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Abstract
Background: It was controversial that whether LUAD patients with brain metastases (BMs) and EGFR sensitive mutations
should be conducted using brain radiotherapy when treated with first-generation EGFR-TKI. Herein, a retrospective study was
designed to compare the efficacy of first-generation EGFR-TKI combined with brain radiotherapy and EGFR-TKI alone as first-line
treatment for these LUAD patients. Patients and Methods: We retrospectively analyzed the status of patients with advanced
LUAD carrying EGFR sensitive mutations who received first-generation EGFR-TKI treatment in our center. iPFS was the first time
of intracranial progression or death from the diagnosis of BMs, PFS was the time of progression of any site or death from the
diagnosis of BMs, and OS was the time of confirmed BMs to death or the last follow-up time. Differences in characteristics
between groups were compared using the Chi-square test. The Kaplan-Meier method was used to calculate the iPFS, PFS, and OS.
Univariate analysis, multivariate analysis, and subgroup analysis were conducted by Cox regression model. Results: There were
77 patients (77/134, 57.5%) in the TKI þ RT group and 57 patients (57/134, 42.5%) in the TKI group. TKI þ RT group had a
significant higher intracranial ORR and DCR, and the combination therapy was independently significantly associated with a longer
iPFS (18.9 vs. 10.5 months, P ¼ 0.0009), systematic PFS (12.5 vs. 8.4 months, P ¼ 0.0071) and OS (30.8 vs. 22.7 months,
P ¼ 0.0183). Females, non-smokers, and younger patients benefited more from the combination therapy. Subgroup analysis
demonstrated that the combination therapy could improve the iPFS in patients with more than 3 BMs (P ¼ 0.005); however, it
couldn’t improve the OS for these patients. Conclusion: Our study confirmed the effect of the combination of EGFR-TKI and
brain radiotherapy as first-line treatment for LUAD patients with BMs and EGFR sensitive mutations.
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Introduction

Lung cancer is the first leading cause of cancer-related death,

and its 5-year survival rate is only 19%.1 And non-small cell

lung cancer (NSCLC) is the most routine type, accounting for

about 85% of all lung cancer patients.2 For NSCLC, brain

metastases (BMs) are one of the most common metastatic

sites.3 According to reports, when NSCLC occurred, 20%-
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40% of the patients would suffer from BMs.4 Once the BMs

occurred, the patients’ quality of life would decline and the

median overall survival time (OS) was only 6 months.5 The

epidermal growth factor receptor (EGFR) is a tyrosine kinase

receptor on the cell surface. Mutations of EGFR make it con-

tinuously activated, causing unlimited growth of cells, and then

tumors formed.6 Sensitizing EGFR mutations are the most

common actionable driver mutations found in patients with

NSCLC, which was considered predictive of sensitivity to

EGFR- tyrosine kinase inhibitor (TKI) therapy.7 For EGFR

sensitive mutant patients, the rate of BMs was even higher,

almost 31.4% to 64.7% of NSCLC patients with EGFR sensi-

tive mutations developed in BMs while it was accounted for

19.7% to 35.3% for EGFR wild type patients.4,8,9 It was hard

for traditional macromolecular drugs and antibodies to cross

the blood-brain barrier (BBB) to locally form a higher drug

concentration, which increases the difficulty of treatment for

patients with BMs.10

It is recognized that the excellent curative effect of EGFR-

TKI makes it the first choice for patients with advanced

NSCLC with EGFR sensitive mutations.11-13 However, to date,

there is no standard treatment strategy for patients with EGFR

mutations and BMs. In the past, brain radiotherapy, including

whole brain radiotherapy (WBRT) and stereotactic radiosur-

gery (SRS), was the most important strategy for BMs.14,15

However, in the era of targeted therapy, the necessity and inter-

vetion timing of local therapy have been questioned.16 The

study named BRAIN compared the efficacy of icotinib and

WBRT þ/- chemotherapy for patients with EGFR mutations

and BMs. The results revealed that icotinib significantly pro-

longed the intracranial progress-free survival (iPFS), and

EGFR-TKI was recommended as the first-line treatment for

patients with EGFR-mutation and BMs.17 However, the

patients in this study had a limited burden of tumors, and only

a small part of them had brain symptoms. In the real world, it

was still controversial whether the EGFR-TKI alone could

achieve the best effect. Clinicians had different opinions on

this issue. Some of them believe that brain radiotherapy should

be intervened after the progression of intracranial disease, and

premature radiotherapy is considered overtreatment. However,

another recommendation is to intervene in brain radiotherapy

as soon as possible.16 This study aims to compare the clinical

efficacy of first-generation EGFR-TKI combined brain radio-

therapy with EGFR-TKI alone for lung adenocarcinoma

(LUAD) patients with EGFR sensitive mutations and BMs.

Materials and Methods

Patients

We retrospectively reviewed the patients of newly diagnosed or

recurrent after radical resection of NSCLC between Sep 2015

to May 2019 in the Cancer Center, Union Hospital, Tongji

Medical College, Huazhong University of Science and Tech-

nology (Wuhan, China). The patients who met the following

inclusion criteria were included: (1) pathological confirmed,

(2) computed tomography (CT) or magnetic resonance imaging

(MRI) examination of the brain to confirm the presence of BMs

before treatment, (3) carrying EGFR sensitive mutations, (4)

receiving first-generation EGFR-TKI as first-line treatment.

Patients who met the following exclusion criteria were

excluded: (1) with other malignant tumors or chronic inflam-

matory diseases at the same time or before, (2) with insertion

mutations in exon 20, (3) with the history of EGFR-TKI

or brain radiotherapy, (4) the follow-up time not more than

6 months.

The study was conducted in compliance with the Helsinki

Declaration of 1975 and was approved by the Institutional

Review Board of Tongji Medical College of Huazhong

University of Science and Technology.

Treatment Method

All patients received first-line EGFR-TKI treatment: icotinib

po 125 mg tid; gefitinib 250 mg po qd; erlotinib 150 mg po qd.

Adjusting the dose according to the doctor’s advice when

adverse reactions and drug resistance occurred. On the other

hand, for the patients who received brain radiotherapy, the

individualized radiotherapy regimen was chosen according to

the patient’s condition, including WBRT (2-3.6Gy/F, 10-15F),

WBRT combined with SRS (6-13Gy/F, 1-3F) / IMRT (2-3Gy/

F, 7-15F), or SRS (8-15Gy/F, 1-3F) alone.

Data Collection

Patient characteristics including gender, age, smoking history,

brain metastasis status, Karnofsky Performance Status (KPS)

score, EGFR mutation status, and treatment status were

obtained from the electronic medical record system of the Can-

cer center, Union Hospital of Tongji Medical College, Huaz-

hong university of Science and Technology. The last follow-up

time was Jan 20, 2020. The efficacy evaluation was conducted

using Response Evaluation Criteria In Solid Tumors version

1.1 (RECIST 1.1) standard: complete response (CR) was

defined as disappearance of all target lesions, partial response

(PR) was defined as at least a 30% decrease in the sum of the

diameters of target lesions, progressive disease (PD) was

defined as at least a 20% increase in the sum of diameters of

target lesions or appearance of one or more new lesions, and

stable disease (SD) was between PR and PD.18 iPFS was

defined as the first time of intracranial progression or death

from the diagnosis of brain metastases, PFS was defined as the

time of progression of any site or death from the diagnosis of

brain metastasis, and overall survival (OS) was defined as the

time of confirmed brain metastases to death or the last follow-

up time. It was defined as censored data if the event had not

occurred by the last follow-up time.

Statistical Analysis

Differences between groups were compared using the Chi-

square test. Survival probabilities were estimated using the
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Kaplan-Meier method and a log-rank test to compare the dif-

ferences between groups. Univariate analysis, multivariate

analysis, and subgroup analysis were conducted by Cox regres-

sion model. In the multivariate Cox regression model including

variables with P < 0.01 in the univariate Cox regression, but the

variable of symptoms was excluded because of the relevance to

brain radiotherapy. All statistical analyses were calculated

using SPSS 24.0. Drawings were performed with GraphPad

Prism 7.0 or Microsoft Excel for Mac 16.25. A 2-sided P value

<0.05 was considered statistically significant.

Results

Patient Characteristics

The baseline characteristics and treatment information for the

patients are listed in Table 1. 134 LUAD patients were enrolled

for the analyses totally, 77 (57.5%) of them were treated with

first-generation EGFR-TKI combined with brain radiotherapy

(TKI þ RT group) while 57 (42.5%) patients were treated with

first-generation EGFR-TKI alone (TKI group). The median

patient age was 56 (range 30-83) years, most of them were

female (63.4%) and non-smokers (70.1%).

All patients were carrying EGFR sensitive mutations and

received first-generation EGFR-TKI as first-line treatment.

The patient demographics and characteristics were well-

balanced in most variables such as gender, age, KPS, smoking

history, and so on. However, the TKI þ RT group had more

brain metastases sites (more than 3 brain metastases sites: 63.6%
vs. 43.9%, P ¼ 0.023) and apparently symptoms (50.6% vs.

19.8%, P < 0.001) of intracranial hypertension.

The Best Response Before Progression

The best response before progression was judged according to

RECIST 1.1 (Table S1). Then we compared the objective

response rate (ORR) and disease control rate (DCR) of intra-

cranial and systematic between groups. As shown in Figure 1,

TKI þ RT group had a significant higher intracranial ORR

(84.4% vs. 63.2%, P < 0.01) and DCR (97.4% vs. 80.7%,

P < 0.01) than TKI group. At the same time, the combination

of first-generation EGFR-TKI and brain radiotherapy has

brought benefits for systematic disease control.

The Differences in Survival Probability Between
TKI þ RT Group and TKI Group

With the median follow-up time of 27.9 months (95%CI

22.0-33.8 months), there were 93 patients (69.4%) had

intracranial progression, 124 patients (92.5%) had systematic

progression and 65 (48.5%) of them died. The median

iPFS, PFS, and OS were 18.9 months, 12.5 months, and

30.8 months in group TKI þ RT, while in TKI group hey

were 10.5 months, 8.4 months, and 22.7months, respectively.

Kaplan-Meier survival curves were plotted for iPFS, PFS,

and OS (Figure 2), showing the combination of EGFR-TKI

and brain radiotherapy was significantly associated with

longer iPFS (P ¼ 0.0009), systematic PFS (P ¼ 0.0071) and

OS (P ¼ 0.0183). The HRs were 0.510 (95% CI 0.330-0.787)

for iPFS, 0.622 (95%CI 0.427-0.906) for PFS and 0.564

(95%CI 0.340-0.938) for OS.

Table 1. Baseline Demographics and Characteristics of All Patients.

Characteristics

TKI þ RT

group

TKI

group

P value(n ¼ 77) (n ¼ 57)

Age

�60 50 (64.9) 41 (71.9) 0.391

>60 27 (35.1) 16 (28.1)

Gender

Male 30 (39.0) 19 (33.3) 0.504

Female 47 (61.0) 38 (66.7)

Smoking

Never 55 (71.4) 39 (68.4) 0.707

Current / ex-smoking 22 (28.6) 18 (31.6)

KPS score

�80 39 (50.6) 28 (49.1) 0.861

>80 38 (49.4) 29 (50.9)

T stage

1 16 (20.8) 14 (24.6) 0.072

2 25 (32.5) 21 (36.8)

3 10 (13.0) 2 (3.5)

4 22 (28.5) 11 (19.3)

X 4 (5.2) 9 (15.8)

N stage

0 6 (7.8) 3 (5.3) 0.192

1 19 (24.7) 10 (17.5)

2 18 (23.4) 9 (15.8)

3 32 (41.5) 29 (50.9)

X 2 (2.6) 6 (10.5)

Number of brain metastases

�3 28 (36.4) 32 (56.1) 0.023*

>3 49 (63.6) 25 (43.9)

Symptoms

No 38 (49.4) 48 (84.2) 0.000*

Yes 39 (50.6) 9 (15.8)

Extracranial distant

metastases

No 31 (40.3) 18 (31.6) 0.302

Yes 46 (59.7) 39 (68.4)

EGFR mutation

Del-19 37 (48.0) 27 (47.4) 0.561

21-L858R 36 (46.8) 29 (50.9)

Other 4 (5.2) 1 (1.7)

EGFR TKI

Erlotinib 14 (18.2) 5 (8.8) 0.19

Icotinib 39 (50.6) 37 (64.9)

Gefitinib 22 (28.6) 15 (26.3)

Other 2 (2.6) 0 (0.0)

Combination of CT

No 49 (63.6) 34 (59.6) 0.638

Yes 28 (36.4) 23 (40.4)

Combination of ADD

No 63 (81.8) 52 (91.2) 0.123

Yes 14 (18.2) 5 (8.8)

TKI, tyrosine kinase inhibitor; RT, radiotherapy; KPS, Karnofsky Performance

Status; EGFR, epidermal growth factor receptor; CT, Chemotherapy; AAD,

anti-angiogenic drugs; *P < 0.05 indicated statistical significance.
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Figure 1. The objective efficacy of 2 groups. The best response of intracranial and systematic was judged according to RECIST 1.1. The chi-

square test was used to compare the ORR and DCR between the 2 groups. A-D showed the differences of intracranial ORR, intracranial DCR,

systematic ORR and systematic DCR respectively between groups. No. of Pts, number of patients; CR, complete response; PR, partial response;

SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate. **P < 0.01.

Figure 2. The Kaplan-Meier survival curves of iPFS, PFS and OS. iPFS, intracranial progression-free survival; PFS, progression-free survival;

OS, overall survival.
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Key Subgroups Analyses

To explore the beneficial populations for combination therapy,

HRs and associated 95% CIs were assessed using the Cox propor-

tional hazards model for subgroup analyses. Variables of age

(�60 years or >60 years), gender (male or female), smoking status

(never or current/ex-smoking), EGFR mutation status (Del-19,

21-L858 R), number of brain metastases (�3 or >3), symptoms

(yes or no) and extracranial metastases (yes or no) have been

taken into consideration. TKI þ RT was better than TKI con-

cerned to iPFS (Figure 3) in most of the subgroups examined.

Especially for females, non-smokers, and younger patients, TKIþ
RT prolonged iPFS, PFS, and OS (Figure 3, Figure S1). How-

ever, the combination of EGFR-TKI and brain radiotherapy could

only prolong the iPFS and PFS for patients with more brain

metastases, but it couldn’t improve the overall survival.

Univariate and Multivariate Analysis of Survival Probabilities
for Patients Treated with First-Generation of EGFR-TKI

Univariate analysis identified EGFR Del-19, brain radiotherapy,

erlotinib, and a combination of chemotherapy or antiangiogenic

drugs as being significantly associated with better iPFS. Multi-

variate analysis revealed brain radiotherapy as an independent

predictive factor for better iPFS (HR 0.517, 95%CI 0.339-0.789,

P ¼ 0.002), as well as EGFR Del-19, erlotinib and a combina-

tion of chemotherapy or antiangiogenic drugs (Table 2).

For systematic PFS and OS, multivariate analysis showed

that brain radiotherapy, erlotinib, and combination of che-

motherapy or antiangiogenic drugs were independent predic-

tive factors. What’s more, EGFR Del-19 was also associated

with better OS. (Table S2, Table S3).

Discussion

EGFR-TKI is the first choice for NSCLC patients with EGFR

sensitive mutations,19 but drug resistance is an inevitable

challenge. Almost 30% of patients who can’t receive back-

line treatment after first-line treatment of EGFR-TKI as a

study reported.20 It suggests that the importance of extending

the resistance time of first-line EGFR-TKI. Several studies

have demonstrated the efficacy of radiotherapy combined

with EGFR-TKI.21,22 However, it’s still controversy about

Subgroups Events(n)/
Patients(n)

iPFS Hazard Ratio(95%CI) P Value

Age
≤ 60 60/91 0.423(0.254-0.706) 0.001

> 60 33/43 0.835(0.406-1.716) 0.624

Gender
Male 32/49 0.628(0.309-1.278) 0.119

Female 61/85 0.469(0.282-0.778) 0.003

Smoking
Never 67/94 0.429(0.264-0.698) 0.001

Current/ex-smoking 26/40 0.666(0.306-1.446) 0.304

EGFR mutation
Del-19 38/64 0.422(0.221-0.806) 0.012

21-L858R 52/65 0.656(0.377-1.142) 0.136

Other 3/5 - -

Number of brain metastases
≤ 3 38/60 0.469(0.238-0.926) 0.029

> 3 55/74 0.440(0.247-0.781) 0.005

Symptoms
No 63/86 0.572(0.345-0.950) 0.031

Yes 30/48 0.387(0.161-0.927) 0.033

Extracranial metastases
No 30/49 0.570(0.273-1.190) 0.135

Yes 63/85 0.479(0.290-0.791) 0.004

0.0 0.5 1.0 1.5 2.0

Favours TKI+RT Favours TKI

Figure 3. Key subgroup analyses for iPFS. iPFS, intracranial progression-free survival; CI, confidence interval.
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the use of EGFR-TKI combined brain radiotherapy,

especially in first-line treatment. A multi-institution retro-

spective study suggested that EGFR-TKI combined with

brain radiotherapy (whether SRS or WBRT) could signifi-

cantly prolong the overall survival of patients (46 vs. 30 vs.

25 months, P < 0.001).23 While another study which com-

pared the efficacy of EGFR-TKI þ WBRT with EGFR-TKI

alone, and found that a combination of WBRT did not

improve the intracranial local control rate of patients with

EGFR sensitive mutations, nor did it bring long-term survival

benefits.24 Our study proved the efficacy of first-generation

EGFR-TKI combined with brain radiotherapy as a first-line

treatment for LUAD patients with EGFR mutations and BMs.

BBB is the main reason that affects the concentration of

drug in the cerebrospinal fluid. Studies have found that brain

radiotherapy can destroy BBB and increase the concentration

of TKIs.25,26 Besides, EGFR mutant is a radiotherapy sensi-

tive gene, and EGFR-TKI plays a role in radio sensitiza-

tion.27 This may be the mechanism by which EGFR-TKI

combined with brain radiotherapy can improve the local con-

trol rate.

WBRT used to be the main treatment for brain metas-

tases from non-small cell lung cancer, which can prolong

survival to a certain extent.14 However, the role of WBRT is

gradually weakened because of the serious side effects. In

our study, we didn’t observe adverse reactions above grade

3. Unfortunately, we were unable to understand the long-

term cognitive function differences between the 2 groups

because we were unable to fill in relevant scales in the

retrospective study. But it was reported that the side effects

Table 2. Univariate Analysis and Multivariate Analysis of iPFS.

Variable

Univariate Multivariate

HR 95% CI P HR 95% CI P

Age

�60 1

>60 1.135 0.741-1.741 0.56

Gender

Male 1

Female 1.399 0.905-2.161 0.13

Smoking

Never 1

Current/ex-smoking 0.718 0.455-1.133 0.155

KPS

�80 1

>80 0.771 0.512-1.160 0.212

Number of brain metastases

�3 1

>3 1.249 0.824-1.894 0.295

Symptoms

No 1

Yes 0.72 0.465-1.113 0.139

Extracranial metastases

No 1

Yes 1.3 0.841-2.010 0.238

EGFR mutation

Del-19 1 1

21-L858R 1.766 1.158-2.693 0.008 1.875 1.212-2.899 0.005

Other 1.114 0.339-3.664 0.859 2.169 0.615-7.656 0.229

Brain radiotherapy

No 1 1

Yes 0.506 0.336-0.762 0.001 0.517 0.339-0.789 0.002

EGFR TKI

Erlotinib 1 1

Icotinib 2.341 1.202-4.562 0.012 2.905 1.418-5.952 0.004

Gefitinib 2.005 0.983-4.089 0.056 2.536 1.179-5.458 0.017

Other 1.016 0.223-4.630 0.983 2.337 0.482-11.323 0.292

Combination of CT or AAD

No 1 1

Yes 0.627 0.413-0.951 0.028 0.528 0.343-0.812 0.004

HR, hazard ratio; CI, confidence interval; KPS, Karnofsky Performance Status; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor;

CT, Chemotherapy; AAD, anti-angiogenic drugs.

6 Technology in Cancer Research & Treatment



were under control in previous researches.28,29 And the

hippocampus protection technology and neuroprotective

drugs can also reduce the neurological damage caused by

radiotherapy.30,31

We have a positive attitude towards combination therapy.

As Table 1 showen, patients with symptoms and more brain

lesions were more likely to be considered for early brain radio-

therapy. However, the outcome suggested that EGFR-TKI

combined with brain radiotherapy could improve iPFS regard-

less of symptoms or number of brain metastases. In addition,

chemotherapy and antiangiogenic drugs could also bring ben-

efits to LUAD patients with EGFR-mutation and BMs. A

recent meta-analysis compared the anti-VEGF plus erlotinib

vs erlotinib alone as first-line therapy for advanced NSCLC

harboring an EGFR mutation, and it revealed that the combi-

nation therapy was significantly associated with prolonged

PFS.32 In addition, chemotherapy combined with TKI therapy

could also increase efficacy.33 More evidence is needed to

explore which combination therapy is more effective for

patients with BMs.

However, there are some limitations in our study. First of

all, it was a retrospective study, the selection bias and recall

bias could not be avoided. Besides, the side effects of combi-

nation therapy such as cognitive dysfunction couldn’t be

assessed for we unable to fill in the relevant scale. What’s

more, the order of TKI and radiotherapy is still an important

question to solve. We are looking forward to more evidence to

support our conclusions.

Conclusion

In conclusion, this study showed the combination of first-

generation EGFR-TKI with brain radiotherapy as first-line

treatment may bring benefits to LUAD patients harboring

EGFR sensitive mutations and BMs.
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