" SAMYANG CORPORATION

Polymeric Micelles for
Parenteral Drug Delivery:
Application to Paclitaxel
(Genexol-PM)

David Young, Sung Chul Kim, Jaewon Yu,
M.H. Seo, S.W. Kim, H.S. Oh

Samyang Corporation
GloboMax LI.C

Polymeric Micelles for
Parenteral Drug Delivery:
Application to Paclitaxel
(Genexol-PM)

David Young, Sung Chul Kim, Jaewon Yu,
M.H. Seo, S:W. Kim, HL.S. Oh, B.C. Rhee

Samyang Corporation
GloboMax LLC

SAMYANG CORPORATION




Polymeric Micelles for
Parenteral Drug Delivery:
Application to Paclitaxel
(Genexol-PM)

David Youn%, Sung Chul Kim, Jaewon Yu,
M. €0, S.W. Kim, H.S. Oh

Samyang Corporation
GloboMax LI1.C

SANMYANG CORPORATION

Polymeric Micelles for
Parenteral Drug Delivery:
Application to Paclitaxel
(Genexol-PM)

Dawd Younsg Chul Kim, Jaewon Yu,
Seo, W m, H.S. Oh B.G. Rhee

Samyang Corporatmn
GloboMax LLLC

y :-,’f;'"' “'l“\is‘.t. o
SAMYANG CORPORATION GlE’MEXU.c




. - Outline
-_ S Polymeric 1’1’11061131 formulatlons fo1

_parenteral delivery

@ Genexol-PM (polymerlc mwellax |
formulatlon of paclitaxel) =

f@ In vivo response to Genexol PM -
E Conclusmn | |

Polymerlc I\/I:cellar
~ Formulations for
- -Parenteral Delivery




-_'.._What_ Happens in Micellization?

@ Surfactants self-associate to form micefles and :
- aggregates where hydrophobic regions are 5
. shielded from aqueous contact by hydrophilic
regions . L |
@ The hydrophobic region provides an environment
where hydrophobic compounds can be solubilized
- @ The aggregate and micelle structure depend on the
. type of surfactant and solution condition (e.g, pH,
temperature, ionic strength). '

@ Figure 9.2.2  Schematic representarion of block and random copolymer micefes.
Reproduced from Jones and Leroux (1999) with permission. [Source: Reprinted from
B Lur J. Pharm. and Biopharm, 48, M, C. Jores and J. G, Leroux, Polymeric micelles—a

B rew generation of colloidal drug cariers, p. 102, 1999, with permission from Elsevier
§ Science.|

= Hydrophobic chain
o Hydrophilic chin




: 'Géneral Characteristics S
~of Polymeric Micelles

. @ The surfactants used are actually copolymers - ..
-~ composed of several different monomer units
@ The copolymers have hydrophilicand
* hydrophobic components . - | ._

- @ Poorly aqueous soluble compounds canbe =~
- solubilized within the hydrophobic core and _-
- within the head group at the surface of the
~ micelle BT .

" General Characteristics
- of Polymeric Micelles

@ Micelles are dynamic structures with a
- frequent exchange of monomer surfactant
‘between the micelles and the solution

@ The self-association of the surfactant =
decreases interfacial tension




Figure 9.1.4 Schematic showing surfactant adsorption. Surfactants adsorb strongly

B 10 an air-water interface or a water-oil interface {Lop). The accompany ngTeduction gf

R interfacial tension (In sccordance with the Gibbs adsorption equaton, ie., Eyua.

} fivn 1) ceases in & namow concentration range {the uitical micellization concentyy.-
tion: CMC). At concentrations above this range, added surfactanis will agpregate (g

Bl form micelles. [Source: Reprinted from Surfactanis in Cosmetics, 1885, edited by
M. M. Rieger, p. 56, by courlesy of Marcel Dekker, Inc)
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- General Characteristics
~ of Polymeric Micelles
e Polymers can BT
- Have lower toxicity,

- Prevent adsorption of immunoglobulins,
—  Adhesion of drug micelles onto surfaces of
phagocytes, ‘
- Circulate in blood stream without immobilization
~in capillaries, | :
~ Be biodegradable




Figure 9.1.4 Schematic showing surfactant adsorpiion. Surlactants adsorb strongly

{0 an aiT-waler interface ar awaler-oil interface {top). The accompanying reduction of
interfacial tension (in accordance with the Gibbs adsorption equation, ie., Equa.

§ lion 1) ceases in & narrow concentration range (the aiticnl micellization concengra.
tion; CMC). Al congenualions above this range, added surfactants will aggregate (o

B form micelles. [Sewrce: Reprinted from Surfactants in Cosmerfes, 1965, edited by
M. M. Rieger, p. 56, by courtesy of Marce! Dekker, Inc) ’
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| ?-'.Cl?itical Parameters for .
,, Sol_ubil_ization,_ IVI_ i_c_elle_Forma_tion

e Critical Micelle Concentration (CMC) is the
concentration of copolymer surfactant:

- — Which minimizes the interfacial surface tension, _
- allowing for surfactant self-association for micelle . -~ -
formation '

- — Below which only single chains are present and above
which single chains and micelles coexist

~e CMC is a function of:
~ — Surfactant (type of copolymer, hydrophopic-
~ hydrophilic regions of copolymer)
— Condition of solution {e.g., pH, temperature, inoinc
strength) = R '




| Cntlcal Parameters for
,Solublllzatlon Mlcelle Formatlon

- @ Critical Micelle Temperatme (CMT) 1s the
tempel ature: .

- = Below which only singled chains are present

: — Above which single chains and mlcelles coexist
@ CMT is a function of® . |
~ — Surfactant (type of copolymer)

= Condition of solution (e.g., pH, concentlatlon _-

: of copolymer inoinc strengt h)y




Figure 5.2.6 (A) Phase diagram of 17R4 in water. Reglons 1,13, and 1 are the one.
phise unimer yegion, ene-phase micelie region, and two-phase region of two immgs.
rible isolropic solutions, respectivaly. (B) Phase diagram uf 154 in water, Also, three
phase regions are shown. See text for an explanation of the symbols and curves,
\Souree: Reprinted from Magramoleoudes, vol. 27, by Z. Zhou and B, Chys, Phase behay.
inr and association properiies of paly (oxypropyleneypely (oxyethylone-poly
toxypropylent} triblock copolymer in equeons solution, 1.2030, wih permission fram
American Chemical Society]
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Table 9.2.2

Solubilizing Capacities and Partition Coefficients of Diazepam
as a Function of Temperature, Taken frem Lin and Yang (1987)

Solubilizing Capaciiy* Partition Coefficient (X )

Pluronics 25°C 37 C 50°C 25°C arecC 50°C

F-G8
E-88
F-108

0.0253 0.0522 0811 17232 46037 12927
p.0334 0.1206 3167 358.77 1659.43 245444
0.0342 0.3751 0.8771 367.38 3326.63 429474

*units: mol diazepam/mol Phurenic




Critical'-Parémeters fbr B
Sol_ubi;li,zation, Micelle F.Qrmation

' @ Lower Critical Solutlon Temperatme
(LCST)

~ Temperature above which the polymel solutlon S
- phase separates

-~ Solution with the single chains and micelles can. - |

" both phase sepa1 ate (usually at dlffel ent
tempel atur es)

Figure 8.2.7 Schematic of micellar structure and thermoresponsive reversibility of
Ml PIPAAm-C H, and PIIPAAM-MASE). [Source: Reprinted from J. Controlied Relense,
53, . L. Chung et al,, effects of molecular architecture of hydrophabically modified
B 0ly (N-isopropylacrylemide) on the formation of thermoresponsive core- shell micel
lar drug carriers, pp. 119-130, 1998, with permission from Blsevier Science.]
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~ Critical Parameters for
_Sol_ubili_zation_, Micelle For__matio_n

@ Mlcelle Size
-~ Sensitive to same conditions as CMC

Hydrophﬂe-Llpophlle Balance (HLB)

- — Expression of hydrophilic and hydr ophoblc .

character of the surfactant

e Excipients (e.g., inorganic salts)

B figure 9.2.8  Cloud point of L-64 in agueous salt solutions. {Sowrce: Reprinted frum
1. Macramol, Sci~Pure Appl. Chem., A30, K. Pandya et al, Effect of additives on the
clouding behavior of an ethylene oxide-propylene oxide block copolymer in ayueous
sotttion, pp. 1-18, 1993 by cmntmsy nf Marcel Dekker, Inc}
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~ Manufacturing Process

eric miceles by the dialys

Flgnre 9.2.38  Drug joading of polyin
duced from Jones and jeroux {

{.aier emudsion methods (B). Repra
pormnission.

Dialysis
agains!
waler

Polymer and drug
in organic solvent

Organic
solvent

Polymer in water

Genexol-PM
~ Formulation -
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w _ObjéctiVes

1. Maximizing the water solubility of paclitaxel _
© 2, Minimizing the systemic toxicity related to yehicie -

Maximizing the administrable amount of paclitaxel

Genexol®-PM .. SAMYANG CORPORATION

~ Paclitaxel B

. isolated from the bark of Taxus brevifolia in 1971

* Promotes the polymerization of tubulin into
microtubules and inhibits depolymerization

. » Approved for treatment of different
- types of cancer | : L

« Poor solubility in water (0.7 ~30 pg/ml) . -

Genexol®-PM

. SAMYANG CORPORATION

12



Current Formulation:
Taxol® (BMS)
Com}:osutnon (a vial) .
Paciltaxel 30 mg
- Cremophor EL / Ethanol “n, wv) 5ml
e Dlsadvantages

. Hypersensntmty reactions

- Preme_dication required

- Dose limitation

Genexol®-PM . . T - 1. SAMYANG CORPORATION

Alternatwe Formulatlons of
Paclltaxel

v Co-solvenis/fEmulsions
..-Soybean oil .
PEG 400 (75%)
~ Triacetin
v Liposomes
v Nanocapsules
v Mixed micelles
v Prodrugs
C-2' esters
- C-T' esters
v Cyclodextrins

Genexol®-PM I o " " ... SAMYANG CORPORATION



~ Product Description

2 Pharmaceuticat Form
- Lyophilisate for reconstitution,

(2 Compositions

. Paclitaxel {(Genexot®) 100 mg
mPEG-PDLLA 500 mg
Lactose anhydrous 250 mg

Genexol®-PM . BAMYANG CORPORATION

~ What is GENEXOL® ?
= L.® is the Samyang Genex’s trade name of the
anticancer drug, _Pa_c_lita_xej | . ' T '

€y NO,,, FW. 853.8, m.p. 213216

"', SAMYANG CORPORATION

Genexol®-PM

14



- GENEXOL® PACLITAXEL)
“GENEXOLP® is a registered trademark of Samyarg Gevex for . -

‘Paclitaxel and is manufactured from the explants of Taxus :
. chinensis by plant celi culture technology under cGMP, - - '

Yo Tree Colips Indycfion

. Estimated Capacity (2003} : 100 kg hitp:/fwww.genexol.com

Genexole-PM .~ . - .. 7 . SANYANG CORPORATION

METHOXY POLY(ETHYLENE GLYCOL)-
© POLY(D,L-LACTIDE)
" (u)
© CH;OECH,CHORCH,CHOHCCHORCCHOR

Average Molecular Weight : 3,700 Daltons

‘Polydispersity : 1.02~12 I

PEG content : 54 wt %

Synthesized by ring opening polymerization
. Forms stabie micelles = e

Genexol®-PM ' - " SAMYANG CORPORATION

15



Determination of Critical
Micelle Concentration (CMC)

Surfactants

S ————AE SR

. mPEG-PDLLA
- lutrot F68 . -
" Sodium Lauryl Sulfate

" aidatermined by spectrofiuorometer (HITACHI F

Genexol®-PM S0 SAMYANG CORPORATION

Biocompatibility Studies of as
~ mPEG-PDLLA

e ————— e

" lrritation: Intracutaneous Tox. - ‘No irritation :
.. Sensitization ... Nosensitization R
‘Genotoxicity " Nomutagen -
'Hemo-compatibitity No hemolysis
Cytotoxicity No cytotoxicity
Sub-chronic toxicitysiv. . Notoxicity
. Systemic toxicity R
" Material mediated pyrogen © Non-pyrogenic
Bacterial endotoxin Neo endotoxin

Genexol®-PM © " . SAMYANGCORPORATION

16



. GENEXOL-PM

Amphiphilic Block Copolymer

. Hydrophilic Hydraphobic
segment _-segmeni e

' Interna! compartment; e
I\} é’/ contains hydrophobic drugs -
10 ~ 200 nir¥ .": -m.%— tydrephobic segment .

Forms core-shell structure \ -
in aqueous environment . «— Hydrophilic segment.

Genexo!®-PM SAMYANG CORPORATION




 GENEXOL®-PM
‘Manufacturing Summary

Copolymer

:Genexol?EM
solution

Genexo®-PM . | CU 7 i SAMYANG CORPORATION

. GENEXOL®PM

. mPEG-PDLLA + Genexol® ——> Genexcl®-PM

Genexol®-PM . SAMYANG CORPORATION.
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~ Critical Parameters for

~ Solubilization, Micelle Formation
e Critical Micelle Concentration (CMC) .~~~

e Critical Micelle Temperature (CMT) e
@ Lower Critical Solution Temperature (LCST) e
® Hydrophile-Lipophile Balance (HLB) |

& Excipients (e.g., inorganic salts)

@ Manufacturing process as it relates to the above |
~ parameters (e.g., temperature of WFI since it can alter
- temperature of solution ~CMT,LCST) S

-' | In Vlvo Objectives

. Reduce Toxicity . Higher Dose Administration . s
. Increase Tumor Site Cqﬁééntr_ation " Maximize Therapeutic "

_Efficacy

+ Reduce Hype_rs_ensitivity Reaction - . Eliminate Premedication

Genexol®-PM R . SAMYANG CORPORATION



‘Acute Toxicity Study in Rats
- Animals : SPF Sprague Dawley Rat, 5 rats/sex =
- per group B -'

S Genexol®-PM
- | Genexof®-PM vehicle | >15,000 {2,000 mg) '>15,000 '
Taxol® vehicle 2,650 (17.3 mg) 2,430 (15.8mg)

aDosing Scheme : single dose i.v. bolus. o

Genexol®-PM PR » ~ SAMYANG GORPORATION

5-Cycle Neurotoxicity Study
-~ inMice S

«  Comparison:
- . - Genexol®-PM MTD > Taxof® MTD

- Genexol®-PM groups showad no important post-dosing reactions, Taxo!®
groups had post-dosing teactions to the vehidle :

' 'Q_ 'Genexol®-PM groups showed distended abdomens and hair l0ss

" . Genexol®-PM 120 mg/kg showed no important neurotox changes, while 280
mgikg (840 mg/m?} produced neurotox seen around the end of 3™ cycle

G

Slow i.v. bolus over § min.
0, 120 & 280 mg/kg 0 & 9 mgfkg
10/sexigroup 10{sex/group

Genexole-PM  © " SAMYANG CORPORATION

20



Pharmacokmetlcs of
GEN EXOL®-PM

e 'STUDY DESIGN
. A_nimal: Fe_m_al_e C_57_BI__IS mouse ; 1_8—_-22-9

» Subcutaneous |nocu|atlon of murme B16F10
melanoma ' ' = :

: o_Treatmen_t_initiat_ed_.after tumors reach 50-400 mm? 5

- Group and Dose:
- Genexol®-PM (50 mg/kg, n-4)
o _- Taxol® (20 mglkg, n-4)

- _'-Phar.macdkinetics of__ =
GENEXQL®—PM .

—r—Taxol® 20 mgkg
—*Genexol®PM 50 ma/kg

“/Bow ‘pxeyoed Jo -ouad

Genexol®-PM - o i SAMYANG CORPORATION

21



| * Pharmacokinetics of

—r-=Taxol® 20 mgkg

N\ﬂenemﬁ"—?M 50 mg/kg

fyBow 'Exenped Jo U0D

g

12 18
Time, hours

Genexol®-PM '_ N R i SAMYANG CORPORATION

In-Vivo Anti-Tumor Efficacy

E e NMice: Female nude {nu/nu) athymic mice; 22.0~34.04¢

~« Subcutaneous implantation of human ovarian SKOV3tumor . - . :

'_° Treatment initiated after tumors reach 50-300 _m'm?'_ _
"« Intravenous bolus, Q1D x 3 (0, 4, 8 days)

= Group and Dose!
©“salin (n=10)
~ Taxol® vehicle (n=10)
" ‘Genexol®PM vehicle (n=10)
" Taxol® {20 mglkg; n=9)
Genexol®-PM (60 malkg; n=8-9)

Genexol®PM - . " . SAMYANG CORPORATION

22



In-Vivo Antl-Tumor _Ef_ficaby

Human OQvarian
—o— Saling

—=— Taxol® vehide Cancer
[ —=— Genexol® -PM vehicle _SKOV3
L ——~— Taxol® 20mg/kg
——— Genexol® -FM 60mglkg i

97 'SM|OA JOWNL SANEIDY VeI

40
Time, days

Genexol®PM . . o SAMYANG CORPORATION

’
oo
I T
| B [ S—
|
| T T

* 3.hour infusion, no premedication, dosed at same level every 3 weeks (cycle); .
turnor response measured every 2 cycles ) Co .

GenexolS-PM . . SAMYANGCORPORATION



GENEXOL®-PM us CLINICAL--_{--- |

INVESTIGATION
e Sa_niyan_g has an iN_D_in_ the US
e Phase | clinical studies are beginning B

- Believe that Genexol®-PM has a .
~_significant clinical advantage over Taxol® -

Genexol®PM - - . - SAMYANG CORPORATION

~ Conclusions

» Polymer Micelle formulations are a useful delivery
‘system for parenteral administration :

o Genexol®-PM has several advantages compared fo
' Taxoi‘—‘ .

. Less toxic due to Cremopor EL free formulation
- Increase in maximum tolerated dose (MTD)
- More effective anti tumor actiwty in accordance W|th
- the increased dose

-+ Genexol®-PM is a being investigated in the US and in
Korea as an alternative formulation wlth therapeutlc o
advantages over Taxol@’ ' .

Genexol®-PM - I " SAWMYANG CORPORATION
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