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Introduction: The aim of this study was to investigate the role of local radiotherapy in the 
management of epidermal growth factor receptor (EGFR)-mutant non-small cell lung cancers 
(NSCLCs) treated with EGFR tyrosine kinase inhibitors (TKIs).
Materials and Methods: Patients with stage IV EGFR-mutant NSCLC treated with radio-
therapy concomitant to EGFR TKIs from May 2010 to December 2017 were retrospectively 
identified. Overall survival (OS) was the primary endpoints of the study.
Results: A total of 205 patients were enrolled in the study. One hundred eleven patients 
received one-time single-site radiotherapy (SSR), and 94 patients received multiple-site 
radiotherapy (MSR). Patients who received MSR had longer OS (median OS, 40.0 months; 
95% confidence interval [CI], 29.6 to 50.4) than those who received SSR (median OS, 28.9 
months; 95% CI, 24.3 to 33.5; P=0.031). Thoracic radiotherapy was associated with pro-
longed median OS (41.7 months, 95% CI, 29.0 to 54.4 vs 27.1 months, 95% CI 22.7 to 31.5; 
log-rank P<0.001). Multivariate analysis confirmed that thoracic radiotherapy was indepen-
dently associated with improved OS (adjusted hazard ratio [HR], 0.514; 95% CI 32.3% to 
81.8%; P=0.005).
Conclusion: MSR improves survival outcomes in patients with advanced-stage, EGFR- 
mutant, lung adenocarcinoma, with thoracic radiotherapy having the most significant effect 
on prognosis.
Keywords: advanced-stage lung cancer, adenocarcinomas, radiotherapy, EGFR

Introduction
Lung cancer is one of the most common malignancies and the leading cause of 
cancer death worldwide.1 Non-small cell lung cancer (NSCLC) accounts for nearly 
80% of all primary lung cancers. Most patients with NSCLC are diagnosed at an 
advanced stage and have the a poor prognosis.2

With the technological advances, tumors have been subdivided based on their 
pathological features, and treatment modalities have gradually shifted from the 
initial one-size-fits-all model to personalized treatments. Oncogenic mutations in 
epidermal growth factor receptor (EGFR) are used as a predictive biomarker in 
NSCLC, and therapies targeting EGFR have greatly improved progression-free 
survival (PFS) and overall survival (OS) in patients with NSCLC,3,4 especially 
female non-smoking lung adenocarcinoma patients, who show an 80% EGFR 
mutation rate.5 First-generation EGFR tyrosine kinase inhibitors (TKIs) provided 
a median PFS of 8 to 14.7 months,6–8 significantly higher than that of those treated 

Correspondence: Jianbin Li; Zhenxiang Li  
Department of Radiation Oncology, 
Shandong Cancer Hospital and Institute, 
Shandong First Medical University and 
Shandong Academy of Medical Sciences, 
Jinan, 250117, People’s Republic of China  
Tel +86 13869135266; +86 18654536783  
Email lijianbin@msn.com; lizx0108@163. 
com

submit your manuscript | www.dovepress.com Cancer Management and Research 2021:13 3293–3301                                                   3293

http://doi.org/10.2147/CMAR.S299563 

DovePress © 2021 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-0490-9230
http://orcid.org/0000-0002-9648-8869
mailto:lijianbin@msn.com
mailto:lizx0108@163.com
mailto:lizx0108@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


with the previous therapeutic model; first-generation 
EGFR TKIs also significantly improved the objective 
response rate (ORR).9–13 Although targeted drugs admi-
nistered orally are convenient, they offer limited therapeu-
tic benefits. Drug resistance is frequent among patients 
receiving first, second, or third-generation targeted thera-
pies, limiting the therapeutic potential of EGFR TKIs. 
KRAS mutations, T790M mutations, c-MET amplification, 
and PIK3CA are mechanisms contributing to TKI 
resistance.14,15

Combination therapies have emerged as a promising 
treatment strategy to overcome resistance to EGFR 
TKIs.16,17 In the Phase III study NEJ009, the median 
PFS of patients treated with gefitinib combined with che-
motherapy was 20.9 months, twice as long as that of 
patients treated with gefitinib alone (11.9 months). 
Similarly, the median OS of patients treated with gefitinib 
alone was 38.8 months, whereas that of patients treated 
with gefitinib combined with chemotherapy was 50.9 
months.16

However, the therapeutic value of radiotherapy in com-
bination with EGFR TKIs remains unknown. In addition to 
directly killing tumor cells, radiotherapy also activates 
antitumor T cells and enhances tumor antigen recognition 
by affecting the environment of the tumor blood vessels 
and chemokines.18–21 EGFR TKIs can enhance sensitivity 
to radiotherapy.22 Therefore, the combination of EGFR 
TKIs with radiotherapy may be a promising strategy for 
the treatment of advanced NSCLC. The optimal timing of 
radiotherapy, the role of the location of radiotherapy in 
immune responses, and the influence of multiple-site 
radiotherapy on prognosis remain to be determined. In 
this retrospective study, we analyzed the relationship 
between radiotherapy patterns and OS in patients with 
NSCLC.

Materials and Methods
Patients
Data were collected from more than 400 patients with 
NSCLC treated at Shandong Cancer Hospital from 
May 2010 to December 2017. The following inclusion 
criteria were used:1 pathological diagnosis of primary 
lung adenocarcinoma;2 presence of EGFR mutations, in 
exons 18, 19, 20, or 21;3 presence of distant metastasis 
diagnosed by computed tomography (CT), magnetic reso-
nance imaging (MRI), positron emission tomography-CT, 
or invasive examination (aspiration cytology);4 availability 

of detailed clinical information, including treatment regi-
men and clinicopathological characteristics;5 treatment 
with EGFR TKIs (eg, gefitinib, erlotinib, icotinib, osimer-
tinib) and radiotherapy for at least one site throughout the 
course of the disease;6 availability of follow-up informa-
tion. Clinicopathological characteristics included age, sex, 
tumor stage, smoking history, and EGFR mutation status. 
Data from 205 patients were included in this retrospective 
study. All participants provided written informed consent. 
Tumor staging was evaluated according to the 8th edition 
of the staging manual of the American Joint Commission 
on Cancer (AJCC). The study was approved by the Ethics 
Committee of Shandong Cancer Hospital. This was con-
ducted in accordance with the Declaration of Helsinki.

Treatment and Follow-Up
All patients received EGFR TKIs (gefitinib 250 mg 
per day, erlotinib 150 mg per day, osimertinib 80 mg 
per day, and icotinib 125 mg three times per day) as first- 
line or second-line treatment. Patients also received other 
systemic treatments, including platinum, pemetrexed, 
gemcitabine, vinorelbine, docetaxel, albumin paclitaxel, 
and bevacizumab. Additionally, patients received radio-
therapy to at least one site (brain, thorax, bone, adrenal 
gland, liver, or spleen). The dose for brain radiotherapy 
ranged from 2 Gy per fraction to 5 Gy per fraction, and the 
total dosage ranged from 30 Gy to 60 Gy. Radiotherapy 
for lung tumors and thoracic metastatic lymph nodes was 
classified as thoracic radiotherapy. The dose of thoracic 
radiotherapy ranged from 2 Gy per fraction to 5.5 Gy per 
fraction, and the total dosage ranged from 27 Gy to 75 Gy. 
The dose of bone (vertebrae, sternum, pelvis, and limb 
bones) radiotherapy ranged from 1.8 Gy per fraction to 4 
Gy per fraction, and the total dosage ranged from 15 Gy to 
60 Gy. Radiation doses for the adrenal glands, liver, and 
spleen ranged from 2 Gy per fraction to 5 Gy per fraction, 
and the total dosage ranged from 27 Gy to 60 Gy. If 
radiotherapy was administered to multiple sites from the 
time of diagnosis to the cut-off date, it was classified as 
multiple-site radiotherapy (MSR); otherwise, it was classi-
fied as single-site radiotherapy (SSR). Patients were fol-
lowed up by telephone. OS time was calculated as the time 
from pathological diagnosis of lung cancer to the cut-off 
date or death.

Statistics
Patient characteristics in the SSR and MSR groups 
were compared using the chi-squared test (categorical 
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variables) or analysis of variance (continuous vari-
ables). The Kaplan-Meier method was used for survival 
analyses, and the logarithmic rank test was used to 
compare the effects of individual variables on survival 
(P < 0.05 was considered statistically significant). 
Statistically significant variables in univariate analysis 
were included in multivariate Cox regression analyses 
to confirm their independent effects on survival. All 
statistical analyses were carried out using SPSS v.26.0 
software (IBM, Armonk, NY, USA). All datasets are 
available from the corresponding author on reasonable 
request.

Results
Clinicopathologic and Treatment 
Characteristics
Of 205 patients who met the inclusion criteria, the 
majority were female (140, 68.3%) and non-smokers 
(161, 78.5%). Patient characteristics are listed in Table 
1. The vast majority of patients had EGFR mutations in 
exons 19 and 21, accounting for 44.9% (92/205) and 
52.2% (107/205), respectively. All patients received sys-
temic treatment, of which platinum-based treatment was 
provided to 77.1% (158/205) and 63.4% (130/205) of 
the patients receiving EGFR TKIs as first-line treatment. 
During the period from the diagnosis of lung cancer to 
the last date of follow-up, 111 patients received one- 
time SSR and 94 patients received MSR, as shown in 
Table 2. The organs or sites of the patients that were 
targeted with radiotherapy mainly included the thorax 
(101/205, 49.3%), brain (113/205, 55.1%), bone (96/ 
205, 46.8%), abdomen (13/205, 6.3%), and soft tissue 
(1/205, 0.5%).

Survival Outcomes Among the Entire 
Study Cohort
After a median follow-up duration of 50.4 months 
(interquartile range, 47.5 to 53.2), there were 148 deaths 
(72.2%) in the entire cohort. The median OS for all the 
patients was 33.3 months (95% confidence interval [CI], 
29.3 to 37.3). Rates of 1-, 3-, and 5-year OS among the 
entire cohort were 92.2%, 45.1%, and 22.9%, respec-
tively (Figure 1A). The median OS for patients with 
exon 19 mutation and exon 21 mutation was 34.4 
months (95% CI, 27.1 to 41.7) and 28.9 months (95% 
CI, 22.0 to 35.8), respectively (log-rank P=0.074, 

Figure 1B). With regard to systemic therapy, the median 
OS of patients treated with first-line EGFR TKI (95% 
CI, 25.3 to 37.7) was similar to that of patients treated 
with second-line EGFR TKI (95% CI, 26.5 to 41.3; 
P=0.469; Figure 1C).

Table 1 Characteristics of 205 NSCLC Patients

Characteristics Patients

N = 205 (%)

Age, years
> 60 68 (33.2)
≤ 60 137 (66.8)

Sex
Female 140 (68.3)

Male 65 (31.7)

Smoking Status
Never 161 (78.5)

Former/current 44 (21.5)

EGFR Mutation
Exon 18 4 (2.0)
Exon 19 92 (44.9)

Exon 20 1 (0.5)

Exon 21 107 (52.2)
Exon 18 and 20 1 (0.5)

Systemic Therapy
Platinum treatment 158 (77.1)

First-line EGFR TKIs therapy 130 (63.4)
Second-line EGFR TKIs therapy 75 (36.6)

Location of Metastasis
Brain 138 (67.3)

Bone 161 (78.5)

Abdomen 13 (6.3)
Soft tissue 1 (0.5)

The Site of Radiotherapy
Thoracic 101 (49.3)

Brain 113 (55.1)

Bone 96 (46.8)
Adrenal 8 (3.9)

Liver 4 (2.0)

Spleen 1 (0.5)
Soft tissue 1 (0.5)

Number of Radiotherapy
1 111 (54.1)

2 71 (34.6)

3 20 (9.8)
4 3 (1.5)

Note: Data are presented as n (%) or median (interquartile range). 
Abbreviations: EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase 
inhibitors.
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Multiple-Site Radiotherapy Provided 
Better Overall Survival Than Single-Site 
Radiotherapy
Thoracic radiotherapy (86.2% MSR vs 18.0% SSR; P < 
0.001), brain radiotherapy (69.1% MSR vs 43.2% SSR; 
P < 0.001), and bone radiotherapy (57.4% MSR vs 37.8% 
SSR; P = 0.005) were more common among patients who 
received MSR. Fewer patients aged over 60 years under-
went MSR (22.3% MMR vs 42.3% SSR; P = 0.002). 
There were no differences between the two groups with 
respect to sex, smoking status, EGFR mutations, systemic 
therapy (platinum-based treatment and first-line EGFR 
TKIs), or metastatic site. Patients who underwent MSR 
had longer OS (median OS, 40.0 months; 95% CI, 29.6 to 
50.4; 1-year OS, 92.6%; 3-year OS, 51.9%; 5-year OS, 
21.1%) than those who received SSR (median OS, 28.9 
months; 95% CI, 24.3 to 33.5; 1-year OS, 89.2%; 3-year 
OS, 38.5%; 5-year OS, 10.4%; P = 0.031; Figure 2).

Effect of Radiotherapy on Survival of 
Different Organs or Parts
We analyzed the impact of radiotherapy on different 
organs or sites on patients’ OS. The median OS of 
patients who received and did not receive thoracic 
radiotherapy was 41.7 months (95% CI, 29.0 to 54.4) 
and 27.1 months (95% CI, 22.7 to 31.5), respectively 
(log-rank P < 0.001; Figure 3A). Among patients receiv-
ing MSR, 81/94 (86.2%) underwent thoracic radiother-
apy. Subgroup analysis revealed that patients who 
received thoracic radiotherapy had a longer median OS 
than those who did not receive thoracic radiotherapy 
(41.7 months vs 23.5 months; log-rank P = 0.017; 
Figure 3C). In the SSR subgroup, the median OS of 
patients who received thoracic radiotherapy was longer 
than that of patients who did not receive thoracic radio-
therapy, although this difference was not statistically 
significant (41.3 months vs 27.3 months, P = 0.086; 
Figure 3B).

Among patients with brain metastases (138/205), 
there was no significant difference in OS between 
patients who received brain radiotherapy (113/138) and 
those who did not receive brain radiotherapy (25/138; 
median OS, 32.2 months vs 28.0 months; log-rank P = 
0.456; Figure 4A). Among patients with bone metastases 
(161/205), there was no significant difference in OS 
between patients who received bone radiotherapy (96/ 

Table 2 Characteristics of Patients in the Two Groups and with 
the X2 Test for Categorical Variables

Characteristics Single-Site 
Radiotherapy

Multiple-Site 
Radiotherapy

P

Age(y) 57 (50–64) 52 

(47.75–59.25)

0.002

>60 47 (42.3) 21 (22.3)

≤60 64 (57.7) 73 (77.7)

Sex 0.808

Female 75 (67.6) 65 (69.1)
Male 36 (32.4) 29 (30.9)

Smoking Status 0.458
Never 85 (76.6) 76 (80.9)

Former/current 26 (23.4) 18 (19.1)

EGFR Mutation 0.264

Exon 18 1 (0.9) 3 (3.2)

Exon 19 55 (49.5) 37 (39.4)
Exon 20 0 (0.0) 1 (1.1)

Exon 21 55 (49.5) 52 (55.3)

Exon 18 and 20 0 (0.0) 1 (1.1)

Systemic Therapy
Platinum treatment 80 (72.1) 78 (83.0) 0.064
First-line EGFR 

TKIs therapy

74 (66.7) 56 (59.6) 0.294

Second-line EGFR 
TKIs therapy

37 (33.3) 38 (40.4) 0.294

Location 
of Metastasis

Brain 68 (61.3) 70 (74.5) 0.045

Bone 84 (75.7) 77 (81.9) 0.278
Abdomen 2 (1.8) 11 (11.7)

Soft tissue 1 (0.9) 0 (0.0)

The Site of 
Radiotherapy

Thoracic 20 (18.0) 81 (86.2) <0.001
Brain 48 (43.2) 65 (69.1) <0.001

Bone 42 (37.8) 54 (57.4) 0.005

Adrenal 2 (1.8) 6 (6.4)
Liver 0 (0.0) 4 (4.3)

Spleen 0 (0.0) 1 (1.0)

Soft tissue 1 (0.9) 0 (0.0)

Number of 
Radiotherapy

1 111 (100.0) 0 (0.0)

2 0 (0.0) 71 (75.5)

3 0 (0.0) 20 (21.3)
4 0 (0.0) 3 (3.2)

Note: Data are presented as n (%) or median (interquartile range). 
Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase 
inhibitor.
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161) and those who did not receive bone radiotherapy 
(65/161; median OS, 31.8 months vs 32.2 months; log- 
rank P = 0.360; Figure 4B).

Multivariate analysis showed that, after adjusting for sig-
nificant covariates, including thoracic radiotherapy and num-
ber of radiotherapy sites, thoracic radiotherapy was 
independently associated with improved OS (adjusted hazard 
ratio [HR], 0.514; 95% CI, 32.3% to 81.8%; P = 0.005; 
Table 3).

Discussion
The main treatment mode for patients with advanced 
EGFR-mutant lung adenocarcinoma is systemic therapy, 
in which EGFR TKIs play an important role. However, 
PFS in patients treated with first-generation EGFR TKIs 
rarely exceeds 8 to 14.7 months, and OS is only 26.8 to 
34.9 months.23,24 Local treatment with radiotherapy can 
improve the prognosis of advanced EGFR-mutant lung 
adenocarcinoma. The feasibility and low toxicity of radio-
therapy combined with targeted therapy make it 
a therapeutic option worth further exploration. A single- 
arm clinical study demonstrated that EGFR TKIs com-
bined with thoracic radiotherapy as first-line treatment 
for advanced-stage, EGFR-mutant NSCLC provided long- 
term control of the primary lung tumor.25 However, the 
effect of the radiotherapy mode on prognosis remains 
unclear. Hence, in this retrospective study, we analyzed 
the impact of radiotherapy mode on the OS of patients 
with lung adenocarcinoma carrying EGFR mutations. To 
the best of our knowledge, this is the first study evaluating 
the effect of MSR on OS.

Notably, MSR provided a longer OS than SSR. 
Radiotherapy exerts direct cytotoxic effects on tumor 
cells, providing effective local control and improving 
patient survival. In a multicenter Phase II study of patients 

Figure 1 Overall survival (OS) of the entire cohort (A) and of patients stratified according to EGFR mutation status (B) and the lines of EGFR TKIs (C).

Figure 2 Overall survival (OS) of patients treated with multiple-site radiotherapy 
(MSR) or single-site radiotherapy (SSR).

Figure 3 Effect of thoracic radiotherapy on overall survival (OS) in the entire cohort (A), in the single-site radiotherapy group (B), and in the multiple-site radiotherapy 
group (C).
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with metastatic NSCLC (≤ 3 metastases) that did not 
progress after systemic therapy, local consolidative ther-
apy provided superior PFS than maintenance therapy 
alone.26 In another study of patients with stage IV 
NSCLC (≤ 3 metastases), local treatment of metastatic 
lesions prolonged OS.27 Drug resistance after first-line 
treatment with EGFR TKIs may arise early from drug- 
resistant clones. In addition to early dominant driver muta-
tions and low background mutation rates, EGFR-mutant 
lung adenocarcinomas are heterogeneous, especially in 
Asian patients who have higher intra-tumor heterogeneity 
due to genomic instability.28 Therefore, some lesions may 
be controlled with just EGFR TKIs, while others continue 
to progress. Local treatment with radiotherapy can over-
come tumor heterogeneity. MSR can lead to tumor shrink-
age and apoptosis of the intractable tumor cells, thereby 
augmenting the antitumor effects of EGFR TKIs and 
prolonging patient survival.

Additionally, radiotherapy can activate antitumor 
immune responses. Preclinical studies have shown that 
radiation can suppress or stimulate the immune system 
via numerous pathways. Radiation enhances the ability of 
the immune system to recognize tumor cells by promoting 
the release of previously hidden tumor-associated antigens 
(TAAs) and immunostimulatory molecules, which can 
activate antitumor immune responses.29,30 Moreover, 
radiotherapy facilitates the recruitment of activated 
immune cells to the tumor by modulating the vascular 
endothelium of the tumor bed and promoting the release 
of chemokines.31–33 Therefore, we recommend that radia-
tion therapy be administered safely to the tumor burden, 
with as little exposure as possible to other sites as is 

allowed under the conditions, rather than limiting radio-
therapy to a single focus.

We next analyze the effect of radiotherapy to different 
sites or organs on OS. Through multivariate analysis, 
thoracic radiotherapy was independently found to be 
related to the improvement of OS in patients. Compared 
with bone and brain radiotherapy, thoracic radiotherapy 
has the greatest impact on the prognosis of patients. In 
a retrospective study reported by Tang et al in 2020, 105 
patients with advanced lung cancer harboring EGFR muta-
tions who were treated with EGFR TKIs were included for 
analysis of the failure mode. They found that more than 
one-third of patients progressed at the primary site.34 This 
means that increasing the local treatment to pulmonary 
lesions can prolong the PFS, thus improving the prognosis 
of patients. As just mentioned, related studies have shown 
that thoracic radiotherapy can strengthen the control of 
primary pulmonary lesions in patients with stage IV 
NSCLC treated with systemic therapy.25 But it should be 
noted that interstitial lung disease is a serious adverse 
effect of EGFR TKIs treatment, and pulmonary fibrosis 
has also been reported in previous studies.35 Therefore, 
simultaneous application of thoracic radiotherapy and 
EGFR TKIs may increase the incidence of pulmonary 
toxicity in patients.

The results of the current study showed that no matter 
when in the course of the disease radiotherapy is adminis-
tered, the survival of patients is still improved compared 
with no chest radiotherapy being administered. This sug-
gests that thoracic radiotherapy plays an important role in 
the treatment of these patients. According to the results of 
our study, it is recommended that clinicians add thoracic 

Figure 4 Effect of brain radiotherapy on overall survival (OS) in patients with brain metastasis (A). Effect of bone radiotherapy on overall survival (OS) in patients with bone 
metastasis (B).
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radiotherapy at the appropriate time based on the actual 
clinical picture of the patients, but not necessarily concur-
rently combined with EGFR TKI therapy.

Due to the strong effect of thoracic radiotherapy on OS 
and the presence of some bias, brain and bone radiother-
apy were not found to improve OS in this cohort. 
A retrospective study have shown that EGFR TKI therapy 
plus brain radiotherapy could not improve survival in 
patients with NSCLC and brain metastases.36 The optimal 
timing of radiotherapy and EGFR TKI treatment has also 
been explored. Miyawaki et al reported that, in patients 

with EGFR mutations and 1–4 brain metastases, upfront 
local therapy combined with EGFR TKIs therapy was 
more effective than upfront EGFR TKIs alone.37 Because 
the patients included in this study were also administered 
radiotherapy to other organs and parts, especially the thor-
acic area, the impact of thoracic radiotherapy on OS may 
mask the effects of brain radiotherapy on OS. Regarding 
bone metastasis radiotherapy, palliative radiotherapy has 
been shown to improve the quality of life but not OS.38

There are some limitations to this study. First, this retro-
spective study was conducted in a single center. Specifically, 

Table 3 Univariable and Multivariable Analyses of Covariable Associated with OS

Variable Univariable Analysis Multivariable Analysis

HR 95% CI P HR 95% CI P

Age(y)
<60 v ≤60 0.926 0.656 to 1.307 0.662

Sex
Female v male 0.945 0.670 to 1.333 0.746

Smoking Status
Never v current/former 0.866 0.589 to 1.275 0.466

EGFR Mutation
Exon 19 v Exon 21 0.740 0.531 to 1.031 0.075

Systemic Therapy

Platinum treatment
Yes v no 0.749 0.500 to 1.120 0.159

First-line EGFR TKIs therapy
Yes v no 1.132 0.808 to 1.587 0.468

Location of Metastasis

Brain Metastasis
Yes v no 1.266 0.890 to 1.801 0.189

Bone Metastasis
Yes v no 1.300 0.855 to 1.975 0.220

The Site of Radiotherapy

Thoracic Radiotherapy
Yes v no 0.544 0.388 to 0.763 <0.001 0.514 0.323 to 0.818 0.005

Brain Radiotherapy
Yes v no 1.105 0.796 to 1.534 0.550

Bone Radiotherapy
Yes v no 1.273 0.919 to 1.762 0.146

Number of Radiotherapy sites
2–4 v 1 0.696 0.499 to 0.970 0.032 1.087 0.688 to 1.719 0.721

Abbreviations: EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors.
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excluding patients with missing covariates could lead to 
selection bias. Second, we could not evaluate the effect of 
the timing of MSR (simultaneous or sequential MSR) on 
patient survival because of the small number of patients in 
the MSR subgroup. Whether adding thoracic radiotherapy to 
the therapy plan as soon as possible is more beneficial to 
improving patient survival has not been studied. Third, the 
potential toxicity associated with local treatment has not 
been taken into account in this study.

Taken together, we demonstrated that the use of 
a comprehensive radiotherapy pattern targeted to multiple 
sites during the disease course improved survival out-
comes in patients with advanced-stage, EGFR-mutant 
lung adenocarcinoma. Thoracic radiotherapy played the 
most important role in improving patient prognosis.

Abbreviations
AJCC, American Joint Commission on Cancer; CI, con-
fidence interval; CT, computed tomography; EGFR, epi-
dermal growth factor receptor; HR, hazard ratio; iPFS, 
intracranial progression-free survival; MRI, magnetic reso-
nance imaging; MSR, multiple-site radiotherapy; NSCLC, 
non-small cell lung cancer; ORR, objective response rate; 
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