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e Histology, MRI methods and textural characteristics
of human and experimental glioma

e Texture analysis and texture feature maps in
multispectral images of glioblastoma
acquired at DKFZ study 763)

e Some conclusions and perspectives ...
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» Glioblastoma multiforme (GBM) is the most aggressive form of the
primary brain tumors known collectively as gliomas.

» These tumors arise from the supporting, glial cells
of the brain during childhood and in adults.

» Gliomas do not spread throughout the body like other forms
of cancer, but cause symptoms by invading the brain.

» Gliomas are graded by their microscopic appearance.

» As a rule their behavior can be predicted from this histology:

- grade | (pilocytic astrocytomas) and

- grade Il (benign astrocytomas) tumors grow slowly over many years

- grade IV (GBM) grows rapidly, invading and altering brain function,
and untreated, GMB’s are rapidly lethal.
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Normal WM Glioblastoma

Monotonous appearance of normal brain GBM contains atypical cells, dividing cells, necrosis
white matter under the microscope and clumps of cells around blood vessels
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Tumor characterization
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“ Viability ”
“ Cellularity ”
“Vascularization ”

“Necrosis “
“ Deposits ”
“ Grading “
“ Staging “
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“Compute” the probability of tumor tissue state (S)
given the MR measurements or features (X;,Xy,-..,Xp,)
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Baysian framework:
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4 FigureNo. 1 = ¢
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color texture ?

a = imread('gbm_histology.bmp";
b = a(150:150+255,300:300+255,:);

avdwndenad T and texture feature maps .... —»
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File ROI  Anaksis

%z MaZda - Image: gbm_histology_b.r3
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Glioblastoma - textural features cont.
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Impulse i.v. injection PhySi()logicaI features

of contrast agent

Wash in and wash out (or bolus passage) in capillary bed of brain tumor voxel

Residual function

R(t) B C..(t) = AlF(t)  R(t)

Tissue Arterial Residual
contrast Input function
time curve Function
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Signal intensity vs. time
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Physiological features cont.

CA bolus

Concentration

Time
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* Perfusion Magnetic Resonance Imaging to
Assess Brain Tumor Responses to New Therapies “

From: Michael H. Lev, MD, and Fred Hochberg, MD

Susceptibility Tracer
contrast kinetic
physics principles
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Diffusion imaging

Color coding of the
three orthogonal diffusion
encoded images

b=1000 P

b=1000 R

Siemens Vision

b=1000 S
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Diffusion Tensor Imaging (DTI)

Anisotropic diffusion of water
(corpus callosum)

Diffusion tensor imaging of a 75 year
old woman with stroke.

b=1000 s/mm? in 6 different directions.
The diffusion tensor FLAIR sequence
(ep2d_ir_dt6 2 ic_4ag.ek) was

written by Dr. Jochen Hirsch at
Klinikum Mannheim on a Siemens
Vision. TA= min42s, 4 AC;
Matrix=128 x 200, TR=6000 ms;
TE=110 ms; TI1=1950 ms;
Thickness=5 mm; FOV=240 x 240 mm?

(Courtesy of Prof. L. Schad, DKFZ, Heidelberg)
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Multispectral imaging of glioblastoma (okrz)

T1 post Gd

763-4-176 SP 34.0
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Tissue anatomical and physiololgical features

Cellularity

(ADC)
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Tissue classification of normal and abnormal tissue types from
multispectral MR image acquisitions in GBM patients
- assessment of tumor growth rates and response to therapy
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Growth Rates, MR Spectroscopy: Prognostic Markers for Glioblastoma Multiforme
Society for Neuro-Oncology, Chicago, Nov. 2000

Haney S, Thompson PM, Cloughesy TF, Alger JR, Frew AJ, Toga AW

Laboratory of Neuro Imaging, Department of Neurology, Division of Brain Mapping;

Neuro-Oncology Program, The Henry E. Singleton Brain Cancer Research Program;
Dept. of Radiological Sciences; UCLA School of Medicine, Los Angeles, CA 90095
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Experimental brain tumors in the rat

Data from Prof. Rolf Bjerkvig,
University of Bergen
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A-C Human xenograft in
nude rats demonstrating
tumor cell infiltration in
brain parenchyma.

D & E. Human tumor obtained

by implantation of a permanent
human glioma cell line.

Tumor growth is here by expan-
sion rather than by infiltration, and
image texture in the micrographs
have different characteristics.
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Imaging of tumor growth in the rat brain

using the finger coil on a 1.5 T Siemens Vision

Ip-loop-small/tl_se sag, se 14b89.ykc
250 gr0.5ml Gd, TA=4:59, AC=3
Matrix=224*2560s, TR/TE=440.0/14.0 SL=2.0
Arvid Lundervold FoV=44*50 Voxel size =0.20 x 0.20 x 2.0 mm?
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Rat brain imaging on a clinical whole-body scanner

Image 3-12 (T1) Image 4-25 (T2) Image 5-38 (T1 Gd)
TR/TE = 440/14 TR/TE = 4000/96 TRI/TE = 440/14

se_14b89.ykc
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Texture analysis in multispectral images of
human glioblastoma acquired at DKFZ (study 763)

Phantoms F48Y SIEMENS VISION 15T

R: Reticulated foam
- coarse
- empty
- medium

L: Polystyrene granules
-2.00-3.15

-1.25-2.00
-0.80-1.25
Pre (763-2-) and post (763-4-) Gd: Pre (763-3-) Gd:
Sequence = fI3dt1l_fe34 476rb97.ykc Sequence =tse5 14b130 85b130.wkc
TR/TE/FA = 20.1/6.5/25° Acq=1 TR/TE1/TE2 = 5000.0/14.0/85.0 Acg=1
Matrix = 384 x 5120s x 56 slices Matrix = 340 x 5120s x 45 slices
FoV =270 x 270 FoV =270 x 270
Voxel size =0.70 x 0.53 x 3.0 mm?3 Voxel size = 0.79 x 0.53 x 3.0 mm?3
T TA =7 min 15 sec TA =5 min 46 sec
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763-2-30.ima . . 763-3-80.ima
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Post Gd Pre Gd
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T2 PD
(12:44) (12:44)
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763-2-30 SP 34.0 763-4-176 SP 34.0
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763-2-29.ima 763-3-124.ima 763-4-175.ima
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Textural parameters ...

Insiyiwd Elekisnniki
ﬂﬂ| reiEcma e LEdalE

rie
HIH: fumord_wmi_pheall_mibmp
- Features I bd apz |
[+ BLM features [ COM features ¥ Gradient features =
—RLk bitz/pixel— — COM bitz/pixel Diztances—— — Gradient bitz/pisel——
8 i 8 V1 12 7 |
7 7 2 S L O
v g v g [z 10 5 b £
5 5 [ 4 a 1 Juw b ovtamces =1
4 4 5 ol
%g—vl LT Sjrnagmria|
Mormalization BN mﬂ sz g‘ﬁ
e % g3 147 1 1
’7 " Diefault & 4/ 3 sigma 1% -99% E#:r EE aﬁlg ﬁlﬂ 313_'.'3"
T T O0ZEdEE DA 015W
1.5 0139852 4 P50 vEE 0
¥ Hist feat [T Save hist dat = = 129 T 2
istogram features ave histogram data = i =2 e = ;
Iv &R model W Diraw histogram

k. Cancel

i, hum.: 4
Biis. lisn - B

Ares: 583
B, ham,; 1165
Bdmz. lm.: 185

Arvid Lundervol
COST B11 WG 3
Angers, 2001



Imege: TEZ-3124.ima

R amor]_wm?_pham]_sol bap

Ares 0T
Min. lem: 1057

T2-weighted pre Gd

fz MaZda - Image: 763-3-124.ima ROL: tumord_wm2_phantl_roi.bmp

File ROI  Analkysis

hafidth; 512
Height: 512
kin. I 1
b ax. lum.; 3253
Bitz/pinel: 12

-2 >
Help

Image File: ¥63-3-124.ima ﬂ
ROl File: tumarad_wm2_phant]_roi brap
Image size: 512 % 512
i, lum.: 1
M ax. lum.: 3253
Bits/pixel: 12
Hiztogram analvziz = ez
MHaormalization = 3 zigma
[Gradient analpsiz = Y'es, Max pisel value = B4
BL matrix analyziz = ves, Dimenzsion = 64
CO matrix analysiz = Y'es, Dimenzionz = 64 » B4, Distances = 1
AR model analvziz = Yes
Histogram data = Mo

1[red] 2areen] Jblue] H[cpan] Almagenta]l  Blyellow]
Area = a7 619 B2E 540 912 533
kMean = 12324 1329.2 11961 h26.04 47343 &70.51
Wariance = E325.6 A533.4 Fra0d 18204 44326 1531
Skewnezz = 017374 -0.83321 -1.0264 024268 021897 032756
Furtoziz = -0.82624 1.6682 080236 012324 -0.43369 011421
Perc. 1% = 1074 1113 941 430 B4 451
Perc10% = 1128 1228 1060 476 200 500
Perc. B0% = 1225 1340 1211 h24 463 st -
1| [ »]

Min. lum: 42T
M. lamm: T4

AEEE iy, | o8 waramp | 8 foi,, | <1, | @

COST B11 WG 3
Angers, 2001




Imiege: 768341 T5ima
AOLE tumar) wm?_phanl_molbmp

Aran FAT
M lum: 177

T1-weighted post Gd

fz MaZda - Image: 763-4-175.ima ROL: tumord_wm2_phantl_roi.bmp

File ROI  Analkysis

Min Iy
Me |

hafidth; 512
Height: 512
kin. I 1
b . lum.; 862
Bitz/pixel: 10

-2 >
Help
Image File: ¥63-4-175.ima ﬂ
ROl File: tumarad_wm2_phant]_roi brap
Image size: 512 % 512
i, lum.: 1
b, lum.: 862
Bits/pixel: 10
Hiztogram analvziz = ez
MHaormalization = 3 zigma
[Gradient analpsiz = Y'es, Max pisel value = B4
BL matrix analyziz = ves, Dimenzsion = 64
CO matrix analysiz = Y'es, Dimenzionz = 64 » B4, Distances = 1
AR model analvziz = Yes
Histogram data = Mo
1[red] 2areen] Jblue] H[cpan] Almagenta]l  Blyellow]

Area = a7 619 B2E 540 912 533
kMean = 18842 156.04 18229 137.8 a7 641 13872
Wariance = 52064 14077 E96.59 33551 243068 53549
Skewnezz = -0.11921 -0.42393 0048842 018386 016952 012511
Furtoziz = -0.57788 -0, 30961 -1.0548 0075697 -0.44713 0557
Perc. 1% = 137 B3 132 126 B 119
Perc10% = 157 104 146 130 18 130
Perc. B0% = 183 161 184 138 ar 139 -
1| [ »]

Area: 583
Min lum: 117
Mrs lum 18R

Arvid Lundervold
COSTB11 WG 3
Angers, 2001




BT iewe - Hivl ograss deawing

Imege: TER-2-10.Ime
P el _wem?_phesfl _ral.hmp

Bacn® THT
i, Jum.- &1
ln, lams 106

T1-weighted pre Gd

iz MaZda - Image: 763-2-30.ima RO tumor3_wmZ_phantl_roi.bmp

File ROI  Analysis

Afidth: 512
Height: 512
kir. lum.: 1
bl aw. Ium.; 872
Bitz/pixel 10

-0 >
Help

Image File: 763-2-30.ima ﬂ
ROl File: tumora_wmzZ_phant]_noi.brmp
Image size: B12 = 512
ki lum.: 1
b . lum.; 372
Bitz/pixel: 10
Higtogram analysiz = Yes
Marmalization = 3 zigma
Gradient analyzis = v'es, Max pikel value = 64
RL matrix analysiz =v'es, Dimenzion = 64
CO matrix analyziz = ez, Dimenzions = 64 » B4, Dizstances = 1
AR model analvzis = Yes
Histogram data = Mo

1[red] 2[green] Jblue] A[cyan] Blmagenta]  Blyellow)
Area = Tar E19 EZ2R 540 912 ha3
Mean = a6.593 B2 226 91.449 13553 J6.329 134.06
W ariance = h2.043 150 68 24,589 31624 26084 39818
Skewness = -0.37488 1.0615 -0.21562 0093772 020235 017542
Kurtoziz = 0082227 1.1047 0.36907 -0.32R52 -0.227ER 060423
Perc. 1% = E7 B2 7a 123 5 119
Perc. 10% = 7a ] a4 128 16 126
Perc. B0% = ar a0 a1 135 36 134 -
1] |

Aaea: 581
lim, lumz 116
e lums 162

I ® | =g, | v | & fovodi, | —iiioods, | D reate
Arvid Lundervold
COST B11 WG 3
Angers, 2001




Texture feature maps

T1-weighted pre Gd 763-2-30 T1-weighted post Gd 763.4-176
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Some conclusions and perspectives ...

 Glioma is a good driving application to explore
different structural and functional MR imaging
techniques allowing histological verification of
MR findings and postprocessing results

* In experimental brain tumors such verification =
can be done slice-by-slice, and different tissue Pz
tissue textures ca be “engineered” by using v
different tumor cell-lines.

* The value of texture analysis in MRI can be improved
when texture features are extended to 3D imaging
_(“3D texture”) and multispectral imaging (“color texture”).
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— k-means clustering



Definitions of texture parameters computed by MaZda

Histogram
Histogran based estures
i =izp{i}
o =Niii - 1) p(3)
il
= 5.-—3%@ - & pli)
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Gradient
Gradienthased paramsters

MaZda User's Manual 00 1999-200y Andrzej Materka
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Image conversion in Matlab [

function A = al_dcmZraw(file_dir, filename, xsize, ysize, d)

% AL_DCM2RAW read UINT16 binary xsize*ysize data with DICOM header, write as RAW
% i.e. <flename>.dcm --> <filename>.raw in order to use .dcm-files

% with Matlab and as 'raw' format in the MaZda MRI texture analysis software (COST B11)

% Arvid Lundervold, 10-APR-2001

[fname_dcm, errmsg] = sprintf('%s/%s.dcm’, file_dir, filename);
[fname_raw, errmsg] = sprintf('%s/%s.raw’, file_dir, filename);
[fid, message] = fopen(fname_dcm,'r','native’); % local MACHINEFORMAT

status = fseek(fid, -xsize*ysize*2, 'eof'); position = ftell(fid); status = fseek(fid, position, 'bof");

[M, count] = fread(fid,[xsize,ysize],'uintl16’);
fclose(fid);
A=M' % A cannow be displayed .....................

% Write <filename>.raw image to disk

A_us = uint16(round(fliplr(A")));

[fid_raw, message] = fopen(fname_raw,'wb','n");
fwrite(fid_raw, A_us,'uint16');

fclose(fid_raw);

(

ifd == % Display image matrix A
hi = max(max(A));
lo = min(min(A));
imagesc(A, [lo hi]); colormap(gray); colorbar('h"); axis image;
[txt, errmsg] = sprintf('%s: min=%s max=%s',...
filename, num2str(lo), num2str(hi));
title(txt);
end



