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Abstract
AIM: To automate breast cancer diagnosis and to 
study the inter-observer and intra-observer variations 
in the manual evaluations.

METHODS: Breast tissue specimens from sixty cases 
were stained separately for estrogen receptor (ER), proges-
terone receptor (PR) and human epidermal growth factor 
receptor-2 (HER-2/neu). All cases were assessed by man-
ual grading as well as image analysis. The manual grad-
ing was performed by an experienced expert pathologist. 
To study inter-observer and intra-observer variations, we 
obtained readings from another pathologist as the second 
observer from a different laboratory who has a little less 
experience than the first observer. We also took a second 
reading from the second observer to study intra-observer 
variations. Image analysis was carried out using in-house 

developed software (TissueQuant). A comparison of the 
results from image analysis and manual scoring of ER, PR 
and HER-2/neu was also carried out. 

RESULTS: The performance of the automated analysis 
in the case of ER, PR and HER-2/neu expressions was 
compared with the manual evaluations. The performance 
of the automated system was found to correlate well 
with the manual evaluations. The inter-observer varia-
tions were measured using Spearman correlation coef-
ficient r  and 95% confidence interval. In the case of ER 
expression, Spearman correlation r = 0.53, in the case 
of PR expression, r  = 0.63, and in the case of HER-2/neu 
expression, r  = 0.68. Similarly, intra-observer variations 
were also measured. In the case of ER, PR and HER-2/
neu expressions, r  = 0.46, 0.66 and 0.70, respectively.

CONCLUSION: The automation of breast cancer diag-
nosis from immunohistochemically stained specimens 
is very useful for providing objective and repeatable 
evaluations.
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INTRODUCTION
Cancer of  the breast is the second most common human 
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neoplasm and accounts for approximately one quarter of  
all cancers in females after cervical carcinoma[1]. The ac-
curate diagnosis of  cancer plays a very important role in 
the treatment of  patients with neoplastic breast disease. 
Immunohistochemical evaluation of  hormone receptor 
expressions in tumor cell nuclei is an integral part of  rou-
tine breast cancer diagnosis and provides important infor-
mation for prognosis and choice of  therapeutic approach. 

Estrogen receptor (ER), progesterone receptor (PR) 
and human epidermal growth factor receptor-2 (HER-2/
neu) over-expression as a predictor for herceptin therapy 
are crucially important in the biology of  breast carcinoma. 
ER and PR expressions are the only predictive factors 
with proven usefulness in selecting patients who are likely 
to respond to adjuvant endocrine therapy. Patients lacking 
these receptors tend to have a shorter disease-free survival 
and earlier recurrence than those expressing these recep-
tors[2]. In around 20%-30% of  breast carcinoma, HER-2/
neu is amplified and over-expressed. It is associated with 
an adverse prognosis independent of  other prognostic 
factors in most cases and appears to be stronger in node-
positive carcinoma. Immunohistochemical reactivity of  
tumor cells to ER, PR, and HER-2/neu helps the clinician 
to establish the mode of  therapy and indicates the survival 
and recurrence rates of  the tumor. The recurred tumor 
or metastatic tumor may not show the same immunore-
activity, and the unstable status of  HER-2/neu in breast 
cancer is clinically significant[3]. Receptor status in recurred 
or metastasized breast cancer can be different from the 
original tumor. It was reported that ER status changed in 
around 33% of  cases, and HER-2/neu status changed in 
around 10%. 

In addition, ER-positive and ER-negative breast cancers 
have distinct disease-specific patterns[4]. A molecular clas-
sification of  breast cancer is also performed based on their 
reactivity. The treatment protocol varies with the pattern of  
reactivity and is based on the molecular classification. Im-
munohistochemistry (IHC) is expected to play an increas-
ingly important role in the clinical management of  breast 
cancer[5].

The main challenges that pathologists are currently 
facing are productivity, accuracy and objective evaluation. 
Manual evaluation takes more time and resources. It is less 
accurate and is also highly subjective. Qualitatively, the im-
munohistochemically stained specimen can be evaluated 
visually as the presence of  a specific color. However, to 
perform a quantitative evaluation, the number of  stained 
cell nuclei and/or the amount of  specimen that has been 
stained needs to be measured. For this purpose, comput-
erized image analysis based methods are needed.

Traditionally, pathologists distinguish between posi-
tive and negative results based on visual judgment of  
the percentage of  positive tumor cells, the cutoff  being 
arbitrarily defined between 5% and 45%[6-9]. Some studies 
report the use of  semiquantitative scores to assess nuclear 
staining intensity as a marker of  the number of  receptors 
per cell[10-13]. Diverse computerized image analysis systems 
have also been employed to provide more standardized 
data for quantification and were found to correlate well 

with semiquantitative scoring methods[14-16]. A large num-
ber of  studies have reported the use of  image analysis as 
a means of  evaluating histological staining. Substantial 
efforts have been made to correlate the evaluations made 
by experienced pathologists with quantitative values[17-26]. 
Initial studies on the use of  computerized image analysis 
were limited to evaluation of  images based on gray lev-
els[27,28]. Recently, studies have used the color spectrum of  
histological stains rather than gray levels for analysis of  the 
images to discriminate cellular details[29,30]. The receptors 
can be accurately quantified by measuring the strength of  
expression[13]. Hence, automation of  quantification could 
be very useful for the evaluation of  histological staining 
for the diagnosis of  breast cancer. However, their use in 
the routine diagnostic laboratory is limited due to the high 
cost and the complexity of  the image analysis systems[17].

The goals of  the present study were to establish the 
validity of  the in-house developed image analysis system 
(TissueQuant version 1.0) for classification of  the images 
for the diagnosis of  breast cancer and to determine data 
variability due to investigator bias by calculating inter- and 
intra-observer variability in the case of  manual evalua-
tions. Each case was subjected to immunohistochemical 
evaluation along with the image analysis system and vali-
dation was performed by comparing visual and computer 
analysis of  the same tissue fields.

MATERIALS AND METHODS
Specimens from sixty patients were subjected to immuno-
histochemistry separately with antibodies for ER, PR and 
HER-2/neu. The patient’s name, age, sex and clinical data 
were recorded. Out of  a total of  60 cases studied 23 (38%) 
were younger than 50 years while the remaining 37 (62%) 
were older than 50 years of  age. The youngest patient was 
30 years and the oldest was 72 years old. The mean age of  
the patients was 52.5. 

The specimens were received in 10% formalin and 
were sampled after fixation for less than 24 h. Care was 
taken not to over fix the tissue, as this would interfere 
with the receptor analysis. The specimens were examined 
grossly for ulceration, peau d’ orange, and retraction of  
nipple. The deeper resected margin was stained with India 
ink. Adequate numbers of  sections were taken from the 
nipple and areola, the tumor proper, all the margins with 
and without tumor, adjacent breast parenchyma and other 
relevant areas.

Staining protocol
Hematoxylin and eosin (HE) was used as a routine stain 
to establish the histopathological diagnosis and for gen-
eral study of  the tissue; the markers ER, PR and Her-2/
neu were assessed using immunohistochemistry; image 
analysis was performed using TissueQuant software for 
each immunohistochemically stained slide. 

Immunohistochemistry staining for ER, PR and 
HER-2/neu was carried out by the polymer labeling 
2-step method using the Super SensitiveTM Polymer- HRP 
IHC detection system (Biogenex).
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Slide preparation 
Slides were washed in soapy water and then washed three 
times with distilled water. Thereafter, they were rinsed in 
methanol and dried at room temperature. Poly-L-lysine 
solution was applied to the slides which were dried over-
night at room temperature. Sections were treated as fol-
lows: (1) 5 µ thick sections were cut and mounted on the 
slides coated with poly-L-lysine. The sections were depar-
affinized with 3 changes in xylene, 2 changes in methanol 
and then a decreasing concentration of  isopropyl alcohol 
(i.e. 90%, 70%, 50% alcohol) and finally in distilled water 
for 5 min each; (2) The slides were then immersed in 3% 
hydrogen peroxide for 20 min to quench the endogenous 
peroxidase; (3) Antigen retrieval and unmasking was car-
ried out by immersion in citrate buffer and incubation in 
a pressure cooker with 250 mL of  water at 100℃ for 
15-20 min; (4) After cooling at room temperature, the 
slides were washed in buffer (0.1 mol/L Tris-HCl, 0.15 
mol/L NaCl, pH 7.5) with the washing procedure car-
ried out in a jar containing Tris buffer and immersing the 
slides for two 5 min periods (total of  10 min); (5) This 
was followed by incubation for 20 min in the Power block 
(buffered casein solution with sodium azide) to suppress 
non-specific binding of  subsequent reagent; (6) The slides 
were then incubated in mouse primary antibody for 75 
min at room temperature, after which they were washed 
in Tris buffer. For the ER study, mouse monoclonal 
antibody diluted with HK941-YAK in buffered glycine 
phosphate pH 7.1, 6% protein and 0.09% sodium azide 
was used. For the PR study, mouse monoclonal antibody 
in phosphate buffered saline pH 7.6 containing 1% bo-
vine serum albumin (BSA) was used. For the HER-2/neu 
study, mouse monoclonal antibody from tissue culture 
supernatant diluted in phosphate buffered saline pH 7.6 
containing 1% BSA and 0.09% sodium azide was used; (7) 
The slides were then immersed in Super Enhancer for 30 
min, after which the washing procedure was repeated; (8) 
The slides were immersed again in Poly HRP (horseradish 
peroxidase) for 20 min, after which they were washed with 
Tris buffer followed by distilled water for 5 min each; (9) 
The slides were then treated with diaminobenzidine (DAB) 
chromogen for 5 min to develop the brown color; (10) 
Thorough washing in Tris buffer and distilled water was 
then performed; and (11) Counter staining with Meyer’
s hematoxylin was performed for 1 min and then the 
slides were washed in tap water. The slides were dried and 
mounted with a cover slip and mounting media.

Immunohistochemistry scoring
ER and PR expressions: According to the Interna-
tional Breast Cancer Study Group, ER and PR were 
graded as: (1) None (grade 0): none of  the tumor cells 
showed nuclear staining; (2) Low (grade 1): 1%-9% of  
cells showed nuclear positivity; and (3) High (grade 2): 
≥ 10% of  the cells showed nuclear positivity.

When considering the hormone receptor status, grade 
1 and 0 were considered hormone receptor negative, and 
grade 2 was considered positive.

HER-2/neu expression: According to US FDA panel 
findings, (1) Grade 3: cell surface protein expression- 
positive: defined as uniform intense membrane staining 
of  > 30% of  invasive tumor cells; (2) Grade 2: cell sur-
face protein expression- equivocal: defined as complete 
membrane staining that is either non uniform or weak 
in intensity but with obvious circumferential distribution 
in at least 10% of  cells; and (3) Grade 0 or 1: cell surface 
protein expression- negative: no staining or weak, incom-
plete membrane staining in any proportion of  the tumor 
cells.

When considering the HER-2/neu membrane status, 
grade 0, 1 and 2 were considered negative and grade 3 
was considered positive.

Image analysis
Images were analyzed using the in-house developed soft-
ware (TissueQuant). The facility for choosing the color rep-
resenting the maximum density of  hormone expression as 
a reference color is provided in the software. Using this 
facility, the color setting was used for analysis purposes. 
The software assigns scores to the various shades of  the 
color represented by each pixel of  the image, based on how 
close the shade is to the reference color. Using these values, 
the total hormone expression in the image is quantified. 
For this, the image is represented in the HSI color model. 
Gaussian weighting functions are used for scoring the 
shades. The widths of  the Gaussian weighting functions 
are decided by the different ranges for the hue, saturation 
and intensity components. These values decide the range of  
shades of  the color which should be considered as positive 
staining. These weighting functions provide the flexibility 
of  fine adjustments of  the color shades to be included.

Considering two parameters based on the color scores, 
a classification system was developed to classify a particu-
lar case as positive, negative and strongly positive. There 
were two parameters assigned-Mean and Mean-Max. Mean 
was the main criterion on which the decision was made. 
It represents the average hormone expression present in 
the image. Mean-Max was used as a helpful parameter for 
decision-making. This represents the maximum depth of  
the color shade present in the image. This was useful when 
the expression was concentrated in a small area. A grade 
was calculated based on the above two scores. 

A screenshot of  the software is shown in Figure 1. 
The user is provided with a facility to open the image and 
click on the region of  the image with the reference pixel 
color. A set of  sliders are provided to adjust the color pa-
rameters on the lower mid panel. The centers and widths 
of  the Gaussian weighting functions can be adjusted with 
these sliders. The color parameters are set this way to cal-
culate the color score for each pixel which is mapped from 
0 to 255 for the purpose of  display as a grayscale image 
in the right upper panel of  the user interface. The color 
score and the color settings for the particular study are 
displayed just below the resulting image. This facilitates 
user interaction to select the appropriate color settings for 
the quantification. A “Save”button is also provided which 
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facilitates saving of  the resulting image. We could also 
save the color settings by specifying a name for the par-
ticular study. These color settings can be used for batch 
processing of  image sets with the same color settings in 
an automated manner. To work on huge sets of  images 
with the same color setting directly, the “Batch Analysis” 
option is used. The directory in which the images are 
saved, the color setting and the image type used for the 
batch analysis need to be specified by the user. All images 
in the specified directory are processed and the resulting 
images are stored in the ‘result-images’ directory, which is 
generated under the specified directory. The mean color 
score and the image name are stored in an MS Excel file 
in the same directory. 

Manual method and image analysis
The specimens from all sixty cases were stained separately 
for ER, PR and HER-2/neu. All cases were assessed by 
manual grading as well as image analysis. The manual grad-
ing was carried out by an experienced expert pathologist. 
To study inter-observer and intra-observer variations, we 
obtained readings from another pathologist as the second 
observer from a different laboratory who has a little less 
experience than the first observer. We also took a second 
reading from the second observer after 30 d to study intra-
observer variations. 

For statistical analysis of  the results, we used SPSS 
11.5 for Windows and GraphPad Prism 4.03. The inter-
observer and intra-observer variations were evaluated 
with SPSS software. The Spearman correlation coefficient 
was obtained using GraphPad Prism software. A ROC 

curve was drawn using Microsoft Excel software using the 
sensitivity and specificity of  the algorithm for each of  the 
expressions. 

RESULTS
A comparison of  the grading of  the cases by the expert 
and the image analysis software TissueQuant for ER, PR 
and HER-2/neu expressions are shown in Tables 1-5 
and Figure 2.

ER
All cases were assessed by manual grading as well as im-
age analysis. Thirty cases with grade 0 on manual grad-
ing showed a similar grade on image analysis. Out of  
12 cases with a manual grading of  0, 6 showed grade 1 
and 6 showed grade 2 on image analysis. Two cases with 
manual grade 1 showed grade 2 on image analysis. All 
cases with manual grade 2 showed a similar grade on 
image analysis. These findings were statistically highly 
significant (Table 1). 

The ER expression evaluation performed by the ex-
pert was compared with the evaluation by the second pa-
thologist. Evaluation by both pathologists in 24 cases of  
grade 0 out of  42 cases, 2 cases of  grade 1 out of  4 cases 
and 8 cases of  grade 2 out of  14 cases matched correctly. 
The ER expression evaluation was repeated by the second 
pathologist and was compared to the first evaluation. The 
evaluation in both readings matched in 19 cases of  grade 
0 out of  26 cases, 12 cases of  grade 1 out of  21 cases and 
6 cases of  grade 2 out of  13 cases.
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Color score: 40.90815  Color settings: 0.95 0.36 0.55 0.56 0.25 0.41 Save

0     25     50      75    100

0     25     50      75    100 0     25     50      75    100

0     25     50      75    100 0     25     50      75

0     25     50      75

Figure 1  Screenshot of the TissueQuant software. On the left panel of the main window the original image is opened. The right panel displays the color score 
representation of the image. In the lower panel are the sliders which could be adjusted to select the color shade of interest.
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PR
PR status was also assessed by manual grading as well as 
image analysis. Thirty five cases with grade 0 on manual 
grading showed a similar grade on image analysis. Out 
of  8 cases with a manual grading of  0, 6 showed grade 1 
and 2 showed grade 2 on image analysis. Five cases with 
manual grade 1 showed grade 2 on image analysis. All cas-
es with manual grade 2 showed a similar grade on image 
analysis. These findings were statistically highly significant 
(Table 2).

The PR expression evaluation performed by the expert 
was compared with the evaluation by the second patholo-
gist. Evaluation by both pathologists in 32 cases of  grade 
0 out of  43 cases, 6 cases of  grade 1 out of  7 cases and 6 
cases of  grade 2 out of  10 cases matched correctly.

The PR expression evaluation was repeated by the sec-
ond pathologist and was compared to the first evaluation. 
The evaluation in both readings matched in 28 cases of  
grade 0 out of  34 cases, 8 cases of  grade 1 out of  18 cases 
and 3 cases of  grade 2 out of  8 cases.

HER-2/neu
For HER-2/neu status, 6 cases with manual grade 0 
showed a similar grade on image analysis. One case with 
a manual grade of  0 showed grade 2 on image analysis. 
None of  the cases showed grade 1 on manual as well as 

image analysis. Five cases with manual grade 2 showed 
grade 3 on image analysis. All 46 cases with manual grade 
3 showed a similar grade on image analysis. These findings 
were highly significant (Table 3).

HER-2/neu expression evaluation performed by the 
expert was compared with the evaluation by the second 
pathologist. Evaluation by both pathologists in 6 cases of  
grade 0 out of  7 cases, 3 cases of  grade 2 out of  7 cases 
and 29 cases of  grade 3 out of  46 cases matched correctly.

HER-2/neu expression evaluation was repeated by the 
second pathologist and was compared to the first evalua-
tion. The evaluation in both readings matched in 6 cases 
of  grade 0 out of  7 cases, 2 cases of  grade 2 out of  7 
cases and in all 46 cases of  grade 3.

DISCUSSION
Various types of  solutions are available to quantify stain-
ing intensity and range from inexpensive, general purpose 
software to specific, expensive software. Some of  the im-
age analysis systems used for such studies are SAMBA, 
Image Pro Plus, Metaview, Lucia software, and BioQuant 
Nova Prime. Charpin et al used Metaview software for 
staining intensity quantification. This is a general purpose 
image processing software[31]. Suitable threshold values 
for the Red (R), Green (G) and Blue (B) components are 
selected to choose the stained area. The amount of  posi-
tively stained area gives the measure of  staining. Charpin 
et al[32] used the SAMBA 4000 image analysis system for 
quantification of  hormone receptor expression. For each 
marker’s positive cell surface, integrated and mean opti-
cal densities and IOD histograms were compared. Paus-
chinget et al[33] and Soukupova et al[34] made use of  Lucia 
software for stain quantification, which uses a measure of  
optical density. Diaz Encarnacion et al[31] and Niendorf  
et al[35] used a threshold and area measurement approach. 
Hatanaka et al[20] used WinROOF with macroinstructions 
for analyzing each captured area. Lehr et al[17] used Adobe 
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Figure 2  ROC curves for the automated evaluation of estrogen receptor, 
progesterone receptor and human epidermal growth factor receptor-2 
expression images using TissueQuant. For all three expressions the sensitivity 
of 100% is maintained, the specificity for PR expression is best at, 86%, for ER 
the specificity is 82.3% and for HER-2/neu expression the specificity is least at, 
64.3%. ER: Estrogen receptor; PR: Progesterone receptor; HER-2/neu: Human 
epidermal growth factor receptor-2.

Table 1  Comparison of manual grading and image analysis of 
estrogen receptor

Manual grading Image analysis Total

Grade  0 Grade   1 Grade  2

Grade 0 30 6   6 42
Grade 1   0 2   2   4
Grade 2   0 0 14 14
Total 30 8 22 60

Table 2  Comparison of manual grading and image analysis of 
progesterone receptor

Manual grading Image analysis Total

Grade 0 Grade 1 Grade 2

Grade 0 35 6   2 43
Grade 1   0 2   5   7
Grade 2   0 0 10 10
Total 35 8 17 60

Table 3  Comparison of manual grading and image analysis of 
human epidermal growth factor receptor-2

Manual grading Image analysis Total
Grade 0 Grade 1 Grade 2 Grade 3

Grade  0 6 0 1   0   7
Grade  1 0 0 0   0   0
Grade  2 0 0 2   5   7
Grade  3 0 0 0 46 46
Total 6 0 3 51 60

Prasad K et al . Automated immunohistochemical evaluation in breast cancer



Photoshop-based image analysis to quantify hormone 
receptor expression in breast cancer. The feature selection 
was done with the Magic Wand tool which could reliably 
select all immunostained nuclei. The nuclear immunostain-
ing index was calculated as the difference between nuclear 
and background immunostaining intensity. Vrekoussis 
et al[36] reported the use of  freeware ImageJ for the analy-
sis of  immunohistochemically stained sections of  breast 
cancer. McCabe et al[37] and Chung et al[38] carried out quan-
titative analysis of  hormone receptor expressions in breast 
cancer using the AQUA system. BioQuant Nova Prime is 
an advanced image analysis tool designed for biomedical 
research. Ariol SL 50 is an automated microscope slide 
analysis tool, which acquires monochrome images through 
three bright field filters, using cell masking templates and 
applies area analysis. Image Pro Plus (Media Cybernetics) 
and EMPIX Imaging solutions are also being used for 
stain quantification. Sharangpani et al[39] developed a semi-
automatic system to quantify estrogen and progesterone 
receptor immunoreactivity in human breast cancer. All 
these applications work on the basis of  threshold and area 
measurement or change in optical density. It is not always 
possible to select appropriate R, G and B thresholds to 
suitably select shades of  a particular color. Hence, the ap-
proach of  threshold and area measurement is inadequate. 
In addition, when a tissue section is studied for a particu-
lar substance, other components present in the section 
may also take up the stain, expressing different colors. In 
such cases, the change in optical density is not a suitable 
indicator to measure the amount of  the substance under 
study. However, the in-house developed software, Tis-
sueQuant, overcomes all these drawbacks by facilitating 
discrimination between colors and also between depths 
of  color. Thus, it provides a fully automated solution for 
more efficient quantification of  staining intensity.

Automation of  image analysis holds promise for im-

proving inter- and intra-observer reproducibility which is 
the main problem with manual analysis. However, the lack 
of  standards in system performance makes automation less 
reliable.  Automation could also face problems with varia-
tions in illumination while imaging, variations in staining 
intensities, and section thickness. These could be solved 
with automated sectioning and staining systems. Standard-
ized guidelines for transmission of  baseline colors are 
very important since the evaluation is based on intensity. 
The clinical utility of  automated analysis depends on strict 
adherence to quality assurance of  the systems. Discrepan-
cies in evaluation could be really serious; hence, automated 
evaluation does not eliminate the role of  the pathologist. 
In our study, the focus was to identify all possible positive 
cases to ensure there were no false negative results. Once 
this is done, the expert pathologist can prioritize the slides 
to confirm the evaluation of  the automated system.

The benefit of  automation and computer-aided diagno-
sis has been demonstrated here. It was observed that there 
was a very good correlation between image analysis and 
expert opinion in evaluating the ER, PR and HER-2/neu 
expression images. The system was designed to avoid any 
false negative findings, hence, the specificity was compro-
mised to obtain 100% sensitivity. This can be seen from the 
ROC curve in Figure 2. Table 5 shows the inter-observer 
variations and the intra-observer variations. It can be seen 
that the correlation between two readings by the same 
observer was slightly higher than the correlation of  the 
readings by the two pathologists in the PR and HER-2/neu 
expression images. However, in the case of  the ER expres-
sion images, intra-observer variation was greater than inter-
observer variation. It was observed that in the majority of  
cases of  mismatch, the grade 0 cases were mostly evaluated 
as grade 1 rather than grade 2, and similarly cases of  grade 
3 were mostly evaluated as grade 2 rather than grade 1. The 
automated analysis correlated best with the expert’s opinion 
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Table 4  Results of the classification of estrogen receptor, progesterone receptor and human epidermal growth factor receptor-2 
expression images

True positive True negative False positive False negative Sensitivity (%) Specificity (%) PPV1 (%) NPV2 (%)
ER expression 14 38 8 0 100    82.6 63.6 100
PR expression 10 43 7 0 100    86.0 58.8 100
HER-2/neu expression 46   9 5 0 100    64.3 90.2 100

1PPV: Positive predictive value; 2NPV: Negative predictive value. It can be seen that the sensitivity has been maintained at 100%. The specificity of the 
evaluations for ER and PR is good. The specificity of HER-2/neu expression is comparatively less than the ER and PR expression evaluations. ER: Estrogen 
receptor; PR: Progesterone receptor; HER-2/neu: Human epidermal growth factor receptor-2.

Table 5  Spearman correlation coefficient (95% confidence interval) of the different evaluations

Expert vs  automated analysis1 Expert  vs  pathologist2 Pathologist reading 1 vs  pathologist reading 23

ER expression  0.73 (0.59 to 0.83) 0.53 (0.32 to 0.69) 0.46 (0.24 to 0.64)
PR expression  0.82 (0.73 to 0.90) 0.63 (0.45 to 0.76) 0.66 (0.49 to 0.78)
HER-2/neu expression  0.92 (0.88 to 0.96) 0.68 (0.52 to 0.80) 0.70 (0.54 to 0.81)

1Represents the correlation of the automated analysis with the expert’s evaluation; 2Represents the correlation between two pathologists; 3Represents 
the correlation between readings by the same pathologists taken at different time periods. It can be seen that the Spearman correlation coefficients for 
evaluations by automated analysis are better for all receptor expressions.
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in all three cases and this was significantly higher than the 
correlation between the two different observers and be-
tween two readings by the same observer.

This paper presents a technique for automation of  the 
diagnosis of  breast cancer from immunohistochemically 
stained biopsy specimens. Our goal was to provide 100% 
sensitivity and the software was successfully used to effi-
ciently classify the cases. It was also demonstrated that the 
manual evaluation introduced a lot of  variation, whereas 
the automated analysis provided an objective evaluation and 
was repeatable. Such automation could facilitate fast and 
efficient diagnosis of  breast cancer and eliminate human 
errors, to a large extent. However, the results reported here 
could be further improved with the use of  neural networks 
or other such classification models. 

COMMENTS
Background
Cancer of the breast is the second most common human neoplasm and accounts 
for approximately one quarter of all cancers in females after cervical carcinoma. 
Immunohistochemical evaluation of hormone receptor expressions in tumor cell 
nuclei is an integral part of routine breast cancer diagnosis and provides important 
information for prognosis and choice of therapeutic approach. The main chal-
lenges that pathologists are currently facing are productivity, accuracy and objec-
tive evaluation. Pure visual estimates of immunohistochemically stained biopsy 
specimens provide very crude results with poor inter-observer and intra-observer 
reproducibility. For this purpose, computerized image analysis based methods are 
needed.
Research frontiers
Many studies have been carried out using computerized image analysis for the 
automation of evaluation. The use of various software packages such as ImageJ, 
the AQUA system, Image Pro Plus, and Adobe Photoshop has been reported. An-
other area which has seen very good advancement is the high throughput tech-
nology called tissue microarray (TMA) which generates a huge number of images 
in a fully automated and standardized manner which also makes it best suited for 
automation of evaluation. 
Innovations and breakthroughs
In this article, the authors introduce the in-house developed software, Tis-
sueQuant, for automation of the evaluation of images of immunohistochemically 
stained biopsy specimens. The method they proposed provides a fully automated 
solution to these evaluations. The algorithm was designed to obtain 100% sen-
sitivity. The inter-observer and intra-observer variations are reported. In addition, 
the correlation of the automated analysis with the expert’s evaluation is also 
reported. It can be seen that the automated evaluation correlated well with the 
expert and overcame the problem of inter-observer and intra-observer variation.
Applications 
The proposed method can be used to automate evaluations of images generated 
with the Tissue MicroArray technique so as to handle high throughput. The same 
technique can also be modified to evaluate any image where staining intensity 
needs to be assessed for decision-making.
Terminology
Estrogen receptor (ER), progesterone receptor (PR) and human epidermal 
growth factor receptor-2 (HER-2/neu) are specific hormone receptors which are 
expressed when stained with the respective immunohistochemical stains. 
Peer review
Keerthana Prasad and colleagues demonstrated that the automation of breast 
cancer diagnosis from immunohistochemically stained specimen is a useful tool 
to provide objective and repeatable evaluations.
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