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OBJECTIVES

Explain....

1. How to commission a gantry based PBS system.

2. The beam data requirements for a pencil beam
scanning (PBS) proton therapy model.

3. What the future holds for PBS delivery systems

Show and tell....

1. The dosimetry equipment used for commissioning
2. In—house modifications, tools, software used in

commissioning and QA.




PROVISION CENTER FOR PROTON THERAPY

IBA C230 Proton Therapy System RayStation TPS
Mosaiq Oncology Information System KUKA Robotic Patient Positioning System

Verisuite (Medcom) IGRT Sysytem IBA Dosimetry Equipment




ACCEPTANCE

SAFETY RANGE
MECHANICAL OUTPUT (TRS-398)
COLINEARITY SPOT POSITION
LASERS SPOT SHAPE
SOCENTRICITY IGRT

MAGE QUALITY CONNECTIVITY
PPS GANTRY FACTORS




COMMISSIONING/QA EQUIPMENT

IBA Zebra (MLIC = Multi Layer lon
Chamber)

IBA MatriXX PT (2D lon Chamber Array)
IBA DigiPhant (Water Tank)

IBA Lynx (Scintillator/CCD Camera System)
IBA PPCO5 (Parallel Plate lon Chamber)

PPCO5




COMMISSIONING/QA EQUIPMENT

Cart System




COMMISSIONING/QA EQUIPMENT

Cart System




TPS COMMISSIONING DATA

MACHINE DATA SPECIFICATIONS FOR RAYSTATION PB5S

SVStem Requ I rements Machine Name GTR1
. L Min Nominal Beam Energy Limit 98.5 MeV
* Support for discrete spot position Max Nominal Beam Energy Limit 226.08 |MeV
(step and shoot) Max Scan Field Size (@ Iso) 30X40 |cm
« Support for continuous choice of  |[2potTune D e
beam energies onoutlb 3040
Snout Position 0-50 cm
* Range shifters of fixed thickness Range Shifter Material Acrylic
mounted at a fixed position along RS40
the axis. Any number of range Range Shifter ID RS75
shifters can be defined. it
3.5 cm
* All beam data is invariant w.r.t. Range Shifter Physical Thickness 6.5 cm
* Magnitude of beam 00  fcm
deflection in X and Y EEEI
Range Shifter WET 7.5 cm
* Gantry angle T
Supported Gantry Angle 0-360 degrees
Supported Couch Angles 0-360 degrees
Coordinate System (See Diagram) IEC 61217
Minimum MU per Spot 0.02 MU
Maximum MU per Spot 12 MU




TPS COMMISSIONING DATA

Beam Spot Shape

 Use same energies as Bragg peak measurements.

* In air single spot fluence profiles along the Gantry X and Y axes.

A minimum of three planes at three different distances along the beam axis. Five
are recommended.

* We measured planes at Isocenter, =210cm and =20cm

-20cm +20cm
downstream Iso upstream
from Iso _ from Iso

*1,%4!%

-10 cm +10 cm
downstream upstream
from lso from Iso




TPS COMMISSIONING DATA

Open LynwDem

Filename

Rows size

Columns

X Pixel Spacing{mm)

Y Pixsl Spacingimem)
RTimagePosition X {mm)
RTimagaPosition ¥ {(mm)

Automatic Spots Analysis

Get PLD Positions {IBA)

Hegh Med Low

Pocel info (L Y) Pixel Value

Relative Dose

P \SOFTWARE MathSaftware ProvisionSpotAnalysis -NEW\DCMs\Low Energy Range Spots_i@/SO

600
§00
0.5000
0.5000
150
-150

Maunal Spot Analysis (Pick Center)

pixelimm)
EnergyiMeV) 230 Range(cm) 333
Energy | X(mm) ¥ (mm)

1 136 120 120 1
2 136 0 A2 1
3 128 5000 120 -120 1
4 128 5000 100 40 1
5 121 100 40 1
6 121 1] 40 1
7 113 5000 80 40 1
8 113.5000 o 40 1
9 106 -120 120 1
10 106 [ 120 1
1 96 5000 80 40 1
12 58 5000 a0 120 1

Definition Export Spots
Directions Export Companson
You Can Change the Penumbra 20 to 80
Number | Energy Range X Pos ¥ Pos SigmaX Sigma¥ LPBX RPBX UPBY LPBY
1 2285000 329M5 1203581 1224426 36307 3359 42624 41743 39372 4040 &
2 196 251024 -118.1131  118.7857 azm 4.0061 46547 44118 46328 47532
3 m 286024 -100.2374 424568 387 I 4 3588 4372 43067 4450
4 2035000 268216 -T93M0 376538 35812 3 8656 43839 43150 45433 4608
5 2285000 2 9Ms 03622 123 9968 31538 33623 41306 4 0965 39827 im
6 n 28 6024 01619  4350M1 ER-E0x ] 316834 43412 4 2360 43028 4416
T 2035000 26 8276 0B8N 366452 35939 38589 44438 43898 4 5625 4753
8 196 251024 2 17395 42981 a0z 4507 4506 46832 4840
9 188.5000 234774 B0 B200 36 0600 43990 41760 47354 4 6723 4 8357 4522
A 4D0.0ONA AT ANTE B4 REDR  44C 4Bas PPreTs s 1870 «yven e P, e
‘ i »
9 . : : : ; :
: &— Sigma X(mm)
Open Ref
8 —a— Sigma Y{mm) H

— — +15%

7 — —--15% H  Sigma X (mm)

E T

E

= 6 -3 5397

m

c Sigma Y (mm)

@5

E

L=

a . 52407

3 .
. Compare
2 i i i i i i L
0 5 10 15 20 25 30 35
Range in Water (cm)
Energy, Lynx Position (mm), and Difference (Lynx-IBA mm)
Energy | X - Lynx| Y - Lymx X - Diff Y - Diff V- Diff

1 1361201596 -122 9022 0158 -29022 29066

2 106-117.8433 1190388 21507 -0.9612 23567

3 121-100 0575 423638 00575 -23638 23544
4 |1135000 -T9.0324 3TBSOT 09676 21493 235M

5 136 D015-142751 02015 427TE1 42758

[ 121 01658 434853 01658 -34853 14892

Mean K{mm) 065024 Y{mm) 32339

Ciear All Data

IBA Offset X({mm) Y{mm) ] Cliea
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TPS COMMISSIONING DATA

Energy vs Spot Size X

@ Isocenter in Air:
Spot sigma=3.5-7.0 mm
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TPS COMMISSIONING DATA
Pristine Bragg Peaks

In Water

Integrating ion chamber (PTW Bragg Peak Chamber)

Include max and min energies
Energy spacing of 1-2 cm

Measure with continuous pencil beam positioned at central axis

|




TPS COMMISSIONING DATA

Absolute MU Calibration

In Water
Calibrated parallel plate chamber (IBA PPCO5)

Use same energies as Bragg peak
measurements.

Use scanned mono-energetic beams.

Performed at a depth midway between 1cm and
one half the position of the Bragg peak
maximum

Record the following:
* Isocenter to phantom surface distance
* Depth of measurement
* Scanning area
* Spot spacing

gl " PROTON




TPS COMMISSIONING DATA

Virtual Source Axis Distance

Fluence profiles along the gantry X and Y in air for a squared scanned field.

Profiles are measured at three different positions along the beam line axis within
the range of therapeutic interest.

Measurements should be repeated for different energies within the beam energy
limits
We measured SAD = 213cm

downstream
Iso
from Iso

%,ri

-50 cm
downstream

from Iso .




TPS COMMISSIONING DATA

Range Shifter

* The effect of a range shifter is in the RayStation dose engine, and no beam
modeling data is therefore required.

* We use acrylic range shifters with a WET of 75mm (physical 65mm) and 40mm
(physical 35mm).

e A
Snout 30X40cm with 75mm Snout 18cm with 75mm

WET range shifter WET range shifter




TPS VERIFICATION
Spot Position & Shape (MatriXX PT)
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TPS VERIFICATION
Single Energy Longitudinal Profile (MLIC)

Range 32cm Longitudinal Profile
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TPS VERIFICATION
SOBP Longitudinal Profile (MLIC)

Range 20cm, Mod 10cm, FS 10 cm? Longitudinal Profile
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END-TO-END TEST

& e
Beams Beam Dose Spe

ification Points
oo B i L oo L ueici ] Liciumve e

No. .~ Name Description Isocenter [cm] Snout Gantry angle Couchangle SpotTune|D  Range Shifter Number of MU /ffx Spot weight [MU/fx]
= RL IS P-A Name | Position [cm]  [deg] [deg] energy layers Min Max

GOOTORLAT 090 -1064 2125 40 30.00 300 o0 40 30 113010 00272 13489
G270TOLLAT 090 -10.64 2125 40 30.00 0.0 4.0 115741 00272 1.2637

)? PROTON




DOSE PLANE EVALUATION

Analysis Criteria
Absolute Gamma

>90% Passing W copos s | 1o “:

3%/3mm 10 ] D

¢/ Range : 5

v Alighment 0 Q
(Lasers vs Proton Beanm: s

X Profiles




IGRT COMMISSIONING

Verisuite (Medcom)

Orthogonal stereoscopic X-rays that rotate with the gantry
Software is interfaced with Mosaiq and IBA

Takes in the patients planning CT from Mosaiq and reconstructs its own DRRs
based on beam angle and snout position. Can also show structure set in beams
eye view.

Transfers correction vectors to the PPS to align patient.

Transfers images back to Mosaiq image list

—




IGRT COMMISSIONING
Verisuite (Medcom)

GPU VeriSuite Advanced Treatment ModePatient: QA, PHANTOM Study-Date: December 23, 2014 Resolution: 512x512x298
& | = & al CVL [cm]
11 ' ? 5.18
Pal

By sEORY DR

Date of Birth 20141223
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IGRT COMMISSIONING

Patient Positioning System (PPS)

e KUKA Robotic couch

 Box of validation: The treatment
isocenter must be in the box of
validation to achieve the PPS
accuracy specification (66% of GOTO
<0.5mm and 0.2° ).

* Table correction necessary for
passive scattering gantries. Table
position is gantry dependent to
correct isocenter.

* Beam optic corrected gantry does not
require a table shift.




OIS COMMISSIONING
MOSASIQ for protons

e Very limited compared to photons

e Cannot manually create proton beams
 Cannot create setup beams under a proton Rx
 Hidden beams cause interface problems with Verisute

* Physical vs RBE dose

* Images from verisuite transfer to mosaiq unassociated




FUTURE UPGRADES/PROJECTS

* New IBA software upgrade with decrease interlayer switching time from 4s to 1.2s.
* Change beamlines to easily transfer patients between beam matched rooms.
* Auto-association of images after sent from Verisuite computer

* In-air patient QA using IBA spot scanning logs

* Camera tracking system for patient positioning




FUTURE PBS SYSTEMS

Proton systems are moving towards PBS delivery systems
Fast inter-layer energy change time

Beam parameter matching

Move table/gantry/snout from outside Tx room

Image from outside Tx room

Beam optics corrects for gantry angle wobble

Multiple spot sizes (large and small vs apertures)




THANK YOU SEAAPM!




