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Abstract
Afatinib, a second-generation epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor (TKI), has demonstrated a
significant survival benefit over platinum-based chemotherapy in a first-line setting in advanced nonesmall-cell lung cancer
(NSCLC) harboringEGFRexon19deletion. In addition,weandother groupshaveshown there tobe favorable progression-free
survival (PFS) outcomes, with acceptable toxicity profiles, with bevacizumab and first-generation EGFR-TKI combination
therapy. On the basis of the above, we hypothesized that a combination of bevacizumab and afatinib could potentially improve
efficacy. In our phase 1 study, a daily 30 mg dose of afatinib and 15 mg/kg intravenous bevacizumab every 3 weeks was well
tolerated andwas defined as the recommended dose. We have initiated a randomized phase 2 trial comparing afatinib (30mg
daily) and bevacizumab (15 mg/kg every 3 weeks) with afatinib (40 mg daily) alone for nonsquamous NSCLC harboring EGFR
commonmutations as a first-line therapy. A total of 100 patients will be enrolled onto this study and randomized in a 1:1 ratio.
Patientswill continue to receive treatment until diseaseprogression or unacceptable toxicity. Theprimary endpoint is PFS, and
the secondary end points are overall survival, tumor response, and time to treatment failure. The power is greater than 50%
under the assumptions of amedian PFSof 12months for the afatinib group and a hazard ratio of 0.6 for the combination group
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(2-sided a ¼ 0.05). We hypothesize that the combination therapy will be more efficacious than standard therapies for EGFR-
mutant NSCLC patients.
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Introduction to gefitinib in an EGFR-driven lung cancer mouse model.9 In a phase

Lung cancer is a leading cause of death worldwide.1 The major

pathologic subtype of lung cancer is nonesmall-cell lung cancer
(NSCLC), and a proportion of NSCLC patients have epidermal
growth factor receptor (EGFR)-activating mutations.2 In this
subgroup of patients, EGFRetyrosine kinase inhibitor (TKI) pro-
longed progression-free survival (PFS) compared to standard
platinum-based chemotherapy.3-8 While the median overall survival
of this subgroup is almost 30 months after treatment with EGFR-
TKI, the prognosis remains unfavorable.

Afatinib, a second-generation EGFR-TKI, is an irreversible ErbB
family blocker that is expected to inhibit tumors with activating
EGFR mutations more strongly than reversible EGFR-TKIs. Our
preclinical study revealed that afatinib prolonged survival compared
Figure 1 AfaBev-CS Study Design

Abbreviations: EGFR ¼ epidermal growth factor receptor; NSCLC ¼ nonesmall-cell lung cancer; P
2b clinical study, afatinib significantly improved outcomes in
treatment-naive patients with NSCLC harboring EGFR mutations
compared to gefitinib. In that study, themedian PFS values were 11.0
and 10.9 months for afatinib and gefitinib, respectively; the hazard
ratio (HR) was 0.73, and the 2-sided 95% confidence interval (CI)
was 0.58 to 0.92.10 Dacomitinib is also a second-generation irre-
versible EGFR-TKI that shows activity against all 3 kinase-active
members of the ErbB family.11 Dacomitinib also significantly
improved PFS compared to gefitinib, with a median PFS of 14.7
versus 9.2 months, respectively, HR of 0.59, and 95% CI of 0.47 to
0.74.12 Osimertinib is a third-generation irreversible EGFR-TKI that
selectively inhibits both activating EGFR mutations and T790M
resistance mutations.13 It also improved PFS compared to gefitinib or
S ¼ performance status; TKI ¼ tyrosine kinase inhibitor.

Clinical Lung Cancer March 2019 - 135



Table 1 Patient Eligibility Criteria

Inclusion Criteria

� Histologically or cytologically proven nonsquamous nonesmall-cell
lung cancer.

� EGFR mutation (exon 19 deletion or exon 21 L858R).

� Disease unresectable or not suitable for radical radiotherapy.

� Clinical stage IIIB to IV or postoperative recurrence.

� EGFR tyrosine kinase inhibitor naive.

� No radiotherapy for tumor in lung.

� Aged 20 years or above.

� ECOG performance status 0-1.

� Adequate organ function, defined as: neutrophil count � 1500/mL,
hemoglobin � 9.0 g/dL, platelets � 100,000/mL, total bilirubin � 1.5 mg/dL,
aspartate aminotransferase/alanine transaminase levels < 2.5� institutional
ULN, creatinine � 1.5 mg/dL, pulse oximetry oxygen saturation � 94% on
room air, activated partial thromboplastin time � institutional ULN, prothrombin
time international normalized ratio � 1.5, and proteinuria � 1þ.

� Life expectancy of 3 months or more.

� Provision of written informed consent.

Exclusion Criteria

� EGFR mutation (T790M in exon 20).

� Symptomatic brain metastases.

� Leptomeningeal carcinomatosis.

� Active double cancer.

� History or presence of hemoptysis or bloody sputum.

� Any coagulation disorder.

� History or present receipt of anticoagulant drugs.

� Uncontrolled hypertension.

� Tumor invading or abutting major blood vessels.

� Lung tumor cavity.

� Effusion (pleural, pericardial, or ascites) that required treatment.

� Superior vena cava syndrome.

� Coexistence or history of interstitial lung disease.

� Gastrointestinal disturbance.

� Severe allergic history.
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erlotinib, with amedian PFS of 18.9 versus 10.2months, respectively,
HR of 0.46, and 95% CI of 0.37 to 0.57.14 The only EGFR-TKIs
that significantly improved PFS compared to first-generation
EGFR-TKIs in randomized clinical studies were these 3
agents.10,12,14 Accordingly, the standard primary therapy for this
subgroup of patients is scheduled to change.

Vascular endothelial growth factor (VEGF)-A, by binding to VEGF
receptor 2, promotes angiogenesis in the tumormicroenvironment and
indirectly promotes tumor growth. We previously revealed the pre-
clinical synergistic effect of afatinib and bevacizumab, a recombinant
monoclonal antibody targeting VEGF-A.9 In that study, the combi-
nation of bevacizumab and afatinib was more effective than afatinib
alone in a xenograftmodel ofNSCLCcells harboringEGFRmutations.
Clinically, we and other groups have already reported favorable PFS
data, with acceptable toxicity profiles, with combination therapy of
bevacizumab and first-generation EGFR-TKIs in untreated EGFR-
mutant tumors.15,16 The median PFS values were 16.0 months and
14.4 months for erlotinib/bevacizumab therapy and gefitinib/bev-
acizumab therapy, respectively. In a phase 3 trial that compared bev-
acizumab and erlotinib combination therapy to erlotinib alone, the
combination therapy yielded a greater improvement in PFS. The me-
dian PFS values of erlotinib plus bevacizumab versus erlotinib alone
were 16.9 and 13.3 months, respectively; the HR was 0.605, and the
95% CI was 0.417 to 0.877.17 The combination of EGFR-TKI with
bevacizumab has attracted attention as a first-line therapy for patients
with EGFR-mutant disease. However, clinically, a combination of
bevacizumab and the second-generation EGFR-TKI afatinib remains
to be investigated as a first-line therapy.

On the basis of these previous studies, we hypothesized that bev-
acizumab and afatinib in combination could potentially improve effi-
cacy, and as afirst step, we performed a phase 1 trial of this combination
therapy in chemonaive patients with advanced NSCLC harboring
EGFRmutations. In the trial, a daily 30mg dose of afatinib and 15mg/
kg intravenous bevacizumab every 3 weeks was well tolerated and was
defined as the recommended dose.18 We have initiated a phase 2
randomized trial of afatinib, alone or with bevacizumab.
� Pregnant or lactating woman or woman of childbearing potential.

� Inappropriate patient as determined by a physician.

Abbreviations: ECOG ¼ Eastern Cooperative Oncology Group; EGFR ¼ epidermal growth factor
receptor; ULN ¼ upper limit of normal.
Patients and Methods
Study Design and Objectives

The AfaBev-CS study is designed as an open-label, randomized
phase 2 study to evaluate the efficacy of afatinib with bevacizumab
in chemonaive patients with advanced NSCLC harboring EGFR
mutations. One hundred patients will be randomized in a 1:1 ratio
to the experimental arm (afatinib with bevacizumab) or the control
arm (afatinib alone), stratified according to clinical disease stage
(IIIB to IV vs. postoperative recurrence), EGFR mutation (exon 19
deletion vs. exon 21 L858R), and institution (Figure 1). The
primary end point is PFS, and the secondary end points are overall
survival, tumor response, and time to treatment failure.

This study is conducted in compliance with the principles of the
Declaration of Helsinki and is registered in the University Hospital
Medical Information Network database (UMIN000027432).

Key Eligibility Criteria
To be included in the study, patients are required to fulfill all of

the inclusion criteria, while those who meet the exclusion criteria
Clinical Lung Cancer March 2019
will be excluded. The main inclusion and exclusion criteria are listed
in Table 1.

Treatment Plan
Patients enrolled onto this study will be randomized to receive

either afatinib plus bevacizumab (AfaBev group) or afatinib alone
(Afa group). The AfaBev group patients receive 15 mg/kg bev-
acizumab by intravenous infusion on day 1 of a 21-day cycle, and
afatinib orally once daily at 30 mg, starting from day 1 of cycle 1.
The Afa group patients receive afatinib orally once a day at 40 mg.
Patients continue to receive treatment until disease progression or
unacceptable toxicity.

Statistical Design
The primary end point of this study is PFS, defined as the time

between the date of randomization and the date of disease
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progression or death from any cause (whichever is earlier). As the
primary analysis, a log-rank test will be applied to the full analysis
set, which is defined as the set of all randomized patients receiving at
least one medication. The cumulative survival rate will be estimated
by the Kaplan-Meier method, with 95% CI given by the Green-
wood method. The median PFS and 95% CI will be estimated
where possible. As the secondary analysis, HR and 95% CI will be
estimated by the Cox proportional hazard model. The secondary
end points are overall survival, tumor response, and time to treat-
ment failure. The interim data monitoring will be limited to
reviewing the safety data. The statistical significance level was set
at .05 (2 sided).

A total of 100 patients will be enrolled in a proof-of-concept
study. The power is greater than 50% under the assumptions of
a median PFS of 12 months for the Afa group and HR of 0.6 for
the AfaBev group. The expected total number of events is 81
within the planned trial period (enrollment, 2.5 years; follow-up,
2-4.5 years).

Participating Institutions
The participating institutions include 28 hospitals in the

Chugoku-Shikoku region and Hyogo, Japan.

Discussion
Almost all large-scale studies of EGFR-TKI plus angiogenesis

inhibitors (bevacizumab or ramucirumab) excluded patients with
brain metastasis. One phase 2 study of erlotinib with bev-
acizumab, the BELIEF study, and one phase 3 study using the
same drug combination, NEJ026, included patients with
asymptomatic brain metastasis. In the BELIEF study, no severe
central nerve toxicities occurred, but there were only 21 patients
with brain metastasis (of 109 total patients).19 Therefore, the
efficacy and safety of EGFR-TKI plus bevacizumab therapy in
patients with brain metastasis has not been confirmed. The
current study also permits patients with asymptomatic brain
metastasis, and may help to confirm the efficacy and safety of
EGFR-TKI plus bevacizumab therapy in patients with brain
metastasis.

Conclusion
The AfaBev-CS study will provide important clinical data on

the efficacy of afatinib and bevacizumab, which is important in
light of new first-line treatment options, such as osimertinib,
dacomitinib, and erlotinib plus bevacizumab, in EGFR-mutant
NSCLC patients.
Acknowledgments
The authors thank the patients, their families, the coordinators,

and all the AfaBev-CS study investigators. This study was funded by
Boehringer Ingelheim (Germany). We especially appreciate Yuichi
Takiguchi (Chiba University Hospital), Terufumi Kato (Kanagawa
Cancer Center), and Satoshi Oizumi (Hokkaido Cancer Center) for
their efforts as members of the independent data monitoring
committee. This study was conducted with the dedicated support of
Masayoshi Nakabayashi, Kunihisa Kamikawa, and Jun Sakurai from
the Center for Innovative Clinical Medicine, Okayama University
Hospital.

Disclosure
T.N. has received honoraria outside the current work from

Chugai Pharmaceutical and Boehringer Ingelheim. T.K. has
received a research grant outside the current work from Chugai
Pharmaceuticals Japan. K.H. has received honoraria outside the
current work from Ono Pharmaceutical, AstraZeneca, Astellas,
Novartis, BMS, MSD, Eli Lilly Japan, Daiichi-Sankyo Pharma-
ceutical, Boehringer-Ingelheim, Nihon Kayaku, Taiho Pharmaceu-
tical, and Chugai Pharmaceutical; and has received research funding
outside the current work from Ono Pharmaceutical, AstraZeneca,
Boehringer-Ingelheim, Astellas, Novartis, BMS, Eli Lilly Japan,
MSD, and Chugai Pharmaceutical. K.K. has received honoraria
from Eli Lilly Japan, Nihon Kayaku, AstraZeneca, Daiichi-Sankyo
Pharmaceutical, Chugai Pharmaceutical, Taiho Pharmaceutical, and
Sanofi-Aventis. The remaining authors have stated that they have no
conflicts of interest.
References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer sta-

tistics. CA Cancer J Clin 2011; 61:69-90.
2. Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in the epidermal

growth factor receptor underlying responsiveness of nonesmall cell lung cancer to
gefitinib. N Engl J Med 2004; 350:2129-39.

3. Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or chemotherapy for
nonesmall cell lung cancer with mutated EGFR. N Engl J Med 2010; 362:2380-8.

4. Mitsudomi T, Morita S, Yatabe Y, et al. Gefitinib versus cisplatin plus docetaxel in
patients with nonesmall cell lung cancer harbouring mutations of the epidermal
growth factor receptor (WJTOG3405): an open label, randomised phase 3 trial.
Lancet Oncol 2010; 11:121-8.

5. Zhou C, Wu YL, Chen G, et al. Erlotinib versus chemotherapy as first-line
treatment for patients with advanced EGFR mutationepositive nonesmall cell
lung cancer (OPTIMAL, CTONG-0802): a multicentre, open-label, randomised,
phase 3 study. Lancet Oncol 2011; 12:735-42.

6. Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard chemotherapy as
first-line treatment for European patients with advanced EGFR mutationepositive
nonesmall cell lung cancer (EURTAC): a multicentre, open-label, randomised
phase 3 trial. Lancet Oncol 2012; 13:239-46.

7. Sequist LV, Yang JCH, Yamamoto N, et al. Phase III study of afatinib or cisplatin
plus pemetrexed in patients with metastatic lung adenocarcinoma with EGFR
mutations. J Clin Oncol 2013; 31:3327-34.

8. Wu YL, Zhou C, Hu CP, et al. Afatinib versus cisplatin plus gemcitabine for
first-line treatment of Asian patients with advanced nonesmall cell lung cancer
harbouring EGFR mutations (LUX-Lung 6): an open-label, randomised phase 3
trial. Lancet Oncol 2014; 15:213-22.

9. Ninomiya T, Takigawa N, Ichihara E, et al. Afatinib prolongs survival compared
with gefitinib in an epidermal growth factor receptoredriven lung cancer model.
Mol Cancer Ther 2013; 12:589-97.

10. Park K, Tan EH, O’Byrne K, et al. Afatinib versus gefitinib as first-line treatment of
patients with EGFRmutation-positive nonesmall cell lung cancer (LUX-Lung 7): a
phase 2B, open-label, randomised controlled trial. Lancet Oncol 2016; 17:577-89.

11. Engelman JA, Zejnullahu K, Gale CM, et al. PF00299804, an irreversible pan-
ERBB inhibitor, is effective in lung cancer models with EGFR and ERBB2
mutations that are resistant to gefitinib. Cancer Res 2007; 67:11924-32.

12. Wu YL, Cheng Y, Zhou X, et al. Dacomitinib versus gefitinib as first-line treat-
ment for patients with EGFR-mutationepositive nonesmall cell lung cancer
(ARCHER 1050): a randomised, open-label, phase 3 trial. Lancet Oncol 2017; 18:
1454-66.

13. Cross DAE, Ashton SE, Ghiorghiu S, et al. AZD9291, an irreversible EGFR TKI,
overcomes T790M-mediated resistance to EGFR inhibitors in lung cancer. Cancer
Discov 2014; 4:1046-61.

14. Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated EGFR -mutated
advanced nonesmall cell lung cancer. N Engl J Med 2018; 378:113-25.

15. Seto T, Kato T, Nishio M, et al. Erlotinib alone or with bevacizumab as first-line
therapy in patients with advanced non-squamous nonesmall cell lung cancer
harbouring EGFR mutations (JO25567): an open-label, randomised, multicentre,
phase 2 study. Lancet Oncol 2014; 15:1236-44.

16. Ichihara E, Hotta K, Nogami N, et al. Phase II trial of gefitinib in combination
with bevacizumab as first-line therapy for advanced nonesmall cell lung cancer
with activating EGFR gene mutations: the Okayama Lung Cancer Study Group
Trial 1001. J Thorac Oncol 2015; 10:486-91.
Clinical Lung Cancer March 2019 - 137

http://refhub.elsevier.com/S1525-7304(18)30292-4/sref1
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref1
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref2
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref2
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref2
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref2
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref3
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref3
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref3
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref4
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref4
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref4
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref4
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref4
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref5
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref5
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref5
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref5
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref5
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref5
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref6
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref6
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref6
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref6
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref6
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref6
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref7
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref7
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref7
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref8
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref8
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref8
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref8
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref8
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref9
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref9
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref9
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref9
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref10
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref10
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref10
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref10
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref11
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref11
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref11
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref12
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref12
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref12
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref12
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref12
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref12
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref13
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref13
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref13
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref14
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref14
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref14
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref15
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref15
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref15
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref15
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref15
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref16
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref16
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref16
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref16
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref16


Afatinib and Bevacizumab in Lung Cancer

138 -
17. Furuya N, Fukuhara T, Saito H, et al. Phase III study comparing bevacizumab plus
erlotinib to erlotinib in patients with untreated NSCLC harboring activating
EGFR mutations: NEJ026. J Clin Oncol 2018; 36(15 suppl):9006.

18. Ninomiya T, Nogami N, Kozuki T, et al. A phase I trial of afatinib and bev-
acizumab in chemo-naïve patients with advanced nonesmall cell lung cancer
Clinical Lung Cancer March 2019
harboring EGFR mutations: Okayama Lung Cancer Study Group Trial 1404.
Lung Cancer 2018; 115:103-8.

19. Rosell R, Dafni U, Felip E, et al. Erlotinib and bevacizumab in patients with advanced
nonesmall cell lung cancer and activating EGFR mutations (BELIEF): an interna-
tional, multicentre, single-arm, phase 2 trial. Lancet Respir Med 2017; 5:435-44.

http://refhub.elsevier.com/S1525-7304(18)30292-4/sref17
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref17
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref17
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref18
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref18
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref18
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref18
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref18
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref19
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref19
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref19
http://refhub.elsevier.com/S1525-7304(18)30292-4/sref19

	Phase 2 Study of Afatinib Alone or Combined With Bevacizumab in Chemonaive Patients With Advanced Non–Small-Cell Lung Cance ...
	Introduction
	Patients and Methods
	Study Design and Objectives
	Key Eligibility Criteria
	Treatment Plan
	Statistical Design
	Participating Institutions

	Discussion
	Conclusion
	Acknowledgments
	Disclosure
	References


