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Radiotherapy Chain:

1. Localization:
- Countoring Target and OAR
- Multimodality : Image registration
2.Dose prescription

3.Treatment plan optimization
4.Treatment delivery

Treatment device:

- Mechanical accuracy of the system
- Localization system
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Delivery of dose within + 5% PARBISNOOR HILOG

= Sources of uncertainty

— Treatment planning (estimated uncertainty of the order of £ 2%}
Machine performance on the day (+ 2%)
Patient set-up and movement (+ 3%)

Absolute dosimetry/calibration
Relative dosimetry (depth dose, profiles, output factors)

Not much room for error in dosimetry ...
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Quality Assurance and Quality Checks

Task Group 142 mpoan: Guslly ssmenrog of molos acesisraloes®!
G k.

» The goal of a QA program
for linear accelerators is
to assure that the
machine characteristics
do not deviate
significantly from their
baseline values acquired
at the time of acceptance

: and commissioning® Y
i *Task Group 142 report ISPRC M
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Quality assurance of equipment

Equipment tests to be performed on a regular basis
Dosimetry

. position and speed
. angle

. iso-centre

Imaging

Similar ta 30
confarmal QA

Much
higher
accuracy

Similar to 3D
conformal QA
jat least in
principle)
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Quality assurance of equipment

IMRT (linac) Rt
*  MLC:

VMAT (linac)

* MLC:

«  Gantry:

* Dose rate

Tomotherapy

*  Synchrony:

Cyber knife

= |socentre:

Simulation of delivered plan by use of Dynalog files
Commissioning of TPS

*+  Measurement of leaf gap and transmission

The multileaf

. \co“ imator -’ /
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Task Group of AAPM

TG 50 MLC
TG 58 EPID

TG 76 Respiratory Motion

TG 106 Beam data commissioning equipment and procedures
TG 104 KV X-ray imaging for patient setup
TG 100 evaluating QA needs in RT
TG 148 Tomotherapy QA
TG 40 COMPREHENSIVE QA FOR RADIATION ONCOLOGY
TG 135 QA for Robotic Radio surgery

IMRT commissioning: Multiple institution planning and dosimetry comparisons
TG 147 QA for non-Radiographic RT localization and Positioning

Quality assurance of medical accelerators

Describe the techniques for performing QA test

QA of IMRT

*  Acceptance testing
* Check whether specifications meet requirements for accurate IMRT and VMAT delivery

Commissioning
* Acquisition of the input parameters for the treatment planning system
* Testing of the dose calculation algorithm TG 119
= E2E testing of the complete treatment chain (audit ?)

Routine MLC QA
* E.g. stability of MLC and machine output characteristics TG 198

«  Patient specific QA
* Pretreatment measurements and in-vivo dosimetry

S @
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AAPM Task Group 198 Report: An implementation guide
for TG 142 quality assurance of medical accelerators
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IMRT

* Many small segments are made by the MLC for building a dose
distribution

* Leaf positioning an travelling becomes Important
* Dose calculation are more complex

- tounge and groves effects

- Leaf rounding effects

- Leaf transmission

* Small field Dosimetry becomes important
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Static or "Step-and-shoot” technique

Converting intensity map to a sequence of sub-fields/ segments

.. each with its specific MLC aperture and weight/delivered MU

Baaim ol

position

Bamm on

pagition

IMRT - “ ... is treating with the penumbral?”

Open MLC-shaped beam conformal RT

S MLC
« Dpen beam
Qutof-field  J  WWretodney B Gueffield
c o = bwwm, acwitar, \Baka %
Tt E g E S
E bbb .E.

“Clger distinctian bebween incfield and out-offigld
doge”

MLC-based intensity modulated beam

(-Sigmmt 1 ) (-MLC )
(Slﬁmtnt 2 ) ( )
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“In=figld dosg 15 @ mindure of primary beam
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Dynamic MLC mode technique(s)

Beam stays on during

Dynamic MLC leaf movement
Gantry movement

Dose rate modulation possible
(couch movement)
(collimator movement)

(©)

FARDISNOOR HILDO

Leal speeds from 2.7 cm/sec
Few 100ths segments per beam/arc

More versatile - mere intensity levels

Could be faster overall treatment time -

beam stays on

The method of choice when combined
with gantry rotation (VIMAT, ...)

-
-

Important during commissioning AM _i|

Geometrical accuracy much more important than for conventional treatment

reriodic quality control |

IMRT dynamic delivery

Picket fence test
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Leaf Positioning

+ For 3DCRT the accuracy of the leaf

(@a

FARDISNOOR HILDO

W AW W

+ For IMRT leaf positioning errors can
also impact the dose inside the
target

— E.g. a 1 mm gap error can introduce a
dose error of 5

= Overlapping or underta ping of
abutting fields lead to hot and cold G

positioning affects the borders of —

the radiation field. Typically, errors 2

of 1 mm are accepted and can be

accounted for in a CTV-to-PTV L 2
margin

Diesdation in EPD sigrad [%]
O
/f
p-
!
:l
E

spots up to 17%/mm

&

Pichet-fence test
“Loss of lateral electron

equilibrium in small field
segments”™

“4 drastic change in absorbed %

dose for small changes in field

size occurs when the feld size is
as small as those encountered in
IMRT. ™
== tighter tolerances on leaf %

pasition/motion
Leaf position sccurasy

= <0.% mem for modern MLC designs

and gravity impacts MLC-leaves,
during f.e. a YMAT delivery

i S

ili

FARDISNOOR HILDO

MLC leaf positioning (also during gantry rotation)

== also while gantry is rotating - Measured using Pickes-fence tests on film or EPID

, UU\MJULMM
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IMRT commissioning: Multiple institution planning and dosimetry
comparisons, a report from AAPM Task Group 119
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Thanks for your attention
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