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DNA damage from radiation
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* Base damage ARIRA AR RN
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» Single strand breaks (SSB) —
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* Double strand breaks (DSB) % T

- important for radiation induced cell kiling 23~ i f



Colony assay: in vitro survival
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Mathematical Modelling of Cell Survival Curve
LQ (Linear-Quadratic) model
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Fractionation Sensitivity
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Fractionation (BE&XI=)

T Testis : model of growing tumor
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* Fractionation of radiation dose in most case, better tumor
control for given level of normal toxicity than a single large dose



& X=E=S

= (Surgery)
eIHIXI= (Chemotherapy)

MAXI= (Radiation therapy)
= (Immunotherapy)

K= (Gene therapy)

KME=ZstE HE K= (Molecular fargeting)
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1. SR SO S I &
- S0 ElIA EF & A F& (8J]) Oy
- A K= 018, X=0| =8 28
- A KN=0| &7, B2l 2 4 228 50 g 24

2. K= &H 1E
- Simulation (22| H=l) : 2D or CT-simulation
- Patient immobilization and marking on skin
(A 08 & Xz Jl=& HA
- KILH AR & 2 I HIA
- KHH= CIARRT & NI
- 2EE K= dHE HS : verification film and A2F =&

3. 2AMA XI=Z Al
- N=Z = =t X0 EJIA 2tE &) XKA K=
- K2 S ERA K= &H & AMafFEHA
- BJIAOZ K= &H K=l verification film



A K=l =5

1. Curative Radiotherapy
-=XIH (2K F|H9|) AN K=
a. Radiotherapy alone
o. Combination of Radiation and surgery
Jt. Pre-operative irradiation
L. Post-operative irradiation
Lr. Organ preservation by radiotherapy following local excision
c. Combination of chemotherapy and Radiation

2. Pdlliative Radiotherapy
- 1AH (2A2HA) BAIM K=
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RADIATION EXPOSURE IN DAILY LIFE
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Percentage Depth Dose (PDD) in water

Grenz-ray Therapy (<20kV)
Contact Therapy (40~50kV)
Superficial Therapy (50~150kV)
Orthovoltage Therapy (150~500kV)
Cobalt-60 Therapy

-> Megavoltage Therapy

®© 0 60 T Q

Percent Depth Dose

20

10

0 1 2 3 4 5 6 7
Khan, The Physics of Radiation Therapy

Depth in Water (cm)
Convricht @ 201 0 Wolters Kluwer Health | Linnincott Williams & Wilkins



Linear Accelerator (LINAC)
- Basic Structure

high-energy electron

: pencil beam of 3mm in diameter

Wave Gui

high-voltage # System Bending Magnet
pulses ‘
Treatment Head
direct current
power

(Bent Beam)

Copyright @2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

high-voltage
pulses

pulsed
microwave

Khan, The Physics of Radiation Therapy



Linear Accelerator (LINAC)

< Low Energy LINAC
(ex : 6EX)

High Energy LINAC —
(ex : 21EX, IX)

Khan, The Physics of Radiation Therapy



Linear Accelerator

ELECTRON BEAM
Y
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X-ray Therapy
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Y

X-RAY TARGET
A see—cm——

PRIMARY
~——COLLIMATOR

SCATTERING FOIL FLATTENING FILTER

CARROUSEL —

ION CHAMBER —[E===Sipmesr)

o 1% SECONDARY
COLLIMATOR
ACCESSORY RS

MOUNT ——

ELECTRON
APPLICATOR

B PATIENT

Electron Therapy

Khan, The Physics of Radiation Therapy



Linear Accelerator

Gantry system (isocenter)

Copytight @ 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

Gantry Angle Q -

Collimator Angle

-

| w1
e Collimator

: Radiation Field
P ‘_._,_-'-'_'-'-Frﬂ

I_ [ Isocenter

{ma.ge %Duﬂesy -:-i gi&m&ﬂs

>

Table Angle

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 tfumor size
3.Integrated System

4.Adaptive Radiotherapy
* MVCT



Tomotherapy: exterior & interior

Jaws

TomoTherapy "SR T Multieat
HIART | Collimator

e 85 cm Opening

* 40 cm X 1.6 m Imaging FOV @ Isocenter



Tomotherapy (IGRT/IMRT)

Fast Binary MLC Rotating Ring Continuous Couch
Movement

A e 2 R

A0 DY
LLLE RN

LIt l'~;‘l | ,
B LAY

* 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



MR-LINAC

L ]
Elekta Unity Magnetron
1.5T MR
Waveguide
Multileaf
collimator
: S Treatment
: beam

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



MR-LINAC

Examples of
Elekta Unity
MR images:

Rectum case Axilla case

2D Turbo Spin Echo T2 MR sequence 3D STIR T2w
weighted

MR sequence
Coverage 24 cm A-P

TE 140 ms
Thickness 1.5 mm

Coverage 24 cm C-C

Resolution 1.5 mmx1.5 mm

Thickness 3.5mm

Resolution 1.1mmx1.1mm

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



Biology-guided Radiotherapy

PET' LI NAC RefleXion's biology-guided radiotherapy (BgRT) refle IOn

is the first to utilize both anatomic (computed

tomography) and functional (positron emission
tomography) imaging data to guide personalized

radiotherapy.

refle)(ion

https://reflexion.com/
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The Zap-X is a self-contained and first-of-its-kind self-shielded therapeutic radiation device dedicated to
brain as well as head and neck stereotactic radiosurgery (SRS). By utilizing an S-band linear accelerator
(linac) with a 2.7 megavolt (MV) accelerating potential and incorporating radiation-shielded mechanical
structures, the Zap-X does not typically require a radiation bunker, thereby saving SRS facilities
considerable cost. At the same time, the self-shielded features of the Zap-X are designed for more
consistency of radiation protection. reducing the risk to radiation workers and others potentially exposed
from a poorly designed or constructed radiotherapy vault. The hypothesis of the present study is that a

Table 2
Summary of accumulative exposure measurements.
G Station Exposure (microR) Annual Dose (mSv)
1 31 0.698
& 5 0.113
3 5 0.113
4 29 0.653
32 0.720
6 g 0.180
4 0.090
8 25 0.563
9 32 0.720
10 30 0,675
11 24 0.540
12 28 0.630
13 0 0
14 30 0.675
15 atop sphere 35 1238

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



Proton Therapy
(X K=)



Photon (X-ray) vs. Proton

* Physics property? (Mass, Charge, etc)
* Dosimetry? (PDD, Penumbra, etc)
- Biology? (RBE, etc)

100 —

Relative Dose (%)
=

2

s
a
T

— e



Photon (X-ray) vs. Proton

- Proton has Bragg-peak phenomenon.
* Proton enables less radiation exposure o the
surrounding organs!
» Proton’'s RBE (relative biologic effectiveness) = 1.1
- 10% more effective in cell killing than photons.



Photon (X-ray) vs. Proton

Craniospinal Irradiation (CSI) — (=l "X A}

J.Kim, J Korean Neurosurg Soc. 2015 May:57(5):315-322
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SMC Proton Therapy Center
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Particle Beam production

Cyclotron | ISynchrotron |
Energy Fixed Variable
Spill Structure |Continuous Pulse
Beam extract :

ffi l—.OW. N High

elfcacy (high radiation activity)

Variable
Temp.erature ->beam position, angle & energy Stable
stabll |ty (magnetic ?ermeability > thermal

expansion
Beam current |High Low
Beam quality |Low High
(momentum spread) (large) (small)




Gantry, Couch and Nozzle |
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xI2 7|1 (Treatment Technique)

Line Scanning Treatment

Wobbling Treatment

Sumitomo Heavy Industries, Ltd.



Line Scanning

Intensity modulation

: Example of scanning radiation fields
Scanning path Low dose area

(High speed scanning)

High dose area
(Low speed scanning)

Sumitomo Heavy Industries, Ltd.



Dosimetry tools

()
- /_// y . S '

Ion chambers ; Absolute (Relative) dose:
PPCO5 (IBA), CC13 (IBA), Pinpoint3D (PTW ), Bragg Peak (PTW)

Solid Phantom :

Material: High Density Polyethylene
Density = 0.950 g/cm?

Composition

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

Gafchromic film (EBT3);
Relative dose,
mechanical verification



Dosimetry tools

Water Phantom

Blue Phantom?, IBA

Multi Layer Ionization

2D Array Detector
Chamber (MLIC)

~ =4

Octavius 729%PR PTW

729 vented ion chambers ZEBRA, IBA

on 27x27 cm? with 1 cm

resolution 180 parallel plate chambers

with 2 mm detector spacing



Treatment Planning System (TPS) : Raystation

51587 SUNG HWAN JA 35143319  Caee CASE 2 - G POS rehesrsal RSS 392 Qumcnl d

Plan Optimization  Plan Evaluation » QA Preparstion Traatment Adaptation

e | " 5
- import Export  Creste plan report (AMMIze Irestment
[ sdaatatson

CURRENT

v Targets {4) O PATIENT INFORMATION a(‘ URRENT PLAN

CTV_Breast+0.5 Patsent 1D- 35143319 Plan: Final
® B CTV_Breast Planning image set: Treatment: 25 Feb 2016, 15:38:25 (hr-min:sec)
® W CTV_SCN Last name:  SUNG HWAN JA Status: Unapproved

av Al First name: 51587

- o
Gender: Female
v Organs at risk {10) Date of birth: 20 May 1982
[ External

¥ tiung Comment:

g

F‘ TREATMENT ADAPTATION
A

Final
Rt.lung 3
- 09 Mar 2016, 15:50:16 (hrmin:sec) g Protons
« Both.lung - 400067108 Une ]
= ROl (5 CURRENT CASE CENCHCENGS S 3
= bl Dase is not calculated with current dose engine version.
. et Case: CASE 2- G2 PBS rehearsal
Glass4
GlassS Body site: 2nd-Breast

Physician: A_PARK

Comment:
G2 P8S rehearsal

@) IMAGE SETS

S [ ovew

Trestment

Oescription: free breathing

Dete and time: 25 Peb 2016, 15:38:25 {hrminsec]
Protocok 3.2 BAEAST RT Treatment PTC
Modality: CT

Patient position; HFS

imaglng systemz OCTI

Nr of pleels: 512 512 161

Pined size [om}: 0127 0127

Usnd for: Treatment slanning

Frocthom: N/A

Create new material...

RO1/POI details




Carbon Therapy
(S X X=)



THE HEIDELBERG ION THERAPY (HIT) - Carbon Gantry

) l &
- -
Linac
H-2 8 H-1 : Synchrotron
| t t :

< ™ ! I
||
i‘.i

Q-A =

HEBT

Figure 1: Layout of the first underground level housing
the accelerator complex.

Figure 2: Overview of the isocentric 1on gantry.

R. Fuchs et al, ASSEMBLY OF THE CARBON BEAM GANTRY AT THE HEIDELBERG ION THERAPY (HIT)
ACCELERATOR, Proceedings of EPACO08, Genoaq, Italy



Superconducting Carbon Gantry (TOSHIBA, NIRS)

Toshiba Selected by Japan's NIRS to Supply World's First Rotating Gantry with
Superconducting Magnets for Carbon lon Radiotherapy

- Higher accuracy in therapy, lower burdens on patients - TOSHIBA
Leading Innovation >

August 02, 2013 12:21 AM Eastern Daylight Time

TOKYO--(BUSINESS WIRE)--Toshiba Corporation (TOKYO:6502) today announced that it has received an order from Japan’s National

Institute of Radiological Sciences (NIRS) for the world’s first rotating gantry irradiation system with superconducting magnets for a TOSHIBA CORPORATION

carbon ion radiotherapy system. The system will be installed in a new radiotherapy room that NIRS is constructing at its facility in Chiba, TOKY0:6502

east of Tokyo, in March 2015.

Toshiba has received an order from

Japan's NIRS for the world's first

Carbon ion radiotherapy accelerates carbon ions to about 70% of the speed of light and directs them to cancerous tissues. It is two to
three times more efficient at destroying cancerous tissues than proton radiotherapy, which means patients have to endure fewer

exposures. Another advantage over photon therapy is that the depth of the energy peak can be controlled, preventing exposures of rotating gantry iradiation system with
healthy tissues around the target site. Cancer centers in Japan and overseas are interested in developing the radiotherapy as an

effective tool for battling cancer, and Toshiba is supporting this by promoting research into system advances.

superconducting magnets for a carbon
ion radiotherapy system.

The current order covers the beam transport system equipment, the rotating gantry and other equipment for the radiotherapy system,
including a robotic-arm type patient couch. English

A rotating gantry is a device that rotates the radiation port in a 360-degree circle and reduces both patient stress and treatment time,
since the patient can be irradiated from any direction without any change of the position. Toshiba Corporation

Atsushi Ido, +81-3-3457-2105
Rotating gantries are already in practical use in proton radiotherapy devices. Since carbon ion radiotherapy emits beams with a higher Corporate Communications Office
energy level, the rotating gantry needs to be significantly bigger, and it is essential to develop downsize the gantries to make them http
available for practical use.

nedia.htm

Toshiba has achieved a much smaller rotating gantry design by employing superconducting magnets. The company has developed a
superconducting magnet for bending the beam, and a superconducting 4-pole magnet for focusing it. The magnets have a high current
density, dozens of times stronger than conventional type, and this generates an intense magnetic field that bends the beams in a smaller
radius. This approach has secured weight and size reductions against designs based on conventional magnets: a length of 13 meter
against 25 meters, and a 50% cut in estimated weight. Adoption of superconducting magnets has also attracted attention for securing
lower electricity consumption.

Toshiba has already installed a carbon ion irradiation system for NIRS, which is taking the lead in developing and promoting carbon ion
radiotherapy in Japan, and received an order for a complete carbon ion radiotherapy system, including the accelerator, from the
Kanagawa Cancer Center in Yokohama in January 2012. Going forward, Toshiba will promote healthcare-related businesses, including
its current medical diagnostic imaging business, as a potential core business alongside energy systems and semiconductors.

Toshiba Corporation

Atsushi Ido, +81-3-3457-2105

Corporate Communications Office
http://www.toshiba.co.jp/contact/media.htm

https://www.businesswire.com/news/home/20130801006999/en/Toshiba-Selected-by-Japans-NIRS-to-
Supply-Worlds-First-Rotating-Gantry-with-Superconducting-Magnets-for-Carbon-lon-Radiotherapy
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Figure 1: Bird’s eye view of the HIMAC complex. The
HIMAC complex consists of three ion sources, one linac
cascade, two synchrotron rings, and three treatment
rooms. The new treatment facility was constructed in
conjunction with the HIMAC complex, and has the three
treatment rooms.
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Figure 2: Layout of the superconducting rotating-gantry. The gantry consists of the ten superconducting magnets (BMO1-
BM10), the three pairs of the steering magnets (ST01-ST03) and profile monitors (PRNO1-PRNO03), and a pair of the
scanning magnets (SCM-X and SCM-Y).

Y. lwata et al, SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY, 92th International Particle
Accelerator Conference, IPAC2018, Vancouver, BC, Canada



SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY

B X,
Figure 3: Picture of the superconducting rotating-gantry,
as taken at the end of September 2015. The
superconducting magnets and the scanning magnets are
colored in blue and red, respectively.
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Figure 7: Coil currents for the horizontal steering magnets of STX01-STX03 and the vertical steering magnets of STYO1-
STYO03 as functions of the gantry angle and RID. The steering magnets were turned so as to center the beam spot at the
profile monitors as well as the isocenter.
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Y. Ilwata et al, SUPERCONDUCTING GANTRY FOR CARBON-ION RADIOTHERAPY, 9th International Particle
Accelerator Conference, IPAC2018, Vancouver, BC, Canada
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Fixed Treatment Room

SCM Rotating Gantry Treatment Room

|

https://cancer.severance.healthcare/cancer/department/center-clinic/therapy.do
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B lonsource g hccelerator o
(Synchrotron) (High Energy Beam Transport)

@ Prouduct ion : 12C** '
& Components: beam injection devices, ® Components : vacuum ducts,

@ Acceleration Voltage : 30 kv bending magnets, quadrupole magnets, bending magnets, quadrupqle

@ Acceleration Current : 200 epA vacuum ducts, RF accelerating cavity, beam magnets, beam control devices
G : CH e?(traction devices, accelerator control de- The carbon ions accelerated to the
il ypes = vices energy required by the main accelerator
sons : 12C5+ is transported along the transport route
Iniector syste S ficeslermiediions " by magnets, and is guided to the irradia-
- ) el @ Accelerated particle number : 3 x 10 tion system of the designated treatment

& Components : RFQ linear accelerator, particles / pulse or more room

Drift Tube linear accelerator(DTL), Medium )
low beam transport system, cha’rge con- @ Incident energy : about 4.0 MeV/u

verter devices # Outgoing energy : 55.6 to 430 MeV/u

¢ >R F&;i;&ar ;cscenl‘erator @ Outgoing beam intensity 3 x 107 to 1 x

» Incident energy : 10 keV/u 10° pieces / sec

> Exit energy : 600 keV/u & Circumference : 63.3 m (Diameter :
» RF frequency, power:200 MHz, 100 kW approx. 20 m)
@ Drift Tube linear accelerator
» Length: 2.5 m
» Incident energy : 600 keV/u
» Exit energy : 4 MeV/u
» RF frequency, power : 200 MHz, Max

A0k https://cancer.severance.healthcare/cancer/department/center-clinic/therapy.do
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B

@ Field size: 20 x 20 cm?

% Spot size: Less than 4 mm (1 sigma)
@ 6D robotic couch

@ 3D high-speed scanning

@ Respiratory-gated irradiation

w

& Compact gantry design
» Diameter: ~6 m
» Length: ~8 m
» Weight : ~200 tons

« Components

» Ten superconducting magnet
» A pair of scanning magnets
» Three pairs of steering magnets

e » Beam profile monitors
re/cancer/department/center-clinic/therapy.do




Artificial Intelligence in Radiation Oncology

Contents lists available at ScienceDirect

Radiotherapy
&0ncology

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Review

Artificial intelligence in radiation oncology: A specialty-wide disruptive
transformation?

Reid F. Thompson*"*, Gilmer Valdes ¢, Clifton D. Fuller ¢, Colin M. Carpenter ¢, Olivier Morin®,
Sanjay Aneja’, William D. Lindsay £, Hugo J.W.L. Aerts ™, Barbara Agrimson?, Curtiland Deville Jr.’,
Seth A. Rosenthal ¥, James B. Yu f Charles R. Thomas Jre

*Oregon Health & Science University, Portland; " VA Portland Health Care System, Portland; © University of California San Francisco, San Francisco; fLMD Anderson Cancer Center,
Houston; ©Siris Medical, Inc, Redwood City; "Yale University, New Haven; & Oncora Medical, Philadelphia; " Brigham and Women's Hospital, Boston; ' Dana Farber Cancer Institute,
Boston; | Johns Hopkins University School of Medicine, Baltimore; and * Sutter Medical Group and Suttter Cancer Center, Sacramento, USA

The current state of Al in radiation oncology

- Image segmentation

- Radiotherapy dose optimization

* Clinical decision support and outcomes prediction
*  Quality assurance (QA)



Summary

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

SAXRKI=T| JHE 2 STE==A

Superconducting JI== 2o JIZ0 HIoH £ 11 JHH{2

SRAKI=I| Gantry JHE
2110, SAMKIZHAME lESKSTE HECE HSE 2 X

aSsH=>=<
RISHES -



	슬라이드 1: Introduction to radiotherapy  and recent advanced
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12: Colony assay: in vitro survival
	슬라이드 13
	슬라이드 14: Mathematical Modelling of Cell Survival Curve LQ  (Linear-Quadratic) model  
	슬라이드 15
	슬라이드 16: Fractionation (분할치료)
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23: Linear Accelerator (LINAC)
	슬라이드 24
	슬라이드 25: Linear Accelerator
	슬라이드 26
	슬라이드 27: Tomotherapy
	슬라이드 28: Tomotherapy: exterior & interior
	슬라이드 29: Tomotherapy (IGRT/IMRT)
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39: 삼성서울병원   양성자 치료센터 소개
	슬라이드 40
	슬라이드 41: 양성자센터 장비, 치료실 조감도
	슬라이드 42: 양성자센터 회전식 치료실
	슬라이드 43: Particle Beam production   
	슬라이드 44
	슬라이드 45
	슬라이드 46
	슬라이드 47: Dosimetry tools
	슬라이드 48: Dosimetry tools
	슬라이드 49
	슬라이드 50
	슬라이드 51
	슬라이드 52
	슬라이드 53
	슬라이드 54
	슬라이드 55
	슬라이드 56
	슬라이드 57
	슬라이드 58
	슬라이드 59

