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NuPECC report ,Nuclear Physics in Medicine®, 2014
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AAPM poll, August 2012

What is the main obstacle to proton therapy
replacing X-rays?

B Cost/benefit ratio

™ Range uncertainties

B Protons will never
replace X-rays
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Reducing costs: accelerators

All current facilities use either a
cyclotron or a synchrotron and RFQ or
low-energy linacs as injectors
High-field superconducting magnets
for compact, lightweight
synchrocyclotrons (e.g. SRS, IBA, INFN)

Fixed-field alternating gradient (FFAG)
accelerators (e.g. KEK, Japan, and
RACCAM, France)

Cyclinac (TERA) =
Dielectric wall accelerators (CPAC) |

£ IBA-C400
Far future: laser driven accelerators




Improving benefit: new tumors and
diseases

Established clinical indications
Skull base and spine tumors
Hepatocellular carcinoma
Eye tumors

Pediatric tumors

 More research needed for
Thoracic malignancies

Head and Neck tumors
Pelvic and abdominal sites
Metastatic disease
Noncancer diseases

ASTRO Model Policy, May 2014



Phase II Trial of Stereotactic Body Radiation Therapy

Combined With Erlotinib for Patients With Limited but 10 + Consored
Progressive Metastatic Non—Small-Cell Lung Cancer
Puneeth Iyengar, Brian D. Kavanagh, Zabi Wardak, Irma Smith, Chul Ahn, David E. Gerber, 0-8
Robert . Docbele Pl A. Bn:Hik Choys and Robers Tommerman P . Median PFS=14.7 months
« Acceptable toxicity :
- 2 grade 3 radiation toxicities 5"
(pneumonitis and vertebral
compression)
- Most grade 3 toxicities were | | | | |
Erlotinib related ' N R K "
rash, diarrhea, and fatigue o1 ——
* First failure in new (untreated)
sites is dominant pattern Median OS=20 4 months
- Only 3/44 sites with existing g
failure i
 Qutcomes exceed historical
controls
- Median PFS = 14.7 mos vs. 2.3 |
mos.Erlotininb alone) |
Months




UT Southwestern
Medical Center

Platforms Designed for Multiple
Metastases

 Tomotherapy

[/ Lesions
- 8 Gy X5 =40 Gy

Multiple lesions are ideally
treated with protons




Groups Dose Pigs
AVN 0Gy 3

255Gy 3

40Gy 3

55Gy 3

PV 400Gy 3

LV 400Gy 4
LV: only

internal target
volume (ITV)

AVN and PV:
isotropic

margins of 5
mm and ITV

)

\nimal experiment:
S| Cave M, July 2014

Beam exit window

X ¥rota/table treatment
couch (here 90°)

y [mm]

Intubation

PET camera

Photo: Matthias Prall, GSI

UniversitdtsKlinikum Heidelberg




Cardiac

10.83mV

—_-

02:29:41
21 Oct 20
Loop 29/ 29
09:16:47
19 Oct 2014
A: 2,93 cm
B: 1,72 cm
C: 4,15 cm?
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Range uncertainty
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W 1Gy(r8E)
M 36y(reE)
W 5Gy(RBE)

7 Gy(RBE)
W 9Gy(rae)
M 11 Gy(Rr8E)
M 13 Gy(RBE)

W 15 Gy(rBE)

A
Source of range uncertainty in the patient Range
uncertainty
Independent of dose calculation:
Measurement uncertainty in water for commissioning +(0.3 mm
Compensator design +(.2 mm
Beam reproducibility +0.2 mm (courtesyof 65
Patient setup +(0.7 mm P—
Dose calculation: Photedetecter
Biology (always positive) +0.8 %
CT imaging and calibration +0.5% Sk
CT conversion to tissue (excluding [-values) +0.5% Proton pencl S [
CT grid size 0.3 % vmonmetty | E (ouesyorion
Mean excitation energies (I-values) in tissue +1.5% L. AT
Range degradation; complex inhomogeneities -0.7% e 1 - grey value = count rate
Range degradation; local lateral inhomogeneities * +2.5% FWHM = 30 i \
Total (excluding *) 2.7% + 1.2 mm Pt
Total 4.6% + 1.2 mm

object magnetic Fourler magnetic detector Image
lenses plane lenses ~ 0.2 mm resolution

F (courtesy of GSI)

NuPECCreport,Nuctear—
Physics in Medicine®,
2014
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Before collision After collision

iecti Projectile
Projectile — —
J = fragment
Atomic nuclei @ o Neutrons
of tissue Target fragment

measured

14

Courtesy of Wolfgang Enghardt, HZDR, Dresden



Real time monitoring of the Bragg Peak position during a
treatment with 2C beam

Rationale:

Real time, high accuracy (spatial resolution <1 mm)

Beam

Beam energy: 220 MeV/u

!

Target: 5x5x20 cm2 PMMA ¥ Detectors:
exit window 1. CMOS and plastic scintillator
7ch N :rtl (START) for beam monitoring
-------------- "%' 2. Plastic scintillator (VETO) and
' 1 crystals (LYSO and BaF) for
28 cm ! ( )
B ilits AE-E and TOF measurements
| e 3. Gas chamber and CMOS for
2 (3) E particle tracking
Lssg Chamber (2) N (3) (2)
VETO 2 T‘ CMOS VETO 1 BaF
SN I SEEEEE T L | R |- —
I : : E v | 249cm ' i E
:m i5 cm | J' l: 69,5 cm >t
) 41 cm
26 cm ‘ 73 cm 'E‘ 14 cr:w'
50 cm

Patera et al., Phys. Med. Biol. 2014

Beam Dump
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Proton radiography of a RANDO phantom
head at PSI, Switzerland

PAUL SCHERRER INSTITUT
Proton radiography using marginal range

radiography is currently under study for quality
control in several protontherapy centers

Low intensity

radiography therapy

Xy proton beam ,
P atient | | 5 Tracking of
Xy | individual
protons
- New single-particle ultrafast detectors can be
— range u

J. Seco & H. Paganetti, MGH/Harvard) 16
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Mouse Proton Tomography

it {10k Alamos 5 FAIR

NATIONAL L RY




Human phantom Tomography — 800 MeV protons LANL

oﬁl_ojs Alamos

NATIONAL LABORATORY

&&578  TECHNISCHE "
di&/=) UNIVERSITAT
U7~ DARMSTADT



,Hot topics” in particle radiobiology

RBE

Cancer stem cells
Hypofractionation
Combined treatments

Radiogenomics

Intra-tumoral heterogeneity
Noncancer diseases
Second cancers

-10.0 sec

Jakob ef al., P
Nucl. Acids Rg




RBE in protontherapy

T T T T T T T T T T T
== physical dose

20 F —— RBE-weighted dose/LEM [v | . ........... ........... ....... -
= =RBE-weighted dose/constant RBE=11 : : : : i

Dose (Gy and Gy(RBE))

Depth (mmH,0)

Grin et al.,, Med. Phys. 2013
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Experlmental cave - today
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Sala
sperimentale

Laboratorio
multifunzionale
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Research with proton beams: beyond
therapy
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LIMADOU-CSES: earthquake
monitoring in space

LIMADOU-CSES: CHINA SEISMO-
ELECTROMAGNETIC SATELLITE lll
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Electron bursts in inner belts

Correlations between EQ & ps: ATgq.pg distributions
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After jBefore

[} SIS
-12-10-8 -6 4 -2 0 2 4 6 8 1012
dT=Te-Th, hour

MIR mission
1985-2000

Altitude: 400 km
Inclination: 51°

E.: 20 =200 MeV
E;: 20 =200 MeV

After |B¢fore

0
1210-8—6-4 202 486 81012
dT=Te-Tb, hour

METEOR-3 mission
1985-1986

Altitude: 1250 km

Inclination: 82°

E.: <30 MeV

-
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number of events
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|After 'Before

----------

-1210-8 6420 2 4 6 8 1012
AT, hours

GAMMA-1 mission
1990-1992
Altitude: 350km

Inclination: 51°

E.: > 50 MeV

After lBefore

"mumm:«mumm

ORR - (5)
(Orbit Rate Rotation;
July 1992 - May 1994)

SAMPEX/PET
Mission 1992-1999

Altitude: 520+740km

Inclination: 82°

4< E_ <15 MeV
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Wave — particles interaction mechanism

P
EM WAVES
PROPAGATION

INTO THE IONO-

MAGNETOSPHERE

QUAKE

AREA

3WJ:VES GENERATE
RTURBATIONS IN THE LOWER

Schematic representation in a meridian plane of the trapped particle trajectories

mmma WITH
GED TRAPPED PARTICLES

IN THE INNER RADIATION BELT

ANGLE
CHANGES

IONOSPHERE MIRROR POINl'll‘S LOWERING

mirror points PARTICLE PRECIPITATION

lowering
I Mta*ionary trajectory of
ed particles
A PBs
~—

Y

/ (LONGITUDINAL DRIFT)
7~

PBs DETECTABILITY AT
ANY LONGITUDE

e

~

-
__—~ geomagnetic field lines
PR

tationary lower boundary
of the radiation belt
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Detector calibration with 70-200 MeV protons

Silicon Detector Planes

Silicon Detector Electronics

Electronics Cards
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