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Abstract

A computer-aided detection (CAD) system is introduced in this paper for detection of breast lesions in dynamic
contrast-enhanced magnetic resonance imaging (DCE-MRI). The proposed CAD system firstly compensates motion
artifacts and segments the breast region. Then, the potential lesion voxels are detected and used as the initial seed
points for the seeded region-growing algorithm. A new and robust region-growing algorithm incorporating with
Fuzzy C-means (FCM) clustering and vesselness filter is proposed to segment any potential lesion regions.
Subsequently, the false positive detections are reduced by applying a discrimination step. This is based on 3D
morphological characteristics of the potential lesion regions and kinetic features which are fed to the support
vector machine (SVM) classifier. The performance of the proposed CAD system is evaluated using the free-response
operating characteristic (FROC) curve. We introduce our collected dataset that includes 76 DCE-MRI studies, 63
malignant and 107 benign lesions. The prepared dataset has been used to verify the accuracy of the proposed CAD
system. At 5.29 false positives per case, the CAD system accurately detects 94% of the breast lesions.
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1 Introduction

Breast cancer is the most frequent type of cancer and
the second leading cause of cancer deaths among
women worldwide [1]. Dynamic contrast-enhanced mag-
netic resonance imaging (DCE-MRI) is an established
medical imaging technique in screening, diagnosis, and
staging of breast cancer. MRI produces cross-sectional
images of a breast with higher sensitivity compared to
mammography and ultrasound. Additionally, this im-
aging modality does not use ionizing radiation as op-
posed to X-ray mammography [2, 3]. However,
interpretation of 4D DCE data is needed to analyze
breast MRI. Evaluation of the enormous amount of im-
ages for each patient is a time-consuming process, and it
depends on a radiologist’s expertise and experience [4].
Moreover, some important details which could affect the
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final diagnosis may be missed. Computer-aided detection
(CAD) systems are introduced to help the radiologist for
analyzing biomedical data [5-7]. A breast MRI CAD sys-
tem that marks suspicious locations of a breast can avoid
overlooked or misinterpreted lesions and reduce the
analysis time.

A limited number of studies deal with the automatic
detection of lesions in breast DCE-MRI. The method de-
veloped by Ertas et al. [8] segments breast regions using
a cellular neural network and detects lesions by per-
forming 3D template matching on the normalized max-
imum intensity—time ratio maps. Renz et al. [9] suggest
applying a hierarchical 3D Gaussian pyramid method to
segment breast lesions. Vignati et al. [10] discover breast
lesions using a normalization technique based on the
contrast-uptake of mammary vessels. Chang et al. [11]
utilize kinetic and 3D morphological features to spot
focal tumor breast lesions.

All of the mentioned studies report the detection rate
only for mass-like lesions without considering non-
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mass-like enhancing lesions. According to the BI-RADS
breast MRI lexicon [12], a mass is a 3D space-occupying
lesion. Comparatively, the enhancement of an area that
is not a mass refers to a non-mass-like enhancing lesion.
The detection of non-mass-like enhancing lesions is a
vital issue, because a large number of breast lesions have
non-mass-like enhancement. It is shown that 20-30% of
all invasive lesions and majority of the DCIS lesions are
non-mass-like enhancement [13]. To date, only Gubern-
Mérida et al. [14] offer an automated approach for local-
izing both mass and non-mass-like enhancing lesions in
breast DCE-MRLI. In their method, lesion candidates are
located based on the blob and relative enhancement
voxel features. Then, the region-based morphological
and kinetic features are utilized to identify the malig-
nancy score of lesion candidates. They only report ma-
lignant lesions as a result of their CAD system.

The target of this study is to implement an automated
CAD system for detecting both benign and malignant
breast lesions with mass-like or non-mass-like enhance-
ment in DCE-MRIL. A new and robust seeded region-
growing algorithm based on the vesselness filter and
Fuzzy C-means (FCM) clustering method is proposed
for the segmentation of any potential lesion regions.
This is the first time that FCM clustering and vesselness
filter are incorporated in the seeded region-growing al-
gorithm. The proposed method begins by correcting
motion artifact and segmenting breast region. Subse-
quently, the voxels that might belong to breast lesions
are segmented out and taken as initial seed points of the
region-growing algorithm. Finally, the spurious candi-
date regions are removed by 3D morphological charac-
teristics and kinetic features. Free-response operating
characteristic (FROC) curve is utilized to evaluate the
performance of the presented CAD system with the
prepared database of manually annotated benign and
malignant lesions which include both mass-like and
non-mass-like enhancement. This paper is arranged into
the following sections. In Section 2, the clinical breast
MRI scans used in our research are introduced. After
explaining the proposed CAD system in Section 3, the
experimental results are discussed in Section 4. Finally,
the conclusions of the research outcomes are presented
in Section 5.

2 Breast MRI database

The breast MRI scans from 76 women, with ages be-
tween 25 and 69 years and average of 48, are used in this
study to verify the accuracy of the proposed CAD sys-
tem. The cases are collected from Noor medical imaging
center in Tehran between January 2012 and January
2016. Because of questionable abnormalities in previous
mammogram and/or ultrasound, these women undergo
breast MRI. Ethics approval is obtained from the
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Institutional Review Board, and informed consent is
waived. Breast MRI scanning process is performed in the
prone position with a dedicated four-channel breast coil
(CP breast Array, Siemens) on a 1.5 Tesla Siemens scan-
ner (Magnetom, Simphony). The axial T1-weighted
breast volumes are acquired by a 3D fast low angle shot
(FLASH) pulse sequence. The clinical imaging parame-
ters are as follows: matrix size = 320 x 320 or 448 x 448
or 512 x 512, field of view = 370-430 mm, flip angle =
14°, repetition time (TR) = 4.7 ms, echo time (TE) =
1.5 ms, and slice thickness = 2-2.8 mm. Fifty-six axial
slices are utilized to cover the entire breast. The DCE-
MRI data sets are acquired before and after a bolus in-
jection of 0.1 mmol/kg of contrast agent (Gd-DTPA)
with an interval of 75 s. The first sequence is taken be-
fore an intravenous agent injection followed by five
post-contrast series.

The prepared dataset includes 107 benign and 63 ma-
lignant lesions which are confirmed by histopathological
examinations or supported by clinical follow-up. From a
total number of lesions included in this study, 125 le-
sions have mass-like enhancement and 45 lesions have
non-mass-like enhancement. For our dataset, the lesion
radius ranges from 2.50 to 37.18 mm with an average of
12.25 mm and standard deviation of 9.75 mm. The be-
nign lesions are 51 fibrocystic changes, 35 papillomas,
and 21 fibroadenomas. The malignant lesions contain 35
invasive ductal carcinomas (IDC), 19 ductal carcinoma
in situ (DCIS), and 9 invasive lobular carcinomas (ILC).
An expert radiologist, with more than 5 years of experi-
ence in breast DCE-MRI examination and diagnosis,
retrospectively annotates the lesions in a dedicated
breast DCE-MRI annotation environment [15]. The re-
ports are the basis for identifying size, location, and
mass-like or non-mass-like enhancement of the lesions.
The lesion segmentation process is manually performed
on the subtraction volume which is generated by sub-
tracting the image intensities of the first post-contrast
sequence from the pre-contrast sequence. The prepared
dataset (IUST-BREASTMRI-DATASET1) is available in
our website: http://een.iust.ac.ir/profs/Shokouhi/IUST-
BREASTMRI-DATABASE.

3 Methodology

The block diagram of the proposed CAD system for the
automatic detection of breast lesions in DCE-MRI is
presented in Fig. 1. As the first processing steps, motion
artifacts are corrected and the breast region is seg-
mented. Then, the potential lesion voxels are detected
and utilized as the initial seed points for region-growing
algorithm. Subsequently, the region-growing method
based on FCM clustering algorithm and vesselness filter
segments the potential lesion regions. Eventually, a dis-
crimination step is used by relying on the morphological
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Fig. 1 Block diagram of the proposed CAD system for detection of breast lesions in DCE-MRI

and kinetic features as inputs to the support vector ma-
chine (SVM) classifier to reduce false positives detec-
tions. The processing steps are sequentially explained in
the following subsections.

3.1 Motion correction

Respiration, cardiac motion, muscle relaxation, and invol-
untary movements of a patient cause motion artifacts
which are inevitable due to relatively long acquisition
period of breast DCE-MRI. Motion artifacts can influence
the lesion kinetic characteristics and also increase false
positive findings by generating spurious enhancing voxels.
In this research, motion correction is performed by regis-
tering all five post-contrast sequences to the pre-contrast
sequence. The registration step contains a rigid transform-
ation followed by a non-rigid B-Spline transformation [16]
based on mutual information similarity measure [17]. The
rigid transformation which contains translation and rota-
tion provides global alignment of two images. Likewise,
the local differences between the images are minimized by
non-rigid transformation. For rigid registration, 1000 iter-
ations of the stochastic gradient descent optimizer have
been performed. For non-rigid B-spline registration, three
resolutions and 64 histogram bins have been utilized and
the gradient descent optimization algorithm is applied in
each resolution performing 200 iterations. The registration
process has been implemented using medical image regis-
tration toolbox (MIRT) [18]. The influence of motion
correction for a sample subtracted image at the fifth post-
contrast time point is presented in Fig. 2.

3.2 Breast region segmentation

Breast region segmentation is automatically performed
to decrease the computational burden and avoid false
positive findings due to enhancing tissues of the heart
and vessels outside of the breast. The segmentation

procedure in [19] is applied to extract the breast region.
The breast segmentation pipeline consists of four con-
secutive stages: local adaptive thresholding, connected
component labeling operation to exclude the extra re-
gions in the binary image, horizontal projection to delin-
eate the breast region, and both hole-filling and
morphological closing operators to eliminate the discon-
tinuities in the breast region. The breast segmentation
approach has been applied on nonfat-suppressed images
due to high signal intensity of fat tissue that makes a
high contrast between adjacent regions. Hence, the
breast boundary is detected by applying a prior registra-
tion and then translating the obtained breast masks in
nonfat-suppressed images to the subtracted images.
Figure 3 shows breast region segmentation method using
sample images. The breast region is firstly detected on
the nonfat-suppressed image, and then, the obtained
breast mask is translated to the subtracted image by ap-
plying the registration method.

3.3 Detection of potential lesion voxels

The next step is to segment out the voxels that might
belong to the breast lesions. Following injection of con-
trast agent, enhancement of signal intensity occurs in all
breast lesions except in cysts. Therefore, the enhancing
voxels in post-contrast sequences are dubious to be a
part of breast lesions. For detecting potential lesion vox-
els, the maximum enhancement ratio is utilized using
the following equation [8]:

I(x.5.2)-lo(%..2) t:12.~5)

ME(x,y,z) = max
( ’ ) < 10(x7%l)

(1)

where I, and I; are the intensity values on pre-contrast
and t™ post-contrast sequences, respectively, and (x, y, z)

time point a before and b after applying motion correction step

Fig. 2 The influence of motion correction. Subtracted images for a patient with an oval benign lesion in the left breast at the fifth post-contrast
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Fig. 3 Demonstration of the breast region segmentation method using sample images. a Nonfat-suppressed image. b Breast segmentation from
a. ¢ The subtracted image at the first post-contrast time point and d breast segmentation from ¢

is related to a voxel location. Afterwards, the max-
imum enhancement ratio is convolved with a
Gaussian smoothing filter at 10 exponentially distrib-
uted scales between 0 and 10 mm. Because of the
various sizes of the breast lesions, different scales are
computed and the highest response is chosen for each
voxel. Eventually, local maxima of voxel values are
found based on a spherical kernel with a radius of
10 mm. The achieved points are potential lesion vox-
els which are utilized to detect breast lesions. How-
ever, the signal intensity of voxels in the blood
vessels, noise, skin, and fibroglandular tissues can be
similar to those of the lesion voxels. Hence, some of
the detected potential lesion voxels do not belong to
the lesions. In order to remove these false detections,
a combination of FCM clustering and vesselness filter
has been used.

FCM clustering technique is utilized to partition the
voxels based on the signal intensity variation over time
(one pre-contrast and five post-contrast time points)
into two categories: lesion and non-lesion. Signal inten-
sity variation over time is one of the tissue characteris-
tics which is widely used for the segmentation and
classification of breast lesions [20, 21]. Figure 4 presents
signal intensity variation over time for some randomly
chosen voxels which belong to different lesion and non-
lesion tissues. As shown in this figure, the signal inten-
sity variations of voxels in the lesion and non-lesion
tissues have different characteristics. Each voxel is repre-
sented using signal intensity variation over time as writ-
ten here,

X={x,i=1,2,Nx; = (lio.,Jur, ", Li7-1) },

(2)

where x; represents the data vector for the i voxel, N is
the number of voxels, I;;(t =0, 1, ---, T — 1)is the inten-
sity value of the i voxel at time point ¢, and T is the
number of time points (7' = 6). FCM clustering process
is performed based on minimization of the objective
function by iteratively updating the membership func-
tions and the cluster centers. The objective function,

cluster centers, and membership functions are defined
here [22]:

N w m
F= Zi:l Zk:l wi Ixi—vidl? (3)

N
m
i—1PkiXi
Vk = )

N
m
Zi:l‘uki

k = 1?27 ‘..7w7

(5)

where me[1, ) and controls the fuzziness of the cluster-
ing results, w is the number of clusters, vi is the center
of the k™ cluster, and y,is the membership values of i
voxel to k™ cluster which continuously ranges from 0 to
1. Utilizing the class membership values of voxels, two
membership matrices are created (¢, and #, uiesion)-
In Fig. 5, the lesion membership matrices are shown for
two sample images. Each entry in this matrix represents

300 T T T
nonlesion
lesion

ignal Intensity

~
o
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Fig. 4 Comparison of signal intensity variation over time in lesion and
non-lesion tissues. Blue and red curves present signal intensity variation
over time (one pre-contrast and five post-contrast time points) for
twenty voxels which belong to different lesion and non-lesion

tissues, respectively
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lesions have similar intensity

Fig. 5 The clustering results from the FCM method. The first column includes the subtracted image and its threshold at the first post-contrast
time point, and the second column provides the lesion membership matrix obtained by FCM clustering. Mammary vessels (arrows) and breast

the degree of similarity between corresponding voxel
and lesion tissue. By thresholding the lesion membership
matrix, spurious candidate voxels which may belong to
noise or normal breast tissues are eliminated. As it can
be observed from this figure, the vessels show contrast
enhancement similar to the breast lesions. It means that
the FCM clustering places the voxels which belong to
the mammary vessels and breast lesions in one cluster.
Thus, the potential lesion voxels which belong to the
vessels should be detected and eliminated to reduce false
positive detections.

To identify mammary vessels, we apply Hessian-based
filter introduced by Frangi et al. [23] which is one of the
most well-known vesselness filters. In the scale space, the
second-order derivative of an image Iy(p) = Io(x,y,2) is
called Hessian matrix and can be obtained by Eq. 6:

Plo(x,y,2) PLo(x,9,2) 0%Lo(x,9,2)
ox? 0xdy 0x0z
2 2 2
H,(p) = { SLe®y2) 9 la(x;% z) ls(x,y,2)
dyox ay dyoz
8210(xayvz) BZIG(xvyvz) azlﬂ(xvy’z)
0zox 0zdy 072
(6)
where p = (x,,2) is a voxel location and I, is a blurred

image at a certain scale defined as:

I,(p) = I,(x,9,2) = Io(x,9,2)®G,(x, ¥, 2) (7)

where ® is the convolution operator and G,(x,y,z) is
the 3D Gaussian kernel defined as follows:

Gd(p) = Gﬂ(xhyv Z)

(8)

where o is the standard deviation and has to be set ac-
cording to the approximate width of the vessels. Eigen-
values of the Hessian matrix present a good geometric
interpretation of the image; hence, they are used to de-
tect different structures. In our approach, the eigen-
values of the Hessian matrix are sorted as:
|A1] < |A2| < |A3| and according to Eqs. 6-8, they depend
on the voxel location and standard deviation. Frangi et
al. [23] notify that a voxel belonging to a white vessel on
a black background is given by small A; and high nega-
tive values of 1, andA3. The vesselness function is de-
fined here [23] as follows:

R2

(l oo(-3a) Joo - 3)
1 i 1f/12>0 or A3 >0
exp 2c otherwise,

©)

vo(p,0) =
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FCM clustering. ¢ Response of the vesselness filter

Fig. 6 Result from the vesselness filter. a The subtracted image at the first post-contrast time point. b Lesion membership matrix obtained by

where a and S are fixed to 0.5 and c¢ is the half of the
maximum Hessian norm. Moreover, R4, Rp, and s are
given as follows:

A A
PO L

B , S
Tl V23]
=\/A] + A5 +15.

The term R, distinguishes between plate-like and
tubular-like structures, Rp describes the deviation from a
blob-like structure, and s represents the difference be-
tween vessel and background. Due to different diameters
of mammary vessels, the vesselness filter is applied at six
exponentially distributed scales between the maximum
and minimum scales which are 0,,;,, = 0.5 and 0,4, = 1
and the highest value is chosen for each voxel.

(10)

(11)

Vessel detection is performed on the subtracted im-
ages at the first post-contrast time point due to the max-
imum contrast enhancement of vessels in the early
frames. The obtained result from the vesselness filter for
a sample image is presented in Fig. 6. The value of each
entry in the response matrix ranges from 0 to 1 and
demonstrates the degree of similarity of each voxel to
the vessel.

Lesion membership matrix obtained by the FCM al-
gorithm and the response of the vesselness filter are
then thresholded to eliminate the false positive detec-
tions in the potential lesion voxel set. The threshold
level is chosen equal to 0.5 for both the lesion mem-
bership matrix and response of the vesselness filter.
Lesion membership matrix is now converted to a bin-
ary image which shows normal voxels in black and le-
sion voxels in white. Also, a binary image is

Vo(p) = MaXy,, <o<op Vo (D, 0)-

generated for response of the vesselness filter which
shows non-vessel voxels in black and mammary vessel
voxels in white. Consequently, the voxels with label
one from the thresholded lesion membership matrix
and label zero from the thresholded response of the
vesselness filter are selected as the final potential le-
sion voxels.

3.4 Detection of potential lesion regions

In the previous processing step, the potential lesion vox-
els are segmented out using a combination of the max-
imum enhancement ratio, vesselness filter, and FCM
clustering. The obtained potential lesion voxels are used
as the seed points for the seeded region-growing algo-
rithm to segment the potential lesion regions. The
seeded region-growing algorithm is used because it is
simple and robust [24]. The seeded region-growing algo-
rithm starts with an initial seed voxel and tries to com-
pare its neighborhood voxels with this seed according to
a specific homogeneity criterion and then enlarges the
size of the region iteratively. If the neighboring voxel sat-
isfies the homogeneity criterion, it will be joined to the
segmented region. Twenty-six neighbors of the new
voxel are tested according to the homogeneity criterion,
and then, this process will be continued in the same
way. The initial seed voxel and homogeneity criterion
are usually selected manually [25]. In this study, an auto-
mated version of the seeded region-growing algorithm is
performed for choosing the parameters. The detected
potential lesion voxels are considered as the initial seed
voxels, and the attributes which are used to select the
potential lesion voxels are considered as the growth cri-
teria of the seeded region-growing algorithm. The neigh-
borhood voxels with label one from the thresholded
lesion membership matrix and label zero from the

Table 1 The result of detection rate, false positives, and number of undetected lesions according to the different threshold values

Threshold 0.0 0.1 0.2 03
Detection rate 0.98 0.95 0.94 0.92
False positives per case 13 591 529 441
Number of undetected lesions 3 8 10 13

04 0.5 06 0.7 0.8 09 1
0.89 0.86 0.81 0.74 0.59 0.52 0
353 2.80 2.20 140 0.72 037 0

18 23 32 44 69 81 170
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thresholded response of the vesselness filter are consid-
ered to be in the potential lesion region.

3.5 False positive reduction

Despite the elimination of spurious candidate voxels in
Section 3.3, the potential lesion regions are not only
breast lesions and there are still some false positive find-
ings. The existence of these false detections can effect
on the performance of the CAD system. In order to re-
duce false positive detections, a discrimination step is
used to determine whether a potential lesion region is a
true lesion or a false positive detection. This is achieved
by classifying the potential lesion regions into two clas-
ses, lesion and normal breast tissue, based on the mor-
phological and kinetic features as inputs to the SVM

classifier. The main reason for choosing SVM classifier
is its high generalization ability, robustness to outliers,
and absence of local minima [26].

For classifying the potential lesion regions, morpho-
logical and kinetic features are calculated after applying
the 3D-connected component algorithm [27, 28] on the
potential lesion regions. Morphological features consist
of volume, compactness, radius, and spiculation. Lesion
volume is utilized to decrease false positive detections,
since the majority of the false positive findings have the
smaller volumes with respect to the lesions. Compact-
ness describes the correlation between the surface and
volume of the segmented regions. Radius and spiculation
measure variations of the margins in the segmented re-
gions. More details about the morphological features are
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Fig. 8 Comparison of the FROC curves obtained from the proposed CAD with and without breast segmentation process
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Fig. 9 FROC curves of the proposed CAD system using different region-growing algorithms

described in [21, 29]. To characterize the kinetic fea-
tures, maximum enhancement (ME), time to peak (TP),
uptake rate (UR), washout rate (WR), and area under
the curve are extracted from the time-intensity curve of
each voxel. These kinetic features are computed accord-
ing to the relative signal enhancement [14]:

LIy

R; = 12
= (12)

For each voxel in the potential lesion region, ME, TP,
UR, and WR are defined here [14, 21] as follows:

ME = maXt:17.,.15(Rt)7 (13)

TP = arg max(R;) (14)

Rrp—Rs .
WR = { e lf TP#5, (16)
0 if TP = 5.

For each potential lesion region, 19 features are totally
extracted which contain kinetic parameters for seed
point of the segmented region, the average and standard
deviation of the kinetic parameters for the entire voxels
in the segmented region, and four morphological fea-
tures. Each potential lesion region is classified by feeding
its feature vector as the input to the SVM classifier.
More details about the SVM is available in [26].
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Fig. 10 The performance of the proposed CAD system for benign and malignant lesions
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properly delineated

Fig. 11 Detected benign and malignant lesions by the proposed CAD system. a, b Benign lesions. ¢-d Malignant lesions on the subtracted
images at the first post-contrast time point. The squared markers refer to the potential lesion voxels obtained by the presented method. These
potential lesion voxels are the seed points for the region growing algorithm. The connected component boundaries of the legions are

4 Results and discussion

In this study, 76 cases are utilized to evaluate the per-
formance of the proposed CAD system. A fivefold cross-
validation is performed to achieve unbiased detection re-
sults. The number of lesions is approximately considered
similar for all folds. The SVM classifier distinguishes
true lesion region from the false one in the false positive
reduction stage. In order to find an optimal configur-
ation for the classifier, we investigate linear SVM and
nonlinear SVM with polynomial and RBF kernels with
different parameters [26]. The parameters that should be
set for the classifier are cost C, polynomial degree d,
and kernel scale y. Cost C ranges between 27 and 2',i
= [0, 5, 10]. Kernel scale y ranges between 2% and 2/, i
= [0, 5, 10]. In addition, polynomial degree d varies be-
tween 1 and 5. We have experimentally found that the
highest averaged accuracy can be achieved using the
RBF kernel with ¢ = 21% and y = 27°.

Two quality metrics, the detection rate and false posi-
tive per case, have been used to evaluate the results of
the lesion detection process. Detection rate is the num-
ber of true positive detections divided by the total num-
ber of lesions, and false positive rate per case is the

number of false positive detections divided by the total
number of cases. A plot of detection rate vs. false posi-
tive rate per case, by changing the decision threshold,
provides the FROC curve [30]. In the false positive re-
duction step, SVM assigns a probability value to each
potential lesion region. If the assigned probability value
is larger than or equal to the threshold value, the poten-
tial lesion region is classified as a true lesion region. By
changing the threshold level between 0 and 1 with a step
of 0.1, FROC curves can be generated. Table 1 shows the
obtained values of detection rate, false positives per case,
and number of undetected lesions according to the dif-
ferent threshold values.

The influence of the motion correction process on the
performance of the proposed CAD system is investigated
primarily. Figure 7 shows the FROC curves obtained for
breast lesion detection with and without applying mo-
tion correction. As it can be observed from Fig. 7, the
motion correction process offers a better performance
for detecting breast lesions.

In the proposed CAD system, the breast region is
automatically segmented to avoid false detections caused
by enhancing tissues of the heart and vessels outside of

Fig. 12 False positive detections on the subtracted images for four different normal cases. a-c Three normal cases without breast lesions, there
are contrast enhancement in fibroglandular tissues because of injection of contrast agent, and d a normal case without breast lesion, there is
contrast enhancement in the nipple because of injection of contrast agent. The squared markers refer to the potential lesion voxels obtained by
the presented method. Due to small diameter of false positive detections, the connected component boundaries are shown very unnoticeable.
For such cases, only the region that the potential legion voxels are located, are demonstratd on the figures
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Table 2 Performance comparison between the proposed CAD system and available methods

Methods Detection rate False positive detections Database

Ertas et al. [8] 1 0.64/case 19 case (19 benign and 20 malignant lesions)

Vignati et al. [10] 0.89 4/breast 48 cases (12 benign and 53 malignant lesions)

Renz et al. [9] 0.96 0.16/case 108 cases (53 benign and 88 malignant lesions)
Chang et al. [11] 093 6.15/case 54 cases (28 benign and 67 malignant lesions)
Gubern-Mérida et al. [14] 0.89 4/normal case 95 cases (105 malignant lesions and 114 normal cases)
The Proposed method 0.94 5.29/case 76 cases (107 benign and 63 malignant lesions)

the tested breast. Figure 8 shows FROC curves obtained
from the proposed CAD with and without the breast
segmentation step. The breast segmentation process im-
proves the performance of the CAD system by reducing
false positive detections.

An accurate segmentation of the potential lesion re-
gions plays an important role in a CAD system because
it influences the values of the extracted features and ac-
curacy of the classifier to reduce false positive findings.
In this work, we introduce the seeded region-growing al-
gorithm where the initial seed point and homogeneity
criterion are selected based on the FCM and vesselness
filter. The performance of the proposed CAD system is
evaluated using different criteria for the seeded region-
growing algorithm. The proposed seeded region-growing
algorithm is compared with different region-growing al-
gorithms with and without vesselness filter and applying
only FCM. FROC curves obtained from different region-
growing algorithms are shown in Fig. 9. It is clear that
the proposed region-growing algorithm based on vessel-
ness filter and FCM provides higher detection rates at
the lower false positives per case in comparison with
other region-growing algorithms.

Figure 10 illustrates FROC curves obtained for ma-
lignant, benign, and all lesions. The presented CAD
system has better performance for detecting malig-
nant lesions. Due to similar features of benign lesions
and some normal tissues such as vessels, fibroglandu-
lar, and skin, distinguishing benign lesions is a chal-
lenging process. Some examples of benign and
malignant lesions detected by the proposed CAD sys-
tem are shown in Fig. 11. Also, some selected sam-
ples of the false positive detections in normal cases
are shown in Fig. 12.

To date, only a few studies have investigated auto-
matic detection of breast lesions in DCE-MRI. Table 2
summarizes the accuracy for the proposed CAD sys-
tem in comparison with other related works. It is
worth mentioning that their own datasets have been
employed for the evaluation procedures. Ertas et al.
[8] obtain higher performance metric values than
others reported in the literature. However, their ap-
proach is validated on a smaller number of cases
compared to other studies. Gubern-Mérida et al. [14]

validate their method on 209 MRI cases, which is lar-
ger than the other datasets. However, the mentioned
dataset does not include benign lesions while the dis-
crimination of benign lesions from the normal breast
tissues is one of the challenging issues in a CAD sys-
tem. Among the mentioned studies, only Gubern-
Mérida et al. [14] and Chang et al. [11] present their
results based on FROC analysis. Vignati et al. [10]
and Renz et al. [9] do not evaluate the performance
of their methods on non-mass-like enhancement le-
sions. Chang et al. [11] and Ertas et al. [8] do not
clearly express whether their evaluations are per-
formed on non-mass-like lesions.

5 Conclusions

In this paper, a CAD system is proposed for detecting
breast lesions in DCE-MRI. The contribution of the
CAD system is to detect potential lesion regions using a
region-growing algorithm with new criteria based on
FCM clustering and vesselness filter. Moreover, 3D mor-
phological characteristics and kinetic features are uti-
lized to eliminate the spurious candidate regions. The
proposed algorithm is applied to the prepared dataset
(IUST-BREASTMRI-1) with and without motion correc-
tion. Additionally, the effect of using the breast segmen-
tation algorithm is investigated. The qualitative and
quantitative results indicate that the performance of our
CAD system has been improved significantly by applying
the motion correction and breast segmentation steps.
Future research will aim at improving the performance
of the proposed CAD system by reducing false positives
findings and increasing the ability of approach to separ-
ate benign lesions and normal breast tissues.
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