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In general, most tumors are radioresistent if
they are not included in the prescribed dose.

Yang: Fear of Missing the Target |
Yin:  Fear of causing toxicity

Be aware when things are out of balance

.
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The true story of a real fake.

catch me _ if you can
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IMRT is mainly “dose control”

ociarione Italiana

“Paint the dose”
Intensity Modulated Radioherapy:

clerapla Oncotogica

Flield RT J-field IMRT
Beom Profile #

Dose Prescribed Dose
Intensity Syplcal distribution)
"0"5 ’ Pronnc I

on surrounded tissues
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IGRT

In radiotherapy the overall treatment is only as good as the ability to
know where the target is during the treatment
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Designed for IGRT & IMRT:
Integration!

IGRT is not IMRT

IGRT = Net producer of information {

IMRT = Net consumer of information
Jaffray: ASTRO IGRT 2007
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IXRadiotompf’a @

Rariazens Rakass
o Radamnca rovaga

Indications:

< Complex / Large Volumes
(Scalp Angiosarcoma, Mesothelioma, CST)

"% IGRT
(Lung, H&N, Prostate, ...)

< Special Cases or Volume close to critical areas
(Para-vertebral Met, Multiple Mts, Pediatrics,




WORKFLOW

BROC2ATIoNe Halians

PET / CT / MR Co-Registration |

Contouring VOIs and OARs |

Planning ‘
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TC del torace:

Indagine eseguita dopo la somministrazione di mezzo di contrasto organo-iodato (lomeprolo) per via
endovenosa.

In mediastino presenza di voluminosa lesnone solida polilobata di diametro assiale massimo
complessivo di circa 12,5cm, con enhancement disomogeneo, in prima |poteS| di origine linfonodale,

che disloca. e..comprime la trachea verso destra e comprime la vc_e_na _cava superiore, l'arteria
p_lmonare sinistra (esmssmal e, sempre a sinistra, il bronco principale, il bronco lobare superlore > ed
il bronco lobare inferiore. Alla base del lobo superiore di sinistra si evidenzia struttura, in prima
ipotesi vascolare, piuttosto irregolare ed ectasica. Minimi ispessimenti pleurici marginali posteriori in
sede biapicale.

A carico del lobo superiore di sinistra si riconosce piccolo nodulo di circa 4 mm di diametro massimo.

Stria opaca a sinistra, in corrispondenza della lingula.



e — T



Jut V3 "
o o Vi it i T

P TT YT Y L

P

PR IR EEY

-0

|
rr.lt abfduuBanar






IGRT
IMRT

Target delineation
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Medical Dosimetry. Val. 31, Ho. 1. pp. 1-2. 2006
Copyright @© 2006 American eociation of Medical Docimnatriote
ed 1 the USA. AN nghis reserved
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® FEditorial

TARGET DELINEATION AND LOCALTIZATION

1 Knowledge base to delineate in multiple disease sites is not
part of training

[ There is no consistency among physicians that delineate
target

O The precise dose distributions produced by IMRT are less
forgiving in terms of treatment uncertainties
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There is no consistency among physicians that delineate target==

Qaraw et al., 2005
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DOB: Jul 23, 1990
1D: 03-380-07
Plan date: Jun 28, 2007 3:07:54 PM
Oncologist:

Disease: 19274

Sex:F

P

((ROIs | Optimization | Fractionation | Delivery QA Setup |
[ F-‘[ust:l.fpin'm

Delivery OA Analysis |

Plan: Plan_01

Plan status: Approved
DOA plan:

&

Define Rx Constraints

2 Define constraints for tumors.
= Define constraints for sensitive structures.

Patient position: HFS ® Setisodose display options.

@ When you are satistied, click Start to begin optimization.
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DOB: Jul 28, 193!2; Sex:M Plan: Plan_D1

Define Rx Constraints
ID: 06-502-08 Plan status: Approved 2 Define constraints for tumors. [:/ ” @ Jy
Plan date: Apr 6, 2009 5:31:13 PM DQA plan: = Define constraints for sensitive structures. .
Oncologist: Patient position: HFS = Setisodose display options. 4
Disease: 20925 6] When you are satisfied, click Start to begin optimization. ﬁ P ‘ d
ROIs | Optimization | Fractionation | Delivery QA Setup | Delivery QA Analysis |
Prescription Dose Display : Patient Images
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"RADIOTERAPIA HIGH TECH" Cosa c'e di nuovo?

To Conclude ...........

"The true challenge .....

......... is fo develop the wisdom to know

when to select which [treatment modality] in the clinic”
S. Webb




T&motherapy High ART

irradiazione elicoidale (movimento
combinato di gantry e lettino)

IGRT con MVCT a spirale
incorporata

IMRT con MLC di tipo binario
(campo di trattamento massimo
40x160 cm)

sistema integrato

Assocuarione Itslisns
di Radicterapla Oncobogica
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Patient Images




kA9

Sorgente radiante

Collimatore (tungsteno)

MLC Binario

SAD 85cm
dose-rate fra 800 MU/min e 1000 MU/min

85cm SAD

Apertura gantry 85 cm

Trattamento ;

Array di 764 detector (xenon) che ruotano

in modo contrapposto al fascio

Energia nominale: 6 MV

Energia media equivalente: 1,5 MeV
Dose-rate: 800-1000 MU/min

LARGHEZZA fascio all'isocentro (direzione longitudinale ): 1 25,5 cm
APERTURA fascio all'isocentro (direzione trasversale): 40 cm

Volume di trattamento : 40 cm diametro x 160 cm
Precisione traslazione longitudinale del lettino: 0,25 mm

Velocita di rotazione : 1 -10 rotazioni / minuto




Imaging (MVCT) —
Energia nominale : 3,5 MV /1'

Energia media equivalente : 1 MeV AN

Dose-rate : 2- 4 MU/min ) /

764 camere di ionizzazione (Xenon) | ,,Eg{/ = \

Velocita' Rotazione max : 20 giri/minuto iy g

Apertura collimatore primario: 4 mm.
Posizione delle lamelle del MLC: tutte "open”
Tempo di acquisizione per slice (ricostruzione e visualizzazione) : 2- 5 s
Apertura Gantry: 85 cm
FOV: 40 cm

Verifica set up trattamento
Controllo variazioni volumi anatomici
Riduzione artefatti

Pianificazione

Planning ADAPTIVE




MVCT

KVCT

MVCT

KVCT






2679 Meeks ef al.: Tomotherapy MVCT characterization

Dlarmeter {mi)

'E Yisible

1 Not Visible

a " kS £ © &3 L] B L] 8 W w10
% Ekectron Densty Diferernce

Fic. 4. The diameter of the smallest resolvable circle as a function of the
percentage difference of the electron density (e-/cm®) of material in the
circle relative to the background. This curve is generated for the standard
clinical setup: 512512 reconstruction matrix and a pitch ratio of 1.0,

1049 Brain

0,987 SW

Per differenze di densita

. )
elettronica del 2% servono 0.956 breast

oggetti di diametro 20 mm

@i
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Per individuare oggetti di diametro 4 mm
serve una differenza di densita
elettronica relativa del 10 %
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ROIs | Optimization | Fractionation | Delivery QA Setup | Delivery QA Analysis |
Patient Images
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Planning workflow

ROIs | Optimization | Fractionation | Delivery QA Setup | Delivery OA Analysis |

Nl
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Tumor Settings
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Planning workflow

[ROIs | Optimization | Fractionation | Delivery OA Setup | Delivery OA Analysis |

G
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rPrescription | Dose Display : rPatient Images
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[ROIs | Optimization | Fractionation | Delivery OA Setup | Delivery OA Analysis |

Prescription Dose Display : Patient Images
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Planning workflow

[(ROIs | Optimization | Fractionation | Delivery A Setup || Delivery OA Analysis |

Associarkone lLalians

Dose Display

[¥l Isodose
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70
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W

—— ~ The plan has 25fractions defined for a planned delivery of 60.0 Gy.
Prescription: 75.0% of the PTV60volume receives at least 60.0 Gy for the current plan.
Fragﬁ‘nn [ Locked | Fraction Date | Ddl Fraction | Locked | Fraction Date D
1 16
17
3 18
4 19
] 20
6 21
7 22
8 23
a9 24
10 25
11
12
13
14
15
Finalize Dose-Volume Histogram - Cumulative Mode Relative
100
‘ 25
a0
‘ 25
20
| Plan Report ” % 75
M 70
Tumaor Settings g &5
Mame  ||Display |[colar % &0
I § 55
[l ] o 50
[w] E 45
=2 a0
. ) P 35
Sensitive Structure Settings B @
Marne  ||Display |[Color T 25
[] - 20 =
] 15
E [ 10 \
v [
M [ : S S
[v] ] ] 5 10 15 20 25 30 35 40 45 50 55
] e Dose (Gy)
[v]
I || Mol Min| < ||n.n || > | woi Max| < || Gyl‘.llin| < ||u_n
[ |

- .

Patient Images




__¥iRadioterspla Omeologles.

—IX_Bmliq Plan Report: 0210071 & @m

Plan Name: Plan_02 Tﬂln“lrlni

Prescription: 95.00% of the PTV4 volume receives at least 52.00 Gy for the current plan.
The plan has & fractions defined for a planned delivery of 52.00 Gy

Date of Birth: Apr 19, 1880

Plan State: APPROVED

Field Width: 25em

Sinogram Segments: 68

Relative Movable Laser Positions: K=-00cm, ¥Y=-T3cm, Z=-05cm

Plan Calculation Grid:

-Dose-Volume Histogram - Cumulative Mode Relative
100

Relative Volume (% Normalized)

Dose (Gy)

Signature (date)
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Plan Report: 0210071

Plan Name: Plan 02

Tumor Constraints

Name Mlocked Une? Importance Overlap Max Dese Max DvH DVH Min Dase Min Max Min Median Avg StdDev Physical

Priority Consir. Dase Val Dase Consir. Dose Dose Dase Dose Ihose e Val
1Gx| Pem. 1%l Gyl Gyl Pea. lGy] 1Gy] Gyl 1Gy] IGy] lex]
long It no
mvs None yes 10 1 64,00 3 9500  58.00 5200 10
PTV3 None yes 10 2 £0.00 10 9500 5200 5200 10
V4 None yes 10 3 54,00 3 9500  58.00 52.00 10
PFTV4 None yos 10 4 60,00 10 500 5200 52.00 10
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Plan Report: 0210071

Plan Name: Plan 02

D

TomoTherapy

Planned Fractions | Scheduled | | Incomplete | [ Performed
Fraction Scheduled Fraction Drelivery [rase Expected Gantry Ganiry MU Couch Couch Field
N umber Fraction Delivery Mluchine (0w Duration Haotafions Period Travel Hpeed Widths
Lhate Start Date (] {sec) {em} [emfsec)

1.0 May 22, 20049 A WA 6.50 BaE9 m7 410 12,040 27 041l 4.5
2.0 May 25, 2009 A MiA 6.50 B4R9 0.7 410 12,040 2.7 0ann 4.5
in May 26, 2009 MNIA KA .50 RaEQ m7T 410 12,040 a7 0.a11 4.9
4.0 My 27, 2009 ™A WA 6.50 Bag9 m7 410 172,040 9.7 nan 4.9
3.0 My 28, 2044 N WA .50 B4R 9 20,7 41.40 12,0640 27 0411 4.9
6.0 My 29, 2048 A MiA .50 Kik 9 0.7 41.0 12,0440 .7 LIKAH R 4.9
7.0 Jun 1, 2009 A MiA .50 K4E.9 n7 41.0 12,040 9.7 0011 4.9
L] Jun 2, 19 A MiA 1] K4k 0.7 414 12,0640 9.7 (IR 4.9

di Radicterapla Oncotogica




Plan Report: 0210071

Plan Name: Plan 02

¢
TomoTherapy

Sinogram
Sepmients

Signature (date)

Planned Fluence Sinogram
Sinogram
Segnetils

Assocuarione Itslisns
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Delivery Quality Assurance (DQA)

[(ROIs |  Optimization | Fractionation | Delivery QA Setup | Delivery OA Analysis |
DQA Plan: |Plan_01 Phantom Tools Dose Calculation
Phantom Selector Calculation Grid
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P
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Change Phantom E” e
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Laser Control
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rPatient Images
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Select Procedure

Dose Display

Film Registration

erence dose: 2.4 Gy

Proc number: 0

[v] Isndose

Register Film Position

Current step:

Read Film File

Read Cal File

Convert To Dose

Paoints of Interest

Registration type: CORONAL ORIENTATION patient slice: 118
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Distance along arrow (cm)

B measured dose {3y B calculated dose ()

Display Options
) Mo contours

) Show gamma

(# Show these contours:

[¥l Show film contours
[¥l Show calc contours

[_] Show patient ROls

| SaveFilmData

| Save POls

[¥] Show film profile [v] Show calc profile
[¥] Show background?
@ Film background

i Phantom background

| Gamma Histogram

Search distance: (cmj: |D.3

DTA tolerance (cmy): |EI.3

Dose tolerance (Gy): |0.0534

Change

Plot Cal Tahle

Zxtract Dose Plane

Flip Image

Scale Film Dose

‘ Add Point of Interest |
1 ‘ Remave Selected POI |

‘ Show Selected POl |
0.6

‘ Move Selected POI |

L

Marme | Comment | Caolar | ¥ fem) | y () | Z {em) | Calc Dose | Meas Dnse| Diff (G
POI_OD  [ch1 +1 cm 010 -2.14 3.03 1776 1773 00
POI_01  |ch2-0.5cm 010 -2.14 1.46 1.740 1748 -00
POI_0O2  |ch3 -4.5cm | 0.1ao -2.39 -2.64 0.6593 0695 -0.0
POI_O3  [film 010 -2.14 2.08 1735 1658 00
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Select Procedure Gamma Display

erence dose:

2.4 Gy

Proc number: 0

Re:ad Film File

Read Cal File

Convert To Dose

Plot Cal Table

=xtract Dose Plane

Flip Image

Scale Film Dose

Film Registration

Register Film Position

Registration type: CORONAL ORIENTATION patient slice: 118

Current step:
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Distance along arrow (cm)
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Display Options
! No contours

(® Show gamma

) Show these contours:

[¥] Show film contours
[v] Show calc contours

[C] Show patient ROIs

| SaveFilmData

| Save POIs

[v] Show film profile [v] Show calc profile

[¥] Show hackground?
(@ Film background

i Phantom background

| Gamma Histogram

Search distance: (cmj: |D.3

DTA tolerance {cmj: |D.3

Dose tolerance (Gy): |0.0534

Change

Add Point of Interest

Remove Selected POl

Show Selected POI

Move Selected POI

Marne Comment [ cotor | =@emy | yiem | zim [ calc Dose [ Meas Dose| Diff Gy
POL_O0  |chl +1 cm [ ] 010/ -2.14 303 1.776 1773 0.00
POL_OT  |ch 2-0.5cm 010 -2.14 1.46 1.740 1,748 -0.00
POI_0Z |ch3 -4.5cm [ ] 010  -2.38) 264 0.693 0.695 -0.00
POI_03  [film 010 -214 208 1735 1658 007




Il software di pianificazione
e relativamente semplice

Il sistema permette di progettare
con un “ragionevole” sforzo piani
molto complessi

Si possono realizzare trattamenti
estesi senza ricorrere a giunzioni

la presenza dell’ unita MVCT
integrata e on line permette di

&

Post-Treatment
Dosimetry
Processes to
Further Enable
Adaptive Therapy

Optimized CT-based
Planning for Conformal
Therapy and Conformal
Avoidance Therapy

>

Assocuarione Itslisns
di Radicterapla Oncobogica

)

Improved Accuracy of
Delivery of Helical
Tomotherapy

Processes for
Precise
Pre-Treatment
Evaluation of the
Patient Positioning

=)

verificare il posizionamento del paziente, la registrazione di Target/OAR (shift
geometrico, variazioni in forma), e la ricostruzione della dose erogata

Il software per DQA ¢ integrato e facile da usare

Il volume irradiato é esteso, se confrontato con CRT

Il tempo di trattamento é lungo (tempi morti, MVCT , beam on)

Il sistema ¢ chiuso
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