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Sodium acetate buffer

Formulation :
DSPC

Cholesterol

Extraction with chloroform

Rotary evaporator DSPE-PEG

Dissolve the product
in 20%EtOH

A

e Liposomes

Purification

PD-10 Column QC :

Chromatography (1) Partical Size
y (2) Phosphorus Assay

I In-111-liposome |

Bll: 2k 24%%4 In-111-liposome & /42 ] o

) Mn-Liposome labeling efficiency

(

1

40

35 r\
o [ Y
s [\
o [\
5 J
0 [\
: / \

0 *O—O—O—O—OJ \\%: +

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10F11F12F13F14
Fraction number

Efficiency

Bl 2 : In-111-liposome %3&t¢ » 14 PD-10 ¢ 414 it - Fraction 6-10 %
In-111-liposome » #3823 < 3+ 959% o

49



ST EREEME

B 3 MmN aE 2 2 — 5] o SKOV3-ipl/luc fik-|
i)

# 1 In-111-liposome % ¢

Quality Control

Test Specification
Batch number - -
Experiment date - -
Specific Activity (uCi/mL) - 3000 uCi/mL
DXR encapsulate Yes or No No
DXR concentration (mg/mL) 2.0~22 -
DTPA concentration (mM) --- 5 mM

Particle Size

Phospholipids concentration {umole/mL)

pH
Clarity

Labeling efficiency of radio isotope with oxine (%)

Size-exclusion PD-10 column purification

100 £ 25 nm

Close to clarifying
>90 %

5 major fraction

100 + 20.6 nm
9.0 pmole/mL
6.5
Close to clarifying
%

5 major fraction

. . . . ) Liposome : > 70 % 76 %
Radio-Labeling yield of liposome (%) . o
Lipo-Dox : = 50 %
Radio-chemical purity (%) = 95% = 95%
400
—&— SKOV3-iplluc

ﬂf‘\ 300 -
=
=
g
S
=
g
= 100 -
_
2
=
2
g
=
= 100 4

0 T T T T T T
1] 5 10 15 20 25 30 35

Time afer tumor

> (mean £ SEM, n=10)

50

inoculation (days)
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A549 tumor growth curve
120

100 A

[o2] @
o o
1 1

Tumor size (mm?)
IS
o
.

N
o
1

o
1

0 5 10 15 20 25 30 35

Days

Bl4: A7 plmie GOTAR B~ 4 T (2 > AB49 M4 £ b S o '
Jg & ol LR R BIE o (IR meamt SEM % 5+ > n=5) o

B 5 : (A) In-111-liposome 7 SKOV3-ipl/luc k|- & e B ds 4 Ho7t 2.
microSPECT/CT 2.1 ¥ - v ¢ # 2f i SKOV3-ipl/luc *8.% - (B) 4
F 5E Rz 15N T 2_ Autoradiography F sk % o 2% AT At H
¥ ;8T > In-111-liposome 7 %E g P ek T i o

51



ST EREEME F=EH

20

U

¥
“ Mouse 1

Mouse 3

%oID

0

"
T/M=4.49 T/M=3.58 T/M=3.90

B 6 : 18F FDG % SKOV3-ipl/luc #k -] Bl e77d B 5 F -3 2. microPET 2
#R 0 Aot 18F-FDG ek 3 P &g e o

(B)

tumol

\'d'* ‘ tlunor

\\/

photograph autoradiogr ”nph

transverse coronal

B 7 : (A) In-111-liposome L_A549 Wi Bl R E e 5N 2
microSPECT/CT 2. ¢ % - v & # £f i SKOV3-ipl/luc *8.% - (B) 4B
e P@ B f N T 2 Autoradlography‘**' it % o BERAT AL E SR
39 5 In-111-liposome & di Bz ¥ ek T K o
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72 h

i8] 8 : In-111-liposome 7% LS 174T Ak | B et R B 4 f N 2
MicroSPECT/CT 2.1 8% o v ¢ % B A LS-174T 6% o 2% 7 &
peE N T o In- 111 Ilposome R Y Ttk A 4F o

(A)
High
Low
1h 24h 48h 72h

(B)
'—:'l 6 Mean SEM
% ) ih 271 0.48
S 4
i
4 . 24h 547 0.75
=, 48h 408 0.0
E 1 TIh 3.90 072

0

0 24 48 72
Time ()

: (A) 111In-liposome # NCI H292 #% -] & e e ds 4 58 2
microSPECT/CT z_i$ §% o v ¢ 4 #f i NCI-H292 #6555 - & % & o7

gt T 111In Ilposome bR P ootk L 4F o (B)
ﬁzﬂﬂia LR % AT 0 B A 24-48 | pEEIRYTE E o
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(2)iehk* AARPFRFFUARY 7]

il
183yy/ % Re Generator

l 0.9% NaCl BMEDA

133Re-Perrhenate

QE:

1-2 ml l
E—

Labeling

v

ITLC-SG/saline

Re-188-BMEDA

Formulation :
DSPC
Cholesterol
DSPE-PEG

A 4

A

A 4

Trapping

|

Purification

PD-10 Column

Chromatography

Liposomes

QC :
(1) Partical Size
(2) Phosphorus Assay

Re-188-liposome

B 10 : 2 5k i5% # 4 Re-188-liposome %l # i 42/ o
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# 2 : Re-188-liposome & ¢ 742

Quiality Control

Test

Batch number

Partical Size(nm)

Phospholipids concentration (umole/mL)

(NH,4).SO4 concentration (mM)

pH

Clarity

Labeling efficiency of radio isotope with BMEDA (%)
Radio-Labeling yield of liposome (%)

Radio-chemical purity (%)

Specification
ALP_0903

92.04+ 25.71

14.5

250

6.5~7.0

Close to clarifying
>90 %

Liposome : > 83 %

> 95%
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MicroSPECT/CT images

Low
SCID mice (HT-29) at 24 h after 1.v. Nude mice (HT-29) at 24 h after 1.v.

SCID mice (LS-174T) at 24 h after 1.v. BALB/c muce (C26) at 24 h after 1.v.

Bl 11 : Re-188-liposome 12 7 f& #7543\ i& {7 microSPECT/CT % 8% » %
7. Re-188-liposome . C26 2 LS-174 + %5 Jg "6k 3 f4F cnE 4

V}L "r( o
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A "®geamMeEDA

ih

C whole Body Autoradiography

B]12 : MicroSPECT/CT and WBAR images of Re-188-liposome in C26
colorectal tumor-bearing mice. *#= 3 = #SCI# 7] (Nucl Med Biol)

BEIE
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Tumor Volume (mm?)

Survival ratio (%)

B113 : Re-188-liposomez_ # »x3 =15 £2 13 7% 5 o 247 3 = 4 SCI¥p 7] (Nucl Med
Bio)#&x 7% -
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(A)
4000 <
— i 600 uCi
— g = 800 uCi
— == 1 mCi %
3000 A /

Tumor Volume (mm")
8
=

1000 4

T 10 20 30 40 50
Days after treatment (d)

,.{
g |
- i
=
L 40 4 4 ——e—— 600 uCi
= : 800 uCi
Z TN
2009 — i = 1 MCi
s : ===~ == Normal Saline
-
|
0 - - SO0 OO COOTABRIOCO———
1 20 40 &80 30 100 120

Days after injection (d)

B 14: Re-188-liposome ; »x3:% 385 - 1 P03 543548 C26 tumor *+ BALB/c
mice ¥ > EFERE T X B TH LT H 0 F %A 5 600uCi ~ 800uCi
ImCi = 7% & r—f’fﬁj o AHSTH- BT BT REITERNY
ERBRE L o (AVER R gL LR B)F R B

&% o % Ekm 800 2 ImCi 2 i R4 C-26 < % E kT (x4

< oz
—Ll?/r"
~ 7
7 :}%7}9;0
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50
A * "“Re.BMEDA
40 ¢ O '"pg.diposome
Y- e B
e v "“Re.DXR-liposome
291
| O\ Blood
10 ¥ o
. e 20O
o S, * . " —— .
[ 20 40 00
Time (h)
120
1001 .
g 80 ,'v\x*
Sef o
* 0 g Spleen
, .
20 r ) o o 1
I | o) 2
0 20 40 €0
Time (h)
5
4
o]
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o |¥
X2 “\ &5-0
’\ v Heart
1 N e N
L —t * S &
o v .
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Time (h)

B 15 -

\ -
 — .
. ——e—0

O
'l' O

o o

F=EH

D -

0 20 40 &0
Time (h)

Kidneys

. O
. o D
e 3
0 20 40 60
Time (h)

Time (h)

60

[} 20 <0
Time (h)

Time (h)

20 4’0
Time (h)

i£ = Re-188-liposome #HT-29 =« % g ar | 2. E5 64 F7 7 >
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High

Low

B 16 : MicroSPECT/CT images of Re-188-liposome in HT-29 colorectal
tumor-bearing mice. ~#* 7 = # SCIHp 7|(Anticancer Res)# < | &
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Toxicology for therapeutic radiopharmaceuticals

® Animal: Female/Male SD rats, 10 rats for each sex.
® Animal (4~5 weeks old) were obtained from BioLASCO.

) 14 day

L 4 )

x Body weight everyday

Body weight twice a week v

: - D7 D15
7N /N
< &
Ln Ly
Body weight Body weight '
Rat Arrive/980608 Body weight
(4~5 week-old) : .. . : Blood Sampling

Blood Sampling Injection Blood Sampling Blood Sampling Organ
980615 980616 980617 980622 980630

Groups: (n=4 for each group ; Female x 2, Male x 2)
1.'%8Re-liposome (500 uCi, single dose)
2.188Re-liposome (3000 uCi, single dose)
3.Control (normal saline)

+ Before experiment, Monitor Body weight twice a week.

+ During experiment, Monitor Body weight everyday.

+ Body weights of rats are monitored over 14 days, the typical duration of acute toxicity study.

+ Atdissection, liver, spleen, kidneys, and intestine were sampled.

+ The MTD of drug after intraperitoneal administration was defined as the activity dose below the lowest dose

that resulted in either the death of any animal in groups or a body weight loss of more than 20%.
(Ref: J Nucl Med 2004; 45:1224-1232; Int J Gynecol Cancer 2003, 13, 607-613; Clinical Cancer Research Vol. 8, 1172-1181, April 2002)

B 18 : Re-188-liposome # I IF RSk 2. L L H (7 o
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Relatively Intensity / counts

5000
4000
3000
2000
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]

EHT = 6.00 kV

Signal A = InLens
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B
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!
a
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25.86

(002)MWONT
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(1)

1.5
0= Fe304 nanoparticles
—8 - MWCNT/FexOs materials
(2) g 1
OH
) 0.5
.o - |
& g 04
=
£ s
:
= 0.5
-
-
(1) Fe304 14
(2) acid refluxed MWONTs / FedO4
(3) S00KGy + acid refluxed MWONTs / FedO4
-1.5 PEARBAEES Brs sy T Un VR AR p
B e 2100 L5107 <1107 <5000 0 5000 1107 15107 210

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number, cm” H/Oe

(@) (b)
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Quality Control of In-111-immunoliposome

Test Specification
Phospholipids concentration ( « mole/mL) 135
(NH4),S0,4 concentration (mM) 250
Particle size of In-111-I1L (nm) 90-120
Antibody insertion efficiency of IL (%0) 70-90
Antibody /liposome 20-60
pH 6.5~7.0
Clarity Close to clarifying
Labeling efficiency of In-111 with oxine (%) > 95 %
Radio-Labeling yield of IL (%) >80 %
Radio-chemical purity (%) > 95%

4 3! matstE =2 (In-111) 3 5 A ke B & g Hr > 2> o iE
v 4z 2 r-r"? P o

High (A) Hn-liposome

1h 4 h 24 h 48 h 72 h
B 25: % s Ak#s ZF In-111-liposome (A) % 2 5t 4 & & 4
In-111-immunoliposome-C225 (B) 7= ¢ #g ¥ J§ sm %z tk NCI-H292 -] EUP
B ¥-3¢ 2. microSPECT/CT 821§ > Biom X% 24-72 | p=is > Mg s 5 P

Xé\ﬁ' IR ‘Ft °
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48 h

»)

®B)

B 26 :In-111-DOTA-liposome (A)# i# 4L %5+ ;% In-111-liposome (B)
A E % % LS174T #8 % - & 0 MicroSPECT/CT = {1 # 4 47
o
=3

Al QP :
| ‘. \ 3
Aw) N B MepH |
' — Tumor mass (g)

T 7| 5;?@’ PC-3/luc k-] &2 Rk lf_”ﬁf‘"”}'g_'\ ;= o (A) Y Jz;%‘f
W i A s % > 2 (B) B EMB i hTE A
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Quality Control of '88Re-liposome

Test Specification
Phospholipids concentration (umole/mL) 14.5
(NH,4),S0O, concentration (mM) 250
DXR encapsulate No
pH 6.5~7.0
Clarity Close to clarifying
Labeling efficiency of radio isotope with BMEDA (%) >90 %
Size-exclusion PD-10 column purification 5 major fraction
Radio-Labeling yield of liposome (%) Liposome : > 83 %
Radio-chemical purity (%) > 95%

o4z A bt =% (Re-188) 2 Ak ds dhie io i e 22 2 b g
A2 B P
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Therapeutic efficacy study(Large Tumor: ~300 mm®)

3000 -
—8— "% Re iposome
e 2500 1 _¢— s.Fu
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é 2000 -
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£ 1000 -
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L
0 T T T T T T 1
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1000- @-0-00-00 -
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80 | |
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S |
.S 40 A ‘
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3 i
7]
—8—— "88pg jiposome
204 —-v— 5FU
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|
{
0 T T 8 —— 88— -.—&r oo
0 10 20 30 40
4 Days after injection (d)

Bl 28 : *x (Re-188-liposome) £ it f £ 4= (5-FU) & % 55 < %5 J& LS-174T *
By o3 20 pnsdBe L L T IL B SV LS-1TAT dnve fRiT AR 0
WL 2 300mm®s & H - | E (80% MTD) 2 ik & 4 & b B4 >
EEFEFEEFUZ TRHEBRET  (A)FEF SRR 81 - (B)
oot ERLFESF BEHT EXHEBEENST
Re-188-liposome =i s i3t it j Z Jo o
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Therapeutic efficacy study(Small Tumor: ~50 mm°)

(A)
2000 -
1800 A
1600 -
© —e— 188pe | iposome
£ 1400 ] —y— 5-FU
§— Normal Saline
o 1200 1
£
= 1000 -
S
= 800 1
g
5 600 -
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200 A
0 L]
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T Days after treatment (d)
(B)
100 g— 09— 98— — 00 —9—
. — — —4
80 A |
|
|
60 1 I8
|
40 - |
|
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o v —4|
0 . , . | LI
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— O

Days after injection (d)

Bl 29 : *z% (Re-188-liposome) £ it 7 % 4+ (5-FU) & X #F + % % LS-174T "%
T st 2 oSk L T LS U LS1TAT et r AR 0
Wk 3 50mm’ s 25 H - & F (80% MTD)2 cf E 4 & i B4

TR EFEEE TR o (A)EF ISR BB ) R - (B)
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Table Large Tumor: ~300 mm3
Comparative therapeutic efficacy of different freatments in LS-174T human colon tumor-bearing nude mice

3 medium survival time  Increase in lifespan P-value”
Treatment Number of mice Dose
(days) (%)° vs. control
Normal saline(control) 7 None 25.88
188Re-liposome 7 840 pCi 53.75 108 0.001
5-FU 7 144 mg/Kg 4317 67 0.107

® Percentage increase in lifespan was expressed as (7/C -1)x100%,where T is the median survival time of treated mice and C is the median survival time of control mice.
® P values were estimated by log-rank test; P <05 indicates significance.

Table  Small Tumor: ~50 mm?
Comparative therapeutic efficacy of different freatments in LS-174T human colon tumor-bearing nude mice

Treatiient NGBFEries Déss medium survival time  Increase in lifespan P-value”
(days) (%)° vs. control
Normal saline(control) 7 None 43.63
"Re-liposome 7 840 uCi 58.5 34 0.020
5-FU 7 144 mg/Kg 48.25 11 0.225

? Percentage increase in lifespan was expressed as (7/C -1)x100%,where T is the median survival time of treated mice and C is the median survival time of control mice
" P values were estimated by log-rank test: P < 05 indicates significance.

4. 5%kt % ka0 245 (Re-188-liposome) ¥7 i 5 % 3 (5-FU)
v s B3N (LS- 174T)m}%4 IR o BT A %A (.
% w2 (57 300 mmP) > %3 80% MTD A s rc %k » %
# 1> (Re-188-liposome) &gt it Fr ZE4r o

ol B "%‘JE?P
%) Omm)*

5
ST
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Therapeutic efficacy study(Small Tumor: ~300 mm?°)

(A)
5000 1 ——@—— '"Re.liposome ( 800 uCi)
i lll) 5-FU (144mg/Kg) /
~ —@~ —  Normal Saline /

F o 7
e /

E 74

“

E 3000 - A

=

)

-

-

e

E

=

[

(B)
100
—eo— 18pq.liposome ( 800 uCi ) (0%)
— - —  5-FU(144mg/Kg) (0%)
i ——@——  Normal Saline (0%)

60 4

40 1

Survival ratio (%)

20 A

' 20 40 60 80 100

Days after injection (d)

B 30 : 2z (Re-188-liposome ) &2 it 7 % 4+ (5-FU) t| & < %5 7 "6 % #-5 (C26)
S PR LA B AL T SR R B 2N s 346 3% m Pe 5 BALBIC
mice ¥ » FrEE 3 300 mmi(+ Eg) 0 &4 E - &£ (80% MTD)2 3z
BN RES S B EIREFNE ZREBEL o (A)EF ISR
(s~ gt c B)EF oK ¥R 355 o BEET > XM

B3 T 0 g 3R Re-188-liposome ¥t C-26 = % J 3 $udF 2 gy 3% o
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Therapeutic efficacy study(Small Tumor: ~50 mm?®)

~——&—— Re188-liposome (800 uCi)
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Therapeutic efficacy studies: murine C26 (Large Tumor: ~300 mm®)
TABLE. Therapeutic efficacy of nanotargeted "**Re-liposomes on C26 colon tumor-bearing BALB/c mice.

Tumor Growth Tnhibition Survival
Treatment Modality MGI* median survival time Pvalue? life span
(d) (%)°
NS 30
18R e-liposomes (800 uCi) 0.135 62 0.0191 106.7 %
5-Fu 0.295 39 0.0206 30 %

* MGI, Mean growth inhibition rate = Growth rate of treated group/Growth rate of untreated group. (at 25 days after administration)

® P values were estimated by log-rank test, P < 0.05 indicates significance.

© Percentage increase in life span was expressed as (T/C - 1) x 100%, where T is the median survival time of treated mice and C is the median
survival time of control mice.

Therapeutic efficacy studies: murine C26 (Small Tumor: ~50 mm?3)

TABLE. Therapeutic efficacy of nanotargeted ‘“Re-liposomes on C26 colon tumor-bearing BALB/c mice.

Tumor Growth Inhibition Survival
Treatment Modality MGI* median survival time P value life span
(d) (%)°
NS 1513
18Re-liposomes (800 uCi) 0.244 32.50 0.0001 144.8%
5-Fu 0.350 19.83 0.0004 311%

* MGI, Mean growth inhibition rate = Growth rate of treated group/Growth rate of untreated group. (at 22 days after administration)
® P values were estimated by log-rank test, P < 0.05 indicates significance. .

¢ Percentage increase in life span was expressed as (T/C - 1) x 100%. where T is the median survival time of treated mice and C is the median
survival time of control mice.

6 1 i3 K Jak 2 4 (Re-188-liposome) ¥ it Fr 2 4= (5-FU) &/ &+ % Jg "8
Byt 50 (C26) e »i® i o B % Bom 7 % 2t~ *% (19 300 mm®) &
(5 50 MM P B IER T > B3 80% MTD A€ chip 2% o
Re-188-liposome ;5 % 4 35 i3t {4 f 2 4+ (5-FU) -
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MicroSPECT/CT of *3Re-liposome in LS-174T tumor mice

High ___

Low

SCID mice (LS-174T) at 24 h after 1.v. BALB/c mice (C26) at 24 h after 1.v.
Ref: ANTICANCER RESEARCH 27- 2217-2226 (2007)

Bl 32 : MicroSPECT/CT of *®Re-liposome in LS-174T or C26 tumor-bearing
mice. & % &7 ®Re-liposome t LS-174T *i ¢ cA ff »c % g3t C26 6
:)?6 o
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(2) 3 K 2P RADEHIFLDRE R 7]

2 K ABSEE

EHT = 6.24 kV Mag = 100.00 K X Mixing=Off  Mix Signal=00000 Date :10 Aug 2010 EHT = 6.24 kV Mag =100.00 K X Mixing=Off  Mix Signal=00000 Date :10 Aug 2010
Signal A= InLens — Signal A= InLens .
WD = 2.9 mm Noise Reduction = Line Int. Busy  Signal B = SE2 Time :13:01:38 WD = 2.9 mm Noise Reduction = Line Int. Busy  Signal 8 = SE2 Time :13:07:06
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VSM - MWCNTS500kGy + Fe304
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W] 35 giF & SEEom 2 KRR ¢ BT D Bl 2AE KA E+0.IM & 1 T4k
P& 10KGy 5 &= > 2 K g +0.05M & * 48R & 10kGy 2 - Bl +
EAy AL ERE

27024 MEA0LIM 2L 0.05M & i L4k s+ 10KGy » % 4 st 8 A Bl
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F=EH

% 8 anti-EBV IgA ELISA Kit # ] 3 /i< : Anti-EBV IgA & & HRP i {7 & il 3
i#F 12 = coating Fuf HoikF 0 1217 blocking 5 £ 17 hA F Mk 0 MRl %
T o B #(CV) 5 7.48% -

& A AR

Standard Mean SD CV (%)
N 0.063 0.00608 9.61%

A 0.599 0.03966 6.62%
A/10 0.077 0.00316 4.11%
A/100 0.060 0.00705 11.84%
B 0.266 0.04136 15.58%
B/10 0.067 0.00359 5.38%
B/100 0.059 0.00753 12.76%
C 0.126 0.01069 8.51%
C/10 0.056 0.00141 2.53%
C/100 0.052 0.00200 3.85%
Backaroun 0.047 0.00071 1.51%

Average C\ﬁ48%

% 9:anti-EBV IgA ELISA Kit 77 %] # jir : Anti-EBV IgA % & HRP it 7 ¥ Bl 4t
1 aE = coating #uk Hik 0 & (7 blocking 16 £ & F AR F 0 BRI R
BLAREBEBRE TR AF ARG Hipk %8R 5 099 o

Standard Conc OD45
Standard 128 0.552
Standard 32 0.219
Standard 8 0.079
Negative 2 0.017
Control

Slope 0.004

Intercept 0.045

 Como

80



ST B

INER Anti-EBV IgA (EBNA1 + EA)
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o
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# 10 f1* O.D.3¢ Eip|¥F 8 EU/ ml 7 Cut-off & 5 0.936 » & ‘e PRI 35
CV% & 6.17% -

Standard Conc (EU/mI) OD450

Control A 128 2.916

Control B 32 1.825

Control C 8 0.936

Negative

Co?'ltrol 2 0.048
Averaged CV (%) 6.17%
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