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Abstract: It is known that hypertension could increase the plasma levels of VEGF and that β-blockers propranolol
could counteract the effect. Our aim was to explore the possibility of improving survival outcomes for patients
with and patients without hypertension. In addition, we also compared the efficacy of the usage of β-blockers in
inoperable non-small cell lung cancer (NSCLC) patients. We retrospectively reviewed 1753 NSCLC patients who
underwent concurrence/sequential chemoradiotherapy in our hospital from 1994 to 2005. A total of 606 inoperable patients with stage III were enrolled in this study. Fifty-five patients survived until the follow-up date of May
2011. From the 606 patients, 123 of them had hypertension. We identified 11 of them who took β-blockers orally.
Kaplan-Meier methods and Cox proportional hazard model were utilized to analyze the overall survival (OS) outcome
among patients with hypertension and patients without hypertension. After that, we compared the patients who
took β-blockers with patients who did not take β-blockers in the whole stage III cohort using the same approaches.
The Kaplan-Meier analysis revealed that there were no significant survival outcomes between hypertension and
non-hypertention groups (P>0.05). No significant difference was found between using β-blockers and not using
them in the hypertention group (P>0.05). We also found no statistical significance between using β-blockers and
not using them in the whole cohort of 606 NSCLC patients (P>0.05). The results from both univariate or multivariate analysis using the Cox proportional hazards regression model indicated that there was no statistical difference
between hypertension and non-hypertension group. There was also no difference between using β-blockers and not
using them in the whole stage III cohort (P>0.05). For the patients with hypertension, the usage of β-blockers did
not influence the overall survival in stage III inoperable NSCLC. Further randomized clinical trials will be warranted
to validate this finding.
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Introduction
The efficacy of the β-blockers propranolol
against infantile capillary hemangiomas was
reported in June 2008 [1]. To date, propranolol
has become the first line medication for infantile hemangiomas(IH) [2]; however, the mechanisms are still unclear. Several hypotheses
were mentioned, including cellular apoptosis,
the effect of vasoconstriction and hypoxia,
downregulation of basic fibroblast growth fac-

tor, and vascular endothelial growth factor
(VEGF) [3].
VEGF was also one of the most important factors in tumor proliferation by stimulating the
growth of new blood tumor vessels [4]. Accordingly, the efficacy of anti-angiogenic medication has been proved to be effective in nonsmall cell lung cancer (NSCLC) [5, 6]. Several
retrospective studies have shown that the possible clinical effect of β-blockers medicines in
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patients undergoing treatment for multiple
types of cancers [7-10]. However, several retrospective studies showed the inconsistent survival outcome of patients’ intake of propranolol
in NSCLC [11-13]. Choi et al. conducted a metaanalysis and mentioned there was a trend for
low-stage subjects to benefit more dramatically
from using β-blockers than high-stage subjects
[14]. Since most of the early stage patients
underwent surgery rather than chemoradiotherapy, the mix of different stages of the
enrolled patients could be the reason for those
studies’ major bias.
In addition, some epidemiological evidence
showed that blood pressure had been associated with cancer risk [15-17]. People with
essential hypertension (EH) were found to have
higher levels of VEGF in the plasma [18].
Furthermore, several studies indicated that
hypertension could stimulate the expression of
VEGF in the plasma due to the damage of the
microvascular environment [19, 20].
Since VEGF has been highly associated with
the prognostic of cancer patients [21-23], these
findings have led to several hypotheses: Did
patients with hypertension have worse survival
outcome or not? If not, did the survival outcome improve by using the β-blockers? Hence,
we conducted a large-scale retrospective study
of inoperable NSCLC patients with stage III who
underwent radical concurrent/sequence chemoradiation therapy. The objective of this study
was to estimate the efficacy of β-blockers in
prolonging the OS of this cohort patient.
Materials and methods
Study population
We retrospectively reviewed the 1753 inoperable NSCLC patients who underwent concurrent/sequential radiotherapy and chemotherapy in the medical database of Hunan Cancer
Hospital from 1994 to 2005. A total of 606 eligible patients were enrolled in this study. We
verified usage of medications and survival/
death status by contacting the patients or their
relatives by telephone, mail, and e-mail.
The inclusion criteria were as follows: (I) diagnosed and pathologically confirmed NSCLC, (II)
receipt of radiotherapy and chemotherapy without surgery, (III) stage III under the criteria of
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American Joint Committee of Cancer (AJCC) 7th
edition [24]. Exclusion criteria included the following: (I) history or findings of significant valvular heart disease (i.e., more than a mild valvular
insufficiency or stenosis), hyperthyroidism or
hypothyroidism and dilated or hypertrophic cardiomyopathy, (II) atrial fibrillation, (III) pregnancy or lactation, and/or (IV) a major systemic illness such as systemic lupus erythematosus.
The retrospective study was approved by the
Ethics Committee of the Hunan Cancer Hospital, Changsha, China.
Measurement and definition
The patient database contained detailed patient demographic data, the patients’ status
(smoking index, gender, age, and alcohol), TNM
stage, pathological type, and mortality data.
The disease was re-staged by the 7th edition of
the AJCC TNM staging system [24], and the
pathological tumor types were determined
according to the WHO’s NSCLC classification.
Clinical endpoint
The data set was completed from information
obtained from relatives or the survivors as of
May 2011. Our main points of interest were
deaths from NSCLC; deaths of non-NSCLC
cases were not examined for the study.
Statistics analysis
Differences in the distribution of baseline clinicopathologic characteristics between different
groups were compared using the chi-square
test or student’s t-test. We used chi-square test
for categorical variables and student’s sample
t-test for continuous variables, respectively.
Descriptive statistics are presented as percentages or mean values with standard deviations
(SD). Kaplan-Meier analysis was performed for
clinical outcomes, and the statistical significance was determined by the log-rank test. Cox
proportional hazards regression models adjusted for potential confounders were used to study
the relationship between relative risk of death
events and β-blockers medication at baseline.
First, univariate Cox regression analyses were
carried out to examine the association between
each potential confounder and clinical outcomes. Potential confounders for outcomes
included TNM stage, alcohol volume, smoking
index, age, gender, and blood pressure. Second,
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Estimates derived from Cox regressions
were presented as hazard ratios and 95%
confidence intervals (CI). Statistical analyses were performed using SPSS version
23.0 (SPSS Inc, Chicago, Illinois, USA) and
Stata 14.0 (Stata Corp. LP, College Station,
TX, USA). All p-values were two-sided, and
p-values of <0.05 were considered statistically significant.

Table 1. Baseline characteristics between hypertension and non-hypertension among 606 patients
Variables
Age
Gender
Male
Female
Alcohol
Yes
No
β-blockers
Yes
No
T Stage
T0-2
T3-4
N Stage
N0-1
N2-3
Chemotherapy
Yes
No
Pathology
Adeno
Non-Adeno

Hypertension Non-Hypertension
p
N/Mean ± SD
N/Mean ± SD
54.74 ± 9.283
57.18 ± 8.957
0.009
0.341
106
431
17
52
0.213
59
262
64
221
0.000
11
0
112
483
0.112
62
205
61
278
0.062
17
103
106
380
0.844
112
437
11
46
0.660
74
301
49
182

Results
A total of 606 eligible patients with stage
III were included in the first study. Among
them, 123 patients had hypertension (2,
17, and 104 patients with grade 3, 2, 1,
respectively) and 483 patients did not
have hypertension. Eleven of them who
took β-blockers orally were identified during the treatment.
The analysis of overall survival outcome
among patients with hypertension or nonhypertension
The mean ages of patients with hypertension and non-hypertension were 57.18 ±
8.957 and 54.74 ± 9.283 years (P<0.05),
respectively. It is understandable that the
usage of β-blockers was significant between this two hypertension and nonhypertension groups due to the purpose of
the medication. The other variables including gender, smoking index, T/N stage, and
pathology were well balanced (P>0.05)
(Table 1).
The Kaplan-Meier estimator shows the
median overall survival were 19.48 ±
2.270 and 22.37 ± 1.466 months between
hypertension and non-hypertension patients, respectively. However, there was no
significant statistical difference in this
cohort of patients (P=0.198) (Figure 1).

Figure 1. In all 606 patients, this figure shows the comparison
of overall survival between the patients with or without hypertension via Kaplan-Meier analysis.

we fitted separate univariate Cox regression
models to evaluate the influence of each covariate in the strength of association between
β-blockers medication and clinical outcomes.
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The analysis of overall survival outcome
between patients who took β-blockers and
those who did not

Among the 606 patients, 11 patients orally took the β-blockers during the treatment. The mean ages were 61.41 ± 5.127 and
55.12 ± 9.286 in patients who took β-blockers
and patients who did not, respectively (P=
0.018). The other variables, including gender,
Am J Cancer Res 2017;7(4):946-954
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Table 2. Baseline characteristics between β-blockers
and non-β-blockers among 606 patients
Variables

β-blockers
N/Mean ± SD
61.41 ± 5.127

Non-β-blockers
N/Mean ± SD
55.12 ± 9.286

Age
Gender
Male
10
527
Female
1
68
Smoking Index 580.00 ± 509.51 576.46 ± 469.92
Alcohol
Yes
4
317
No
7
278
Hypertension
Yes
11
112
No
0
483
T Stage
T0-2
5
262
T3-4
6
333
N Stage
N0-1
1
119
N2-3
10
476
Chemotherapy
Yes
9
540
No
2
55
Pathology
Adeno
5
370
Non-Adeno
6
225

p
0.025
0.638

0.981
0.363

0.000

0.579

0.702

0.277

0.348

18.530 ± 2.086 months between patients
who took β-blockers and those who did
not, respectively. However, no significant
statistical difference was found in this
cohort of patients (P=0.978) (Figure 2).
The analysis of overall survival outcome
of patients’ intake β-blockers in the cohort of hypertension patients
Table 3 illustrated patients who took
β-blockers and those who did not in the
hypertension group (123 patients). The
Kaplan-Meier analysis showed the median
overall survival times were 23.918 ±
4.359 and 21.684 ± 1.360 months between β-blockers intake and non-intake
patients, respectively. However, there was
no significant statistical difference in this
cohort of patients (P=0.617) (Figure 3).
The multivariable analysis by the Cox
proportional hazard model among 606
patients
We utilized univariate analysis to investigate the potential confounders associated
with survival outcomes. There were no significant differences (Table 4). There were
also no differences in multivariable analysis (Table 5).
The multivariable analysis via Cox proportional hazard model among 123 hypertension patients
We utilized univariable Cox proportional
hazard model to analysis the potential
confounders associated with survival outcomes. No significant differences were
found in univariate and multivariate analysis, respectively (Tables 6, 7).
Discussion

Figure 2. In all 606 patients, this figure shows the comparison
of overall survival between the patients who orally took the
beta-blocker medicine or not.

smoking index, T/N stage, and pathology were
well balanced (P>0.05) (Table 2).
The Kaplan-Meier analysis showed the median
overall survival times were 23.918 ± 4.359 and
949

To our knowledge, this is the first study of a
large-scale retrospective follow-up investigation of survival outcomes in non-operable NSCLC patients with stage III regarding
hypertension and the usage of β-blockers.
Several studies have claimed that essential
hypertension increase the serum VEGF levels
[18]. Moreover, hypertension could cause the
high level of plasma vascular endothelial
growth factor (VEGF) due to the microvascular
Am J Cancer Res 2017;7(4):946-954
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Table 3. Baseline characteristics between β-blockers
and non-β-blockers among 123 hypertension patients
Variables

β-blockers
N/Mean ± SD
61.41 ± 5.127

Non-β-blockers
N/Mean ± SD
56.73 ± 9.158

Age
Gender
Male
10
96
Female
1
16
Smoking Index 580.00 ± 509.51 589.51 ± 491.75
Alcohol
Yes
4
55
No
7
57
Hypertension
Yes
11
112
No
0
483
T Stage
T0-2
5
57
T3-4
6
55
N Stage
N0-1
1
16
N2-3
10
96
Chemotherapy
Yes
9
103
No
2
9
Pathology
Adeno
5
69
Non-Adeno
6
43

p
0.018
0.532

0.951
0.534

0.000

0.731

0.634

0.256

0.343

have demonstrated that the overexpression of VEGF was associated with tumor
progression and poor prognosis in many
tumor types [26-28].
Although the potential link between hypertension and high level of VEGF might exist,
Lee et al. conducted a prospective study
on the relationship of hypertension, smoking, and mortality of lung cancer in healthy
people from 1992 to 1994. Despite not
considering the possible bias due to the
effect of different stages, pathology and
treatment comparing to this study, no statistical significance were found between
hypertension and mortality of lung cancer,
which was consistent with ours to some
degree [29]. However, Dyer et al. and Xie et
al. had an adverse conclusion [30, 31].
To date, propranolol, as an anti-hypertension medication, has been shown to be
highly effective and has become the firstline treatment for infantile hemangiomas
[2]. However, the mechanisms are still
unclear. Recent in vitro experiments demonstrate the following possible mechanisms: (a) β-blockers significantly decrease
expression levels of hypoxia inducible factor (HIF-1α) in urine, serum, and hemangioma tissues. However, the over-expression
of HIF-1α suppresses the effect of βblockers on VEGF [32, 33]. (b) β-blockers
decrease VEGF levels by the down-regulation of the PI3K/Akt/eNOS/VEGF pathway
[34]. This information validates that βblockers could down-regulate the expression of VEGF in vivo.

Furthermore, Wong et al. found that the
abnormal activities of tumor cell proliferation related cytokines, including the expression of VEGF and cyclooxygenase-2
(COX-2), the activity of Matrix metalloproteinase-9 (MMP-9) and the release of
prostaglandin E(2) (PGE (2)) could be eliminated by the β(1)- and β(2)-selective antagonist in vitro [35]. Barron et al. reviewed
Figure 3. In the cohort of hypertension patients, this figure
large amount of preclinical, epidemical
shows the comparison of overall survival between the patients
and clinical data relevant to the associawho orally took the beta-blocker or not.
tion between β-blockers and breast cancer progression, multiple possible aspects,
damage [19, 20]. VEGF is the most important
which might be affected by β-Adrenergic recepregulator of pathological or physiological angiotor expression were listed, including tumor
genesis [25]. Furthermore, several studies
growth, metastasis, cell death, angiogenesis,
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Table 4. Univariable analysis of prognostic
factors with OS among 606 patients
Variables
Age (years)
Gender
Male
Female
Smoking Index
Alcohol
Yes
No
β-blockers
Yes
No
T stage
T0-2
T3-4
N stage
N0-1
N2-3
Pathology
Adeno
Non-adeno
Chemotherapy
Yes
No

p

OS
HR (95% CI)
1.000 (0.997-1.016)

0.173

1.00
1.009 (0.777-1.310)
1.00 (1.000-1.000)

-0.946
0.931

1.00
0.990 (0.837-1.172)

-0.911

1.00
1.009 (0.539-1.886)

-0.978

1.00
1.068 (0.903-1.264)

-0.441

1.00
0.836 (0.676-1.034)

-0.099

1.00
1.074 (0.904-1.274)

-0.417

1.00
0.906 (0.684-1.200)

-0.737

migration, invasion, immune response [36].
The β(1,2) unselective blocker medication,
such as propranolol, might have the potential
anti-cancer effects.
The limitations of our study were that we did
not demonstrate the better overall survival outcome by intake of a β blocker, and it was consistent with the conclusion by Aydiner et al. [13]
and Cata et al. [12]. However, Wang et al. indicated propranolol improved the distant-metastasis-free survival, disease-free survival, and
OS in NSCLC patients [11].
Given the possible unbalanced plasma level of
VEGF baseline between hypertension and nonhypertension patients, we conducted the analysis in only hypertension patients. However, no
significant differences were found between
beta-blocker users or non-beta blocker users in
OS.
Finally, due to the limitations of handwritten
medical records, further information on other
951

Table 5. Multi-variables analysis of prognostic
factors with OS among 606 patients
Variables
Age (years)
Gender
Male
Female
Smoking Index
Alcohol
Yes
No
β-blockers
Yes
No
T stage
T0-2
T3-4
N stage
N0-1
N2-3
Pathology
Adeno
Non-adeno
Chemotherapy
Yes
No

p

OS
HR (95% CI)
1.000 (0.997-1.016)

0.173

1.00
1.024 (0.771-1.361)
1.00 (1.000-1.000)

-0.870
0.667

1.00
0.987 (0.831-1.171)

-0.878

1.00
1.212 (0.630-2.333)

-0.564

1.00
1.000 (0.827-1.208)

-1.000

1.00
0.838 (0.659-1.065)

-0.148

1.00
1.063 (0.891-1.268)

-0.499

1.00
0.881 (0.663-1.170)

-0.382

complications or drug combinations about the
NSCLC patients is unavailable. All the patients
have no results of plasma level VEGF or the
other cytokines. At the time of data collection,
the technology of radiation therapy at Hunan
Cancer Hospital was 2D conformable radiotherapy, not 3D. These factors may have confounded the observed results and merit further
exploration.
In conclusion, the use of beta-blockers was not
associated with the overall survival outcomes
in stage III inoperable NSCLC patients. However,
given the limitations of our study and the potential effect of anti-β-Adrenergic receptors, it is
beneficial to perform a randomized clinical trial
study with relevant cytokines levels.
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Table 6. Univariable analysis of prognostic factors of OS among 123 hypertension
patients
Variables
Age (years)
Gender
Male
Female
Smoking Index
Alcohol
Yes
No
β-blockers
Yes
No
T stage
T0-2
T3-4
N stage
N0-1
N2-3
Pathology
Adeno
Non-adeno
Chemotherapy
Yes
No

p

OS
HR (95% CI)
1.000 (0.978-1.023)

0.988

1.00
1.004 (0.591-1.705)
1.00 (1.000-1.001)

-0.988
0.514

1.00
0.975 (0.673-1.412)

-0.892

1.00
1.180 (0.616-2.260)

-0.618

1.00
1.224 (0.844-1.775)

-0.287

1.00
0.587 (0.329-1.048)

-0.072

1.00
0.800 (0.547-1.170)

-0.251

1.00
1.005 (0.524-1.928)

-0.987
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Table 7. Multi-variables analysis of prognostic
factors with OS among 123 hypertension
patients
Variables
Age (years)
Gender
Male
Female
Smoking Index
Alcohol
Yes
No
β-blockers
Yes
No
T stage
T0-2
T3-4
N stage
N0-1
N2-3
Pathology
Adeno
Non-adeno
Chemotherapy
Yes
No
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