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Introduction: Increasing evidence suggests that beta-blocker use might be associated with 

reduced mortality in prostate cancer patients. To provide a quantitative assessment of this 

association, we pooled data available to examine the association between beta-blocker use and 

mortality of prostate cancer.

Methods: We identified studies by a literature search of MEDLINE (from 1 January 1966) and 

EMBASE (from 1 January 1974), through 10 September 2014, and by searching the reference 

lists of pertinent articles. Two authors independently screened and reviewed the eligibility of each 

study. The primary outcomes were prostate cancer-specific mortality and all-cause mortality.

Results: A total of four studies including 16,825 patients were included in this meta-analysis. 

Analysis of all studies showed that beta-blocker use was associated with reduced prostate 

cancer-specific mortality (hazard ratio =0.85, 95% confidence interval =0.77–0.94), without 

any heterogeneity between studies (Q=3.59, I 2=16.5%, P=0.309). However, we observed no 

association with all-cause mortality (hazard ratio =0.97, 95% confidence interval =0.90–1.04). 

There was also no evidence of the presence of significant heterogeneity between the four studies 

(Q=2.48, I 2=0.0%, P=0.480).

Conclusion: These findings indicate that beta-blocker use was associated with reduced cancer-

specific mortality among prostate cancer patients taking beta-blockers.
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Introduction
Prostate cancer is one of the most common malignancies of the urinary tract. Based 

on incidence and mortality data from several agencies, the American Cancer Society 

estimates that 233,000 new prostate cancer cases and 29,480 deaths from prostate 

cancer are projected to occur in the United States in 2014.1 Since 1998, the incidence 

rate for prostate cancer has generally increased.2 Moreover, the mortality rate of pros-

tate cancer has also dramatically increased in recent years.3 Prostate cancer affects 

elderly men more often and therefore is a bigger health concern in developed coun-

tries. Approximately 15% of male cancers is prostate cancer in developed countries, 

compared with 4% of male cancers in developing countries.4

Beta-adrenergic signaling has been found to regulate multiple cellular processes 

that contribute to the initiation and progression of cancer.5 In animal studies, it has 

been demonstrated that beta-blockers could inhibit the development of metastases 

from breast cancer,6,7 and prevent stress-induced tumor growth and angiogenesis in 

ovarian carcinoma models.8 Palm et al also found that the beta-blocker propranolol 

inhibited the development of lumbar lymph node metastases in athymic BALB/c nude 

mice injected with human prostate cancer cells.9

The potential of beta-blockers to inhibit cancer progression has received increas-

ing interest. Beta-blockers were also found to increase the anti-angiogenic effects 
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and anti-tumor efficacy of certain chemotherapy drugs both 

in vitro and in vivo, in several mouse models of human 

cancer.10–12 Preclinical pharmacologic and biomarker 

studies are now laying the groundwork for translation of 

beta-blockade as a novel adjuvant to existing therapeutic 

strategies in clinical oncology. Epidemiological studies 

have also shown that beta-blockers might be associated 

with longer survival and reduced mortality in patients with 

non-small-cell lung cancer, colorectal cancer, melanoma, 

and prostate cancer.13–16

Despite these promising studies, data on the effect of 

beta-blocker usage on prostate cancer-specific mortality and 

all-cause mortality are limited and inconsistent.17–20 Cardwell 

et al found that beta-blocker usage after diagnosis was not 

associated with cancer-specific or all-cause mortality in 

prostate cancer patients in a large UK study.19 Grytli et al 

reported that beta-blocker use was associated with reduced 

prostate cancer-specific mortality in patients with high-risk or 

metastatic disease at the time of diagnosis.20 Accordingly, we 

performed a meta-analysis to pool studies currently available 

to examine the effect of beta-blocker use on cancer mortality 

among patients with prostate cancer.

Patients and methods
This systematic review and meta-analysis was performed 

according to the recently published recommendations and 

checklist of the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses statement and the Preferred 

Reporting Items for Meta-Analysis of Observational Studies 

in Epidemiology (MOOSE) guidelines.21

Data sources and searches
A computerized literature search was conducted using 

MEDLINE (from 1 January 1966) and EMBASE (from  

1 January 1974) through 10 June 2014 by two independent 

investigators. The search strategy used medical subject 

heading (MeSH) terms and keywords: beta-blocker; pros-

tate; neoplasm(s) or cancer; mortality; survival; mortality; 

atenolol; metoprolol; propranolol; betaxolol; bevantolol; 

carteolol; bisoprolol; carvedilol; celiprolol; arotinolol; and 

epidemiologic studies. We also manually reviewed the refer-

ence lists to identify additional relevant studies. No language 

restrictions were imposed.

Study selection
We included those studies that met all of the following cri-

teria: 1) participants were diagnosed with prostate cancer; 

2) the exposure of interest was beta-blocker; 3) outcome 

variable must be the survival time; 4) studies must be 

comparative. Articles or reports from non-peer-reviewed 

sources were not included in this meta-analysis.

A study was excluded from this meta-analysis under the 

following conditions: 1) if multi-center studies contained data 

which were already included in a single center study; and 

2) if a hazard ratio (HR) with 95% confidence interval (CI) 

for survival was not directly reported, or it was impossible 

to calculate that from the paper. One study was excluded 

because it presented results on survival by cancer site for 

patients receiving any regular beta-adrenoceptor blocker 

therapy compared with patients receiving other blood 

pressure-lowering medication.17

Data extraction
Data were extracted independently by two authors and 

crosschecked to reach a consensus. When discrepancies 

were found, a third investigator would make the definitive 

decision for study eligibility and data extraction. The fol-

lowing variables were recorded: the first author’s last name, 

publication year, geographic region of original study, sample 

size, participant characteristics, length of follow-up, variables 

adjusted in the analysis, and the HRs with corresponding 

95% CIs. In order to study the difference in survival of 

prostate cancer patients receiving beta-blocker or not, we 

pooled the HRs of prostate cancer-specific mortality and 

all-cause mortality. From each study, we extracted the HR 

estimate that was adjusted for the greatest number of potential 

confounders.

Statistical analysis
Our primary analyses were focused on a comparison of the 

HR of mortality of prostate cancer patients. In cases in which 

multiple statistical tests were used to assess an association, 

results of the most rigorous test were reported (eg, a mul-

tivariable analysis was preferred over a univariable analy-

sis). All statistical analyses were performed using STATA 

version 11.0 (StataCorp LP, College Station, TX, USA).  

A two-tailed P-value of less than 0.05 was considered to be 

statistically significant. The variance of the log HR from each 

study was calculated by converting the 95% CI to its natural 

logarithm by taking the width of the CI and dividing by 3.92. 

Summary HR estimates with corresponding 95% CIs were 

derived using the method of DerSimonian and Laird22 with 

the assumptions of a random-effects model, which considers 

both within-study and between-study variations. In assessing 

heterogeneity among studies, we used the Cochran Q and I 2 

statistics.23 These were used to test whether the differences 
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obtained between studies were due to chance. For the  

Q statistic, a P-value of less than 0.10 was used as an indica-

tion of the presence of heterogeneity; for I 2, a value .50% 

was considered a measure of severe heterogeneity.

Results
All published studies analyzing the effect of beta-blockers 

on mortality of prostate cancer patients were included if they 

met the inclusion criteria. The details of the literature search 

are presented in a flow diagram (Figure 1). A total of 41 

citations were identified from the MEDLINE and EMBASE 

database. We excluded 36 citations after screening based on 

titles or abstracts. After this, five remaining citations were 

full-text reviewed. In one of the studies, beta-blocker use 

was compared with other antihypertensive medication, and 

thus, we had to exclude this study due to improper treatment 

and control groups.17

Finally, four citations including 16,825 patients met the 

inclusion criteria and were included in our meta-analysis.18–20,24  

The characteristics of the included studies are shown in 

Table 1. One study investigated the association of beta-

blocker use with survival in prostate cancer patients on 

androgen deprivation therapy.18 One study assessed the 

association between beta-blockers and prostate cancer-

specific mortality in prostate cancer patients with high-risk 

or metastatic disease.20 The third study investigated the 

effect of beta-blockers on prostate cancer-specific mortality 

in a large UK study.19 The fourth study determined whether 

post-diagnostic use of beta-blockers was associated with 

prostate cancer mortality and all-cause mortality.24 Two 

original studies included prostate cancer patients only,20,24 

and the other two studies also had cancer-free men.18,19 Three 

studies19,20,24 analyzed beta-blocker usage after prostate cancer 

diagnosis, and the other one18 analyzed beta-blocker usage 

Figure 1 Flow chart on the article selection process.

Table 1 The characteristics of included studies for meta-analysis

Study Year Country No of patients Mean age,  
years

Beta blocker use Follow-up,  
months

End point

Yes No

Grytli et al18 2013 Norway 655 72.1 80 575 122 CSM, ACM
Grytli et al20 2014 Norway 3,561 76.3 1,115 2,446 39 CSM, ACM
Cardwell et al19 2014 UK 6,339 / 1,225 3,490 72 CSM, ACM
Assayag et al24 2014 UK 6,270 72.3 673 1,088 45.6 CSM, ACM

Abbreviations: CSM, cancer-specific mortality; ACM, all-cause mortality.
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Figure 2 Forest plot of prostate cancer-specific mortality associated with beta-blockers.
Note: 0.24 to 4.17 reflects the maximal range of Hazard ratio.

Figure 3 Forest plot of prostate cancer all-cause mortality associated with beta-blockers.
Note: 0.56 to 1.78 reflects the maximal range of Hazard ratio.

both before and after prostate cancer diagnosis. Our results 

showed that beta-blocker use was associated with reduced 

prostate cancer-specific mortality (HR 0.85; 95% CI, 0.77–

0.94), without any heterogeneity between studies (Q=3.59, 

I 2=16.5%, P=0.309) (Figure 2). However, we observed no 

association with all-cause mortality (HR 0.97; 95% CI, 

0.90–1.04). There was also no evidence of the presence of 

significant heterogeneity between the four studies (Q=2.48, 

P=0.480; I 2=0.0%) (Figure 3).

Discussion
Previous in vitro data suggest that beta-blockers exert an 

antitumor effect on cancer cell lines, and stimulation of the 

sympathetic nervous system induces metastases in xenograft 

models of breast, ovarian, and prostate cancer.6–9,25 The main 

mediator of these effects is thought to be ADRB2.7,8 The 

signaling pathways of the ADRBs have also been suggested 

to be involved in the immune system’s response to cancer, 

in addition to having effects on angiogenesis and cancer cell 
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migration. Thus, Benish et al stated that treatment combining 

perioperative beta-blockade might be practical in operated 

cancer patients, and their study suggested potential immu-

nological and clinical benefits.26

Kim-Fuchs et al demonstrated that pharmacological acti-

vation of beta-adrenergic signaling induced similar effects to 

chronic stress, and pharmacological beta-blockade reversed 

the effects of chronic stress on pancreatic cancer progression.27 

Hassan et al also reported that stress promoted prostate car-

cinogenesis in mice in an adrenaline-dependent manner. Of 

note, the effects of stress could be prevented by treatment with 

a selective ADRB2 antagonist.28 Perron et al demonstrated 

that beta-blockers were associated with a reduction in prostate 

cancer risk,29 whereas Kemppainen et al reported increased 

prostate cancer risk among men using beta-blockers.30 Note-

worthy, the association between beta-blocker use and survival 

of prostate cancer patients remains unclear.

Shah et al observed that patients receiving beta-blocker 

therapy experienced slightly poorer survival, and the over-

all higher mortality in patients receiving beta-blockers was 

explained by patients with pancreatic and prostate cancer.17 

Considering that beta-blocker was compared with other 

antihypertensive medication, further study is needed to 

clarify this association. Since the study was published, a 

variety of relevant studies on this association have yielded 

inconsistent results. Grytli et al demonstrated a possible 

benefit of beta-blocker use for prostate cancer patients treated 

with androgen deprivation therapy.18 However, beta-blocker 

usage after diagnosis was not associated with cancer-specific 

or all-cause mortality in prostate cancer patients in a large 

UK study.19

Currently, we analyzed this relationship further by con-

ducting a meta-analysis of four studies including 16,825 

prostate cancer patients. We reported reduced cancer-specific 

mortality for beta-blocker users in prostate cancer patients. 

However, we found no evidence of a reduction in all-cause 

mortality in beta-blocker users in our analysis. Pasquier 

et al observed that propranolol could potentiate the anti-

angiogenic effects and antitumor efficacy of chemotherapy 

in breast cancer.12 They also found that beta-blockers could 

increase treatment efficacy against neuroblastoma, and their 

combination with chemotherapy might prove beneficial for the 

treatment of this disease and other drug-refractory cancers.10 

Taxanes are often used in the treatment of prostate cancer, and 

their synergistic interactions with beta-blockers could result in 

improved outcome for prostate cancer patients.31,32 Thus, the 

interaction with chemotherapy may be critical in the observed 

survival benefits of prostate cancer patients.

Considering the increasing incidence of prostate cancer, 

our results have important clinical and public health signifi-

cance. Our literature search was extensive; we tested for and 

found no evidence of publication bias. The strength of the 

study is that, on an international scale, there are far more 

individuals with prostate cancer in our study.

Our study also has several potential limitations of the 

available data. Thus, caution is needed when interpret-

ing these results. First, different study designs may have 

particular methodological issues and constraints. Case-

control studies are susceptible to recall and selection 

biases which could inflate the HRs. Cohort studies are 

prone to be influenced by detection bias because prostate 

patients receiving beta-blockers are under increased medi-

cal surveillance.

Second, we could not analyze the type of beta-blocker 

that produced these effects because most studies combined 

beta-blockers in their analyses. Third, we could not compare 

how the study population, such as patients with early-/late-

stage cancer or patients treated with/without surgery, influ-

ence the effect size. Finally, inherent in any meta-analysis 

of published data is the possibility of publication bias, that 

is small studies with null results tend not to be published. 

However, the results obtained from funnel plot analysis 

and formal statistical tests (data not shown) did not provide 

evidence for such bias.

Conclusion
In summary, though there are some limitations in this study, 

we observed reduced cancer-specific mortality among 

prostate cancer patients taking beta-blockers. However, we 

did not observe any effect of beta-blocker use on all-cause 

mortality in this meta-analysis. Taken together with studies 

in other cancer types and in preclinical models, our findings 

indicate a beneficial effect of beta-blockers on survival in 

patients with prostate cancer. Therefore, beta-blockers may 

be considered a promising therapeutic approach for adjuvant 

therapy in prostate cancer. Further clinical trials must be 

explored in larger patient cohorts.
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