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Outline

*Scope of MPPG 5.a

eSummary of MPPG 5.a
—Motivation
—Highlights
—Clinical implementation
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MPPG 5.a - Scope

e Commissioning and QA of TPS Calculations — MV Photon

and Electron Beams
—Typical SSD

—Gantry mounted radiation source
—Conventional and small fields
—IMRT, VMAT, and helical tomotherapy

—Tissue heterogeneity
—MLC

7/23/18 4
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MPPG 5.a — Outside the Scope

* Non-commercial TPS

* Small SRS fields - less than 2 x 2 cm?

* Secondary calculation software

* Optimization and leaf sequencing algorithms

* Biological and other non-dosimetric components
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—Motivation
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Motivation

* Reliance on TPS as an essential component of the
external beam treatment process

* Accuracy of dose distribution between calculated and
delivered is paramount

* QMP is charged with verifying that the modeled beam
matches the delivered beam

7/23/18 7
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Motivation
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Outline

—Highlights
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Bookkeeping

* QMP is responsible for commissioning and QA of TPS

—Must evaluate the scope of work, and adequate time and
resources to allocate

—Determine which calculation algorithms to be commissioned and
their respective uses

—Tolerance values and evaluation criteria determined by QMP in
accordance with needs of the clinic

—Identify and reference applicable AAPM reports, publications, and
vendor guidance

7/23/18 10
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Bookkeeping

*Given 1.5 — 2.0 FTEs dedicated to commissioning:
—Single photon energy: 2 to 4 weeks
—Two photon and five electron energies: 6 to 8 weeks

Tases2

* Equipment =

g equivalent

7/23/18
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Equipment

* QMP decides on appropriate equipment
—Data collection
—Data processing and analysis
—Model verification and end-to-end testing
* QMP must also determine appropriate tolerance criteria

—MPPG 5.a lists established minimum criteria for basic photon
agreement, simple heterogeneity and basic electron beam
validation

7/25/18
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Workflow

* [terative process

—Compromises in accuracy
considering clinical
scenarios

* | ogical workflow

No

Preparation (1 & 2)
Data acquisition (3)

Review
data

i

Yes

Data processing (3)

Review
data

ol

Yes

Model (iterative process internal to
TPS software) (4)
l Yes

Basic
validation-
photons
()

Electron
validation

(8)

Heterog.
validation-
photons (6)

IMRT/
VMAT
validation
@

.

Documentation
report (10)
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—Clinical implementation
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Preparation

* Beam scanning for modeling as well as validation
—Vendor specifications and recommendations
—Clinically significant requirements

* Measurement methods for individual components
—Leaf end penumbra
—MLC transmission
—Binary MLC leaf timing
—Small fields (IMRT/VMAT)

7/25/18
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Data Review

* s data as expected?

—Setup and measurement errors

—Compare to reference dataset from same type of machine
e Data import errors

—Spot-checking and graphical review

—Data in TPS import module should be identical to water tank
export

7/25/18
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Modeling

* VVendor specific process

—Adjustable parameters modified such that model matches
measured data

* QMP to understand effect and magnitude of each
parameter

—How much can/should each parameter be adjusted to tweak the
model?

—At what point does measured dataset come under question?
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Validation Tests

Tasre 3. TPS model comparison tests and tolerances.

Test Comparison Description Tolerance
Dose distributions in p} g Comparison of dose distribution —

51 module vs. modeling for large (> 30x30cm?) field Identical

(physics) module gels :
59 Dose 1n test plan vs. clinical Reference calibration condition 0.5%
’ calibration condition® check e
Dose distribution calculated in planning PDD and off axis output factors o

53 - S . 2%

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

# Identical to within the expected statistical uncertainty (considering noise and calculation grid size).
b TPS absolute dose at reference point.

7/23/18 18




A QuickLinks v Aan Mayvile v €

File Edit View Inset Workspace BeamData Tools Window
deé|zZzaay = Z Bk0KR
4% 6X Curve Comparison
B AAA_10028 (Empty) Calculated Depth Doses, Field Size = 200.0 mm
B AAA_11031 (Empty)
B AAA_15511 (2/2 in TB3502_AAA_6x - 008, WG
B AAA_8615 Empty)
B AX8_15511 (2/2 in TB3502_Acuros_6x - 009, 1
B cDC_15511 Empty)
P DV0_10028 (Empty) 52
" I

>

— Calculated Depth Doses
Processed Measured Depth Dose:

& Mean Radial Energy ~
1] Electron Contamination

2] Open Beam Parameters

2] collimator Back Scatter Factors.

8] processed Measured Diagonal Profiles
] Processed Measured Depth Doses

5] Processed Measured Profiles

] Gamma Error Histogram

5] calculated Diagonal Profiles

] calculated Depth Doses

1] calculated Profiles

Relative dose

14] Compare Calculated Diagonal Profiles With | b 100, o 200, 230 300
14] Compare Calculated Depth Doses With Prog
14 Compare Calculated Profiles With Processec E
£} Enhanced Dynamic Wedge - EW ‘ Compare Calculated Depth Doses With Processed Measured Depth Doses, Field Size = 200.0 mm
2] eEDW Parameters
5 A =
<T 0 5 0 < N o ————
Field Size [mm]
-05
300 400 500 700 CLE|
1500 [ 2000 | 3000 [ 000 g
2
-15

20 40 60 80 100 120 140 180 200 220 240 260 280 300

160
Depth [mm]

el e e T

A Quicklinks v Alan Mayvile v €

File Edit View Inset Workspace BeamData Tools Window
dezg@aaayd sz BL-OX

4% 6X ~| [[Curve Comparison
P AAA_10028 Empty) Calculated Profiles, Id = Fs2000 D100
B awa 11051y i B
B AAA 15511 (2/2 in TB3502_AAA 6x - 003, \C - — Processed Measured Profile:
P AAA 8615 Empty) 0 \
B AXB_15511 (2/2 in TB3502_Acuros_6x - 009, |
2 CDC_15511 (Empty)
Empty v

o

Mean Radial Energy ~
Electron Contamination
Open Beam Parameters
Collimator Back Scatter Factors
Processed Measured Diagonal Profiles
Processed Measured Depth Doses
Processed Measured Profiles
Gamma Error Histogram
Calculated Diagonal Profiles
Calculated Depth Doses
1] Calculated Profiles
18] Compare Calculated Diagonal Profiles With
1% Compare Calculated Depth Doses With Pro
12 Compare Calculated Profiles With Processe«
4] Enhanced Dynamic Wedge - EW

5] eEDW Parameters

Relative dose [

131102102 1021 13 02 12 12 3 2

100 120 140 160

Compare Calculated Profiles With Processed Measured Profiles, Id = Fs200.0 D100

Depth [mm]

300

J

o

500

Relative dose

70

ok e (1o

e R
e SR

1000

I
]
A
L
L
\Jr

B Samn))|

!

0 20 40 60 80 100 120 140 160
Offaxis distance [mm]
v T 2 20040 20
77207 1O jicd
Saves all modified objects User: Alan Mayville ~ " Group: Physicist ___ Site: Main __ CAP NUM 5]




)

& MERCY HEALTH
LACKS CANCER CENTER

Basic Photon Validation

10X_10x10
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Basic Photon Validation

10X_20x20_D10

6x_30EDW_cGy
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Clinical Photon Validation Tests

TaBLE 4. Basic photon beam validation tests summary?.

Test Description Sample tests from literature!”)
54 Small MLC-shaped field (non SRS) Photon Test 1

5.5 Large MLC-shaped field with extensive blocking (e.g.. mantle) Photon Test 3

5.6 Off-axis MLC shaped field. with maximum allowed leaf over travel Photon Test 2

5.7 Asymmetric field at minimal anticipated SSD Photon Test 6

58 10x10 cm? field at oblique incidence (at least 20°) Photon Test 10

5.9 Large (> 15 cm) field for each nonphysical wedge angle® -

2 For all tests, measurements in the high-dose region, penumbra, and low-dose tail regions should be compared to
calculated values at various depths (including shightly beyond dmax midrange/10-15 ecm, and deep/25-30 cm).
SSDs, other than those used at commussioning and that reflect the clinically expected range, should be used. The
MLC should be used for tests 5.4-5.6. The MLC or jaws may be used for tests 5.7-5.9.

b Tests 5.4—5 8 are intended for each open and (hard) wedged field. Nonphysical wedges are considered an extension
of the corresponding open field in terms of spectra and only require the addition of Test 5.9.

7
Sample tests from literature: |IAEA TRS Report 430 7125118 2
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Validation Test 5.5
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Extracted Dose Plane
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|C Profiler Comparison
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Validation Methods and Tolerances

TasLE 5. Basic TPS photon beam evaluation methods and tolerances.

Tolerance®

Region Evaluation Method (consistent with IROC Houston)

Relative dose with one parameter change

0,
High dose from reference conditions 2%
Relative dose with multiple parameter changes® 5%
Penumbra Distance to agreement 3 mm

Low-dose tail Up to 5 cm from field edge 3% of maximum field dose

? Tolerances are relative to local dose unless otherwise noted.
b For example, off-axis with physical wedge.

7/23/18 27
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Heterogeneous Validation Tests
TasLE 6. Heterogeneous TPS photon beam validation tests.
Test Objective Description Tolerances® Reference
Validate planning system CT-density calibration for air, TG 65,29
6.1 reported electron (or mass) lung, water, dense bone, and — IAEA
densities against known values possibly additional tissue types TRS-430M
5x5 cm?, measure and calculate IAEA
Heterogeneity correction dose ratio above and below o . @
6.2 ; - . - 3% TRS-430,
distal to lung tissue heterogeneity, outside of the 8)
. . Carrasco et al
buildup region

2 Tolerances are relative to local dose unless otherwise noted.

7/23/18 28
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VMAT/IMRT Validation Tests

TasLe 7. VMAT/IMRT test summary.

Test Objective Description  (example) Detector Ref
< 2x2 em® MLC shaped Diode Lasti
7.1 Verify small field PDD  field, with PDD acquired at o g{l"'as © Yunice et a1 (19
a clinically relevant SSD scnnfiator
Use small square and
. 1 rectangular MLC-defined Diode, plastic scintillator,
72 vﬁ?;:pﬁ:i\sogel ds segments, measuring output minichamber or Cadman et al ©8)
at a clinically relevant microion chamber
depth for each®
Plan, measure, and compare
73 TG-119 P TG1 ]g;:_ndﬁgﬁ‘;:::;‘ge‘he Ton chamber, film TG-119
- e HeadZ)d Neck and and/or array (Ezzell etal %)
C-shape cases

Choose at least 2 relevant

. clinical cases; plan, measure, Ion chamber. film 42
74 Clinical tests and perform an in-depth Vor array Nelms et al @2
analysis of the results
Simulate, plan, and treat an
75 External review anthropomorphic phantom with Various options exist” Kry et al G
embedded dosimeters.

# A bar pattern scanned with a diode can be used to obtain additional absolute dose profile comparison in the direction

. perpendicular to MLC movement 7 7
?;II;R:SCC Of;:i;:x;:-;ng;:;:g.fiez ;iyu;::s:lsl: x:sl:ryeﬂss and radiochromic film. Certain commercial phantoms 7/23/18 29
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Summary
* Beam modeling and validation is an iterative process
driven by the QMP
* A logical workflow from simple to complex avoids
unnecessary repetition
* MPPG 5.a provides guidance on minimum standards for
commissioning and modeling TPS beam models
7/25/18 30
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Thank you!
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