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Texture analysis  tumor heterogeneity

Clin Cancer Res. 2015;21(6):1258
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Texture work flow

Original images Segmentation AnalysisProcessing
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Techniques

A. Statistical methods:

1) Histogram

2) Normalized gray-level 

co-occurrence matrix 

(NGLCM)

3) Neighborhood grey-

tone difference matrix 

(NGTDM)

4) Gray level run length 

matrix (GLRLM)

5) Gray level size zone 

matrix (GLSZM)

6) Shape analysis

B. Fractal analysis

1) Box counting

2) Fractional Browian motion 

method

3) Power spectral method

C. Transform-based 

methods

1) Wavelet transform

2) Laplacian of Gaussian 

(LoG)

Br J Radiol. 2017;90(1070):20160642
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1) Histogram

- Fixed number of bines
- Bins (K) = [max – min] / h

- Fixed width

- Parameters

- SUVmax

- SUV mean

- MTV

- TLG

- Entropyhist

- Skewness

- Kurtosis
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2) Normalized gray level co-occurrence 

matrix (NGLCM)

Eur Radiol;2015,25:2840
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• Parameters:

Haralick 1973

_
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3). Neighborhood grey-tone difference 

matrix (NGTDM)

• Matrix formed by summing the value of the pixel 

minus the average of the pixels in neighborhood

• Ex: 5x5 image, specify d = 1

– Neighborhood: w = 3x3

– s(0) = |0-(21/8)|= 2.625

– s(2) = |2-(17/8)| + |2-(15/8)|= 0.250

– …...
0    2.625

1 4.125

2 0.250

3 0.000

4 4.875

Amadasun 1989
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Parameters

Coarseness

Contrast

Busyness

Complexity

Strength 

Amadasun 1989



2017-11-18 核醫年會

• Coarseness

Amadasun 1989

Original images

Coarseness



2017-11-18 核醫年會

4) Gray level run length matrix (GLRLM)

• Counting the number of pixel segments having

the same intensity in a given direction, then 

representing the results in a matrix

Intensity = 1 & length = 1   4

Intensity = 2 & length = 1   1

Set direction to be 0o

Tang 1998
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5)  Gray level size zone matrix (GLSZM)

• Counting the number of pixel areas having the 

same intensity, then representing the results in a 

matrix

• No direction needed

Thibault  2009
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• Parameters
– Short zone emphasis

– Long zone emphasis

– Grey level variability

– Size zone variability

– Zone percentage nr: total runs; np: total pixels
Tang 1998

(p: point number)
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– Low-intensity zone emphasis

– High-intensity zone emphasis

– Low-intensity short-zone emphasis

– High-intensity short-zone emphasis

– Low-intensity long-zone emphasis

– High-intensity long-zone emphasis

Tang 1998
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2 2 1 1

2 2 1 1

1 1 2 2

1 1 2 2

Histogram analysis:

Maximal; mean; MTV; TLG; entropy:

 A = B = C

NGLCM: (R’t)

Uniformity: 

 A = 0.347, B = C = 0.278

A > B = C

2 2 2 1

2 2 2 1

2 2 1 1

1 1 1 1
(A)                               (B)                              (C)

2 2 1 2

1 2 1 1

1 1 2 1

2 1 2 2

NGTDM:

Coarseness: 

 A = 1.33, B = 1.00, C = 0.89

A > B > C

GLRLM: (R’t)

Run-length variability

 A = 1.57, B = 4.0, C = 3.33; 

B > C > A

GLSZM:

Size zone variability 

 A = 1.0, B = 2.0, C = 1.33; 

B > C > A
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• Eccentricity:
– Minor axis (b) to the major axis (a) of the best-fitted ellipsoid to the region of 

interest

• Euler number:   E = C - H
– The number of connected objects (C) minus the number of holes (H); E = C – H 

= 1 – 3 

• Convexity:
– The ratio of perimeters of the convex hull over that of the original contour

• Convex hull: the smallest convex polygon that can contain the region

• Solidity:   S = As / H
– As: surface area of the object; H: convex hull area

• The solidity of a convex shape is 1

• A measurement of convexity

• Extent:   Ex = As / Bb
– As: surface area of the object; Bb: bounding box

• Bounding box: the smallest rectangle containing the region

• Asphericity (ASP):

– For a sphere, H=1, ASP=0

6) Shape analysis
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7) Laplacian of Gaussian (LoG)

Sci Rep. 2017 Aug 11;7(1):7952
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Radiology;2013,266(1):326

SSF = 1.0 SSF = 1.5 SSF = 2.5

SSF: spatial scale filter

MPP: mean of positive pixels

UPP: uniformity of positive pixels
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Applications
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PET

Cx ca            HNC

Segmentation Texture matrix Results

40% SUVmax 8/16/32 bins;

Histogram; NGLCM

Shape; HomogeneityNGLCM  HNC OS.

Energy  Cx ca Tx failure
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Segmentation Texture matrix Results

Adaptive 

threshold

Histogram;

Shape

MTV; ASP  PFS.
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Segmentation Texture matrix Results

Gradient-based 64 bins;

Histogram; NGTDM; 

GLRLM; GLSZM

Entropyhist  OS.
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Segmentation Texture matrix Results

SUV 2.5 4/16/32/64 bins;

Histogram; NGLCM; 

NGTDM

TLG, UniformityNGLCM  PFS., DSS., OS.
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Segmentation Texture parameters Results

SUV 2.5 32/64 bins;

Histogram; NGLCM; 

NGTDM

Skewnesshist  RFS.

UniformityNGLCM  OS.
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Segmentation Texture parameters Results

45% SUVmax 16/32/64/128 bins;

Histogram; NGTDM

CoarsenessNGTDM  DSS.
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Segmentation Texture parameters Results

FLAB 64 bins;

Histogram; NGLCM; 

NGTDM; GLSZM

CoarsenessNGTDM  DSS.

FLAB (fuzzy locally adaptive Bayesian)
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Segmentation Texture parameters Results

SUV 2.5;

42% SUVmax;

Adaptive threshold

64 bins;

Histogram; GLRLM; 

GLSZM

Size-zone variabilityGLSZM  PFS., DSS.

UniformityNGLCM  PFS., DSS
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Segmentation Texture parameters Results

SUV 2.5 64 bins;

Histogram; NGLCM; 

GLSZM

FDG size-zone variabilityGLSZM  PFS.

FDG Intensity variabilityGLSZM  PFS.
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MR

Segmentation Texture parameters Results

Manual

T2W; 

DCE T1

256 bins;

Histogram

T1, T2 entropyhist  RFS.
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Segmentation Texture parameters Results

Manual

T2W; DCE; 

DWI

LoG Deep myometrial invasion (DMI);

Lymphovascular space invasion (LVSI)
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PET/MRI

Segmentation Texture parameters Results

Manual

T2W

LoG Lower MPP, SD in PSMA (+) slices
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Variations & Limitations

Original images Segmentation AnalysisProcessing
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• PET reconstruction parameters
Original images

Low variability features:
Histogram analysis:

- entropy

NGLCM:

- entropy, 

- energy, 

- correlation

GLRLM:

- LGRE

- HGRE

GLSZM:

- GLNUz 

Acta Oncologica, 2010; 49: 1012
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J Nucl Med. 2015;56(11):1667
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• Fixed value:
- SUV 2.5

• Fixed %:
- T30, T40, T42, T45, T50, T60

• Adaptive threshold
- Background varied

• Automatic:
– FLAB, regional growing

• Which threshold best for prediction survival?
– SUV: 5.5-7.0 or 40%-68% of SUVmax  NO major 

impact on the predictive value of MTV in OPSCC

Segmentation

Clin Nucl Med 2017;42: e281
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• Fixed bins vs. fixed width

– Fixed bins: 

• Highly correlated with tumor volume

– Double baselines studies

• Fixed bins: 

– More reliable in PET

• Fixed width

– More reliable in CT of PET/CT

PLoS One. 2015;10(12):e0145063

J Nucl Med. 2017;58(3):406

Processing
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J Nucl Med. 2017;58(3):406
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• Double baseline T2W

– Coefficient of variation (COV), repeatability coeffieient (r)

• Better repeatability for histogram parameters
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• Nomenclature

– Histogram features = global features = FOS

– NGLCM = 2nd order texture features = local features 
= Haralick features

• Uniformity = energy = 2nd angular moment

• Contrast =  inertia

– GLRLM, GLSZM = regional features

• Software

– Black-box

• Texture features highly inter-correlated

– Over-fitting

• Retrospectively studies

– External validation

– Traing-validation

– Leave-one-out cross validations

• Biological interpretation

Analysis
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AR: autoradiography

H: histology
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VEGF immunoreactive score (IRS) associated 

with GLNUz, RLNU
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Science. 2004;305(5682):402
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Software
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Conclusions

• Texture analysis

– Promising

– Deal with caution

– Validation 
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THANK YOU


