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Klinik fur Strahlentherapie:

2 X Elekta Versa HD (mit Gating & SGRT)
1 x Elekta Synergy

1 x Elekta Gamma Knife

2 X Elekta Synergy in 2 Privatpraxen

1 x Varian Ethos (mit SGRT)

Ethos Timeline:

Sept & Okt 2023: Installation & Schulungen
12.12.2023: RT des ersten uHF-Patienten
Juli 2024: Upgrade auf Ethos 2.0

Stand Jan 25

insgesamt: 316 Patienten
ART (uHF P + andere Sites): 82+13

IGRT: 221

29.1%

1.6%

\
\

3.5%

Stand Jan 26

insgesamt: 575 Patienten
ART (uHF P + andere Sites): 256 +32
IGRT: 287
I P uHF ART
P mHF IGRT
2.7% P NF IGRT
X P adv/rec
I LN + P&LN
Bone
P&Bone
Abdomen

2 5.3%

[



Online adaptive Strahlentherapie (0ART)

Vorteile ? Kompensation von Bewegung, Organfullung & Deformation

@@“\1“/ y lg

Planning Image Coronal [

Dona Lemus OM, et al.: Adaptive Radiotherapy: Next-Generation Radiotherapy.
Cancers (Basel). 2024

MRI CBCT PET
Elekta Unity 1.5 T MRI with a 7MYV
Current FFF LINAC . .
systems ViewRay MRIdian (legacy system) MV Varian Bthos MYV FFF RefleXion X1 6MV FEF
FFF 0.35 T MRI

ART workflow
$25.00cm +10.56 ¢

Sagittal

Unity: Adapt to position (ATP) and
adapt to shape (ATS).

MRIdian: Choice between scheduled vs.

adaptive plans.

Chuoice between scheduled vs.
adaptive plans.

Offline ART feasible;
online ART under
development.

Faster imaging speed,

; . i * e Metabolic and functional
*  Superior soft-tissue contrast; . . M . .
. - . especially with HyperSight'™; imaging,
. No radiation dose, can therefore b ’
. i 3 o High throughput; e On-board kVCT
provide continuous real-time - . . . .
Strengths - . . »  Cheaper and more accessible provides good imaging
m()mtormg durmg treatment; s .
e Functional and metabolic than the other two modalities; quality;
1 imaging o Planning directly on CBCT ¢ Real-time tracking;
_ §n8 with HyperSight™. e Multi-target delivery.
Ry *  Expensive; *  Expensive;
PENsIvVe; . e Longer imaging time;
. Longer imaging time and slow C N
throhghpu & e Radiation dose;
LAl =28 B0k SIS0 S las o0 cn 1 20.00cm e e Need electron density for e Limited soft-tissue contrast; ° F:;l;gi;‘;“ag“m"“t o
Limitations planning (MRIdian: DIR; Unity: e Radiation dose; R [\"eed t:) combine with
bulk electron density); o No functional imaging.
I CT for anatomy and
¢ MR safety compatibility; lanning: ’
o Technical interference with P e
LINAC ¢ Technical interference
: with LINAC.
. Pelvic;
Key clinical . Abdominal; . Head and neck; N Lung;
sites e Pelvic. o DBreast; e Bone.
o Lung.
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Online adaptive Strahlentherapie (0ART)

Umsetzung?

CBCT 1

Treatment Date: Friday, 29 Nove

4B Treated with Adapted Plan

[k

10:20:30 AM (UTC+1:00)

b owhe

der Universitat Heidelberg

IGRT

Bestrahlung

T

EinflUhrung / Organisation der oART
Tagliche Bildqualitat
Segmentierung

Dosisoptimierung
Organbewegungen

session feedback




1.1 IGRT vs. oOART

S e e _
 Normo- (71.4Gy a 2.38Gy) vs. hypo- (60Gy a 3Gy)

Stand Jan 25 Stand Jan 26

- Patienten
| MU 1704 =+ 245 4 3600,1 =+ 2944
- Beam-on Time 3.55 + 0,45 70+ 10
(min)
| Mobius 983 + 1.2 99.8 + 0.2
Gamma (%)
Veriga 995 + 0,4 99,94 + 0,13
Gamma (%)
Planungs- 6,3 29 45 *+ 39 &
| ~ versuch Modifikationen

derUn rsi. widelberg



1.2 Organisation der klinischen Routine

Herausforderungen

@ uvm

Aufwendigere Terminierung & Pufferzeiten
(ART 45min vs. IGRT 15min)

Vorbereitung & Nachsorge der Patienten
Schulungen von dedizierten Ablaufen (KI)
(vs. IGRT)

Erhohter Personalaufwand (MTRs, Artze, MPES)
& Verfugbarkeit fir oART

Ausfallkonzept

Wechselndes Personal & Interobserver
Variabilitat pro Patient (ART Qualitat?)

mehr Aufwand vs. mehr Moglichkeiten

Medizinische Fakultdt Mannheim
der Universitét Heidelberg

UNIVERSITATSMEDIZIN
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“ LB3E - W DO - Tagesibersicht: Standort

Standort:| LB3E :

[ =

Kommentar

| SchlieBen

PUFFER - Prostata
ghenpers AD ad

Prostata BB, A-Teil

VisionRT + ABC Daily Check

Ubemahme wg. US am Me am LB2

Puffer Prostata

F‘rns(t +W
Prostata+ Os Pubis li./
LAW Prostata + BE he

P-Loge heute BE
PUFFER - Prostata

Blase leer

LAW + Sib  WBE: kiIBB+CRP+NB HEUTE!
Prostata

clinical relevance/interest

equipment/financial resources

* % human resources

training

iﬁi iﬁg capacity on the machine [*

lack of QA solutions

iﬁg technical limitations

reimbursement

Bertholet J, et al.: Patterns of practice for adaptive and real-time radiation therapy (POP-ART RT) part II:

Offline and online plan adaption for interfractional changes. Radiother Oncol. (2020)

Hinzufiigen
Loschen

Aktualisieren

Alle
41742

Patient
41742

Barriers to expand/modify the ART technique ~ Barriers to implement ART for a new
for an existing tumour site (57 responses)
T I T T

I total RT
298 [ ]adaptation
60 [ delivery
— 37.8
[
£ 40 342 33.9
£ 25.7
[
21.5
E 19.1
hel 17.6
204
13.0
10.3 10.1 10.6
0 ’—}‘ ’—X_‘ ’—I-‘
3 months v1 |8 months v1| 1 month v2 |4 months v2 |7 months v2

tumour site (105 responses)
I T T

n=5 pro Gruppe

I
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m7
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3
m 2
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2.1 Einfluss des synthetischen CBCT / MRT

 “HU-ED-override” Anséatze

ROI mapping

« Korrekturalgorithmen fir Streuung

* Reg |Str| e rU n g S m eth Od e n Z u m P I an u n gS CT Fotina et al.: Feasibility of CBCT-based dose calculation: Comparative
analysis of HU adjustment techniques, Radiother. Onc. (2012)
= Verbesserung durch Ki

= reale Anatomie? Einfluss auf Segmentation & Dosis
= tagliche Anpassung vs. Unsicherheit

Maspero et al.: Dose evaluation of fast synthetic-CT generation using a
Search: (cbct synthetic ct) AND (adaptive radiotherapy) generative adversarial network for general pelvis MR-only radiotherapy,

Phys.Med.Biol. (2018)

H&N Thorax Pelvis
400 4 _221 400 - :ZEI 400 - QSI
- —— CBCT |—cBecT

CBCT:
300 300 1 300
2017 2026 e Y Y
E 200 E 200 £ 200 -
s 3 3
> > >
100 100 100
Search: (mri synthetic ct) AND (adaptive radiotherapy)
0 0+ 0
T T T T T T T T T T T T T T T T T T T 1
-300 200 100 0 100 200 300 400  -1000-800 -600 -400 200 0 200 400 -500-400-300-200-100 0 100 200 300
. CT number (HU) CT number (HU) CT number (HU)
-

Eckl et al.: Evaluation of a cycle-generative adversarial network-based cone-beam CT to
2016 2026
r. Ui j

, . synthetic CT conversion algorithm for adaptive radiation therapy, Physica Medica (2020)
Medizinische Fakultat Mannheim ;f, 2
w oll e
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2.2 SCT vs. natives CBCT

HyperSight CBCT (2023)

Config 2, MAR Rekonstruktion

A m
| 'y o
/’ B Pelvis
z @  Thorax
5 T TSI~ i Y 4 Breast
.!. : % Head
.’/’
///I/.
w
0.2 4
T T T T
-1000 -500 0 500 1000 1500
CT number (HU)
Planungs CT vs. Hypersight CBCT Planungs CT vs. HyperSight alt vs. HyperSight neu
1.8 1.8
p, n
1.6 A 1.6
14 —d 144 "
" "
~ 1.2 - —~ 124
Q o [+]
$ et $ -
= 1.0 = 1.0+ _-.l-
3 - B
0.8 o 0.8 - /
06 - 064 /
)72 / HyperSight alt
o HyperSight
0.4 - ,/I,I', 0.4 4 . /.l. . péirper ight neu
e &n
Ethos 2.0:
-1000 —5‘00 (I) 5(‘]0 10‘00 1500 -1000 -500 0 500 1000 1500
CT number (HU) CT number (HU)

= verbessertes sCT (,CBCT anatomy priorization®)

— Dosisberechnung auf CBCT fur Acuros/MAR Rekonstruktion
@ uvm
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= Hinterlegung verschiedener Kalkurven
= engmaschigere QA-Frequenz? g



3.1 (Auto) Segmentierung

manuell automatisch einseitige TEP

Zeit fur
Konturierung
eines RT
Struct : 1.5 min

Blase

Femur links
Femur rechts

r@uvm : . @
Medizinische Fakultat Mannheim [ :“'L"Z(g‘r_
der Universitét Heidelberg ‘,%gm&b_ )

Universitatsklinikum Mannheim —




3.2 Seg

mentierung

& Zeit

Okt 24 - Jan 25

16 Patienten
80 ART Fraktionen

98t

10.6 min
(21.5%)

TABLE 4 Timing data for retrospective and clinical patient
fractions

Retrospective data  Clinical data

Adaptive time Adaptive time
(average + SD) (average + SD)
Treatment site (mm:ss) (mm:ss)
Intact prostate 15:21 + 03:18 33:57 + 05:13
Intact prostate and nodes  19:30 + 04:06 34:12 + 06:23
Prostate bed and nodes 21:20 + 03:55 34:17 £ 07:23
All sites 19:11 + 04:29 34:11 + 06:34

Byrne et al. (2025): Varian ethos online adaptive radiotherapy for
prostate cancer: Early results of contouring accuracy, treatment plan
quality, and treatment time, J Appl Clin Med Phys (2022)

Setup & CBCT1

Interval Between

letouj:ingl ) QA Time [min] Be?m-un Time CBCT1-CBCT2 Total Tte‘atment
Adaptation [min] [min] . Time [min]
[min]

Mean 12:11 05:27 05:22 1738 30:17

Std. Dev. 05:14 01:23 00:44 05:02 05:49

Minimum 04:09 03:00 03:58 11:00 22:37

Maximum 24:51 08:42 06:39 28:35 43:07

25th percentile  07:59 04:35 04:43 16:00 25:07

Median 10:37 05:00 05:29 13:30 30:31

75th percentile  16:20 06:04 05:56 21:49 33:00

Wurschi G, et al.: CBCT-Based Online Adaptive, Ultra-Hypofractionated
Radiotherapy for Prostate Cancer: First Clinical Experiences. Medicina
(Kaunas). 2025
F@ uvm
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tedian = 24.0 min

cBCT CRCT2
Segmentierung & Plan CBCT2
Plan Optimierung Akzeptanz & QA\

Matching & Delivery
& Session Close

194 %
5.5 min
(42.6%)

108 £
2.1 min
(23.7%)

/

16+
1.9 min
(3.5%)

Prostate intrafraction motion during radiotherapy on a 1.5T MR-Linac

Post-treatment imaging
2:00 minutes (5.6%) Patient setup

5:21 minutes (14.9%)

Treatment delivery 7 N\ sl
5:42 minutes (15.9%) y ‘\\
\
\ Initial scan imaging
/ \\ \ 2:00 minutes (5.6%)
\ N
I \.\ \
- \\ //\\

Dosecheck
Position verification scan assignment
4:10 minutes (11.6%)

/ Contour propagation

> manual checking and adaptation
= 11:13 minutes (31.2%)

Plan re-optimization
+ Position verification imaging
5:29 minutes (15.3%)

de Muinck Keizer DM, et al. Prostate intrafraction motion during the preparation and delivery of

MR-guided radiotherapy sessions on a 1.5T MR-Linac. Radiother Oncol. 2020

Eckl et al. : Analysis of Online Adaptive Treatment Quality in a Cone-Beam-CT Based Workflow for Ultra-
Hypofractionated Radiation Therapy of Prostate Cancer, Physics and Imaging in Radiation Oncology (2025)

Total Treatment

Time

Contour Plan generation/
Pre-CT adaptation evaluation
21.0 14.5 8.3 18.2
(31.0%) (21.5%) (12.3%) (26.8%)
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

Brand et al.: First-in-Men Online Adaptive Robotic Stereotactic Body
Radiation Therapy: Toward Ultrahypofractionation for High-Risk Prostate
Cancer Patients. Adv Radiat Oncol (2025)

zeitlicher Nachteil durch oART
vs. Verbesserung durch Ki

10



4.1 Tagliche Dosisoptimierung

Scheduled Plan

kVCBCT_02a01 Session 2

Auswahl zwischen 2 Behandlungsarten:

 SCH: rekalkuliert auf CBCT & IGRT
Tischverschiebung

 ADP: re-optimiert auf CBCT
(gleiche Strahlgeometrie & Constraints)

W:350HU L:35HU

$10.00cm 35/92 -108.61cm
Sagittal O] E )

Session 2
~——" :

PTV

3 goals Scheduled Adapted
V 3625 cGy=98.0 % oo
0% Pr1 g e
= - 0__0_ . 0_0 Adapted Plan (treated)
94.7% 94.7% Session 2

602 Gy 706 cGy
D 98.0 % = 3440 cGy . A J
(D'98.0 % = 688 cGy / Fx) P1 "

703 Gy 703 Gy

CTV
3 goals Scheduled Adapted ‘ \~e ) - S (00
. : v ‘
880 cGy 857 <Gy < . *
Dmax 0.00 cm3 < 5438 cBy P2 A L W:350 HU L:35HU 110.00cm 35/92 -108.61cm
(Dmax 0.00 cm3 < 1088 cGy / Fx : T & T Coronal [ kVCBCT_02a01 Session 2
875 cG 875 cG Friday, 29 November 2024 10:23.. Sagittal
V 4000 cGy > 98.0 % 81.1% 92.0%
Vv : g Yo A
v 4 E o P:1 "'|.|||||| |.||||||
92.0% 92.0%

Vorteil durch oART : optimale Anpassung der
taglichen Dosis (max. Referenzzustand)
@ uvm

‘ UNIVERSITATSMEDIZIN
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©110.00cm -1.05cm

Medizinische Fakultat Mannheim
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---- Reference plan
—— Scheduled plan

- - - Reference plan
—— Adapted plan

S—

V4000 cGy=98.0 %

cTv
V4000 G

CTV V4200 ¢Gy220.0 %

CTV Dmax<5438 cGy

PTV D0.04 cm323700 cGy

PTV D98.0 %23440 cGy

V3625 cGy298.0 %

PT
Y. V3625 ¢Gy295.0 X

PTV-CTV Dmaxs125.0 %

2 Anus Dmeans1200 cGy

Bladder V1810 cGy=40.0 %

Bladder V3600 cGy=10.00 cm3

Bladder V3700 cGy=10.00 cm3

Blase ohne PTV V3700 cGys10.00 cm3

2 Blase ohne PTV V1810 cGy=40.0 %

3 Blase ohne PTV

2 help (Body-2cm)

2 help (Body-2cm)

2 Patient

2 Penile bulb

V1500 cGy=5.0 %
V1500 CBY=10.0 %

2 Bowel V1810 cGys5.00 cm3

2 Bowel V3000 cGys1.00 cm3

Femur head & neck left Y1430 €GY=S..

V1450

Femur head & neck V1450 c
right V1450 €

D5.00 cm322500 cGy
D5.00 6m3<2800 cGy

V1250 cGy=15.0 %
V1250 cGy<20.0 %

help (Body-2cm) D10.00 em3<2000 c.

Dmean<500 cGy
Dmeans1200 cGy

2 Patient V1250 cGy=20.0 %

V2950 cGys50.0 %
V2950 cGy51.0 %

Rectum V1810 cGy<50.0%
Rectum V2900 cGy<20.0%

V3600 cGys1.00 cm3

RECIUM 5600 cays2.00 cm3

V1900 cGy=15.0 %

Rectum V1900 cBy=25.0 %

Rectum V3500 cGy=1.00 cm3

Urethra PRV 0.5cm V4400 cGy<20.0 %

11




4.2 CBCT oART: Dosisvortell vs. Zeit

5 Patienten
25 ART Fraktionen
80 Plane
SCP on CBCT1
1 pass

o fail

V36gy (rectum) V3g.56y (CTV)

V;76, (bladder) V36.256y (PTV)

r . U M M Medizinische Fakultdt Mannheim

der Universitit Heidelberg
‘ UNIVERSITATSMEDIZIN
u MANNHEIM Universitatsklinikum Mannheim

35.1 min

Lange oART : Verlust des dosimetrischen Vorteils!

Eckl et al. (2025): The impact of adaptation time on treatment quality in CBCT-based ultra-hypofractionated adaptive 12

radiation therapy for prostate cancer, ESTRO poster #E25-1924



4.2 CBCT oART: Dosisvortell vs. Zeit

5 weitere Patienten
25 ART Fraktionen

80 Plane
SCP on CBCT1 ADP1 on CBCT1 ADP2 on CBCT2
[0 pass [ pass 1 pass
o fail o fail o fail

V30, (rectum) Vg.56y (CTV) V346, (rectum) Vagsay (CTV) Vg4, (rectum) V39.56y (CTV)

Visascy (PTV) Vg6, (bladder) Vigasay (PTV) V6, (bladder) V36256, (PTV)

V376 (bladder)

A
v

23.3 min

Erfahrung, Schnelligkeit & Pragmatismus

r ‘ UMM Madzinische Fakutat Manntaim ,5:” i

der Universitit Heidelberg
‘ UNIVERSITATSMEDIZIN A
u MANNHEIM Universitatsklinikum Mannheim

Eckl et al. (2025): The impact of adaptation time on treatment quality in CBCT-based ultra-hypofractionated adaptive 13
radiation therapy for prostate cancer, ESTRO poster #E25-1924



4.2 CBCT oART: Dosisvortell vs. Zeit

5.5 1
5.0
4.5
4.04
3.5
3.0
2.5

2.0

V366, (rectum) in (cm?)

-0.5

@ uvm

‘ UNIVERSITATSMEDIZIN
| MANNHEIM

Vigey (CTV) in (%)
[e2]
(&3]

95+

20

93.7 94.3 95.3
éssn 93.1 93.8
92.6 92.5 92.§
595 T
85.6
82.3

R 25%-75%

T Range within 1.51QR!
— Median Line

& Mean

+ Outliers

1.5 1
1.0 1
0.5+
0.0 1

0.95

0.50
0.23

0.74
0.57
0.48

-

0.80

0.49 °-5‘
0.17 0.0ﬂ‘
T

1.27]

T T
Refpct  IGRTcgeT1 ARTegeT1 ARTCRCTR

Eckl et al. : Analysis of Online Adaptive Treatment Quality in a Cone-Beam-CT Based Workflow for Ultra-

V76, (bladder) in (cm®)

- -
N L
[P R B

-
o

N
1

o o
P R

£
PR

’ 8.37
&
618 ls 82 6.54
5.68 505 . s 31
. 4 -
5.11 h4 -89
3.44 l 3.87
2.16
€L /:\

Refoct  IGRTcgeT1 ARTepeT1 ARTCBCT2

0ART: 1 Zielvolumen-Abdeckung vs.
IGRT.

OAR profitieren durch oART nur
bedingt.

Lange Adaptionszeiten : | Planqualitat
auf CBCT2.

Wiederherstellung der Ref-Dosisqualitat
mit gleichen Constraints ausreichend

Hauptursachen: Luft im Rektum, pelvine
Muskelbewegung und Blasenflllung.

14

Hypofractionated Radiation Therapy of Prostate Cancer, Physics and Imaging in Radiation Oncology (2025)



4.3 MRT oART: Dosisvortell vs. Zeit

32 Patienten

ART Zeit:

SMILE trial (37.5Gy a 7.5Gy)

39 min

15 Patienten
uHF focal Boost (40/45Gy a 8/9Gy)

B C
CTV Coverage Urethra 49
Prediction Adaptation Prediction Adaptafion
46
1004 ven e ESgRgT 100 seagacegy 54 55 .
. | . &
_'_(g,-_ kel apdhl e % _______ Mgl & @ 343
@ [T )
954 & 8@ 954 i — S
i . @ g m \ 37
& @ @G ® & _ o @ &% Lol ® _ 38
@ @ e =
o 90 o0 @ @ @ & 1) 34
@ = g ke @ 9 | e
g ® g E (o0 R o =l % 8 -"-—ﬁpﬁ.,@.,-.
<] 3 s eg e fleb %0, (0] LU L Lo L
o o PER R, 5 PRSI = B e T dh it O - Lol 50
> 854 = 85 =] f._: * t| O :_-,ltl M
o G il Ml 1 - 1 45
& . r 5
80 80 bt 840
@ il 2
il O 35
® (=]
55 4 36
7 T T L T T 75 T T T T T T R LT T L Rt eyt R SUE 30
Patient ID Patient ID Patient ID Patient 1D
25
A -
Rectum Bladder
Prediction Adaptation Prediction Adaptation 30
— I
404 — 40.04 m\ _ 24
>
bt per et SR S1s
""""""""" AN S e 303%3200,°0 o0g o ; 2
13 ° '. .l°. "co . ¥ g 4 ."‘ " .' ‘h'“'lo '
o® 37,59 3% - R H 375 J Q12
|. . ','0' l...". 'i“:l t:. o s '. lolg : D ‘: :! ' ‘ i a
: Dt Mfid Phivatifite 8hitls . 6
— 361 — 36 - o I -
& & : &350 350 : 0
8 8 . 8 bt 8
N N . N N
o . o o h o 46
[a} (= 0325 0325
.
324 324 -
=
30.04 30.04 (_2,44
Ra3-
. o
. o
................................................................ e J R EE AR Ry L A SUAHSAAAN 42
Patient ID Patient ID Patient ID Patient ID a1

Fink CA et al.: Dosimetric benefit of online treatment plan adaptation in stereotactic
ultrahypofractionated MR-guided radiotherapy for localized prostate cancer. Front

Oncol. 2024

t (pre-post) : 54 min
t (pre-verif) : 35 min

?\f‘g» * kein IGRT oder Ref Plan
P TN 2 zuséatzliche Zeitpunkte:

1]

) " Verifikation & Post-RT

Pre Verif Post

Rectum D0.035¢cm®

Verif Post

Pre

Bladder D50%

J '- mehr Vorteile durch
@» ¢ schnelle CBCT 0ART

1 { oder gar erweiterte
P;e Verif Post IG I:QT7

Post

Pre

Brennan VS et al.: SBRT focal dose intensification using an MR-Linac adaptive planning for

intermediate-risk prostate cancer: An analysis of the dosimetric impact of intra-fractional organ

15

changes. Radiother Oncol. 2023



4.4 Erwelterte IGRT vs. oART

Leeman JE, et al.: Acute toxicity comparison of magnetic resonance-guided adaptive
versus fiducial or computed tomography-guided non-adaptive prostate stereotactic
body radiotherapy: A systematic review and meta-analysis. Cancer. 2023

In this systematic review and meta-analysis combining data from 29 clinical trials
including 2547 patients, it was found that the risk of short-term urinary side
effects was reduced by 44% and the risk of short-term bowel side effects was
reduced by 60% with MRg-A-SBRT compared to CT-SBRT.

M. L. Sandoval et al.: Non-Adaptive MR-Guided Radiotherapy for Prostate
SBRT: Less Time, Equal Results. Journal of Clinical Medicine 2021

with an AUA score of 9 (2-22) at the third follow-up. We observed a statistically significant decrease
in PSA between pre-treatment and at first follow-up (p < 0.005). The most common toxicity was grade
2 urethritis, managed in all cases by tamsulosin, One patient developed grade 2 tenesmus relieved

by topical steroids. No cases of grade > 3 toxicity were seen in our patient population. Conclusions:

By avoiding the extra time required for plan adaptation, MRgRT without daily adaptation allows
for successful prostate SBRT with manageable toxicity. We continue to reserve our limited adaptive
treatment slots for preoperative pancreatic and ultra-central lung SBRT patients, which require

time-intensive respiratory gating and adaptive planning,

der Universitit Heidelberg
UNIVERSITATSMEDIZIN P g .
[ | MANNHEIM Universitatsklinikum Mannheim

(R
r . U M M Medizinische Fakultét Mannheim

Nicosia L, et al.: Daily dosimetric variation between image-guided volumetric
modulated arc radiotherapy and MR-guided daily adaptive radiotherapy for prostate
cancer stereotactic body radiotherapy. Acta Oncol. 2021

Results: MRgRT resulted in a significantly lower rate of constraints violation as compared to IGRT with-
out fiducials, especially for rectum V28Gy, rectum V32Gy, rectum V35Gy, rectum Dmax, and bladder
Dmax. IGRT with fiducials reported high accuracy levels, comparable to MRgRT. MRgRT and IGRT with
fiducials reported no significant prostate CTV underdosage, while IGRT without fiducials was associated
with occasional cases of prostate CTV under dosage.

CTV 98/95 rectumV35Gy <1% bladderV35Gy

100 100 <1%
80 80 100
60 60 80
60

4
40 0 40
20 I 20 l 20
0 — - 0 0 =
MRERT oo fiduciek MRgRT no fiducials MRgRT no fiducials
" kbl fducials fducials

mmetcrikeria m notmet criteria Emetcrkeria M notmet Criteria Emetcriera mnot metcritena

e Vorteil fur MRT oART :G2+ GU oder GI Toxizitat
* Nachteil MRT 0ART: Aufwand & lange Behandlungszeit
* PROs fur CBCT oART noch ausstehend

16




5.1 Intrafraktionelles Monitoring

Table 3
Comparison between different studies employing various prostate monitoring devices. 07 r 07 r
Beam on Beamon
Authors # of Monitoring Dose per Treatment Average Average dosimetric results (planned VS Notes 06 | LR-A 06 R-C A 1 L'\ v
patients system fraction delivery time  displacements delivered) = as } = o5 | W:’W ﬁ« VWL o
©y) (min) (mm) E I SI-A E > si-c I Uy
=104 P AP-A b = 04 AP-C bt
Faccenda 13 RayPilot 40Gy/S5fr 2 LR: [-3.1,-0.8] CTV D99%: —3% Gated and non-gated = ) < y
etal. [32] or SI: [-3.5,-1.9] PTV D95%: —2.6 % treatments; reported o 03 / @
38Gy/4fr AP: [-4.2,-3.7] Rectum D50%: —0.9 % displacements for QEJ 02 } : ﬁ g
Rectum D20%: —2% non-gated g e %
Bladder D40%: +3.2 % s 01 r e
Bladder D0.035 cc: + 0.3 % 2 . P f 2 ” ) .
Colvill et al. 5 Kilovoltage 80 Gy/40 10 3D motion > 3mm  CTV D99%: —19 % Gated and non-gated o W "r\ﬂ - o 2k
[34 intrafraction fr during 4.7 % of PTV D95%: —34 % treatments. 01 F 200 200 300 4% 9 600\! 709 d =09 600 00
monitoring treatment time Fraction with 02 L 2 L
Time [s] Time [s]
Vanhanen 22 Calypso 35Gy/S6 10-13 Case A range: Case A Case B Case A: gated Vanhanen, A et al.: Dosimetric effect of intrafraction motion and different
etal [21] or LR: [~2.7.1.8] CTVDA9%: ~0.3% & CIVDS9%: ~0.4% L treatments localization strategies in prostate SBRT. Physica Medica 2020
36.25 Gy/ SI: [-4.1,9.8] 0.4 0.6 Case B: non-gated
5fr AP: [-2.2,3.1] PTVDO5%: —0.9 % + PTVD95%: —1.2 % + treatments
Case B: 0.8 1.5
LR: [-2.8,1.8] BladderV100%:9.5 %  BladderV100%:6.6 % (a) Prostate intrafraction motion for an example patient (raw data)
SL [-4.2,11.8] +63.9 +62.6 5
AP: [-2.4,9.0] RectumV100%:55.1 RectumV100%:81.3
% = 159.4 % £ 265.9 Bladder g 0
Kontaxis 5 MR-linac 62 Gy/20 6 LR: 0.0 £ 0.2 CTV D99%: —2.1 % £ 2.9 % Gated treatments E ong Setup and CBCT Treatment Delivery
etal. [25] fr SL-0.3=+1.0 PTV D99%: —11 % + 9.5 %, - It ’ -
AP: 0.2 £ 0.9 Bladder V60Gy: 1.6 % + 2.3 % \ wit RCRSTOn
Rectum V60Gy: —0.2% = 2.2 % . ! ¥ 10
di Franco 15 Clarity TP-US 36.25 Gy/ 3-6 LR: —0.15 = 0.98 CTV V100%: —4.8 % + 2.6 % Non-gated treatments - ; o 1 2 3 4 s L 7 Shift 8 9 10
et al. (this 5 fr SI: —0.21 + 1.15 PTV VO5%: —13.8 % + 3.2 % . time/min based on CBCT
study) AP: —0.11 £ 1.57 Bladder Dleci-1.8 Gy + 2.0 Gy (—4.8 %) > (b) Prostate intrafraction motion during delivery for an example patient (w CBCT correction)
T T T T T r T T T T

Rectum Dlce: — 2.1 Gy £ 3.2 Gy (—6.3 %)

+/- 2mm threshold

L |

di Franco F. et al.: Ultra-hypofractionated prostate cancer radiotherapy: Dosimetric impact of real-
time intrafraction prostate motion and daily anatomical changes. Physica Medica 2024

E [ Motion resets to U/

time/min

Guo B et al.: Transperineal ultrasound is a good alternative for intra-fraction motion monitoring for prostate

o invaSive VS. non'invaSive Methoden stereotactic body radiotherapy. J Appl Clin Med Phys. 2023
 Patienten-Vorbereitung / Eignung => 5 Fraktionen
« Langzeiteffekte: IGRT vs. uHF SBRT

Was passiert bei RT-Zeiten Uber 15min und wéhrend Beam On?

r . U M M Medizinische Fakultat Mannheim

der Universitét Heidelberg
UNIVERSITATSMEDIZIN
| MANNHEIM Universitatsklinikum Mannheim
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5.1 Monitoring & Immobllisierung

Fiducial Marker

CT

<
[HU]

~400 Maspero et al.: Evaluation of

-600 an automatic MR-based gold

fiducial marker localisation

method for MR-only prostate

08 radiotherapy. Phys.
Med.Biol. (2017)

MRT

[a.u]

O'Neill AG et al: Fiducial marker guided prostate radiotherapy: a
review. Br J Radiol. (2016)

FEMs present a good surrogate for the position of the prostate
and may reflect prostate gland motion or deformation. Changes
in rectal and bladder volume, prostate deformation and 5V
motion are not detected by FM imaging alone.

Implantation of FMs is well tolerated, but surgical techniques
and toxicity data require standardization. Development of FM
implantation techniques that facilitate a reduction in the use of
prophylactic antibiotic therapy should be considered in light of
the global problem of multiresistant bacteria.

Schwieriger Ausgleich der OAR
Deformation & Inflammationen =>
OART notwendig

Medizinische Fakultat Mannheim
der Universitat Heidelberg

r@uvm

UNIVERSITATSMEDIZIN
n ‘ MANNHEIM

Universitatsklinikum Mannheim

Gel Spacer

Prostate ~ Prostate
Bladder Bladder
—— Rectum — Rectum
—— Barrigel
80
60
60

f -48  —40 f -36
0

0
-100 -75 -50 -25 0 25 S0 75 42™M -80 -60 -40 =20 0 20 40 60 43 M
mm mm

Svatos M.: Symmetry, separation, and stability: Physical properties for effective
dosimetric space with a stabilized hyaluronic acid spacer. Med Phys. (2024)

Flanagan MM et al.: To Space or Not to Space: The EPIC Question for Prostate
Stereotactic Radiotherapy (SBRT) with or without Hydrogel Rectal Spacer (RS). Pract
Radiat Oncol. (2025)

RS (n=290) vs no RS (n=1815)
Robotic SBRT

UHF Prostata SBRT

Mariados NF, T. et al. Hyaluronic Acid Spacer for Hypofractionated Prostate Radiation

Therapy: A Randomized Clinical Trial. JAMA Oncol. (2023)

moderate HF, 12 Zentren, 201 Patienten

To our knowledge, this is the first randomized clinical trial
evaluating the clinical efficacy of a rectal spacer for HFRT. This
trial achieved the primary end point, in that more than 70%
of patients in the spacer group achieved a 25% or greater re-
duction in rectal V54. This trial also achieved the secondary
end point, in that the spacer group had reduced acute grade 2
or higher GI toxic effects (2.9%) compared with the control
group (13.8%). Given that HFRT has been associated with
greater acute grade 2 or higher GI toxic effects than CFRT,”!?
rectal spacing may address a clinically important need for the

n
»

100

90

26 Score
—

—

1

1

—

EPIC

Time (months)

Figure 1.2 Longitudinal EPIC - 26 Hormonal/Vitality QOL domain mean scores after prostate SBRT by

RS over time

Figure 3.3 Propariion of Patients with = 2*MID decline in Urinary Irritation/Obsiruction QOL domain

aver time by RS use

>2xMDD

with QOL Decline

Conclusions

SBRT produced only modest, largely transient QOL declines that resolved by ~6 months.
RS did not confer a durable clinically meaningful QOL improvement; an isolated 2 x MID
signal at 2 months favored RS in select domains, but this was transient, and non-durable.

Vorteil durch Spacer kompensiert durch
kleinere Margins & MR 0ART?

18



5.2 CBCT oART: Organbewegungen

SB / P Bewegung Blasenflllung Luft im Rektum

P12 tx2

OART (IGRT) oART

Eckl et al. : Analysis of Online Adaptive Treatment Quality in a Cone-Beam-CT Based Workflow for Ultra- 19
Hypofractionated Radiation Therapy of Prostate Cancer, Physics and Imaging in Radiation Oncology (2025)




5.2 CBCT oART: Abbruch der Fraktion

P1

CBCT1 ‘
ADPthgeschIagen:

V36Gy(rectum) mit 4.4cc
(statt 2cc)

ADP war gut,
CBCT2 erlaubte
keinen Match mit

.
: -
A - _ .
| A . -
. s
: / ¢
o - 4
. | . v
| LGf
"t o
. v
ST - b 4 ;
der Universitat Heidelberg 5 » 1
%
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Zusammenfassung: oART vs. IGRT

Personalressourcen, Patientenkollektive, Standardisierung

sCT vs. natives CBCT vs. MRT

Lernkurven (Personal / Patient) & Hinterfragung von IGRT Erfahrungen

Dosis: Marginkonzepte, Template Constraints, pro Fraktion vs. Akkumulation, QA (?)
Robustheit der taglichen Dosisqualitat: Zeit & unvorhersehbare Effekte

Intra- vs. interfraktionelles Monitoring & Patienten-Vorbereitung

Invasivitat, Erfahrung, Wirtschatftlichkeit, Pragmatismus

Zukunftige Entwicklungen: Verbesserte Patientenstatistik, Einfluss von KiI, Effizienz

(schnelle CBCT oART, Dosisrate, 3-Fx RT etc.), Patient Reported Outcomes (PRO)

der Universitit Heidelberg
IIIIIIIIIIIIIIIIIII
MANNHEIM Universitétsklinikum Mannheim
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5.2 Organbewegungen: Blase und Prostata

Huang S. et al.: Impact of bladder volume and bladder

shape on radiotherapy consistency and treatment
interruption in prostate cancer patients. J Appl Clin

Med Phys 2025

275 Patienten, mHF RT

TABLE 2 The percenlage of distribution of shape interruption in three bladder shapes during treatment

Amount of Amount of
repeated Interruption patients Patients Total

Bladder shape scanning fraction interrupted amount fractions

Elongated bladder 28(4.14%)
37(7.92%)

20(4.28%)

15(2.22%) 6 28 877
28(6.00%) 7 19 467
15(3.21%) 5 19 467

Spherical bladder
Oval bladder

FIGURE 2 Diagram of three bladder shapes on CT sagittal plane. (a) The elongated bladder (N = 120): BH/BW > 1.036. (b) The spherical
bladder (N = 86):0.836 < BH/BW < 1.036. (c) The oval bladder (N = 69): BH/BW < 0.836. BH, bladder height; BW, bladder width. ~

D. M. de Muinck Keizer et al.: Prostate intrafraction motion during
the preparation and delivery of MR-guided radiotherapy sessions on

a 1.5T MR-Linac. Radiother Oncol 2020

Purpose: To evaluate prostate intrafraction motion using MRI during the full course of online adaptive
MR-Linac radiotherapy (RT) fractions, in preparation of MR-guided extremely hypofractionated RT.
Material and methods: Five low and intermediate risk prostate cancer patients were treated with
20 « 3.1 Gy fractions on a 1.5T MR-Linac. Each fraction. initial MRI (Pre) scans were obtained at the start
of every treatment session. Pre-treatment planning MRI contours were propagated and adapted to this
Pre scan after which plan re-optimization was started in the treatment planning system followed by dose
delivery. 3D Cine-MR imaging was started simultaneously with beam-on and acquired over the full
beam-on period. Prostate intrafraction motion in this cine-MR was determined with a previously
validated soft-tissue contrast based tracking algorithm. In addition, absolute accuracy of the methad
was determined using a 4D phantom.

Resules: Prostate motion was completely automatically determined over the full on-couch period (ap- [0 IETafraction motiorn

prox. 45 min) with no identified mis-registrations. The translation 95% confidence intervals are within
clinically applied margins of 5 mm, and plan adaption for intrafraction motion was required in only 4
out of 100 fractions.

Conclusion: This is the first study to investigate prostate intrafraction motions during entire MR-guided
RT sessions on an MR-Linac. We have shown that high quality 3D cine-MR imaging and prostate tracking
during RT is feasible with beam-on. The clinically applied margins of 5 mm have proven ta be sufficient
for these treatments and may potentially be further reduced using intrafraction plan adaptation guided
by cine-MR imaging.

© 2020 The Author(s). Published by Elsevier B.V. Radiotherapy and Oncology 151 (2020) 88-94 Thisisan == ===+

open access article under the CC BY license (hitp:/jcreativecommons.org/licenses/by/4.0/).
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Fig. 5. Owverview of the measured intrafraction motion of the pesition verification scans (PV, blue dots), cine-MR (acquired during beam-on, cyan dots) and post-treatment
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D. J. Byun et al.: Strict bladder filling and rectal
emptying during prostate SBRT: Does it make a
dosimetric or clinical difference? Radiat Oncol 2020

Abstract

Background: To evaluate inter-fractional variations in bladder and rectum during prostate sterectactic body radia-
tion therapy (SBRT) and determine dosimetric and clinical consequences.

Methods: Eighty-five patients with 510 computed tormography (CT) images were analyzed. Median prescription
dose was 40 Gy in 5 fractions. Patients were instructed to maintain a full bladder and empty recturn prior to simula-
tion and each treatment. A single reviewer delineated organs at risk (OARs) on the simulation (Sim-CT) and Cone
Beam CTs (CBCT) for analyses.

Results: Bladder and rectum volume reductions were observed throughout the course of SBRT, with largest mean
reductions of 86.9 mL (19.0%) for bladder and 6.4 mL (8.7%) for recturn noted at fraction #5 compared to Sim-CT
(P<0.01). Higher initial Sim-CT bladder volumes were predictive for greater reduction in absolute bladder volume
during treatment (p= — 0.69; P <0.01). Over the course of SBRT, there was a small but significant increase in bladder
mean dose (+4.5 4+ 12.8%; < 0.01) but no significant change in the D2cc (+ 0.8 £4.0%; P=0.28). The mean blad-
der trigone displacement was in the anterior direction (4+4.02 £6.59 mm) with a corresponding decrease in mean
trigone dose (— 3.6 £ 9.6%; P<0.01) and D2cc (— 6.2 4+ 15.6%; P<0.01). There was a small but significant increase in
mean rectal dose (4 7.0 +12.9%, P<0.01) but a decrease in rectal D2cc (— 2.2 £ 10.1%; P=0.04). No significant cor-
relations were found between relative bladder volume changes, bladder trigone displacements, or rectum volume
changes with rates of genitourinary or rectal toxicities.

Conclusions: Despite smaller than expected bladder and rectal volumes at the time of treatment compared to the
planning scans, dosimetric impact was minimal and not predictive of detrimental clinical outcomes. These results cast
doubt on the need for excessively strict bladder filling and rectal emptying protocols in the context of image guided
prostate SBRT and prospective studies are needed to determine its necessity.

Keywords: SBRT, Prostate cancer, Bladder volume, Rectum volume, Interfractional organ displacement
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Volumenzunahme & Korrelationen

60
Table S1: Spearman's correlation coefficients (r) and statistical significance (p). Bold numbers
indicate a statistically significant correlation. 45
Variable 1 Variable 2 r p = T -
Tx AT 0.50 0.39 £ 30+
Tx Vol(prostate) 0.98 0.01 % ] is o 213 f:?
Tx Vol(bladder) -0.30 0.62 § 151 13.3 128 12.2
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Eckl et al. : Analysis of Online Adaptive Treatment Quality in a Cone-Beam-CT Based Workflow for Ultra- a 5 . o
Hypofractionated Radiation Therapy of Prostate Cancer, Physics and Imaging in Radiation Oncology (2025) Fraction number (2 to 5)
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Cvachovec P, Dreher C. Longitudinal stability of HyperSight™-CBCT based radiomic
features in patients with CT guided adaptive SBRT for prostate cancer. Sci Rep. 2025 24
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Honorable mentions

Intra-adaptational changes in online adaptive radiotherapy: from the

ideal to the real dose

Hanna Malygina' - Hendrik Auerbach’ - Marc Ries' - Frank Nuesken'2 - Bryan Salazar Zuniga' -
Sobhan Moumeniahangar':? - Florian Oeschger' - Markus Hecht' - Jan Palm' - Yvonne Dzierma'?

To ensure better bladder sparing, patients are instructed
to follow our in-house bladder and bowel preparation in-
structions, which include the following steps: (1) naturally
void the bladder and the bowel; (2) drink 350ml of liquid
within 10min; (3) engage in light physical activity for 1h
(e.g., walking); (4) attend the appointment (either a plan-
ning CT or a CBCT).

Review > Cancers (Basel). 2023 Mar 30;15(7):2081. doi: 10.3390/cancers15072081.

Stereotactic Magnetic Resonance-Guided Adaptive
and Non-Adaptive Radiotherapy on Combination

Fink CA, Dosimetric benefit of online treatment plan
adaptation in stereotactic ultrahypofractionated MR-guided
radiotherapy for localized prostate cancer. Front Oncol.

2024 Feb 15

Although in CT-guided radiotherapy hyaluronic acid spacer
gels have been shown to improve rectal dosimetry and hence
gastrointestinal toxicity (28), this effect has not been
demonstrated, to our knowledge, in MR-guided radiotherapy.
Due to the occurrence of rectal fistulas after rectal spacer
placement in previous trials (29), their utilization at our center
has been omitted in favor of a non-interventional workflow.
Nevertheless, dosimetric benefits of MR-gnided online-adaptation
to the rectum may be reduced by rectal spacers.

Real-time tracking of the prostate via surrogate fiducial markers
may permit a similar reduction in PTV margins (30). However,
fiducial marker implantation is an invasive procedure accompanied
by a slightly increased risk for infection or even fiducial migration in

MR— Llnear ACCEleratOIS: Current PraCtlce and Future rare cases which might lead to impaired tracking (31). Furthermore,

Directions

John Michael Bryant 1, Joseph Weygand 1, Emily Keit ', Ruben Cruz-Chamorro 7,

Maria L Sandoval T, Ibrahim M Oraigat 1rJacqueIine Andreozzi 1, Gage Redler 1 Kujtim Latifi 1

Vladimir Feygelman
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Figure 3. Cumulati

directly provided by ViewRay and from data presented at

the application of radiopaque fiducials enables rigid-registration
and therefore does provide limited information on organ
deformation, seminal vesicle location, or bladder and rectal
distension. A deviation in the shape of the prostate may not be
effectively corrected by standard IGRT applications with or without
the use of fiducials. This again underlines the need for deformable
image registration and adaptive planning in prostate SBRT at least
for somegneiom=er 200

Macedo-Jiménez et al. Radiation Oncology ~ (2025) 20:57

Radiation Oncology
https://doi.org/10.1186/513014-025-02638-3

Analysis of intra-fractional surface motion i
during adaptive radiation therapy and relation

of internal vs. external position for prostate

cancer

Fernanda Macedo-Jiménez'? Iris Kalisch', Anna Simeonova-Chergou'?, Judit Boda-Heggerann'?,

Jens Fleckenstein', Constantin Dreher'#, Frank A. Giordano'* and Florian Stieler' "
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Fig. 2 Vertical (VRT) mean and SD during ART combined with SBRT for prostate cancer

Conclusion

ewRay MRIdian and Elekta Unity MRLS per year since 2019.

Results: Twenty-nine prospective studies were identified that met the inclusion
criteria and included a total of 2547 patients. The pooled estimates for acute grade
2 or higher (G2+) genitourinary (GU) and gastrointestinal (Gl) toxicity for MRg-A-
SBRT were 16% (95% confidence interval [Cl], 10%-24%) and 4% (95% CI, 2%—
7%) and for CT-SBRT they were 28% (95% Cl, 23%-33%) and 9% (95% Cl, 6%-12%),
respectively. On meta-regression, the odds ratios for acute G2+ GU and Gl toxic-
ities comparing MRg-A-SBRT and CT-SBRT were 0.56 (95% Cl, 0.33-0.97, p = .04)
and 0.40 (95% ClI, 0.17-0.96, p = .04), respectively.

Conclusion: MRg-A-SBRT is associated with a significantly reduced risk of acute
G2+ GU or Gl toxicity compared to CT-SBRT. Longer follow-up will be needed to

evaluate late toxicity and disease control outcomes.

Our study examined the intra-fractional patient motion
for 137 ART treatment sessions with SBRT for 30 pros-
tate cancer patients. The findings highlight a notable
constant vertical surface shift over the whole course of
treatment and not only for the first minutes of the treat-
ment. Further, the relation between the surface and
internal target position after the applied translational
vCBCT shifts based on this study revealed that SGRT
exclusively is not an adequate inter-fractional positioning
tool for prostate cancer patients due to the large range
of deviations. However additional SGRT-based intra-
fractional monitoring can add a value for long duration
radiotherapy.
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5.3 Urethra & Grenzen der momentanen oART

Phase 1

Targets

V4000 cGy298.0 %

V4000 cGy=95.0 %

Pl CTV V4200 ¢Gy220.0%

P2 CTV Dmax<5438 cGy

Pl PTV D0.04 cm3<3700 cGy
PTV D98.0 %23440 cGy

V3625 ¢Gy298.0 %
V3625 ¢6y295.0 %

Pl PTV-CTV Dmaxs125.0 %

Organs

2 Anus Dmeans1200 cGy
©1 Bladder V1810 cGy=40.0%

Bladder V3600 cGy=10.00 cm3
P Bladder V3700 cGy=10.00 cm3

Blase ohne PTV V3700 ¢Gy10.00 cm3
P2 Blase ohne PTV V1810 6Gys40.0 %

V1500 coy=5.0 %
Pa

Blase ohne prv {1500 €250
P2 Bowel V1810 €Gys5.00 em3

P2 Bowel V3000 cGys1.00 cm3

V1450 cGy=5....

P o 1
Femur head & neck left \920 TV

Femur head & neck V1450 cGy=5.0 %
right V1450 cGy=10.0%

D5.00 cm3=2500 cGy

P2 help (Body-2em) (B

V1250 cGy=15.0%
V1250 c6y=200 %

2 help (Body-2cm)

P3  help (Body-2cm) D10.00 cm3<2000c...

Dmean<500 cGy
P2 P

atient Dmean=1200 cGy
P2 Patient V1250 cGy=20.0 %

V2950 CGy=50.0 %

P2
penile bulb 950 coyes1.0%

Pl Rectum V1810 cGy=50.0%

Pl Rectum V2900 cGy=20.0 %

V3600 cGy=1.00 cm3
P1 Reetum 2600 coys2.00 cm3
V1900 cGy=15.0 %

P3
Rectum 1900 cGy<25.0%

P3  Rectum V3500 cGy<1.00 cm3

Pl Urethra PRV 0.5cm V4400 cGy=20.0%
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IMRT-Plgn mit 12 sbstandsgleichen Feldem VMAT-Ptan mit 2 vollen Rotationen
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HF

IM102
IMRT-Plan mit 12 bstandsgleichen Feldern

LB3E

5s%
v

VA103
VMAT-Plan mit 2 vollen Rotationen
LB3E

2%
v

017 cmd
A

modality

IMRT

VMAT

standard

mode
standard
high fidelity
standard

high fidelity

calculation time (s)

114+14

216+63

504+18
1033+61

3372
3142
3192
2486

VMAT Berechnung
zu langsam
Segmentation zu
aufwendig
Template zu
komplex

Dosisrate zu niedrig

« Adaptierter Plan
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MU rel to pCT in (%)

Varianz bei Konturierung & ART-Planen

( g 2mm, 1Dose (. T
n=16 pro Gruppe Thursday, 20 March 2 :01:14 PM (UTC+1:00)
15
=] 25%~75%
7| L ange v 1R
1.4 4|9 oien
1.3
. *
1.2 .
1.1
1.0
0.9
] . .
0.8 .
4 *
0.7 . . ; : .
1 2 3 4 5
fraction

Isozentrum 1

Position (DICOM): X: 0.00 cm Y: 0.00 cm Z: 0.00 cm
Skala: IEC61217

Feldname Gantry [] Kollimator [*] ME
Referenz Adaptiert Referenz Adaptiert Referenz Adaptiert
Feld 1 IMRT 180.0° 180.0° 10.0° 10.0° 330.2ME 337.2ME
Feld 2 IMRT 15007 150.0° 100* 10.0* 271.3ME 259.1 ME
Feld 3 IMRT 12007 120.0° 100* 10.0* 2945 ME 2034 ME
Feld 4 IMRT 90.0° 20.0* 10.0° 10.0° 466.2 ME 468.0 ME
Feld 5 IMRT 60.0° 60.0° 10.0° 10.0° 379.4ME 3252 ME
Feld 6 IMRT 300° 30.0° 10.0° 10.0° 407.9 ME 3430 ME
Feld7 IMRT 0.0* 0.0* 10.0° 10.0* 330.8 ME 273.2ME
Feld 8 IMRT 330.0° 330.0° 10.0° 10.0* 320.9 ME 3043 ME
Feld 9 IMRT 300.0° 300.0° 10.0° 10.0° 385.4ME 3249 ME
Feld 10 IMRT 27000 270.0° 10.0° 10.0° 319.7ME 339.3 ME
Feld 11 IMRT 2400° 2400° 100° 10.0* 268.4 ME 2283 ME
Feld 12 IMRT 210.0° 210.0° 10.0° 10.0* 282.6 ME 2382 ME
r . U M M Medizinische Fakultat Mannheim G eS a mt
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HyperSight calibration: Pelvis Large preset
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Pelvis Large

KV-CBCT Energy| Total| Proj mA/ms | Scan CTDlvol Local dose values
mode [kV] mAs | count| per proj [t|Sne1§ 16.cmHead | 32cmBody | Conversion ETDImUi pﬁs fprhcente.r,. top,
phantom phantom factor ottom, left, nght positions,

[mGy] [MGy] 16 cm to 16 cm / 32 cm [mGy]
32 cm

Pelvis 469 409 B80/14.3 202 8.91 209,172,239, 291,932/
5.9 634,747, 145 173,140
Pelvis Large 140 528 90/14.3 301 13.6 223 311,257,355, 433,142/

9.78, 114,219,261, 2.28
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ED (g/cc)

Pelvis vs. Pelvis Large calibration: Patient plan

HU-ED calibration curves
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Pelvis vs. Pelvis Large: CT number (HU)
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1500

CBCT b

PTV dose difference :

+0.2-0.3Gy

DVH of difference plan

Protoco

Structure Data Source Type

% — Bladder Velocity

Velodity

Velodity
Femur head & neck left  Veloa
Femur head & neck right Velocity

Velodity
Rectum Velocity

BODY Velodity

ORGAN

ORGAN

cv

ORGAN

ORGAN

PTV

ORGAN

Volume Name Structure Volume (em®) Min Value Mean Value x Value Cons

Pnorm-Plarge CBCTb
Pnorm-Plarge CBCTb 20

Pnorm-Plarge CBCTb

Pnorm-Plarge CBCTb 2
Pnorm-Plarge CBCT

Pnorm-Plarge CBCTb

EXTERNAL Pnorm-Plarge CBCTb 23750.9
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Ungeeignete Anatomien fur PACE

Phase 1

Targets

Summary
P1  CTV D0.04 cm3<4200 cGy

V4000 cGy=98.0 %
e V4000 c %

Py

P1  CTV V4200 cGy=20.0%
PZ CTV Dmax<5438 cGy
P1  PTV D98.0 %z3440 cGy

Pl PTV Dmaxs4800 cGy

V3625 cGy=98.0 %

B
PV V3625 cGy=95.0 %

P1 PTV-CTV Dmaxs125.0 %
P71 PTV2cm D0.04 cm3s4800 cGy
Pl PTV2cm V3000 cGy=85.0 %

PT  PTV2Zem-PTV Dmax<125.0%

V3000 cGy=z80.0 %

PR '
PIV2em BTV 42000 coy270.0%

Organs

Summary
P2 Anus Dmean<1200 cGy

P1  Bladder V1810 cGy<40.0 %

Bladder V3600 cGy=10.00 crit

Bladder V3700 cGy=10.00 cm3

r@uvm
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IM144

IMRT-Plan mit 12 abstandsgleichen Feldern

LB3E

4499 <Gy
v

4502 Gy
Y !

3553 Gy
[ A

4502 cGy

16.62 cm3
| |

9.69 cm3
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Software Environment

Planning CT § Auto-Segmentation PTV-Segmentation Scheduling

& Planning

Brilliance Syngo Via MM Ethos Treatment Aria, Varian & Ethos Treatment
BigBore, Image Suite Management, Mosaiq, Elekta Management, Varian
Philips Varian & Mosaiq, Elekta

VERTE] Sum Plans & QA RT & SGRT &
Segmentation online QA
Monaco, Elekta Velocity, Varian & Ethos RT System +
Veriga, PTW & HyperSight CBCT,
_ _ dosimetry Varian
Eclipse, Varian equipment

AlignRT, Vision RT
Eclipse, Varian

Mobius3D, Varian

der Universitat Heidelberg
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