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Medical cyclotron
(Production of medical radioisotopes)

Radiopharmaceutical

64Cu

18F 124I

 Preparation by GMP (cGMP) rule

 Daily production & Immediately use

Tumor Images
(Early tumor-diagnosis, biological size & 

position for in vivo tumor, dementia, 

epilepsy, Parkinson’s disease, etc.)

Nuclear Medicine Imaging (NMI) &

Targeted-Radionuclide Therapy (TRT)

Injection for human
(Waiting time for uptake & background 

excretion of radiopharmaceuticals;

FDG scan after 40-50 mins)



Cyclotron-based

RI & RP Production

Molecular Imaging

& Pre-clinic Study

Department of

Nuclear Medicine

MRI PET PET+MRI

• 50 MeV cyclotron (IBA, 1985)

• 30 MeV cyclotron (IBA, 2000)

• 16.5 MeV cyclotron (IBA, 2018)

• I-123, [I-123]MIBG, [I-123]FPCIT

• Tl-201

• [C-11]PIB, [C-11]Methionine

• [F-18]FDG, [F-18]FPCIT

• Cu-64, Zr-89, I-124

• KIRAMS RI Production System

• GE MX, FASTlab2, FX2 (C&N)

• E&Z Modular Lab

• MicroPET/CT

• Optical Imaging

• BAS/ Whole Body Autocrytome

• MicroMRI (9.4 T)/ NMR (600 MHz)

• GLP Facility

• LC-QTOF

• AMS (C-14 Analysis)

• Clinical Study for New Drug

• Multi-center or Multi-country

• SPECT

• PET/CT, PET/MRI

• Targeted Radionuclide Therapy



RI RP CR

Production & 
research of 
medical RI

Development of 
radiopharmaceuticals

Clinical study

 Medical cyclotron-based
 National RI supply system

Medical Radioisotope Radiopharmaceuticals Clinical Research

 New radiopharmaceuticals
 Precision medicine

 Medical application
 Improvement of medical tech
 Multi-center clinical trial



Mongolia National Diagnosis & Treatment Center

Cyclotron : Minitracer (GE), 1 Set

Module : FASTlab 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 IQ-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.



Energy

(Proton beam)
Producer Beam Target Isotopes

50 MeV
Scantronix

(1985)

Alpha

Deuteron

Proton

64Cu (PET), 124I (PET), 89Zr(PET), 
18F (PET), 44Sc(PET),  117mSn(beta), 

211At(alpha), 67Cu(beta)

30 MeV
IBA

(2000)
Proton

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

16.5 MeV
GE

(2018)

Deuteron

Proton
18F(PET), 11C(PET)



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

 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, 51Cr in Korea

 1995; First development and production of 18F, 11C in Korea

 1995; First development and clinic production of [18F]FDG, [11C]methionine in Korea

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

 2003; Mass production and clinic distribution of 67Ga (Korea), 201Tl (Korea), 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

 2006; First development of 103Pd (prostate cancer, brackytherapy) in Korea

 2007; First development and clinic distribution of 64Cu (PET, tumor) in Korea

 2007-13; First development and clinic study (low-level oxygen tumor) of [64Cu]ATSM in Korea

 2014; 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 



Non-Metals

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

11C (20.4 mins); good imaging & natural carbon

13N (9.96 mins); good imaging & natural nitrogen

15O (2 mins); good imaging & natural oxygen

76Br (16.1 hrs); good match with nucleic acid

124I (4.18 days); good match with nanoparticles

Metals

64Cu (12.7 hrs); good imaging & match with peptides

89Zr (78.4 hrs); good match with antibodies

68Ga (68 mins); good imaging & match with peptides

44Sc (3.97 hrs); good in vivo stability & match with peptides

Main Positron-Emitting Radioisotopes 

in Nuclear Medicine





Michelle L. James, and Sanjiv S. Gambhir Physiol Rev 2012;92:897-965

European Journal of Pharmaceutics and Biopharmaceutics 74 (2010) 50–54



*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.
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TRT (Targeted-Radionuclide Therapy)

[18F]FDG-PET (Positron Emission Tomography)

SPECT (Single Photon Emission Computed Tomography)
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PET Radiopharm Manufacturer Medical Use in PET Imaging

11C-choline No patent Prostate cancer

18F-florberaben Piramal Imaging Alzheimer’s disease (AD) 

18F-florbetapir Eli Lilly Alzheimer’s disease (AD)

18F-flucicovine Blue Earth Diagnostics Prostate cancer

18F sodium fluoride No patent Bone imaging

18F-fludexoyglucose (FDG) No patent Tumor, brain, myocardial perfusion

18F-flutemetamol GE Healthcare Alzheimer’s disease (AD)

68Ga-DOTATATE Advance Accelerator Applications Neuroendocrine tumor

13N-ammonia No patent Myocardial perfusion

82Ru-rubidium chloride Bracco Diagnostics, DRAXIMAGE Myocardial perfusion

( U.S.A, 2016 )

Korean FDA was also approved for [18F]FLT (Lung cancer), [18F]MISO (Hypoxia tumor) 

[18F]FP-CIT (Parkinson’s disease) and [18F]FC119S (Alzheimer’s disease). 



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

Benzothiazole



 Cooperation of KIRAMS and Future Chem co.
 With clinic study for about 150 persons
 Approved by KFDA (2018)

[18F]FC119S



First Human Study of D-Isomers of 18F-Fluoromethyl Tyrosine
(10 persons, 2018)



64Cu

124I

89Zr

 Positron-emitted radioisotope  511KeV of gamma ray

 Physical half-life : 12.7 hours

 Medical applications : Tumor diagnosis (ATSM, peptides & Ab,  Monitoring of 67Cu) 

 Positron-emitted radioisotope  511KeV of gamma ray (with other gamma ray)

 Physical half-life : 4.2 days

 Medical applications : Thyroid diagnosis, monitoring of nanoparticles & 131I

 Positron-emitted radioisotope  511KeV of gamma ray (with 908 KeV)

 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





64Cu 124I 89Zr





PET-RI 사용자 그룹 유저미팅 개최

 2017 미래선도 PET-RI 사용자 그룹 유저미팅 개최(2017.07.28)

 참석기관: 한국원자력의학원, 경북대학교, 동아대학교병원, 삼성서울병원, 한국원자력연구원, 분
당서울대병원, 서울대병원, 아주대병원, 퓨처켐, 새한산업, 카이바이오텍

 11개 기관, 과제책임자 및 담당실무자 30여 명 참석

PET-RI 사용자 그룹 유저미팅 주요 내용

 과제 간 또는 과제, 연구주제간 공동연구협약서 체결

 PET-RI 동위원소(Cu-64, Zr-89, I-124) 사용신청서 작성

 과제 책임자 및 실무자간 메일 전송

 PET-RI 생산회의에 의해 공급량 조절(cyclotron 및 target의
상태에 따라 공급량 변동 가능)

 공급지원은 2세부 카이바이오텍이 지원(포장 및 운송)

 동위원소 운송내역 KINS 보고 및 생산자, 사용자 각각
KINS 보고체계 확립



(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)



▶ 64Cu-ATSM (FDA approved, research); 5 

persons,

Diagnostic study of tumor bearing low level oxygen 

(KIRAMS)

▶ 64Cu-DOTA-Trastuzumab & 64Cu-NOTA-

Trastuzumab (FDA approved, research) ; 15 

persons, 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





Biodistribution of 89Zr-trastuzumab and PET
Imaging of HER2-Positive Lesions in Patients
With Metastatic Breast Cancer, Clinical
Pharmacology & Therapeutics 87(5) 2010



Trastuzumab

(Herceptin)

DFO

(Chelate)
89Zr

(> 99%)

Positron emission

DFO-Trastuzumab

conjugate

89ZrCl4

solution

89Zr-DFO-Trastuzumab

(Low specific activity)

89Zr-DFO-Trastuzumab

(High specific activity)

Further purification

Co-worker

Co-worker

KIRAMS







TRT : Targeted-Radionuclide Therapy





1G

2G

3G

18F, 11C, 201Tl, 123I

64Cu, 124I, 89Zr, 44Sc
2018

117mSn, 67Cu, 211At

Diagnostic

Generation

Theranostic

Generation

Therapeutic

Generation



50 MeV Cyclotron

Proton Beam
(H+)

Deuteron Beam
(D+)

Alpha Beam
(He2+)

18F, 11C, 44Sc*

64Cu, 124I, 89Zr

117mSn*, 211At*, 67Cu*



117mSn

225Ac

211At

 Therapy by conversion electron & SPECT

 Physical half-life : 14 days, Nuclear reaction : 116Cd(α,3n)117mSn

 Target disease : arthritis of cat, horse and dog

 Therapy by alpha & beta ray

 Physical half-life : 10 days, Nuclear reaction : 226Ra(p,2n)225Ac

 Target disease : prostate cancer therapy by 225Ac-labeled PMSA ligands

 Therapy by alpha ray & electron capture

 Physical half-life : 7.2 hrs, Nuclear reaction : 209Bi(α,2n)211At

 Target disease : micro-metastatic neuroblastoma by 211At-labeled MABG

TRT : Targeted-Radionuclide Therapy



Research line for 

medical radioisotopes

Cyclotron Body

(50 MeV)

Spec. Company Particle Beam Therapeutic radioisotopes

50 MeV

(max. 60 μA)

Scanditronix

(1985)

Alpha

Deuteron

Proton

117mSn(beta), 211At(alpha), 67Cu(beta), 

…

Research line for 

Neutron Captured 

Therapy (NCT)

Research line for new 

materials by proton 

beam







국가의료 RI 치료기술혁신센터

• 표적기술

핵종생산기술

• 입자조사 • 분리정제 • 품질관리

하나로
(대전)

다목적 사이클로트론
(서울)

융합연구시설
(부산, 예정)

양성자가속기
(경주)

End User

병원
산업
연구
수출

기술

시설

• RI 발생장치(기)/표지장치 • 밀봉선원 • 과학·분석기기

제품화 기술

• 공학활용 • 기초연구진흥 • 생명과학

활용진흥기술

대량,다핵종,고품질 RI 응용 신기술

국가 의료 RI 치료 인프라 연계
동위원소 생산기술 고도화

고부가가치 제품화

원료RI
원료의약품
선원 등
제품

연구기반

RI이용 신약개발 플랫폼
(서울)

동위원소 기초연구 진흥 및
기반기술 개발

국가 의료 RI 기술 총합 추진
사이클로트론

(정읍)



국가의료 RI 치료기술혁신센터

원천
국가의료 치료용 방사성동위원소의 개발, 보급 및
통합 관리체계 실현

임상
미래의료의 핵심기술로서 방사선정밀의료기술
실현 & GMP/임상 전문 교육

 첨단의료방사성동위원소기술개발에따른융합적응용연구활성화
 치료용동위원소에대한국가적통합관리를통한효율성의극대화
 세계적으로임상적의의가있는치료용동위원소생산및보급을통한방사성의약품시장

및유관기관의활성화

 차세대방사면역치료제품목허가로확대
 (전신전이) 난치성림프종, 신경내분비암, 전립선암치료
 국제적인방사성의약품 GMP/임상활용전문(보수) 교육

국제 국내 연구자네트워크 기반 국제 임상시험 추진

 PET 진단방사성의약품신약임상시험(7종, 2018년 현재)
 종양치료방사성의약품신약임상시험(2종, 2018년 현재)



jykim@kirams.re.kr
www.rmwebzine.re.kr
http://blog.daum.net/radiochem

mailto:jykim@kirams.re.kr

