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Oestrogen and Progesterone Receptors in Primary
Breast Cancer: a Population Study

Stjepan Gamulin and Ranka Romi¢-Stojkovi¢

The results of a single centre study on cytoplasmic oestrogen (ER) and progesterone (PR) receptors and their
combinations in primary breast cancer of 1957 patients from various parts of Croatia are presented. The frequency
of ER+ tumours and tumour mean ER concentration were higher in patients over 50 years of age, while PR
frequency and concentration were similar in patients over and under 50. The ER concentration was positively
correlated with the age of patients, but the age-related increase in ER concentration appeared between 50 and 70
years of age. The pattern of receptor coexistence was age related. The frequency of ER+PR+ and ER+PR—
increased and that of ER—PR+ and ER—PR— tumours decreased with the age of patients. The concentrations
of ER and PR were higher in ER+PR+ than in ER+PR— or ER—PR+ tumours, respectively. When the patients
were divided into groups under and over 50 years of age these differences appeared only in the latter group, while
in the former the concentrations of ER were similar in ER+PR+ and in ER+PR— tumours, and the concentration
of PR was higher in ER+PR+ than in ER—PR+ tumours. These data suggest a biological difference between
breast cancers with various receptor combinations, as well as a difference in pathogenesis of the receptor negative

and positive breast cancer.
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INTRODUCTION
GEOGRAPHIC VARIATIONS in breast cancer incidence and mor-
tality are well known. These variations are attributed to the
influence of non-genetic factors [1]. Although these factors have
not been identified, a number of them probably act through
steroid sex hormones [2]. So the population studies of oestrogen
(ER) and progesterone (PR) receptors in breast cancer might
help to understand the aetiopathogenesis of the disease. That
population differences in ER and PR status of breast cancer
exist is indicated by a higher frequency of ER+ and PR+
tumours in postmenopausal American versus Japanese [3] and
in white versus black or Asian patients [4].

The results presented in this paper are from a single centre
study on a large number of patients and fulfill the criteria [5] as
being representative of the population of Croatia.

The ER and PR were analysed on tumour specimens collected
from 1956 patients from various parts of the country, but the
assays were performed in the laboratory of the department, thus
eliminating the variations in the results due to interlaboratory
methodological differences. The results are comparable to other
European centres, as the Laboratory is included in the EORTC
receptor study group.

MATERIALS AND METHODS
Patients
The breast cancer patients included in this study were treated
in hospitals in a number of towns of Croatia. The age distribution
of the patients is shown on Table 1.

Methods
Tumour tissue specimens were placed on ice immediately
after excision during biopsy or mastectomy and within 30
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minutes were frozen in liquid nitrogen. The specimens were
then sent to the laboratory and stored until assayed, for not
longer than 3 weeks.

The ER and PR were measured by a one point assay using
the dextran-coated charcoal method based on that of Horwitz
and McGuire [6], modified as described previously [7]. Tumour
cytosol containing 1-2 mg/ml protein was incubated in triplicate
at 4°C for 18 h with appropriate radioactively labelled ligands,
with or without “cold” competitors, as follows: for ER with 3H-
oestradiol in final concentration of 0.8 nmol/l without and
with 100 fold excess of diethylstilbestrol; for PR with 3H-
promegestone (R5020) in a final concentration of 8.0 nmol/l in
the presence of a 100 fold excess of cortisol and without or with
a 100 fold excess of “cold” R5020. Cortisol was added to prevent
the binding of R5020 to glucocorticoid receptors. It was found
that in these conditions (protein, ligand and competitor
concentrations) one-point assays for both ER and PR were in
good correlation with multipoint assays [8-12].

The tumours with a binding capacity lower than 5 fmol/mg
cytosol protein for oestradiol and lower than 10 fmol/mg cytosol
proteins for R5020 were considered receptor negative.

Table 1. Age distribution of primary breast

cancer patients
Age No. of patients (%)
20-29 23 (1)
30-39 219 (11)
40-49 525 27)
50-59 508 (26)
60-69 414 (21)
70-79 244 (13)
80 and above 27 (1)
Total 1956

491
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Table 2. Frequency of ER, PR and their combinations in primary breast cancer

Under 50* Above 50* All patients
PR+ PR- Total PR+ PR- Total PR+ PR~ Total
ER+ 310 (38) 74 9) 384 (47) 564 (49) 217 (19) 781 (68) 874 (45) 291 (15) 1165 (60)
ER~ 167 (21) 258 (32) 425 (53) 105 (9) 261 (23) 366 (32) 272 (14) 519 (26) 791 (40)
Total 477 (59) 332 (41) 809 (100) 669 (58) 478 (42) 1147 (100) 1146 (59) 810 (41) 1956 (100)

* The distributions of various combinations of ER and PR in the age groups were significantly different (P < 0.01, %2 test)

RESULTS

The percentages of tumours containing ER, PR or their
combinations and tumour receptor concentrations for all the
patients and in groups under and above 50 years of age are
shown in Tables 2 and 3.

The frequency of ER+ tumours and the mean ER concen-
trations were higher in the older than in the younger group,
while there was no difference either in frequency of PR+
tumours or in the PR concentration between these two groups
of patients.

The percentages of tumours with various combinations of ER
and PR were different in these two groups of patients. The more
frequent combinations in the older group were ER+PR+ and
ER+PR—, and in the younger group ER—PR + and ER—PR—.

The distribution of ER+ and PR+ tumours in patients
divided into decade of age groups are shown on Fig. 1. The
frequency of ER+ tumours increased with the age of patients,
the highest rate of increase being between the ages 50 and 70.
The frequency of PR+ tumours was similar in ail age groups.
The changes in frequency of ER and PR combinations dependent
in the age of patients are displayed in Fig. 2, showing an increase
of ER+PR+ and ER+PR~, and a decrease of ER—PR+ and
ER—-PR - tumours. The mean concentrations of ER and PR in
tumours of patients divided into groups according to various
combinations of receptor coexistence are shown in Table 4. The
concentrations of both ER and PR were higher in ER+PR+
tumours than in ER+PR— or ER—PR+ tumours.

When the age of patients was taken into account additional
differences in the receptor concentrations became evident. ER
concentrations were higher in both ER+PR+ and ER+PR—
tumours in the above 50 group. However, a comparison within
the age groups showed that ER concentrations in ER+PR+
and ER+PR~- tumours were similar in younger patients and
dissimilar in older patients, being higher in ER+PR+ than in
ER+PR- tumours.

The comparison of concentrations of PR in ER+PR+ and in
ER-PR+ tumours within the age groups showed a higher
concentration of the receptors in the former than in the latter
tumours for both age groups.

Table 3. Concentrations of ER and PR in
primary breast cancer

Age ER+ PR+
<50 31 ) 76 (6)
50 = 83 (4)* 79 (2
Mean (S.E.)

* Significant difference (P < 0.01, Student’s ¢
test)

Correlation analysis of the age of patients and the tumour
concentrations of ER and PR is shown in Table 5. There was a
weak though significant correlation for ER concentrations,
whilst there was no correlation between PR concentration and
the age of patients. However, when correlation analysis between
tumour ER concentrations and the age of patients was made
separately for three age groups, under 50, 50-70 and above 70 it
became evident that there was a positive correlation only in the
second age group. These findings indicate that the increase of
the ER concentrations with the age of patients is not continuous
but stepwise occuring between the ages 50 and 70. This is
clearly shown on Fig. 3 where the relationship between ER
concentrations and the decade age of patients is displaced.
Correlation analysis between the concentrations of ER and
PR in ER+PR+ group shows a weak but highly significant
association between these two variables (n = 874, correlation
coefficient 0.196, P < 0.001).

DISCUSSION

Although there have been a number of reports on ER distri-
bution in human breast cancer, there have been only a few of
those analysing both ER and PR and their coexistence in a large
sample of population. Single centre studies on demographic
characteristics of breast cancer covering both ER and PR
performed on upward of 1000 patients are those for North
America [13}, Denmark [5] and Sweden {14]. In the first study
ER and PR were analysed separately without reference to their
coexistence.

In comparing our results with these studies some methodolog-
ical differences should be taken into account. The concentrations
discriminating receptor positive and receptor negative tumours
for ER and PR were 5 and 5 [13], 10 and 10 [5], and 5 and
10 fmol/mg cytosolic proteins in this study. Wilking et al. [14]
expressed their results in fmol/ug DNA, setting the cut-off
point between positive and negative results at 0.05 fmol/j.g
DNA for both ER and PR. The average receptor concentrations

Table 4. ER and PR concentrations in primary breast cancer with
various receptor combinations

Age ER+PR+ ER+PR~ ER-PR+

ER PR ER PR
<50 34 2.9 91 (9.2)§ 32 (6.5 32 2.4%
50 = 91 (4.5t 73 (4.7) 59 (4.7)wt+ 28 (3.2)
Total 72 3.1}t 79 (4.4)» 53 (3.9 31 2.0)»
Mean (S.E.)

The pairs of symbols denote significant difference (P < 0.01, Student’s
1 test).
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Fig. 1. Relation between frequency of ER+ () and PR + (@) primary
breast cancer and patient age.

were expressed either as medians [5, 13] or as means (this study
and ref. 14).

A number of authors found a higher frequency and higher
concentrations of ER in tumours of postmenopausal than in
premenopausal patients, but there were no such differences for
PR [13-16]. Assuming the age of 50 as the setpoint of menopause,
our overall findings are consistent with this general pattern of
ER and PR distribution in breast cancer. On the other hand
Thorpe [5] found a higher frequency and higher concentration of
PR tumours in premenopausal than in postmenopausal patients.

It is not clear whether the difference in ER frequency and
content between premenopausal and postmenopausal women is
due to age or to menopausal status. A number of researchers
have found a positive correlation between ER concentrations
and the age of patients, with a continuous increase of average
ER concentrations [5, 13, 14]. Our results, on the contrary,
suggest that the age-related increase of ER concentration occurs
discontinuously between the ages 50 and 70.

Analysing the effects of both age and menopausal status
on the ER concentrations, some investigators have found a
dominant effect of age [5, 13, 16, 17]. Allegra et al. [18],
however, found a lack of correlation between ER concentrations
and the age within premenopausal and postmenopausal groups,
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Fig. 2. Relation between frequency of primary breast cancer with
various ER and PR combinations and patient ages. ER+PR+ (W)
ER+PR—- (O) ER—PR+ (@) ER-PR— (O).
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Table 5. Relations berween ER and PR concentrations and the age

of patients
Age ER PR
n r P n r P
< 50 361 —0.093 NS 456 —0.09 NS
50-70 608 0.240 < 0.001 533 0.08 NS
> 70 196 —0.049 NS 157 —-0.06 NS
Total 1165 0.274 < 0.001 1146 0.03 NS

r = correlation coefficient; NS = not significant (P > 0.01).

and they attributed the higher ER concentration in the latter
group to association of ER with menopausal status.

Although there were positive correlations between ER concen-
trations and the age of patients and ER and PR concentrations
in ER+PR+ tumours, we found no correlation between PR
concentration and the age of patients. The association between
ER and PR is rather weak, probably reflecting a dependency of
PR on nuclear ER (ERn) [7]. Since we found no correlation
between the age of patients and the ERn concentration [7],
the same might be expected for PR. Separate analyses of
premenopausal and postmenopausal patients have shown a
positive correlation between the age and concentration of PR in
postmenopausal patients [16], or in both premenopausal and
postmenopausal; however, there was a with a higher concen-
tration of the receptors in the former group for patients of the
same ages [13, 14].

The analysis of coexistence of ER and PR reveals additional
differences between premenopausal and postmenopausal pati-
ents. Thorpe [5] and Vihko ez al. [16] found a higher frequency
of ER—PR+ and ER—PR— tumours in the former, and that of
ER+PR - in the latter group of patients, while the frequency of
ER+PR + was similar in both groups. Contrary to those results,
we found a higher frequency of ER+PR+ tumours in patients
older than 50. These findings are in agreement with the relation
of frequencies of receptor combinations and the age of patients,
with the increase of ER+PR+ and ER+PR—, and a decrease
of ER—PR+ and ER~PR~ tumours [5, 14] (Fig. 2).

The differences in breast cancer ER and PR frequency and
content between premenopausal and postmenopausal patients
might be due to host hormonal differences or to biological
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Fig. 3. Relation between patient age and primary breast cancer ER
concentrations. Results are means (S.E.)
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differences in tumours predominantly occurring in these two
groups of patients.

The high frequency of ER + tumours and high concentration
of receptors in postmenopausal patients was attributed to low
plasma oestrogen [16, 19] and progesterone [19] concentrations
and consequent high concentrations of free ER. The high
frequency of ER+PR~— and ER+PR+ in this group of patients
supported and conflicted with, respectively, this hypothesis.
The former receptor combination might be due to insufficient
oestrogen effects, while the latter is a consequence of sufficient
oestrogen stimulation. .

Although it was found that administration of oestrogens [20]
could convert ER+PR— to ER+PR+, the differences between
tumours with these receptor combinations are probably not
solely due to host hormonal milieu. The ER+PR+ group of
tumour have a higher mean ER concentration (Table 3) and a
higher rate of response to hormonal therapy [21] than the
ER+ PR — group, indicating different biological features of these
tumours.

A higher proportion of ER—PR+ tumours in premenopausal
than in postmenopausal patients might be due to higher concen-
tration of oestrogens in the former with consequent saturation
of the ER, and therefore a great majority [7, 22] of ER—~PR+
tumours are ERn+. Assuming that 83% of ER—PR+ are “false
ER—" [7] and functionally belong to the ER+PR+ group, after
the data in Table 1 have been corrected, the differences in
frequencies of ER+PR+ between premenopausal and post-
menopausal patients disappear (35% and 56%, respectively),
and the frequency of ER—-PR+ tumours become very low (4%
and 2%, respectively). The biological similarities of ER+PR+
and ER—-PR+ tumours are indicated by a similar rate of
recurrence [23]. However, functional differences between these
tumours probably exist, which is indicated by a higher mean
PR (Table 3) concentration and a higher rate of response to
hormone therapy [21] in the former than in the latter group of
tumours.

There is sufficient evidence to suggest that differences in ER
and PR frequencies and content between breast cancer in
premenopausal and postmenopausal women are primarily due
to biological differences of tumours with modulating hormonal
effects. The differences probably are age dependent rather than
related to menopausal status. The presence of ER and PR is
associated with a high degree of differentiation [24-26], hor-
monal sensitivity [21], low growth rate [27], and a low level of
oncogene activation [28] and expression [29]. Probably both
ER- and ER+ tumours are initiated in premenopause, but the
growth of the latter is slower and dependent on oestrogen
stimulation, resulting in a positive selection of ER+ tumours
with age-related increase in ER frequency and content [30].
Our results showing age-specific increase of ER frequency and
content in breast cancer patients between 50 and 70 years of age
support this hypothesis.

Assuming that variations in breast cancer incidence in various
populations are due mostly to environmental factors [1] acting
through oestrogen ‘stimulation [2], the lack of age dependent
positive selection of ER+ tumours might be expected in a
population with low incidence of breast cancer. Consequently a
similar frequency of ER+ tumours in Japanese premenopausal
and postmenopausal breast cancer patients 3], as well as the
similarity of the curve of total breast cancer incidence against
age of the Japanese population, and that of ER— tumours of a
western population, likewise support the hypothesis of positive
selection of ER+ tumours by an influence of environmental
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factors, particularly in populations with high incidence of breast
cancer [17]. A detailed analysis of epidemiological data of breast
cancer characteristics including steroid receptors could help
to understand the aetiopathogenesis of the disease. Further
population studies of breast cancer characteristics including ER
and PR should therefore be encouraged.
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Pulmonary Tumour Embolism from Squamous
Cell Carcinoma of the Oesophagus

Fernando A. Soares, Glaucia A. Magnani Landell and Jose A. Mello de Oliveira

Pulmonary tumour embolism and subacute “cor pulmonale” have been reported in association with tumours of
different origins. Even though these features were first described in a patient with carcinoma of the oesophagus,
the frequency and importance of oesophageal tumours as the source of pulmonary tumour embolism have not
been studied. In the present investigation, the lungs of 16 autopsied patients with squamous cell carcinoma of
the oesophagus were studied prospectively. The lungs were removed as a block and 15 sections (3 from each
lobe) were analysed. Pulmonary tumour embolism was detected in 7 cases. The lymphatic vessels were involved
in all of them, and were associated with arteries and arterioles in 2. 2 patients presented a classical picture of
subacute cor pulmonale, and dyspnoea was present in 3 other cases. The present study permitted us to conclude
that carcinomas of the oesophagus frequently evolve toward carcinomatous lymphangitis and that pulmonary

tumour embolism should be included in the differential diagnosis of the dyspnoea presented by the patients.
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INTRODUCTION

PULMONARY TUMOUR embolism was first described in 1868 by
Bristowe, who reported the development of secondary pulmon-
ary arterial hypertension in a patient with carcinoma of the
oesophagus [1]. The author correlated the clinical picture with
the presence of intense carcinomatous lymphangitis. In 1937,
Brill and Robertson developed the concept of subacute cor
pulmonale as an entity characterised by the rapid development
of symptoms of right congestive heart failure in patients with no
previous history of cardiopulmonary disease or other conditions
triggering right ventricular failure [2]. Several studies of pulmon-
ary vessel involvement secondary to tumours have been conduc-
ted over the years, including large series in retrospective studies
[3-6].

With respect to the primary tumour sites that most frequently
cause the involvement of lymphatic and blood vessels of the lung,
the literature always placed strong emphasis on the stomach [3,
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4, 7-12]. Other organs have also been indicated, such as the
breast [3, 6, 13, 14], the lung itself [5], the liver [3, 15, 16] and
the kidney [3, 6, 17]. Isolated cases of development of subacute
cor pulmonale from tumours originating in practically all body
organs have been reported. To our knowledge, no studies
or even case reports of pulmonary vascular involvement in
carcinoma of the oesophagus have been published.

For this reason, in the present investigation we studied
prospectively 16 consecutive autopsies of patients with primary
squamous cell carcinoma of the oesophagus in terms of the
development of pulmonary tumour embolism and its clinicopa-
thological manifestations.

MATERIAL AND METHODS

Pulmonary vessel tumour involvement was studied in 16
consecutive autopsies performed between 1986 to 1989 in pati-
ents with squamous cell carcinoma of the oesophagus in the
Department of Pathology, Faculty of Medicine of Ribeirdo
Preto, University of Sdo Paulo.

Clinical data concerning the presence or absence of dyspnoea,
cyanosis and right congestive heart failure and the modality of
treatment were obtained from medical records of the patients.



