Z— Mass General Brigham

g MaSS General Cancer Center k B& H %,://;{:/«;, University Medical Center Groningen
102 G0 425 ¢ ; : i e
e HARVARD OSAKA UNIVERSITY W

> university of
’75% MEDICAL SCHOOL E .

groningen

CONCEPTUAL DESIGN OF
A SPECTROSCOPY-TYPE
NON-ROTATING GANTRY SYSTEM

PTCOG-AO 2025

H. Zhao! - 2, M. Fukuda!, A. Gerbershagen?, J.M. Schippers?3,
K.P. Nesteruk® , Y. Matsuda! , T. Yorita! , H. Kanda!

'Research Center for Nuclear Physics (RCNP), Osaka University, Japan
ZParticle Therapy Research Center (PARTREC), University Medical Center Groningen, University of Groningen, The Netherlands
3Paul Scherrer Institute (PSI), Switzerland
“Department of Radiation Oncology, Massachusetts General Hospital and Harvard Medical School, USA

PTCOG-AO 2025 PAUL SCHERRER INSTITUT
HONG KONG D D
NOV 7-9




A\

i
¢ p =4 % % University Medical Center Groningen

OSAKA UNIVERSITY

B aCkg round Vo

Visualization of an IMPT and PAT Planning Rotating Gantry System

Proton Arc Therapy
“ el Generally
| Realized

with

Figure reproduced from Jong, B.A.: Proton arc therapy: technical feasibility and clinical

benefit in head and neck. cancer treatment. PhD thesis, University of Groningen, * An internal diameter of 8~12 m, total diameter of 15~20 m
Groningen, The Netherlands (2025). https://doi.org/10.33612/diss.1220534045 * Generally, mechanical system restricts available treatment

Multiple Treatment Angles angles to several ones .

_ * Change of Treatment angles takes time, especially
Provide challenging in PAT
* Better dose distribution on target _
- Better protection of normal tissue Compactness & continuous treatment angles
, and rapid change are desired
IMPT: Intensity Modulated Proton Therapy

PAT: Proton Arc Therapy PTCOG-AO 2025
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Purpose

Conventional Rotating Spectroscopy-type Non-rotating
Gantry System

Gantry System

ate stray field

Coils to compens

Instead of
rotation s

input

Dynamic
magnetic-field control
restment — for treatment angle setting

with an arg,

Treatment using (= a continuous
3 beam directions a ngular ra nge) Figure reproduced from Nesteruk, K.P., Bolsi, A., Lomax, A.J., Meer, D., Water, S., Schippers, J.M.:
A static beam delivery device for fast scanning proton arc-therapy. Physics in

Medicine & Biology 66(5), 055018 (2021) https://doi.org/10.1088/1361-6560/abe02b

Dispersion compensation system
(1 dipole + 2 quadrupole doublets)

Figure reproduced from Nesteruk, K.P., Bolsi, A., Lomax, A.J., Meer, D., Water, S.,

Schippers, J.M.:
A static beam delivery device for fast scanning proton arc-therapy. Physics in
Medicine & Biology 66(5), 055018 (2021) https://doi.org/10.1088/1361-6560/abe02b
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Methodology

* Guiding Area . .
Magnetic Field

Simulation
@Opera3D

* Bending Area

* Treatment Area

3D Field Profile
(B ™ B 0, B z)

Bending Area

<>

Guiding Area

Beam Transport
Evaluation

o Outer Coils: Excite magnetic field in both Bending Area and Guiding Area

o Inner Coils: Create a magnetic free area for treatment

o Magnet Poles: Adjust the magnetic field strength rate in Bending Area and Guiding Area
2Gp: Pole Gap in B Field Field Parameter
2Gg: Pole Gap in G Field Optimization

o ISM (Injection Scanning Magnets): Set the treatment angle
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e Beam Trajectory for 180 Treatment
in Simulated Magnetic Field B,@Opera3D

Tracking in Bending Plane with Bz Bzcm 30

E 50 _— - z'z ,E. 20

. . £ 10

Q Challenge in =

From 2 Transverse Optics  §-o

. h m 2

the Exit o How to refocus 50
of ISM I

Tracking in Bending Plane with Bz 8=¢m!

00 |
x G [m] 1

to the target
in this area?

1

i 30 !

1 -0.2 * 27!

i 251 on ta rget

' 04 POle 24 H

' 22 i og=32.3mm
;07 211

i 0.9 f-g i

i 9 -1 17 E

I 15,

| 1.3 - .V

! L Large || and &
\ 1.5 0!

P 00 | at the boundary
I = 08 |

E 20— 06 i

I 04 |

i 22— 1 o3 i

i 00 02 04 07 09 1f 13 15 18 20 22 0.2,

PTCOG-AO 2025

Beam Transport Evaluation

e Particle Tracking Result
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“* Radially Varying Field ¥

Tracking in Bending Plane with Bz Bz¢m Tracking in Bending Plane with Bz BzG1
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Tracking in Bending Plane with Bz &= Gm
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No Radially Varying Field

On-target Beam Spot Size
I

Treatment |
Angle |
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135°,
90°!
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0°!
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Plane [mm)]
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Beam Size
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Bending Treatment i Non-bending : Bending
Plane [mm)] Angle ! Plane [mm] , Plane [mm]
|
1.5 180° 2.5 | 1.8
1
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! I
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1
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* Spectroscopy-type non-rotating gantry system is potentially capable of realizing

1. compactness
2. continous & rapid change of treatment angle in 180 degree range

e For monochromatic beam, transverse plane focusing challenge is sovled with a
RVF (Radially Varying Field)

* Next step:
1. Compensate angle dependency of on-target beam size in transverse plane

2. Optimize beam transport for chromatic beam
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