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Abstract
Background: Although bevacizumab in combination with afatinib or erlotinib is an effective 
and safe first-line therapy for advanced epidermal growth factor receptor (EGFR)-mutated 
non-small-cell lung cancer (NSCLC), there are very few clinical data comparing afatinib and 
erlotinib combined with bevacizumab. We performed a retrospective multicenter analysis for 
the comparison of two combination therapies.
Methods: Between May 2015 and October 2020, data of 135 stage IIIB/IV EGFR-mutated 
NSCLC patients receiving first-line afatinib or erlotinib combined with bevacizumab 
combination therapy in Linkou, Keelung, Chiayi, and Kaohsiung Chang Gung Memorial 
Hospitals were retrieved and retrospectively analyzed.
Results: In all, 67 patients received afatinib plus bevacizumab, and 68 patients received 
erlotinib plus bevacizumab. Afatinib combined with bevacizumab had an objective response 
rate (ORR) of 82.1% and a disease control rate (DCR) of 97.0%, and the ORR and DCR were 
83.8 and 95.6%, respectively, in the erlotinib combined with bevacizumab group (p = 0.798 and 
p = 1.000). The median progression-free survival was 20.7 and 20.3 months for the afatinib 
plus bevacizumab group and the erlotinib plus bevacizumab group, respectively [hazard ratio 
(HR) = 1.02; 95% confidence interval (CI), 0.891–1.953; p = 0.167). The overall survival was 41.9 
and 51.0 months for the afatinib plus bevacizumab group and erlotinib plus bevacizumab 
group, respectively (HR = 1.42; 95% CI, 0.829–2.436; p = 0.201). The secondary EGFR-T790M 
mutation rates after disease progression were 44% in the afatinib plus bevacizumab group and 
58.8% in the erlotinib plus bevacizumab group (p = 0.165). Skin toxicity was the most frequent 
treatment-related adverse event (AE) in both treatment groups. Diarrhea, an AE, occurred 
significantly more frequently in the afatinib plus bevacizumab group than in the erlotinib plus 
bevacizumab group (p < 0.05).
Conclusion: Afatinib combined with bevacizumab was equally as effective as erlotinib 
combined with bevacizumab for untreated advanced EGFR-mutated NSCLC. Prospective 
clinical studies that explore bevacizumab combined with afatinib or erlotinib for advanced 
EGFR-mutated NSCLC are warranted.
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Introduction
Epidermal growth factor receptor (EGFR) muta-
tion is an oncogenic driver mutation that most 
frequently appears in East Asian non-small-cell 
lung cancer (NSCLC) patients (ranging from 
45% to 55%).1,2 EGFR tyrosine kinase inhibitor 
(TKI)-targeted therapies have been developed 
and used worldwide to treat advanced NSCLC 
harboring EGFR mutations.1–4 In-frame dele-
tions in exon 19 (exon 19 deletion) and leucine-
to-arginine substitution point mutations at codon 
858 in exon 21 (L858R) account for approxi-
mately 90% of activating EGFR mutations in 
NSCLC.3,4 Other EGFR point mutations, includ-
ing exon 18 Gly719Xaa (G719X), exon 20 
Ser768Ile (S768I), and exon 21 Leu861Gln 
(L861Q), are uncommon (1−3% of EGFR muta-
tions) but respond to EGFR-TKI therapy.5,6

The first-generation EGFR-TKI erlotinib has 
been approved as a standard first-line therapy for 
advanced EGFR-mutated NSCLC patients based 
on the results shown in previous clinical trials 
(EURTAC and OPTIMAL).7,8 The two prospec-
tive clinical trials show that erlotinib is a promis-
ing treatment for advanced EGFR-mutated 
NSCLC because it has 60–80% objective 
response rates (ORRs) and a median progression-
free survival (PFS) of 10–13 months.7,8 Afatinib is 

classified as a second-generation EGFR-TKI 
because of its characteristic of irreversible cova-
lent binding to pan-ErbB receptors.2,6 Previous 
prospective clinical studies (LUX-Lung 3, 6, and 
7 trials) have shown that afatinib is promising for 
untreated advanced NSCLC with EGFR muta-
tions (55–70% ORRs and 11 months of PFS).9,10 
Therefore, afatinib has been approved as a first-
line therapy for patients with EGFR-mutated 
advanced NSCLC.

Bevacizumab is a humanized monoclonal antibody 
that inhibits vascular endothelial growth factor 
(VEGF).11,12 A previous preclinical study demon-
strated that plasma VEGF and tumor VEGF 
mRNA levels increased after erlotinib treatment in 
an NSCLC xenograft murine model. Increasing 
VEGF levels in tumors and plasma are associated 
with tumor progression and erlotinib resistance in 
an NSCLC xenograft murine model.12 In the same 
study, Naumov et al. showed that, by combining 
erlotinib and bevacizumab, dual inhibition of the 
EGFR and VEGF pathways increased the antitu-
mor effect compared with bevacizumab or erlo-
tinib alone. The experimental results presented by 
Naumov et al. indicated that erlotinib in combina-
tion with bevacizumab overcomes primary or 
acquired resistance to EGFR-TKIs and suggested 
that this combination should be explored in 
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clinical NSCLC patients.12 The efficacy and safety 
of bevacizumab in combination with first- or sec-
ond-generation EGFR-TKIs for the treatment of 
advanced EGFR-mutated NSCLC patients have 
been explored in several previous studies.13–19 
Three previous prospective clinical trials (JO25567, 
NEJ026, and BEVERLY trials) showed that erlo-
tinib combined with bevacizumab therapy had sig-
nificantly longer PFS than erlotinib alone in 
untreated EGFR-mutated advanced NSCLC 
patients.13–16 A phase I clinical trial, the Okayama 
Lung Cancer Study Group Trial 1404, reported 
that the combination of afatinib and bevacizumab 
therapy was feasible and safe for the treatment of 
chemo-naïve advanced EGFR-mutated NSCLC 
patients.17 In the same trial, afatinib combined 
with bevacizumab showed 24.2 months of PFS in 
chemo-naïve advanced EGFR-mutated NSCLC 
patients.17 Another previous retrospective study 
showed that the combination of afatinib and beva-
cizumab had an 87.7% ORR and 23.9 months 
PFS as first-line therapy in advanced EGFR-
mutated lung adenocarcinoma patients.18

Although previous clinical studies demonstrated 
that bevacizumab combined with afatinib or erlo-
tinib was an effective treatment for advanced 
EGFR-mutated NSCLC, few studies have inves-
tigated the comparison between afatinib and erlo-
tinib combined with bevacizumab in untreated 
advanced EGFR-mutated lung adenocarcinoma 
patients. In this study, we sought to perform a 
retrospective multicenter clinical analysis that 
compares the efficacy, safety, and acquired resist-
ance of first-line afatinib or erlotinib combined 
with bevacizumab in EGFR-mutated lung adeno-
carcinoma patients.

Methods

Patients and treatment
The study patients were screened and retrospec-
tively retrieved from the cancer center database in 
Linkou, Kaohsiung, Chiayi, and Keelung Chang 
Gung Memorial Hospitals. Between May 2015 
and October 2020, 1264 histologically diagnosed 
stage IIIB/IV lung adenocarcinomas with EGFR 
mutations were screened, and 135 patients were 
ultimately retrieved for analysis. The inclusion cri-
teria of this study were as follows: (a) patients with 
L858R, exon 19 deletion, or other uncommon 
sensitive EGFR mutations; (b) systemic treat-
ment-naïve patients (no chemotherapy, targeted 
therapy, or immunotherapy prior to the 

combination therapy); (c) patients who received 
afatinib or erlotinib combined with bevacizumab 
as front-line therapy; and (d) bevacizumab should 
be administered for at least three cycles during 
afatinib or erlotinib therapy. The patients were 
excluded for the following reasons: (a) patients 
who previously received any systemic treatment 
(chemotherapy, targeted therapy, or immunother-
apy), (b) the appearance of the de novo EGFR 
T790 M mutation, or (c) bevacizumab was not 
administered in the afatinib or erlotinib therapy 
course or fewer than three cycles of bevacizumab 
therapy were administered. The summary and 
screening of the study patients who underwent 
analysis are summarized in Figure 1.

All study patients underwent contrast medium 
enhancement computed tomography (CT), brain 
magnetic resonance imaging (MRI), and fluoro-
deoxyglucose positron emission tomography 
(PET) scans at the initial diagnosis to determine 
the baseline stages. All study patients received at 
least whole-body CT scans as the follow-up image 
every 3–4 months during treatment to evaluate 
the treatment responses. The clinical physicians 
were allowed to order additional images, such as 
chest plain film, sonogram, MRI, and PET scan, 
during treatment follow-up to assist in the judg-
ment of disease status as needed.

Treatment responses, including complete 
response (CR), partial response (PR), stable dis-
ease (SD), and progressive disease (PD), were 
assessed based on Response Evaluation Criteria 
in Solid Tumors version 1.1. PFS was defined as 
the duration of time from the first EGFR-TKI 
dosing date to the date of first PD images or last 
follow-up. The duration of overall survival (OS) 
was defined as the length of time from the diagno-
sis to the recorded death date. If patients survived 
through the last follow-up time point (30 
November 2021), the OS was censored at the 
date of the last clinical visit. Treatment-related 
adverse events (AEs) were graded based on the 
National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.0.

EGFR mutations, including primary mutations 
or secondary mutations (T790 M) with acquired 
resistance to treatment, were detected by direct 
sequencing, amplified refractory mutation sys-
tem–Scorpion (ARMS/S) assays, or next-genera-
tion sequencing (NGS). The details of the NGS 
panel used in this study are shown in Supplemental 
Table S1.
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Statistical analysis
The statistical significance of continuous varia-
bles between two treatment groups was assessed 
by the Mann–Whitney test. The comparison of 
categorical variables between two treatment 
groups was determined using chi-square and 
Fisher’s exact tests. Kaplan–Meier survival curves 
were generated to estimate and compare PFS and 
OS between the two treatment groups. The p val-
ues were all two-sided and defined as statistically 
significant when they were smaller than 0.05. 
GraphPad Prism (version 5.0; GraphPad 
Software, San Diego, CA, USA) was used to per-
form statistical analyses and plot survival curves 
in this study.

Results

Baseline patient clinical characteristics
Of the 135 untreated advanced EGFR-mutated 
lung adenocarcinoma patients, 67 received 
afatinib combined with bevacizumab, and the 
other 68 received erlotinib combined with bevaci-
zumab as first-line therapy. The comparison of 
baseline clinical characteristics between the two 
treatment groups is summarized in Table 1. For 
the methods used for primary EGFR detection, 
ARMS/S was the most frequently used in both 
treatment groups [65 (97%) in erlotinib plus bev-
acizumab group; 63 (92.6%) in afatinib plus bev-
acizumab], and some patients received direct 

sequencing [two (3%) in afatinib plus bevaci-
zumab group; five (7.4%) in erlotinib plus bevaci-
zumab]. Five patients [three (4.5%) in the afatinib 
plus bevacizumab group; two (2.9%) in the erlo-
tinib plus bevacizumab] in this study received 
additional NGS tests, and all five patients also 
received ARMS. There was no statistically signifi-
cant difference in EGFR detection methods used 
between the two treatment groups.

In the afatinib combined with bevacizumab 
group, two (3%) patients had uncommon EGFR 
mutations: one (1.5%) was G719X and another 
(1.5%) was S768I. The baseline diagnosis of dis-
tant metastatic sites, including the brain, bone, 
and liver, in the two treatment groups was ana-
lyzed, and there was no significant difference 
recorded in distant metastatic sites between the 
two groups of patients.

Only one (1.5%) patient received bevacizumab at 
a dose of 15 mg/kg in combination with afatinib. 
Regarding the dose de-escalation of EGFR-TKIs, 
more patients in the afatinib group had dose de-
escalation than those in the erlotinib group [30 
(44.8%) and 11 (16.2%) patients, p < 0.001].

The ORR, PFS, and OS in bevacizumab 
combined with afatinib or erlotinib
Among the 67 patients who received first-line 
afatinib plus bevacizumab, 1 (1.5%) had a CR, 

Figure 1.  Summary of the inclusion and exclusion criteria for patient retrieval in this study.
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Table 1.  Comparison of patient baseline clinical characteristics between the two treatment groups in this 
study.

Afa + Bev
N = 67

Erl + Bev
N = 68

p Value

Sex 0.188

  Male/female 28/39 21/47  

Age (mean ± SD) 57.3 ± 11.0 59.9 ± 11.0 0.358

ECOG PS 0.157

  0–1 67 (100%) 66 (97%)  

  2 0 2 (3%)  

Smoking 0.884

  Former + current 17 (25.4%) 18 (26.5%)  

  Non-smoker 50 (74.6%) 50 (73.5%)  

Histology  

  Adenocarcinoma 67 (100%) 68 (100%)  

Stage 0.393

  IIIB/IV 4/63 2/66  

EGFR mutations 0.355

  Exon 19 deletion 31 (46.3%) 33 (48.5%)  

  L858R 34 (50.7) 35 (51.5%)  

  Others* 2 (3%) 0  

EGFR mutations 
detection methods

0.468

  Direct sequencing 2 (3%) 5 (7.4%)  

  ARMS Scorpion 65 (97%) 63 (92.6%)  

  NGS 3 (4.5%) 2 (2.9%)  

Brain metastasis 19 (28.4%) 24 (35.3%) 0.387

Bone metastasis 30 (44.8%) 26 (38.2%) 0.441

Liver metastasis 10 (14.9%) 15 (22.1%) 0.286

Starting dose of EGFR-TKIs

  Afa

    40 mg/day 57 (85.1%) 0  

    30 mg/day 10 (14.9%) 0  

  Erl

    150 mg/day 0 68 (100%)  

(Continued)
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54 (80.6%) had PRs, 10 (14.9%) had SD, and 2 
(3.0%) had PD to the combination therapy. In 
the 68 patients in the erlotinib plus bevacizumab 
group, 1 (1.5%) had a CR, 56 (82.3%) had PRs, 
8 (11.8%) had SD, and 3 (4.4%) had PD to the 
combination therapy. The comparison of objec-
tive response and disease control rates between 
the two treatment groups is shown in Figure 2, 
and no statistical significance was observed 
(p = 0.798).

The median PFS was 20.7 months for the afatinib 
plus bevacizumab group and 20.3 months for the 
erlotinib plus bevacizumab group [hazard ratio 
(HR) = 1.02; 95% confidence interval (CI), 
0.891–1.953; p = 0.167; Figure 3(a)]. The median 
OS was 41.9 months for the afatinib plus bevaci-
zumab group and 51.0 months for the erlotinib 
plus bevacizumab group (HR = 1.42; 95% CI, 
0.829–2.436; p = 0.201; Figure 3(b)). No statisti-
cal significance was noted in the comparisons of 
PFS and OS between the two treatment groups. 
The patients with and without brain metastasis at 
baseline diagnosis were analyzed. In all patients 
receiving bevacizumab combined with afatinib or 
erlotinib, the median PFS was 16.1 months for 
the brain metastasis group and 22.0 months for 
the without brain metastasis group (HR = 1.38; 
95% CI, 0.885–2.159; p = 0.155; Figure 3(c)). 

Among the patients with brain metastasis, the 
median PFS was 16.1 months for the afatinib plus 
bevacizumab group and 16.1 months for the erlo-
tinib plus bevacizumab group (HR = 1.78; 95% 
CI, 0.838–3.757; p = 0.476; Figure 3(d)). There 
was no statistical significance noted in the com-
parisons of PFS between with and without brain 
metastasis groups and the two treatment groups 
with brain metastasis.

Secondary EGFR-T790M mutations and 
subsequent treatments after progression of 
first-line bevacizumab combined with afatinib 
or erlotinib
In all, 53 patients had disease progression in the 
afatinib plus bevacizumab and erlotinib plus bev-
acizumab groups, and information on secondary 
EGFR-T790M mutations and subsequent treat-
ments is summarized in Table 2. Most patients in 
both groups underwent tissue re-biopsy or circu-
lating tumor-DNA for secondary EGFR-T790M 
mutation tests [50 (94.3%) in afatinib plus beva-
cizumab and 51 (96.2%) in erlotinib plus bevaci-
zumab]. Among the 95 (89.6%) patients receiving 
tissue re-biopsy, none were recorded to have his-
tological transformation of small-cell lung cancer 
(SCLC). In the patients receiving subsequent 
second-line osimertinib, SCLC transformation 

Afa + Bev
N = 67

Erl + Bev
N = 68

p Value

    100 mg/day 0 0  

Bev dose

  7.5 mg/kg 66 (98.5%) 68 (100%) 0.496

  15 mg/kg 1 (1.5%) 0  

Dose de-escalation

  Afa (40 mg → 30 mg) 30 (44.8%) 0 0.001

  Erl (150 mg → 100 mg) 0 11 (16.2%)  

Local radiation therapy

  Brain 11 (16.4%) 12 (17.6%) 0.759

  Bone 17 (25.4%) 14 (20.6%) 1.000

Afa, afatinib; ARMS, amplified refractory mutation system; Bev, bevacizumab; ECOG PS, Eastern Cooperative Oncology 
Group Performance Status; EGFR-TKIs, epidermal growth factor receptor-tyrosine kinase inhibitors; Erl, erlotinib; NGS, 
next-generation sequencing; SD, standard deviation.
*G719X and S768I.

Table 1.  (Continued)
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developed in two (1.9%) patients after disease 
progression and was confirmed by tissue re-
biopsy [one (0.9%) in the afatinib plus bevaci-
zumab group and the other one (0.9%) in the 
erlotinib plus bevacizumab group].

In the 95 (89.6%) patients receiving tissue re-
biopsy, ARMS/S was the most frequent method 
used for the detection of EGFR-T790M muta-
tion [91 patients (95.8%)]. Eight (8.4%) patients 
received NGS tests from tissue re-biopsy, and 4 
(4.2%) had both ARMS/S and NGS tests [three 
(3.2%) in the afatinib plus bevacizumab group 
and the other (1.0%) in the erlotinib plus bevaci-
zumab group]. There was no statistically signifi-
cant difference in the EGFR-T790M mutation 
detection methods used between the two treat-
ment groups. The secondary EGFR-T790M 
mutation rates were 44% (22 patients) for the 
afatinib plus bevacizumab group and 58.8% (30 
patients) for the erlotinib plus bevacizumab 
group. In all, 23 patients (43.4%) in the afatinib 
plus bevacizumab group took the third-genera-
tion EGFR-TKI osimertinib as second-line ther-
apy, and 31 (58.5%) in the erlotinib plus 
bevacizumab group took second-line 
osimertinib.

In all, 19 patients (17.9%) received antiangio-
genic agents, including bevacizumab and ramu-
cirumab, in combination with subsequent 
osimertinib, chemotherapy, or immune check-
point inhibitors [ICIs; 13 (24.5%) in the afatinib 
plus bevacizumab group and 6 (11.3%) in the 
erlotinib plus bevacizumab group]. Among 54 
(50.9%) patients who took second-line osimerti-
nib, seven (6.6%) received bevacizumab com-
bined with osimertinib, and 4 (3.8%) received 
ramucirumab combined with osimertinib. Three 
patients (2.8%) received second-line therapy of 
atezolizumab in combination with carboplatin, 
paclitaxel, and bevacizumab [two (1.9%) in the 
afatinib plus bevacizumab group and one (0.9%) 
in the erlotinib plus bevacizumab group]. The 
remaining five (4.7%) patients received either 
bevacizumab or ramucirumab in combination 
with second-line chemotherapy.

A total of 12 (11.3%) patients with PD treated 
with first-line bevacizumab combined with 
afatinib or erlotinib did not receive subsequent 
systemic therapy and received supportive care 
only [eight (7.5%) in the afatinib plus bevaci-
zumab group and 4 (3.8%) in the erlotinib plus 
bevacizumab group].

The afatinib plus bevacizumab group had a trend 
of more patients receiving antiangiogenic agents 
than the erlotinib plus bevacizumab group in sec-
ond-line therapy, but statistical significance was 
not achieved (p = 0.076). Overall, there was no 
statistically significant difference in secondary 
EGFR-T790M mutation rates and second-line 
systemic therapies between the two treatment 
groups.

First-line bevacizumab combined with afatinib 
or erlotinib therapy-related AEs
The comparisons of the combination of bevaci-
zumab with afatinib or erlotinib therapy-related 

Figure 2.  (a) Analysis of the clinical treatment response to bevacizumab 
combined with afatinib or erlotinib and (b) treatment response comparison 
between afatinib plus bevacizumab and erlotinib plus bevacizumab for 
untreated advanced epidermal growth factor receptor (EGFR)-mutated lung 
adenocarcinoma patients (p = 0.798).
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AEs are summarized in Table 3. Among the 67 
patients in the afatinib plus bevacizumab group, 
the most frequent AE was skin toxicity (65, 97%), 
followed by diarrhea (63, 94.0%), paronychia 
(49, 73.1%), and stomatitis (38, 56.7%). Among 
the 68 patients in the erlotinib plus bevacizumab 
group, skin toxicity was also the leading treat-
ment-related AE in 53 (77.9%), followed by par-
onychia in 42 (61.8%) and stomatitis in 30 
(44.1%). Treatment-related diarrhea was signifi-
cantly higher in the afatinib plus bevacizumab 
group than in the erlotinib plus bevacizumab 
group in both grade 1 and grade 2 or higher than 
grade 3 toxicity (p < 0.05).

Regarding the side effects of hypertension induced 
by bevacizumab therapy, the incidences were 
similar in both treatment groups [16 (23.9%) for 

the afatinib plus bevacizumab group and 18 
(26.5%) for the erlotinib plus bevacizumab 
group]. AE hypertension was limited to grades 1 
and 2 and manageable. Some patients experi-
enced grade 3 hypertension, which could be con-
trolled by antihypertensive drugs.

Among the four (3.0%) patients with AEs of 
hemorrhage in this study, one (0.7%) patient in 
the afatinib combined with bevacizumab group 
had epistaxis that subsided after skipping one 
bevacizumab treatment course. In the three 
(2.2%) patients in the erlotinib combined with 
bevacizumab group, two (1.5%) had hemorrhoid 
bleeding, and the other patient had nasal bleed-
ing. All three (2.2%) patients with AEs of bleed-
ing were treated with topical medication and 
skipping one cycle of bevacizumab treatment. In 

Figure 3.  Analysis of progression-free survival (PFS) and overall survival (OS) by Kaplan–Meier survival curve. (a) Comparison of 
PFS between afatinib plus bevacizumab and erlotinib plus bevacizumab [hazard ratio (HR) = 1.02; 95% CI, 0.891–1.953; p = 0.167). (b) 
Comparison of OS between afatinib plus bevacizumab and erlotinib plus bevacizumab (HR = 1.42; 95% CI, 0.829–2.436; p = 0.201). 
(c) Comparison of PFS between patients with and without brain metastasis at baseline diagnosis (HR = 1.38; 95% CI, 0.885–2.159; 
p = 0.155). (d) Comparison of PFS between afatinib plus bevacizumab and erlotinib plus bevacizumab in patients with brain 
metastasis at baseline diagnosis (HR = 1.78; 95% CI, 0.838–3.757; p = 0.476).
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this study, no serious bleeding events, such as 
massive hemoptysis, bowel perforation, or intrac-
ranial hemorrhage, occurred during bevacizumab 
in combination with afatinib or erlotinib 
therapies.

Most AEs were manageable by medical treat-
ment, and the doses and treatment course were 
adjusted in both treatment groups in this study. 
Patients in the afatinib plus bevacizumab group 
experienced significantly increased AEs of 

diarrhea compared with those in the erlotinib plus 
bevacizumab group.

Discussion
The results of this study provide a comparison 
between afatinib (second-generation EGFR-
TKI) and erlotinib (first-generation EGFR-TKI) 
combined with bevacizumab therapy in untreated 
advanced EGFR-mutated lung adenocarcinoma 
patients. First-line combination therapy of 

Table 2.  Information on secondary EGFR-T790 M mutations and subsequent treatment after disease 
progression and first-line treatment with bevacizumab + EGFR-TKIs.

Afa + Bev
n = 53

Erl + Bev
n = 53

p Value

EGFR-T790 M mutation tests 50 (94.3%) 51 (96.2%) 1.000

  Tissue re-biopsy 47 (88.7%) 48 (90.6%) 1.000

  ct-DNA 3 (5.7%) 3 (5.7%)  

EGFR-T790 M mutation detection methods

  ARMS Scorpion 45 (90%) 46 (90.2%) 0.778

  NGS 5 (10%) 3 (5.9%)  

  ct-DNA PCR 3 (6%) 3 (5.9%)  

EGFR-T790 M mutation

  Positive 22 (44%) 30 (58.8) 0.165

  Negative 28 (56%) 21 (41.2%)  

  Unknown (no re-biopsy and ctDNA) 3 (5.7%) 2 (3.8%)  

Systemic therapy following first-line Bev + EGFR-TKIs

  Osimertinib 23 (43.4%) 31 (58.5%) 0.174

  Chemotherapy

    Platinum-based doublet 18 (34.0%) 13 (24.5%) 0.548

    Single agent chemotherapy 4 (7.5%) 5 (9.4%)  

  Anti-PD-1/PD-L1 immune checkpoint inhibitors 6 (11.3%) 2 (3.8%) 0.269

  Antiangiogenic agents 13 (24.5%) 6 (11.3%) 0.076

    Bev 8 (15.1%) 4 (7.5%)  

    Ramucirumab 5 (9.4%) 2 (3.8%)  

  Supportive care (no systemic treatment) 8 (15.1%) 4 (7.5%) 0.359

Afa, afatinib; ARMS, amplified refractory mutation system; Bev, bevacizumab; ct, circulating tumor; EGFR-TKIs, epidermal 
growth factor receptor-tyrosine kinase inhibitors; Erl, erlotinib; NGS, next-generation sequencing; PD-1, programmed cell 
death protein-1; PD-L1, programmed cell death ligand-1.
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afatinib or erlotinib with bevacizumab was equally 
effective in advanced EGFR-mutated lung ade-
nocarcinoma patients regarding the ORR, PFS, 
and OS. In the treatment-related toxicity analysis, 
more patients in the afatinib combined with beva-
cizumab group experienced diarrhea as a side 
effect than those in the erlotinib combined with 
bevacizumab group. Most of the AEs in both 
treatment groups were within grade 1 or 2, and all 
the AEs were controllable and reversible.

Previous studies showed that the combination of 
first- and second-generation EGFR-TKIs and 
antiangiogenic agents had 60−80% ORR and 
13–24 months of PFS as first-line therapy in 
advanced EGFR-mutated NSCLC.13–18,20–23 
Although the addition of bevacizumab to erlo-
tinib has been shown to improve PFS, no impact 
on OS was seen in previous clinical trials 
(JO25567, NEJ026, and BEVERLY).13–15 The 
treatment options for advanced NSCLC have 
increased in the last decade, and new drugs, such 
as chemotherapy, third-generation EGFR-TKIs 
(osimertinib), and ICIs, have been developed.24,25 
A previous clinical analysis showed that postpro-
gression survival in NSCLC trials progressively 
increased over time, which suggested that salvage 
therapy contributes to an increase in postprogres-
sion survival.24 Subsequent therapies after first-
line protocol treatment in the JO25567 and 
NEJ026 studies were reported and analyzed. In 
the JO25567 trial, 39 of 75 (52%) patients in the 

erlotinib plus bevacizumab group and 42 of 77% 
patients in the erlotinib alone group received 
three or more regimens after the trial treatment 
protocol. In the NEJ026 trial, 30 of 112 (27%) 
patients in the erlotinib plus bevacizumab group 
and 46 of 112 (41%) patients in the erlotinib 
alone group received three or more regimens after 
the trial treatment protocol. In addition, the addi-
tional bevacizumab increased treatment-related 
AEs, and some patients in the JO25567 and 
NEJ026 trials experienced discontinuation of 
antiangiogenic agents because of treatment-
related AEs (41% in JO25567 and 29% in 
NEJ026).13,14,26 Together, the increasing subse-
quent therapies and treatment-related toxicities 
may explain why the addition of bevacizumab to 
erlotinib in first-line therapy did not have a posi-
tive impact on OS.24,26 The OS data of RELAY 
are not currently available because it was imma-
ture at the data cutoff time.20,27

Osimertinib is classified as a third-generation 
EGFR-TKI with irreversible covalent binding to 
the tyrosine kinase domain of mutated EGFR and 
activates the T790M mutation. In a large pivotal 
clinical trial FLAURA, osimertinib had signifi-
cantly longer PFS and OS than gefitinib or erlo-
tinib as a first-line therapy for advanced 
EGFR-mutated NSCLC. Therefore, osimertinib 
was proven to be used as the first-line treatment 
for advanced EGFR-mutated NSCLC.28 The 
addition of bevacizumab to osimertinib for 

Table 3.  AEs induced by first-line Bev + EGFR-TKIs.

Afa + Bev
N = 67

Erl + Bev
N = 68

p Value Afa + Bev
N = 67

Erl + Bev
N = 68

p Value

AE Grade 1–2 n (%) Grade 3–4 n (%)  

Skin rash/acne 57 (85.1%) 50 (73.5%) 0.137 8 (11.9%) 3 (4.4%) 0.128

Paronychia 44 (65.7%) 39 (57.4%) 0.378 5 (7.5%) 3 (4.4%) 0.493

Diarrhea 50 (74.6%) 11 (16.2%) 0.001 13 (19.4%) 4 (5.9%) 0.02

Stomatitis 35 (52.2%) 30 (44.1%) 0.391 3 (4.5%) 0 0.119

Nausea or vomiting 11 (16.4%) 7 (10.3%) 0.323 0 0  

Increased liver transaminases 3 (4.5%) 5 (7.4%) 0.718 0 0  

Hypertension 14 (20.9%) 14 (20.6%) 1.000 2 (3.0%) 4 (5.9%) 0.680

Hemorrhage 1 (1.5%) 3 (4.4%) 0.619 0 0  

AEs, adverse events; Afa, afatinib; Bev, bevacizumab; EGFR-TKIs, epidermal growth factor receptor-tyrosine kinase inhibitors; Erl, erlotinib.
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untreated advanced EGFR-mutated NSCLC was 
also explored in a phase II clinical trial WJOG9717 
L, but the WJOG9717 L trial failed to show an 
improvement in PFS by the combination ther-
apy.29 TheWJOG9717L and ETOP 10–16 
BOOSTER trials also failed to show that osimerti-
nib combined with bevacizumab improved PFS in 
NSCLC patients with acquired T790M muta-
tion.30,31 According to the results of BELIEF, the 
combination of bevacizumab and erlotinib is 
effective for the treatment of EGFR T790M-
mutated NSCLC.21 The secondary EGFR-
T790M point mutation accounts for most 
acquired resistance in EGFR-mutated NSCLC 
patients receiving first- and second-generation 
EGFR-TKI therapy (ranging from 30% to 
60%).32–34 The mechanism of acquired resistance 
to osimertinib is more complex than that of 
acquired resistance to first- and second-generation 

EGFR-TKIs. Previous studies showed that loss of 
T790M mutations occurred in most patients with 
acquired resistance to osimertinib, and SCLC 
transformation and other resistance genetic altera-
tions appeared.35,36 Taken together, the results 
may explain why the combination of bevacizumab 
and osimertinib did not increase efficacy com-
pared to osimertinib alone. The main studies of 
combination of first- to third-generation EGFR-
TKIs and antiangiogenic agents in untreated 
advanced EGFR-mutated NSCLC are summa-
rized in Table 4.

Patients with brain metastasis at initial diagnosis 
were included in our study (28.4% in the afatinib 
plus bevacizumab group and 35.4% in the erlo-
tinib plus bevacizumab group). A previous study 
conducted by Feng et al. reported that bevaci-
zumab combined with EGFR-TKIs had better 

Table 4.  Clinical studies investigating the combination of EGFR-TKIs and antiangiogenic agents in untreated EGFR-mutated  
NSCLC.

Study name Study regimens ORR (%) Median PFS (months) Median OS 
(months)

JO25567
Seto et al.13

Erlotinib + bevacizumab versus 
erlotinib alone

69 versus 63 16.4 versus 9.8
HR = 0.52, p < 0.001

47.0 versus 47.4
HR = 0.81, p = 0.33

NEJ026
Saito et al.14

Erlotinib + bevacizumab versus 
erlotinib alone

72.3 versus 66.1 16.9 versus 13.3
HR = 0.60, p = 0.02

50.7 versus 46.2
HR = 1.0

BEVERLY
Piccirillo et al.15

Erlotinib + bevacizumab versus 
erlotinib alone

Not reported 15.4 versus 9.7
HR = 0.60, p = 0.0039

28.4 versus 23.0
HR = 0.70, p = 0.12

BELIEF
Rosell et al.21

Erlotinib + bevacizumab 78 13.2 28.2

NCT01532089
Stinchcombe et al.22

Erlotinib + bevacizumab versus 
erlotinib alone

83 versus 81 17.9 versus 13.5
HR = 0.81, p = 0.39

32.4 versus 50.6
HR = 1.41, p = 0.33

RELAY
Nakagawa et al.,20 

Kawashima et al.26

Erlotinib + ramucirumab 
versus erlotinib + placebo

76 versus 75 19.4 versus 12.4
HR = 0.59, p < 0.0001

Not reached

Okayama Lung Cancer 
Study Group Trial 1404
Ninomiya et al.17

Afatinib + bevacizumab 81.3 24.2 Not reached

Hsu et al.18 Afatinib + bevacizumab 87.7 23.9 45.9

Huang et al.23 Afatinib + bevacizumab versus 
erlotinib + bevacizumab

77.8 (all study 
patients)

21.6 versus 17.1
p = 0.617

59.6 (all study 
patients)

WJOG9717L
Kenmotsu et al.29

Osimertinib + bevacizumab 
versus osimertinib alone

82 versus 86 22.1 versus 20.2
HR = 0.86, p = 0.213

Not available

EGFR-TKIs, epidermal growth factor receptor-tyrosine kinase inhibitors; HR, hazard ratio; NSCLC, non-small-cell lung cancer; ORR, objective 
response rate.
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efficacy in brain metastasis control and preven-
tion from brain metastasis progression than 
EGFR-TKIs alone in metastatic EGFR-mutated 
NSCLC patients.37 Our results are compatible 
with the data shown by Feng et al. and the median 
PFS of patients with brain metastasis at the base-
line diagnosis in this study was not inferior to 
those without brain metastasis at the baseline 
diagnosis. Bevacizumab in combination with 
afatinib or erlotinib was equally effective in 
patients with brain metastasis at the baseline 
diagnosis in this study.

Regarding the bevacizumab dose administered in 
this study, only one patient received bevacizumab 
at a dose of 15 mg/kg, and all the other patients 
received bevacizumab at a dose of 7.5 mg/kg. In all 
previous clinical trials, bevacizumab was adminis-
tered at a dose of 15 mg/kg,13–15,17,19 which was dif-
ferent from most real-world clinical studies where 
bevacizumab was given at a dose of 7.5 mg/kg.16,18,27 
In a previous pivotal clinical trial (AVAiL trial), the 
efficacy of bevacizumab at doses of 15 or 7.5 mg/kg 
in combination with cisplatin plus gemcitabine 
chemotherapy was investigated in Asian patients 
with advanced non-squamous NSCLC.38,39 Sub
group analysis of the AVAiL trial demonstrated 
that bevacizumab at a dose of 7.5 mg/kg was also as 
effective as a dose of 15 mg/kg in addition to chem-
otherapy for non-squamous NSCLC Asian 
patients.38,39 Another concerning point is that beva-
cizumab is not reimbursed by governmental health 
insurance for lung cancer treatment in most Eastern 
Asian countries, so patients receiving additional 
bevacizumab must meet their economic condi-
tion.40,41 Taken together, these results explained 
why physicians in our study and other real-world 
clinical studies administer bevacizumab at a dose of 
7.5 mg/kg rather than 15 mg/kg.16,18,27

To our knowledge, this is the first study that 
showed a direct comparison between afatinib plus 
bevacizumab and erlotinib plus bevacizumab in 
untreated advanced EGFR-mutated lung adeno-
carcinoma patients. The comparisons between 
the two combination groups in our study included 
the clinical response rate, OS, secondary T790M 
mutation rate, and treatment-related AEs. A pre-
vious study conducted by Huang et al. showed 
that there was no significant difference in PFS 
between afatinib plus bevacizumab and erlotinib 
plus bevacizumab combination therapies.23 The 
study of Huang et al. mainly focused on the clini-
cal analysis of bevacizumab combined with differ-
ent EGFR-TKIs, not on the comparisons of OS, 

acquired resistance and treatment-related AEs. In 
addition, the number of study subjects in Huang 
et al. was smaller than that in our study (36 versus 
135 in total).23 

In the analysis of previous large cohort studies, the 
acquired EGFR-T790M mutation rate was higher 
in NSCLC patients taking first-generation EGFR-
TKIs (gefitinib and erlotinib) than in those taking 
the second-generation EGFR-TKI afatinib.42,43 
The secondary EGFR-T790M mutation rates in 
our study were similar to those in previous cohort 
studies, and our results indicated that the addition 
of bevacizumab to first- and second-generation 
EGFR-TKIs did not affect the frequency or the 
trend of acquired EGFR-T790M mutation after 
disease progression.

Combination therapy-induced side effects should 
also be noted. The occurrence rates of skin toxic-
ity, nail changes, and oral mucositis were similar in 
both treatment groups in this study. Diarrhea was 
a side effect that occurred more frequently in the 
afatinib plus bevacizumab group than in the erlo-
tinib plus bevacizumab group. A previous clinical 
trial showed that diarrhea was one of the major 
treatment-related toxicities in EGFR-mutated 
NSCLC patients receiving afatinib therapy.44 
Regarding the increased toxicity of diarrhea in the 
afatinib plus bevacizumab group, the diarrhea AE 
led to significantly more patients in this treatment 
group needing dose de-escalation than those in the 
erlotinib plus bevacizumab group. Hypertension 
and hemorrhage were AEs that occurred when 
using bevacizumab in addition to chemotherapy or 
TKIs.13–18,38–40 Based on AE reports in previous 
clinical trials, most clinical physicians are aware of 
severe and fatal complications due to hypertension 
and bleeding induced by bevacizumab therapy in 
clinical practice. Therefore, patients with uncon-
trolled underlying cardiovascular disease, history 
of hemoptysis, gastrointestinal hemorrhage his-
tory, and cancer with great vessel encasement may 
be excluded from the use of bevacizumab.13–18 
Therefore, the patients who experienced treat-
ment-related hypertension in this study could be 
managed by adjusting the treatment course or 
medication without severe complications. Patients 
who had hemorrhage AE in this study only needed 
an interrupted course of bevacizumab therapy and 
local therapy, and none in this study received 
major surgery for bleeding AEs.

The study subjects included in this study were 
all East Asians, and whether there are different 
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efficacies and side effects between the two com-
bination therapies in ethnic groups other than 
East Asians may need to be investigated in 
future studies. In addition, whether bevaci-
zumab at a dose of 15 mg/kg in combination 
with afatinib or erlotinib has different results 
also needs further study.

Conclusion
The combination of bevacizumab (7.5 mg/kg) 
with afatinib or erlotinib as front-line therapy for 
advanced EGFR-mutated lung adenocarcinoma 
was equally effective regarding the ORR and PFS. 
Patients receiving a combination of afatinib and 
bevacizumab therapy had increased diarrhea 
compared with those receiving erlotinib com-
bined with bevacizumab. More prospective stud-
ies in the future to compare different generations 
of EGFR-TKIs combined with bevacizumab in 
EGFR-mutated NSCLC are warranted.
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