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Beta-adrenergic receptor blockers
improve survival in patients with
advanced non-small cell lung
cancer combined with hypertension
undergoing radiotherapy

Xinyi Liang'?, Pengwei Li2, Yiwei Qin%3, You Mo**"! & Dawei Chen?>"*

Hypertension (HTN) is prevalent in non-small cell lung cancer (NSCLC) patients, yet the
cardioprotective and survival benefits of B-adrenergic blockers during radiotherapy (RT) remain
underexplored. We analyzed data from a Chinese clinical cohort of 750 patients with stage IlIA to
I1IB NSCLC and HTN receiving RT between 2014 and 2018. The findings were further validated using
data from the NHANES database. In Chinese clinical cohort, B-adrenergic blockers were associated
with improved OS (B-adrenergic blockers: median overall survival (ImOS) 17.64 months, 95% Cl,
15.95-19.33; no B-adrenergic blockers: mOS 13.16 months, 95% Cl, 12.62-13.70; p<0.0001) and PFS
(B-adrenergic blockers: median progression-free survival (mPFS) 7.50 months, 95% Cl, 6.50-8.50;
without B-adrenergic blockers: mPFS 4.91 months, 95% Cl, 4.53-5.31; p<0.0001). Simultaneously,
in the NHANES database, the utilization of B-adrenergic blockers exhibited no discernible impact
on OS within the entire tumor population, as evidenced by the Kaplan-Meier curve, which revealed
no statistically significant difference between the two groups (p=0.254). B-adrenergic blockers may
improve OS and PFS in patients with HTN and NSCLC undergoing RT. B-adrenergic blockers show
potential and warrant further investigation in the context of RT.
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Abbreviations

NSCLC  non-small cell lung cancer

RT radiotherapy

HTN hypertensive

(O overall survival

PFS progression-free survival

mOS median overall survival

mPFS median progression-free survival
VEGF vascular endothelial growth factor
ACEIs angiotensin-converting enzyme inhibitors
ARBs angiotensin receptor blockers
CCB calcium channel blockers

DMFS distant metastasis-free survival
DFS disease-free survival
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KPS Karnofsky Performance Status
SBP systolic blood pressure

DBP diastolic blood pressure

cAMP cyclic adenosine monophosphate

CREB cAMP-response element binding protein

Cardiovascular disease and cancer are two of the most common causes of death worldwide!?. Growing research
evidence suggests a significant association between the two diseases, particularly among cancer patients with
hypertension (HTN)>%. The China Cardiovascular Health and Disease Report 2022 reveals that HTN prevalence
has doubled over the past three decades, with approximately 245 million people suffering from HTN in China®.
Of particular note, epidemiological statistics emphasize that HTN incidence among Chinese cancer patients
is notably high, reaching up to 37% °. The incidence of HTN among cancer patients is steadily increasing’.
Therefore, proactive treatment, life extension, and enhancement of life quality are of paramount importance for
this demographic.

A correlation exists between elevated blood pressure and cancer®. On one hand, heightened blood pressure
increases the risk of cancer in patients'®. For instance, males with HTN face a heightened risk of developing
lung and kidney cancers, while females with HIN exhibit greater susceptibility to cervical and uterine body
cancers'!. Conversely, cancer treatment can also elevate the risk of HTN. In non-small cell lung cancer (NSCLC)
patients, vascular endothelial growth factor (VEGF) inhibitors and tyrosine kinase inhibitors lower VEGF levels.
This makes vasodilators less effective and increases blood pressure. Similarly, the use of alkylating drugs in
lung cancer treatment may induce damage to the vascular endothelium, increased vascular intima thickness,
and vascular remodeling, resulting in elevated blood pressure!2. Moreover, advanced age, tobacco use, obesity,
alcohol consumption, psychological stress, sedentary lifestyle, and exposure to air pollution are prevalent risk
factors shared by both NSCLC and HTN.

Patients diagnosed with NSCLC and HTN may need to take blood pressure medications long-term.
Currently, antihypertensive medications are predominantly categorized into five classes: angiotensin-converting
enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), B-adrenergic blockers, calcium channel
blockers (CCB), and diuretics'. B-adrenergic blockers are categorized as either selective or non-selective,
with selective -adrenergic blockers primarily targeting p-adrenergic receptors in cardiac tissue. They act to
inhibit the sympathetic nervous system, leading to reductions in heart rate, myocardial contractility, stroke
volume, myocardial oxygen consumption, and peripheral vascular resistance. Consequently, this mechanism
has received attention and consideration'®. One study revealed that among the aforementioned antihypertensive
medications, only B-blockers demonstrated a reduction in the risk of developing prostate cancer'. Therefore, the
clinical advantages of -blocker therapy have been observed in both the treatment of HTN and clinical studies
related to cancer. Some studies have shown that in patients with breast cancer'®!” and melanoma!® who have
HTN, treatment with -adrenergic blockers can reduce tumor metastasis, recurrence, and mortality. It is related
to the inhibition of -adrenergic signaling pathways by receptor blockers'®. Activation of f-adrenergic signaling
contributes to cancer development and progression. This involves processes like angiogenesis, DNA repair,
immune response, and epithelial-mesenchymal transition?’. f-adrenergic blockers impede the aforementioned
signaling pathways, and beyond their cardiovascular benefits, they exert inhibitory effects on tumor metastasis
and recurrence.

Moreover, Chaudhary et al. reported that B-adrenergic blockers, besides improving tumor metastasis and
overall survival (OS), also heightened tumor cell sensitivity to radiotherapy (RT)2!. A retrospective study of
NSCLC patients undergoing RT found that using P-adrenergic blockers was associated with improvements
in distant metastasis-free survival (DMFS), disease-free survival (DFS), and OS?2. Nevertheless, conflicting
outcomes have been reported by other research groups. Shah et al. conducted a study involving 436 lung cancer
patients, revealing no significant correlation between the utilization of f-adrenergic blockers and OS*. There is
also no evidence indicating that B-blockers enhance survival outcomes for patients diagnosed with lung, breast,
or colorectal cancer.

There are limited clinical studies of -blockers in RT patients with NSCLC combined with HTN to explore
the potential association between p-blockers and lung cancer survival outcomes. We hypothesized that a similar
clinical advantage could be expected in NSCLC. Consequently, we conducted a retrospective analysis of NSCLC
patients to assess the influence of B-blockers following RT. Concurrently, we utilized the National Health and
Nutrition Examination Survey (NHANES) database to assess the effects of B-blockers on survival within the
broader cancer population.

Materials and methods

Patient selection

A retrospective study was conducted on 750 patients diagnosed with stage IITA-IIIB NSCLC who underwent RT
from January 2014 to December 2018 (Supplemental Fig. 1). The analysis included only patients with recently
diagnosed and pathologically confirmed advanced NSCLC who were concurrently diagnosed with HTN or had
a pre-existing diagnosis of HTN before undergoing tumor treatment. Patients with a history of coronary heart
disease, diabetes mellitus, or renal insufficiency either before or during hospitalization were excluded from the
study. Simultaneously, individuals with multiple primary lung cancers or a prior history of another malignancy
were systematically excluded from the study.

The fundamental characteristics and clinical data of the patients were derived from electronic medical
records, encompassing variables such as gender, age, Karnofsky Performance Status (KPS) score, pathological
stage and type, smoking history, RT modality, HTN severity and classification, and the specific type of receptor
blocker employed. Patients received a radiation dose of 60-70 Gy, delivered in conventional fractionation (1.8
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2.0 Gy per fraction). The radiotherapy was administered using either Intensity-Modulated Radiotherapy or 3D
Conformal Radiotherapy. All patients were positioned in a supine position with their arms at their sides, under
alarge-bore CT scanner. A thermoplastic mask was used to immobilize the patient, followed by laser alignment
and enhanced CT scanning. Finally, the CT localization images were transferred to the target delineation system.

During the screening process, patients were strictly staged according to the 7th edition of the TNM
classification system. This study received approval from the Ethics Committee and the Institutional of Cancer
Hospital Affiliated to Shandong First Medical University (SDTHEC2024003169). Due to the retrospective design
of the study and the absence of anticipated risks to the participants, patient consent was deemed unnecessary.
This study ensures that all key information is detailed in accordance with the requirements of the STROBE
guidelines®*.

The NHANES (https://www.cdc.gov/nchs/data-linkage/mortality-public.htm) is a comprehensive research
program conducted by the National Center for Health Statistics (NCHS) to assess the health status of adults and
children in the United States.This database can be used to assess survival outcomes, allowing for the analysis of
the relationship between diseases, medication use, and survival outcomes?. On the other hand, adhering to the
identical exclusion criteria, essential data of 568 cancer patients in the NHANES database spanning from 2014
to 2018 were gathered. This information encompassed gender, age, ethnicity, smoking and alcohol consumption
history, average systolic blood pressure (SBP), average diastolic blood pressure (DBP), cardiovascular and
cerebrovascular disease history, as well as the utilization of -blockers, among other parameters.

Statistical analysis

The primary clinical endpoints included OS and PFS. OS is defined as the duration from randomization to death
resulting from any cause during a clinical trial. PFS measures the time from the start of a clinical trial until tumor
progression or patient death from any cause.

Initially, descriptive statistics and frequency tables are employed to encapsulate the diverse data. Chi-square
tests and Fisher tests were utilized to scrutinize group distinctions among clinical single centers and diverse
baseline information in the database. The Kaplan-Meier method was employed to illustrate the distribution of
OS time and PFS time, with a comparison of median survival and PFS based on drug utilization. Multivariate
Cox proportional hazard models were employed to assess the impacts of pertinent covariates on OS and PFS. All
computations were conducted using SPSS (IBM SPSS Statistics 23, Armonk, USA) and R (R 4.2.3 Foundation for
Statistical Computing, Vienna, Austria). A p-value below 0.05 was deemed statistically significant.

Results

Patient characteristics

Among patients undergoing RT for NSCLC with HTN, 750 individuals met the criteria for inclusion in the
analysis. Analytical procedures were conducted based on the utilization of antihypertensive medications among
the enrolled patients, and a frequency distribution table was generated. Among this cohort, 278 (37%) individuals
opted for the administration of B-blockers, whereas 472 (63%) refrained from their usage. Similarly, 240 (32%)
patients chose ACEIs, while 510 (68%) opted not to. Excluding 547 (73%) patients, 203 (27%) individuals
were prescribed antihypertensive ARBs. Diuretic antihypertensive medications were prescribed for 309 (41%)
patients and omitted for 441 (59%) patients. Additionally, 172 (2%) patients were administered CCB, while
the remaining 578 (77%) were not (Supplemental Table S1). The distribution table shows that diuretics were
the most commonly prescribed antihypertensive drugs, making up 41% of the total. The use of -adrenergic
blockers ranks second, accounting for 37% of the total patients. Furthermore, the distribution of people using
antihypertensive drugs reveals that the number of individuals who do not use these drugs exceeds half of the
total population. This finding further highlights the lack of awareness among people regarding HTN control and
their failure to promptly manage and regulate their elevated blood pressure.

A total of 750 patients were included in this study according to the exclusion criteria, and the baseline
characteristics of each cohort were listed in Table 1. The participants in this study primarily consisted of
individuals with advanced NSCLC in stages IIIA and IIIB. Patients were required to undergo RT five days a
week, with a total prescribed dose of 95% of the planned target volume. Out of these, 368 (49%) underwent
3D-conformal radiotherapy, while 382 (51%) received intensity-modulated radiotherapy. This study classified
HTN and found that patients are mainly in grades IT and III, corresponding to medium to high risk. Furthermore,
the utilization of 3-adrenergic blockers exhibited a gradual increase as KPS scores declined. The Chi-square test
revealed a statistically significant difference in KPS between the two groups (p <0.050). Among patients with a
KPS less than 80, 55% used p-adrenergic blockers, which was 10% higher than those with a KPS greater than
80 (Table 1). No differences were observed in age, T stage, sequence of occurrence, pathological tumor type,
smoking status, type of RT, HTN grade, and group (p>0.050).

To further investigate the impact of B-adrenergic blockers on total tumor population, we also verified the
information obtained from the NHANES database. The study included basic information from 568 individuals
in the NHANES database. The differences in baseline characteristics between the two groups were compared
using a Chi-square test, as shown in Supplemental Table S2. The results indicated significant differences in age
(p=0.001) and DBP (p=0.007) between the two groups. However, no statistical differences were observed in
other factors between the groups (p>0.050).

Survival outcomes with beta blocker use

In the Chinese single-center cohort, the Kaplan-Meier curve illustrates OS and PFS in patients treated with
and without B-blockers, as depicted in Fig. 1. The x-axis of the survival curve represents follow-up time in
months, and the y-axis represents the survival rate. The blue curve represents the Yes group, and the orange
curve represents the No group. The median OS was 17.64 months with p-blockers and 13.16 months without
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No. of patients (%) | B receptor antagonist
Characteristic N=750(%) No, N=472(%) | Yes, N=278(%) | p value
Sex 0.054
Female 428(57) 302(64) 197(71)
Male 322(43) 170(36) 81(29)
Age 0.517
<65 300(40) 109(23) 70(25)
265 450(60) 363(77) 208(75)
KPS 0.034"
<80 503(67) 222(47) 153(55)
>80 247(33) 250(53) 125(45)
Clinical stage 0.098
IITA 210(28) 166(35) 114(41)
1B 540(72) 306(65) 164(59)
Sequence 0.052
Sequence 525(70) 170(36) 120(43)
Concurrent 225(30) 302(64) 158(57)
Tumor histology 0.614
Squamous cell 353(47) 227(48) 139(50)
Non-squamous cell | 397(53) 245(52) 139(50)
Smoking status 0.235
Never 150(20) 156(33) 78(28)
Previous 262.5(35) 174(37) 119(43)
Current 337.5(45) 142(30) 81(29)
Radiation plan 0.285
3D-CRT 368(49) 175(37) 114(41)
IMRT 382(51) 297(63) 164(59)
Hypertension grade 0.077
Grade I 173(23) 133(28) 64(23)
Grade I 360(48) 183(39) 100(36)
Grade III 217(29) 156(33) 114(41)
e
Low risk group 135(18) 109(23) 42(15)
Middle risk group 263(35) 141(30) 100(36)
High risk group 202(27) 128(27) 75(27)
Very high risk group | 150(20) 94(20) 61(22)

Table 1. Patient and tumor characteristics in single center study in China. KPS: KarnofskyPerformance Status,
*p value is significant, Hypertension risk stratification! is classified according to the stratification criteria of the
ESC guidelines.

B-blockers. The data clearly indicates that the utilization of p-blockers extends the median survival time, leading
to a significant benefit in terms of OS as illustrated in Fig. la (p<0.0001). Similarly, the median PFS with
B-blockers was 7.50 months, whereas the median PFS without B-blockers was 4.91 months. This suggests a
substantial advantage associated with the use of -blockers, as depicted in Fig. 1b (p <0.0001). Compared with
no P-adrenergic blockers, patients using p-adrenergic blockers had a relative increase in median OS of 4.48
months and a relative increase in median PFS of 2.59 months. Consequently, these findings indicate that the
use of Pf-adrenergic blockers has benefits in terms of overall survival time as well as disease progression and
metastasis.

Upon adjusting for gender, age, KPS score, clinical stage, sequence of occurrence, pathological type, smoking
status, type of RT, HTN stage and group, and specific antihypertensive drug use, the utilization of B-blockers
demonstrated a significant association with improved OS (B-blockers vs. no -blockers: HR, 0.71; 95% CI, 0.33-
0.91; p=0.010) (Supplemental Table 3). Similarly, a significant correlation was identified with PFS (B-blockers
vs. no P-blockers: HR, 0.64; 95% CI, 0.39-0.96; p=0.030) (Table 2). f-adrenergic blocker use reduced the risk
of death by 29% and the risk of progression or metastasis by 36%. In additions, Lower KPS scores did not
reduce in the risk of death (KPS <80 vs. KPS >80: HR, 0.76; 95% CI, 0.51-1.23; p=0.230) or disease progression
(KPS <80 vs. KPS>80: HR, 0.64; 95% CI, 0.23-1.04; p=0.060), as these observations did not attain statistical
significance. Likewise, there was no association between the middle-risk (OS: p=0.850; PFS: p=0.450), high-
risk (OS: p=0.630; PFS: p=0.330), and very high-risk groups (OS: p=0.420; PFS: p=0.220) for overall survival
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Fig. 1. Survival outcomes in association with p-adrenergic blockers use in a Chinese cohort. The Kaplan-
Meier curves for OS (a) and PFS (b) show data for patients using -adrenergic blockers (Yes) and those not
using them (No). The x-axis indicates follow-up time in months, and the y-axis shows survival rates, with 1.00
representing 100%. The blue curve represents the Yes group, and the orange curve represents the No group. For
OS (a), the median survival time was 17.64 months for Yes and 13.16 months for No (p <0.0001). For PES (b),
the median survival time was 7.50 months for Yes and 4.91 months for No (p <0.0001). These results indicate
that beta-blocker use is associated with longer OS and PFS.

0s PFS
Variables HR | 95%CI pvalue | HR | 95%CI p value
KPS
<80 0.76 | 0.51-1.23 | 0.23 0.64 | 0.23-1.04 | 0.06
>80 Ref Ref
Clinical stage
I A Ref Ref
II1B 0.97 | 0.67-1.44 | 0.22 1.42 | 0.89-1.87 | 0.57
Hypertension risk
Low risk group Ref Ref

Middle risk group 1.01 | 0.86-1.33 | 0.85 1.32 | 0.88-1.64 | 0.45

High risk group 1.15 | 0.75-1.31 | 0.63 1.25 | 0.85-1.44 | 0.33
Very high risk group | 1.24 | 0.65-1.29 | 0.42 1.31 | 0.63-1.84 | 0.22
Use of B-blockers
No Ref
Yes 0.71 | 0.33-0.91 | 0.0I" | 0.64 | 0.39-0.96 | 0.03"

Table 2. Multivariate Cox proportional hazards model for OS and PFS. OS: overall survival, PFS: progression-
free survival, HR: hazard ratio, CI: confidence interval, KPS: KarnofskyPerformance Status. *p value is
significant.

or disease progression compared with the low-risk group for hypertension. The results of this study insufficiently
support the notion that ACEIs, ARBs, CCB, and diuretics influence the survival and PFS of NSCLC patients
undergoing RT.

Simultaneously, within the NHANES database, the Kaplan-Meier curve did not indicate a significant
influence of B-blockers on OS in the tumor population. (HR, 1.228; 95% CI, 0.84-1.79; p=0.254) (Fig. 2).In a
multivariate Cox regression model, mean DBP and the use of 3-blockers were also not identified as independent
risk factors for survival in the tumor population (B-blockers vs. no B-blockers: HR, 1.05; 95% CI, 0.74-1.51;
p=0.780). However, age was found to be statistically significant (Age>65 vs. Age <65: HR, 3.27; 95% CI, 2.23-
4.78; p < 0.001) as shown in Table 3. Although findings from the NHANES database indicate that p-adrenergic
blockers do not show statistically significant effects on OS in tumor patients, survival benefits were observed in
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Fig. 2. Survival outcomes in association with f-adrenergic blockers use in NHANES database. The figure
shows the overall survival curves for patients using B-adrenergic blockers (Yes) and those not using them (No)
in the NHANES database. The x-axis represents follow-up time, and the y-axis shows survival rate. The blue
curve represents the Yes group, and the orange curve represents the No group. The difference between the two
groups was not statistically significant (p=0.254).

more than 700 clinical samples. Therefore, 3-adrenergic blockers warrant further research and exploration in
lung cancer patients undergoing RT.

Discussion
To date, clinical studies on the impact of B-adrenergic blockers on the survival of NSCLC patients undergoing
RT and concurrent HTN are still limited. In our study, we found the following: (1) Among the target population
using (-adrenergic blockers, the mOS was extended (17.64 months with beta-blockers vs. 13.16 months
without). (2) The use of B-adrenergic blockers also prolonged the mPFS (7.50 months with beta-blockers vs. 4.91
months without). (3) After adjusting for other factors, the use of beta-blockers was significantly associated with
improved OS and PES (OS: HR, 0.71, 95% CI, 0.33-0.91, p=0.010; PFS: HR, 0.64, 95% CI, 0.39-0.96, p=0.030).
Recent clinical studies have shown that the use of B-adrenergic blockers is associated with reduced tumor
progression and lower mortality rates in patients with bladder cancer?® and breast cancer?”?%. Similarly, our
study found that f-adrenergic blockers can improve survival outcomes in patients with NSCLC and may play
a positive role during RT. This effect may be attributed to the inhibition of the adrenergic signaling pathway by
B-adrenergic blockers, which reduces tumor metastasis and improves patient prognosis. Studies have found
that during physiological and pathological stress, the sympathetic nervous system releases large amounts of
adrenaline and norepinephrine, which bind to specific adrenergic receptors, including al, a2, 1, f2, and 3.
It is important to note that adrenergic receptors are found in vulnerable sites such as the lungs, brain, breast,
and prostate, where tumor development and metastasis can occur?. The activation of p2-adrenergic receptors
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oS
Variables HR | 95%CI p value
Age
<65 Ref
265 3.27 |2.23-4.78 | <0.001"
DBP
<80 Ref
80-89 0.79 | 0.51-1.20 | 0.27
=90 0.99 | 0.54-1.80 | 0.97
Use of B-blockers
No Ref
Yes 1.05 | 0.74-1.51 0.78

Table 3. Multivariate Cox proportional hazards model for OS. OS: overall survival, HR: hazard ratio, CI:
confidence interval, DBP: diastolic blood pressure. *p value is significant.

triggers a chain reaction: It activates adenylate cyclase through G proteins, converting ATP to cAMP. cAMP then
activates protein kinase A, which phosphorylates downstream proteins. This ultimately boosts the expression
of cyclins like Cyclin D1 and anti-apoptotic proteins like Bcl-2, promoting cell growth and preventing cell
death0-32, Selective f2-adrenergic receptors bind to f1-AR and B2-AR, blocking adrenaline and noradrenaline
from binding and inhibiting downstream signaling®*. With the cAMP-PKA pathway inhibited, the expression
of Cyclin D1 and Bcl-2 is reduced, thereby suppressing tumor cell proliferation and survival®’. B-adrenergic
blockers may influence patient survival by inhibiting the adrenergic signaling pathway.

In our study, patients using B-adrenergic receptors had better OS and PFS after RT than those not using
them. This might be due to B-adrenergic receptors reducing cardiac toxicity from RT. In the Lung-ART study™,
adjuvant radiotherapy for stage IIIA-N2 NSCLC did not improve OS or DFES but increased cardiopulmonary
toxicity. Several investigations consistently indicate the presence of specific adverse effects on the myocardium,
valves, pericardium, and vasculature during thoracic RT. Haseltine et al. observed that thoracic RT, while
effective in eliminating tumor lesions, concurrently induces coronary atherosclerosis, resulting in heightened
lumen pressure and increased blood pressure®®. In addition, Jiang et al. found that RT can activate the renin-
angiotensin-aldosterone system, which further promotes the formation of myocardial fibrosis and leads to the
occurrence of cardiovascular diseases®. Building upon prior research, the utilization of f-adrenergic blockers
in this investigation is grounded in their capacity to diminish heart rate, attenuate myocardial contraction, and
suppress sympathetic nerve activity. f-adrenergic blockers may also have a potential radiosensitizing effect.
Additionally, RT causes damage to tumor cells, activating DNA repair mechanisms. p-adrenergic blockers
can inhibit the DNA repair capacity of tumor cells, reducing non-homologous end joining and homologous
recombination repair, thereby decreasing the radiation resistance of tumor cells. B-adrenergic receptors may
demonstrate their potential value in RT*. Similarly, the 2023 European Society of Hypertension Guidelines
reaffirm the status of B-adrenergic blockers as the primary treatment, either as a standalone therapy or in
combination?®. This multifaceted positive impact may help improve the OS and prognosis of NSCLC patients
undergoing RT, and is worth further exploration in the field of RT.

The clinical cohort identified a survival benefit associated with -adrenergic blockers. However, analyses
using the NHANES database failed to demonstrate an improvement in survival rates for the general cancer
population. This lack of observed benefit in the broader cancer population may be due to the fact that the
NHANES database includes a wide range of cancer types, treatments, and comorbidities. This diverse scope may
dilute the potential benefits of B-adrenergic blockers?. In the clinical cohort, we focused on NSCLC patients
with HTN undergoing RT, with strict standardization of selection and treatment. The NHANES study, based on
cross-sectional data, lacks detailed records of treatment and long-term follow-up despite its large sample size®.
Additionally, the database may not fully control for comorbidities or lifestyle confounders. The clinical cohort
strictly excluded patients with certain conditions (such as diabetes and coronary heart disease) to eliminate these
factors as potential confounders. These factors may lead to different outcomes in the two cohorts.

Due to the limitations of our study, there is a lack of consensus with the findings of other relevant studies.
Firstly, because this study was initially retrospective, we could not truly assess the interaction of medications
taken by all hospitalized patients during treatment. Nonetheless, employing a multiple regression model revealed
a relatively uniform distribution of known confounding variables among the patient cohort. This study may be
subject to potential biases and unmeasured confounding factors that could affect the results. Future studies will
incorporate prospective research and randomized controlled trials to further validate our findings. Secondly,
with the progress of immunotherapy in studies like IMpower010 “®and PACIFIC*"*2, NSCLC treatment has
entered a new phase®. Research shows that combining p-adrenergic blockers with immunotherapy can enhance
cytotoxic T-cell function, improving anti-tumor effects®’. The data collection period for our study predates
the widespread clinical use of immunotherapy, so our findings do not include data related to immunotherapy.
Thirdly, in a study conducted by Barron TI, there was a decrease in breast cancer-specific mortality among
propranolol users, and no significant difference was observed in breast cancer-specific mortality among atenolol
users. In our analysis, the sample size within each group was insufficient to adequately address the distinction
between selective and non-selective B-blocker medications and to definitively ascertain which class of drugs
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exerted an impact on survival. The lack of data on the type, dosage, and duration of p-adrenergic blockers use is a
limitation of this study, which we hope to address with more detailed information in future research. Conversely,
results from single-center clinical studies suggest that p-adrenergic blockers enhance OS and PFS in lung cancer
patients undergoing RT. The disparity in these two outcomes may be pertinent to patients undergoing RT in
clinical investigations. There exists an interaction between B-adrenergic blockers and RT. Nevertheless, the
mechanism and principles of action remain unclear and necessitate further exploration and research. The aim
of this study was to determine 3-adrenergic blockers enhance OS and PFS in patients with NSCLC complicated
by HTN, thereby counteracting the current unfavorable trend and ameliorating both the quality of life and
prognosis for these patients.

Conclusion

In summary, B-adrenergic blockers prolonged OS and PFS in HTN patients with NSCLC undergoing RT.
Leveraging substantial expertise in -blocker usage for other medical conditions, the application of these
discoveries could potentially be promptly integrated. Given the elevated prevalence of HTN among patients
with NSCLC, it is essential to investigate the influence of adrenergic control on tumor prognosis.

Data availability
The original contributions presented in the study are included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.
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