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Table 1. Marketed Liposomal and Lipid-Based Products

Trade Name (Company) Lipid Platform Drug Size Indication

Anticancer

Doxil/Caelyx (Janssen) PEG-liposome Doxorubicin 100 nm Kaposi's sarcoma, ovarian cancer, breast
cancer, combination with bortezomib in
multiple myeloma

DaunoXome (Galen) Liposome Daunorubicin 45-80 nm Kaposi's sarcoma

DepoCyt (Pacira) Liposome Cytarabine 20 pm Malignant lymphomatous meningitis

Margibo (Talon) Liposome Vineristine 100 nm Acute lymphoblastic leukemia

Myocet (Cephalon) Liposome Doxorubicin 50-90 nm Combination therapy with
cyclophosphamide in breast cancer

Antifungal

Abelcet (Sigma—Tau) Lipid drug particles Amphotericin B 2-5pm Aspergillosis

AmBisome (Astellas) Liposome Amphotericin B <100 nm Antifungal, leishmaniasis

Amphotec (Alkopharma) Micelle Amphotericin B 115 nm Aspergillosis

Vaccine

Epaxal (Crucell) Virosome Hepatitis A antigen 150 nm Hepatitis A

Inflexal V (Crucell) Virosome Influenza antigen 150 nm Influenza

Analgesics

Diprivan (Fresenius Kabi) Lipid emulsion Propofol 180 nm Anesthesia

DepoDur (Pacira) MV liposome Morphine 1723 pm Postsurgical pain

Exparel (Pacira) MYV liposome Bupivacaine 24-31 pm Analgesia

Other

Visudyne (QLT) Liposome Verteporfin - Age-related macular degeneration

Estrasorb (Medicis) Micelle Estradiol 600 pm Menopausal therapy

MV, multivesicular.

Kraft et al., JOURNAL OF PHARMACEUTICAL SCIENCES 103:29-52, 2014

DO 10.1002/jps.23773

=¥ BRIEYE Daan J.A. Crommelin, Ph.D.JA 2017.03.21 7 USP Convention JE:ENE

R WHERERERTEE

Assay/
Characterization

pH

Osmolarity

Phospholipid concentration
Phospholipid composition
Cholesterol concentration
Drug concentration

PEG coating

Chemical stability
pH
Phospholipid peroxidation

Phospholipid hydrolysis
Cholesterol autooxidation
Antioxidant degradation

Methodology/Analytical Target

pH meter

Osmometer

Lipid phosphorus content/HPLC
TLC, HPLC

Cholesterol oxidase assay, HPLC

pH meter

conjugated dienes, lipid peroxides
FA compaosition (GLC)

HPLC, TLC, FA concentration
HPLC, TLC

HPLC, TLC



Physical stability

Vesicle size distribution

submicron range DLS

micron range Coulter Counter, light microscopy
laser diffraction, GEC

Electrical surface potential, surface pH/zeta-potential measurements, pH
sensitive probes

Numbers of bilayers SAXS, NMR

Percentage of free drug GEC, IEC, protamine precipitation

Dilution-dependent drug release retention loss on dilution

Relevant body fluid induced leakage GEC, IEC, protamine precipitation, stable isotope

Biological characterization

Sterility aerobic and anaerobic cultures
Pyrogenicity rabbit or LAL test
Animal toxicity monitor survival, histology, pathology

(Based on Barenholz an Crommelin, 1994)

SAXS = small angle X-ray scattering, DLS = dynamic light scattering, GEC = gel exclusion chromatography, IEC =
ion exchange chromatography, LAL = Limulus Amoebecyte Lysate, NMR = nuclear magnetic resonance, SAXS =
small angle X-ray scattering, TLC = thin layer chromatography.

ZRHHLE Daan J.A. Crommelin, Ph.D.J 2017.03.21 7F USP Convention 3 %5
RS E RS AR RS IR SRS T i B EAIHE - & T E R CEREEUH o
Z(DLS) ~ FHFHI &M (Laser diffractionzi(Laser light scattering » LLS) ~ 88 T-24fi
% (EFESEM K. TEM) ~ EEZE EIf&E (Specific surface area » SSA) ~ HIR=0E & HIE A (Mass

resonance measurement - RMM )~ =311 1BHE 5347155 ( Nanoparticle tracking analysis »

NTA ) » 4N H Xt EE 5 (X ray diffraction) ~ 47 1 & J& #f )% (Size exclusion
chromatography) ~ #7478k (Field flow fractionation—FFF ) 2 (=) -

R= AR AR
_ Sensitivity to subpopulation of

_ Fine particles | Coarse particles m

DLS lowest highest limited
LLS low high limited
SSA higher low limited
NTA highest lowest limited
RMM highest lowest limited
SEM highest lowest yes

TEM highest lowest yes

ERIEYE Mario Hubert, Ph.D.j? 2017.03.22 45 USP Convention JEEENE
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BR 2 Rl G 5144 617 (Negative staining) ~ /4 U2 i (Freeze fracture) F4
THSHI(Cryo-TEM) -

REKIREE - BRERILFR S LBRE RN © R TRE - B - 58
SRR S REYERERRE - BoPEMIEI T EN AT ETEER
PR A « BN ETINE - ERREE T -

(=) REEREZEMN

AL RERF R E ORI T BRI A A E IRV ALRE - [NIE R ER IR
o REFRGE—JEE > IERREN ORI TR A RERZE - R TR
HRA AR > ERN RRT-REEE T TS > AR E #IE pH{E R 5T P RE IR B
RBET o {KIESternE2F TR R TR E AV EGEEE! - BEEREERINRL TR —E
BB AE— {57 1 (Slipping plane) » FEIEET I LI Z BB f - R Bk T— B IG5
B 0 MBI EILISNZ &S > AL T8N o WABER 188 - SURpR TR BleT
Tl [ B {7 Z= FE {F Zeta potential - BI] Fy—fFrasfam 2 FRIATER T » KA B R BT
IREGENE - —MRARER /KRR REUREEE30 mV 2R T-RIETER T - 4 RELERT
MOFRAREN: - SRIgEAR T B RS - AR R 20K - REE AR
JEEBARRE PR AR M0 R
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Stability Characteristics Avg. ZP
in millivolts
Maximum agglomeration and precipitation Oto+3
Range of strong agglomeration and precipitation +5 to -5
Threshold of agglomeration -10 to -15
Threshold of delicate dispersion -16 to -30
Moderate stability -31 to 40
Fairly good stability -41 to -60
Very good stability -61 to -80
Extremely good stability -81 to -100

Thomas M. Riddick “Control of Colloid Stability through Zeta Potential:
With a closing chapter on its relationship to cardiovascular disease”
Volume 1 Livingston Publishing Company (1968)

=¥ - BRIEVE Alan Rawle, Ph.D.j» 2017.03.21 1 USP Convention JEzEAR

RIEETIRE 2 EEPZEN TR T AR > (B 2R
% PIOpHIE AR EETHEE - 1N RS ERET (I Ca®) > jE{E
KBS NE - AR EiUFLIR (Microemulsion) Z i Intralipid Z B 52 S0RIED -
PEE PR TR RS o KR E AR N DR R A R AEF
( flocculation) -

R M FJ57E Ry A B (Electrophoretic mobility) &1 ¢ HELASH
INEEYS > #EHE MK T-EE VKR JT [ SR DI SR S A o HIFE A H Henry’s
Equation - fiI 7 BHR BN fhZeta potential ~ EFIRIE - /18 BB RAL
A o SETAEBRAE N A R A F T > I PUREMRRERR S - R E
5 (91400.001M NaCl)PAZEAREEN: - HERESRBERSR - 2T BB B IIE
IR BRI SE -
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Ug=2¢zF(ka)
3n

Ug = electrophoretic mobility
z = zeta potential

e = dielectric constant

N = viscosity

F(k a) = Henry’s function
=¥ EFIELE Alan Rawle, Ph.D.J% 2017.03.21 #£ USP Convention JEzEN A
BRI TR EO B FEYIMEMRE > N E A BRI T (R A B

BE T ERER) - AERINESE TEKE - SEA LR - AN hENEEE
HEAERMINERREN T EAEAEEN: - Eibx{bs - BRLENGENENGERE
SRR - B ERFREMNERRME - REER - iRk EEENREERE - {2
A I PR CE B g (Diffusion  barrier) sz ity » {55 fi B1L o6 A 5 e 6 S e 7 4 o EL 9% 3%
il > (2R B B ERARBIE -

br 7T E A B E M Z 8T E 0 A B ESE £ H (Electroacoustic
measurement) - & FI SRS Z SRR M - (BA IR TR BRSSP RS EhE AL HY
K TR -

=~ ERKENENIOREL BRI
I & IR AR Y8 2 R IR R Y 8 2 B TR - FDAYT IR FORZEYHYEEE ~
FDA¥T R ZRR SRR A A ARG ~ BIONE FORSEY B BRAVETRE ~ BRI
EHER=EIVEE - 2EEEHE B HNAOREYIVERS - 8ifg0 T
(—) FRAEYrEE 2 Rk EREVERYEE R (Non-Biological Complex Drug » NBCD) Z /& #
Va5 LA L R R - BR T AR N FRREER o LIS 0 R R
EYINERYEE S - ARSI G R 4 & R — B B A AR S0V EEY) - BIaTaAEEe
(Liposome) ~ Z3K iR (Nanoemulsion) ~ 15 AR 2 & 7&E%7)(Dendrimer) ~ -t /K{L&
Y2z &Y (Iron-Carbohydrate Complex)s o 5 Lb&EY5 DI B L SR FHEE A B B a0l - 70
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o30% 030% (1974 - 2015)

H Liposome
0.92% . 0.30%_ -0.30% :

® Nanocrystal

W Iron-Polymer Nanocomplex
W Nanoemulsion

& Drug-Lipid Nanocomplex

& Micelle

i Drug-Polymer Nanocomplex
M Drug-Protein Nanocomplex
W Polymeric NP

% Dendrimer

& Nanobubble

M Drug-Metal Nanocomplex

W Protein NP

M Drug NP

Wi Solid Lipd NP

W Nanotube

W Silica NP

W Metal-Protein Nanocomplex
W Metal-Nonmetal Nanocomplex
W Metal-Polymer Nanocomplex

K.M. Tyner et al., Product quality for nanomaterials: current US experience and perspective, WIREs Nanomed
Nanobiotechnol 2015. doi: 10.1002/wnan.1338
5T ZRIELE Anthony Hickey, Ph.D.J 2017.03.20 1 USP Convention S A%
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HREA Y100 nmu AR HYZRORHL T » BEARI IS A HITR BB > (B GA 2 H B AR 18
s o AR - MRERE. . EREYE LR AR o SURYE S IHYHE
{EEEFIERYRRAE - BB i E B PR -
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HLEIISK > HEHE20175R HRCRORRHEHES 526 - CDERAIUSP ~ ASTM K2I1SO
SRR - BOTHOERBIREER DT -

FDA K CDERZE R 7 RGBT 8% - NS TOREEYIMERTSE W) - BRAEST IR
REEVIRFERT S R BRI R i e 2 1 ~ SR T i F A TAH 1 595 - FDAJCDER
AR B ST 1L —EROR SRR SRV A - RE IS AR E TR EEY L
AN IE TR -

(=) FDA SAZREEYHL ke I B

FDASTAZOREES M E FTIUES - HEHEARZ KRR R 2 nysia Ei1H#
o WRTHREY - FDASTNSZOREES 2 B > GeffELER - FIEESSE 80
ETHBGE -

BRI SR E 2 MAR o B T 5 B IFURT B S AR R & 8 A ok R i
(1nm—100nm) » 5 [ERFERE St B 2R HE2 oK ] (2 #1000 nm) » {HEZHI{SHY
KT > B RIS B YRR LB RN R B 5 RS R M L
—feER o KR AEE R R RS AEER L - AR AR A SN
AR T - KB N FE AR SR GG - BIIHEN: K2 - FE s KA
FE RO HEERIE(E - ESeR =S -

IR A7 A BB ARG 73 AT (Dynamic light scattering) ~ 5 5%
Ji#fri&(Laser diffraction) ~ % T-&H{d#R (Microscopy) 3 - fRIZFDAGTET20155- 25 i g
BEUAFALHE ) - BRAIDLS/ESE H i 2 8U(4T4E59.7%) » HA R T SRR TR (%Y
21.5%) » FEEA Ry B RNER (4913.8%) - FFfE A A H e HIEIR S - S ERES -
B —TEES o R WD R AR AR A RE SR R
HEBFRN TR -
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B : 2015 £F FDA &aF &b g sc ik i A AN vA

4.86%

B Dynamic light scattering
M Laser diffraction
i Microscopy

M Others

=¥ ¢ BRIEVE Katherine Tyner, Ph.D.jA 2017.03.20 /£ USP Convention JEzE AR

SHEHANRE B SRS TP R S R E RS I B F AR BPR g S LA
fi 1€ S241ICH Q8(R2) : Quality by Design >} » sl L ELBUR By i > AHRAM M
BRI 2 o 88 RS s B L AU 2 2 MR (B ME) ~ T (B ) B B (22 1)
FEEIRYE NS AE S » RS GR A s e T - SRR E M Rt
RE—E M WIRSEAE > 2O g EsRhEEY K - HRRESImNE -
BT H B S M > RN SE M S AR S S B R 1 1E B - SRR ki
NS BN RN FoR#EE R R EEY TR EARETIZORNE - 55 %
B HETTRIRE ORI - R RE R IR AR — Bt -

BRI T AR E - AR BT A 2 R A T > Hs s E A =
S FIABIREHG 1T (DLS) MM S 2 » HABA RIS TR EAvARAS © Bk
SEHUE 5317 (DLS) K 38 BHRLAE 53 17 (LD) B A RIS R - BBUS ST 5 & T B
(Electronic microscopy) ¥t iRfS/ N# - BEEEEHT - HisoE Rk - 28
PR AIRIT AN 7578 Bt FIRIVAUE R S 2 S A TR EERE - B8
BEOEEN T AL R BT - SRR TR - EERS R
STEAK M A2 s - BRAFTTREREM - (il A FTLLEE IR
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T MU BRI GAREIGE R - & AinE BRI e D BB SRSl A ~ f8
as SEENA 2 ~ BRI BERAE RS ~ S DR A EAs =R  (B40k
TR ARPRR A LU T B H Bk TR fE TR ~ sV BaRgst &k R -
BE ORI BT AR > HAE S B — e A T AR [ - A —1% ~ 4R
M~ IR~ EEIRE SO B B STS A] FARE R S 2 5 Y E Bad
JiFUELT SRR TEREN - PRINEE - HEEEFIEE ¢ A 5E%E(Robustness)
AL CHER - fEiglT AR L Z WIN R aaa b A nT gt - T AR e A AR AR
SR B RAACR - ST T EN R AR FTE R BT » A BN ETER
i o EISEMERHSG ZIH B BRI - HURE - REGHER) - E0#EE - EfEsiE
TR R - AEEHHDLS) ~ 2 BE0E R ~ RE - Zaikdn
» JAKEORAE EAIOH F/NEEEBHER T - G RIER 5 - ¥ REER
B © BB RSN AR THER - AISEM R R BRI E - )
s SUECERTRHEIEE ~ G DA FIEEAN 2 RaP i -
BRI M Z AAETHIE - AR a2 R AN G S FICH QBA » B ZEfAE
FERLFE S AR E R AL B AR T-EE B - FREFIE R FIIRIEE SRR I R (BATE
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