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Aim: To summarize current knowledge, gaps, quality of the evidence and show main results related to the
role of the autonomic nervous system in lung cancer. Methods: Studies were identified through electronic
databases (PubMed, Scopus, Embase and Cochrane Library) in October 2023, and a descriptive analysis
was performed. Twenty-four studies were included, and most were observational. Results: Our data
indicated an increased expression of β-2-adrenergic receptors in lung cancer, which was associated with
poor prognosis. However, the use of β-blockers as an add-on to standard treatment promoted enhanced
overall survival, recurrence-free survival and reduced metastasis occurrence. Conclusion: Although the
results herein seem promising, future research using high-quality prospective clinical trials is required to
draw directions to guide clinical interventions.

Plain language summary: Lung cancer is one of the most common causes of cancer-related deaths in
the world, which often goes undiagnosed until it is in an advanced stage. Recently, the autonomic
nervous system (sympathetic and parasympathetic nervous systems) has been identified as a regulator
of cancer growth and spread, including lung cancer. In fact, preclinical studies have demonstrated
that autonomic innervation in lung cancer can trigger tumor progression, metastasis, and resistance to
treatment, worsening the prognosis. In this sense, add-on strategies to standard cancer treatments have
been investigating and one of them has stood out: the incidental use of β-blockers (patients who used
β-blockers for the treatment of hypertension and/or cardiovascular diseases or anxiety) before surgeries
or during chemotherapy, which has been associated with improved clinical outcomes. Thus, a scoping
review was conducted to summarizing the current knowledge about the quality of evidence, gaps and
main results related to the role of the autonomic nervous system in human lung cancer. Data from this
review indicated an increase in sympathetic nervous system receptors associated with a worse prognosis in
patients with lung cancer. Indeed, those patients who took β-blockers along with lung cancer treatment
showed an increase in survival and a reduction in the occurrence of metastases. Although the results herein
seem promising, further prospective clinical studies are needed to investigate the effect of the intentional
and controlled use of β-blockers as an add-on strategy on the treatment of different types and stages of
lung cancer.

Tweetable abstract: An increased expression of β-2-adrenergic receptors is linked to a poor prognosis in
lung cancer. Adding β-blockers to treatment improved survival and reduced metastasis. See more in our
study.
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The autonomic nervous system (ANS), divided mainly into sympathetic (SNS) and parasympathetic (PNS) nervous
systems, has a widespread innervation that extends to most organs, allowing for rapid adjustments in important
body functions to maintain the stability of the internal environment [1]. In this sense, changes in ANS activation
may modulate several cellular processes such as the cell cycle, gene expression, angiogenesis, apoptosis and cellular
immune responses, which can contribute to the initiation and progression of cancer through tumor innervation.
Currently, it is known from preclinical studies that solid tumors, including lung tumors, are physically innervated
by ANS, which can densely infiltrate them [2–5] through recruitment of pre-existing nerves, formation of new nerves,
or direct invasion of tumor cells along the nerves [2–4,6–9]. Interestingly, this tumor-nerve connection can establish
a bidirectional interaction, transmitting informations and modulating functions, thus, favoring tumor growth and
metastases, in addition to making the tumor more resistant to treatment [2,6,10]). Regarding the branches of ANS,
the SNS has been related to tumor angiogenesis and an enhanced expression of genes involved in metastasis and
inflammation in several animal models of solid tumors, such as prostate, breast and colon cancer [11,12]. In contrast,
the PNS has been associated with the activation and proliferation of cancer stem cells [12–15].

In humans, dysautonomy (increased sympathetic/parasympathetic balance) has been reported in prostate, colon
and lung cancer patients, which has been correlated with worse prognosis and disease severity [3,4,11,13,16]. These
findings drive the attention for the ANS influencing tumor microenvironment in a clinical setting. Based on
these preclinical and clinical findings, tumor innervation has been recently proposed as a hallmark of cancer [6,7].
However, further investigation is needed to demonstrate that tumor innervation by ANS is also present in human
solid tumors.

Lungs receive sympathetic innervation from the paravertebral chain (fourth thoracic ganglion) and parasympa-
thetic innervation from the vagus nerve (X), which normally control tone of bronchi and bronchioles. Therefore,
growth and spread of lung cancer might be related to the extend of lung innervation by SNS and PNS fibers.

Lung cancer has a high prevalence and is among the most lethal cancers worldwide [17]. It can be divided in two
main types: small cell cancer (SCLC) which accounts for less than 20% of cases and is almost always associated with
tobacco use, and non-small-cell lung cancer (NSCLC) which is the most common [18] and originates in larger cells
of the lung, such as epithelial cells [5]. It can be subdivided into four categories: adenocarcinoma, which is more
common in non-smokers; squamous cell carcinoma; large-cell carcinoma and bronchial carcinoid tumor [17,19].

Preclinical studies have been demonstrated the existence and pattern of lung tumor innervation [20–22]. Indeed,
tumor autonomic denervation inhibits lung tumor growth and proliferation [4,8,23–25]. Yet, in clinical studies, the
incidental use of β-blockers before surgeries or during chemotherapy was associated with improved clinical outcomes
for lung cancer patients [15,20,26,27]. In this sense, understanding the stage of investigation into the relationship
between lung cancer and the autonomic nervous system in clinical trials is essential for establishing directions and
guiding clinical practice. Nevertheless, due to scarcity of prospective clinical studies focused on ANS influence in
lung cancer clinical outcomes, we conducted a scoping review aimed to summarize the current knowledge about
the quality of evidence, gaps and main results related to the role of the autonomic nervous system, particularly the
sympathetic nervous system in lung cancer in humans. This review also intends to provide information that will
contribute to future research planning.

Methods
Protocol & search strategy
The present scoping review follows the recommendations of the “Preferred Reporting Items for Systematic Reviews
and Meta-Analyses” (PRISMA) extension for scoping reviews (PRISMA-ScR), Cochrane Guideline [28], Tricco
et al. [29] and Peters et al. [30]. The PROSPERO database does not accept records for scoping reviews. Thus, we
published our protocol in an alternative database: Open Science Framework (OSF), which accepts different types
of studies. Our protocol is accessible at the following link: https://osf.io/kevjf /?view only=e392a74b947d4b4ea9
f78f f4a527fb3a

A literature search was performed in October 2023 to identify potentially relevant articles from inception up to
October 2023. It was conducted in four electronic databases: PubMed, Scopus, Embase and Cochrane’s Library.
The search strategy combined the following terms: Lung Neoplasms OR Lung Cancer OR non-small-cell Lung
Cancer OR Small Cell Lung Cancer AND Autonomic Nervous System OR Sympathetic Nervous System OR
Parasympathetic Nervous System OR Adrenergic OR Cholinergic. The MeSH Search Tags were used on Pubmed
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when available. After the study selection, a backward tracking process on the reference lists of the articles included
in this review was performed to identify potentially eligible articles.

Eligibility criteria
We framed our selection criteria based on the PICOS strategy: participants, intervention (or exposure), comparator,
outcomes, and study design. In addition, the studies were included in this scoping review if they met the following
criteria: i) a sample composed of people diagnosed with lung cancer regardless of the disease stage; ii) an evaluation
of the effect of the autonomic nervous system on lung cancer as the primary outcome; iii) an assessment of the
activation and inactivation of the autonomic nervous system; and iv) English as the language used in the article.
Reviews, case reports, in vitro studies, or those that assessed animal models or other types of cancers were excluded
from this scoping review. Studies that examined lung cancer alongside other cancers were included, but only lung
cancer data were used.

Study selection & data extraction
Two investigators (F.G. and T.F.C.) independently assessed the studies’ eligibility for the scoping review. First, titles
and abstracts were evaluated, and then the full text of the selected articles was analyzed. In cases where titles and
abstracts did not provide enough information for eligibility, the full text was assessed. In case of disagreements, a
consensus was adopted, or, if necessary, a third researcher examined the article (C.U.).

Relevant data regarding information on the studies, such as the authors’ names, publication year, country,
outcomes, study design, sample characteristics, intervention/exposure, comparison/control group, author’s con-
clusion, and conflict of interest, were extracted. Two researchers (F.G. and T.F.C.) performed the data extraction
independently to reduce the potential for selection bias. A third researcher (C.U.) randomly selected 20% of the
included studies to determine the correctness of data extraction.

Critical appraisal of individual sources of evidence
Two reviewers (F.G. and T.C.) used the Downs and Black Checklist to assess the methodological quality of the
included articles. Downs and Black Checklist is a reliable tool that allows appraising the methodological strengths
and weaknesses of both randomized controlled trials and nonrandomized studies [31,32]. It is ranked as a quality
assessment tool suitable for systematic reviews [33]. The checklist consists of 27 items that address the following
methodological components: reporting, external validity, internal validity (bias and confounding), and power.
Twenty-six items were rated either as yes (=1) or no/unable to determine (=0), and one item was rated on a 3-point
scale (yes = 2, partial = 1, and no = 0). The highest possible score for the checklist is 28. Thus, the methodological
quality of articles was categorized as follows: excellent (26–28), good (20–25), fair (15–19), and poor (≤14) [32].

Data synthesis
Due to the exploratory nature of the research question and the heterogeneity among the studies, a qualitative
analysis was performed to summarize the quantity and quality of evidence, and the gaps in autonomic dysfunction
in lung cancer. Thus, the authors’ name, publication year, country, study design, aim, sample characteristics, lung
cancer type, outcomes, intervention, and authors’ conclusions were analyzed.

Results
In the database search, 12912 articles were found, of which 2222 were retrieved from PubMed, 7178 from Embase,
3097 from Scopus, 415 from Cochrane, and one from the reference lists of the included articles. After excluding
duplicate entries, 4120 studies remained. Of these, 3948 were excluded after screening the titles and abstracts, 89
were excluded as were preclinical studies, 19 reviews, four included samples of different types of cancer without
presenting subanalyses by the type of cancer and 36 for analyzing noncancer-related outcomes. At the end of the
selection process, only 24 studies met the eligibility criteria (Figure 1).

Quality assessment
Based on the Downs and Black checklist, we assessed the methodological quality of the 24 studies included
in the present scoping review (Table 1). The Downs and Black checklist score showed that 22 studies were
of fair quality [34–55], and two were of poor quality [16,56] (Supplementary Table A1). This tool evaluated four
methodological components: reporting, external validity, internal validity (bias and confounding), and power.
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Figure 1. Flowchart for study selection adapted from the PRISMA-ScR statement.

Table 1. Summary of methodological quality.
Study/year Reporting External validity Internal validity - bias Internal validity (selection

bias)
Power Total score Ref.

Aydiner et al., 2013 10/11 01/03 04/07 03/06 0/1 18 [34]

Cata et al., 2014 11/11 01/03 04/07 03/06 0/1 19 [35]

Chang et al., 2020 09/11 03/03 04/07 03/06 0/1 19 [36]

Chaudhary et al., 2019 10/11 02/03 03/07 02/06 0/1 17 [37]

Coelho et al., 2019 10/11 01/03 04/07 03/06 0/1 18 [38]

Cui et al., 2019 07/11 01/03 04/07 02/06 0/1 14 [56]

Holmes et al., 2013 08/11 01/03 04/07 02/06 0/1 15 [39]

Kaira et al., 2019 09/11 02/03 04/07 02/06 0/1 17 [40]

Lin et al., 2015 09/11 03/03 04/07 02/06 0/1 18 [41]

Mei et al., 2019 08/11 01/03 05/07 02/06 0/1 16 [42]

Musselman et al., 2018 08/11 02/03 04/07 02/06 0/1 16 [43]

Numbere et al., 2015 07/11 01/03 04/07 03/06 0/1 15 [44]

Oh et al., 2020 07/11 01/03 04/07 03/06 0/1 15 [45]

Sakamoto et al., 2019 08/11 01/03 05/07 03/06 0/1 17 [46]

Shah et al., 2011 08/11 02/03 03/07 02/06 0/1 15 [47]

Shao et al., 2016 08/11 02/03 04/07 02/06 0/1 16 [48]

Udumyan et al., 2020 11/11 02/03 03/07 02/06 0/1 18 [49]

Wang et al., 2006 09/11 01/03 05/07 03/06 0/1 18 [50]

Wang et al., 2013 09/11 01/03 04/07 02/06 0/1 16 [51]

Wang et al., 2015 10/11 01/03 04/07 02/06 0/1 17 [52]

Weberpals et al., 2017 10/11 02/03 03/07 04/06 0/1 19 [17]

Yang et al., 2017 10/11 01/03 04/07 02/06 0/1 17 [17]

Yazawa et al., 2016 07/11 01/03 03/07 02/06 0/1 13 [16]

Ji et al., 2022 09/11 01/03 05/07 03/06 0/1 18 [55]

Excellent = 26 to 28; Good = 20 to 25; Fair = 15 to 19; Poor = �14.
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Only two studies, in the reporting [35,49] and external validity [36,41], achieved the maximum score (11 and 3,
respectively). No study reached the maximum score in internal validity (bias and selection bias) and power items.

Study characteristics
According to the design of the 24 studies included in this review, 18 were observational and retrospective (14
cohorts and four case-control), and six were quasiexperimental studies. Considering the type of lung cancer, 15
studies evaluated NSCLC, one study evaluated both types of lung cancer (i.e., NSCLC and small-cell lung cancer
[SCLC]), and eight studies did not distinguish the types of lung cancer assessed (NSCLC or SCLC). In addition,
five studies analyzed more than one type of cancer (these studies analyzed, in addition to lung cancer, other types of
cancer such as breast cancer). However, only the results related to lung cancer were included in this scoping review.

The 24 studies encompassed 72132 participants of both sexes, mostly from developed countries. Regarding the
age of the participants, most studies evaluated older individuals (Table 2). Additionally, the number of men and
women, the presence of comorbidities (e.g., hypertension, diabetes, cardiovascular diseases), and smoking were
also different among studies. However, these factors are commonly observed in the 18 observational design studies
included in this review. In the observational studies, data were collected only from local registries (hospitals) or
national databases.

The duration of the disease, type, number of treatment sessions, and dose of medication were not shown in
most of the studies. Of the 17 studies that examined the use of some type of medication, only 6 [36,41,44,46,49,53]

mentioned the dose used, and three [37,51,52] reported only the dose administered in the radiotherapy treatment.

Outcomes
Almost all studies included in this scoping review (23 studies) evaluated the role of β-adrenergic signaling in lung
cancer in different outcomes: prognosis, tumor malignancy, overall and recurrence-free survival, specific cancer
mortality, cancer incidence/risk, and metastasis occurrence. In addition, some of these studies assessed more than
one outcome (Table 3).

β-adrenergic receptors

Six studies evaluated the relationship between the expression of β-adrenergic receptors and lung cancer on different
outcomes: the expression of β-adrenergic receptors in two different types of NSCLC [38]; the relationship between
the expression of β 2-adrenergic receptors and poor prognosis in recurrence-free survival and overall survival [16,40,55];
expression of β-adrenergic receptors related to tumor cell proliferation, angiogenesis and metastasis [16]; and genetic
variants of the β-2 adrenergic receptor and risk of developing lung cancer [42,50].

In one of the studies [38], a decrease in the expression of β1-adrenergic receptors in adenocarcinoma and squamous
cell carcinoma (types of NSCLC) and an increase in the expression of β2-adrenergic receptors in adenocarcinoma
tumor cells were observed. Interestingly, the increased expression of β2-adrenergic receptors was associated with
poor prognosis in recurrence-free survival and overall survival [16,40]. Additionally, the expression of β-adrenergic
receptors was also related to tumor cell proliferation, angiogenesis, and metastasis [16]. Conversely, one study [55]

found a decrease in the expression of β2-adrenergic receptors in adenocarcinoma tumor cells, which was associated
with low levels of immune cells infiltration, leading to a poor prognosis and overall survival.

Two studies [42,50] verified the genetic variants of the β2-adrenergic receptor and their influence on the risk
of developing lung cancer, finding contrasting results. In Wang´s study [50], no significant differences in the β 2-
adrenergic receptor genotype were found between the healthy Chinese population and those with adenocarcinoma.
In contrast, Mei´s study [42] showed that the polymorphism in the minor allele of ADRB2, which encodes the
β2-adrenergic receptor, was associated with an increased risk of lung cancer.

Collectively, most studies suggest that increased expression of β 2-adrenergic receptors in lung tumors is related to
poor prognosis and tumor malignancy. However, contradictory results were observed regarding the polymorphism
of the genes that encode the β2-adrenergic receptor.

β-blockers

Seventeen studies analyzed the effect of β-blockers using distinct approaches: 1) evaluation of the effect of β-blockers
without considering other cancer treatments [39,41,44,47,49,53,54,56]; 2) the use of β-blockers associated with current
cancer treatments [34,36,37,45,51,52]; and 3) the use of β-blockers in the perioperative period [35,43,46]. The effect of
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Table 2. Summary of included studies.
Study/year n Mean age Cancer type Intervention/exposure Comparison/control Study design Ref.

Cata et al., 2014 435 Not clear NSCLC Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(Cohort)

[35]

Oh et al., 2020 109 CG = 65.7 ± 12.5;
Intervention = 73.7 ± 10.1

NSCLC (stage IV) Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(cohort)

[44]

Weberpals et al.,
2017

3340 Mean age 70 years old NSCLC and SCLC Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(cohort)

[53]

Chaudhary et al.,
2019

77 Median 65 (range 41–79)
years old

NSCLC (stage IIIA) Use of more than one
�-blocker†

Non-use of �-blockers Non-randomized
(quasi-experimental)

[37]

Aydiner et al.,
2013

107 Mean age 61 (range 42–81)
years old

NSCLC (with
metastasis)

Use of more than one
�-blocker†

Non-use of �-blockers Observational study
(case-control)

[34]

Shah et al., 2011 436 Between 40 to 85 years old Not clear Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(cohort)

[47]

Chang et al., 2020 4988 Not clear NSCLC
(adenocarcinoma)

Use of more than one
�-blocker†

Non-use of �-blockers Observational study
(cohort)

[36]

Wang et al., 2013 722 Median 65 (range 34–95)
years old

NSCLC Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(cohort)

[51]

Holmes et al.,
2013

4241 Mean age 71 ± 11 years old Not clear use of more than one
�-blocker (selective
and non-selective)‡

Without use of
antihypertensive
agent

Observational study
(cohort)

[39]

Yang et al., 2017 606 Hypertension = 54.74 ± 9.283;
CG = 57.18 ± 8.957 years old

NSCLC (stage III) Use of more than one
�-blocker†

Non-use of �-blockers Observational study
(cohort)

[54]

Wang et al., 2015 673 Median 65 (range 34 to 95) NSCLC (stage III) Use of more than one
�-blocker†

Non-use of cardiac
medications

Observational study
(cohort)

[52]

Sakamoto et al.,
2019

57 Intervention = 70.3 ± 7.5;
CG = 69.1 ± 8.4

Not clear (stage I–III) Use of selective
�-blocker (landiolol
hydrochloride)

Use of placebo Observational study
(cohort)

[46]

Cui et al., 2019 824 �40 years old Not clear Use of more than one
�-blocker (selective)

Non-use of
Antihypertensive
Medications

Observational study
(cohort)

[56]

Udumyan et al.,
2020

18.429 CG = 67.8 ± 9.8;
Intervention = 71.9 ± 8.3

NSCLC Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(cohort)

[49]

Musselman et al.,
2018

2.068 CG = 73.7 ± 4.8;
Intervention = 73.7 ± 4.8

Not clear Use of more than one
�-blocker (selective
and non-selective)

Non-use of �-blockers Observational study
(cohort)

[43]

Lin et al., 2015 13542 Intervention = 62.8 ± 12.8;
CG = 63.1 ± 12.9

Not clear Use of non-selective
�-blocker (carvedilol)

Non-use of carvedilol Observational study
(cohort)

[41]

Numbere et al.,
2015

19082 Not clear Not clear individuals with cancer
that use more than one
�-blocker (selective
and non-selective)

individuals without
cancer

Observational study
(case-control)

Coelho et al., 2019 80 Not clear NSCLC (40
adenocarcinoma and
40 squamous cell
carcinoma (10 of
each clinical stage)

tumor tissue Surrounding
non-tumor tissue

Non-randomized
(quasi-experimental)

[38]

Kaira et al., 2019 105 Median 69 (range 35–88)
years old

NSCLC (pulmonary
pleomorphic
carcinoma)

Individuals with
pulmonary
pleomorphic carcinoma

Different disease
stages

Non-randomized
(quasi-experimental)

[40]

Yazawa et al.,
2016

347 Not clear NSCLC (stage I–III) Assessed of
lymph-node dissected

Different expression
levels of
�2-Adrenergic
receptor

Non-randomized
(quasi-experimental)

[16]

†Study did not distinguish between selective and non-selective �-blockers.
‡Use of each class of antihypertensive agent, only �-blockers were considered for analysis.
CG: Control group; Intervention/Exposure: Group that received or was exposed to a treatment; Low and high-risk: Related to pathologic risk grading in lung cancer.
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Table 2. Summary of included studies (cont.).
Study/year n Mean age Cancer type Intervention/exposure Comparison/control Study design Ref.

Wang et al., 2006 634 Intervention = 56.6 ± 8.7;
CG = 57.9 ± 9.4 years old

NSCLC
(adenocarcinoma)

individuals with
adenocarcinoma

individuals without
cancer

Observational study
(case-control)

[50]

Mei et al., 2019 600 Intervention = 57.86 ± 10.24;
CG = 58.38 ± 10.65

Not clear individuals with cancer individuals without
cancer

Observational study
(case-control)

[42]

Shao et al., 2016 95 (30
control)

CG = 60.3 ± 12.8; Low
risk = 55.4 ± 8.8; High
risk = 59.8 ± 12.0

NSCLC
(adenocarcinoma)

individuals with cancer individuals without
cancer

Non-randomized
(quasi-experimental)

[48]

Ji et al., 2022 535 Not clear NSCLC
(adenocarcinoma)

Different expression
levels of �2-Adrenergic
receptor

Different expression
levels of
�2-Adrenergic
receptor

Non-randomized
(quasi-experimental)

[55]

†Study did not distinguish between selective and non-selective �-blockers.
‡Use of each class of antihypertensive agent, only �-blockers were considered for analysis.
CG: Control group; Intervention/Exposure: Group that received or was exposed to a treatment; Low and high-risk: Related to pathologic risk grading in lung cancer.

Table 3. �-adrenergic outcomes.
Studies Outcome assessed Results Ref.

Survival RFS Mortality Incidence Survival RFS Mortality Incidence

�-blockers without considering cancer treatments

Weberpals et al., 2017 x - [53]

Shah et al., 2011 x - [47]

Holmes et al., 2013 x - [39]

Yang et al., 2017 x - [54]

Cui et al., 2019 x x - - [56]

Udumyan et al., 2020 x - [49]

Lin et al., 2015 x � [41]

Numbere et al., 2015 x - [44]

�-blockers associated with cancer
treatments

Chang et al., 2020 x � [36]

Chaudhary et al., 2019 x x � � [37]

Wang et al., 2013 x x � � [51]

Aydiner et al., 2013 x � [34]

Oh et al., 2020 x x � � [45]

Wang et al., 2015 x x � � [52]

�-blockers during the perioperative
period

Cata et al., 2014 x x - - [35]

Sakamoto et al., 2019 x x � � [46]

Musselman et al., 2018 x x - - [43]

RFS: Recurrence-free survival; x: Evaluation performed; �: Significant difference; -: No significance.

each approach on overall and recurrence-free survival, specific cancer mortality, and cancer incidence are described
below.

Effect of incidental use of β-blockers
Eight studies assessed the incidental use of β-blockers disassociated from other cancer treatments. Five evaluated
the effect of β-blockers on overall survival [39,47,53,54,56] and one study [56] also assessed recurrence-free survival.
No differences were observed in patient survival in any of the studies. In addition, another study also analyzed
cancer-specific mortality [49], but the incidental use of β-blockers showed no effect. Two studies also investigated
the influence of β-blockers on cancer incidence [41,44]. In one of the studies, no effect was observed with the use of
alpha or β-blockers in preventing lung cancer [44]. In contrast, another study [41] showed that long-term treatment

10.2217/lmt-2023-0006
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with carvedilol (a non-selective β-blocker with additional intrinsic alpha1-adrenergic receptor blocking effects) was
associated with a reduction in lung cancer risk [41].

Considering these results, the incidental use of β-blockers dissociated from other cancer treatments showed no
effects on overall survival, recurrence-free survival, and cancer-specific mortality. In contrast, controversial results
were observed for lung cancer incidence.

Use of β-blockers as an add-on to standard cancer treatments
The effect of incidental use of β-blockers as an ad-om to cancer treatments on overall survival was assessed by
six studies [34,36,37,45,51,52]. In addition, four studies also evaluated recurrence-free survival [37,45,51,52], and three
assessed metastasis occurrence [37,51,52]. Interestingly, all studies showed a greater overall and recurrence-free survival
and a reduction in the occurrence of metastases when β-blockers were associated with cancer treatments. These
results suggest a potential additive effect of β-blockers when combined with conventional anticancer therapy.

Use of β-blockers during the perioperative period
The use of β-blockers in the perioperative period was analyzed in three studies. Of these, all three assessed overall
survival [35,43,46], and two [35,46] also verified recurrence-free survival, but only one study observed differences in
overall and recurrence-free survival [46]. Furthermore, one study [43] evaluated specific cancer mortality, but no
difference was found. Thus, using β-blockers in the perioperative period is still controversial in lung cancer.

Autonomic nerve density

Only one study [48] assessed the parasympathetic and sympathetic nerve density of lung cancer. In this study, Shao
and coworkers found increased autonomic nervous system infiltration (both sympathetic and parasympathetic),
which was related to pathological risk grading and poor prognosis. Furthermore, sympathetic nervous fibers were
more highly expressed in the paratumor area (surrounding the tumor), while parasympathetic nervous fibers were
more highly expressed in the tumor area.

Discussion
This scoping review summarized the current knowledge about the main results, quality of evidence, and gaps
related to the role of the autonomic nervous system, particularly the sympathetic nervous system. The primary
studies investigated the activation or inhibition of SNS, as assessed through the expression of β-adrenergic receptors,
isolated or associated with the β-blocker effect and nerve density.

β-adrenergic receptors, and consequently sympathetic activation, has been associated with cancer development
in several types of tumors [4]. Most tumors seem to exhibit elevated catecholamine levels and β-adrenergic receptor
density [5,57,58], which upregulate some growth factors and cytokines, promoting protumorigenic effects [59]. In
this sense, preclinical studies have shown that β-adrenergic signaling may stimulate lung cancer progression [15,59],
primarily through β2-adrenergic receptor activation [58]. Our data showed that the expression of β-2-adrenergic
receptors (i.e., a proxy of activity) was increased in lung cancer, which was associated with poor prognosis in
recurrence-free survival and overall survival. Interestingly, only one study observed an inverse correlation between
β-adrenergic receptors and prognosis, showing that reduced expression of these receptors in adenocarcinoma
worsens patients’ prognosis. The authors associate this response with the type of tumor and the stage of lung
cancer progression. It is worth mentioning that this study evaluated different databases related to ADBR2 gene
expression. In addition, the upregulation of β-2-adrenergic receptors seems to differ depending on the type of
lung cancer. Coelho and coworkers [38] evaluated the expression of β-2-adrenergic receptors in two subtypes of
NSCLC, adenocarcinoma and squamous cell carcinoma. They observed that receptor expression increased in both
histological subtypes but was highly expressed in adenocarcinoma compared with squamous cell carcinoma.

Two studies [42,50] investigated the relationship between genetic susceptibility (e.g., polymorphisms) and lung
cancer risk. One study observed an increased risk of lung cancer in people with specific single nucleotide polymor-
phisms (SNPs) (rs1042711 and rs1560642). However, the other study did not find an increased risk. Although both
studies evaluated SNPs in the Chinese population, Wang et al. [50] and Mei et al. [42] investigated different polymor-
phisms. Furthermore, Mei et al. [42] did not describe the type of lung cancer that the investigated population had.
In this sense, the relationship between genetic susceptibility and increased expression of β-2-adrenergic receptors
requires further scrutiny [60]. Thus, data related to β-adrenergic receptors, in general, indicate an important role of
these receptors in lung cancer development, although the small number of studies and their observational nature
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produce a fair quality of evidence. In this sense, the contribution of β-2, β-1, and β-3-adrenergic receptors to lung
cancer development still requires well-designed clinical trials. In addition, the influence of these receptors on disease
progression in different types and stages of lung cancer remains to be elucidated.

Although the role of β-adrenergic receptors in lung cancer is not fully elucidated, several retrospective studies
have investigated the correlation of incidental inhibition (i.e., patients who used β-blockers for the treatment of
hypertension and/or cardiovascular diseases or anxiety) of these receptors with clinical outcomes in lung cancer.
The potential of β-blockers to inhibit the growth of different types of tumors and, consequently, metastasis has been
supported by in vitro and in vivo studies [24,61,62]. Additionally, the non-small-cell lung cancer (NSCLC) cell lines
HT-29 and A549 treated with norepinephrine showed increased cellular migration, indicating a more invasive and
metastatic phenotype, which was abrogated by propranolol [63]. Nevertheless, the studies analyzed in this scoping
review [39,41,44,47,49,53,54,56] that evaluated the effect of β-blockers showed no improvements in overall survival,
recurrence-free survival, and cancer-specific mortality, even when β-blocker selectivity (nonselective, selective for
β-1 or β-2-adrenergic receptor) was considered. Two studies [34] evaluated the cancer risk and only one [34] observed
a positive effect of a selective β-blocker (carvedilol) treatment, reducing lung cancer risk. These contradictory results
related to risk of lung cancer may be associated with the different β-blockers used (Lin et al. [41] – carvedilol; Numbere
et al. [44] – β or alpha blockers) and statistical analyses performed (Lin et al. [41] – Kaplan–Meier method; Numbere
et al. [44] - multivariate logistic regression analyses). On the other hand, the studies that evaluated the effect of β-
blockers as an add-on to standard treatment (e.g., chemotherapy, radiotherapy, and immune checkpoint inhibitors)
demonstrated enhanced overall survival, improved recurrence-free survival, and reduced occurrence of metastases
in lung cancer patients. Regarding β-blocker selectivity, two studies [45,51] observed that selective β-blockers (for
β-2-adrenergic receptors in Oh’s study [45] and unspecified in Wang’s study [51]) were more effective in improving
overall survival and recurrence-free survival than nonselective β-blockers when combined with standard treatments.
It is noteworthy that β-blocker posology and its association with other drugs (e.g., COX-2 or ACE inhibitors) were
not clearly described in the studies, which is an important source of bias. Indeed, Cole and Sood [64] highlighted
that the absence of treatment parameters (e.g., type, dosage, and duration), information on influential risk factors,
and the primary β-blocker indication (e.g., cardiovascular disease) are common biases in observational studies
evaluating the use of β-blockers in cancer treatment. β-blockers are known to be safe, inexpensive, easy to use,
and used in cancer treatment, but high-quality evidence is needed to understand when, how and which β-blockers
should be used in the treatment of lung cancer.

β-blockers have also been used in the perioperative period to mitigate the stress response associated with high levels
of anxiety [65] and/or surgery-induced inflammatory response [66,67]. Three studies [35,43,46] presented equivocal
survival results. In this sense, our data corroborate Yap et al.’s (2018) [68] results, which evaluated the overall effect
of β-blockers in the perioperative period in different types of cancer and observed no apparent effect on disease-free
survival and overall survival.

Nerve density in the tumor microenvironment is directly related to autonomic activation. Preclinical [69–71] and
clinical [11] studies have shown that high autonomic innervation density contributes to tumor development in
several types of cancer. Nonetheless, autonomic innervation density in the tumor microenvironment has not been
extensively studied in lung cancer. Only one study [48] included in this review showed that increased innervation of
both the SNS and PNS worsens the prognosis in lung cancer [13]. In this regard, as clinical data are scarce, further
studies are needed to determine whether autonomic nervous system density, especially that of the parasympathetic
nervous system, harms the clinical outcomes of lung cancer. At this time, it is not possible to establish clinical
guidelines with the available data.

This scoping review has some limitations. Although the total number of studies included in this review is high,
the number of studies that investigated nerve density was small, making it difficult to draw conclusions. In addition,
high heterogeneity among the studies regarding the type and stage of lung cancer, the intervention and study designs
was observed.

Lung cancer diagnosis is another aspect that may interfere with this area of research, as it usually occurs in
the later stages of the disease. A later diagnosis may significantly hamper β-blocker effects on cancer development
research. Additionally, the methodological approach is not simple, often requiring invasive techniques to assess
cancer-related mechanisms. Thus, high-quality translational studies are required to 1) clearly describe the associated
mechanisms and 2) modulate the activity of these mechanisms in clinical trials.
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Conclusion
Autonomic nerve density has been deemed a regulator of cancer growth and spread. However, the knowledge
produced on the topic is mainly based on preclinical studies and retrospective observational clinical studies.
Therefore, the results presented herein seem promising, but future research using high-quality prospective clinical
trials is required to draw directions to guide future clinical interventions.

Future perspective
β-blockers are a safe and low-cost strategy that is generally well tolerated by patients. Its use, albeit incidental, has
brought a new perspective to treating lung cancer, especially to control disease progression and metastasis and when
used as an add-on to standard treatments.

In the Grading of Recommendations Assessment, Development and Evaluation (GRADE) [72], some aspects are
noted as important to increase the level of evidence of a study, for example: 1) the potential benefits are greater
than the risks; 2) the intervention is cheap and viable; 3) there is high acceptability of the intervention; and 4) there
are residual effects from confounding factors that must be estimated. In this sense, β-blockers can be considered
a potential add-on therapeutic strategy for lung cancer. However, more prospective studies with a high level of
evidence are needed to confirm this potential.

Alternatively, exercise training seems to produce similar effects to β-blockers modulating autonomic nervous
system activity, which has been considered a protective tool against some types of cancer, such as breast and colon
cancer [73,74]. In fact, exercise training reduces sympathetic nervous activity, improving parasympathetic/sympathetic
balance [75–79]. Indeed, exercise training decreases resting heart rate because of an increase in cardiac vagal tone and a
decline in intrinsic heart rate [78]. Additionally, exercise training is a safe and low-cost strategy that increases quality
of life, functionality, and survival rates with minimal or no side effects [75]. Furthermore, exercise training also
appears to have an impact on several hallmarks of cancer [6,7] such as resistance to cell death, sustained proliferative
signaling, invasion and metastasis; contributing to increased angiogenesis in the tumor region, reprogramming
energy metabolism (from glycolytic to oxidative), preventing the destruction of immune system cells and stimulating
apoptosis of tumor cells [80]. Specifically, increased angiogenesis may assist in another regulatory mechanism of
tumor proliferation: the production of myokines. Myokines are proteins, lipids and nucleic acids (DNA, miRNAs),
which are produced and released into the bloodstream by skeletal muscle during and immediately after physical
exercise, stimulating internal signaling and/or communication with other organs and tissues, such as the liver,
adipose tissue and heart [81–84] and which can mitigate the proliferation of tumor cells. Indeed, myokines can
produce diverse local and distant antineoplastic effects [80]. Hojman and colleagues [85] showed that breast cancer
cells treated with serum collected from animals after physical exercise (with myokines) caused both a significant
decrease in proliferation and an increase in apoptosis of tumor cells, leading to inhibition of tumor growth.
Therefore, some effects of exercise training resemble the effects of β blockers which may be beneficial, for example,
before surgery or in association with standard treatments. Furthermore, physical training promotes benefits that
can minimize other effects of cancer, and is recommended for all phases of treatment (before, during and after
treatment), regardless of the type and stage of the disease [86]. In this sense, exercise training can be prescribed
according to the capabilities of patients due to the side effects of cancer. Thus, supervised exercise training may
contribute to improving the response to treatment, survival and, mainly, the quality of life of patients with lung
cancer.

Summary points

• Preclinical studies suggest autonomic innervation in lung cancer can trigger tumor progression, metastasis, and
resistance to treatment.

• Increased expression of β2-adrenergic receptors has been associated with poor prognosis in recurrence-free
survival and overall survival in lung cancer patients.

• The incidental use of β-blockers as an add-on to standard lung cancer treatments has led to an increase in overall
survival and recurrence-free survival, in addition to reducing the occurrence of metastasis.

• However, when considering the isolated use of β-blockers, no significant effects on overall survival,
recurrence-free survival or cancer-specific mortality have been observed.

• The impact of incidental β-blocker use on the perioperative period remains inconclusive, showing the need for
further research in this area.
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