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Displacement maps in glioblastoma
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displacement maps (DM) show significant deformations already at day 28.
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Example: From DICOM to
synthetic growth models

* Post-contrast T1-weighted MRI showing tumor
* Tumor mask
* Brain mask

Software used:
dcm2nix
FSL

ITK-SNAP

Aliza

Convert3D

ANTsX

cancer-sim (https://github.com/ivartz/cancer-sim) using:
python 3 with libraries:

numpy
nibabel

scipy
perlin_numpy (https://github.com/pvigier/perlin-numpy)



https://github.com/ivartz/cancer-sim
https://github.com/pvigier/perlin-numpy

Preprocessing

Convert DICOM to NIFTI (first time point DICOM MRI in
source/01 folder). dcm2niix v1.0.20171215. The model
assumes isotropic voxels, like 1x1x1 mm.

S dem2niix -z y -b n -o derivatives -f 1-T1c source/01
If not isotropic, can be resampled to isotropic units using FSL.

S flirt -in derivatives/1-T1c.nii.gz -ref derivatives/1-T1c.nii.gz -
applyisoxfm 1.0 -nosearch -out derivatives/1-T1c-
Ix1x1.nii.gz

Create tumor and brain mask for the isotropic NIFTI MRI.

Here the masks were manually created using ITK-SNAP, then
median smoothed (over 2x2x2 px) using Aliza.
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Example: From DICOM to
synthetic growth models

* Post-contrast T1-weighted MRI showing tumor
* Tumor mask

* Brain mask

* Model parameters: params.txt

displacement=369 12
gaussian_range_one_sided=5
intensity_decay_fraction=0.1
num_vecs=32

angle_thr=7

spline_order=1
smoothing_std=4
perlin_noise_res=0.03
perlin_noise_abs_max=0.6



Example: From DICOM to
synthetic growth models

Download and run cancer-sim
S git clone https://qithub.com/ivartz/cancer-sim

S bash cancer-sim/generate-models.sh params.txt
derivatives/1-T1c.nii.gz derivatives/1-
tumormask.nii.gz derivatives/1-brainmask.nii.gz
models


https://github.com/ivartz/cancer-sim
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Example: From DICOM to synthetic
growth models + cross-correlation
assessment using second examination

Download and run cancer-sim
S git clone https://qithub.com/ivartz/cancer-sim

S bash cancer-sim/generate-models.sh params.txt derivatives/1-
T1c.nii.gz derivatives/1-tumormask.nii.gz derivatives/1-
brainmask.nii.gz models

Co-register real second time point MRI to real first time point MRI

S bash cancer-sim/antsRigidRegister.sh derivatives/1-T1c.nii.gz
derivatives/2-T1c.nii.gz derivatives/1-brainmask.nii.gz
derivatives/reg

Compute and save cross-correlation similarities between (co-
registered) real second time point MRl and model MRIs

S bash cancer-sim/compute-cc-models.sh derivatives/reg/2-T1c-
reg.nii.gz derivatives/1-brainmask.nii.gz models >
models/correlations.txt



https://github.com/ivartz/cancer-sim

Five non-rigid registration methods
estimating displacement fields

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

* ANTs: Symmetric image Normalization (SyN)*~,

1)
2)
3)

4)

5)

cross-correlation®* and mutual information
versions

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-I
1 optical flow." Joint pattern recognition symposium. Springer, Berlin, Heidelberg, 2007.
Avants, Brian B., et al. "Symmetric diffeomorphic image registration with cross-correlation:
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Benchmarking

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

No

1 3 High
2 3 High High
3 3 High Intermediate
4 3 Low No
5 3 Low High
Models _
patient 6 3 Low Intermediate
7 8 High No
8 8 High High
9 8 High Intermedate
10 8 Low No
11 8 Low High
12 8 Low Intermediate
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Benchmarking

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

* 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

* Kruskal-Wallis (K-W) and One-way ANOVA analysis
on absolute and relative errors to investigate
differences in registration performance as function
of model parameters, registration method and
lesion tissue type




Results

* 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).




Tukey Simultaneous 95% Cls

Differences of Means for In {Relative error)

I
Lucas-Kanade - Farmeback : | ]
|

Sy CC - Farmeback -

Sy MI - Farmeback -

SR B 5

TW-L1 - Farmeback | — &

Sy CC - Lucas-Kanade | l &

SyM MI - Lucas-Kanade - = &

TW-L1 - Lucas-Kanade - : &

Sy MI - Sy ©C - : : o

TW-L1 - SyN CC -

TV-L1 - SyN MI - |

If an interval does not contain zero, the corresponding means are significantly different.
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Results

* 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)

Enhancing - Edema I :'l' I
|
|
|
|
|
|
|
|
Mecrosis - Edema II &
|
|
|
|
|
|
|
|
|
Mecrosis - Enhancing I T &
:
|
|
-0.3 -0.2 -01 0.0 0.1 0.2 0.3 0.4 0.5

If on interval does not contain zero. the corresponaing means are significantly different.
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