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Abstract. This work deals with the estimation of HER2 Gene status in breast tumour images treated with in situ
hybridization techniques (ISH). We propose a simple algorithm to obtain the amplification factor of HER2 gene. The
obtained results are very close to those obtained by specialists in a manual way. The developed algorithm is based on
colour image segmentation and has been included in a software application tool for breast tumour analysis. The
developed tool focus on the estimation of the seriousness of tumours, facilitating the work of pathologists and
contributing to a better diagnosis.

INTRODUCTION

Breast cancer is the most frequently diagnosed cancer and a leading cause of cancer deaths in women, being a
serious threat to the health of the population [1]. Although screening programs and advances in the field of adjuvant
systemic treatment decreased overall breast cancer mortality, a significant number of patients will eventually
develop metastatic disease with a severe decrease in quality of life [2]. Breast cancer is a heterogeneous disease
consisting of various subtypes with major disparities in terms of pathobiology, clinical course and prognosis [3].

One of the most common breast cancer subtypes which are usually distinguished in routine clinically practice is
HER2-positive. The HER2-positive subtype is characterized by the over expression and/or amplification of HER2, a
transmembrane tyrosine kinase receptor of the family of human growth-factor receptors [4]. Patients with HER2-
positive breast cancer derive significant benefit from treatment with HER2 targeted therapies such as the
monoclonal antibodies trastuzumab, pertuzumab and T-DM1 or the tyrosine-kinase inhibitor lapatinib [5].

HER2 positive breast cancer has a high propensity for brain metastases, a devastating and challenging
complication with only limited treatment options [6]. Recently, the heterodimers of HER2 and HER3 were identified
as the most potent inducers of growth-factor signal transduction in HER2-positive breast cancer [7]. Furthermore,
the co-expression of HER2 and HER3 was shown to induce migration and increase invasiveness of breast cancer
cells [8].

Breast cancers with HER2 alterations are critical to identify because such tumours require unique treatment,
including the use of targeted therapies. HER2 alterations at the DNA (amplification) and protein (over expression)
level usually occur in concert, and both in situ hybridization and immunohistochemistry can be accurate methods to
assess these alterations. The determination of HER2 influences the clinical decision-taking at a prognosis level. The
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HER?2 status, together with other factors, can affect the decision of giving, or not, adjuvant therapy in women with
breast cancer. In addition, the information about the status of HER2 is crucial to decide the use of therapy anti-
HER2.

Numerous studies have established that the trastuzumab anti-HER2 monoclonal antibody has a great efficiency
in the treatment of all the stages of breast cancer [9]. Patients with HER2 positive metastatic breast cancer,
trastuzumab administered with chemotherapy increases the rate of answers, the progression, free interval and the
survival, being also active in monotherapy. It is very remarkable that the use of adjuvant trastuzumab (post
operatory) in patients with early HER2 positive breast cancer reduces to the half the risk of relapses and reduces in a
third the risk of mortality [10].

The development of computer-aided detection (CAD) systems based on image segmentation has shown its
efficacy to improve diagnostic accuracy in breast cancer and therapeutic planning [11][12][13][14]. Automatic
segmentation has the potential to positively impact clinical medicine by freeing specialists from the burden of
manual labeling and by providing more robust measures to aid in diagnosis of diseases. In situ hybridization
techniques are very useful to quantitatively detect amplification of this gene [15]. The main goal of this paper deals
with the estimation of the HER2 gene amplification in an automatic way, facilitating valuable information for
clinical decision-making at a response prediction level.

This paper is organized as follows. Section 2 introduces the HER2 gene status together with the in situ
hybridization techniques. Section 3 deals with the developed algorithm to determine the HER2 amplification factor.
Section 4 shows some results obtained for Silver In Situ Hybridization (SISH) images and section 5 presents the
conclusions and the future work.

HER2 STATUS IN SISH IMAGES

Determination of HER2 status in breast cancer is very important in the diagnosis of breast cancer by pathologists
[16][17][18]. The accurate detection of the HER2 gene amplification is of vital importance as the adjuvant or
neoadjuvant therapy decisions rely on the scores that are given by these tests [19].

Different test assays for the HER2 status assessment include immunohistochemistry (ICH) and/or in situ
hybridization (ISH) techniques with different methods as fluorescence (FISH), silver (SISH) or chromogenic (CISH)
labelled probes [17][19].

Hybridization techniques are normally used in the diagnosis of diseases, identification of pathogenic
microorganisms, study of profiles of gene expression, the location of genes in chromosomes or RNA in tissues
(hybridization in situ) as well as in the comparison of species carrying out the hybridization of DNA.

In situ Hybridization (ISH) is one of the most used techniques, which is based on the ability that nucleic acids for
self-hybridization (existing ADN or ARN sequences complementary with another one). This technique is very
useful, for instance, to identify the nucleotides sequence, in certain genetic diseases.

Amplification of the HER2 gene occurs in approximately 15 to 25 percent of breast cancers, and is associated
with aggressive tumour behaviour [20]. In many clinical studies, amplification of HER2 has been shown to be
associated with a poor clinical outcome for women with invasive breast cancer and correlated with several negative
prognostic variables such us oestrogen receptor (ER) negative status. HER2 gene status is reported as a function of
the ratio of the average number of copies of the HER2 gene to the average number of copies of Chromosome 17
(Chrl17) per cell in an invasive breast carcinoma. HER2 gene status is classified using the following guidelines [21].
A sample is negative for HER2 gene amplification if the HER2/Chr17 ratio is less than 1.8. A sample is equivocal
for HER2 gene amplification if the HER2/Chr17 Identification of Appropriate Staining Pattern ratio is either equal
to or falls between 1.8 and 2.2. Finally, if the HER2/Chr17 ratio is greater than 2.2, a sample is positive for HER2
gene amplification. This classification is summarized in Table 1.



Table 1

TABLE 1. Her2 testing reported results

Average HER2/Chr17 ratio Reported Result
HER2/Chr17 < 1.8 Negative for HER2 gene
amplification
1.8 <HER2/Chr17<2.2 Equivocal for HER2 gene
amplification
HER2/Chrl7 >2.2 Positive for HER2 gene
amplification

The probes are visualized using silver in situ hybridization (SISH) and appear as discrete black dots in the nuclei
of normal cells (serving as internal positive controls for staining) and in invasive carcinoma. The chromosomes
appear as red dots (see fig. la). This strategy allows HER2 gene status to be determined in the context of its
chromosomal state, using standard light microscopy with 20X, 40X, and/or 60x objectives. SISH signals are
visualized as single copies, multiple copies and clusters (see fig. 1b).

Figure 1
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FIGURE 1. a) SISH image with chromosomes in red colour and genes in black colour. b) Signal Enumeration for HER2 gene.

Figure 1b reflects the great variety of HER2 staining patterns we can find after the probe staining process. Note
that the number of clusters as well as their density is different, reflecting tumour mutations.

One of the current problems working with these techniques deals with the interpretation of the obtained results.
Interpretation errors decrease to an acceptable level when pathologists have enough experience in such techniques.
Normally they work on a manual basis, so results are individual-dependent and for this reason it is necessary to
create an automatic process to increase accuracy.
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PROPOSED ALGORITHM

A. Stage 1. Gene Size Selection

The user (pathologist) selects an arbitrary number of genes which will be used to calculate the gene size (average
value) for that particular image. The program automatically calculates the appropriate size in pixels for a gene
(average). This process should be done for every single image to ensure the accuracy of the estimation. The gene

size value is stored and it will be used in the current session. Figures 2a and 2b show the estimation procedure.

B. Stage 2. Image Segmentation

The RGB input image is segmented into three different clusters that correspond to the chromosomes (pink
colour), genes (black colour), and cells (blue colour), respectively. The selected algorithm for this segmentation
process was the k-means algorithm. Previously, the image was converted into the Lab colour space. The k-means

algorithm was selected for easiness and effectiveness. Figure 3 show the results of the k-means algorithm.

Figure 2
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FIGURE 2. a) Screenshot showing the procedure of gene selection for size gene estimate. b) Screenshot showing the gene mean

value estimate.

Figure 3
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FIGURE 3. a) K-means output image with three clusters. b) objects in cluster 1 (cell). ¢) objects in cluster 2 (genes). d) objects

in cluster 3 (chromosomes).
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C. Stage 3. Image Dilation

The aim at this stage deals with the dilation of the genes and chromosomes images to adjust their sizes according
to their original size and shape. Some of the pixels have been lost in the former segmentation process. The procedure
has been done for both genes and chromosomes images and consists of the following steps: 1) The
gene/chromosome image is converted into a gray-level image, 2) Edge detection algorithm (Canny) to detect
objects, 3) Image dilation, 4) Image hole-filling, 5) Image border removing, and 6) Image erosion.

D. Stage 4. Average HER2/Chr17 Ratio

To estimate the average HER2/Chrl17 ratio we have to count the number of genes as well as the number of
chromosomes exhibited in the cell. The abovementioned ratio is the quotient of the two magnitudes.

Chromosome counting process: the proposed chromosome counting process is very simple, which is based in a
3x3 pixel neighbourhood analysis. Pixels belonging to an object and their adjacent pixels are grouped into regions
and labelled subsequently. The number of different regions will be the total number of objects. Firstly, the image has
been converted to a black and white image. A threshold can be established in order to discard regions having a small
number of pixels (as non-meaningful regions) to preserve an appropriate number of chromosomes. The threshold
has been established in 20 pixels.

Gene counting process: The number of genes in the selected cell is calculated as the ratio of the total gene area
and the gene size mean value (previously stored by the user).

RESULTS

Figures 4a and 4b show the obtained amplification factor (AF) and the gene Status (GS) according to the
classification made in table 1 in section 2. Figure 4a belongs to a breast carcinoma which is negative for HER2 gene
amplification, whereas figure 4b belongs to a breast carcinoma which is positive for HER2 gene amplification. Note
that in both figures, there are a couple of equivocal cases.

Figure 4
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FIGURE 4. Original images treated with a Silver In Situ Hybridization together with the selected images to be analyzed. a)
breast carcinoma negative for HER2 gene amplification. b) breast carcinoma positive for HER2 gene amplification
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Table 2

TABLE 2. Her2 gene status results for figure 6a after applying the algorithm to the 20 selected cells. A.F:
amplification factor. G.S: gene status.

Cell Number of Genes Number of Chromosomes A.F. G.S.
1 3,1 3 1,1 NO
2 6,5 3 2,18 EQUIVOCAL
3 2.5 3 0,83 NO
4 2,1 8 0,26 NO
5 2 2 1,01 NO
6 2,4 2 1,23 NO
7 2,4 2 1,20 NO
8 3,3 3 1,12 NO
9 3,5 3 1,19 NO
10 2,2 3 0,73 NO
11 1,1 2 0,56 NO
12 2,2 3 0,73 NO
13 1,6 2 0,84 NO
14 3,5 4 0,88 NO
15 1,2 2 0,62 NO
16 2 3 0,66 NO
17 3,8 2 1,90 EQUIVOCAL
18 2,2 3 0,75 NO
19 1,1 3 0,38 NO
20 3,1 2 1,54 NO

Table 3

TABLE 3. Her2 gene status results for figure 6b after applying the algorithm to the 20 selected cells. A.F:
amplification factor. G.S: gene status.

Cell Number of Genes Number of Chromosomes A.F. G.S.
1 14,1 4 3,53 YES
2 6,5 2 3,25 YES
3 13,9 4 3,48 YES
4 8,7 2 4,34 YES
5 13,1 2 6,57 YES
6 11,3 5 2,26 YES
7 4.6 1 4,64 YES
8 15,9 4 3,98 YES
9 12,3 4 3,08 YES
10 14,9 8 1,87 EQUIVOCAL
11 222 6 3,67 YES
12 8,2 3 2,74 YES
13 6,4 2 3,22 YES
14 18,8 5 3,76 YES
15 11,7 4 2,93 YES
16 20,3 4 5,08 YES
17 8,2 3 2,75 YES
18 24,5 4 6,14 YES
19 11,1 2 5,51 YES
20 6,15 3 2,05 EQUIVOCAL
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CONCLUSIONS

In this work, we have developed a tool that brings together different image segmentation techniques to solve a
very common problem in the field of pathology. The target images come from the application of in situ
hybridization techniques. The tool is intended for use as an adjunct to existing clinical and pathological information
currently used for estimating prognosis in patients with breast cancer. We have tested the application over a wide
range of SISH images, obtaining very satisfactory results. Therefore, it provides a valid tool for pathologists in the
field of prevention of infectious diseases and guiding them to a more straightforward diagnosis.

Future work deals with the development of new applications to estimate tumoral parameters together with the
application of these techniques to other types of tumours. The software application, as well as the processing
algorithms have been developed using Matlab®.
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