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Introduction

Breast Cancer (BCa) is one of the most common tumors 
among women (Dimitrakopoulos et al., 2015). There 
were an estimated 494,000 new cases of breast cancer 
diagnosed in Europe and about 1.6 million worldwide 
in 2012 (Lyon and France, 2013). The contribution of 
genetic factors in BCa is estimated to be about 5% of all 
cases but approximately 25% of cases are diagnosed with 
early disease onset prior to the age of 30 years (Alanazi 
and Khan, 2016). BCa incidence has increased in the last 
few years in Mexico (DGIS/SINAIS, 2010; Bandala et 
al., 2012; Anaya-Ruiz et al., 2014). Most importantly, 
BCa could be treated opportunely at early moments in 
the disease, in order to reduce mortality (Dey, 2014). 
BCa is a highly survivable disease with 5-year survival 
rates of approximately 90%, but not in our country (ACS/
BCFF, 2011).

Several reports have demonstrated that risk factors 
for BCa are related with demography, socioeconomic 
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Abstract

 Background: Breast Cancer (BCa) is the most common malignant tumour in Mexican women. In BCa, several 
studies have linked β2-adrenergic receptor activation with increased tumour growth and progression as related 
with Epinephrine-NorEpinephrine (E-NE) stimulation. The aim of this study was to describe Beta-Blocker 
(BB) treatment related with reduction of the risk of metastasis in Mexican patients with BCa. Materials and 
Methods: We collected data of 120 patients seen at the High-Specialty Naval General Hospital in Mexico City 
(HOSGENAES), all of these with a histopathological diagnosis of BCa. Four groups of patients were divided as 
follows: without Systemic Arterial Hypertension (SAH); with SAH treatment with non-selective BB; with SAH 
treatment with selective BB, and with SAH treatment with other antihypertensive drugs. Chi-square, Mantel-
Haenszel, Student t, and ANOVA tests were performed for data analysis. Results: On average, patients were 
54.8±11.8 years of age. Risk factors such as smoking and consuming alcohol exhibited a frequency of 33 and 
36.5% respectively. Clinical stages III- IV were found in 50% of patients, while, 30% of patients had arterial 
hypertension (n=29 and N=96, respectively) and 17.5% used BB. One hundred percent of patients with arterial 
hypertension treated with BB for β1 - and β2 -adrenergic-receptors did not present metastasis globally, but 
patients treated with β1 BB presented 30% of metastasis while patients treated with no BB or without SAH had 
around 70% of metastasis. Conclusions: In Mexican patients with BCa and SAH treated with non-selective (β1-
and β2-adrenergic receptors) BB, a decrease in the risk for metastasis was observed at the time of diagnosis.  
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status, genetics, lifestyle, and reproductive behavior, 
among other factors (Tirona et al., 2010; Justo et al., 
2013). Recent studies showed that β-adrenergic signaling 
exerted an influence on the biological processes involved 
in the development of the carcinoma by influencing tumor 
cells and their microenvironment (Wang et al., 2016). The 
β-adrenergic system comprises catecholamines (Tang 
et al., 2013). β-Adrenergic signaling has been found 
to regulate multiple cellular processes that contribute 
to the initiation and progression of cancer, including 
inflammation, angiogenesis, apoptosis/anoikis, cell 
motility and trafficking, and cellular immune response. 
Epidemiologic studies have linked the use of Beta-
Blockers (BB) to reduced rates of progression for several 
solid tumors. The three subtypes of β-adrenergic receptor 
subtypes, that is, β1-, β2-, and β3-, are present at many 
sites of tumor growth and metastasis (Cole and Sood, 
2012). Stress hormones such as Epinephrine (E) and 
NorEpinephrine (NE) promote the migration and invasion 
of tumor cells in multiple ways throught β2- adrenergic 
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receptor (Barron et al., 2012). This fact was reported in 
ovarian cancer cells, in patients treated with Propranolol 
exhibiting decreased disease aggressiveness (Sood et al., 
2006). Similar biological effects have been reported in 
several other tumor types, including colon and head and 
neck cancers (Yang et al., 2002; Drell et al., 2003). BB 
(Propanolol, Nadolol; β1-/β2–adrenergic receptor- non-
selective) inhibited prometastatic effects by between 50 
and 100% (Barron et al., 2012). Despite the great amount 
of information related with BB and BCa, this is, to our 
knowledge, the first study In Mexican patients with BCa 
related with the indirect study of catecholamines and 
metastasis.

Materials and Methods

Procedures
We included 120 patients with a diagnosis of BCa who 

were seen at the High-Specialty, Naval General Hospital 
(HOSGENAES) in Mexico City. We reviewed the clinical 
and pathological data, taking into account ethical standards 
for consultation. 

Statistical analysis
We calculated medians and Standard Deviation (SD), 

frequencies and percentages, and Odds Ratios (OR), and 
the Kolmogorov-Smirnov, chi-square, Mantel-Haenszel, 
and ANOVA tests were applied. Data analysis was 
performed using the SPSS ver.19 statistical software 
program. A 95% Confidence Interval (95% CI) was 
considered. 

Results 

We studied 120 female Mexican patients diagnosed 
with BCa who were treated at HOSGENAES. The average 
age of these patients was 54.8±11.8 years, with a range 
of 32-91 years. We observed that the majority of patients 
were >50 years of age (67.5%). BCa frequencies by age 
group are depicted in Figure 1. Regarding risk factors 

consumption of tobacco and alcohol were positive at 
frequencies of 33 and 36.5% respectively. In relation to 
the clinical stage at diagnosis, 11% were stage I (I: 8%, 
IA: 3%), 39% were stage II (II: 1%, IIA: 22%, IIB 16%), 
30% were in stage III (III: 1%, IIIA 20%, IIIB: 3%, IIIC: 
6%) and 20% were in stage IV. Regarding frequency 
of histological type, 71.7% (86 cases) was canalicular 
carcinoma, with invasive ductal carcinoma most common 
in 40.8% of cases, followed by infiltrating ductal 
carcinoma in 27.5% of cases; 14.2% was not specified, 
the 6.7% was lobular carcinoma, and others comprised 
2.5% (and included mixed carcinoma, secondary tumor, 
and chondroid type), and adenocarcinoma, and mucinous 
metaplastic carcinoma, with 1.7% respectively. With 
respect to histopathologic marker frequency, 55.5% were 
positive for Progesterone Receptor (PR), the 63.6% were 

Table 1. Metastasis Relationship with Age of BCa 
Diagnoses

P=0.04* Metastasis TotalYes No
Age intervals (years)
   32-41 30% (3) 70%(7) 100% (10)
   42-51 25.6% (10) 74.4% (29) 100% (39)
   52-61 43.2% (16) 56.8% (21) 100% (37)
   62-71 0 100% (15) 100% (15)
   72-81 11.1% (1) 88.9% (8) 100% (9)
   82-91 33.3% (1) 66.7% (2) 100% (3)

Total 27.4% (31) 72.6% (82) 100% (113)

Table 2. Metastasis, Blood Hypertension and Treatment with non Slective (β1 y β2) β-blockers Relation

p=0.05* 62% Statistical Power Metastasis TotalYes No

Blood 
Hypertension

YES Treatment with non selective β-blockers YES 0 5 (26.3%) 5 (17.2%)
NO 100% (10) 14 (73.7%) 24 (82.8%)

Total 100% (10) 100% (19) 100% (29)
NO Total 16 (100%) 51 (100%) 67 (100%)

Figure 1. Prevalence of Age of Diagnosis of BCa (Years)

Figure 2. Metastasis in the Different Study Groups
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positive for Estrogen Receptor (ER), and 26.8% were 
positive for Human Epidermal growth factor Receptor 
2 (HER2); the triple positive result (PR+, ER+, HER2+) 
was found in 13.1%, while the triple negative result (PR-, 
ER-, HER2-) was found in 22.2%.

The finding of metastasis at diagnosis was 27.8% (n= 
115; N= 32). Metastasis was related with age (p<0.05), 
and was observed in 43.2% of patients in the age group 
comprising 52 to 61 years, followed by the age group 
corresponding to 32 to 41 years, with 30% of cases. 
Frequencies are presented in Table 1. In patients aged> 
50 years, tumor metastasis was associated with stages III-
IV (86.7%; p=0.0001); patients classified in these stages, 
were at a 23.56 times greater risk for metastasis (95% 
Confidence Interval 4.3-126.6). This is also associated 
with Progesterone Receptor positive (PR+) (29.4%: 
p=0.01), Estrogen Receptor positive (ER+) (35.3%; p= 
0.001), and triple subtype negative (35.3%; p=0.04; OR 
=3.8; 95% CI, 1.0-14.1). It is not associated with the 
HER2+ marker, the triple positive subtype, smoking, or 
alcoholism, but these frequencies were 47.1, 17.6, 37.5, 
and 38%, respectively. It is noteworthy that in this stratum 
of patients, the finding of metastasis was related with the 
infiltrating ductal carcinoma histological type in 47.1% 
of cases. In patients <50 years of age, the discovery of 
metastasis associated with stages III and IV in 100% 
of cases (p=0.01) was not significantly related with the 
HER2+ marker, PR+, ER+, Triple+, Triple-, smoking, 
and alcoholism (p>0.05), but these frequencies were 20, 
40, 40, 0, 30, 0 and 10%, respectively. Another finding 
was that 50% of patients with metastasis were associated 
with the infiltrating ductal carcinoma histological type. 
On the other hand, 30.2% of patients had hypertension 
(n=29; N=96) and only 17.2% (n=5) was treated with BB 
for β1- and β2-adrenergic receptors, 34% with BB for 
selective β1- receptors, and 48.7% with other treatments. 
To perform the analysis, the records of 24 patients were 
eliminated because these were not complete regarding 
metastasis, SAH, and treatment. One hundred percent 
of patients with SAH treated with BB for β1- and β2-
adrenergic receptor did not develop metastasis, from a 
global point of view, while 30% of patients with SAH 
treated with BB for selective β1-receptors if they presented 
metastasis and 70% of patients with SAH were treated 
with other drugs, while 61.5% of patients without SAH 
were positive for metastasis (p<0.05). (Figure 2). Table 
2 illustrates the frequencies of the relationship between 
patients with and without SAH, treatment with and without 
BB for β1- and β2- adrenergic receptors, and the discovery 

of metastasis. Table 3 demonstrates the relationship of 
patients with metastasis with the groups portrayed: SAH 
+ BBβ1 and β2, + BBβ1 SAH, SAH-Others, and No SAH 
and risk factors for BCa. On average, the patients observed 
here were older, and highest percentage of smoking and 
alcohol consumption was observed in the SAH+ BBβ1 
and BBβ2 groups, while in comparison with the higher 
frequency of stages III and IV was localized in the SAH-
Others group, while increased frequency of HER2+ 
receptors was in the SAH+ BBβ1 group, and increased 
frequency of ER+ was in the group without SAH.

Discussion

Several studies have linked the use of βeta-Blockers 
(BB) with the reduction of metastasis in different types 
of solid tumors (Cole and Sood, 2012). In our results, 
the average age of patients in whom BCa was diagnosed 
(around 50 years) is similar to that of reports of other 
studies performed in Mexico and in Latin American 
countries (Rummel et al., 2012; Keyhani et al., 2013; 
Justo et al., 2013; Villarreal-Garza et al., 2013; Floriano-
Sanchez et al., 2014; Ji et al., 2014; Doval et al., 2015). 
For these patients, the frequency of smoking and alcohol 
consumption were 33 and 36.5%, respectively. Several 
studies indicate that in smoking- stimulated autonomic 
activation of the nervous system with the release of 
catecholamines for nerve terminals (Zhang et al., 2011), 
ductal carcinoma was the most frequent histological 
type and stage II was the most common diagnosis. These 
findings were similar to those of other reports (Rummel 
et al., 2012; Cardenas-Rodriguez et al., 2012; Keyhani et 
al., 2013; Justo et al., 2013; Petric et al., 2014; Ji et al., 
2014). The frequency of ER+ in the current sample of 
patients with BCa was higher than the frequency reported 
in other studies as follows: 12.9% lower vs. Keyhani et 
al. (2013) ; 19.7% vs. Rummel et al. (2012); 4.7% vs. 
Maschio et al. (2014); 3.9% vs. Doval et al. (2015), and 
13.7% vs. Ji et al. (2014). Meanwhile, the frequency of 
PR+ presently detected was higher than that reported 
by several authors (55.5% vs. Gates et al., 2012; 8.5% 
vs. Keyhani et al., 2013; and 16.9% vs. Ji et al., 2014). 
Pervaiz et al. (2015) found an association between ER+ 
and histological grade, while PR+ was associated with 
this factor and tumor size. Floriano-Sanchez et al. (2014) 
found a significant relation of ER+ with alcoholism and 
PR+.  HER2/neu was positive in 26.8% of cases studied 
herein, very similar to that reported by various authors 
(24.7% higher vs. Gates et al., 2012; 21.2% vs. Keyhani 

Table 3. Metastasis Relation to Different Study Groups and Factor Risk in BCa

Hypertension + BB (β1 y β2) Hypertension + BB (β1) Hypertension + Others Non Hypertension
Age (years) 58±1.3 54±4.5 47±6.8 56.38±13.9
Smoking 50% 50% 25% 30.8%
Alcoholism 50% 50% 25% 38.5%
Tumor Stage III-IV 0 33.3% 66.7% 60%
HER2+ 0 66.7% 12.5% 30.8%
PR+ 50% 33.3% 50% 76.9%
ER+ 50% 66.7% 62.5% 84.6%
Triple + 0 33.3 % 12.5% 15.4%
Triple - 50% 33.3% 37.5% 7.7%
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et al., 2013; 20.7% vs. Doval et al., 2015, and 9.1% vs. 
Ji et al., 2014, which was identified by Fluorescence In 
Situ Hybridization [FISH]).  In Mexico, about 10% of 
patients with BCa will have metastatic disease; however, 
depending on the clinical stage at diagnosis, up to 75% 
of patients have systemic recurrence, according to the 
findings in this study. Therefore, it is possible that there 
is a close correlation between clinical stage and the 
risk for metastasis, in which the percentage reported 
in other studies is similar to the results obtained in this 
study, in which stages III-IV are more likely to develop 
metastasis in patients aged >50 years (Cabrero et al., 
2010). Our findings indicate that BB could provide a 
clinical benefit in breast cancer through inhibition of the 
prometastatic effects of beta-Adrenergic Receptor (β-AR) 
signaling on tumor immune responses and the tumor 
microenvironment. BB have previously been shown to 
improve Overall Survival (OS) with their cardioprotective 
effects, and the improvement in cancer suggests a cancer-
specific effect (Melhem-Bertrandt, 2011). Several studies 
in other countries have demonstrated that β2-adrenergic 
receptor inhibition could significantly suppress the 
malignant transformation of different cancer types, and 
this could play a role in the prevention and treatment 
of metastasis (Quoc Luong, 2012; Wang et al., 2016). 
We showed that the non-selective β1-/β2-adrenergic 
receptor BB was related with not finding of metastasis in 
the moment of diagnosis in Mexican patients with BCa;  
these results were similar to those reported by General 
Medical Services Ireland, linked with National Cancer 
Registry of Ireland patient records, where the study 
population consisted of all women age 40 years or older 
with a diagnosis of invasive BCa in stages I-IV, where 
women who took Propranolol (a non-selective BB) were 
less prone to tumor stage IV compared with patients not 
treated with BB. This study concluded that this type of 
drug inhibited prometastatic effects within a range of 50-
100% (Barron et al., 2012). The study of this mechanism is 
important, because the adrenergic signal is related with the 
following different biological-biochemical processes in 
carcinogenesis: metastasis; angiogenesis; immunological 
response, anoikis inhibition; etc. (Lutgendorf and Sood., 
2011). Despite these molecular evidences, clinical studies 
are scarce, mainly in Mexico. 

Our findings are intended to arouse the interest 
of health personnel who have contact with patients 
with cancer, in order to assess the possible coadjuvant 
prescription of these drugs to reduce tumor aggressiveness 
and metastasis, not only in breast cancer, because these 
drugs could be effective in all types of tumors. 
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