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The Lawrence Berkeley National Laboratory (LBNL)

Located in the Berkeley Hills, overlooking UC Berkeley Ernest Lawrence (1901-1959)

Established in 1931 by UCB, sponsored by DOE 1928 Position at UC Berkeley

Founded by Ernest Lawrence 1929 Invention of the cyclotron
Directed by Lawrence until 1958 1939 Nobel Prize in physics
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Why use protons and ions for radiotherapy?
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suggests the use of ion 140 Spared dose == Photonen

Bragg-Peak

g

[ ]
=]
=]

MIACENTAGE DEFTH OOBE

beams for RT. O\O 120 o ?zr;f;::n
c
R. Wilson “Radiological use .G_) 100
of fast protons,” Radiology )
47, 487 (1946) 8 80 Peak-Bereich
‘»‘lq:)- 80 /
S 0] /
t 20 4 Plateau-Bereich
! <—Tumor—3z| //
. 1 I R R EE
,l'_g 0 2 4 6 8 10 12 14
o, ""jiﬂm Depth in water in cm
; .--="""!:.r
T S Significant reduction of dose in normal tissue

a’ = . E [ 1 1] [ 4 ] [ ]
Dosage due to 140 MEY Protons in tissue

Oliver Jakel — Medical Physics in Radiation Oncology



Protonentherapy for medulloblastoma patients

Stokkevag et al. Acta Oncol 2014
No dose in the heart, lung, mediastinum, bowels, ...
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The first proton-RT machine in Berkeley: 1946-1992
The 184 inch, 125MeV cyclotron

1938: 1. patient treated w. neutrons

1954 : W. protons
1956: “ w. Helium ions (> 2000 patients)
1977 “ w. Ne, N, O, C, Si, Ar (total 433 pat.)
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Helium treatments at LNBL

< Treatment for esophagus ca. with He-RT,
30-35 Fx of 2Gy (RBE=1.3), 4 beams

Castro et al. Am. J. Clin. Oncol. '83

Treatments started already at the old cyclotron in 1956
Continuation at the Bevalac from 1977-1992

Delivery partially based on a treatment chair

“... 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

Neuroblastoma TP
Knausel et al. Acta Oncol. 2016

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

* No tail dose, less neutrons (vs. C)

« Little advantage due to RBE
Kramer et al. Med. Phys. 2016

Oliver Jakel — Medical Physics in Radiation Oncology



Energy loss and range
of , Helium, Carbon , Oxygen
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Heavier ions — higher energies (higher LET) — larger machines
A He-machine may still be quite small and affordable...
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Carbon lon Therapy: Pilot Project at GSI 1997-2008

Cooperation between GSI, Heidelberg University Hospital, DKFZ, HZ Rossendorf

1. Patient treated on
Friday Dec. 13t 1997

Gerhardt Kraft
Dep. Biophysics

Treatment of 435 patients using a
scanned carbon ion beam
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Beam delivery with beam scanning

Beam — |
Ocm

Wasser, 20 cm

20cm

l

Protons
175 MeV

Helium ions
175 MeV/u

Carbon ions
330 MeV/u
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The beam team at GSI in 1997




Heidelberg lon Beam Therapy Center
11/2009: 1. patient RT

10/2012: 1. Gantry pat.

P Today: 10°000 patients !
He \ Experimental
C, 0O area

Research Labs

HIT Is routinely operating with p, He, C and O beams for RT and research
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Integration of the Helium source at HIT

lon sources can be switched within seconds
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Helium beam line tuning
- He source installation in late 2012 « 23.11.2013: 1st extraction from synchrotron
- Tuning of LEBT, LINAC, MEBT « 13.12.2013: 15t scanned beam QA room

Scanning on radiographic film

S. Scheloske and A. Gaffron
Scanned He beams are being used routiney for research since 2014
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Helium HEBT tuning in 2016
« Set-up of 4 focus levels at 255 energies (SOB%OMeV/u)

ALE
Prozedur 291: HeT4-F1-4E10+30 Prozedur 291: HeT4-F1-4E10+30

« Tuning of focus levels . ' ' g | » ' ' e T~

40 |

okusstufe 2 —s—

%)

usstufe 3 —a—y |

20

Fok
Fok
Fok
Fok

=)
'E 30 E usstufe 4
{]l-_) -
= E
c g 10 |
@ 20 - [
£ £
O [
€ 10 c .l

E
E g
2 0 2
] g |
X 10 | S
= =

I

20 L
= 20 2
-30 L L L L .30 i i i i
0 50 100 150 200 250 0 50 100 150 200 250

Energie-Index Energie-Index

« Optimization of direct
Intensity control (DIC)

10 intensity levels
(max. 9*108/s)
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Clinical implementation of Helium RT
« Commissioning of TPS

« Commissioning of interface to
Treatment control system

o O pti m iZ e frag m e ntati O n m Od e I o Dose profile - medium energy - entrance Depth Doze Distributions without RiFi
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« Commissioning of He-beams

 Establish QM-program

0 50 100 150 200 250 300 350
Depth [mm]

° RBE mOdel Va||dat|on |n_V|trO R Tessonier et al. Phys. Med. Biol. 2017

« RBE exp. in vivo

« Planning studies
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RBE modelling: optimization of mMKM

02 @ data exp A549
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ok o o Optimizing the mMMKM parameters yields a
T om0 consistent description of RBE, .. (LET, D, cell line)
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Benchmarking against in-vivo data e 6

RBE of rat spinal chord for various fraction doses and LET

LET

He, 2 fx
Hintz et al Radiother. Oncol (2022): He 1 + 2 Fx

Saager et al. Radioter Oncol 2015, 2018, C 1- 6 Fx
Karger et al (in preparation): He ions 6Fx
Mein et al. IJIROBP 2020: RBE modelling comparison

Consistent benchmark of RBE models for
p, C, He an O In vivo.
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Treatment planning study: He vs. Protons

15 Ependymoma patients, Wickert, Cancers 2022

Doses reduce by up to 10% (5,4Gy RBE)
Protons Reduced NTCP for endocrine &
neurocognitive outcome

Helium

Better sparing of brain
Difference stem, cochleae, pituitary
gland, hippocampi

Mairani et al. Phys. Med. Biol. 67 2022
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1st Helium RT with a scanned beam

at HIT (July 20™ 2021) 30y old patient
° y |

e Recurrent
solitary fibrous
tumour of the
dura

«20 x 2Gy (RBE)
*RBE: 1.4-2.1

«p-RT 2015:
30 x 2Gy (RBE)

» stable tumor
remission > 2yr
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Follow-up of first Hel-RT patient at HIT

Baseline Planning MRT 1. controlle at 6 weeks 2. Control at 5 months 4. Control at 1 year
—
e
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=
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L
GTV pre RT GTV post RT GTV post RT komplette
0,8 mi 03 ml 0,2 ml Remission

Stable remission until > 2 years
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Significant experience with He-RT at LNBL

iIncluding several phase I/l trials for skull base and cervical chordoma/chondrosarcoma,
paraspinal tumors, uveal melanoma, pituitary gland, pancreas, esophagus, ...

Unfortunately all with passive beam delivery
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Navigating the Medical Device Regulation

Requirements regarding other
clinical investigations

1. Clinical investigations, not performed
pursuant to any of the purposes listed in
Article 62(1), shall comply with the
provisions of Article 62 (2) and (3), points
(b), (c), (d), (), (h), and () of Article 62(4)
and Article 62(6).

2. In order to protect the rights, safety, dignity
and well-being of subjects and the scientific
and ethical integrity of clinical investigations
not performed for any of the purposes listed in
Article 62(1), each Member State shall define
any additional requirements for such
investigations, as appropriate for each Member
State concerned.

Germany: 847 MPDG (Medizinproduktedurchfiinrungsgesetz)
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Navigating the German Medical Product Regulation

Requirements:
e Conduct a trial ,Other clinical investigation®

e Preparation/submission of 49 documents to
federal bureau for drugs and medical products
(BfARM)

* |IRB vote (local ethics committee)

« Application for a trial involving radiation at
federal bureau for radiation protection (BfS)

 Answer 25 questions, iterate, more questions ...

* Preparation of docs in 2023, submission in
12/2023; approval in 10/2024

 3months FU after RT and submission of report
 No changes of the system during trial!!
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Other clinical investigation for He-RT

Aim: demonstrate the safety and performance of the product to obtain permission
to conduct regular clinical trials with Helium ions to answer scientific questions

Primary endpoint: tocicity 2 CTC °3;

Patient number: n=29 (brain, skull base, thoracic, prostate, ...)

Weekly clinical exams during RT

3months FU

Inclusion criteria: Patients with tumor disease and indication for radiotherapy;

Kl >60% oder ECOG 0/1; Age > 18 yrs; ability to consent; written consent

« RT from Oct 24 — Dec 24
 End of FU in mid March 2025 (end of RT, 90days, 3months)
 Helium is now used regularly as standard of care since autumn 2025

Technically no difference comapred to p-RT (or carbon) with curative intent, w.r.t.
Indications, treatment planning, prescrition dose, fractionation, image guidance, follwo-up
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|Is Carbon rea

What's next at HIT?

lly high LET radiation?
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Commissioned 2015

In larger volumes, LET is diluted and Oxygen may be a suitable solution
Implementation at HIT not foreseen before 2030!
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LET Painting for hypoxic tumors
Planned target SFUD LET-Painting

DOSE

LET

Courtesy of N. Bassler et al.

Scanning/IMPT offers additional degrees of freedom for adapting high LET
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QST (NIST) in Japan started Multi-lon Therapy
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Conclusions

* Implementation and Commissioning finalized

e Reqgulatory issues solved

e Trial applications submitted

e ~120 patients have been treated (brain tumors)

e Indications:
Difficult p-RT indications, recurrent tumors,

trials for pediatric patients, pregnant patients (registry trial already initiated)
radiosurgery..

 Facility will undergo an upgrade: HIT 2.0 until 2030
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