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Susan M. Thorpe1

Department of Nuclear Medicine and Clinical Physiology, The Finsen Institute, Copenhagen University Hospital and Laboratory of Tumor Endocrinology,
The Fibiger Institute? Copenhagen, Denmark

ABSTRACT

Estrogen receptor (ER) concentrations have been determined in 191
freshly prepared cytosols from breast cancer biopsies using both the
monoclonal enzyme immunoassay (ER-EIA) and the dextran-coatedchar
coal (ER-DCC) methods in a single laboratory.The concentrations of the
ER detected using the two methods are highly and significantly correlated
(linear regression curve: ER-EIA = 15.5 + 0.82 ER-DCC; r = 0.97).
Nevertheless, it may be most correct to interpret the data by resolving
the correlation into two lines, one describing the fit for cytosols with low
and intermediate concentrations (the first 75% of the distribution of ER
values for all primary breast cancers: <217 fmol ER/mg cytosol protein)
and one describing the fit for cytosols with the highest ER concentrations
(i.e., >217 fmol ER/mg cytosol protein).

Using a cutoff limit of 10 fmol/mg cytosol protein to distinguish
between ER positive and ER negative biopsies, discrepancies in the
classification of ER status were found in only 6%(12ofl91)of the cases
using the two different methods. In all 12 cases, the ER concentrations
as determined by both methods were in the lower range of receptor
concentrations (0-53 fmol/mg cytosol protein). Of the 12 discrepancies,
10 biopsies were classified as ER negative using the ER-DCC method
but ER positive using the ER-EIA method. Additional available data for
these 10 patients indicate that the ER-EIA assay yielded the more
biologically "correct"result. All 10 of these biopsies were either proges

terone receptor positive or had nuclear ER.
By identifying the outliers of the linear regression curves (points

exceeding the 80% confidence interval)of the logarithmically transformed
ER concentrations,9 of the 12 biopsies were identified.Thus, it is unlikely
that the observed discrepancies are due to random events in most cases
here. Since most of the few deviations observed appear to represent true
differences in the sensitivities of the two methods, the ER-EIA method
appears to be superior to the ER-DCC method in our hands.

The concentration of ER in 47 cytosols stored at â€”70Â°Cfor 3-6 yr
was analyzed using the ER-EIA method, and results were compared to
the concentration of ER found using the ER-DCC method on freshly
preparedcytosols when the biopsies had been received at the laboratory.
The linear regression curve of the correlation between ER concentrations
determined using the two methods did not differ significantly from that
found for the 191 freshly prepared cytosols.

INTRODUCTION

ER3 determinations have been routinely performed at most

major breast cancer centers since 1979 when, at a consensus
development meeting held on "Steriod Receptors and Breast
Cancer" in the National Institutes of Health, it was recom

mended that these analyses be performed for all primary breast
cancer patients (1). The most commonly used technique for
determination of ER to date is the DCC assay method, which
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was first described by Korenman and Dukes (2). Despite wide
spread efforts to standardize the ER-DCC assay method (3-8),
assay results still vary, which is apparent both from results of
these quality control trials as well as from the fact that the
frequency of ER positivity among primary breast cancer pa
tients is reported to vary between 38% (9) and 86% (10).

In both an American and a European trial, the monoclonal
EIA that is designed for quantitation of ER in human breast
cancer cytosols and that is commercially available (ER-EIA)
has already been demonstrated to yield results that are signifi
cantly and highly correlated to those obtained using the DCC-
assay method (11, 12). Since the ER-EIA method is based upon
the recognition of the estrogen receptor molecule itself rather
than receptor-ligand binding, it is independent of the presence
of both endogenous hormones in the patients' tissue and pro

teins that nonspecifically bind estrogens. Furthermore, the as
say method is both relatively simple and standardized. This
method may therefore be more accurate and more easily repro
ducible than the DCC method. The purpose of the present
investigation has been to evaluate whether the few deviations
that are observed in assay results using the two methods (DCC
versus EIA) are systematic rather than random. Furthermore,
the question of whether the ER-EIA assay method can be used
for cytosols that have been stored at â€”70Â°Cfor up to 6 yr has

been investigated.

MATERIALS AND METHODS

Tissue. Freshly prepared cytosols from 191 breast cancer biopsies
have been analyzed for ER concentrations using the DCC and the EIA
assay methods. Both assays were performed on the same day for these
cytosols.

To investigate whether analysis of frozen (â€”70Â°C)cytosols stored for
a number of yrs yields viable results using the ER-EIA method, ER
positive cytosols (range of ER concentration from IS to 1148 fmol/mg
cytosol protein) kept for 3-6 yr were used. The results of the ER-EIA
assay were compared to the results of the ER-DCC assay originally
obtained using the freshly prepared cytosol (i.e., 3-6 yr ago).

DCC Assay. In all cases, the DCC steroid binding assay method was
used in accord with the recommendations put forth by the EORTC
(13) with the minor modifications that are described elsewhere (14).

ER-EIA Assay. The ER-EIA assay method was performed as rec
ommended by the manufacturers (Abbott Laboratories) on the cytosols
used for the DCC assay but were further diluted 2- to 6-fold. Thus,
they contained a final protein concentration of approximately 0.2-1.5
mg/ml and a maximum concentration of monothioglycerol of 5 HIM.
This cytosol protein concentration is lower than that recommended by
the manufacturers, but it facilitates assessment of samples with high
ER concentrations. If despite this dilution, the ER concentration in the
cytosol used for the ER-EIA assay was so high as to exceed the limits
of the reference standard curve (which occurred in 5 of 114 cases), the
final reaction solution was diluted 2-fold with l N sulfuric acid mixed,
the absorbance was recorded, and the value of the diluted reactant was
used to calculate the ER concentration from the reference standard
curve.

Analysis of ERn. The ER-EIA assay method as described earlier (15)
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was used on 0.6 M KCl-Tris extracts of the crude nuclear pellet to
determine ERn concentrations.

Protein Analysis. Protein determinations were performed using the
Bio-Rad method (Coomassie brilliant blue) with Kabi Diagnostica
human serum albumin protein standard as a reference. Receptor con
centrations determined using the DCC method are expressed in relation
to protein concentration of the DCC-treated cytosol, while those deter
mined using the EIA method are expressed in relation to the protein
concentration in the diluted cytosol used for the assay.

A concentration of 5 fmol ER/mg cytosol protein is accepted here
as being a reliable level of detection of receptors.

Statistical Methods. Conventional statistical tests have been applied
to the data. The particular test used in the individual circumstance is
indicated in the text or in the relevant table or legend. A value of P <
0.05 was accepted as being significant.

RESULTS

Study of Freshly Prepared Cytosols. Parallel analyses of 84
biopsies (range of ER concentration, 0-2022 fmol/mg cytosol
protein) were performed at two different cytosol protein con
centrations using the ER-EIA method. For the series analyzed
at high cytosol protein concentrations (0.5-1.5 mg/ml) 10 of
the 84 samples exceeded the highest value of the standard curve
(>500 fmol ER/ml cytosol). In contrast, all 84 samples could
be directly assessed in the series with the low cytosol protein
concentrations (0.2-0.5 mg protein/ml). ER concentrations for
the 74 samples assayable at both cytosol protein concentrations
were equivalent [linear regression equation: ER (dilute cytosol)
= -2.3 + 1.00 ER (concentrated cytosol); r = 0.99]. Thus, for
the remainder of the investigation, assays were performed using
a 6-fold dilution of the cytosol preparation that is routinely
used for the DCC assay.

There is a highly significant (P < 0.0001) linear correlation
between assay results using the DCC and the EIA assay method
to determine cytosolic ER in a total of 191 biopsies analyzed
(Fig. 1A). The intercept of the line at the >>-axis (15.5) is
significantly different from 0 (P < 0.0002), and while greater
values for ER are determined in the lower range of receptor
concentrations (<86 fmol/mg) using the ER-EIA method, lower
values are found for biopsies in the higher range of ER concen
trations (>86 fmol/mg). Because tumors with the higher con
centrations of ER tend to yield higher results using the DCC
compared to the EIA method, two regression curves may more
accurately describe the data than a single curve. To investigate
this, linear regression analysis was performed on biopsies with
cytosol values within the first three quartiles versus the last
quartile of the distribution of ER concentrations in primary
breast cancers from a large series of tumors (n â€”3728; median
value = 62; quartiles = 12 and 217 fmol ER/mg cytosol
protein). Each of the resultant regression curves is highly sig
nificant (both P < 0.0001) (Fig. l B and C) while the slopes of
the regression curves differ significantly (P < 0.01).

Using the commonly used cutoff limit of 10 fmol receptor/
mg cytosol protein to distinguish between ER positive and ER
negative biopsies, the distribution of 191 biopsies as ER positive
or negative using the two assay methods is shown in Table 1.
Only 12 of 191 discrepancies are found; complete data for these
12 biopsies are given in Table 2. While the 12 patients shown
in Table 2 have relatively low concentrations of cytosol ER as
measured by both the DCC and the EIA methods, all but one
of the biopsies are receptor positive for either progesterone
receptor and/or ERn.

In order to evaluate whether these discrepancies in classifi
cation of receptor positivity/negativity are due to "true" differ-
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Fig. l. Correlation between ER concentrations (fmol ER/mg cytosol protein)
determined on the same day using the DCC (ER-DCC) and EIA (ER-EIA) assay
methods on 191 freshly prepared cytosols from breast cancer biopsies.. I. overall
analysis; linear regression equation: ER-EIA = 15.5 + 0.82 ER-DCC; r- 0.97.
lÃ¬.quartiles 1-3 of the distribution of ER concentrations; n = ISO, linear
regression equation: ER-EIA = 7.2 + 0.92 ER-DCC; r = 0.93. C, quartile 4 of
the distribution of ER concentration; n = 41. linear regression equation: ER-EIA
= 84.7 + 0.72 ER-DCC; r = 0.92. Patients <50 yr (x); patients >50 yr (D).

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6572/2958788/cr04724p16572.pdf by guest on 19 M

ay 2023



INCREASED SENSITIVITY OF ER DETERMINATION USING MONOCLONAL METHOD

Table 1 Classification of ER status using the DCC and EIA methods
Classification of ER status using both the ER-EIA and the ER-DCC assay

methods is shown for the 191 freshly prepared cytosols. Samples with > 10 I'miil

mg cytosol protein are classified as being ER positive. A significant association
was found (X2 = 136.87, P < 0.0001 ) and the concordance was 94% (179 of 191).

ER-EIA method

ER-DCCmethodER

positive
ER negative
TotalIK

positive133

10143ER

negative2

46
48Total135

56
191

Table 2 Data for 12 patients with discordant classification of receptor positivity
using the two assay methods

The first 10 patients are classified as ER positive using the ER-EIA method
but ER negative using the ER-DCC method, while the opposite is the case for
the remaining 2 patients in the table.

ER-EIA ER-DCC ERn PGR"

fmol/mg fmol/mg fmol/mg fmol/mg
cytosol cytosol nuclear cytosol

Patient protein protein protein protein Age (yr)
ER-DCC <ER-EIA12345678910ER-DCC

>ER-EIA111253*29*20*17"13"13"12*1110109*2Â»9080000954121212937054Ã¨298rf126194728Ã¨Ã¨586140Ã¨123183040290160487646736956507737425325

' POR, progesterone receptor.
* Biopsies for which points on the logarithmically transformed plot of ER

concentrations determined using each of the two methods exceed the 80%
confidence limit. Only the 160 biopsies that had an ER concentration >5 Imol/
mg cytosol protein using ut least one of the assay methods were considered.

' Biopsies for which points on the logarithmically transformed plot of ER

concentrations determined using each of the two methods exceed the 80%
confidence limit. Only the 142 biopsies that had ER concentrations ?5 fmol/mg
cytosol protein using both of the assay methods were considered.

J Information is missing.

enees in assay results or to random events, all biopsies having
a measurable ER concentration (>5 fmol ER/mg cytosol pro
tein) using at least one of the assay methods were included in a
linear regression analysis of the logarithmically transformed
values for ER concentrations. Of the 160 biopsies fulfilling this
criterion, 20 points exceeded the 80% confidence interval of
the line of regression. Seven of the 20 biopsies are among those
shown in Table 2 that have a discordant classification of recep
tor status. The same type of analysis was consequently applied
to the data for those biopsies with detectable ER values (i.e.,
>5 fmol/mg cytosol protein) using both assay methods in order
to evaluate whether there may be a specific trend in under- or
overestimation of ER concentrations of ER positive biopsies
using the two assay methods. Of the 191 biopsies, 142 fulfilled
this criterion. Six of the biopsies identified in the first analysis
were also identified here as having values exceeding the 80%
confidence interval, and 14 additional biopsies were identified.
Two of these 14 biopsies appear among those shown in Table
2. In both analyses, the outliers characteristically had lower ER

concentrations than the corresponding group as a whole (ER
concentration of outliers versus total group = 10 versus 69 fmol/
mg for the 160 biopsies with measurable ER using at least one
of the assay methods, and 46 versus 87 fmol/mg for the 142
biopsies with measurable ER using both assay methods).

Study of Frozen Cytosols. Of the 47 cytosols kept for 3-6 yr
at -70Â°C before performing the ER-EIA assay, 23 cytosols had

been prepared in assay buffer without and 24 cytosols with 10
HIM sodium molybdate in the assay buffer. Since the linear
regression equations for both sets of samples did not differ
significantly (Table 3), they were pooled to evaluate the corre
lation between the originally obtained result using the DCC
method on freshly prepared cytosols with the result determined
years later using the EIA method on the frozen cytosols. The
linear regression equation found for these 47 stored cytosols
does not differ significantly from that found for the 191 fresh
cytosols in the first part of this investigation.

DISCUSSION

Data from the Danish Breast Cancer Cooperative Group
project indicates that there are two basically different criteria
with regard to ER determinations that are important for the
optimal clinical management of breast cancer patients. First,
distinction between the presence and absence of receptors in
the tissue appears to be the critical factor for the prognostic
value of ER determinations in primary breast cancer patients
not treated with systemic adjuvant therapy (16, 17). Studies
from several centers have demonstrated that ER-positive pa
tients have longer recurrence-free survivals (16-19), while other
studies have not found such a correlation (9, 20-23). Notably,
the frequency of ER positivity is high (70-76%) in the former
but low (38-58%) in the latter group of studies.

Second, and in contrast to the above, quantitative estimations
of ER appear to be most valuable in the prediction of the
outcome of either adjuvant endocrine therapy in the primary
disease and/or response to palliative endocrine therapy in the
advanced disease. In both cases, the greatest benefit of endo
crine therapy is observed among patients with high ER concen
trations (17, 24).

Thus, for optimal management of the disease, it is critical to
(a) accurately distinguish between ER-negative and ER-positive
patients and (Â¿>)quantitate the amount of ER present in the
tumor tissue.

The overall correlation between the results using the DCC
and the EIA assay methods has already been demonstrated to
be excellent, which is confirmed here. However, the data pre
sented here reemphasize a fact already recognized for the ER-
DCC assay: the concentrations of ER that are most difficult to
reliably determine are those that are low (4). The notable
features in the present investigation are that (a) the EIA assay
is more sensitive than the DCC assay and (b) the few discrep
ancies found using the two assay methods appear to reflect true
differences in the ability of the techniques to detect ER. Of the
12 biopsies with discrepant classifications of receptor status
using the two methods, 9 exceeded the 80% confidence level of

Table 3 Correlations between ER-EIA and ER-DCC assay results using frozen cytosols
Correlations between results obtained on 47 frozen cytosols using the ER-EIA and the ER-DCC assay methods are shown. The correlations between assay results

are evaluated for cytosols overall as well as separately stored in buffer either with or without 10 mM sodium molybdate.

CytosolWithout

molybdate
With molybdate
Overalln23

2447ER-EIA

(median)90

272
168ER-DCC

(median)90

271
155Linear

regressionequationER-EIA
= 22.2 + 0.89 ER-DCC

ER-EIA = 82.7 + 0.70 ER-DCC
ER-EIA = 49.7 + 0.76 ER-DCCr0.78

0.90
0.89
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the overall correlation of results using the two methods. Thus,
it is unlikely that the observed discrepancies are due to random
events for these 9 patients. Furthermore, in view of the remain
ing available data, it would appear that in 7 of the 9 cases, the
EIA assay method yielded the most biologically reasonable
result since ERn and/or progesterone receptor were detected in
the biopsies.

It may be worthwhile to note that the results obtained using
the EIA method are converted to fmol ER using a standard
curve based upon ER from the MCF-7 cell line. Thus, any
comparison between the DCC and the EIA method ultimately
compares the results of the experimentor using his/her own
DCC assay method to those of the reference laboratory(s) used
by the manufacturers in establishing the concentration of ER
in the MCF-7 standard provided with the kit.

The number of ER molecules determined using the ER-EIA
and the ER-DCC methods is found to be approximately the
same here for the majority of patients (ER <217 fmol/mg
cytosol protein) but significantly lower values are found using
the ER-EIA method for patients with high (ER >217 fmol/mg
cytosol protein) ER concentrations. The reasons for this differ
ence are subject to speculation. Perhaps they are based upon a
difference in the ability of the two methods to determine very
high concentrations of ER. Alternatively, tissue from patients
with unusually high ER concentrations may also contain
high(er) concentrations of proteins other than the specific ER
that bind estradiol but are not recognized by the monoclonal
technique. In this conjunction it might be worthwhile to note
that all of the patients with ER concentrations exceeding 217
fmol/mg in the present investigation were postmenopausal.

Cytosols that have been kept at â€”70Â°Cfor a number of years

can be reanalyzed using the ER-EIA method to obtain valid
results. Because of the greater reproducibility of the ER-EIA
assay method, perhaps such analyses could form a better basis
for intercenter comparisons than results using the ER-DCC
method.

The introduction of the monoclonal ER-EIA assay method
appears to represent a major advance in the diagnostic tools
available for treatment of breast cancer patients. Not only is
the assay more easily reproducible than the DCC assay method
(11, 12) but, and perhaps most importantly, it more accurately
identifies those patients without ER in their tumor tissues.

ACKNOWLEDGMENTS

It is with pleasure that I acknowledge the meticulous laboratory work
for this project that has been performed by Aase Vinterby. The skillful
technical assistance of Marianne Barfoed and Ane-Marie Hansen is

also gratefully acknowledged. Furthermore, I wish to thank Dr. Ib J.
Christensen for assistance with the statistical aspects of this paper.

REFERENCES

1. DeSombre, E. R., Carbone, P. P., Jensen, E. V., McGuire, W. L.. Wells, S.
A., \\ Militi. J. L., and Lipsett, M. B. Special report: steroid receptors in
breast cancer. N. Engl. J. Med., 18: 1011-1012, 1979.

2. Korenman, S. G., and Dukes, B. A., Specific estrogen binding by the cyto
plasm of human breast carcinoma. J. Clin. Endocrino!. Metab., 50:639-645,
1970.

3. Koenders. A., and Thorpe, S. M. On behalf of the EORTC Receptor Group.

Standardization of steroid receptor assays in human breast cancer. I. Repro
ducibility of estradiol and progesterone receptor assays. Eur. .1.Cancer Clin.
Oncol., 9:1221-1229. 1983.

4. Koenders, A., and Thorpe. S. M. On behalf of the EORTC Receptor Group.
Standardization of steroid receptor assays in human breast cancer. II. Sam
ples with low receptor content. Eur. J. Cancer Clin. Oncol., 9: 1467-1472,
1983.

5. Thorpe. S. M., and Koenders. A. On behalf of the EORTC Receptor Group.
Standardization of steroid receptor assays in human breast cancer. III.
Selection of reference material for intra- and inter-laboratory quality control.
Eur. J. Cancer Clin. Oncol., 8: 939-944, 1986.

6. Koenders, A., and Thorpe, S. M. On behalf of the EORTC Receptor Group.
Standardization of steroid receptor assays in human breast cancer. IV. Long-
term within- and between-laboratory variation of estrogen and progesterone
receptor assays. Eur. J. Cancer Clin. Oncol., S: 945-952, 1986.

7. Ryan, E. D., Clark, A. F., Mobbs, B. G., Ooi, T. C, Sutherland, D. J. A.,
and Tustanoff. E. R. Inter-laboratoryquality control of estrogen and proges
terone receptor assays in breast cancer tissue using lyophilised cytosols. Clin.
Biochem., 18: 20-26, 1985.

8. Zava, D. T.. Wyler-von Ballmoos. A.. Goldhirsch, A.. Roos, W., Takahashi,
A., Eppenberger, U., Arrenbrecht. S., Martz, G., Losa, G., Gomez, F., and
Guelpa, C. A quality control study to assess the inter-laboratory variability
of routine estrogen and progesterone receptor assays. Eur. J. Cancer Clin.
Oncol., IS: 713-721, 1982.

9. Caldarola, L., Volterrani, P., Caldarola, B., Lai, M., Jayme, A., and Caglia,
P. The influence of hormone receptors and hormonal adjuvant therapy on
disease-free survival in breastcancer: a multifactorial analysis. Eur. J. Cancer
Clin. Oncol., 22:151-155, 1986.

10. PinchÃ³n,M. F., Pallud, C., Brunei, M., and Milgrom, E. Relationship of
presence of progesterone receptors to prognosis in early breast cancer. Cancer
Res., 40: 3357-3360, 1980.

11. Leclercq, G., Bojar, H., Goussard. J., Nicholson, R. A., PichÃ³n. M. F.,
Piffanelli. A., Poussette, A., Thorpe, S., and Lonsdorfer, M. Abbott mono
clonal enzyme immunoassay measurement of estrogen receptors in human
breast cancer: a European multicenter study. Cancer Res. (Suppl.) 46:4233s-
4236s, 1986.

12. Jordan, V. C., Jacobson. H. I., and Keenan, E. J. Determination of estrogen
receptor in breast cancer using monoclonal antibody technology: results of a
multicenter study in the United States. Cancer Res. (Suppl.) 46: 4237s-
4240s, 1986.

13. EORTC Breast Cancer Co-operative Group. Revision of standards for the
assessment of hormone receptors in human breast cancer: report of the
second EORTC workshop, held on 16-17 March, 1979, in the Netherlands
Cancer Institute. Eur. J. Cancer, 16:1513-1515, 1980.

14. Thorpe, S. M. Steroid receptors in breast cancer: sources of inter-laboratory
variation in dextran-charcoal assays. Breast Cancer Res. Treat., 9: 175-189,
1987.

15. Thorpe, S. M.. Lykkesfeldt. A. E.. Vinterby, A., and I.onsdorfer, M. Quan
titative immunological detection of estrogen receptors in nuclear pellets from
human breast cancer biopsies. Cancer Res.. (Suppl.) 46:4249s-4250s, 1986.

16. Thorpe, S. M., Rose, C., Rasmussen. B. B.. Mouridsen. H. T., Bayer. T., and
Keiding N. on behalf of the DBCG. Prognostic value of steroid hormone
receptors: multivariate analysis of systemically untreated patients with node-
negative primary breast cancer. Cancer Res., 47:6126-6133, 1987.

17. Rose. C., Thorpe, S. M., Andersen, K. W., Pedersen, B. V., Mouridsen, H.
T.. Blichert-Toft, M., and Rasmussen, B. B. Beneficial effect of adjuvant
tamoxifen therapy in primary breast cancer patients with high oestrogen
receptor values. Lancet, /: 16-19, 1985.

18. Adami, H. O., Graffman, S., Lindgren, A., and SallstrÃ³m,J. Prognostic
implication of estrogen receptor content in breast cancer. Breast Cancer Res.
Treat., 5:293-300, 1985.

19. Crowe, J. P., Hubay, C. A., Pearson. O. H., Marshall, J. S., Rosenblatt, J.,
Mansour, E. G., Hermann, R. E., Jones, J. C., Flynne, W. J.. McGuire, W.
L., and participating investigators. Estrogen receptor status as a prognostic
indicator for Stage I breast cancer patients. Breast Cancer Res. Treat., 2:
171-176. 1982.

20. Butler. J. A., Bretsky, S., Mendex-Botet, C., and Kinne, D. W. Estrogen
receptor protein of breast cancer as a predictor of recurrence. Cancer (Phila.),
55: 1178-1181, 1985.

21. Alanko, A., Heinonen, E., Scheinin. T. M., Tolppanen, E. M., and Vihko,
R. Oestrogen and progesterone receptors and disease-free interval in primary
breast cancer. Br. J. Cancer, 50:667-672. 1984.

22. Howat, J. M. T.. Harris, M.. Swindell, R., and Barnes, D. M. The effect of
estrogen and progesterone receptors on recurrence and survival in patients
with carcinoma of the breast. Br. J. Cancer, 51: 263-270, 1985.

23. Mason, B. H., Holdaway, I. M., Mullins, P. R., Yee, L. H., and Kay, R. G.
Progesterone and estrogen receptors as prognostic variables in breast cancer.
Cancer Res., 43: 2985-2990. 1983.

24. Heuson, J. C.. Longeva!, E., Mattheiem, W. H., Deboel, M. C., Sylvester,
R. J., and Leclercq, G. Significance of quantitative assessment of estrogen
receptors for endocrine therapy. Cancer (Phila.), 39:1871-1877, 1977.

6575

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6572/2958788/cr04724p16572.pdf by guest on 19 M

ay 2023




