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And Early Detection
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Hospital Proton Therapy Center

6

New Hospital



History

•NCC Start clinical care service 2000.10

•NCC Opening ceremony held2001.6

•Launch of NCC proton therapy Project2001.12

•Signing with IBA 2002.6.29

•Ground Breaking  2003.3.21

•Building construction  2003.5-2004.12

•Start of IBA Proteus 235 installation 2005.2.15

•First Beam Generation  2005.10.21

•Beam test &tuning for Cyclotron and Beamline  2005.10-2006.12

•Commissioning and Beam data taking2007.1-2007.2

•First Patient Treatment start (GTR2) 27th Open in the world, 
3th IBA System in the world

2007.3.19

•GTR3 Patient treatment start2007.7.9

•First Eye melanoma proton treatment start2009.5.15

•First Wobbling mode Tx start (GTR2)2010.8.27

•First PBS mode Tx Start(GTR3)2015.8.27

•Compact Proton Therapy system(IBA Proteus one)  install 2027
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2015

First treatment with pencil 
beam scanning at NCC-K

2018

Introduction of Gantry 
Rolling Floor and Remote 
Postiionning at NCC-K

2021

NCC-K purchases compact 
IMPT solution Proteus®ONE

2019

Adapt Insight imaging 
platform + first clinical use of 
Cone Beam CT (CBCT) at 
NCC-K

2001

Creation of NCC-K

First treatment in PT at MGH

2002

NCC-K purchases its 
Proteus®PLUS 

2007

First patient treatment at 
NCC-K in passive scattering 
mode



Single Scattering mode

Single Scattering mode
Double Scattering mode
Uniform Scanning mode

Double Scattering mode
Pencil Beam Scanning (PBS) mode

Cyclotron

Beam line

Fixed Beam 1

Gantry room 2

Spare bunker

Gantry room 3



❖ People

Staff Fellow(Residency)

Oncologist 7 1(0)

Medical physicist 6 4(4)

Therapist 49

Nurse 6

Proton Engineer 9

Office work  3

❖ Facilities

Treatment room 

Proton 3 MCR, MMS

X-ray LINAC 3

TOMO therapy 2

CT simulator 2 4D &Dual Energy CT

2D simulator 1

HDR 1
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Addition of a single room system - National Cancer Center

•

ProteusPLUS
Multi-room system

In 2028

ProteusONE
Single-room system

FACING OBSOLESCENCENEW!
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Protontherapy in NCC                                                            Why we need it 

Treatment sites with proton therapy at NCC



•
Slide and data are courtesy of Dr. Tae Hyun Kim, Medical Director at NCC-K

570+ patients/yr

6167 patients as per Dec 2025

On 2 shifts (8:00AM – 10:00PM)

NCC-K is at capacity

It calls for expansion
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PTCOG: Total Number of Patients Treated Globally

D Source: PTCOG statistics (www.ptcog.conline) and IBA internal data



Particle Therapy Center in the world 

Last update : July-2022 from PTCOG
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History of Proton(Particle) Therapy

• William Bragg -1904: Publication of curves for 
ionization of air by radium alpha particles 
demonstrating that ionization density 
increased sharply near the end of range.

❖ In 1946 Harvard physicist Robert Wilson(1914-
2000) Suggested*

▪ Proton can be used clinically

▪ Accelerators are available

▪ Maximum radiation dose can be placed into the tumor

▪ Proton therapy provides sparing of normal tissues

▪ Modulator wheel can spread narrow Bragg peak



Particle Therapy?
Particle therapy is an advanced form of external beam radiation therapy us

ed primarily to treat cancer. Instead of using X-rays (photons) like conventi

onal radiation, it utilizes heavier, charged atomic particles—most commonly 

protons or carbon ions. 







CSI using 3D CRT, Tomotherapy, and Proton Beam 
Therapy

50%

95%

60%

70%

90%

80%

99%

5~100% isodose line



양성자치료 + 
경동맥화학색전술

1년 반 후치료 전

MD. Ph.D. 김태현



X-RayProton Beam



양성자치료  후양성자치료 전

맥락막흑색종 치료 전후 비교



❖The ratio of biological effectiveness of one type of ionizing radiation relative to another, 
given the same amount of absorbed energy. 

❖An empirical value that varies depending on the particles, energies involved, and which 
biological effects are deemed relevant. 

❖It is a set of experimental measurements.

❖Unit of effective dose for charged particle therapy =Gy(RBE) (SI unit)

❖RBE depends on

▪ Energy/LET

▪ Particle species

▪ Cell/Tissue type

▪ Dose

▪ Oxygen status

▪ …

RBE (Relative Biological Effect)
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Accelerator



Synchrotron

Synchrotron Accelerator



Cyclotron& Synchrocyclotron

• 1. Fix time/per cycle, with increasing diameter to comply with 
the increasing speed of particle.

• 2. Continuous beam, not pulse. High output and dose rate.

• 3. Beam at the outlet: fixed energy.

• 4. Adjust energy by beam degrader.

• 5. Relatively more radioactivity of contamination.

• 6. Stable output, more suitable for pencil beam scanning.



1. Fix diameter, with increasing the speed of changes of 
magnetic field to
comply with the increasing speed of particle.
2. Pulse beam, not continuous. lower output and dose rate.
3. Beam at the outlet: variable energy.
4. Relatively more less radioactivity of contamination.
5. Relatively not stable within a pulse, more difficult in pencil 
beam scan.

synchrotron



Cyclotron Synchrotron

Energy Fixed Variable

Spill Structure Continuous Pulse

Beam extract efficacy
Low

(high radiation activity)
High

Temperature
stability

Variable

->beam position, angle & 
energy

(magnetic permeability > 
thermal expansion)

Stable

Beam current High Low

Beam quality

(momentum spread)

Low

(large)

High

(small)

Cyclotron VS. Synchrotron



Requirement Specifications for Proton therapy 

• Accelerator energy : ≥ 230 MeV 

• Beam current: greater than 10 nA

• Range in water: 4.1 g/cm2 ~ 32 g/cm2

• Range Adjustment : continuous or ≤ 0.21 g/cm2

• Range Accuracy : ≤ 0.1 g/cm2

• Energy layer switching time :≤ 1.0 sec.

• Field size : 40x40 cm2, (compact 20x20 cm2)

• Dose rate : ≥ 2 Gy/min/liter

• Spot size(@iso, air, 1σ )

✓Max energy : ≤ 4 mm 

✓Min energy : ≤ 8 mm



Beam Delivery Technique



Passive mode 

Protontherapy in NCC                                                            How it works   

Proton Beam modes 

Dynamic mode



Passive Mode



IBA Universal Nozzle

Range Modulator(RM)

X-ray Tube

Second Scatterer(SS)

Scanning Magnet(SM)
Variable Collimator(VCx,VCy)

Range Verifier (RV):VCy

IC2/3

IonChamber 1(IC1) Mirror

SnoutFirst Scatterer(FS)



Nozzle components 

Ion Chamber1

Ion Chamber2,3 First Scatterer Range modulator Variable collimator Snout 

Block 

Compensator

Second Scatterer 



Double Scattering



Passively scattered proton beam

• Pencil beam



Passively scattered proton beam
• Single scattering beam

First Scatterer

-Field size:  6-7 cm
-Eye treatment
-Brain SRS



Passively scattered proton beam
• Double scattering beam

First Scatterer Second Scatterer

- Field size:   cm
-All treatment
- prostate, brain, lung, breast, CSI….



Passively scattered proton beam
• Double scattering beam

First Scatterer Second Scatterer Block



Passively scattered proton beam
• Double scattering beam

First Scatterer Second Scatterer Block

Range Modulator



Passively scattered proton beam
• Double scattering beam

First Scatterer Second Scatterer Block

Range Modulator Compensator



Range Modulation

Roelf Slopsema, “Proton Beam Delivery Techniques and Commissioning 
Issues: Scattered Proton Beams”, 19 May 2008 – PTCOG Educational Workshop
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Range Modulation

Roelf Slopsema, “Proton Beam Delivery Techniques and Commissioning 
Issues: Scattered Proton Beams”, 19 May 2008 – PTCOG Educational Workshop



Range Modulator(IBA)

IBA design (3 tracks on single wheel, gating used to adjust modulation)



Range Modulator

IBA eye-
line

HCL design (single 
modulation,
4 repetitions)





Range Modulator

IBA eye-line
IBA design (3 tracks on single wheel,
gating used to adjust modulation)

HCL design (single modulation,
4 repetitions)



Range Modulation Methods

1. Range Modulation Wheel

2. Ridge Filter

mm 단위로 SOBP 조절, Flatness 좋음, 고장이 잦음. Rotating timing 중요

cm 단위로 SOBP 조절, 경우에 따라 Tilted 됨. 고장의 우려가 적음.



차폐재 보상체

종양

정상조직

Aperture and Bolus   



Snouts 30X40, 250, 180, 100 & Eye



Brass Block

30X40 cm2

Φ 25 cm Φ 18 cm Φ 10 cm

Eye







Dynamic Mode



Uniform Scanning



Uniform Scanning



Uniform Scanning

IBA-Hicham Yang- 17 MARCH 2008



IBA-Hicham Yang- 17 MARCH 2008

Pencil Beam Scanning (PBS)



NCC Pencil Beam Scanning (PBS)



Comparison Dose Conformity

IBA-Yong Liang CAI-2012



Comparison Patient Specific Devices
• PBS doesn't require patient specific compensators and bolus

• Less neutrons close from the patient

• Less expensive (apertures and bolis cost a lot!)

• No more snout changes ☺

IBA-Yong Liang CAI-2012



Specifications of Modulated Proton Beam(NCC)  

Item
Singles

Scattering

Double 

Scattering

Uniform 

Scanning

Pencil Beam 

Scanning

Range in Patient (g/cm2) 3.35-20.4 4.51-28.42 3.42-32.1
7.5-35

(0.5-32)

Range modulation (g/cm2)

adjustment & Size

0.4(R>6), 0.17

9.2

0.2 

20.75

0.5 

Full 

0.4

24

Range adjustment(g/cm2) 0.09(R>6),0.05 0.1 0.1 0.4

Average dose rate (Gy/min) 5.93 3 1.15 -

Max. Field Size (cm) 4 (Dia) 24.3 (Dia) 40 X30
22.5 X25  

@ High E

Dose Uniformity (%) 1.25 1.05 1.5(R), 2.6(L) 3

Effective SAD (m) 2.55 2.19 2.12 2.12

Distal Penumbra (g/cm2) 0.21 0.23 0.13 Beam sigma

Lateral Penumbra(cm)

/ Spot size (PBS)
0.17 0.48 0.30(y), 0.22(x)

4.9 mm @32 cm

10.4 mm@ R8 cm

Clinical Use H&N, Eye Conventional Large Size IMPT



Proton ARC therapy







IBA Proton Arc therapy
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Particle Therapy Centers in Korea 

NCC, Korea

Yonsei Univ. 
Hospital

Samsung 
Medical 
Center

BNCT Hospital
(Dawon Medax)



NCC, Korea

Yonsei Univ. 
Hospital

Samsung 
Medical 
Center

Facility in Operation in Korea 

BNCT Hospital
(Dawon Medax)



❖ National Cancer Center, Korea 

Proton Therapy Facility



❖ Yonsei Univ. Cancer Center



➢ Sept. 2015. 
Establish 
DAWONMEDA
X

➢ Nov. 2015. 
BNCT 
development 
MOU with Gil 
Hospital

❖ A-BNCT in Gil Medical Center  (Dawon Medax)



Particle Therapy Centers in Korea 

SNU 
Hospital

KIRAMS

NCC

AMC



Facility Project Ongoing in Korea 

SNU 
Hospital

NCC (Proton)
IBA Proteus 1

SNU HIT 
Gijang



Development of Korea's first high-
current 
500 keV proton tandem accelerator 
in 2022

2023-current:
Design and fabrication of a high-current 
2.4 MeV proton tandem accelerator under 
construction.  

Successful development of 
Korea's first 1200 kV DC power 
supply in 2024

Devloping tandem accelerator prototype

❖ Korea Institution of Radiological & Medical Science 



Particle Therapy Centers in Korea 

SNU 
Hospital

KIRAMS

NCC, Korea

Yonsei Univ. 
Hospital

Samsung 
Medical 
Center

BNCT Hospital
(Dawon Medax)



Future Outlook of Particle Therapy in Korea



감사합니다.

경기도 고양시 
일산동구

서울

https://www.ncc.re.kr



Medical Physics 의 소개

한국에서의 의학물리학자 & 관련연구분야 소개



의학물리학자의 업무



의학물리학자가 되는 과정

국립암센터, 서울아산병원, 서
울대병원, 세브란스병원

병원: 방사선종양학과 의학물리학자
학계: 방사선 관련 학과 교수
기업: 의료기기, 방사선치료기기 회사
연구소: KINS, KAERI, KRISS …

의학물리학, 방사선학, 
물리학, 원자력공학 등의학물리관련 대학원



(사)한국의학물리학회  (http://www.ksmp.or.kr/)

28%

20%
15%

13%

9%

15%

물리학과

방사선학과

의학물리학과

의공학과

원자력관력학과

출신학과(%)

의학물리학회 회원수: 764명 (2024년 6월 현재)



Research Tools in Medical Physics

• Monte Carlo Simulation (Geant4, MCNP, FLUKA, EGSnrc, etc.)

• Experiment Setup & DATA Measurement/Analysis

• Artificial Intelligence(Machine Learning) & Big Data

EJMP

~ 45% of Adv. Example of 
Geant4 Toolkit  is the 
Medical Physics Topics



Medical Physics Research Area in RT

1. Treatment Device: Accelerator, Beam Nozzle (Collimator & Monitor), 
Gantry, Patient Setup Device, Etc.

2. Treatment Planning System: Absorbed Dose Calculation Algorithm, 
Human Organs & Cancer Tumor Volume Contouring(Target 
Region Decision), Optimal Beam Delivery Algorithm, Etc.

3. Monitoring and  Measurement of Treatment Dose: Beam Delivery 
Monitor, Treatment Beam Dose Measurement Detector, Etc.

4. Radiation Safety: Secondary Particle Measurement, Radiation 
Shielding Evaluation & Design, Radioactive Waste produced by
treatment beam, Etc.



Compact Accelerator

Compact Gantry

BNCT System Develpoment

Flash Proton Beam 
Nozzle Design

1. Treatment Device



2. Treatment Planning System



3. Monitoring and  Measurement of Treatment Dose



(Quang, 2024)

<Neutron dose rate variation with angle and distance 

from beam center>

<Neutron energy spectrum at various position (pos1 to 6) 

original (left) log-scale (right)>

Response matrix 

difference
Log-scale

4. Radiation Safety



Summary

• The knowledge backgrounds for Radiation Therapy Research are 
Physics, Biology, and Radiation Oncology. 

• Artificial Intelligence technology become one of the necessary 
elements in medical physics research and medical physicists' roles. 

• Experimental Nuclear Physics, Experimental Particle Physics, and 
Biophysics are pure physics fields close to medical physics.

• To do good research and produce practical results in medical 
physics, one must understand the medical doctor's needs and 
clinical procedures.
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