fg)%
S

O

,NS

N4

NIH Public Access

Author Manuscript

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

2 Hepst

Published in final edited form as:
Expert Opin Investig Drugs. 2013 November ; 22(11): 1359-1363. doi:10.1517/13543784.2013.825250.

Beta blockers: A new role in chemotherapy

Archana S Nagaraja, MS1, Nouara C. Sadaouil, Susan K. Lutgendorf, PhD?, Lois M.
Ramondetta, MD1, and Anil K. Sood, MD134

1Department of Gynecologic Oncology and Reproductive Medicine, The University of Texas MD
Anderson Cancer Center, Houston, Texas 77030, USA

?Departments of Psychology, Urology, and Obstetrics and Gynecology, University of lowa, lowa
City, lowa 52242, USA

3Center for RNA Interference and Non-coding RNA, The University of Texas MD Anderson
Cancer Center, Houston, Texas 77030, USA

4Department of Cancer Biology, The University of Texas MD Anderson Cancer Center, Houston,
Texas 77030, USA

Abstract

Beta-blockers are a class of drugs widely used to treat cardiac, respiratory and other ailments.
They act by blocking beta-adrenergic receptor-mediated signalling. Studies in various cancers
have shown that patients taking a beta-blocker have higher survival and lower recurrence and
metastasis rates. This is supported by several preclinical and in vitro studies showing that
adrenergic activation modulates apoptosis, promotes angiogenesis and other cancer hallmarks, and
these effects can be abrogated by beta-blockers. These studies provide a rationale for the use of
beta-blockers as adjuvants with cancer chemotherapy. However, all published studies so far are
retrospective, and most do not take into account the specific beta-blocker used or address which is
most likely to benefit cancer patients. The published epidemiological studies are correlative and
have not examined the adrenergic receptor status of the tumours. Knowledge of the beta-
adrenergic receptor status of tumour cells is essential in choosing the best beta-blocker for
adjuvant therapy. A comprehensive, prospective study is necessary to prove definitively the utility
of using beta-blockers with chemotherapy and to identify the specific betablocker most likely to
benefit patients with cancer.
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1. Introduction

Chronic activation of the sympathetic nervous system is frequently associated with increased
tumour burden and higher risk of recurrence; in fact, it has an impact on all the major
hallmarks of cancer. Several retrospective epidemiological studies have shown that patients
who are on a beta-blocker survive longer with lower rates of recurrence and metastasis in
different cancers. Most studies show a survival benefit regardless of timing: that is, beta-
blocker therapy may be beneficial before, during or after diagnosis and chemotherapy. A
critical look at these studies will enable scientists and clinicians to evaluate the potential for
use of beta-blockers as therapy for cancer.

Beta-adrenergic receptors are G-protein—coupled receptors that are ubiquitously expressed
by normal cells. There are 3 sub-types of beta-adrenergic receptors, designated ADRBL,
ADRB2 and ADRB3, which are encoded by genes located on chromosomes 10, 5 and 8,
respectively. ADRBs are activated by catecholamines (such as noradrenaline and adrenaline)
that are secreted largely in response to sympathetic nervous system stimulation, resulting in
the “fight-or-flight” response. Although acute activation of adrenergic receptors has been
shown to be beneficial to human health, prolonged activation is associated with decreased
immune function, heart failure, arrhythmia and hypertension. Sustained activation can be a
result of altered behavioural states such as those seen in depression, anxiety and chronic
stress.

Beta-blockers primarily function by competitively blocking the activation of adrenergic
receptors by noradrenaline and adrenaline. Beta-blockers are widely used to treat cardiac
ailments such as hypertension and arrhythmia and respiratory disorders such as asthma. The
U.S. Food and Drug Administration (FDA) and European Union’s European Medical
Agency currently approve several betablockers. These differ in their beta-receptor
specificity, their intrinsic sympathomimetic activity, their vasodilatory effects and their
ability to cross the blood-brain barrier. Beta-blockers are divided into 3 categories: first-
generation beta-blockers, such as propranolol, show equal antagonistic activity for both
ADRB1 and ADRB2 receptors and are commonly referred as non-selective beta-blockers.
The second generation of beta-blockers, such as atenolol, has higher affinity for the ADRB1
receptor and inhibits ADRB?2 activity only at higher concentrations. The third generation of
beta-blockers, such as nebivolol, differs from other generations of beta-blockers in their
vasodilatory effects.

2. Adrenergic Signaling in Cancer

The deleterious effects of stress signalling have been supported by several clinical studies
across a number of cancer types. Studies have shown that depression is rather common
among patients with pancreatic, oropharyngeal, gynaecological, breast or lung cancer [1].
Moreover, diagnosis, treatment, surgery and recovery are all stressful situations for patients.
In a study of 68 ovarian cancer patients, intratumoural noradrenaline level was significantly
elevated in patients with low social support, whereas the plasma level of noradrenaline did
not differ significantly from that of patients with a high level of social support [2]. Costanzo
et al. showed that, in a cohort of 61 ovarian cancer patients, those with low social support
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had significantly higher levels of interleukin 6 (IL-6) in both peripheral blood and ascites
than patients with high social support [3]. One of their interesting findings was that patients
with a history of depression had higher levels of IL-6 in ascites. A similar study in breast
cancer showed elevated IL-6 levels in patients with a history of major depression [4].

Conversely, several studies show survival benefits when catecholamine signalling is
abrogated by a betablocker. In a study of 3561 patients with high-risk prostate cancer, of
whom 1115 patients had used a beta-blocker before and after diagnosis, use of a beta-
blocker was significantly associated with a delayed onset of disease, reduced risk of
mortality from prostate cancer, a lower Gleason score and a lower rate of distant metastasis
[5]. Independent survival benefits were also seen in patients who were prescribed an
ADRB1-specific blocker although most pre-clinical studies show ADRB2 is the primary
receptor for adrenergic signalling in cancer cells. The authors also showed that there was an
additive survival benefit when a beta-blocker was combined with aspirin. In a study of
patients with oral squamous carcinoma, expression of ADRB?2 was associated with greater
tumour size, higher rate of lymph node metastasis and advanced clinical stage [6]. A
retrospective study done on patients with epithelial ovarian cancer showed that use of a beta-
blocker increased both progression-free and overall survival when compared to patients who
had never used a beta-blocker (56 months for users and 48 months for non-users for PFS and
57 months for users and 51 months for non-users for OS) [7].

Several clinical studies support the beneficial role of beta-blockers in breast cancer. In a
cohort of 466 breast cancer patients, the 43 patients who were on a non-specific or ADRB1-
targeted beta-blocker for hypertension had significantly prolonged survival and lower rates
of metastasis and recurrence [8]. In another study, Barron et al. grouped breast cancer
patients into those not on a beta-blocker, those on atenolol (beta-1 selective) and those on
propranolol (non-selective beta blocker). When patients were matched by age, significant
survival benefit was seen only among patients who were on propranolol. Past therapy with
propranolol was also associated with lower tumour grade and lower incidence of metastasis
than in patients not on a beta-blocker [9]. Use of a beta-blocker was associated with reduced
risk of death in patients with malignant melanoma [10]. In a recent retrospective study in
non-small cell lung cancer, use of a beta-blocker (ADRBL1 specific or non-selective) during
radiation therapy was associated with significantly better rates of overall survival, distant
metastasis-free survival and progression-free survival [11]. In infantile haemangioma,
propranolol is one of the most promising options for therapy, as it decreases expression of
VEGF, which is vital in progression of this disease [12]. Propranolol is not approved by
FDA for paediatric cancers, but it has been used to treat cardiac ailments in children and is
documented to be well tolerated, with side effects that are seldom life threatening. There are
currently clinical trials underway to assess propranolol, nadolol, timolol and other
betablockers for treatment of haemangioma.

Although the clinical and preclinical data are compelling to support adjuvant use of beta-
blockers in cancer chemotherapy, the findings have not been entirely concordant. Some
studies have not shown a significant benefit of beta-blockers to cancer patients. In a
retrospective study of a cohort of 1413 patients with triple-negative breast cancer, of whom
102 were on a beta-blocker, significant benefits of beta-blockers were seen in progression-
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free survival but not overall survival when adjusted for age, race, tumour stage and other
clinical factors [13]. In a retrospective study using a cohort of 381 patients, with platinum-
sensitive recurrent ovarian cancer from AGO phase 1 and phase 3 trials, a history of ADRB1
selective beta-blocker therapy (n=38) conferred no survival or response benefit [14].

3. Expert Opinion

Currently, beta-blockers are primarily prescribed to patients for cardiac indications. Nearly
all the studies reviewed here show survival benefits for cancer patients who are taking one
of these medications for another independent ailment (Table 1). All of these studies are
retrospective and thus take into account only the historical record of beta-blocker usage by
the patient. Most of the clinical studies have not specifically evaluated the type of beta-
blocker associated with greatest survival benefit to patients. Prospective assessment of beta-
blockers in cancer is needed to a) identify the patients who would benefit most from using a
beta-blocker and b) identify the best beta-blocker for a specific tumour type based on ADRB
expression. Use of a beta-blocker as single-agent therapy may not be sufficient, as
aggressive tumours are driven by genetic instability, gene mutations and amplification of
oncogenes that are likely to affect progression. The ideal use of a beta-blocker would be in
combination with a chemotherapeutic drug, or anti-inflammatory medications (e.g., aspirin)
or radiation, creating a synergism of effects to minimize tumour progression and recurrence.
Moreover, a beta-blocker would be good adjuvant therapy for recovery after surgery, as
adrenergic activation has been shown in preclinical studies to delay wound healing. Pre-
clinical studies have also shown ADRBs are present on important immune cells such as
macrophages; and suppression of macrophage activation by beta-blockers has shown to
decrease metastasis in murine models.

While using a non-selective beta-blocker such as propranolol might be a safe option for
blocking adrenergic activation, having knowledge of the ADRB status of the tumour could
help to tailor therapy to a specific beta-blocker to maximize benefit and decrease side
effects. For example, while atenolol conferred survival benefit in pancreatic cancer, it failed
to show a significant benefit in ovarian cancer. Furthermore, there is a subset of tumour
types for which beta-blocker use could adversely affect outcome (figure 1). A patient is most
likely to benefit from a beta-blocker as chemotherapy adjuvant if the tumour cells express
one or more ADRB receptors. Hence, ADRB expression status could serve as a biomarker
for selecting patients most likely to benefit from a specific beta-blocker. The FDA and
European Union already document the complete biological effects and recommended safe
doses of beta-blockers and hence translation to the clinic as adjuvant for chemotherapy
could be readily achieved.

There are clinical trials currently underway that combine chemotherapy with beta-blockers
to study effects on cardiac function, angiogenesis and targeting of stress modulators in
ovarian, lung, and breast cancers. That beta-blockers are promising candidates for
chemotherapy adjuvants is supported by several studies. However, additional prospective
clinical studies with well-defined controls and adequate sample sizes are required. A
patient’s likelihood of benefit from a beta-blocker needs to be assessed and the specific
agent carefully selected for each patient depending on ADRB status and tumour type.
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Impact of using beta-blockers on survival of patients across cancer types. Cancer-related
mortality, estimated based on data from the FDA Adverse Event Reporting System. Bars
indicate mortality rates for each cancer, bars to left indicate decreased survival on beta-
blockers and bars to right show survival benefits on using beta-blocker (number of patients
are included within parentheses). Mortality reduction over all cancer types is indicated by
the dashed yellow line at 17% [15].
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Table 1

Selected clinical studies of beta-blocker effects in cancer patients

Tumor site Study name Total patients (patients
on beta-blockers)
Prostate Grytli et al. (2013) 3561 (1115)
Lung Wang et al. (2013) 722 (155)
Ovarian Diaz et al. (2012) 248 (23)
Breast Melhem-Bertrandt et al. (2011) 1413 (102)
Breast Barron et al. (2011) 5801 (propranolol:70, atenolol: 525)
Melanoma Lemeshow et al. (2011) 4179 (372)
Breast Powe et al. (2010) 466 (43)
Recurrent Ovarian Cancer Heitz et al. (2013) 381 (38)
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