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Abstract

An immunohistochemical assay for the measurement of estrogen receptor (ER) has been evaluated on
290 consecutive human breast biopsy and mastectomy specimens in the year 1992 at The Aga Khan
University Hospital laboratories. Immunohistochemical localization of estrogen receptor on
frozen/paraffin section was scored in a semi-quantitative fashion incorporating both the intensity and
the distribution of specific staining. Histologic grading of the tumour was performed according to
Bloom’s method. In this study, 21% of the tumours were estrogen receptor negative, 15% were weak
positive, 25% intermediate positive and 39% strong positive. Fifty percent of the well differentiated
tumours showed strong ER positivity against 27% of the poorly differentiated tumours. Seventy eight
percent of all negative estrogen receptors were in patients younger than 50 years of age (pre-
menopausal group), while 52% of strong estrogen receptor positivity was observed in patients older
than 50 years (post- menopausal). This study demonstrates the value of immunohistochemical method
to determine the ER status in patients with advanced breast cancer (JPMA 44:133, 1994).

Introduction

The clinical significance of estrogen receptor assays is well recognized. There is a general agreement
that approximately half of the women whose tumours have detectable estrogen receptor (ER) will

obtain objective remission from some form of endocrine therapyl. This number increases to three
quarters when progesterone receptor (PR), an estrogen induced protein is included!. Besides this, a

significantly prolonged overall survival among patients with ER-positive tumours has been reported?.
In these patients, disease free interval (DPI) is prolonged not because ER-positive patients responded
better to adjuvant hormonal treatment, but because ER-positive and ER-negative tumours have
different biological behaviour. Knowledge of estrogen receptor status is therefore, of both therapeutic
and prognostic importance. There are numerous theoretical and practical advantages for the
demonstration of estrogen and progesterone receptors by immunohistochemical (IHC) means over
cytosol based biochemical assays>*. Breast cancers are frequently heterogenous both
morphologicallyand in terms of biological behaviour. This is also true for estrogen receptor>. A major
disadvantage of tissue homogenates used for biochemical ER measurements is that it cannot assess
intratumoural heterogeneity. The development of monoclonal antibodies against the ER proteins have
been shown to be aplicable to the demonstration of ER by IHC method® . This technique offers an
advantage of a reproducible, easy to interpret staining product which may be scored in a
semiquantitative fashion. This study documents the value of 133 this method to predict the prognosis
and response to hormonal treatment in patients with advanced breast cancer.

Materials and Method



Patient Population

This study group consisted of 290 consecutive human breast biopsy and mastectomy specimens
received for ER evaluation in the year 1992 at The Aga Khan University Hospital, Department of
Pathology, Karachi. Age of the patients ranged from 22-85 years (median 46 years). The most common
type of tumour was infiltrating duct carcinoma (Table I).

Table I. Patient characteristics.

Age (yrs). Number %
<50 158 54.5

50-59 68 235
60-69 45 15.5
270 19 6.5
Histologic type:

Infiltrating duct Ca 260 90.0
Lobular Ca 15 5.0
Other sub-types 15 5.0
Primary surgical treatment:

Biopsy and tumourectomy 86 29.8
Simple mastectomy 28 9.6
Mastectomy with axillary

dissection 176 60.6

Immunohistochemical procedures

Primary antibodies: Monoclonal antibody directed against human ER protein (rat monoclonal, Abbott
Laboratories) was used at recommended dilution on P.S. In some cases where the tumour was already
fixed in formalin, anti-estradiol antibody (Signet Rabbit AB Laboratories Inc.) was used. 3-5 um thick
frozen sections were cut and mounted on gelatin coated slides. The slides were immediately immersed
in 4% formaldehyde-phospha.te-buffered saline for 10 minutes at room temperature. This was followed
by 3-5 minutes immersion in 100% methanol and 1-3 minutes in acetone at -4°C. For paraffin
embedded tumours, 3 um sections were cut and mounted on coated slides. Sections were stained by 3
step PAP (peroxidase anti- peroxidase) technique. Positive and negative controls were included with
each panel.

Histological grading of tumour

Histological grading of the tumours (infiltrating ductal carcinomas) was performed according to the
method described by Bloom and Richardson’ taldng into consideration 3 criteria, i.e., tubule formation,
nuclear pleomorphism and mitosis, each given a point range from 1-3. Grade is allocated as follows: 3-
5 points (grade 1, well differentiated, 6-7 points (grade II, moderately differentiated) and 8-9 points



(poorly differentiated).

Semi-quantitative evaluation of immunocytochemical staining

The immunohistochemical localization of ER was scored in a semi- quantitative fashion incorporating
both the intensity and the distribution of specific staining as described by Kenneth S. McCarty, Jr. et al.
6.8 The evaluations were recorded as percenntages of positively stained tumour cells in each of five
intensity categories denoted as O (no staining),. 1 + (weak but detec table, 2 + (mildly distinct), 3 +
(moderately distinct) and 4 + (strong). For each tissue, a value designated as HSCORE was derived by
summing the percentages of cells staining at each intensity multiplied by the weighted intensity of
staining. An HSCORE of <74 was established as negative, between 75-99 as weak positive, 100-119 as
intermediate positive, while 120 and more as strong positive. An example from one of the case reports
is given below:

Degree of positivity Percent (%) cells

35=0
30 =30
25 =50
10 =30
. X 0=0
Total score = 110 (intermediate positive for estrogen receptor).

B o= O
Mo oM oM

Results

i) Patterns of staining
Immunohistochemical evaluation using monoclonal antibody to estrogen receptor protein on
fresh/frozen tumour sections revealed specific staining localized to nuclei of target cells only (Figure

1).
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Figure 1 (b). Higher magnification of (a) x 400.
No cytoplasmic staining was seen. In contrast two different staining patterns were observed in formalin
fixed/paraffin embedded tumour sections using anti-estradiol antibody. The first pattern consisted of
positive reaction products within the cytoplasmin most carcinoma cells. The second pattern
demonstrated positive reaction product both in the nucleus and cytoplasm. No staining was observed in
paraffin embedded tissues using anti-ER monoclonal antibody even with trypsin digestion.

ii) Histologic grade and estrogen receptor status

In this study, 14% of the tumours (infiltrative duct carcinoma) were graded as grade 1 (well
differentiated), 48% as grade 2 (moderately differentiated) and 38% as grade 3 (poorly differentiated).
Twenty-one percent (21%) of the total tumours showed negative estrogen receptor status. In positive
group, 15% of the tumours were weak positive, 25% intermediate positive and 39% strong positiye for
ER 50% of the well differentiated tumours showed it rong ER positivity against 27% of the poorly
differentiated tumours in positive group (Table II).



Table II. Histologic grade and estrogen receptor (ER) status (in-
filtrating duct carcinoma breast).
ER status Histologic grade
I II II

ER weak positive 6 (20%) 27 (28%)  31(40%)
ER intermediate positive 9 (30%) 34 (35%)  26(33%)
ER strong positive 15 (50%) 36 (37%)  21(27%)
Total 30 97 78
By Chi-square statistical analysis (grade I versus grade IIl), results are
statistically significant, i.e., P <0.05 (P=0.023).

By using Chi-square statistical analysis (grade 1 versus grade 3), results are statistically significant, i.e.,
Pc 0.05 (0.023).

iii) Patient age and estrogen receptor status

A significant correlation also exists between ER status and age at the time of diagnosis with 78% of all
negative estrogen receptors reported in patients younger than 50 years of age (pre- menopausal group).
Fifty-two percent (52%) of strong estrogen receptor positivity was reported in patients older than 50
years (post-menopausal group).

Discussion

A number of histochemical techniques have provided ways to visualize ER in tissue sections? 468,

These approaches are underlying intense study to determine if they can improve the predictive accuracy
of biochemical assays for ER. Several studies correlating the biochemical and immunohistochemical
methods appeared in literature indicates that a high degree of specificity and sensitivity for ER can be

attained by IHC approach with MAbs to ER®Y. At the present time, one indisputable application of I[HC
approach is the very small neoplasm in which the amount of tumour available is inadequate for cytosol-
based biochemical methods. Another area of practical use of this method is when a small carcinoma is

detected only after the tissue has been processed and embedded in parafﬁnz’lo. One drawback of IHC
over biochemical method is that the former is at best semi-quantitative. However, several methods are
being employed to quantitate the results of IHC for ER in attempts to facilitate comparison with the
cytosoltechnique. These range from estimating the percentage of neoplastic cell nuclei immunostained
to the use of computerized cell analyses system. There is no doubt, however, that the histochemical
results have enlarged the pathologists’ knowledge of ER distribution with in the tumour. Some tumours
are composed of both ER positive and ER- negative cells. Observations about heterogeneity of staining
enables to improve predictive accuracy in patients whose ER positive tumours may contain significant
population of hormone unresponsive cells. A certain number of false positive and false negative results
may occur. Anti-factual heterogeneity of immunostaining is not unconunon informahn flxedtissues. In
some cases this may pose problems. Although most positive cases are easily discernible, there are
occasional examples of ambiguous results which may benefit from a system which more clearly defines
a quantitative threshold more particularly if backed up by clinical response data. The false positives are
viewed with somewhat less concern than the false negatives. This is because the modem hormonal
therapy, e.g., tamoxifen is relatively free of side effects and the lack of response to therapy becomes



apparent within a few weeks, allowing the clinician to move onto other modalities. The frequency of
false positive results may be reduced if hormonal treatment can be reserved for the sub-set of patients
with tumours containing both estrogen and progesterone receptors. Evidence from animalmodels
suggests that PR is under the control of ER. Presence of PR indicates that the ER mechanismis not only
present but also functional. Because ER-ICA detects ER by its antigenicity, it does not assure than the
receptors are functional. False negative results represent patients who could have received tangible
benefits from benign therapy. Sampling and handling errors are important reasons for false negativity,
while analytical errors can be minimized by performing parallel assays on control material, It has been

found that high levels of plasma estrogen may induce false negative results!! because the endogenous
estrogen occupies the binding receptor protein. This effect might be diminished by performing biopsies
during menses. Biochemical methods are also not foolproof and on occasion ER positivity may in fact
be an artefact because of ER presence in adjacent benign tissue. This technique, using anti-ER
monoclonal antibodies on fresh/frozen tumour sectiona demonstrates nuclear localization of the type 1,
high affinity receptor without convincing evidence for cytoplasmic receptor staining. This finding
contrasts with cytoplasmic localization in histochemical methods employing anti- estrogen (anti-
estracliol) antibodies. These antibodies probably detect type II and III estrogen binding sites rather than
the type I high affinity receptor!?. Inspite of these problems/criticisms there have been several reports
of a good agreement between qualitative results obtained by histochemical method using anti-estradiol
antibody and biochemical methods!314 . This, probably represents/supports the theory of two step
interaction mechanism of the receptor protein. Namely, the steroid hormone first binds with the
cytoplasmic receptor protein to form estrogen receptor complex and with subsequent transformation of
the receptor protein, the complex translocates into the nucleus to bind with the nuclear chromatin’>. A
significantly prolonged overall survival among patients with ER-positive tumours has been

reported” 117 Disease free interval (DPI) is prolonged in these patients not because ER- positive
patients responded better to adjuvant hormonal treatment but because ER positive and ER negative
tumours have different biologic properties, e.g., proliferation rate (study in progress in our department
using Ki-67 MADb). Several studies assessing proliferation index have shown an association between

ER content and tumour differentiation!3-20, Meyer et al. 18 found a significant correlation between the
low thymidine labelling index and increased ER levels in breast cancer cell. Highly proliferative,
poorly differentiated tumour cells showed low ER levels. These observations have been confirmed by

Silva et al?® who also found consecutive decrements of ER and PR levels as measure of differentiation
of tumour with grade I (well differentiated) having the highest and grade III (poorly differentiated)
having the lowest ER and PR levels. The results in our study also indicate a correlation between the
level of ER and the degree of differentiation. However, the number of well differentiated tumours in
this study represented approximately 1/8th of the total cases and therefore, may not be truly
representative. This paper extends the observation that the ER-ICA status relates to patient’s age. In the
current study, high levels of ER expression were most often observed in patients more than 50 years of

age, a result in keeping with the known influence of age on receptor levels?!-?2 - The low level of ER in
pre-menopausal patients maybe explained by the higher levels of circulating estrogens with decreased
synthesis of ER protein as a result of negative feedback. A major outcome of this study is that about
55% of the population on which ER was evaluated was under 50 years of age. This is in striking

contrast to western studies where majority population belonged to elderly group with median age of 67

yeaurs2 in one study. The data presented in this prospective study show that immunohistochemical

localization of ER provides valuable information complementary to that obtained with standard
biochemical assays.
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