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Mass effect and survival

* Progression of cancer within a fixed skull volume (expanding
deformation?)

* Human eye: Visible [1,2] and “invisible” [3] displacement caused by
mass effect are associated with decreased survival

[1] T.C. Steed et al., “Quantification of glioblastoma mass effect by lateral ventricle displacement,” Sci
Rep, vol. 8, no. 1, p. 2827, 12 2018, doi: 10.1038/s41598-018-21147-w.

[2] E.S. Gamburg, W. F. Regine, R. A. Patchell, J. M. Strottmann, M. Mohiuddin, and A. B. Young, “The
prognostic significance of midline shift at presentation on survival in patients with glioblastoma
multiforme,” Int J Radiat Oncol Biol Phys, vol. 48, no. 5, pp. 1359-1362, Dec. 2000, doi: 10.1016/s0360-
3016(00)01410-3.

[3] P.Prasanna et al., “Mass Effect Deformation Heterogeneity (MEDH) on Gadolinium-contrast T1-
weighted MRI is associated with decreased survival in patients with right cerebral hemisphere
Glioblastoma: A feasibility study,” Sci Rep, vol. 9, no. 1, p. 1145, 04 2019, doi: 10.1038/s41598-018-
37615-2.
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Validating non-rigid registration methods for
clinical use

1)
2)

3)
4)

5)

1-3; Optical flow: Gunnar-Farneback?, Iterative Lucas-Kanade? and TV-L13
versions

4-5; ANTs: Symmetric image Normalization (SyN)*>, cross-correlation* and
mutual information versions

We validate registration methods by measuring the displacement error

between cancer-sim synthetic displacement field and estimated displacement
field in and around lesion areas: Necrotic, edematous and contrast-enchanced

lesions

Farneback, Gunnar. "Two-frame motion estimation based on polynomial expansion." Scandinavian conference on Image analysis. Springer, Berlin, Heidelberg, 2003.

Le Besnerais, Guy, and Frédéric Champagnat. "Dense optical flow by iterative local window registration." IEEE International Conference on Image Processing 2005. Vol.
1. IEEE, 2005.

Zach, Christopher, Thomas Pock, and Horst Bischof. "A duality based approach for realtime tv-l 1 optical flow." Joint pattern recognition symposium. Springer, Berlin,
Heidelberg, 2007.

Avants, Brian B., et al. "Symmetric diffeomorphic image registration with cross-correlation: evaluating automated labeling of elderly and neurodegenerative

brain." Medical image analysis 12.1 (2008): 26-41.

Avants, Brian, C. L. Epstein, and James C. Gee. "Geodesic image normalization in the space of diffeomorphisms.” 2006.



Deformable registration validation

* Created dataset of 27 (patients) * 12 (models) = 324 models
Model | Magiudeimm) | ra covrage | imulary
No

1 3 High
2 3 High High
3 3 High Intermediate
4 3 Low No
5 3 Low High
Models :
oatient 6 3 Low Intermediate
7 8 High No
8 8 High High
9 8 High Intermedate
10 3 Low No
11 8 Low High
12 8 Low Intermediate
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Deformable registration validation

* Created dataset of 27 (patients) * 12 (models) = 324 models

* Ran the five registration methods on 324 real-synthetic pairs to
estimated displacement fields

* Computed voxel-vise absolute and relative displacement error in
necrotic, edema and enhancing tumor regions

* Wilcoxon signed-rank and Kruskal-Wallis nonparametric tests, and
One-way ANOVA analysis on absolute and relative errors (when
appropriate) to investigate differences in registration performance as
function of model parameters, registration method and lesion tissue

type




Results (in progress)

* Difference in method performances (relative errors) for low and high
brain coverage (K-W, p=0.02). Best performance for high brain
coverage.

* SYN CC and Farneback methods had best performances with lowest
absolute and relative errors (K-W, ANOVA; p<0.037).

* Different performances as a function of tissue type (K-W; p=0.019,
absolute error, ANOVA; p<=0.035, relative error). Best performance in
enhancing tissue.




Tukey Simultaneous 95% Cls

Differences of Means for In (Relative error)
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Tukey Simultaneous 95% Cls

Differences of Means for In {Relative error)
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Brain coverage (1=lowest)

Contour Plot of Cross-Correlation
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cancer-sim vl example: Best fit
model on each time interval
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File Edit Segmentation Workspace Tools Help
ITK-SNAP Toolbox 3
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Displacement maps in glioblastoma

- Patient 1
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Fig. 2. Longitudinal evolution of Patient 1 from day 18 after starting radiochemotherapy treat-
ment to day 372. According to RANO criteria tumor progression started on day 208, however
displacement maps (DM) show significant deformations already at day 28.
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Thank you!

lvar Thokle Hovden, MSc.

42



