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Bench to bed research in 
KIRAMS 

Only one research institute contains hospital in Ministry of Science and 
ICT

3 Medical cyclotrons in 
KIRAMS



Energy
(Proton beam) Installation Beam Target Isotopes

50 MeV Scanditronix
(1985)

Alpha
Deuteron

Proton

64Cu (PET), 124I (PET), 89Zr(PET), 
44Sc(PET), 117mSn(conversion

electron), 211At(alpha), 67Cu(beta), 
203Pb(SPECT)

30 MeV IBA
(2000) Proton

18F(PET), 11C(PET), 
123I(SPECT), 201Tl(SPECT), 225Ac(alpha)

16.5 MeV GE
(2018)

Deuteron
Proton

18F(PET), 11C(PET), 68Ga(PET)

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 201Tl (SPECT, myocardiac) in Korea
• 1990; First production and clinic distribution of 123I (SPECT, thyroid) in Korea
• 1992; First development of 111In, 22Na, and 51Cr in Korea
• 1995; First development and production of 18F, 11C in Korea
• 1995; First development and clinic production of [18F]FDG and [11C]methionine in Korea
• 2002; Installation and operation of Cyclone-30 (30 MeV, IBA)
• 2003; Mass production and clinic distribution of 67Ga (Korea), 201Tl (Korea), and 123I (Canada)
• 2003; First development and clinic distribution of [123I]mIBG (SPECT, childhood cancer) in Korea
• 2005; First development and research distribution of 124I (PET, thyroid, nanoparticle-labeling) in Korea
• 2007; First development and clinic distribution of 64Cu (PET, tumor) in Korea
• 2007; First development and clinic study (low-level oxygen tumor) of [64Cu]ATSM in Korea
• 2012; First development and research distribution of 89Zr (PET, tumor) in Korea
• 2017; First development and clinic study (PET, breast cancer) of [64Cu]Herceptin in Korea 
• 2018; Installation and operation of PETtrace 800 (16.5 MeV, GE)
• 2020; First development of 211At (Therapy, tumor) using alpha beam irradiation in Korea
• 2022; First development of 67Cu (Therapy, tumor) using alpha beam irradiation in Korea
• 2022; First development of 117mSn (Therapy, tumor) using alpha beam irradiation in Korea
• 2023; First development of 203Pb (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.

* Red color mark : Regular production



1G

2G

3G

18F, 11C, 201Tl, 123I

64Cu, 124I, 89Zr, 68Ga
44Sc, 203Pb 2021

117mSn, 47Sc, 67Cu, 
211At, 225Ac 

Diagnostic
Generation

Theranostic
Generation

Therapeutic
Generation



Research line for 
medical 

radioisotopes

Cyclotron Body
(50 MeV)

Research line for 
Neutron Captured 

Therapy (NCT)

Research line for 
new materials by 

proton beam



50 MeV Cyclotron

Proton Beam
(H+)

Deuteron Beam
(D+)

Alpha Beam
(He2+)

18F, 11C, 44Sc*
64Cu, 124I, 89Zr

117mSn*, 211At*, 67Cu*



Step 1
Manufacture of 
enriched 64Ni 
target

Step 2
Beam
irradiation

Step 3
Target-to-
solution

Step 4
Chemical
purification
of 64Cu 

Step 5
Quality
control
of 64Cu 

64Cu production for 64Ni-electroplating amount
(64Cu : mCi/h, 64Ni : mg)

 64Ni : average 41.7 ± 8.5 mg
 64Cu : average 38.5 ± 6.3 mCi/h
 64Cu : max. 47.3 mCi/h
 Best production conditions

- beam stability
- beam-widespread irradiation
- homogenous surface on the 64Ni target 



Step 1
Manufacture of 
enriched 89Y 
target

Step 2
Beam
irradiation

Step 3
Target-to-
solution

Step 4
Chemical
purification
of 89Zr 

Step 5
Quality
control
of 89Zr 

 89Zr : average 6.5 ± 1.5 mCi/h
 89Zr : max. 8.6 mCi/h
 Beam : 20 μA, 4 hrs



• Phantom Derenzo : 100 μCi

• PET scanner : Inveon (Siemens)

• Energy window : 350-650 KeV

• Acquisition time : 80.4 mins

• Reconstruction : Derenzo (OSEM 2D)

• Phantom Jaszczak : 2,000 μCi

• PET scanner : Biograph Truepoint TrueV

(Clinical, Siemens)

• Energy window : 425-650 KeV

• Acquisition time : 10 mins (Brain mode) 

• Reconstruction : OSEM 2D



Step 1
125Te solution 
on the Pt 
target body

Step 2
Manufacturing
of 125Te/Pt
target 

Step 3
Beam
irradiation

Step 4
124I 
sublimation
at 600 ℃

Step 5
Quality
control
of 124I 

124I production ratio (mCi/h)

1 : normal Pt target body
2 : pored Pt target body

 125Te : ~300 mg
 124I : average 11.9 ± 4.9 mCi/h
 124I : max. 17.4 mCi/h
 Beam conditions : 20 uA, 3 hrs



Beam irradiation and 
Improvement of 

target production

Wet extraction 
method for 
purification 

Quality control

Approximately 72.7% of the target radioactivity can be obtained through the 211At separation and 
purification process using wet extraction.
At-211 5-15 mCi obtained as a NaAt form in 4 M sodium hydroxide solution.

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 μCi → 9.2 mCi).

Gamma detector analysis 

76.86 keV

79.29 keV

89.80 keV

687.00 keV

Radionuclide Energy (keV)

At-211

76.86
79.29
89.80
687.00

Bi-207
569.70
897.70

569.70 keV

Isotope Concentration 
(ppm (μg/g))

Bi-209 2.12±1.62

Al-27 1.37±1.50

ICP-MS analysis



Improved targets and coolant systems to increase At-211 production

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

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

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

Bi-209 plated at a thickness of 120-150 μm
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Production record of At-211 in 
2023

5-15 mCi
(185-555 MBq)



Installation of automatic separation and purification equipment (dry distillation method) 
for At-211 (in progress)

Glove box concept diagram for dry distillation device installation

Concept and design of prototype dry distillation device

At-211 elution solution
(chloroform)

Cold trap

tubular electric furnace

Quartz glassware

Syringe

Syringe 
pump



α beam 
(45 MeV)

116Cd target

Cd-116(α, 3n)Sn-117m

Confirmation of production of Sn-117m from gamma

rays of 158.56 keV energy

In-115m at 336.24 keV energy

Cd-115g at 492.3 keV enegy

Cd-115g 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.

Toxic impurity



Particle Reaction

Proton
68Zn(p,2p)67Cu
70Zn(p,α)67Cu

Alpha 64Ni(α,p)67Cu

- 29 MeV 10 μA/8 h,  960 μCi (35 MBq) : 1 time

- 29 MeV 10 μA/4 h,  ave. 250 μCi (10 MBq) : 5 times



203Pb/212Pb Theranostic Pair

Li et al., Curr Med Chem 2020

• 203Pb – diagnostic

203Pb -> 203Tl (stable)
279 keV gamma (SPECT; I = 81%)
T1/2 = 52 h

• 212Pb – therapeutic

212Pb -> 212Bi T1/2 = 11 h (peptides, fast PK)
Two α’s in “series” (212Bi and 212Po)

Isotopes of the same element have identical chemistries

SPECT/CT

203Pb

by Prof. Michael Schultz



• Up to now, the main process used to produce the 
225Ac for preclinical and clinical studies

• Limitation of stock of 233U

• High energy protons are required
• 227Ac (t1/2: 21.8 y) can be produced

• Recycling of 226Ra used for brachytherapy
• Handling of 222Rn (gas) produced from 226Ra

(P, 2n)

Generator

High energy accelerator (> 100 MeV)

Cyclotron (30 MeV)

(P, x)

Appl Radat Isot 2005;62(3):383-387



B2

B1

Ra-226 source 



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

 64Cu-DOTA-Trastuzumab & 64Cu-NOTA-
Trastuzumab (FDA approved, research) ; 
Metastatic breast cancer (Surgery-Nuclear 
medicine, KIRAMS) 





< Market of Biosimilar Drug >

Rituximab ($ 6.6 billion)
Trastuzumab ($ 5.8 billion)

Bavacizumab ($ 5.8 billion)

Clinical study for metastatic breast cancer by KFDA







PET-MRI hybrid Imaging agent 
• Dr. Yoo (K.P. Univ.)& Dr. Ahn (KIRAMS)
• Angewandte Chemie. 47:6259-62, 2008

(IF=11.261)

Multi-modal imaging agent for 
metastatic tumor cell

• 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)







(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)



Cu-64
I-124
Zr-89
At-211

 KIRAMS supply radioactivity (2023.06.)

Radioisotopes 2021 2022 2023

Cu-64 3,705.5 mCi 4,437.1 mCi 2,356 mCi

I-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

 KIRAMS I-124 : [I-124]NaI in NaOH solution

 KIRAMS Cu-64 : [Cu-64]CuCl2 in HCl solution

 KIRAMS Zr-89 : [Zr-89]ZrCl4 in HCl solution

Radioisotopes produced by 50 MeV cyclotron is for pre-clinical or clinical researches.



F-18 FDG
Tl-201
I-123
I-123 mIBG

 KIRAMS supply radioactivity (2022.12.)

Radioisotopes 2019 2020 2021 2022

F-18 FDG 23,110 mCi 20,710 mCi 22,455 mCi 19,455 mCi

Tl-201 29,055 mCi 20,900 mCi 24,788 mCi 21,717 mCi

I-123 14,688 mCi 10,581 mCi 12,357 mCi 11,316 mCi

I-123 mIBG 12.060 mCi 7,674 mCi 2,166 mCi 10,119 mCi

Radioisotopes produced by 30 MeV cyclotron is for sale.





Accompanied Growth of Radiochemistry

Thank for your attention!

ck190@kirams.re.kr
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