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Purpose: Immunohistochemistry (IHC) is a newer
technique for assessing the estrogen receptor (ER) status
of breast cancers, with the potential to overcome many
of the shortcomings associated with the traditional
ligand-binding assay (LBA). The purpose of this study
was to evaluate the ability of ER status determination by
IHC, compared with LBA, to predict clinical outcome—
especially response to adjuvant endocrine therapy—in a
large number of patients with long-term clinical follow-up.

Patients and Methods: ER status was evaluated in
1,982 primary breast cancers by IHC on formalin-fixed
paraffin-embedded tissue sections, using antibody 6F11
and standard methodology. Slides were scored on a
scale representing the estimated proportion and inten-
sity of positive-staining tumor cells (range, 0 to 8).
Results were compared with ER values obtained by the
LBA in the same tumors and to clinical outcome.

Results: An IHC score of greater than 2 (correspond-
ing to as few as 1% to 10% weakly positive cells) was

used to define ER positivity on the basis of a univariate
cut-point analysis of all possible scores and disease-free
survival (DFS) in patients receiving any adjuvant endo-
crine therapy. Using this definition, 71% of all tumors
were determined to be ER-positive by IHC, and the level
of agreement with the LBA was 86%. In multivariate
analyses of patients receiving adjuvant endocrine
therapy alone, ER status determined by IHC was better
than that determined by the LBA at predicting improved
DFS (hazard ratios/P 5 0.474/.0008 and 0.707/.3214,
respectively) and equivalent at predicting overall sur-
vival (0.379/.0001 and 0.381/.0003, respectively).

Conclusion: IHC is superior to the LBA for assessing
ER status in primary breast cancer because it is easier,
safer, and less expensive, and has an equivalent or
better ability to predict response to adjuvant endocrine
therapy.
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THE ESTROGEN RECEPTOR (ER) content of breast
carcinomas is important as a prognostic and predictive

biomarker, according to recently published guidelines,1-3

and evaluation of ER status is part of the routine assessment
of these neoplasms. Most of the data on the clinical utility of
ER content have been generated using biochemical ligand-
binding assays (LBAs), such as the dextran-coated charcoal
assay (DCCA). Since the first report of its independent
prognostic significance almost two decades ago,4 the assess-
ment of ER status by DCCA has been validated repeatedly
and is generally regarded as the standard by which other
methods are assessed. There are, however, problems associ-
ated with LBAs for ERs. They are technically challenging
and expensive; require radioactive reagents and relatively

large amounts of fresh-frozen tissue; and are insensitive and
nonspecific in accounting for differences in the cellular
composition of samples, such as those with a low tumor
cellularity or contaminating benign cells that might be
ER-positive.

The development of highly specific monoclonal antibod-
ies5 and immunohistochemistry (IHC) techniques to localize
ERs6 provided the potential to overcome most of the
difficulties inherent to LBAs. Compared with LBAs, IHC is
easier to perform, less expensive, safer, applicable to a wider
variety of samples (eg, cytologic preparations, frozen tissue
sections, fixed archival tissue sections, etc), and more
sensitive and specific in the identification of rare ER-
positive tumor cells or contaminating ER-positive benign
epithelium under direct microscopic visualization.

The ultimate usefulness of ER status assessment by IHC,
however, resides in its ability to predict clinical outcome,
especially response to hormone therapy. Many studies have
evaluated the clinical relevance of measuring ER status by
IHC, and the large majority reported statistically significant
relationships with clinical outcome.7 Nonetheless, there
were limitations associated with these generally positive
studies. For example, the majority evaluated patient popula-
tions of mixed clinical stage and treatment status, making it
nearly impossible to separate the prognostic from the
predictive implications of their results. In addition, these
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studies used many different antibodies and detection sys-
tems with unequal sensitivities and specificities on tissue
samples prepared in diverse ways. The most problematic
aspect was the use of a wide variety of techniques for
scoring and interpreting results with arbitrary rather than
clinically calibrated definitions of ER positivity. Despite
these largely unresolved issues, most laboratories today
have already converted to assessing ER status almost
exclusively by IHC on routine archival (ie, formalin-fixed
paraffin-embedded) tissue samples.

The purpose of this study was to resolve some of these
issues by developing an IHC assay for archival tissue, using
inexpensive commercially available reagents and an easy,
reproducible scoring system calibrated to clinical outcome.
The prognostic and predictive usefulness of this IHC assay
was evaluated and compared with a standard LBA in a large
group of patients with primary breast cancer and long-term
clinical follow-up.

PATIENTS AND METHODS

Patient Population

Tumor specimens from patients with primary breast cancer in the San
Antonio Tumor Bank were included in this study. Patients were
diagnosed between 1973 and 1993 and had their ER statuses evaluated
by LBA at the time of diagnosis in our laboratory. Selection criteria
included presentation with primary breast cancer, sufficient tumor tissue
remaining after LBA for additional IHC assays, and long-term fol-
low-up for disease recurrence and death. A total of 1,982 patients who
satisfied these criteria were chosen: 997 with negative axillary lymph
nodes and 985 with positive nodes. Surgical treatment included
modified radical mastectomy in 91% of the patients and lumpectomy in
9%. Postoperative radiation was used in 21%. After surgery, 35%
received no additional therapy. The remainder received systemic
adjuvant therapy in a routine clinical setting; this therapy consisted of
chemotherapy alone in 13%, endocrine therapy alone in 26%, and
combined chemotherapy and endocrine therapy in 13%. The status of
adjuvant therapy was unknown in 5%. Patients were observed for
disease recurrence and death as previously described.8 A total of 620
patients (31%) had experienced disease recurrence, and 734 (37%) had
died by the time of analysis. The median follow-up period for patients
still alive at the time of analysis was 65 months (range, 1 to 214
months).

LBA for ER

Breast tumor specimens were frozen in liquid nitrogen immediately
after excision and then sent to the Steroid Receptor Laboratory at the
University of Texas Health Science Center at San Antonio. The tumor
tissues were pulverized in liquid nitrogen, and cytosols were prepared
for the LBA as previously described.9 From 1973 to 1984,3H estradiol
was used as the labeled ligand. Since 1985, the standard multipoint
DCCA had been modified to incorporate125I-labeled estradiol and
3H-R5020 in a single assay, allowing for the simultaneous determina-
tion of both ER and progesterone receptor statuses. Tumors with an ER
content of$ 3 fmol/mg protein (the limit of detection in this assay)
were considered to be ER-positive, based on studies calibrated to
clinical outcome.10-12 The pulverized tissue that remained after the

corticosteroid receptor assay was performed was stored at270°C for
future use.

IHC for ER

Tissue sections for ER status determination by IHC were prepared
from the pulverized frozen tumor specimens left over from the LBA as
previously described.13 Because of the ultracold temperature used
during pulverization, the tissue was fractured into histologically intact
fragments ranging from approximately 0.1 to 1.0 mm in size. Individual
samples consisted of 100-mg pellets of this particulate tissue, which
was fixed for 6 to 8 hours in 10% neutral buffered formalin and
routinely processed to paraffin blocks. Histologic sections from these
samples resemble the large-core needle biopsies in routine clinical use
today.13 The IHC assay was performed on 4 µm sections cut from the
blocks and float-mounted on adhesive (silanized) glass slides. The
essential techniques of the IHC assay included retrieving the antigen in
0.1 M boiling citrate buffer (pH 6.0) in a pressure cooker; blocking
endogenous peroxidase with 0.1% sodium azide and 0.3% hydrogen
peroxide; blocking nonspecific protein binding with 10% ovalbumin;
binding with primary mouse monoclonal antibody 6F11 against the ER
(Vector Laboratories, Burlingame, CA) at a dilution of 1:40 for 2 hours;
linking with biotinylated rabbit antibody against mouse immunoglobu-
lin G (Dako Corp, Carpenteria, CA) at a dilution of 1:100 for 30 minutes;
enzyme labeling with streptavidin–horseradish peroxidase (Dako) at a
dilution of 1:100 for 30 minutes; developing chromogen with 0.03%
hydrogen peroxide and 1 mg/mL diaminobenzidine; enhancing the
signal with 0.2% osmium tetroxide; and counterstaining with methyl
green. Human endocervix tissue was used as a positive control because
of its easy availability and relatively stable reactivity. The negative
control consisted of nonimmune mouse immunoglobulin G substituted
for the primary ER antibody. Controls were run with each batch of
slides, at an average of approximately 50 slides per batch. The method
produced a distinct nuclear signal in ER-positive tumor cells (Fig 1).

Immunostained slides were scored as previously described.7,14 In
brief, each entire slide was evaluated by light microscopy. First, a
proportion score was assigned, which represented the estimated propor-

Fig 1. Photomicrograph of a representative invasive breast cancer tissue
sample immunostained by the method used in this study (magnification,
3200). ER-positive cells showed a dark brown or black nuclear signal. Using
this field, this tumor would get a total immunohistochemical score of 6
(proportion score [5 4] 1 intensity score [5 2]). The inset shows human
endocervix tissue, which was used as a positive control because of its easy
availability and relatively stable reactivity.
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