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History of Helium beam RT: LBNL 1956-1992
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First treatments with Helium in 1956 at 184 inch
synchrocyclotron at LBNL

(Tobias and Lawrence 1957)

Since June 1975 clinical trials by UCSF

Total patient # treated with Helium at LBNL: 2054
He patients in clin. trials: 858

Iae. J. Radiation Oncology Biol. Phys., ¥ol. 39, No. 5, pp. 989-996, 1997
Copyright © 1997 Elsevier Science Inc.

Printed in the USA. All rights reserved

0360-3016/97 $17.00 + 00

LSEVIER PII 50360-3016(97)00494-X

V Clinical Investigation

15 YEARS EXPERIENCE WITH HELIUM ION RADIOTHERAPY
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Helium treatments at LNBL

Treatment plan for a lesion in the
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FIGURES. Sample biologically corrected isodose plot for helium charged particle therapy of squamous carcinoma of the esophagus. RBE values utilized
for helium ranged from 1.2 to 1.4 across the spread Bragg peak.

“... helium beam has not shown increased biological potential over low LET photon
therapy. In this respect helium seems to be similar to proton therapy.”
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Rationale for Helium: dose conformation

Lateral broadening
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Kramer et al. Med. Phys. 2016
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protons

-------------------------------------

Neuroblastoma TP
Knausel et al. Acta Oncol. 2016

« Sharper lateral penumbra
- Steeper distal dose fall-off VS. p
* Lower entrance dose

* No tail dose, less neutrons (vs. C)
 Little advantage due to RBE
* Feasible with a cyclotron




Particle range and costs

dE oc EY7? ns-FFAG design for a 900MeV He RT
/ Taylor et al. IPAC 2016, Busan
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Heavier ions — higher energies — larger machines Size m

Helium-RT machines could be much smaller/cheaper than carbon machines
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Secondary neutron production
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Vedelago et al: Assessment of secondary neutrons
in particle therapy... Phys.Med.Biol. 67 (222)

Helium is very similar to protons in no. of secondary neutrons !
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Heidelberg lon Beam Therapy Center
11/2009: 1. patient RT

10/2012: 1. Gantry pat.

Today: ~8400 patients

\ Experimental

darea
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Programm _Benutzer _Hie

Helium

- He source installation in late 2012
- Tuning of LEBT, LINAC, MEBT

5D Messdaten - (420, Release 3)

beam line tuning

« 23.11.2013: 1st extraction from synchrotron
+ 13.12.2013: 1st scanned beam QA room
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Implementation of Helium in the Raystation

RaySearch

Laboratories //\\

April 20. 2018
Ra Yy Searc Ra yS earch s : PRODUCTS SERVICES MEDIA
Rag Care ( Laboratories //\\

Heidelberg Univer
pioneer the RayCi: August 14,2019 R S h R
comprehensive cz 1 a a\l ea r(.: PRODUCTS
(HIT) and Marburg H eidelbe g Laboratories

lon therap ‘

June 15, 2020
© Germany’s Heidelberg University Hospital will become the
racebers e world’s first cancer center to use RayStation for helium ion

ion therapy treatme h | .
thera annin
In April 2018, RayS p g p g

(HIT), which is the |

PDF
Hospital. An additic
University Hospital RaySearch Laboratories AB (publ) and Heidelberg University Hospital's lon Beam Therapy Center announce the
RayCare®" oncoloy world's first clinical release with support for helium ion therapy in treatment planning system RayStation®*.
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RBE modelling: optimization of mMKM

Optimizing the modified microdosimetric 1 |
kinetic model input parameters for proton
and “He ion beam therapy application

LEM1 = mm [EM4 = 8 mMKM @ exp. | Q fit |

55 kel pym’!

23 keV pm’!

33 keV pym’! 47 keV pm’! 66 kel ym! 107 keV pm’!

A Mairani'?, G Magro!, T Tessonnier’*, T T Béhlenf‘,
S Molinelli!, A Ferrari®, K Parodi®*+#, J Debus
and T Haberer?
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Benchmarking of mMKM against in-vivo data

RBE,, of rat spinal chord for S
: Mid S0BP ERe 1F
[ [} 40 3 3 =200
various fraction doses and LET B E N _
o B 8 suss LET 4 3 E g — 150 ":,'5‘-
s — el 1,2, (6) Fx z meas. o 3 B [—oma Kl
o @1}7; 4 pos. § - E, EM _ vene LT, 100 ..'-..:
= - ~ . E_ meas. i 5
P R
Depth [cm]
Plateau, LET = 14 keV/um -&-data Karger 2006 2'41 -&- data Saager 2014 & 2016
s - EEE LEM1 2.2 [mw W w LEM1
B = = = LEM [ | ™ = = LEM
; \ S - - n mMI:;4 F - mM:M
4 pos. = E w 1.8 _ ///:
* Hintz et al Radiother. Oncol (2022): =K < 16F + o
He 1 and 2 Fx 2N af- o 77
. -:!:—_Lf_‘_:_'—__—._:_—-__:'__ :::: - ‘* ¢///
» Saager et al. Radioter Oncol 2015, 2018 C 3 1 g et
ions, 1, 2, 6 Fx h ' 10 15 20 1y w0800 120
i i C lon Dose [Gy] LETD [keV/um]
» Karger et al (in preparation) 6 ' Mid SOBP, LET, = 97 keV/um_ - data Karger 200 2'4; —m- data Saager 2015 —
He ions 6Fx = = mEE LEM] 22 [(mmmm LEM1 7
\ === LEM4 | === LeMs s/
+  Mein et al. JROBP 2020 24" _ MR JELNELL .
RBE modelling comparison g ‘\\-\\\ 4
2 e
Optimised mMMKM gives a more consistent | el
5 15 20 60 80 100 120

description of RBE for p, C and He in vivo.

10
C lon Dose [Gy]

LET, [keV/pum]

Oliver Jakel — Medical Physics in Radiation Oncology

Heidelberger lonenstiai-Therapiezentrum @m




A planning study for Helium-RT in 15 ependymoma patients
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1st Helium RT at HIT (July 20t 2021)
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30y old patient

*Recurrent

anaplastic
hemangio-
pericytoma IlI°

«20 x 2Gy (RBE)
*RBE: 1.4-2.1
*p-RT 2015:

30 x 2Gy (RBE)

e stable tumor

remission > 2yr




Conclusions

Physics in Medicine
& Biology

iopscience.org/pmb

Helium lon Beam Therapy

x = ANE 31 August 2022
5 e 3.00 p.m.BST » 4.00 p.m.CEST
= e 10.00a.m.EDT e 10.00 p.m.CST

« Commissioning finalized

* Regulatory issues solved, documents submitted
* Modification of TCS (Siemens)

« Commissioning of He-Raystation & interface to TCS

IPEM === | IOP Publishing

* Implementation of a QMS
 Clinical assessment by regulatory body initiated
* Indications:
Difficult p-RT indications, recurrent tumors, pediatric tumors, radiosurgery,
pregnant patients (registry trial initiated)

Routine clinical treatments will start in early 2024
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