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DOPACIS®
NEUROLITE®

Thyroid

ANGIOCIS®
CARDIOGEN-82
CARDIOLITE®
SERALB-125
STAMICIS®
TL-201-81
VASCULOCIS®

Adrenal glands/Kidneys

CAPSION® NORCHOL-131
1-131-81 PENTACIS®
1-131-8-2 RENOCIS®
1-123-81
-123-8-2

Sen f Sy
NANOCIS®
ng Ants L
PENTACIS® ERMM-1
PULMOCIS® RE-186-MM-1
VENTIBOX YMM-1

VENTICIS® I

PHYTACIS®

GA-67-MM-1
SCINTIMUN® 1 mg

ners

CISNAF® ELUMATIC® Il
OSTEOCIS® ("F)-FDG
TECEOS® MIBG-131-D
QUADRAMET® MIBG-131-T
YTRACIS®

Product Catalogue, IBA (2013)
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GMP Rules of Radiopharmaceuticals T uRenoe

Tumor Images Nuclear Medicine Imaging (NMI) &
Medical cyclotron (Early tumor-diagnosis, biological size & Targeted-Radionuclide Therapy (TRT)
(Production of medical radioisotopes) pos[tlon for in V_'VO tumo.r, dementia, A. . DR " @ c
epilepsy, Parkinson’s disease, etc.) » 4

9
» d*
Injection for human
(Waiting time for uptake & background
excretion of radiopharmaceuticals;
FDG scan after 40-50 mins)

= Preparation by GMP (cGMP) rule
= Daily production & Immediately use

Radiopharmaceutical



‘ilﬂ ‘
&R

Medical Rl & Nuclear Medicine in KIRAMS =

Sr2eIxj2iofotel

KOREA INSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES

Cyclotron-based Molecular Imaging Department of
Rl & RP Production & Pre-clinic Study Nuclear Medicine
* 50 MeV cyclotron (IBA, 1985) - m Bl Samem
« 30 MeV cyclotron (IBA, 2000) X &, ||"—'¥|EF] a'g
* 16.5 MeV cyclotron (IBA, 2018) T ’ 1 s
* MicroPET/CT
* Optical Imaging

* BAS/ Whole Body Autocrytome
« MicroMRI (9.4 T)/ NMR (600 MHz) * SPECT

« 1-123, [I-123]MIBG, [I-123]JFPCIT

« GLP Facility * PET/CT, PET/MRI
* T1-201 « LC-QTOF * Targeted Radionuclide Therapy
* [C-11]PIB, [C-11]Methionine

* AMS (C-14 Analysis)

l-—!

« [F-18]FDG, [F-18]FPCIT
« Cu-64, Zr-89, 1-124

pmng 1100
summus (IR R RN w———
L= | iy gy

_A_Mj;l,y ; '-'.";, e Clinical Study for New Drug
5 [ « Multi-center or Multi-country

* KIRAMS RI Production System
* GE MX, FASTIlab2, FX2 (C&N)
* E&Z Modular Lab



3R One-Stop KIRAMS! (Fast Bench to Bed) = %=l
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Development of

re of radiopharmaceuticals

: Clinical study
medical RI

Medical Radioisotope Radiopharmaceuticals Clinical Research
» Medical cyclotron-based = New radiopharmaceuticals » Medical application
» National RI supply system = Precision medicine » Improvement of medical tech

= Multi-center clinical trial

* New research center open, from 2019

* GMP facility : 6 cleanrooms for radiopharmaceuticals
* GE cyclotron (16.5 MeV, F-18 & C-11)

* GLP animal study

* Recent Q.C. system

* Research room for basic sciences




Mongolian PET Center supported by KIRAMS =
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Medical Instruments in Nuclear Medicine
(Sam Sung co. & GE Healthcare China)

Cyclotron : Minitracer (GE), 1 Set
Module : FASTIlab 2 (GE, not confirmed), 2 Set

Hot Cell : Production cell (dual), Dispenser cell

(Comecer, not confirmed)

Dispenser : Timotheo LT (not confirmed)
PET : PET/CT Discovery 1Q-3 ring, 1 Set
SPECT : SPECT/CT is not confirmed
Auto-injector : Model is not confirmed
Q.C.:

(1) RadioTLC scanner

(2) Gas chromatography

(3) MCA ...

Target Radiopharmaceuticals : FDG, NaF, FLT, etc.
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Medical Cyclotrons in KIRAMS = gRaxo

Energy
B R RERE

50 MeV

30 MeV

16.5 MeV

Scantronix
(1985)

IBA
(2000)

GE
(2018)

Alpha 64Cu (PET), 1241 (PET), 89Zr(PET),
Deuteron BF (PET), “*Sc(PET), 1'mSn(beta),
Proton 21IAt(alpha), 6’Cu(beta)

BF(PET), *C(PET), *23I(SPECT),

Proton 20IT(SPECT)
Deuteron 18 "
Proton F(PET), “C(PET)
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Research History of KIRAMS-RI T R

1986; Installation and operation of MC-50 cyclotron (Scanditronix co., Sweden)

1989; First production and clinic distribution of 8’Ga (SPECT, tumor) in Korea

1990; First production and clinic distribution of 2°'TI (SPECT, myocardiac) in Korea

1990; First production and clinic distribution of 23] (SPECT, thyroid) in Korea

1992; First development of 11In, 22Na, 1Cr in Korea

1995; First development and production of ‘8F, 1C in Korea

1995; First development and clinic production of [*F]FDG, [*C]methionine in Korea

2002; Installation and operation of Cyclone-30 (IBA co., Belgium)

2003; Mass production and clinic distribution of 6’Ga (Korea), 2°'T| (Korea), 23| (Canada)

2003; First development and clinic distribution of [*22IJmIBG (SPECT, childhood cancer) in Korea
2005; First development and research distribution of 121 (PET, thyroid, nanoparticle-labeling) in Korea
2006; First development of 193Pd (prostate cancer, brackytherapy) in Korea

2007; First development and clinic distribution of ®*Cu (PET, tumor) in Korea

2007-13; First development and clinic study (low-level oxygen tumor) of [**Cu]ATSM in Korea
2014; First development and research distribution of 8Zr (PET, tumor) in Korea

2017; First development and clinic study (PET, breast cancer) of [®*Cu]Herceptin in Korea



PE Radioisotopes and PET System T ume

Gamma-ray

511 keV .
gamma-ray / \
|: | Positron-emitting
/’ radionuclide
Electron (—) o
Positron {+]/7
511 keV
gamma-ray

Main Positron-Emitting Racdioisotopes

In Nluclear Medicine

Non-Metals

@ 18F (110 mins); good imaging & good half-life

@ C (20.4 mins); good imaging & natural carbon
@ 13N (9.96 mins); good imaging & natural nitrogen
@ 0 (2 mins); good imaging & natural oxygen

@ "5Br (16.1 hrs); good match with nucleic acid

@ 12%] (4.18 days); good match with nanoparticles

Metals

@ %Cu (12.7 hrs); good imaging & match with peptides
@ 39Zr (78.4 hrs); good match with antibodies

@ %8Ga (68 mins); good imaging & match with peptides
@ #4Sc (3.97 hrs); good in vivo stability & match with peptides



First Paper of ['®F]FDG for Brain Study
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BASIC SCIENCES

RADIOCHEMISTRY

AND RADIOPHARMACEUTICALS

['*F]-Labeled 3-Deoxy-3-Fluoro-D-Glucose:

Synthesis and Preliminary
Blodistribution Data

Timothy J. Tewson, Michael J. Welch, and Marcus E. Raichle
Mallinckrodt Institute of Radiology, St. Louis, Missouri

A cyclotron target system for the production of anhydrous [""F] fluoride
ion has been developed and wsed for the synthesis of carrier-free ["*F]-3-
dmzraﬂunmm‘lm {SFDC} The synthesis is luﬁdﬂnﬂy mpﬂ and
sﬁc}em to allow production nj usable amounts of 3-FDG with a 6-MeV

7 P-.P i ¥ i

J Nuel Med 19: 1339-1345, 1978

The development of positron-emission tomogra-
phy, coupled with the synthesis of biologic substrates
containing positron-emitting nuclides, makes it pos-
sible to study local metabolism in vivo by noninvasive
techniques. Carbon-11-labeled glucose has been used
to determine local glucose metabolism in the brain
(1), but the rapid metabolic turnover leads to the
egress of "CO.. A glucose analog that would be
transported like glucose and enter but not complete
the metabolic cycle would be desirable. The synthesis
of such a compound has recently been published,
[*F}-2-deoxy-2-fluoro-D-glucose (2-FDG) (2). It
is available only with a large cyclotron.

OF the possible isomers of deoxy-fluoro-glucose,
the 6-fluoro cannot be phosphorylated at C-6, the
5-fluoro prevents the formation of the pyranose ring,
and the 4-fluoro rapidly loses fluoride ion in vivo
(3), as do the alpha and beta glucosyl fluorides with
fluorination at C-1 (4).

Controlled transport across cell membranes in-
volves either “active transport™ or “facilitated dif-
fusion™ (5). Both processes involve a carrier and
have a significant activation emergy (10-12 keal/

Volume 19, Number 12

1 studies show that 3-FDG is in fact a glucose

mole). For a given concentration gradient, facilitated
diffusion is considerably faster than would be ex-
pected from a passive mechanism. Active transport
is an energy-consuming process, moving the sub-
strate against a concentration gradient. The in vitro
studies of these two transport systems have been
performed on the hamster intestine for active trans-
port (6) and on the human erythrocyte for facilitated
diffusion (7). The blood-brain barrier is extremely
difficult to study in vitro, There is, however, consid-
erable in vivo evidence, both direct and indirect,
that transport of glucose across the blood-brain bar-
rier is similar to that in the human erythrocyte—
that is, a facilitated diffusion. Both systems are
sodium-independent, are insensitive to insulin, and
respond like transport inhibitors such as phloretin,
phlorizin, and cytochalasin B (&8). Both systems also
respond in a similar quantitative fashion to a variety

Received March 22, 1978; revision accepted July 5, 1978,

For reprints contact: T, J. Tewson, Div. of Radiation
Sciences, Mallinckrodt Institute of Radiology, 510 South
Kingshighway, St. Louis, MO 63110.
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FIG. 3. Pouible route for introduction of F-19 in synthasis of
[*F]-3-F0G.

tained at A (Fig. 2). This initial estimate of the
extraction fraction of [**F]-3-] FDG is high because of
the p of signifi lating tracer in the
field of view of the detector. Correction for this re-
circulating tracer is made in the following manner.

BASIC SCIENCES
RADIOCHEMISTRY AND RADIOPHARMACEUTICALS

arterial curve the venous data are renormalized and
the sub i d d. After three itera-
tions of this procedure it can be shown (unpub-
lished) that the true extraction fraction of a tracer
such as 3-FDG can be determined from the arterial
curve. The final extrapolated value (Fig. 2) is used
to P the actual fracti ion of the
tracer.

The cerebral metabolic rate for glucose was com-
puted from the arteriovenous glucose difference and
the CBF as measured by H:O,

In order to assess the behavior of [**F]-3-FDG in
brain following its i.v. administration, 1 mCi was in-
jected into a peripheral vein in an animal prepared
and monitored in the manner described above.

‘Whole-body distribution data were obtained using
a sxmﬂarly d and p | key, and

A second injection of labeled deoxygl is in-
jected into the venous outflow of the brain by way
of the catheter in the right jugular bulb. The quantity
of tracer injected is normalized first to the amount
injected into the carotid artery, and second to the
first estimate of the nonextracted fraction as detailed
above, The tracer curve generated from this injection
(Fig. 2) is then used to subtract a first approximation
of the amount of tracer present due to recirculation
from the arterial tracer curve. From this |

of 6.5 mCi of ["F]-3-FDG. Scintigrams
(200k counts/image) were obtained using a scin-
tillation camera with a 550-keV-rated collimator,
and the time taken for accumulation was recorded
in each case, The results are shown in Fig. 4, The
experiment was repeated with carrier-free material
and the distribution was very similar,

RESULTS AND DISCUSSION

Radinchemi

FIG. 4. Fleorine-18_diskribution in rheiss monkey 30 minules
after injection of &.5 mCi of [*F]-3-FDG.

Volume 19, Number 12

v. The reaction between cesium
fluoride and the allose trifluioromethane sulfonate
(IV) is close to guantitative with respect to both
the ester and the fluorine ion (J19), but with
the radiotracer considerably less than 100% is in-
corporated. The primary variable is in the washoff
from the glass wool plug. This is not surprising.
Cesium fluoride is known to react with glass in the
presence of water to produce fluorinated silicone
derivatives, which can either be freed from the sur-
face or remain in the polymeric structure of the glass.
There is a rough correlation between the activity
washed off the glass wool and that lost from the
ether layer by the aqueous wash. Consequently the
activity remaining in the ether layer is fairly constant,
being 15% of the starting activity without mm:chun
for decay. This is i with i

of silicone fluorides rather than free fluoride ion.
There is also the possibility of fluoride exchange with
the trifluoromethane sulfonate anion. This occurs to
a small extent with the ester (VI), and might occur
to a larger extent with the anion produced by the
displacement reaction.

Whether the silver-wool/cesium-hydroxide proce-
dure truly produces carrier-free material or merely
“no carrier added” is difficult to resolve fully, There
are two possible sources of stable fluoride. The first
is by thermal d i of the trifl h
sulfonate (IV) as shown in Fig. 3. This may oc-

1343
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Mechanism of [8F]FDG Signal Amplification

i %m

@ - °Q —@—» Glycolysis

['8FIFDG ['8FIFDG-6-PO,

Michelle L. James, and Sanjiv S. Gambhir Physiol Rev 2012;92:897-965
European Journal of Pharmaceutics and Biopharmaceutics 74 (2010) 50-54

11
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['8F]FDG Role in Nuclear Medicine T EnEEAn

*Oncology: For assessment of abnormal glucose metabolism to assist in
the evaluation of malignancy in patients with known or suspected
abnormalities found by other testing modalities, or in patients with an
existing diagnosis of cancer.

*Cardiology: For the identification of left ventricular myocardium with
residual glucose metabolism and reversible loss of systolic function in
patients with coronary artery disease and left ventricular dysfunction,
when used together with myocardial perfusion imaging.

*Neurology: For the identification of regions of abnormal glucose
metabolism associated with foci of epileptic seizures.

12
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1 2 ['8F]FDG-PET in Korean Nuclear Medicine

B TRT (Targeted-Radionuclide Therapy)

B [®F]FDG-PET (Positron Emission Tomography)

I SPECT (Single Photon Emission Computed Tomography)
800,000

696,858
700,000 690,622

583,555
600,000 555,991 558,242 563,024 ' 557,615 559,041 574,741

515,745
500,000

401, 407, 410,0

400,000 366,
341,9

( persons)

308,6

300,000
247,

200,000 184,8

100,5
100,000

57,0
134 15,7 20,1 25,0 28,3 28,7 29,6 31,1 30,8 24,4

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

(year)
By The Korean Society of Nuclear Medicine, 2016

|13
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KIRAMS :

Korean Nuclear Medicine Infra

Ko ./ KOREAINSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES

300

254

250

200

150

100

50

SPECT SPECT/CT PET PET/CT PET/MRI Medical Cyclotron

m2013 m20144

14



World Diagnostic Radiopharm. Market Xl et

Diagnostic $4.18Billion

Radiopharmaceutical

Market 458 2017

408
358

3‘0 B e — m
Billions of 258 .
Dollars

208

158

108

058

-5 «fl ' §

Other Isotopes e (- Total Market

wWwW w.oecd-nea.org
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FDA-Approved Radiopharmaceuticals ) Enern T

1C-choline
18F-florberaben
18F-florbetapir
18F-flucicovine

18F sodium fluoride

18F-fludexoyglucose (FDG)

18F-flutemetamol
68Ga-DOTATATE
BN-ammonia

82Ru-rubidium chloride

No patent

Piramal Imaging

Eli Lilly

Blue Earth Diagnostics
No patent

No patent

GE Healthcare
Advance Accelerator Applications
No patent

Bracco Diagnostics, DRAXIMAGE

(U.S.A, 2016)

Prostate cancer
Alzheimer’s disease (AD)
Alzheimer’s disease (AD)
Prostate cancer

Bone imaging

Tumor, brain, myocardial perfusion

Alzheimer’s disease (AD)
Neuroendocrine tumor
Myocardial perfusion

Myocardial perfusion

@ Korean FDA was also approved for [18F]FLT (Lung cancer), [{8F]MISO (Hypoxia tumor)
[F]FP-CIT (Parkinson’s disease) and [8F]FC119S (Alzheimer’s disease).

16
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['8F]Flutemetamol (GE Healthcare co.) ) S

Benzothiazole

----------------------------

“F-flutemetamol 18 "C-PIB :
HO s £H3 HO_ s ”/CH3
-G -0
N N
C C C
STEP 1 T PET T PET T PET
STEP 2 < PET
9 8.0 9.0 11’)0 17l0 1180 2|20 2?(1

Time in minutes after injection

Negative scan Positive scan

J Nucl Med August 2009 vol. 50 no. 8 1251-1259

17
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['8F]FC119S by Future Chem co. & KIRAMS = EZEIEAE

= Cooperation of KIRAMS and Future Chem co. OH

= With clinic study for about 150 persons 1SF\/'VO S —
—
N

= Approved by KFDA (2018) \C[ /
[18F]FC119S

18



[18F]FMT for Brain Cancer in KIRAMS = guxolrel

First Human Study of D-Isomers of '8F-Fluoromethyl Tyrosine

(10 persons, 2018)

['®F]D-FMT

BRAIN LM(30—60mIn)slalIc (AC), 6!23!201& Transverse
R‘“\' B46Y/17) anr
3l 154044 —w

A 16-06-23 'A
A OA \

. -
N

AC_CT, 6/23/2016

lrasveise

A SUVB:0T:2.11) B:HUB-5.0T:75) C1:SUV(B:0.0,T:1.95) “C2:HU(B-5.0T75)

19
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New PET-RI Project in KIRAMS il ital i

EEEEEEEEE

» Positron-emitted radioisotope - 511KeV of gamma ray
%4Cu » Physical half-life : 12.7 hours
= Medical applications : Tumor diagnosis (ATSM, peptides & Ab, Monitoring of ’Cu)

» Positron-emitted radioisotope - 511KeV of gamma ray (with other gamma ray)
124 = Physical half-life : 4.2 days

= Medical applications : Thyroid diagnosis, monitoring of nanoparticles & 31

» Positron-emitted radioisotope - 511KeV of gamma ray (with 908 KeV)
897r = Physical half-life : .3.3 days

= Medical applications : Monitoring & tumor diagnosis of anti-tumor antibody drug

=  Above PET-RIs’s price : about €300/mCi in only Europe
(not included ‘package and delivery charge’, with radioactivity at department time)
- ‘ECA program of European Radiopharmaceuticals GMP Education Program’, 2017

20



Scientific Project by National Fund T uRxop

& Technical Development and Practice of Future-oriented Radioisotopes for PET (°17.05-°21.01)

KIRAMS |  Kaibiotech co.
(Group 1) | | (Group 2)

Deuteron beam — *RI Tech Practice study for new RI

= Shielding tech

* Packaging tech

* GMP manuals

* Korean Approval

* Group organlzatlon of
Korean user

" Target & 1rrad1at10n tech for RI
production by D* beam _
= Advanced ability for RI product
» Focused on *Cu, 3Zr, 1>41

= Automation of RI purification
" Development of Rl-labeling tech

Domestic Univ.
Medical Researches
" RI-Application supported by KIRAMS
# Clinical study by new RI-drug

® Sharing of Rl-labeling tech
" Research collaboration

21



Development of PET-RI Tech by KIRAMS
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Designed the new target (circle — elliptical) (in 2011)

Ni-64 S22 57} : Cu64 WU SV EH
@ “Ni(p, n)*Cu
@ Duralumin & Ta as beam degrader

@ Irradiation for 4 hrs at about 20-22 MeV

64CuCl,

Copper-64
(Cu-64)

Copper-64 is a radiochemical

I

| !

. > e
o [
g -

Copper chloride

NOT FOR HUMAN USE, ONLY RESEARCH

Model

Package unit

Definition

Production

Characters

Identification

Test

Radioactive concentration
Radionuclidic purity

Radioactivity

KIRAMS-Cu(Il)

5mCi (1 vial)

Acidic solution containing copper-64 in the
form of copper(II) chloride.

Physical properties of copper-64 : Halflife
127 hours, f37.1%, B* 17.9%

Copper-64 s produced by protonirradiation
ofenriched nickel-64 (purity : 999).

No carrier copper is added.

Appearance : clear. colorless solution
Gamma-ray spectrometry : the most
prominent gamma photon has an energy of
S11KeV.

pH :lowerthan 3

Sterility :Not tested for.

Bacterial endotoxins Not tested for.

> SmCi/mLin glass vial

Copper-64:> 99%

Determine the radioactivity usinga
calibrated instrument.

T ekl

124)

> 1-124 £Z2| 45 2

ol ofet Mie =7}
- HEd 23, dasn A4S, Yiss 84

© EFERION 2188 1-124 WAL

Bled

< &S B UL (SRIM 2006)

o o s |
~ - o
MO | tmn [1:30mm | o -
>-amcn -
e T R s

° WD MG (MEBAIIHI
° e B O

© MBI (OILAXI WG WErEH)
° 1SS 2p2XIONAX] 22290

|

> 1-124 3|5 FX|Q| HYSIE S6t MM FI}

- X9 g3 50

- HYXre| n1E e =0
- BRI M= U 1-124 2|52 QbEst

89Zr

(1) BHAFYSSI2IA 89Zro] M7 |= T

EED B BT IE

OIES k57| GrALEHEl 89Zr
32| ofl 22t 0|EE EX a2
iz Hug (9Zr) S A

(2) 5% 0|=R E5°| Mzt U Hekg =

- 5% 9Y foil YR M3 U HE
2.0cm=2.0cm=0.025mm (45mg)
MXL U OfILAK] ZAH16~1BMeV, 20 x A)
89Y (p.n)89Zr et
HEZ 13 Yirs Sl thatd ST KR

X IXtEAE | 2K EE | 3K EE

BIZALZEZAH  1uA/0.5h  20uA/2h 20uA/2h

Zr-89 =8  0.17mCi/h 6.25mCi/h 7.5 mCi/h

» 89Zr ZHIE 2 132 HE HE 2 SR
- Hydroxylamate column &4 — 132 22{3}
- resin L 22| Z30[E Het =2 x10] 0|12

(Y > 3+, Zr > 4+4) @ J— ®_Q 3

Y

@ wE T = -
(c . > -

> |H’_"_\“Tm4 .

PiiiiiEiiiig
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Official Production License by KIRAMS
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89ZrCl,

Zirconium chloride

64CuCl,

Copper chloride

Nal24]

Sodium lodide

Zirconium-89
(Zr-89)

Zirconium-89 is a radiochemical
NOT FOR HUMAN USE, ONLY RESEARCH

Model KIRAMS-Zr(IV)

Package unit 1-10 mCi (1 vial)

Definition Acidic solution containing zirconium-89 in
the form of zirconium(ITV) chloride.
Physical properties of zirconium-89 :
Half life 3.27 days. p* 22.3%. EC 76.6%

Production Zirconium-89 is produced by proton
irradiation of enriched yttrium-89 (chemical
purity : 99%),
No carrier zirconium is added.

Characters Appearance : clear. colorless solution

Identification Gamma-ray spectrometry : the most
prominent gamma photon has an energy of
511. 909 KeV.

Test

pH : lower than 3
Sterility : Not tested for.
Bacterial endotoxins :Not tested for.

Radioactive concentration

> 10.0 mCi/mL in glass vial

Radionudlidic purity

Ziconium-89 : > 99%

Radioactivity

Determine the radioactivity using a
calibrated instrument

= oo

Copper-64

(Cu-64)

Copper-64 is a radiochemical

NOT FOR HUMAN USE, ONLY RESEARCH

Model

KIRAMS-Cw(II)

Package unit

1-50 mCi (1 vial)

Definition Acidic solution containing copper-64 in the
form of copper(II) chloride.
Physical properties of copper-64 : Half life
12.7 hours. i~ 37.1%. 7 17.9%

Production Copper-64 is produced by proton irradiation
of enriched nickel-64 (purity : 99%).
No carrier copper is added.

Characters Appearance : clear. colorless solution

Identification Gamma-ray spectrometry : the most
prominent gamma photon has an energy of
511 KeV.

Test

pH : lower than 3
Sterility : Not tested for.
Bacterial endotoxins :Not tested for.

Radioactive concentration

> 5mCi/mL in glass vial

Radionuclidic purity

Copper-64 : > 99%

Radioactivity

Determine the radioactivity using a
calibrated instrument.

= vt

lodine-124

(I1-124)

Iodine-124 is a radiochemical
NOT FOR HUMAN USE, ONLY RESEARCH

Model

KIRAMS-Na[141]

Package unit

1-20 mCi (1 vial)

Definition

A dilute solution of NaOH containing I-124
in the chemical form of iodide (14I").
Physical properties of 1-124 :

Half life 4.18 days, p*25.6%, EC 74.4%

Production

Iodine-124 is produced by proton irradiation
of enriched tellurium-124 or tellurium-125
(chemical purity : over 98%).

No carrier iodine (or iodide) is added.

Characters

Appearance : clear & colorless solution

Identification

Gamma-ray spectrometry : the most
prominent gamma photon has an energy of
27,31, 511(major), 603, 723, 1691 KeV.

Test

pH : higher than 9
Sterility : Not tested for.
Bacterial endotoxins : Not tested for.

Radioactive concentration

> 2.0 mCi/mL in glass vial

Radionuclidic purity

Todine-124 : > 99%

Radioactivity

Determine the radioactivity using a
calibrated instrument.
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New PET-RI User Meeting in Korea ® SAELLLIE

PET-RI AIZXl & |XA0[E! J1=|

= 2017 0|2 M = PET-RIAtE&At 15 X 0|8 71 (2017.07.28)

- EBM7IZ SRS, FRUSD, SIS RE Y, MM H Y, HRURAARY, 2
FMHMSUHEH, MU, ofFFtHE A, FAZA, Motdtd, 7toldto| 2 &l

= 1170 713, 2bA| & QIXF 9l EhekbAl D XF 300 @ XFA

=

PET-RI AIZXl = RA0|8 F£L2 L=

0 @totoleey 5 paeEem
Xl 1% 2017 0|24 = PET-RI (Cu-64, 1-124, Zr-89)

ALEAN & SX01T

L MISHIE(F) 2lold @Al 2017, 07. 28 (B) 2% 44

= A ZHEE MH, ARFH FFATHAEM MA
= PET-RI 5 Q| &1 2 (Cu-64, Zr-89, 1-124) At & A A Et
= bR AR U MBXZEHY HE

» PET-RIY A3 2|9 ol 527 =& (cyclotron & targetll

AEol That 333 WS Tk

= ZEXIYL 2M 8 FtojHto| 2 Elo| X|Q(ERF 9 &)
n SQIA 2149 KINS B L AYAFXL, AFL X} 2t2t
KINS & 20 5 7| 22
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PET-RI Supply by KIRAMS Project UKo

®
o

Partner Institutes by -MOU

(1) Seoul National Univ. Hospital (2)

(2) Seoul Asan Hospital

(3) Seuol Sam-Sung Hospital (2)

(4) Severance Hospital

(5) A-Ju Univ. Hospital

(6) Kyungpook National Univ. Hospital
(7) Kyungook Univ.

(8) Chonnam National Univ. Hosptial
(9) Yonsei Univ.

(10) KIRAMS researchers

(11) Singapore Univ. (International co-work)
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Major Results by KIRAMS PET-RI Project = 22700

SCIl Journal
| PET-RI | Cu64(32) | 1124(11) | Zr-89(2)

Clinical Stucly

» %4Cu-ATSM (FDA approved, research); 5

persons,
Diagnostic study of tumor bearing low level oxygen
(KIRAMS)

» 4Cu-DOTA-Trastuzumab & 5“Cu-NOTA-
Trastuzumab (FDA approved, research) ; 15
persons, Metastatic breast cancer (Surgery-Nuclear
medicine, KIRAMS) 64CuCl,

Copper chloride

Copper-64
(Cu-64)
Copper-64 is a radiochemical

NOT FOR HUMAN USE, ONLY RESEARCH

Model KIRAMS-Cu(Il)

5 m¢
o

Aci ion containing copper-64 in the
form of coppe(ll) chloride,
Physical properties of copper-64 : Halflife
12.7 hours, f-37.1%, B* 17.9%

Produc Copper-64 is produced by proton irradiation

o P tion
ofenriched nickel-64 (purity : 99%6).
No carrier copper is added.

Characters Appearance : clear, colorless solution

dentification Gamma-ray spectrometry : the most
prominent gamma photon has an energy of
KU N g —
Test : than 3
1
ac Nof ted for.
,

T et uxtofere

20164 (13)

201544 (9)

20144 (6)

20134 (4)
201244 (5)

20104 (3)

20084 (1)
20074 (2)

20054 (1)
RIZig He

Amino Acids(2)

J. Nucl. Med.(2)

Nucl. Med. Commun.(1)
Biochem. Biophy. Res.
Comm.(1)

Nucl. Eng. Tech. (1)
Nucl. Med. Commun.(1)
Cancer Biother.
Radiopharm. (2)

EANMMI Res, (1)

PloS One (1)

Nucl. Med. Commun.(1)
Int. J. Oncol.(1)

Inorg. Chem. (1)

ACS Med. Chem. Lett.(2)

J. Nucl. Med.(1)

Nucl. Med. Biol. (1)

J. Med. Chem. (1)

ACS Med. Chem. Lett.(1)
Bioconjug. Chem.(1)

Nucl. Med. Biol. (1)
Biomaterials(2)
Bioconjug. Chem.(1)
ACS Med. Chem. Lett.(1)

Nucl. Med. Biol. (1)
Bioconjug. Chem.(2)

Nucl. Med. Mol.
Imaging(1)
Appl. Radiat. Isot. (1)

20094

Appl. Radiat. Isot. (1)
Mol. Imaging Biol. (1)

Biochem. Biophy. Res.
Comm.(1)

ACS Med. Chem.
Lett.(1)

Bioorg. Medi. Chem.(1)
J. Korean Med. Sci (1)

Appl. Radiat. Isot. (1)

Angewandte Chemie(1)

J. Med. Chem. (1)
J. Label. Como.
Radiopharm(1)

J. Nucl. Med.(1)
20054

Mol Pharm.(1)

Cancer Biother.
Radiopharm. (1)

201444
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Clinic Study of 4Cu-Trastuzumab

{ KIRAMS

arqs.uxra o|stel

x 7/ KOREA INSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES

& Clinical study for metastatic breast cancer using radioactive trastuzumab

Preparation of -antibody conjugate
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< Market of Biosimilar Drug >

g6t Rituximab ($ 6.6 billion)
Dim e s Trastuzumab ($ 5.8 billion)

olstael |Eiiaiet oo Bavacizumab ($ 5.8 billion)
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: KIRAMS

89Zr Production & Its Applications (2014) & 230

& Success of 8Zr-PET imaging & Diagnosis for Rheumatoid Arthritis using 3%Zr oxalate

First Production of 89Zr in Korea Rheumatoid Arthritis, 89Zr oxalate

oF FITHE WAMIESISlA, 21y WA ZHsSiECH i

e Spatial Resolution and Image Qualities of Zr-89
on Siemens Biograph TruePoint PET/CT

g Sun Lea’ ¥ n Su Kim' Jung Young Km® Byung 1 Kim' Sang Moo Lim' and Hee-Joung Kim

e
AT BUTORS N S T
U -

pharmaceufics | MESSEEss

9 It Eolold

S FPE0| TS S0 AFUE O KRS VAT BAC| FUY B A2
K
=

s o Evaluation of [**Zr]-Oxalate as a PET Tracer in Inflammation, Tumor,
T&0h= O 83WELICL and Rheumatoid Arthritis Model
s JeAe Park,” Yong Jin Lee,” b Woomg Lew,” Ran i Yoo Un Chal Shin" Kyo Ched Lee.” Bywog il Kim,
SEUROBAL X 22500 PUALBE TFD, O BRE Y o= +Kyecog Min K and Jung Youog K

"Moloolar Snaging Fesssnch Ca

2 Mrens of Badological & Madial Somce, Seoud 139706, Ragublic of Koves
+ "Dicparsment of Nudewr Molicne, Sores Instinate of Raliologcd and Medical Scences, Seodd 136706, Kepablic of Keres

= | 82717} 3322 Zof Watst o TEto|Lt
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Pre-Clinic Study of 8Zr-Trastuzumab

» Good PET imaging agent for metastatic breast cancer, 8Zr-DFO-trastuzumab

89Zr-DFO-trastuzumab in Holland 89Zr-DFO-trastuzumab in KIRAMS

\
X “l v ) e :,,c; ? o
Wi A . O\ at Yy, c,%:?‘ “//;;,‘;,,
‘ o Ty
7] ) =
i 897r-Df-trastuzumab 5% 2t PET B4
g 8 24M7F  ABMZH  T2MZE 96A|Z
! _
.

Biodistribution of &%Zr-trastuzumab and PET
Imaging of HER2-Positive Lesions in Patients
With  Metastatic Breast Cancer, Clinical
Pharmacology & Therapeutics 87(5) 2010

NS B AL R LR
HE PET Sd(EeE= %-:f]
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</ KOREA INSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES

Co-Work by Chelate-Kit Radiochemistry

& Preparation of new radiopharmaceuticals by Chelate-Kit

89Zr-DFO-Trastuzumab - h—

Trastuzumab DFO-Trastuzumab #zral,
conjugate solution

(Herceptin)

| l \

Co-worker

o e

Further purification

89Zr-DFO-Trastuzumab
(Low specific activity)

Co-worker
89Z7r-DFO-Trastuzumab

(High specific activity)

DFO
(Chelate)

89Zr
(>99%)
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<) How to Delivery ®zr

& Development and KINS’s approval of tungsten vial-shield for exclusive 3°Zr, by co-work of
Kaibiotech co. and KIRAMS

¥I') NUCLEAR LIGHT INDUSTRY

NLI-RIC-8°Zr

3 89
Type “A” Tungsten Shielded Container gY 9 Zr
for radioactive substances transportation

Features

¥ Manulaciunad in conformiity waith the B of Korean NMuckear Safety and Securily, "Technical
Standards according fo Regulabons on Packagng and Transportation of Radicactive
Materials, aic*

" Air-tight ensured by O-rng saaling device on the 1op of containar

+ Three types of contamers avaiaba for optimum shisldng effect dapending on each nudide.

-

Mdnimized polution possibility with neat finish and esy-to-opan structure by rotatng the cap
o the top of contamer

¥ IProvided with Certificate for Type A Conlainer

-«

Shisiding evakation method in accordance with MCHP coda

Recycle? or Buy?

Tungsten vial-shield :
Specifications
Extemal dimensions : @46 x H7H mm

about $ 1,000/EA from
STy NLI co. of OED

1
1
1
I Tungsten shisldng : 10mm (W34 B3%. Ni3.15%, Fe202%) .
| Density - 18 05gicm® production
| Baximal trarspofable activity © 10mCi

|

Bax dosa ratio on the surfaca : §.23mSwhr (Destance 20om)

MUCLEAR LUGHT IMOUSTRY CO., LTD.
Uajungd-ro Sea-gu, Incheon, Regublic of Koma
Tl @ 252 2 2ESD BET1 Fax: =8 226EE 4000 Sl ! info@nikcom Wish © hitp:/iwwennli, com
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X: KOREA INSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES

International Project for Clinical Study!

& Suggestion of internationally a joint research for 83Zr-DFO-trastuzumab, with KIRAMS

- s

4 KIRAMS PET-RI Project
Medical RI, #9Zr Delivery
897r-labeling Technique

89Zr-trastuzumab
Immino-PET Technique
Quality Control Technique

-

Rl & RI-labeling Tech

Drug Delivery for RI

Labeling Tech for RI

Preparation of 89Zr-trastuzumab
Quality Control

897r-labeling Researches

' e
89Zr-trastuzumab C@) % -
TN ¥ Hl
b 5 ;4 IAEA <

International Atomic Energy Agency

\s\

2
'('

Atoms for Peace
Hospital & Research in Korea
KIRAMS approved from KFDA
Supplying to Korean Hospital
Clinical Study & Practical use
Korea-Vietnam Medical Relationship

International Clinical Study
89Zr-trastuzumab Clinical Study
Nuclear Medicine Imaging
(Target : Breast Cancer etc.)
Development of Medical Tech y

N ———

LY
A
%

-

« 87Zr can be a good delivery due to half-life 3.3 days, and be freely received from KIRAMS for project period.
* In addition, KIRAMS & KaiBiotech were successful to develop a specific vial-shield for ¥Zr.

- It was approved by Korean government
* This shield ($ 1,000) was made of tungsten material, which was cheaper than '*F vial-shield.

- If don’t want to buy vial-shield, we can be shared one shield with give and take.
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Fourth Way (TRT) for Tumor Therapy T orEenEeee

S </ KOREA INSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES

TRT : Targeted-Radionuclide Therapy

Bone metastases & pain palliation

Metastatic prostate cancer

First human therapy with '7’Lu-labeled PSMA617 3.3GBq
Tmaging 40 | PSA [ugh] J’
“Ga-11-HBED-CC y
Ostecblast e December 13
> PRl = 33GBq
. R = ' B Lu-617 40GBq
bodtl) @) et toion /‘ . S04 4,0GBq i . Al i
/ : TLu-617 t—
Ra-223 vor 03.03:14
B it o ¢ ™ .
2
/'. ; U ' %Ga-11-HBED-CC
Tumor - secreted tact J“!y 5
- PSA level 14 .
e
= ;g h,. o
o Prostate ! /
o g PSA level 38 - i
Response  lating — . ".
¢ amow) PSA level 8
NoRespo metastases (bottom panel). - Loy
v
Afshar-Oromieh, Kratochwil et al , Department of Nuclear Medicine, University Hospital Heideiberg
Ra-223 Xofigo (Bayer)

- -
fe—1.26 mm —»f
o A B o)
Is0Aid Advantage™ (model IAPd - 103A) Pd-103 source

1. Therapy
25Ac-DOTATOC

2. Therapy
25Ac-DOTATOC
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XOFIGO (radium 223)
PROSTATE CANCER
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34 Cy-RI Research Trend in Nuclear Medicine

BG 117mSn’ 67CU, ZANYIN |

Therapeutic
Generation

64C U, 124] 897y, 445
Theranostic
Generation

16 18F 11C 2017 123

Diagnostic
Generation
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KIRAMS Research Plans for Therapeutic RI = ZZ#=2

50 MeV Cyclotron

Proton Beam 18F 11C 44Gp*
] ]

HY
[64Cu 124 89Zr}

Deuteron Beam
(D*)

Alpha Beam
(He?)

. 117mSn* 211At* 67CU*
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KIRAMS Future Plan for TRT = SRR

TRT : Targeted-Radionuclide Therapy

» Therapy by conversion electron & SPECT
117mSn = Physical half-life : 14 days, Nuclear reaction : 8Cd(a,3n)mSn

» Target disease : arthritis of cat, horse and dog

» Therapy by alpha & beta ray
2257 = Physical half-life : 10 days, Nuclear reaction : 226Ra(p,2n)?%Ac
» Target disease : prostate cancer therapy by ?2°Ac-labeled PMSA ligands

» Therapy by alpha ray & electron capture
211t = Physical half-life : 7.2 hrs, Nuclear reaction : 2°Bi(a,2n)?tAt

» Target disease : micro-metastatic neuroblastoma by ?*At-labeled MABG
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Application to MC-50 for Therapeutic RI

Particle Beam Therapeutic radioisotopes

50 MeV Scanditronix D?erhrin mSn(beta), 2*At(alpha), ’Cu(beta),
(max. 60 pA) (1985) Proton

-----------------------------------------
*

: Cyclotron Body

-------------------------------
*

.
------------------------------

---------------------------------

- *
------------------------------

Research line for new
materials by proton
beam

lllllllll

. . * .
---------------------------------------------------------

Research line for Research line for
1 medical radioisotopes Neutron Captured
Therapy (NCT)
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Development of new eca/pe target for cyclotron produced

17mgn as a medical radiometal

Seyoung Oh'? - Byungil Kim' - Jung Young Kim® - Mitra Ghergherehchi® -

Ho Seung Song® + Seung-wook Shin® + Jong Seo Chait(y

Received: 19 June 2017/ Published online: 8 Noversber 2017
© Akadémiai Kiadd, Budapest, Hungary 2017

Abstract The radioisotope ''"™Sn has recently attacted
considerable attention because of its application in thera-
nostics and its imaging using 159-keV y-photons. In this
study, we developed a target system that yielded ''7™Sn via
a '%Cd(x, 3n)''""™Sn nuclear reaction. A separable Pt
substrate was utilized to prepare the enriched "'®Cd target
o be iradiated, and the enriched ''°Cd in a cadmium
acetate soluion was elecroplated onto the Pt substrate.
The substrate was thermally analyzed via ANSYS simu-
lations, and the plating thickness was optimized through
calculations with TALYS code. The production of ''"™Sn
was confirmed through the emission measurement of
inherent gamma rays.

Keywords ''"™Sn - Solid target - Medical radioisotopes -
Conversion electrons - Cyclotron - Alpha iradiation

=1 Jong Sco Chai
jschai @skkn.cdu
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Fig. 4 a Thermal analysis results of the target using aluminum as the
frame. material under irradiation of alpha particles with energy of
45MeV and cormnt of 10 pA performed with the ANSYS

"C(a, 3n)'""Sn

= 3
i

o
H

Cross-section (mb)
g

x
3

hd

o 10 20 30 40 50 60 70 B0 @0
Energy (MeV)

Fig. 5 Cross-scction as a function of energy of "Cd(a3n)’ "™ Sn

\4.2 m
cd % 1\
Pt s

10" 280 ym

Fig. 6 Plating thickness of "'Cd target at a 10° angle

Gamma-spectrum analysis with multichannel
analyzer
Toinvestigate the '"™Sn ion after i of the

enriched ''°Cd target with the alpha beam, we uvsed an
HPGe detector for the y-spectrum analysis (Fig. 9). The
production of ''"™Sn was confirmed with the observation
of gamma rays with an energy of 158.6 keV and half-life of

Q) Springer

B

400

350
& 300
g 250
2 200
£ 10
E
100
g
= 50

0

) To 20 30 40
Current (A)

simulation, and b comparison of the maximem temperuture of copper
and aluminum frames as a function of alpha-beam current

Fig, 7 SEM picture of plated 5Cd on Pt

Electrodeposition
Hsuhstratei‘-,%: Before pcm‘” Thickness
= (mm) (mm) (pm)
7.087:002 7.096:0002 1.4
el B 7098000 7.195.0002 974
HH 7.099. 0002 #7186, 0002 872
7.096.002 7.180.0000 844
Target 7.098.00: 70%:00z -2+4

Fig. 8 Measured "%Cd thickness as plated on the Pt substrate

13.8 days. In addition to the "'7™Sn peak, energy peaks
corresponding to '*™In, '"*5Cd (three peaks), and ''¥In
with energies of 3362, 492.3, 5279, and 5525 keV,
respectively, were observed. The isotopes ''*™In and ''"¥In
exhibited short halflives of 4.5 h and 43.2 min, respec-
tively, as listed in Table 1 [15].

1.0e7

1.0¢6

1.0e5
£ 1.0e4
H

O 1.0e3

1.0e2

in"Cd (336:28)

1.0e1

100 200 300 400 500 600 700 800 800 1000
Energy (keV)
Fig. 9 Gamma spectrum obtained with HPGe detector after imadi-

ation of the ''%Cd target with an alpha beam (energy of 45 MeV and
current of 10 pA)

Table 1 Results of y-spectrum anal ysis

Nuclide T/ Ey(keV)  Reactions
1 gy Bfdays 1586 T Cd(a, 30)"Sn
2 Smn o 45k 3362 5 Cd(a, 4np)* Pmin
Ty 535h 3362 16 Cifa,
n2p)"Cd
4 Mgy 535h 492.3 16 Cifa,
n2p)"Cd
5 g 535h 5279 T8 Cal(ar,
In2p)%Cd
6 g 432 min 5529 " Cd(x, 2np)' ¥In
.
7]
64

~ D. M. Montagometry + {1963)
R A. Robeles + (2008)
Theoratical yeild

¥ N.R.Slovanson ¢ (2015)
—a— This work

Target production Yield (MBq/nAh)

% a0 50 60 70 40
Alpha particle energy (MeV)

Fig. 10 Target yield for production of '"™Sn via (a 3n) reaction
with "Cd

Production yield of ""™Sn target

The ''™Sn target production yield was calculated using
Eq (1) and presented in Fig. 10. The experimental cross-
section values reported by Montgomery and Porile, and
Rebeles et al. for the ""Cd(x, 3n)"'"™Sn reaction was used
[15. 17]. The production yield from Montgometry and
Porile reached 7.2 MBg/uAh at 42.5 MeV and the maxi-
mal energy available with the experimental data from
Adam Rebeles et al. reached 5.3 MBg/pAh at 38 MeV.
The value from the Clear Vascular company, over the
energy mange from 47 to 20 MeV is reported to be
5.6 MBq/pAh [6]. The theoretical yield is 5.1 MBg/uAh at
45 MeV and 567 MBg/puAh at 70 MeV. For the 45 MeV
iradiation, our experimental target yield was
5.14 £ 0.29 MBg/uAh.

Conclusions

‘We demonstrated a new target system for generating
""7"gn using an alpha particle beam, with a minimalized
and recycled platinum substrate, compared with previously
reported targets. In addition, we cbtained a '""™Sn pro-
duction yield of 5.14 £ 0.29 MBg/uAh after irradiation of
an alpha beam (10 pA, 45 MeV) for 30 min, and the pro-
duction of '"™Sn was confirmed by its intrinsic gamma
energy and half-life.
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We can look for good cooperation!
Please, don't hesitate to ask us!
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