Quality Assurance for Intensity
Modulated Radiation herapy
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Part 2: Patient related QA

= Is my IMRT system able to deliver the
planned dose?

= Is the patient always In the same position?

= Is the target volume always in the same
position?
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Tihe IMRI Process using LLinac + MIEC

Imaging

Cotouring MLC+

Controler

Dose conditions for PTV and OAR

Beam entries etc.

Fluence optimization |Leaf Motion

Calculator 7 Portal [
Image

Record & Verifyhm

)

Dose calculation

Plan evaluation
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Intensity optimisation
e Optimised fluence map

. Dose[Gy] Vol[%] Weight |

beam geometry
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Fieldd
 Fields 1 Extract Portal Image with

I~ Adjust Collimator Jaws

I~ Apply for All Fields
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Linac

|_eaf Motion Process

Inverse planning Multi Sliding MLC
segment | window

controler

‘ Leaf motion
Instructions

Leaf Motion Calculator

Mechanical

Rounded,_parameters Forward planning
edges
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Part 2: Patient related QA

m IS my MR system able to deliver: the
planned cose?

= Is the patient always In the same position?

= Is the target volume always in the same
position?
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\/erfication ORGE COSIMELHIC ACCLIEACY,
olithe calculated cose cistrbution

Pre-treatment QA: IMRT field check
Witheut patient

Prerequisite:

Equipment related QA
Treatment Planning system configuration
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MR field checkewithout patient

2 different approaches

§ &
= 4
g M
Field-related QA Plan-related QA
[DEtection ORERFOr ORIgIn Summed dose distrioution

QA for IMRT - PART 2 Kayseri- Sept 2005



Point wise measurement with i1on chamber

= Absolute dose comparison
Easy
Results immediately available
Problems in high gradient regions
Needs machine time availability.
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Absolute dose check analy/sis

Results Dijeniirstyearn A= (Pmes- Pcalc)/ Pcalc ((9%)

25 Al ENts; Standard/deviation  1.93%.
a0 treatmentiplans Extremes,: +35.8%,, .—38.4%.
654" measurements
pPoINts.

80.points : 596 < A <109%. (absolute value) 27

17 points : A > 10%. (absolute value)
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Results analysis S influence ofi dose gradient

Gradient (%/mm) Amean (%)

G<0.5 2.24
0.5<G<1 2.55
1.0<G<1.5 2.14
1.5<G<2.0 2593
2.0<G<3.0 2.18
3.0<G<7.0 3.48
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Results analysis & infltience of: detector: positioning

accuracy nhigh.gracient area
Same fieldiandisame point: Gradient 9,2 Y%/mm

Two different operators: 30 « full» phantom set up/ operator

EXxpected dose s 0,341 Gy
NMeastured mean dose: ;818 Gy A =-6,6%

OpPErRL OPErRZ A max
Dmax 891 Gy - S80IGYy 1407 9%
Din 211Gy 260Gy -23.9%
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Results analysis : influence of: TRPS
configuration

A mean : —2.1% 22

MILC transmission Value entered in the TiPS not correlated
to the MILLC and therefore not taken intoraccolint

READ THE USERS DOCUMENTATION +++
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x 2D measurement with film

Full dose information, even in high gradient
regions

Careful film calibration
necessary.

Analysis Is time consuming 5§

140 200 240
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Film with registration marks
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2D) 0)V/& £ 121

Can be misieacing
High dose gracients
HFOt SPOLS
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DIStaNCEtoragheement

W= DTA(R) = min{d(P,P0)}
SUCH Dmes(P) - Dcalc(PO)

- d(P,PO) ~ ((Xp' pO)2 T (yp'ypO)z)ll2
(distance beetween: Pand P0

x High sensitavity in low gracient
aleas
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Gamma Index

[ =min{(DTAP)/IDTA;,,)? + (Abs(Diff(P)/Diff;;,) 23

Acceptance, IfI' < 1

dose

v<1&
y>1

Acceptance:

— Reference

data set AD,.« (€.9. 5 %)

DTA (e.g. 3mm)
Evaluated
data set

position :
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Acceptancelimits for: 20 dose aistrution

%D

Based onlocal accuracy, assesment !

A\
4 mMm -«

=/NTIm s highs gracient /

4 %

and pentmira

<4106 T low gradient
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©

Yese my IIMIRAY systemils able to deliver:
the'planned cdoese with: acceptanle
ACCLIRACY/

but

ITneed pPIVSICS ancimacimne time
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Pretreatment IMRT Patient related QA

TEST Physics Machine
Time Time
Create plan verification 15 min
Calculate dose points 15 min
Shot and process 5 films 20 min 15 min
Analyse 5 films 60 min
Dose measurements ( 15 30 min 30 min

points)

QA for IMRT - PART 2
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2D measurement with EPID

Full dose information

Needs

Portal dose prediction software on TPS
Dosimetric acquisition mode for portal images
Portal image detector calibration

Software for comparison

Work in progress
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QA afithe IMRI; process ofithe Eclipse-Helios selution

y’m —

ERID :
S Image<:> Predicted Image &
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PV Dosimetry - Gamma
Evaluation

Il Evaluated Dose B =] B4} | B Evaluated Dose I (=] 4|

Varian Medical
Systems

Dose Evaluation

Dose #1: Predicted Dose Evaluation

Type Predicted Portal IW
o —
Location Ilmager—'
Position I—m

Gamma Map

Dose #2: Field 1-1_1_1

Type Acquired Portal
Unit _ Dose difference criterion [%] 3.000000

DTA criterion [mm] 3.000000

Location I Imager Maximum gamma 8.897812

Average gamma 0.156588

Position | Generic ] Score 0.995366
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Part 2: Patient related QA

= Is my IMRT system able to deliver the
planned dose?

2 IS the patient always 1n the same pPosition?

= Is the target volume always in the same
position?
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\/erification ofithe patient positioning

iransfer ofithe static method offpatient
positioning verification tor MR treatment

Strategy.

Action level

QA for IMRT - PART 2 Kayseri- Sept 2005
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Static method _
Anatomical landmarks drawn on reference 1mage and

portal Image
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Automatic matching and calculation of deviations
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MR field portal image

Composite
Il

Washed anatomical
landmarks

iy

Useless !!
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Orthogonal static verification

fields using the MR plan
ISOCENLIE
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2 Strategies

Real time adjustment

Daily assesment and correction of systematic
and randem error

Offline procedure
Early identification of systematic error
Weekly follow up of deviations

QA for IMRT - PART 2 Kayseri- Sept 2005
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Patient'set up

l

Image acqguisition

Oniline strategy,

\ 4

Deviations assessment

QA for IMRT - PART 2

Eorrection?

VES

NG

lraitement
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Action level

Correction 1fdev: = 5mm

Mean dev (D3) and standard dev ofithe s
first sessions (SD3)

Mean dev: (IDiY)and standard dev ofiall
measurements (SO

Number: ofifractions Wwiath dev: > D3

QA for IMRT - PART 2 Kayseri- Sept 2005
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Dijon results : on line strategy

100 -
901
80 -
70+
60 -

% 501 | RT-3D
407 B RT-RCMI

30
20 -

3% — B —

<=3 mm 3-5mm >5mm

Deviations

Ref: Dr Barillot
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Offfline strategy.

Sessionl1to3 [¢

!

Deviations > 5 mm

Yes

Nol

Mean deviation >3 mm

Nol

Weekly verification

No

l

Mean deviation >3 mm

Correction

A A
Yes

Yes

QA for IMRT - PART 2
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Mean dev +/- SD
Dijon results:
? X Y 74
Off line Strategy Ant-Post | Cranio-Caudal Latéral
RT 1,6 +/- 1,6 +/-1,3 |1,8 +/-
RCMI | 1,6 1,2
1
& RT 1,9 +/- 2+/-1,5 1,4 +/-
901 RCMI 1I7 112
80- 2
707 839
60
% 50- RT-RCMI1
40 N B RT-RCMI2
301 .. JRT-3D
201 85% .
o l[ 105 4%
; . > & o
<=3mm 3-5mm >5mm
Déviations
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Caution

PTV= CTV + margin

Small margin. # on line procedure

QA for IMRT - PART 2 Kayseri- Sept 2005
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©

Yes: | am able to assess and correct
PatIENt SEt U EXKOKS o rFeacih acceptanie
tolerance level

without

Sigmificantinterference on patient oW
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Part 2: Patient related QA

= Is my IMRT system able to deliver the
planned dose?

= Is the patient always In the same position?

s S the target volume always 1n the same
POSITION?
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QA for IMRT - PART 2

Exam

Acquire | Localize

US only Drag
SplitUS I CT Click
Split US / Template Circle

Show Contours

Save Ultrasound Template

Ref. Array U/S Probe

Options Help Exit

s
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Ultrasound targeting : Basic Process (Sonarray)

[Localisationiofilinac ISOCENtEr I the treatment room

RPatient Set upraccording to S Cily hased treatment plan
Acquisition ofispatialiylocalizec SD-tl trasotincmages
Jarget matchngoniCdvand UShamaages

Calculation ofitarget cooradinates in the treatment room

Set up target at linac ISocenter:

Treatment delivery
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Fiducial array connected to
treatment couch.
2 . Computer .
¥ 3 : US probe equiped with fiducial
array .
4 : Infrared camera detects active and
passive fiducials
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Gantry mounted Isocenter:
calibration jig

QA for IMRT - PART 2

US probe calibration
phantom

Kayseri- Sept 2005
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Results in Dijon:

diransabdommnalfUSimaging for prostate treatment

20 patients
2 excluded: poor guality, US image
Acquisition time &2 min
Results smean dev: £ SD (mm):

X =-03+44
Y =29+ 47
Z=41+6,1

S.Payan and K. Peignaux- SFPM — 2003
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©

Yes: lram able to take into account
INtERfractionimtion ol the target oltime

and even

In the future

QA for IMRT - PART 2 Kayseri- Sept 2005

47



Image guided rachotherapy.

Elekta Synergy: i linac + on; board imaging
system

Varian Trilogy i linac +on board imaging
system

Siemens Primatron : Primus + Somatom
sliding gantry CT scan )
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Goal

Set up adjustment

arget Tracking
Using

« On board or'in room» KV volume imaging

QA for IMRT - PART 2

\/olumetric Imaging matching
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¥ Show Reference Images

Setup Verification Mode
= [ Setup Field1

10/6/2003 10/6/2003
,. 2:54:06 PM * 2:55:03 PM

TARGET ACTUAL SHIFT TARGET ACTUAL SHIFT
CouchVit 200 -200 00 21 ¥ Include Couch Lat 00 00 il 2 ¥ Include
Couchlng  100.0 100.0 09 21 ¥ Include Couch Rtn 00 00 03 2 ¥ Include
5 | Apply Shift |
All units in cm and degrees
Acquire | Analyze Done

O1
O
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Marker Matching Mode

Goal

Interfraction Motion

Compare current
marker seeds to
reference marker seeds
Calculate couch motion
required to correct
setup

QA for IMRT - PART 2
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QA for IMRT - PART 2 K

Cone Beam CIF Mode

-
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images
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©

Yes:, lishouldieven be able to track the
target Whirle thetheam 1s.on

hen
Reduce margins and/or escalade close 2
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KEERAILERIM

QA for IMRT - PART 2

Immobilization

Cily simulation

direatment planming

direatment delivery

Quality, assurance

Kayseri- Sept 2005
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