


Theranostics의어원

Theranostic= Therapy + Diagnostic
(Thera-)     (-nostic)



‘Theranostics’의사전적정의

 (Search 1) Theranostic is a new field of medicine which combines specific targeted 

therapy based on specific targeted diagnostic tests.

 (Search 2) Theranostics is a term derived from a combination of the words 

therapeutics and diagnostics.

 (Search 3) Theranostics is a combination of diagnostics and therapy.

 (Search 4) Theranostics is a concept that refers to the integration of imaging and 

therapy in a single system.

‘테라노틱스’는 동일 객체에서 어떤 질환을 표적 하여

진단한 뒤 그 질환을 표적 치료하는 개념

 정밀의학 (Personalized Medicine)



‘Theranostics’의개념



Theranostics 방사성의약품

 테라노틱스 방사성의약품은 방사성동위원소의 기능에 의해 결정
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Ra-223 Chloride

Radium-223 is designed to target bone metastases with high-energy alpha particles and spare 
healthy tissue and bone marrow. 

SNMMI (Dr. Patrick Flamen and colleages, June 11, 2013)

Oncology Journal, Bone Metastases, 
Prostate Cancer (July 15, 2015)



α-Particle-Emitting Radionuclides



α-Particle-Emitting Radionuclides

Journal of Cancer Research and Therapeutics, Vol. 6(3) 2010, pp. 239-248

Particles energy: 5-9 MeV
Cell tissue range: 5-10 cells (diameter)
- 80-100 keV/μm

Particles energy: 0.1-1 MeV
Cell tissue range: 50-500 cells (radii)
- 0.2 keV/μm



Ra-223와 Na[F-18]심화



Zr-89 Bone Marrow (2016, Mol. Pham.) 심화



Tc-99m MDP심화

Chemical name:
99m

Tc-Methyl diphosphonate

Abbreviated name:
99m

Tc -MDP

Synonym:
99m

Tc -Methylene diphosphonate, Te
chnetium 99mTc Medronate

Agent Category: Compound

Target: Type 2 class of aminoacyl-tRNA synt
hetases

Target Category: Enzymes

Method of detection: Single photon emission computed to
mography (SPECT); planar gamma i
maging



Sn-117m DTPA (1997, J.N.M.) 심화



FDG의크기

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

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



FDG의크기

Bond Ave. Length

C-C 154 pm

C=C 133 pm

C≡C 120 pm

H-O 96 pm

H-C 109 pm

H-F 91.7 pm

H-H 74 pm











Ga-68 PSMA-617



Radionuclides for Targeted Radiotherapy

By courtesy of Dr. Zalutsky

α-particle



LET (Linear Energy Transfer)

LET (linear energy transfer) is the amount of energy released by a radioactive particle or wave over
the length of its decay track.

High LET radiation (like alpha & beta particles) ionizes water into H and OH radicals over a very short
track. In the example, two events occur in a single cell so as to form a pair of adjacent OH radicals that
recombine to form peroxide, H2O2, which can produce oxidative damage in the cell.

Low LET radiation (like X- or gamma rays) also ionizes water molecules, but over a much longer track.
In the example, two events occur in separate cells, such that adjacent radicals are of the opposite type:
the H and OH radicals reunite and reform H2O.

by Steven M. Carr



PSMA 방사성의약품, 전립선암치료결과

전신전이된전립선암환자를 225Ac-PSMA-617로치료한결과
(출처: Kratochwil C, Bruchertseifer F & Giesel FL et al., 2016: 1941-1944)



α-Emitting Radionuclides

Guerard et al., Cancer Biother Radiopharm 2013;28:1-20



Astatine-211



Astatine-211 Production

Astatine-211 is prepared by cyclotron irradiation of a bismuth-209 target with alpha particles.

The energy of the alpha particles must be fine tuned (maximum around 28 MeV on target) to 
prevent production of astatine-210, which decays in the long half-life alpha emitter polonium-210.

A 1:10,000 ratio of astatine-210/astatine-211 is proposed as safe for clinical applications.











At-211 DOTA-TOC & Steve Jobs Disease



At-211 PSMA



Actinium-225 (Ac-225) Production



Actinium-225, Chemical Properties

Isotope 90Y+3 177Lu+3 225Ac+3

Atomic number 39 71 89

Electron configuration [Kr]4d05s0 [Xe]6s24f125d0 [Rn]6d17s2

Atomic radius 180 pm 174 pm 135 pm

Atomic radius by 
electric effect

≒ 197 pm ≒ 185 pm -

Electronegativity 1.22 1.27 -

Coordination number 6 3-12 (6) 4-6 (?)

Oxidation state +1, +2, +3
(104 pm/Y+3)

+3
(100 pm/Lu+3)

+3, +2



Actinium 동위원소의종류

Isotope Production Decay Half-life

221Ac 232Th(d,9n)→225Pa(α)→221Ac α 52 ms

222Ac 232Th(d,8n)→226Pa(α)→222Ac α 5.0 s

223Ac 232Th(d,7n)→227Pa(α)→223Ac α 2.1 min

224Ac 232Th(d,6n)→228Pa(α)→224Ac α 2.78 hours

225Ac 232Th(n,γ)→233Th(β−)→233Pa(β−)→233U(α)→229Th(α)→225Ra(β−)→225Ac α 10 days

226Ac 226Ra(d,2n)→226Ac
α, β−

electron capture
29.37 hours

227Ac 235U(α)→231Th(β−)→231Pa(α)→227Ac α, β− 21.77 years

228Ac 232Th(α)→228Ra(β−)→228Ac β− 6.15 hours

229Ac 228Ra(n,γ)→229Ra(β−)→229Ac β− 62.7 min

230Ac 232Th(d,α)→230Ac β− 122 s

231Ac 232Th(γ,p)→231Ac β− 7.5 min

232Ac 232Th(n,p)→232Ac β− 119 s



Ac-225의방사성의약품응용



PSMA 방사성의약품, 전립선암치료결과

전신전이된전립선암환자를 225Ac-PSMA-617로치료한결과
(출처: Kratochwil C, Bruchertseifer F & Giesel FL et al., 2016: 1941-1944)
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