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SBRT spinaler Metastasen — Implantate und andere
Unsicherheiten
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Bildgebung- lytische Metastase
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Bildgebung — osteoplastische Metastase
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Knott PT, The Spine Journal, 2010 | Ringel F, World Neurosurgery 2016
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Limitationen des MRT: Verzerrung durch Implantate

Chang SD, Skeletal Radiol 2001 | Links: T1 — Rechts: T1-MARS - beides 1,5 T MRT | ganz rechts: Frazzini VI 1997
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Limitationen des MRT: Signalverlust durch Artefakte

Lokalrezidiv bei Osteosarkom — PEEK-WKE + Icotec-Schrauben | Links T2 auf 3T-MRT; Rechts T2-WARP 1,5T
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Inter-Observer-Heterogenitat
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Consensus Contouring Guidelines for Post-Operative
Stereotactic Body Radiation Therapy (SBRT) for Metastatic Solid
Tumor Malignancies to the Spine

Kristin L. Redmond. MD. MPH." Scott Robertson, PRO.' Simon S. Lo, MO, FACRS
Scont G Seltys, MDD, Samusl Ryw MDD Tedd Mchutt, PAO.' Sameul T. Cheo, MO 2

Patient sumber

Pre-opecative axial MRI

PFost-aperative avial CT myclogram or 12
MR

Stouly Yoshiys Yemada, MDS Amol Ghia, M.0.7 Edc L. Chang, MO Jsson Sheshsn MO, Ph.D
¢ o A Sahge, MO, PRCPCY
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Redmond KJ, Int J Radiat Oncol Biol Phys, 2017
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Inter-Observer-Heterogenitat

Absolute kappa agreement, sensitivity and specificity for CTV target delineation between participating spinal oncology specialists based on the STAPLE

analysis,
Case Mean sensitivity (average \Iul_l specificity taverage . Mean sensitivity {averuge .\Iul_l specificity {average .
=S = Shy Kappn measure | Paslue | +~SD) +H-8D) Kuppa measure | P yvalue
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6l OTEA D28 Q95 +/~ 005 0.6 <000l 077+~ 022 LR R A 1) 059 <D0
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Sensitivitat: Voxel in Experten-TV = Voxel im Konsensus-TV
Spezifitat: Voxel aulRerhalb Experten-TV = Voxel aul3erhalb Konsensus-TV
Kappa: Uberlapp Experten-TV vs. Konsensus-TV > Zufall

Redmond KJ, Int J Radiat Oncol Biol Phys, 2017
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Empfehlungen far
Post-OP-SBRT

(S AN . Gross tumor based om post-operative CT and MRI with sttention to residunl epidural or paraspoal discase
. locleade post-of Jual epiharal o pars-spinal componeiis of pemor
oy . lnclede the post-operative region and entire P poading 10 all pre-og e MRI oty A suspoceons (or tamor unvolverment
. Inclwde entire GTV
. Surgical instrumentation and meiswon sot ineluded unless involved
. Jud s of ¢ 1 | CTVs limsted b0 cases of peo-og - [ ) amd'or epidural imvalvement; however, can be conssdered fue near-

arcumferential epidural disease involvemens

. Modified at necomstracted dural space and to account for changes in anstomy following surgery at deeretion of Ineatmg physician

. Coosader mhd | v of v 30 S mm Beyond ¢ pinal o ¢ Jally toe epldural discase
LA . Uniform CTV 10 PTV expassion of up 10 2.3 mm

. Treating physician may modify expansson at the mierface with antical cegans-ot-nsk

. May subtract cord avoidance structure from PTY as & modified PTV for plannimg amd dos reporting purposes.

. loclade emive GTV and CTV

Redmond KJ, Int J Radiat Oncol Biol Phys, 2017
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Unsicherheit bei der Lokalisation der OAR
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Fig. 5. Extent of esophageal motion illustrated by organ contours

in two separate phases of a 4D CT scan is shown, demonstrating
T-mm mediolateral motion during respiration,

<
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Dahele, Int J. Radiat Oncol Biol Phys 2011 | C Tsien

N2 20 20\ Z

Fig. 3. Boxplots of motion magnitude subgroup analysis by vertebral level according to (1) Cespine, (1) Upper Tspine,
(I Lower T-spine/Upper L-spine. (IV) Cawda, and A) represents AP oscillatory motion, B) LR oscillmory maotion, C) S1
oscillatory metion, D) AP balk motion, E) LR bulk motion, and F) SI bulk motion,

PRV ca. +2mm

4D-CT erwagen

T2 TSE (ggf. WARP) fur neurale Strukturen
Ultima Ratio: Myelo-CT
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Hochdichtes Material bei spinalen Metastasen
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Fig. 3. lsodose curves generated from profile measurements in the water phantom at a source-to-surface distance of 104}
cm for (a) 6-MV and (b) 18-MV beam with no rods, rods alone, and rods with screws.

Liebross, Medical Dosimetry 2002
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Stehfelder MV-CT vs. kV-CT
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3D — MV-CT vs. kV-CT
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Rotations-Bestrahlung: MV-CT vs. kV-CT
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Genauigkeit der Dosisberechnung mit AAA und Acuros

Titan-Implantate
Cheng Z, JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, 2016
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Genauigkeit der Dosisberechnung mit AAA und Acuros

o & Ulnerere atmdynls tenadt ol Wt v AAA L% 0 mitn) (00 sgginnl) (8) Ihastal

Tanie 1. Gamma pass rate for IMRT plan.

Sagittal Frontal
2%/2 mm 3%/3 mm 2%/2 mm 3%/3 mm
Film vs. Acuros XB 97.9%=1.0% 100% 97.8%+1.0% 100%
Film vs. AAA 98.5%+:1.0% 100% 97.8%+1.0% 100%
Film vs. MC 93.7%+2.0% 99.0%+0.5% 92.5%+3.0% 98.8%+0.5%
Acuros XB vs, AAA 99.2%+0.5% 99.8% 99.5% 99.8%

Cheng Z, JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, 2016



Technische Universitat Munchen

RadioOnkologie und Strahlentherapie
Fakultat fur Medizin |R M . m .ru."

Genauigkeit von AAA:

Grams MP, Practical Radiation Oncology 2016
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Genauigkeit von AAA:

A

: A 3000
809 — Sianderd CT Scale N — Standard CT Scale
— Extended CT Scale AN - e AN
—No Arifact Correction ’ - \ /™ -y "
= —=-Average Messurement \ o
Table 1 Summary of comparison statistics
Average (SD) percentage difference between TPS calculations and measurement
Thoracic spine Lumbar spine
6-MV std 6-MV FFF 6-MV std 6-MV FFF
Planning Std Ext No QA Std  Ext No QA Std Ext QA Std Ext QA
scenario cT cT Corr CT CT Comr cr CT S CT
Posterior target 2% (1%) 2% (1%) 1% (1%) 1% (1%) 1% (1%) 1% (1%) 2% (1%)
Anterior target 5% (2%) 4% (2%) 3% (2%) 1% (1%) 1% (1%) 1% (1%) 1% (1%)

Corr, correction: CT, computed tomography: ext. extended: FFF. flattening filter-free: QA quality assurunce: SD. standard deviation: std. stundard.

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Position (mm) Position (mm)

Grams MP, Practical Radiation Oncology 2016 | links Thorax, rechts lumbal
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Erheblicher Effekt von Implantaten auf Partikel

CF/PEEK screw - protons CF/PEEK screw - carbon ions
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Fig. 5. Transversal dose profiles measured with EBT3 films for carbon fiber (on the top) and titanium screws (on the bottom). The EBT3 films were positioned at distances of 0 (green
continuous line), 2 (red dotted line) and 4 (blue dotted line) em from the screws. Left panels: proton SOBP; right panels: carbon ion SOBP. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

Mastella E, Phyisca Medica 2107
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Setup-Genauigkeit am nicht-robotischen LINAC

Planning CT CBCT

Step 1
Skin Based Alignment

4

Step 2

ExacTrac Alignment

Step 3
CBCT Verification

4

Step 4

Orthogonal kv/MV
Verification

Wang X, Journal of Applied Clinical Medical Physics, 2017
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Setup-Genauigkeit am nicht-robotischen LINAC
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Wang X, Journal of Applied Clinical Medical Physics, 2017
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Setup-Genauigkeit am nicht-robotischen LINAC

TasLe 4 Dosimetric values to the spinal cord of case # 16. The spinal cord volumes include the total volume (T5 to T8) over the target area
and sub volume in each individual vertebra level. Misalignment is a vertical shift in isocenter of clinical plan. Dose pertubation is the average of
dose value changes from 0 to 1 and 1 to 2 mm misalignment.

Vertebrae level Spinal cord volume (cm?) Misalignment (mm) Dinax (Gy) D « (Gy) D; . (Gy)
TS 0.90 0 163
1 16.9
:
Dose perturbation (Gy/mm) 0.6
Té6 0.99 0 167
1 18.8
2 212
Dose perturbation (Gy/mm) 22
T7 0.98 0 15.0
2 B 15.9
2 17.8
Dose perturbation (Gy/mm) 0.9
T8 0.98 0 14.9
b 14.8
2 14.7
Dose perturbation (Gy/mm) -01
T5to T8 3.85 0 16.7 138 126
b 18.8 140 130
2 212 143 134
Dose perturbation (Gy/mm) 22 0.3 04

Wang X, Journal of Applied Clinical Medical Physics, 2017
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Intrafraktionelle Beweglichkeit

Li W, Intern. J. Radiol Biol Phys 2012 | Foster R, Intern. J. Radiol Biol Phys 2013
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Intrafraktionelle Beweglichkeit
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Table 2 Mean pretreatment and intrafraction shifts for all patients
Mean intrafraction errors {(mm)
AP N | Lateral 3D
058 £ 1.75 —036 £ 1.29 008 &+ 1.31 1,72 £ 1.98

Lung: compressed

Lung: uncompressed .23 = 1,25 003 £ 1.24 005 £ 090 1.28 + 1,53
Liver 017 =082 013 £ 162 008 £ 1.07 1.21 £ 1.74
Prostate 046 = 1,26 0.73 £ 1.65 —0.28 £ 142 1.95 + 1.76
Spine =010 = 1.04 038 £ 1.23 006 = 1.05 1.29 + 1.45

Abbreviasions: 3D =

Table 4 Margins calculated from pretreatment und intrafraction errors

Margins
Intrafraction (mm)

1 Anteroposterior Superoinferior Lateral
Lung: compressed 3.25 1.93 2.
Lung: urcompressed 204 205 1.74
Liver 1.27 2357 2
Prostare 271 350 298
Spine 200 246 210

Li W, Intern. J. Radiol Biol Phys 2012 | Foster R, Intern. J. Radiol Biol Phys 2013
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Mogliche Schlussfolgerungen

» Implantate beeinflussen die Bildqualitat (Stahl>Vitallium>Titan>PEEK)
« Bestmogliche Bildgebung: 1-3mm CT, 1,5T mit WARP/MARS, T1+T2
« Zielvolumendefinition entsprechend Consensus-Guidelines

* OAR-Konturierung und PRV-Konzept

* Photonen bei Implantaten bevorzugen

« Maximal rigide Lagerung, moglichst kurze Plane

* Erwagung von interfraktionellem CBCT (oder anderem Tracking)



