Ok

L 7147| BEAMMOHH BO|3|(ARSF)

Il

A 2l=H SYAR| =7

7 7|5 Y Hal

Jin Sung Kim, Ph.D.

Yonsel University College of Medicine

1885 Chejungwon



Contents
® Why Particle! and Carbon!?

® Why in Yonsei!?

® Current status of Yonsei carbon project
® How about in the world!?
® VWhat’s going on?! and How long!?

® |s it safe!?

® Some information from other site.

® Summary




Why Particle!?
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Carbon!?




SAXEL? EHF, Heavy lon
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RBE: 2~3 times than x-ray, proton!
but... not sure...
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Institute based particle therapy

Where What? Start End |No. Patients
Berkeley Proton | 1954 | 1957 30
Uppsala Proton 1957 1976 73
Berkeley He 1957 1992 2,054
Harvard Proton 1961 2002 9,116

Los Alamos Pion 1974 1982 230
Carbon 1977

Berkeley b i 1992 433
Ar 1979
Si 1982

PSI Pion 1980 1993 503

Tsukuba Proton 1983 2000 700
Chiba Carbon 1994 |Ongoing| 10,486

from PTCOG website




Carbon’s Histor

NIRS 3. Facilities in Japan and worldwide

d—llstorlcal trend of heavy ion radlotherapL /

Japan Europe /

HIMA

Proposed by Dr. Robert Wilson

The first clinical trial in the world
with Ne at LBL

Cancel of new project Start of HIMAC project
Shut down of Bevalac Cancel of Eurima project
Open of 1st facility, HIMAC

Start of clinical trials at GSI

2nd facility, Hyogo
Approval as medical by government
R&D for a hospital-based facility
Start of clinical
Start of Program for the Human trials at IMP
Resources Development 1st facility, Heidelberg

3rd facility, Gunma
2010s  new project 4th facility, Saga 2nd facility, Pavia 1st facility, Shanghai

5th facility, Kanagawa grdfacility “Marburg imported from Germany
h ) : )

[Irradiation methods] Wobbler Wobbler Scaning Scanning Scaning

Courtesy ot NIRS presentation




Carbon’s 20 years clinical outcome

* More than 8,000 patients
* Clinical trial only for 9 years
* Outstanding outcome + Lower toxicities + Short Tx time

900 [ Clinical practice 898 . .
3 Clinical trial Tot.al number of Clinical practice
patients (%)
800 770 P
753 748 rostate 1731 (22%) 1399
710 Bone and soft tissue 1033 (13%) 780
700 691
Head and neck 854 (11%) 529
L 10% 20
600 co ung 795 (10%) 7
Liver 485 (6%) 250
g s00- 489 Post-operative rectum 408 (5%) 338
-4 Pancreas 353 (4%) 113
3 i Gynaecological 207 (3% 0
2 400- o ynaecologica 7 (3%) 1
2 343 Eye 128 (2%) 86
300 56 307 || 364 || 453 [[519 (|549 || 551 || 502 |(533 [[737 || 309 (NS 106 (1%) 0
Para aortic lymph node 94 (1%) &
200 Skull base 85 (1%) 56
Oesophagus 71(1%) 0
100 Lacrimal gland 24 (<1%) 1
” Scanning 11(<1%) 0
— | 83 || 129 || 160 || 180 || 194 || 209 || 247 || 298 || 287 || 110 || 125 || 139 || 172 || 204 || 197 || 268 || 177 || 161 || 52 .
0 T | T I T I T T T T T T | I T I T | | | Miscellaneous 1547 (20%) 715
1994 1995 ' 1996 1997 ' 1998 ' 1999 ' 2000 ' 2001 K 2002 ' 2003 ' 2004 ' 2005 ' 2006 ' 2007 ' 2008 ' 2009 ' 2010 ' 2011 ' 2012 = 2013
Y
- Table 3: Distribution of patients treated with carbon ion radiotherapy at
Figure 2: Number of patients treated at National Institute of Radiological Sciences with carbon ion radiotherapy eachyear from June, 1994, to August, 2013 the National Institute of Radiological Sciences by tumour type

Carbon ion radiotherapy in Japan: an assessment of 20 years of clinical experience,
Lancet Oncol 2015; 16: €93—100




lon Therapy in the 21t Century
Accurac y and Efficacy

PTCOGS56, 2017 e
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Number of the Patients Treated with
Particle Beam in Japan(2015~2016)

No. of No of Average /
facility patlent facility

Proton 9 2016 224
Carbon 4 1787* 447

*excluding :150 research patients:

Carbon faciiities In Japan are almost W
always using hypofractionation!
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How many in world?




Particle Therapy Center in the world
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Tx Room

e ey o T
HIMAC(NIRS) 1994 3 2(H+V) 1G* Japan 10,486
HIBMC 2002 2 1H, 1(45) Mitsubishi @) X 2,366
Lanzhou 2006 1 1H China @) X 213
Gunma 2010 3 1H, 1H+V, 1V Mitsubishi O X 1,909
HIT 2012 3 2H 1G Siemens @) @) 2,086
CNAO 2012 4 3H, 1H Siemens X @) 591
SAGA-HIMAT 2013 3 2(H+V),1(45+H) Mitsubishi O X 1,136
Shanghai 2014 3 3H Siemens @) 149

I-Rock 2015 4 2H, 2(H+V) Toshiba OO0

MIT 2015 4 3H, 1(45) Siemens O

Wuwei 2017 4 4 (H+V+45) China @) O

S MedAustron 2017 2 1H, 1(H+V) CERN X O

= Osaka 2018 3 3 Hitachi X 0O

Yamagata 2020 2 1H+V 1G Toshiba X 00

|| Yonsei 2021 3 H+45+V, 45+V,H plan Hitachi? X O

L UTSW 20217 2 1H 1G  Toshba? X OO

W A RV ELRNI

S851 ejungwon
wYonsei Cance Center




Tx Room
Start Vendor I?fzsd:‘ls?
Tot Fixed Room Gantry

HIMAC(NIRS) 1994 3 2(H+V) 1G* Japan O OO 10486

Laboratory ftor
biological
experiments

lon source

Beam lines for
physics research

Treatment
rooms

Main accelerator
(synchrotron)

New treatment
research building




Tx Room
Start Vendor PEZS(;:“SO
Tot Fixed Room Gantry ( )

HIBMC 2002 2 1H, 1(45) Mitsubishi 2,366




Tx Room
Start Vendor I?fzsd:‘ls?
Tot Fixed Room Gantry

Gunma 2010 3 1H, 1H+V, 1V Mitsubishi 1,909
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Tx Room
Start Vendor I(’fgo.:\ls?
Tot Fixed Room Gantry

HIT 2012 3 2H Siemens 2,086
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1885(Chejungwon
__«Yonsei-Cancer . Center




Tx Room
Start Vendor I?jzso:‘ls?
Tot Fixed Room Gantry

CNAO 2012 4 3H, 1H Siemens

Transfer

Lines
Treatment

Rooms




Tx Room
“ " = HH PES.NO
(~2015)
Tot Fixed Room Gantry

SAGA-HIMAT 2013 3 2(H+V),1(45+H) Mitsubishi 1,136
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Start

Tot

Fixed Room

Pts.No

Vendor (~2015)

Gantry

Shanghai 2014 3 3H Siemens O 149
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Start Vendor I(:fzsd:‘ls?
Tot Fixed Room Gantry

i-Rock 2015 4 2H, 2(H+V) Toshiba 00 _

\ / Table. Specifications of the lon-Beam Radiation Oncology Center in Kanagawa.

lon species Carbon ion
Maximum energy 430 MeV/u; Residual range > 25 cm in water

Beam delive! 3-dimensional pencil beam fast scanni

Number of treatment rooms 4 rooms with fixed beam port; 2 with horizontal and vertical beam ports, 2 with horizontal beam port

Patient positioning Orthogonal x-ray flat panel detector imaging system




Tx Room
Start Vendor I(:jzsdys?
Tot Fixed Room Gantry

MIT 2015 4 3H, 1(45) Siemens
=1
= |
3|
66m / allik:
216.5ft

il

110m / 361ft

Courtesy of Rhén-Klinikum AG,
Germany




Tx Room

Start Pts.No
Tot Fixed Room (~2013)
Wuwei 2017 4 4 (H+V+45) China @) @) -
/( Therapy ] v
"N Terminal 2

Cyclotron
6.8MeV/u

Synchrotron
400MeV/u

,,,,,

1885ﬁChejuhgwon
wYonsei-Cancer Center,



MedAustron 2017 2 1H, 1(H+V) X
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Irradiation Rooms ~

Tx Room
Start Vendor I(fodﬁ?
Tot Fixed Room Gantry
O -

Treatment/Clinical Research:

© Proton Gantry

© Horizontal fixed beam
’ © Horizontal and vertical fixed beam
‘-'

Non-clinical Research:
© Horizontal fixed beam

Linear Accelerator

T Ly

Sycrotron -
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Tx Room
Start Vendor Pj?d:‘lso
Tot Fixed Room Gantry ( )

Osaka 2018 3 3 Hitachi X 0]0)

B Compact 430MeV/n Synchrotron.
B 3 Fixed-Beam Treatment Room with scanning nozzles.
B Treatment 2018.
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Start Vendor I(:fzsdﬁ?
Fixed Room Gantry

Yamagata 2020 2 1H+V 1G Toshiba

(

« Vertical configuration (1st for carbon facility) of main componens

4F Utility, HEBT (optional)
3F Staff rooms, Utility

2F Treatment floor (H&Gantry)

GF Entrance, Utility

Medical zone BF Synchrotron, Injector
Planning CT

by
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adiotherapy ~2/3 in length
1 H+V Building
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What'’s going on!

in Yonsei..




Yonsei Carbon ion therapy
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1. Hospital Site map

Total Area : 859,425m2
Hospital Area :115,7083m2
Building : 24EA

Total Floor Area : 551,730m2
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Is it safe?




Containment Structure
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Osaka carbon ion therapy center
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Osaka carbon ion therapy center
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About 56m

Isocenter

2 rooms with Horizontal
and Vertical ports
1 room Horizontal and

"Treatmentroom B~ -~

(horizon:, vertical, )
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