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Before the Independent
Review Meeting
Image processing and
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adjustment of imaging Support for the
conditions Independent Review
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Preparation of minutes of
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Report of the Independent
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Selection of reader

Support for the protocol development \ A / Image data archiving
Preparation of manuals /Electronic data output
(imaging manual, quality control manual,

independent review manual, etc.)
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188Re-liposome for Cancer Therapy

-- From Bench to Bed --
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inER Outline

<4 Introduction

¢ Preparation of 18Re-liposome

¢ Preclinical Study of '88Re-liposome
¢ Clinical Study Report (Phase 0)

¢ Clinical Study Design (Phase 1)
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INER Liposome as drug delivery system

* Liposome, nanoparticle as a drug delivery system, can
be designed to improve the pharmacokinetic and
therapeutic properties of anticancer drugs.

» Liposome is a spherical, self-closed structure formed by
one lipid bilayer with an aqueous phase inside the lipid
bilayer.

. radioisotope

/
water insoluble drug

- Liposomes can entrap water-

soluble radiolabeled agents ,é 3
in their internal water |
compartment. \g «,

" Imstitute of Nuclear Energy Research m&m&é’k/

e e water soluble drug

INER

Liposome Localization in Tumor Tissue

Tumour targeting by EPR effect

o - 188Re-liposome can

£ o8 accumulate in tumor tissue
;;?m via enhanced permeability
- a0 UL and retention (EPR) effect,
@ % & - through leaky tumor
S s ~ vasculature.

Normal vessels have
atight encothelium

..f’?lmravsﬂous i

ection
¥4 of polymer therapeutic
-

Nature Reviews Drug Discovery 2, 347-360 (May 2003)
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o Physical Characteristics of Beta-Emitting

Therapeutic Radionuclides
Physical |, | YT p-ray
Radionuclide | half-life deca E Energy Range in
(Ty) Y (EZ'\'/%V (MeV) tissue (mm)
Max. Ave. | Max. | Ave.
Re-188 16.98 h v, B~ [155(15%) | 2.12 0.765 11 35
Lu-177 6.7d v,p- |208(11%)| 0.50 0.13 90 12
1-131 8d vy, B~ |364(82%)| 0.81 0.18 2 0.4
Y-90 64.1h B -- 2.28 0.935 11 25
Lu: Lutetium
Re: Rhenium
Y- Yitrium 188\\//188Re generator
IRE, Belgium
National Institute
For Radioelements

——
B < <R TR R
Imstitute of Nuclear Energy Research

-

o /7

s Preparation of '88Re-liposome

B The flowchart for the preparation of
188Re-liposome

KA

Structure of 188Re-BMEDA

Raw materials

188\ /155Re.

generator

18%Re-Perrhenate

1.BMEDA, SnCl,,
Sodium Gluconate

o
CTL,

Structure of BMEDA

5 2. pH adjustment
3. Liposome

crude
183Re-Liposome

4. PD-10 column(G-25)

5. 0.9% inj sodium chloride

« 6. Aseptic vial

z B
18Re-liposome
products

Institute of Nuclear Energy Research
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Preclinical studies of 18Re-liposome

C26 murine colon carcinoma solid tumor mice*
C26 colon carcinoma ascites mice**

C26 colon carcinoma lung metastatic mice***
LS-174T human colon carcinoma solid tumor mice

Therapeutic Efficacy
Radiotoxicity for safety

® Stability study in Normal Saline and serum
@ Biodistribution

® Molecular Imaging by MicroSPECT/CT

® Pharmacokinetics

@® Excretion

® Dosimetry

[

[

“~ Institute of Nuclear Energy Research m&ﬁm&é&m

MicroSPECT/CT imaging of '88Re-liposome in
colon carcinoma solid tumor —bearing mice

INER

(a) C26 murine colorectal carcinoma-bearing mice

1iHigh

" Low

High

Reference:

(1). Chang et al.(2007) Anticancer Res 27, 2217-2225.
(2). Chang et al. (2010) Nucl Med Biol. 37, 95-104

(3) Hsu etal. (2012) Cancer Biother Radiopharm. 2012

Institllte of Nuclear Energy Research m&“&éﬂk”
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Comparison of radiotherapy and chemotherapy

INER : . : .
of 188Re-liposomes in colon carcinoma mice
Dose-dependent effect Comparative therapeutic efficacy

e : "Re. uw- me (22.2 MBq) e Re188-liposome (80% MTD, 29.6 MBq)
— v 5-FU (80% MTD, 144mg/Kg)
=2 o 1 | T R )
C26 : e f
£ - H
] 7 L i
. — 5 - ¥ 5P
no}grir—-:‘-a—:::ﬂr;}f, i/;~r —— ) w__._At.h'__* * r
T " Days after lrcn::nenllll) ” " = ”
2000 2000
1800 1800
o 1600 = "'R-»Lw::m-ﬂ!iuam 1600 -
"E 1400 .-rE‘ 1400 4 : “u"‘:’;:-;( (23.7 MBa)
‘.E'; 1200 T { £ 1200 SNommaL Sk
.§ 1000 . =5 5 10001 1
LS-174T | § ™= - By HES . get—1"
§ 600 B S S ¥ 2 600 g— 1 s
= 400 400 | = - T
200 - o —n—a—d 20| 7L7:,77—:’77:7H - -
. o 5 10 1‘5 20 2‘5 ’ ‘;‘ 5 10 15 20 25
t Days after treatment (d) 1 Days after treatment (d)
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INER
Dose-dependent therapeutic efficacy of 1®Re-liposomes

Survival
Treatment Modality median survival time(d) P value? life span(%)®

C26 murine colon carcinoma solid tumor bearing BALB/c mice
188Re-liposomes ( 60% MTD, 22.2 MBq) 81.5 0.0060 +71.6
188Re-liposomes ( 80% MTD, 29.6 MBq) 92.5 0.0008 +94.7
188Re-liposomes (100% MTD, 37 MBq) 95.5 0.0001 +101.1
Normal Saline 475

LS-174T human colon carcinoma solid tumor bearing nude mice
188Re-liposomes ( 60% MTD, 22.2 MBq) 53 0.0042 +63.1
188Re-liposomes ( 80% MTD, 29.6 MBq) 60 0.0001 +84.6
188Re-liposomes (100% MTD, 37 MBq) 67 0.0001 +106.2
Normal Saline 32.5

2 P values were estimated by log-rank test, P < 0.05 indicates significance.
b Percentage increase in life span was expressed as (T/C - 1) x 100%, where T is the median survival tim
treated mice and C is the median survival time of control mie
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;nesComparison of radiotherapy and chemotherapy of '88Re-
liposomes in CT26 colon carcinoma metastatic mice

e
5-FU  Re-188-liposome
CT26-luc colon carcinoma lung metastatic mice model C26 colon carcinoma ascites mice

100
100 @

.

Survival (%)
Survival ratio (%)

—8— %Re_liposome
—v— 5-FU

207 @ Liposome

<& Normal saline

<

Internet Explofef.Ink

7,_{)(+ ©

[} 30 35 40 45 50 55 60 65

Time after tumor inoculation (d)

Time after tumor inoculation (d)

Nucl Med Biol 2011: 39(1):35-43 Int J Nanomedicine 2011: 6 2607—2619.

“~ Institute of Nuclear Energy Research m&m& : ”k,/

lNIEéaomparison of radiotherapy and chemotherapy of '8Re-

liposomes in CT26 colon carcinoma metastatic mice

Table. Comparative therapeutic efficacy of different treatments

Treatment Dose Median survival Increase in Significance (P)°
CT26-luc lung metastatic mice time (d) life span (%) versus control
Normal saline (control) None 43

Liposome None 42.3 -1.6 0.229

5-FU 144 mg/kg 49 +14 0.036
188Re-liposome 29.6 MBq 58 +35 0.005

C26 ascites metastatic mice

Normal saline (control) None 24.3

5-FU 144 mg/kg 26.7 +9.6 0.0006¢, 0.03¢
188Re-liposome 29.6 MBq 32.8 +34.6 0.001¢

a % increase in life span is 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.

b P values were determined by use of log-rank test; not significant (P > 0.05).

¢ P values versus control were determined by use of Log-rank test (significant variation, P < 0.01).

d P values vs 5-FU were determined by use of Log-rank test (significant variation, P < 0.05).

“ Institate of Nuclear Energy Research m&m&éﬂk”




First Radiotoxicology Lab for rodents meets
the GLP Guidance in Taiwan

* RadioTox Lab owns the abilities for evaluation of extended acute
toxicology of radiopharmaceuticals in rodents.

[ \INER

* The clinical observations, body weights, food consumption,
hematological and biochemical analyses, urological measurement,
gross necropsy can be conducted in our GLP lab.

" Institute of Nuclear Energy Research !—-’m&u’

een  In-vivo safety evaluation of BMEDA

Acute Toxicity Study (Single dose)

Animal model: ICR mice 4 Experimental item :

Control Sample: Normal saline * Body weight
Organization: : Green Seasons Biotech Co., Ltd « Food consumption
Does (mg/Kg): 3 mg/kg * Gross necropsy
6 mg/kg
9 mg/kg % Results:
12 malk The LDg, (Lethal-Dose,50%)
g9 value of BMEDA was 8.13

and 8.68 mg/kg in male and
female mice, respectively.

Chang et al Drug Chem Toxicol, 34:20-24,2011.

Institute of Nuclear Energy Research
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. aner Extended Acute Radiotoxicity of 188Re-liposome
GLP Compliance at INER

Acute Toxicity Study (Single dose)

spleen

Animal model: SD rats
Control : Normal saline

rer

Vehicle control: liposome

Dose (MBg/rat): 18.5 MBg/rat
55.5 MBg/rat
185 MBq/rat

duodenum

25 mCi/kg rat-=> 291 mCi/70 kg adult

No significant differences in clinical observations, body Histopathological examinations of liver, spleen
weights, food consumption, hematological and and duodenum after 14-day study period. No
biochemical analyses, urological measurement, gross f;g”'f'c,am morphological damage occurred in
necropsy and histopathological examinations Re-liposome-treated and _control groups.

(A-C) Control male rat; (D—F) 185 MBq male
rat; (G-1) 185 MBqg female rat. H&E stain,

Liu et al., J Appl Toxicol. 2010 30(7):680-7 magnification: 200X.
Liu et al., J Appl Toxicol. 2013 (In press)

Institate of Nuclear Energy Research

Clinical Trials of 188Re-liposome
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http://www.pacificbiolabs.com/cgmp_glp.asp

ee Exploratory INDs (ExpIND, Phase 0)

Guidance for Industry,
Investigators, and Reviewers

Exploratory IND Studies

January 2006
Pharmacology / Toxicology

“For the purposes of this guidance the phrase exploratory IND is
intended to describe a clinical trial that occurs very early in phase
1, involves very limited human exposure (up to 7 days of dosing)
and has no therapeutic intent.

“ Institute of Nuclear Energy Research QM&M&’L’F

fhisn ExpINDs

« ExpINDs improve efficiency of drug development

* ExpINDs allow sponsors to evaluate up to five chemical
entities or formulations simultaneously.

* When a lead compound has been selected, the ExpIND
is closed and drug development proceeds along the
traditional pathway.

» EXpINDs provide opportunity to study PK and target
interaction early in drug development.

“ Institute of Nuclear Energy Research QM&M&’L’F
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INER

Goals of expINDs

+ Gain an understanding of the relationship between a
specific mechanism of action and the treatment of a
disease.

* Provide information on PK

+ Select the most promising lead product from a group of
candidates designed to interact with a particular
therapeutic target.

* Explore a product’s biodistribution characteristics using
various imaging technologies.

" Imstitute of Nuclear Energy Research m&m&@m

~es  1Yypes of studies: microdose

* Microdose studies are designed to evaluate
pharmacokinetics or imaging of specific targets and are
designed not to induce pharmacological effects.

« A microdose is defined as less than 1/100™ of the dose
calculated to yield a pharmacological effect and <100
micrograms.

" Imstitute of Nuclear Energy Research m&m&@m

2014/12/16
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INER Summary for Phase O clinical trial

1.All of subjects did not contribute to any serious adverse
reaction after 188Re-liposome administration.

2.188Re-liposome was absorbed by the body organs and
the tumor sites, and the dosimetry of all organs is far less
than the reference maximum tolerance dose.

“ Institute of Nuclear Energy Research QM&M&’L’F

INER

4 CLINICAL STUDY DESIGN (Phase I)

A phase |, open-label, dose-escalation study to
determine the maximum tolerance dose (MTD) and
to evaluate the safety of 188Re-BMEDA-liposome in

patient with primary solid tumor in advanced or

metastatic stage

“ Institute of Nuclear Energy Research QM&M&’L’F

2014/12/16
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INER Current Status of Clinical Trial

® Phase | trial has been approved by TFDA on July 3, 2014.
® Phase | trial has also approved by IRB of VGHTPE on Sep 29, 2014.
® The first patient for Phase | trial will be started in Oct 28, 2014.

“ Institute of Nuclear Energy Research QM&M&’L’F

INER

Thanks for your attention !!

“ Institute of Nuclear Energy Research QM&M&’L’F
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Preclinical Studies for Molecular
Imaging at INER

®EY
Chih-Hsien Chang, PhD
chchang@iner.gov.tw

20141028

“ Institute of Nuclear Energy Research m&w&éu’

e Nuclear Medicine Facilities at Taiwan
» 10 sets of cyclotrons and PET radiopharmaceutical facilities in

Taiwan
* One research reactor in National Tsing-Hua University(;f_?‘é

£, 374

O Baby cyclotron LN
Fe B R
B 2%
w¥ LR
TE LR

" Institute of Nuclear Energy Research m%-'ag-m'“ ~ &&i ’k,.—

@ compact cyclotron,

O Reactor




Radioisotope
Applications

Nuclear Safety

2014/12/16

and New Energy ‘

L

%%sn Radiation Biomedical Applications at INER

GLP Radiopharmaceutical
Characterization Laboratory,

Radiopharmacology =
toxicology laborator =

1. Quality control of raw
material and drug
2. Drug metabolism study

Biomedical

Radiopharmaceutical
application

manufacturing cente

1. 1S0-9001 and cGMP
certification
2. 18 drug licenses from TFDA

\ / 1.
2. Translational lab.

Preclinical evaluation for new

radiopharmceutical

30MeV
Cyclotron

—)

Supply medical isotope: I-123,
Tl-210, In-111, Ga-67, F-18, I-
124, Ge-68, Co-57 etc .

center

Co-60 irradiation .

Industrial application: Neutron
monitoring (for proton therapy )

|

55 1o o By (s

2

070 36 )

G T i N .
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\.:.an 17 Medicinal

Licences

L% & 1 345 (85-201)i1 #HM (INER Thallous w
Chloride(TI-201) Injection) #F FHRR000128 o

2,457 R P4 (&2-67)iL 44 (INER Gallium
Citrate(Ga-67) Injection)

3.457 4 § & 5 (% -18)iL &M (INER F-18-FDG
Injection)

ceuticals of Nuclear Medicine from Taiwan 5
Early Diagnosis andjTreatment,
S ks

#E FHR00014E P X 3

#F FHR000018E. | Ry

4.4 1 4 (#%-123) ™ PR3 (INER Soldium lodide(l-
123) Oral Solution)

#F #FHR000168 Ry

INER HMPAO Kit

5.15# £ -81mF W £ F (INER Kr-81m Gas Generator) #§ #F $LR000019%, @ gnn —_—
¥R FHRO0010E | ° Ry

6.14#7 5455 #5738 N (INER DMS Kit)

7.4 % W% B (INER HMPAO Kit) *F FHR000LIE | Besq

8.1 ° A Wt #4238 A (INER MDP Kit) #F FHR00013% E X+ (H230rs! Solution

9.4477 % $45%-# i i3 M (INER Mertiatide Kit) % FER00017H L

10.4% #4135 FMINER H.P.-Tester W% #HR00015% Elal |

11§57 § 7 s2lE 4 M (INER TRODAT-1KIT) #F ¥ #R000023%. s

12, 4P 4FYLLILE P FPE L MM (INER In-111 )
Pentetreotide Injection) #F #FRR0000248, #ap
13437 £ < g5 9k A (INER MIBI Kit) i e
Bone
[ nennorice |

Citrate(Ga-67)
Injection

14.4%7 B % %38 X8 (INER ECD Kit) #HFHRO0031E | #R L

15.4%% [&-18] & 1 43154 (INER F-18 NaF) % FHRO00032. | PR

16497 45-5714 F % # .t i (INER Co-57 Nuclear s $ E3E RS Hx3
sealed calibration source) #001133% (SPEC INER In-111
Pentetreotide —
17.4%9° 45-681% J % # . # (INER Ge-68 Nuclear ﬁﬂ!xsﬂis ey
sealed calibration source) # 0010768 (PET)

Institute of Nuclear Energy Resei. - s oo ooy =

Diwe Drug discovery and development

Preclinical Phase 0 Phase I-I11
& S & S & S
< > <€ ><€ >
Assessment of target AT 3 Clinical Phases I-1Il
. Lead compound optimization Pre-Phase | studies
:mzlgr‘:ahzati o + Characterization of disease phenotypes * Microdosing : thf;'cram?cgkflf: rt:?sound FDA approval
« Target quantification « Efficacy of compound + Pharmacokinetics « Microdosing
10,000 compounds 5 compounds ] 1 compound
38years 86 years 18years

Figure 1| Molecular imaging and the drug development process. On average, for ~10,000 compounds evaluated
in preclinical studies, about five compounds enter clinical trials and about one compound finally receives regulatory
approval by the US Food and Drug Administration (FDA)*. The mean time from synthesis of a new compound to marketing
approval in the United States is 14.2 years'””. Molecular imaging can be used at various stages in the drug development
process, asillustrated here, which may help reduce attrition rates and allow the selection of the most promising drug

candidates early on in development.

= Nat Rev Drug Discov. 2008 (7) 591+
Institute of Nuclear Energy Research
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=S Radiopharmacology and Molecular
C& Imaging Lab at INER

2 Radio-labeling of drug
2 Molecular imaging for pharmacology

< Radiopharmacology
(pharmacokinetics/pharmacodynamics/Autoradiography/
Receptor binding assay)

2 GLP Radiotoxicology
< Dosimetry evaluation
< Preclinical drug selection and efficacy evaluation

— — - - - b} . Eres
Institute of Nuclear Energy Research w&‘*’«"

A= M olecular Imaging Modalities at INER

Xenogen Optical imaging Vevo® 770 ultrasound Olympus confocal Leica CM3600 Rat autoradiography
system microscopes

MR solution animal MRI Bioscan Nano SPECT/CT Bioscan Nano PET/CT

— —— L I . = -
Institute of Nuclear Energy Research w&*‘.&—
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First Radiotoxicology Lab for rodents
meets the GLP Guidance in Taiwan

* RadioTox Lab owns the abilities for evaluation of extended acute
toxicology of radiopharmaceuticals in rodents.

* The clinical observations, body weights, food consumption,
hematological and biochemical analyses, urological measurement,
gross necropsy can be conducted in our GLP lab.

'/In?ﬁ;ute of Nuclear Energy Research Sl &“ ] :”‘k”

Longitudinal MicroSPECT/CT Imaging and
INER Pharmacokinetics of Synthetic Luteinizing
Hormone-releasing Hormone (LHRH) Vaccine in Rats

CHIH-HSIEN CHANG!, WEI-CHUAN HSU', CHANG-YI WANG?, MEEI-LING JAN!, TUNG-HU TSAF,
TE-WEI LEE', SHU-GENE LYNN?, CHUNG-HSIN YEH! and TSUI-JUNG CHANG'

Rats were injected with of 1311-peptide vaccine mixture

X-ray p-CT

W -SPECT - p-SPECT/PET/CT

Day 14

Day 21 Day 30

Chang et al; Anticancer Res 27:3251-3258, 2007
Jan, et al.,. IEEE Trans Med Imaging, 24:886-93. 2005

" Institate of Nuclear Energy Research
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Comparative Evaluation of FET and FDG for Differentiating |
INER Lung Carcinoma from Inflammation in Mice
CHIH-HSIEN CHANG!?, HSIN-ELL WANG?, SHI-YUAN WU®, KUO-HSIEN FAN?, TUNG-HU TSAI*,
TE-WEI LEE?, SHIANG-RONG CHANG?, REN-SHYAN LIU®, CHIEH-FU CHEN!,
CHIN-HSIUNG CHEN? and YING-KAI FU*®
(Anticancer Res 26:917-926 2006)

MicroPET image Photograph Autoradiogram
ISF-FET * BF-FDG *
a
» . Parameter Unit Value Value
(%ID/g) 3.99 8.09
. B (%ID/g) 2.28 1.05
(1/min) 0.0176 0.067
b [ (1/min) 0.0033 0.008
. tii2e (min) 39 10
. tir2,p (min) 205 87
Cmax (%ID/g) 6.27 9.14
»
‘\ AUC, (min ~ %ID/g) 900.4 2523

Table. Pharmacokinetic parameter estimates of 8F-FET and 18F-FDG
derived from the radioactivity (%ID/g) in blood in inflammatory- and
lung carcinoma-bearing mice.

* Concentration (%ID/g) of 8F-FET and 8F-FDG in blood was
determined at 10, 30, 60, 90, 120, 180 and 240 min p.i.

“ Institute of Nuclear Energy Research ﬂwﬂi‘;‘m

Pharmacokinetics, micro-SPECT/CT imaging and therapeutic efficacy of

INER 188 . - . . .
Re-DXR-liposome in C26 colon carcinoma ascites mice model
Liang-Cheng Chen®, Chih-Hsien Chang®, Chia-Yu Yu®, Ya-Jen Chang®, Yu-Hsien Wu?,
Wan-Chi Lee®, Chung-Hsin Yeh®, Te-Wei Lee®, Gann Ting™*
A Nuclear Medicine and Biology 35 (2008) 883 — 893
v
High=T) any
—8— *3g.0xR-iposome
25 —0— "Re-BMEDA
20
E
ﬁ 15
F 3
10
os R
—a
. —o—
o = 4 s m w0 12
Tima (h)
Table 2
Low — Pharmacokinetic parameter estimates of '**Re-BMEDA and '**Re-DXR.
liposome after intraperitoneal administration in C26 colon carcinoma ascites
mice
B Autoradiogram Photogram . = T
- Parameter Unit Re-BMEDA Re-DXR-liposome
High
Blood
l mlh .23 0.13
AUCe.0 h %ID/ml 790 489
AUCio—wc) h %ID/ml 813 754
Ascites
a mih 03 0.05
AUCin h %ID/ml 332 1704
AUCy—., h%IDml 439 1839
Tumor
a mlh 26 0.56
Low- AUCq—.n h %ID/ml 374 136
AUCq .y h %ID/ml 380 178

* Blood values have been previously reported [21].

“ Institute of Nuclear Energy Research m&iﬂi‘;‘m
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Biodistribution and Pharmacokinetics of Transgenic

™" Ppig-produced Recombinant Human Factor IX (rhFIX) in Rat
-produced Recombinant Human Factor IX (r| ) in Rats
Chang et al., in vivo 22: 693-698 (2008)
Bolus IV Ko
— Contral compartment > | Table [1. Pharmacokinetic parameter estimates from radioactivity in
plasma after intravenous injection of 3-rhFIX (25 uglrat) in rats
(Each value represents mean=SEM of 5 rats).
<1 I
Parameter Unit Value
A (% 1D/ml) 2.10£0.26
Peripheral compartment B (% ID/ml) 0.99:0.09
« (b1 0.96£0.18
Figure 1. Graphical presentation of two-compartment model applied to f (b1 0.08+0.01
plasma data (% ID/g) for 131 1-rhFIX. IV: intravenous, ID: injected dose Yoa (h) 0.82+0.13
Ky Kp2. Kay: micro rate constants Unp (h) 9.34£0.96
MRT (h) 9.08+1.16
10 ] Ko (h) 0.20£0.02
K2 (h1) 0.47£0.11
Ky (h-h 0.36£0.06
1{a Vi (ml)
£ . (cif (% 1D/g)
s Nk AUCI\p (hx% ID/g)
* . |
0.1 - — ‘ B: macro rate constants: ty . ty2p: distribution and elimination
| ce time: Ko, K2, Ky micro
| rate constants; Vy: apparent volume of the central compartment; Cpax:
0.01 . . - . . | maximum concentration in plasma; AUCyg: area under concentration
0 20 40 60 &0 100 120 of 131L-rhFIX versus time curve.
Time (h)
Figure 2. Radioactivity in plasma afier intravenous administration of
kel Diiirint bt rhFIX: treatment of Hemophilia B

2[nsiitute of Nuclear Energy Research m&wi&m

Thanks for your attention
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