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Computer based receptogram approach: an objective way
of assessing immunohistochemistry of androgen receptor
staining and its correlation with hormonal response in
metastatic carcinoma of prostate
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Aims: To categorise the immunostaining heterogeneity of androgen receptors in metastatic carcinoma of
the prostate using a pattern oriented approach and to correlate the results with response to hormonal
treatment.
Methods: Paraffin wax embedded tumour sections from 85 patients with metastatic carcinoma of the
prostate were processed for immunocytochemistry and stained for the androgen receptor using
antiandrogen receptor antibodies. A computer based image analysis system was used to analyse the
pattern of nuclear immunostaining in a minimum of 500 nuclei/slide. Depending on the nuclear receptor
content and concentration, receptogram patterns were established for each specimen. The receptogram
pattern was correlated with clinical response to hormonal treatment.
Results: Clinical response to hormonal treatment was documented using prostate specific antigen as the
marker into responders (good, fair, stable) and non-responders. Forty four of 48 patients who responded
to hormonal treatment had type 1 (35) or type 3 (nine) receptograms, which are characterised by a
unimodal peak or multimodal peaks within a narrow concentration range. Thirteen of the 18 patients who
stabilised had type 1 or type 3 receptograms. Seventeen of the 19 patients who did not respond to
hormonal treatment had either type 2 or type 4 receptograms, which are characterised by skewed or
bimodal androgen receptor distribution. Positive and negative predictive values of receptograms were
96.5% and 63%, respectively.
Conclusions: Image analysis of androgen receptor immunostaining with a receptogram oriented approach
provides important prognostic information that can be used to predict response to hormone treatment in
patients with metastatic carcinoma of the prostate.

C
arcinoma of the prostate is the most common malig-
nancy in men.1 Approximately 60% of newly diagnosed
patients with prostate cancer already have metastatic

disease for which hormonal manipulation remains the
mainstay of treatment. The response to this form of
treatment remains unpredictable and variable.2 3 Moreover,
most patients eventually relapse to an androgen independent
state and die. Presently, there is no useful method of
predicting tumour behaviour and responsiveness to such
treatment. Studies in the past have shown that mere
positivity and negativity for androgen receptors of tumour
cells may or may not predict response to hormonal
treatment.4 On immunostaining, prostate carcinoma speci-
mens show heterogeneity of androgen receptors in contrast to
homogeneous staining of androgen receptors in normal
prostate epithelium.5 Prins et al have shown that this
heterogeneity is a useful indicator of tumour behaviour.6

Visual scoring of androgen receptor status of nuclei as
positive or negative does not take into account the large
variation in immunostaining intensity within a specimen or
between specimens. Heterogeneity in the staining pattern
also varies from one laboratory to another. To avoid this, an
alternative and more objective method would be to use image
analysis systems to measure androgen receptor staining
intensities by a pattern oriented approach. The pattern
oriented approach is a receptogram analysis based upon the
quantification of the androgen receptor contents by immu-
nocytochemical analysis. A receptogram is a composite of the

univariate distribution of nuclear contents and their bivariate
contour plots.7 8 Based on contour slopes, these are classified
into subtypes and each is correlated with response to
treatment. We present image analysis data from 85 androgen
receptor positive, paraffin wax embedded prostate specimens
of metastatic carcinoma of the prostate and correlate this
with the response to hormonal treatment. In our present
study, we have used a different antibody and image analysis
system than reported previously. This system has been used
for the expression of heat shock proteins in patients with end
stage renal failure, as reported by us previously.9

‘‘Visual scoring of androgen receptor status of nuclei as
positive or negative does not take into account the large
variation in immunostaining intensity within a specimen or
between specimens’’

MATERIALS AND METHODS
Patients
Between June 1995 and January 2001, 140 patients with
metastatic carcinoma of the prostate were seen in the
uromalignancy clinic of the All India Institute of Medical
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Sciences, New Delhi, India. Eighty five patients who met the
criteria of sufficient archival paraffin wax embedded tumour
specimen available for immunostaining and documented
response to endocrine treatment were included in our study.
Hormonal treatment consisted of either bilateral orchiedec-
tomy (30 patients) or bilateral orchiedectomy with 250 mg
flutamide eight hourly (55 patients). There were no
differences in terms of biochemical behaviour (increasing
prostate specific antigen; PSA) or survival in one group
compared with the other. The age of the patients ranged
between 46 and 78 years (mean, 68). The clinical stage
(Whitmore-Jewett) and Gleason score of disease were
recorded at the start of hormonal treatment (table 1). The
patients were followed three monthly, with symptoms and
PSA concentrations being recorded.

The patients’ response to hormonal treatment was classi-
fied as follows.

N Responders: patients who showed a biochemical response
to hormonal manipulation and remained asymptomatic.

N Good: PSA less than 4 ng/ml for two or more years.

N Fair: PSA less than 4–10 ng/ml for two or more years.

N Stable: PSA decreased less than 50% but disease remained
stable for two or more years.

N Non-responders: PSA continued to rise despite hormonal
treatment and/or showed either progression of existing
lesion or development of new lesions on bone scan.

Mean survival from the time of diagnosis was calculated.

Androgen receptor immunostaining
Formalin fixed, paraffin wax embedded sections were
processed for immunocytochemistry using the microwave
antigen retrieval method. The 4 mm sections were dehydrated
in graded ethanols, cleared in xylene, and mounted with
Permount without being counterstained. The slides were
stained with an antiandrogen antibody (monoclonal anti-
androgen receptor antibody Ab-1; clone AR 441, Lab Vision,
California, USA) (fig 1).

The immunostained slides were imaged using an image
analysis system.3 The image analysis system consisted of a
research microscope (B X 50; Olympus, Tokyo, Japan), 10 bit
digital camera (Xilix Correco, Canada), image grabber card
(F-64, Cerreco Corp, Quebec, Canada), and a personal
computer (P-III; Digital Corp, California, USA). The image
analysis software used was optimas 5.2 (Optimas Corp,
California, USA). The integrated optical density and mean
optical density of each nucleus were measured. Minimum
numbers of 500 nuclei were analysed by the image analysis
system. Nuclei were identified by the image analysis system
automatically. The microscope imaging system was calibrated
using the calibration dialogue program in the software and
using a glass micrometer slide that had divisions in mm
marked on it. Each lens was calibrated and these values were
stored automatically.

The integrated optical density was plotted on the abscissa
as a measure of the relative receptor content of individual
nuclei and the percentage of nuclei expressing the different
amounts of receptor were plotted on the ordinate. The
receptograms were generated from the database and the
patterns were analysed using standard software (Microsoft
Excel and Access).9

Receptogram classification and prediction of
hormonal response
Receptograms were classified into four possible types,
depending on the androgen receptor immunostaining mean
optical density distribution pattern, which is based upon the
frequency distribution of the component positive or negative
subpopulations of tumour cells, as described by Sklarew et al.8

The receptogram types are: type 1, unimodal androgen
receptor positive distributions with a well defined peak
(fig 2); type 2, a bimodal distribution, representing coexistent
positive and negative androgen receptor subpopulation
distributions (fig 3); type 3, multimodal androgen receptor
positive distributions, with well defined peaks confined to
less than a threefold concentration range (fig 4); and type 4, a
highly skewed distribution, lacking well defined peaks and

Table 1 The stage of disease and Gleason
score at the time of diagnosis and start of
treatment for the 85 patients studied

Stage/score N

Stage
D1 35
D2 50

Gleason score
,4 16
4–7 26
.7 43

Figure 1 Photomicrograph showing immunostaining of androgen
receptors (a–d) using monoclonal antibody Ab-1, clone AR 441; original
magnification, 6220.

Figure 2 Type 1 receptogram distribution pattern of integrated optical
density (IOD) of nuclei stained with an antiandrogen receptor antibody.

Computer based receptogram approach 147

www.jclinpath.com

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


extending over a greater than threefold concentration range
(fig 5).

Statistical analysis
Statistical analysis (the x2 test) was carried out using SPSS–
7.5 software. A p value , 0.05 was considered to be
significant

RESULTS
The mean follow up was 34.6 months (range, 24–60). Of the
85 patients with prostatic tumours, 22 had a good response,
26 responded fairly, 18 stabilised on hormonal treatment,
and in 19 patients the treatment failed. Table 2 details the
receptogram patterns of each of the response groups.
Nineteen of the 22 good responders had either type 1 or type
3 receptogram patterns. In contrast, 17 of the 19 patients who
did not respond to hormonal treatment had either type 2 or
type 4 receptogram patterns. The patients were divided into
responders (good response, fair response, and stabilised) or
non-responders (failed treatment) and the data were collated
into 2 6 2 contingency tables for statistical analysis. The
sensitivity and specificity with negative and positive pre-
dictive values were calculated.

The sensitivity of the test (the number of responders with
either type 1 or type 3 receptograms) was 85%, with a
specificity of 89.5% (the number of failures with type 2 or 4
receptograms). The positive predictive and negative predictive
values of this test were 96.6% and 63%, respectively.

The diagnostic accuracy of this test was 85.9%. When the
responders were compared with the non-responders, the x2

test with Yate’s correction factor was 33.7 and p values were
highly significant (p , 0.0001). There was no significant
correlation between Gleason grade and receptogram pattern
on image analysis (table 3).

DISCUSSION
Carcinoma of the prostate is the second leading cause of
death after lung cancer in men.1–7 Sixty per cent of patients
present with metastatic disease at the time of diagnosis, and
in such circumstances hormonal manipulation remains the
only effective palliative measure. The relapse and progression
of disease have been the main focus of attention since the
introduction of endocrine treatment. Hormonal indepen-
dence carries a poor prognosis and eventually results in
death. The molecular basis of this phenomenon is poorly
understood, although it is associated with greater genetic
instability and increased risk of hormonal independence.10 To
predict the response to hormonal treatment, a marker for
genetic instability is required. Previous studies have estab-
lished that mere androgen receptor positivity or negativity by
itself does not accurately predict a positive or negative
response to hormonal treatment.

It has been noted that the normal epithelium of the
prostate shows a homogeneous immunostaining pattern.
Genetic instability within the tumour cells results in the
expression of heterogeneity: the greater the intratumorous
heterogeneity, the greater the genetic instability. Thus,
heterogeneity is a possible marker for genetic instability. In
a previous evaluation, this phenomenon was reported to be
useful in predicting response to hormonal treatment.11

The variability of androgen receptor staining among
responders, non-responders, and stabilised patients can be

Figure 3 Type 2 receptogram distribution pattern of integrated optical
density (IOD) of nuclei stained with an antiandrogen receptor antibody.

Figure 4 Type 3 receptogram distribution pattern of integrated optical
density (IOD) of nuclei stained with an antiandrogen receptor antibody.

Figure 5 Type 4 receptogram distribution pattern of integrated optical
density (IOD) of nuclei stained with an antiandrogen receptor antibody.

Table 2 Response to hormonal treatment in relation to
receptogram pattern (types 1–4)

Response N Type 1 Type 2 Type 3 Type 4

Responders
Good 22 15 2 5 1
Fair 26 20 1 4 1
Stabilised 18 10 2 3 3

Non-responders 19 1 7 1 10
Total 85 46 12 13 15
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seen using an unaided microscope, although the results are
subjective and vary from one laboratory to another. Prins
et al attempted to determine androgen receptor status by
‘‘histoscoring’’,6 12 which incorporates immunostaining inten-
sity, and correlated it with the responsiveness of tumours to
treatment. The positive and negative predictive values for
endocrine response were 71% and 62%, respectively. To
improve accuracy and have a more objective predictor,
immunostaining with image analysis and receptogram
classification (pattern oriented approach) was evaluated for
metastatic carcinoma of the prostate. In addition, the
pattern oriented approach is independent of the differences
in staining intensity caused by immunohistochemical
techniques.

‘‘Those who responded to hormonal treatment either had
a well defined single peak (type 1) or multiple discrete
peaks in a narrow range (type 3)’’

Receptogram analysis was previously evaluated as a
pattern oriented approach for endocrine response prediction
in carcinoma of the breast and found to be a useful marker.8

In their preliminary observation, Pertschuk et al found a
similar staining heterogeneity in carcinoma of the prostate.13

When an image analysis system was used, it was also noted
that low numbers of androgen receptors were present within
the tumour cells of patients who had been labelled as
androgen receptor negative by visual determination.

In our present study, we carried out immunostaining and
receptogram analysis in prostate tumour specimens obtained
from 85 patients after they had undergone radical prosta-
tectomy or tru-cut biopsy, but before they began hormonal
treatment. Image analysis produced four types of recepto-
gram. Type 2 and 4 receptograms were representative of a
considerable amount of heterogeneity within the tumour,
probably as a result of the presence of multiple tumour
proliferating subpopulations with a higher genetic instability
than the cells characterised by type 1 and 3 receptograms.
Those who failed to respond to hormonal treatment in our
present study had either coexistent androgen receptor
positive and negative subpopulations within the same
tumour cells (type 2) or a highly skewed mosaic staining
distribution lacking well defined peaks (type 4). In contrast,
those who responded to hormonal treatment either had a
well defined single peak (type 1) or multiple discrete peaks in
a narrow range (type 3). We found that image analysis can
discriminate between those who show a good or a poor
response to hormonal treatment, as has been noted pre-
viously.14 15 Our study used a different image analysis system
and a different source of antiandrogen antibody, highlighting
the fact that limited resources of certain antibodies or the use
of different image analysis systems should not affect the
applicability of androgen receptor image analysis to the
analysis of metastatic carcinoma of the prostate. We found no

significant correlation between Gleason grade and recepto-
gram pattern. It is our belief that this phenomenon requires
further study, before useful conclusions can be drawn.

CONCLUSION
Computer based image analysis of androgen receptors
provides useful prognostic information in patients with
metastatic carcinoma of the prostate who are on hormonal
treatment. It is an objective assessment of androgen receptor
status that can provide information regarding tumour
biology.
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