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p = 0.009). Although statistically not significant, the effect 
size was greater in patients with low-stage cancer or can-
cer treated primarily with surgery than in patients with 
high-stage cancer or cancer treated primarily without sur-
gery (HR 0.60 vs. 0.78, and 0.60 vs. 0.80, respectively). 
Although only two study codes were analyzed, the studies 
using nonselective beta blockers showed that there was no 
overall effect on OS (HR 0.52, 95 % CI 0.09–3.04).
Conclusion T his meta-analysis provides evidence that 
beta blocker use can be associated with the prolonged sur-
vival of cancer patients, especially patients with early-stage 
cancer treated primarily with surgery.
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Introduction

Previous studies have shown that stress may be linked with 
the onset of cancer and cancer progression. Catecholamines 
are the major transmitters of the stress response (Antoni 
et  al. 2006; Ben-Eliyahu 2003; Justice 1985; McEwen 
1998; Reiche et al. 2004), and interestingly, beta adrener-
gic receptors have been identified on nasopharyngeal (Yang 
et al. 2006), pancreatic (Weddle et al. 2001), breast (Van-
dewalle et al. 1990), and ovarian (Thaker et al. 2006) can-
cer cells. In addition, beta adrenergic stimulation is known 
to lead to increased angiogenesis, tumor invasion (Thaker 
et  al. 2006), resistance to anoikis (Sood et  al. 2010), and 
integrin-mediated cell adhesion (Rangarajan et  al. 2003), 
and these phenotypes are abrogated by a beta adrenergic 
antagonist.

Several retrospective cohort studies have examined the 
impact of beta blockers on long-term cancer outcomes. 
In triple-negative breast cancer patients, the use of beta 
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blockers before surgery was associated with improved 
recurrence-free survival (Melhem-Bertrandt et  al. 2011); 
moreover, in malignant melanoma patients, beta blocker 
treatment significantly predicted a reduced mortality 
(Lemeshow et al. 2011).

Although the benefit of beta blockers is clear in some 
malignancies, the clinical value of the drug in cancers 
overall remains unclear. To our knowledge, there are no 
clinical trials that directly test the impact of beta blockers 
on survival from cancer. Two clinical trials are currently 
investigating the role of beta blockers in cancer recurrence 
and progression in patients with breast (NCT00502684) 
and colorectal (NCT 00888797) cancer undergoing sur-
gery with curative intent. Despite the ongoing trials, we 
do not know which patients are the best candidates for this 
intervention.

The present meta-analysis was performed to assess 
whether adding beta blockers to the treatment regimen of 
patients with various types of cancer had an impact on sur-
vival. In addition, the study will compare how the study 
population, such as patients with early-/late-stage cancer or 
patients treated with/without surgery, influence the effect 
size.

Materials and methods

The review was planned and conducted in accordance with 
the PRISMA guidelines for meta-analysis and the recom-
mendations of the Cochrane Collaboration (Furlan et  al. 
2009). This was a meta-analysis of published summary 
data and therefore did not require ethics approval.

Search strategy

We performed electronic searches in PubMed/MEDLINE 
(1960–2013), Embase (1980–2013), and the Cochrane 
Library. The literature search was constructed using key 
words such as “neoplasm” or “cancer” for disease; “beta 
blocker” for intervention; and “progression,” “recur-
rence,” “survival,” or “mortality” for outcome. The com-
plete search strategy for PubMed was as follows: (“neo-
plasm” OR “tumor” OR “cancer” OR “carcinoma” OR 
“adenocarcinoma”) AND (“beta blocker” OR “atenolol” 
OR “propranolol” OR “metoprolol” OR “arotinolol” OR 
“betaxolol” OR “bevantolol” OR “bisoprolol” OR “carte-
olol” OR “carvedilol” OR “celiprolol”) AND (“progres-
sion” OR “recurrence” OR “metastasis” OR “survival” 
OR “mortality”), and the search strategy was adapted 
for each database as necessary. Reference lists and con-
ference proceedings were also searched to identify addi-
tional potential studies. The last systematic search was 
dated May 14, 2013.

Study selection

A study that met the following conditions was eligible for 
inclusion in the study: (1) participants must have a cancer 
diagnosis; (2) beta blockers must be used in the treatment 
group; (3) studies must be a comparative study; (4) out-
come variable must be the survival time; and (5) it must 
be possible to calculate a hazard ratio (HR) for survival 
with an associated variance between the treatment and con-
trol group. If this was not directly reported in the primary 
report, it must be possible to obtain it by other means.

A study was excluded from this meta-analysis under 
the following conditions: (1) if two or more studies were 
reported by the same institution and/or authors and showed 
an overlap between the results; (2) if multi-center studies 
contained data which were already included in a single-
center study; and (3) if a HR with 95 % confidence interval 
(CI) for survival was not directly reported, or it was impos-
sible to calculate that from the paper.

Coding variables

The following variables were used for coding the 
study: publication year, number of subjects in the con-
trol and intervention groups, mean age, type of cancer, 
metastatic/nonmetastatic cancer dominant, and whether 
surgery was done or not. The name of the first author and 
the year of publication of the article were used for identifi-
cation purposes. When there were subgroups in the article, 
they were coded independently for the subgroup analysis. 
Two reviewers (CHC and TS) independently extracted the 
data from all included studies. A third reviewer (BGK) was 
consulted to resolve disagreements.

Type of effect size

The primary outcome analyzed was overall survival (OS). 
Another point of interest was disease-free survival (DFS). 
For each study, a log hazard ratio (lnHR) with its standard 
error was calculated. In some of the primary reports, these 
parameters were reported directly. In other studies, we had 
to estimate them from other reported data using the meth-
ods provided (Parmar et al. 1998).

Predefined subgroup analysis was conducted to assess 
the role of beta blocker in different cancers, different 
stages, and different primary treatment modalities (surgery 
or not). Most cancer types can be staged using one of the 
following classification systems: the overall stage group-
ings (I–IV) and the TNM staging. In the present study, we 
divided studies into either “early stage dominant” or “late 
stage dominant” with more or <50 % of cases having stage 
I/II or T1/T2, respectively. For the treatment history, sur-
gery was the important variable in the assessment of beta 
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blocker efficacy, and studies were divided into either “sur-
gery done” or “surgery not done.”

Statistical analysis

Because we compared the effect on a wide range of differ-
ent cancers, we decided to use random-effects modeling 
overall. The analyses were done using RevMan version 5.2 
(Cochrane Collaboration, Oxford, UK). The lnHR and its 
variance were pooled using an inverse variance-weighted 
average, and the results were presented as HR and 95  % 
CI. Statistical heterogeneity in the results of the trials was 
assessed by the chi-square test (DerSimonian and Laird 
1986) and was expressed as the I2 index, as described by 
Higgins et al. (Higgins et al. 2003). A funnel plot was pro-
duced to assess the possibility of publication bias. A sen-
sitivity analysis was performed to test the stability of our 
conclusions, and it was prespecified. The treatment effect 
was examined based on the time to publication and sample 
size.

Results

Literature search

The flow chart of the systematic search is summarized in 
Fig.  1. A total of 181 citations were identified from the 
MEDLINE and Embase database. After review by all of 

the authors, a total of 12 papers fulfilled the inclusion cri-
teria and were eligible for this study (Barron et  al. 2011; 
De Giorgi et al. 2011; Diaz et al. 2012; Ganz et al. 2011; 
Grytli et  al.  2013; Grytli et  al. 2014; Heitz et  al. 2013; 
Hole et al. 1993; Lemeshow et al. 2011; Melhem-Bertrandt 
et al. 2011; Powe et al. 2010; Wang et al. 2013). In one of 
the studies excluded, beta blocker was compared with other 
antihypertensive drugs, and so, we judged the groups in this 
study to not qualify as proper treatment and control groups 
(Shah et  al. 2011). Four papers reported results from 10 
independent groups with different types of cancer (Bar-
ron et al. 2011; Grytli et al. 2013; Higgins and Thompson 
2002). This resulted in a total of 18 comparisons based on 
the data obtained from 20,898 subjects.

Reporting of information

A detailed description of all included studies is presented 
in Table 1. Of the 12 trials, four were done on breast can-
cer, two on ovarian cancer, two on melanoma, two on pros-
tate cancer, one on NSCLC, and one on mixed cancers. 
Of the 18 study codes, nine were classified as “low-stage 
dominant,” and seven as “high-stage dominant,” according 
to the definitions. Similarly, ten were classified as “surgery 
done,” and six “surgery not done.” The beta blockers used 
were diverse and mixed in many studies. Of them, beta 1 
selective blocker was used mainly in 11 study codes, and 
only 2 study codes analyzed nonselective beta blocker 
separately.

A funnel plot showed the existence of possible pub-
lication bias as there was a relative lack of studies in the 
lower right portion (Fig.  2). Because of the low num-
ber of studies, this plot was not very informative, but it is 
regarded as good practice to routinely publish such plots in 
meta-analyses.

Survival

The meta-analysis for the total sample of studies shows a 
significant treatment effect. Beta blocker usage was associ-
ated with a significant improvement in OS (HR 0.79; 95 % 
CI 0.67–0.93; p =  0.004) (Fig.  3). The sample was mar-
ginally heterogeneous (χ2 = 41.97, df = 17, p = 0.0007, 
I2 = 59 %).

A subgroup analysis demonstrated that OS was sig-
nificantly improved even when the meta-analysis was 
restricted to low-stage dominant cancer (HR 0.60; 95  % 
CI 0.40–0.90; p = 0.01) or high-stage dominant (HR 0.78; 
95 % CI 0.66–0.91; p = 0.002) (Fig. 4) cancer. Although 
statistically not significant, the effect sizes were greater 
in low-stage dominant subjects. Similarly, beta blocker 
showed a more pronounced positive impact on OS for 
patients treated with surgery (HR 0.60; 95 % CI 0.42–0.86; Fig. 1   Study flow diagram
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p = 0.005) than patients not treated with surgery (HR 0.80; 
95 % CI 0.69–0.93; p = 0.003) (Fig. 5).

Analysis according to cancer type showed significant 
effects in breast cancer (HR 0.58; 95  % CI 0.35–0.99; 
p =  0.04), ovarian cancer (HR 0.66; 95  % CI 0.48–0.92; 
p  =  0.01), and NSCLC (HR 0.78; 95  % CI 0.63–0.97; 
p =  0.03), but not in prostate cancer (HR 0.61; 95  % CI 
0.23–1.60; p  =  0.31) and melanoma (HR 0.76; 95  % CI 
0.43–1.33; p  =  0.34) (Supplemental Fig.  1). Of interest, 
although only 2 study codes were analyzed, the studies 
using nonselective beta blocker were found not to have an 
overall effect on OS (HR 0.52, 95 % CI 0.09–3.04) (Sup-
plemental Fig. 2).

Trials after the year 2000 only and trials with larger 
samples only (more than 300 patients) were examined sep-
arately for the sensitivity analysis, and no significant differ-
ence was found in this subset analysis (Table 2).

Data on DFS could be extracted from seven papers, 
accounting for 4,878 patients. The patients receiving beta 
blocker had a significantly longer DFS than those not 
receiving beta blocker, with a benefit percentage of 31 % 
(95 % CI 9–47 %, p = 0.009) (Fig. 6).

Discussion

To the best of our knowledge, this study is the first attempt 
at quantifying the effects of beta blockers on cancer sur-
vival. A total of twelve papers were investigated, and most 
of these papers had recently been published. When all the 
outcomes from each study were pooled together, there 
was a significant benefit with the addition of beta blocker 
not only for OS but also for DFS. Although there was a 
marginal heterogeneity between the studies included, the 
results of this meta-analysis are important because the 
data were gathered from more than 20,000 various cancer 
patients who were followed up for a sufficient duration 
of time. Another main finding from the present analysis 
is that beta blocker had more dramatic association effects 
in patients who had low-stage cancer and/or who had 
received surgical treatment for their cancer than in patients 
with high stage and/or in whom surgery was not the pri-
mary treatment. This result can be particularly important 
in designing trials investigating the role of beta blocker in 
cancer survival.

The results of this meta-analysis are supported by in 
vitro and in vivo animal studies using a variety of human 
tumor lines. They indicated that activation of tumor beta 
adrenergic receptors can (1) enhance the production of 
several metastasis-promoting factors, including VEGF, 
matrix metalloproteinase 2 (MMP-2), and MMP-9, inter-
leukin 6 (IL-6), and IL-8, and (2) facilitate tumor angio-
genesis, survival, migration, proliferation, and resistance to Ta
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anoikis—effects that are all blocked by beta blockers (Ber-
nabe et al. 2011; Masur et al. 2001; Sood et al. 2006, 2010; 
Thaker et al. 2006; Yang et al. 2006, 2009).

Interestingly, there was a trend for low-stage subjects to 
benefit more dramatically from using a beta blocker than 
high-stage subjects. This suggests that the treatment is 
effective in controlling the initial stages of the metastatic 
process, rather than treating established metastatic foci. 
Some epidemiologic studies have shown that beta blocker 
was associated with reduction in cancer rates (Barron et al. 
2011; Powe et al. 2010), which is evidence for the role of 
beta blocker in blocking cancer initiation and progression. 
In addition, beta adrenergic stimulation is known to lead 

to resistance to anoikis, which is a hallmark of malignant 
transformation that allows detached cells to survive (Sood 
et al. 2010).

Similar to stage of cancer, patients treated with sur-
gery showed a more pronounced impact with beta blocker, 
although this finding was not statistically significant. 
Because early-stage patients tend to undergo surgery, we 
do not know whether a surgical factor or a stage factor was 
associated with the effect size of beta blocker. Surgery has 
been suspected to facilitate the progression of preexisting 
micrometastasis and the initiation of new metastases via 
several mechanisms such as increased shedding of tumor 
cells (Yamaguchi et  al. 2000), increased levels of growth 

Fig. 2   Funnel plot of compari-
son: beta blocker versus control 
group for all studies. Outcome: 
OS for all patients. There may 
be some factors accounting for 
the small amount of asymmetry, 
such as the exclusion of small 
trials with negative results that 
were not published, differences 
in trial quality or true study 
heterogeneity

Fig. 3   Meta-analysis of OS: beta blocker versus control
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Fig. 4   Meta-analysis of OS according to stage

Fig. 5   Meta-analysis of OS according to primary treatment (with or without surgery)
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factors (Abramovitch et  al. 1999), and decreased antian-
giogenic factors (e.g., endostatin) (O’Reilly et  al. 1997). 
And one of the mechanisms is through the increase of cat-
echolamines which are known to act directly on malignant 
cells, activating several processes that are critical for tumor 
metastatic activity, including tumor cell proliferation (Ber-
nabe et al. 2011; Mathew et al. 2011), extracellular matrix 
invasion capacity (Mathew et al. 2011), resistance to apop-
tosis (Kerros et  al. 2010; Roche-Nagle et  al. 2004; Sood 
et al. 2010), and secretion of proangiogenic factors (Thaker 
et  al. 2006; Wei et  al. 2004; Yang et  al. 2009). Lee et  al. 
have shown that, in mice with ovarian cancer, propranolol 
mitigated the effects of surgical stress on tumor growth and 
angiogenesis (Lee et al. 2009). According to the preclinical 
data and the results of this study, the perioperative period 
would theoretically present an opportunity to eradicate can-
cer or successfully arrest its progression.

There are some limitations in this study. First, although 
retrospective cohort studies have many methodologi-
cal shortcomings, they are included in this study because 
there are no randomized controlled trials yet investigating 
this subject. Second, for the evaluation of surgical factors, 
extensive surgeries such as colon, hepatobiliary, or stom-
ach cancer can give more information than breast cancer 
or melanoma, but studies examining those cancers were 
not researched in this analysis. Third, there is a variation 
in effect sizes (heterogeneity), and it may be due to sys-
tematic differences among the studies. The studies used 
various beta blockers with different types of subjects in dif-
ferent settings. Another limitation is the possible existence 

of some unpublished studies, which could lead to potential 
publication bias in this study, with the favoring of pub-
lished positive studies. Lastly, we could not analyze the 
type of beta blocker that produced these effects because 
most studies combined beta blockers in their analyses.

In summary, though there are some limitations in this 
study, beta blocker usage was associated with prolonged 
survival of cancer patients in this meta-analysis, especially 
in patients with early-stage cancer that had been treated 
primarily with surgery. Therefore, beta blocker can be con-
sidered a standard approach for adjuvant therapy in various 
types of cancer. In addition, this approach is also advanta-
geous in that it uses commonly administered medications 
that are relatively safe and inexpensive. Further trials must 
be explored with larger patient cohorts.
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