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Radiothérapie adaptative (AR




Strategies to compensate for anatomical variations
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Strategies to compensate for anatomical variations

Displacements - Deformations

POPULATION Specific PATIENT based strategies
based strategies
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(rigid registration)

Adaptive RT

(re-planning)




Strategies to compensate for anatomical variations

Displacements - Deformations

POPULATION Specific PATIENT based strategies
based strategies

Dose monotoring or
- dose guided RT

(dose at the fraction)

PTV/PRV IGRT

(rigid registration)

Adaptive RT

(re-planning)




Plan

1. Monitoring de la dose cumulee delivrée en cours de RT:
radiothérapie guidée par la dose et recalage élastique

- Estimation de la dose a la séance




Dose guided RT (at the fraction)

delineation

PG €T Contour

propagation

Semi-automatic method

(elastic registration/human validation)




IMPORTATION of

the dose dlstrlbutlon

i DOSE distribution CALCULATION 3D dose distribution

from the planning
CT to the CBCT

Dose guided RT (at the fraction)

In vivo DOSE

 Calibration of the CBCT SN i MEASURMENT

Images: electronic
density/HU

(flat panel)

Importation of the beams 3D doce
parameters into the CT/CBCT :  reconstruction

on the CT/CBCT : i visualisation



DVH at the fraction




Not realistic to re-plan “online” at the
fraction

Need for:
- CUMULATING the dose fraction after fraction
- COMPARISON with the planned dose
- DECIDING (or not) to re-plan




Strategies to compensate for anatomical variations

Deformations

Dose monotoring or
_ dose guided RT

(cumulated dose)

Adaptive RT

(re-planning:on/off-line)




Plan

Monitoring de la dose cumulee délivree en cours de RT:
radiotherapie guidee par la dose et recalage éelastique

- Estimation de la dose cumulée
- Dans la vessie et le rectum en cas de RT prostatique
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Overdose volume (on the planning CT):
“Planned” minus “Cumulative” doses

bladder

Cazoulat IEEE 2014



Exemple

28 pts ayant eu une RCMI (78 Gy) avec IGRT (CBCT)

Simon ASTRO 2014



Vessie (28 pts avec CBCT hebdomadaire)

Differences entre doses cumulée-planifiée (DD)

RTOG/QUANTEC points (full bladder)

V65(%) | V70(%) | V75(%) | V80(%) | Dmean(Gy)

Patient mean 33.7 29.1 23.0 5.8 45.9
study PDpts (min-max) | (8.9;96.7) (7.2:89.2) | (5.4:;75.5) | (0.2;17.0) | (22.8:;76.5)

mean 0.5 -0.6 -2.0 -1.9 2.5

DDpts SD 7.8 6.7 5.2 2.4 7.5

(min-max) | (-21.9:15.9) | (-23.5:10.1) | (-22.7:5.0) | (-9.8:2.8) | (-19.8:20.2)

Planned dose distribution (PD) dose difference (DD), and dose accumulation uncertainty

(DAU) for the RTOG/QUANTEC reference bladder DVH points.
Simon ASTRO 2014



Rectum (28 pts avec CBCT hebdomadaire)

Differences entre doses cumulée-planifiée (DD)

RTOG/QUANTEC points (full rectum)

V60(%) | V65(%) | VI0(%) | VI5(%) | Dmean(Gy)
Patient mean 21.1 16.3 11.5 5.0 41.8
study PDpss (min-max) | (10.0;63.0) | (7.1;48.1) | (4.5;33.6) | (1.8;13.6) | (32.9;61.3)
mean -2.8 -3.6 -4.0 -2.8 0.0
DDpts SD 6.1 5.5 4.5 2.6 2.4
(min-max) | (-13.1;13.4) | (-16.6;8.2) | (-17.7:5.5) | (-11.5:4.3) | (-4.8:4.9)

Planned dose distribution (PD). dose difference (DD). and dose accumulation uncertainty

(DAU) for the RTOG/QUANTEC reference rectum DVH points.

Simon ASTRO 2014




Wose difference (DD.:) between estimated cumulated and planned
loses (patients)

|Populalicm (% based on interquantile ranges) 81% 50% - 29%
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Plan

2. Monitoring de la dose cumulée délivree en cours de RT:
radiothérapie guidée par la dose et recalage élastique

- Estimation de la dose cumulée

- Dans les parotides en cas de RT ORL




Dose cumulée dans les parotides ?
A partir de 15 pts ORL ayant un scanner hebdomadaire

i + Cumulated actual delivered dose(1B)
Elastic T registration

v 5 -

 — Weekly actual delivered dose(1A)

T

1]

Planned i CT 2

T

dose
Wlek 1 Weel 2

Castelli ESTRO 2014
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Dose cumulee dans les parotides (15 pts ORL)

=» Différences doses cumulée et planifiee ?

M |pzilateral parotids

@ Contralateral parotid

Patient number

Surdosage des parotides
Castelli ESTRO 2014



ANTCP(%)
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Dose cumulee dans les parotides (15 pts ORL)
=» Différences de toxicité predite (NTCP) ?

M |psilateral parotids

13

14 15

M Contralateral parotids

Patient number

Augmentation du risque de xerostomie
Castelli ESTRO 2014



Etude de la dose recue par les parotides (15 pts ORL)
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=» doses: planifiée et cumulées sans replanifications
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Castelli ESTRO 2014



Overdose In the parotid gland

Planned-minus “Cumulative’” doses

e

0
-4

-8 Cold
spot

Cazoulat Cancer Radiother 2011



Plan

2. Monitoring de la dose cumulée délivree en cours de RT:
radiothérapie guidée par la dose et recalage élastique

- Evaluation du recalage élastique




Deformable Image
registration

(be prudent)

2 applications:

Useful for contour propagation
- To win time (head and neck)
- Can and need to be visually checked

- May be relevant in cervix at the time of BT (to propagate the
contour of the pre-treatment MRI to the per-treatment MRI)

Not yet validated to cumulate the dose



‘_ Need to validate the
28 cumulative dose methods !

(be prudent)

Accuracy of elastic registration (anatomical point to point
correspondence) ?

- Not for the tumor (or In case of tissue disappearance)

- Registration of energy deposit per mass unit (Monte-Carlo
calculation) and not straightly the dose (Gy) ?




Plan

2. Monitoring de la dose cumulée délivree en cours de RT:
radiothérapie guidée par la dose et recalage élastique

- Evaluation du recalage élastique

- Fantdbme numérique déformable




Evaluation de la preécision de I’algorithme de recalage élastigue
par un fantdme numerique pelvien simulant des deformations
mécaniques (16 phases) donc deformations connues (Vérite terrain)
compareée a des algorithmes de recalage

generation

Template patient

0 a0
’3.316, ﬂ“
RE" 410
ik
fo'
Mechanical . . Treatment plannin .
simulation » 16 phases * 16 phases planning .

Finite-element
modeling

)

Dose distribution

Synthetic CT



Evaluation de la précision de I’algorithme de recalage élastique par un fantéme
numerique pelvien simulant des déformations mécaniques connues

RTOG/QUANTEC points (full bladder)
Yo63(%) | NI0(%) | VTI5(%) | Y80(%) | Dmean(Gy)
Patient mean 337 101 230 38 130
study PDpts | (min-max) | (39:96.7) | (7.2:882) | (5.4.75.9) | (02:17.00 | (22.8:76.5)
mean 03 06 20 13 13
DDy 5D 78 6.7 52 2.4 73
(min-max) | (-21.9:15.9) | (-23.5:10.1) | (-22.7:5.00 | (-0.8:2.8) | (-19.8:20.2)
Phantom mean 159 118 11 20 31.6
PDpn i
study (min-max) | (8.0:263) | (6.0;19.5) | (3.9;12.9) | (1.1;3.9) | (144:452)
mean 33 28 2.5 12 0.04
DDy 8D 78 6.0 44 13 10.0
(min-max) | (-153:6.5) | -12.04.8) | (9634 | (-3.3:08) | (-132:16.7)
5D PR 13 19 062 13
DAUph | (min-max)| (6235 | (4926 | (3821 | (LLLD | (-3.8:08)

Différences entre aoses cumuiees generee par 1e Tantome et calCulee par 1-algoritnme ae .
recalage Simon ASTRO 2014



aj Bladderldose difference (DD;:) between estimated cumulated and planned
doses (patients)

‘ Population (% based on interquantile ranges) 81% 50% 29%
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3. Stratégies de RT adaptative (replanifications)

Replanification « off-line » (ORL)




Dose recue par les parotides (15 pts ORL)

ey, Cumulated actual delivered dose(1B)

Elastic T registration
W |
_"F'| Weekly actual delivered dose(1A)
L0
Planned | 81) s | CT2 7 e ; CT4 CT5 CTo
dose

A
Wlek 1 Weel 2 Weel 3 Wel 4 Wei 5 Wei 6 Week 7

Weekly replanned dose(1C)

Elastic | registration

Cumulated replanned dose(1D)

Castelli ESTRO 2014



Dose recue par les parotides (15 pts ORL)

=» doses: planifiée et cumulées sans et avec replanifications

Volume of parotids (%)
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Castelli ESTRO 2014



BENEFICE DE LA REPLANIFICATION hebdomadaire
(différence entre replanifications hebdo et absence de replanification)

Dose

Xerostomie

Amean dose (Gy)
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=>études cliniques prospectives

=» Phase lll ARTIX

Tumeurs localement avancees de I’oropharynx

Bras standard = IMRT basée sur une seule planification (préthérapeutique) +
traitement systémique concomitant (cc)

/'
Randomisation \

Bras expérimental = IMRT basée sur une planification hebdomadaire + traitement
systémique concomitant (cc)

(1 planification préthérapeutique et 5 replanifications)

OBJECTIF = maintenir 'épargne des parotides durant la RCMI
comme prévue a la planification (et non pas diminuer le CTV)



Conclusions




Conclusions:
Management of anatomical variations

Rational PTV margin
>

. g W displacement
Significant —
. IGRT (rigid registration)

anatomic
variations

ll ccormaton R Anatomy-guided [amdl Adaptive IR R

RT target
\ Replanning

Dose-guided off-line:

« daily/cumulative dose - per-Tt
monitoring » for re

planning - library

=>»Deformable Image Registration:

Useful for contour propagation / Not yet validated for dose accumulation




Conclusions:
management of anatomical variations

A
Clinical CompleXIty
benefit Ris

Rational PTV margin
2

. g W displacement
Significant —
J IGRT (rigid registration)

anatomic
variations

-—P Anatomy-guided Eemdl Adaptive

RT
\ on/off-line

Dose-guided

« daily/cumulative dose
monitoring » for re
planning

Prospective studies




Thank you !

Belle Ile, Bretagne, France



