qt §HQS§§B§§§easln the
he tlne Is nore preferably within 12

hy§%§§ ng 5 gr91$é§ é¥l¥%EEYQ 45 n1nutes nost

ate I posone fornatlon
[0§ §E Mor e speC|f|caIIy, after the Ilposone formation
t he Iiposone dispersant may be poured directly
in a hydrophilic ymer sol ution. Meanwhile, there
may 1Be QéoﬁFééeﬁtnéﬁﬁéatleﬁraéapﬁéoﬁeh?GWBEﬁpﬁlc
pol ymer solution to the |liposone dispersant after the
mofli posafdonhobrathenabeoep-deacuddedi bridrophilic polymer-

lipid derivative (PEG-PE) may be performed by distributing
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 liposome formulation described below, the
liposome may be formed after mixing a liposome-forming
lipid and PEG-PE uniformly (pre-introduction). The PEG-PE
may be introduced after the liposome is formed by a
conventional method using a mixed lipid obtained by mixing
the liposome-forming lipids containing no PEG-PE (post-
introcuction), but particularly preferable is a liposome
formed by performing selective surface modification of only
the outer layer of the lipid membrane of bilayer by
modifying the membrane surface with a hydrophilic polymer

from the outside after forming an unmodified liposome



there may al so be adopted a nethod of decanting the
| i posone di spersant and the hydrophilic polyner
solution sinultaneously in another container for

mxing. In this case, frog@the vi ewpoi nt of the
concentration uniformty d tenperature

uni form zation, it is desirable that a step of
stirring by a stiryer,.or the |ijke.i ed.. Afiter :
comgagied G N Sﬁillaiyérpélpﬁ?er it C?Fdﬁrdg1 i | 73 this
pol ymer nodification step, the mxture i,s desir.ab
casst,i et wi thy drealiidd o ety siredetddridrdd 1 e Cat S éﬂysed
phase transition tenperature or higher. The tine for
as ot iMadirfy iwid hadeedt ifmy iint@radmciz® M AwdeePhpdice Radigper /
O to 60 mnutes, nore preferably 0 to 45 m nutes.
thd 08RBlop¥A 1 @M Bmet odike yabioy enadieseriset] imetehadmtea
| i posonme containing a nenbrane-formng lipid such as a

di g o hawih a Heastd seid unatd aned Qi riciety,
1j“ﬁ£2§$§%%d$%d:%y a conventional nethod, and then

gt h 7 . | i i able
whf%%“ﬁ%i%;H&éé?é%ggf%jﬁg%éﬂi} fgkﬁgﬁﬁﬂbiﬁgﬁfﬁﬂfﬂrﬁﬂ bl

posone tobind to a nmenbrane-form ng

li pid such as a phosphol ipi d. j ' I
Stagrreg&f:k’ ?rbt??ﬁerr‘%b&‘%%%ul}feac lf?le&ggjf%%%?rneélﬁ%fﬁé ocﬁjwlan
~the above-described nethods, Pﬂ? above-, described .
Lipeipitment 3° are? i Kt e a4 tskhee /T & i 5 P Lhargadd
at a high pressure by a high-pressure djscharge type
thenutssfderlayert ner 5L el tha Dbkl aet s‘g‘ne‘i’%%%‘ the

is specifically described in "Liposone in Life i
hy&oencelc 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 liposome 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 a

hydrophilic polymer addition step is desirably near



(Terada, Yoshinmura, et al.; Springer-Verlag Tokyo
(1992)), which is incorporated herein by reference.
[0034] In the above-described case, for sizing the

| i posonre to a predeterning si ze, sone techniques are
avai l able (edited by G Gregoriadis "Liposone

Technol ogy Li posone Preparation and Rel at ed

.__Techni ques” d |t A : ess), which
lmﬂ%§%%%§bﬁb5¥§%%ﬁiﬁiée%#gﬁﬁf%%ég%?é#§E§OﬁCF§EPS] Aé a
l'ipid nbrane structure of. a liposane,. t e .ar
SPAGHGVIF etbr 4 Sttt 8% SR A4S 4 A rhndl] QT utes
vesicl e small unilanellar vesicle (S or | arge
beagigeardld a3 effaqgtc|ad MOPHRTE R Syr ,e%&%d)sa?d
multilanellar vesicle (MV) including plural of |ipid
suldrteayers . isAldedugh &hki posems samesedpngfesabhy prébént
i nvention may be conposed of any nenbrane structure,
12prefrerady e fusrthdd posoieradnposiachiof 46 umidwresd | arost
vesicle, and specifically, LUV Iiposone is

de P EferAblgnedt dd P05 A H SRS SiodBle R ineryiesh igdep .a
uni lamel l ar form by passing forcibly through a filter

Mof%gp?écitfi%l ,i NOr &L fecﬁe,r U0ESo s df FENGRAl 3 orSRE AN & he

02 nore species o Ilters having different pore
., Sl zes filter, havi a_pore, si. rger t L9 1
11nGSds e‘fﬁrﬁ R P 479% T pacgriudLI F f(#ll%t%eér@]f}grel% b%] g’lwnc%no hilic

q , . . .
po ;W%t*se et%eg; lT} t'rnjrec{:j réf g rlvﬁe gsﬂ!wﬁg 1 ef, I nc%lell)é) mg?;e A o%%sésdl 9method

of adding a hydrophilic 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 solution
simultaneously in another container for mixing. In this
case, from the viewpoint of the concentration uniformity
and temperature uniformization, it is desirable that a step
of stirring by a stirrer or the like is added.

After addition of a hydrophilic polymer in a
hydrophiiic polymer modification step, the mixture is
desirably stirred with heating for a predetermined time at
a phase transition temperature or higher. The time for
stirring with heating is 0 to 120 minutes, preferably 0 to
60 minutes, more preferably 0 to 45 minutes.

[0033]



different pore sizes using an extruder, the higher the
rate of unilanellar formation, so that the resultant
product becones regarded as a |iposone practically
conposed of a wunilanellar,yesicle. The |iposone
practically conposed of a unilanellar vesicle
specifically nmeans a |iposone having the unilanellar

vesLGLe 50, LAl L0t S ML DB AR | ARLAT o veRidsne

to all carfiers (vesicles) tornmng a I'iposo

f ormul ati on be 50% or re,.. preferably 8Q0% or s
COFRHTING (OIEH AN Gie HIVIEL deatd BB | Posbrig o hol ipid

hydrophilic polymer chains on its outer_surface are
haying r3 iRtk ¥ e e TR des Hr e T PRy, @
whil e the inner aqueous phase-side surface of the
convereridmgkmeithade dngitthdr |sidrer smbtacotfeeEEGoLs
that the hydrophilic polymer chains are not
addast @anthal d syt etirsd Y | hidweidd i of tttes | s s apieou o jplhser a
In the case of a |liposone having the distribution

mer Fated Lif &rmi B NDIgie Siabidd ty Sadsfeo B Id aidieithg the
conpared to a |iposone having hydrophilic pol yners

fur?r(':é Shbuted,an the hathes) deshuefctibs i anerpandhout er

ranes” of the bilayer 'nenbrane even if the pH

I f ' ' I dgi f ,
Yﬁeb@?%éc{'ﬁ% LORET o gfggc%il%sg Pﬁgdlrﬁe{lgg\éls nthé’;e%chyém

stabiTity ood can be obt ai even
if the total anmpunt of hydrophilic_polynmers are small
Ao TR PP Y T1 ostife AT MG THE HOT yWEFEIE s17 | but ed
on the both sides of the inner and outer quers,of
di@%@agg¢%y%¢ a bt apeessure by a high-pressure discharge

type emulsifier, to thereby yield a liposome. This method
is specifically described in “Liposome in Life Science”
(Terada, Yoshimura, et al.; Springer-Verlag Tokyo (1992)),
which is incorporated herein by reference.

[0034]

In the above-described case, for sizing the liposome
to a predetermined size, some techniques are available
(edited by G.Gregoriadis “Liposome Technology Liposome
Preparation and Related Techniques” 274 edition, Vol.I-III,
CRC Press), which is incorporated herein by reference.
[0035]

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

(small unilamellar vesicle (SUV) or large unilamellar



[0037] Note that the term"retentivity in bl ood"
nmeans a property that an enclosed drug in a carrier
is present in blood. Wien the drug is released from
the carrier, the drug disagpears rapidly from bl ood
and affects a drug- exposea site. A drug having

excel lent retentivity in blood can be adm nistered at

a smal | er _dose. [0038] . carrier of the esent
vesifdght | IV ey bel iRt & I D™ Eﬁﬁ”i‘%rrh?lbrm

The particle size (particle outer 35 djaneter)
vesieleofMi$) notchadine wral [¢hi el duRiIavVeED2 to

250 pm preferably 0.03 to 0.4 pm nore preferably

0. 8l thoudh 2a pripdbenpartcetrdingter dhanetesents an

average value of the dianeter of all particles in a
1nvdPOSORES Prvell @dmEdsed Wi Cdh{ Smets £ net- byt die,

dynam c light scattering nethod. Specifically, the

| paf o dBL USE g udel Add 284 icle,
pr v%%l@?{rl%t%]u%r}%%&%%g%éﬁ% or S ZEM 5002). [0039]  An

i rinotecan r i e; pr ' ntion my
and (TEReT T SOM BT 1 2 pharRatal | L0l 1o BEEarahl ¢
stabilizer andc/ior antirg_éi dant, de endigg.og its
adnf ni SPPEPRB Nt SREES A BR AHPY €3 of CT AR stAb? | F zer
include, but are not particularly limted to,,
unhamdht 2 BB PY 4225 1T eF DF CHAHY stRFO8e! Exkhbies of
the antioxidant include, but are not particularly
plhral teiimes, usbeordi cexeredenr i dn general, used are two

or more 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 formation, so that the resultant product
becomes regarded as a liposome practically composed of a
unilamellar vesicle. The liposome 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 its outer surface are distributed toward the



acid, a tocopherol honol ogues (for exanple, vitamn
E), and the like. There are four tocopherol isoners
(a, Ry, and 5), all of which can be used in the
present invention. [0040]3The i rinotecan formul ation
may further contain a pharmaceutically acceptable
additive depending on its admnistration route.

Exanpl f t iti dinclude - (o [ kcak
outgg:d.@ﬁg?fs g%pl {&?%g%%ﬂ{%fcévﬁl&%aé?é%pﬁg%’%‘ée SR Phadkrahae

sol vent ol I,agen, .pol yvi nyl . al cqhal, [yvin
SULEAGEOAIGHE. TONEBoRAERy  pdt e b Al er 1 e

car boxynet hyl cel | ul ose, sodi um pol.yacryl ate, sodi um
modditgietat G Wi 61 GBI e PSS et R

starch, pectin, nmethylcellul ose, ethylcellul ose,
subsamtrtizire 1 lgumi spurhbadad dn ddseilmnegelaaiqpusagaase. In

di gl ycerin, propylene glycol, polyethylene glycol,
thepeladsd atfuy 1iparsafidd mavdteartihe aicdholbutsitcearsitevadivde ,

human serum al bumn (HSA), mannitol, sorbitol,

menAHRS &t 2R3 8y RrPdRgmada]A el Wikipa e efdur fligesome
medi um a surfactant acceptable as a pharnaceutica

ha\ﬁ?g;l Lﬂgycgroo@iﬁg?’cs' hel%?r}i% d}'r]é'tﬂlﬁtft%d agcaHal R H Ridles

s el additive to be used is
imte ut .t e se il
of g&bﬁ/el-%%%rafrbcgoouécqearl ?‘%nggraégepée% | ﬁcgleorgl?lt@jé&génaeénéorane

form appropriately or .in conbination wth anot.h
.Fﬁt gl# 2‘

eveqydik i e P oty tHE prEsentt THRA iR nafseanlserlow' in

i rinotecan formul ation
addition, the effect of stability in blood can be obtained

even if the total amount of hydrophilic polymers are small
compared to a liposome having the polymers distributed on
the both sides of the inner and outer layers of the bilayer
membrane.

[0037]

Note that the term “retentivity in blood” means a
property that an enclosed drug in a carrier is present in
blood. 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



cont ai ni ng such additives may be provided as a
pharmaceutical conposition. A pharmaceutica
conposition of the present invention nay be stored by
a general nethod, for exaggle, inarefrigerator at a
tenperature of 0 to 8C or at roomtenperature of 1 to
30C. [0042] 1In the present invention,a |iposone takes

. a for hat T-11 i.s_en I dq:lt t ha
dicli ey y&ﬁﬂd oF7 9 hotoRE iRyt eet HE S BRI 72
ydrol yzed at a_pH range higher than _a neutra

to gotdinet-oRT SHrePEror &5 tﬂw@g | PBos Bt SoP iEHE 5Pededr 00
i nvention, the inner aqueous phase of the |iposone i

to requipmed Tbebpanbiinlei AedcAt dAAMAERHI &S BH f"Be%ﬁ%rE—’:@iue
t he hydrolysis of the a-hydroxy |actone ring

of regardilaaseaf othetliepGRE-clks $nt akdrposoniee flagpiudation,
bilayer or in the inner agueous phase. Alipid is

whideneraldet dnowed o peaHy dralayded 1dependideg: tean righeethod.
tenperature or pH value. In particular, fatty acid

Sp{cairﬂ '13},9 B8 &k Aln e 19 LaaNhes ek RASIdd ans ray e
Inovvln_ t bigea5|ly hydrol yzed and deconposed to a
sol i pi nd a I d {fFdds &l & -zeMfham2)Phys.
Z ) I S Z2E 2)rny
€ sp]lzdes 6 ,aaj_E-e.l.rb, rg%g%%&guch O?econ‘porsed products) upset
[Othe conventional |ipid menbrane conposition, and the
Qﬁﬁh?ablllty gf the 1lipid nenbrane is inproved
resulting in damaging the, |iposaqme stability. .
ThehRf bF B0 VR t %rfﬂ%%*il%’adggu © PHaREs %é%ﬁntlo“

acidic, the pHin the outer aqueous phase is
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, é tocopherol homologues (for example, vitamin E), and
the like. There are four tocopherol isomers (a, B, Yy, and
8), all of which can be used in the present invention.
[0040]

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

organic solvent, collagen, polyvinyl alcohol, polyvinyl



desirably approxi mately neutral fromthe viewpoint of
the lipid stability. A situation where those contrary
two conditions are nost severely restricted is a drug

introduction step. In thegrug introduction step, the
m xture is required to be heated to at |east the
phase transition tenperature of the |ipid nenbrane,

W Lgnpfi 0 gsethesbipihd 38 hydrolysis.
pyr?ﬁiéﬁaé%'tggéﬁég gggpghggﬁﬁp?d h;drolysis, it s

desirable.th he pH.in.the us SR IS
CarggﬁymnggﬁﬁngPégsgyysﬁgﬁ%?anyﬁggg g%?gﬁhgﬁe?he pH in
the outer aqueogus_phase.is _set to ap
algﬁéaﬁﬁalwatﬁyaﬁ8&9§#§ gﬁxgﬁa§!h§896%§ ?%%?S%ghg%ﬁﬁlin
CPT-11 is pronmoted. In view of those ¢9 trary t
stacohdi peolidn, t RethMlogaiud OBkt RENYLEE! HEBESusXSﬁggén
in the drug introduction step is preferably 4.0 to

gun8. Gunnacecpeef erakliy, 4 g8 lesin, 0agafur ERELYFRELErabl y
5.0 to 7.0. [0043] For conpleting a highly

propaenRoigated i, paatyeeayleher mllyabilonpef roletpmesent
invention, a carrier liposone is fornmed, and then a

pa Qd refentied e A1t heteamaice akcdadi hgmametsieatini s
performed to introduce the drug using an ion gradient

I nsi_de/ Qut si , | PSR tRNMbRaRR osH)e pReyDte
allqur |A§&#8ﬂhg§”%§§x%é used for a conﬁgn drug capabl e

SN LR G e T
acéggﬁgﬁﬁéiégwa pharmaceutical 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, a liposome takes a form

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



gradient is formed inside/outside the |iposone, the
drug may be encapsul ated by perneating the |iposone
menbrane depending on the formed gradi ent. [0044]
Exanpl es of an ion gradieng;formed across |iposone
menbr ane i ncl ude Na+/ K concentration gradient. A
technique 39 for adding a drug in a previously forned

1adtRQS 9R, a@aﬁ her-namite headi e mr hed rfdlrgztehﬁ aNat/ It

conceﬂtr i on gradlent I's described in US 5077056

is i Qr PO ¢ er ef whi: ch

ran&zsq NS G WL e S tes T han Caser T ht tan "

[0045] In the resent i nvention, referable exagp es

lipgsanife of diqd Rt % rpr &foﬁn&eﬁcerﬁ Sati ﬁ) ase
gradi ent, and there Is exenplified a node of a

of gredilemoSmaels BEdsietad g thfe FHVAIRE DR K& ﬁ%hddé’
of the nenbrane (inner aqueous phase) |ower than the

pH fitd walpperesfs titee dutdriadeysofs athe heerebriae autléctone ring
aqueous phase) Specifically, the pH gradient may be

redadiRsk dase dvist gy arpDililums orakegonicertthreatliignid bilayer
gradi ent and/or a concentration gradient of an

or OPANE GHPOWKLIRYE thade ani no group capabl e of
being protonated. A specific exanple of a nethod of

Fﬂquffégéggg ?%f§9%§'Eﬁ@@ﬁe@@nb@rhﬁﬁﬁ@d&zé&“ﬂéﬁgﬂdlng
gt anmoni um i on concentration
ngcrhaedltegrgpe\’\fféil:mpee gresﬁixpa%e. 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,
1993) . Such decomposed products upset the conventional
lipid membrane composition, and the permeability of the
lipid membrane is improved, resulting in damaging the
liposcme stability. Therefore, when the inner aqueous
phase is kept acidic, the pH in the outer aqueous phase 1is
desirably approximately neutral from the viewpoint of the
lipid stability.

A situation where those contrary two conditions 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



below. Firstly, a liposonme is previously fornmed in an
aqueous buffer containing 0.1 to 0.3 Mof an anmoni um
salt, and the outer nediumis exchanged for a medi um
containing no amoniumiogg (e.g., a sucrose
solution), to thereby forman anmoniumion gradi ent

i nsi de/outside the |iposone 40 nenbrane. The inside

hy O M | 28 o3He reqyl ki,ppaked whih 1_@_&1(310&5,@@@%13, it

prot'ons, and anmoni a perneates the |ipi menbr ane and

S Id = 1:rrea%3el‘sﬁ :tﬁnﬁe‘c:qltrg n.aptPF iar}n%rg Q?J{e%ngcﬂge:oﬁqgﬁlsa% is set

e el ifmnation of annon

equi librated portion _in the |iposo es_t.owar
to AR IR SR i TR -a ﬁ@gﬁWFF'prgggg g &% 10 The
accunul ated in the |iposone, and a pH gradient is
outfear el aiss dellaig sitisathdo |aQREvHENa eh eHiRt 1 s
added to a |iposone di spersant having such pH
hydyaidj g ,of hen dvtigydosiyndarporrsg eding 1theCPT+Iposione.
[0046] An amoni um salt capabl e of making the

pr MBI UMTIOR i GO REE Rhbakl edngradiverivd rendded onlyt thet pH
particularly limted, amoni um sul fate, anmoni um

vaTVAr oXi e QRPDRI AN e AGLTR L350 AR NG £Y Ofd & duction
amoni um phosphat e; amoni um citrate, anmoni um

s UL AITEPLY s o onale, pATEY cerpaat o,
fu%§9€$33§$§é%%$Lid§$¢6%23@3953'P%eargﬂgge :gaging
[0043]

For completing a highly incorporated irinotecan
formulation of the present invention, a carrier liposome is
formed, and then a method referred to as the remote loading
method is performed to 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
dissolved in an appropriate aqueous 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 of an ion gradient formed across liposome

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



met hod for an ammoni umion concentration gradient is
described in US 5192549 (which is incorporated herein
by reference), which can be perfornmed with reference
to the description. 41 [0047] Desirably, the organic
conpound havi ng an am no g?%up capabl e of being
prot onated has a | ow nol ecul ar weight. Specific
exanpl es thereof, include, but are not limted t
fo siich €L Uk Fy) e Y S RTRES HdGRAie, Ehe
et hyl enedi ami ne, and the like. In the present
reniaheertdash,na Tetincb| fomode iNa Y Kat CORgembEaERRR o radient
salt thereof is incorporated by the renote | oading
is neidvad besd nigh tUse AN E Aunfwhdrche drc eintacatpare t eyt ddizsin by
[0048] An irinotecan fornmul ation of the present
refidVeHd 0N Wisi cH Adrebdpd il atitly dgfidrdresarcorcise
salt thereof in the above-described carrier at a
&gﬁ tion higher than 0.07 nol/nol (drug
de ﬁg?ane total lipid nol), preferably higher than
[Oéhéb mol /nmol. In the present invention, the term
closure neans a state where a drug i's
enca lated in a carrier. The | so e
st a¥ erier partt ot BT kgt e RFC Egg T eCU alne%s ap the

included in a |ayer of a lipid that is qPonent of
ion r@r%ﬁ@m‘er%n%}\é r3 RTVFOR H?eoqzﬁee%fe?ﬂtlon gradient, and

there is exemplified a mode of a pH gradient formed by
setting the pH value of the inside of the membrane (inner
aqueous phase) lower than the pH value of the outside of
the membrane (outer aqueous phase). Specifically, the pH
gradient may be formed based on an ammonium ion
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 thereof) in a liposome using the
ammonium ion concentration gradient will be described
below. Firstly, a liposome is previously formed in an
aqueous 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), to thereby

form an ammonium ion gradient inside/outside the liposome



invention is purified by a commonly used nmethod (such
as gel filtration, dialysis, nenbrane separation, or
centrifugation), to thereby renove drugs unloaded in
the 42 carrier. [0049] A garrier is provided after
the step of renoving unloaded drugs. Therefore, a
drug concentration gradient nmay occur between the

jde a 0 Is arri.er _vi.a 1his py ;
L e
i nvention contains no,free drugs outside the |ipi
ampR} LR A1 FLBrOThT et ht TEI O thher Tt re?serghel'hlel ,lcg
enclosed drugs in the carrier are released to the
merpRi AR YRt ¢l SPHES RAr? e L 1BENG e FIRIHR FiRertion
having encl osed drugs gets to a target site, with the
lipesohe imsidet @elthyvahe teidmamaitésoed ofdamgenia  t de
target site. The delivery of the drugs to the target
eq$i I £o fayedep@ctcionm| 115 helte byipakdme maovcss pored st p e uys
in the carrier in the target site or by exerting the

folhd €£6n Of Ashe @S 1 0 grlte dry Gete SidcRin@rl ateiQghibordieod
t hereof even if the drugs are not taken in the target

liﬁég e,[Qgﬁgédgﬁ %ﬁgdpé§§ef§ FOMELY | Ofs i 4ot @S e the

rel ease” at an enclosed drug in a carrier
vigasetfy ohBslan T il R RoRsRe S R e
LY LS 0 B3 P Lhe, SLuCL oL DELAPLY e
liposome.
[0046]

An ammonium salt capable of 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 lactobionate,
ammonium carbonate, ammonium tartrate, and ammonium
oxalate.

Note that a technique itself for introducing a drug
in a previously formed liposome by the remote loading
method 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.



net abolized in plasma into SN-38 that is an active
nmet abolite and exposed to a target site at a high 43
concentration for a long tine, a strong antineoplastic
activity is exhibited, so % at it is inportant to
control the release. The | ease rate of an
irinotecan fornmulation in plasm can be controll ed by
[OigyLmting the chol esterol anmount, and a preferable
f'ect is expected by adjusting the chol esterol
anpunt. The term "rel ease rate"” ns a rate of a
dr R HERP Bheudde 1 11 O Ut SRR s P IE VP
froma carrier encupsul ated carrier conmponents and
capiak yrotadt dre ingd reeiaratdd thetsa Ry MRl porest ef i ne
carrier (weight ratio or nolar ratio) The phrase
Speaid ieasecampdies ithd et neanisidehatouthe zavoaft lgmig ek e/
exuding to the outside of a closed vesicle per unit
metHyBan s Maldhy 10054, jroganpmesentidihserdnions, t he
term"target site" nmeans a specific site in which a

eté?%?héﬁggﬂ%ﬂéfﬂéﬂhighéilfﬁg}ier is released and acts,
nd neans a c

ell, tissue, organ or the internal organ
that i 1{ied | 1g, hUET Othat
thgfr%o?bégﬁ%%%%ejfﬁ%%?‘gf%ﬁ’ch as a cell, _tissue, 2

. organ or the internal organ, and an int.eri er
s SPERAh & 1 19 betts rad s e S A My e Alote
rel eased drug i s exposed to the site, it exerts an

logd¥ng tmetge bt By ofhe IR gEt 91 ETHFUIE R are

not particularly limted to, a tunor.
gradient.

[0048]

An irinotecan 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/mol.

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

centrifugation), to thereby remove drugs unloaded in the



[0052] 44 Exanples of a tunor to be treated include,
but are not particularly limted to, a solid tunor.
Specific exanples thereof include esophageal cancer,
gastric cancer, colon canigr, | arge bowel cancer,
rectal cancer, pancreatic ancer, liver cancer,
| aryngeal cancer, |ung cancer, prostatic cancer,
bl adder cancer, breast cancer, uterine cancer, and
Calgysrt an cancer. The target site is a tunor cell
tissue, organ or the internal organ, an interior
[0@4teof, and the like. Therefore, in the present
i nvention, a disease neans the above-described tunor,
- andhacadrigri $segpecvidddt af exerthanshaPi AéopPaSYiRY
effect onit. [0053] In the present invention, the
unl®ided edxpaegsll e THe ord,hat drudy ugrredreasad dro dreelient
outside of a carrier acts on the outside area.
maPPSELh L CaLE YeeMhERe a1 £ 61 88SQEJ A5 s COBSE Thes€atpiandvia
cones into contact wwth a target site, the drug
S,. i ti (G, ef t i td .o e,
a fﬁgér%}éi%%ég'on t eéj}t%aldr:L et tfsr%%{:ec,aalisrtléals(:tczﬂg:tﬂoﬂé?(:pal 'y c;cn
.a_cell in cell _cycle i I C y e$i S LS
ln%%?%bonpg??g?ﬁﬁﬁ ar fﬁgetgFgg% g? e %oQ%Ea§i§ha bilayex
expected effect i% exerted, To gﬁgrt squ%ancfﬂiects  n
afgepaPhRRar et ARl t hRE FRFELSE: r ¥ H' WU T romE *
carrier and the retentivit in blood of the carrier ,
theheakrygips ﬁﬁpnfg;ﬁéggd[gg5%Te outside area. The carrier

of the present invention having enclosed drugs gets to a
target site, with the result that it delivers the enclosed
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 invention, 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



45 A carrier of the present invention rel eases
irinotecan and/or a salt thereof at a preferable
release rate, and the released irinotecan and/or a
salt thereof is further abol i zed into SN 38 that
Is an active netabolite. e present invention is
used for exposing SN 38 to a predeterm ned target
site for,a long time.  Therefore, in the present ..
CONGRIBRATTHT | 1P Torte Ol ilvert S Wt bra 1+ BETOM 4 Sidhse
suffered by a host, systemc or  topica
actgdri thi st AXDPHEIhShdsta pat i eht )" BREEHE  TRerdurmal
parental ly by adm nistering a carrier in which an
theeffedletd see. afbentredfeaise mottecaf amdiginetegan tlegradhtion
is enclosed to rel ease the effective anmount of
in igllawiecadh BaOd@artolkidd hherdpistindg hehdostolgsttaxrol
expose an effective amount of SN-38 to a target site

amAintd, D £oncendraliOoneriQit aid angpddidd dxadmw]es g

the host as an admi nistration target include manmal s,

r%ﬁ gg# 5&1 'ng e %gys, 1 '% ,ﬂ E @St

thegn tLe é|/1f<e. mo%gﬂj Eilaerrp:%es ofrea@gar%entae\réal Qeks a
admi nistration route to he el ect.ed. i ncl ude

s eV | ettt 00 P St S closed

ol ST S LS| G0 PSS A TERL | DBt S ana
met hod may appropriately be sel ected dependi ng on the

irippepan R otr D BT Hat? entdryg chrFeero i tethel pridsent
invention is 46

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 is 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 organ, 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, a tumor.

[0052]



adm nistered to a patient suffering froma disease at

an anount sufficient to heal the synptom of the

di sease or to alleviate at |east part of the synptom

For exanple, an effective dose of a drug to be

encapsul ated in a carrier i*¢ selected froma range of

0.01 ng to 100 ng per kg of body weight per day.

However, the dose of the carrier of the _present

i nveneMohef sOfhok FIRPEelOtPRr BF®2tedr 1RREUdS, but are

adm ni stration period, adm nistration nmay be perforned
noafpartd¢gbasky ohteitedrtot am§obed pepner redpecific

prophylactically to alleviate the synptom upon onset
examplde tlcaseofhbnel ddseaseplonsetl i sapeed) cyesltriam cancer,

addition, an adm nistration period may appropriately
cobsn sehgsted 18ependbngl obahber A0Ee Of a BYERhO8T Pfp@ncreatic

patient. [0056] Specific exanples of the

caﬁﬁ@i?i§16§£i88n8§£Poﬁar§ﬂgéyﬁec§ﬁééﬂjSiﬁﬁ§i8£n@£r?

phar maceuti cal conposition using a syringe or drip.

B ot R |
ordBEDUIL| Eop el RELSle LS LAEE e 0L 20RO, (£oBine

edge to around,a target site, and the .conposition may
capRadnT R st BFEHSR hPBUGHT t he N RAGE grR &5 @ tuor
gredeternined target site or fromthe vicinity of the
ceklt etippuas spreahr o Whe chhbeERY! | ST exPectRAI R OW
toward the target site. As described in Exanples,
thehenft handetkastikat e WlereYre drivy tdreciossenith a
carrier of the present invention was
invention, a disease means the above-described tumor, and a

drug is expected to exert an antineoplastic effect on it.
[0053]

In the present invention, the term “exposure” 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 is 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 blood of the carrier should be maintained.

[0054]



determ ned, the release rate was found to be low. To
calculate the release rate, the carrier of the present
invention is precipitated by centrifugation, and the
anmount of the drug preseng n the supernatant and
carrier is determned. Ex ﬁples [0057] Hereinafter,
the present invention will be described in nore detai

by way of. exa but t res ton 1 IVE i s not
it tF 15 h& ﬁé%(%ﬁ’se% s Oréx%npgée%Each
concentratlon and particle S|ze of a

irigHdaisn Al 95 posone grisEdd atn aeé?:‘??%%ﬂ'}:b]iee Iferease

determi ned as foll ows. Phospholipid concentration
rat{evy/ang ‘the conbemedtivimotsicaghaspholy ;i FyHEAt)e ept 1s

| i posonme di spersion, which was determ ned using a kit
fuftie Phesipdsd 1 pied dietes mMMaid orhat Prospphadtpive C- Test

Wako, Wako Pure Chemical Industries, Ltd.). .Total

met 448 O £0NaeRt ratdsem t( Mhvelhkiod et @lse@lfor exposing SN-
concentration (mV) of a mxed lipid that is a nenbrane

38 %Mﬁgdem&ﬂéé cal gai at el from 4 hesphosphol i pi d

ntration above. The total |ipids contain

4 CEODRE! ek SRR LY DAGHEES provery
ané}greégggéeg dfgéase 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

appropriately be selected depending on the age or symptom

of a patient. A carrier of the present invention 1is



(phosphati dyl ethanol amne) in PEG PE or Cho
(cholesterol) in Chol-PEG in a PEG derivative for

i ntroduci ng PEG -Drug concentration (ng/nmL): the
concentration was determned as follows: the
fornul ati on obtai ned above %fas diluted 40-fold with
physi ol ogi cal saline, and 2 nL of nethanol was added
to 50 pL of the m xture, nmeasur enent of

oye

admpipb? %%Jé%ﬁ% ckC i AtRAsT YL (%‘&% tathe nP¥ vt ehyths© 38

nm fluorescence wavel ength: 435 nm of the mxture
ameishhgsaf Epetenbf taokonkt e TWertoRceht Fag i dhsepse or to

encl osed irinotecan hydrochloride is represented as
alldvigte anbubtaggpatotaf thensympton. aftsunteample, an

-l ncor porated drug anount (nolar ratio of drug/total
efFéptUsd: dbbe 6pnseattgt tONbof ehcapot Bsaad hydroacbhoride is

enclosed in a carrier is represented as a nolar ratio

sePéctgﬁuﬁééﬂtglréhﬁédéf whehmst6al o0l m§edef I R 3f body
ratio of the drug concentration to the Iipid

we?c?ﬂ géf:a{gégn H(ﬁ%\;érm ec Zc?oéé”@f %Qa Lorflh& of the

perS|on Iuted to

sjolo a rage particle size
orBagihet&rn ﬁéanbwza?asf%ﬁ%ﬁ obEREIEe Nal kvt e
Instrunments). [0058] 49 The follow ngs are
admbpi ey Faf taN nBAESCANd2ABLRETE AR T LIRRI BRAY sPHfPEsEgrmed
conmponents. HSPC: hydrogenated soybean
afphosghaepdgl ehebtneor (bl Bell Ae Rer§armed oo,
manuf act ured by Lipoid, SPC3)
prophylactically to alleviate the symptom upon onset in 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



Chol : chol esterol (nol ecul ar wei ght: 386.65, Sol vay)

PEGS000- PE: pol yet hyl ene gl ycol (nolecul ar wei ght:

5, 000) - phosphat i dyl et hanol am ne (nol ecul ar wei ght

5,938, Genzyne Cbrporation% PEG2000- PE: pol yet hyl ene

gl ycol (ol ecul ar wei ght: , 000) - phosphat i dyl

et hanol am ne (nol ecul ar weight: 2,725, NOF

Cor poration), PEGL600- Chol : _pol yet hyl ene gl ycal.
AL 570 vih ghtC2 1 8009 L CHET dRE T Ol (T elurd vas

wei ght: 1,982, NOF Corporation) CPT-11: irjnotecan
detpgembeedor iR ¥obtaTel BBtaeiyhttousy7tade RPHPETO

rhodam ne di hexadecanoyl phosphati dyl ethanol am ne
calcowml @cel Gne wee bt se 1833 S1thabtaeul e &F ddes, presrny

TRX- 20: 3, 5-di pent adecyl oxybenzam di ne hydrochl ori de
intemt eonl 88 peéghd1it£H080d 4y Jekor Phagamceut iaad Joe ,amount

Ltd.) [0059] [Exanple 1] In order to confirma method
of CERabhLueT p AL s DI 1Y Bfle SHupd Fh a0 EaIMAYEH OENd ori gle

hi ghl y encupsul ated |iposonme formnulation, drug

' tion at a high concentration was attenpted by
de%%%ﬁ?@%%te | oadi ng met hod (Preparation Exanple 1) or

by the passive | oading nethod (Conparative

Preparati on Exanple 1). For all irinotecan
h d{ochloride
Examples

[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.

Each concentration and particle size of a drug-
encapsﬁlated liposome prepared in each example were
determined as follows.

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

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

component, which is calculated from the phospholipid



i ncorporated |iposone fornulations (hereinafter,
abbrevi ated as CPT-11 fornul ation), PGE-PE (post-

i ntroduced) |iposone was used as a carrier although
i ntroduction nethods are different. [0060]
(Preparation Exanple 1) <Rafot e | oadi ng nmet hod> (1)
Preparation of mxed |ipid: 0.422 g of hydrogenated

soybean phosphati dyl ¢chol_i ne.,( HSPC), a 176 . f
CongEt ot Bral %t%ff ) WEFe té’its?%g |l\%é’g)dusn %%é&ﬁi]fz‘ofl%l%
t-butanol (Kanto Kagaku), heated to 60C, and the :
COFROARIES WS % oD CF TROEEL Y T | - 1B7F $Ruee-3 A Myt xed
to thereby prepare a mxed |ipid of HSPC. Chol = 54:46
ligimlleut rée im)t (UGN (2)1mipalEt i oIS pddome: to
0.598 g of the mxed |I|ipid prepared above was added
(pHdksphatofdwl 256haid Bamione umn skEG-aRR eol Chobn(clanestrrol)
lipid was allowed to swell fully. Then, the mxture

in VS0 BIPEE LOi W 4 NG Vs £ Ba i we T £ ointh t hedud asu | PR
m xture was sequentially passed through a filter

(por g,k 2&¢ | 0. dn@Me¥ndOnt i 58
V%atﬁ%% gﬁng%%%gc gﬁétgmgﬁﬁgatr%der (%he Extru%%rw%$

_ osone " di spersion.

i 4T pdr 48 oo I SERIGR TS N (R br s bBORLH T 1 0. 73
megg;ggffwas added to 50 pL of the mixture, followed by
measurement of a fluorescence intensity (excitation
wavelength: 360 nm, fluorescence wavelength: 435 nm) of the
mixture using a spectrofluorometer. 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 puL of a liposome dispersion
was diluted to 3 mL with physiological saline, and an
average particle size was determined by Zetasizer 3000 HS

(Malvern Instruments).

[0058]



the total |ipids amount of the mxed lipid) of a
solution of polyethylene glycol 5000-phosphati dyl

et hanol am ne (PEG5000-PE) in distilled water (36.74
ng/m), and the mxture m2§ heated at 60C for 30

m nutes, to thereby introddce PEGO00-PE. CQuter
aqueous phase substitution was perforned using a ge

colum th had been subj ected to sol vent
substTttT o' We¥h argo? %Y%?‘F%ﬁ?n%?%%%ﬁ‘ér‘B%eCUlar
solution (pH 6.0). An HSPC concentration was

we it ey reheatb 3| ¢ 2CR¢%t$or  phosphol i pi d
determination. A total |ipids amount (nV) was
cal E8P@t ey drogethbe$iSRCycont eplt ¢ sphabi dyDOB3] itd)
Drug encapsul ati on: an irinotecan hydrochl oride

(md XeFTu1d) /RO oeit £r 7 40 £ iR ISef DShdsés e b1 paeed puspE3 ed
water) solution having a concentration of 10 ng/nL

wascpé epakiedi e dh8rbii (b eEAN1 Ay dhochh el | decseb Ut §8vay)
was added to the |iposone dispersion in an anount of

CPT, | HSRG. = f t h { J
(ng?%%omhgEV&é%gifﬁﬁﬁééﬂﬁ%a%ﬁgg%wgiiﬁggégﬁpg%ﬂ' #8?

m nutes. to.thereb | ntroduce jrinptecan.
5, (ulontr St cePiaal A Bl P oREAE T8RN ¢ vas
iog%ed in ice. After the encapsulation of irinotecan
D O T RS CAEPPTPosIMe  di spersion was passed
through a gel colum that had been subjected to

sol Fepaoo ‘tIRAULY I XM QT P MF M (molecular weight:

2,000) -phosphatidyl ethanolamine (molecular weight: 2,725,
NOF Corporation)

PEGie00—Chol: polyethylene glycol (molecular weight:
1,600)~cholesterol (molecular weight: 1,982, NOF
Corporation)

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

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

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

[Example 1]

In order to confirm a method capable of attaining an



hi sti di ne/ 10% sucrose solution (pH 6.5) to renove
unencapsul ated drugs. The conpositions and particle
sizes of the CPT-11 fornulations obtained above are
shown in Table 1. Highly ggcapsulated CPT-11
formul ati ons of the present”invention were obtained.
[ 0064] (Conparative Preparation Exanple 1) <Passive
Ioadln nmet hod> 99 of a_m I
lrlP9§§€a Giydzro %lféldf l%é n&ffsﬁﬁggafégl% e
same nethod as that in Preparati anpl e 1 was
forggded 19Ny dEdan THHAICEARR Sy dr gl&ﬂhor‘%o&l&eé‘&rﬁﬁl&ﬁl was
(CPT-11/100 sucrose solution having a concentration of
at tBprog/dnly, thed nerotis dich iy alStdwed (B erawaltil ony Bxpmple
The m xture was stirred with a vortex mxer, and the
1) resut ame Masisinve Vias ceg ertthald y(qmatt;muﬂweough a
filter (0.2 pmx 5 tinmes, 0.1 pmx 10 tinmes) attached

Pre%%r%rtl%% dfgider jat 8¢ hm1t heisamecwayhgdrochloride
epar ati on Exanple 1, to thereby prepare an

ind fgﬁq_la%ce% 1%%&9&! gfyddrqg:l%%(?ﬁsul alHd i ddMQsone. To

osone “was ad 61 nL (correspondlng to 0.75

ab%@ﬁ%%gﬁ%%el :&qﬁe sane 2 qﬂ\‘j’\al%%;is% rgpar aﬁﬂg]n@é P d) °

and the m xture was heated at 60C far 30
muﬁqﬁﬁc&d o RATFUD 2T TS e PEETIEP Qlthough

Subsequent |y, unencapsul ated drugs
introduction 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 liposome: 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 pym x 5 times, 0.1 pm x 10 times, Whatman)



were renoved using a gel columm that had been
subjected to solvent substitution with a 10 mM

hi sti di ne/ 10% sucrose solution (pH 6.5). The
conpositions and particle si,zes of the CPT-11
formul ati ons obtai ned above are shown in Table 1. The
drug was introduced in the sane drug anount as that

i n Preparation Exapple - hi ghl y; .
atEﬁﬁRﬁgu?%t%% $5rh ﬁ%%i&n%eagéggﬁg.gi%ta?QEdL%§e¥he
_passive |oading nethod. [0065 Exanpl e 2] There was
bl?W@%@%@@%ﬁeBn?hg ?Ei??a?faﬁﬁuﬁ%ef H%iggﬁpaf%ra Figodtite
obtai ning a CPT-11 highly encupsul ated formul ation of
digperpie’ent invention in the renote |oadi ng nethod.

(Preparation Exanple 2) The procedure of Preparation

[0&anpl e 1 was repeated 54 except that, in the drug
encapsul ati on described in Preparation Exanple 1 (4),
the (EPTiALLbSRE (WhWhfr BEGOPRE ao €RZE- tdésRDtantedisosome
solution (10 ng/ ) to be added to the PGE-PE

di99stsi phrodycedabiposonentli spersbopopacpared 0n7sheols of
same way as' (1 o (3) is changed to 0.1, 0.2, 0.4,

)t
enfBc Lol BRIV Ty 2L Rt b o3 on
ot SHIHLEL) SB3e 3 2L0°HGAENERBE R, P0UR LonTobl et
(PEGs000—PE) in distilled water (36.74 mg/mL), and the
mixture was heated at 60°C for 30 minutes, to thereby
introduce PEGsgoo—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 solution
(pH 6.0).

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

[0063]

(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



(encapsul ated) fornulations having the drug in a fully
effective concentration for clinical use can be
obtained by the renote | oading nethod by increasing
the initial drug anount (ratio of drug/HSPC). [0066]
[ Table 1] 55 WHNWNMH40 -ri NEOONMI9 U
"i CNNNNNN HNHHHHHH Na dCHHEON

(wgbg gg%;th{ﬁ%%ﬁkggé%g%$%gkggp&(ﬁg?mﬁf gbogé,(%hdc%%e’
mixture was stirred at 60°C for 60 minutes, to thereby
introduce irinotecan 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 to solvent substitution with a 10 mM
histidine/10% sucrose solution (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.
[(0064]

(Comparative Preparation Example 1) <Passive loading
method>

To 0.2992 g of a mixed lipid (HSPC:Chol = 54:46
(molar ratio)) prepared by the same method as that in
Preparation Example 1 was added 5 mL of an irinotecan
hydrochloride solution (CPT-11/10% sucrose solution having
a concentration of 10 mg/mL), 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 ym x 5 times, 0.1 pm x 10 times) attached to an



mabl SI HENNWTW d- - MmOQ 0~ OU1 NOHH
NN OUUaSn'pUx H3NNri Nt m EH30O00O0
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C4 04 aWpgv Q) MmWto

extruder at 68°C in the same way as Preparation Example 1,
to thereby prepare an irinotecan hydrochloride-encapsulated
liposome.

To the liposome was added 0.61 mL (corresponding to
0.75 mol% of the total lipids amount of the mixed lipid) of
PEGso00—~PE in the same way as Preparation Example 1 (3), and
the mixture was heated at 60°C for 30 minutes, to thereby
introduce PEGspo—PE. Subsequently, unencapsulated drugs
were removed using a gel column that had been subjected to
solvent substitution with a 10 mM histidine/10% sucrose
solution (pH 6.5).

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

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

(Preparation Example 2)

The procedure of Preparation Example 1 was repeated



|
a.~"1i t~t1HG Or4a NMW 0 WO -ri ~ ~~0 0O
H7OH+Jt Il | -HW-H-H-HNNSJH4-1WJJJIW
$ HRt HH Wa,~ axX 04Z P,ahu E wW{i wO SW wtl
aaUlUax w»56 ,

except that, in the drug encapsulation described in
Preparation Example 1 (4), the CPT-11/HSPC (w/w) ratio of a
CPT-11/RO aqueous solution (10 mg/mL) to be added to the
PGE-PE post-introduced liposome dispersion prepared in the
same way as (1) to (3) is changed to 0.1, 0.2, 0.4, and
0.8, to thereby yield CPT-11 formulations. The
compositions and particle sizes of the CPT-11 formulations
obtained above are shown in Table 1.

As shown in Table 1, CPT-11 highly supported
(encapsulated) formulations having the drug in a fully
effective concentration for clinical use can be obtained by
the remote loading method by increasing the initial drug
amount (ratio of drug/HSPC).

[0066]

[Table 1]



[0067] (Test Exanple 1) Accelerated stability of
formulation at 37C Each CPT-11 fornul ati on prepared
in Exanple 1 was heated at 37C for a predetermn ned
period. After the heating,sdhe CPT-11 fornul ati on was
diluted 20-fold by adding physiol ogical saline, and
ultracentrifugation (1 x 105 g, 2 hours, 10C) was
performed to precipitate a CPT-11 fornul ation

(i rinotfecan hydrochl ofi de{encapjsul atied i posone) The
anmount oF+b not ecan hydr ochkorjdecpresant in the
superngt anti Wwas deterriwed to cpheuliat eotihe rel ease
rate (% *of (rinotecan Bydro€hl p¥i &g dyemthe CPT-11
fornul gtifon. | The resulits are shp iin Fig. 1. The
CPT-11 forpulation prdgpared in Conpdrafive
Prepar dt il Exand & 1 |was {f ound to have tihe irinotecan
hydr ochl df Bde- rgﬂ$§se ratq ofi ab8uf lebpmafter the
heating f 37Cbﬁoﬁ 7 [d&yd, Whilg Ebe-vgl-ll
for mul at i;)%B’ prepag & |i m Brepar ati|on cfi(anTpI e 1 by the
renote Ioaaing net hod fwas | found to el ease few
i ri not ecan, hydrochl orijde gven atter | the heating at
37C for| 7odays. Thereflore,| it was| clatifjed that
encapsulgﬂion of Erinotecan hydreqhd bride| into a
Iiposoneu@@“the renot e Ioadlng metihod - €nabl es
(o) | | N .
preparatTaen of a &PT- 11 i ghly supporteéqfornulatlon
havi ng | excelll ent fordulatlon stafgiljty. b7 [0068]
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(Test Exanple 2) Fornulation stability at 37C Each
CPT-11 fornul ation prepared in Exanple 2 was heated
at 37C for a predeterm ned period. After the heating,
for the CPT-11 fornul ation.the rel ease rate of
I rinotecan hydrochl oride mgg determ ned in the sane
way as Test Exanple 1. The rel ease rate of each

(06 %Tll formul ation was found to be 1%or |ess even
a r the heating at 37C for 14 days. Therefore, it

was clarified that the release rate of. the T-1 .
f or hEESE | %WIHP%%aJr)edA%S/e}%aF%%?’éae?bLJdF%gOf rﬁ?%‘#?%mn
not greatly affected by the supported drug anount

at (34t¢o of drug/total l|ipids), and even a CPT-11
extrenely highly encupsul ated fornul ati on has
exckitentPT ol hnuf atmehat sembptepyred 006 g xafEkanb| w2 B]
A | i posone having a nmenbrane conposition different

hedt&in dhad7 i@ fyepargtédat Exangpie demisd usedtas &he
carrier to prepare a CPT-11 fornul ation

heaPESh [ 1 6RL lypTINE P& ARETAN Fon Tis eCRPSAd a0 -ofbXd by

i ri notecan hydrochl oride was perfornmed by the renote

204 £RG1 D8 CELIRg | 00 B AR e FUSPRLALS Qb Fr T o
post-1 ntroduced |iposone (Preparation
LB 8Bkt a8:BECUPE, BLERL I RCUE pERARO0E o8 co-u:
fo i E e on P PIOYEC B8 9P62Sc i SEIL A0S SOIRPResy -
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.



(Preparation Exanple 3) (1) Preparation of m xed
lipid: 1.5317 g of hydrogenated soybean
phosphati dyl choline (HSPC), 0.6419 g of chol estero
(Chol ), and 0.005 g of rhog m ne di hexadecanoyl
phosphati dyl et hanol am ne -DHPE) were dissolved in
50 nL of t-butanol heated at 60C, and the m xture was

[Oéggted inice, followed by freeze-drying, to thereby

are a mxed lipid having a nolar ratio of

HSPC. Chol : R-DHPE = 54:46: 0.1, [0070],(2) Pre ation
of (TdsoREamRaHe 21 oFOHRULD h?ﬁo?t%gléS%yniﬁgﬂaéiium
sul fate solution, stirring with a vortex m xer, and
filBeehngPTrih Bofhhietian tRetieared Bh BXARRHRIZ W35 2
pmx 5 tinmes, 0.1 pmx 10 tines) were perforned in the
hestak any3 a%C PEepai ap tode toanpled Ipextept tAfder0t3e g
of the mxed |ipid prepared above was used, to
hedtEi@pyr ¥t etise acpt i pososEndl Spess) Othe Stbbesgientd s of
out er aqueous phase substitution was perfornmed with a

1r%%{@é$‘r'1 S@@f&ﬂﬂ@?ﬂé@%%%é@:ﬂﬂr@éﬁ (PH t16e Qamd A d]as

Introduction of PEGPE: to the resultant |iposone

o3 phaBSLsLon o Al e ol on il pas e

ryce phosphat anolam ne (PEG2000- PE) in
o Sti il & L YEELL {30 I A IY I (£OLL SSPONUL PG, s B

0

heating at 37°C for 14 days.

Therefore, it was clarified that the release rate of
the CPT-11 formulation prepared by the remote 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 liposome having a membrane composition 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 liposome



i pids anmount), and the m xture was heated at 60C for
30 mnutes, to thereby introduce PEG000-PE. [0072]
(4) In the sanme way as the drug encapsul ation in
Preparati on Exanple 1, 10 mL of a CPT-11/ RO water
solution was added to the [NI'posone di spersion in an
anount required for CPT-11/HSPC = 0.2 (wWw) to

t d h d
PSS E B EGR ARELL o e Subs R Rl e
wer e rennved wth a 10 mM histidine/l oo sucrose

ll%H?u??%%n(B?ﬂ%w 555 . @ TRETPT 2301 CAMY P 11 formul ati on
is shown in Table 2. &OO?S] (Referential Preparation
ExafBrerayatrhenpEseeBlfedin Preparation Exanple 3 was
repeated except that PE&000-PE to be added in
Prepal aPrepaExtnphecs mi{8¢dhadippdevieobsly Beeh added
to the mxed lipid as a nenbrane conponent to prepare

hy@rbi@nsoee BaybagnPEte PEhatidpecsetlina hBshCs) des6oi9 g
i nner and outer nenbranes, to thereby prepare a

ofC&Toiésééwyl AEh8Ny , TQﬁdDO0@@9U§eof3rh§8§fﬂ/ﬂnbe| ow. To
7 g of the m xed’ lipid (HSPC: Chol : R-DHPE _ 60

dl% xggega&ogfgéﬁgsFQEEQ%%}pé@ Qﬁ@gahﬂnéh?Rsﬁﬁ?EWBNeﬁé

reparati o 0.094 g (correspondi ng

o bPatRalTBuS 4 8o P e EE AT LE, g
mlgéugéhsgglcoggddthg g%ésu%gllowed by freeze-drying, to
thereby prepare a mixed lipid having a molar ratio of
HSPC:Chol:R-DHPE = 54:46:0.1.
[0070] |

(2) Preparation of liposome: addition of 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 pym x 5 times, 0.1 pym 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 liposome



was di ssolved conpletely by stirring at 65C for 30
m nutes. After confirmng that the m xture was
di ssol ved conpletely by stirring, to the ethanol

sol ution were added 10 rTL5 f an anmoni um sul fate
solution prepared so as to“be 250 mM Thereafter, the

sane procedures as Preparation Exanple 3 (2) wth a

. vortex mxer a xt ruder, were erfor . ter
iRt s SR e B TR B GRS
I posone di spersion obtained by using _a ,10%,sucr.qQse
200sirhashat M]ethafm#?éﬂ%e(%%ﬁm@s‘%ﬁﬁe&&r QeissALied
Exanmple 3 (4), 10 ng/nL of a CPT-11/R0O water sol ution
watwas Gifdeth treg Ade) (¢ posorronil Spers? oh- § meks apuite total
required for CPT-11/HSPC value = 0.2 (wWw to
lipidd otusent ¥, niccane hyiroctd aorasleheatdd et td&°C for 30
i ntroduction, the m xture was cooled in ice, and

miNeNeapsyl el Sekisly UDst Wedecd EPRVAEL-PE .t he same way as
Preparation Exanple 3 (4) The resultant CPT-11

[Od—pj]rrul ation is shown in Table 2. [0075] s 61 [Table
2162 mHmM

(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 liposome dispersion in an amount
required for CPT-11/HSPC = 0.2 (w/w) to introduce
irinotecan 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 Preparation Example 1)

The procedure in Preparation Example 3 was repeated
except that PEGz000-PE to be added in Preparation Example 3
(3) had previously 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:Chol:R-DHPE =
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60
54:46:0.1 (molar ratio)) prepared in the same way as
Preparation Example 3 (1) and 0.094 g (corresponding to an
amount (5.6 mol%) twice the amount in Preparation Example
3) of PEGoo-PE was added 1 mL of ethanol, and the mixture
was dissolved completely by stirring at 65°C for 30
minutes.

After confirming that the mixture was dissolved
completely by stirring, to the ethanol solution were added
10 mIL 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 aqueous phase substitution was
performed for the liposome 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 required for CPT-11/HSPC
value = 0.2 (w/w) to introduce irinotecan hydrochloride.
After the introduction, 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 is shown in Table Z.

[0075]
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MmME s4 fd wx wO K-wmsow a cx a 63 [0076] (Test
Exanpl e 3) Accelerated stability of fornulation at
37C For each CPT-11 fornul ation prepared in Exanple 3,
an accelerated test was pegforned by heating it at
37C for 1 nonth. An aliquot of the heated CPT-11
formul ation was <collected every 1 week, and it was
diluted 20-fold by adding physiol ogi cal saline,
followed by wultracentrifugation (1 x 105 g, 2 hours,
10C) to precipitate a CPT-11 fornul ation. The

fl uoresgcence ntensity correspaondi ng{to the anount of
i rinotetarf hydrochloride present in the supernatant
was deterni @ed|to cal cul ate the release rate fromthe
| i posome (W The rBsults|are dhown in Fig. 2.
Meanwhi | e,&the|particle sige ofl the |iposone in the
heat ed di spersion was neasbred gvery |1 week. The
resultsfare shown in Fig. B. [0Q77] Figs. 2 and 3
reveal thag gthe |iposope prepargd in |Preparation
Exanpl e| 3 $ & eased pnd &irug| at« 37C even after 1 nonth
(Fig. 2) a®& had agsﬂq§tan1idﬁly censtant particle
si ze (Fig.g%g, so thatait hadsexceld ent formulation
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stability. On the other hand, for the PEG PE pre-

i ntroduced |iposone prepared in Referentia

Preparation Exanple 1, the drug release at 37C was

started on the 64 third k, the release rate on the

fourth week was extremely high (Fig. 2), and the

particle size increased since the third week (Fig.
[069@ so that it was suggested that nenbrane breaking

occurred since the third week. Fromthose results, for

a CPT-11 highly pported . f £+ ' t
VRS ok TR e, B Saer et rodiiad 1 pesar e tion
prepared by adding PEG PE after the |iposone
at {3 fati on was found to have a preferable form [0078]
[Exanple 4] In order to test long-termpreservatio
st st iqactafPTsthbi eyl 3t ) GEERFref dpr-Bepmple 3, an
formul ati on of the present invention, CPT-11
acdedrendtatd drestweras epErmubdpyniieeddad it Rlepdr &t ifox 1
Exanpl es 4 and 5 bel ow. (Preparation Exanple 4) A drug
mor¥@s, | dhr adygedtby ft keer erated cati-ag wetrhadaichont les
same way as Preparation Exanple 1 except that outer

ol subsdit t Wdon d efad g IREGPR0-fold by
post-1 ntroduced |iposone di spersion was perforned

sin e ] h _ q
B R R ST
- . n repar | 3 S
a1 PE G O L fo GRR PLLOT BXAIPLR b 1000yt ey ebY

precipitate a CPT-11 formulation. The fluorescence

Cc

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 dispersion was measured every
1 week. The results are shown in Fig. 3.
[0077]

Figs. 2 and 3 reveal that‘the liposome prepared in
© Preparation Example 3 released no drug at 37°C even after 1
month (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



formul ati on. The conpositions are shown in Table 3.
[0079] 65 (Preparation Exanple 5) The procedure in
Preparation Exanple 4 was repeated except that the

m xed |lipid prepared in (1% bel ow was used as a

menbr ane conponent, to the %by prepare a CPT-11 highly
supported formul ati on containing 3, 5-

er SRS ORI e i p e L

ure’is shown below. (1)

Preparation of mxed |ipid: 0.4561 g.of .hydrogenated

extgwyisdan Ndess pida -dWohcﬂf}idnethﬁ@@é)t}gc&%sfezyeg l“%rreased
chol esterol (Chol), and 0.0563 of 3, 5-

s i rdieperiteaddriyddo yesen ZEH T 170 hyidr &tori td & qSTRRIESS bWist e
di ssolved in 25 nL of t-butanol heated at 60C, and the

thd¥ Xiane s el leithd rodaerddldinesd the fatsaxe-wie) ng,
to thereby prepare a mxed |ipid of HSPC. Chol : TRX- 20
= 50: 4R ShoddbduT@d ) Ofor [H088]-1 IThei gt e edupeo i red
Preparation Exanple 1 (2) was repeated except that

fox{%rgjf%lgo fod r@léﬂﬁ@s%ﬂ@iﬂd@rﬁﬁaﬁﬁd trabosss Vers sk

( ereby prepare a liposone dispersion. To the

ol SETORF (aPSIA BRI dpdm st oo amancing
Ligakom STt v ShEs Bt p R I
[0078]

[Example 4]

Tn order to test long-term preservation stability and
stability in blood of 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
aqueous 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]



the drug was introduced by the renote | oadi ng nethod
in the 66 sane way as Preparation Exanple 1 (3)
except that outer aqueous phase substitution for the
| i posonme dispersion was pegeformed with a 10 niv

VES/ 10% sucrose solution (pH 6.0), to thereby prepare
a CPT-1l highly supported fornulation. The

co it i i n Jable 3. [0081] (Test Exanple
4) nﬁgi%é%rggr]tn%%} :é}g%@%l 6?05n) stability test at 4C Each
of the CPT-1 forrruI%_ti ons_obt ai was rstored

ed oV
at TS fRFOGE Heteter Y Per o d X AR &Y fhwe BIBRE TS
the predeterm ned perjod, the particle size of the
exaypt HhR ' ditulETash BiRE RFRAEd el at (Rl was used
irinotecan hydrochloride fromthe CPT-11 fornul ation
as veermeentess\l etbnpondiie, storehvinetas Meepa @ anpiRT-111 Thighly
results are shown in Table 3. [0082] [Table 3] 67 N
suppSried af yrmx Ft IBw cort N mirkdy N8, 5- N N
dipentadecyloxybenzamidine hydrochloride that is a charged
substance. The procedure is shown below.

(1) Preparation of mixed lipid: 0.4561 g of
hydrogenated soybean phosphatidylcholine (HSPC), 0.1876 g
of cholesterol (Chol), and 0.0563 g of 3,5-
dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissolved in 25 mL of t-butanol heated at 60°C, and the
mixture was cooled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid of HSPC:Chol: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.

To 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 PEGse—PE in distilled

water (36.74 mg/mL) to introduce PEGsgeo~PE. Subsequently,

the drug was introduced by the remote loading method in the
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same way as Preparation Example 1 (3) except that outer
aqueous phase substitution for the liposome dispersion was
performed with a 10 mM MES/10% sucrose solution (pH 6.0),
to thereby prepare a CPT-11 highly supported formulation.
The composition is shown in Table 3.
[0081]

(Test Example 4) Long-term preservation stability
test at 4°C

Each of 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 of 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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term preservation stability. [0084] (Test Exanple 5)
Retentivity in blood Each CPT-11 fornul ati on prepared
in Exanple 4 (Preparation Exanples 4 and 5) or a
solution of irinotecan hygéochloride i n physi ol ogi cal
saline (containing 1 ng/nL”"of irinotecan
hydr ochl ori de) was intravenously injected to the tai

%%Ba nouse (BALB/c, female, 5-week old, CLEA Japan,
[0 d.) in an irinotecan hydrochl oride anmbunt of 10

ng/ kg (corresponding to 8.77 g/kg .in terns of .

i 1ot exd Qﬁ%ﬁﬂﬁ)é%?ﬂ%ﬁxgéﬁéﬁ%#tﬁ&P%”Qf%ﬁﬁf%ﬁfﬂburs
after the injection and centrifuged (3,000 rpm 10
Examipig &k atg)e t ¢heolnadticls &g 2tk st rtg?ﬁeoﬁfedffe

i rinotecan hydrochloride in each plasma was nmeasured
nothycHdnuprdsioeroeer rd Brest t6-margdsuraiaade Bie plsma was
stored in a refrigerator until the neasurenent. The

Thd @St ke, are oW 41 Tadd ecb@anshdh CPT-4L1 6 roul athieon
case of each CPT-11 fornul ation prepared in Exanple 4,

prérﬁa}&&w gatignof isdaleamt hydnoshl grdda dit tdey-

sma could be neasured until 24 hours after the
injection to.the i{,vein, while in the case of the
eI RE TR 6 é%%$nﬁ)%&é&ﬁﬁ%drochloride i n physiol ogi ca
sal i ne, the concentration could be neasured only 1
(00t  after the injection to the tail vein.

(Test Example 5) Retentivity in blood

Fach CPT-11 formulation prepared in Example 4
(Preparation Examples 4 and 5) or a solution of irinotecan
hydrochloride in physiological saline (containing 1 mg/mL
of irinotecan hydrochloride) was intravenously injected to
the tail of a mouse (BALB/c, female, 5-week old, CLEA
Japan, Inc.) in an irinotecan hydrochloride amount 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.



Therefore, the CPT-11 fornul ati on prepared by the
renot e | oadi ng net hod has enabl ed mai ntaining the
concentration of irinotecan hydrochloride in plasna at
a high concentration for 55Iong period of tine.
[0085] [Table 4] 70 Table”4 Concentration in plasma
(pg/m.) Elapsed tine (hr) 1 6 24 CPT-11 fornul ation

(Preparation 189. 41 28.%; 3..18 mpl e _4) %—1
f oRUItRE 6@ SC€oRttaisfiGhy Ol J{1§§F§§E§%}g? §F§§g@ g tn
(Preparation Exanple 5) Solution of irinotecan L de
Exampdieodh| thiedsonsepliyaitdloagogal TdnggeqpaNDYdLgrifgride 1n
[0086] [Exanple 5) In order to test the drug efficacy
theOfplasGRTcbhlhi ghl ye asmrwgs windtidd 2hohouirat PG/ esf thie
present invention, CPT-11 fornulations were prepared
injidetRigpalAatihen texameas 6 wha 1¢ ibeltbw. ceBeepdr aticon
Exanpl e 6) The procedure in Preparation Exanple 4 was
sofﬁ%%%ﬂ‘%% irinotecan hydrochloride in physiological
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 irinotecan hydrochloride in plasma at a
high concentration for a long period of time.

[0085]

[Table 4]



except that the mxed lipid prepared in (1) bel ow was
used as a nenbrane conponent, to thereby prepare a
CPT-11 highly supported formulation containing 3,S
di pent adecyl oxybenzam di ne drochloride that is a
charged substance. The prdcedure is shown below (1)
Preparation of m xed Iipid 4.562 g of hydrogenated
soybean phosphatldylchol % PC), 1.876 g of

chol esterol (Chol), and of 3,571

dipentaderylnxyhpn7anid|np hydrochlorid

di ssolved in 50 nL of t-butanol| heatedcaent@aCicandnt héasma
m xture was cooled in ice, follljowed by frequgqhxlng,

to thereby prepare i d-—of —HSPC: Che I:TDV 20

Elapgéa)tﬁ%m% @n(nnlar ratio). [0087] The proceduce in 24
od. . aoveaon H + ot 7 NANN

____£k£¥¥u4n443475xanp#g—%—masf+eﬁeaEcu exeepd Lual 062

CPT-g loffarrerlmtxieh | (Hapapradpared abovggwas  Us 13.18

Exanthggehy prepare a Ilposone di spersion. "To|the ?lposone

g Spersi o was_added a Sol U n ot polyethyl ene
CPT d‘zeﬂ’ HbsphA ?Jd?’rn%tﬁggo arnisse 20PEG508d-. 6PE) fin 3.38
%ﬁﬁqq%§$Q&nﬂﬁanPﬂﬁ'ﬁ ng/ m.) cprresponding to 0.75

Sol oﬁ(gftfyiﬁdgéﬁadj plds amount} and the mi xture was
hyd Jaduites tp infreduce PEGHHoO-HE. D
sali sequently drug was i ntrpduced by tthe renote

I"0adi ng nPfhnd in the sane -wayl as—Preparati-en—Exanple

1 (4), to thereby prepare a CPT-11 highly
encupsul ated fornul ati on.
[(0086]

[Example 5]

In order-to test the drug efficacy of a CPT-11 highly
encupsulated formulation of the present invention, CPT-11
formulations were prepared in Preparation Examples 6 to 9
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 formulation containing 3,5-
dipentadecyloxybenzamidine hydrochloride that is a charged
substance. The procedure is shown below.

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

cholesterol (Chol), and 0.564 g of 3,5-



The conposition is shown in Table S. [0088] [Table 5]
72 mM -RNEd NH Na vHHfaOOEHOM" V

Hamcamwa O -H s4 EH 10CO0O . Hua WmM o E
co
71

dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissolved in 50 mL of t-butanol heated at 60°C, and the
mixture was cooled in ice, followed by freeze-drying, to
thereby prepare a mixed lipid of HSPC:Chol:TRX-20 = 50:42:
8 (molar ratio).

[0087]

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 ethanolamine (PEGsoqo—
PE) in distilled water (36.74 mg/mL) corresponding to 0.75
mol% of the total lipids amount, and the mixture was heated
at 60°C for 30 minutes to introduce PEGsgpoo—-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 formulation.
The composition is shown in Table 5.

[0088]

[Table 5]
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o ECZOHo HN C 0 .H LJi $4 rt E PAN NX

H Wa 73 [0089] (Preparation Exanple 7) The procedure

in Preparation Exanpl e 4 was repeated except that the

m xed |lipid prepared in (1% bel ow was used as a

menbr ane conponent, to the éby prepare a CPT-11 highly

supported formul ation containing 3,5

Oq%gfntadecyloxybenzanidine hydrochl oride that is a
[0Q ged substance. The procedure is shown below. (1)

Preparation of mxed |ipid: 4.562 g of hydrogenated

soybRaeP phasphiat Fegehdl The (HSPC), 1.518 g of

chol esterol (Chol), and 1.126 g of 3,5-

di pBin¢ apecytdxydenz abi e aea hien otkimnpl eed (TRX- Py Hee @
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: 4.562 g of
hydrogenated soybean phosphatidylcholine (HSPC), 1.518 g of
cholesterol (Chol), and 1.126 g of 3,5-
dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissolved in 50 ml, of t-butanol heated at 60°C, and the
mixture was cooled 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 glycol 1600-cholesterol (PEGi600-Chol) in

distilled water (36.74 mg/mL) corresponding to 2.0 mol% of

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



di ssolved in 50 nL of t-butanol heated at 60C, and the
m xture was cooled in ice, followed by freeze-drying,
to thereby prepare a mxed |ipid of HSPC. Chol : TRX- 20
= 50:34:16 (nolar ratio)._[0090] The procedure in
Preparati on Exanple 1 was / peated except that 7.207
g of the m xed lipid prepared above was used, to

t repare a |i spersa the |ippso
ot Shar T Dl At ol U6 ST Ipol P ROTERELLT, Ehe
gl ycol 1600- cholesterol ( PEGL600- Chol) in distilled
drygatwds (B8 RPUREMDY dEre SHid nPa bt G'Sidi ¥ ot e
total |ipids amount, and the m xture was heated at 60C
samel wépraSPrepRItaEsi oo Brmmiduce PEGSO®RIhdihat the outer
Subsequently, the drug was introduced by the renote
aquéagh nehawd hadb s i el ors after Vigtye alsi s epaer at i sgre Edanplvea s
1 (4) except that the outer aqueous phase

pesthstdd Wian 4 oro the MEPosTITEs el SPes SdSTutesn (pH 6.0),
performed with a 10 nM MES/ 10% sucrose sol ution (pH

to Gchér?mg ?%fgﬁlﬁ Ya R € 1 GHTy Idn highl da g upsul at ed

formu n e conposition 1 s shown in Table 6.
folmé%gé1&J?bhﬁm§koﬁ%051tlgh is shown in Table 6.

[0091]

[Table 6]
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[0092] (Preparation ExaanJ; 8) The procedure in
Preparati on Exanple 4 was r%peat ed

[0092]

(Preparation Example 8)

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: 4.562 g of
hydrogenated soybean phosphatidylcholine (HSPC), 1.876 g of
cholesterol (Chol), and 0.564 g of 3,5-
dipentadecyloxybenzamidine hydrochloride (TRX-20) were
dissolved in 50 mL of t-butanol heated at 60°C, and the
mixture was cooled 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 ethanolamine (PEGsgoo0~
PE) in distilled water (36.74 mg/mL) corresponding to 0.75

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



except that the mxed lipid prepared in (1) bel ow was
used as a nenbrane conponent, to thereby prepare a
CPT-11 highly supported formulation containing 3,5
di pent adecyl oxybenzam di ne-Rydrochl oride that is a
charged substance. The procedure is shown below (1)
Preparation of mxed |ipid: 4.562 g of hydrogenated

spydea ' chol j (@) . 87 of
2t R arar o (LHers S and Hrest g ra gt e
di pent adecyl oxybenzam di ne hydrochl qrid TRX- 20) were.
SukSET ekt 1 D Lo bt LS HEh LB S GO TS
m xture was cooled in ice, followed by freeze-drying,
method tHeridhy $AeHarRY o8 fri KPR T P EHSHE Thbl {TRX-TD
= 50:42:8 (nolar ratio). [0093] The procedure in
thérapareat ¢ oar ExanplPB- 11 waskgh bp esitrrb rexd epe rivnba t 701902 The
g of the mxed lipid prepared above was wused, to
cohh®s EbYoPpr Epasieown | i poBawee dé sper si on. To the |iposone
I spersion was added a solution of polyethylene

[Ogéy ol 5000- phosphati dyl et hanol am ne (PEGoo00- PE) in
distilled water (36.74 ng/nL) corresponding to 0.75

nDI?%gég%p§%%8%8%§%%$ig89gnnunt, and the m xture was

hea mnutes to introduce
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as a membrane component, to thereby prepare a CPT-11 highly
supported formulation. The procedure is shown below.

(1) Preparation of mixed lipid: 4.940 g of
hydrogenated soybean phosphatidylcholine (HSPC) and 2.060 g
of cholesterol (Chol) were dissolved in 50 mL of t-butanol
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).

[0095]

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 ethanolamine (PEGsgoo—

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



conposition is shown in Table 6. [0094] (Preparation
Exanpl e 9) The procedure in Preparati on Exanple 4 was
repeated except that the mxed lipid prepared in (1)
bel ow was used as a menbrage conponent, to thereby
prepare a CPT-11 highly supported formnulation. The
procedure is shown below (1) Preparation of m xed

loi R %@ﬁte%rﬁp)ﬁbt%a?n ture was heated
mols h%sfdt%’tdé cgtyl(%g%o lr?e@zéd HSPC) and 2.060 g lgf chol est er ol

vere di.ssal ve f uta heat ed at
at %gl% doF t%?)e qtmslncﬁ:%cﬁ%&oe EIEGb%OO ?ol I ovved by
freeze-dryin to t hereby pre |
SRS = e oI KB 4D 6O TR ET o i n
in Preparatlon Exanpl e 1 was repeated except that
metha@D2iny tdfe tsemenivest 45 RUPRHETErBY s Snds (4dgedP
to thereby prepare a |iposone dispersion. To the
thd igins e rsper SIRM Masiagded supgsinftdcdbrf@mulation. The
pol yet hyl ene gl ycol 5000- phosphati dyl et hanol am ne
conldFEFPosh RF)sHdwidiist itdede viat er (36. 74 g/ i)
corresponding to 0.75 78 nol % of the total I|ipids
[o@I@unt, and the m xture was heated at 60C for 30
m nutes to introduce PEG000-PE. Subsequently, the
drugrggfelp roduced by the renote |loading nethod in
the"sane"way as Preparation Exanple 1 (4), to thereby
prepare a CPT-11 highly supported fornulation. The
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[0097]

[Example 6]

The effect of the pH value of an outer aqueous phase
on the drug encapsulation rate was examined.

(Preparation Example 10)

(1) Preparation of mixed lipid: 7.01 g of HSPC and
2.93 g of Chol were weighed, and 10 mL of absolute ethanol
was added thereto. Then, those were dissolved with heating
at 68°C. After confirming that those were dissolved
completely, 90 mL of ammonium sulfate solution (250 mM) was
added thereto, and the mixture was stirred with heating at
68°C.

(2) Preparation of liposome: after completion 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. Introduction of PEGsgoo—
DSPE: after the extrusion, to the sample was added 20.4 mL
of a PEGsgpe—DSPE solution (36.74 mg/mL) so as to be a

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



Na, NCL mroE t'" roard NkwX NwNW Na
80 [0097] [Exanple 6] The effect of the pH val ue of
an outer aqueous phase on the drug encapsul ation rate
was exam ned. (Preparation anple 10) (1) Preparation
of mxed lipid: 7.01 g of PC and 2.93 g of Cho

wer e wei ghed, and 10 nlL of absol ute ethanol was added

waéeggf A%d@@ne i@%&vg;g@ﬁé@é,ve@ov%& ti DG odlce

er conrtrirmng ose were dissol ved

completely, 90 nL of a ni,umsul fate solution (250
PE Gy LT -2iBBheFhEPEt oF CARAUER ot xE P AR 8! P FegooLed
~ with heating at 68C. (2) Preparation of |iposone:
in af¢®r conpletion of the stirring with heating, the
resultant m xture was passed through a filter having
a pOBk Quker ofig@eoupnphidse suletitutiogy: afoexeachlerce-
heated to 68C. Subsequently, the filter was exchanged
codbed asdmpler (having auiper eaguecuofpilade ppgbstandutirn was
filtrate was passed through the filter five tines.

pedferRadtesing he déltes1vwms exshangedodon aubiddwsd to
havi ng a _
adequate substitution with each of outer aqueous phase
solutions having different pH values (pH 4.0, 5.0, 6.0,
7.0, 8.0, or 9.0), concretely, outer aqueous phase
solutions having pH 4.0, 5.0 (10 mM acetic acid/10% sucrose
solutions), outer aqueous phase solution having pH 6.0 (10
mM histidine/10% sucrose solution), outer agqueous phase
solutions having pH 7.0, 8.0, 9.0 (10 mM Tris/10% sucrose

solutions). After the outer aqueous phase substitution,

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

[0098]

(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 hydrochloride

solution was added to the liposome dispersion in an amount



pore size of 0.1 pmagain, and the filtrate was passed
through the filter five tinmes. Introduction of
PEGS000- DSPE: after the extrusion, to the sanple was
added 20.4 nL of a PEGBOog-DSPE solution (36.74
ng/m.) so as to be a pred ?ernined PEG5000- DSPE
content (nnl@@ , and the mxture 81 was stirred at

tes, to thereb .
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cooled in |ce (3) Quter aqueous hase s bstltutlon
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phase substitution was performed using a gel columm
stihaedhatl 6eed Sobje¢trintbes adequbersHstnEIRIWEE wi t h

each of outer aqueous phase solutions having
irthétecent hpikvahlesideH Afkers.the Grirodudid®,0,ther

9.0), concretely, outer aqueous phase solutions
safigYeNgaPH-doDed5i 0 (d8. M meat itha a0 Isucras ©f

sol utions), outer aqueous phase solution having pH 6.0

iri%gtegg%h &kgbﬂféﬁgaéSu@ﬁgsflﬁgégﬁé0@)3p?ﬂ§§6naﬁé§ous

ase t1ons avi ng p
/ 10%
oo AL D S el Mg s

det d ho kit
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amount (mV) was cal cul ated_fromthe HSPC
(PBoReant Fat FBROVEOBOSTCRRFUBREGeAERPSul ati on: there

was prepared an
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 formulation obtained above, the drug
encapsulation efficiency (%) was calculated from the ratio
of the final drug concentration CPT-11 with respect to the
initial drug concentration 0.16 (mol/mol) according to the
following expression.

[Mathematical Formula 1]

o©

Encapsulation efficiency of CPT-11 (%) = {Final CPT-
11/Total Lipids (mol/mol)}/{Initial CPT-11/Total Lipids
(mol/mol)} x 100

[0100]



i rinotecan hydrochloride (CPT-11)/ RO water (reverse
osnosi s nenbrane purified water) solution having a
concentration of 10 ng/nl. The irinotecan

hydrochl oride solution wag, -a added to the |iposone

di spersion in an anount 82 %of CPT-11/total l'i pids
anount = 0.16 (nol/nol) Mﬁth respect to the total

I|p ( Qve, re.was. sti.rred
566 PP el TEs At ruPBeve; sR RablE, ¥l Bbiohute s StHd
|r|not can hydrochloride, After the,introduction, the
ta]%%u‘ﬁ”p?%gmé%% Bl BdCVntigel O%\i?‘é?‘n? hel%nE%%sﬁ?%@l‘ﬁ}ﬁe’é? the
i rinotecan hydrochl oride, the |iposone dispersion was

pHpuased ¢hrblghoatgel ageeend Phase hhd He@nosubgeet ebheo
substitution with a 10 nmM hi sti di ne/ 10% sucr ose
ensagpstlaniof pef 6i8)ehoy refiVeTuhentapsus at eexdremgsly Thiegh
lipid (HSPC) concentration, drug (CPT-11)
valosacent pati A, mand, paniiel enstie Ohseaphe £PTtHd value is
formul ati on obtained above are shown in Table 8.
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formul ati on obtai ned above, drug encapsul ation
ncy (% was calculated fron1the ratio of the
de?%%%?é%rug concentration CPT-11 with respect to the
[Oiﬁi ial drug concentration 0.16 (nol/nol) according to
foll ow ng expression. [Mathematical Fornula 1]
Enc?gggagtg?n efficiency of CPT-11 (%9 = {Final CPT-



11/ Total Lipids (nmol/nol)}/{Initial CPT-11/Total

Lipids (nol/nol)} x 100 [0100] 83 The results are
shown in Table 8 and Fig. S. The table and figure show
the followng: in the case ghere the pH value of the
out er aqueous phase is 8.0 or less, the encapsulation
efficiency of CPT-11 (% is a extrenely high value of
90% or nore, while in the case where the value is

nore than 8.0, the encapsulation efficiency of CPT-11

(%9 decreases. [0101] [Table 8 84 m ~ _(fl mLOO
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[0102]

[Example 7]

The effect of the pH value of the outer aqueous phase
on drug stability was examined.

To 1 mL of each of outer agueous phases having
different pH values, concretely, outer aqueous phase
solutions having pﬁ 4.0, 5.0 (10 mM acetic acid/10% sucrose
solutions), outer aquecus phase solution having pH 6.0 (10
mM histidine/10% sucrose solution) , outer aqueous phase
solutions having pH 7.0, 8.0, 9.0 (10 mM Tris/10% sucrose
solutions) (pH 4.0, 5.0, 6.0, 7.0, 8.0, or 9.0) that was
used in (3) of Preparation Example 10 was added 0.7 mL of
an irinotecan hydrochloride (CPT-11)/RO water (reverse
osmosis membrane purified water) solution having a
concentration of 10 mg/mL, and the mixture was stirred at
60°C for 60 minutes.

[0103]

The CPT-11 solution obtained above was diluted 20-
fold with each outer aqueous phase solution, and 5 pL of
the sample was subjected to measurement by high performance
liguid 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 ratio (%) =
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85 [0102] [Exanple 7] The effect of the pH val ue of

t he outer aqueous phase o 6drug stability was

exam ned. To 1 nL of each of outer aqueous phases
having different pH val ues, concretely, outer aqueous

pha sol uti havi ng \pH 4. 5.0 (10 mM acetic
{A%Irfé(/%fe% guf:lr'ggé sol\‘&ﬁ‘ﬂsi} s), lg)u er aqueous phase

sol ution havin H 6.0 (10 M histidjnel/10% sucrose
soIﬁm’e’oh)p‘,p%‘irlge‘fr%?qlfé%ﬁ%%e@%l%&?% Ghav? iy pH
7.0, 8.0, 9.0 %O mM Tri s/ 10% sucrose solutions) (pH
4. 0Aciosd0, 2o Ralky axeag.of, CHET-dlorclasgt clasulgged o (3)
of Preparation Exanple 10 was added 0.7 nL of an
[010& hot ecan hydrochloride (CPT-11)/ RO water (reverse
osnosi s nmenbrane purified water) solution having a

The results are shown in Fig. 5.

It was clarified that, in the case where the pH value
of the outer aqueous phase is 8.0 or more, the CPT-11 open
circular form existing ratio (%) increased and was
extremely high value 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 oa-hydroxylactone ring.
However, from the'aspect of lipid stability (lipid
hydrolysis), the pH value is desirably about 6.0 to 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
100 mL of absolute ethanol was added thereto. Then, those

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

those were dissolved completely, 900 mL of ammonium sulfate



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
agueous phase solution, ang-5 pL of the sanple was
subj ected to neasurenment by high performance 1|iquid
chromat ography. Thereafter, the hydrolysis ratio

soéé%%%bcif é“ﬁM)f&%§ﬂ§3ﬁéﬁiﬁﬁé{é%'O)aééﬁtﬂé mixture was

a oxylactone ring was cal culated according to the
ol | owi n Xpressi on. =11 open circular form
STRAGS i“fﬁgtgfﬁi??%“(% at S@DC{Aopen/ (Aopen + 1. 102 x
Acl ose) } x_100 Aopen: A peak area of CPT-11 open
cir 4l aRePelatiop| pEePa At pehk 8te% of EH299TMe| ose
circular form [0104] The results are shown in Fig. 5.
It Ragutbbiohiell phaticle sheecafel ibesene heabeval ue
of the outer aqueous phase is 8.0 or nore, the CPT-11

compbt i ch refll @ie f ot irexigtwhgh ris¢a0ifd) tnereasedt amd
was extrenely high value of 95% or nore. In order to

mifBhAd aldls pHes&RTeddodgh i iyl céhenPpringl depdse size of
required to be 4.0 or less for suppressing hydrol ysis

f_a- t [ ) r e ect of
Lof F PLECHARE GRens 8 iGN yed T D eegegc]

SeLL BB PR0HD, BeCph, op oril At L6, LIRS <o
thgpggmg{ggwggtgggggt£8& M@So£ogn9Eégme%SPE solution
(36.74 mg/mL) so as to be a predetermined PEGsgo-DSPE
content (mol%), and the mixture was stirred at 60°C for 30
minutes, to thereby introduce PEGsg—DSPE. After the
introduction, the sample was cooled in ice.

(3) Outer aqueous phase substitution

For the ice-cooled sample, outer aqueous 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 concentration and the
cholesterol concentration was determined using a high
performance liquid chromatography. An amount of irinotecan
hydrochloride that should be encoupsuled was calculated

from the summation of the HSPC concentration and the

cholesterol concentration as the total lipid concentration.



desirably about 4.0 to 7.0. [0105] |[Exanple 8]
(Preparation Exanple 11) (1) Preparation of |iposone
70.87 g of HSPC and 29.13 g of Chol were weighed, and
100 nL of absol ute et hanol s added thereto. Then,
those were dissolved with®Reati ng at 68C. After
confirmng that those were dissolved conpletely, 900

L agnnniun1su|f te. 87 solution (250 MM was added
the%)co,r‘é?lae?‘ﬁ%p?ﬁl%?r%nwas stirred with heating at

68C. (2) Regul ation of particle size of |iposone

RegTi@¥¢ o2 df PHapeFed e Lol P terpasoneroghteride (CPT-

conpl etion of the stirring with heating, the resultant
11 xRUreaves peseadse vauepi a1 enbeand ai gt leporatsize

of 100 nmfive tinmes using an extruder heated to 68C.
solut T@ducdvomng of REEEHO0-DSRM af t B0 mdiénlext Mhsi on, to

t he sanpl e was added 200 nL of a PEG5000- DSPE sol ution

iriRSe dda i o SRL S5 dO f81 e Pseded erddded REGHO0 DS ome

content (nmol %, and the m xture was stirred at 60C for
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I ntroduction, the sanpl e was cooled in ice.

o. Bl AUEL. BRSE AR N R0 Fol el 68 cARLER. (o
abgggfOéggdtggiégkghgégﬁgsfééygééétégtg8q3 for 20 minutes,
to thereby introduce irinotecan hydrochloride. After the
introduction, the sample was cooled in ice.

(5) Removal of unencapsulated drug

After the encapsulation of irinotecan hydrochloride,
to the liposome dispersion was added the outer aqueous
phase solution, and removal of unencapsulated drug was
performed using a cross flow filtration system.

(6) Regulation of concentration

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

(7) Filter sterilization

After the regulation of concentration, the liposome

dispersion was filled into a vial tube through a filter



systemw th an outer aqueous phase solution (10 nM
hi sti di ne/ 10% sucrose solution) (pH 6.5) . After the
outer aqueous phase substitution, the HSPC
concentration and the choégsterol concentrati on was
determ ned using a high performance |iquid
chromat ography. An anount of irinotecan hydrochloride
t hat, shqul d be encoupsul.ed was l.cul ated . fraom.t :
St TR o SRS PG ddric@itiati i dnd THES = Pl size
chol esterol concentration as the total |ipid
of dorcemt-ration. 88 (4) Drug encapsul ati on There was
prepared an irinotecan hydrochloride (CPT- 11)/ RO
watire (cenversie iostmsin] mentirianke purdds ef idierPT-11
solution having a concentration of 10 ng/nL. The
forinulnatiesan dntdrieshl eride solautdrmwivas: artddd t t he
| i posonme dispersion in an anmount of CPT-11/tot al

[oﬂd ids ampbunt = 0.16 (nol/nmol) with respect to the
total |ipids amount (MM above, and the m xture was
sti top0C for 20 mnutes, to thereby introduce

iri iﬁecan ydrochl oride. After the introduction, the
sanmpl e was cooled in ice. (5 Renoval of

unencapsul ated drug After the encapsul ati on of

i rinotecan hydrochloride, to the |iposone dispersion
was added the outer aqueous phase solution, and
renmoval of unencapsul ated drug was perforned using a
cross flow filtration system (6) Regul ation of
concentration For the |iposone dispersion after the
renoval of



unencapsul ated drugs, an anount of irinotecan

hydr ochl ori de was determ ned using a high performnce
liquid chromatography and regulated to 5.0 ng/niL of
irinotecan hydrochloride commentration. (7) Filter
sterilization After the regul ati on of concentration,
the liposone dispersion was filled into a vial tube

t hr pugh—afitter—89—steritizati on using a sterilizing
filter%having a pore size of |[0.2 pm The conpositions
and pagticle sizes of the CPT-|11 fornulations
obt pi ned above are shown iy Table 9. [0106] [Table 9]
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[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 mouse (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 longitudinal 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 irinotecan hydrochloride 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 tumors and measuring a weight
thereof at Day 22, further, an inhibition rate of tumor
growth I.R. (%) was calculated by the following formula.

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

[0108]
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0i .. P4 alU HHOH ro U P4 91 [0107] (Test
Exanple 6) Antitunor effect 2.5 x 106 cell s/ nouse of
human prostatic cancer cel (PC-3) were inplanted

subcut aneously in left ingurnal region of the nouse
(BALB/C nude mal e, 6 weeks oId Charl es River Japan,

I n Af t t SURY
mﬁ 4¢%an I%?f% & e je tunor

vol cé* represents a

g et oo oL e,
solution of irinotecan hydrochloride each proved a
significant suppressive effect of tumor growth for human
prostatic cancer with the treatment group compared to the
control group. The CPT-11 preparation proved higher
antitumor effect than that of the physiological saline
solution of irinotecan hydrochloride (Table 10, Fig. 6).
Further, either agent did not influence the body weight of
the mouse (Fig. 7).
[0109]

[Table 10]
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(Test Example 7) Pharmacokinetics

The CPT-11 preparation prepared in Preparation
Example 11 or the physiological saline solution of
irinotecan hydrochloride was continuously injected to a
cephalic vein of a cynomolgus monkey (male, 4 to 5 years
o0ld, Guangxi Research Center of Primate Laboratory Animal)
for 4 min until satisfying a content of irinotecan
hydrochloride with 10 mg/kg.

Collecting blood from the cynomolgus monkey
immediately after injection and after the beginning of
injection; after 10 and 30 min; and after 1, 6, 24, 48, 72,
168, 336, and 504 hours; blood plasma was obtained by
centrifugal separation. Providing 50 pL of blood plasma

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



[0109] [Table 10] 93 Table 10 Dose Tumor wei ght
Inhibition (nmg/kg) (g, nean S.D.) rate Contro
group - 1.260.18 - CPT-11 preparation 25 0.030.01 97.9

(Preparation Exanple 11) 5840.020.00 98.3 100 0.010.00
99.0

------------------ sall e
SO U e TSI (1 T USR0S U o IOvih
hydrochl ori de 100 0.480.20 62.3 [0110] (Test Exanpl e
cerryr Fhzgah cERE PRt | 6lse THEO PR N thrébardt HEredrenat ed i n
Preparati on Exanple 11 or the physiol ogical saline
metsdntl o0 @ffold i avt@ceamlelrbehl dre deovamls CRtYhuousl y
injected to a cephalic vein of a cynonol gus nonkey
cotd@htratid® heyearsment d, Masandxil cReFearvdlliGentsér pnaf of
Primate Laboratory Aninmal) for 4 min until satisfying
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CDIIectlng bl ood from the cynonol gus nonkey

SOM@‘P af el y a§ %ﬁieﬁtéoonsemat%g%tnﬁtéﬁaémngegnegrd

nJe |on

sukb%?%nch%% 16§OO E tﬁggeggélwgsousr&bjgéto&g tpéeér@er){\@rslfugal

separation (100,000 x g, for 30 min, 10°C). 100 pL in upper
layer were separated and were employed solid-phase
extraction, to obtain the eluent as samples for free CPT-11
(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 10-0-
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



centrifugal separation. Providing 50 pL of bl ood
plasma with 550 pL of an internal standard solution B
(a nethanol 94 solution of internal standard

subst ances) and enpl oyi ng ﬁentrifugal force, the
supernat ant was dil uted wi P nmet hanol 100-fold as a
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centrifugal separation (100,000 x g, for 30 mn,

[01I0X)). 100 pL in upper |ayer were separated and were
enpl oyed solid-phase extraction, to obtain the el uent
as sanphesphpsid1esi €PT-44114¢ . ®olutCRin 1df r et Baseetan
fromliposone, hereinafter reffered as

hyé'sﬁé&&?ﬁ&f@dé elgas e LPToAA )1 coneest ¢ edt oh NEadutaient ,
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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 ng/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 physiological



after injection, and sufficient extension of retention
time 95 was recogni zed as conpared with that of the
physi ol ogi cal saline solution of irinotecan
hydrochloride (Fig. 8). | %12] In the physiol ogi ca
saline solution of irinotecan hydrochloride, the free
CPT- 11 concentration reduced relatively quickly until

6. hour fter hi evi t he , hi t _conce td
s S e T S Oh R GRS e
concentration reduced noderately._ Meanwhjle,.in the
congemyna i Ahak T A e N 11 P EPTR AR T oMb ET Tt ont©
achi eved the highest concentration in 1 hour after
redugect}ioht and i tHema eduied abderat@@RCYRigptnn (Fig.
[0113] In the physiological saline solution of
11)jrinotecan hydrochloride, the SN-38 concentration
reduced rapidly after achieving the highest
[ocomcentration i mediately after injection, and
reduced to less than the lower Iimt of

quapbi i catiom &<s P Q0QscpG{&ldyuntil 24 hours.
Meanwhi l e, for the CPT-11 preparation, the SN 38
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achireving t ( ration |nned|ate}3nafter

Bt i) b A Hed FIOTLE (0 48 Nobr S (R % 105, 1p114]
(b 08n P68 1€, Gaid) ProBALStLd, AL S RYSL ' S8R
Inc.) until satisfying a content of irinotecan
hydrochloride with 3, 10, and 30 mg/kg, or satisfying the
physiological saline solution of irinotecan 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-20001i, 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



96 saline solution of irinotecan hydrochloride, the
SN-38G concentration increased in 1 hour after
injection, to reduce slightly with maintain of the
concentration (Fig. 11). % 115] (Test Exanple 8)
Henot oxi city The CPT-11 préparation prepared in
Preparation Exanple 11 was injected to a tail vein of
t he rat D, ma S ar |
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The results above described recognized transient weak
hematoxicity for neutrophils in the CPT-11 preparation.
However, intensity of hematoxicity was approximately equal
to that in the same amount of the physiological saline
solution of irinotecan hydrochloride.

[0117]
[Example 9]

(Preparation Example 12)

(1) Preparation of liposome

65.250 g of HSPC, 26.800 g of Chol and 8.000 g of
TRX-20 were weighed, and 100 mL of absolute ethanol was
added thereto. Then, those were dissolved with heating at
68°C. After confirming that those were dissolved
completely, 900 mL of ammonium sulfate solution (250 mM)

was added thereto, and the mixture was stirred with heating

at 68°C.



t he nunber reduction was |arge. At a dose of 30 ny/Kkg,
the nunber increased rapidly in the recovery period.
In 30 ng/kg each of both injection agents,
significant differences b gmeen transitions in the
nunber of neutrophils merg not recogni zed (Fig. 12)
The nunber of Iynphocytes was on a decline

[ i eI ter ject. al beit tly.
nﬁg ﬂ Hcrehreenscleze ef”i%pé% n[J%]ect i ons
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CPT 11 preparation. However, intensity of
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sanme anount of the physiological saline solution of

misttirotecandyardctionigte. a [DilEdr HExanpla @jre size of
(Preparation Exanple 12) (1) Preparation of |iposone

100550 e of i nhdSPGis 26y 800 ek fuddwlhadted. €068 ©f
TRX-20 were wei ghed, and 100 nL of absol ute et hanol
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heat ng at 68C. After &onfi r i ng that those were
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content (mol%), and the mixture was stirred at 60°C for 30
minutes, to thereby introduce PEGso0-DSPE. After the
introduction, the sample was cooled in ice.

(3) Outer aqueous phase substitution

For the ice-cooled sample, outer agqueous 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 concentration and the
Cholesterol concentration was determined using a high
performance liquid chromatography. An amount of irinotecan
hydrochloride that should be encoupsuled was calculated
from the summation of the HSPC concentration, the
Cholesterol concentration and the TRX-20 concentration as

the total lipid concentration.

[0118]



Regul ation of particle size of |iposone: after

conpletion of the stirring with heating, the resultant
m xture was passed through a filter having a pore size
of 100 nmfive tinmes using,an extruder heated to 68C.
I nt roduction of PEGEOOO-DS%%: after the extrusion, to
t he sanpl e was added 200 nL of a PEGS000- DSPE sol ution
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introduction, the sample was cooled in ice.

(5) Removal of unencapsulated drug

After the encapsulation of irinotecan hydrochloride,
to the liposome dispersion was added the outer aqueous
phase solution, and removal of unencapsulated drug was
performed using a cross flow filtration system.

(6) Regulation of concentration

For 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 concentration, the liposcme

dispersion was filled into a vial tube through a filter



11)/ RO water (reverse osnosis nmenbrane purified
wat er) solution having a concentration of 10 ng/nL.
The irinotecan hydrochloride solution was added to
the |iposone dispersion if%@n amount of CPT-il/total
i pids amount = 0.16 (nol ) with respect to the
total |ipids annunt (nﬁ@ above, and the m xture mas
stiLred at 50C fo nut e { i ereb i ntraoduce .
SEE T bt RLH h‘;}%ijrrb%h‘? iTicket e VR SeRE gh AT B ST R
|l e was cooled in ice. (5) Renoval of
of heacpsul at ed drug After the encapsul ation of
i ri notecan hydrochloride, to the |iposone dispersion
wasTaddedmpheibuver andueatsicphasezeopfit Fon, CRbdll
removal of unencapsul ated drug was perforned using a
foxmobst féwwibthined i dinosy sdeen si{Gyn Regulath1onl of
concentration For the |iposonme dispersion after the
(oregpval of unencapsul ated drugs, an anount of
i rinotecan hydrochloride was determ ned using a high
per{@5?§Q0§ hiquid chromat ography and regul ated to
5.0 nmg/ nL % i rinotecan hydrochl oride concentration.
(7) Filter sterilization After the regul ation of
concentration, the |iposone dispersion was filled
into a vial tube through a filter 100 sterilization
using a sterilizing filter having a pore size of 0.2
pm The conposition and particle size of the CPT-11
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(Test Example 9) Antitumor effect

2 x 10° cells/mouse of human colon cancer cells
(HCT116) 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 of a tumor and b represents a short
axis diameter thereof) 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-11 preparation prepared in
Preparation Example 12 or a physiological saline solution
of irinotecan hydrochloride 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 after 5, 8, 12, 16, and 21 days from
the injection. Extracting tumors 21 days after the
injection and measuring a weight thereof, further, an
inhibition rate of tumor growth I.R. (%) was calculated by
the formula as shown in Test Example 6.

[0121]
Table 12 and Figs. 14 and 15 show the results.

The CPT-11 preparation and the physiological saline
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CN OHro ,HO4roE Pm HO04 102 [0120] (Test
Exanple 9) Antitunor effect 2 x 106 cell s/ nouse of
human col on cancer cells 116) were inplanted
subcut aneously in left in al region of the nouse
(BALB/ ¢ nude, e, 6 weeks old, Charles River Japan,

I nc.). ter, i npl anting, tunors,. a presunptive, tunor
SOl Hnd T by P o T e 4
_longitudinal dianeter of a tunpbr and b represents a
si Icandy i SURREATE 6 tHersdt )0 adhe E R dh Rt JomaR
3in aday (Day 0). Fromthe next day, at 3 tines in
colgin carargr fwollrh tdey st yeRdyrentt B;ouhd@paredCrR Tthe
preparation prepared in
control group. The CPT-11 preparation proved higher

antitumor effect than that of the physioclogical saline
solution of irinotecan hydrochloride (Table 12, FIG. 14).
Further, either agent did not influence the body weight of
the mouse (FIG. 15).

[0122]

[Table 12]



Preparati on Exanple 12 or a physiol ogi cal saline
solution of irinotecan hydrochloride was injected to
a tail vein of the nouse. There were nice w thout
injection of either agent a control group. A
presunptive tunor volunme ahd a body weight of a nouse
were nmeasured after 5, 8, 12, 16, and 21 days from
the injection. Extracti@gb&unggs 21 days after the

i njection and neasuring t thereof, further, an
inhibition rate of tunor nrnmth | R—{(9% was
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The CPT-11 preparation and t hé phy
103 _solution of irinot
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------- Auan-—eot-of—-cancer—w-th-the LIUdLHBHldglUUp conpared

CPTrﬂlrﬁﬁemﬁﬁﬁﬁkﬁngroup Thé8ePT- 11 pr épetatiloR lproved °1-1
he ant effect t that of .t
(P %@%¥%ﬁ%ﬁﬁc %m@% f ne soIﬁ??g% of irifh ?ecan 70.8
12hydrochl oride (Table 12, FITG 14). F@rjbem,oglther 88.7
agent di-d--not - influence-the hnr~|y Wel ghl of t he—fouse

th§161045¢al[@122¢e[Table 12}7504 TaUDé7&2O 06 39.0
solution of irinotecan 37.5 0.71+0.08 43.4
hydrochloride 75 0.53+0.14 57.4
[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 physiological saline solution of
irinotecan hydrochloride was intravenously injected though
a femoral vein cannula to the rat until satisfying a
content of irinotecan hydrochloride with 3, 10, and 30
mg/kg.

Collecting blood from the rat after injection; after
2, 10, and 30 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



Dose Tunor weight Inhibition (ng/kg) (g, nean-!-S.D.)
rate Control group - 1.250.15 -

------------------------ 1GRT-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 -----------mmmmme e -
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stalgerel SOHRI68 3oPbtesl REPEHACHY, PP naetEnc a8 hlEod
0.710.08 43.4 , hydrochl oride .75 0.530.14 57.4 01
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adm ni stration After applying cannulas to femoral vein

nL grfd reddaingll apdi 1§ ternimg v &he( dlspceh ioad Plgisaa yas
weeks old, Charles River Japan, Inc.) under

di lantest hegiha 0 .drd dett:Plg 1hefold dm a badimwhachye, tatml
CPT-11 preparation prepared in Preparation Exanple 12

cpTodl 1t herplysirel tdgirc ale ssalrer@ensal uMeanwbf 1ej r snbf ecaing
hydrochl ori de was intravenously injected though a

200f GADIA tHR) 0 B1ldd M dsila WY idersatiifsigaing a
content of irinotecan hydrochloride with 3, 10, and 30

.. Col-lectqy | po r at ter,dNjrecti on;
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H3Pg? igigéfglas samples for free CPT-11 concentration
measurement, SN-38 concentration measurement, and SN-38G
concentration measurement. The samples obtained 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. 16 to 19 show
the results.

[0124]

In the physiological saline solution 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



105 standard solution. After providing 50 pL of the

bl ood plasma diluted with the internal standard

solution with 500 pL of nethanol and stirring, the

di l uted bl ood pl asma was fé%uted with 0.146 M H3PO4

10-fold as a sanple for to CPT-11 concentration

nmeasurenent. Meanwhil e, subjecting 200 pL of the

dilut ed. bl pod plasma to centrifugal . separation .
PRy IO SO K . oo FHS 50° M HLORO0) , et Re o & il e

pL in upper layer was diluted with 0.146 M H3P04
(Fy@- fbPH- as sanples for free CPT-11 concentration

nmeasur enent, SN 38 concentration neasurenent, and
[0BNB8G concentration neasurenent. The sanpl es

obt ai ned were neasured each concentration thereof

W t th PROSREKImEPEE] & aseACCPT dahceonmt ¢ hit het hod Srsdiede s

Kurita nmethod (J. Chromatogr. B 724, p335 to 344,
all®99)expb@snt 16119 Ao oW mihers esplhsurd Cd2ddr In

t he physiol ogi cal saline solution of irinotecan

inﬁé’é‘@f@' o | g8e PE_1ptale O atlﬂo&,onmtéﬁffp&{ﬁuced

rapi d ter injection and reduced exponenti a from

‘ h . D , £(3, _
Tl SRR S LS ATLLD, b e
cnd Bt T e F DR T Pl T S SR ATSH yrinotecan
injection, and sufficient extension of retention tine
hydeRch BBt 26T %s tbhpared with that of the 106

[0126]

In the physiological saline solution of i:inotecan
hydrochloride, the SN-38 concentration reduced rapidly,
just 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 concentration 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 physiological saline solution of irinotecan



physi ol ogi cal saline solution of irinotecan

hydrochloride (Fig. 16). [0125] The

| i posone-rel eased CPT-11 concentration reduced al nost

exponentially from 10 mn 0, 30 hours after injection

of the CPT-11 preparation, and sufficient extension
retention tine was recogni zed as conpared with

of
t he Si ' ' ol ut.i .
nydeinadel RS s do TR e el iy =
hysi ol ogi cal .saline sqlution of irinotecan. .

1 MR ot o RS AT TS T AT T 2t 10 min

rapidly, just after injection, and reduced noderately
aftgn dinedHotfn Wit any Imjection asuHt, & grduce

approxi mately conserved to 3 hours with 30 ng/kg.
modveanvil ¥ a5 ffer tthet CPTiekbwhideparfati ¢he CRE-SK- 38

concentration reduced noderately after achieving the

prdpghestiocongentsatiam dorarard tax forhaitareafddrco 1 hours
injection at doses of 3 and 10 ny/ kg, respectively.

aftdie Goncentsat i refucedrapi@ly o hndiiaaf ter

achi eving the highest concentration i mediately after

| i gctd t #ﬁ; appy oxi mately conserved to 9 hours at
condbraflin JfF /kgp}(Fi g. 18). [0127] In the

[Oﬁgy i ol ogi cal saline solution of irinotecan 107
ochl oride, the SN 38G concentration reduced

i ckl
[Efample 147

The CPT-11 formulation prepared in Preparation
Example 9 as the CPT-11 highly supported formulation of the
present invention was tested.

(Test Example 11) Antitumor effect

Human colon cancer cells (HT-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 transplantation. The CPT-11
formulation prepared in Preparation Example 9 or a
physiological 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) approached to of around

100 mm®, an additional 4 days (day 5), and additional 8



1 hours after achieving the highest concentration at
10 mn after injection with any injection anount, to
reduce noderately after that. Meanwhile, for the
CPT-11 preparation, the SN-38G concentration
increased to 1 hours aft njection, to reduce
slightly with maintain of concentration (Fig. 19).

01 Exanple 1 The CPT-11 fornulation prepared
days Brmpas b L oPL S E e ol aeh e 1o 1 s e
_supported fornulation of the present invention was
withatlediniguisiomExahpt Etha) aent undre effekeysdimsh ol on
cancer cells (HT-29) with 2 to 3 mm square were
contramspyeoied subcutaneously in an inguinal region of
a nouse (BALB/c nude, male, 6 weeks old, CLEA Japan,
| ncThe We§himaneedv €l s &f anspdant ahd of. bdde wETgHd of
formul ati on prepared in Preparation Exanple 9 or a

thPMSh oL ogl cal o SAbinNecsPI At i N ©f 12 NP ecAN gays after a
hydrochl oride was injected into a caudal vein three

cfd ' I i.C e oint. ( t j an
fl%é%?ﬁ%é%k#@%?hngﬁg?q%ﬂﬁ§%§Vé%a cusgiggxf§%f?£&g?%2%
refers to as a. major is of.each _tunor, b refers to
2 GF S BT ST A" KU QabP et o O Grdtnd VG R an
addi tional 4 days (day 5), and additional 8 108 days
megyReY)  taftherehe 3 Tt at FYRP P I UMD a e
wi thout injection of either agent were enployed as a
inhibition rate, I.R. (%) by the formula as shown in Test

Example 6.
[0129]

The results are shown in Table 13, Fig. 20, and Fig.
21.

In the human colon cancer, the CPT-11 formulation and
the physiological saline sclution of irinotecan
hydrochloride each showed a strong tumor proliferation
inhibitory effect compared with the control group.
Further, the CPT-11 formulation revealed a high antitumor
effect compared with that of the physiological saline
solution of irinotecan hydrochloride (Table 13, Fig. 20).
Further, either agent didn't affect the body weight of the
mouse (Fig. 21).

[0130]

[Table 13]



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 18%asured, to t her eby
calculate a tunor proliferation inhibition rate, |I.R
(%9 by the fornmula as shown in_Test Exanple 6. [0129]
The results are shown i A%PaBl é313, Fig. 20, and Fig.
21. In the human colon cancer, the CPT-11 formil ation

and the physiol ogi cal saljgwe sol ut iTafmoaf wieriighat ecalinhibition

hydrochl ori de each showe ong ,tunor _proliferationrate
i nhi bitory effect conpargﬂséﬁé théQCOWFPgF: T%U%. (%)
Further., the CPT-11 formulation revealed a high °
Corttd 1 up effect conpared with that ®fsghe 29 —
u_—+ﬂg%nlgfgﬂsa! sal-ine-—sol-uti-on—6f—i-ri-nrot-ecan
CPhyll obdtronlaleigTabl e 13, FiZp 20). Fuwridwo,. 16ither  69.4
agent djdn't affect the bo wei ght of th nouse
(P:fﬁﬁatzll‘?r? FeA0te [Thbl e 1310 109 Tadd é)9l§ODQ§e Tunor 41
wei ght I nhibition (ng/kg)i6@, nmeanS. D jsiat s 92.0
Physiological saline 25 0.36%X0.41 38.2
solution of irinotecan 50 0.44=%0.36 24.9
hydrochloride 100 0.33+0.32 44 .0
{0131]

(Test Example 12) Pharmacokinetics due to single
administration

Mouse fibrosarcoma (Meth A), 2.5 x 10° cells/mouse
were transplanted subcutaneously 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 physiological saline solution
of irinotecan 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

hours, and was treated in a centrifuge (15,000 rpm, 1



Control group - 0.580.29 - -------
CPT-11 fornul ation 25 0.180.15 69.4 (Preparation
Exanpl e 9) 50 0.090. 06 84.%1&00 0. 050.03 92.0
-------------------- Physi ol ogi cal saline 25 0.360.41
0 38.2 solution of irinotecan 50 0.440.36 24.9
mimyer ochl @i déolGheded330 ¥ ada. @Llaspe3l] ThFesbtEkBApl e
12) Pharmacokinetics due to single admnistration
pladbmsevd s i osat €0 {Metdn wA)th 2 51 &6 NSl |, shnduses
wer e transpl anted subcut aneously in an inguinal region

ad®d a0 YSEUBALE Sun f edBl Bt Sriveekst Dhdh rd adsuSldn, as
Inc.). The "tunors were left to grow in 20 days after

a %%ﬁpﬁ% kit méésad‘éel%%{‘é b ¢ Qb A1l é&#&br‘i@fafﬁ? Ll the

) n
I'on prepare In Preparation Exanple 9 or a

hysi ol ogi cal, saline solution, of .irinot
PIFIR oohi O | el Tl SUM P SR el THED 3 e atdal 1 vei n
with 10 ng/ kg as_a concentration of jrinotecan ,
forpygldehPr | &gi.e A DEhiiasTRatiagn AiEd 147 T e &t
was collected after 10, and 30 mnutes, and 1, 3, 6,
0.146 1243:248, and 96s hdded, tananwagupteakeuninog internal
centrifuge (15,000 rpm 1 110
standard solution, as a sample for measurement of an SN-38

concentration and an SN-38G concentration each in the
plasma of the animal administered with the CPT-11
formulation, and a drug concentration in the plasma of the
animal administered with the physiological saline solution
of irinotecan hydrochloride.

After blood in the heart was collected, tumors were
removed from the inguinal area and washed with
physiological saline, and then tumor weight was measured.
The resultant tumor was added to an amount of 5 times of

cooled 0.146 M HsPO4, and homogenized with a teflon
homogenizer. 200 pL of the resulting homogenized tumor was
added to 50uL of internal standard solution and 0.75ml of
methanol, suspended, and then left to stand for over night

at -20°C. The resultant solution was treated in a

centrifuge (15,000 rpm, 3 minutes, 0°C) prior to added 0.4

mL of 0.146 M H3PO; to 0.1lmL of supernatant, to thereby



mnute, 0 C), to thereby obtain plasma. The obtai ned
pl asma was diluted 50-fold with 0.146 M H3PO4, and was
added to an equal anount of internal standard
solution, as a sanple for asurenent of CPT-11
concentration in the plas of an ani mal adm ni stered
with the CPT-11 fornulation. The obtained plasma was

diJuted 4-fold_with . 146 M H3PM4, d.,was_added t.a

Ob G b e SHR DRI b1 TP H dP AT - RHr oS G B e on
sanpl e for nmeasurenent of an SN-38 concentration_and

of G SNESSE ek eFRIFRE ¢ oFC B ARPR T W RRRN T prag MBedFUERR With a
ani mal adm nistered wwth the CPT-11 fornul ation, and

PRGSREKE-ERBC emtcardbng i Bo t Rer ptasnetioddt hé Chremegtogr B
adm ni stered with the physiol ogical saline solution

720f ppl ndeEBN hyt9oeh) prodethdfieke bl Aok imresttie sheard
was col |l ected, tunors were renoved fromthe inguina

shékgaiangd; yashes wbth7, physiol ogical saline, and then
tunor wei ght was neasured. The resultant tunor was
[0 ggg to an amount of 5 tines of cooled 0.146 M
, and honogeni zed with a teflon honogenizer. 200

pL egthg;£?§U% nglhegggegﬁéggaggavénggggﬁgggggrtehe

50L ernal “standa S on an
met hanol, suspended,_and then left to stand r_over
CORFEREESEion S heab] aatiet Bre sEF 67 SbvEe PV BRTeldl and
a centrifuge (15,000 rpm 3 mnutes, 0C) prior to
a RedRdresident bimg YB6IM HEPTEICLS BOTREref with those of

supernatant, to thereby ill obtain a sanple for HPLC
theepkystokagicEhchatbneenptution of irinotecan

hydrochloride, respectively, owing to liposome formulation,
in the concentration of CPT-11 in the plasma (Fig. 22).
Meanwhile, preparation as a liposome 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 liposome 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 physiological saline solution of irinotecan
hydrochloride, a concentration of irinotecan hydrochloride

in the tumor tissues became a maximum concentration level



of the resultant sanple for nmeasurenent was neasured
with a PROSPEKT-HPLC according to Kurita nethod (J
Chromoatogr B 724, pp. 335-344, 1999.), or the like.
The results are shown ianli s. 22 to 27. [0132] The
CPT-11 fornmul ati on increased an area under the
concentration in the plasma-tine curve up to 302-fold,

. d ,a nmean resident ti 0 -fold co L Wt

in tafﬂbeset%?or {l}fesspth%/sallrlcol%gﬁa? rsgalalléteedﬁ:so u |rgln o? b tha
i rinotecan hydrochloride, respectivel oW n 0 .

then HRGRATSH Mt iom DIH T ki 281 offedfivpdter; in
in the plasma (Fig. 22). Meanwhile, preparation as a

the | fkohe formidation i He e ERErYn Lt 19tk
concentration in the plasma-tine curve up to 2.5-fold

grasudory t hend anesciedita ame:ofm8N-Ghéenthrtiph dsireel aind the
extended a nean resident tine (Fig. 23). Further,

tuf EP SO BSe @ 12 pasor®, foidnutiedn afe ¢ ired e atbsn mildly
area under the concentration in the plasma-tinme curve

th%ﬁeﬁrg?t 1o 8-{10d LRss fOf od N8 LONCEME add D D6 N 38G i n

asma, and ‘extended a nean resident tine (Fig.

24, [0 . i ol agi i l.ut i
el Sl pilei e sl ooliner b piaen o

i rinotecan hydrachloride . in the tunor tissues. .
CORCORLT MR oht et T alt YBAT | BV UG 12M0F nc%ﬂ‘éet%ﬁ;%rgﬁ(gs a9
at 0.5 hours after adnministration, and then decreased

25With 2.3 hours of half-life. Meanwhile, in

[0134]

In the physiological saline solution 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



the CPT-11 fornul ation, the concentration increased
gradual |y, and reached a naxi mum concentration | evel
in the tunor tissue after 12 hours, and then
decreased nore mldly than_that of the physiol ogica
saline solution of irinotééan hydrochl oride, to

i ncrease an area under the concentratlon in the tunor

tissue-tinme curve 9.0-fold % 58134L In the
hy@rosh&PEafEal 2saPPABNEBRELP n° fthe| ABragGgnin the tumor

hydrochl ori de, a concentration of SN-38 in the tunor
tispyenescpehefed BmaNBRIMUAPROAREAREAPN OANI AhEhEUNkDY

tissue at 10 minutes after adm nistration, and then
tideaesasedlOgnaduabbyaftart aémCPTistiafdomul ahdonhhethe

concentration increased gradually to 6 hours after

deddabBibat fahiga11and 14 hete nEe T Bl NEskrRu Consd@ntthe
concentration approximtely to 48 hours. Thereafter,

coﬁB@ EQQ@?BBr@Bb?@ag§8r8§§gga§§y,efébeﬁéﬁoﬁ Rf % &mum
POl [1fe Iin nearly the sane way as that of the

coﬁ 3&9ﬁ9958a£nsgggn§ua8kUEa99u8fakrhBOLSS?Eeafter

rochloride i NCréasé an ar ea unde
concentr tion i t t .3.9:fold
o RS 56} :ofo1 35 EFﬁntH§8%ﬁ9§§§F§5?§§?1§§{Yﬁég- 21§
solution of irinotecan 113 hydrochlori de
condBREEACEEn &F VWRE Sﬂn§86mﬁﬁ FﬁéttﬁﬁﬁrreFP§§&¥étY in

reached a nHX|nun1cqngentrat|on |n_the.tunDr ti ssues
blgpdlendi humes afeesiadenalsprappshieandnt R CPT-11

formulation were higher than those of the physiological
saline solution of irinotecan hydrochloride.

[0136]

[Example 11]

The CPT-11 formulation 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 subcutaneously 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



decreased gradually. In the CPT-11 fornul ation, the
concentration increased gradually, reached a nmaxi num
concentration in the tunor tissue at 12 hours after
adm ni stration, and then d L eased gradually (Fig.
27). Therefore, it was confirned that the retentivity
in blood and tunor transitional propertles in the

11 for ion were hjghe e he
ls'ngl 1d@n%nri é%Y?ne s§1u ?onéné r|n %c%fée}
hydr ochl ori de. %% le .1 The CPT-11

traypdantdbhopr F?] P AP U IR P RS he
CPT-11 highly supported fornul ation of the present

eitiimvengont vasre estetoy¢dess Ex@PpleCU3Jr AR t unor
effect due to admnistration of a drug three tines
Mouskef tmosareema &Mebhréhov@dbagtdnsb2tetibgsnbuse the
wer e transpl anted subcut aneously in an inguinal region
trQﬁs@laﬂP&ﬁﬁoﬁB@h&yﬁeléﬁﬂﬁbﬁ tHe weeksr 9 wa s GhEds dagan, to
Inc.). The CPT-11 formulation prepared in Preparation

th&X gaZCQ afle @%%ﬁ'Quﬁgkcﬁkoﬁﬁféﬁ§t§8$Ulh@ﬂbﬁ%lon rate,

I rinotecan ydroc oride was injected into a caudal

I. %eln hreet§in§8r uiéoéglshegﬂtl&lfestsE ?e @ndg%%

ter trans atlon

rs. Mce wthou ection of either agent wer e
re%ﬂbF%y%Hea§h8WEoﬁ?rt?bg% ﬁ% The tunmors were al so

renoved after 21 days fromthe ,
In the mouse fibrosarcoma, the CPT-11 formulation and

the physiological saline solution of irinotecan
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 physiological saline solution of
irinotecan hydrochloride. Further, either agent didn't
affect the body weight of the mouse.

[0137]

[Table 14]



transpl antati on and wei ght of the tunors was neasured,
to thereby cal cul ate each tunor proliferation
inhibition rate, |.R (% by the formula as shown in
Test Exanple 6. The results are shown in Table 14. In
the mouse fibrosarcoma, thél€PT-11 fornul ation and

t he physi ol ogi cal saline solution of irinotecan

hydr ochl ori de each showed a significant tunor
proliferation inhibitory?%®f% dct conpared to the
control group. Further the CPT-11 formulatiaon

exhi bi ted a hi gher amiddainorrefdeednt t han Tiratr of t Hehibition

physi ol ogi cal salin Iél§9k§§ion31@fda§bginoteﬁ@ﬁght rate

hydrochl ori de. Furt ther agent dign't affect (%
the body wei ght of the nouse. [0137] [TaBre™¥3{'-115 °
Tabl e 14 Dose Treatnent Tumor |nhibition Y-Ry’kg) on

Controga%i%wgbgpt rate (g, nean (% _S.D.) GogtLoh goup —

CPT-11-formutation---- CPT-I5bb f or nubasi,an 50 §, 9030 01200.1789.9
? ( gt% n Exanple 7) 100 7,9,11 0.080.01 96.2

(Prepa’g?%%/s?%l%?@g{ shine 50 7.9 11 1.470. 18 26.9

100 7,9,11 0.08+0.01 86.2
Physiological saline 50 7,9,11 1.47%x0.18 26.9
solution of irinotecan
hydrochloride 100 7,9,11 0.284+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 (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 at 7 and/or 11 days once or

twice in total after transplantation of tumors. Mice



solution of irinotecan hydrochloride 100 7,9, 11
0.280.42 86.0 CPT-11 formulation 50 7,11,15 0.810.97

59.6 (Preparation Exanple 7) 100 7, 11,15 0.160. 12
923 oot llT

Physi ol ogi cal saline 50 7,11,15 1.990.47 1.0 solution
.of irinotecan hydrochl oride 100 7,11,15 1.260.49 37.4
er%@gé]l?isg¥l%&aﬂsl%n14792ﬂFiWﬁﬁsre%Pisx?ddﬁa gocontrol

adm ni stration of a drug once or tw ce Muse
grevbrosarcoma (Meth A), 2.5 x 105 cell s/ nouse were
transpl ant ed subcutaneously in an inguinal region of a
nmouSee( BABLs, whernkéso7 rameksdobde€LEA dapanfrbmcthe
The CPT-11 fornul ation prepared in Preparation
trEXapphatdt9bnaanphysighegb€athsatumersohdti @gastired, to
i rinotecan hydrochloride was injected into a cauda

th¥ekByatalcangdier tdhodayso0neeratiohWi fRibtt @hakasll er . r.
transplantation of tunors. Mce C 116 w thout

g?%gg%h%ﬂf8 mAY Qgegho r?neﬂggeyggg@?é? onggg% ﬁesults

oe

( e tunors were al so renove 1 rom

ar%ggga%éggﬁghggigtagp and wei ght of the tunors was
[0139]

In the mouse fibrosarcoma, the CPT-11 formulations
and the physiological saline solutions of irinotecan
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 formulations
exhibited a higher antitumor effect than that of the
physiological saline solutions of irinotecan hydrochloride.
Further, either of the two kinds of agents didn't affect
the body weight of the mouse.

[0140]

[Table 15]



t hereby cal cul ate tunor proliferation inhibition rate,
I.R (% by the fornmula as shown in Test Exanple 6.
The results are shown in Table 15. [0139] 1In the
nouse fibrosarcoma, the CPI-11 fornulations and the
physi ol ogi cal saline sol uttbhs of irinotecan
hydr ochl ori de each showed a significant tunor
proliferation inhibitor ffect conpared to the
control group unless a TygﬁF g% t he physi ol ogi cal
saline solutions of irinotecan hydrochloride

Furt her, some of thed&FF- 1T fermdrat | AusmoreweiiihttedIahibition
hi gher ant i t unor ef Gkt harort hityof th mean+ rate

physi ol ogi cal sallne SO|utI0nS of irino S%ag (%)
hydrochloride. Further, either of the t thds of

COntrolagf{Buia didn't affect _the body-wei ght of ggjmeorrggse —
[0140]  [Table 15] 117 Table-15-Dose-Tr-eat-nent—Turpf—

CPT-11 Widmghtldtmihirbi tion (hy/kg) on dhys (g, IEEHT:Orape 44.7
(PrepanatLon(ﬁQaégigff[_95??§___??9_2?_: CPT-417 Kb Pnhillat i on 49-8
%272076% 230829 44.7 {Preparat4on Exaqp%ﬁ?Zb %% 7 70.1
Physiological saline 12.5 ) 2.82+0.51 20.2
solution of irinotecan - 25 7 2.61+0.40 26.0
hydrochloride 50 7 2.34%0.17 33.7
CPT-11 formulation 25 11 1.70=+0.81 51.8
(Preparation Example 7) 50 11 1.413+0.42 60.2
Physiological saline 25 11 2.40+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 1.63+0.39 54.0
50 7,11 0.65+0.13 81.6
Physiological saline 12.5 7,11 2.49+0.29 29.4
solution of irinotecan 25 7,11 2.33+0.62 34.1
hydrochloride 50 7,11 2.08+0.43 41.2
[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



50 7 1.060.38 70.1 --

---------------------------- Physi ol ogi cal saline 12.5
7 2.82-1"0.51 20.2 solution of irinotecan 25 7
2.610.40 26.0 hydrochlori 850 7 2.341-0.17 33.7
CPT-11 fornmulation 25 11 1.700.81 51.8 (Preparation

Ex .
agg$§n7iu§g %&née?lcglfg ?83%6) with 2 to 3 mm square

we P yist o sy aif & af WpeupaEngqual viobn 7an 3bnquingl 1epirnfof a
i rinotecan hydrochloride 50 11 1.980.95 44.0 CPT-11

modoe MBALB OMm 12&, 7ndlel. §50ed0s 441@, CHEkpdapanonlnc.)
Exanple 7) 25 7,11 1.630.39 54.0 50 7,11 0.650.13 81.6

with-a-needte-for-transptantation:- - The CPT—II -formurlation

spa FRYS1 Q! O8LEA 2 88bh NEx Ak Pe 78 1dr 22 29028gfcal sali
pr%%?ution of i§in%tecan g%%%,ll Z.ESOﬁ%gy34?1 great sasine
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15) Antitunor effect 118 Human |ung cancer_cells
at (\gubeh) awtdspimatedniesgnaref a tumor calculated by 1/2 -
ab? (a refers to a major axis of a tumor, b refers to a
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 21 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 proliferation
inhibition rate, I.R. (%) by the formula as shown in Test
Example 6. The results are shown in Table 16, Fig. 28, and
Fig. 29.

[0142]

In the human pulmonary carcinoma, the CPT-11

formulation and the physiological saline solution of



wer e transpl anted subcutaneously in an inguinal region
of a nouse (BALB/c nude, male, 6 weeks old, CLEA
Japan, Inc.) wth a needle for transplantation. The
CPT-11 formul ation prepared in Preparation Exanple 8
or a physi ol ogi cal saline 153l ution of irinotecan
hydrochl oride was injected into a caudal vein three

~times in total which were a poi 6 at_whi ch
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(arefers to a mjor axis of a tunor, b refers to a

prod hBerakic) hppiloachey ebferbumemnares 3tO abilf t FOMaFoY
days (day 5), and additional 8 days (day 9), after

gré@p. tH&Hﬁnﬁnmﬂuﬁd(ﬂPﬂﬁlILﬂunmnldwina\ﬂﬁﬂﬁhﬂtddﬂaahﬁqher
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the nouse were calculated 4, 8, 12, 16, and 21 days

sof&%fgntgglifiﬁgtég ﬁcﬁ§8 oc% DeriygorsMeEe1dl sPig. 28).

enoved days a ter 't irst injection and a

ht of, the tunors d r
FuEB*%ﬁra?é A db&%l|fer %gnthéﬁﬁgg§t§%¥g?gt%f the
é the forrmula as shown in Test Exanple 6.
mo?ﬁ% \ éEPt S8re shown in Table 16, Fig. 28, and Fig.
29. [0142] In the human pul nonary carci noma, the
[0E#F111 fornulation and the physiol ogical saline

solution of 119 irinotecan hydrochl oride each showed
a si[gebfiecanti tunor



proliferation inhibitory effect conpared to the
control group. Further, the CPT-11 fornul ation

exhi bited a higher antitunor effect than that of the
physi ol ogi cal saline soluﬁ gn o i ri notecan
hydrochl ori de (Table 16, F g. 28) Furt her, either
agent didn't affect the body weight of the nouse
(Fig. 29). [0143] [Tableé&ﬁfb%. Tabl e 16 Dose Tunor
wei ght I nhibition (ng/ anS.D.) rate (o)
Control group - 2 910 21 -

-------------------------- Bese - - - - - -Fumoer -weitght - - - -I-n-hibition

- CPT-11 fornulation 25 2 99 0 _(Preparati rate
Exanpl e 8) 50 0.020.00 9 "RG0 0. 050, 85 Gors D) (%)

Cobysiobegupal saline 25 1.880.43 35.52 sotgjon of —

i-F-ret-ecan—50-1-490--51-48—~F—hydrocht-ort-de—100
CPD-950fe8me¥aRiorl CLAIMS %3] An irifeofagdh 02 93.0
fornul ation_incl udi a |'iposonme fornmed $ nmbr ane
(PB?pPFﬁ?aOBIF§?@PESOH?a|nlnggé phosphoP B %g?éﬂ? 99.3
100 0.03%0.02 99.2
Physiological saline 25 1.88+0.43 35.5
solution of irinotecan : 50 1.49+0.51 48.7
hydrochloride 100 0.95%0.18 67.2




a mai n menbrane conponent, wherein only the outer
surface of the liposone is nodified with a
surface-nodi fyi ng agent containing a hydrophilic
pol ymer, in which irinotecan_and/or a salt thereof is
encapsul ated at a concentrat?dn of at least 0.1
nmol / mol (drug nol /nmenbrane total |lipid nol) by an ion
gradi ent between the inner us phase and outer
aqueous phase of the |iposone. 2] The irinotecan
formul ati on according to claim1, wherein the ion
gradient is a proton concentration gradient having a
R gnadiignhoMeezg &Ml mfidNeaimNel APRUE formed
phase is | ower than a pH val ue of the outer “aqueous
has he ¢l Ri; e | ati ; rdj .
B e PG B Laraa St P ey yepolipids as

concent r %i n radi ent .of an_ammoni ymion and/or a
2 BREEnPPRPFaRe GPRRCET Cof YR Brdard e b0 S HagTirgace of
n am no groyp capahle of being protonated. [4] The
tﬁ?i &PQE&ﬁef SPIPELLE S/ dadd & Pn G UEd 248y Mo Tyl ng: pgiemt
1 to 3, wherein the |liposome further contains a lipid
CoRkeinERAn 2t Ry dpRepRalc pod Yawd/ orina whiichadg ingrecan and/or
nodi fying agent. [5] The irinotecan formul ation
aaesedtdichgreofclis endapsiudetther atorp Kosicegtaracdrpowtd at
having a basic functional group as the
leastaceimadilf/yiony (@gert molGhemriagiemaer#fl Qdlpid mol) by an
conposi tion, conprising the .
ion gradient between the inner aqueous phase and outer
agueous phase of the liposome.
[2] The irinotecan formulation according to claim 1,
wherein the ion gradient is a proton concentration
gradient having a pH gradient where a pH value of the
inner aqueous phase is lower than a pH value of the outer
agueous phase.
[3] The irinotecan formulation according to claim 2,
wherein the pH gradient is formed by a concentration
gradient of an ammonium ion and/or a concentration
gradient of an organic compound having an amino group
capable of being protonated.
[4] The irinotecan formulation according to any one of

claims 1 to 3, wherein the liposome further contains a

lipid other than the phospholipid and/or a surface-



irinotecan fornmul ati on as defined in any one of clains
1 to 5.
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modifying agent.

[5] The irinotecan formulation according to claim 4,
further comprising a compound having a basic functional
group as the surface-modifying agent.

[6] A pharmaceutical composition, comprising the

irinotecan formulation as defined in any one of claims 1

to 5.



