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Abstract 

Purpose: Stereotactic body radiation therapy (SBRT) has emerged as an alternative to surgery for patients with inoperable early-stage non-
small cell lung cancer (NSCLC). The majority of inoperable NSCLC patients are elderly and frequently have comorbidities including cardiovascular 
diseases for which they frequently receive angiotensin receptor blockers (ARBs) or angiotensin-converting enzyme inhibitors (ACEIs). The 
interactions of these medications with SBRT are not clear. The objective of the current study is to investigate the interaction of ARBs and ACEIs with 
SBRT for the outcomes of early-stage NSCLC. 

Methods and Materials: A retrospective chart review of patients treated with SBRT for Stage I and II NSCLC (AJCC 7th edition) at a single 
institution between 2006 and 2017 was conducted. Information on the use of ARBs, ACEIs, demographics, and tumor-related factors was collected. 
Kaplan-Meier and Cox proportional hazard analyses were performed to assess the impact of ARBs and ACEIs combined with SBRT respectively on 
the treatment outcomes of these patients. 

Results: In total, 116 patients were included in the study, among whom 38/116 (32.76%) received ACEIs, and 20/116 (17.24%) received ARBs. 
In the multivariable analysis, the use of ARBs, but not ACEIs, with SBRT, was signifi cantly associated with the increased risk of dissemination 
(Hazard Ratio (HR): 2.97; CI: 1.40-6.27; p < 0.004) compared to SBRT without ARBs. The tumor size of > = 3 cm was associated with signifi cantly 
decreased time to local failure and OS compared to tumor size <3cm. 

Conclusion: In the current retrospective study, the use of ARBs, in combination with SBRT, was associated with a signifi cantly increased risk of 
disease dissemination in early-stage NSCLC compared to SBRT alone. The fi ndings warrant further investigations on the concurrent use of ARBs, 
ACEIs, and other medicines used for chronic diseases with SBRT for early-stage NSCLC.

Introduction
Lung cancer patients often present with comorbidities, 

and many early-stage NSCLC patients with signi icant 
comorbidities are not candidates for surgical resection [1]. 
More than 25% of early-stage NSCLC patients are deemed 
medically inoperable due to comorbidities including reduced 
pulmonary functions [2-4]. Stereotactic body radiation 
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therapy (SBRT) has been established as a standard treatment 
option for these patients with a high local control rate of 90% 
and a 5-year survival rate of 30% - 50% in early-stage NSCLC 
[5-7]. Recent data also suggest that, due to long-term ef icacy 
and low toxicity rates, SBRT could be considered as an 
alternative to surgery after showing comparable outcomes 
in borderline or even operable early-stage NSCLC [8-12]. 

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jro.1001050&domain=pdf&date_stamp=2023-06-24


The Impacts of Angiotensin Receptor Blockers (ARBs) or Angiotensin-converting Enzyme Inhibitors (ACEIs) on Patients with Stereotactic Body 
Radiation Therapy (SBRT) for Early-Stage NSCLC

www.radiooncologyjournal.com 034https://doi.org/10.29328/journal.jro.1001050

A majority of NSCLC patients present with other chronic 
diseases such as hypertension and heart failure and may 
take  angiotensin I-converting enzyme inhibitors (ACEIs) 
or angiotensin II type-1 receptor blockers (ARBs) for these 
diseases [1]. Angiotensin is a critical mediator in the renin-
angiotensin system (RAS) pathway and plays a pivotal role 
not only in maintaining cardiovascular homeostasis and luid 
and electrolyte balance but also in tumor progression [13]. 
The inhibition of RAS suppresses tumor growth, metastases, 
and angiogenesis which may serve as the mechanism of 
ACEIs/ARBs’ effects on tumor growth and progress [14,15]. 

Indeed, studies have indicated that ACEIs and ARBs may 
reduce metastases and improve survival in certain cancers 
[2,12,13,16-20]. A meta-analysis reported that the use of 
(ACEIs) or (ARBs) resulted in signi icant improvement in 
disease-free survival (DFS) (HR: 0.60, p = 0.007) and overall 
survival (OS) in cancer patients (HR: 0.75, p = 0.04) [17]. The 
analysis by cancer site showed improved DFS in urinary tract 
cancers (HR: 0.62; CI: 0.44-0.87; p = 0.006), colorectal cancer 
(HR: 0.22; 95% CI 0.08–0.65; p =0.007), pancreatic cancer 
(HR: 0.58; 95% CI 0.34–0.95; p = 0.032) and prostate cancer 
(HR 0.14; 95% CI 0.05–0.36; p < 0.001) but not in breast 
cancer or hepatocellular carcinoma [17]. No conclusion 
was reported about lung cancer patients. Of note, pooled 
data only showed OS bene it for ACEI or ARB users in high-
stage dominant tumor studies but not in low-stage dominant 
studies. 

Other studies showed that the use of ACEIs or ARBs 
also improves DFS and OS in lung cancer [2,12,13,18-20]. 
Patients with stage III and IV NSCLC who received ACEIs or 
ARBs had 3.1-3.6 months longer median OS and 2.1 months 
longer DFS than non-users [13,16,18]. A 3.2-month median 
longer DFS and nine months longer OS was also reported in 
ACEIs or ARBs recipients taking tyrosine kinase inhibitors 
(TKIs) [12,16,19]. A recent meta-analysis investigating the 
impact of renin-angiotensin system blockers on lung cancer 
prognosis reported improved OS (HR, 0.86). The subgroup 
analysis also indicated better OS in NSCLC (HR, 0.78) and 
advanced-stage patients (HR, 0.77) [20]. Although after 
separating ACEIs from the ARBs usage groups, neither of the 
group respectively showed statistically signi icant OS bene it 
with HR for the ACEIs group being 0.83 but the ARBs group 
being close to 1 (0.95). The difference in the HRs indicates 
the OS bene it may be mainly contributed to the use of 
ACEI. Interestingly, recent studies have indicated that the 
use of ACEIs is also associated with decreased toxicity and 
pneumonitis after radiation therapy in NSCLC [21,22]. 

Given the overall bene it of SBRT and the antiproliferative 
effect of ACEIs and/or ARBs, the interaction of these two 
treatments may have a synergetic or additive effect on the 
prognosis of NSCLC. To our knowledge, there has been no 
study that has looked at the interaction of ACEIs/ARBs 

particularly separately, or any other antihypertensive drugs 
with SBRT in early-stage NSCLC and investigated its impact 
on OS, local control, and disease dissemination. The objective 
of the present analysis is to investigate the interaction of 
SBRT with ACEIs or ARBs respectively on the local control, 
disease dissemination (nodal and/or distal failure), and 
overall survival of NSCLC patients.

Methods and materials
Pat ient selection

We performed a retrospective chart review on individual 
patients treated with SBRT for AJCC 7th edition Stage I and II 
NSCLC at the University of Nebraska Medical Center between 
2006 and 2017. Inclusion criteria for this study were: patients 
had no prior lung cancer or previous cancer in remission for 
> 5 years; primary stage I/II lung cancer; non-small cell lung 
cancer only (small cell carcinomas were deleted); no systemic 
therapy before or after SBRT unless it was used as salvage for 
disease progression and the patient should have had at least 
one follow-up imaging after SBRT. Simultaneously diagnosed 
NSCLCs were included if both lesions were staged as I and/
or II separately and both were treated with SBRT. Baseline 
demographic and treatment characteristics were recorded. 
The use of ACEIs and ARBs was recorded as documented in 
the hospital’s electronic medical record systems as well as 
the date of initial prescription, if available. We compared 
the patients who received ACEIs with SBRT to those who 
received SBRT without ACEIs (including ARBs). We also 
compared the cohort on ARBs combined with SBRT to those 
not using ARBs. All of these patients received these medicines 
prior to and concurrently with SBRT. Disease dissemination 
was de ined as patients with regional nodal and/or distant 
metastasis including intrathoracic metastasis in a different 
lobe or extrathoracic distal metastasis. The study was 
approved by the University of Nebraska Institutional Review 
Board (IRB). Inform consent was obtained from patients 
during the treatment visit.

Statistical analysis

Variables included for the analyses were age, gender, 
tumor size, histological types of lung cancer, and use of ACEI 
or ARB. OS was calculated from the date of disease diagnosis 
to the patient’s death from any cause. Patients alive at 
the last follow-up or lost to follow-up were censored. We 
calculated the local failure time from the date of diagnosis 
to the date of local failure as the irst progression and the 
dissemination failure time from the date of diagnosis to the 
date of dissemination as the irst progression. We used the 
Kaplan-Meier (KM) method to generate survival curves and 
analyze the differences between them with the log-rank test. 

The Cox proportional hazard regression analysis was 
conducted to estimate hazard ratios and their associated 
95% con idence intervals. The Multivariate Cox regression 
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model included the variables of use of ACEIs or ARBs, age 
at diagnosis, sex, race, tumor size, and histological type of 
lung cancer. Proportional hazard assumption assumptions 
were tested using the log-log test and no violation of the 
assumptions was noticed. We used the p value of .05 to de ine 
statistical signi icance. Data analyses were performed with 
SAS 9.4 (SAS Enterprise, Cary, NC).

Results
Characteristics of the study cohort

In total, charts of 182 patients who received SBRT 
treatment for early-stage NSCLC at our institute from 2006 
to 2017 were reviewed. Of these, 116 patients met the 
inclusion criteria and were included in data analyses. The 
median age at diagnosis was 75.7 years, ranging from 52-
94 years, with lower and upper quartiles of (70-79) years. 
Among all patients, 61/116 (52.6%) were male, 55/116 
(47.4%) were female, 102/115 (88.7%) were White, 13/115 
(11.3%) non-white, 105/116 (90.5%) had tumor size <3cm, 
11/116 (9.5%) had tumor size > 3 cm, 52/116 (44.8%) 
were adenocarcinoma, 43/116 (37.1%) were squamous 
cell carcinoma and the rest (18.1%) were other histological 
subtypes of lung cancer. Overall, 38/116 (32.7%) patients 
received ACEIs, 20/116 (17.24%) received ARBs, 78/116 
(67.2%) did not receive ACEIs and 96/116 (82.76%) did 
not receive ARBs. None of the patients received both drugs. 
All of these patients received these medicines prior to and 
concurrently with SBRT. The characteristics of the study 
population are provided in Table 1.

Treatment outcomes of the study cohort

The median follow-up time was 30.3 months for the study 
cohort of patients. Fourteen patients were excluded from 
the overall survival analysis due to simultaneous diagnosis 
of two types of NSCLC. Among the remaining 102 patients, 
58 (56.86%) died during the follow-up period. Among the 
entire cohort, there were 8 (6.90%) local failures, 8 (7.02%) 
nodal failures, and 23 (19.8%) distant failures. Among the 
eight patients who developed local recurrence, the median 
time to local recurrence was 16.9 months. The median 
time to dissemination was 19.8 months in the 34 patients 
(30.63%) who developed dissemination disease. 

Univariate analyses of ARBs and ACEIs plus SBRT

The median OS for the entire cohort was 37.9 months 
(Figure 1A). The median dissemination-free time (DFT) for 
the entire cohort was 55.2 months (Figure 1B). The median 
local failure-free time (LFFT) was not reached (Figure 1C). 

Table 1: Demographic characteristics of the patient population.
Characteristics N (%)

Age of diagnosis (continuous) Median 75.70 (52-94) 116

Gender
Male 61 (52.59%)

Female 55 (47.41%)

Race
White 102 (88.70%)
Other 13 (11.30%)

Tumor Size
< 3 cm 105 (91.52%)

> = 3 cm 11 (9.48%

Histology
Squamous Cell Carcinoma 43 (37.07%)

Non-squamous Cell 73 (62.93%)

ARBs
Yes 20 (17.24%)
No 96 (82.76%)

ACEIs
Yes 38 (32.76%)
No 78 (67.24%)

Status
Death 58 (56.86%)
Alive 44 (43.14%)

Local Failure
Yes 8 (6.90%)
No 108 (93.10%)

Dissemination Failure
Yes 34 (30.63%)
No 77 (69.37%)

Missing 5

Nodal Failure
Yes 8 (7.02%)
No 106 (92.98%)

Missing 2
Overall Survival (median) 37.90 (CI: 30.00-44.50)

Dissemination-free time (median) 55.20 (CI: 36.20-not 
reached)

Figure 1: Kaplan-Meier analyses of treatment outcomes of the entire study 
cohort. A. Overall survival; B. Dissemination-free time; and C. Local failure-free 
time of all patients included in our study.
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Kaplan-Meier analysis showed that DFT was signi icantly 
shorter in patients who received ARBs with SBRT compared 
to those who did not use ARBs (p = 0.003) (Figure 2A). 
SBRT with or without ACEI use did not show a signi icant 
difference in DFTs (Figure 2B). The use of ARBs with SBRT 
was not associated with OS (Figure 3a) and LFF time (Figure 
3B). The use of ACEIs with SBRT was also not associated with 
OS (Figure 3C) and LFFT (Figure 3D). In the univariate Cox 
proportional analysis for LFFT, only tumor size > = 3 cm was 
associated with signi icantly decreased LFFT (HR: 5.80, CI: 
1.12-30.02; p = 0.036) compared to tumor size < 3 cm. In the 
univariate Cox analysis for DFT, only the use of ARBs with 
SBRT was associated with signi icantly reduced DFT (HR: 
2.76, CI: 1.36-5.61; p = 0.005) compared to SBRT without 
the use of ARBs. Tumor size >= 3 cm was associated with 
decreased OS (HR: 2.75, CI:1.29-5.87) compared to tumor 
size < 3 cm. The univariate and multivariate Cox proportional 
hazard analysis results are provided in Tables 2,3.

Multivariate analyses of ARBs and ACEIs with SBRT

In the multivariate analysis (MVA) adjusted for age 
at diagnosis, gender, tumor size, race, and histology, the 

use of ARBs with SBRT was associated with a signi icantly 
increased risk of dissemination (HR: 2.97; CI: 1.40-6.27; 
p < 0.004) compared to SBRT without ARBs (Table 2A). The 
use of ACEIs with SBRT, however, was not associated with 
the risk of dissemination (HR: 0.75, CI: 0.34-1.66; p = 0.480) 
(Table 2B). The use of ARBs with SBRT was not signi icantly 
associated with the risk of local failure in MVA (HR: 0.64, 
CI: 0.07-6.04, p = 0.694) (data not shown). The use of ACEIs 
with SBRT was not signi icantly associated with LFFT (HR: 
1.92, CI: 0.29-9.52, p = 0.426) (Table 3A). Interestingly in the 
MVA of LFT for the use of ACEIs with SBRT, tumor size >= 
3cm was associated with the increased risk of local failure 
(HR: 6.73, CI: 1.09-41.65; p = 0.041) compared to tumor 
size <3cm (Table 3A). The use of ARBs with SBRT was not 
associated with signi icantly improved OS (HR: 1.24, CI: 0.61-
2.50; p = 0.557). Tumor size of > = 3 cm was associated with 
signi icantly decreased OS (HR: 2.65, CI: 1.19-5.89; p = 0.017) 
compared to tumor size < 3 cm in the MVA of investigating 
the impact of ARBs with SBRT for OS (Table 3B). The use of 
ACEIs was not associated with OS (HR: 0.64, CI: 0.34-1.18; 
p = 0.153) compared to SBRT without ACEIs. In the MVA 
of the ACEIs with the SBRT model, tumor size of > = 3 cm 
again was associated with signi icantly decreased OS (HR: 
2.25, CI: 1.01-5.05; p = 0.048) compared to tumor size < 3 cm 
(Table 3C). 

Discussion
The primary purpose of this study was to examine 

whether exposure to ARBs or ACEIs prior to and during 
SBRT is associated with improved survival and tumor 
progression in early-stage NSCLC. In this single-institution 
retrospective study, we found that the use of ARBs with SBRT 
was associated with a signi icantly increased risk of tumor 
dissemination (nodal and/or distal failure) in multivariable 
analysis but not local control or overall survival. No negative 
impact was noticed in patients who received ACEIs with 
SBRT. 

Importantly, our data contrast with previous works 
which suggested a survival bene it with the use of ARBs in 
advanced stages of NSCLC [2,12,13,18-20], which could 
be partly explained by the fact that those studies mostly 
combined the use of ACEIs and ARBs for data analyses which 
may have diluted the adverse effects of ARBs speci ically. The 
bene it shown in advanced-stage NSCLCs could be due to the 
additional use of systemic therapy such as chemotherapy 
mitigating the potentially harmful component of the effects 
of ARBs. Current standard SBRT dose regimens, when 
biologically equivalent dose (BED) is above 100 Gy (ablative 
dose), provide suf icient local control without the need for 
systemic therapy or concurrent use of sensitizing therapies 
[11] which could explain our inding that concurrent use of 
ACEIs or ARBs did not further improve local control in early 
stage NSCLC. However, for advanced-stage NSCLC, due to the 
large thoracic volumes of RT, the BED of thoracic RT usually 

Figure 2: Kaplan-Meier analyses of dissemination-free time (DFT) from disease 
diagnosis to fi rst dissemination showed signifi cantly worse outcomes in ARB 
users when compared with non-ARB users (p = 0.03) but no signifi cant diff erence 
between ACEI users vs. non-ACEI users (p = 0.33).



The Impacts of Angiotensin Receptor Blockers (ARBs) or Angiotensin-converting Enzyme Inhibitors (ACEIs) on Patients with Stereotactic Body 
Radiation Therapy (SBRT) for Early-Stage NSCLC

www.radiooncologyjournal.com 037https://doi.org/10.29328/journal.jro.1001050

Figure 3: Overall survival (A) and local failure-free time (B) comparisons between ARB users vs. non-ARB users. Overall survival (C) and local 
failure-free time (D) comparisons between ACEI users vs. non-ACEI users. None of the comparisons showed statistically signifi cant diff erences.

Figure 4: Renin-Angiotensin model explaining potential mechanisms of ARB promoting early-stage NSCLC dissemination. The overactivation of the 
AT2R pathway by Angiotensin II after blocking AT1R by ARBs may promote tumor metastasis and immune evasion.
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Table 2: (A) Univariate and multivariate analysis for dissemination-free time (DFT) for the use of ARBs plus SBRT vs. SBRT without ARBs (A), and for the use of ACEIs plus 
SBRT vs. SBRT without ACEIs (B).

Variables for DFT
Univariate analysis

P
Multivariate analysis

P
Hazard Ratio (95% CI) Hazard Ratio (95% CI)

Age of diagnosis (continuous) 1.017 (0.971-1.065) 0.476 1.028 (0.978-1.081) 0.276

ARBs
Yes 2.760 (1.358-5.612) 0.005 2.965 (1.402-6.268) 0.004
No Ref Ref

Sex
Male 1.400 (0.710-2.760) 0.332 1.521 (0.763-3.031) 0.233

Female Ref Ref

Race
White 0.00 (0.00-…) 0.987 0.000 (0.000-…) 0.988
Other Ref Ref

Tumor Size
< 3 cm Ref Ref

> = 3 cm 2.010 (0.600-6.727) 0.258 5.162 (0.734-36.283) 0.099

Histology
Squamous Cell 0.835 (0.407-1.714) 0.624 0.667 (0.319-1.392) 0.281

Other Types Ref Ref
Table 2B

Age of diagnosis (continuous) 1.017 (0.971-1.065) 0.476 1.020 (0.968-1.074) 0.456

ACEIs
Yes 0.688 (0.321-1.476) 0.337 0.752 (0.341-1.658) 0.480
No Ref Ref

Sex
Male 1.400 (0.710-2.760) 0.332 1.526 (0.768-3.033) 0.228

Female Ref Ref

Race
White 0.00 (0.00-…) 0.987 0.000 (0.000-…) 0.987
Other Ref Ref

Tumor Size
< 3 cm Ref Ref

> = 3 cm 2.010 (0.600-6.727) 0.258 1.935 (0.559-6.703) 0.298

Histology
Squamous Cell 0.835 (0.407-1.714) 0.624 0.698 (0.337-1.447) 0.334

Other Types Ref Ref

Table 3: (A) Univariate and multivariate analysis for local failure-free time (LFFT) for the use of ACEIs plus SBRT vs. SBRT without ACEIs (A). Univariate and multivariate 
analysis for OS for the use of ARBs plus SBRT vs. SBRT without ARBs (B), and for the use of ACEIs plus SBRT vs. SBRT without ACEIs (C).

Variables for LFFT
Univariate analysis p Multivariate analysis p

Hazard Ratio (95% CI) Hazard Ratio (95% CI)
Age of diagnosis (continuous) 1.000 (0.913-1.096) 1.00 0.971 (0.876-1.077) 0.582

ACEIs
Yes 1.133 (0.270-4.760) 0.865 1.958 (0.395-9.708) 0.411
No Ref Ref

Sex
Male 3.260 (0.657-16.181) 0.148 3.731 (0.682-20.417) 0.129

Female Ref Ref

Race
White 0.00 (0.00-…) 0.994 0.000 (0.000-…) 0.995
Other Ref Ref

Tumor Size
< 3 cm Ref Ref

> = 3 cm 5.799 (1.120-30.019) 0.036 6.726 (1.086-41.650) 0.041

Histology
Squamous Cell 1.744 (0.435-6.987) 0.432 1.258 (0.312-5.070) 0.746

Other Types Ref Ref
Table 3B

Age of diagnosis (continuous) 1.011 (0.977-1.046) 0.530 1.010 (0.973-1.049) 0.607

ARBs
Yes 1.130 (0.583-2.191) 0.717 1.235 (0.611-2.496) 0.557
No Ref Ref

Sex
Male 1.232 (0.735-2.064) 0.429 1.150 (0.669-1.979) 0.613

Female Ref Ref

Race
White 0.575 (0.208-1.592) 0.287 0.584 (0.200-1.702) 0.325
Other Ref Ref

Tumor Size
< 3 cm Ref Ref

> = 3 cm 2.746 (1.286-5.866) 0.009 2.645 (1.187-5.891) 0.017

Histology
Squamous Cell 1.589 (0.944-2.674) 0.081 1.438 (0.837-2.471) 0.188

Other Types Ref Ref
Table 3c

Age of diagnosis (continuous) 1.011 (0.977-1.046) 0.530 1.011 (0.974-1.050) 0.560

ACEIs
Yes 0.609 (0.333-1.113) 0.107 0.637 (0.343-1.183) 0.153
No Ref Ref

Sex
Male 1.232 (0.735-2.064) 0.429 1.169 (0.686-1.993) 0.566

Female Ref Ref

Race
White 0.575 (0.208-1.592) 0.287 0.561 (0.192-1.644) 0.292
Other Ref Ref

Tumor Size < 3 cm Ref Ref
> = 3 cm 2.746 (1.286-5.866) 0.009 2.253 (1.005-5.050) 0.049

Histology
Squamous Cell 1.589 (0.944-2.674) 0.081 1.456 (0.847-2.501) 0.174

Other Types Ref Ref
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stops at 60-80 Gy. Thus, an ablative dose of RT to the primary 
tumor or nodal metastasis cannot be reached even with 
concurrent chemotherapy in which case patients may bene it 
from concurrent use of ACEIs/ARBs potentially explaining 
the observed bene it of concurrent use of ARBs in advanced 
stages of NSCLC [2,12,13,18-20]. The possible underlying 
reason for our indings of increased dissemination in ARB 
users in early-stage NSCLC may be attributable to the 
systemic interaction of ARBs which may promote immune 
evasion of cancer cells and tumor metastasis. 

The ARBs have an essential protective role in the 
cardiovascular system through angiotensin receptor 1(AT1) 
via the release of protein kinase C and nitric oxide (NO) [23]. 
The ARBs inhibit the binding of angiotensin II to AT1 receptors 
[24]. The ARBs do not have a direct effect on bradykinin, but 
they may still increase the release of nitric oxide and prevent 
its degradation [24]. Blocking AT1 receptor by ARBs also can 
potentially shift and thus increase the activity of angiotensin 
II on the AT2 receptor, which in turn leads to an increase 
in the nitric oxide synthase and NO level, which is different 
from the mechanism of ACEIs that block both receptor 
pathways by decreasing angiotensin II levels overall [25]. An 
increase in NO and nitric radicals is associated with tumor 
angiogenesis, invasion, and metastasis [26]. Studies have 
shown that NO limits T cell proliferation and affects the 
antitumor host response causing tumor growth and spread 
[27]. Tumor cells, such as myeloid-derived suppressor cells 
(MDSC), use the secretion of NO as a mechanism for immune 
evasion [28]. In lung cancer, NO has a signi icant effect on 
P53, glycolysis, and cell growth pathways, which may create 
a tumor microenvironment that promotes tumorigenesis 
and metastases [29]. Nitric oxide synthase in lymphatic 
endothelial cells may mediate lymphangiogenesis, lymphatic 
hypertrophy, dilation, and thus metastasis [30], a possible 
biological explanation for the indings of our study in which 
we noted a signi icantly increased risk of dissemination in 
ARBs recipients. This effect and pathways are highlighted 
in Figure 4. It remains to be answered whether ARB uses 
prior to SBRT renders patients at higher risk of harboring 
occult regional nodal or distal micrometastasis, or whether 
concurrent use of ARBs with SBRT promotes a higher chance 
of disease dissemination. It is also interesting to see that, 
although ARB use is signi icantly associated with increased 
risks of disease dissemination, OS is not compromised, likely 
due to effective salvage options or a high proportion of 
patients dying of non-cancer-related causes, particularly in 
this cohort being a non-surgical candidate.

The association of larger tumor size with decreased LFFT 
and OS indicates that local failure is most likely a predicting 
factor for poor survival. Our database, however, due to 
limited sample size and few incidences of local failure, is not 
able to answer the question of whether concurrent use of 
ACEIs/ARBs with SBRT can further improve local control on 
large-sized tumors. 

The major strength of our proposed study is that this is 
the irst study that has investigated the different impacts 
of ARBs and ACEIs on the prognosis of early-stage NSCLC 
patients treated with SBRT without systemic therapy. 
The present study also has several limitations that must 
be considered while interpreting the data. It is a single-
institution study, and may not be representative of a broader 
population. Our study also had a small sample size which 
may be responsible for some insigni icant associations and 
sample bias. Some other limitations of the proposed research 
are the retrospective nature of the study, the heterogeneous 
population, and the lack of information on when most drugs 
were initiated or stopped, so we were unable to assess the 
effects of the duration of use of ARBs prior to SBRT.

In conclusion, our data indicate that, in contrast to studies 
in advanced stage NSCLC which showed survival bene it of 
ACEIs/ARBs, patients on ARBs when receiving SBRT for 
early stage NSCLC are associated with higher risks of disease 
dissemination without local control bene it. ACEIs do not 
carry the same risks. It is critical to understand the impact 
of ARBs/ACEIs on the prognosis of NSCLC when used with 
SBRT as SBRT has become a widely adopted treatment in the 
early stages of this disease. The indings of our study need 
to be further validated in more extensive multi-institutional 
or prospective studies but current results support adding 
adjuvant systemic therapy such as immunotherapy after 
SBRT for early-stage NSCLC which is currently under clinical 
investigation. 

Future perspective

Future studies should use data from multiple institutions 
with a large sample size. In the current study, we combined 
nodal failure with distant failure due to not having enough 
events. Future studies should also focus on the use of ARBs 
and ACEIs concurrently with SBRT and after SBRT. It is very 
critical to determine when to use these drugs with SBRT in 
early-stage NSCLC. 

Summary points

• The use of ARBs with SBRT was associated with a 
higher hazard of cancer dissemination

• In the OS model of the ARBs and SBRT cohort, tumo r 
size > = 3 cm was associated with decreased OS 
compared to tumor size < 3 cm. In the OS model of the 
ACEIs cohort, tumor size > = 3 cm was associated with 
decreased OS compared to tumor size < 3 cm

• In the multivariable analysis for local failure in 
the ACEIs and SBRT cohort, tumor size>=3cm was 
associated with a higher hazard of local failure 
compared to tumor size < 3 cm.
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