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Clinical use of IMRT

| mprovement of local control without increased incidence

of normal tissue complications
s Doseescalation in the prostate

Step-and-Shoot delivery with Elekta linacswith MLC
|nver se planning with PLATO-ITP




Dilemma:

e Increase doseto target
And
e Avoid normal tissue
And
« Don’t reduce margins around target




Qutline

« Planning
 Dosimetric verification of treatment plan
e position verification using fiducial gold markers




Planning: partial boosting

* Dose escalation in conventional plan isnot possible
because of high toxicity for normal tissue

* Reducing margins around the CTV Is unsafe because of
uncertaintiesin target position

v

* Increasethedoseto an areainsidethetarget and mimic
the old dose distribution outside




Partial boost Treatment of the Prostate

Dose escalation in GTV up to 76 Gy
35 identical fractions, no separ ate boost
Mimic conventional dose distribution outside GTV:
= Rateof toxicity asin conventional treatment
= Local control at least equal to conventional treatment

Position verification with fiducial gold markers




Contours for Inverse Planning

transversal sagittal
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TV

rectum
bladder

Extended Boost Volume
Overlap PTV-Rectum




Dose prescription

Optimization Parameters (Total dose; values in Gy)

YOI On/" Overap || Organ Max Weight Min Weight | D¥H
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Dose Distribution
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Optimized fluence
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Seguencing for the Elekta ML C

Off-axis fields

Transmission through

Collision between leaves X collimator crosses 0 :
back-up jaw

X1 coll.

W

Val
X2 coll.




Seguencing for the Elekta ML C

‘Flag pole’ effect

Transmissions

« X-jaw  0.005
e Y-jaw 0.10
e Leaves 0.03




Seguencing for the Elekta ML C

Deliverable fluence Film
(1 level, 5 segments) (1 level, 5 segments)

.




UMC-U Seguencer for Elektain PLATO ITP

Recursive algorithm

Collimator and leaf transmissions are consider ed

Fixed stratification

Tongue/groove under dosage is prevented

Sliding window and close-in modality possible
Normalization of total deliverable fluenceto total required

fluence




Quality assurance for IMRT

 Dose check
 Position verification and correction




Dose check

e point dose measurement of isocenter dose
 film measurement of coronal plane




Dose check: 1onization chamber in phantom

Transfer IMRT planto
polystyrene phantom

Calculate dose ,
M easur e isocenter dose with™
| CO4 ionization chamber




lonization chamber measurement in irregular
fields

TYRY

2




Verification of deivered dose on film

Transfer IMRT planto

polystyrene phantom
Calculate dose

M easur e coronal plane dose |...«
on film




Cadlibration 1onization chamber and film

« Calibration ionization chamber
s referencefield 10x10 cm, depth 5 cm, SSD
« calibration
s 20x20 cm wedge fields, depth 5 cm, SSD 100,
collimator 90 and 270° 300, 700 and 1500 M U,
= fit OD-dose curveto 4th order polynomial




Cdlibration Kodak EDR2 film
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Quantitative Comparison of Dose
Distributions

* % Difference on plateau

« mm difference on gradient

 Generalizeto 2D (film) and
3D (dose calculation)




Quantitative comparison of dose distribution

RTS

Difference
-5t0 5%




Quantitative comparison of dose distribution

% diff
-5 t0 5%

Difference
-5t0 5%

mm diff
Oto5mm




Quantitative comparison of dose distribution

» Statistics: -
= averagedifferenced,, /
= Standard deviation s,




Quantitative comparison of dose distribution

» Statistics:
= averagedifferenced,,
= Standard deviation s,
= confidence limit
D=|d_ |+ 15s,




open field 10x10

RTS — . % diff

D23

mm diff
D15




3 beam geometry, open fields

RTS

% diff
D
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IMRT prostate, AP only

% diff
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IMRT prostate

RTS . % diff
" " D2.0

mm diff
D22




Results dose check

e |socenter dose

s calculation - ionization chamber: -1.6%
* film measurement confidence limits

s 3.0% or 2.5 mm




Position verification and correction

« daily portal imaging of all treatment fields
» detection of position of gold markers
« shrinking action level correction protocol




|mplantation of Gold Markers

L ithotomy Position
Transrectally Ultrasound
Guided

|odine | mplantation Needle
Two Markers, Onein each
lateral L obe










Feasibility study:

Toxicity
 Mild Transient Hematuria & Rectal Bleeding
 No ExtraPain

Stability of markersinside prostate
« MarkersMigration
* Prostate contour changes




Markers Study: materials

« 10 Patients

« 1-3Gold seeds

* Sequential CT Scans( 0, 3, 6) week of treatment
« Daily a-S Flat Panel Portal Image




Marker study: methods

Measuring position of markersin repeat CT scans
Compare similarity between prostate contoursin repeat

CT scans
M easuring distance between two markersin Epid image
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Similarity measures

ValNg VasANa * VasNe

CTV 098 " 004 055" 0410

Prostate 038 " 004 036" 004
corp us




Relative distances between markers during treatment
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Comparison 1View camera based and FPI:
prostate field




Prostate Motion From Day to Day




Variations in position

Variationsin prostate position occur dueto
= Internal organ motion
= Set-up variations

random deviations

systematic deviations

First goal: minimize systematic deviations




*Shrinking Action Level’ correction protocol

Correction isapplied if the displacement AVERAGED
over previous fraction exceedsthe ‘action level’

Theaction level islarge at first

The action level shrinkswhen more fractions were
delivered without position correction

* Bel et al. IJROBP 35(2) 321-332




SAL correction for prostate IMRT

L ongitudinal, lateral and vertical directionsare
consider ed independently
Action level per direction

= lst fraction: 6.0 mm

= 2nd fraction: 4.2 mm

= 3d fraction: 3.5mm

= 4 and higher: 3.0 mm

After a correction:
go back to action level of 1st fraction




markerTool: field edge detection

HarkerTool Adviaanse (20011185) Fraction 16 | =

Color map

Levels 75 —}
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markerTool: marker detection

IEE
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markerTool: marker detection

IEE

20011185

Craniaal
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Correction protocol

[EE




Position variation (vertical)
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Misalignment target and bones: prostate

marker

fraction 8 fraction 22
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Difference in marker and bone
displacement can be large (10 mm)

Typical for all pelvic tumours

marker displacement (mm) 1




Position verification and correction

Longitudinal (cm)

averages maxima minima R Iongltudmal
average 0.00 0.08 -0.05 o ~
sd 0.33 0.59 0.20
0.00 0.00 0.00
margin sys 0.10 0.21 0.01 CoeT bk 5
margin rnd 0.23 0.42 0.14 ~g Vert'c?l
margin tot 0.26 0.42 0.18

]

i lateral

Average number of corrections: 2.5 (0 - 8)




Position verification and correction

Lateral (cm)

averages maxima minima E—— Iongltudlnal
average 0.01 0.08 -0.08 o ~
sd 0.22 0.31 0.13
0.00 0.00 0.00
margin sys 0.12 0.22 0.02 Samy, N
margin rnd 0.16 0.21 0.09 e Ve”'cf"
margin tot 0.20 0.31 0.10 --'-'?.'.":.:t:-_--}f3_-'--[-_;-;_;:":?1-- -'

i lateral

Average number of corrections: 0.9 (0 - 3)




Position verification and correction

Longitudinal (cm)

averages maxima minima i |Ongltudlna|
average 0.01 0.08 -0.11 - 4
sd 0.42 0.60 0.30
0.00 0.00 0.00
margin sys 0.10 0.31 0.01 didiy
margin rnd 0.30 0.42 0.21 " ?I
margin tot 0.33 0.43 0.22 e

i lateral

Average number of corrections: 4.7 (1 - 9)




Summary

Dose escalation to prostate without increase in toxicity
Quality assurance involves routine measur ement of dose
In phantom

Gold fiducial markers are convenient and effective for
position verification and correction
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