UNIVERSITY OF FLORIDA
S

PROTON
THERAPY

INSTITUTE

2015 NORTH JEFFER
so
IACKSONVILLE, FLORIDA sh:lf:REET

Periodic QA Program for Scattering
Proton Beam

Z.1i
University of Florida Proton Therapy Institute




Physics Team @ UFPTI

* Jatinder R. Palta, PhD ¢ Liyong Li, PhD
e Stella Flampouri, PhD ¢ Sri Duvvuri, PhD
e Wen Hsi, PhD * George Zhao, PhD
e Soon Huh, PhD
e Darren Kahler, PhD

Zuofeng Li, DSc

Roelf Slopsema, MS

Daniel Yeung, PhD

PTCOG47 Educational Workshop, Jacksonville, FL




Outline

* Periodic QA Program in Radiotherapy

* Designing A Periodic QA Program for
Proton Therapy

* Periodic QA Program at UFPTI

* Results and Summary

PTCOG47 Educational Workshop, Jacksonville, FL




Periodic QA in Radiotherapy

Professional standards available for most of
conventional radiotherapy modalities

— With specific tests to be performed, frequencies, and
tolerances

Periodic QA tests and tools available from
equipment or third party vendors

- For example, front pointers, EPID test phantom,
CBCT test phantom, etc

Physicist or designee to perform QA tests, with
engineering support as necessary

Beam availability not a concern
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TaBLE 1. QA of medical accelerators.

Frequency Procedure Tolerance®
Daily Dosimetry
X-ray output constancy 3%
Electron output constancy” 3%
Mechanical
Localizing lasers mm
Distance indicator (ODI) mm
Safety
Deor interk. .k Functional
Audiovisual monitor Functional
Monthly Dosimetry
® b b x-ray output constancy® 2%
erlo 1C 1 I l Electron output constancy” 24
Backup menitor constancy 2%
x-ray central axis dosimetry parameter (PDD, TAR) constancy 25
° Clcciion contial axis dusimiciiy parameier consiancy (TDD) 2 mm @ werapewic depin
x-ray beam flatness constancy 2%
Ra d 1 O ther apy ° Electron beam flatness constancy 3%
x-ray and electron symmetry 3%
Safety Interlocks
Emergency off switches Functional
— e O r Wedge, electron cone interlocks Functional
Mechanical Checks
Light/ ion field coincidence 2 mm or 1% on a side®
Gantry/collimator angle indicators 1deg
‘Wedge position 2 mm (or 2% change in transmission factor)
Tray position 2 mm
Applicator position 2mm
Field size indicators 2 mm
® TG 40 haS been Cross-hair centering 2 mm diameter
Treatment couch position indicators 2 mm/1 deg
b b Latching of wedges, blocking tray Functional
unctioning as the
Field light intensity Functional
d f Annual Dosimetry
S tand a.r O x-ray/electron output calibration constancy 2%
Field size dependence of x-ray output constancy 2%
b : Outpul factor constancy for electron applicators 2%
C O I I l pre ens 1Ve ]_n Central axis parameter constancy {PDD, TAR} 2%
Off-axis factor constancy 2%
. h . h Ti ission factor y for all accessories 2%
Wedge transmissivn factor constancy” 2%
radiotherapy, wit N i 2
o x-ray output constancy vs ganiry angle 2%
Electron output constancy vs gantry angle 2%
a d O p tlons by Off-axis factor constancy vs gantry angle 2%
Arc mode Mfrs. specs.
b Safety Interlocks
agreement states in Fllon e o s Fucios
Mechanical Checks
Collimator rotation isocenter 2 mm diameter
the l I S for re gulatory Gantry rotation isocenter 2 mm diameter
Couch rotation isocenter ; 2 mm diameter
Coincidence of collimetry, gantry, couch axes with isocenter 2 mm diameter
Coincidence of radiation and mechanical isocenter 2 mm diameter
enforcement
Vertical travel of table 2 mm

*The tolerances listed in the tables should be interpreted to mean that if a p

cither: (1)

ds the

1 valuc (c.g., the mecasured isocenter under
gantry rotation exceeds 2 mm diameter); or (2) that the change in the parameter exceeds the nominat value (e.g.. the output changes by more than 2%), then

an action is required. The distinction is emph d by the use of the term constancy for the latter case. Moreover, for constancy, percent values are = the
deviation of the parameter with respect its nominal value; distances are d to the i or SSD.
"All electron energies need not be checked daily, but all el are to be checked at least twice weekly.

“A constancy check with a field instrument using temperature/pressure corrections.
“Whichever is greater. Should also be checked after change in light ficld source.
“Jaw symmetry is defined as difference in distance of each jaw from the isocenter.
‘Most wedges’ transmission factors are field size and depth dependent.
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Criticisms of TG-40

* Prescriptive

— Partly due to misapplication of TG-40
recommendations as regulatory requirements

* Not easily adaptable to new technologies

- AAPM and other organizations have since then
developed QA guidelines and other documents for
IMRT, Tomotherapy, Cyberknife, CT simulation,
prostate seed implant, HDR, etc... and proton therapy

* Does provide clear pathways for development of
new QA standards

* AAPM Task Group 100 formed to address these
criticisms
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Periodic QA in Radiotherapy:

AAPM Task Group 100: “Methods for
Evaluating QA Needs in Radiotherapy”

Identify a structured systematic QA program approach
that balances patient safety and quality versus resources
commonly available

* QA needs evaluated based on Likelihood of
Occurrence (O); Severity of Consequences (S); and

Likelihood of Detection (D)

Tests developed for fulfill QA needs
henceforth identified

— Tolerances defined
— Actions defined for out-of-tolerance test results

PTCOG47 Educational Workshop, Jacksonville, FL 8 21, 2008




Periodic QA Program for Proton
Therapy

No standards available

QA needs may be significantly system-specific
- Scattering beam vs. scanning beam
Fixed vs. gantry treatment rooms
SOBP generation method

Image localization system
PPS design

QA needs may be specific to institutional clinical
workflow

— Use of lasers
- Use of light field

Competition of beam time with patient treatment

PTCOG47 Educational Workshop, Jacksonville, FL 21, 2008




Design of A Periodic QA Program
for Proton Therapy Systems

* Identifying critical system operating parameters

- Frequency of QA testing as a function of severity
of component failure, as well as its likelihood of
failure

- Tests designed to evaluate functioning of
multiple components at the same time where
applicable

— Purpose-built QA devices to improve
reproducibility and efficiency of QA
measurements (for example, daily QA
compensator phantom)

— Optimize efficiency of QA tests

PTCOG47 Educational Workshop, Jacksonville, FL 10 21, 2008




IBA Cyclotron and Energy Selecion
System (ESS

PTCOG47 Educational Workshop, Jacksonville, FL 21, 2008




Identification of System Failure

Modes - Beam Line

e Potential beam line failure modes

~ Ion chamber at cyclotron exit (IC )
* SOBP changes due to beam regulation problems

- Energy Selection System (ESS) drifts
* Range changes

- Beam focus and steering
* Lateral dose profiles

* Average proton energy
— Pristine peak width

* Potential Treatment Control System (TCS)
failure modes

— SOBP changes due to errors of Beam Current
Modulation (BCM)

PTCOG47 Educational Workshop, Jacksonville, FL 21, 2008




IBA Nozzle Components
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Identification of System Failure
Modes - Nozzle

e Potential nozzle failure modes

— Ion chambers and their electronic units
* Output changes
* Lateral profile changes
* Small range changes

- Range modulator wheel and its electronic unit

* Range, modulation, and SOBP changes due to loss of beam
synchronization with wheel rotation

— First and second scatterers and their electronic units
* Lateral profile changes
* Output changes
* Range changes

PTCOG47 Educational Workshop, Jacksonville, FL 21, 2008




Range Modulation

* Weights of Bragg Peaks (beam current weights) can be
calculated from range modulation wheel thicknesses.

e However....

depth [g/cm?]

PTCOGA47 Educational Workshop, jacisunvilie, FL May 21, 2008



PTCOG47 |

Range Modulation

e BCM files are therefore based on beam measurements and fitted

parameters.

* BCM files are stored in an Excel spreadsheet file - the ConvAlgo

(Conversion Algorithm)

* ConvAlgo also specifies first scatterer, collimator, second scatterer, and

Beam Current [nA]

other cyclotron and beam line settings (range at nozzle, beam current)
for a given set of clinical beam prescription parameters (range,
modulation, dose rate)

TRI B4 1

oo
(el

S
el

=
(-]

DO
(a—

[a—)
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Range Modulation

Physical thicknesses of range modulation wheel steps vary due to
manufacturing process.

Beam current modulation files (BCM) calculated from theoretical thicknesses
may not produce flat SOBPs

PTCOGA47 Educational Workshop, jacisunvilie, FL May 21, 2008



Clinical parameters (input)

SRR Rangerinpatient:: 10 gfcm?
O I l \/ O o Range Modulation:: 10 gfem?
st s Fisld Radiug® 6.0 cm
A AR Dose: | 100 U
it Do s rat e 2 Gy/min
~ ExpectedirradTime ("): 100 sec (suggested: 4.9 | sec)
1 1 Range compensator length: 5.0 cm
°
Val Id atlo n Of the Equipment settings (output 1)
1 1 a) Cyclo:
ConVAlgO flle IS a oo Range @ nozzle entrance: | 19.54 gfem?
Central part |n the | Bearm current @ cyclo exit: 64 n&
CQmmissioning of W EEEEEEEsssss . Slits opening: 40 e
B12: 1.330873
the IBA proton e —
F 3 thickness: 1.465 mm
SyStem  FSthickness: 1.663 gicm?
o FSsetting: 9 6 5 4 X
i RM # 5
Eclipse uses e : :
R et 2 ] o a T[] 254 digit
ConVAlgO for R ~ BCM filename: hcmbd _lo 5 -
1Fi I SS# 8
specificationof ~ ~FEE - ; _
1 I VC x: 9.8 cm
machine settings as - i
o presetCountlC2: 30000 cls
We” - presetCountIC3: 29784 cts
- Snout axial position; 5.0 cm
Phantom position: 45.0 cm
Same ConVAlgO Misc. information (output2)
2 ~ RM derivative: 13 digit/(g/cm?)
MUST be used In RV may channel: | 12.8 -
i =) I U 97.8 msee
bOth IBA maChIne ~ Beam current @ nozzle entrance: 7 né
2 i s s e off CIBEYE: 11.36% %
and ECIIpse TPS  ExpectedCountperCycle_IC2: | 30.0 counts
i Heam energy: 170.67 Me.
. tho: effective Radius of B12: 1.480 m
g i S DoseRater 1.000 MU/fsec
. . semeanniss e seheanstants| 0.0081 Gy/MU
PTCOG47 Educational Workshop, Jacksonville, FL Stop angle RM: degree




Other Considerations

e Global, “black box” tests of overall
dosimetry characteristics can be
performed

* Most of the failure modes can be monitored by

measurements of output, range, modulation,
SOBP, and lateral profiles

PTCOG47 Educational Workshop, Jacksonville, FL




Mechanical Accuracy Test

e All mechanical
accuracy tests must
be considered in the
context of image-

uided proton
1%1 P
S

erapy
ecial functions of

PPS (tabletop sag

correction, gantry sag

correction) need to be

tested if clinically

used

- Test performed by use

of DIPS imaging of
box phantom

PTCOG47 Educational Workshop, Jacksonville, FL
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Digital Imaging Positioning System
(DIPS)

21, 2008




Imaging Accuracy lest

* Cross-hair manually installed on snouts to
represent beam isocenter

- Coincidence of X-ray isocenter to lasers

- Coincidence of X-ray isocenter and proton
beam isocenter
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Periodic QA @ UFPTI: Daily QA

IDEVINA ). Comments

Review operator's cyclotron Operator checks machine operating
and gantry startup checklists parameters daily

Safety interlocks, indicator
lights, neutron detector, A/V
systems

Orthogonal x-ray cross hair and laser
kV imaging and laser accuracy |alignment to agree to within 1 mm

Output constancy check for
reference field Output measurements in plastic phantom

Range verifier reading Range verifier reading constancy for the
constancy check for reference | reference field has been established during
field machine commissioning

Variations in these timing readings may
Range modulation wheel signal | indicate range and modulation delivery
timing constancy check discrepancies

PTCOG47 Educational Workshop, Jacksonville, FL 23 21, 2008




Proton Gantry 1 / Daily QA
QA performed by: | Liyong Lin |~]  Date| | Day#.|:|

PTCOG47 Educationak

1. Record temperature and pressure correction:

Air temperature [°C): Air pressure [hPa]:|  1008.0 TCS PT correction:  1.005

) (273.15 +7) 101325
Water temperature [°C): Chamber PT correction: 1.005 Ho = GTai5e2y P

2. Measure output QA field 1:

Detector: PPCO5-407 Electrometer: | DOSE1-05-10092 |
Detector cal factor [Gy/C]: 6.41EHS Electrameter cal factor [-]: 1.000
Phantom type: Background [C/s]: 0.00E+00
Dose Charge Time Output Doserate Comments:
MU [C*107) [s] | [eGyMU] |  [MU/s] Shuichi did
2.3
103.5 1.487 38 0.947 27
205.5 1.521 35 0.961 27
305.1 1.486 39 0.962 26
average|  0.957 2.6
stdev| 0.008 0.1
Measured output at mid-SOBP [cGy/MU: 0.957 Exp. Value: 0.962 % Deviation:  -0b

3. Record Range Verifier QA field 1:

Range verifier reading [cm]: 15.13 Difference from expected [cm]: 0.03

4. Record RM timings:

10Hz signal period [ms]: RE to FE BoxB [ms]:
Delay FE 10Hz to RE BoxB [ms]: FE 10Hz signal to photocell [ms]:

5. Record position iso-align device center and check distance to crosshair:

Iso marker locations [pixels]: rad-A x | 574 rad-A y rad-B x | 535 rad-B y

Dist. marker to xhair £Tmm?: rad-A radB v Leveling lasers parallel? : v

6. Test saftey interlocks and devices:

Door warning lights: ¥ Audio intercom/Video:v  Door interlock: v Room search chime: ©

DCEU reset: v  Beam pause: v Meutron detector:

<

May 21, 2008



Daily QA RC Phantom
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Laser vs. DIPS Imaging Crosshair
Agreement

L s
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Periodic QA: Weekly QA

Weekly QA Comments

Review daily QA results

Output measurements in | With increased use of MU calculation model,
water phantom for two measure output of a random patient treatment

fields field

SOBP measurements for
two fields

Total first-scatterer water-
equivalent thickness First-scatterers are subject to mechanical wear
constancy check and tear

x-ray and proton double exposure film taken to
Light / X-ray / Proton evaluate x-ray cross hair agreement with proton
radiation field agreement | field. Different snouts used each weekly

PTCOG47 Educational Workshop, Jacksonville, FL 21, 2008




Proton Gantry 1 / Weekly QA
QA performed by: [ LiyongLin___ | +)

Date:|  Thursday,May 15,2008 |  Week#| 92

1. Temperature and pressure correction:
Air temperature [°C): Air pressure [hPa]:[  1015.0

Water temperature [°C]: 0.999

TCS PT correction:  0.999

(273.15+7) 101325
T4y P

Chamber PT correction:

2. Measured pdd and output QA fields 1 & 2, and one additional field:

Detector: PPC05-408 Electrometer: | DOSE1-05-10092 |
Detector cal factor [Gy/C]: 6.32E+18 Electrometer cal factor [-]: 1.000
Snout size: Background [C/s]: 0.00E+00
a. Field 1: Range = 15.1 cm, Modulation = 10.4 cm, Output @ 10 cm in water
Number of MU's for tuning: Offset: [PPcos — 0.6 cm |
Depth Dgp [cm]: 14.97 Measured range [g/cm?]: 15.13
Distance Pgg-Dgg [cm]: 10.59 Measured modulation [g/cm?] 10.59
Dose Charge Time Output Doserate
MU (€10 [s] [cGy/MU] | [Gy/min]
100.0
195.7 1.466 35 0.967 1.6
2856 1.382 33 0.971 16
average|  0.969 16
stdev|  0.002 0.0
Measured output at mid-SOBP [cGy/MU]: 0.969 Exp. Value: 0972 % Deviation:  -0.3

15.12

b. Field 2 : Range = 25 cm, Moduwlation = 12 cm, Output @ 19 cm in water

Range verifier reading [cm]:

1.393 1.9
0.001 0.0

1.393
25.07

c. Measure pdd, output, and RV for patient-QA field (either actual Tx field or field with negative QA#)

QA#

average
stdev

% Deviation: 0.4

Exp. Value: 1.3687

Measured output at mid-SOBP [cGy/MU):

Range verifier reading [cm):

Note: print patient-QA form and attach to this form.

3. Eixed scatterer lollipop check (in service mode):

a. No lollipops - Range verifier reading [cm]: 25.78 Expected difference: 2.05
b. All lollipops in - Range verifier reading [cm]: 23.92 Diff in RV All-in to All-out: 1.86

Number of MU's for tuning: Offset: [PPCOS+5cmPA — 537 em |
Depth Dgg [cm]: 19.77 Measured range [g/cm?]; 25.14
Distance Pgg-Dgp [cm]: 11.92 Measured modulation [g/cm?] 11.92

Dose Charge Time Qutput Doserate

MU [C*10°?] [s] [cGyMU] | [Gy/min]

2.2

96.8 2.085 42 1.392 19

184.6 1.938 39 1.394 1.9

4. liradiate X.ray/proton double exposure film:

1]
[ Jmm

Snout size:

Dist. x-hair to proton / inline (x)

Dist. x-hair to proton / crossline (y) |:|mm Dist x-hair to proton: mm
5. Review daily QA sheets for last 5 days: Done?
8 008




Weekly QA Film Analyzer

) FilmAnalyzer_v1

Coincidence X-ray and Proton Field - Weekly Proton QA

Message
Calculated results. Print?

Scanned Fiim Buttons

Y Load Film [
Subtract Background [

Normalize [

Select Crosshairs [

Calculate Results

Print Results [

Calcuiated Resuits:

Analysis Date 030707

File Mame 101106 G1 WeeklyQA.dcm

Distance crosshair - field center....
X-direction [cm] -0.03

Y-direction [cm] 0.02

Relative Dose [%]

PTCOG47 Educational Workshop, Jacksonville, FL May 21, 2008




Periodic QA: Monthly QA

Monthly QA

Comments

Review weekly QA results

Complete weekly QA

Dose profile symmetry and flatness
measurement for two fields

MATRIX ion chamber array used

Pristine peak depth dose
measurement for two fields

Verify pristine peak beam energy spectrum
constancy to rule out beam steering and
centering errors

Gantry and treatment table
movement accuracy, x-ray imaging
patient shift calculation accuracy

Mechanical accuracy tests combined with x-ray
imaging shift calculation accuracy test, by
comparing artificially introduced and measured
phantom shifts and rotations

PTCOG47 Educational Workshop, Jacksonville, FL
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20-May-08

Bl Monthly QA Gantry 1

Month: ] Year: ] Physicist:
Select... N 2007 ¥ Who are you? ~

1. Perform weekly QA (use the weekly form)
Snout used: Is weekly QA OK?

Pick snout v

2. Profiles

QA Field 2 (R=25 cm, M=12 cm):

QA Field 1 (R=15.1 cm, M=10.4 cm):

Inline flatness: Inline symmetry: Inline flatness: Inline symmetry:

Of

Yo % %

Yo %

Crossline flatness:

[ T«

Crossline flatness:

I

& Profile instructions

Crossline symmetry:

[ =

Crossline symmetry:

0
o~

3. Pristine peaks (Add WET of chamber wall to range)

PP Field 1 (R=15.53 cm):
Range PP Field1:

[ lem

) Pristine peaks instructions

PP Field 1 (R=24.50 cm):
Range PP Field2: S0-90% Width Field2:

S0-90% Width Field1:

[ Jem

4. DIPS

Gantry at 270°:

1 1 1
Box @ iso: i New PPS position: E Position difference: E DIPS corrections:
1 I I
1 I I
L) Ll 1
1 [ I
L] L} L}

Gantry at 315°:

1 1 1
] L} L}
Box @ iso: H New PPS position: : Position difference: : DIPS corrections:
L) 1 1
] 1 1
1 1 1
1 L} 1
1 1 1
L) 1 1
1 1 1
1 1 1
L] 1 1
] L} 1
1 1 1
L) 1 1
1 1 1
] L} L}

PTCOG47 Educational W OjiSEEsSICEREEUHELE May 21, 2008




Periodic QA: Annual QA

A “mini” commissioning exercise

Contents
A. Summary daily, weekly, monthly, and patient QA data
Analysis QA data and evaluation convalgo
Analysis system performance and summary of interventions
Verification sub-system calibration
Energy-selection system calibration
lonization chamber at cyclotron exit
. Potentiometer range-modulator wheel
Verification dosimetry
1. Absolute machine output calibration and cross-comparison of detectors and electrometers
2. Output and dose rate
3. PDD and range and modulation accuracy
4. Lateral profiles
Verification mechanical alignment
1. Gantry isocentricity and positioning accuracy
2. PPS isocentricity and positioning accuracy
3. Snout positioning accuracy
Verification imaging
X-ray and proton field coincidence
Light-field alignment
Laser alignment
4. X-ray system
Verification aperture and range-compensator properties
1. Apertures
2. Range compensator stopping power
Verification safety interlocks and radiation monitors
1. Safety interlocks
2. Radiation monitors

PTCOG47 Educational Workshop, Jacksonville, FL May 21, 2008



104%

103%

102%

101%

100%

99%

98%

Measured output / nominal output [%]

97%

96%

8/14/06

Results: Daily Output

Output daily QA - G1

<

Daily QA (R=15.1, M=10.4, nom. output = 0.972)

—— Moving average (10 days)

average : 98.1%
st. dev. around moving av.: 0.7%
min. moving av. : 97.2%

max. moving av. : 99.3%
max. variation mov. average: +1.0%

T I I I I I

12/14/06 2/13/07 4/15/07 6/15/07 8/15/07 10/15/07
Date




15.25

15.20

15.15

Range [g/cm?]

15.10

15.05

Results: Daily Range Verifier

Readings

Range Verifier daily QA - G1

o Daily QA - Range Verifier

Moving average (10 days) = = = Nominal range

nominal : 15.10 gficm?

average : 15.15 gicm?

st. dev. around moving av.. 0.02 g/icm?2
min. moving av.: 15.10 gicm?2

max. moving av. : 15.18 afcm?2

max. variation mov. average: +0.04 gicm?®

(o>
[e el <
©0 Ol O
Lo ] ] L) ]
o fer] <
< D

8/14/06 10/14/06 12/14/06

2/13/07

4/15/07 6/15/07 8/15/07 10/15/07 12/15/07
Date D08



PT

QA Output / nominal Output [%]

= B5, Range=15.1, Mod=10.4, nominal output = 0.972
« B8, Range=25.0,M=12.0, nominal output = 1.387

Results: Weekly Output

Weekly QA output - G1

Moving average (6 weeks)
— = Moving average (6 weeks)

104% : :
Field 1/ Field 2
average : 99.4% / 100.0%
st. dev. around moving av.. 0.6% / 0.8%
103% min. maving av. : 98.7% / 99.2% E——
max. moving av. : 100.1% / 101%
max. variation mav. average: £0.7% / +0.9%
102%
101% -
100% i
99% -
98%
97%
960A) T T T T T T T
8/14/06 10/14/06 12/14/06 2/13/07 4/15/07 6/15/07 8/15/07 10/15/07
Date

12/15/07

1, 2008




Results: Weekly Range

Weekly QA Range - G1

Moving average (6 weeks)
— — Moving average (6 weeks)

0.40

_| st dev. around moving av.. 0.04 / 0.06 gs’cm2

Field 1/ Field 2
average : 0.03/0.17 g/cm? A

5/07

o 035 min. maoving av. : -0.02 / 0.10 gfcm?
E max. maving av. : 0.08/ 0.28 gicm?
2 0.30 +max variation mav. average: 0.05 / 0.09 g/cm? A ua
(=)
D 025 Ve S
= 3 /3’ e A A A\Q &
T 020 s 2 I
'E 015 &_&‘ A R AA}/ & a\ PNV
g . = /\ —_— .——\ / - ‘:; - [ S 44_;
: sNo = s ~ A
d) - = - - " -
g 0.10 N ——
[ o u n u n n
E A - - | | | |
=] 005 v _ - n ] []
2 | | | | v - " n - | | . L] | |
: " nm
g 0.00 T4 - T . T T T . T v’-“
% 8/14/06 10/14/06 12/14/06 2/13/07 4/15/07 6/15/07 8/15/07 d 0/1¥f07 121
[ T ]
-0.05 . )

-0.10

Date



Results: Weekly Modulation

Weekly QA Modulation - G1

= B5,R=15.1,M=104 Moving average (6 weeks)
& B8,R=25.0,M=12.0 — — Moving average (6 weeks)
1.0 : :
Field 1/Field 2
average : 0.04 /-0.21 gicm?
0.8 +— st. dev. around moving av.; 0.18 7 0.17 gfcm?

— min. maoving av. : -0.10/-0.37 g/fcm?
ﬁg max. maving av. : 0.18 /0.00 gfcm?

E). 0.6 - max. variation mov. average: 0.14/0.18 glom?

c n

S .

®

E 0.4 ] -

o CRS data &

£ D E— " .
= 02

= 4 - i K-J\q

E L) et [T} =
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Results: Weekly X-ray, Proton, Light
Field Agreement

Coincidence proton field and x-ray crosshair - G1
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Results: Output Calibration
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RESULTS OF TLD CHECK OF PROTON BEAM

Institution:

RTF Number:

Person irradiating dosimeters:
Radiation Machine:

Distance from source to reference point:

OUTPUT VERIFICATION:

v8.02

Univ of Florida Proton Therapy Institute, Jacksonville, FL
3180

Zuofeng Li. D.Sc.

IBA Cyclotron (Gantry 1)

222.0 cm

Date of
Trradiation

Proton
Energy

Dose determined by
RPC:*

Dose determined by
institution:*

Ratio of absorbed dose determined by RPC to
that stated by institution: TLD/INST

79.2 MeV  03/09/2008 289 ¢Gv to muscle

Radiation Machine:

Distance from source to reference point:

OUTPUT VERIFICATION:

289 ¢Gv to water

IBA Cyclotron (Gantry 2)
222.0 cm

Date of
Trradiation

Proton Dose determined by

Energy RPC:*

Dose determined by
institution: *

Ratio of absorbed dose determined by RPC to
that stated by institution: TLD/INST

289 ¢Gv to muscle

Radiation Machil;e:

Distance from source to reference point:

OUTPUT VERIFICATION:

291 ¢Gv to water

IBA Cyclotron (Gantry 3)
222.0 cm

Date of
Trradiation

Proton
Energy

Dose determined by
RPC:*

Dose determined by
institution:*

Ratio of absorbed dose determined by RPC to
that stated by institution: TLD/INST

79.2 MeV  03/08/2008 291 ¢Gv to muscle

PTCOG47 Educatio

204 ¢Gv to water 0.99

May 21, 2008



Miscellaneous Results

e Jon chamber malfunctions: detected in
daily QA output measurements

* First scatter failures: detected in daily QA

output measurements and range verifier
readings
* TCS software failure to upload BCM

profiles: detected in daily QA output
measurements

PTCOG47 Educational Workshop, Jacksonville, FL




Summary

* Many proton therapy system failure modes can
be monitored by standard dosimetric
measurements, such as output, beam range and
modulation, SOBP flatness, lateral profile
flatness, etc

Additional system-specific tests may need to be
identified and implemented

Design of a periodic QA program for proton
therapy is a continuing process, with additions
and/or deletions of specific tests determined by
a comprehensive review of system performance
over time

PTCOG47 Educational Workshop, Jacksonville, FL 21, 2008




