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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.

TG65: 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 

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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DATA ACQUISITION
Follow the recommendations from the TPS 
vendor for the required dataset. 

Depth dose curves on the central axis

Profiles (X and/or Y, and/or diagonal)

Output factors

Absolute dose calibration point for 
reference field size

MLC characteristics

Accurate measurement is the requirement for 
accurate modelling
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RayStation TPS

IDENTIFY THE REQUIRED EQUIPMENT
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MPPG5A
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diode

cc13
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Scanning speed
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The water tank, scanning system, detector mount need to be 
carefully checked for leveling and alignment. 

Ref: Das et al.: TG-106: Accelerator beam data commissioning

CONSIDERATIONS FOR FFF BEAMS

A change in beam profile shape

An increase in dose rate 

A reduced scatter

A softer beam energy spectrum 
(Varian) due to reduction in beam 
hardening.
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6FFF 6X

Varian TrueBeam
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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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G Budgell et al. Phys. Med. Biol. 61 (2016) 8360
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VALIDATION TESTS

 Non measurement “sanity checks”

 Basic photon beam validation

 Heterogeneity correction validation

 IMRT/VMAT

 E2E test
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VALIDATION TESTS I: NON-MEASUREMENT “SANITY” CHECK
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MPPG5A

Field configurations are the same as those used for modeling
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VALIDATION TESTS II –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 to calculated values at various depths.

MPPG5A

AAPM SPRING CLINICAL MEETING, MARCH 30 - APRIL 2, 2019          XIAOYING LIANG

AAPM SPRING CLINICAL MEETING, MARCH 30 - APRIL 2, 2019          XIAOYING LIANG

Ref: IAEA technique report 430

Test patient: Test,TrueBeam

Case name: MLC-shaped fields

Test plan: open field CAX

ion chamber: cc13 (S/N 6285) penumbra

Data aquired by: XL out of field

Date: 2/8/2017

Note:

SSD gantry x1 x2 y1 y2  TPS calculation %(TPS vs Meas)

off Axis (cm) depth (cm) Reading cGy cGy cGy for out of field

90 0 5 3 4 6 0 2.5 1.762 115.7 116 0.23

0 5 1.557 102.3 102.5 0.24

0 10 1.180 77.5 77.6 0.07

0 20 0.653 42.9 42.9 0.03

+1x 15 0.868 57.0 57.1 0.14

+3x 5 0.381 25.0 24.7 -0.3cGy

+5x 10 0.058 3.8 3.7 -0.1cGy

-3x 5 1.560 102.5 102.4 0.10

-1y 10 1.172 77.0 77.2 0.26

+3y 5 1.574 103.4 103.1 0.31

+2x+4y 15 0.832 54.7 54.8 0.26

Chamber position Dose Measurement

Example 1: basic photon test: open field
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<1mm
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Example 2 & 3: basic photon test: Small & large MLC-shaped field
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VALIDATION TESTS III- 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.

Solid water slab

Solid water slabs

Cork

10X

Measured planned

Measured vs. 

planned

Mraw

Normalized 

dose (cGy) (cGy) % difference

point 1 22.8 115.94 115.5 0.38

point 2 15.26 77.60 77.1 0.65

Ratio 1.49 1.50 -0.26
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Ref: Carrasco et al. Med Phys. 2004;31(10):2899–911. 

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 
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. 

10X10

5X5

2X2

6X 18X
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VALIDATION TESTS IV- IMRT/VMAT

 Verification of small MLC field PDD 

 Verification output for small MLC fields

 TG119 tests

 Clinical case tests

 RPC Phantom
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TG119
Multitarget Prostate Head & Neck C Shape 
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TG119
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Test patient: TG119

Case name: MultiTarget; Prostate, HeadNeck;Cshape

Test plan: IMRT 6X

Ion Chamber/Array MapCheck

Data aquired by: XL

Date: 2/15/2017

Note:

Field 3%/3mm 3%/2mm 2%/2mm 3%/3mm 3%/2mm 2%/2mm 3%/3mm 3%/2mm 2%/2mm 3%/3mm 3%/2mm 2%/2mm

1 100.0% 100.0% 99.3% 100.0% 100.0% 100.0% 99.5% 95.6% 88.0% 99.5% 97.6% 90.5%

2 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 99.5% 99.5% 97.3% 98.9% 94.7% 88.9%

3 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 97.7% 93.7% 100.0% 100.0% 100.0%

4 100.0% 99.4% 99.4% 100.0% 100.0% 99.1% 100.0% 100.0% 99.0% 100.0% 99.4% 99.4%

5 100.0% 100.0% 99.3% 100.0% 100.0% 100.0% 100.0% 100.0% 96.7% 99.5% 98.5% 89.2%

6 100.0% 98.7% 95.4% 100.0% 100.0% 98.9% 99.5% 98.9% 98.4% 100.0% 98.0% 92.5%

7 100.0% 99.3% 99.3% 100.0% 100.0% 100.0% 99.0% 97.0% 92.0% 100.0% 100.0% 98.7%

8 99.1% 97.3% 94.1% 100.0% 99.2% 98.4%

9 100.0% 99.4% 97.8% 99.5% 97.9% 93.2%

mean 100.0% 99.6% 99.0% 100.0% 100.0% 99.7% 99.6% 98.4% 95.2% 99.7% 98.4% 94.5%

3%/3mm 3%/2mm 2%/2mm

99.8% 99.0% 96.8%

0.3% 1.4% 3.8%

0.8(99.2%) 3.7 (96.3%) 10.6(89.4%)confidence limit

Overall

 mean

standard deviation

MultiTarget (MF = 3.29) Prostate (MF = 1.83) HeadNeck (MF = 4.7) Cshape (MF = 4.57)
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CLINICAL VMAT CASES VALIDATION
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