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Abstract. Texture analysis was applied to 3T brain MR images of 5 relapsing
remitting MS patients before and after minocycline treatment. Texture features
were used to quantify pathological changes that may be undetectable by con-
ventional MR techniques. Active, inactive lesions and NAWM were chosen
from MR images of MS patients one month before and six months after treat-
ment. Texture features changed in all of the selected ROIs. Texture change in
active lesions was greater than that in inactive lesions and NAWM. There was
close relationship between texture changes in active lesions and NAWM. This
preliminary work suggests that it may be possible to predict therapeutic re-
sponse of MS patients using MRI texture analysis.

1 Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the cen-
tral nervous system afflicting nearly 1 million people worldwide. The hallmarks of
multiple sclerosis include multifocal perivascular mononuclear cell infiltrates in the
central nervous system, oligodendrocyte loss and demylination, and axonal loss [1].
Recent studies[2, 3] revealed that the pathogenesis of MS might be related to the re-
cruitment of autoreactive T lymphocytes to the central nervous system (CNS) that
mediate injury. Therefore, preventing inflammatory cells from infiltrating the CNS
may be a reasonable therapeutic strategy for MS [1].

Minocycline is a second-generation of tetracycline. In addition to its known anti-
microbial actions, minocycline can inhibit matrix metalloproteinases (MMPs) pro-
duced by inflammatory cells, microglial activation, as well as inhibit the activation
and proliferation of microglia which are key factors in the pathogenesis of MS and
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EAE (an animal model of MS).[4, 5, 6] We are currently conducting a clinical trial
using minocycline for the treatment of patients with MS.

Magnetic resonance imaging (MRI) has become an increasingly important tool for
monitoring the natural progression of multiple sclerosis and for evaluating therapeutic
response. The most widely used MRI measures are those reflecting disease activity
(new or enlarged T2 lesion count, enhancing and new enhancing lesion count, and en-
hancing lesion volume measurement) and accumulated disease burden (T2 lesion load
assessment). Magnetization transfer (MT) MRI holds substantial promise to provide
good surrogate measures for MS evolution, especially in phase II and phase III trials
for relapsing remitting MS (RRMS) and secondary progressive MS (SPMS).[7] The
prominent abnormalities and response to clinical trials can be imaged using the above
MR techniques.[8] However, there is an increasing requirement for more rapid and
accurate quantification of MRI abnormalities, and the need to improve correlations
with clinical course. The use of objective computer-based image analysis to automati-
cally or semi-automatically [9] extract diagnostically significant image features,
which can be used to distinguish normal from pathological tissue and to further char-
acterize the state of the pathological tissue, is of critical importance. Texture analysis
is one of the techniques that may be utilized to detect subtle changes in tissue and
predict the early response of patients to clinical trials.

Texture analysis was initially used to analyze satellite photos. Medical applications
of computerized texture analysis dates back to the early 1970s. Intuitively, texture re-
fers to the distribution of brightness and darkness within an image and to concepts
such as coarseness, linearity, and regularity. Texture analysis is the term used for
methods developed to quantify image texture. Texture analysis methods evaluate the
spatial location and signal intensity characteristics of the fundamental structural ele-
ments (pixels) of digital images.[10] Texture analysis methods can be categorized into
structural, statistical, model-based and transform-based methods.[11] Statistical ap-
proaches represent texture indirectly by the non-deterministic properties that govern
the distributions and relationships between grey levels in an image. Methods based on
second-order statistics had been shown to achieve higher discrimination rates than the
power spectrum (transform-based) and structural methods.[12]

Lerske et al [13] performed texture analysis to characterize human brain tissues
and segmented white matter, grey matter, cerebral spinal fluid and tumor based on the
texture features extracted from tissue co-occurrence matrices.[14] Mathias et al [10]
applied similar texture analysis to MR images of spinal cord in MS patients. They
showed that there were apparent texture differences between MS lesions and normal
appearing white matter (NAWM), and that it was possible to use texture analysis to
predict long-term disability. Vince et al [15] compared different texture analysis tech-
niques in characterization of coronary plaques on intravascular ultrasound images,
and indicated that Haralick’s method [14] yielded the most accurate results. But the
follow up of MS patients after clinical trial using texture analysis has not been per-
formed. Based on the relationship between texture feature and structure, one can ex-
pect that the changes in texture features may reflect the changes in tissue structure,
and the changes in texture may happen earlier than large-scale changes shown by
conventional MR images. The goal of this study is to compare the texture changes
among different lesions and NAWM before and after minocycline treatment in RRMS
patients using Haralick’s [14] texture analysis technique retrospectively.
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2 Patients and Methods

2.1 Patients and MR Images

Five active definite RRMS patients (four females, one male) who had both active and
inactive lesions were chosen. Patients aged from 30 to 45 years old with EDSS O to 5.
T2-weighted MR images acquired one month before and six months after minocycline
treatment were selected.

Fig. 1. 3T MR images from two patients in this study. Each row is for one patient. Images in
the left column show the lesions (arrows) before treatment, while images in the right column
show the same lesions after six months of minocycline treatment. The patient on the top row
had both active (left arrow) and inactive (right arrow) lesions, the other patient had only inac-
tive lesions (arrows)

The MR images were acquired from our 3T MR scanner (Signa; GE Medical Sys-
tems, Waukesha, WI) using a dual spin echo sequence with TR=2716ms, TE=20ms
(proton-density weighted)/80ms (T2-weighted), flip angle=90°, matrix size=512%512,
field of view=24cm, spatial resolution=1.25mm and slice thickness=3mm without
gap. Examples of 3T MR images with active and inactive lesions in patients with MS
are shown in Fig. 1.

All the selected MR images were non-uniformity corrected using the N* algorithm
[16] before image processing. Regions of interests (ROIs) were chosen based on the
lesion size and lesion consistency between the two time points for each patient. Only
lesions with size of at least 100 pixels were selected. The ROIs for active and inactive
lesions and NAWM were placed by two radiologists on the same slice at the same
time point. There were five ROIs for active lesions, inactive lesions and NAWM re-
spectively in all five patients both before and after treatment.
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The pixel intensity grey levels in ROIs were normalized to 0~50 to avoid sparse
matrices and to reduce computation time. Normalization was done by scaling all gray
levels in each ROI between the minimum and maximum onto the range [0...50]. The
co-occurrence matrix was then calculated for each ROI using Haralick’s method [14].

2.2 Statistical Texture Features

Two first order statistical features, mean grey level (MGL) and variance of grey level
(VGL) were calculated for each ROI as defined by the following equations, where G
is the number of gray levels in ROL
G-1 (1)
Mean gray value: u=ip(i)
i=0

G-1
Variance of gray value: o= (i— u)zp(i)
i=0

)

Second-order statistics were based on the co-occurrence matrix h,e(i,j). After
h,e(i,j) was constructed, it was normalized by dividing each entry by the total number
of neighboring pixels in the matrix. This normalized matrix p,e(i,j) then became the
estimation of the joint probability of two pixels, a distance d (d=1 was chosen in this
study) apart along a given direction ® having particular (co-occurring) values i and j.
Four second-order texture features: angular second moment (ASM); contrast (CON);
correlation (COR); and, entropy (ENT), were calculated from the co-occurrence ma-
trix in each direction according to the following equations. Briefly, the ASM is a
measure of homogeneity; the CON is a measure of local contrast; the COR is a meas-
ure of gray-tone linear-dependencies and the ENT is a measure of the complexity of
the image.

G-1G-1 3)
ASM: [pG, )’

i=0 j=0

G-1G-1 4)
CON: (i—j)’pGj)

i=0 j=0

G-1G-1 (5)
COR: (yp(i.j) —u M)+ 0,0,

i=0 j=0
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G-1G-1 (6)
ENT: - P, j)log,[ p(i, j)]

i=0 j=0

Where 1, |, 0, 0, denote the mean and standard deviation of the row and column
sums of the matrix respectively.

Each second-order statistical feature was determined in four directions (0, 45, 90
and 135 degrees). The features along each direction were then averaged to create a
single overall measure for each feature. This step was repeated for every ROL

2.3 Statistics

A student-t test was used to evaluate both the differences between texture features be-
fore and after minocycline treatment, and the magnitude of changes in texture features
between active and inactive lesions.

MeanFeatureChange %

15 ..

Fig. 2. The magnitude and direction of overall mean changes in texture features for active and
inactive lesions and NAWM before and after minocycline treatment. Each group of columns
represents one feature. Texture features changes were larger in active lesions than in inactive
lesions. In fact, only the variance of gray level appeared to drop in active lesions. There was
also change in texture of NAWM after treatment

3 Results

Fig. 2 illustrates the mean texture change in active, inactive lesions and NAWM. The
increase or decrease of different features was different in different tissues. Texture
changes after treatment were greater in active lesions than in inactive lesions. How-
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ever, these changes were not quite significant (p=0.07). Texture change in NAWM
was greater than that in inactive lesions, but less than that in active lesions. Table 1
shows the feature values in the texture of active lesions before and after minocycline
treatment in all 5 patients.

The ASM, CON, COR and MGL in active lesions and NAWM changed in the
same direction and at a correlated magnitude.

Table 1. The texture features in active lesions before and after treatment in all of the 5 patients.
-: before treatment; + : after treatment

Pat. 1 Pat. 2 Pat. 3 Pat. 4 Pat. 5

ASM 8.55 9.18 10.6 8.85 9.71

; 11.6 8.95 10.7 9.16 9.64
CON T 74 4.7 32 3.0 3.1

i 5.9 7.7 9.1 37 2.1
COR T 3.9 3.1 37 2.7

i 35 7.8 4.9 4.3 2.5
ENT T 0204 0294 0290 0294 0291

T 0287 0293 0289 0293  0.291
MGL Y 22 17 21 18

i 26 28 31 21 19
VGL T o101 31.6 59.1 10.8 129.8

T 979 40.1 5.2 29.8 11.0

4 Discussion

4.1 Texture Change in Active Lesions

The 3T MR images of the five active definite RRMS patients were analyzed retro-
spectively. All the ROIs in MS lesions and NAWM were marked by two radiologists
from T2-weighted MR images before and after minocycline treatment. Minocycline is
a commonly used tetracycline with an excellent safety record. As Brundula [1]
pointed out, minocycline can inhibit the matrix metalloproteinases (MMPs) enzymatic
activity, decreases MMP levels in T cells, attenuate T cell migration in vitro, and re-
duce clinical severity, neuroinflammation and demyelination in EAE. MMPs can help
leukocytes to break down the blood brain barrier to enter the CNS. Thus minocycline
is hypothesized to target active lesions more efficiently by inhibiting MMPs. We have
unpublished results that suggest that GD-enhancing lesions in T1-weighted post-
contrast MR images disappear 2-3 months after minocycline treatment. This may
suggest a mechanism for the relatively large texture changes in active lesions.
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4.2 The Diversity of Texture Change

The increased homogeneity and decreased complexity in texture after minocycline
treatment in active lesions and NAWM may be the result of their therapeutic response
to minocycline. But the complex changes, such as the increase in contrast, correlation
and mean gray level in active, inactive lesions and NAWM, the decrease of variance
of gray level in active lesions and increase in inactive lesions and NAWM, may also
result from heterogeneity in the pathogenesis in MS. The same lesion pattern in dif-
ferent patients at different stages may also have different structure. However, there
was wide variability in this study because of the small sample size (5 ROIs in each
category within the 5 patients).

4.3 Texture Change in NAWM

There was close relationship between texture changes in active lesions and in NAWM
in this study. The change in homogeneity, contrast and mean gray level in NAWM
had the same direction as that in active lesions. Also, the magnitude of change was
proportional to the change in active lesions. This suggests that NAWM and active le-
sions might have similar signal abnormality, and a similar response to minocycline
treatment. Werring et al [17] showed that there were diffuse abnormalities in the
NAWM of MS patients. In an attempt to confirm these effects, it will be necessary to
combine more texture features extracted from co-occurrence matrices, analyze results
from a larger group of patients, and monitor the patients’ therapeutic response over a
longer period of time.

S Summary

This study showed that there were differences in the magnitude and direction of
changes in texture between active lesions and inactive lesions after minocycline
treatment. There was also a close relationship in the texture change of active lesions
and NAWM, which indicate that there may be some similar therapeutic response be-
tween them. This preliminary work showed that it might be possible to predict the
therapeutic response in patients with MS using MRI texture analysis.
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