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FIG. 3. MIBG SPECT scanning in patients with Parkinson’s disease (PD) and healthy subjects (controls). Early (E) and delayed (D) H/M ratios
in various studies. Numbers indicate count of healthy subjects / number of patients with PD studied. {Adapted from Taki J, Yoshita M, Yamada
M, Tonami N, Ann Nucl Med, 2004, 18, 453461, © Springer Japan, reproduced by permission.) [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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Table Il. MIBG H/M ratios in Parkinson disease, dementia with Lewy-body disease,
autonomic failure and idiopathic REM sleep behavior disorder

Parkmsen disease, DLB, PAF Related disorders Control
Author Year n Early HM ratio Delayed HM  Early and delayed H'M Early and delayed
ratio ratio (n) HM ratio (n)
Yoshita [34] 2001 14 DLB AD 2.26+0.29,
1.31£0.17 1.18+0.10 2.22+0.30 (p=14)
Watanabe [35] 2001 11 DLB 1402 1.2+02 AD 2353=02,24+02 2.4+0.1,24=02
(m=10) (n=10)
Saiki [41] 2004 34 FD MSA 1.99=0.2584, 2.08+0.231,
1.45+0.207 1.33=0.276 2.16+0.414 (n=T) 2.17+0.2886 (n=11)
4 DLB
1.29+0.0435 1.16=0.0949
Yaoshita [36] 2006 7 DLB/P+ AD 2.16+0.26, 207021,
1.33£0.17 1.22+0.12 2.15+0.28 (n=42) 2.18=0.26 (n=10)
30 DLB/P-
1.48+0.39 1.26=0.14
Hanyu [40] 2006 19 DLB AD 2.55+0.39,
1.61+0.32 1.3320.16 241041 (n=39)
Eashihara [42] 2006 130 FD CBD 2.51+.44, 226021,
1.63=0.29 1.37+0.27 2.7520.51 (n=9) 2.48=0.35 (n=16)
i | DLB PSP 2.45+0 37,
1.69£0.44 147037 2574038 (n=11)
3 PAF MSA 2.54+0.29,
147019 1.32£0.16 2532041 (n=11)
Miyamoto 2006 13 RED 1.34=0.20 3.01=0.39 (n=8)
[47] 12 PD 1.43=0.20

Abbreviations

DLE, dementia with Lewy-body disease; DLB/P+, DLB with parkinsonizm; DLB/P-, DLB without parkmsonizm; PAF,
pure autonomic failure; ADY, Alzhemmer disease; RBD, idiopathic REM sleep behavior discrder; Other abbreviations in
Table 1
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Nuclear Medicine Facilities at Taiwan

= 10 sets of cyclotrons and PET radiopharmacentical facilities in
Tatswan

EBCO TR MAS Cydairon
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- WE1E
k2
& 1§
R 1E

1A Tydon 185

Nuclear Medicine status in Taiwan (II)

L
L)
1. Department of Muclear
=z y BRTEHE 'l!:l S
SPECT/SPECT-CT : 116 i igs_ "_...._1 =
PET/PET-CT : 36 sets e sais = BB
3. The man power reported from . .u...-“-
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Doctor 127 E.E
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Medical Technologist Bs
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Nuclear Medicine status in Taiwan (III)

s-l:

O Diagnostic drugs: Te-ggm radmphamaeemhca]s Ga-
67 citrate, Tl-210 Cl, F-18 FDG, In-111 Octreotide, —

O Therapentic drugs: Y-go microsphere, Sr-89 Cl,, Y-
90/In-111 Zevalin,I-131 Nal, In-111 Octreotide, -—

O The I-131 isolation wards: 34 wards/18 hospitals.

O The specific project imported from abroad: Te-gom
mebrofenin,———

Annual examination number in Taiwan
6

Eximinations Radlinphormaceuticuls Anmunl namber Contributiom {%1

Whide.body hone scan TTC R MDP I 5500 T 334 1
| _.'ﬂ'-lu'l.ltll:ul ll.'lllll_-\.lllll ey |1:"||1 [ IIl._IIII.II" '|'~_-‘-|'il|n -u.'l-r;ulll.ll'll _-||1.-| kH 194 :

Drynamae renuliurinmy Tu-tm DT A 13,125 5.1

function sjuchy
Thyroid scun 113 silinm bndide; Te-S9%m | L5600 4.5
saosilinirn pesilechm elaie

Whole-body PET scnn F- 14 FIaj w557 n

Whiske-Body inflammatice scan Go-67 pallm cilras AT 7

Meckel's diveniculum scan Te-t¥im solim penechnetase 5154 24h

Wolle-Pody Timeir sedn iy gallsim euraté 4,731 [

Cerihl perfumbng seon Tu-tim ECTa 3480 14

Lung perfiussion siun Te-Eim MAA 1412 1.3

Liver amdd sploen scan Te-Wm sulbur colloid 2212 oW

Lymphoeciniigruphs Te-¥im suliur collond 57 [HR

Lug ventilation sy Xe-133 1954 &

Oithers 355 121
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The challenge of Nuclear Medicine in Taiwan
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Mission of INER

O]

Introduction of INER
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Radiation Application Technologyv Center
lsotope and Radiation Application
[ l I
| tectope Application | | Raciation appiicanion
1 | I | 1 | ! 1
Callbrathe (| Dlagnoste | Therapsutic M el 3l
D“E"""' n radiophar | remopharma || Co€o Afmm Imaging
Sources maceutical ceutleal Radation Radisticn Devics
“Cyea | ®Ge "FFDG | "™Rs- b rp——
g Soures T3a- Pammenate Starmzation Material Modifcathon
Glyeine | ¥co Chirats e + Diaposable « Elsctronic Device
Sourcs M- Liposime Medical Products . Toxime
TRODAT1 | RS + Herbs New Imaging Device
e * Health food - INER Braast PET
"n-DTPA + Eys ointment Systam
o Sprout and Growth Inhibition
T e
+ Potato
« Flower
« agricuttural Products




TRIWMS eyclotron

Radiopharmaceutical Manufacturing center

1. Max proton beam 1. Cerified by cGMP by TFDA and 1503004,
energy : 30MeV 3 Obtain 17 drug icenses from TFDA.
Z ?ﬁ; -Ir‘lllz?t-ﬁl ‘31'11-1 Regulary supply the radiopharmaceuticals to
» Fla, Hlea, In=-1, .
F124, Cu-B4, Ge-58, local hospitals.
Cip-57

® a kit formmlation for the preparation
of Te-gom-TR.ODAT-1.
» the second radiopharmaceutical being
salized = imaging d .
transporter in the world. The
formmlation is patented in Taiwan,

H i ;j Clinical result

INER TRODAT-1 Kit: the First Commercialized
Technetinm-gom DAT Imaging Agent




T institute of nuclear energy research Rhenium-188 liposome injection
leading global vivo radiation of Nano cancer drugs early clinical trials

# Cxploratory investigational new drug (IND) is known as Phase 0 clinical frials,
which is allowed to involve very low dose administration and very limited
human exposure before conducting Phase I study.

# The elND is intended to confirm the safety and provide supporting information
of Re-188-liposome about pharmacokinetics, biodistibution and radiation
dosimetry.

# In April 16, 2012, Depariment of health approved the world's first human
clinical trials. In May 21, 2012, "INER. Rhenium-188 liposome injeclion” got the
clinical tnal approval from Taipei Veterans General Hospital.

The development of INER Breast PET Scanner
O
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Isotopes Application for New Drug Development
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20131218
HOTOPE APPLICATION DIVISION
o INSTITUTE OF HUCLEAR EMERGSY RESEARCH
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1 Applications of isotopes

[0 Isotope applications in drug development
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r 2 What is isotope?

Isotopes are variants of a particular chemical element such
that, while all isotopes of a given element have the same
number of protons in each atom, they differ in neutron

number.
C-11 11 6 b Radicactive isotope
(T, = 20.38 min)
cC-12 12 6 L] Stable isotope
C-13 13 6 Fi Stable isotope
C-14 14 6 a Radioactive isotope

(T,z= 5.730+40 years)

F
2

P> Isotope Applications

O Archasology:
Age dating using the C-14 (radiocarbon) method
2 Cligin of artifacts
3 Tracing the lite sfory of humans
O Forensic sciences
Dafing post-mortem intervals
2 Bulets and their origin
O Ervironmental sciences
1. Dust fransport
2 Radioisolope thermal generalors (RTG).

5r, 28py, and 2**Cm provide power for remote applications like space
crafts, weather and tsunami warning stations. navigation signal stations,
radic beacons, undersea deep-water installations.
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" ww | Radioisotope Thermoelectric Generator (RTG)

RTG provide electrical power for spacecraft by converting the
heat generated by the decay of plutonium-238 (Pu-238) fuel
into electricity using devices called thermocouples.

RTGs have historically been viewed as a highly reliable power
option.

4
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Isotope-labeling (stable & radioisotope) is a
very useful tool for many life science R&D

FPharmaceutical
Agriculture

Biotechnology
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2, | Why Should We Use Radioactivity in Drug Discovery
o == | gnd Development?

Sensitivity - 1 pmol of the drug (~500pg)
Specificity: only radioactive drug can be detected
Ease of use

Applicable to every drug

Detection and quantitation does not depend on molecular
structure.

O ooaoaQg

It is the “Gold Standard” in many applications

o
N &

F The clinical application of isotopes

Wuclear Medicine Labalad |sotope g =
Pp— acanhicsl SPECT scanner

Radiophamaceutical :

— radicactive drug = a radionuclide + a pharmaceutical

— used for the purpose of diagnosis or therapy

—_typically elicit no physiological response from the
HRACET R N
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O Applications of isotopes

O |sotope applications in new drug
development
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Bt Therapeutic Efficacy and Safety:
e FDA and Patients Concern—

Drug potency, selectivity, and
toxicity determined by:
* Structure and mechamsm

* Dmug Cmcﬁ:ltmum Absorption
= (= | i
- e Metabolism

= Duration of exposure Excreti
- Metabolites xereton

— Aphive
— Toxic




s New Drug Development Process
L
Basic Chemical synthesis,
Research, Screen,
Target ID Selection

+ [n-vitro cell # In-vivo animal study

sfudy - Pharmecokinetics :
* Biochemical ADME
assays * Pharmacodynamics:
* Toxicity | _mechanism/concept
assays ® TDxil:i'l'f

* Translate to humans
Diagnastic Imaging

ot ’ Agenis
+ \alidation + Stability testing e e——
+ Scaling up + Patents Raf : Luics Yamg MD. PAD. { 2012, FDA)
=, Type and nature of useful radioisotopes for
= newdrug R&D
Radigisotope | Emission Ema Half-life application
C-14 B 186 KeW 5730 v | All drugs contain carbon and
H-3 B 18.6 Ke' 123 v | hydrogen atoms.
P-32 B 1710 KeV | 14.3d | Drugs contain phasphate
P-33 B 248 KeV | 253d
5-35 B 167 KeV B7.6d |Drugs contain sulfur
I-125 B 355 keV | 801 d |Protein-based drug
131 B, v 606 eV | BO2d
123 ¥ 145K eV 13 h
« For drug metabolism studies: C-14(%C) = 95%, H-3(*H)=5%
EJ;'I’ —_— @’ 1 .Isotope exchange between H-1 and H-3
2. Oxidation metabolism

a-HEF
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G General methods of radiclabeling
lsotope Exchange %) |abeled T3 and T4
122, ¥5- and 3H-labeled compounds
Introduction of a foreign All " Te-radiocphamaceuticals
label 125]_|abeled proteins

123)_|abeled hormones
Mp-labeled cells
BF_flucrodeoxyglucose

Labeling with bifunctional Mn-DTPA-albumin
chelating agent ®@mMTe-DTPA-antibody

Biosynthesis Ti5e-selenomethionine
STCo-cyanocobalamin
2C-labeled compounds

v
1
A FESTAET TR L 43 m
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:;- The synthetic pathway for C-14 labeled drug
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Alzeoat, 1. and Allen, 1., [2010) “Syrihesis of Radiolabled compounds for Clincal Studies. Ch.
B.11, In "Drug Discovery and Evalustion: Methods in Cinical Pharamenlogy’, ed. by, Gebauer, A
e Dublibe Ly SO
ARAET RE N HERNTN -

o
w
N

Rt



Collecting samples :

i 1. Urine, stool
» 2. Blood
% 3. Tissue samples
PR, 4. €O,
Sl Analvzing:
liqud scinfillation

counter
gamma counter

rat metabolism cage oxidizer + @4 0O, M EN __:

-,
- Release of YO0, Metabolite via
Biodistribution ~ breath way
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i_'} Structure identification of drug metabolites by HPLC-14C
= and LC-MS/MS
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;;. Autoradiography Method

14C-Methionine Uptake as a Potential Marker of Inflammatory Processes
After Myocardial Ischemia and Reperfusion
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* Non-invasive, whole body imaging of small animals using
techniques such as CT, SPECT, PET and MRI, is helping to reduce the
number of animals used in basic research and drug development.

* The same animal can be imaged multiple times in order to monitor

the progression or regression of infection or disease
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Animal PET/CT

ld-l!ll.l

H.-lr-fl

(<. i
A >
Mo lescun Lo | e o g - G 56 o) ok 40 B SR FT d IR
LRIEEA - £ - EERBEVLZ T
npms X L L "
uiiﬂﬁ itk blomarkar £ & & 4 808 R R rd

Animal SFECTICT . Tt

FHALNCE T R WA

=3 F-18 FDG in Cancer Diagnosis

CHOH CH,OH
Mormal PET scan. Regions of

most intense normal uptake @-
are in the brain, the heart and

in the kidneys and bladder. "F
F-1B FDG I:l-Glutvmt
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b > Radiotracers Developed for Dopamine Neuron System

Craagme presvidad by Tri-Sarvica [oapeal

Tencwrs for Doguresna

Tracwrs fer MAD E
C-1 1Dy

Teacers fex I
Faspmr

C-11-Rackyride,

Tracwrz fer DAT

123 -Epidepride

Craagme presvidad by Tri-Sarvica [oapeal

Tracer: foc D)
Racwpear:
Eraagm provicid by Chang Jemg Ca11-HHCIL
Slameoriad Thamud

Y 73
SRACET B m o

.,

*  us Radionuclide-labeled Drug: '2%|-Amoxicillin

Biodistribution of Amoxicillin-loaded Chitosan-Alginate
Manoparticles for Oral Administration

---------------
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123|_.Amo Sol vs. 123]-Amo NP

aom 74h 24h

Sol
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2 Isotope application in biodegradable

L
- . .
micro-particle research
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7 Therapeutic Evaluation of New Therapeutic Radiopharmaceutical

P
I '8%Re-Liposome at Mice Colorectal Carcinoma Model
TW.155Fe-1858
geneEraior
L — .I Re-188 e 5;3&:@%:; e
. X Half-life - 18.9 hr Yupirdd 5 Bin
WER i Tow e s e
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IV formulation: Radionuclide-labeled Micelles

ManoSPECTICT images of "Indabeled micelles after PTT
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OTPE-PEG-PCL
*
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s Dual-energy SPECT/CT images of
131].labeled Drug/ '"'In-labeled micelles
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Conclusion

¢

# Radiolabeled drugs are used as a sensitive and specific
radiotracer in every area of drug discovery and
development.

# Radioisotope can be labeled with drug and used for
imaging of tissue pharmacokinetics or pharmacodynamics
in target organs. It can provide the required information
about in vive characteristics of drugs.
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Many thanks for your attention!!
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