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Abstract

Lung cancer results in more patient deaths each year than any other cancer type. Additional 

treatment strategies are needed to improve clinical responses to approved treatment modalities and 

prevent the emergence of resistant disease. Catecholamines including norepinephrine and 

epinephrine are elevated as a result of chronic stress and mediate their physiological effects 

through activation of adrenergic receptors on target tissues. Lung cancer cells express β-adrenergic 

receptors (β-ARs), and numerous preclinical studies indicate that β2-AR signaling on lung cancer 

cells facilities cellular programs including proliferation, motility, apoptosis resistance, epithelial-

to-mesenchymal transition, metastasis, and the acquisition of an angiogenic and 

immunosuppressive phenotype. Here, we review the preclinical and clinical evidence supporting a 

potential role for beta-blockers in improving the clinical outcome of lung cancer patients.
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Catecholamines including norepinephrine and epinephrine act of β-ARs expressed on NSCLC 

tumor cells and activate pathways regulating tumor progression.
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Non-small cell lung cancer

Lung cancer is the leading cause of cancer death worldwide, resulting in an estimated 1.7 

million deaths per year. In the United States alone, there are estimated to be 230,000 new 

cases of lung cancer and over 140,000 deaths annually (Siegel, Miller, and Jemal 2019). 

Lung cancer can be largely divided to two categories, small-cell lung cancer (about 15% of 

the cases) and non-small cell lung cancer (about 85% of the cases). Non-small cell lung 

cancer (NSCLC) is further classified into histological subtypes including adenocarcinoma, 

squamous cell carcinoma, large-cell carcinoma and carcinoma not otherwise specified 

(NOS). In addition to pathological classification, molecule classification for 

adenocarcinomas of the lung defines subgroups of lung cancer with distinct patient 

characteristics, disease course and response to targeted therapy. The high mortality rate 

associated with lung cancer is related to the fact that the majority of the NSCLC patients are 

diagnosed at metastatic stage. Once metastasis has occurred, NSCLC patients are generally 

not considered curable. Cytotoxic chemotherapy, immune therapy and targeted therapy 

treatment strategies have efficacy in NSCLC patients. However, tumors frequently develop 
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therapeutic resistance and patients eventually succumb to their disease. The identification of 

additional treatment strategies is desperately needed to inhibit the development of resistant 

disease and to improve the clinical outcome for lung cancer patients.

The potential impact of chronic stress on NSLC

Chronic stress results in increased production of catecholamines including norepinephrine 

and epinephrine from the adrenal medulla and sympathetic neurons that innervate organs 

and tissue (Figure 1). Increased levels of stress hormones has been long believed to 

adversely impact general health (Kemp and Hatmaker 1989) and is an established risk factor 

for heart disease and infection (McEwen 2002; Sapolsky 1993; Weiner 1992; Robinson and 

Cinciripini 2006). Cancer patients experience elevated stress levels as part of their cancer 

diagnosis and treatment. While numerous studies have provided evidence that 

environmental, genetic, lifestyle and socioeconomic factors impact tumor progression and 

clinical outcome, the role of psychological distress on malignant disease is not completely 

understood. Studies have suggested that chronic psychological stress and psychosocial 

factors correlate with an increased risk of cancer (Penninx et al. 1998). A prospective study 

of elderly individuals found that individuals with chronic depression had a significantly 

increased incidence of cancer (Penninx et al. 1998). In a 2009 study by Hamer, et al. 

psychological distress including ongoing depression and anxiety were associated with 

increased cancer mortality with the greatest effect seen in lung cancer patients (Hamer, 

Chida, and Molloy 2009). However, the association between chronic stress and cancer 

development and progression remains controversial, as some studies have failed to observe 

links between stress and cancer risk (Duijts, Zeegers, and Borne 2003; Bleiker et al. 2008). 

The notion that chronic stress hormones promote tumor progression is supported by 

numerous pre-clinical studies. As outlined in further detail below, in animal models of 

carcinogen-induced lung cancer, chronic stress potentiated the effect of carcinogens on lung 

tumor development, and in genetically engineered mouse models of KRAS mutant NSCLC, 

chronic stress increased tumor burden (Jang et al. 2016). Likewise, in multiple xenograft and 

syngeneic tumor models of lung cancer, chronic stress has been shown to increase tumor 

growth rate (Wu et al. 2015; Nilsson et al. 2017).

β-adrenergic receptor signaling in physiology and disease

The biological effects of stress hormones are mediated by adrenergic receptors. Adrenergic 

receptors are G protein-coupled receptors (GPCRs) that are divided into α and β subtypes 

based on structure and the signaling pathways they activate. The β-adrenergic receptor (β-

AR) pathway regulates the sympathetic nervous system-driven fight-or-flight stress 

responses (Weiner 1992; Sapolsky 1993). β-ARs include 3 subtypes, β1, β2, and β3, which 

are expressed on numerous tissues including brain, lung, liver, breast, ovary, and lymphoid 

tissue. Binding of epinephrine or norepinephrine to β-ARs results in activation of Gαs 

guanine nucleotide-binding protein, which stimulates adenylyl cyclase synthesis of cyclic 

AMP (cAMP). The subsequent rise in cAMP activates protein kinase A (PKA). In addition, 

following β-AR activation adenylyl cyclase can activate the guanine nucleotide exchange 

protein EPAC (de Rooij et al. 1998), which triggers activation of additional signal 

transduction pathways including the MAPK/ERK pathway (Figure 2). Collectively, these 
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pathways regulate cell survival, motility, and proliferation and can result in activation of 

transcription factors including NF-kB and the cAMP-responsive element binding protein 

(CREB) family. These transcriptional regulators modulate the expression of numerous genes 

including interleukin-6 (IL-6), vascular endothelial growth factor (VEGF), interleukin-8 

(IL-8), and matrix metalloproteinases, which promote angiogenesis, cellular invasion, and 

inflammation (Montminy 1997; Thaker et al. 2006; Nilsson et al. 2007; Cole and Sood 

2012).

In addition to regulating physiological processes, β-ARs are thought to contribute to 

malignant disease as β1, β2, and β3-ARs are present at sites of tumor growth and metastasis 

including the brain, lung, liver, breast, and vasculature (Daly and McGrath 2011). Moreover, 

β-ARs are detected directly on cancer cells. We and others have observed that β-ARs are 

indeed expressed on NSCLC cell lines in vitro as well in clinical specimens of NSCLC 

(Nilsson et al. 2017; Kondratenko et al. 1993). These studies indicate that tumors may usurp 

the physiological signaling pathways of adrenergic receptors to facilitate tumor progression 

and metastasis. β-ARs have a recognized role in cardiovascular function, and beta-blockers 

are widely used for the treatment of cardiovascular disease. Given that beta-blockers are 

generally well-tolerated and that β-ARs activate multiple cellular programs involved in 

tumor progression, these agents in combination with other treatment modalities could be an 

inexpensive approach to potentially improve clinical outcomes.

β-AR expression as a prognostic marker in NSCLC

β-ARs are detected directly on tumor cells in numerous malignancies including cancers of 

the breast, prostate, and skin and are associated with tumor recurrence, metastasis and poor 

clinical outcome (Chen et al. 2012; Ramberg et al. 2008; Shang, Liu, and Liang 2009; Shi et 

al. 2011; Yang et al. 2009). In a bioinformatics analysis of lung adenocarcinoma datasets, 

ADRB2, the gene that encodes β2-AR, was found to be overexpressed in lung cancers (Wu 

et al. 2012). A study by Yazawa et al. investigated the prognostic significance of β-AR 

expression in lung cancer and evaluated β2-AR expression on 328 primary NSCLC tumors. 

Membranous and cytoplasmic β2-AR expression was detected on 27% of all tumors 

analyzed, with 29% of adenocarcinomas and 24% of non-adenocarcinomas showing positive 

expression of β2-AR (Yazawa et al. 2016). β2-AR expression was significantly correlated 

with tumor vascularization, lymphatic permeation, and cell proliferation as determined by 

Ki-67 positivity. Moreover, β2-AR expression was associated with metastasis and a 

significantly worse overall survival, and in a multivariate analysis, β2-AR expression was an 

independent prognostic marker for worse progression free survival (PFS) in lung 

adenocarcinoma patients with stage I disease. However, the relationship between β2-AR 

expression and progression and metastasis was not observed in non-adenocarcinoma patients 

in this study.

A separate study similarly evaluated β2-AR expression in pulmonary pleomorphic 

carcicinoma (PPC) (Kaira et al. 2019), a rare and aggressive form of lung cancer. Here, the 

investigators detected positive β2-AR expression on 63% of tumors and observed a 

statistically significant correlation between β2-AR expression and tumor cell proliferation. 

High levels of β2-AR expression was further associated with lymph node metastasis in 
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patients with early stage disease, and β2-AR was a significant independent predictive marker 

of worse prognosis for patients with PPC (Kaira et al. 2019).

Interactions between the effects of tobacco carcinogens and chronic stress 

in NCLC

Smoking is the leading cause of lung cancer and primarily exerts its deleterious effects 

through induction of DNA damage. However, tobacco carcinogens can also directly impact 

adrenergic receptor signaling, as nicotine and nicotine derivatives have a high affinity for β-

ARs. In an acidic environment, nicotine forms 4-(methylnitrosamino)-1-(3-pyridyl)-1-

butanone (NNK). NNK is structurally similar to the catecholamines, norephinephrine and 

epinephrine, and has been shown to act as an agonist for β-ARs with an affinity 600 fold 

higher than norephinephrine and 2,200 fold higher than epinephrine (Schuller et al. 1999). 

Moreover, smoking likely has indirect effects on β-AR signaling as well. Studies using small 

airway epithelial cells have shown that stimulation with nicotine or NNK induces the 

synthesis and release of norephinephrine and epinephrine, and this in turn can drive tumor 

cell proliferation and migration, which was inhibited with the addition of the beta-blocker 

propranolol (Al-Wadei et al. 2010). Similar findings were reported using other cell types 

including pancreatic cancer (Al-Wadei, Al-Wadei, and Schuller 2012b), colon cancer (Wong 

et al. 2007), and gastric cancer cell lines (Shin et al. 2007).

Pre-clinical evidence supports a role for β-AR signaling in NSCLC 

progression

Numerous pre-clinical studies have demonstrated a role for β-AR signaling in driving lung 

cancer progression. β-ARs are detected on NSCLC cell lines and clinical specimens 

(Nilsson et al. 2017; Kondratenko et al. 1993). In a study investigating lung 

adenocarcinomas induced by NNK, researchers observed expression of β2-ARs but not β1-

ARs on tumor cells (Schuller and Cekanova 2005). As detailed below, studies indicate that 

activation of β-ARs contributes to cancer development, tumor cell proliferation, the 

acquisition of an invasive phenotype and enhanced tumor growth and therapeutic resistance.

Treatment of normal bronchial epithelial cells with norepinephrine resulted in increased 

activation of receptor tyrosine kinases including IGF-1R and its downstream signaling 

cascade and resulted in cellular transformation as indicated by anchorage-independent 

colony formation (Jang et al. 2016), and this effect was blocked by the addition of the beta-

blockers propranolol or atenolol. In addition to activating mitogenic signal transduction 

pathways, β-ARs may promote tumor development by inducing DNA damage. This is 

described in an elegant study by Hara et al. where β2-ARs acting through PKA and β-

arrestin triggered DNA damage and suppressed expression of the tumor suppressor p53 

(Hara et al. 2011). Other investigators have shown that in vitro stimulation of lung cancer 

cells with epinephrine enhanced cellular proliferation (Park et al. 1995). Lung tumor cell 

proliferation was enhance by the β-AR agonist, isoproterenol. The pan-beta-blocker, 

propranolol, or inhibition of adenylyl cyclase or cAMP accumulation blocked the pro-
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mitotic effects of epinephrine or isoproterenol, whereas the α-adrenergic receptor inhibitor, 

tolazoline, did not (Park et al. 1995).

Additional studies indicate that stress hormones can also induce an epithelial-to-

mesenchymal transition (EMT) in NSCLC tumor cells. EMT is a process in which epithelial 

tumor cells shift to a mesenchymal phenotype characterized by loss of E-cadherin and 

increased expression of N-cadherin and vimentin. EMT is an important step in tumor 

invasiveness and metastasis (Thiery et al. 2009). Treatment of NSCLC cell lines HT-29 and 

A549 with norepinephrine resulted in morphologic and proteomic changes consistent with 

having undergone EMT (Zhang et al. 2016). Norepinephrine stimulation increased in vitro 

cellular migration, indicating a more invasive phenotype, and this effect was diminished by 

the addition of propanolol (Zhang et al. 2016). Moreover, norepinephrine treatment 

increased tumor cell expression of transforming growth factor-β(TGF-β), a key driver of 

EMT, and this too was inhibited by beta blockade. In our own studies using murine NSCLC 

cell lines, treatment of 393P cells with norepinephrine significantly increased tumor cell 

migration in a wound healing assay, and the effect of norepinephrine stimulation was 

blocked by propranolol (data not shown). Consistent with these findings, norepinephrine has 

been shown to promote an EMT in models of ovarian cancer, prostate cancer, and gastric 

adenocarcinoma (Choi et al. 2015; Barbieri et al. 2015; Shan et al. 2014).

Another pre-clinical study evaluated the interaction between adrenergic signaling and lung 

cancer stem cell properties (Banerjee, Papu John, and Schuller 2015). Although cancer stem 

cells are only a fraction of the cells within tumors and cell lines, these cells have the ability 

to self-renew and differentiate. Moreover, cancer stem cells play an important role in tumor 

progression and therapeutic resistance (Eramo et al. 2008; Hassan et al. 2013; Shao et al. 

2014; Zhang et al. 2012; Singh and Chellappan 2014). In vitro, epinephrine treatment 

significantly increased the fraction of cancer stem cells from NSCLC cell lines. In mice, 

stress reduction was associated with diminished expression of cancer stem cell markers and 

decreased tumor growth (Banerjee, Papu John, and Schuller 2015).

Stress hormones have also been shown to impact the in vivo growth of lung cancer. In 

carcinogen-induced models and KRAS mutant genetically engineered mouse models of lung 

cancer, chronic stress enhanced tumor development and increased tumor burden (Jang et al. 

2016). Similar findings demonstrating that chronic stress accelerates the growth of lung 

tumor models have been generated using the lewis lung cancer (LLC) syngeneic tumor 

model and EGFR mutant NSCLC xenografts (Nilsson et al. 2017; Wu et al. 2015). In a study 

by Al-Wadei et al., NSCLC tumor-bearing animals were exposed to control conditions or 

social stress, which was induced by changing the cage-mates of the animals twice per week 

(Al-Wadei et al. 2012). Stress-exposed mice had significantly higher serum levels of 

epinephrine, norepinephrine, and cortisol. Catecholamine levels were elevated within the 

tumors of stress animals as well. Consistent with this, stressed animals exhibited higher 

intracellular cAMP levels and increased phosphorylation of MAPK/ERK and CREB 

indicating that the increased catecholamines observed in stressed animals were inducing 

adrenergic receptor signaling in tumor cells. Using the H322 NSCLC xenograft model, the 

investigators demonstrated that social stress significantly accelerated tumor growth. 
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Treatment of mice with γ-aminobutyric acid (GABA), a neurotransmitter that can block this 

pathway, inhibited the effect of chronic stress on tumors (Al-Wadei et al. 2012).

β-AR signaling likely accelerates tumor growth through both direct tumor cell effects (i.e. as 

a tumor cell mitogen) and indirect effects on stromal cells including microvascular 

endothelial cells within the tumor microenvironment. Catecholamines have been shown to 

upregulate tumor cell expression of angiogenic factors (Lutgendorf et al. 2003; Yang et al. 

2006; Yang et al. 2008). In ovarian cancer models, chronic stress significantly increased 

expression of angiogenic factors including VEGF and enhanced tumor vascularization 

through β2-AR signaling, and this effect was blocked with the addition of the beta-blocker, 

propranolol (Thaker et al. 2006). In prostate cancer xenograft models, β-AR signaling 

similarly enhanced tumor angiogenesis (Hulsurkar et al. 2017). In animal models of lung 

cancer, chronic stress increased tumor cell expression of angiogenic factors including VEGF, 

MMP-2, and MMP-9 and enhanced intratumoral vascular density (Wu et al. 2015). Detailed 

mechanistic studies of endothelial cells have revealed that stimulation of β2-ARs on 

endothelial cells increases VEGF-induced sprouting and enhanced VEGFR-2 expression, 

priming the endothelium for angiogenesis (Garg et al. 2017). Additional reports indicate that 

catecholamines can act on adrenergic receptors on tumor-associated immune cells such as 

macrophages triggering VEGF production and tumor angiogenesis. β-AR blockade with 

propranolol inhibited the catecholamine-induced signaling between macrophages and 

endothelial cells (Xia et al. 2019).

In addition to the paracrine effects of catecholamines on lung cancer cells, some studies have 

indicated that lung tumor cells have the capacity to produce neurotransmitters for autocrine 

signaling. A subset of NSCLC tumors and cell lines were found to be positive for expression 

of dopa-decarboxylase, the enzyme which mediates the conversion of L-Dopa to dopamine 

which subsequently is used to generate norepinephrine (Gazdar et al. 1988). Moreover, 

treatment of NSCLC cell lines with nicotine has been shown to induce tumor cell production 

of norephinephrine (Al-Wadei, Al-Wadei, and Schuller 2012a).

β-AR signaling as a driver of therapeutic resistance in NSCLC

Concurrent chemoradiation is a standard treatment for NSCLC patients with locally 

advanced disease. Preclinical studies addressing whether adrenergic activators impact 

resistance to chemotherapy or radiotherapy have been conducted. Using NSCLC cell lines, 

the addition of the beta-blocker propranolol was found to potentiate the effects of radiation 

and cisplatin in an in vitro clonogenic assay (Chaudhary et al. 2019). Tumor cells treated 

with propranolol in combination with radiation had elevated levels of phosphorylated 

γH2AX, a marker of double-stranded DNA breaks, compared to cells treated with radiation 

alone, suggesting that β-AR blockade may impair DNA double-stranded break repair 

(Chaudhary et al. 2019). Two retrospective analyses of NSCLC patients support these pre-

clinical findings and provide a clinical association between beta-blocker use and improved 

clinical outcome (Chaudhary et al. 2019; Wang et al. 2013).

In addition to potentially promoting chemotherapeutic resistance, β-AR signaling can also 

drive resistance to targeted agents. About 15% of Caucasian patients and up to 50% of Asian 
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patients with lung adenocarcinoma harbor mutations in the epidermal growth factor receptor 

(EGFR) gene. EGFR-mutant NSCLC represents a molecularly-defined subset of lung 

cancer. Because the tumor cells are dependent on the EGFR pathway, tumors harboring 

EGFR activating mutations are initially sensitive to small molecule tyrosine kinase 

inhibitors, such as erlotinib and osimertinib. However, tumor cells eventually escape the 

inhibition by developing resistance (Engelman and Janne 2008). Resistance to EGFR TKIs 

can be mediated by secondary EGFR mutations (i.e. T790M) (Kobayashi et al. 2005; Pao et 

al. 2005) or through EGFR-independent mechanisms. Interleukin-6 (IL-6) is one driver of 

EGFR-independent resistance (Yao et al. 2010). We have demonstrated that activation of β2-

ARs but not β1-ARs on the surface of EGFR mutant NSCLC cells results in dramatic 

increases in IL-6 transcription and secretion and this effect can be blocked by the beta-

blocker propranolol (Nilsson et al. 2017). Specifically, β2-AR signaling on EGFR mutant 

tumor cells activates adenylyl cyclase resulting in increased levels of cAMP and activation 

of protein kinase C (PKC). This subsequently enhances activity of the transcription factor 

CREB, which elaborates IL-6 expression. Moreover, stimulation of EGFR mutant NSCLC 

cell lines with β2-AR activators induces resistance to EGFR TKIs both in vitro and in vivo, 

and this can be blocked with the addition of beta-blockers (propranolol) or IL-6 blocking-

antibodies (siltuximab) (Figure 3). Clinical evidence supports these preclinical findings, as 

incidental use of beta-blockers in NSCLC patients was associated with significantly reduced 

circulating levels of IL-6. Analysis of incidental beta-blocker use in the randomized phase 

III LUX-Lung3 study comparing afatinib versus chemotherapy in EGFR mutant NSCLC 

patients (Sequist et al. 2013) revealed that in patient taking beta-blockers, afatinib was 

associated with a greater relative PFS benefit for afatinib. In the beta-blocker use group the 

median PFS was 13.6 and 2.5 months for afatinib and chemotherapy, respectively. Among 

patients not receiving beta-blockers the median PFS time was 11.1 and 6.9 months for 

afatinib and chemotherapy, respectively. Although this analysis is limited by the modest 

number of patients receiving beta-blockers, it agrees with the preclinical findings that β-AR 

blockade could delay therapeutic resistance to EGFR TKIs and supports the need for future 

clinical testing of beta-blockers in combination with EGFR TKIs in EGFR-mutant NSCLC 

patients.

The finding that β-AR signaling promotes resistance to EGFR targeted therapies implies that 

stress hormones may similarly drive resistance to other targeted agents. This notion is 

supported by studies in other disease settings. Specifically, β2-AR signaling has been shown 

to drive resistance to the HER2 targeting antibody, trastuzumab, in breast cancer models 

through re-activation of the PI3K/Akt/mTOR signaling pathways (Liu et al. 2016). High 

expression of β2-AR was negatively associated with trastuzumab response in patients with 

HER2 overexpressing breast cancer (Liu et al. 2016).

β-AR signaling and the tumor immune microenvironment

In addition to being expressed on normal tissue and tumor cells, adrenergic receptors are 

also present on immune cells. Therefore, in addition to indirect effects of catecholamines on 

immune cells through the release of tumor-associated cytokines, stress hormones directly 

impact immune cell populations. Although acute stress prompted by an injury for example 

activates the immune response, chronic stress is typically immunosuppressive (Dhabhar 
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2014). Numerous studies have documented the expression of both α- and β-ARs on innate 

immune cells including neutrophils, monocytes, NK cells, macrophages, and mature 

dendritic cells (Qiao et al. 2018), β2-ARs are the most highly expressed adrenergic receptor 

subtype on immune cells. Moreover, T and B cells express β2-ARs but not other adrenergic 

receptors (Cremaschi, Fisher, and Boege 1991; Kohm and Sanders 1999; Van Tits et al. 

1990). Thus, the effects of stress hormones on immune function are believed to be primarily 

mediated by β2-ARs. Moreover, catecholamines also act on hematopoietic stem cells or 

progenitor cells in the bone marrow, thus increasing myelopoiesis and the production of 

inflammatory cells (Maestroni 2019). These expanded populations of inflammatory cells 

could, in turn, modulate the tumor microenvironment and promote tumor growth (Granot 

2019).

Catecholamines act on innate immune cells resulting in pro-tumor effects. Adrenergic 

signaling in macrophages promotes differentiation toward an M2 phenotype, potentially 

driving an angiogenic and metastatic tumor phenotype (Qin et al. 2015; Sloan et al. 2010). 

Catecholamines reduce antigen presentation of other innate cells including dendritic cells, 

and this effect is blocked by β-AR blockade (Seiffert et al. 2002; Herve et al. 2013). Whole 

animal studies using rats demonstrated that β-AR activation suppresses natural killer (NK) 

cell activity for prolonged periods (Shakhar and Ben-Eliyahu 1998), compromising 

resistance to metastasis, an effect that was reversed with the addition of a beta-blocker 

(Shakhar and Ben-Eliyahu 1998; Ben-Eliyahu et al. 2000). Another pre-clinical study 

evaluated lung micrometastasis and NK cell activity in a breast cancer model using surgical 

stress. Surgery increased lung tumor cell retention and decreased NK cell cytotoxicity, and 

the beta-blocker propranolol attenuated the effect (Benish et al. 2008). Additional in vivo 

studies using the LLC model of lung cancer have similarly show that surgical stress reduced 

NK cell function and propranolol counteracted the changes (Glasner et al. 2010).

Adrenergic signaling also affects the adaptive immune system and can directly inhibit T-cell 

activation, differentiation and function. In animal models, chronic adrenergic signaling 

suppressed effector CD8+ T cells within the tumor-microenvironment. Moreover, beta-

blocker treatment converted tumors to an immunologically active phenotype (Bucsek et al. 

2017). This is consistent with other preclinical studies showing increased intra-tumoral 

cytotoxic lymphocytes and a shift toward anti-tumor immunity following beta-blocker 

treatment (Jean Wrobel et al. 2016). Given the effects of catecholamines on antigen 

presentation and T-cell function, it is feasible the stress hormones contribute to tumor cell 

immune escape, and beta-blockers could potentially enhance the efficacy of immunotherapy 

regimens in NSCLC patients. Additional studies investigating the effects of β-AR signaling 

on anti-tumoral immunity in NSCLC are warranted.

Retrospective analyses of beta-blocker use in NSCLC patients and clinical 

outcome

A population-based cohort study of 6,771individuals by Lin et al. demonstrated that long-

term use of the pan beta-blocker carvedilol was associated with a reduced risk of lung cancer 

and upper gastrointestinal tract cancer risk, suggesting a potential role for β-AR blockade in 
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cancer prevention (Lin et al. 2015). Likewise, incidental use of propranolol has been shown 

to be associated with reduced risk of multiple cancer types in a separate population-based 

cohort study, which included 24,238 individuals (Chang et al. 2015), and beta-blocker use 

has been shown to be associated with a reduced cancer recurrence and cancer-related 

mortality in patients with breast cancer (Powe et al. 2010; Melhem-Bertrandt et al. 2011; 

Ganz et al. 2011). As with other malignancies, the results from retrospective studies 

assessing the impact of beta-blocker use on clinical outcome of NSCLC patients have been 

mixed, and conflicting findings have been reported. Multiple population-based cohort 

studies have observed no association between beta-blocker use and reduced mortality among 

lung cancer patients (Weberpals et al. 2017; Shah et al. 2011; Yang et al. 2017; Musselman 

et al. 2018). One such retrospective cohort study of 435 lung cancer patients indicated no 

correlation between beta-blocker use and overall survival in patients undergoing lung cancer 

resection (Cata et al. 2014).

In contrast, other retrospective studies have indicated that beta-blocker use is indeed 

associated with an improved clinical outcome in lung cancer patients (Table 1). For example, 

beta-blocker use during chemotherapy treatment may improve overall survival in patients 

with metastatic NSCLC (Aydiner et al. 2013). In this retrospective univariate analysis of 107 

NSCLC patients with metastatic disease, the investigators found a significantly improved 

overall survival (OS) in patients receiving beta-blockers compared to patients not receiving 

beta-blockers (Aydiner et al. 2013), and beta-blocker use provided a six-month survival 

benefit (Aydiner et al. 2013). Wang et al. conducted a separate retrospective analysis of 722 

NSCLC patients treated with definitive radiotherapy with or without chemotherapy (Wang et 

al. 2013). Of the 722 patients included in the analysis, 155 had received beta-blockers during 

radiotherapy. In both univariate analysis and multivariate analyses, which adjusted for stage, 

histology, performance status and treatment regimen, incidental beta-blocker use was 

associated with a significantly improved distant metastasis-free survival, disease-free 

survival, and overall survival. However, beta-blocker use did not affect locoregional 

progression, suggesting that beta-blocker use may have a greater impact on metastatic 

programs than primary tumor growth.

A separate retrospective analysis of NSCLC patients receiving neoadjuvant chemoradiation 

and surgery was also conducted by Chaudhary et al. Although this study was limited in 

patient size (n=77; 16 patients receiving beta-blockers; 61 patients not receiving beta-

blockers), beta-blocker use was associated with decreased distant metastasis (Chaudhary et 

al. 2019). Moreover, the investigators observed trends associated with beta-blocker use and 

improved response by CT imaging, improved overall survival at 1 year.

Conclusions

A growing body of preclinical evidence strongly supports a role for β-AR signaling on lung 

cancer cells in facilitating multiple aspects of tumor progression including tumor cell 

proliferation, the acquisition of a mesenchymal and invasive phenotype, angiogenesis, 

immune evasion, and resistance to chemotherapy, radiation and targeted agents. These 

findings have important clinical implications as beta-blockers are well-tolerated, 

inexpensive, and clinically available. While some retrospective clinical analyses have indeed 
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shown an association between incidental beta-blocker use and improved clinical outcome in 

lung cancer patients, results from other studies have failed to observe these associations. 

Several factors may contribute to these discrepancies. Preclinical studies indicate that the 

direct effects of stress hormones on tumor cells are predominantly mediated by β2-ARs. 

Thus, the use of cardio-selective versus nonselective beta-blockers likely have differential 

effects on tumor progression, with beta-blockers having activity against β2-ARs predicted to 

be the most effective. Moreover, patients receiving beta-blockers may have confounding 

health conditions that may influence clinical outcomes. Given the potential benefits of beta-

blockers in cancer patients as well as the favorable safety profile of these agents, the current 

evidence supports the future direct clinical testing of beta-blockers in combination with 

other therapeutic agents.
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Figure 1. 
Chronic stress induces the release of catecholamines including epinephrine (E) and 

norepinephrine (NE) from the sympathetic nervous system (SNS) and adrenal medulla. 

Epinephrine and norepinephrine can activate β-adrenergic receptors (β-AR) expressed on 

NSCLC tumor cells.
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Figure 2. 
The β-adrenergic signaling pathway. Catacolamines, epinephrine and norepinephrine, act on 

b-adrenergic receptors expressed on normal tissue or tumor cells, which mediates activation 

of adenlylyl cyclase. This results in a transient flux in intracellular cAMP resulting in 

activation of the PKA and MAPK pathways. As a result, transcriptional regulators including 

CREB, AP-1 and Ets family transcription factors become active which in turn can modulate 

the expression of numerous genes involved in inflammation and angiogenesis.
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Figure 3. 
In NSCLC cells with EGFR activating mutations, activation of b2-ARs promotes resistance 

to EGFR tyrosine kinase inhibitors (TKIs) though an IL-6-dependent mechanism. Chronic 

stress hormones activate B2-ARs on lung cancer cells triggering activation of adenylyl 

cyclase and a rise in intracellular cAMP. This in turn activates protein kinase C (PKC), 

which phosphorylates CREB leading to increased transcription of CREB target genes 

including IL-6. PKC also phosphorylates the tumor suppressor LKB1 at the S428 inhibitory 

site, which results in increased mTOR signaling.
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Table 1.

Population-based and retrospective studies indicating that beta-blocker use is associated with improved 

clinical outcome in lung cancer patients.

Reference
Number of 

Patients Cancer Type Therapeutic Effect

Lin et al. 2015 6,771
Lung and other 

cancers
Long-term treatment with the pan-beta-blocker carvedilol is associated with 
reduced lung cancer risk

Wang et al. 2013 722 NSCLC
In NSLC patients receiving definitive radiotherapy, incidental beta-blocker use 
was associated with improved DMFS, DFS, and OS.

Aydiner et al. 2013 107 NSCLC
In NSCLC patients receiving chemotherapy, beta-blocker use was associated 
with an improved OS in a univariate analysis

Chaudhary et al. 2019 77 NSCLC
Beta blocker use was associated with decreased distant metastasis in patients 
with Stage IIIA NSCLC

DMFS = distant metastasis free survival; DFS = disease free survival; OS = overall survival
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