Image Fusion, Contouring, and
Margins in SRS

Overview
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Registration Accuracy

Registration Accuracy

Rigid vs. Deformable Registration

*Benchmark Test of Cranial CT/MR Registration ® IJROBP e Kenneth et al. ® 2010

**Need for application-based adaptation of DIR ® Med. Phys.e Kirby et al. ® 2013

**Performance of DIR in low contrast regions ® Med. Phys.e Supple et al. ® 2013
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Registration Workflow Comparison

Simulation and Gamma Knife
planning images

Planning MRI*

Contouring MRI*

Fusion Type single-modality
rigid registration

Linac-based SRS

CT

MRI or PET/CT

multimodal rigid
registration

Modality

Co-Registration Accuracy
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Co-Registration Accuracy

Registration accuracy, quantitative assessment:
between correspondent markers

Patient AZ (mm) AP (mm) AS (mm)

number (mean+SD) (mean+SD) (meanzSD)
0.37+0.78 1.17+0.89 1.54+1.05
0.11+0.33  0.88+0.52  0.96:+0.58
0.64+1.27 1.15£1.15 1.92+1.13
0.36+0.41 1.70+0.86  1.89+0.75
0.39+1.15  0.81+0.79  1.54+1.26

Mean (over five anatomical landmarks) distance between

correspondent markers: AZ, error along cranio-caudal direction

(mm); AP, error in transaxial plane (mm);
(mm). Maximum discrepancy in 3D space: ASq,,, maximum 3D
error (mm).

Target delineation: Impact of registration ® Radio & Onc. ® Cattaneo et al. ® 2005

Co-Registration Accuracy

Error Distribution
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Fig. 5. Distribution of errors indicating the number of submissions
falling within 5-mm error bins,

Benchmark Test of Cranial CT/MR Registration ® IJROBP e Kenneth et al. ® 2010

Frame-Based Registration

MR to CT Registration Errors ® Med. Phys. ® Sudhyadhom et al. ® 2014




Contouring Accuracy

Modality

Modality  Mean Volume
CT only 29.6 cm?®
MRl only  51.4cm?
CT+MRI 56.5 cm?®

Influence of MRI on GTV delineation ® IJROBP ® Emami et al. ® 2003
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Modality

Modality Mean Volume

‘ .' 4} CTonly 59.5cm?

CT + MRl 69.6 cm®

Interobserver variations GTV delineation e Radio & Onc ® Weltens et al. ® 2001
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Spatial Resolution & SNR

Slice Thickness




MR Field Strength
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Evaluation of target localization using 3T MRI  IJROBP e MacFadden et al. ® 2010
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Planning Image Timing

Overall Survival

> 2 weeks
<=2 weeks

0 6 12 2 0

rmt‘naw(lll
Overall survival (p = 0.039) for patients with
MRI imaging to treatment period wait of

> 2 weeks (blue) and < 2 weeks (red).

Imaging to Treatment in RS: Too Long? ¢ IJROBP ¢ Seymour et al. ® 2013

Timing of Contrast Injection

Table 1. Observer measured tamaur volumes for CT seans obiained immedsately afier adminisiration of cantrust mediun apd these
obtained after a delay

[r—— Delayod scan
Lesion Meaa volume (SD) (mer’) Meda voluse (SD) (e’ ’ 3D i in

L N

a6
ot planncd

Delineation brain mets on CT for RS: accuracy ® Br J Radiol ® Sidhu et al. ® 2004




Additional Factors

Contour Variation

Modality Volume Ratio
(largest: smallest)

CTonly  (28,18,18,19,17)
CT+MRI  (24,17,19,27,15)

Interobserver variations GTV Delineation ® Radio & Onc. ® Weltens et al. ® 2001
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Contour Variation

Modality Concordance Agreement
Index Ratio (AR)
unregistered  14.1 +/-12.7% .24 +/- .18

registered 47.4 +/-12.4% .67+/- 15

Target delincation: interobserver variability® Radio & Onc. ® Cattanco ct al. ® 2005
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Contour Variation

~ Digital
subtraction
angiogr:

Fig. 1. Contouring variations in a patient with a brainstem arterio-
venous malformation. (a) Target volume presented as different
colors. All contours were automatically projected on computed
tomography images used for further analysis (b).

SRS for brain AVMs: Interobserver variability ® IJROBP e Buis et al. ® 2005




What margin for SRS?

What is an appropriate margin?

the influence of the organs at risk on

think, full line)

Journal of the ICRU: Volumes ® Volume 4 Number 1 ¢ 2004
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Margins — not your simple PTV

ICRU Report 62 ® van Herk et al. ® 1999

Geometrical uncertainties, planning margins ® Rad & Onc ® Stroom et al. ® 2002

PTV margins finite fractions & small systematic errors ¢ PMB ¢ Gordon et al. ® 2007
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Herschtal Margin for SBRT

Calculating margins for hypofractionated RT ® PMB e Herschtal et al. ® 2013
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Summary
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10% 1. exte

19% 2. CTV contouring Va
33% 3. rigid image registration
24% 4. 3 mm MRI slice thickness

1% 1. mask immo

4% U

18% 3. contouring using PET-C
21% 4. deformable registration
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