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Decreased risk of radiation
pneumonitis with concurrent use
of renin-angiotensin system
inhibitors in thoracic radiation
therapy of lung cancer

Yawen Zheng!, Changsheng Cong", Zewen Wang*!, Yanan Liu?,
Mingyan Zhang?, Hao Zhou!?, Chen Su! and Meili Sun*2*

!Department of Oncology, Central Hospital Affiliated To Shandong First Medical University, Jinan,
China, 2Department of Oncology, Jinan Central Hospital, Shandong University, Jinan, China

Background: Radiation pneumonitis (RP) is the primary dose-limiting toxicity
associated with radiotherapy. This study aimed to observe the effects of renin-
angiotensin system inhibitors in Chinese patients with lung cancer who received
thoracic radiation.

Methods: Patients with lung cancer who received thoracic radiation at a total
dose of >45 Gray between October 2017 and December 2022 were enrolled
in this study. We retrospectively evaluated the factors influencing grade 2 or
higher RP.

Results: A total of 320 patients were enrolled in this study; 62 patients were
identified as angiotensin receptor blockers or angiotensin-converting enzyme
inhibitor users. Additionally, 99 patients (30.9%) had grade 2 or higher RP, and
the incidence in the renin-angiotensin system inhibitor group was 17.7% (11
out of 62 patients). Patients in the renin-angiotensin system inhibitors (RASI)
group were older and had a higher percentage of males, lower percentage of
ECOG score 0, higher percentage of hypertension, and higher percentage of
adenocarcinoma than those in the non-RASi group. ECOG score [hazard ratio
(HR)=1.69, p=0.009], history of smoking (HR=176, p=0.049), mean dose
(HR=3.63, p=0.01), and RASi (HR=0.3, p =0.003) were independent predictive
factors for RP. All subgroups benefited from RASI.

Conclusion: This study showed that oral RASi administration has the potential
to mitigate the incidence of grade 2 or higher RP in patients with lung cancer
undergoing thoracic radiotherapy. To validate and further substantiate these
findings, additional prospective research is warranted.

KEYWORDS

radiation pneumonitis, renin-angiotensin system inhibitors, lung cancer, thoracic
radiation, predictive factors

1. Introduction

Lung cancer is the leading cause of cancer-related death globally. Locally advanced lung
cancer is treated with thoracic radiotherapy (RT), with or without chemotherapy, which can
cause radiation-induced injuries, especially radiation pneumonitis (RP), in 5-30% of patients
with lung cancer (1). Despite advances in radiation planning and techniques, RP remains a
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common side effect of thoracic RT. With the expanding indications
for thoracic RT in patients with oligometastatic diseases in the era of
immunotherapy (2, 3), the population at risk for radiation-induced
lung injury is significant. Currently, there is no effective way to prevent
or reduce the incidence of RP, except by decreasing the normal
lung dosage.

The renin-angiotensin system (RAS) is essential for human bodily
fluids, not only in the circulatory system but also in several other
tissues and organs. Renin-angiotensin system inhibitors (RASi) are
widely used to treat hypertension and related complications. Although
prospective randomized clinical trials are lacking to prove their
function, several retrospective studies have indicated their protective
effects against RP (4-6). A meta-analysis by Sun et al. (7) showed that
angiotensin-converting enzyme (ACE) inhibitors (ACEi) decreased
the incidence of symptomatic RP in patients with lung cancer.

However, most studies on RASi and RP have been conducted in
Caucasians, and there is a lack of studies conducted in Asia. On the
other hand, immunotherapy has been used in advanced-stage and
metastatic lung cancer (8) and could potentially increase the risk of
RP. Therefore, this study aimed to determine the effects of RASi in
Chinese patients with lung cancer in the current therapeutic era.

2. Patients and methods
2.1. Patients and treatment

Patients with lung cancer who underwent thoracic radiation
between October 2017 and December 2022 at the Jinan Central
Hospital were included in this retrospective study. The inclusion
criteria for the study were as follows: (1) a diagnosis of primary lung
cancer with pathological diagnosis, including squamous lung
cancer, adenocarcinoma, small cell lung cancer, and other
pathological types; (2) completion of a standardized staging
evaluation before thoracic RT; (3) receiving conventional
fractionated RT with a total dose (DT) of >45 Gray (Gy), and (4)
assessment of RP after RT using computed tomography (CT) scans
every 2-3months for up to lyear. Data on age, sex, Eastern
Cooperative Oncology Group (ECOG) score, smoking history,
medical history, histology, clinical stage, and combination therapy
were collected. This study was conducted in accordance with the
ethical standards of the Declaration of Helsinki and approved by the
Research Ethics Committee of the Central Hospital Affiliated to
Shandong First Medical University (No. 2022-033-01). The
requirement for informed consent was waived by the committee
due to the retrospective nature of the study.

2.2. Evaluation of the RT plan

Intensity-modulated radiation therapy (IMRT) and volumetric-
modulated arc therapy (VMAT) were used for radiation planning and
technique. The majority of patients, comprising 84.4% (270 out of 320)
were treated with IMRT, and 15.6% (50 out of 320) underwent
VMAT. RT plans were retrospectively reviewed by a medical physicist.
Data on the mean dose (Dmean) for lung, volume of lung receiving
>5Gy (V5), volume of lung receiving >10 Gy (V10), volume of lung
receiving >20 Gy (V20), and volume of lung receiving >30 Gy (V30)
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were collected. The cut-off values of Dmean, V5, V10, V20, and V30
were set at 15 Gy, 60, 50, 28, and 20%, respectively.

2.3. RP assessment

RP was diagnosed based on three criteria: (1) pulmonary
symptoms such as dyspnea or cough; (2) CT-based imaging changes
in the radiated field; and (3) symptoms occurring within 12 months of
completing radiation therapy. The Radiation Therapy Oncology
Group (RTOG) grading system was used to assess radiation-induced
lung toxicity (9). RP staging was performed by two experienced RT
physicians, and any inconsistent staging was discussed and resolved.

2.4. Statistical analysis

The time to RP was defined as the duration from the end of
thoracic radiation to the diagnosis of RP, as confirmed by radiology.
The final follow-up was conducted on April 1, 2023. Statistical analyses
were performed using SPSS version 24.0 and GraphPad Prism 8.0. The
time to RP was estimated using the Kaplan-Meier method and
compared using log-rank tests. Cox regression analyses were
performed to determine the risk factors. The chi-square test was used
to assess the differences in clinical characteristics of patients with
RASi. A binary logistic regression was used for subgroup analysis. All
tests were two-sided, and a value of p less than 0.05 was considered
statistically significant.

3. Results

3.1. Patient characteristics and radiation
dose

A total of 320 patients were included in this study. Of these, 245
(76.6%) were male, with a median age of 65years. The majority of
patients (n=282, 88.1%) were diagnosed with non-small cell lung
cancer (NSCLC), and 38(11.9%) were diagnosed with small cell lung
cancer (SCLC). Totally, 176 (55%) patients had stage III disease, and
103(32.2%) with stage IV disease. 206 (64.3%) patients received
concurrent other treatment during radiotherapy, and 195 (60.9%) with
chemotherapy-based treatment (Table 1).

The median DT of the target was 60Gy, with a mean of
58.4Gy+5.4. The median Dmean was 10.1Gy with a mean of
9.9 Gy 6.5. The median V5 was 42.1%, with a mean of 41.3% +12.3.
The median V10 was 30.2%, with a mean of 30.3% +9.6. The median
V20 was 20.0%, with a mean of 19.5% +7.0. The median V30 was
14.4%, with a mean of 13.6% +5.7.

3.2. Difference of characteristics in patients
with RASI or not

A total of 62 patients were identified as receiving angiotensin
receptor blockers (ARB) or angiotensin-converting enzyme inhibitors
(ACEi). Of these, 54 patients were prescribed ARBs (44 were treated
with valsartan 80 mg qd, and 10 with telmisartan 40 mg qd) and eight
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TABLE 1 Clinical characteristic of lung cancer patients receiving thoracic
radiation.

. Total n =320
Variables %)
Age Mean +SD 64.9+9.6
<65 157 (49.1)
>65 163 (50.9)
Sex
Male 245 (76.6)
Female 75 (23.4)
ECOG score
0 110 (34.3)
1 169 (52.8)
2 37 (11.6)
3 4(1.3)
History of smoke
Yes 197 (61.6)
No 123 (38.4)
Chronic pulmonary disease
Yes 121 (37.8)
No 198 (61.9)
Unknown 1(0.3)
Obstructive pneumonia
Yes 149 (46.6)
No 170 (53.1)
Unknown 1(0.3)
Hypertension
Yes 119 (37.2)
No 201 (62.8)
RASI
Yes 62 (19.4)
No 258 (80.6)
Histology
Adeno 131 (40.9)
Squamous 141 (44.1)
Small cell 38(11.9)
Others 10 (3.1)
Stage
I-11 41 (12.8)
1II 176 (55.0)
v 103 (32.2)
History of surgery
Yes 43 (13.4)
No 277 (86.6)
Combined therapy
Chemotherapy alone 143 (44.7)
Targeted therapy based 45 (14.1)
(Continued)
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TABLE 1 (Continued)

. Total n =320
Variables (%)
Immunotherapy based 19 (5.9)
None 112 (35.0)
Unknown 1(0.3)
Dmean
<15Gy 285 (89.1)
>15Gy 35(10.9)
V5
<60% 304 (95.0)
>60% 16 (5.0)
V10
<50% 316 (98.8)
>50% 4(1.3)
V20
<28% 289 (90.3)
>28% 23(7.2)
Unknown 8(2.5)
V30
<20% 281 (87.8)
>20% 39 (12.2)

patients were prescribed ACEis (3 captopril 12.5mg qd, 2 benazepril
5mg qd, 2 enalapril 5mg qd, and 1 perindopril 4mg qd). Additionally,
58 patients had a history of hypertension, the medication was
administered by a cardiologist. The drug was administered orally
before and during radiotherapy.

Compared with patients who did not take ACEIs or ARBs,
patients taking these medications were older, had a higher percentage
of males, a lower percentage of ECOG score 0, a higher percentage of
hypertension, and a higher percentage of adenocarcinoma. There were
no significant differences in Dmean, V5, V10, V20, and V30 between
the two groups. A comparison of the patients’ clinical characteristics
is presented in Table 2.

3.3. The incidence of RP

The median follow-up period for all patients was 12.5months
(range 0.5-56.7 months). Of the 320 patients included in this study,
147 had no RP, 74 had grade 1 RP, and 99 had > grade 2 RP (30.9%),
including 40 with grade 2 RP, 57 with grade 3 RP, and two with grade
4 RP. None of the patients had a grade 5 RP. Nineteen patients were
concurrently treated with immunotherapy, and 21.1% (4/19) of them
had suffered from > grade 2 RP (2 grade 2 and 2 grade 3).

The time to > grade 2 RP was collected for 95 patients, and the
cumulative occurrence curve is shown in Figure 1A. The median time
to > grade 2 RP was 2months (Figure 1B). A total of 70.5% (67/95)
of the cases occurred within 3 months, and 85.1% (81/95) occurred
within 4 months. Compared to patients without RASi, those with
RASi had a higher incidence of grade 1 RP (38.7% vs. 19.4%,
p=0.002), but a lower incidence of grades 2, 3, and 4 RP (4.8% vs.
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TABLE 2 Comparisons of clinical characteristic of patients with RASi or TABLE 2 (Continued)
not.

non-RASi RASi

Variables

Variables = non-RASi RASi n=258(%) n=62(%)

n=258(%) n=62(%)

V10
Age | MeanxSD 636293 70051 <50% 254 (98.4) 62(100.0) | 0.973 0324
<65 137 (53.1) 20 (32.2) 8.69 0.003
>50% 4(1.6) 0(0)
>65 121 (46.9) 42(67.7)
V20
Sex
<28% 235 (91.1) 54 (87.1) 0.909 0.340
Male 204 (79.1) 41 (66.1) 4.67 0.031
>28% 23 (8.9) 8 (12.9)
Female 54 (20.9) 21(33.9)
V30
ECOG score
<20% 228 (88.4) 53 (85.5) 0.390 0.532
0 97 (37.6) 13 (21.0) 1604 | 0.001
>20% 30 (11.6) 9(14.5)
1 135 (52.3) 34 (54.8)
2 25(9.7) 12 (19.4)
3 1(0.4) 3(4.8) 14.3, 12.9% vs. 19.0, and 0% vs. 0.8%, respectively, p=0.014)
(Figure 1C).

History of smoke
Yes 163 (63.2) 34 (54.8) 1.67 0.225
No 95 (36.8) 28 (452) 3.4. Influencing factors of > grade 2 RP

Chronic pulmonary disease
Yes 98 (38.0) 23G7.1) 0.002 0.968 Univariate analysis showed that the ECOG score, history of

smoking, chronic pulmonary disease, Dmean, V5, V20, V30, and
Ne e/ SRLELS) RASi were factors influencing > grade 2 RP (Table 3). Multivariate

Obstructive pneumonia analysis showed that the ECOG score [hazard ratio (HR)=1.69,
Yes 119 (46.2) 30 (48.4) 0.19 0.667 p=0.009], history of smoking (HR=1.76, p=0.049), Dmean
No 139 (53.9) 31 (50.0) (HR=3.63, p=0.01), and RASi (HR=0.3, p=0.003) were the

H : independent predictive factors (Table 4). Figure 2 shows the time to >

e grade 2 RP curve in patients with risk factors, who had a higher and
Yes 61 (23.6) 58 (93.5) 104.60 <0.001 earlier > grade 2 RP.
No 197 (76.4) 4(6.5)
Histology i . i
3.5. The benefit of ACEi or ARB in subgroup
Adeno 103 (39.9) 28 (45.2) 8.83 0.032 .
analysis
Squamous 122 (47.3) 19 (30.6)
Small cell 25(9.7) 13 (21.0) All subgroups benefited from ACEi or ARB treatment (Figure 3).
Others 8(3.1) 2(32) Specifically, those with a higher risk of RP, such as those with a
Stage smoking history and higher Dmean, V5, V20, and V30, benefited
more from ACEi or ARB.
I-1I 30 (11.6) 11(17.7) 11.87 0.003
111 154 (59.7) 22(35.5)
v 74 (28.7) 29 (46.8) 4. Discussion
History of surgery
RT is a common curative treatment for patients with lung cancer;
Yes 35(13.6) 8 (12.9) 0.02 0.891 . . >
however, pneumonitis and fibrosis can cause severe complications.
No 223 (86.4) 54 (87.1) Corticosteroids are currently the main treatment for acute

Combined therapy pneumonitis (10, 11), making it crucial to identify protective
Yes 172 (66.7) 35 (56.5) 241 0.121 measures. In our study of Chinese patients, we found that RASi
o 85 (32.9) 27 45.2) significantly reduced the risk of grade 2 RP, regardless of concurrent

chemotherapy/immunotherapy.

Dmean We observed a higher rate of pneumonitis (30.9%) in our study
<15Gy 229 (88.6) 56 (90.3) 0125 | 0723 population compared to previous reports. This may be due to the fact
>15Gy 29 (11.2) 6(9.7) that our patients included had higher ECOG scores, smoking history,

- and received radical doses. The occurrence of RP is related to the

hysical parameters of radiotherapy and systemic therapy, includin:
<60% 245 (95.0) 59(95.2) 0.004 0948 Py P . Py ¥ Py 5
synchronous chemotherapy, immunotherapy, and targeted therapy. In
>60% 13 (5.0) 3(48) addition, the nutritional status of patients and the associated basic
(Continued)
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FIGURE 1
Incidence of radiation pneumonitis (RP). (A) Cumulative incidence of grade 2 or above RP. (B) Time point of grade 2 or above RP after thoracic
radiation. (C) Comparison of all grades RP in patients with RASi or not.
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FIGURE 2

Cumulative incidence of grade 2 or above radiation pneumonitis (RP) in 1year. (A) Cumulative incidence of grade 2 or above RP by Eastern cooperative
oncology group score. (B) Cumulative incidence of grade 2 or above RP by smoking history. (C) Cumulative incidence of grade 2 or above RP by
Dmean. (D) Cumulative incidence of grade 2 or above RP by renin-angiotensin-system inhibitors.
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TABLE 3 Univariate analysis of the influencing factors of >2 grade RP in TABLE 3 (Continued)
patients with thoracic radiation.
>2 RP
>2 RP Variables rate 95%Cl p value
Variables rate OR 95%Cl p value (VA
(%)
<60% 29.3
Age
g V10
>65 35.6 1.56 0.97-2.52 0.068
>50% 75.0 6.88 0.71-66.94 0.097
<65 26.1
<50% 30.4
Sex
V20
Male 335 0.58 0.32-1.06 0.079
>28% 484 229 1.08-4.84 0.030
Female 22.7
<28% 29.1
ECOG score
V30
0 25.5 1.50 1.06-2.12 0.022
>20% 487 2.39 1.21-4.71 0.012
1 30.8
<20% 28.5
2 45.9
RASi
3 50.0
Yes 17.7 0.42 0.21-0.84 0.014
History of smoke
No 34.1
Yes 355 1.79 1.07-2.97 0.025
No 23.6
Chronic pulmonary disease TABLE 4 Multivariate analysis of the influencing factors of >2 grade RP in
patients with thoracic radiation.
Yes 39.7 1.95 1.20-3.16 0.007
H o,
No 953 Variables (0] 95%Cl p value
X . ECOG score 1.69 1.14-2.51 0.009
Obstructive pneumonia
Yes 315 1.08 0.67-1.73 0.766 History of smoke (Yes vs. No) 1.76 1.00-3.09 0.049
No 30,0 Chronic pulmonary disease (Yes vs. No) 1.55 0.91-2.64 0.107
< : 36-9. X
Hypertension Dmean (>15Gy vs. <15Gy) 3.63 1.36-9.69 0.010
Yes 318 0.89 055146 0.650 V5 (>60% vs. <60%) 2.26 0.66-7.74 0.193
No 204 V20 (>28% vs. <28%) 0.74 0.21-2.61 0.642
Histology V30 (>20% vs. <20%) 1.52 0.52-4.47 0.444
Adeno 26.4 117 0.87-1.58 0305 RASi (Yes vs. No) 0.30 0.13-0.66 0.003
Squamous 37.6
Small cell 316 diseases also impact the generation of RP (12). In our study, ECOG
Others 20.0 score, history of smoking, mean dose, and RASi were independent
Stage predictive factors for RP. The ECOG score is a key predictive and
prognostic factor for many anticancer therapies (13), and our data
I-11 24.4 0.99 0.86-1.28 0.941 ) : ] ) :
showed that patients with higher scores had a higher risk of
I 36.3 RP. Additionally, smoking history was a significant risk factor for RP,
v 25.2 which is consistent with the results of previous studies (1). Dmean was
History of surgery the strongest predictor of RP (HR=3.63) and was found to be a
Yes 279 0.85 041-1.73 0.644 radiation dose-dependent toxicity. Identifying effective protective
measures against RP is critical to improving patient outcomes. The
No 314 . . .
RASi was found to be a protective factor against grades 2, 3, and 4
Clombiinsd ilhamypy RP. Our findings suggest that RASi may be a viable option for reducing
Yes 333 143 0.86-2.39 0.170 the risk of RP, particularly for patients at higher risk due to factors
No 25.9 such as smoking history and higher radiation doses.
b In this study, we included 103 patients with stage IV, of whom
mean
25.2% developed RP. We did not observe any improvement in the
>15Gy 600 398 1.93-8.21 <0.001 incidence of RP. Most patients with metastasis had received systemic
<15Gy 27.3 therapy for disease control. The oligometastatic hypothesis suggests
V5 that some patients with a limited burden of metastasis can be cured
>60% ‘ 62.5 ‘ 4.03 ‘ L421141 0.009 with local therapy (14). Local radiation therapy has been shown to

prolong survival in patients with metastatic lung cancer after effective
(Continued)  systemic therapy (15). RP has a relatively high incidence in patients
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e 0.13(0.02-0.99)
_
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Sex
Male " 0.43(0.19-0.97)
Female —_— 0.48(0.12-1.87)
ECoG 0-1 —— 0.38(0.16-0.89)
>2 — 0.27(0.07-1.06)
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Chronic pulmonary disezsees | 0.36(0.12-1.03)
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Histology €
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Hist f
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FIGURE 3
Protective benefit of renin-angiotensin-system inhibitors on grade 2 or above radiation pneumonitis in all subgroups.

who receive RT combined with systemic treatments, especially
immunotherapy (16-18). Although the combination therapy may
have had an effect on RP in our study (HR =1.43), the effect was not
statistically significant. Moreover, a real-world study showed that
immunotherapy within 90days of RT was not associated with an
increased risk of serious adverse events (19). Another study showed
that the adoption of immunotherapy consolidation was associated
with an increase in grade > 2 pneumonitis but not grade > 3
pneumonitis in patients with locally advanced NSCLC receiving
concurrent chemoradiation therapy (20). Therefore, it appears safe to
administer immunotherapy without interruption during thoracic RT
in selected patients with stricter lung dose constraints.

We analyzed the clinical characteristics of the patients treated with
RASI. In our real-world study, 93.5% of the patients treated with RASi
had a history of hypertension and were taking drugs to control blood
pressure. Patients in the RASi group were older and had worse ECOG
scores and higher disease stages; however, other clinical characteristics
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were balanced between the RASi and non-RASi groups. Nonetheless,
patients in the RASi group had less grade 2 and grade 3 RP than those
without RASi, and some > grade 2 patients were able to decrease to
grade 1. Subgroup analysis showed that RASi could decrease RP risk
in all subgroups, particularly in those with V30 >20%. Therefore, RASi
may be a promising adjunct to thoracic RT (21). Additionally, studies
also showed ACEi/ARB associated with improved survival outcomes
in cancer patients receiving anti-vascular endothelial growth factor
therapy and immune checkpoint inhibitors therapy (22, 23).

The potential protective mechanisms of RASi against RP have
recently been elucidated (24, 25). The pathogenesis of radiation-
induced lung toxicity is a complex, multi-step process involving
several residents and recruited immune cells in the lungs. It is initiated
and perpetuated via pleiotropic inter-and intracellular communication
and signaling events (16, 26). Ang II is one of the important molecules
involved in this process. The AngII/AT1R axis contributes to tissue
damage and remodeling by upregulating the profibrogenic and
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proinflammatory pathways and ROS production via the activation of
NADPH oxidase. ACEs can convert angiotensin I (Ang I) to active
angiotensin II (Ang II). Therefore, inhibiting the AngII/AT1R
signaling pathway is a potential strategy for preventing or reducing
radiation-induced injury (27). In addition, recent research has also
shown that radiation-induced ACE activation within the immune
compartment promotes the pathogenesis of radiation pneumonitis,
whereas ACEis can suppress the activation of proinflammatory
immune cell subsets (28, 29). Among the patients in the RASi group,
87.1% were treated with ARB. Both ACEi and ARB act on the
RAS. ARBs are angiotensin II receptor antagonists, which are highly
selective for AT1. Although there is no significant difference between
the effectiveness of the ARBs and ACE; as first-line treatment for
hypertension, ARBs have a better safety profile (30). Patients taking
ACEi have significantly higher risks of angioedema, cough,
pancreatitis, and gastrointestinal bleeding than those taking
ARBs (31).

Our study had several limitations. Firstly, this was a retrospective
study, and the influencing factors were complicated, which need to
be confirmed by further prospective studies. Although two
prospective studies have been conducted on the function of ACEi in
the RP (32, 33), they were discontinued due to slow enrollment and
did not reach the intended endpoint. One reason for the low
enrollment rate in RTOG 0123 was that most patients did not receive
drug intervention with captopril. Further prospective clinical trials
of ARBs may improve their tolerance. Our center is currently
enrolling patients in a prospective clinical trial of ARBs
(ChiCTR2200062762). Secondly, the combination therapies in this
study were diverse, including chemotherapy, immunotherapy, and
targeted therapies, such as endostatin, bevacizumab, and small-
molecule tyrosine kinase inhibitors. Due to the limited sample size,
no further stratified analyses were performed. Thirdly, the median
follow-up period of this study was 12.5months to analyze the
incidence of RP. However, prognostic and survival information was
not collected.

Our study demonstrated that oral RAS inhibitors have a protective
effect during thoracic RT in patients with stage III and IV lung
cancers. They can reduce the incidence of grade 2 or higher radiation
pneumonitis and improve the occurrence.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

References

1. Arroyo-Hernandez M, Maldonado F, Lozano-Ruiz F, Munoz-Montano W, Nunez-
Baez M, Arrieta O. Radiation-induced lung injury: current evidence. BMC Pulm Med.
(2021) 21:9. doi: 10.1186/s12890-020-01376-4

2. Hanania AN, Mainwaring W, Ghebre YT, Hanania NA, Ludwig M. Radiation-
induced lung injury: assessment and management. Chest. (2019) 156:150-62. doi:
10.1016/j.chest.2019.03.033

3. Theelen W, Chen D, Verma V, Hobbs BP, Peulen H, Aerts J, et al. Pembrolizumab
with or without radiotherapy for metastatic non-small-cell lung cancer: a pooled
analysis of two randomised trials. Lancet Respir Med. (2021) 9:467-75. doi: 10.1016/
$2213-2600(20)30391-X

Frontiers in Medicine

10.3389/fmed.2023.1255786

Ethics statement

The studies involving humans were approved by This study was
conducted in accordance with the ethical standards of the Declaration of
Helsinki and approved by the Research Ethics Committee of the Central
Hospital Affiliated to Shandong First Medical University (No. 2022-033-
01). The studies were conducted in accordance with the local legislation
and institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent for
participation from the participants or the participants’ legal guardians/
next of kin because The requirement for informed consent was waived
by the committee due to the retrospective nature of the study.

Author contributions

YZ: Data curation, Writing — original draft. CC: Data curation,
Writing - original draft. ZW: Data curation, Writing - original draft.
YL: Supervision, Writing - review & editing. MZ: Writing - review &
editing. HZ: Writing - review & editing. CS: Supervision, Writing -
review & editing. MS: Conceptualization, Writing - review & editing.

Funding

This work was financially supported by grants from the Shandong
Natural Science Foundation (ZR2021QHO034), Beijing Kechuang
Medical Development Foundation (KC2021-JX-0186-68), China
Postdoctoral Science Foundation (2023 M731305) and Postdoctoral
Innovation Project of Shandong Province (2021-64).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

4. Wang H, Liao Z, Zhuang Y, Xu T, Nguyen QN, Levy LB, et al. Do angiotensin-
converting enzyme inhibitors reduce the risk of symptomatic radiation pneumonitis in
patients with non-small cell lung cancer after definitive radiation therapy? Analysis of a
single-institution database. Int ] Radiat Oncol Biol Phys. (2013) 87:1071-7. doi: 10.1016/j.
ijrobp.2013.08.033

5. Alite F, Balasubramanian N, Adams W, Surucu M, Mescioglu I, Harkenrider
MM. Decreased risk of radiation pneumonitis with coincident concurrent use of
angiotensin-converting enzyme inhibitors in patients receiving lung stereotactic
body radiation therapy. Am ] Clin Oncol. (2018) 41:576-80. doi: 10.1097/
COC.0000000000000324

frontiersin.org


https://doi.org/10.3389/fmed.2023.1255786
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1186/s12890-020-01376-4
https://doi.org/10.1016/j.chest.2019.03.033
https://doi.org/10.1016/S2213-2600(20)30391-X
https://doi.org/10.1016/S2213-2600(20)30391-X
https://doi.org/10.1016/j.ijrobp.2013.08.033
https://doi.org/10.1016/j.ijrobp.2013.08.033
https://doi.org/10.1097/COC.0000000000000324
https://doi.org/10.1097/COC.0000000000000324

Zheng et al.

6. Kharofa J, Cohen EP, Tomic R, Xiang Q, Gore E. Decreased risk of radiation
pneumonitis with incidental concurrent use of angiotensin-converting enzyme
inhibitors and thoracic radiation therapy. Int ] Radiat Oncol Biol Phys. (2012) 84:238-43.
doi: 10.1016/j.ijrobp.2011.11.013

7. Sun E, Sun H, Zheng X, Yang G, Gong N, Zhou H, et al. Angiotensin-converting
enzyme inhibitors decrease the incidence of radiation-induced pneumonitis among lung
cancer patients: a systematic review and meta-analysis. ] Cancer. (2018) 9:2123-31. doi:
10.7150/jca.24665

8. Zhou ZC, Chen KY, Li N, Xie MY, Sheng JM, Fan Y, et al. Real-world utilization of
PD-1/PD-L1 inhibitors with palliative radiotherapy in patients with metastatic non-
small cell lung cancer. Thorac Cancer. (2022) 13:2291-300. doi: 10.1111/1759-7714.14553

9. Tucker SL, Jin H, Wei X, Wang S, Martel MK, Komaki R, et al. Impact of toxicity
grade and scoring system on the relationship between mean lung dose and risk of
radiation pneumonitis in a large cohort of patients with non-small cell lung cancer. Int
] Radiat Oncol Biol Phys. (2010) 77:691-8. doi: 10.1016/j.ijrobp.2009.05.055

10. Roy S, Salerno KE, Citrin DE. Biology of radiation-induced lung injury. Semin
Radiat Oncol. (2021) 31:155-61. doi: 10.1016/j.semradonc.2020.11.006

11. Zhang W, Xiao Y. Clinical treatment of acute radiation pneumonitis caused by
radiation therapy for lung cancer. Minerva Gastroenterol. (2023) 23:4. doi: 10.23736/
§2724-5985.23.03451-4

12. Chen E Niu J, Wang M, Zhu H, Guo Z. Re-evaluating the risk factors for radiation
pneumonitis in the era of immunotherapy. J Transl Med. (2023) 21:368. doi: 10.1186/
512967-023-04212-5

13. Owusuaa C, Dijkland SA, Nieboer D, van der Heide A, van der Rijt C. Predictors
of mortality in patients with advanced cancer-a systematic review and meta-analysis.
Cancers. (2022) 14:328. doi: 10.3390/cancers14020328

14. Katipally RR, Pitroda SP, Juloori A, Chmura SJ, Weichselbaum RR. The
oligometastatic spectrum in the era of improved detection and modern systemic therapy.
Nat Rev Clin Oncol. (2022) 19:585-99. doi: 10.1038/s41571-022-00655-9

15. Gomez DR, Blumenschein GJ, Lee JJ, Hernandez M, Ye R, Camidge DR, et al.
Local consolidative therapy versus maintenance therapy or observation for patients with
oligometastatic non-small-cell lung cancer without progression after first-line systemic
therapy: a multicentre, randomised, controlled, phase 2 study. Lancet Oncol. (2016)
17:1672-82. doi: 10.1016/S1470-2045(16)30532-0

16. Yan Y, Fu J, Kowalchuk RO, Wright CM, Zhang R, Li X, et al. Exploration of
radiation-induced lung injury, from mechanism to treatment: a narrative review. Transl
Lung Cancer Res. (2022) 11:307-22. doi: 10.21037/tlcr-22-108

17.Kao LE, Stover D. Radiation recall pneumonitis from immune checkpoint
inhibitors after extra pulmonary radiation. Respirol Case Rep. (2023) 11:e1223. doi:
10.1002/rcr2.1223

18. Meng Y, Sun H, Wang S, Yang H, Spring KF. Treatment-related pneumonitis of
EGEFR tyrosine kinase inhibitors plus thoracic radiotherapy in patients with non-Small
cell lung cancer: a systematic review and meta-analysis. Int ] Radiat Oncol Biol Phys.
(2023) 9:9. doi: 10.1016/j.ijrobp.2023.09.009

19. Anscher MS, Arora S, Weinstock C, Amatya A, Bandaru P, Tang C, et al.
Association of radiation therapy with risk of adverse events in patients receiving
immunotherapy: a pooled analysis of trials in the US food and drug administration
database. JAMA Oncol. (2022) 8:232-40. doi: 10.1001/jamaoncol.2021.6439

20. Yegya-Raman N, Friedes C, Lee SH, Iocolano M, Duan L, Wang X, et al.
Pneumonitis rates before and after adoption of immunotherapy consolidation in patients

Frontiers in Medicine

09

10.3389/fmed.2023.1255786

with locally advanced non-small cell lung cancer treated with concurrent chemoradiation.
Int ] Radiat Oncol Biol Phys. (2023) 8:39. doi: 10.1016/j.ijrobp.2023.08.039

21. Jiang H, Tai Z, Chen Z, Zhu Q, Bao L. Clinical applicability of renin-angiotensin
system inhibitors in cancer treatment. Am J Cancer Res. (2021) 11:318-36.

22.Saeedi N, Mansoori S, Asgharzadeh E Soleimani A, Mollazadeh S, Hasanian
SM. Influence of renin-angiotensin system inhibitors on the treatment of metastatic
renal cancer. Curr Pharm Des. (2023) 21:152108. doi: 10.217
4/1381612829666230524152108

23. Drobni ZD, Michielin O, Quinaglia T, Zlotoff DA, Zubiri L, Gilman HK, et al.
Renin-angiotensin-aldosterone system inhibitors and survival in patients with
hypertension treated with immune checkpoint inhibitors. Eur ] Cancer. (2022)
163:108-18. doi: 10.1016/j.ejca.2021.12.024

24.Xu C, Shang Z, Najafi M. Lung pneumonitis and fibrosis in cancer therapy: a
review on cellular and molecular mechanisms. Curr Drug Targets. (2022) 23:1505-25.
doi: 10.2174/1389450123666220907144131

25. Cong C, Niu S, Jiang Y, Zhang X, Jing W, Zheng Y, et al. Renin-angiotensin system
inhibitors mitigate radiation pneumonitis by activating ACE2-angiotensin-(1-7) axis via
NF-kappaB/MAPK pathway. Sci Rep. (2023) 13:8324. doi: 10.1038/s41598-023-
35412-0

26. Kasmann L, Dietrich A, Staab-Weijnitz CA, Manapov F, Behr J, Rimner A, et al.
Radiation-induced lung toxicity — cellular and molecular mechanisms of pathogenesis,
management, and literature review. Radiat Oncol. (2020) 15:214. doi: 10.1186/
s13014-020-01654-9

27. Pinter M, Kwanten W], Jain RK. Renin-angiotensin system inhibitors to mitigate
cancer treatment-related adverse events. Clin Cancer Res. (2018) 24:3803-12. doi:
10.1158/1078-0432.CCR-18-0236

28.Sharma GP, Fish BL, Frei AC, Narayanan ], Gasperetti T, Scholler D, et al.
Pharmacologic ACE-inhibition mitigates radiation-induced pneumonitis by suppressing
ACE-expressing lung myeloid cells. Int ] Radiat Oncol Biol Phys. (2022) 113:177-91. doi:
10.1016/j.ijrobp.2022.01.023

29. Sharma GP, Frei A, Fish B, Gasperetti T, Veley D, Szalewski N, et al. Biological sex
differences in renin angiotensin system enzymes ACE and ACE2 regulate normal tissue
response to radiation injury. Front Physiol. (2023) 14:1191237. doi: 10.3389/
fphys.2023.1191237

30. Chen R, Suchard MA, Krumholz HM, Schuemie M]J, Shea S, Duke J, et al.
Comparative first-line effectiveness and safety of ACE (angiotensin-converting enzyme)
inhibitors and angiotensin receptor blockers: a multinational cohort study. Hypertension.
(2021) 78:591-603. doi: 10.1161/HYPERTENSIONAHA.120.16667

31. Messerli FH, Bavishi C, Bangalore S. Why are we still prescribing angiotensin-
converting enzyme inhibitors? Circulation. (2022) 145:413-5. doi: 10.1161/
CIRCULATIONAHA.121.057835

32. Small WJ, James JL, Moore TD, Fintel DJ, Lutz ST, Movsas B, et al. Utility of the
ACE inhibitor captopril in mitigating radiation-associated pulmonary toxicity in lung
cancer: results from NRG oncology RTOG 0123. Am J Clin Oncol. (2018) 41:396-401.
doi: 10.1097/COC.0000000000000289

33.Sio T'T, Atherton PJ, Pederson LD, Zhen WK, Mutter RW, Garces YI, et al. Daily
lisinopril vs placebo for prevention of chemoradiation-induced pulmonary distress
in patients with lung cancer (Alliance MC1221): a pilot double-blind randomized
trial. Int ] Radiat Oncol Biol Phys. (2019) 103:686-96. doi: 10.1016/j.ijrobp.
2018.10.035

frontiersin.org


https://doi.org/10.3389/fmed.2023.1255786
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.ijrobp.2011.11.013
https://doi.org/10.7150/jca.24665
https://doi.org/10.1111/1759-7714.14553
https://doi.org/10.1016/j.ijrobp.2009.05.055
https://doi.org/10.1016/j.semradonc.2020.11.006
https://doi.org/10.23736/S2724-5985.23.03451-4
https://doi.org/10.23736/S2724-5985.23.03451-4
https://doi.org/10.1186/s12967-023-04212-5
https://doi.org/10.1186/s12967-023-04212-5
https://doi.org/10.3390/cancers14020328
https://doi.org/10.1038/s41571-022-00655-9
https://doi.org/10.1016/S1470-2045(16)30532-0
https://doi.org/10.21037/tlcr-22-108
https://doi.org/10.1002/rcr2.1223
https://doi.org/10.1016/j.ijrobp.2023.09.009
https://doi.org/10.1001/jamaoncol.2021.6439
https://doi.org/10.1016/j.ijrobp.2023.08.039
https://doi.org/10.2174/1381612829666230524152108
https://doi.org/10.2174/1381612829666230524152108
https://doi.org/10.1016/j.ejca.2021.12.024
https://doi.org/10.2174/1389450123666220907144131
https://doi.org/10.1038/s41598-023-35412-0
https://doi.org/10.1038/s41598-023-35412-0
https://doi.org/10.1186/s13014-020-01654-9
https://doi.org/10.1186/s13014-020-01654-9
https://doi.org/10.1158/1078-0432.CCR-18-0236
https://doi.org/10.1016/j.ijrobp.2022.01.023
https://doi.org/10.3389/fphys.2023.1191237
https://doi.org/10.3389/fphys.2023.1191237
https://doi.org/10.1161/HYPERTENSIONAHA.120.16667
https://doi.org/10.1161/CIRCULATIONAHA.121.057835
https://doi.org/10.1161/CIRCULATIONAHA.121.057835
https://doi.org/10.1097/COC.0000000000000289
https://doi.org/10.1016/j.ijrobp.2018.10.035
https://doi.org/10.1016/j.ijrobp.2018.10.035

	Decreased risk of radiation pneumonitis with concurrent use of renin-angiotensin system inhibitors in thoracic radiation therapy of lung cancer
	1. Introduction
	2. Patients and methods
	2.1. Patients and treatment
	2.2. Evaluation of the RT plan
	2.3. RP assessment
	2.4. Statistical analysis

	3. Results
	3.1. Patient characteristics and radiation dose
	3.2. Difference of characteristics in patients with RASi or not
	3.3. The incidence of RP
	3.4. Influencing factors of ≥ grade 2 RP
	3.5. The benefit of ACEi or ARB in subgroup analysis

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

