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Abstract—Estrogen receptor (ER) status has proven to be a
significant factor for the prediction of clinical response to
hormonal therapy, in patients with breast cancer. In clinical
practice, assessment of ER positive status relies on the
subjective identification of the expressed nuclei in the
specimens. The aim of this study was the development of a
computer-aided image analysis system, employing an
unsupervised segmentation algorithm based on the L*a*b color
space transformation. Kendall’s coefficient of concordance
showed an adequate level of agreement (Kendall’s W=0.79)
between the clinical evaluation of the physician and the
objective quantification of the automatic computer-aided
system. Computer-assisted determination of ER status may be
used as a second opinion tool in routine assessment of
immunohistochemical sections.

I. INTRODUCTION

REAST carcinoma is the most common malignancy

among females with an increasing tendency [1]-[3].

Estrogens act on breast tissue (normal and malignant),
by binding to estrogen receptors (ER), and cause cell
proliferation. Although this process is important for normal
breast development, it includes an inherent risk of
developing cancer cells. Patients with breast cancer cells that
express ER in their nuclei (ER+ status) undergo different
therapeutic management and treatment from those that
breast cancer cells do not possess ER (ER- status) [4], [5]. It
has been shown that the ER status is a significant biologic
factor for the prediction of clinical response to hormonal
therapy [6].

Recently, evaluation of ER status is performed by means
of immunohistochemistry (IHC) [7], [8]. In clinical practice,
the histopathologist chooses the IHC stained sections to be
assessed, based on the diagnostic assessment of hematoxylin
and eosin stained slides [4]. Assessment of ER positive
status relies on the subjective identification of the
percentage positive (stained) nuclei, under microscopic
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review. Due to the intrinsic inter- and intra-observer
variability, an objective quantification is required for the
accurate determination of the ER status [9].

Computer-aided image analysis systems have been
proposed for the objective quantification of ER status as
second opinion tools. Previous studies are mainly concerned
with the employment of commercially developed image
analysis systems [9]-[14] that mostly employ global
thresholding techniques. Schnorrenberg et al. [15] have
proposed a promising approach for the accurate detection of
ER status, utilizing an in-build algorithm for the detection
and classification of individual nuclei, however, requiring
user interaction.

The present study is focused on the development of an
automatic computer-aided image analysis system for the
objective assessment of ER positive status of breast cancer
with no user interaction. For this, a specific color
transformation followed by unsupervised clustering were
developed to separate positively stained (brown) from
negatively stained (blue) nuclei and from background tissue
and, thus, to automatically assess the percentage of positive
nuclei (ER+ status) present in the IHC stained image.
Results were compared against the physician’s objective
evaluation.

Il. MATERIAL AND METHODS

Twenty nine immunohistochemically stained specimens
of breast cancer were collected by an experienced
histopathologist (P.R) from the Department of Pathology of
the University Hospital of Patras, Greece. For each
specimen, the ER expression was semi-quantitative assessed
(P.R), based on a clinical scoring protocol [16]. According
to this protocol, the percentage of the number of positive
stained nuclei to the total number of positive and negative
nuclei was visually inspected (Table 1), from a
representative region, where a large number of positive
nuclei existed. Brown and blue nuclei were regarded as
positive and negative stained respectively. Five percent was

TABLE
THE SCORING SYSTEM USED IN THIS STUDY

Score Proportion of positive nuclear staining
1 6-33%

2 34-66%

3 67-100%




used as the cutoff value of positive status. The studied cases
had a physician’s positivity score of 1 (11/28) and 2 (18/28).

For each case, a number of images (mean 7, range 6-9)
were selected from a predefined region and were digitized
(1300x1030x16bit) at a magnification of x400 using a light
Zeiss Axiostar-Plus microscope (ZEISS; Germany) and a
Leica DC 300F color video camera (LEICA; Germany).
Each digitized image was stored in an uncompressed tagged
image format file (TIFF).

b

The original colored (RGB) image was converted to
L*a*b* (CIELAB) color space (Figure 1 a, b). L* represents
the difference between light (100) and dark (0), whereas the
other two coordinates a* and b* represent redness (-a*)-
greenness (+a*) and blueness (-b*)-yellowness (+b*)
respectively. Thus, the color information was confined in the
2d color space instead of the 3d (RGB) [17].

Fig.1. (a, b) Original image in RGB and L*a*b color space respectively. (c, d) brown and blue pixels respectively resulted from the k-means
algorithm. (e, f) final segmented images with brown and blue objects/nuclei respectively.



The (a* and b*) image pixels were then fed to the k-
means clustering algorithm (k=3). The algorithm [18]
follows an iterative procedure, where its pixels are assigned
to the cluster with the minimum Euclidean distance from the
cluster’s centroid. The aim was to divide the image pixels
into three clusters (one for the ‘brown’ pixels, one for the
‘blue” and a third for the background pixels) giving as
output the centroids of the three clusters and the cluster label
of each pixel. The ‘blue’ and ‘brown’ clusters were
experimentally determined having the second and third
largest centroid while the smallest centroid resided in the
background cluster. Consequently, two images resulted, one
having the brown and the other the blue nuclei (Figure 1 c,
d). Images were further processed with fill holes,
morphological open/closing, and size filters operations [19]
to eliminate small, noisy regions and to omit corrupted
nuclei across image boundaries (Figure 1, e, f).

From all captured images of the same specimen, the ER
positive status was calculated as the percentage of all brown
nuclei over the total number of nuclei present.

Il. RESULTS

A mean value of 430 nuclei with a range of 350-590 was
segmented for each specimen. Table Il shows the self-
evaluation performance in identified brown and blue nuclei
from one case. In 329 brown and 362 blue nuclei, the system

was correctly identified 87.5% and 81.5% nuclei
respectively.
TABLE 11
SELF-EVALUATION
Correctly |dgnt|f|ed Lost nuclei Accuracy
nuclei
Brown nuclei 288 41 87.5%
Blue nuclei 295 67 81.5%

Self-evaluation of the computer-aided system in identifying brown and
blue nuclei.

Table Il shows the percentage ER positive status as
resulted by the computer-aided system against the
physician’s estimation, as well the absolute differences and
the corresponding score.

TABLE 111
RESULTS OF THE PERCENTAGE ER POSITIVE STATUS EVALUATION AND THE CORRESPONDING SCORES
Physician’s Computer-aided Absolute ER score ER score
evaluation (%)  system evaluation (%)  differences (%) Physician System

1 20 12 8 1 1

2 20 31 11 1 1

3 20 15 5 1 1

4 20 13 7 1 1

5 20 11 9 1 1

6 20 12 8 1 1

7 20 25 5 1 1

8 20 32 12 1 1

9 30 41 11 1 2
10 30 21 9 1 1
11 30 18 12 1 1
12 40 26 14 2 1
13 40 51 11 2 2
14 40 35 5 2 2
15 40 49 9 2 2
16 40 54 14 2 2
17 40 25 15 2 1
18 50 37 13 2 2
19 50 39 11 2 2
20 50 60 10 2 2
21 50 45 5 2 2
22 50 45 5 2 2
23 50 39 11 2 2
24 50 65 15 2 2
25 50 60 10 2 2
26 50 39 11 2 2
27 50 42 8 2 2
28 50 41 9 2 2
29 50 38 12 2 2

Wilcoxon rank test revealed that no significant Table IV presents the results of the computer-aided ER

differences existed between the two percentages evaluations
(P=0.38). A mean value of 9.8% of the percentage absolute
differences in Table Il existed in examined cases.

evaluation system against the physician’s scores. Computer-
aided image analysis system resulted in 89.6% overall
accuracy, ranking correctly 26/29 cases. 90.9% (10/11) of



the specimens, having an ER positive score of 1, were
correctly scored. Likewise, 88.9% (16/18) of those having a
score of 2 were correctly evaluated.

TABLE IV
RESULTS OF THE COMPUTER-AIDED ER EVALUATION SYSTEM AGAINST
PHYSICIAN’S SCORE

Computer-aided score

ER Score 1 2 Accuracy
1 10 1 90.9%
2 2 16 88.9%
Overall accuracy 89.6%

Kendall’s coefficient of concordance (KCC) was used to
determine the level of agreement between assessments [20-
22]. KCC ranges from 0 to 1. The higher the value the
stronger is the association among ratings. KCC revealed
adequate level of agreement among the physician and the
computer-aided system (W=0.79, p<0.05).

IV. DISCUSSION

An unsupervised algorithm for ER positive status
assessment was introduced and tested against physician’s
estimation. Differences in percentage evaluation (Table 1l1)
may be due to lost nuclei by the proposed system (see Table
I1) and/or due to the physician’s subjective assessment.
Nuclei are mainly missed by the system as a result of
morphological and size filters operations immediately after
unsupervised clustering. It has to be noted that only cases of
intermediate ER positive status were considered (Table 1V),
since such cases contain similarly distributed blue and
brown nuclei, rendering the problem of ER status
determination more complex.

A variety of commercially available image analysis
systems have been studied for quantification of IHC
sections. Recently, Mofidi et. al [10] have used a well
known image analysis software and a similar scoring
methodology with the presented study, reporting significant
correlation of ER status between manually and image
analysis assessment, even though, subjectivity was
introduced in specifying color characteristics. Schnorrenberg
et al [15] have utilized an in-house algorithm for the
detection and classification of individual nuclei taking into
account a scoring system that considered both nuclei
intensity and percentage positivity. Their work revealed
correlated results with physicians, though limited to user
interaction.

Estimation of ER status in everyday clinical practice has
been shown to be useful for its prognostic and therapeutic
importance. Even so, the diagnostic consensus of a number
of physicians is essential for superior accuracy [23]. In
consequence, a computer-aided image analysis system, as
the one proposed in the present study, may provide a useful
opinion tool, in clinical assessment of IHC sections.
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