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Complex Target Volumes

e Jumorin red (Prostate)
surrounded by many organs
at risk (Hips, bladder, rectum,
bulbus, ...) and Tolerance
dose must be maintained =>
Problem for 3D conventional
planning
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Safety and quality of
radiation therapy

B Conventional freatment
N => Prescribed Dose is

o % limited => more Risk for

& the neighbour organs

| Organ at Risks are
R More spared =>
N cscalation of the
' A prescribed dose is
@l possible => Reduction
3l Of Recurrence
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Inverse Planning

Intensity Modulated Radiation Therapy
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Dynamj'_{::féantry Static gantry
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Cone-beam Fan-beam IMRT
(IMAT) (tomotherapy) (conventional)

Inverse Planning |

1. Dose distribution specified

i 3. Beam Fluence
e 5> Int it ted modulated to recreate
. Imtensity map create intensity map




Advantage of the inverse
planning

Main Advantage are:
« Conformal treatment
« Better protection for the organs at Risk
« Possible reduction of the margin
However precaution are 1o be faken into account

« Scattering radiafion are higher then in conventional
tfreatment

« Possible recurrence on margin border if motion is
not well considered
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IMRT techmque

Fixed gantry angle
Multileaf collimator (MLC) leaves move

during the treatment (Sliding window)

Multileaf collimator (MLC) leaves move .
before each sub field delivery (Step and ShooT) =
Non-uniform beam infensity i




IMRT technique

Step and shoot technique:

« The MLC are not moving
during Irradiation

« All sub fields within a beam
angle are consecutively
delivered to the target volume

« During gantry rotation the
beam is off




IMRT technique

4etite

Sliding Window Technique

« During irradiation the MLC are moving and forming
different opening in the field which lead o an
achieving fluence

« Dose rate variable
« During gantry rotation the beam is off




VMAT technique

During irradiation the MLC are moving and forming
different opening in the field which lead o an

achieving fluence
Dose rate variable




IMRT/VMAT -QA

« The IMRT/VMAT treatment plans are not
plausible and they can noft be simply
checked with a calculator.

 Therefore extensive checks need to be
done in order to avoid accidents and
severe damage to the patient



Machine specific QA

Regular checks according to e.g. DIN, IAEA, AAPM

Frequency: daily, half-mnonthly, quarterly, half-
yearly, annuadlly

Include mechanical and dosimetric tests
Include tests for 3D technigues and IMRT/VMAT



Tools for the Machine
specific QA

{1111
Il

Gafchromic-Film Allows quick and precise verification of MLC
leaf positions (Possible also with portal imaging system)
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Tools for the Machine
specific QA

e |onisation chambers

« |onisation detectors pin point chamber (diode,
diamond, ...) for small fields measurements




Tools for the Machine
specific QA

Water phantom (ex: IBA Blue Phantom)
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Tools for the Machine specific QA

(Measurements in the Water Phantom)

Depth dose distribution measured in the Water Phnantom

« Dose distribution along the axis of the radiation beam
(PDD = Percentage Depth Dose)

« Depending on density, atomic number of the medium,
beam quality and energy

|- midline

DOSE




Tools for the Machine specific QA

(Measurements in the Water Phantom)
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Tools for the Machine and
Patient specific QA

Mostly used:
« 2D-Array in RW3 phantom: Matrixx, PTWseven29, ...
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Tools for the Machine and
Patient specific QA

Mostly used:
 OctaviusdD, Delta4, ...




Tools for the Machine and
Patient specific QA

Mostly used:
- Portal Imaging Detector




IMRT/VMAT-QA

Machine dependency tests:

Gantry position/ angle verification
Stafic vs. arc dosimeftry

Linearity/ proportionality of the dose monitor at small Monitor
Units

Dose profile/ depth dose curve at small MU

Dependency of the Dose with respect to the field size
Geometric field size/ dosimetric field size

Transmission constancy (middle between opposite leafs-DLG)
DMLC dosimetry

Leaf speed vs. Dose rate and ganfry angle

Change of the leaf speed

Detection if intentional errors during rapid Arc



IMRT/VMAT-QA

Machine dependency tesfs:

Gantry position/angle verification with
display indicators

« 0,90, 180 and 270° gantry angle,
* Tolerance 0.5°

Gantry angle (rotation) 0° 90° 180° 270°
Gantry angle (display) 0° 90° 180° 270°
Difference 0° 0° 0° 0°




IMRT/VMAT-QA

Machine dependency tesfs:

Methodology: Static Vs Arc Dosimetry

» To verify consistency and stability of beam output for arc
beams, dose output measurements are done at isocenter
using an ion chamber with build-up cap for:

» Two static fields,
“Field 1: 180° gantry angle, 72MU
< Field 2: 180° angle, 900MU

» Two Arc fields,
“+Arc 1: 0-180° arc (half), 72MU
“+Arc 2: 179-181° arc (full), 900MU

» % difference between corresponding static and Arc fields is
calculated, acceptable tolerance is 2%



IMRT/VMAT-QA

Machine dependency tesfs:

« Linearity/ proportionality of the dose monitor at
small Monitor Units
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IMRT/VMAT-QA

Machine dependency fests:

* Dose profile/ depth dose curve at small MU

* The reason is to idenftify the minimum possible MU
that can be set in the opfimisation: the machine
need time to deliver a constant pulse

dose
rate

stable pulse range
=>more MU




IMRT/VMAT-QA

Machine dependency fests:

 Dependency of the Dose with respect to the field
size (af small field size the choice of detector
become critical 1)
1.02-

o ——

7% .~~~ MapCHECKI/IC
& -+ ArcCHECK/IC

Relative Dose
-
o

» MapCHECK/IC Full backscatter
-&- ArcCHECK/IC Full backscatter
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A Field size (cm) *26



IMRT/VMAT-QA

Machine dependency tesfs:
« Geometric field size/ dosimetric field size

2



IMRT/VMAT-QA

Machine dependency tesfs:
« [ransmission constfancy
(DLG = Dosimetric Leaf Gap)
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IMRT/VMAT-QA

Machine dependency tesfs:
« dMLC position dosimetry
dMLC dosimetry

Gantry Angle | 180 90 0 2rg
% Deviation 0.58 0.21 0.24 0.16
from Ref value

" Dose delivery is consistent & stable in dMLC mode at different angles
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IMRT/VMAT-QA

Machine dependency tesfs:
« Leaf accuracy position

Picket fence test vs. gantry angle
180° 90°

0° 270°

» Picket fences for all the gantry angles appear linear,
uniform, well aligned & have consistent widths

» The dMLC performance is stable regardless of gantry
b angle *30)



IMRT/VMAT-QA

Machine dependency tesfs:
« Change of the leaf speed (VMAT)

Picket fence during RapidArc
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IMRT/VMAT-QA

Machine dependency tesfs:

Picket fence test during RapidArc with intentional error

Test sensitivity acceptable

->52



IMRT/VMAT-QA

Machine dependency tesfs:

Accurate control of leaf speed during RapidArc
sty Deviation from ref value (%)

i [
-0.31
0.51
5 20
. OO
% -228 |
138 200 200 371

Pixel Location

Dose output is consistent despite the
use of different combinations of MLC
speed & dose rate




Advantage/ Disadvantage

Machine dependency fests:

« Detection of any deviation or instability of the
machine

« The fest can be separately done at different time

« Risk management process (acceptable tolerance
table)

« Noft every plan of the patients is checked
« Spontaneous defect can not be checked



IMRT/VMAT-QA

Patient dependency QA:

Due to the complexity of the IMRT/VMAT plans the
freatment plan should be checked.

An independent IMRT calculafion for each field is
necessary

An independent VMAT calculation for each plan is
necessary

»end to end« Phantom-Verification of the fluence
with a detector array

Portal dosimeftry

Comparison of calculation with measurements af
the same condition and same MU values.



Patient specitic QA

« Radiation of patient plans

o inaphantom (e.g. Octavius with a 2D-Array)
« => Measurement of the dose distribution in the phantom
« works with both 3D technigues and IMRT/VMAT
o In qir on an accelerator-specific portal imaging system without phantom
« => Measurement of the fluence distribution
« works with only IMRT / VMAT

« Comparison of the measured distribution with the
calculated matrices (Phantfom and portal-imaging-
system)

o The agreement is a measure of the reproducibility of the plans



Patient specitic QA

« Validation of patients QA with the portal imaging
system by comparison with Phantom measurements

o Review a sufficient number of patient plans using both the phantom
system and the portal imaging system

o If both systems meet the target (Gamma-Index-Method: 3%, 3mm) for the
reviewed plans, patient QA can only be performed using the more
convenient and faster portal imaging system

o Furthermore, aregular check, e.g. every 10th patient plan with phantom
measurement)



IMRT/VMAT-QA

Patient dependency QA:

« »end to end« Phantom-Verification of the fluence
with a detector array

An independent
calculation is
necessary.
Gamma criteria:
for example: 3%
/ 3 mm

*38



Patient specific QA

« Octaeder phantom (Octavius von PTW)

« 2D ionchamber-array (2D- ARRAY seven?29,
Matrix von 27x27=729 ionchamber,
volume: 5x5x5 mm, 0,125cm3)

« Evaluation with VeriSoft 4.0 (PTW)
Gamma-index

OCTAVIUS® 11




Patient specific QA

horizontal

vertical

OCTAVIUS® I1

tilt of 45°

*40



Patient specific QA

» Recalc of the patient-plan in the phantom-CT
o each plane one plan

« Treat the phantom (3x)

« Evaluation of abs.dose

Gamma 2D - Parameters

3,0 mm Distance- To- Agreement

3,0 % Dose Difference with ref. to Max. dose of measured data set
Suppress doses below 5,0 % of max. dose of measured data set

Settinas

Passing criteria Gamma < 1,5‘
Green 90,0 % to 100,0 %
Yellow 75,0 % to 90,0 %
Red 0,0% to 75,0 %

o]



Patient specific QA

prostate-case

statistics (horizontal)
Egatistics (vertikal)
p N statistics (459

F EV Number of Dose Points 729
p P2 Evaluated Dose Points 310 (42,5 %)
Fa passed 310 ( 100,0 %)
RE Failed 0 (0,0 %)
o Result 100,0 % (Green)

Slire A7 7 = R0 Metavius"dir

-120 -80 -40 0 40 80 120
mm

042



Patient QA Procedure
with Portal Imager

EPID can be widely used for patient
specific QA for different cases but
need to be cross checked with other
external measuring fool to assure if
EPID is providing correct results or
Nnof.

Create a Verification Plan

<

QC Plan Transfer to Machine

¥

Performing QC

<

Plan Evaluation




IMRT/VMAT-QA

Patient dependency QA with the Portal Dosimeftry
Procedure:

VMAT Plan example

- Becken YMAT

110.0

107.0

Becken VMAT
[ﬂlﬁ cT1

i

1 Registrierte Bilder
=00 €1
-8 Bladder

i‘1 Bladder-PTV I

- -0/ BoDY
----- CI[@l Couchinterior




IMRT/VMAT-QA

Patient dependency QA with the Portal Dosimetry
Procedure:

 The verification method can be either with @
phantom or a predicted portal dose

Verifikationsplan erstellen - Verifikationsmethode auswahlen m
Verfikationsmethode

@ Vorhersage Portal-Dosis

I Phantom oder Strukturset

Distanz Quelle-Bildeinheit (IEC 61217)

Distanz Quelle-Bildeinheit (510) [cm]:  100.0

< Zurlick Weiter > Abbrechen Hilfe




IMRT/VMAT-QA

Patient dependency QA with the Portal Dosimetry

Procedure:

* More option to choose whether all beamlet should
be treated from one angle or as in the original plan

Verifikationsplan erstellen - Geometrieparameter auswahlen
Feldgeometrie (IEC 61217)

Gantry zuriicksetzen auf
Kollimator zuriicksetzen auf

[ Tisch zurlicksetzen auf

Toleranztabelle

[#| Toleranztabelle verwenden

S

Grad
Grad

Grad

VitalBeam

| Weiter> | | Abbrechen | | e | °46



IMRT/VMAT-QA

More option for the plan generation: (for ex. in IMRT
case for each angle a verification plan can be set

Verifikationsplan erstellen - Feldparameter auswadhlen
Felder teilen
IMRT-Teilfelder in separate Felder teilen
| Rotationsbestrfeld teilen in 10.0 Grad Rotation

Siemens mARC-Felder in statische Felder aufteilen

Plangenerierung

Platzieren Sie alle Felder in den gleichen Verifikationsplan

Setzen Sie jedes Feld in einen separaten Verifikationsplan

Anzahl Fraktionen 1

< Zuriick IL Weiter > J [ Abbrechen | I

Hilfe




IMRT/VMAT-QA

Once dll parameters are set the TPS start to generate
a verification plan

'Ver'rﬁkmionsplan erstellen - Auswahl berpriifen

Behandlungsreihe:
1

Verifikationstyp:
Verifikationstyp:
Vorhersaga Portal-Dosis

Verifikationsstrukburset:

Erstellen des Yerlfikationsplans

Elngabedaten werden gesendet...

Abbrechen

Anzahl Fraktionan; 1

VitalBeam

< Zuriick Fertig stellen Abbrechen ‘ [ Hilfe




IMRT/VMAT-QA

Measurement (Portal Dosimetry)

049



IMRT/VMAT-QA

Measurement (Portal Dosimetry)
Comparision (left = Linac, right = TPS)

50



IMRT/VMAT-QA

Patient dependency QA:
« Porfal dosimetry Gamma criteria: for example: 3% / 3 mm

ECUPSE dose PID = 11-0618 gaest Pl = TT-0619 PID = 11-0614 rf._:':f-.-"}r
PLAN = PVaS Field =Arc-CW g Field =Arc-CW Fleld =Arc-CW .

-------

|||||||

PPPPPP

1



Portal Imaging Evaluation

Portal Imaging tool:

« For each predicted Dose (left) a portal dose is
measured (right)

« The dose difference (middle) is shown according to

« the gamma criteria °52



Advantage/ Disadvantage

Patient dependency tests:
Advantages:

Redl treatment of the plan is checked prior each
delivery on the patient

« The quality of the plan can be directly idenftified

Errors can be opposed and eliminated

Disadvantages:

Machine QA must be in addition done

Errors are difficult to track whether they come from
the TPS, the machine itself of the QA Tools and
method

Time consuming
The tests can not be separated to different time 3



Protocols

DIN 6847-5: Medical electron accelerators - Part 5: Constancy tests of functional
performance characteristics, 2013

DIN 6875-3: Special radiotherapy equipments - Part 3: Intensity-modulated radiation
therapy - Characteristics, test methods and rules for clinical application, 2008

DGMP-Report 19: Leitlinie zur Strahlentherapie mit fluenzmodulierten Feldern (IMRT)
(gemeinsam mit DEGRO), 2004

AAPM Task Group 142 report: Quality assurance of medical accelerators, 2009

AAPM Task Group 218 report: Tolerance limits and methodologies for IMRT
measurement-based verification QA, 2018

IAEA Technical Reports Series No.430: Commissioning and Quality Assurance of
Computerized Planning Systems for Radiation Treatment of Cancer, 2004
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