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EDUCATIONAL OBJECTIVES

To review the minimum requirements for TPS dose algorithm commissioning & QA.

To review the important issues for consideration during data acquisition, beam
modelling, and validation tests.
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MANY KEY DOCUMENTS AND RESOURCES

Just list a few:

TG53: TPS acceptance, commission and on-going QA.

TG106: beam data commissioning equipment and procedures.

IAEA technical report #430: commissioning and QA of TPS.

TG635: tissue inhomogeneity corrections

TG119: guidance document on IMRT

MPPG5A: commissioning and QA of treatment planning dose calculations

And many many more...
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AAPM MEDICAL PHYSICS PRACTICE GUIDELINE

5.A.: COMMISSIONING AND QA OF TREATMENT
PLANNING DOSE CALCULATIONS ¥ @

AAPM Medical Physics Practice Guideline 5.a.:

Commissioning and QA of Treatment Planning Dose D proemey )
Calculations — Megavoltage Photon and Electron Beams o

Medical Physics Practice Guidelne: Jennifer B. Smilowitz, Chai

Indra J. Das, Viadimir Feygelman, Benedick A. Fraass, Stephen F.Kry,

Ingrid R. Marshall, Dimitrs N. Minailidis, Zoubir Ouhib, Timothy Ritter
Michael G. Snyder, Lynne Fairobent. AAPM Staff

TIME REQUIRED FOR COMMISSIONING

Assuming 12—-16 QMP work hours per day (1.5 to 2.0 FTEs), reasonable time
estimates are

two to four weeks for a single energy photon beam

six to eight weeks for two photon energies and five electron energies.

Addition of a second algorithm for a given beam will increase commissioning time
and effort.

This will depend strongly on how much commissioning data need to be collected and
the availability and experience of the QMP(s) involved, the adequacy and
availability of the equipment used, and the access to the accelerator

Ref: MPPG5A
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The water tank, scanning system, detector mount need to be
carefully checked for leveling and alignment.

Effect of Scanning Amm Tilt

 Gantey Angles on Profles
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Ref: Das et al.: TG-106: Accelerator beam data commissioning
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CONSIDERATIONS FOR FFF BEAMS

A change in beam profile shape 1

An increase in dose rate

A reduced scatter

A softer beam energy spectrum -
(Varian) due to reduction in beam Varian TrueBeam
hardening.

6FFF 6X




Phys. Med. Biol. 61 (2016) 8360

G Budgell et af

Table 1. Beam characteristics for 6 and 10 MV FEF and cFF beams from Varian and Elekta. See Xiao
et al (2015) for Sicmens data.

Dose
Nominal Effective Maxdose  (mGy)
energy eneryy  dms Do rate per
(MV)  Filuration MV (em) (%) TPRano (MUmin™) pulse”

Varian  FFF 6 0.8mm 4 13642 0630 1400 08
10 Brass plate 8 22 717 0705 2400 13

oFE 6 6/10 MV 6 T4 604 0666 600 03
10 Nattening filer 10 23 736 0738 600 03
Elcka FFF 6 20mm stainless 6 17 675 0684 1400 06
10 steel plate 10 24 0734 2200 09
FF 6 6/10MV 6 15 0678 600 02
10 flattening filter 10 2.1 0721 600 04
“Clinical . based on TPR, lloft

P Measured at ds on heam central axis for standard reference conditions.
Note: Dy refers to depth of maximum dose. MU are monitor units

Ref: G Budgell et al. IPEM topical report 1: guidance on implementing flattening filter free (FFF) radiotherapy. PMB. 61 (2016) 8360
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Figure 4. Effect an fonisation chamber signal at depth due to recombination losses
for various detcetors for (A) 10 MV FFF photons and (B) 10 MV flatiened photons
for a Varian TrueBeam. Measurements are for a 10 x 10em field at 100cm SSD,
using an operating potential of —350V for all chambers. The ion chamber volumes ar
respectively: IBA CC13 0.13em?, NE 2571 0.6em®, PTW 31010 0.125em’. IBA CC04
0.04cm’,
G Budgell et al. Phys. Med. Biol. 61 (2016) 8360
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MODELLING
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Gamma at 1.0%1mm Reference: RayStation / Measurement: RayStation from
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Non measurement “sanity checks”
Basic photon beam validation
Heterogeneity correction validation
IMRT/VMAT
E2E test
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VAI.IDATION TESTS I: NON-MEASUREMENT “SANITY” CHECK

Field configurations are the same as those used for modeling

Tasie 3. TPS model comparison tests and tolerances MPPGSA

Test

Comparison

Description

Tolerance

5.1

53

Dose distribution calculated in planning

Dose distributions in planning .
< Compar

ison of dose distribution

module vs. modeling e (- 30x200m el
(physics) module
Dose in test plan vs. clinical Reference calibration condition
calibration condition check

PDD and off axis output factors

system vs. commissioning data for a large and a small field size

Identical®

*Identical to within the expected statistical uncertainty (considering noise and caleulation grid size)

© TPS absolute

dose at reference point.
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VALIDATION TESTS Il —BASIC PHOTON BEAM VALIDATION

Validation tests for
clinical revenant SSD.
field shaping using the MLC with jaws at clinical relevant position.
oblique beam angles
Wedges

measurements in the high-dose region, penumbra, and low-dose tail regions should be

compared fo calculated values at various depths.

Taste 5. Basic TPS photon beam evaluation methods and tolerances. ~ MPPG5A

Region Evaluation Method (consistent with IROC Houston)

Relative dose with one parameter change

High dose from reference conditions 2%
Relative dose with multiple parameter changes® 5%
Penumbra Distance to agreement 3mm
Low-dose tail Up to 5 cm from field edge 3% of maximum field dose
* Tolerances are relative to local dose unless otherwise noted.
Henjey  Foueample, offaris with physical wedge AAPM SPRING CLINICAL MEETING, MARCH 30 - APRIL2, 2019 XIAOYING LIANG
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TABLE 18. EXAMPLE ILLUSTRATING DEVIATIONS () FOR

DIFFERENT REGIONS

(Adapted, with permission, from Ref.[67].)

i
Location  Type of e

n seor
(homogencous) inhom

2 Complex.
Simple geometry
metry(wed

More complex

(combinations
of Land2)

asymmetry)
5 ralbeam  Highdose, 20 " "
ais small dose
aradient
57 Bullupresion Highdose, 2mmori0% 3mmoris% 3mmoris%
ofcentralaxis  large dose
and pemumbra gradient
profiles
5, Ousidecentral Highdose, 3% % %
beam axis emalldose
region aradient
5, Ousidebeam  Lowdose, 3%°(0%) 4% (40%) %' (50%)
edges <malldose
radient
RW, Radiological Jmmori%  2mmori% 2mmori%
Bov Beam linge 2mm 3mm 3um

percentage is spplicable 1o the following equation,
here D,

e s nitor 1 .
vartion of 5% is assumed to b realsic value i the high dose, farge dose gradient

= 100% % (D, Dyl

D
icable to compare with the local dose. The valucs in brackets are those determined
m tiq 6).
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Example 1: basic photon test: open field

Testpatient:  Test,TrueBeam
Casename:  MLCshaped fields
Test plan: openfield cax
fon chamber:  cc13 (/N 6285) penumbra
Dataaquiredby: XL P outoffield
Date: 2/8/2017
Note:
SSD gamty x1  x2  yl  y2  Chamberposition lculation %(
off Axis (em) depth (cm)  Reading <Gy Gy <Gy forout of field
0 o s 3 4 0 25 1762 157 16 023
0 s 1557 1023 1025 024
0 10 1180 75 76 007
0 Y 0653 29 29 003
2 15 0.68 570 571 014
ax 5 0381 250 27 -03c6y <imm
5 10 0058 38 37
N s 1560 1025 1024 010
EY 10 1172 7.0 72 026
Ay 5 1574 1034 103.1 031
2y 15 083 547 548 026
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Example 2 & 3: basic photon test: Small & large MLC-shaped field
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VALIDATION TESTS I11- HETEROGENEITY CORRECTION VALIDATION

Confirmation of CT density table

Verifies dose beyond low-density (lung) material. The ratio of the dose values above
and below the heterogeneous medium be measured and compared.

Measured vs/
Measured planned | _planned
Normalized
10 Mraw | dose (cGy) | (cGy) |%difference
point 1 22.8 115.94 1155 0.38
point2 | 1526 | 77.60 771 065
Ratio 1.49 1.50 -0.26
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oo oo
The QMP must understand the limitations of the dose ’
algorithms, particularly in the context of known dose
discrepancies, which should be distinguished from
incorrect commissioning of the TPS. Particular care H 10X10
should be taken when evaluating calculated dose 1)
within low-density tissue, 2) near the interface of
heterogeneous tissues, and 3) beyond low/high density
tissue.
& 5X5
g
z 2x2
g
oonn ownen
Ref: Carrasco et al. Med Phys. 2004;31(10):2899-911
6X 18X
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VALIDATION TESTS IV- 1MRT/vMAT

Verification of small MLC field PDD
Verification output for small MLC fields
TG119 tests

Clinical case tests

RPC Phantom
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16119

Multitarget Prostate Head & Neck

Dose goals (easier version)
Structure

CShape PTV 95% of volume to receive at | 10
least 5000 cGy

of volume o receive
1o more than 5500cGy

of volume to receive no
more than 2500 Gy

Core

C Shape

AP SPRING CLINICAL MEETING, MARCH 30 - APRIL2, 2019 XIAOYING LIANG
Chamber measurements
© prescrbed | Tocaion | messred | plamed | igh dos egion | low doe egion
Nt ‘ focener | i i
Tom sperir | i
-I-G-I -I 9 cminferior | I
Frosate fnocemer | i
\ [ oo
[ e ]
[t | — i
EE) I
CShape () ener | i
\ \ e e —
i !
Siandard devition i i
confidence limit = imean| + 196 | [
Film measurements in phantom Field-by-Field % Gamma pass
S 5 Feld | Mt

Mfule Target

Prostite
[ TS em posterioe
Head Neck bocenter

3 con post

| Coape T

Cshipe g |

Frosite k|Gl | o |

Standard deviation

Gonfidence Lt

confidence limit - (100 - mean) 1966

AAPM SPRING CLINICAL MEETING, MARCH 30 - APRIL2, 2019

XIAOYING LIANG




3/27/2019

Test patient 6119
Case name MultiTarget; Prostate, HeadNeck;Cshape
Test plan: IMRT 6

lon Chamber/Array  MapCheck
Data aquired by:

Date: 2/15/2017
Note
MultiTarget (MF = 3.29) Prostate (MF =183 HeadNeck (VF =4.7) Cshape (MF =4.57)
Field | 3%/3mm | 3%/2mm | 2%/2mm | 3%/3mm | 3¢ 3%/3r 3 3%/3mm | 3%/2mm | 2%/2mm
1| 1000% | 1000% | 993% | 1000% | 1000% | 1000% | 905% | 9% | ssow | oos% | orew | sosw
2| 1000% | 1000% | 1000% | 1000% | 1000% | 1000% | 905% | 905% | or% | oao% | sarw | sawe
3 | 1000% | 1000% | 1000% | 1000% | 100.0% | 1000% | 1000 | 97.7% | 937 | 1000% | 100.0% | 100.0%
4 [ 1000% | o0.a% | sax | 1000% | 100.0% | s9.1% | 1000% | 1000% | 99.0% | 1000w | oo | o
s | 1000% | 1000% | 993% | 1000% | 1000% | 1000% | 100.0% | 1000% | 967% | 995% | sesu | sax
6 | 1000% | serx | 95.% | 1000% | 1000% | oaow | as% | seox | osax | 1000% | seow | ozs
7| 1000% | o93% | 90.3% | 1000% | 1000% | 1000% | 90.0% | 97.0% | 920% | 1000% | 100.0% | 987%
8
9
Overall
mean 5
o ¥ |
lconfidence limit Jo.8(99.2%) [3.7 (96.3%) |10 6(89.4%)|
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Cases 3%/3mm | 3%/2mm | 2%/2mm

CLINICAL VMAT CASES VALIDATION

Tspine (c-shape) 1| 993% | 97.5% 94.7%
Tspine (c-shape) 2 | 99.3% | 9%6.9% 92.3%
prostate+nodes 1 99.% 99.3% 95.3%
prostate+nodes 2 100.0% 99.9% 98.1%
prostate+nodes 3 99.8% 99.6% 98.3%
prostate+nodes 4 100.0% 9.9% 99.8%
prostate+nodes 5 99.% 99.4% 98.0%

H&N 1 99.8% 99.3% 97.7%
H&N2 99.7% 9%6.% 9R2.5%
H&N 3 99.7% 99.2% 9%6.3%
H&N 4 100.0% 99.7% 98.5%
H&N 5 99.6% 99.0% RB.2%
lung1 100.0% 99.6% 98.4%
lung2 99.4% 98.4% 97.5%
mean 99.7% 98.9% 96.5%
standard deviation 0.3% 11% 2.5%

confidence limit  |0.9(99.1%)(3.3(96.7%)| 8.4(91.6%)

AAPM SPRING CLINICAL MEETING, MARCH 30 - APRIL2, 2019 XIAOYING LIANG

AAPM SPRING CLINICAL MEETING, MARCH 30 - APRIL2, 2019 XIAOYING LIANG

10



