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▪직접작용

: DNA손상

▪간접작용

: 체내 유리기 (Free Radical)

입자의 세포사 유도

→70%역할

▪손상된 암세포 분열 정지

→ 사멸

방사선과 세포의 상호작용



DNA damage from radiation

• Base damage

• Single strand breaks (SSB)

• Double strand breaks (DSB)
– important for radiation induced cell killing



Colony assay: in vitro survival
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Mathematical Modelling of Cell Survival Curve

LQ  (Linear-Quadratic) model 

Linear

Quadratic

Y: average yield of chromosomal

aberration per cell



Fractionation Sensitivity



Fractionation (분할치료)

• Fractionation of radiation dose in most case, better tumor 

control for given level of normal toxicity than a single large dose

1920, 1930 Experiment in Paris

Testis : model of growing tumor

Skin : dose limiting normal tissue



•수술 (Surgery)

•항암제치료 (Chemotherapy)

•방사선치료 (Radiation therapy)

• 면역치료 (Immunotherapy)

• 유전자치료 (Gene therapy)

• 분자생물학적 표적치료 (Molecular targeting)

... 

암 치료법들



1. 환자 및 종양의 상태를 파악 및 검토
    - 종양의 병리적 종류 및 진행 정도 (병기) 파악
    - 방사선 치료 여부, 치료의 목적 결정
    - 방사선 치료의 종류, 범위 및 각 부위별 투여 선량 결정

2. 치료 설계 과정
    - Simulation (모의 계획) : 2D or CT-simulation

- Patient immobilization and marking on skin
(환자 고정 및 치료 기준점 표시)

- 체내 방사선량 분포 계산
    - 차폐물 디자인 및 제작 
    - 완성된 치료 설계를 검증 : verification film and 선량 측정

3. 방사선 치료 시행
    - 치료 중 환자의 정기적 관찰 및 지지적 치료
    - 치료 중 필요시 치료 설계 및 선량 변경
    - 정기적으로 치료 설계 재확인 : verification film

방사선 치료 과정



1. Curative Radiotherapy

-근치적 (완치 목적의) 방사선 치료

a. Radiotherapy alone

b. Combination of Radiation and surgery

가. Pre-operative irradiation

나. Post-operative irradiation

다. Organ preservation by radiotherapy following local excision

c. Combination of chemotherapy and Radiation

2. Palliative Radiotherapy

- 고식적 (완화적) 방사선 치료

방사선 치료의 목적



원자력안전법
제2조 (정의) 

7. “방사선”이란 전자파 또는 입자선 중 직접 또는 간접으로 공기를 전리(電離)하는 능력을 가진 

것으로서 대통령령으로 정하는 것을 말한다.

원자력안전법 시행령
제6조(방사선) 법 제2조 제7호에서 “대통령령으로 정하는 것”이란 다음 각 호의 것을 말한다.

1. 알파선ㆍ중양자선ㆍ양자선ㆍ베타선 및 그 밖의 중하전입자선

2. 중성자선

3. 감마선 및 엑스선

4. 5만 전자볼트 (50keV) 이상의 에너지를 가진 전자선

방사선 (원자력안전법, 시행령) 정의





a. Grenz-ray Therapy (<20kV)

b. Contact Therapy (40~50kV)

c. Superficial Therapy (50~150kV)

d. Orthovoltage Therapy (150~500kV)

e. Cobalt-60 Therapy

-> Megavoltage Therapy

Percentage Depth Dose (PDD) in water

Khan, The Physics of Radiation Therapy



- Basic Structure

direct current 
power

high-voltage 
pulses

high-voltage 
pulses

electron

pulsed 
microwave

high-energy electron
: pencil beam of 3mm in diameter

Linear Accelerator (LINAC)

Khan, The Physics of Radiation Therapy



← Low Energy LINAC
(ex : 6EX)

High Energy LINAC →
(ex : 21EX, iX)

Linear Accelerator (LINAC)

Khan, The Physics of Radiation Therapy



Linear Accelerator

Khan, The Physics of Radiation Therapy

X-ray Therapy Electron Therapy



Gantry system (isocenter)

Linear Accelerator

Khan, The Physics of Radiation Therapy



Tomotherapy

1.MVCT

• Image guided radiation therapy (IGRT)

2.Helical Treatment

• Intensity modulated radiation therapy (IMRT)

• Independency with the tumor size

3.Integrated System

4.Adaptive Radiotherapy

• MVCT



Tomotherapy: exterior & interior

• 40 cm X 1.6 m Imaging FOV @ Isocenter

• 85 cm Opening

85cm



+ +

Fast Binary MLC Rotating Ring 
Gantry

Continuous Couch 
Movement

• MLC leaves that move at 250 cm/s to open or shut in ~ 20 milliseconds

• Thousands of beamlets throughout multiple 360 degree rotations

• Coverage of a target extent up to 160 cm in length with no field matching 

Tomotherapy (IGRT/IMRT)



MR-LINAC

https://www.elekta.com/products/radiation-therapy/unity/



MR-LINAC

https://www.elekta.com/products/radiation-therapy/unity/



PET-LINAC

https://reflexion.com/



LINAC-
Radiosurgery

https://zapsurgical.com/



Cureus. 2017 Dec; 9(12): e1917.



Proton Therapy

(양성자 치료)



Photon (X-ray)  vs. Proton

• Physics property? (Mass, Charge, etc)

• Dosimetry? (PDD, Penumbra, etc)

• Biology? (RBE, etc)



• Proton has Bragg-peak phenomenon. 

• Proton enables less radiation exposure to the 

surrounding organs! 

• Proton’s RBE (relative biologic effectiveness) = 1.1  

→ 10% more effective in cell killing than photons. 

Photon (X-ray)  vs. Proton



J.Kim, J Korean Neurosurg Soc. 2015 May;57(5):315-322

Craniospinal Irradiation (CSI) – (뇌척수조사)

Photon (X-ray)  vs. Proton



삼성서울병원

양성자 치료센터 소개



SMC Proton Therapy Center



양성자센터 장비, 치료실 조감도



양성자센터 회전식 치료실



Particle Beam production   



Gantry, Couch and Nozzle



1. Wobbling & Scanning (Line Scanning& IMPT)

치료 기법 (Treatment Technique)

Wobbling Treatment
Line Scanning Treatment

Sumitomo Heavy Industries, Ltd.



Line Scanning

Sumitomo Heavy Industries, Ltd.



Dosimetry tools

Ion chambers ; Absolute (Relative) dose: 
PPC05 (IBA), CC13 (IBA), Pinpoint3D (PTW ), Bragg Peak (PTW)

Gafchromic film (EBT3);
Relative dose, 
mechanical verification

Solid Phantom :
Material: High Density Polyethylene
Density = 0.950 g/cm2

Composition
Carbon(C): 85.6% ,Hydrogen(H) : 14.3%



ZEBRA, IBA

180 parallel plate chambers 
with 2 mm detector spacing

Octavius 729XDR, PTW 

729 vented ion chambers 
on 27x27 cm2  with 1 cm 
resolution

WP1D, IBA

Blue Phantom2 , IBA

Water Phantom 2D Array Detector Multi Layer Ionization 
Chamber (MLIC)

Dosimetry tools



Treatment Planning System (TPS) : Raystation



Carbon Therapy

(중입자 치료)



R. Fuchs et al, ASSEMBLY OF THE CARBON BEAM GANTRY AT THE HEIDELBERG ION THERAPY (HIT) 
ACCELERATOR, Proceedings of EPAC08, Genoa, Italy

THE HEIDELBERG ION THERAPY (HIT) – Carbon Gantry



https://www.businesswire.com/news/home/20130801006999/en/Toshiba-Selected-by-Japans-NIRS-to-
Supply-Worlds-First-Rotating-Gantry-with-Superconducting-Magnets-for-Carbon-Ion-Radiotherapy

Superconducting Carbon Gantry (TOSHIBA, NIRS)



SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY

Y. Iwata et al, SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY, 9th International Particle 
Accelerator Conference, IPAC2018, Vancouver, BC, Canada



SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY

Y. Iwata et al, SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY, 9th International Particle 
Accelerator Conference, IPAC2018, Vancouver, BC, Canada



연세암병원 중입자치료센터
- 가속기 시스템 (Accelerator)

https://cancer.severance.healthcare/cancer/department/center-clinic/therapy.do



연세암병원 중입자치료센터
- 가속기 시스템 (Accelerator)

https://cancer.severance.healthcare/cancer/department/center-clinic/therapy.do



연세암병원 중입자치료센터
-갠트리 치료실 (Rotational Gantry)

https://cancer.severance.healthcare/cancer/department/center-clinic/therapy.do



Artificial Intelligence in Radiation Oncology

The current state of AI in radiation oncology

• Image segmentation
• Radiotherapy dose optimization
• Clinical decision support and outcomes prediction
• Quality assurance (QA)



Summary

• 의학물리학, 의학물리사

• 방사선생물 (Radiobiology) 

• 방사선종양 (Radiation Oncology)

• 방사선물리 (Radiation Phsics)

• Photon (X-ray) Therapy vs. Proton Therapy

• 양성자치료 (Proton Therapy) 

• 양성자치료기 개발 및 증가추세

• Superconducting 기술로 인해 기존에 비해 작고 가벼운 중입자치료기 Gantry 개발

• 그리고, 방사선치료에서도 인공지능기술 적용으로 계속된 발전 진행중…
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