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ABSTRACT

Clinical management of breast cancer, making a prognosis and
deciding on treatment, currently depend on defining prognostic
factors, especially hormone receptors (HR). In addition to confirming the heterogeneity of the disease, these biological parameters
are indispensable tools for designing personalized treatment.
In this study, 1509 tumors from Cuban women diagnosed with
breast cancer were examined. Hormone receptor (HR) expression was determined and correlated with a group of prognostic
factors, such as age, tumor size, histological type, nuclear grade,
histological grade, number of metastatic axillary lymph nodes,
and clinical stage. Estrogen receptor (ER) expression was associated with low nuclear grade and histological grade, and with
smaller tumor size (p <0.05). Analysis of age at the time of diag-

INTRODUCTION

Cancer is the second cause of death in Cuba and the first cause
of potential years of life lost, and therefore the cause most affecting increase in life expectancy of Cubans at birth. Among Cuban
women, breast cancer has the highest incidence (excluding skin
tumors) and is the second leading cause of cancer mortality. Given that approximately 2500 new cases are diagnosed annually,
and more than 1000 women die of breast cancer each year,[1]
malignant breast tumors are considered a major health problem
in the Cuban population.
With cancer, knowledge of the prognosis plays a fundamental role in medical decision-making and disease management.[2] Prognostic factors have been defined as variables
that help explain heterogeneity in the course and development of a disease, regardless of the treatment administered,
and that are associated with event-free and overall survival.
[3] Once prognostic factors are identified, patients with similar
characteristics can be classified for the purpose of selecting
and administering therapeutic regimens of greater or lesser
intensity. Analysis of factors predicting response to treatment
likewise enables administration of specific therapies only in
those patients expected to respond, thus avoiding harm with
no benefit to patients lacking these factors. Treatments are becoming increasingly more personalized, significantly improving
patients’ quality of life.[4]
This study examined 1509 tumors from patients at 22 hospitals
in 11 of Cuba’s 14 provinces who were diagnosed with breast
cancer between 2000 and 2006. The expression frequency of
standard prognostic factors associated with tumors was analyzed: size, histological type and grade, nuclear grade, number of
metastatic lymph nodes, clinical and post-surgical stage, and hormone receptor expression (HR). Age was the only patient-related
prognostic factor analyzed.
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nosis showed that ER expression was greater in patients in the
group aged >50 years (p <0.05). In general, ER expression was
greater in patients in earlier clinical stages (p <0.05). With regard
to HR expression, 53% of tumors in this sample were ER+ and
49% were PR+. In 38% of cases, both receptors were positive and
in 28% both receptors proved negative. The ER+/PR− combination was observed in 23% of cases while only 11% exhibited the
ER−/PR+ combination. These findings indicate that approximately
72% of the tumors studied expressed some level of hormone dependency. This is the first report of HR expression in Cuba using
immunohistochemical techniques and a representative sample of
breast tumors diagnosed in different provinces around the country.
Keywords: Hormone receptors, breast cancer, prognostic factors

During the 1980s, biochemical methods for determining HR were
standardized at the National Oncology and Radiobiology Institute
(INOR) of Havana.[5] Results of work conducted during those
years were, until now, the only report of HR expression in a Cuban population sample.[5–10]
The objective of this study was to determine the frequency of HR
expression in breast tumors in women from different regions of
the country using immunohistochemical (IHC) techniques. Distribution of prognostic factors in the sample was also analyzed and
correlated with estrogen receptor (ER) tissue expression.

Patients and Methods

A total of 1509 breast tumor samples from patients who underwent surgery from 2000 through 2006 were received from medical centers located in different Cuban provinces. Samples were
embedded in paraffin blocks containing a tumor fragment representative of the pathological-anatomical diagnosis, along with
the corresponding glass slide stained with hematoxylin-eosin.
The clinical or post-surgical stage of each case included in the
study—according to clinical stage (TNM) classification valid at the
time—was also provided with each sample on a data sheet containing information about the patient (name, age, medical record
number) and the tumor (size, histological type, nuclear grade,
histological grade, number of axillary lymph nodes examined and
number of metastatic nodes).[11] Names of the attending physician, hospital and province were also recorded.
TNM stage was recorded for patients who received primary or
neoadjuvant systemic treatment, and post-surgical stage (pTNM)
for those who received initial surgical treatment. If information
was incomplete, the case was included in the study and the data
reported as “missing”. IHC techniques were used to determine
HR tissue expression.[12] Polysine™ glass slides (MenzelGlaser, Germany) were used. Antigen detection was carried out
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in a domestic steamer with a pH 6.0 citrate buffer. SP1 and SP2
monoclonal antibody (MAb) clones were used to detect estrogen
receptors (ER) and progesterone receptors (PR), respectively.
These MAbs were obtained pre-diluted.
An ultra-sensitive polyvalent detection system (MLINK), specific for mice and rabbit primary antibodies (Ab), was used, consisting of a secondary Ab marked with biotin and an enzyme/
anti-enzyme complex with streptavidin and peroxidase (Px)
molecules. Endogenous Px tissue activity was blocked with a
diluted 3% H2O2 solution. Enzymatic activity was revealed using a concentrated 3,3’-diaminobenzidine tetrahydrochloride
(DAB) solution diluted in buffer substrate, and 0.6% H2O2. Tissue immune reaction was viewed through a light field microscope (Leica, Germany).
The remaining reagents were obtained in ready-to-use packets.
All reagents were supplied by Anacrom Diagnósticos, S.L. Seville,
Spain.
Tissue samples were stained with Mayer’s hematoxylin, and Eukitt
(Kinder GmbH & Co, Germany) was used for mounting the slides.
Two tissue sections were used in each experiment for quality and
specificity control. Confirmed ER- or PR-positive tissue, along with
an antibody unrelated to this antigen, or a phosphate-buffered
saline (PBS) solution served as negative controls. Positivity
criteria was ≥10% positive tumor cells.

Statistical Analysis

A descriptive analysis was made of the variables included in the
study. Percentages were calculated for qualitative variables and
the mean and standard deviation for quantitative variables. A Chisquare test was used to determine possible association between
ER and the rest of the variables analyzed.
A significance level of p <0.05 was used in the statistical analyses.
Data was analyzed with SPSS package (Statistical Program for
the Social Sciences, Chicago, IL), version 11.0 for Windows.

Results

The study sample is described in Table 1, which shows the percentage of useful samples of each of the prognostic factors analyzed. The sample size of each of the prognostic factors examined
varied due to missing data. Useful data ranged from 837 (55.5%)
to 1509 (100%).
As Figure 1 shows, the histological classification revealed a predominance of invasive duct carcinomas (IDC) (73.9%) and invasive lobular carcinomas (ILC) (10%). Special-type invasive carcinomas (medullary, mucinous, tubular and papillary carcinomas)
accounted for 5% of the sample, while special clinical varieties,
such as inflammatory carcinoma and Paget’s disease, represented less than 1%.
Intermediate and high nuclear and histological grade tumors predominated in the sample, with more grade II and III tumors observed. These morphological findings were associated with slower evolution and local recurrence. Little variation was observed
in the size of the breast tumors examined. T1 tumors (≤20 mm
in diameter) were most frequent (49.2%), followed by T2 (21–50
mm), 45.7% of the sample.
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Table 1: Characteristics of the Study Sample

Sample
Histological Diagnosis

Total
Missing Data
Useful
n (%)
n (%)
Samples (%)
1509 (100.00)
1509 (100.00)
0 (0.0)
100.0

Nuclear Grade
I
II
III
Histological Grade
I
II
III
Tumor Size
≤20
21–49 mm
≥50 mm

1009 (66.90)
200 (19.82)
518 (51.30)
291 (28.84)
944 (62.60)
130 (13.77)
518 (54.87)
291 (30.82)
837 (55.50)
412 (49.20)
383 (45.75)
42 (5.01)

500 (33.1)

66.9

565 (37.4)

62.6

672 (44.5)

55.5

Metastatic Lymph Nodes
0
1–3
4–9
≥10
Clinical Stage**
I
II
III
IV
Age
<50
≥50

1018 (67.50)
477 (46.80)
262 (25.73)
185 (18.17)
94 (9.23)
1006 (66.70)
232 (23.06)
603 (59.94)
155 (15.40)
16 (1.59)
1229 (71.50)
575 (46.78)
654 (53.21)

491 (32.5)

67.5

503 (33.3)

66.7

280 (18.5)

81.5

* Special-type carcinomas
** TNM

Regarding the presence of metastatic axillary lymph nodes, 46.6% of
tumors examined were node-negative (N0); 25.7% exhibited 1 to 3
nodes, and 27.4% exhibited 4 or more nodes.
Clinical stage analysis indicated that most patients in the study
were in stages I and II (83%), while 17% were in advanced stages
of the disease.
Patients were divided into two age groups: aged <50 years
(46.8%) and aged ≥50 years (53.2%), which indirectly implied
their menopausal status. ER expression was found in 53% of
the breast tumors examined, while the remaining 47% did not
exhibit this hormone receptor (Table 2). Correlation of this tumor marker with the other prognostic factors analyzed showed
that as clinical stage, tumor size, nuclear grade and histological grade increased, ER positivity decreased in tumors studied
(p <0.05) (Table 3). At the same time, ER expression tended
to decrease as the number of metastatic axillary lymph nodes
Figure 1: Distribution of Sample by Histological Type (%)
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increased, although this association was not statistically significant. With regard to age, ER expression was greater in tumors
in patients aged ≥50 years (p <0.05) (Table 3).
Given the current value of PR as an independent predictive factor, determining expression of this marker was included in the
study. Table 4 shows that of the 295 breast tumors analyzed,
49% were PR+.
In patients studied, 38% exhibited tumors positive for both markers
and 28% negative for both markers, while 23% were ER+/PR− and
only 33 tumors (11%) were ER−/PR+.
Table 2: Distribution of ER Expression in Breast Tumor Sample Studied
n

ER

1509

Positive
n (%)
743 (53.0)

Negative
n (%)
658 (47.0)

Not useful
n (%)
108 (7.15)

Table 3: Association of ER Tissue Expression with Essential
Tumor-Related and Patient-Related Prognostic Factors
ER
Prognostic Factor

n

Age (years)
<50
≥50
Tumor Size (mm)
<20
21–49
≥50
Metastatic Lymph Nodes
0
1–3
4–9
≥10
Histological Grade
I
II
III
Nuclear Grade
I
II
III
Clinical stage**
I
II
III
IV

1174

Positive
n (%)

Negative
n (%)

p

266 (48.3)
360 (57.6)

284 (51.6)
264 (42.3)

261 (65.2)
211(53.6)
27 (36.9)

139 (34.7)
182 (46.3)
46 (63.0)

262 (57.2)
150 (60.7)
91 (52.0)
39 (44.8)

196 (42.7)
97 (39.3)
84 (48.0)
48 (55.2)

79 (62.2)
288 (56.8)
127 (45.2)

48 (37.7)
219 (43.2)
154 (54.8)

125 (65.4)
291 (58.1)
119 (32.6)

66 (34.5)
210 (41.9)
166 (45.4)

137 (62.2)
339 (58.1)
58 (34.5)
5 (31.2)

83 (37.3)
245 (41.9)
110 (65.5)
11 (68.8)

866

967

915

977

978

0.040*
0.001*

0.308

0.014*

0.001*

0.015*

*p <0.05
**TNM

Table 4: Distribution of PR Expression in Breast Tumors Studied
PR

n
295

Positive
n (%)
144 (48.8)

Negative
n (%)
149 (50.5)

Not Useful
n (%)
2 (0.67)

Table 5: Correlation of HR Expression

Discussion

Breast cancer is a heterogeneous disease with a wide range
of clinical manifestations and histological types. As a result,
a patient’s individual prognosis at time of diagnosis requires
a detailed examination of as many clinical and pathologicalanatomical parameters as possible.
Prognostic factors in breast cancer are indicators that reflect the
individual characteristics of the tumor and the patient.[13] Analysis and evaluation of these factors play a fundamental role in selection of the most effective cancer-specific therapy with the least
unnecessary toxic effects produced by inadequate treatment regimens. By enabling prediction of the prognosis, these factors also
contribute directly to prolonging survival of women diagnosed with
breast cancer, and they have an impact, especially in the short
term, on breast cancer mortality.[14–16]
Prognostic factors are used throughout the natural history of breast
cancer—in chemoprevention; neoadjuvant, surgical and adjuvant
treatment; as well as in recurrent disease.[3,16,17] The association
between breast cancer and the endocrine system was first established in 1896.[18] Since then, numerous scientific studies have
demonstrated that endocrine therapy is an eligible treatment for patients with breast tumors expressing hormone receptors. Continued
clinical research has provided evidence of new therapeutic treatments with greater benefits for patients. Hormone sensitive breast
tumors are the target of luteinizing hormone, progestin, estrogen,
androgen and, especially, estrogen antagonist analogues, such as
tamoxifen, which has been used for decades and continues to be
first-line treatment for HR-expressing primary and metastatic tumors.[19] Finally, aromatase inhibitors (AI) offer new therapeutic
options, considered medically more potent with fewer side effects,
leading to a major change in treatment options for postmenopausal
patients with HR-expressing breast tumors.[20]
The clinical role of HR was first studied more than 30 years ago.
Reports of the clinical importance of these molecules first appeared in 1975;[21] two years later, their association with the degree of tumor cell differentiation was confirmed, and they were
considered independent prognostic factors.[22–25] Tumor size
(T), axillary nodal metastasis (N) and distance metastasis (M)
are part of the breast cancer staging system known as TNM and
are also tumor-associated predictive factors. The presence of
metastatic axillary lymph nodes is the most relevant prognostic
factor in primary breast tumors and is associated with poor prognosis: lower event-free and overall survival. Approximately 70%
of these patients exhibit recurrent tumors after 10 years.[26,27]
In the sample studied, 53% of patients were in this group, in
which ER expression in breast tissue diminished as the number
of metastatic lymph nodes rose, but the association between
these prognostic factors was not statistically significant.
Tumor size continues to be an important predictive factor for patients both with and without positive axillary nodal metastasis.
In the latter group, it is the strongest predictive variable for relapse,[28] accounting for 47% of patients in this study.

PR

ER

38

Positive
Negative
Total

Positive
n (%)
111 (37.8)
33 (11.2)
144 (49.1)

Negative
n (%)
67 (22.8)
82 (27.9)
149 (50.8)

Total
n (%)
178 (60.7)
115 (39.2)
293 (100.0)

In relation to histological type: medullary, tubular, pure mucinous,
and adenoid cystic carcinomas are considered low-grade tumors,
associated with a low frequency or absence of axillary nodal metastasis. Although infrequency of these tumors makes quantitative analysis of their prognostic value difficult, they are classified
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among the tumors with better prognosis. The findings of this study
coincide with those described by other authors regarding expression of these histological subtypes.[29]
Histological grade and nuclear grade are fundamental prognostic
factors that over time have been shown to play an important role.
High-grade tumors are generally associated with worse prognosis
and a lower overall survival rate. It has been observed that 10% of
patients with low-grade tumors relapse after five years, compared
to 30% of patients with high-grade tumors.[30]
ER expression is higher in tumors in older patients.[31,32] Results
of this study also showed higher ER expression in the group of
patients aged ≥50 years.
ER expression in the breast cancer sample analyzed was associated with good prognostic factors, such as low histological and
nuclear grade, smaller tumor size and fewer metastatic axillary
lymph nodes. In general, ER expression was higher in patients in
earlier clinical stages of the disease. Some biological and socioeconomic factors, such as lifestyle, nutritional status and environmental exposure may influence ER expression in breast tumors.
Positive ER expression differs among certain population groups.
This factor was reported in 80.6% of Austrian women,[33] and in
the United States, in 63.9% of white non-Hispanic women and
48.3% of black women.[34] At the same time, 53.4% of Thai women exhibit ER+ tumors, [35] and ER expression ranges between
53% and 61.6% in Chinese women, depending on their pre- and
post-menopausal status.[36] In some countries, including Lebanon (43%),[37] Iraq (34.2%),[38] and Saudi Arabia (33.3%)[39] in
the Middle East, and Nigeria (24%) in Africa,[40] HR expression
is <50%. In this study, ER expression in Cuban women was 53%,
very similar to that reported for Thai and Chinese women.
Approximately 60% of women with ER+ tumors respond to hormone therapy.[41] Determination of the presence of this receptor is fundamental, not only for its prognostic value but also for
its unquestionable predictive value of response over time to sustained cancer-specific therapy. The same has not occurred with
PR, which lost its independent predictive value during the 1990s.
[42,43] Studies conducted by Baum et al, Bardou et al, and Cui

et al in 2002, 2003 and 2005, associated the loss of PR expression with an increase in growth factor signals and aggressiveness
of the tumor.[44–48] The existence of a number of ER− patients
who respond to hormone therapy (approximately 8%),[41] has
renewed interest in studying the response range to this type of
therapy. PR has now regained importance and been redefined as
a predictive marker of ER activity, of growth factors, and also as
a fundamental marker for indicating hormone therapy in breast
cancer patients.[49,50]
PR tissue expression has been reported in 13.9% to 61.3% of
primary and metastatic breast tumors.[35,36,40,51] In this study
we observed 49% PR expression, very close to the upper limit of
its expression range.
It has been well established that the presence of both HR in the
same tumor increases the possibility of response to hormone
treatment up to 80%.[52] HR expression in breast tumor tissue in
white women in the United States has been extensively studied;
63.9% of tumors are ER+/PR+ and 16.4% express at least one of
these receptors, which predicts response to hormone treatment in
80.3% of patients. This study showed co-expression of both HR
in 38% of breast tumors in Cuban women, while 34% express at
least one receptor, indicating that 72% of our patients could benefit from hormone therapy.
In Cuba in 1982, Pascual et al produced the first report on HR
expression in breast tumors using biochemical methods, showing
56% ER and 43% PR expression in a sample of patients at the
National Oncology and Radiobiology Institute in Havana.
In the present study, using IHC techniques and a sample of almost four times as many breast tumors obtained from the principal sites of cancer incidence in the country, ER expression was
53% and PR 49%, very similar to the values previously reported
for both HR.
This study is the second report on hormone receptor expression
in breast tumors conducted in Cuba, and the first report of HR
expression in breast tumors using IHC techniques in a representative sample of women throughout the country.
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