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Abstract
Introduction: As most patients with epidermal growth factor receptor (EGFR)-
mutant non-small cell lung cancer (NSCLC) develop progressive disease after
treatment with osimertinib, it is important to develop more effective treatment
options. Afatinib has been shown to be more effective in in vitro studies than
osimertinib when used in cancer cell lines containing some specific EGFR muta-
tions. Therefore, afatinib may be an effective solution, especially when used in
combination with an anti-VEGF agent such as bevacizumab.
Methods: A phase II multicenter, open-label, single-arm trial has been initiated
to evaluate the efficacy and safety of afatinib and bevacizumab combination as
salvage therapy for EGFR-mutated lung cancer in patients previously treated with
osimertinib. The primary endpoint will be the objective response rate (ORR) and
secondary endpoints are progression-free survival (PFS), overall survival (OS),
disease control rate (DCR), and adverse events (AEs).
Discussion: A previous study indicated that afatinib inhibits lung cancer cells
with specific EGFR mutations more effectively than other EGFR-TKIs such as
osimertinib. Therefore, we expect that combination therapy using afatinib and
bevacizumab will be effective in patients previously treated with osimertinib (reg-
istration no. jRCTs031190077).

Introduction

Lung cancer-associated deaths rank at the top of site-
specific statistics for malignant tumors worldwide. Non-
squamous non-small cell lung cancers (NSCLC) account
for approximately 65% of lung cancers in men and 85% of
lung cancers in women; 30%–40% of these have mutations
in the epidermal growth factor receptor (EGFR) gene in
patients in Asia.1 Due to the high incidence of EGFR
mutation-positive lung cancers, further investigation into
available treatment options is crucial.

In the phase III FLAURA trial, a randomized, double-

blinded trial comparing osimertinib with first-generation

EGFR-tyrosine kinase inhibitors (EGFR-TKIs), the median

progression-free survival (PFS) in patients with EGFR-

mutated (exon 19 deletion or L858R) lung cancer was sig-

nificantly longer when treated with osimertinib than when

treated with first-generation EGFR-TKIs (18.9 months

vs. 10.2 months, respectively). Moreover, patients treated

with osimertinib experienced fewer severe adverse events

(AEs) than those treated with first-generation EGFR-TKIs.2
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Based on these results, a large majority of patients with
advanced EGFR mutation-positive lung cancers received
osimertinib as the first-line therapy. Although recent
improvements have been made in first-line therapy, better
salvage treatment for patients who have developed resis-
tance to osimertinib is needed. Currently, the treatment for
these patients is similar to that for those without the driver
oncogene mutation, that is, systemic combination chemo-
therapy with cytotoxic drugs and/or immune checkpoint
inhibitors. The treatment after progression of salvage che-
motherapy is the same as that given for patients without
driver oncogene mutations.
Several mechanisms for osimertinib resistance such as

EGFR mutation C797S, loss of T790M, transformation to
small cell lung cancer, MET/HER2 amplification, activation
of the RAS-mitogen-activated protein kinase (MAPK), and
RAS-phosphatidylinositol 3-kinase (PI3K) pathways have
been identified.3,4 Moreover, it is possible that compound
EGFR mutations might play a role in the osimertinib resis-
tance mechanism.5 Afatinib is thought to be effective for
treating resistant cancers containing minor and compound
EGFR mutations and HER2 amplification after osimertinib
treatment. Moreover, Kohsaka et al. reported that the half
maximal inhibitory concentration (IC50) of afatinib was
more likely to inhibit the growth of cancer cell lines that
have undergone in vitro mutagenesis.6,7

Antivascular endothelial growth factor (VEGF) therapy
inhibits tumor neovascularization, which is essential for
tumor growth, and modifies the tumor microenvironment.
Bevacizumab, a recombinant monoclonal antibody
targeting VEGF-A, is one of the most widely available anti-
VEGF therapies and has demonstrated a synergistic effect
with EGFR-TKIs against EGFR mutation-positive lung
cancers.8,9

We thus conducted a phase II multicenter, open-label,
single-arm trial to evaluate the efficacy and safety of
afatinib and bevacizumab combination therapy for EGFR
gene mutant lung cancers previously treated with
osimertinib.

Methods

Study design and objectives

This study is designed as a phase II multicenter, open-label,
single-arm trial to evaluate the efficacy and safety of afatinib
and bevacizumab combination therapy in patients with
EGFR gene mutated lung cancers previously treated with
osimertinib. A total of 37 patients have been enrolled and
treated with the study regimen (afatinib and bevacizumab).
The primary endpoint is the objective response rate (ORR).
The secondary endpoints are PFS, overall survival (OS), dis-
ease control rate (DCR), and AEs. The trial will be conducted

in accordance with the principles of the Declaration of Hel-
sinki and the International Conference on Harmonization
Good Clinical Practice Guidelines, local laws, and regula-
tions. This study was approved by the Yokohama City Uni-
versity Clinical Research Review Board (registration
no. jRCTs031190077) (Fig 1).

Patient enrollment
All study participants are confirmed to meet the inclusion
criteria, and each participant has provided informed con-
sent. All patients who do not meet the inclusion criteria
have been excluded. The inclusion and exclusion criteria
are shown in Table 1.

Treatments

The enrolled patients will be treated with afatinib and
bevacizumab combination therapy. Afatinib (30 mg) will
be administered once daily orally, beginning on day one of
cycle one, and bevacizumab (15 mg/kg) will be adminis-
tered every three weeks intravenously on day one. Treat-
ment will be continued until treatment discontinuation
criteria are met.

Efficacy and safety assessments

Computed tomography (CT) or positron emission
tomography-computed tomography (PET-CT) will be per-
formed once every eight weeks for six months from the initia-
tion of treatment and once every nine weeks after six months.
The best response will be evaluated on the basis of new
response evaluation criteria in solid tumors (Revised RECIST
guideline [version 1.1]). AEs defined by the National Cancer
Institute’s Common Terminology Criteria for Adverse Events
(version 4.0) will be assessed during the study treatment
period.

Statistical analysis

The primary endpoint of this study is the ORR. The proto-
col regimen in this study would be the fourth-generation
or later treatment regimen for most of the enrolled patients
because the treatment after osimertinib is the same as that
used in patients without driver oncogene mutations.10 The
threshold overall response rate has been set at a lower level
than that used in prior chemotherapy treatment for this
population, and it is almost the same as that used in sal-
vage therapy with EGFR-TKI for patients with an acquired
resistance to prior EGFR-TKI. With regard to the prior
chemotherapy, in an EAST-LC trial, a randomized phase
III study comparing the efficacy of S-1 with docetaxel as a
second-line treatment for patients whose driver oncogene
mutations were unknown, the ORRs of S-1 and docetaxel
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were 8.3% and 9.9%, respectively.11 Concerning the salvage
chemotherapy with EGFR-TKI, the response rate of treat-
ment with erlotinib after acquired resistance against
gefitinib was 4.3%.12 Based on these findings, the threshold
ORR has been set to 4% in this study because eligible par-
ticipants have been first treated with osimertinib, a third-
generation EGFR-TKI. In addition, the ORR of afatinib
and bevacizumab combination therapy, following treat-
ment with a first-generation EGFR-TKI, was 19%, which
was considered the predicted ORR.13 Based on this
assumption, the number of patients satisfying 80% power
for one side with a significance level of 5% was 35. Finally,
37 cases were set as the sample size in this study in consid-
eration of the possibility of unqualified cases. JMP 12 soft-
ware (SAS Institute, Inc., Cary, North Carolina) will be
used for statistical analysis.

Discussion

This prospective phase II multicenter, open-label, single-
arm trial aims to evaluate the efficacy and safety of afatinib
and bevacizumab used as combination therapy for patients
with NSCLC with mutations in the EGFR gene previously
treated with osimertinib. To date, the standard regimen

proposed for patients who acquired resistance after
osimertinib treatment is similar to the treatment used for
patients without any mutations. Generally, the treatment
with cytotoxic agents with or without an immune check-
point inhibitor is less effective and more toxic in these
patients than the previous EGFR targeting treatment.
Therefore, a better treatment option that includes EGFR-
TKI is needed for these patients.
Although the efficacy of the repeated use of EGFR-TKI

on patients with acquired resistance is not established, clin-
ical data has revealed that this approach might be suitable
in some populations.14,15 Several reports revealed that
afatinib, an irreversible pan-ErbB family blocker, has
potential activity against osimertinib-resistant lung cancer
because it has been proven effective against tumors with
both minor and compound EGFR mutations. During
in vitro cell proliferation assays, afatinib exhibited a lower
half maximal inhibitory concentration (IC50) than other
TKIs, including osimertinib, against lung cancer cell lines
with minor EGFR mutations.
Bevacizumab, a VEGF-A-neutralizing antibody, inhibits

neovascularization for cancer growth and improves the
tumor microenvironment. Bevacizumab improved the
delivery of anticancer drugs to cancer sites as observed in

Figure 1 Study schema.

Thoracic Cancer 11 (2020) 2125–2129 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 2127

N. Kobayashi et al. Combination therapy after osimertinib



the mouse model by modulating tumor vessel physiology.16

Moreover, T790M resistance was overcome through dual
blockade of the EGFR and VEGF pathways, thereby
inhibiting the cross-talk between them.17, 18 Therefore, we
hypothesized that, in combination with chemotherapy, sal-
vage treatment with afatinib and bevacizumab will be effec-
tive for patients who have previously undergone
osimertinib therapy.

In terms of combination therapy that includes afatinib
and bevacizumab, some trials were performed to assess
patients with EGFR mutations in the first-line setting. Dur-
ing phase I in one particular trial, optimal dosages of
afatinib and bevacizumab combination therapy were deter-
mined, and it was concluded that a 30 mg dose of afatinib
daily and a 15 mg/kg intravenous infusion of bevacizumab
administered once every three weeks were well tolerated.19

The study then entered a randomized phase II trial to com-
pare this combination therapy with a 40 mg dose of
afatinib monotherapy daily in the first-line setting.20 In the
trial proposed in this protocol, we decided to conduct a
phase II trial with this combination therapy using this rec-
ommended dose for patients who have previously received
osimertinib treatment.
In conclusion, we believe that the proposed afatinib plus

bevacizumab regimen after treatment with osimertinib trial
will provide clinically significant data that will aid the
development of novel treatment strategies for patients with
EGFR-mutated lung cancer who develop therapy resistance
after first-line treatment with osimertinib.
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