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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
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Energy .

Scanditronix
50 MeV (1985)
IBA
30 MeV (2000)
GE
16.5 MeV (2018)

Alpha 64Cu (PET), 124l (PET), 89Zr(P'ET),
44Sc(PET), """mSn(conversion

Deuteron electron), 21'At(alpha), 8Cu(beta),
Proton 203phH(SPECT)
oot 18F(PET), "'C(PET),
roton 123(SPECT), 2'TI(SPECT), 22°Ac(alpha)
Deuteron 18F(PET), "C(PET), 58Ga(PET)
Proton

Regular production; test production; Planned




* 1986; Installation and operation of MC-50 cyclotron (50 MeV, Scanditronix)

« 1989; First production and clinic distribution of 67Ga (SPECT, tumor) in Korea

« 1990; First production and clinic distribution of 201T| (SPECT, myocardiac) in Korea

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

« 1992; First development of ""'In, 22Na, and %'Cr in Korea * Red color mark : Regular production

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

« 1995; First development and clinic production of ['8F]FDG and ['"C]methionine in Korea

» 2002; Installation and operation of Cyclone-30 (30 MeV, IBA)

« 2003; Mass production and clinic distribution of ’Ga (Korea), 2°'TI (Korea), and 23| (Canada)

« 2003; First development and clinic distribution of ['23I]|mIBG (SPECT, childhood cancer) in Korea

« 2005; First development and research distribution of 24| (PET, thyroid, nanoparticle-labeling) in Korea

« 2007; First development and clinic distribution of 4Cu (PET, tumor) in Korea

« 2007; First development and clinic study (low-level oxygen tumor) of [**Cu]ATSM in Korea
« 2012; 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
« 2018; Installation and operation of PETtrace 800 (16.5 MeV, GE)

« 2020; First development of 21"At (Therapy, tumor) using alpha beam irradiation in Korea

« 2022; First development of ’Cu (Therapy, tumor) using alpha beam irradiation in Korea

« 2022; First development of "'"mSn (Therapy, tumor) using alpha beam irradiation in Korea

« 2023; First development of 2°3Pb (SPECT, tumor) in Korea in coming Dec.

« 2023; Plan to install the Ga-68 liquid target in Dec. plan to install the Ga-68 liquid target in Dec.
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Rl Research Trend in Nuclear Medicine
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50 MeV Cyclotron

Proton Beam
(HY)

Deuteron Beam
(D)

18F, 11C, 44Sc*

> [64Cu, 124|, 892&

Alpha Beam
(He?*)

117msn*, 211At*, 67Cu*



64Cu Production by Proton Beam

6461.1612 Copper chloride
Step 1 Step 2 Step 3 Step 4 Step 5 Copper-64
Manufacture of Beam Target-to- Chemical Quality OOM:W
enriched *Ni irradiation solution purification control e

Definition

of 64Cu of 64Cu

Appled Radistion and lstopes 67 (2009) 1190- 1194

Contents lists available at ScienceDirect T

Applied Radiation and Isotopes
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journal homepage: www.elsevier.com/locate/apradiso
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A simple Cu-64 production and its application of Cu-64 ATSM
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fes. **Cu. has been reported to be a particularty effective
lity of ““Cu depends on the chemical stability in water with

Designed the new target (cirele — elliptical) (in 2011)
Ni-64 SS9 7} : cu-64 VU S E N

@ %Ni(p, n)*Cu

imags of “CuA
pre ity of *Cu was also very sis
& Duralumin & Ta as beam degrader £ *Cu prod "

scani od of
old cyclotron having high energy.

Disposable plastic column
(AG1-X8 100-200 mesh)

& Irradiation for 4 hrs at about 20-22 MeV

©2009 Elsevier L1 All ights reserved.

N target
aomLof
&M HCl
at 80°C)

64Cu production for %Ni-electroplating amount (o o) |

(¢*Cu : mCi/h, ®Ni : mg) _
—Cub = NibiEEY 64Ni : average 41.7 + 8.5 mg

v
- v’ 84Cu : average 38.5 + 6.3 mCi/h
.. v' %4Cu : max. 47.3 mCi/h
0 v Best production conditions
- - beam stability
200 - beam-widespread irradiation
100 - homogenous surface on the 4Ni target

12 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34



89Zr Production by Proton Beam
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Step 1

Manufacture of

Step 2
Beam
irradiation

Step 3

Target-to-
solution

Step

enriched %Y

target of 897

Y-89 B %

(Zr-89 8 &

HCI(6.0M)+ HNO4(70%) |'gAax23E 12818 2 |

89y (*897p)
@D HCI(2.0M) — D.W.

Chemical
purification

8971 chloride 2t

89ZrCl,

Zirconium chloride

| Step 5
Quality
control

of 89Zr

Zirconium-89
(Zr-89)

Zir

89 is a radi
NOT FOR HUMAN USE, ONLY RESEARCH

Model KIRAMS-Zi(IV)

Package unit

1-10 mCi (1 vial)

Definition

Production

(213 ©A)

clidic purity

Radioactivity

v’ 87Zr:average 6.5 + 1.5 mCi/h
v 8Zr: max. 8.6 mCi/h
v' Beam: 20 YA, 4 hrs

89Zr Chloride
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(@ Oxalate(1.0M) g N
DY-89 35 & Hydroxamate Resin
3 Aol 8 A
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89Zr Production & Imaging Test T T s o

-

\

4.0 mm

"w,\ 3.2mm h
® e \ 'r
* LN '

2.4mm
Transverse Coronal Sagittal

Phantom Derenzo : 100 uCi

PET scanner : Inveon (Siemens)
Energy window : 350-650 KeV
Acquisition time : 80.4 mins
Reconstruction : Derenzo (OSEM 2D)

~

Phantom Jaszczak : 2,000 uCi

PET scanner : Biograph Truepoint TrueV
(Clinical, Siemens)

Energy window : 425-650 KeV
Acquisition time : 10 mins (Brain mode)
Reconstruction : OSEM 2D

)

> 89Zr

897r OSEM_4_16 897r TrueX 8 21

> 18F

18F_OSEM_4_16 8F_TrueX 8 21

62Ga_OSEM 4 16 88Ga_TrueX 8 21



124] Production by Proton Beam
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Step 1

125Te solution
on the Pt
target body

of 125Te/Pt

Beam
irradiation

Step 4

124|
sublimation
at 600 °C

Step 5
Quality
control
Of 124|

Na124l
lodine-124

(1-124)
Iodine-124 is a radiochemical
NOT FOR HUMAN USE, ONLY RESEARCH

Sodium lodide

target

124] production ratio (mCi/h)

20.0

18.0

1 :normal Pt target body
160 = 2: pored Pt target body /

Model KIRAMS-Na[124]
Package unit 1-20 mCi (1 vial)
Definition Adilute solution of NaOH containing I-124
in the chemical form of iodide (124I")
Physical properties of I-124 :
Halflife 4.18 days. p~25.6%. EC 74.4%
Production Todine-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.

AIZHEE 124 W4 B (mCifhy
T
[=]

6.0

40

2.0

00

o | H|
=l T

ANNE NN

125Te : ~300 mg

124] - average 11.9 + 4.9 mCi/h
124] ' max. 17.4 mCi/h

Beam conditions : 20 uA, 3 hrs
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21 At Production by Alpha Beam

Produced At-211, an alpha particle emitting nuclide for targeted alpha therapy, which has a much better therapeutic
effect than existing beta radiation emitting nuclides.
Production volume increased significantly compared to last year through improvements in the target part and

purification part. (0.3 uCi — 9.2 mCi).

Beam irradiation and
Improvement of
target production

Wet extraction

method for
purification
Approximately 72.7% of the target radioactivity can be obtained through the 2''At separation and
purification process using wet extraction.
At-211 5-15 mCi obtained as a NaAt form in 4 M sodium hydroxide solution.
Radionuclide Energy (keV)
79.29 keV
76.86 keV rose
. . e 79.29
Quality control \ At-211 8950 o comcontration
687.00 P (PPM (ug/9))
i 89.80 keV . 569.70 -
Bi-207 89770 Bi-209 2.12+1.62
N 569.70 keV  687.00 keV Al-27 1372150
| \ \ ICP-MS analysis
m.,,,,,/"/ J N

E] E] & & £ £ £
erergy(ev)

Gamma detector analysis 11



KOREA INSTITUTE OF

KIRAMS

211At Production by Alpha Beam \?%/ RADIOLOGICAL & MEDICAL SCIENCES

Top-vi

Improved targets and coolant systems to increase At-211 production

[

T Thickness of Al target body set to 7 mm for efficient cooling of Bi-209.
G Pressure of coolant was increased to over 10 bar.

Watercoeling

circulation

Surface reprocessing to improve Al target body adhesion
and cooling efficiency of Bi-209

Bi-209 plated at a thickness of 120-150 ym

- Changes in production volume of At-211 separated and purified by wet extraction method

Production amount of At-211

after purification (mCi)

18
16
14

5-15 mCi
(185-555 MBq)

S N X D XD N DO P> S D Ao
AR AT R A I R R AR CLE SR SRS 0"-’% '9"\ '3"’\
R S S, -l S S S N T

LA S R F A A, S I S A A A A A N R

Production record of At-211 in 12



21 At Production by Alpha Beam
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Installation of automatic separation and purification equipment (dry distillation method)

for At-211 (in progress)

200 o Hi7|

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

Dose calibrator

=

gas flow with Dew pt_)int T
trace moisture . transmitter
Electric tubular
o — —
furnace (850°C) '"—l-.'-"
{ Syringe pump
DR (air)
=
o) —e==
spacer  Bitarget Quantz A<(©) ) :
column } Syringe pump

Chloroform
Teflon Cold trap  21At ( )

trap tube solution

Glove box concept diagram for dry distillation device installation

Quartz glassware

Cold trap

At-211 elution solution
(chloroform)

Syringe

Concept and design of prototype dry distillation device
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Yo

1.0e9 -
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1.0e7 =
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200 400 600 800 1000 120071400 1600 1800 2000 2200 2400 2600

1600

1200

Cross-section (mb)
]
(=1

Cd-116(a,3n)Sn-117m

Useful energy range
(20 - 50 MeV)

=—#=Adam Rebeles
=l=Montgomery

5.0 20.0 25.0 30.0 35.0 40.0 45.0
Energy (MeV)

Cd-116(a, 3n)Sn-117m

Confirmation of production of Sn-117m from gamma

rays of 158.56 keV energy

In-115m
Cd-115¢g
Cd-115¢g

at 336.24 keV energy
at 492.3 keV enegy

:I- Toxic impurity
at 527.9 keV energy

In-117g was also produced at 552.9 keV energy

In the case of In-115m and In-117g, the half-life is very

short at 4.49 h and 43.2 m, respectively.
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67Cu Production by Alpha Beam
“poride | Rescton

%87n(p,2p)®’Cu
Proton
0Zn(p,0)®’Cu
Alpha 64Ni(o, p)®’Cu
Sample Title: Cu-67 20220929
Nuclide Library Used: C:\GENIE2K\CAMFILES\CU-67.NLB
.................... IDENTIFIED NUCLIDES e e o oy e L s
Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) (Bg /unit) Uncertainty
CU-67 1.000
93.31% 16.10 1.77405E+005 3 69719E+003
184. 58* 48.70 % 67598E+005 3. 20814E+003
300 .22 0.80 . 85884E+005 6. 68784E+003
393.53% 0.22 1.64289E+005 1.15812E+004

- 29 MeV 10 pA/8 h, 960 pCi (35 MBq) : 1 time
-~ 29 MeV 10 pA/4 h, ave. 250 uCi (10 MBq) : 5 times



Future radioisotope production plans (Pb=208): e o

203pPp/212Pb Theranostic Pair

Isotopes of the same element have identical chemistries

« 203pp — diagnostic

203Pp -> 203T]| (stable)
279 keV gamma (SPECT; I = 81%) 203p, W
T, =52h

« 212Ppp — therapeutic

212pp -> 212Bi T, , = 11 h (peptides, fast PK)
Two a’s in “series” (¢12Bi and 2'2P0o)

Li et al., Curr Med Chem 2020

by Prof. Michael Schultz



Future radioisotope production plans (Ac225): % ke e

& 229Th (t,,,; 7340 y) ——» 225Ac Generator

225A¢ Decav Series * Up to now, the main process used to produce the
y 225 ¢ for preclinical and clinical studies
2pc g « Limitation of stock of 233U
u-decayﬂ'
a:58MeV ||9.92d P
= -—--\” & 232Th LGB 225Ac High energy accelerator (> 100 MeV)
/ * High energy protons are required
a:64MeV || 49 min o:66-68MeV|[28s
-+ 1 « 227Ac (t,,: 21.8 y) can be produced
(217‘“\}2‘:1"5"' 217
a:?.:;;\l' 3;;1: a: 7.74 MeV || 0.54 ms % 226Rg (P,_ZH)’ 225\c CyCIOtron (30 MeV)
UNSSK o~ < . 226
— » Recycling of 4°Ra used for brachytherapy
Bi }SK Po
~J— « Handling of 222Rn (gas) produced from 226Ra
a(g:g;:?v 45.6 min a: 8.4 MeV ||4.3 s
N ﬁ:i:‘:v 2%pp & ;gfhkev 2B :z: | Ra226(p2n)Ac225 :
19 = 600: ] ]
a: 3.1 MeV|| 1.8107 a E b o q
, § or ]
g 400
205T| é 300: B
200} t ]
Bl st o Lo SR L A i J
T ety Appl Radat Isot 2005;62(3):383-387

17



Future radioisotope production plans (AcZ228): % e

B1 ﬂ‘ ‘
>Q[ﬂ ><' E‘ Eg H r

o1 44 |

T

| = T
|
| - ﬁ

L

[

B2

Controller
(Siemens)

E\

Hot cell

PET target rogm
Target transfer
line
Switching
Powder magnet(5 port) & | «u
target B

Ra-226 source

C30 Cyclotron (IBA)



Medical application of radioisotopes
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Clinical Stucy

» 64Cu-ATSM (FDA approved, research);
Diagnostic study of tumor bearing low level

oxygen (KIRAMS)

p» 54Cu-DOTA-Trastuzumab & “Cu-NOTA-
Trastuzumab (FDA approved, research) ;
Metastatic breast cancer (Surgery-Nuclear

medicine, KIRAMS)

64CucCl,
Copper-64

(Cu-64)

Copper-64 is a radiochemical

Copper chloride

NOT FOR HUMAN USE, ONLY RESEARCH

Model

Package unit

Procuction | =
License by |
KINS o

KIRAMS-Cu(ll)
5mCi (1 vial)

Acidicsolution containing copper-64in the
ide.

form of copper(Il) chlorid

12.7 hours, B37.1%, B* 17.9%

duced by proton rradiation
el-64 (purity :99%).

fess solution
Gamma-ray spectrometry : the most

‘prominent gamma photon has an energy of
S11KeV.

Sterility : Not tested for.
Bacterial endotoxins Not tested for.

> SmCi/mLin glass vial

Copper-64:> 99%

20164 (13)

20154 (9)

20144 (6)

2013 (4)
201244 (5)

20104 (3)

200844 (1)
20074 (2)

20054 (1)
RIZEY A=

SCIl Journal

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)
Nugcl. 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)
Moel. Imaging Biol. (1)

Mol Pharm.(1)

Cancer Biother.
Radiopharm. (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. Nuel. Med.(1)

20054 20144



KOREA INSTITUTE OF
RADIOLOGICAL & MEDICAL SCIENCES

Radioisotopes application (KIRAMS)

Diagnosis and therapy for tumor cell by copper transporter

Working process of copper transport Journal of Nuclear Medicine, 2014

Detection of Increased **Cu Uptake by Human Copper
Transporter 1 Gene Overexpression Using PET with
64CuCl, in Human Breast Cancer Xenograft Model

Copper Transport

: o

Kwang II Kim", Su Jin Jang!, Ju Hui Park!, Yong Jin Lee!, Tac Sup Lee!, Kwang Sun Woo', Hyun Park!, Jae Gol Choe?,
Gwang Il An', and Joo Hyun Kang!

"Molecular Imaging Research Center, Korea Institute of Radiological and Medical Sciences, Seoul, Korea: and *Department of
Nuclear Medicine, Korea University Anam Hospital, Korea University College of Medicine, Seoul, Korea

Key Words: hCTR1; reporter gene; %“Cu; PET; cisplatin
Copper 3 Nucl Med 2014; 55+
2 including oxidative phosphorylation, cellular antioxidant activity, and  DOI: 10.2967/jnumed.114.141127
Transcription liminaton o ree adicals. The Gopper transportar 1 i known 1o be !

involved in cellular uptake of copper ions. In this study, we evaluated
RNA the utiity of human copper transporter 1 (1CTRY) gene as a new
reporter gene for 4Cu PET imaging. Methods: Human breast can-
cer cells (MDA-MB-231) were infected with a lentiviral vector con-
il exprossing the AGTAT gane undor super ytomegaiovnss
promoter, and postive clones (MOA M8 231 nGTRY) were. so.
loctad. The expression of RCTAT gene in MDA MB-231 hCTR1
cells was measured by reverse transcription polymerase chain re-
action, Western blot, and */Cu uptake assay. To evaluate the cy-
totoxic effects induced by hCTR1 expression, the dose-dependent
cell survival rate after treatment with cisplatin (Cis-diaminedichloro-
platinum () [CDDP]) was determined by 3-(4,5-dimethylthiazol-2-
12,5 diphenyltetrazolm bromide (VTT) assay and tran b

3

dye exclusion. Small-animal PET images were acquired in tumor- g
aring mice from 2 10 48 h after an intravenous injection of ®“Cu

Results: The hCTRY gene expression in MDA-MB-231-hCTR1 cells. Livee

was confirmed at the RNA and protein expression and the cellular
®Cu uptake level. MTT assay and trypan blue dye exclusion
showed that the cell viabiliy of MDA-MB-231-hCTR1 cells de-
creased more rapidly than that of MDA-MB-231 cells after treat-

ment with CDDP for 96 or 72 h, respectively. Small-animal PET

imaging revealed a higher accumulation of ““Cu in MDA-MB-231- 1
hCTRY tumors than in MDA-MB-231 tumors. With respect to the
biodistribution data, the percentage injected dose per gram of
Reporter gene $4Cu in the MDA-MB-231 tumors and MDA-MB-231-hCTRI tumors % ® BN 4 ®»
i at 48 h after *Cu injection was 2.581 + 0.254 and 5.373 + 1.098, T=®
respectively. Conclusion: An increase in %Cu uptake induced by
expressing vector sty Sontmbr: A0 rree 1 ke nns R
vitro, suggesting the potential use of ACTRY gene as a new imaging
reporter gene for PET with *CuCl,.
S B
Recalved Apr. 3, 2014; revision accepted Jul. 11, 2014,
For corespondence or reprints contact ether of the following: 0 ® s
Joo Hyun Kang, Molecular Imaging Research Center, Korea Intiute of Tena ()
Radiological and Medical Sciences, 75, Nowon10, Nowon-gu, Seoul 130
706, Korea
E-mal: kang2325kiams.re k-
G . oD Metocr macing Rsearch antr Kore st of MOAME-231-hGTRY tumor
Radiological and Medical Sciences, 75, Nowon-10, Nowon-gu, Seoul 130-
. Korea. R o 1
€ mai. gwanglQkirams.fo kr *
Publshed onine Aug. 4, 2014 !
‘GOPYRIGHT ®© 2014 by the Society of Nuckear Madicina and Molecuar
Imaging,Inc.
10 20 “0 50
1692 The JournaL oF NucLEAR Mepicine « Vol. 55 « Twap)
FIGURE 4. Small-animal PET images and autoradiographs of MDA-MB-231 and MDA-MB-231-
HIEPAE L= F2]-64910] S5%H4 hCTR1 tumers after injection of Cu. (A) Representative PET images of xenografted mice
sY'S

0| 8¢ AME X|20| 0183 = U bearing MDA-MB-231 (arrow) and MDA-MB-231-hCTR1 (arrowhead) tumors after tail vein
- - injection of #Cu (n = 3). PET images were obtained at 2, 4, 12, 24, and 48 h after %Cu
injection. (B) Time-activity curves of blood pool, liver, MDA-MB-231 tumor, and MDA-MB-
231-hCTR1 tumor were calculated on PET images. Blood-pool activity was obtained from
ROI of heart region. Time course of radioactivity was obtained by ROl analysis and pre-

. sented as %ID/g. (C) Autoradiopraphs of MDA-MB-231 and MDA-MB-231-hCTR1 tumors.
° KO rean pate nt . 1 0-201 3-007331 1 (201 3 -06 -25) After acquisition of PET images, mice were euthanized. Tumor sections were exposed to
image plate for scanning and quantification of ROI. (D) Anti-CTR1 immunchistochemistry of

° KBS neWS, YTN neWS, etc . (20 1 4 . 08 . 20) z:ifti:::u:’r:rnx:ﬂcl[)’;\»ME»231 (left) and MDA-MB-231-hCTR1 (right) tumor tissues (original mag-

20
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Radioisotopes application (KIRAMS)

Clinical study for metastatic breast cancer using radioactive trastuzumab

Preparation of -antibody conjugate

Ol ARE FE S5 AE < Market of Biosimilar Drug > e
GRS, ()9S SHDIE e, ZXZEAL QIO| HA[d R Y =] TolHCt
; Y2 201711061126 H= o
A
el ol B o sue ve mes B g B
A0jH0IE | ROEIAREE, 2EY %%4}
el [BSRZEEE g6t Rituximab ($ 6.6 billion)
si4E! | Rt o2 ke Trastuzumab ($ 5.8 billion) .
olstsl | AfRiEef >&4.,, Bavacizumab ($ 5.8 billion) \
olzy [EgssEs ST :
RE:AEO| BRI

\ / ( /) Conjugation / oy

KL(-—/ \E —
_@_)—J 0 HD;C-_/ FUQ SO WAL QI RA TRI-645 FARY QWY LAN ASTIE HUspH FHO2 HOIH
@ /\—‘ 52 AU DR AR Ol Y M2

l»NHg
Antibody  Bifunctional chelator (BFC) Conjugate of chelator-antibody = YUY sH WES2 07| Yol A2 100%0 ZHZX|R 47|28 B2 20% O]
Trastuzumab NOTA Stoz EojTICt o] R0 U ¥EESS £ + e Y £7| 22
Cetuximab DOTA O gehet FIEhg oM ZEAALE sfof 517| 20j =7|FITto] &X| &

EE
Rituximab PCTA / e 2
DFO

Metallic radioisotopes SRR RUY TS YAYSULD P2-64(Cu-64E 018
5‘Cu,‘“.zr. 7L, 90, .. o UFH A S TS EEPET-(T)2 SUYo| EHA2 mm IETERVECTS
y . y; a N 72 U 62 HHTH
s B+(PET) | y(SPECT) PET-CTE UZ7|TICHD} K20 AR Sl YATICIHAY 5 siLiz YM = F
-{ “°“" \m. B-(Therapy) O ZEH QI WA EO| WEESE o) o] YK, 37| 0| U 4B
L =B Tjorshe 7|20]Ck

Radioactive antibody drug
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$KIRAMS ;

?@?

Radioisotopes application (KIRAMS)

Diagnosis and therapy for cervical cancer (targeting HelLa cells)

64Cu-DOTA-BTA aniline Introduction to TV news, TYN

64Cu(or °2Ga, '"7Lu)-DOTA-BTA aniline

YT WEMEVE I 5| 242 5
(Tumor Diagnosis & Therapy, Mol Pharm. 2018) oe N i it il |52 5(
¥ & n' - A QYT EZROd of-AER Axx FWAOE Y KR

o Y It - I SE BN ZH AR = 23 oA 3N W B3Rt JIREE oolExE2lE
" of 2" s

- O &0l Eatx|= "gapE HV‘
-'oh X E7ksshr X =AY
HxpOfn

ESITA WA

68G53-DOTA-BTA aniline $Cu-DOTA-BTA amllne

L]

+ 58 20X "1200%"5S #% x4 TOtof

Il%’é-‘?'—%* ZITEX| =2 o oL K| SE EhAL
A g|or=:- /L

77Lu-DOTA-BTA aniline for Tumor Therapy

4. DOTA-ITA
' - . ha. DT
' R ™
= T
§ _ I | . E &
S T I
: L I'-._ l._ - I I-Iu I',_ - I I'— Il- e ¢
L ./f!/ I A LusA77 i)
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Radioisotopes application (KIRAMS)

KOREA INSTITUTE OF
RADIOLOGICAL & MEDICAL SCIENCES

IRAMS :

Success of 89Zr-PET imaging & Diagnosis for Rheumatoid Arthritis using 8%Zr oxalate

First Production of 2Zr in Korea

Rheumatoid Arthritis, 3°Zr oxalate

o TS SAFISE L, =L S 7FSsHACH

[2017-09-28 102635]

Nl

20| IS 0 AITHE U K2S UAISFIBA0] FUY Y4 AAE

Lf &
T=0hs O 9SUSLICH

BRUXHOSAS X2F5-00 PUAAUE THOID, 1S YRE I 2|87

A2D 589 Ch2 SAHS S B0t §E| 27|17 3328 = 20 F=ivh & TTOo[Lt
A2 ofEhE BHEO| 1S BER| B TR 01 of3y =2 2o A=t

Ct

2788 5 BUAE O1SH BLES AGIE Buo= £ kel Ki=ns-
895 #2| FA|SH: O 8T4Ct SFLICY

oIS AV $REAE B3 HETIHE § 147 9790 [} 2RE 22569
£ HBop7|= fastict

LS [hwe@ytn.cokd]

CANCIA IOT IR WD FATKOFHAFMACTLTICALS
Weokermay 30, b 1, STHE

Mlary dem Lisbart, I
Dok 18 Homacer S04 1708

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

Fowng Sub Lea ¥ Jn Su bim! Jung Young Hm,” Byung § K Sang Moo Lim! and Hes-Joung Km®

“EE U2 E HE-BY ESAACT

e L i
YA AL SRS .uta‘:e

(AR
pharmaceufics j.

Evaluation of [**Zr]-Oxalate as a PET Tracer in Inflammation, Tumar,
.and Rheumateid Arthritis Models

+Ji-he Park,” Yong Jin Los,| B Woong Lee,” Ram i Yoo, Un Chol Shin Kyo Chel Lor,! Bysg il Kim,
+ Kyoong Min Kim, and Jung Young Kim®'

v "Miolerulir Bmaging Faseach Conter, Korea bnsrose of Badolegical & Mokl Sciscr, Seoudl 115706, Ragubls; of Kona
& 'Drparmmt of Nadear Medicng, Eorr imserrats of Balobogical and Modical Scomom, Srol 139708, Rayubic of Kores

© ABMIEAL T To clden i sddend phermaciopod apmi for e disgren of inflasrmalion, o srvrvigaiod e sodol e

= of "roudsie us 4 peion cmisicn, fomography (PET] peob bor the m v imaging of iflemmason nd compared i

o wiacy d et o JebrovpB | W e o-ghacons (| F PG nd sodmn [ e, “Paoulite subisind chervibl

s Beghor uptae in & macrophage il e than in mmor ol The nflsmatony kevce sad sumon were diearty visakeed by FET
i, s ity g i waalabe. Comnpired 8 | F I il s [ s, s sonadate dessuivtininl &

1 lagh sebruity inden b6 [he fumor o am iy Bear ot e pection. anll b ilimetion ol o dlapnd feme poied aee

+ mprctien 24 ) |h§h¢¢qunmhwprh— of macrophuges and regimplds woer cbererd i e o

s Eovieem wilh ot ighest * 2 susbrte piske bn & hrmtond sthetn (4] memmy ainbel, *7r.smalpie dermnsirstrd s bigh kvl

v of woemdisten i inflastory |cu'nl i n»lnr-u ars disteps tud b temer rmagey nd mdemmpany e,

o EKEVWORES ®Zrsnday, st de, fvssand avia, PET
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Radioisotopes application (collaboration)=

Multi-modal probe using nanoparticles and 124| for tumor imaging

Co=work with Univ.

‘ * Dr. Yoo (K.P. Univ.)& Dr. Ahn (KIRAMS)

* First development of multi-modal agent
for PET-MRI-Optical instruments

- Small 6(24):2862-8, 2010 (IF=8.349)

* Dr. Yoo (K.P. Univ.)& Dr. Ahn (KIRAMS)
+ Angewandte Chemie. 47:6259-62, 2008
(IF=11.261)

A& Hybrid Namopariicle Prols for "l.l.;.ﬂd'ﬂﬂﬂ.ﬂ.il:lu Possitram Faeies b
Tomography awl Aagncte Hoesonanoe Iniaging
'} f { fen, Ly € Raw Merd, Nomiiose Sad Srongiey Wiss fir $% Kreoae Al K

S 2% e

{'-,’ HE #6000

T -

20 478 (52N 72 H2
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Radioisotopes application (KIRAMS)

Labeling experiment using produced At-211

Small molecules

1000.00

0 0]
s00.00| RE-injection 1% Co-injection with cold SIB
(LN [ZVA(NaAt, Oxidant, AcOH O 0 — RUVES
O . = o B 400.00 2os0| Rl —
RT, 15 min AT 0 K
Me,3Sn 21t 0.00 o0
000 500 1000 1500 2000 2500 3000 3500 0.00 500 1000 1500 2000 2500 3000 3500
STB RCY: 45.4% based on HPLC Minutes Mautes
STB=N-succinimidyl 3-(frimethylstannyl)benzoate [21 1At] SAB
Boc 1. [*"'AlINaAt, Oxidant, H 27500/ Re-injection °" Co-injection
N AcOH, 70 °C, 10 min N._ _NH i
N_ _NH, ' ] - 211p¢ \ﬂ/ 2 22000 os+ with cold MIBG
Meash T 2. TFA, 70 °C, 10 mi Edesw 203 UV —
N . , .10 min NH .
“Boc 110.00 o1l RI
Bisboc-MTMSBG RCY: >50% based on HPLC 500 o 00 Al s S
[21 1At] MABG 0.00 5.00 10.00 IS.O'am?:lw 2500 3000 3500 0.00 5.00 10.00 15.oammz'o.oo 2500 3000 3500
Antibody Conjugation Radio-TLC
\ , 250 RIS SIS I R B00 TSN I S T I N IR
[*""At]NaAt, Oxidant, ACOH .
= No reaction 200 | %0 ] -
RT, 15 min ] g
a— | n
150 l| II
300

100

["'AtNaAt, Oxidant, AcOH 0\ s % 100 ||| d

Me;Sn N = At N J e B
N SO M- NS CL— 0}t &
H RT, 15 min H ) ——— m— .
50 150 0 50 100 150

100 §
Position (mm) Pasition (mm)

Pre-conjugated antibody with STB [#"'At]AB-trastuzumab Free 211At [2”At]AB-trastuzu mab
(TB-trastuzumab) RCY: 62.3-83.1% based on PD-10

Counts

Lovo i leana b s bennalinag

 EEEEE R R EEEEEsEEmEmE
Counts

o
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: KIRAMS

Tungsten shields for Rl supply

Zr-89 container Dose rate test
Zr—89 -

» Radioactivity: 10 mCi (370 MBq)

« SA:EHAH 10 mm

Gamma Energy: 511 keV(22.6%), 909 keV(99.9%),
1657(0.1%), 1713(0.77%), 1744(0.13%)

ZHAFEES . MCPLIB84

Al2do|Md 3 E: MCNP6.1

n 2887 WA 2EE

|—124

= Radioactivity: 50 mCi (1,850 MBq)

s SA:or32E 10 mm, E2EH 19 mm

= Gamma Energy: 511 keV(22.5%), 602.7 keV(63%).
722.8(10.4%), 1509.5(3.1%), 1691(10.9%)

»  LAEFS MCPLIBS4

« A2 o|M 2 MCNP6]

n 2HFA Y| A HA RHEF

= Radioactivity: 100 mCi (3,700 MBq)

s SEA:of3E 5 mm, §A8 8 mm

= Gamma Energy: 511 keV(42.63%), 1346 keV(0.47%)
»  HAUFS . MCPLIBS4

» AlEdIC|H 2= MCNP6.1

« Q87| RHA 2

1-124 container Dose rate test

Jroom fom s

Cu-64 container Dose rate test

Jrocm rom sartace

Laters

- =
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Rl supply from KIRAMS

™™ (OREA INSTITUTE OF

¢ @/ RADIOLOGICAL & MEDICAL SCIENCES

2

®

Partner Institutions

(1) Seoul National Univ. Hospital

(2) Asan Medical Center

(3) Samsung Medical Center

(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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The record of Rl supply (50 MeV cyclotro

Cu-64 v KIRAMS supply radioactivity (2023.06.)
Zr-89
Cu-64 3,705.5 mCi 4,437.1 mCi 2,356 mCi
At-211
1-124 129.4 mCi 177.4 mCi 75.3 mCi
Zr-89 69 mCi 85 mCi 16 mCi
At-211 - 58 mCi 52.5 mCi

v KIRAMS 1-124 : [I-124]Nal in NaOH solution
v KIRAMS Cu-64 : [Cu-64]CuCl, in HCI solution
v~ KIRAMS Zr-89 : [Zr-89]ZrCl, in HCI solution

Radioisotopes produced by 50 MeV cyclotron is for pre-clinical or clinical researches.
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The record of Rl supply (30 MeV cyclotro

F-18 FDG v KIRAMS supply radioactivity (2022.12.)
Radioisotopes
1-123
1-123 mIBG F-18 FDG 23,110 mCi 20,710 mCi 22,455 mCi 19,455 mCi
TI-201 29,055 mCi 20,900 mCi 24,788 mCi 21,717 mCi
1-123 14,688 mCi 10,581 mCi 12,357 mCi 11,316 mCi
1-123 mIBG 12.060 mCi 7,674 mCi 2,166 mCi 10,119 mCi

Radioisotopes produced by 30 MeV cyclotron is for sale.
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International PET-RI Supply by KIRAMS

o R S B fst Radioisotope-Antibody Drug Asian Confere

Venue : KIR:

#1) NUCLEAR LIGHT INDUSTRY

Date : 2019.3.07

NLI-RIC-#°Zr

wY > 97y

Type “A” Tungsten Shielded Container
for radioactive substances transportation

Features
v Toctrical

v Arsgn

T i, 5 4
T Tungsten vial-shield :

jos: 046 x K79 about $ 1,000/EA from
NLI co. of OED
production

ansured by O-fng seaing devico on he topof container

Recycle? or Buy?

Oy AP EAHIE] 10852 W,
ojolEo] YUMAIH

o8 MAHD 228 @
°% 2EETE B

MUCLEAR UGHT ROUSTAY O.,L1D.

[ 014 717/ boomsang(

=)

MEMORANDUM OF UNDERSTANDING
FOR COOPERATION INRESEARCH AND DEVELOPMENT ON MEDICAL
ISOTOPES AND ITS APPLICATIONS
BETWEEN 108 MILITARY CENTRAL HOSPITAL (108 MCH) AND e s
KOREA INSTITUTE OF RADIOLOGICAL & MEDICAL SCIENCES (KIRAMS)

EEMENTS.

MOU will be seted

Korea Institute of Radiological and Medicsl Sciences (IRAMS) and 108 Milituy Central
Hospital (108 MCH), s hereinafter referred to as “the Parties”. Article 5 FINAL FROVIS!

Considering the Partes' common interests in the felds of rescarch and development on Medical

Tsotopes and its Applications, and relying on the mural benefits derived from the Parties'

cooperation, Pa ent the following items.

he Patics shall implement the cooperation on the basis of munal benefi, cqualty. aad reciprocity
i accordance withthe relevant laws and regulations of thei respective counties.

13 hey shall

Undersanding (MOU) that spsciies detsls of the ntended coopersion, and the sppendix will be signed by

=

F] EEssssEEsEsEEEEEEsEEEEEEEEREEE 9
. Article 2 SCOPE OF COOPERATION sl

Lot

MID., PhD, Direcior

[ fo
M. PhD. M1
s Hospital(108 MCH)

(zemab, ).

e exchange and support of expertstrsiing.
3 The haring of scentific esuls of preclinical and clinical studies.

f Radiological &
S(KIRAMS)

3.1 Each Party il appoint & coordnator o implemment the conperation under the MOU. Each
Party will,upon sgning this MOU, notfy name nd contact addres of the other coondinator

30
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Thank for your attention!

ck190@kirams.re.kr

L\

Accompanied Growth of Radiochemistry

>

’M"j, "‘ KOREA INSTITUTE OF
.. | RADIOLOGICAL & MEDICAL SCIENCES
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