=3 % 56 6 &
- g YR 2 84581 2 H
ESLRFEHEANLIRE RS BE &
ESLRFENBINERKRE ZR %
ALHEE NS REENLRERIRE ¥R %
LB EER Y RO

AT PR AR A0 I B RS R S R R R

TR Y —ABHNOBEBIZETAHA K42 12D T
DI EICONT, BARBEER - AEEERETTEREND ., %%Eb@&k@
WD DY E LIZDT, 2N OBMEE~DOEME BV LE T,
AS %@ﬁ%ﬁ%A&U%@ﬁE%%%wﬁ W, BREHM L TCWAZ EEHLIEL
¥, /
¥, KBHIRDERGELIZOWTY, R TEMLET,

W ERFEEIN—T
FE (B - wE)
EERE 011-231-4111 POAR25-333
~FAX 011-232-4108






. REEER 03285195
FRL28 % 3 A 28 H

EMEFEFETER (B) RE

EARBEES - £ S EREASEEE
(AEIEER)

TRV —LBFORRICETHHA FSA 21 1220 T

F 77/ 0S—EEFEMIGRA L., Z0EEA~OERE R ORIR ML E
PEANRTEEORALAE S IZLY . FFEROBRERUADEORMLEERELE
EHFMEZROBEENSHRNBETREATEY., FO—D&LTYRY —LR
HOBENEATHETS, : |

SO, BEEFBETIE. URY—LBHOL Y ENLEREHEL. B
E~ORAELEREREEEAN S, ORERUEBRFHI DLV TRET <=
BIE. QMO TE MIR5T SHBICER > TRELTH (ANEEF/ZOLT,
MRy — LBFOBERICET 284 KSA2] ELTHRDEBYELDE
Ltfze ZHAFSA YR —LBKZRRTIEORITFEDESIEEL
THEShE LS, £, BUOEZSOBERICS->TlE, BEICKHCTH
UTREAEESERBERARBLARLENLEDDS LS. BETHERE
EEICH LAMABOES, |

TEALES
ﬂﬁﬁgﬁéﬁﬁﬁﬁﬁﬁ
28. 4.1 K@)

N







ER/N
Lo B U T oo ee e et eae e st s 3
2 BEIBBEBH oo e aena e s a e et naseneaean 3
3. (. B ORI oot 3
3o Lo KRR IR e SO ROOUR OO 4
3. 2. BIRIBRE B OVERMEMRIT oot 4
3. 2. 1 BB B ettt e s e 4
3. 2. 2 TR T—. et baeere s e 5
3. 2. 3 invitro BUHRRER o S S 6
3. 3. UBY— ABFIORETREOREEE . oooeoeeeeeesiereneeeneresesessssesssessessnseesee |
3. 8. 1 URY—ADTRTR oo ST,
3. 3. 2 URY—LOEPEIIDOEATIR oo 8
3. 8. B YA RTIEETIR oo eteoseeseses oo eeneeseeeeee et
3. 3. 4 %G%KI%%E%%IE ....................................................................... 8
U TR e S, 8
3 4»Uﬂy~éﬁﬁm%®%ﬂ ................................................................................... 8
. 4. 1 B et e 9
3. 4. 2 BETEBROTEEI e 9
3. 4. 3 BBRUBRBRITIE ittt e 9
S A A BETEME oot 10
3. 5. VBV —BBIFIDBEE .ot s 10
3. 5. 1 BRI OB ITIE ettt 10
3. 5. 2 BETERBR oot s 10
3’5.3 T R R E Y BB oot 10
3. 5. A TEMEBRIR oot 10
B e B BT et et 11

YR — NI OBRICET A A KT A v



A FEBEIRBRBR oottt n e eee e eeeeenen 12
A L BB e e 12
4. 2. FEBEERIEMIEIRR ... oo et 13
4. 2. 1 BHHE e e e e 13
4. 2. 2 EP@EE..... — ;mmmmewmt .......................................... 14
4. 3. FEBEIRIEIIH e e QMWMQ ..................... 15
4. 4. FERMEIEEERIR oo 16
4. 5. BB ettt 16
4. 5. 1 b%v:%%?47x ............................................................................. 17
4. 5. 2 EMORER .o SO
5. t MIESERRICHV TSRS S IE — e 17
6. FIZEE o eeeeeeaeer s aeet et e e ee e et s e e e ee e e e eeeseeeeeeereeene B
NBXE : BETBHA FTA U oo 20
i (Appendix) : BUEZFEFORZM/ VBT oo, 22



1. I

R Y — At EEEEITE ST O TR bR A MNET, W, PER KA
RELTEY ., UVRY —ARFIIEDRS % ) B Y — A@HE—A%ﬁXiWﬁuﬁkﬁ
HIEEVEREIND, URY —AEAIE. £<OBSICBOTHEDRS DAKNE
ﬁ\m%%ﬁﬁfm774w%ibwkT6%%@%\M%W@g&k@&%%ﬁ%kb
TR SN TS, LEA-T, FHRY R — 28HOER ORI - AL HST
FHEDICH, MEBITET 07 7 A VR UH LT EEBEEH LT 5 & B8R
AR THB,

U R Y — ABEICHL, Enhanced permeability and retention (EPR) ZhELY H ¥ (F‘B"J%_

F) - HiEEFIR LB R Y — 5T 4 L ZIC L0 | BRSBTS L7 BT S,
1 - MERBTESEL LTS Z L b, MFADRIBESFRETH oL LTH
EERORRRE - W08 - AU R T AR IR R B FTREME A 8 B ISR T, S BRE
RROMRICEESLETHS, £, EOERK - MRASHIL. VR Y —A0RERHH
LHELTWSIEND, YR -0V A X, REEMZE, VARY—L20HEHN, L
#%&05%$Mﬁ@§@wtﬁmﬁzgaaa Eie, B OEA. VAR Y — ALK

TLoTRMEBHB ST VYA R HTIRFCHEI Ehb, ﬁ@&i%ﬁﬁﬁﬁ
&ﬁ#é)#/ LADFRRE L, MAETHEAEEICR B, :

KCEL, VR — AREORRRC BT TS X EEAE L L, ABEHICLEYL
SNAFEOHIRFTHZ LTIV, VRY — AMAOGEI2BTE L EEOHELER
BIEREMELTNS, |

2. A _
ACEIE. PSS OERARENE, BEBTET 0T 7 V73 EORMBIRE, MIaN
AT BT A L O CREN S h, MEEN Y RY - AHAE R ET D, HHRS
DINECRIEAL. BRLREL B LTHAV R, RE-HTEAHRLAZVIEE - §
PR REY R VLS MIIATEOBARHEN CH BN, ALEOEXFIIHRTH S,
AICEIE, AR, FERRRRE OO OBRRRICHET 28 TOICRET 5 b o
ThoR, BERERICHDLIFRIIGBEELRDLOTHD, 2B, KXEOHGZ LR
% UMY — ABEIT, MO BET 3 BMOT A KT LV OBEAEIT 5, :
ALECBVTHE L TEEDRNE. ESTEERE, BB, IS TF Fox
Py EDEMRIEFE U A AT 2 ) m O— IR L TEE ShIER Th b,

3. k%, BERCREEHE

b2, RER ORISR ET 3HBEEE T, )Ry - ARAICEEOBRRICES LY
TTW3, BHESROFMEELENOSHEICHR S —RORFEIC OV T, B
BROHA RTA 0 %2BBICTHIE, Fio, BEREDY R Y — LIRS @wﬁﬁ)f



Y — A%Méwwmgr%@%&&fﬁ ﬁ#%étb YA — MERESIE. 3. 4
"} ~—7F?_J: 9 fiﬁ@ﬁf/ﬁfnu’ﬁ%ﬂf@ Z &,

3. 1 k- R . .

VRV AE EE LTHPRSROISEG bERENEH, RYzFLrFYa—n
(PEG) YA F (EHHETF) 2L CEMSNIHIEMIRE 2 RS SNEBARD D,
Fio. URY—AEFNTIE, *&%&E%ﬂ&ﬂﬁkaﬁ%ﬁ REAHI2 & OUHHI
BEND,

YA — Aiﬁ@ﬁ&%ﬁi?éif UT ORI EECH D,

o URY—hORERKRESY

o HHRSROEIREON R ,

« BRESICHT DIE (MREMIEEEST) DT IER —Y b

YR Y — ARAIO SE R, EBREARE, B EOHER VLR T 0T 7 AL
. BEEMAEEEDAFICRE EAET BHENH B0, WAMS IR OEME L ED
BWYMEETRT L (3. 2HBR) ,

3. 2 BIAIRE RO
3. 2. 1 KBS _ | E :
R Y — MMED BRR RIS U S - K - BEREDO 71 7 7 £ LIV TH
ﬁt#é:&o%@iT\ﬂ%&Umﬁ%ﬁwt@ﬁﬁ*\&Eﬁﬁ'%ﬁﬁ% R
L RF A, BERFER LB, ﬁ%ﬁ%uﬁj;&%%ﬁﬁét EHE S NI BARERRET
DRFHC OV THABAR OEME L LTRRET 5, ‘
Y RY - AREIRICIE, AR BEHA SR TN Y R Y — A%hﬁ“ﬁ%ﬁhwﬁ
#i5F (BlxiE. PEGRY HY K GEMHRTF) - Hilkiy) BREXEEMELEY RY A
R—EOBETHET B LEXDND, LENoT, UKRY —ABFIEE—Y Y —nan
SRS NBEAKE LTR XY, EROACHE Lk bC, JEHRRBR ORRERMERIC
FWED v FOMTRBRAESEEER L. RAISR L L CRAIRG R ORI 55
T, FREHEZRELTOKLERH D, o, VR Y — ABEIIRFIF0 I 5
ThY. Z?L’B%%%‘zumwuugﬁﬁo)ﬁf [ a »—nngéﬂ:ﬂf%tﬁb\%’&ﬁlﬁ)ﬁ X
- T, BXEUEEMLRERMERSE (ICH) Q8R)KVQUIH A R4 AR ST
BIHYT 4 A - FHA L (QbD) DEZICE SRR LA HET S, BEL
EHEROBEET 2 BEEL R E X, MASEO—BMARET 50 O HEN HE
L= kT, BERFBRURBFELRETS DL, URY —AEHHS ORR - 0% &
£ OBREICHONTIE, BEMERE T 07 7 A VROBERE (B120F, Mt 2
HITEIEZ2 &) ~ORB L BRER T CRRY 5 2 L, Eio, ARG BERE (Ee,
MR OEERRE) | W TR E OEBARAIEC £ O K 5 BT 500,



BESEEEPECIT - - R A L MIC L, HEWL U TEDEIE, AR OEEMEICRITT
BEEICOWTHEHE - BET5Z &,

3. 2. 2 HFOREMRTT

Y Y — BRI in vivo TOERBBIER CEA SR BT S EESEHIEE B
MCFB D b A L AR R 5 ECEETh S, BEMERICHETS 5
B9, (LR ORI MR B A EEICRET 5 2 L iE, U Y — ARAIORE &
Bt 5 L CEETHSDZ & bb, T v MK LB SRR 2170, FHET 5 = &,
ﬁ%%@ﬁ%ﬂ&w%x&%ﬁaLr@ﬁénauﬁy—A@ﬁuowrﬁ;ﬁ%@%@
SRR LT bEET B 2 & (

RN, (LR R OVEMF R R B D RERI 2 ARAT 12, BRI IVE TR S B O R
FEHET BB bR THS (3. TESE) . APRSCEMHTREL LT, &3
DERT T Y 1z E OBPME R SRS T ORI BT 5N FR ¥ AL
. MBS RO SUSEFISRICE L, ARSI Ul G, SRR &
DEETE - FHEETO 2 L, ‘ |

YRy AMFIC B TR S BT R BESE L LTI, UTOEI BbOBHITF

ns, A

o BIESA - EHMESULRRIE L & bio, 572 "R RS MR & ORI I
TR b, RBEL LT, BEEBERIENSEL LTROOREA, RFENK
S NI L — W —EFRIE b AV BB, BIEIEEELRIE 21T 5 54, AT
VWEHAERT (RREESHCEREEES TR Y) ¥HET S I LREETH,

o UKV —ADIHE - #51E U Y — AOBERIERST A SHELRRT 52 L, B
AT L L OB BRE T IS, KRBTGS, BTMAEME. MM X BEEL
REREERNDZLENTE D, A _ ' .

o REEM (P—HFELD : VARV —LORBERIL, invivo TDOI7 VT T A BREG
5. MR A~OR DA ES RIET RO EER B TH B, KERTORA A
KE-TYRY— ARBEEHRENDES - EEOEBE T, REENLEENET5
CLRTERND EhD, —REHMICR Y B LCHHERE SRS, RBIEL L

i, BEKEEEE (L—F— Ny F5—1) BEE LTAVLRS, 2, AE
AR B B O TR, pH. BEAFEER P Lo T — F BILIETT 5 2 LA b,
REBEMEEETH L, | | ‘

o VRV ABEOBAFHENE | REEERERECIS TS AR R T 0 — T DN
A RSB ABREREE R EIC X VEMT D, 2 VAT e LOlREED
BWEDRS R EOEEICE > THRSHEBBRENEELRVY R Y —AIZB T
b, BASRET 1T 7 A Vi EORNENHEIIEE 5 TIROREIE & 5t



ETIEEL LCHEHATH B, |

o URY —ARFINE ORI D invitro UHEREME : 3. 2. 3EEBROZ &,

e BBEIE : VRY - AEBEOWMBELNHE LY I, AREOEKRIZEE (K
280mOsm/kg) Thd = & RNEE LY, ’ )

o pH: 438k (SMBIR) O pH ZHET D &, T7-. pHEBIC LV YR Y — LOKH -
HEICEESRESRAEAICIE, REL TR AEREL ST L. TORBTHE
1TH5Z &, : .

o WE: UHY— Aﬁﬁ%%mﬁwu4/7l —Uav YT sy (BERRE) O
Ex bR SEDAHRMEND S Z a”ma HWERRR (BERRLRY) KX FHET 5
ZE,

. HBHEADEHAE YR — BCHA SN E RS & SRS %, BT,
YA P n RS 5T 4= BELE, SAVEEE, BITER S L) SBELE
%. %\W@ﬁﬁﬁﬁﬁ%aﬁ&%&avr7774~¢ﬁttﬁ% FVEETS
FELBVLND, :

o NHM : BRRS R OB OAMMICBET HBEFEOH A K74 > (ICHQ3A,Q3B, Q3C,
Q3D, M7 HA K54 ) %BELTDH, Hic ) B —bBFICOWTHE, BRHZh%
+HRM, BETRICHNET 5760, BOWEERRSY (U R — DEEnS
Eiz &) ROBFHAMYICOVTEEL, a7 7 AVEBETHI L, BE
RAMMICOVTHE, MEXIS TEELRET 52 L, 2B, BERESTE B
T RHIZONTIE, RIS D - EFROEHN # IRMTERHCR®T 5 - &,

YRV — AEFIOBEIC Lo T, UTFORMRITIC OV THEET~ETH B,

o HABDERS ORIE | BFEMEES/ME X SSERIE S £ A CIET 5. H K

 DOHAFEE LTHET V=0 AERRVAZ LIk ). HASKEADRSA
FMELTORBERE, ﬁxﬁmmﬁo&%mﬁmmﬁ@ﬁﬁ%(ﬁ@ﬁ%@ﬁm
M) CEELEZ bRABAICTET B L,

o VRY—LOREIZY H Fig L& el LIRHITIL, BREGHR~ OBFIE 2 Eici
By B LRHEHED, BHSTO (FK) 5, EHLE. ENMa~0®ateh
EIEDWTHRAT 2L, ZhbORMIEETHIBEICIE, BURREL T
ﬁ%&?é ELARETH B, ‘ |

3. 2. 3 invitro ﬁﬁﬂjﬁﬁ

Y AR Y — KBRS — B U RN R MR OB A O 2 LT3 = &%ﬁ7
ST BT, AEEN A ETICRE L REBIET T Y A Y — b b OB BRSO
R RIET S in vivo ILRBIESHESIT 52 L, U R Y — A ORKMR URIAIRE -

" Szebeni J, et al. Adv Drug Deliv Rev. 2011;63:1020-1030.



HEIZ L » T, B OKMERREGZHRET D2 &, AEMEO UIERICEE 2
Ve (0, SRR MR Y) 2RV, LB U TR LZNSS Y RY —Ab
5OEYDRS OB ERIETRE ThHD, in viro TOHEMRSBEFER+SIZEEKAT
®ﬁ%mﬁHMﬁﬁ%ﬁ%bﬁw%éfbof%\uTwﬁﬁéﬁgumLT%EL\ﬁ
BIMEZ T B invitro BHHRBRIEZ R L, TOBEIMERTENENETH B,
o IMAPCEMBEZICBITAYRY—LMHLOFDRSOBB T T 74V
o A=Y KV —ATOREL(L (pH E{be &) WSS L THZR S 2 T
B Y RY —AIBVTHE, EBORELIR LI YR Y — 5D b OBERES O
a7 yAN
. EETE(LOAERIBIC X > TR £ RT3 VR Y — ACBVW TR, BE LR
EE /R LB Y R Y — A D DERES ORI T T T 7 A 1L

3. 3 URY—AEAORNETRECIRER | |

Y AR Y — AR BHERROT DI, BICHE TRICKT 5 PRGRCTREE, &
g ®m§ﬁ$%%m¢6tﬁfﬁ< s TR SR L GBS E RN R RET S
_<‘:75>E§T§>5 T, 3. 2. 1HEIZ BWTHERR LIZX DI1C, VAR Y — LA :t;,fsztt
T A— B DEBOE %§n¢¢w:ame\ﬁ%@ﬁ&%Lbrg@I&_ﬁaﬁﬁ
PERML. EBHER @ziF. TERAT 2 —FLEEOLE) #+ICEE LT BE
Rivb,

Y — AR R, HAT B AR RS HS ORI - k. U RV — b
BUH| DI EECIEIC £ D BRI BR, TOE < TIE, BBV T T ORKI 2 TR &
{5&#72 bhd, THERICESE. LREMF. A RE, TREEARR 2 LEIIS

THRELEETS, |

3. 3. 1 URY—LOFBRIE

WA Y A Y — AN, BiEDy MECERICRESRS LY. TRERIT L, B
v FMETYRY —LOFEEESRREICRD L OEETS, £o, VJRY— A@%ﬁ
EET A aw AT A—F—EREE L, ﬁ@ﬁ%@ﬁ@% RETDH L,
IEEEECIEERAREHEPRE L LTI RY —L2BRT 2 IRICKWV T, %X
BIERRIEOE—tE, —BHPRIETAZENEETHD, o, KMOLRICEIT 5,
KRS CRA ., BEAEERGEER LY D5, '

&k AURIEDEHSRERSFERNEBTHIIR Y —LTIHE, VRY —LDFRER

WCAEDRSONEAR TS, ZDX 572 KRY —LOFERITETHE, AYMs0EA

@%m—m@ﬁﬂmuﬂiélﬁu\aﬁié LHEETHDL, FRRATIERICBITS
PIEOTEE & A A VR, BAEE., RABELRCPEELREFEAERLRY 5,



3. 3. 2 URY—A~DOHIRYDEHATE

oy MET, HHESOEADENERE L 725 &5 TREHETV. BBRET5, pH
AFEOVRIRE DB EFIH L CHEPRS 2 HAT 2 HBAICIE. U RY —ANEBOKME &4+
ORI &AL, BIERM (RE. ML) BN, HAPDRBET5EER
BHIER & 725,

Y Y — A_ﬁxénrmawﬁ@ﬁ ®%flﬁﬂhé%ALilﬁﬁﬁ%ﬁﬁb\
LTV B AR REEET AL, | |

3. 3. 3 ¥AXWEIR

DR Y — BB, RFEOBNC L > CTHENBIREICK S RRBNE U S0, NS
B YR — DR ORESHBPREWEEIZIE, 1 JFRER TS,

VA XY mv 7T T 4 — R LR ES TR A BAIIE, 7a~ksT
7 4 —HISORERO D 7 b3y, ViR~ bBHTR, 70~ b7 T hRHE SB5
Ml LICOWT, SRR 2 & O bR L1 RO REINA AR T &

S R
X, SEEBE. BE, EN. TANT—OASA R EDRT A —ZREETCHD, .
TH AP 3 VERDEUTIBE. KEOT 4 08— O TRENICE S8
i, T A M= 3 VRIEDERR, T4 A Y —OEHE b, BB LIET 5%
 HREONEERT I L, |

3. 3. 4 PEGHILIREEMLE } ,
VR Y—LBHITIE, AN TOREE B S LTRES PEG ${ITEMIS h 5 1Eh,
BRI OR EA AR LT, U HY K (SR T) - JiE s AV TEMS W5 5455 5,
REEHOBHR UBERBEICLEREHY TR 2 ERLE LT, oy NETY RY
— LhOBEHRIERFRE L 25 L5 TREHLTV., FEs 520, BRESOLER
BRI CRADICRERFETERVTEEAH B0, 3. AETERSS L S IC S
BoREERVRE T o ADOERREETHS, ’

3. 3. 5 KEITR

YR Y — AF—B 7 R ﬁfﬁ%ﬁ%kﬁ%éhékﬁ%#?kkwaﬁﬁ
ThHHEZEND, WERECIABRENE BV oNs, SBRETRICOVTIE,
VTIT TRV VRBRAREC Lo TIREDEFE L., 7 4 V5 —RROBENEZ RS
zE,

3. 4 YRY—AERRYOEH
UﬁywAﬁﬂmﬁwfw;%E:ﬁ%EéﬁﬁféﬂE\¥~%®§ﬁ%%%?émm



S UL GERET). Hki SRR OAEKRNEENE, EnEiE, MENERES
&@&%kﬁﬁbfwéo:@tbxjﬁ/wA%ﬁWﬂ\&Dbﬁ@ﬂ@%%ﬂk%&
ML TFT Y AN (EHET). Hulkl PO IC OV T, R & £
720 . L0 BT ABESMEESNS L D ICEHE - FEISNDLERD B, '

3. 4. 1 SERME

BRI OV T, BERNBE—CTRINDIEGHEE TH LA, — R, FiE
B 7R AR CREE R A DM T 5, RABERAY (KELvF ook L v F v
78 MIREARIEE BliE, AFBRMKERRA 7 7 FINa ) ripl) OB, s
B OEBIC L > CY R Y —AUFIOBIEIEB L 5 52 L h 5, JEEMMK (T2bb,
BREERS @E%i)&Uﬂg%%ﬁ¢5%%@ﬁﬁ(%ﬁ%@®§ﬁ$)&%EWKT
%,

PH}&&@ﬁ‘%@ﬁ%#ﬁﬁﬁﬁéamkbt\%(Jw/%(ﬁ%%%)ﬁ&)%
BEA L-EMIEE R YT, Vo —2E80TOBERITEITH 2 &, . PEG D454
TEHME. EFRNRERZIT TR ARY — LORIFH A ARG DI H
E&&i@”ﬁﬁ‘éﬁﬁi‘&; 5 @TEET&;&

3. 4. 2 ﬂﬁI&&UIﬁmE

ARIEE R OGS RHIEE IOV T, w%%gﬁoﬁﬁﬁ&#ﬁﬁén BENCEE X
nNTWaHL0ERND L, #AmhﬁwA&_ﬁmén5E%ﬁﬁ& KoNTH. &
YIFRORIR (R E) . feEE LT T Z &, ARIEAUERIER E MRS UIRE
FFEICTEET A HA DI, IR O, BE TR OhREMAOER L8 L,
REIEETAIRNRATA—FEFRTIL,

ARG Xiﬁ&zm%&ﬁ%ﬁ%Lt5/n&gém%%EXiﬁﬂkLT%L
IFEHSEAVSEEICIL. P CEET AOBHRT A FT A VOB EE LI
H - REEITIZE, '

3. 4. 3 BBRURBRG®E _
IS 4 FIER R T AIEES T, VAV F (EMNETF) REPEAMERIETEE
T ARIEELEE X, TORRREBEZREL. ﬁ%&uﬁﬁﬁ%%#ﬂ Wik

5_koKMﬁiﬁmE%_ﬁotﬁ@%ﬁbfw6%§#%6;&#6\ﬁmaﬂﬁm

ThoTh. MASEICHELRETHEESATECHAE SR TCOANVES, IATEE

CEDONABEENEICL Y, BN ETOINAREERE TERVESITIL, BR, LE

I HEME L RBR RS BMBREL., TR 52k, DEEANYF— b boZER

L. Bsicizd 2 L baE CUIHE) . RRR. MERRRUEREZEDH L,

YR S E A R T A . BE LS UEEYE ORI, HEED

15}



AR VR EREROH fﬁﬁ;ﬁfﬁ%uaﬁi'ré L,
&/A&E@i9&&%@%Xiﬂ4ﬁ77/m/~%ﬂ%bfﬁiéhtﬁ%%ﬁﬁ
TBHEEITIE, ICHQ6B A FT7A4 VBB, BUICHBRRELZITO> Z &,

3. 4. 4 EEMH -

YA R (EMET) TEMHSNIIEES i, — R O AR & b LT
@ﬁ$?%§&%%%ﬁﬁ*b%nrw5:&m6;+ﬁ&§iﬁ%ﬁbrw5:kﬁ%
BENBLERH D, ICH QIARDHA KT 1 RV UL ICH QSC HA K54 v DEX
ﬁK%OTﬁﬂﬁﬁiﬁﬂﬁ%ﬁw\U?Zk%%ﬂdﬁ%%@%%i?élko

3.5 VHY—LHAOER

3. 5. 1» FBRURBEIE
..ﬁ%&Uﬁﬁﬁ&LowfiB$%ﬁﬁ&0mHQMXHQ®iMF74/%$%?
Brtic, VY — AERMRIHMEER (HRIMS OEAK, HHRS ORI IEO
EE. HTWRY) KOV T, LIS U TEIICRET S Thb, EmIicE
b5 BEBEC SV T, EWBIE, AOMERUESE~OREOBE, S, BRESH
FHBEOEIE LT Z L, URY — AENCGEAT 55 F— h SRERBEER E
DBLERDHY, TORREERURBS B2 VL, BE3. 2. 2HCHARLEbOR
&b, MAEHFESH BHECESNEbO L5k, 2B, URY— ABEICHT S
KL B OSRBR R DRI DT R T o CBETHIL,

3.5.2 FESRAER
- FEHE. F%%%&&mﬁmtfé)f/ A%%mbrwé L&, m@ﬁ%ﬁﬁkﬁ
FTHESHICHE T2 2L ), HBRERURBFEEZERETDHZ L,

3. 5. 3 TURMFVURR

UK — AEEIC BV TIY B RV URBRET B8, IRHE T4 £— PRESK
ERGERI LELSRETERWEENH B0, BENCAY F—v 3 v 3£+ 52
Lo VKRRV RBREEN CEMTERVEEITIE, RIEDERR L LUEET S
&,

3. 5. 4 Eﬁaﬁ

ARG REM S FREE LT, y/myg%7757~&t@ﬁ&%ﬁmévﬁ%w
BRI BTN FR LR TRAITIE, BEICKLT, MRS R U
iR L, EHEEOFMEZTT S, '

? Dobrovolskaia MA, et al. Nanomedicine (London). 2010;5:555-562.

10



Uy AR 35V CAEMTE RSB ¥ B T A BAIIE. U A Y — AEAI T
EDBERNEL R BEENRD B, U H Y — MUAIOEENE R RET 5 Ha T, &
e O B R ORB A R T b, e, EEMEORECOWTIE, EER
R VEARHTTE E %I U OISR L. A2 A R E RS — B LT\ B © & RS - {REE
TBIE, '

3. 6 HEMH , _

Uy — KB OZEMERERIT, ICHQIAR) A A KT A4 ZBl> TERT D Z &, FiZ
AR ) A0 — MERREA I RS (CEMRIRRS UMM 2 DNA BT &5 A L
58 BAVLRTWAEEITIE, ICH.Q5C IA K74 v DEZFHEASND,
Fegs. UK Y — ARIEIOREC BT 5 R TOMMICIRAS H 5D, EHMRER
B i 151 CREMAHER S ML . BONRMERET S - L IERITE AL,

Y R AR AR M T B T L D BEMERBIC B TR DR
B AR B e dic. BB UT, SRR CRBRFRICRE SN RBER I
M. BHAFIEE 5 bRREE 2BR L CRET 52 L, HICEERRBUEA O—
Fl e LT BUFORMEARST BB, | ’

o VY — AR TOREIRE DL
FERT VL ER S UIE BN REZ 0T <. TANREBRER & 0Bk
BAERIL, VY —AORERICEET S, T, MARCFENT S AEES
FETL L b IS RE ST oF < . U VIRER BRI S AR S h B, IEED
SRR AT LT, VR Y — AMFIASROMAES K 5 . ULIEE 4 TS
DRBCES T L b, JREOARORE L U &Y — ABHOSEEE~ OB B LY
BT BHok, -

o EESTOMMKE, BELEE: |
BT ORARRIC Lo Tk, YRV — AnDEMNT 3R~ (CHREEL, EHAT
HAMETS 5, T, UK Y — MBSO KMOEERRIFREIC Lo TiE, BT
DEREEREIRIC L 0 BT B HANB DD, EMSTFROETORIMEDE
(L3R BB, U AR Y — ABHE O SERE~ DR EFRRICTH 2 L,

o BTN, B |
YR Y — A, ERREPCRACEERREIT I E8H S, FIRE, IS ORES
WG, NEOREIT L R FROBMARRED bhOT, BESKTEN L%
MBIER & LTRE L. BT ) RY — AREO S~ OB BETET 5 -
& |

o HAE

11



YA Y — AORSE 5 TS DRE DA EI hhb b3 maéntﬁmmﬁ@ﬁ
HBBDONDGEBHDOT, BIEILL Y RY — ARHIOREHE~ DR E 25
W5k,

3. 7 BEOEHE _ o
RS — BB IR ES A FARERS L EREH T L hb, BROEERY
R Y — ABIEIDSE N B RIS RNT L EHERT B IO~ BT 5 € | 2R
RTAHZEIIRETH S,

BHNC Eéhhﬁ%&@%ﬁﬁ&k%zf BRI TR @fﬁ&@gﬁm
BREE LT, YMETEC LV BET 5 TEEATRECE 2V WER, (LENR DS
%%&L@f@%ﬁ%ﬁ&ﬁﬁur%ﬁ%ﬁm EEAS% CUABESA%, FE
~(comparable) TH 2 Z & EHRT I &, BEOEFRH®ICH T 2 MAM O RZEH, Y
% (comparability) FEMDE X FIZO>WTiE, ICH Q5E (LR, (S AT ) o D—
FEES / ERIREEERR) ORETROEEICHES RSt/ FEHEEIC >\ )
HA RIA NCRENFERFEBEICTI L, FEOBRERKEL . SEOESOL
TIRASH,/ REEOTMAT+5 L EX LN BEE0, WEBH., (L2HR OED 2N
&&Ewaiﬂmgﬁﬂ%/ﬂgﬁ%é LEBRATERZVHAICHE, BRICER LN

CEE L. EMBE, BPMRCEEICRIETEEBIC SV CHIE - RET5 T L,

URY —BBHEITIE, AT —AT y TRRCRHERSET B ) 27 BSEE DIES T ERS
BRELHBLTENEEX bIBZ LD, X7 — /UKEICET 2B >\ C bIEE
KITH 2 &, BlZIE, VARY —ADY A XFEDT I X hA— 3 VTERIEBOTHE, X
ToNT Y TR CMESEREASNGD 7 A M5 — O ¥ OETE 5 HEN b
5, Fi-. 4X%@7D7F7774 EZHRIR LI-RERBECBOTIER, AT 5R5—
'»Dzﬁuﬁvﬁﬁ%#(ﬁg R ) OEERLETHD, ThbDTREED
PIZS & U A — A B O S R R D BIRIC S\ R L %E%%Tiﬁmﬁmﬂ%/ﬂ
BThdILeRERTILEND S, :

BB, YRV — A@ﬁkkmf\)ﬁy&AwﬁﬁK%ﬁiéﬂﬁﬁ@\Uﬁy~A«
DEDERYDEHAS I, IREE L APDESBEOL, LS FEORBRIEASETLNY
RV — A~ OREEH T ¥ DL T, ﬁ%ﬁ&oﬁéé«@ BEE B CERVES
RbHHOTEETS . b,

ﬁﬂ%ﬁ%iﬁ&kkﬁ5@E%Efﬁyﬂﬁﬁmﬁ&ﬁﬁ%ﬁ5%%&ﬁ%m\Kﬁ
DSOFEMIIC BUEAE BRI DB DRSS/ RV % SUE S 5 R ER 5 5,

4. FEERRFAER
4. 1 BEH
ﬁ%&%%u%y—A@ﬁkLT&%#&:&K;D\ﬁ%ﬁ%ﬁ@v&@ttﬁm%

12



NSEMEREEEE N E LSBT B L Rb D, Thbb, SRERE S VT T VAR
ZHE L, EMPIDIER L, BASTHREIT 22 L85 5B, Z0 XD REBIEFHFE
DEICHN, EPMERURLELE L RRDZ LN DD, VRY — AR~ BlEE.
B B LS 2 BB 5100k, U R Y — ARMRNICR D AEN RIS
R SN BIBAR, MBS T Y H Y — A0 i S AR SRR D A $h)

HERETIHADRH 5,

— I Y AR Y — ABENCE A S AR O M BIRREORHEL, BT OERIC

L LB, ~
.°ﬁﬁﬁA%ﬁlbt9fY—A®&U7ﬁyx

o HASNIEEDBHDY RY —Lh b OMHERE

o VRI—IOEADA (ST DIEERMEE. AR ROEL)

o YRV — ARUERES & M, 0 82 BRI B L & DA E(E
in vivo \ZIVF BE RIS O HHEEE L BUHEMIIE, %< DBA . SRR MICHET 5
BEREMETH Y . AP O OREEHERT 25 - d DO FHEOBERERHL D& TH
Do '

JEERARARBRIE, BEBMT B 7 7 A VBRI SN ERRERRR L RE0 Y R Y — A
CEEIEAVTITO REThH Y, BRLERBREFICBT 2EPRIO Y RY — L0 b DMK
i B QBRI DRI S\ TR B 2B T <X Th B,

4. 2 FEEREREMBHE
4. 2. 1 SbEE .

M, M MIE DI EIET AR (R, EEEEPRS, BES U THASL
SRS . WORHEDBGBTOBEDRS (BB ZHETE BONFEERRETS 2 LR
SEChHD, VR —AEEIOKE (d COFRS ORIMER ) Wk oTi, V&

CHASNEEDRARESNET 52 L bEETHS, 2B, UKY —LBHEE
ﬁﬁf@@rﬂgéazak%méné%ém MRS % RIE TR R AT 2 ST 5
L BUETHS,

B 5% OARIER SO MK, DXL IEREHCB T, AR R RS AR
LS TaE) & LT, BEEADRS & L bIERT X ThH5, MK, mIEXiLn
W OB PRA R ORBERET 5 2 LT CTH D2, EORRT T, Ao
EETR T Y AR Y — ABRHE ST LE 5 AR b 5 72, SRS TR
R4S DRI S EEETH BIBANRE, 185 AT A TR B OB & RO I 44 %1%
T B, HHFEFERTIEICHE. REOMEBBRAENCEFRSATND D &I
W RIS BERD B,

13



ik, EURIIE RS S ERRS (RE. BEASRS. BECS U THAKS
). BBRCME B ZEDRS (BE). RORMYEERT DI AVESFE
it EOFHRONY F—y 3 AT SERBLECH B, SYF—v 3 VKB LT
[EER BRI HIT 5 AR EYBESTIED A Y F— 3 VICET 541 KT
KABRER TN E 1% (FR25ETA11R) . RO [EXRSBERICHT 5 4EHRE T E
YR EESHTEE (U Y FEAE) ONYF—2 a Uil 354 K4 v ) REEER 0401
%1%(1&%&%515)%5%&&@

4. 2. 2 SEEhEE
Y Y — b B D N B )T/*AMﬁT;&Eéntﬁ%ﬁﬁ®¢Wﬁ?
KECRRBIENHY, O LREPELEEMCE L BBTEHE &#%6og®
- T, BAipkaEgEE YR Y — J»\ﬂﬁbtiﬁﬂ’( in vivo T@%%ﬁﬁﬁg%tﬁ@i#ﬁ?‘é bR
BB Th B, invivo COEBMIIER OIS ORI ZRRT HBICIE, U &Y — AEHD
I EANAEREREROY BV — AOMBROIEN, HHRS OB U EY — AR OHE
SRSy ORI CIROMAIC ISV 5 R - WK, MR RER ORBATR XA B
EL. AV 2BPERCTTLORROZUMERT <& Th s, HIMMEEAML L
TYRY —KEECY H ¥ (EORT) - PR LB RS LIEBE. BWERGETLO
BRI Y 72 - CHE, BEERTE b—T R EORE - ik L OWEE ERT BLESD
B, - - .
CURY—AOYA X, REEH. B, VAL F (EHRT) - Bl OIC L SREER
& ORI, VR Y — MERIOEASTEEETE L L BB DT, TOBEOE
BARNSTICRIET B ERT X Th B, HHRME L EKRATICET 55811k,
o BLE ﬁ%%“*?é%k%@>éﬁ%ﬁ%?étbhﬁﬁf&%ﬁ&mu$A&U&m
S6R1ILVNT hnmmrﬁﬁbfwéﬁﬁkar YR — WA ZFMT 5 L CEER
RA v b RUTFICHR~ S,
o UKy — RBUH BRI S S R E ROV T, %%@%%m&#a:am&b\
VR —AMET 52 LORMPERLRIT 52 LHARTH D, '
o M. DSEUEMIEFOEIRS DR &Uﬁ%ﬁ%ﬂ%;OWT(hu AUC RO}
W22 BB T A — 5 BT B, Elo. BITRRICESE, VN
Y — MBI LIS DEPES OEMBEOLLIC OV TERT B,
e BMBIREST A—F ik, BRORET, WY A CRILS ISR E RO T E T
B ' : )
o« FHESNBEHRERER ORI BE T 23R BT 5 ) Ky — AR
DERSH LTS 5, BRI, BT OB RS OREIC ST, B
REBICS UCHMRS DL ERICTIEC X 5 & 5 SREAR & BURHRES & & R
Ute EC, RS DRI L 2 BT 5,

14



o SUEHZIES AL SRR &L REHRRA 7 Y2 — L OREICEL T, #E5#HDY
BV — AOEEMR, BEOBBMB~ORET T T 7 A VR EOERE EES
X Chb, BCRION (Bl IF<15 ) KB TRRLRENT, ZOREE
AESHABAPHE LBERMLFIERBT AV RY —LOEEE (KN—X MREICEDS
REM) BIET S D LN TEBED, HETHS, -

o HEHERT AT B B IREEOHLER T DBEREA RIS DB FE VL. AR TO
YK Y — AORERE RS O L M T 5 L CHE TH A, AIES R
ThHRAE. RMPOMELRAL L bERTH 5,

o BUEHERS OIS 72 PRBRT VA L IIEMBIE AT A — 5 ORMEDKEICEEE
x5, @R R, SHERREHRRGE, BYREHECRET S,

o URY—ADEBRRBCHEIICED 2B L L biC, BEEPHHEICHS
F5 & B 2ROl U R Y — ARFI ORI ST 2 3T A R RICME b s
TLMEE LV, EAMOEAD LIRS SN AR & LTk, AT, MR, B,
BB . D L OMBNERRS U T TV A LBIET 5 EERRE, EMLOT
VBES, BEOREEZ K AR K 0 R Sh TV BN ET b,

o RS OREWA EERERAKTH S Z EBAOLNTVAEEIE, MK, MY
VLI R TR, AT A I IR MR I B B BRI A W T 5
S LRI EECH B, —o T ENU ORI N ELHERDEEE LTS
EaE. FRERORIWICH L TERYBIBEANT Ui 5 D e BEELL, BE
Lo, REBEI X AEBERTET S0 M2 axxT 4 7 A& iy
B bUELRD, » | " -

o URY—ABFIOEKASTR, REMR RS HET S MRS H DD, BIR
NICRE LY RY — AL & oy BROMK E OREERICOVWTERTE L b
BETHBED I, :

. EORBME AR A A— UL FFRICED . UKy — ARAIOEABIE
BLTBLILLVERTH S, '

o VEY—LRE~DY ALK (BHRT) - Hilki COBAL, U RY — L0k - A
FANBATHICAE REEL RIT LD 5, EHESECEOMAG Y & bicthiso
ISR~ DERMEDZLIC b BET D RERD B,

-)fy~A@ﬂ®ﬁ%ﬁA@ﬁ%&U%ﬁﬁ%@%ﬁi RFI DL, BT
M EECThHD, YR —IEREAPEEICEBEFXD ETRSNEDTHh
WL RS ORTE. RER OHRIEEBIC OV T b REICR U TR 5,

4.3 FEEEEREN%
JERE R A R WY RBEMT D5 B invitro (FATEETHIUE) KW in vivo DET IV
RV CEASERGE EET 5, BYRBREREROTE SN S BRERICS Ly

15



B - REFEICLY in vivo FHBEZIT O RE TH B, TOENFENETNABEE CTHLMNE
3N T, YR Y — L BF OEHNBEBIE AR OBEIRE 5 CoOEYEEE K
EN¥RZELIET 5% Th 5,

YRy — A@H®k%%ﬁﬁ&0%@%k%%ﬁ§(ﬁ4x iﬁ%ﬁ&vﬁ%ﬁﬁﬁ
BHEEZESTe) X, ENEREICEET S, (FAMBEEET-O0RRETF A
fé%k%@?«%%% Wik, ROE 52600855, '

e invivo | Z}bﬁéﬁfﬁﬁk%@ﬁﬁtﬁﬁmikjﬁﬂjlgf&:

e VKRV —AEKEIZ )ﬁ/%(ﬁ%%ﬁ Pkl E A SR EAIE. B TFRE

BB~ DRES _ ‘

-WﬂwLkﬁ5ﬁﬂmﬁ®ﬁmﬂﬁﬁ%ﬁkigf%6@%Lkw1ﬂ T K¥Aa

h—v R P ;5@%W§®mnﬁﬁﬁwjf/ b (BBE I opksy # & Tr)
DHIRBNENRE

URY — LA DI u’Db"Cli in vitro ('THE’C*}J%L i¥) BWin vivo DEHFET
NEROCCIHET AUER DS, URY— Ak@ﬂﬁ%ﬁﬂﬁ@.k DHAEVEROFHEERT in vitro
ﬁﬁwiﬁ%%ﬁié;vﬁywA%@KUﬁyF(&%%ﬁ-ﬁ%&géﬁééﬁt%

B3, EIOMIAR & AV CERAROTE L & bic, BEISLTY Vo K (EHRET) -
ki & B A EEIEA WOV THHAREIZ L TBRER DD, I vitro L in vivo D
CEEFAERCTY B Y — AOEAFETMECTE R VBAIL, FIRE TS & TR
%@ﬁé@% SRR RE TH B, '

4. 4 REHEBEAR

mzﬁlaiwﬁmﬁ@%@)f/ — ABIFIO L 512, REWERTMSHERIBEIC
X, 4. A%%ELT\EHMﬂmxﬁﬂNLEHWA&UEHWB_ﬁbfﬁé&%ﬁ,
RBEERT D, | |

4. 5 FHMRB |

YR Y — ZBFI DLW FEERRRIC X VAT 572 0Icit. EANICHEDRS S
HEESICHEETHESLETHY . BT R T 7 4 VR UBRE — KIS EHE IC SV T -
THHI, LTOAIC %LoomHﬁéﬁﬁ4F74/&UmﬁmDﬁ4F74/L%v

SN, BEMRBREERT X THS,

o HPMSYHIM COBMMART LT BEMEHHRS &+ 5 F— OBKE 5 RK
L& B YRy — AR OBMTECIL. | OB E BV EEERE 5 RIIC L 388K
EREEMRRET, TOFEMET T 7 7 A VRORE 2 AR BB 5 DR L
B L, TORREEE LT, FEDESEHEERORLIETIMO 7= I FH
SNHEHRBROO b, U YR — AMFOEHTIMLBELELI LN ERBEE -
W35, -

16



. EORSICERIER DY, BHRO XL aRXT 4 7 ATF—FRBORTHRVE
AL ICH BZRMH A K54 VL LTS ) R Y — LR 0% BRI 21T
5 AR AR KR CIE B L AR T B AR S BB AT, BEI R BT
B CHESRS B TOBRE SREIC LD RERSEERREERL T, TOH
WRER OSSR — AE L B B D LB LERR AN DB,

o Tl L LCOY AR Y— MERAS ORSMUTMIT, YERAICRE LARE TS
BRC. B (YR Y — L) THMMEITOI LTI, EL URY —LHEL
B4y OB BT BB T — & 5372 < IRERSERERR CIC X AH BN TR
énétgwﬁmniv\9ﬁywA@ﬁmﬁﬁaﬁméfm%EﬁﬁﬁEﬁ@ﬁ?
AN EIICEECE AVEAITIE. U R Y — AREID DAL &R T AR
sy DRI RO b S HERH B,

4.5. 1 FFYIXFFAIR
. LS OB SR X T, BRI A, ROEN EEE S h
BIBBRAT BT O ESRS FRET D Z Lk, EMFEO ETHHATH D,

4. 5. 2 BEMORR : -
YR Y — ABIAIRR T O I I B IR E O MBI (L F RO F B IR R RE IS U
T, EMIREOBGIHENELIC OV TIHERLEL 25 Z LB H D, .
AMOBERSIE, VR Y — ARHITRER—RIICE Z VB85, inviro & invivo D
RER. 2. BEEELORE (RU/ it~ s v 77— O EEROFE LRI E)
o FORBYETARACERRR LS, AEFSREAOTRMLFET 57 DICEE
XNBRXThDH, FOMOMEEE, FURMEIGRERE (CH S8) o0 Tk, VR
v AR, BRIRRS DEEEREE R &, U AR Y — NEFI ORI U TR E
WA ERT 5 LERD D, '

5. b MIEBRERBIEBWCEE T ETE

Y A Y — AEFIE . BRES OERNEEE, MEBITHE T v 7 7 A V7R E OEWETE,
RN 72 ST BET A L DRI AN D T L A%, LIz o TICH S3(S3A & S3B).
S6(R1). S9. M3R2) RO [EERGBARICKIT 2t MIERSRROZEMERAET 57D
DHA XA BAEEI M2 E1E (ER24E4A2H) THEELTHAERICML
<. b FMIERERREFRIT AL, YR Y — ABAROERS OFEREDEERT
— ¥ FESNABEERAERUBESREARY, UVARY — AR FEOFREEE TS
TENEELLD, , ,
%ﬁ%%%%%ﬁﬁmﬁwfm\ﬁ%%mﬁuT@i5K\%%%%Nﬁﬂw&\ﬁﬂ
ﬁ@%ﬁ&@%@%ﬁ@m@ﬁb\%ibLT@ﬁ%ﬁﬁ&Uﬁ%ﬁ%ﬁ%ﬁUKﬁ%%\
F U R Y — ARKOBEIC X o TIE AR DR ORBEHHBZIEE L T <,

17



o MR, MEEEME T+ ORE L LT ORISR OB ZhRSY 12V T, Cmax, AUC
R ORI 72 ¥ DSBS  A — &

o MEFRE BT 07 7 A L EEIICTRT B 7D +‘tﬁﬂﬁ&&ﬁ#é«%r
b5, BREHRRR Y Va— i, BEERDOHMBRICOV TR EENELA
BE ST, BB S ORMRREEIC OV CIRE T - L bR THH L EX
bivd, —HRENC, AR ORELSHTMATIE L 72 SBEAE T, R4 R
BB 5L 5BETREThHE,

o REOOREBLROCEEMBICIT 5 Y RY —ZWHIDOSH, FHEORICIL, EmAHE
AR O EBMBIC R 5 HDRS OREL ., W RN b B R S
W OIS AR 2 B CRIET B,

t%@@&ﬁﬁﬁkkﬁ%@@&@;@@ﬂ Bz o T, ICHM3R2) AU MEFMB

-%kkﬁétF@@E%ﬁﬁ@ﬁéﬁ%%ﬁ?étb@ﬁ%5/XJuﬁMTA%T%é
Eio, ERE3E (K%, MERVORHEERE) RU4E GEEKRER) TRALSAESE
AR L, SREE SRR RS, %%%%&Uﬁ@%%/&&fﬁ774W&k ¥

N COBIET 2R T — & 2 EFS <% Th 5,

b MBI B AREIREE, ﬁ%@E%mbﬂ&&ﬂ%#Tmf%éﬂ BREER S
B L b AR TRV D EE S ET 5, ,
£VRY - AEROBESEEMEOFEELHE L. UREERERHEIC LY 3ETHRA
XD B ATET 5 R E ThSD, BEMEOEEIL, b NIERSRBRCHS
Ui & SERSERRBR GV o R L OB THERT 5% Th B, £7. TORBRFIEL. v
N IEI R 5 R % BT B BTICHES L T R&ETh B, b FIIERE5RER DA IERK

BREBA Y R — A@ﬂ@ﬁﬁ@§L1ﬁ<x&—»7/7&aa)mzﬁént%A
RSt FEELBERT 5% Th 2, : |
YR Y — L BIAIAS, tb@@&@ﬁﬁ@%ﬁ# BEMRBIC L D RECHD T LB
BTDIENMETHB,

6. H&E : .
ZDOHGE m\uT@ﬁ%ﬁ¢i%fE®i5K%m6n1m5m%ﬁ%?5tww%@
Th 5, 5 | -
" 1) Enhanced permeabﬂity and retention (EPR) BhE Eﬁm%ﬁﬂb\ BE. ARBIZRY L7z
W ESINTWDLT/RFHDIVEEDTFZ T EN, BANRICHE S hPLEENIC
mZERT 554, ﬁ%ﬁ%hkwrm E%ﬂ”ﬁ@ﬁm@%%&)fﬂﬁﬂﬁ
j@%%ﬁ@l @ﬁﬁ%ﬁu@ﬁ%uﬁ&b RELDEZ,

2) VARY = MEEMISEAS FOZSFEL LR IHMAT, NREET S, URY
—LBFNL, BRI T YR — AORE A FREGINMICEATS - LIt k0 fE

18



@énéﬂ

3) B mOE AL (VR —DIZEHASINEEDRSE/ B EKOEDRSE) X
100 (%) ' '

4) BEEERDR : VAR Y — AORRE ZERUIAMICR D AT TR0, £ o
DFICFEL QD EMRS. AXET, [HEE v AEE., i nEs v
RIBPOCEDRGPRBET D EE2ERTHLO TR, £, HRE] i
IRE EBIPRABICIR D AEN TV D THA) ARIRS & Tl OBRS &
S8 - HEETICBLNIEIRSETH D,

5) X N R Y — MBEETIRAICE S, SRS A BRI
| EIICH AR A S B,

19



TRICE
BHET A FTA %

o FRISFE6AIR EEFKLFE6030015 REMRRIA KT A »OHEIC-SVT (ICH
QIAR)AA FZ A V)

o FRZ 14412 A 16 H EEERE 1216001 5 FADRSEEERMD D HEEORH

C MCET A A4 KT A L OREICOWT (ICH BARDHA KT A4 V) |

o FRKISE6A248 EERFERFE0624001 5 FEDROSEFEESRD O HRF ORI
B 504 KT 4 L OREICDNT - (ICH GBBRYAA KT A )

o TFEKI04E3A300 EREFHITE EXROBREHEEN A FF 42> T (ICH
QICRINHA KT A2)

o ER2749A30H £ﬁ$§%0930%4ﬁ EFERLDOERBT ‘ﬁE%ﬁ/{ KZ 4> (ICH Q3D -
HA RTA) : '

. :FEJZ,lOfF—IH6Ei EEREES AWK (NAFT 27 ) nO— SRR SRR EE;-E
) DREERBRIC VT (ICHQSCH A FZA )

o JRRITHEAA260 EABERE04260015 EMER (NAFTFL /0 ik ERR
JEMRIBREERR) ONBETROEEICE b2 ) A%k, REEFHC VT
" (ICHQSEH A K54 ) : :

. IO AMELOSEICETIICHIA NS4 [ER12HF2820 EREE39
£ (ICHQSARDA A K54 ) Frk104F1 A6R EFHHIS ICHQSBH A FTA ),
FRI24E7A 148 EXEEFET3E (ICHQSDH A FZA V) ] ) o

e FVRRI3ESHAIH EEEFERSSE %‘?Eﬁun@ﬁ%&oﬁfﬁﬁ(ﬁm DWNT

(ICHQ6AH A K7 A ) _

o SERIESHIH EEFERESTIES £HEL (N4 7&7& Ja Pt RERES ik
FHEERR) OHRBERURBRFEDREIZOWVWT (CHQBH A KT A)

- FRR224F6H 280 HAFERF06285 1S AT HH A KA 0¥
WTICH QSR)F A K5 A )

o ERR26FTA108 EAFEFK0TIORIS REDOHR LEE ((BFEER LA 7&79/
b SIS REES, EWEREEERR) HA R4 o0 T (ICHQUFA KA
V) ’ . : o " | .

o  IRKSHETH2H EEFMIB PXTaxxXT 47 A (BHRRICBIT22H5HRED
A BT B4 A &2 ROV T (ICH S3AH A 2 R) ‘

o EK8ETHA2R EERB4NE fiﬁ&ff%ﬂ%&/\ﬁﬁ%ﬂ( ¥ 222 TC (ICH S3B7:f
A FR)

- ERIF4ASE EEEESST NERSEURBIEDINA KT v O—BUEK
DUNWT (ICHS4H A KA )

20



FRE244E3 A 230 EABERIBEIE S AT 7 /v P—SHERLOIERKICE
i AESMEFEICOVT (ICHS6RDA A K7 A )

FRR134F6HA21 0 EREREINRE REWFEERRT A K71 /50T (ICHSTAX
A RKZA4V)

SERE214E10H23 0 EAFAII023545 & Hﬁ[:%uo);uzﬁ/\ffﬁﬁi (QTHIRRIER)
D EETER FTREMEI BE 5 FEBEPRAVSEM 1= D>V T (ICHSTBA A KT A V) |
SERR 184 A 180 EABEKLE04180015 ERMOBEFEURRICETONA FT A
AATOWT (ICHS8HA KT A )

FRi22E6 A4 H KABTER06045 15 FUEMEERREOEBRKRFHAICET LA F‘?
A N2 OWT (ICHS9HA KA )

O REMCETHICHA A R4 [FRIF4A14H %%%31577—(1&1 S1A
HARTAY), ERLI104ETR 9 B EEFESE 548 %5 (ICHSIB HA FTA2), k20
%11 B 27 B EAFERSE 1127001 B (CHSICRR2) HA K74 ), FpL24F 9 A
20 B SEAEATE 092055 2 & (ICHS2RVDHA FFA>) . FRLS# 8 A 10 B K
%588 8 (ICHS4 HA KFA>) . ¥R 114E4 A 5 H S 655 5 (ICHS4A A
F5.4v) . ERo4E4 A 14 B KES 316 & (ICHSSA, S5B #4 KT 42) | FRk
1246 12 B 27 B [E3RFE5E 1834 & (ICHSSBM)F A FT A4 ) FRL26E5 A 218
A AR 0521 8 1 B (CHSI0 A1 FFA) ] '

CSER 1749 A 16 B EABRERSE 0916001 B, FAKFE 0916001 5 EFRLZLME
B DOFBEICOWT (ICHE2EH A KT A V)

222 B 190 RABERIOEAS EEMOHERREE CIEIRFAR RO~
D O IEER TSR O EREIC OV TDH A & 2 A 20T (ICHM3R)T A & L 2)
TRE2TAEII A 10 ARAERERIN0 35 BENRNPAY AT 2EBTHODESE
S DNAK S (BRFM) FHOFFMEOCER (ICHMIAA F7A2)
ERI0E6 26 H EREH96T FRREMBIERBRA A KT A /o0 T
FRLI3E6A 1R ERBERFE65 EREOBRENBERRIZONT

RG24 5F 4 A 2 B IRAFER 0402 F 15 EXRMMARBICET Db MIERSRBO
TR FERT D TODTA F A |

FRE25ETA 1T EREER N EFL S Eﬁnn%ﬁ% TRV D AEEER P EYRE
IHHEDSY F = a VBT B HA R '

TR 264E1 B 10 B EAFERON0FE 15 7oy s HEGEI EVEELORREIC
A4 5 BASBEMNERMTOXR Y 7LV 7 3 YR S DTN T

TR 26 4 A 1 B RATAR 0401 35 1 B EXEZBRICHRT 5 EERE PRy
SEE (U H Y FREALE) o) F—a VICBE8Ta0A4 Fo A

21



f#i#®  (Appendix)
BUEL E RO RSN FIE AT

VARY = ABFIORERFICHE L, 3% (L%, REROCREFE) CHR L I
THORFHO LD, BEEEMZORBICOVTRD b REBEOERNEDMER O
- ECRBE RIS NI L EHAREETE 20 ThIUE, BHRHOLICESNTRIE
EEH% OREOREH,/ IS HETS 5, RECET 57— 210 kY A%,/ HE
WDSHEE TEXRVEE, FERRD 5V LR 28N 5 2 L ic L Y STaEd 5, '

Al. #ﬁ%ﬁﬁ

- FRERRREBROFEMIZOVWTIEL, 4F (GEHRRHAR) %%E’Eﬂ"é k. %YE’TE%@I—J%
P/ FEMERRIC 72 Y T~ & FRRRBIC oW ik, BEEFEORE, Y)Y RV
—ARBOBHES | FEIFRRE, BRBRER LIS T T, M%&ﬁﬁ@ﬁ#Abﬁ&k
%7—XA47 Zfﬂ%?é

A1, 1 EEEREMBHIE | |
E NI 2 Y RY = MERIO W oD ORYBIRLORIET, BWTT L, BT
Ra% BTz inviro ETARE G TRIATEZ L f‘%ﬁﬁfﬁg@%’%iﬁbéq AL LY

ﬁkﬁ%%?»ﬁovfﬁ;@%%EDE%“Wﬁ‘%gkﬁgﬁ&-%%@%i%%ﬁ_ 

 ~NDOEBOBANSG, TOETNOBIROZ Y OWTRTRETHD, T, BEL
EONERERE - EUBIEEORE~ORBLHET 5 LT, BIRRERDHEL X
rYa—u, BIEEE (REROEEADNS . LEICS U CHATIRS OBIE) 7Y
PRRT B,

Bl% i, IREOAR. BE. Yo XN L ORBERTRIER SNBEIE, Ry
— BRI OIS AT, TEME GREDET) U in vitro Hetlite, REICY Aok (8
MET) - RS SETVBBAILTN S OENER P ICHEE RIELES, LElo
r\_nawgﬁﬁﬁwa/ A%ﬂkowfmﬁﬁﬁ%ﬁﬂkmﬁbtﬁ% B
i%é#%ﬁﬁ%@ﬁﬂ&&kl@ﬁéﬁ AP~ DEBOFEI R AR TRRVES
. BRREATICRB Y RIET I L RNEASRB, EOkD, M RE L ENBES
TR F DB, BRSO ﬁﬁ@%&%aﬂ#ﬁ%%%@#@wﬁﬁ
BRBERSNBERETHD, |

Al. 2 FERKEHNFERR A : |
AHETHRIE, VRV — b LB, & 5ICENY HES S A MO8 & OREfE

HERETT 27200 invitro REROERHIZHOW T HEET 5, 277U, BEEATIE invitro R
KL ARFICIBRAEDH D EEZ LR TWE I LMD, EFVORE ZEIC AN E

22



072 invivo BT & 0 . EAFHRIEOBALIE 2R AHIHITT 5,

BlziE. IEEOKFPRATRE, WED S L — N PILEERH o FE L. Bk
. BEBRSOHARICEBE bz b IR OMBECIREMRON I F8E 5 % 5
Bz, EEMEIESH 5D Db DREREICER R b, AR~ OEESTRLSHE
. ENFRBRIC L A EBAER SN ~ETh5, $h, REEFOMET, Y&y —
ADRE, KEESHT, THE GEEDAT). in vio B, REICY I F (BHRET) -
Bk A RS LI BT DR SIS B D WA . U Y — A LRI & O
ARSI B EE RIET Z L AR SN , BAFRBIC L5 BN E M S
NB~&Thod, |

Al. 3 JERRER T B

e, SERMERRITC L 0 B EOFBIERTD b B AT, B, S
aﬁ%iﬁﬁéﬁgmﬁw#\uTw%%LowTi\%ﬁﬁ%uiofmﬁﬁwimﬁ
VEERIZBEELHDLTHA I, Flxid, BIEEEIC XY Hlc AR E U Bad,
ZFOREPRICL Y EHRRIC L AL TMASLELREE bH S, £, RIEERICHE
W U R Y — AORIEECRIESTR, iR (EELED) AELTIHAR. RECY H
K (EMERT) - Fiflh & 258 Liogaic, MEoa@amicl s r RIFT AR H 5,
TALIEEFRITIRE Bl WEOKR, BE. ¥ AHEE2 L) NEESH,
EEFED Y R Y — ARAIC OV TRERE S I B LR, SHERIC L 552
PE~DEEBATRREA T, SRR ERL. @&zﬁﬁ&@mgﬁ@@§ﬁm BB~

B 5 2 BRI SV CEET RE TH B,

YR Y — LA S COBEREOS < E, YR Y — Aﬁgmm_&rfatw SE
MR ERMNE LAVBARAX REELE RLRNTHS D, LEL, TREELY HY
| AR - MRROEILR Pk D | EEMORA, Y K — A ORI RS

DI, HAER L ICERBBD DRIHEE, ﬁi?%@T%ﬁ@@F%ﬁﬁfét
DEMERAR (4. 5@8%)m%%én5A%T%69

A2 BRRAR

SERR. EBKRR T, VR Y —ABAORSEME,REAENREE TER2VBEICIE,
FRRRABR 2 Y D,
A2, 1 EREMBIERR

FRBSC, MEEFER®O ) R Y —ABAIC BT 2 EYERO RS RE Mz i
5 X OBWENCT YA v ENTr v A4 —"—RRICL VR T OLERH D00, BRI
HRRWGEREI BOTHST L2 B 24— —RBRBEE TRV L b HBEDT,
R ZE L RBRT VA VERIT S, OB, YRy — AEHRRREBIC L 5 T,

3 Szebeni J. Eur J Nanomed. 2012;4:33-53.

23



%&mﬁﬁ%ﬁ%e¢5 &mﬁ@&%ﬁk$%%ﬁ%&?6ﬁ#ﬁ@&%Am&5°i
o, EE OBRRBIIHEER S CT O 8, RERSIC LV ENATHESEOND L EX D
N3 YRy —AHAICOVWTE, RERECOBKARLERT 5, B5EIX. FESH
BEHRABEOREAN T, BB LI E X TR R Y AR A BIRYT 5, B
By 3RAHIFR L Uik e $ 5, WYY T -3 3 & F L ARSEIC LY
FERER IR RO E, £ ) R Y — A RAOREIC L > TIHAT SRS 2 EET S,
REEFRHRO Y R Y — 2 WANCE T 2K YBEOREN FEEE. RS &
UREDOREIZOWTRISERDH D, TELREMEE T A— # L LTH Cmax, AUC
RENREZLRBHE, VEY— LRBNOIEDERRENEIC L Tid, hORYBIRENS
A=F L DFHENLEL R DHELH D, H%&#@ﬁkomri$m WWHELTEL
VERDH D, BELIHFRROZHHEIZ OV T, ﬁﬂﬁ&Uﬁé@L@xégmwﬁﬁ
P EREMICHSRBREARKNETH B,

A2. 2 ZTOMOBRKRR |

SE. HERR, BRENBRERBROGREUTLTH, MEEERI%ICH 1T 5 HAOR
St REE A HINT T X RV B A, EEPEIBRRHE (H % BT B ERERY
R DIMMAR) B LI BRRBSLEL 125,

A2, 3 mAMwE ~ | |

YK Y — BB E I, AMEOBIERS IR RRICR T VB T L B bhT
VB, WEEEICLY . SOXDRRIEDY X0 5 LT BBENHBHE. TR
RN L, B Lo TRBAIREERET - L bURETHD, £, AMOBIER
FRICIRD T, U RY — AMFIOZ ST, B SN I-IERK, BRI CHBRA T
BRPIIRENS, LA T, BEICH LT, BISWILH b3 SHi% ) 22 FREAT -
TW ZEREETHS, '

24



LR T3 40 Yo 1010t 5 o) o WO OO OO SO OO OO OSSO OR 3
2o SCOPE cenrenieieieet ettt s e 3
3. Chemistry, manufacturing, and COntrols..........ccooovoroiiiiiimiiieee 4
3.1  Description and compoSition.......c.cccocuimiiioneieniiineenneine et 4
3.2 Formulation development and characterization ...........cccoccoeveinncnnn. ST
3.2.1 Pharmaceutical development.................. et et e e ss s e 4
3.2.2 Characterization of drug products ..........c.ceveeoiinmincn i, _— 5
3.23 In vitro release test ..........oeeerveenenne. SO 8
3.3  Manufacturing process and process controls of liposome drug products........ SRR .8
. 3.3.1 Process of formation of lIPOSOMES .......cocviiriiinianminnicee et 9
332 Encapsulation process of the active substance in liposomes..........cco.eceuecne S 9
333 Sizing process .................................... eereerieeans — 9
334 Process for surface modification such ‘as PEGYIation.......ccocvvemnennnensceenneenn 10
335 Sterilizatioﬁ PIOCESS wcoveverecemricncmnnas R O 10
3.4  Control of liposome components et ee e eeee s eee s aen e 10
3.4.1 Quality BHIIDULES ..ot s 10
342 Manufacturing proceés and'process 1670) 011 401 LSOO OT RPN 11
343 SPECIHICAONS «.eveveneerncreeiieioveieereie et snasnnes [RRR e L 11
344 SEADIIILY 1.vvvivriereeeseec ettt et s 12
3.5 Control of liposome drug products.; ............ eterreere ettt st e e e et s s aas bt s b s ean 1 2
351 Specifications ..........coceeveeereenreeecen. e e s 12
3.5.2 TAENtTICAtION «oevereereeiee et e . 12
353 ENAOIOKIN tESt.orrrrvvvverreeee e sssessssesses e ssssssssssssesssesssssscsonseessssnsesscssnns 12
354 Biological assay 13
3.6 Stability ..cceorrrnen. ettt et a et ra st b e ae s s sa s st e san e 13
3.7  Changes in the manufacturing..........ccccooemevierrernnnn eveeneens e 14

Guid

BE WA FIA %R) |

eline for the Development of Liposome Drug Products
(March 2016, MHLW, Japan)

Table of Contents

4. Nonclinical Studies ...oeveeeeeeeeeeeeeeeeeeeeeenen e 15



4.1 Introduction .........ccccevveveeieeeivveneees ........................................ e 15

42  Nonclinical PharmacoKINEtiCS .....ucvviciici s et eneneesiees 16
421 Analytical MEthods..........ouciiciic et e R ... 16
422 Pharmacokinetics ............ccoiorreureeiesieiesieeeceeneneeee e s e 17

4.3  Nonclinical pharmacodynamics .........ccccervurueieieereeeeieeeeeeeee e eeen s 19

4.4 Safety PhArMACOIORY ........eeerveeeereeeeeeeeeeeeeeeses e eseeseeseeeseseessenssesseeseeemeeseseeeeeesrses e 19

- 4.5  Toxicology......... ......................... ST 20
4.5.1 TOXICOKINMEICS ...vviiuveree i ieeeeeeieeee e e eeeseeeeereeeeeeseessnneseessesesessnssessseseeeseeese s 20
452 Additional STUAIES.........ooveeiieiirii et e 21
5. Considerations for first-in-human Studies............ccoceverieicivcininncnnnreees 21
6. Glossary ............... eeeeens eereeeeeieans 22
Related Guidelines .......... SOOI eesacenastrrenerateastatatasosentvarnrssen 24

Appendix: Comparability assessment of .liposome drug products subject to changes
in their manufacturing ...........c.civereeeeiececereee e eeeedeeneneanneennees ceernennnenieenis 27



1. Introduction

A liposome is a microvesicle composed of a bilayer of lipid amphipathic molecu'les; and
usually encloses an aqueous compartment. Liposome drug products are -formed when a
liposome is used to encapsulate an active substance within the lipid bilayer or in the interior
space of the liposome. Many liposome drug products are designed to improve the stability of
encapsulated active substances in vivo, the ‘pharmacokinetics (including tissue distribution
profile) of the active substances, and intracellular behavior of the active substances. Therefore,
to establish a safe and effective dose and dosage regimen of a new liposome drug product, the
characterization of its pharmacokinetics, including its tissue distribution profile, is essential.

An ective substance in a liposome drug product exhibits different tissue and/or intracellular
distribution profiles compared to those of the same active substance when administered by
itself, due to the enhanced permeability and retention (EPR) effect or active targeting by the
liposdme rﬁodiﬁed with a ligand (targeting moiety) or antibody. Accordingly, the
concentrations of active substances in the target tissue, cells, or intracellular organelle may
differ between the dosage forms, even if the blood concentrations of active substances are
similar. The pharmacokinetic data should, therefore, be carefully interpreted. In addition, as the
target tissue and intracellular distributions are related to the quality attributes of the liposome,
the physical, chemical, and biological properties of the liposome drug product (such as size
and surface charge) also have to be evaluated. Furthermore, because liposomes are particles

~with diameter that can be readily recognized as foreign matter in vivo in many cases, it is

critical to ensure appropriate in vivo stability in the desigh of the liposome.
~ The objective of this document is to facilitate the rational developmerit of liposome drug
products and their efficient regulatory review by identifying the points to be considered in the
development of liposome drug products, and by presenting some examples required for the

registration application.

2. Scope‘

This document applies to liposome drug products designed and manufactured to influence
the stability of encapsulated active substances in vivo, and the pharmacokinetics (including
tissue distribution profile) of the active substances, and intracellular distribution of the active
substances. Although lipid-active substance mixtures and complexes in non-bilayer lipid form
that are used to enhance encapsu]ation}solubilization/transportation of the active substance fall
outside the scope of this document, the concepts described here would be helpful. This
document mainly provides information regarding the pharmaceutical development and
nonclinical and early clinical studies of liposome drug products. In addition, the principles

outlined in this document are helpful to discuss post-marketing issues. Liposome drug products



described in this document are also subject to other relevant notifications and guidelines.
The active substances mentioned here include a low-molecular-weight chemical entity, a
nucleic acid or a biological or biotechnological entity, mcludmg, for example peptides and

proteins.

3. Chenmistry, manufacturmg, and controls

Recommendations on the chemistry, manufacturing, and controls (CMC) described in this
document focus on' the specific aspects of hposome drug products. For general
recommendations related to the quality of each active substance and excipient, refer to the
relevant notifications and guidelineS.VBecause the quality of liposome components such as
lipids can affect the quality of whole liposome .drug products, the quality of liposbme

components-should be appropriately controlled, as described in Section 3.4.

3.1  Description and composition ‘

Liposomes mainly consist of the active substance and lipid, but may contain’ functional
T lipide modified with, for example, polyethylene glycol (PEG) and/or ligand (targeting moiety).
In addition, liposomal formulations contain excipients such as pH adjusters and stabilizers such
as those found in general injections. '

The following quallty attnbutes are partlcularly lmpoﬂant to deﬁne the properties of
liposome drug products:

- Components of the liposome

& Quantities of the active substance and each lipid

" .’®  Molar ratio or percentage by weight of the lipid (1nclud1ng functional lipid) to the active

substance
. The formulation, including lipid composition, can largely affect the quality, pharmacokinetic
and pharmacodynamic properties, and safety profile of liposome drug products. With this in
mind, the formulation development of the liposome drug product should be explained and

justified (see Section 3.2).

3.2 Formulation development and characterization

3.2 1 Pharmaceutical development
The quality and nonclinical and clinical profiles requlred to achieve the puxpose of use of

" liposomal formulation and to meet the intended use of the liposome drug product should be
clarified. The development study should be conducted to establlsh that the drug product design
(mcludmg the dosage form and formulation), quahty attributes, manufacturing, container

closure system, and usage instructions is appropriate for the purpose specified in the



registration application, and informatjon on the development study ;hould be described as a
pharmaceutical development. _ _

Liposome drug producfs may contain a liposome without the active substance encapsulated
or, for liposomes médiﬁed with certain molecules (e.g., PEG, a ligand [targeting moiety], or
antibody) on the lipid bilayer, liposomes may lack those molecules or have degenerated
molecules in certain concentrations. Therefore, liposome drug products should not be
recognized as an assembly of a single liposome. Consequently, formulation development and
evaluation of quality attributes of the liposome drug product bshou]d be performed as a whole
drug product, and the appropriate ranges should be established to ensure the 'desired’ quality of
" the product, taking the nonclinical and clinical data of the relevant lots. into consideration. In
addition, liposome drug products are pharmaceutically complex, and the end product testing
alone is sometimes insufficient to define quality. Therefore, it is highly recommended that
appfOpriate pharmac-eutical development is undertaken based on the Quality by Design (QbD)
concept as outlined in Q8(R2) and Q11 guidelines in the International Conference on
Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use
(ICH). To ensure consistent drug product quality, a control strategy should be established based
on the critical quality attributes and relevant parameters, and then the analytical procedures and
" specifications should be defined. The choice of the liposome components and the composition
"and function of each component should bé described in relation to the quality‘ target product

profile (QTPP) and the performance of the drug product (e.g., active substance release,
targeting delivery). In additibn, investigations implemented‘on the development study should
be clearly explained in terms ~of how variations in the formulation develdpment, quality
attributes (physical, chemical, and biological properties), and manufacturing process would
affect _ the performance of the drug _product. Where necessary, the impact on the
A pharmacokinetics, >efﬁcacy and safety profile of the liposorﬁe drug products should be

investigated and evaluated as well.

3.2.2 Characterization of drug products ] )

To ensure the safety and efficacy of the liposome drug products, it is important to idenﬁfy
the critical quality attributes that would affect its in vivo pharmacokinetic and
pharmacodynamic properties. As it is important to appropriately set the parameters of physical,
chemical, and biological properties for these critical quality attributés in order to ensure the
quality of the liposome drug préduct, multiple lots should be included in the detailed
charaéterization and evaluated. For liposome drug products supplied as a lyophilized product

for injection or an injectéble powder, the reconstituted drug solution should be evaluated as



wéll.

Detgf]ed physical, chemical, and biological characterizations will be useful in eValuating the
impact of any changes in the manufacturing (see Section 3.7). For drug products containing
molecules such as a protein and aptamer, whose conformation plays an important role in the
function of the molecule as an active' substance or molecules for liposome modi.ﬁcation, the
quality charactérization, such as biological activities and immuf_xolog’ical properties, should be.
identified and ev.aluated as the components and/or whole liposome drug product corresponding

to the evaluation of biotechnological or biological'products.

The following quality attributes are typidal examples to be considered particularly for
liposome drug products: '

® . Particle Asize distribution: The distribution should be expressed not only as the mean or

median, but also in figures and as values of quantitative indicators, such as a

polydispersity index. Determination of particle size is mainly performed by dynamic

light scattering measurement, but for drug products with a large particle size, laser

diffraction measurement is ;¢1_lso used. If a dynamic light scattering measurement is used,

It is important to select the appropriate distribution mode (e.g., count-base and/or

volﬁmé-base distribution) and to clarify the selected mode. ‘

. "Morphology and/or structure. of the liposome: The aggregation status and lamellar

structure of the liposome should be examined. Image analysis techniques such as

transmission elect.ron‘ microscopy, cryoelectron microscopy, atomic force microscopy,

and small-angle X-ray scattering nieasurement can be used. .

® - Surface charge (zeta potential): Surface charge is usually a critical quality attribute

~ because it has an impact on the in vivo cleafance, tissue distribution, and intracellular

uptake of the liposorr.le. In general, the surface charge is evaluated as zeta potential,

because it cannot be measured direcﬂy due to an electric double layer on the liposome

‘surface formed by counter ions in the solution. Determination of surface charge is

mainly performed by the electrophoretic light scattering (laser Doppler electrophoresis)

method. .Asv the zeta potential may vary depending on the compositions, pH, and

electrical conductivity of the solvent used in the measurement, the tésting conditions
should be specified. |

. Thermodynamic properties of the liposome membrane: The thermodynémic properties

_are evaluated by techniques such as diﬂ'erential scanning calorimetry and the

témperatﬁre dependenée ofa fluorescence spectrum measured using a fluorescent probe

for lipid mémbrane insertion. Thermodynamic properties such as exothermic and

endothermic profiles are useful indicators of the fluidity and homogeneity of the lipid



bilayer membrane, even for liposomes whose definite phase transition temperature -
cannot be measured due to the presence of cholesterol or a highly lipophilic active
substance.

. In vitro release characteristics of the active substance from liposome drug products: See
Section 3.2.3. »

o Osmolality: To prevent rupture‘ or contraction of the liposome structure, the
reconstituted drug solution should preferably be isotonic (approximately 280 mOsmv/kg).

o pH: The pH of the dispérsion fluid (external liquid phase) should be specified. If the
properties and/or function of the liposome are expected to vary depending on a pH
-variation, an appropriate quality attribute should be identified for evaluation of the pH
impact.

] Aggregation: As the aggregation and precipitation of liposomes may increase the
incidence of the infusion reaction,' the aggregation status should be evaluated based on
the appropriate test (e.g., turbidity measurement).

. Loading efficiency of the active substances: The active substance encapsulated in the
liposome and the unencapsulated active substance are separated by solid-phase
extraction, size exclusion chromatography, ultracentrifugation, gel filtration, or dialysis,
and the amount of the active substance in each fraction is quantitatively measured by
high performance liquid chromatography or a spectrophotometer.

. Impﬁn'ties: Characterization of impurities should be made in accordance with the
~ guidelines dealing with impurities in active substances and drug products (ICH Q3A,
'Q3B, Q3C, Q3D, and M7 guidelines). For liposome drug products in particular,

material-related impurities, process-related impurities, product-related impurities (such
as liposome aggregates and variants), and time-related degradation products should be
carefully investigated, and the profiles of these impurities should be identified. The
structure or forms of important impurities should be identified. When identification of
an impurity is not feasible, a summary of the labbratofy studies demonstrating the

unsuccessful efforts to identify it should be included in the registration application.

The following additional characterization should also be considered depending on the
characteristics of the liposome drug product: |

. Physical state of the encapsulated active substance: The physical state of the

encapsulated active substance should be characterized by electron microscopy or

small-angle X-ray scatfering measurement, _especially in cases in which the physical

state is critical in retaining the active substance (leakage of the active substance); for

' Szebeni J, et al. Adv Drug Deliv Rev. 2011;63:1020-1030.



instaﬂce, when the encapsulated active substance is present in the form of a gel by using

~ the ammonium sulfate gradient method for encapsulation of the active substanée.
* For dfug products in which the liposome surface is modified with a targeting molecule
“such as a ligand, the (confotmationél) structure, modification efficiency, and binding -
capability of the modified lipbsomes to the target cells should be investigated, because
the modiﬁc;'ition may affect the affinity of the liposome to the target cells. If these

characterizations are difficult, they may be substituted with a biological assay.

3.2.3 In vitro release test
To ensure that the liposome drug product has a consistent in vivo stability and active

_substance release profile, an in vitro release test should be established using a test solution that

appropriately reflects physiological conditions. Multiple release test conditions should be set

depending on the characteristics of the liposéme, drug product design, or intended use. The

release of active substances from liposomes should be monitored using a physiologically

and/or clinically relevant medium (e.g., buffer solution or human plasma), with suitable

agitation where necessary. Even if the in vitro release profile of the active substance does -not

completely reflect the in vivo profile, a discriminatory- in vitro release test should be developed

and justified, taking the followiﬁg aspects into consideration, where necessary:

LR Release profile of the active substance 'from‘ the liposome in blood and target tissue

. For liposomes that are designed to release the active substance in response to an
environrhental change (e.g., a pH change) in the target tissue. or endosome, release
profiles ‘of the active substance from the liposome that reflects the physiological
environment. 4

. For liposomes that are designed to release the active substance in response to a
temperature change or external stimulation, release profiles of the active substances
from the liposomes resulting from the response to the expected température change or

external stimulation.

3.3  Manufacturing process and process controls of liposome drug products

To ensure the quality of liposome drug products, it is important not only to implement
intermediate and process, controls in the manufacturing process and to perform quality tests on
the final product, but also to develop. an appropriate control strategy based on the
understanding of the manufacturing - process. As previously described ‘in Section 3.2.1,
liposome drug products are sensitive to variations in mahufacturing parameters. Therefore, the
variation factors should be sufficiently understood by accumulating knowledge about the

manufacturing process (e.g. process parameters and variability of raw materials) through the



development process.

Although the manufacturing of liposome drug products differs depending on the active
substance to be encapsulated, the type and properties of lipid components, and the function and
properties of the liposome drug product, the following are typical examples of manufacturing
processes. The process conditions, product properties, and process control test should be set

and controlled, where necessary, based on the control strategy.

3.3.1 Process of formation of liposomes

The process should be designed so that homogeneous liposome can be robustly
manufactured in each manufacturing lot. The lipid composition in the liposome must be
" controlled to ensure consistency among the lots. In addition, process parameters that have an
impact on the structure of the liposome should be identified; and appropriate control ranges
should be set. ! A

During the process wherein liposomes are manufactured using lipid thin membranes or lipid
_ suspensions as manufacturing intermediates, it is. important to ensure the homogeneity and
consistency of these intermediates. The hydration time, mixing speed, and température of the
hydfation process can be critical process parameters. |

For liposomes encapsulating macromolecules such as proteins, the formation of liposomes
and encapsulation of the active substance take place at the same time. Therefore, it is important
to ensure that the loading efficiency of the active substance is within a certain range during the
process of this liposome formation. In the mixing process, the type of the ‘solvent, ionic

strength, mixing spéed, and mixing temperature can be critical process parameters.

3.3.2 Encapsulation process of the active subs.tance in liposomeé

The process should be designed and controlled to ensure that the loading efficiency of the
active substance is consistent between lots. If the active substance is encapsulated based on a
pH gradient or a difference in the solubility, critical process parameters that affect the loading
efficiency include, for example, pH and composition of the aqueous phases inside and outside
the 11posome and operatmg conditions (e.g., temperature, time).

If a removal process of active substances that were not encapsulated in the liposomes is
included, the process capability should be evaluated, and the amounts of unencapsulated active

substances "should be controlled.

3.3.3 Sizing process
The pharmacokinetic behavior of liposome drug products is largely affected by the particle

size. If the particlé size distribution of the manufactured liposomes is large, particle sizing is



‘performed.

If size exclusion chromatogfaphy is used for purification, the type of the chromatography
resin and column scale, liposome load, chromatography conditioné, and fractionation method
should be optimized; and the results of the optimization study should be provided from the
viewpoint of, for example, separation capacity.

In addition, if particle sizing is performed by extrusion through membrane filters,
parameters such as the lipid concentration, temperature, pressure, and filter pore size would be
important. If the extrusion is repeated or‘can'ied out in a stepwise manner with multiple filters,
conditions such as the number of extrusion operations,.combination of the filters, and the ofder

should be studiéd, and the results of the study should be provided.

3.34 ‘ Process for silrface modification such as PEGylation

In some liposome drug producté, the surface is modified with PEG td maintain its in vivo
stability, or modified with a ligand (targeting moiety) or antibody to improve targeting delivery. »
This process should be designed and controlled to ensure that the modification status of the
lipésome is consistent between lots, considering the purpose of the surfiace modification and
the modiﬁcation efﬁéiency required to exhibit the function. Considering the limitations of the
final product testmg, it is particularly important to adequately control the quality of the

modlﬁed lipids and the manufacturing process, as described in Section 3.4.

3. 3'5 Stenhzatxon process
As llposomes are unstable under operating conditions used in dry-heat sterilization and

autoclaving, sterilizing filtration is widely used for sterilization of liposome drug products. The

process capability of sterilizing filtration should be assessed by a bacterial challenge testing to

Justify the filter selection.

3.4  Control of liposome c'omponénts

" In liposome drug products, lipid componentsvfon‘ning the iipid bilayer and molecules for
liposome modification such as PEG, ligands (targeting moiety), or antibodies, contribute to an
i'mprovement in.the in vivo stability, phannacokihetics, and intracellular behavior of the active
substance. Therefore, liposome components, especially ligands (targeting moiety) and
antibodies that have a significant impact on the function of the drug product, should be
evaluated and controlled to a greater extent than general excipients to ensure their intended

properties.

3.4.1 Quality attributes
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If the lipid is synthetic and expressed in a single structural formula, its structure should be
generally elucidated by standard spectroscopic techniques. If the lipid is a natural mixture (e.g.,
soy lecithin and egg lecithin) or semisynthetic (e.g, hydrogenated soybean
phosphatidylchotine [HSPC]), its lipid composition (i.e., percentage of each lipid) and the
combosition of fatty acid of lipid (i.e., percentage of each fatty acid) should be clarified,
because the properties of the liposome drug product may change due to variations in lipid
composition.

Lipids modified with polymers such as PEG or molecules for targeting delivery (e.g.,
‘ligands [’targéting moieties]) should be structurally characterized, including the linker. The
molecular weight distribution of PEG is particularly important, because it may have an impact
on not only the in vivo stability of the liposome, but also on its particle size and release of the

active substance.

3.4.2 Manufacturing process- and process control
" For synthetic and semisynthetié lipids, the starting material and manufacturing should be
specified and appropriately controlled. Regarding the biological source used for the synthesis
of semisynthetic lipids, the biological source (e.g., eggs) and supplier should be provided. if a
synthetic and semisynthetic lipid is manufactured by the épplicant or has been contracted, the
specifications of the staﬂihg material, as well as the controls fof the critical process and
intennediateé, should bedeﬁned, and the process parameters that have an impact on the quality
of the lipid should be provided. |
If a biological entity or biotechnology-derived recombinant protein is used as the starting
material or raw material, or is directly used in the liposome drug product, it should be
controlled and investigated in accordance with the requirements of the other notifications and

guidelines relevant to such biotechnological/biological products.

3.4.3 Specifications

The impact of components of the lipid bilayer such as lipids and ligands (targeting moiety)
on drug product quality should be investigated. Based on the study results, the tests should be
adequately set, and the analytical procedures and specifications should be provided in detail.
As the excipients should have properties that suit the intended use of the liposome drug
product, even for those listed in the compendia, the analytical procedures and acceptance
criteria may have to be additionally set and controlled in the following cases: where the
properties relevant to drug product quality are not specified in the compendia, or where the
intended drhg product quality cannot be ensured by the control standard defined in the

compendia. Validated analytical procedures should be used, and the specifications should
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include at least the content (or strength) of the component, its identification, purity test, and :an
assay. To establish the reference standard or reference material, the-preparation method,
specifications, and analytical procedures, as well as the storage conditions and shelf life,

- should be described.
If a biological or biotechnological entity. such as a protein is used, the specifications should

be appropriately defined in accordance with the ICH Q6B guideline.

344 Stability

Lipids, especially those modified with a ligand (targeting moiety), should be sufficiently
stable, as they are required to exhibit special functions cpmpared with the general excipients in
the drug product. The stabi]ity of such lipids should be appropriately evaluated in accordance
with the concepts in the ICH Q1A(R2) guideline and/or ICH Q5C gui:deline to establish the

retest date or shelf life. -

3.5 Control of liporsome drug products
3.5.1 Specifications ‘
' _The analytical procedures and acceptance criteria should be set based on the Japanese
Pharmacopeia and ICH Q6A or Q6B guidelines. In addition, tests speci'ﬁc to liposome drug
products (e.g., loading efficiency of the active substance,' release rate of the’acti)ié substance,
assay of lipid components, and. degradation products) should be appropriately established
where necessary. For the quality atiributes that can change over time, acceptance criteria
should be éstablished, taking into consideration the effects on the pharmacokinetics, efficacy,
and safety of the liposome drug product, and then the esﬁblished acceptance criteria should be
justified. Validated analytical procedures applicable to the liposome drug product should be
established. These tests and the analytical procedures should be based on the propérties
s‘_elected to characterizg the drug product, including those listed in Section 3.2.2, as appropriate.
* In particular, the following points should be considered in establishing the specifications for a

liposome drug product.

3.5.2 Identification i

The analytical procedures and acceptance criteria-should be established, so that they can
.comprehensively ensure, in combination with the other specification tests, that liposome
comporents such as lipids and molecules for liposome modification constitute the liposome

appropriate for the purpose specified in the registration application. '

3.5.3 Endotoxin test
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Some liposome drug products are not compatible with the endotoxin test, failing to provide
accurate values due to a cross-reaction between the lipid gmd lysate reagent.2 Therefore,
validation of the endotoxin test should be appropriately- implemented. If the endotoxin test is

not appropriately performed, the endotoxin should be controlled by the pyrogen test.

3.54 Biological assay

The biblogical activities of the components and/or the whole drug product should be
evaluated where necessary, if the liposome drug products contain molecules such as a protein
and aptamer, whose conformation plays an important role in the function of the molecule, as an
active substance or a molecule for liposome modification. |

To perform a biological assay with a liposome drug product, the reference material for the
liposome drug product may have to be established. To establish the reference material, the
manufactuﬁng as well as the analytical procedures and acceptance criteria should be provided.
To evaluate the stability of the reference material, characterization tests should be
appropriately selected, and consistent quality attributes of the reference material throughout the

shelf life should be ensured.

3.6 Stability ‘

The stability study of liposome drug products should be conducted in accordance with the
ICH Q1A(R2) guideline. If a biotechnological/biological product ‘ (biological entity or
biotechnology-derived recombinant protein) is used as the active. substance or liposome
component, the concepts in the [CH Q5C guideline are also applied. Because the current state
of knowledge on the stability of liposome drug‘ products is limited, establishing the shelf life
beyond the stability period confirmed via long-term stability testing is. basically not acceptable.

As liposome drug products are pharmaceutically complex, stability testing should include
not only those test items in the specification, but also additional specific characteriiation tests,
where necessary, to thoroughly understand the changes in quality attributes over time. The
following properties may be evaluated as important tests specific to liposome drug products:

. Stability of each lipid component in the liposome drug product:
Lipids with unsaturated acylk chains are subject to oxidative degradation, which then
causes changes in phase transition temperature, consequently affecting the stability of
the liposome. Both saturated and unsaturated lipids are subject to hydrolysis to form
iysolipids and free fatty acids. Degradation of the lipids can deprive liposome drug
products of their original function or lead to disintegration of the lipid bilayer structure.

Therefore, it is important to clarify the extent of degradation of the lipids and the impact

2Dobrovolskaia MA, et al. Nanomedicine (London). 2010;5:555-562.
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on the quality attributes of the liposome drug product.
. Modification efficiency with molecules and their structural stability:
Depending on the binding modality of PEG Vand other. molecules for modification of
liposome, those molecules can be gradually disassociated, leading to a decréase in
_ modification efficiency. In addition, conformational changes may occur in PEG or other
molecules for liposome modification due to long-term storage, depending on the type of
~aqueous phase outside of the liposome or the storage condition. If a decrease in
modiﬁcatioh efficiency or conformational change is observed, the impact on the quality
attributes of the liposome drug product should be clarified.
®  Particle éize distribution and aggregation: v |
Liposbmes are susceptible to fusion or aggregation during long-term- storage. For
instance, small unilamellar vesicles are susceptible to an increase in particle size as a
consequence of fusion of the vesicles. Thérefore, tests such as turbidity and particle size .
distribution should be set to evaluate these changes over time and the impact on the
quality attributes of the liposome drug product. ) |
. Loading efficiency: . '
Leakage of the encapsulated active substance may be observed, irrespecti\}e of \A;hé‘gher
the lipid bilayer structure of the liposome is disintegratéd or intact. Therefore, the
changes of the loading efficiency over time ahd the impact on the quality attributés of

the liposome drug product should be evaluated.

3.7  Changes in the manufacturing
Because liposome drug products are different from general low-molecular-weight chemical

drug products, it is not possible to provide fecdmmendations ‘on the standard dataset to
demonstrate that the change has not adversely affected the quality of the drug product.

~ In addition to the specifications for the drug product,-teSts relevant to the physi;;al; chemical,
and biological properties that may be affected by the change in manufacturing should be
‘identified, taking into consideration the prdpenies of the liposomeb drug product, the control
strategy, and the type of change. Using those tests, the liposome dmg prdducts should be
evaluated to confirm that the QUality before and after the changes made in the manufacturing is
comparable. The concepts outlined in the ICH QS5SE guideline (Note for Guidance on
Biotechnological/Biological Products Subject to Changes in their Manufacturing Process)
should be bcvc'msidered for assessing tﬁe comparabilfty of liposome-drlig prdducts before and
after changes are made in the manufacturing. If the extent of the change is significant and the
data on quality attributes are ‘unl‘ikely to assist in determining whether pre- and post-change

product are comparable, or if comparability of the .drug product quality cannot be explained
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based on the physical, chemical, and biological properties, the impact of the change on the
pharmacokinetics, efficacy, and safety of the liposome drug product should be evaluated and

investigated, taking the content in the Appendix into account.
The properties of liposome drug products are considered to be more sensitive to the scale-up

than those of conventional low-molecular-weight drug products. Therefore, scale dependency -
should be carefully evaluated. For instance, a scale-up of the extrusion process for sizing of the
liposome may involve changes in the pressurization method and filter type. A scale-up of the
purification process using size exclusion chromatography will involve a change in the column
scale, ;Vhich in ‘turn requires a change .in the fractionation condition (e.g., flow rate and
liposome load). The relationship of these process changes with the quality attributes of the
liposome drug product should be thoroughly investigated to confirm that the quality of pre-
and post-change liposome drug products is comparable. ‘

Changes relevant to the manufacturing principle, the loading method of the active substance,
the weight ratio of fipids to the active substance, composition of the lipid bilayer, and surface
modification process of the liposome could affect the efficacy and safety' of the liposome drug
product, and such changes will require special consideration.

A change in the manufacturing after confirmatory trials requires a comparability assessment
of the liposome drug products as comprehensively and thoroughly as those required for the

post-approval change.

4. Nonclinical studies

4.1 Introduction - ,
Significant changes in pharmacokinetic characteristics can occur when an active substance is

administered as a liposome drug product from those of the active substance administered by
itself (i.e., changes in distribution volume and cleararice, extension of the half-life, or a change
in in vivo distribution may occur). Consequently, significant differences not only in the
pharmacokinetic characteristics but also in the efficacy and safety of the active substance can

be observed when the active substance is administered as a liposome drug product.

After being delivered to the tissue, the liposome usually exhibits the pharmacodynamic
response through the following prbcesses: the liposome is incorporated into the cells and then
releases the active substance, or the active substance is extracellularly released from the
liposome and then incorporated into the cells.

In genefal, the pharmacokinetic characteristics of the liposome drug product could be
dependent on: ¢
. Clearance of the liposome encapsulating active substance

e  Release rate of the encapsulated active substance from the liposome
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*  Distribution of the liposome (changes in organ and/or tissue distribution and the amount
of distributed active substances) ' :

e Interaction of the liposome or active substance with plasma or serum protein, blood cells,
or vascular endothelium :

The rate and location of in vivo active substance release is a crucial parameter, which often
determines the pharmacological effect_ and safety. An attempt should be made to develop the
necessary methodology to understand the active substance release profile.

Nonclinical studies should be conducted using a Well-characterized liposome drug product
equivalent to the drug product for clinical use, and the release rate of active substance and

product stability should be known under the chosen test conditions. .

4.2  Nonclinical pharmacokinetics
-4.2.1 Analytical methods- :
Analytical techniques should be developed that are capable of measuring the concentrations

of active substances (in total and unencapsulated forms and where necessary encapsuléted
form) in blood, plasma or serum, and the total concentration of active substance in organs
and/or tissues. Depending on the properties of the liposome drug product (e.g., release
properties of active substances in vivo), it may be important to measure ther concentrations of
active substances encapsulated in the liposome. If a liposome component is predicted to affect
safety, analyticai techniques that are capable of measuring the concentration .of liposome
componghts should be developed. ' k

The concentrations of active substances that are not separated into the eneépsulated and
unencapsulated forms -in the blood, plasma, or serum sample at each time point after
administration should be measuied as the “total concentration,” along with the unencépsulated ’
active substance concentration. Although' the con'centrati\oxis‘of the active substance in thc;
unencapsﬁlatedforms as well as in total in the blood, plasma, or serum cén be measured,
measurement of the unencapsulated active substance concentration in organs and/or tissues
.may be difficult because the liposome can -disintegrate during sample proceésing. Careful
attention should be paid to appropriately control the sample processing procedures duririg the
course of method development in order to verify the suitability and interpretability of the

obtained bioanalytical results.

The analytical technique used to measure the active substance concentration (in total and
unencapsulated forms and where necessary encépsulated form) in the blood, plasma, or s.erum,
and concentration of the total active substance in organs and/or tissues and metabolites should
be validated, and such validation practices should be described. The references for such
validation may include the PESB/ELD Notification No. 0711-1 “Guideline for validation of
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bioanalytical methods in drug development” (dated July 11, 2013) and PFSB/ELD Notification
No. 0401-1 “Guideline for validation of bioanalytical methods (ligand-binding method) in drug
development” (dated April 1, 2014). '

4.2.2  Pharmacokinetics ‘ A

The pharmacokinetic behavior of a liposome drug product can be largely different from that
of the active substance administered in a non-liposomal form, and this difference may have a
remarkable impact on the efficacy and safety of the ‘product. It is therefore important to
compare the in vivo pharmacokinetics of the active substance administered by itself and the
liposome drug product. When the in vivo pharmacokinetics and active substance release are
investigated, the selection of animal speciés and animal model should be Justified, with careful
consideration of the following points: the. expected clinical application of the liposome drug
product, liposome composition, the properties of the active substance, and blood concentration
and tissue distribution including the accumulation and retention in the target organ and/or
tissue of both the active substance and liposome drug product. If Iigands,(targéting moiety) or
antibodies are conjugated to the liposome surface to provide targeting delivery, the animal.
speciesA and model should be -selected considering the differences in the expression and
' distribution of the receptor or epifope between the selected animal species and humans.

As the quality attributes of liposomes such as the size, surface charge, morphology, and -
surface modification with a ligand (targeting moiety) or antibody may affect the in vivo
distrii)ution of a liposome drug product, the impact of variations in such properties on the in
vivo distribution should be assessed. Investigating the relationship between the quality
attributes and ‘in vivo distribution will help justification of the product specifications in the’
future. In addition to the recommendations in the ICH S3 (S3A and S3B), S6(R1), and M3(R2)
guidelines, the following factors are important in assessing the liposéme drug product:

e It is useful to explain the purpose and significance of the liposome formulation By
comparing the pharmacokinetics of the liposome drug product and the active substanée
administered by itself.

e  The appropriate pharmacokinetic parameters such as the Cmax, area under the curve
(AUC), and half-life of the total active substances and unencapsulated active substance in
the blood, plasma, or serum should be analyzed, and changes in.the pharmacokinetics of
the active substance due to the liposome formulation should be discussed.

e  The pharmacokinetic parameters should be measured at different dose levels and at |
appropriate time points.

e  Distribution of the liposome drug products in organs and/or tissues relevant to proposed

clinical use and route of administration should be evaluated. Specifically, total amounts
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t
of active substance in organs and/or tissues are required. A distribution time profile
should be obtained using édequa;ce sampling time points and sampling duration so as to
accurately quantify the time course of the active substances.
Some factors should be considered for the sampling schedules, such as sampling time .
points and sampling duration (e.g., the liposome stability after administration, and the
profile of localization to specific organs and/or tissues). In particular, samples taken in
the initial distribution phase (e.g., <15 min) are considered informative for calculating
the distribution volume f["o estimate the stability of liposome in blood circulation (i.e.,
stability related to the initial burst of the liposome).
If data on the concentration of the unencapsulated active subst.anccin the relevant organs
and/or tissues with regard to the safety and efficacy of the liposome drug product are not
available on account of difficulties in the analytical techmque attempts to measure the
metabolites are useful. )
Study design details such as sampling method and sai'npling time-points Will affect
precision of derived parameters. The approprlate dose levels, necessary sampling’
schedule, and the number of animals should be carefully determmed
It is desirable to analyze the distribution of liposome drug product in organs and/or
tissues associated with the safety and efficacy of the hposome drug product, as well as
those involved in major metabolism and elimination of liposomes. Organs with safety
concerns include the reticuloendothelial system, important organs related to clearance,
and orgaris with accumulation potgntiaf (e.g., liver, spleen, kidneys, bone marrbw, lungs,
and heart), as well as organs protectc;d by a blood-tissue barrierA(_e.g.,' the brain and
testes). ’ :
Measurement of active substance metabolites in blood, plasma, or serum (and also the
korgans and/or tissués, if possible) is especially important when the metabolite is
acknowledged to be the primary active compound. If one or more metabolites have
substantial clinical activity, it js recommended to compare their pharmacokineties and,
where necessary, toxicokinetics, to determine accumulation following multiple_dose§.~
It may also be important to consider the protein and cellular interactions of intravenously
administered liposome because this factor is known to have the potential to influence the
distﬁbutfon, stability, and safety of liposome drug products. _ .
It is also useful to understand the pharmacokinetic behavior of the liposome drug product
using an appropriate animal model and imaging technique.
A ligand (targeting fnpiety) or antibody on the liposome surface can have a substantial
impact on the tissue distribution and intracellular distribution of the liposome. It should

be noted that these modifications can change the accumulation of liposome drug product,
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not only in target organs and/or tissues, but also in the other organs and/or tissues.

®  The metabolic and excretion pathways of the active substance of a liposome drug product
should be evaluated, because such an evaluation is linked to the safety and efficacy
evaluation of the drug product. If a liposome component is predicted to affect safety, the
distribution, metabolic, and excretion pathways of the component should be evaluated,

where necessary.

4.3 Nonclinical pharmacodynamics .

The nonclinical ~pharmacodynamic studies should include demonstration of
pharmacodynamic response in appropriately justified in vitro (where pbssible) and in vivo
models. Jn vivo evaluation should involve an appropriate route of administrafidn, justified dose
levels, and a justified dosing regimen, depending on the proposed clinical application.
Appropriateness of the pharmacological model should be discussed in respect of the
pharmacokinetic behavior of the liposome drug product, as well as the pharmacokinetics and
pharmacodynamics of the active substance when administered by itself. |

The chemical compdsition and physicochemical properties (including size, surface charge,
and the release rate of the active substance) of a liposome drug product affect
pharmacodynamic properties. Some important factors to consider \;vhen designing studies to
discuss the mechanisms of action include: '

e  The location and rate of in vivo active substance release.

e The binding of the liposomes to the target cells if a ligand (targeting moiety) or antibody
is conjugated to the liposome surface. | 4 ,

e  The intracellular fate of the liposomes (including lipids or other components) following
cellular entry by endocytosis or other mechanism, if the intracellular release of the active
substance plays an important role in exhibiting the pharmacodynamic effect.

The pharmacodynamic effect of the liposome drug products should be assessed using in
vitro (where possible) and in vivo pharmacodynamic models. The development of in vifro tests
capable of characterizing any interaction between liposomes and target cells is enc’ouragéd. Ifa
ligand (targeting moiety) of antibddy ‘is conjugated to the liposome surface, the
pharmacological action derived from the ligaﬁd (targeting moiety) or antibody should be
determined in addition to the affinity to the target cells. Failure to use both in vitro and in vivo
models to assess the pharmacodynamic effects of the liposomes should be extensively justified

using the evaluation method and the result by the applicant.

4.4 . Safety pharmacology
For liposome drug products (e.g., those that fall outside the scope of ICH S9 and require the
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safety pharmacology evaluation), safety pharmacology studies should be conducted in
accordance with ICH M3(R2), ICH S7A, and ICH S7B, and in consideration of Section 4.5.

4.5

In- principle, the nonclinical evaluation of toxicities of liposome drug products should be

Toxicology

equivalent to the evaluation for drug with new active ingredients. The toxicity studies of the

liposome drug product should be conducted to assess the toxicological profile and

exposure—responseArelations according to the ICH safety guidelines and M3(R2) guideline in

consideration of the following points:

4.5.1

In addition to blood, plasma, or serum concentration, measurement of the active substance in

If a toxicity evaluation of the active substance administered by itself has already been
completed, the toxicity of the liposome drug product using the same clinical route of

administration as the active substance administered by itself should be evaluated by

.means of a short-term repeated-dose toxicity study using the intended clinical route of

administration in one animal s_pecies. The obtained toxicity profile and toxicokinetic data
should be compared with those of the active substance administered by itself. Based on
the results, studies necessary for toxicity evaluation of the liposome drug product should
be conducfed from the. generaHy conducted toxicity studies for drugs with new active

ingredients.

~ When the active substance is novel and toxicity and toxicokinetic data are unavailable,

toxicity and exposure evaluations should be performed" for the liposome drug product
based on the ICH nonclinical safety guidelines. When the active substance is likely to be
present in blood circulation in the unencapsulated form, it may be necessary to perform

repeated-dose toxicity studies of the active substance alone in appropriate animal species,

» using the intended clinical route of administration, and to compare the obtained toxicity

and toxicokinetic data with those of the liposome drug product.
Safety evaluation of the liposome components as excipients can be performed with the
complete drug formulation (the whole liposome drug product) if the intention is to have

the components approved exclusively for that drug product. However, a toxicity

_evaluation of the components alone may be required when a suitable toxicity evaluation

derived from the liposome components cannot be performed by using only the whole

liposome drug product (e.g., because of noVel toxicity concerns derived from the lipid

~ structure or the potential for accumulation of the liposome components).

Toxicokinetics -

the target organs and/or tissues and toxicologically relevant organs and/or tissues is useful for

tbxicity evaluation of liposome drug products.
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4.5.2 Additional studies
Depending on the physicochemical and/or pharmacokinetic characteristics of the liposome

drug product and/or the lipids used for its manufacture, histological and functional evaluation
of target-organs may be necessary. .

Acute infusion reactions are relatively common with liposome drug products. The use of in
vitro and in vivo studies such as complement activation éssays (and/or macrophage/basophil
activation assays) and studies in appropriate animal modeis should. be considered in order to
evaluate the potential adverse events.

Studies to investigate hematotoxicity, antigenicity, and/or immunotoxicity (ICH S8) should
be considered depending on the characteristics of the liposome drug product, including the

characteristics of the liposome or the pharmacological properties of the active substance.

5. Considerations for first-in-human studies

Liposome drug products are often designed to influence the stabilify of encapsulated active
substances in vivo; the pharmacokinetics (including tissue distribution profile) of the active
substances, and intracellular distribution of the active substance. Thérefore, in addition to the
information recommended in the ICH S3 (S3A and S3B), S6(R1), M3(R2), and the PFSB/ELD
Notification No. 0402-1 “Guidance for establishing safety in first-in-human studies during
drug development” (dated April-2, 2012), when considering the first-in-human studies, it will
be essential to consider information specific to the liposome drug product (e.g., nonclinical
pharmacokinetic data of the liposomé drug product and the active substance, proposed clinical
‘use, and route of administration). | : '

In a nonclinical pharmacokinetic study, the time course of liposomé drug products for the
total active substance, unencapsulated active substance, and metabolites (and encapsulated
active substance, depending on the properties of the liposome drug product) should be
quantiﬁed before first-in-human studies conducted using pharmacokinetic pararheters, ’

| sampling time points and durations that have been carefully selected, as follows:

e Pharmacokinetic parameteré such as Cmax, AUC; and half-life, both for the total active
substances, and for unencapsulated active substances in the blood, plasma, or serum.

. A sufficient number of sarﬁples should be collected to adequately describe the plasma
concentration-time profile. Frequent sampling at early time points is considered useful
for providing reliable information about the initial distribution process. In general, the
sampling schedule should be designed to provide a reliable estimate of the total extent of '
exposure. _

e  Distribution of liposome drug products in target lesions and major organs. During

evaluation, the total amount of the active substance in the target lesion and major organs
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should be measured at the time points that enable the estimation of the plasma

concentration time profile over an adequate period of time.
The starting dose for first-in-human studies should be chosen in compliance with ICH

M3(R2) and “Guidance for establishing safety in first-in-human studies during drug
-development,” and by considering all related nonclinical dafa, including critical product
attributes, ' pharmarcological dose-response, ~ - pharmacokinetics, and
- pharmacological/toxicological profile as discussed in Section 3 (Chemistry, manufacturing,
and controls) arid Section 4 (Nonclinical studies) above.

Dose-limiting toxicity in humans can be determined in a similar way to that of conventional
drugs, except for hypersensitivity reactions, because thése reactions are not always dose
dependent. - _ ‘

Poten‘tial critical quality attributes for each liposome drug product should be identified and
used to evaluate consnstency as discussed in Section 3. Consisténcy of the quality attrlbutes
should be confirmed between the products used for the first-in-human studies and those for

~ nonclinical studies, and test procedures should be established before the commencement of
first-in-human studies. If the manufacturing process (inclﬁding the scale-up) used to prepare a
liposome drug product for nonclinical studies is changed before the first-in-human studles are
conducted, comparability should be demonstrated.

- The stability of the llposome ‘drug product must be ensured throughout the ﬁrst—m human
‘ .. studies by using the stability test.

6. Glossary
The purpose of this glossary is to describe terms as they are used in thls document.
1) EPR effect: When a nanoparticle or high molecular protein that would not usually leak
~ through an intact blood vessel is steadily circulated in the blood without being trapped by
the reticuloendothelial S)rstem, the molecule preferentially leaks into solid tumors and
accumulates there due to its microvascular hyperpermeability and impaired lymphatic

drainage. This phenomenon is called the EPR effect.

2) Lipesome: A liposome is a microvesicle composed of a bilayer of lipid amphipathic
‘molecules enclosing an interior compartment. Liposome drug products are formed when
a liposome is used to encapsulate an active substance within the lipid bilayer or in the

interior space of the liposome.
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3)

4

5)

Loading efficiency of the active substance: (Amount of the active substance encapsulated

in the liposome/amount of the total active substance in the drug product) % 100 (%).

Unencapsulated active substance: An active substance present in the drug product that is
not incorporated within the lipid bilayer or in the interior space of the liposome. In this
guideline, the term “unencapsulated” does not suggest the disassociation of active
substances from plasma or serum proteins. The concentration of active substances that are -
not separated into the encapsulated active substances within the lipid bilayer or in the
interior spaée of the liposome and unencapsulated active substances is referred to as the

“total concentration.”
Initial burst of liposome: The release of active substances from liposome drug product

immediately after intravenous administration of a liposome drug pro'duct before being

delivered to the target organs and/or tissues.
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Related Guidelines

e ICH Harmonised Tripartite Guideline Stability testing of new drug substances and
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: Appendix
Comparability assessment of liposome drug products subject to changes in

their manufacturing

The comparability of liposome drug products before and after the change in manufacturing can
be determined based solely on quality considerations, if the applicant can ensure that any
differences in quality attributes have no adverse impact upon safety or efficacy of the drug
product through analytical studies, as suggested in this document (see Section 3 [Chemistry,
manufacturing, and controls]). Additional evidence from nonclinical or clinical studies is

required when quality data are insufficient to establish cdmparability.

Al. Nonclinical studies ,
For détailsoq nonclinical studies, see Section 4 (Nonclinical studies). The combination of

nonclinical studies for comparability assessment will be determined on a case-by-case basis,
taking various factors into consideration, including: the extent of the change in manufacturing,
the development stage, the complexity of the liposome drug product, and pharmacological

properties.

Al.l Nonclinical pharmacokinetics ,

Some of the pharmacokinetic properties of the liposome drug product in humans may be
prédicted based on the data from animal models, as well as in vifro cell culture models. The
choice of animal species and model should be justified considering the purpose, nature, and
extent of the change in manufacturing, as well as the impact on the quality attributes and
pharmacokinetic prbperties. In addition, study conditions such as tf\le dose levels, dosing
schedule, and measurement parameters (pharmacokinetics of the total active substance and
unencapsulated active substances and where necessary encapsulated active substances) should .
be justified from the viewpoint of the nature of the changes in manufacturing as well as the
impact on the quality attributes and pharmacokinetic properties. .

For instance, changes in the manufacturing or manufacturing process such as lipid hydration,
blending of lipids, and sizing of the liposome can have an impact on the size, size distributioﬁ,
. morphology (including aggregation), and in vitro release rate of the liposome drug product. For
lipésome drug products whose surface is modified with a ligand (targeting moiety) or antibbdy,
such changes can have impact on the modification efficiency. A detailed comparison of the
quality attributes between the liposome drug products before and after these changes shows
some similarity, but fails to reach a conclusion in terms of the impact on drug safety and

efficacy due to, for example, limitations of the analytical procedures used. In such situations,
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nonclinical pharmacokinetics studies comparing organ and/or tissue distribution and
elimination should be considered in addition to the comparison of the blood éoncentrations and

pharmacokinetic parameters.

Al2 - Nonclinical pharmacodynamics

It is recommended that in vitro studies be developed to characterize ih_téractions of the
liposér’ne with target cells as well as with other cells of toxicological concern, if possible.
Because it is recognizedthat the current state of knowledge on in vitro studies is limited,
- similarities in pharmacodynamic response should be evaluated in a comprehensive manner
using appropriate in vivo models, takingvthe sensitivity of the model into consideration.

For instance, changes made to the lipid hydration or blending process or quality grade of the
lipid can affect the lipid fluidity or hdmogeneity of the-lipid compositioh, which consequently
has an impact on the drug release and loading efficiency of the éqti\/e substance. Although
these pre- and post-change products appear similar, some differenceé have been identified in
the compaﬁson of quality attributes, and a possible impact on efficacy profiles is not clear. In-
‘s‘uch situations, the applicant should consider the 'comparison through -pharmacodynamic
studies. Furthermore, interactions between thei liposome and target cells can affect
-pharmacodynamics. Therefore, if a change is observed in the following quality attributes that
could have an impact on the interactions between the liposome and target cells after the change
in manufac;turing, the cémparisqn through pharmacodynamic studies should be considered:
size, size disﬁibution, morpholo.gy (including  aggregation), in vitro release rate, and
~modification rate for the liposome drug product whose surface ié modified. with a ligand

(targeting moiety) or antibody.

Al.3 Nonclinical toxicity B

In general, further toxicity 'studies are not needed if similar quality attributes between the
pre- and post-change product are confirmed in the qua]ity characterization studies. However, in
the following cases, some outcomes of the comparability studies on quality attributes can lead
to additional toxicity studies. For instance, if the change in manufacturing introduces new
impurities, depending on the impurity type and amount, it might be appropriate to conduct
toxicity studies to confirm that there is no adverse iﬁllpact on safety of the post-change drug
product. The change of size, size distribution, morphology (including aggregation), and surface
modification of liposome with a ligand (targeting moiety) or antibody caused by the
“manufacturing changes can affect the tissue and organ distribution. If proéesses affecting these -
attributes (e.g., hydration and blénding of lipids, and sizing of liposome) ‘are‘ changed, and a

detailed comparison of the quality attributes between the pre- and post-change liposome drug
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products has shown some similarity (but possible adverse impact on safety and efficacy
profiles éannot be excluded), the applicant should consider performing toxicity studies to
evaluate the impact of some differences in quality attributes on clinical safety and efficacy.
Infusion reactions by administration of liposome drug products mostly depend on the lipid
composition of the liposome. Changes in the manufacturing may not increase the incidence of
these reactions as long as the lipid composition remains unchanged. If a change in. the
manufacturing process or a change in pH or its composition of the aqueous phases outside of
the liposome result_sv in an increase in aggregates, size, or size distribution of the liposome, or
different loading efficiency, a toxicity study (see Section 4.5) should be considered to evaluate

the extent of potential adverse events.”

A2 . Clinical studies ,
When quality and nonclinical data are insufficient to establish the comparability of a

liposome drug product, additional evidence from clinical studies is required.

A2.1 Clinical pharmacokinetic studies

In principle, cross-over studies designed to appropriately evaluate the comparability of the
pharmacokinetics between the pre- and post-change liposome drug products should be
employed. However, cross-over studies are not appropriate in some cases (e.g., with liposome .
drug products with a long half-life). In tf}ese circumstances, adequate study design should be
determined in consideration of the properties of the liposome drug product. The selection of
subjects (i.e., healthy volunteers or patients) should be determined depending on the properties
of the liposome drug product and target indications. In general, a single-dose study should be -
conducted. However, if a multiple-&ose administration will provide a suitable evaluation,
multiple-dose pharmacokinetic studies should also be considered. Dose levels should be
determined based on the pharmacokinetic broperties. of the product within the proposed clinical
dose level, and should be scientifically sound. In principle, blood samp]eé should be collected.
The unencapsulated active substance and total active substance (and depending on the
properties of the liposome drug product, the encapsulated active substances) should be
quantified usiﬁg validated bioanalytical methods.

The comparability of the pharmacokinetics of an unencapsulated active substance and total
active substance should be determined between the pre- and post-change liposome drug
product. The primary pharmacokinetic parameters are, for example, Cmax and AUC. Studies
using other parameters might be required depending on the pharmacokinetic propertiés of the

liposome drug product. The comparability limits for the pharmacokinetic parameters should be

3 Szebeni J. Eur ] Nanomed. 2012;4:33-53.
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defined prior to conducting the study and scientifically justified taking into consideration the

effects on the pharmacokinetics, efficacy, and safety of the liposome drug product.

A2.2 Other clinical studies

If data from quality, nonclinical, and clinical pharmacokinetic studies have failed to
demonstrate . the comparability bétween drug products before and after the change in
" ‘manufacturing, additional clinical studies are required (i.e., - pharmacodynamic studies
indicated by pharmacologiczﬂ effects supporting therapeutic efficacy or clinical efficacy studies

indicated by the therapeutic effectiveness in indications).

A2.3  Safety issues

Acute infusion reactions are relatively common. following the administration of liposome
drug products. If there is any concern that the change in'manufacturing would increase the risk
of such reactions, the cause should be identified and, where necessary, -the formulation
development should be also réviewed. Not limited to, acute infusion reactions, the safety of
liposome drug products has to be compared based on the limited nonclinical and clinical data.
Therefore, it is important to continue, risk management efforts ‘where necessary, even after

marketing has begun.
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