
Acta Oncologica 29 (1990) F a x .  2 

FROM THE DEPARTMENT OF ONCOLOGY, UNIVERSITY HOSPITAL, LUND, SWEDEN. 

ESTROGEN AND PROGESTERONE RECEPTOR ANALYSES IN MORE THAN 
4000 HUMAN BREAST CANCER SAMPLES 

A study with special reference to age at diagnosis and stability of analyses 

M. FERNO, A. BORG, U. JOHANSSON, A. NORGREN, H. OLSSON, S. RYDBN and G. SELLBERG 
SOUTHERN SWEDISH BREAST CANCER STUDY GROUP 

Abstract 
Estrogen (ER) and progesterone receptors (PgR) were meas- 

ured in the same laboratory in more than 4000 breast cancer 
biopsy samples obtained from 15 different hospitals during ten 
years. ER was measured with isoelectric focusing and PgR with 
the dextran-coated charcoal method and Scatchard analysis. The 
distribution pattern for both ER and PgR was during this time 
period and for the different hospitals rather similar indicating a 
good stability of the analytical methods. ER concentration was 
positively correlated with patient age, with a higher percentage of 
positive samples and higher concentrations in patients a50 years 
of age compared with patients 4 0  years. PgR concentration 
increased with age for patients under 50 years, but a considerable 
reduction of PgR concentration and of the proportion of positive 
samples was seen in patients between 50 and 59 years of age. 
Above this age the PgR concentration again increased with in- 
creasing age. The PgWER ratio and the proportion of ER- PgR+ 
samples were higher in patients under 50 years compared to older 
patients. ER and PgR values decreased during tamoxifen treat- 
ment, during pregnancy and after preoperative radiotherapy. Wet 
weight, DNA and protein were compared as reference parame- 
ters for the expression of ER and PgR concentrations. Strong 
correlations were obtained suggesting that similar information 
can be obtained with either of these reference parameters. 
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The value of estrogen (ER) and progesterone receptor 
(PgR) analyses for predicting the response to endocrine 
therapy in metastatic breast cancer is well documented 
(1). Several investigations have also shown that steroid 
receptor status is of importance for the prognosis of the 
disease (recurrence-free survival) and for the effect of 
adjuvant therapy (24) .  Some studies, however, have not 
confirmed these results (5-7). These discrepancies may 
partly be explained by differences in the performance of 
the receptor analyses. A further explanation can be the 

fact that the hospitals in a multicenter study may have a 
varying quality in handling and transportation of samples 
for receptor assays. It is therefore of importance to com- 
pare the receptor content in samples from the different 
hospitals and from different time periods. 

In the present work, we present data from more than 
4000 ER and PgR analyses (1977-1987), performed in the 
same laboratory. The relation between receptor content 
and age was studied. Certain factors of importance for the 
measurement were considered as temperature of the sam- 
ple on arrival, protein concentration in the supernatant 
used for analysis, tamoxifen therapy, pregnancy at the 
time of operation and preoperative radiotherapy. 

Material and Methods 

Sampling of tumor material. The receptor laboratory at 
the Department of Oncology, University Hospital in 
Lund, performs ER and PgR determinations in breast 
cancer samples from the Southern Swedish Health Care 
Region (1.5 million inhabitants) in cooperation with the 
Southern Swedish Breast Cancer Study Group. The sam- 
ples consist of biopsy material from primary tumors, local 
recurrences or distant metastasis. It has previously been 
shown that the median age of menopause in Scandinavia 
corresponds to 50 years of age (8). Fifty years of age was 
therefore chosen in the present study for subdivision of 
the patient population. For more detailed investigations 
on the relation between EWPgR and age, a 'perimenopau- 
sal' group was defined consisting of patients between 45 
and 54 years of age. The steroid receptor measurements 
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started in 1976 and became routine in 1978. Since then, 
the proportion of primary breast cancers in this region 
examined by receptor analyses has risen from 29 to about 
70% of the about 800 new breast cancers detected every 
year. The present study includes results from 1977, when 
the analytical methods were well established. The labora- 
tory receives samples from 15 different hospitals, located 
at a distance of 0-200 km, mainly by transporting them in 
solid COz. After arrival, the tumor pieces are kept in 
liquid nitrogen for not more than two weeks until analysis. 
Samples reaching the laboratory at an improper tempera- 
ture, samples too diluted during cytosol preparation (less 
than 0.5 mg proteinhl dextran-coated charcoal-treated 
supernatant), samples from patients on endocrine treat- 
ment or being pregnant at the time of operation, or sam- 
ples taken after preoperative radiotherapy, were consid- 
ered unsatisfactory and therefore evaluated separately. 
After these exclusions ER analysis was performed in 4 323 
out of 4948 bteast cancer biopsy samples (87%). The 
corresponding figures for PgR were 3640 out of 4 152 
samples (88 %). 

Analytical procedures. The assays of ER and PgR have 
been described in detail elsewhere (9). ER was measured 
in the 200OOxg supernatant with isoelectric focusing (IF) 
in polyacrylamide gel. Presence of ER was indicated by a 
radioactive peak at pH 6.3-6.5. The specificity and satura- 
bility of this peak was sometimes controlled by the addi- 
tion of a 100-fold excess of non-radioactive estradiol. The 
concentration of PgR was assessed with the multiple-point 
dextran-coated charcoal (DCC) technique and Scatchard 
analysis. During the time of study, methodological im- 
provements resulted in increased sensitivity of receptor 
measurements and an increased recovery of ER and PgR. 
To include receptor values obtained before and after the 
methodological modifications, control experiments were 
performed using the two variants of methods in each 
sample. These experiments, as well as the validity of the 
conversion, are described in more detail elsewhere (10). 
As IF is not an internationally common routine method 
for ER analysis, it has (in agreement with the recommen- 
dations from a consensus meeting at the National Institute 
of Health in 1979 (11)) been compared with DCC, which 
resulted in a good concordance (r,=0.92; 12). Our steroid 
binding assays for both ER and PgR have recently also 
showed very good correlations with enzyme immuno- 
assay (13, 14). 

ER and PgR were expressed as fmol specifically bound 
'H-estradiol and 'H-R5020 respectively, per mg protein, 
which was determined according to Lowry et al. (15). As 
a comparison also DNA, determined according to Burton 
(16). and wet weight were used as reference parameters. 
The sensitivity of the analyses was approximately 1.0 
fmoVml for ER and 10 fmoVml for PgR (9). When dividing 
the samples according to receptor positivity (+) and nega- 
tivity (-), 10 fmol EWmg protein and 30 fmol PgWmg 
protein were chosen as cut-off points. 
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Fig. 1 .  Percentage ER+ (210 fmolhg protein) samples for differ- 
ent years. 
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Fig. 2. Percentage PgR+ (230 fmolhg protein) samples for 
different years. 

Statistics. The possible linear relation between age and 
steroid receptor concentration was studied by regression 
analysis. Receptor concentrations were square root trans- 
formed in order to obtain a better approximation to the 
normal distribution. Comparisons of differences between 
receptor positivity were performed with the X*-test. Two- 
sided p-values were used. Correlations between different 
reference parameters were calculated with one-sided 
Spearman's rank correlation test. 

Results 
ER and PgR in samples from different years and hospi- 

tals. The mean percentage (kSD) of ER and PgR positiv- 
ity during the 10-year period of analyses was stable: 
66f2 .8  and 4 9 f 2 . 9  respectively (Figs 1 and 2). The mean 
concentration (fmolhg protein) was 190f25 for ER and 
180f33 for PgR. The percentage of ER+ and PgR+ sam- 
ples from the 15 different hospitals in the region was also 
quite stable (Figs 3 and 4). The mean percentage of posi- 
tive samples was 6 6 f 8 . 9  for ER and 4723.8 for PgR. The 
corresponding figures for the mean concentrations were 
120f23 and 160f38 respectively. 

ER and PgR in relation to age. The proportion of ER+ 
samples was higher for samples from patients a50 years 
(70%) compared to those from patients younger than 50 
years (56%; p~0.0001;  Table 1 ) .  No corresponding differ- 
ence was found regarding PgR (Table 1 ) .  
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Fig. 3 .  Percentage ER+ samples from I5 different hospitals. 
(From hospital H only 14 samples was obtained.) 
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Fig. 4. Percentage PgR+ samples from 15 different hospitals. 
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Fig. 5 a. Proportions of ER positive samples for different 5-year 
age categories. 
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Fig. 5b. Proportions of PgR positive samples for different 5-year 
age categories. 
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Fig. 6. Mean ER concentrations for different 5-year age catego- 
ries. 

The proportions of ER and PgR positivity as a function 
of age are shown in Fig. 5. The group between 45 and 54 
years did not differ with respect to ER positivity from the 
group below 45 years of age, but both these groups had 
significantly lower ER contents than patients above or 
equal to 55 years of age (p<O.OOOl). For PgR no corre- 
sponding pattern was found. In contrast to the relative 
stable percentage of ER+ samples between different 5-  
year age groups for patients under 55 years, the percent- 
age of PgR+ samples was more variable. 

The mean ER and PgR concentrations for different 5- 

Fig. 7. Mean PgR concentrations for different 5-year age catego- 
ries. 

year age categories are shown in Figs 6 and 7. Regression 
analyses showed that ER was significantly correlated with 
age in patients between 45 and 54 years and in those older 
than 54 years. No such correlation was found in samples 
from patients under 45 years of age. For PgR a different 
pattern was obtained. PgR was negatively correlated with 
age in patients between 45 and 54, whereas a positive 
correlation was found in both younger and older age 
groups. 

The median ratio between PgR and ER (PgIUER), cal- 
culated for all samples with values above method sensitiv- 
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Table 1 

ER (n=4323) and PgR (n=3640) content (percentage positive 
samples, mean (+SD) concentration, range) for a 10-year mate- 

rial of breast cancer samples 

All patients <50 years 250 years 

% ER+ (n) 65 56 70 
%PgR+ (n) 48 51 48 
ER* 

Mean 120f200 37t77  150 f 220 
Range 0-2 200 0-1 200 0-2 200 

P O *  
Mean 180f 380 170f350 190f410 
Range 0-4 700 0-4 loo 0-4 700 

* fmoUmg protein. 

ity, was higher for patients <50 years compared to pa- 
tients 250 years (median values 5.1 and 1.2 respectively; 
Fig. 8). Data from regression analysis for the three differ- 
ent age groups (<45, 45-54, 2 5 5  years of age) showed 
that, for the first age group, the ratio increased with 
higher age. The opposite pattern was found in the group 
between 45 and 54 years, whereas no correlation between 
the ratio PgWER and age was found in patients 3 5 5  
years. 

Table 2 shows the receptor distribution when both ER 
and PgR status were taken into consideration. One con- 
spicuous finding is the fact that patients between 35 and 
54 years of age had tumors being ER- PgR+ more often 
than other age groups. 

Factors influencing ER and PgR content (Table 3). 
Inaccurate temperature during transport of the tumor 
samples considerably reduced both the proportion of re- 
ceptor positivity and the mean concentration values. An- 
other factor generally considered to be of importance is 
the protein concentration in the cytosol used for receptor 
determination. A concentration below 1 mg/ml has been 
considered to cause reduced measurable receptor levels 
(17). At our laboratory, a protein concentration down to 
0.5 mg/ml has been found to give reliable results (10). 
However, receptor positivity and mean concentration val- 
ues are only to a minor extent influenced by even very 
low protein concentrations (<0.25 mg/ml). 

Tamoxifen treatment at the time for biopsy collection 
had a negative influence on the receptor content: the 
percentage of ER+ samples was reduced to one-fourth 
and PgR+ samples to about half. Preoperative radiothera- 
py caused an even more pronounced negative effect on 
both receptors. Among the more than 4000 samples, four 
derived from patients pregnant at the time of operation. 
All four were ER- and PgR-. 

Reference parameters: protein, DNA or wet weight. 
For both ER and PgR, comparisons were made between 
the following pairs of reference parameters: protein- 
DNA, protein-wet weight and DNA-wet weight. For ER, 
Spearman's rank-correlation values (r,) of 0.97 (n= 

PgWER 

*l 

Fig. 8. The median ratio PgWER for all samples giving concentra- 
tion values above method sensitivity for different 5-year age 
categories. 

Table 2 
ER and PgR status for different age categories 

Age Percentage n 
category 

ER+ ER+ ER- ER- 
PgR+ PgR- PgR+ PgR- 

All 
250 
4 0  
<30 
30-34 
35-39 
40-44 
4549  
50-54 
55-59 
60-64 
65-69 
70-74 
15-79 
80-84 
85-89 
290 

45 
46 
43 
23 
31 
41 
43 
47 
37 
35 
40 
45 
52 
55 
53 
40 
59 

21 4 
23 2 
13 7 
23 0 
17 3 
13 10 
11 7 
9 11 

16 6 
29 2 
26 2 
23 2 
21 2 
23 1 
21 2 
30 0 
19 8 

31 
29 
36 
55 
48 
36 
39 
33 
42 
34 
32 
30 
26 
22 
25 
30 
14 

3 602 
2 839 

763 
22 
58 

135 
228 
320 
33 1 
313 
438 
449 
487 
376 
238 
110 
37 

4090), 0.98 (n=3 465) and 0.97 (n=3 347) respectively, 
were obtained. For PgR the corresponding figures were 
0.99 (n=3497), 0.99 (n=2841) and 0.99 (n=2792) respec- 
tively. 

In the present study the cut-off point for ER was set at 
10 fmolhg  protein. Values below this level were found in 
1 462 (36 %) tumors. Using DNA as the reference parame- 
ter, a cut-off point of 94 (fmol EWmg DNA) was used in 
order to get the same number of negative samples. The 
number of tumors not equally classified for ER status was 
found to be 168 of 4090 tumors (4.1%; p<O.OOOl). For 
PgR a similar estimation was made when the cut-off point 
was set at 30 fmol PgWmg protein, which resulted in 1 866 
(53 %) tumors falling below this level. The corresponding 
value for fmol PgWmg DNA was 260. The number of 
tumors not equally classified was 102 (2.9%; p<O.OOOI). 
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Table 3 
ER and P g R  contents (percentage positive samples, mean concentrations) in samples analyzed in 

different conditions 

Condition ER PgR 

n % + Mean n % + Mean 
value* value* 

Satisfactory 4 323 65 I20 3 640 48 180 
Unsatisfactory 

Thawed samples I92 31 24 138 16 42 

<0.25 mg protein/ml 55 78 230 51 37 I80 
Antiestrogen 63 16 14 58 26 I40 

0.25-0.5 mg proteinlml I62 69 85 I26 42 220 

Preoperative radiotherapy 17 0 1.9 16 6 5.9 
Pregnancy 4 0 0.35 4 0 0 

* fmoVmg protein. 

Discussion 
This study presents data from over 4000 ER and PgR 

analyses in patients from the Southern Swedish Health 
Care Region. The proportion of positive samples and 
mean concentration values for both ER and PgR were 
quite stable during the last 10 years. 

It is generally considered of importance that receptor 
determinations are performed in a cytosol of sufficient 
protein concentration (1 mg/ml (17)). The results from the 
present study show, however, that with our method of 
isoelectric focusing the ER content (percentage positive 
samples and mean concentrations) was not influenced by 
even very low protein concentrations. In agreement with 
others, the use of the DCC method for PgR measurement 
was negatively influenced by low protein concentration 
values. 

In clinical practice, tumors are classified as either re- 
ceptor positive (rich) or receptor negative (poor) on the 
basis of arbitrarily chosen cut-off points. The question 
was raised whether the choice of reference parameter in 
some cases would influence the classification of the pa- 
tient and, ultimately, the choice of treatment. Protein is 
the most commonly used reference parameter for the 
expression of steroid receptor content, but DNA and wet 
weight have also been used. From the data obtained in the 
present study, which confirms a smaller previous study 
(18), it could be concluded that similar information could 
be obtained with either of these reference parameters. 

In agreement with other studies (19), ER positivity was 
in the present study positively correlated with age at the 
time of operation. For PgR a different age distribution 
pattern is found. For patients below 45 years and patients 
255 years the PgR concentration increased with age. For 
patients between 45 and 54 years, PgR was negatively 
correlated with age. Similar results have been found by 
Thorpe in a study of about 4000 patients (19). The in- 
crease with age in patients younger than 50 years was 

more pronounced for PgR than for ER. This was illustrat- 
ed both by a higher proportion of ER- PgR+ samples and 
by the higher PgR/ER ratio. One might speculate that 
changes in the hormonal milieu during the reproductive 
period influence this pattern. Estrogens have a stimula- 
tory effect on both ER and PgR synthesis whereas proges- 
terone has the opposite effect (20). Some studies have 
shown differences between ER and PgR in breast cancer 
related to the phase of the menstrual cycle (21-23). A 
possible explanation of the lower ER concentration in 
premenopausal patients could be a blockade of ER by 
endogenous estrogens. A study, comparing enzyme im- 
muno-assay (measuring both unoccupied and occupied 
ER) and IF  (measuring only unoccupied ER), however, 
has not confirmed this theory (13). Furthermore, the dif- 
ferent age distribution patterns for ER and PgR were also 
found in a smaller series of samples measured by EIA. It 
has also been hypothesized that ER and PgR contents in 
the breast cancer at time of operation reflect the endo- 
crine milieu at the time of tumor initiation, so that the 
actual hormonal status of the patient might be of minor 
importance (24). A high frequency of ER- PgR+ samples 
in younger women has recently been shown to occur 
almost exclusively in women who have measurable ER in 
the nuclear fraction (after high salt extraction) which indi- 
cates methodological problems of receptor measurements 
in premenopausal patients (25). The difference between 
pre- and postmenopausal patients regarding ER and PgR 
status also raises the question whether it is appropriate in 
clinical practice to use the same cut-off points for all age 
groups when separating receptor positive and negative 
samples (10). In a recent report (26) on menopausal status 
and cut-off levels it was demonstrated that subgroups or 
subpopulations of patients could be identified on the basis 
of plasma FSH and estradiol concentration. Both sub- 
group definition and different EWPgR profiles markedly 
influenced the fraction of so-called ER positive assays. In 
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order to investigate more carefully the relationship be- 6. Howat JMT, Barnes DM, Harris M, Swindell R. The associ- 
tween ER and PgR for patients between 45-54 years of 
age, the PgWER ratio should be  calculated for  each pa- 
tient and then viewed in relation to the t ime for  meno- 
pause. It should furthermore be  interesting - t o  measure E R  
content in the nuclear fraction from samples with different 
PgWER ratios. Such a s tudy has  been started a t  our 
department. 

The influence of  the hormonal milieu on the measurable 
amount of ER and PgR is also illustrated in samples from 
patients on tamoxifen treatment a t  the t ime of  operation. 
The proportion of  both E R +  and  PgR+ decreased after 
this treatment. T h e  negative effect of pregnancy and pre- 
operative radiotherapy on the measurable amount  of  ER 
and PgR is also in agreement with other  investigations (27, 
28). Regarding other  influential factors,  we have found 
that young premenopausal breast  cancer patients, w h o  a t  
an early age have used oral  contraceptives, have lower 
receptor concentrations than other  young women (29). 
Other investigations have also shown that ER concentra- 
tions are lower among ever users of  oral contraceptives 
(3&33$. Preliminary findings also suggest that  age at first 
full-term pregnancy affects receptor concentrations (34). 
We have therefore started studies on breast  cancer risk 
factors and different reproductive factors in relation t o  
receptor concentrations. The influence of  menopausal es- 
trogen administration on ER and PgR concentrations will 
also be considered. 
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