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ABSTRACT

Introduction: The clinical features of patients
with metastatic epidermal growth factor recep-
tor (EGFR)-mutated lung adenocarcinoma

receiving first-line therapy based on erlotinib
combined with bevacizumab are unclear. Here,
we sought to analyze the clinical features of this
patient group.
Methods: Data were analyzed for the period
from January 2015 to August 2019 for 49
patients with metastatic EGFR-mutated lung
adenocarcinoma receiving first-line erlotinib-
and-bevacizumab combination therapy from
the Linkou and Kaohsiung Chang Gung
Memorial Hospitals.
Results: The combination of erlotinib and
bevacizumab showed an 83.7% objective
response rate and a 97.9% disease control rate.
The median progression-free survival (PFS) and
overall survival (OS) were 22.0 [95% CI
(19.7–22.33)] and 47.6 [95% CI (38.87–56.37)]
months, respectively, for all patients. The sec-
ondary EGFR-T790M mutation rate in the
patients with acquired resistance to the combi-
nation was 72.4%. No predictive factor associ-
ated with the appearance of secondary EGFR-
T790M mutations was found. The most fre-
quent adverse event (AE) caused by the combi-
nation therapy was dermatitis (100%), and most
of the AEs were manageable and grades 1 and 2.
Conclusion: Erlotinib combined with beva-
cizumab is an effective and safe therapy for
untreated metastatic EGFR-mutated lung ade-
nocarcinoma. The combination does not alter
secondary EGFR-T790M mutations in patients
with acquired resistance and is feasible in real-
world clinical practice.
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Key Summary Points

Why carry out this study?

Although the combination of erlotinib
and bevacizumab therapy has been
approved to treat patients with metastatic
EGFR-mutated lung adenocarcinoma
based on the results of clinical trials, the
experience of using this combination in
real-world practice is rarely reported.

The clinical features of patients with
metastatic EGFR-mutated lung
adenocarcinoma receiving first-line
erlotinib combined with bevacizumab
therapy are unclear, especially regarding
whether the EGFR-T790M mutation is the
main cause of acquired resistance to this
combination.

What was learned from the study?

The combination of erlotinib and
bevacizumab for untreated metastatic
EGFR-mutated lung adenocarcinoma
patients in real-world practice is effective,
and the toxicities of this combination are
manageable and acceptable.

The EGFR-T790M mutation remains the
most common cause of acquired
resistance to this combination therapy,
and most patients receive osimertinib as
subsequent therapy.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to: https://doi.org/10.6084/
m9.figshare.14423984.
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INTRODUCTION

Lung adenocarcinoma accounts for most histo-
logical types of primary lung cancer (approxi-
mately 40%), and metastatic disease is present
in many patients at the time of initial diagnosis
[1, 2]. An activating epidermal growth factor
receptor (EGFR) mutation is the most frequent
oncogenic driver mutation in East Asian lung
adenocarcinoma patients (ranging from 45 to
55%) [3, 4]. Drug therapies targeting activating
EGFR mutations, including exon 19 deletion
and L858R (a leucine-to-arginine substitution at
codon 858: a point mutation in exon 21), have
been developed and approved for the treatment
of metastatic EGFR-mutated non-small cell lung
cancer (NSCLC) patients [4–7]. Erlotinib is
classified as a first-generation EGFR-tyrosine
kinase inhibitor (TKI) and the first EGFR-TKI
approved by the US Food and Drug Adminis-
tration (FDA) for the treatment of NSCLC fol-
lowing a pivotal clinical trial, BR.21 [4–8].
Erlotinib has also been used as a standard first-
line therapy for advanced NSCLC patients har-
boring exon 19 deletions and L858R mutations
because of its promising efficacy, as shown by
previous clinical trials (EURTAC and OPTIMAL)
[9, 10]. Two pivotal clinical trials demonstrated
that erlotinib showed a 60–80% objective
response rate and a median progression-free
survival (PFS) of 10–13 months in treating
advanced EGFR-mutated NSCLC patients
[9, 10].

Pathological angiogenesis is crucial for
tumorigenesis in various cancers, and drugs
targeting vascular endothelial growth factor
(VEGF) and vascular endothelial growth factor
receptor (VEGFR) have been developed for
anticancer therapy in NSCLC [10, 11]. Beva-
cizumab is a humanized monoclonal antibody
that targets VEGF and is used clinically as a
VEGF inhibitor [10, 11]. Two previous clinical
trials (E4599 and AVAIL) showed that beva-
cizumab improved the survival of patients with
metastatic non-squamous lung cancer when
used in combination with chemotherapy
[12, 13]. Therefore, bevacizumab is the first anti-
VEGF inhibitor approved for treating advanced
non-squamous lung cancer patients [10–13].

The combination of bevacizumab and erlotinib
in EGFR-mutated advanced NSCLC patients has
been investigated in two previous clinical trials
(JO25567 and NEJ026) [14, 15]; both showed
that the combination resulted in significantly
longer PFS than erlotinib alone in patients with
advanced EGFR-mutated NSCLC [14, 15].
Although the two previous trials demonstrated
that this combination is an effective therapy,
real-world clinical experience using the combi-
nation of erlotinib and bevacizumab as first-line
therapy in EGFR-mutated NSCLC has seldom
been reported. In addition, whether the EGFR-
T790M mutation is the main cause of acquired
resistance in metastatic EGFR-mutated lung
adenocarcinoma patients receiving this combi-
nation as first-line therapy is still unclear.

In this study, we conducted a real-world
multicenter observational study to analyze the
clinical features of patients with metastatic
epidermal growth factor receptor (EGFR)-mu-
tated lung adenocarcinoma who received erlo-
tinib in combination with bevacizumab as first-
line therapy.

METHODS

Ethics Approval

This multicenter cohort study was approved by
the institutional review board (IRB) (no.
202100379B0) of the Chang Gung Medical
Foundation. All study subjects were retrospec-
tively retrieved from the database of Linkou and
Kaohsiung Chang-Gung Memorial Hospital
(CGMH) Cancer Center. All the patients in this
study received standard care and treatment
according to the protocol of the Linkou and
Kaohsiung CGMH Cancer Center. The IRB of
Chang-Gung Medical Foundation waived the
need to obtain consent for participation
because of the retrospective nature of this study.
This study was performed in accordance with
the Declaration of Helsinki. We confirmed that
there is no identifiable information, such as
personal ID or birthdays, reported in this
manuscript.
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Patients and EGFR Mutation Tests

Data were screened on 1018 patients with his-
tologically diagnosed metastatic lung adeno-
carcinoma with EGFR mutations registered in
the Linkou and Kaohsiung CGMH from January
2015 to August 2019. The inclusion criteria were
as follows: (1) patients with L858R or exon-19-
deletion EGFR mutations; (2) patients previ-
ously not treated with chemotherapy, targeted
therapy, or immunotherapy; (3) patients who
did not have previous surgery for primary lung
tumor resection; (4) patients who received first-
line therapy with erlotinib plus bevacizumab;
and (5) patients who had received at least three
cycles of bevacizumab during erlotinib therapy.
The exclusion criteria were as follows: (1) de
novo EGFR-T790M-resistant mutations; (2)
patients previously treated with chemotherapy,
targeted therapy, or immunotherapy; (3)
patients who previously received surgery for
primary lung tumor resection; (4) bevacizumab
not administered in an erlotinib therapy course;
and (5) patients who received fewer than three
cycles of bevacizumab during erlotinib therapy.
A schematic diagram of the inclusion and

exclusion criteria for retrieving the data of the
study patients is shown in Fig. 1.

The clinical medical history, tumor genomic
mutations (EGFR mutations), treatment infor-
mation, and treatment-related adverse effects
were retrospectively retrieved from the elec-
tronic medical records of Chang Gung Memo-
rial Hospital (CGMH). Each patient underwent
computed tomography (CT), positron emission
tomography (PET), and brain magnetic reso-
nance imaging (MRI) scans at baseline to
determine the stages according to the protocol
of the CGMH cancer center. All patients
received whole-body CT scans regularly during
erlotinib-plus-bevacizumab combination ther-
apy to evaluate treatment response and disease
status. Additional images, including chest plain
films, sonograms, PET scans, and MRI, were
obtained during treatment according to the
judgment and needs of the clinical physicians.
The last follow-up time point in this study was
November 2020.

EGFR mutations were detected by procedures
including direct sequencing, amplified refrac-
tory mutation system–Scorpion (ARMS/S)
assays, and next-generation sequencing (NGS),
depending on the physicians’ instructions. In

Fig. 1 Scheme of the inclusion and exclusion criteria in this study
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patients who received tumor rebiopsy after the
appearance of acquired resistance to erlotinib-
plus-bevacizumab combination therapy, ARMS/
S and NGS were used to detect EGFR-T790M
mutations.

Evaluation of Efficacy and Treatment-
Related Adverse Events (AEs) of Combined
Erlotinib-and-Bevacizumab Therapy

All the patients in this study received erlotinib
at a starting dose of 150 mg once daily until
disease progression occurred. Bevacizumab was
administered intravenously at a dose of 7.5 mg/
kg during erlotinib therapy. The dose and
schedule for administering erlotinib and beva-
cizumab were adjusted by the physicians
depending on the patients’ clinical condition
and treatment-related toxicities. The Response
Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 was used to assess the treatment
response, defined as complete response (CR),
partial response (PR), stable disease (SD), or
progressive disease (PD). Progression-free sur-
vival (PFS) was defined as the time from the first
erlotinib dosing date until the date of the first
PD images, death, or last follow-up. Overall
survival (OS) was defined as the time from the
date of diagnosis until the recorded date of
death. If patients were still alive at the last fol-
low-up time point (November 30, 2020), sur-
vival was censored at the date of the last visit
recorded by the physicians.

Treatment-related toxicities and adverse
events (AEs) were retrieved retrospectively from
the electronic medical records. The grades of
AEs were determined according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.0.

Statistical Analysis

The demographic characteristics and treatment
information are presented as quantitative vari-
ables. The data for age are presented as the
means ± standard deviations. The frequency
distributions between the T790M-positive and
T790M-negative groups were tested by Pearson’s
chi-square test. The rates of survival, including

PFS and OS, were calculated using Kaplan–Meier
survival curves. The log-rank test was used for
the comparison of survival curves. The P values
were considered statistically significant when
smaller than 0.05, and all the P values were two-
sided. All statistical analyses in this study were
performed using GraphPad Prism (version 5.0;
GraphPad Software, San Diego, CA, USA).

RESULTS

Baseline Patient Demographic
Characteristics and First-line Treatment
Information

Data for 49 metastatic EGFR-mutated lung
adenocarcinoma patients receiving first-line
therapy with erlotinib combined with beva-
cizumab between January 2015 and August
2019 were retrieved and analyzed, and the
baseline demographic characteristics and first-
line treatment information for all the patients
are shown in Table 1. Among the 49 patients, 17
(34.7%) had brain metastasis at initial diagno-
sis, and seven received radiation therapy to the
brain in addition to the combination of erloti-
nib and bevacizumab. All the patients took
erlotinib at a starting dose of 150 mg/day, and
six (12.2%) later had their doses tapered from
150 to 100 mg/day. Regarding the dose of
bevacizumab administered, all 49 patients
received 7.5 mg/kg in each cycle. The combi-
nation of erlotinib and bevacizumab was dis-
continued in 33 patients (67.3%) at the last
follow-up date because of progressive disease
but was still ongoing in the other 16 patients
(32.7%) at the last follow-up.

Efficacy of Erlotinib-Plus-Bevacizumab
Combination Therapy: Objective
Response, PFS, and OS

Among the 49 patients in this study, one (2%)
had a CR, and 40 (81.6%) had PRs to the com-
bination of erlotinib and bevacizumab. Seven
(14.3%) had SD, and one (2%) had PD at the
initial evaluation. The overall objective
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response and disease control rates are shown in
Fig. 2.

For all 49 patients, the median PFS with
erlotinib-plus-bevacizumab combination ther-
apy was 22.0 months (95% confidence interval
(CI) 19.70–22.33 months; Fig. 3a), and the
median OS was 47.6 months (95% CI 38.87–-
56.37 months; Fig. 3b). When the patients were
divided into two groups, namely, L858R and
exon-19-deletion mutations, the median PFS
with erlotinib combined with bevacizumab was
26.2 and 20.3 months (95% CI 0.79–-
1.79 months, p = 0.586; Fig. 3c), respectively,
and the median OS was 40.5 and 50.6 months
for the L858R-mutation and exon-19-deletion
groups (95% CI 0.46–1.14 months, p = 0.207;
Fig. 3d), respectively. Between the EGFR-L858R
and exon-19-deletion mutated patients, no sta-
tistically significant differences were found in

Table 1 Baseline patient characteristics and treatment
information of this study

Variables (total n = 49) No.

Sex

Male 13

Female 36

Age (mean ± SD) 59.7 ±

11.1

ECOG PS

0–1 49

]2 0

Smoker

Former ? current 12

Nonsmoker 37

Histology

Adenocarcinoma 49

Stage

IV 49

Brain metastasis at diagnosis 17

EGFR Mutation

L858R 24

Exon 19 deletion 25

Starting dose of erlotinib

150 mg/day 49

100 mg/day 0

Dose tapering (150 mg -[ 100 mg) 6

Bevacizumab dose (each cycle)

7.5 mg/kg 49

Treatment ongoing 16

Discontinuation because of progressive

disease

33

Local radiation therapy in addition to the combination

Brain 7

Bone 4

Fig. 2 a Treatment response and (b) efficacy of erlotinib
in combination with bevacizumab for untreated metastatic
epidermal growth factor receptor (EGFR)-mutated lung
adenocarcinoma
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the PFS or OS for the first-line therapy of erlo-
tinib in combination with bevacizumab.

The 17 patients with brain metastasis at ini-
tial diagnosis are analyzed and summarized in
Supplementary Table S1. The response rate of
this combination therapy for the 17 patients
was 82.3%. In the 17 patients with brain
metastases, the median central nervous system
(CNS) PFS and the median OS were 16.1 months
(95% CI 14.1–18.1 months) and 37.4 months
(95% CI 19.6–55.1 months), respectively.

Subsequent Treatments
after Discontinuation of Erlotinib
Combined with Bevacizumab
and Secondary EGFR-T790M Mutation

The subsequent treatment information for the
33 patients who discontinued the first-line

combination of erlotinib and bevacizumab is
summarized in Table 2. Among them, 29
underwent tissue rebiopsy for the EGFR-T790M
mutation test, and four underwent neither tis-
sue rebiopsy nor blood draw for circulating
tumor (ct)-DNA for the EGFR-T790M test. Of
the 29 patients who underwent secondary
EGFR-T790M tests, 21 had positive results, and
eight had negative results for the EGFR-T790M
mutation. All 21 patients with EGFR-T790M
mutations received the third-generation EGFR-
TKI osimertinib as subsequent therapy. Three of
the patients with EGFR-T790M-mutated tumors
received the antiangiogenic agents beva-
cizumab and ramucirumab in addition to
osimertinib. Anti-programmed death 1 (PD-1)/
programmed death-ligand 1 (PD-L1)
immunotherapy was subsequently adminis-
tered in two patients, and one received

Fig. 3 Kaplan–Meier survival curve of progression-free
survival (PFS) and overall survival (OS). a PFS of all
patients in this study. b OS of all patients in this study.

c Comparison of PFS between EGFR-L858R and exon-19-
deletion mutations. d Comparison of OS between EGFR-
L858R and exon-19-deletion mutations
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pembrolizumab (anti-PD-1 inhibitor) alone
because of strong positive tumor PD-L1 expres-
sion (tumor proportion score[50% according
to the Dako 22c3 assay). The other patients
received atezolizumab (an anti-PD-L1 inhibitor)
combined with platinum-based chemotherapy.
Seven patients received subsequent platinum-
base doublet chemotherapy, and one received
chemotherapy with pemetrexed alone. One
patient received therapy with ramucirumab
combined with cisplatin-plus-pemetrexed

doublet chemotherapy. Furthermore, 16
patients received palliative local radiation ther-
apy in addition to subsequent second-line
therapies, 10 received local radiation therapy to
the brain, five received such therapy to the
bone, and one received such therapy to the
liver.

The 29 patients who underwent tissue
rebiopsy tests for the EGFR-T790M mutation
were analyzed, and the results are summarized
in Table 3. We did not find any statistically
significant differences in clinical characteristics

Table 2 Subsequent treatment modalities after discon-
tinuation of the first-line therapy of erlotinib combined
with bevacizumab

Total n = 33 No.

EGFR T790M mutation tests (tissue sample re-

biopsy)

29

EGFR T790M mutation

Positive 21

Negative 8

Unknown (no tissue sample biopsy or ctDNA

for EGFR T790M mutation test)

4

EGFR T790M mutation rate (%) 72.4%

Subsequent therapy

Osimertinib 21

Platinum-base doublet chemotherapy 7

Single-agent chemotherapy (pemetrexed) 1

Anti-PD-1/PD-L1 immune-checkpoint

inhibitors

2

Anti-angiogenesis agents

Bevacizumab 2

Ramucirumab 2

Supportive care 3

Local radiation therapy

Brain 10

Bone 5

Liver 1

ctDNA circulating tumor-DNA

Table 3 Comparison of characteristics between T790M-
positive and negative patients with acquired resistance to
first-line erlotinib ? bevacizumab therapy

EGFR T790M mutation Negative Positive P-
value

Total 8 21

Age 0.697

\ 60 5 11

C 60 3 10

Sex

Male 2 6 0.961

Female 6 15

Smoking status

Nonsmoker 7 15 0.666

Former/current smoker 1 6

EGFR mutation 0.390

L858R 4 6

Exon 19 deletion 4 15

Brain metastasis at diagnosis 0.977

Present 3 7

Absent 5 14

Duration of

erlotinib ? bevacizumab

0.209

\ 12 months 4 5

C 12 months 4 16
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between the T790M-positive and T790M-nega-
tive patients.

Adverse Events (AEs) Related to Therapy
with the Combination of Erlotinib
and Bevacizumab

The combination of erlotinib and bevacizumab
therapy-related AEs is summarized in Table 4.
Among all patients in this study, skin toxicity
(100%) was the most frequent AE, followed by
paronychia (53.1%) and stomatitis (46.9%).
Regarding the side effects of hypertension that
could be induced by bevacizumab, 10 patients
(20.4%) experienced grade 1 and 2 hyperten-
sion, and two patients had grade 3 hypertension
and had to take antihypertensive agents for
blood pressure control. Three patients experi-
enced grade 2 hemorrhage, which could be
caused by bevacizumab. Among the three
patients with hemorrhage, two had bleeding
from hemorrhoids, and the other had epistaxis.
All bleeding events were stopped by topical
medication and skipping one cycle of beva-
cizumab therapy. There were no serious bleed-
ing complications, such as massive hemoptysis,
intracranial hemorrhage or bowel perforation,
recorded in this study. Most AEs were manage-
able by adjusting the erlotinib dose or giving
additional drugs, and no patient discontinued
the combination therapy because of AEs.

DISCUSSION

The results of our study provide some important
information on untreated metastatic EGFR-
mutated lung adenocarcinoma patients receiv-
ing therapy based on a combination of erlotinib
and bevacizumab. This combination is applica-
ble and safe in real-world clinical practice
according to the results of this study. First, we
demonstrated an objective response rate of
83.7% and a disease control rate of 97.9% with
this combination. Second, this combination
yielded a median PFS of 22.0 months, while the
median OS was 47.6 months. Third, the sec-
ondary EGFR-T790M mutation rate was 72.4%
in those who experienced acquired resistance to
the combination therapy and underwent
rebiopsy for EGFR-T790M tests. The most fre-
quent AE was dermatitis, and most of the AEs
were limited to grade 1 or 2, all of which were
controllable and reversible.

The use of erlotinib in combination with
angiogenesis inhibitors, such as bevacizumab
and ramucirumab, as first-line therapy for
advanced untreated EGFR-mutated NSCLC has
been investigated in previous studies (the
JO25567, NEJ026, and RELAY trials) [14–16]. In
two previous clinical trials (JO25567 and
NEJ026), the efficacy of erlotinib and beva-
cizumab was shown to be promising, with an
objective response rate of 70% and PFS of
approximately 17 months [14, 15]. Ramu-
cirumab is a newer angiogenesis inhibitor, and
it is an immunoglobulin that selectively binds

Table 4 The combination of erlotinib and bevacizumab therapy related adverse events (AEs)

Adverse events All n = 49 (%) Grades 1–2 n (%) Grade 3 n (%) Grade 4 n (%)

Dermatitis (skin rash/acne) 49 (100%) 42 (85.7%) 7 (14.3%) 0

Paronychia 26 (53.1%) 26 (53.1%) 0 0

Stomatitis 23 (46.9%) 23 (46.9%) 0 0

Diarrhea 8 (16.3%) 7 (14.3%) 1 (2.0%) 0

Nausea and vomiting 4 (8.2%) 4 (8.2%) 0 0

Liver-transaminases increased 5 (10.2%) 5 (10.2%) 0 0

Hypertension 12 (24.5%) 10 (20.4%) 2 (4.1%) 0

Hemorrhage 3 (6.1%) 3 (6.1%)
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to VEGFR-2 [10, 11, 17]. Ramucirumab is the
second angiogenesis inhibitor approved by the
US FDA for use in treating NSCLC based on the
results of the REVEL trial [17]. A recent phase III
clinical trial (the RELAY trial) showed that the
combination of ramucirumab and erlotinib also
had excellent efficacy for the treatment of
advanced untreated EGFR-mutated NSCLC
patients (a 76.6% objective response rate and
19.4-month PFS) [16]. In our study, 17 patients
(34.7%) with brain metastasis were recruited,
whereas brain-metastatic patients were exclu-
ded from the JO25567 and RELAY trials [14, 16].
In the NEJ026 study, only asymptomatic brain-
metastatic patients were included [15]. Brain
metastasis actually occurs frequently in
advanced EGFR-mutated lung adenocarcinoma
(15–30%), and additional local therapies,
including surgery or radiation therapy, are
needed in most cases [18, 19]. In this study,
seven patients received radiation therapy for
brain metastasis in addition to combination
therapy. Previous studies showed that addi-
tional bevacizumab therapy might benefit the
survival of NSCLC patients with brain metasta-
sis [20, 21]. Together, these findings may
explain why the combination of erlotinib and
bevacizumab in our study tended to result in a
longer PFS (22.0 months) than in the three
clinical studies (the JO25567, NEJ026, and
RELAY trials) [14–16].

The economic impact and cost-effectiveness
of adding bevacizumab for the treatment of
lung cancer are concerns in real-world practice.
Insurance policies and coverage are relevant
points affecting decisions to add bevacizumab
in lung cancer therapy worldwide [22–24]. For
example, bevacizumab is not covered by
national health insurance for the treatment of
lung cancer in Taiwan, and patients receiving
bevacizumab have to meet the costs themselves
or be covered by additional commercial health
insurance [23, 24]. Based on an analysis of pre-
vious clinical studies, bevacizumab at a 7.5 mg/
kg dose is equally effective as a 15 mg/kg dose
when combined with chemotherapy in Asian
patients with non-squamous NSCLC [25, 26].
This is why all the patients in this study
received bevacizumab at a 7.5 mg/kg dose rather
than the 15 mg/kg dose administered in the

JO25567 and NEJ026 trials [14, 15]. Together,
the results of our study indicate that erlotinib
plus 7.5 mg/kg bevacizumab, with doses and
administration intervals adjustable depending
on the physician’s judgment of the patient’s
condition, could be a feasible and effective first-
line therapeutic modality for metastatic EGFR-
mutated lung adenocarcinoma in real-world
clinical practice.

There is currently no available predictive
biomarker for the usefulness of angiogenesis
inhibitors in NSCLC patients, and an earlier
study suggested that the addition of beva-
cizumab in NSCLC patients with high VEGF
levels might increase the likelihood of response
to the therapy [27]. Two previous studies
showed that VEGF expression was higher in
EGFR-mutated NSCLC patients than in EGFR-
wild-type patients [28, 29], while two other
studies showed that EGFR-mutated NSCLC
patients benefited from the addition of beva-
cizumab to cytotoxic chemotherapy [29, 30].
Another recent clinical trial, the IMpower150
trial, demonstrated that EGFR-mutated NSCLC
patients had significantly improved PFS and OS
in the arm receiving a combination therapy
regimen including four drugs (beva-
cizumab ? atezolizumab ? carboplatin ? pa-
clitaxel) [31]. Taken together, these results
potentially rationalize the use of bevacizumab
in combination with erlotinib for the treatment
of patients with untreated metastatic EGFR-
mutated lung NSCLC either in prospective trials
or real-world practice.

The EGFR-T790M point mutation accounts
for most of the genomic alterations (30–60%)
leading to secondary acquired resistance in
EGFR-mutated NSCLC patients receiving a
course of erlotinib therapy [32, 33]. Tissue
rebiopsy for EGFR-T790M mutation tests is
often required in these patients with acquired
resistance to erlotinib therapy [32, 33]. The
third-generation EGFR-TKI osimertinib is an
effective subsequent targeted therapy for lung
adenocarcinoma patients with secondary EGFR-
T790M mutations after erlotinib treatment [34].
In the previous three clinical studies (JO25567,
NEJ026, and RELAY trials), only a few patients
had plasma ctDNA for EGFR-T790M mutation
tests (NEJ026), but the data from the tissue
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rebiopsy for secondary EGFR-T790M mutations
were unclear [14–16]. In our study, the rate of
appearance of secondary EGFR-T790M muta-
tions in the patients who underwent tissue
rebiopsy after acquiring resistance to the com-
bination therapy was 72.4%, which was higher
than that in NEJ026 (20.8%). In NEJ026, less
than 40% of patients in the erlotinib plus
bevacizumab group had a plasma EGFR-T790M
test at the time point of definite progressive
disease [35]. A previous study demonstrated
that the addition of bevacizumab to EGFR-TKIs
induced positive conversion to the T790M
mutation in patients with acquired resistance to
EGFR-TKIs who were previously negative for
T790M-mutated NSCLC [36]. A recent study
also showed that the sensitivity of the plasma
EGFR test for the secondary T790M mutation in
NSCLC with acquired resistance to EGFR-TKIs
was low, and tissue rebiopsy was suggested as an
appropriate procedure [37]. These findings may
explain why the secondary T790M mutation
rate in our study was higher than that in the
NEJ026 trial. All patients with secondary EGFR-
T790M mutations took osimertinib in subse-
quent treatment following first-line erlotinib
plus bevacizumab combination therapy. Two
previous studies showed that the addition of
bevacizumab to the second-generation EGFR-
TKI afatinib did not decrease the appearance of
EGFR-T790M mutations in lung adenocarci-
noma patients with acquired resistance to afa-
tinib [36, 38]. Therefore, these results indicate
that adding bevacizumab to first- or second-
generation EGFR-TKIs does not decrease the
occurrence of EGFR-T790M mutations in these
patients with acquired resistance to erlotinib or
afatinib. More than half of the patients in our
study were eligible for subsequent osimertinib
therapy and indeed took the drug as second-line
therapy. Among the 21 patients with EGFR-
T790M mutations receiving second-line
osimertinib in our study, 15 had exon 19 dele-
tions, and 6 had L858R in primary EGFR
mutations. The OS analysis of our study showed
that exon 19 deletion mutation patients tended
to have longer OS than those with the L858R
mutation. In the final OS analysis of the NEJ026
trial, patients who received osimertinib as sec-
ond-line therapy had longer survival than those

receiving chemotherapy (50.7 months vs.
40.1 months) [39]. Together, these findings may
explain why the OS of patients with the exon 19
deletion mutation was longer than that of
patients with the L858R mutation in our study.

The toxicity induced by the combination of
erlotinib and bevacizumab should always be
kept in mind. Based on the data obtained by
previous clinical studies, the increased toxicities
frequently induced by adding angiogenesis
inhibitors (bevacizumab and ramucirumab) are
hypertension, hemorrhage, and neutropenia
[10–16, 25, 26]. Angiogenesis inhibitors also
increased the skin and gastrointestinal toxicities
originally induced by erlotinib [14–16].
Regarding hypertension and bleeding, the
occurrence rates were 24.5 and 6.1%, respec-
tively, and they tended to be limited to grades 1
and 2. According to data from previous trials,
the rates of hypertension and bleeding in
patients treated with angiogenesis inhibitors
combined with erlotinib were 40–70 and
20–70%, respectively [14–16]. Today, clinical
physicians are aware of the complications of
hypertension and hemorrhage induced by
bevacizumab or ramucirumab in previous clin-
ical trials [14–16]. Therefore, bevacizumab
administration is avoided in patients with
comorbidities such as cardiovascular disease,
kidney disease, centrally located tumors with a
great vessel and bronchus invasion, cavitary
tumors, hemoptysis, and a history of gastroin-
testinal hemorrhage. This may explain why the
rates of hypertension and bleeding recorded in
our study tended to be lower than those repor-
ted in previous clinical trials [14–16]. Similarly,
in a recent clinical observation study, the event
rate of hypertension was approximately 20%,
and no bleeding events were recorded in NSCLC
patients receiving bevacizumab combined with
afatinib [38]. The most frequent side effect
induced by the combination therapy in this
study was skin toxicity, and this was manage-
able. Only six patients (12.2%) needed a dose
tapering of erlotinib (150–100 mg/day) because
of the side effects, but no patient in this study
discontinued the combination therapy because
of AEs. Our study indicates that the safety of
erlotinib in combination with bevacizumab in
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clinical practice was acceptable and that most
treatment-related toxicities were manageable.

There are still a few limitations of this study
that should be addressed. In real-world clinical
practice, the number of patients with metastatic
EGFR-mutated lung adenocarcinoma receiving
EGFR-TKIs combined with bevacizumab was
small, although metastatic EGFR-mutated lung
adenocarcinoma patients treated with EGFR-
TKIs are common in East Asia. The aim of this
study was mainly to focus on the feasibility,
safety and clinical course of first-line erlotinib
combined with bevacizumab therapy for EGFR-
mutated metastatic lung adenocarcinoma
patients in real-world clinical practice, not on
the comparison between combination and sin-
gle-agent therapy. In addition, due to the ret-
rospective nature of this study, we did not
recruit suitable control patients with single-
agent erlotinib therapy for comparison. The
difference in efficacy between erlotinib plus
antiangiogenic agents and erlotinib alone can
be compared indirectly by reviewing the results
of previous studies, including clinical trials and
retrospective analyses (Supplementary Table S2)
[9, 10, 14–16, 40–47]. The median PFS in our
study was 22.0 months, and the results of our
study suggest that the combination of erlotinib
and bevacizumab should be better than single-
agent erlotinib therapy in real-world clinical
practice. Only East Asian patients were recruited
and analyzed in this study; whether this com-
bination has similar efficacy and toxicities in
racial groups other than East Asians must be
explored in future studies.

CONCLUSION

The combination of erlotinib and bevacizumab
for untreated metastatic EGFR-mutated lung
adenocarcinoma patients in real-world practice
is effective, and the toxicities of this combina-
tion are manageable and acceptable. The com-
bination does not alter the secondary EGFR-
T790M mutation condition when acquired
resistance to the combination therapy develops.
More experience-sharing and analysis of the
combination of erlotinib and bevacizumab for
the treatment of advanced EGFR-mutated

NSCLC patients in clinical practice are war-
ranted in future studies.
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