OdTanbmonormyecKum KoOMmnnekc
OPTIS2 PSI Switzerland




From OPTIS to PROSCAN

Single scatter foil

Overall efficiency of OPTIS nozzle ~2%
Dose rate in treatment volume: 0.5-1 Gy/s
Treatment time (15 Gy) 10-30 s

OPTIS-injectorl

Philips cyclotron

Maximum energy 72 MeV (protons)
Beam at OPTIS entrance

Beam energy 63 MeV

Beam intensity 60 nA
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Cxema npoToHHbIX ny4KoB PROSCAN

. Cyclotron (COMET): Research Area
. 500 nA @ 250 MeV -

N OPTIS2

*%5% Ccommisioning

C/
Degrader with collimators ﬁrS_t beam 07/2007
first patient 2008

199 under construction
first beam 05/2008

Energy Selection Systems

Gantry1 (in operation)
| first patient 1996

first patient at PROSCAN in

02/2007
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Degrader properties

Material _______________Carbon ___

Minimum overlap 10 mm

Variation of degrader length 30-200 mm

Proton energy range output 70- 238 MeV

Advantage of multiplewedge Compactness

degrader Reduced
weight

Very fast change in the beam (2% in 50 ms)

energy (essential for Gantry2)



CpaBHeHMe NnapameTpoB NPOTOHHOro NoAs
OPTIS n OPTIS2

OAHOPOAHOCTb +1.5-1.8% + 4%
[lonyTeHsb:

6oKkoBas 1.8mm 1.4mm
nepegHAA 1.5mm 1.1mm
Bpems 30-60 s 15-30s
obnyyeHusn

3dpekTnBHOCTL  ~50% ~2% (single

(double scattering) scattering foil)
Yncno naumeHtos ~1500 ~3500



Cuctema MOHUTOPUHIa NyYKa Ha BXoae B
OPTIS2




YcraHOBKa 06nyyeHus B8 3ane OPTIS2




OPTIS2 Nozzle scheme

Figure 2: Drawing of the OPTIS2 Nozzle, consisting of range shifter (RS), second
scafterers (SC2), modulfator wheef (MW), segmented dose monitors (SMC), snout

with patient colfimator and eye surveiflance system.



OPTIS2 Field forming elements: Range Shifter

The secondary scatter foil design depends on

Range shifter
the selected range "

9 MR-foils designed optimized for 9 range
intervals from 11mm up to 35 mm can be
moved in and out of the beam.



Double Scattering Multiple Ring technique

Second scatter foil

First scatter foil Shapes beam

increases divergence

incoming beam |

primary Gaussian beam pmfile“'

Broader Gaussian beam profile

Plane of Interest

Flat beam profile

A software tool was developed to find the optimal foil design



OPTIS2 : Manufacturing Scatter Foils

Manufacturing 2nd scatter foil was a cooperation
between Fach Hochschule Nord West Schweiz (Brugg AG)
(dr. Gabriel Dumitru).

Using a laser ablation process the rings were created
In Tantalum plates provided by the PSI

Processing time laser ablation machine ~ 1-2 Days

Compensator is produced at PSI Machine shop
(U. Bugmann).

We needed to learn how to apply .
the laser ablation technique

Laser ablation in action

Laser ablation works down to thicknesses of about
100 pum




Double scattering multiple rings
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relative dose

Effect energy selection on distal fall-off

Single Bragg peaks of ca.75.6 MeV protons in OPTIS2 on 22.08.2007

with different momentum selection
(Markus chamber with 300V in waterphantom - "energy derved from settings of enengy selection system)
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MenaHoma

 Haubonee yacto Bcrpevarowanca (80 — 87% Bcex BHYTPUIIA3HbIX
onyxonei)

* camas 3/10Ka4yecTBeHHanA ONyXxo/ib OpraHa 3peHuA

* ObICTPO Nporpeccupyloulee TeyeHme

* BbICOKMI PUCK MmeTtacTasuposaHua (po 50% nocne neyeHua Ha
npoTta)xeHuu 15 ner)

* BbICOKAA /IeTAZIbHOCTb 3a 5 NeT nocne XUPYpPruyecKkoro seyeHus
(50-60%)

CtaTucTUKa 3aboneBaemocTu yBeasibHOU Me/1IaHOMOM

e 6-7 yenoBeK (12-22 ) Ha 1 MAH. HaceneHus
* nuK 3aboneBaemocTu NpuxXoauTcA Ha 5 — 6 aecaTuneTme }KU3HU
° npeBaNPYET XXEHCKUU Non



MpeaBapuTenbHaa NOAroToBKa NaLUeHTa




Optimal Treatment Position Found in TPS (EyePlan)
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EyePlan uses a geometrical (ellipsoidal) model of the eye



Head Fixation Achieved with Mask & Bite-block

Gazing angle determined with LED on
disk with polar coordinate system




Tumor base Is delineated with tantalum clips

Tumor position assessed using stereo-tactic x-ray imaging




Cucrema Busyanusaumm mecrta obnyueHus




MoarotoBKa nauueHTa K 06ayyeHutio

e QOperator identifies clips on digital images
e Software calculates transformation matrix
 Determines new LED position and patient
translation

Patient translation performed by
robotchair
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UHAMBMAyasnbHaA KOANMMALMA NYYKa




BHemIHNM BUJ HHIAMBHIYAJIbLHOIO
KOJJIMMATOPA MAlMEHTA




Improved radiation therapy means:

* More precise match between the
radiation dose and the shape of
the tumor

* Higher radiation dose in the
target volumes (tumor plus
safety zone)

* Lower radiation stress for healthy
structures in the body

 Better, more sustainable odds on
recovery

e Fewer side effects
e Better quality of life
e Justifiable treatment costs
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