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Co se dnes dozvime?

* Aktualni situace na trhu MR-Linac
* Situace s MR-Linac na UVN
* Workflow ozareni na MR-Linac
* Adaptivni radioterapie — je potreba?

* Workflow adaptivni radioterapie na MR-Linac




MR-Linacy na trhu,

* Elekta Unity
* 7 MV FFF fotonovy svazek
* SAD=143,5cm
°*°MR15T

* Magnetické pole kolmo na svazek - ERE, ESE
* MLC orientovano LNG
* Beam-stopper

7 ~ * CMM - aktivni motion management

g . Online adaptace (ATP, ATS)

* MV imager



MR-Linacy na trhu,

* ViewRay MRidian

* 6 MV FFF fotonovy svazek
SAD =90 cm

MRO,35T

Magnetické pole kolmo na svazek - ERE, ESE
MLC orientovano LAT

Beam-stopper

_+ Aktivni motion management (gating)

Online adaptace



MR-Linacy na trhu;

PARALLEL CONFIGURATION

7 LINEAR ACCELERATOR

* MagnetTx Aurora-RT
* 6 MV FFF fotonovy svazek
* SAD?

MRO,5T

TREATMENT BEAM

MAGNET POLE

Magnetické pole paralelné se svazkem - ERE;-ESE
MLC orientovano LAT

Beam-stopper?
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Aktivni motion management (gating)?

Online adaptace?

M\ -mager MagnetTx



MR-Linac na UVN,

 Vypsana VZ na MR-Linac s motion management (04/2022)
* VZ vyhral ViewRay MRIdian V2 (01/2023)
* Bankrot ViewRay (10/2023)

* instalace zrusena
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Workflow ozareni na MR-Linac, Iw

* Provedeni simulace na MR-Linac (pritomnost civek pro MR zobrazeni)
* Planovaci CT vysSetreni (dummy coils)

* Fuze MR a CT

* Definice cilovych struktur a OAR dle MR

* Vypocet davky na planovaci CT

~ * Zhodnoceni ozarovaciho planu dle DVH a klinickych constraints




Workflow ozareni na MR-Linac,

* Priklad civek pro MR-Linac

\Jrtiexkta

‘Alongi F, Belka C, Boldrini L, Hérner-Rieber J, McNair H, Rigo M, Schoenmakers M, Niyazi M, Slagter J, Votta C, Corradini S. Patient positioning and immobilization procedures
¢ systems. Radiat Oncol. 2021 Sep 20;16(1):183. doi: 10.1186/513014-021-01910-6
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Adaptivni radioterapie (ART), Iw

* Radioterapie, pri které je vytvoren novy ozarovaci plan na zakladé 3D
zobrazeni pacienta v pribéhu radioterapie

* V pfipadé, kdy je podezieni, Ze plivodni ozarovaci plan povede k
nedostatecnému pokryti cilového objemu nebo navyseni ozareni okolni
zdravé tkané kvuali zméné velikosti tumoru, zméné hmotnosti pacienta nebo
jinych zmén anatomickych poméru, které mohou v prtiibéhu radioterapie
nastat




Adaptivni radioterapie (ART),

* Klasifikace ART:

* Offline ad hoc replanning — replan je vytvoren na zakladé zmény velikosti tumoru a
jinych faktor(

* Protocolled offline replanning — replan je vytvoren na zékladé preddefinovaného
protokolu — nastavené akcni urovné a rozdily ve velikostech zjisténé pri IGRT nebo jinych
planovanych vysetrenich

* Online plan library — vybere se plan nejlépe odpovidajici aktualni anatomii, podminkou
je existence knihovny plan( pripravenych pro ocekavatelné zmény

* Daily online replanning — optimalni ozafovaci plan je vytvofen okam?zité pied
ozarenim, reflektuje interfrakéni zmény pacienta

Reference: Okamoto H, Igaki H, Chiba T, Shibuya K, Sakasai T, Jingu K, Inaba K, Kuroda K, Aoki S, Tatsumi D, Nakamura M, Kadoya N, Furuyama Y, Kumazaki Y, Tohyama N, Tsuneda M, Nishioka
S, Itam‘i.m}ﬁi H, Shigematsu N, Uno T. Practical guidelines of online MR-guided adaptive radiotherapy. J Radiat Res. 2022 Sep 21;63(5):730-740. doi: 10.1093/jrr/rraco48.



Adaptivni radioterapie (ART),

TABLE 3 | Tre

* Kdy adaptovat?

« Zadné oficialni
doporuceni

* Rozhodnuti je klinické v
ramci pracovisté

* Priklad klinické
protokolu s akénimi
urovnémi pro
radioterapii v oblast
H&N

Reference: Gros SAA, Santhanam AP, Block AM, Emami B, Lee BH, Joyce C. Retrospective Clinical Evaluation of a Decision-Support Software for Adaptive Radiotherapy of Head and Neck Cancer
Patients. Front Oncol. 2022 Jun 30;12:777793. doi: 10.3389/fonc.2022.777793.
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Adaptivni radioterapie (ART),

* Kdy adaptovat?

Assessment of parotid gland dose changes during
head and neck cancer radiotherapy using daily

. q v 1 d h d def bl
* Studie Lee et al ukazuje, Ze e regrration L opraphy anddelomable
vsichni H&N pacienti budou _
benefitovat z replanu,

DOI: 10.1016/

parotidy se behem lécby

zmensuji a jejich radiacni
poskozeni je pak vétsi nez
bylo planovano

* D, .. VZroste o méné nez
~  10% u 7/10 pacient( a vice
= nez 10% u 3/10 pacientd

"Reference: Lee C, Langen KM, Lu W, Haimerl J, Schnarr E, Ruchala KJ, Olivera GH, Meeks SL, Kupelian PA, Shellenberger TD, Mafion RR. Assessment of parotid gland dose changes during head and
neck cancer radiotherapy using daily megavoltage computed tomography and deformable image registration. Int J Radiat Oncol Biol Phys. 2008 Aug 1;71(5):1563-71. doi:
10.1016/j.ijrobp.2008.04.013.
>



Adaptivni radioterapie (ART);

* Kdy adaptovat?

* Pocet publikaci tykajicich se
adaptivni radioterapie ve
smyslu online roste
exponencialné
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Adaptivni radioterapie (ART),

% Kdy adaptovat? -A eraors: oenzoPocel, Corsen Bk

* ESTRO pomtize?
(SBRT means against)

Debate Vote

Vote via the congress mobile app

Daily adaptive radiotherapy is pushed by manufacturers
instead of clinical evidence

AFTER the debate
+ SBRT

* WPRT

| 37may202«  EQTRO
; 2024
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Adaptivni radioterapie na MRL,

* Workflow pro adaptace na MRIdian

Target and OAR Creation of reference

* Recontouring pomoci | : |
deformabilni registrace M e N e N i

* Vypocet na deformované pasorinsaman | Ao
syntetické planovaci CT

\_ Repeated at
| each fraction

[ Plan optimization |
with “weight' or ‘full'

Online treatment plan

* Automatické srovnani DVH a ey | A
vyhodnoceni davkovych
CO n St ra i nts Treatment set-up

|I Online adaptation

N .-‘-\cquis'r; 1 of new

Treatment preparation

Treatment delivery

* Nezavisly vypocet v ramci
TPS jinym algoritmem

‘ Reference: van Timmeren JE, Chamberlain M, Krayenbuehl J, Wilke L, Ehrbar S, Bogowicz M, Hartley C, Zamburlini M, Andratschke N, Garcia Schiler H, Pavic M, Balermpas P, Ryu C, Guckenberger
M, Tanadini-Lang S. Treatment plan quality during online adaptive re-planning. Radiat Oncol. 2020 Aug 21;15(1):203. doi: 10.1186/513014-020-01641-0..
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Adaptivni radioterapie na MRL,

* Workflow pro adaptace na Unity

* Recontouring pomoci Workflow of the MRgART
deformabilni registrace

* Vypocet na deformované
syntetické planovaci CT

e Automatické srovnani DVH a
vyhodnoceni davkovych
constraints

OFFLINE ONLINE

- * Nezavisly vypocet od jiného
- dodavatele

Reference: Uno T, Tsuneda M, Abe K, Fujita Y, Harada R, Saito M, Kanazawa A, Kodate A, Abe Y, lkeda Y, Nemoto MW, Yokota H. A new workflow of the on-line 1.5-T MR-guided adaptive radiation
4 therapiy;ﬁadiol. 2023 Nov;41(11):1316-1322. doi: 10.1007/511604-023-01457-4.



Adaptivni radioterapie na MRL,;

* Workflow pro online
adaptace

PHYSICIST

PTS

* Rozdéleni adaptacniho

procesu dle profesi P

MR Acquisition Start

Re- contour MR ACQUISTION

* Nutnost kontroly
elektronovych densit a
pritomnosti vzduchovych i
bublin (soulad CT s aktualnim —

N 2 Real Target Settings N N BEAM DELIVERY
M R) Real target Monitoring + irstuciicns tolihe patiank +  Realtarget Monitoring ety

Plans Evaluation OART
Plan Validation RE-PLANNING

End of Beam Delivery

PTS
DRESSING

Patient exit from the bunker

Reference: Votta C, lacovone S, Turco G, Carrozzo V, Vagni M, Scalia A, Chiloiro G, Meffe G, Nardini M, Panza G, Placidi L, Romano A, Cornacchione P, Gambacorta MA, Boldrini L. Evaluation of

clinical parallelworkflow in online adaptive MR-guided Radiotherapy: A detailed assessment of treatment session times. Tech Innov Patient Support Radiat Oncol. 2024 Feb 13;29:100239. doi:
10.1016/j.tipsro.2024.100239.



Adaptivni radioterapie na MRL,

- Casova naro¢nost adaptace na MRL

* Na Unity = 38
minut (zalezi na
volbé ATP nebo
ATS)

Treatment workflow on 1.5T MR-Linac

ADP workflow steps

and adaption): 17.2 min

* Na MRidian je

Plan reoptimization: 3.1 min

median
a d a ptova n é h O Treatment delivery: 6.7 min
Oza, \r{en I, = 34 “ i e e Post-treatment MR-imaging:

. - 2
Patient Entry ar 2.0 min

minut (ADP)

rence: Potkrajcic V, Gani C, Fischer SG, Boeke S, Niyazi M, Thorwarth D, Voigt O, Schneider M, Monnich D, Kibler S, Boldt J, Hoffmann E, Paulsen F, Mueller AC, Wegener D. Online Adaptive
MR-Guided Ultrahypofractionated Radiotherapy of Prostate Cancer on a 1.5 T MR-Linac: Clinical Experience and Prospective Evaluation. Curr Oncol. 2024 May 9;31(5):2679-2688. doi:
110.3390/curroncol31050203.

otta C, lacovone S, Turco G, Carrozzo V, Vagni M, Scalia A, Chiloiro G, Meffe G, Nardini M, Panza G, Placidi L, Romano A, Cornacchione P, Gambacorta MA, Boldrini L. Evaluation of clinical parallel
workflow in online adaptive MR-guided Radiotherapy: A detailed assessment of treatment session times. Tech Innov Patient Support Radiat Oncol. 2024 Feb 13;29:100239. doi:
10.1016/j.tipsro.2024.100239.



Adaptivni radioterapie na MRL;

* Vysledky adaptace na MRL

* Studie v Zurychu
— 52 pacientll —
238 online
adaptaci

Reference: van Timmeren JE, Chamberlain M, Krayenbuehl J, Wilke L, Ehrbar S, Bogowicz M, Hartley C, Zamburlini M, Andratschke N, Garcia Schiler H, Pavic M, Balermpas P, Ryu C, Guckenberger
M, Tanadini-Lang S. Treatment plan quality during online adaptive re-planning. Radiat Oncol. 2020 Aug 21;15(1):203. doi: 10.1186/513014-020-01641-0..



Adaptivni radioterapie na MRL,

* Realita ozareni na MRIdian

* Definice Tracking
structure
(zelené) + cilovy
objem (Cervené,
TS+margin)

* MRIdian V2
umoznuje online
kontrolu pouze v
sagitalnim rezu




Adaptivni radioterapie na MRL,

* Realita ozareni
na MRIdian

* Gatingve 3
rovinach (verze a3i)

* Vizualizace beamu
a MLC segmentu

_* Ozareni technikou
~ IMRT

% Orine ‘ WG23464  Onine




Adaptivni radioterapie na MRL,

* DalsSi adaptace na MRL

e Ozareni prsu v pozici prone
* APBI—30 Gy / 5 frakci (obden)

e Pacientky po lumpektomii s
negativnimi okraji

‘Reference: Ng J, Pennell R, Formenti SC. The initial experience of MRI-guided precision prone breast irradiation with daily adaptive planning in treating early stage breast cancer patients. Front
Oncol. 202 23;12:1048512. doi: 10.3389/fonc.2022.1048512.
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