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Is the Negative Prognostic Value of High
Oestrogen Receptor (ER) Levels in

Postmenopausal Breast Cancer Patients Due to a
Modified ER Gene Product?

H. Sancho-Garnier, J.-C. Delarue, H. Mouriesse, G. Contesso,
F. May-Levin, M. Gotteland and E. May

Recently, it was found that, among post menopausal breast cancer patients receiving no adjuvant therapy, the
highest oestrogen receptor (ER) levels (ER* *) as opposed to the intermediate ER levels (ER*) indicated a poorer
prognosis in terms of recurrence-free survival (Thorpe et al. Eur J Cancer 1993, 29A, 971-977). In the present
study, we confirm, in a series of 218 node negative, postmenopausal patients in whom ER was determined using a
one-dose saturating method, that ER* tumours have a more negative effect on disease-free survival (DFS) than
ER* tumours (P = 0.02). In another series of 87 ER positive, postmenopausal patients, we found a significant
correlation (P = 0.04) between the ER level and ER*R ratio (ER protein/ER-specific mRNA): the higher the ER
level, the more numerous the high ER*R ratio cases (ER*R > 1.5), reflecting an imbalance between the ER
protein level and ER-specific mRNA. From these results, we hypothesise that high ER levels related to a high

ER*R ratio suggest the presence of a modified ER gene product.
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INTRODUCTION

WITH THE increasing diversity of breast cancer treatments,
prognostic factors are of crucial importance so that patients
likely to benefit from adjuvant therapy can be identified and
overtreatment avoided in subjects with a favourable prognosis.
Lymph node involvement is currently one of the best prognostic
factors. However, nodal status alone is not a sufficiently accurate
yardstick to predict the clinical course of the disease since a
significant proportion (20-30%) of patients with node negative
disease will ultimately develop a recurrence [1]. Hence the
reason why intensive investigations have been conducted in
search of sensitive and reliable biological markers of prognosis.

Knight and colleagues [2] were the first to demonstrate that
the absence of oestrogen receptors (ER) was linked to more rapid
and more frequent metastatic dissemination. Despite numerous
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investigations, the role of ER status remains to be clarified.
Some authors confirm that the presence of ER is a favourable
prognostic factor [3-6], while others contend that ER is of
limited, if any, prognostic value [7-10]. Such diametrically
opposed opinions in the literature have several explanations:
differences in the populations studied, in the length of follow-
up, in the cut-offs used to separate positive and negative
ER, and finally the possible interaction between the variables
introduced in the statistical analysis.

It is generally accepted that there are interactions between
menopausal status, adjuvant treatment and ER levels. In order
to evaluate the prognostic value of ER separately, it seemed
appropriate to study a single group, e.g. postmenopausal women
without adjuvant treatment. Recently, Thorpe and associates
[11] reported that among untreated postmenopausal patients,
the prognosis was as poor in those with the highest ER levels as
in ER negative cases. The aim of our study on a cohort of
node negative, postmenopausal patients receiving no adjuvant
treatment, was to confirm the higher risk of relapse in patients
with tumours exhibiting a high ER level.

In previous studies, we reported the prognostic value of the
ER*R ratio which corresponds to the ER protein level over the
ER-specific mRNA level [12, 13]. These studies were based on
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the assumption that mutations or post-translational modifi-
cations of the ER gene product could generate protein variants
with a different half-life from that of the wild-type ER protein.
Evidence in support of such a modification was provided by
comparing the ER protein level to that of ER-specific nRNA. It
was then possible to separate the ER positive population into
two groups, the first had a low ratio (ER*R,) and the second, a
high ratio (ER*R;). The group with a low ratio was found to
have a low risk of relapse. Here, we verify that high ER levels
are indeed related to a high ER*R ratio, and propose that this
finding suggests the presence of a modified ER gene product in
these cases.

PATIENTS AND METHODS
Patients

Two groups of patients were included in this study. The first
included 218 node negative, postmenopausal women without
any adjuvant treatment, and enabled us to confirm the higher
risk of relapse for patients with the highest ER levels. This group
came from a series of 728 patients aged 26-80 years, treated at the
Institut Gustave-Roussy, France by primary surgery between
January 1980 and December 1983 (105 patients had a mastec-
tomy and 113 had conservative treatment with radiotherapy).
The median observation period was 134 months (98-180),
during the course of which 120 patients had disease progression
(local recurrence, contralateralisation of the carcinoma and/or
distant metastasis).

Because ER *R ratios were not available in this first group, we
selected a second sample of 87 ER positive, postmenopausal
patients to demonstrate the correlation between ER level and
ER*R ratio. This group, in which the prognostic value of the
ER*R ratio had been previously demonstrated [14], came from
a cohort of 171 patients treated at the Institut Gustave-Roussy,
France for an operable non-metastatic breast carcinoma (41
patients had a mastectomy and 46 had conservative treatment
with radiotherapy). 57 of the 87 patients in this group received
adjuvant treatment (hormonotherapy). Women were classified
as postmenopausal when amenorrhea had persisted for at least 2
years.

ER assay

After histological analysis, the tumour specimens selected by
the pathologist were carefully dissected on a refrigerated plate
and immediately (less than 15 min) stored in liquid nitrogen until
required. ER levels were determined by a one-dose saturating
method (ER-LBA) previously described [15]. In some cases, in
the second sample of 87 ER positive, postmenopausal patients,
an enzyme immunoassay (ER-EIA) was used [14]. A cut-off
level of 10 fmol/mg cytosol protein was used to separate negative
and positive tumours. A cut-off level of 100 fmol/mg cytosol
protein was chosen to distinguish between moderate (+) and
high (++) ER levels. This cut-off is close to the level of Thorpe
and colleagues [11] as well as others [17-19] in other contexts.
The laboratory performed continuous quality control studies in
collaboration with other European Laboratories in the EORTC
receptor group.

ER™R determination

Total cellular RNA was isolated from frozen tumour by the
guanidinium cesium chloride method, as previously described
[12]. The steady state levels of ER mRNA were determined by
Northern blot analysis of total RNA. Sequential hybridisations
were performed after 3P labelling by the “random primed”
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DNA labelling method (Boehringer kit, Mannheim, Germany)
of the c-DNA probe (the 300 bp Swl/HindIll fragment of
human ER cDNA isolated from pOR3, a gift from P. Chambon).
Evaluation of ER mRNA was performed as previously described
[12]. Steady state levels of ER mRNA were estimated by
scanning the autoradiograms. Membranes were exposed to
Kodak X-Omat AR films, without an intensifying screen, for
various periods. For each sample, the level of ER mRNA was
normalised according to the steady state level of -actin mRNA.
Two aliquots of RNA extracted from a pool of tumours were run
on each gel and used as an internal standard. The amount of ER
mRNA present in the reference RNA was determined by
comparing the intensity of the 6.3 kb band with that of bands
obtained with varying amounts of single stranded M 13 recombi-
nant containing the 300 nt ER ¢cDNA fragment used as probe.
At least two independent determinations were performed for
each sample. ER*R values were determined by calculating the
ratio between the ER protein (in fmol/mg of cytosol protein) and
ER mRNA (in pg per 4 pg of total RNA). The variations of
this ratio were not related to tumour heterogeneity since we
previously showed that a high stroma cell concentration (++ +),
found in only 12% of the tumours, was equally distributed
among the two groups, ER*R; and ER*R;[12]. A cut-offof 1.5
was chosen to separate ER*R; (low risk of relapse) and ER*R;
(high risk of relapse) groups [12, 13]. This cut-off value of 1.5
was replaced by a cut-off value of 3 when ER-EIA was used, as
previously explained [14].

Staunstical analysis

Cox’s multiple regression model [20] was used for censored
survival data. Several variables can be taken into account
simultaneously with this method, and those exerting a major
effect on recurrences can be identified. Disease-free survival
(DFS) was calculated as the time from the first day of initial
treatment to the day on which local disease or distant metastasis
was diagnosed or to when death due to cancer occurred, which-
ever came first. The occurrence of the first of any one of
these three events determined the recurrence rate (DRR), the
complementary value being the DFS rate (DFS = 1 — DDR).

Comparisons of characteristics between groups of patients
were performed using standard x? tests in the relevant contin-
gency tables. Two-sided P values <0.05 were considered sig-
nificant.

RESULTS

Disease-free survival of postmenopausal patients

In order to confirm the results obtained by Thorpe and
associates [11], we compared the negative effect of ER* and
ER** levels on DFS in the first series of 218 node negative,
untreated postmenopausal patients. Using the actuarial method,
a univariate analysis demonstrated a significant difference
(P = 0.02) between ER* and ER** patients whereas no signifi-
cant difference was observed between ER* and ER™ tumours
(Figure 1). A multivariate analysis, which included clinical
tumour size, histological grade, age and ER levels, showed that
the most powerful prognostic factors were histological grade and
clinical tumour size. Only a trend (P = 0.15) was found for ER
status: the risk of relapse was 1.4-fold greater for the highest ER
levels (Table 1).

Correlation berween ER level and ER*R ratio
In order to explain this observation, we attempted to deter-
mine whether a correlation existed between ER level and ER*R
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Table 1. Factors predictive of disease-free survival in 218 postmenopausal breast cancers
without adjuvant treatment using Cox’s model

Multivariate analysis
Confidence

Factors Number of patients Relative risk intervals P value
Clinical tumour size

=10 mm 20 1

11-20 mm 71 1.7 0.8-3.7 N.S.

21-30 mm 86 2.3 1-4.7 0.03

>30 mm 41 3.2 1.4-7.2 0.001
Histological grading™

I 41 1

II 131 1.7 1.0-2.9 0.08

111 46 2.0 1.1-3.8 0.04
Age (years)

<60 93 1

>60 125 0.8 0.6-1.2 N.S.
ER statust

ER* 96 1

ER negative 45 1 0.43-1.51 N.S.

ER** 77 14 0.9-2.1 0.15

*Determined by Bloom and Richardson’s method [21]; ER =< 10 fmol/mg = negative,
10 < ER = 100 = ER*,ER > 100 = ER**.
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Figure 1. Disease-free survival according to ER status in 218 post-
menopausal breast cancer patients without adjuvant treatment.
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ratio in the second series of patients, since a high “abnormal”
ER*R ratio (ER*R, group) had previously been shown to
have a negative effect on DFS [14]. A significant relationship
(P = 0.04) was observed between the ER*R ratio and the ER
level (Table 2): the higher the ER level, the more numerous
were the ER'R, cases. Morcover, the mediari ER level was
significantly higher for ER*R,, than for ERTR; (250 fmol/mg
versus 157 fmol/mg respectively, P = 0.004). The ER** level
was not found to be of prognostic significance in this cohort (in
which 57/87 patients received adjuvant treatment) (Figure 2).

DISCUSSION
It is now well established that ER levels in human breast
tumours differ according to the menopausal status of the pati-
EJC 31/11 COMMON-G

Table 2. Correlation between ER level and ER'R ratio in ER
positive, postmenopausal women with breast cancer

ER level*
10-30 31-100 101-200 > 200
ER*R Ratiot
ER*R;n 7 10 18 15
ER*R, n(%) 1 (13%) 3 (23%) 14 (44%) 19 (56%)
P =0.04 (,»

n, number of cases.

* ER level is expressed in fmol/mg cytosol protein. ER positive >10
fmol/mg; TER*R ratio: ER protein/ER specific mRNA, ER*R;: ratio
= 1.5 (low risk of relapse) with ER-LBA [14] (ratio = 3 with ER-EIA),
ER*R,: ratio > 1.5 (high risk of relapse) with ER-LBA [14] (ratio > 3
with ER-EIA).

ents, with ER levels being significantly higher in post- compared
to premenopausal women. Furthermore, the Danish Breast
Cancer Cooperative Group (DBCG) trials showed that premeno-
pausal receptor positive patients had a significantly longer
DFS than receptor negative patients, while no difference was
discernable between the two groups for the postmenopausal
patients without adjuvant therapy [22]. In patients treated with
adjuvant therapy which, by definition, affects the natural history
of the disease, DFS is significantly longer for ER-positive than
for ER-negative patients in both pre- and postmenopausal
groups [23, 24]. The observation that ER positivity was associ-
ated with a longer DFS for all patient groups, except the
postmenopausal group receiving no adjuvant therapy, prompted
a more detailed study of the ER status in relation to DFS for this
specific group of patients. Thus, Thorpe and associates, by using
a three-point scale for the receptor status (low (—), intermediate
(+) and high (++) receptor levels) instead of a subdivision into
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Figure 2. Disease-free survival according to ER status in the second
population of 87 postmenopausal breast cancer patients, 57 of whom
received adjuvant treatment.

two groups (positive versus negative) showed that, unexpec-
tedly, the patients with the highest ER concentrations (ER**)
had the worst prognosis. Such a finding was first reported in
1983 by Black and associates [16].

Why higher ER levels are associated with a poorer prognosis
in patients receiving no adjuvant therapy remains an enigma.
Possible explanations are that the normal ER form is overex-
pressed or that an “abnormal” or variant form of ER has emerged
(or both). Publications validating the existence of variant ER
forms have appeared recently in the literature [25-31]. More
specifically, two studies have indicated that an “abnormal” form
of ER is more frequently found in the postmenopausal group
[32, 33].

In the present study, we have confirmed that in postmeno-
pausal women without adjuvant treatment, ER* * tumours have
a worse DFS than ER* tumours. In a multivariate analysis, the
risk of relapse for the ER** group of patients is 1.4-fold higher
than that of the group with a moderate ER level (ER*). These
results are consistent with those obtained by Thorpe’s group.
Two reasons could explain the lack of statistical significance
(P = 0.15) in the multivariate analysis compared to that
observed by Thorpe and colleagues (P = 0.04): (i) the number
of patients in our study is only a quarter of that in Thorpe’s
study (218 cases versus 952 cases, respectively); (ii) our median
follow-up is 11 years (134 months) as compared to 4 years for
Thorpe’s group and the prognostic significance of ER status has
been observed to decrease with time [34—36]. This second reason
could also account for the lack of a significant difference between
ER* and ER~ tumours: at 4 years, as in the study by Thorpe
and colleagues, we should probably have a significant difference
between ER* and ER™ tumours (see Figure 1), whereas there
was no notable difference with a longer follow-up of 134 months.

In the second group of 87 ER positive patients, we did not
find a negative effect of the ER** tumours on prognosis. This
is not surprising and concurs with the results of Thorpe, since
many of the patients in this group (57/87) received adjuvant
therapy, which was given to the more severe cases, mainly on
the basis of lymph node involvement and independently of the
ER status.

The significant relationship observed between the highest ER
levels (ER* *) and the high ER*R ratio (ER*R;) is an argument
in favour of the presence of an “abnormal” form of ER in this
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group of patients. Indeed, the determination of the ER*R ratio,
which compares the level of ER protein to the level of ER-
specific mRNA, is probably a good way of demonstrating a post-
translational modification of the ER gene product [14]. As
previously shown, a high ER*R ratio was categorised as a poor
prognostic factor in a univariate as well as a multivariate analysis
{14]. This high ER*R ratio, which reflects an imbalance between
the ER protein and ER-specific mRNA, may provide evidence
of molecular heterogeneity of the ER gene product in individual
tumours. By using the ER*R ratio, it is possible to separate the
ER** population, which is largely postmenopausal, into two
groups: those with a normal ER*R ratio (ER*R,), correspond-
ing to a normal form of ER. This group has a prognosis which is
as good as that of the ER* group; and those with an abnormal
ER*R ratio (ER*R;), probably corresponding to an “abnormal”
form of ER. This group has a poorer prognosis than the ER*
patients as mentioned above.

Such results explain why the ER*R ratio appears to be a
more powerful prognostic factor than ER status. It is easier to
determine the prognostic value of ER** status by using the
ER*R ratio. As Thorpe and associates did not possess this ratio,
they found that the prognostic value of ER** was relatively
modest since two populations are mixed: one with a normal
ER*R ratio and a good prognosis and another with an “abnor-
mal” ER*R ratio and a poor prognosis.

In conclusion we have confirmed the results obtained by
Thorpe and colleagues showing that the ER** have a negative
effect on DFS, and have shown a relationship between ER*
status and the ratio ER*R. These results strongly suggest
functional heterogeneity of the ER protein in various tumours.

1. Fischer B, Bauer M, Wickerham L, et al. Relationship of the
number of positive axillary nodes to the prognosis of patients with
primary breast cancer. Cancer 1983, 52, 1551-1557.

2. Knight WA, Livingston RB, Gregory EJ, et al. Estrogen receptor
as an independent prognostic factor for early recurrence in breast
cancer. Cancer Res 1977, 37, 4669-4671.

3. Allegra JC, Lippman ME, Simon R, et al. Association between
steroid receptor status and disease free interval in breast cancer.
Cancer Treat Rep 1979, 63, 1271-1277.

4. Blanco G, Alavaikko M, Ojala A, et al. Estrogen and progesterone
receptors in breast cancer: relationship to tumor histopathology and
survival of patients. Anricancer Res 1984, 4, 383-390.

5. Fisher B, Redmont CK, Wickerman DL, Rockette HE, Brown A.
Relation of estrogen and/or progesterone receptor content of breast
cancer to patient outcome following adjuvant chemotherapy. Breast
Cancer Res Treat 1983, 3, 355-364.

6. Hahnel A, Woodings T, Vivian AB. Prognostic value of estrogen
receptors in primary breast cancer. Cancer 1979, 44, 671-675.

7. Aamdal S, Bormer O, Jorgensen O, et al. Estrogen receptors and
long term prognosis in breast cancer. Cancer 1984, 53, 2525-2529.

8. Howell A, Barnes DM, Harland RN, et al. Steroid hormone
receptors and survival after first relapse in breast cancer. Lancet
1984, i, 588-591.

9. Feldman JG, Pertschuk LP, Carter AC, Eisenberg KG, Fleisher
J. Histochemical estrogen binding. An independent predictor of
recurrence and survival in stage II breast cancer. Cancer 1986, 57,
911-916.

10. Parl FP, Schmidt BP, Dupont WD, Wagner RK. Prognostic
significance of estrogen receptor status in metastasis and histopathol-
ogic grading. Cancer 1984, 54, 2237-2242.

11. Thorpe SM, Christensen JbJ, Rasmussen BB, Rose C. Short
recurrence-free survival associated with high estrogen receptor
levels in the natural history of postmenopausal, primary breast
cancer. Eur ¥ Cancer 1993, 29A, 971-977.

12. May E, Mouriesse H, May-Levin F, Contesso G, Delarue JC. A
new approach allowing an early prognosis in breast cancer: the ratio
of estrogen receptor (ER) ligand binding activity to the ER specific
mRNA level. Oncogene 1989, 4, 1037-1042.



13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23,

24.

Negative Prognostic Value of High ER Levels

May E, Mouriesse H, May-Levin F, Quian JF, May P, Delarue JC.
Human breast cancer: identification of populations with a high risk
of early relapse in relation to both estrogen receptor status and
C-erbB. 2 overexpression. Br ¥ Cancer 1990, 62, 430-435.
Gotteland M, May E, May-Levin F, Contesso G, Delarue JC,
Mouriesse H. Estrogen receptors (ER) in human breast cancer: the
significance of a new prognostic factor based on both ER protein
and ER mRNA contents. Cancer 1994, 74, 864-871.

Martin PM, Bressot N, Delarue JC, et al. Dosage des recepteurs
hormonaux steroidiens intra-tissulaires en pathologie mammaire
humaine. In Gest. J, ed. Evaluation Des Moyens de Diagnostic du
Cancer du Sein. Paris, France, JMT Conseil, 1981, 263.

Black R, Prescott R, Bers K, Hawkins A, Stewart H, Forrest P.
Tumor cellularity, estrogen receptors and prognosis in breast can-
cer. Clin Oncol 1983, 9, 311-318.

Valagussa P, Bignami P, Buzzoni R, et al. Are estrogen receptors
alone a reliable prognostic factor in node negative breast cancer? In
Jones SE, Salmon SE, eds. Adjuvant Therapy on Cancer IV. London,
U.K., Grune and Stratton, 1984, 407—415.

Fisher B, Redmond C, Wickerham L, et al. Systemic therapy in
patients with node-negative breast cancer. Ann Intern Med 1989,
111, 703-712.

Crowe JP, Hubay CA, Pearson OH. Estrogen receptor status as a
prognostic indicator for stage I breast cancer patients. Breast Cancer
Res Treat 1982, 2, 171-176.

Cox DR. Regression models and life tables. ¥R Stat Soc (B) 1972,
34, 187-220.

Bloom HJG, Richardson W'W. Histological grading and prognosis
in breast cancer: a study of 1409 cases of which 259 have been
followed 15 years. Br ¥ Cancer 1957, 11, 359-377.

Thorpe SM, Rose C, Rasmussen BB, Mouridsen HT, Bayer T,
Keiding N and the Danish Breast Cancer Cooperative Group.
Prognostic value of steroid hormone receptors: multivariate analysis
of systematically untreated patients with node negative primary
breast cancer. Cancer Res 1987, 47, 6126-6133.

Rose C, Thorpe SM, Andersen KW and the Danish Breast Cancer
Cooperative Group. Beneficial effect of adjuvant tamoxifen therapy
in primary breast cancer patients with high estrogen receptor values.
Lancer 1985, i, 16-20.

Mouridsen HT, Rose C, Brincker H. Adjuvant systemic therapy in
high-risk breast cancer. The Danish Breast Cancer Cooperative
Group’s trials of cyclophosphamide or CMF in premenopausal and
tamoxifen in postmenopausal patients. Recent Results Cancer Res
1984, 96, 117-128.

25.

26.

27.

28.

29.
30.
31.

32.

33,

34.

35.

36.

1855

Garcia T, Lehrer S, Bloomer WD, Schachter B. A variant estrogen
receptor messenger ribonucleic acid is associated with reduced levels
of estrogen binding in human mammary tumors. Mol Endocrinol
1988, 2, 785-791.

Hill SM, Fuqua SAW, Chamness GC, Greene GL, McGuire WL.
Estrogen receptor expression in human breast cancer associated
with an estrogen receptor gene restriction fragment length polymor-
phism. Cancer Res 1989, 49, 145-148.

Parl FF, Cavener DR, Dupont WD. Genomic DNA analysis of the
estrogen receptor gene in breast cancer. Breast Cancer Res Treat
1989, 14, 57-64.

Murphy LC, Dotzlaw H. Variant estrogen receptor mRNA species
detected in human breast cancer biopsy samples. Mol Endocrinol
1989, 3, 687-693.

Wang Y, Miksicek R]. Identification of a dominant negative form
of the human estrogen receptor. Mol Endocrinol 1991, 5, 1707-1715.
McGuire WL, Chamness GC, Fuqua SAW. Estrogen receptor
variants in clinical breast cancer. Mol Endocrinol 1991, 5, 1571-1577.
Fuqua SAW, Fitzgerald SD, Allred DC, et al. Inhibition of estrogen
receptor action by a naturally occurring variant in human breast
tumors. Cancer Res 1992, 52, 483-486.

Thorpe SM, Rose C. Biological and clinical relevance of Kd values
for estradiol binding in primary breast cancer tumors. Eur ¥ Cancer
Clin Oncol 1988, 24, 1163-1170.

Thorpe SM. Monoclonal antibody technique for detection of estro-
gen receptors in human breast cancer: greater sensitivity and more
accurate classification of receptors status than the dextran-coated
charcoal method. Cancer Res 1987, 47, 6572-6575.

Raemakkers JMM, Beex LVAM, Koenders AJM, et al. Disease-
free interval and estrogen receptor activity in tumor tissue of patients
with primary breast cancer: analysis after long-term follow-up.
Breast Cancer Res Treat 1985, 6, 123-130.

McGuire WL. Prognostic factors in primary breast cancer. Cancer
Surv 1986, 5, 527-536.

Andry G, Suciu S, Pratola D, et al. Relation between estrogen
receptor concentration and clinical and histological factors: their
relative prognostic importance after radical mastectomy for primary
breast cancer. Eur J Cancer Clin Oncol 1989, 25, 319-329.

Acknowledgements—We would like to thank G. Recoules for his
excellent technical assistance, A. Auquier for helpful discussion, M.
Chenuet for preparation of the manuscript and L. Saint-Ange and R.
Joseph for editing the manuscript.



