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Haufige Indikationen

Hirnmetastasen
Akustikusneurinome
AVM

Herausforderungen / Probleme:

- exakte Patientenpositionierung
- hohe Genauigkeit des Isozentrums
- exakte Online Lokalisation




Technik-Moglichkeiten

Statisch konformale Technik

Dynamisch konformale Technik
Konventionelle IMRT
Volumetrische IMRT




SCRT:
microMLC DKFZ und
Clarkson Algorithmus

IMSRT:

Brainlab microMLC und

SCRT IMSRT

Baumert et al. Int J Radiation Oncol Biol Phys 2003.
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Baumert et al. Int J Radiation Oncol Biol Phys 2003.



Kopftumore

3D-statisch-konformal:
2,5mm MLC Novalis und
5mm MLC Varian 2100Clinac
6-12 Beams

Eclispe Planning System

3D-dynamisch-konformal:
2,5mm MLC Novalis und
5mm MLC Varian 2100Clinac
4-7 Arcs

Eclipse Planning System

IMRT:

2,5mm MLC Novalis und
5mm MLC Varian 2100Clinac
4-12 static beams

Eclipse Planning System

Wu et al. Radiat Oncol 20009.



Kopftumore

Dosimetric Indices For PTVs (brain)
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= optimal ist IMRT mit HD MLC

Wu et al. Radiat Oncol 20009.



IMRT
die optimale Technik?




Technik-Moglichkeiten

ConformalArcTherapy (CAT) vs. RapidArc-Technik




Technik-Vergleich

Pat. Gender Age Diagnosis Summated Number of Prescribed 5RS  Prescription isodose  Distance to nearest
no (years) GTV (cm 3} isocenters dose (Gy) CAT/RA (%) OAR (cm)
1 M 58 1 metastasis 01 1 11.0 80/95 3.7
2 M 76 Vestibularis 09 2 13.0 f0/95 06
schwannoma
3 F 44 2 metastases 03 2 20 80/95 42
4 M 55 1 metastasis g4 1 18.0 80/95 1.2
5 M &1 1 metastasis 32 1 18.0 80,95 28
& M a0 1 metastasis 01 1 24.0 80/95 34
7 F 64 1 metastasis 0.7 1 24.0 80/95 40
8 M 72 Atypic 27 1 14.0 70795 28
rneningeocma
9 F 64 4 rmetastases 20 4 22.0 80/95 35
10 M al 2 metastases 03 2 240 80/95 36

F: female, M: Male, GTV: Gross Tumour Volume, SRS: Stereotactic Radiosurgery, CAT: Conformal Arc Technigue, RA: Rapid Arc, OAR: organ at risk

- GTV mean Volume 0.8 cm3 (0.1 - 8.4 cm3)

- GTV coverage 100% bei beiden Techniken und allen Patienten
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Monitoreinheiten

Weniger Monitoreinheiten mit RadpiArc-Technik
(Median 3455 MU vs. 6504 MU)
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CAT-Technik

Vorteile:

- scharfe Dosisgradienten




Bestrahlungsdauer

Erheblich klrze Zeit mit RadpiArc-Technik
(Median 4.5min. vs. 34.4 min.)
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Risikoorganbelastung

Hirnbelastung D,,.,, geringer mit CAT-Technik
Niedrigdosisbereich erheblich niedriger mit CAT-Technik

Risikoorganbelastung z.T. geringer mit CAT-Technik, z.T. vergleichbar mit

beiden Techniken

Patient No.

Technique

CAT RA CAT RA CAT RA CAT

RA CAT RA CAT RA CAT RA CAT RA CAT RA CAT RA

Healthy brain 01 02 04 05 0.6 3 0 14 21 52 032 06 06 07 06 1 1.3 32 05 22
Dimean [GY]

Vagy [em?] 86 53 595 1048 68.7 860.3 316.8 944 923 1457 376 999 1008 1057 99.6 3676 2237 1057 71.4 601
OAR D [Gy]

Lens left 00 05 00 01 01 12 00 13 06 01 03 02 00 00 0.0 12 06 03 03 06
Lens right 00 04 00 01 00 14 11 25 06 00 00 O1 00 00 00 1.3 00 03 03 06
Brainstern 04 15 37 69 05 71 23 324 08 07 05 08 09 01 49 49 20 12 09 2.
Chiasm 00 09 05 38 01 38 07 25 06 00 00 04 00 01 1.2 42 14 17 00 1.7
N.opticus right 00 06 00 02 02 22 24 14 07 01 00 03 00 00 03 26 05 10 04 13
N. opticus left 00 09 05 03 02 2/ 00 0% 08 01 05 02 00 00 1.2 45 14 10 05 14

Healthy brain (Dyean), low-dose volume (V; g,) for all patients and both treatment techniques, The maximum dose to OAR is shown in Gy, the mean dose ©
healthy brain in Gy, and the low dose volume (volume which is iradiated with maximum of 2 Gy) in cm”.

OAR = organs at risk, CAT = conformal arc therapy, RA = Rapid Arc, Dy, = mean dose V, g, = volume irradiated with 2 Gy or higher, Fat marked fields indicate

a benefit for this value.



Patient 8

N. optikus links niedrigere Dosis mit CAT-Technik
(Diax 1.2Gy vs. 4.6Gy)

Chiasma niedriger Dosis mit CAT-Technik
(Diax 1.2Gy vs. 4.2Gy)




Ergebnisse

Patient No. 1 2 3 4 & ] 7 g 9 10

Prescribed Dose [Gy] 11 13 22 15 18 4 4 14 12 4

Technigue CAT FA

CIVD__ [Cy] B

GCTV [ew’] 0.1

Visey [em’]

Clicy

Healthy brain D, [Gv]

1'1“ cm’]

OAR D, [Gy]
Lens left i 0.3 0 0.1 0.1
Lens righi 0 0.4 0 ]
Brainztem 04 1.5 37
Chiasm 0 04 05
N. opticus right
N. opticus left 0.9

0 0.0
0 ] 0.5
—
Treatment time [min] 2.35 346
Monitor units 2025 2771
RA CA

0.6 0.1 03
0.6 0 0
0.8 0.7 0.3
] 0 0.0

! 0.0
0.5

4377

Choice of treatment AT CAT RA/CAT RA RA RA CAT RA RA
Reason Time /MU Vi /OAR  V,../OAR - Time MU/ g yp,, ~ Tme/MU/ g gag  Time/MU/ Time/MU/
T ! D... D... ! Doz Ve, D/ Vi,

Green marked fields indicate a benefit for this item, whereas red fields show a disadvantage for each measured value. QAR = organs at risk,
CAT = conformal arc therapy, RA = Rapid Arc, GTV = gross tumour volume, Dyepn = mean dose, Vi, = volume wrradiated with 2 Gy or
higher. Vgss; = volume of 95% 1sodose in cm?, Clgss, = ratio of the target volume covered by the 95% 1sodose line divided by the total volume
covered by that 1sodose line.



Ergebnisse

Patient No. 1 2 3 4 & ] 7 g 9 10

Prescribed Dose [Gy] 11 13 22 15 18 4 4 14 12 4
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CIVD__ [Cy] B
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Visey [em’]

Clicy
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N. opticus left 0.9
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Reason Time /MU Vi /OAR  V,../OAR - Time MU/ g yp,, ~ Tme/MU/ g gag  Time/MU/ Time/MU/
T ! D... D... ! Doz Ve, D/ Vi,

Green marked fields indicate a benefit for this item, whereas red fields show a disadvantage for each measured value. QAR = organs at risk,
CAT = conformal arc therapy, RA = Rapid Arc, GTV = gross tumour volume, Dyepn = mean dose, Vi, = volume wrradiated with 2 Gy or
higher. Vgss; = volume of 95% 1sodose in cm?, Clgss, = ratio of the target volume covered by the 95% 1sodose line divided by the total volume
covered by that 1sodose line.

— optimal ist eine individuelle Entscheidung
zwischen CAT und RapidArc



Multi-Isozenter-RapidArc

1 Arc + 3 Arcs + 3 Arcs +
1 Isozentrum 1 Isozentrum 3 Isozentren

Clark et al. Int J Radiation Oncol Biol Phys 2005.



Multi-Isozenter-RT

1 Arc + 1 Isozentrum:
- gute Konformitat

3 Arcs + 1 Isozentren:
- groBe Konformalitat

3 Arcs + 3 Isozentren:
- geringste Dosis am Gehirn (V,,g,)
- langste Bestrahlungszeit

= 1 Isozentrum reicht meist
— mehrere Arcs fuhren zu
einer hoheren Konformitat

Variable SASI TASI TATI
Monitor units 5.615 5,994 13,785
Beam-on time (min) 5.62 5.94 13.79
Dose to GTV#

Maximum 1429 150.9 147.3
Minimum 102.3 101.9 102.5
Mean 122.6 125.4 125.3
Normal brain 1.73 1.26 1.11
volumezgy (%)
Brain volume,sg, (%) 2.18 1.71 1.55
Paddick CI (.699 (0.761 0.713
RTOG C1 1.45 1.33 1.44
Paddick Gl 610 4.80 4.72

Abbreviations: SASI = single-arc/single-isocenter; TASI = triple-
arc/single-isocenter; TATI = wmiple-arc/triple-isocenter; GTV =
gross tumor volume; Cl = conformity index; RTOG = Radiation

Therapy Oncology Group; Gl = gradient index.

# Percentage of 20-Gy prescription dose.

]

Paddick CI = (TVpy)*/(TV x PV), where PV is the prescription
volume, TVpy is the target volume within the prescribed sodose
surface, and TV 1s the target volume

RTOG Cl=PV/TV, where PV is the prescription volume, and TV
15 the target volume

Paddick GI = PV spe/PV. where PV spe 18 50% of the prescription
volume isodose line, and PV is the prescription volume

Clark et al. Int J Radiation Oncol Biol Phys 2005.



Zusammenfassung

— optimaler Ausstattung:
Kones und 2,5mm MLC

— optimale Planung:

Planvergleich von CAT mit
vol. IMRT, 1 Isozentrum, mehrere Arcs
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