(JElekta

Unity

Klinische ervaringen met MR-gestuurde
radiotherapie bij rectum-tumoren

Gert Meijer
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Ratlona Ie interfraction motion

gﬁ% UMC Utrecht tumor shrinkage
Van den Begin et al, Acta Onc 2018



contemporary CT based RT online MR guided RT

imaging imaging

planning planning

treatment treatment
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Adapt to shape workflow 5x5Gy

Structure Dosimetric Criterion

m PTV_5000_12mm V5500cGy < 0.5 cm?
V5350cGy < 2cm?

. . . V4TS0CGY > 99 % (-2 %)

Simulation Online S

V4500cGy < 195 am?

Bladder V5000cGy < 5 %

CTVmesao_5000 V4750cGy = 99 %
CTVnL_5000 V4750cGy =99 %
CTVnR_5000 V4750cGy =99 %
CTVps_5000 V4750cGY > 99 %

PTV_5000_6mm V5500cGy < 0.5 cm?
. . V5350cGy < 2 em?
MRI'SlmUIatlon V4750cGy > 99 % (-2 %)
PTV_5000_Smm V5500cGy < 0.5cm?
V5350cGy < 2am?

V4750cGy > 99 % (-2 %)

Deformable
Registration / Contour

Contour Adaptation
propagation

Position Dose
Verification Delivery

Replanning

Structure Cost Function Reference Dose (cGy) Power Law Exponent Shrink Margin ...
W PTV_5000_i2mm  ~ TargetEUD

Quadratic Overdose 5050.0

Target Penalty

m Bowel Serial 14.00 0.30

B

Serial 14.00 1.50

Serial 14.00 3.00 H — 1
Pre-treatment MRI . o o o Position Verification Intrafraction MRI Post-fraction MRI
Serial 14.00 1.50 MRl
Serial 14.00 3.00
= Femur_L ~  Serial 14,00 0.30
[ Femur R +  Serial 14,00 0.30
= body +  Quadratic Overdose 4750.0 0.00
UMC UtreCht Quadratic Overdose 4000.0 0.60
Quadratic Overdose 2500.0 2.50
Maximum Dose 0.30

S— - Intven et al. Radiother Oncol. 2020




In 2018..

Started with conventional used margins

10 mm PTV margin around mesorectal CTV
8 mm around lymph node CTV

Assessed intrafraction movements

Fraction 3
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Margin reduction

After 25 patient reduced the margins based on analysis of the intrafraction motion of 6
patients.

« 4 mm mesorectum, 6 mm anterior

« 4 mm elective lymph node areas

Uncovered CTVmeso volume ’ Uncovered CTVmeso volume
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Intven et al. Radiother Oncol. 2021



31% reduction
in PTV volume

Margin 1 cm / 8mm Margin 4 mm / 6 mm
Volume CTV 351 cc Volume CTV 351 cc
Volume PTV 774 cc Volume PTV 536 cc

gﬁ% UMC Utrecht



Transition RO led to RTT led treatments
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Van ATS naar ATS-lite

Workflow: Adapt to Shape-Lite (ATS-L)

Omschrijving

Een volledig nieuw plan optimaliseren aan de hand van een gedeformeerde intekening (of met
kleine aanpassingen) gemaakt op de MRI van de dag.

Doel

Dagelijks de intekening deformeren en het bestralingsplan aanpassen voor een optimale
bestralingsbehandeling. Om tijd te besparen worden de automatisch gedeformeerde contouren
gebruikt voor een plan optimalisatie. Intekeningen worden door de laborant na deformatie alleen
aangepast als doelgebied niet binnen PTV ligt.

Bevoegdheid
Deze handeling wordt met minimaal 2 laboranten uitgevoerd, zodat ze elkaar kunnen controleren. Er
is geen arts aanwezig tijdens de behandeling.

on-table time

42 min == 22 min

éﬁ% UMC Utrecht

Deformable
Registration / Contour

Contour Adaptation
propagation

Dose

Replanning Delivery

Pre-treatment MRI PSsition Verification Intrafraction MR

MRI

Pre-treatment scan

RT delivery

Contouring

Pre-RT preparation

Planning



External Boost

preRADAR trial: Radiotherapy dose escalation trial

« Phase | radiotherapy dose escalation, 6+3 design

« > CcT3cdNO or cT1-3N1, MRF-, EMVI-

3 dose levels

« 5x5 Gy SCRT followed by 3-5 boost fractions of 5 Gy

gﬁ% UMC Utrecht

Week 1 Week 2

Standard treatment [ Mon | Tue | Wed | Thu | Fri
Dose level 0 Mon | Tue | Wed | Thu | Fri < | Mon [Tue s

(¢} D
Dose level 1 Mon | Tue | Wed | Thu [ Fri | & [ Mon [Tue [ Wed )
Eiele\@ Mon | Tue | Wed | Thu | Fri| & | Mon | Tue | wed | Thu 2
Dose level 3 Mon | Tue | Wed | Thu | Fri Mon | Tue | Wed | Thu | Fri
STAR-TREC 3

Verweij et al. BMJ Open 2023



External Boost

MRgRT for dose escalation

Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5

. 1
i
p

Fraction 1 Fraction 1 Fraction 1

13 min 20 min 25 min
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External boost (marge GTV)
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more motion proximal tumours
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Eijkelenkamp et al. Radiother Oncol 2021



Need for online adaptation

Motion Maragement = Stop APM

APM Target Structure;  GTV #™N\»  APM Registiniion Rructure:  Gatieg Gotieg Emvelopes  PTV »~ . Exam Card; MRL Pedvis L Preset; T2 T5E Cor Seg 0.3 FPS
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Tlibingen— Online adaptive dose escalation using ultrasound gel

MRI pre
50 Gy in 25 fractions + Capecitabine on Standard Linac —— MRI post

J | dﬁ:

°g

* One fraction per week 3 Gy boost on GTV

Bestrahlung
werktaglich

Chemotherapie l |

5 Wochen
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Gani et al., Radiother Oncol 2021
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TME-free Survival
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100% -

50% -

25% -

D=

Number at risk

12

24

12

TME-free Survival

1
i
I
I
|
i
i
-
I
1
I
i
I
i
I
I
I
I
i
1
I
1
i
i
I
i
i
i
1
1
1
i
i
i
|

24

14

24

83% at 24 mo

Months

Months

36

36

48

48

60

60

Gani et al. (unpublished ESTRO 2026)



Manchester

Pittsburgh Utrecht

Tubingen

Wisconsin

* Histologically confirmed rectal cancer
 distal and mid rectal tumors
* cT1 (unsuitable for endoscopic resection or N1),
cT2, cT3, cNO or cN1
cMO
* Non-circumferential growth
* Longitudinal extension < 8 cm

CBCT-Radiotherapy
5X 2 Gy/week

5-FU 250 mg/m%d [ |

gﬁ% UMC Utrecht




Recent technical developments

Worst Segmentation (HDys=7.6 mm)

Coronal Sagittal

Segmentation
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Kolenbrander et al. (PhiRO 36 2026)
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