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ABSTRACT

Introduction: EGFR tyrosine kinase inhibitors have
been the standard treatment for patients with NSCLC who
have sensitive EGFR mutations. This study revealed final
analysis survival data, biomarkers, and resistance mecha-
nisms of osimertinib plus bevacizumab or osimertinib
monotherapy in previously untreated patients with
advanced EGFR-positive nonsquamous NSCLC.

Methods: We previously reported the primary results of a
randomized, open-label, phase 2 study comparing osi-
mertinib plus bevacizumab with osimertinib monotherapy
for this population. In this exploratory analysis using tissue
JTO Clinical and Research Reports Vol. 5 No. 11: 100716
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and plasma samples, we evaluated gene profiles at baseline
and disease progression or the last dose using targeted
deep sequencing.

Results: The median progression-free survival (PFS) by the
blinded independent central reviewer was 22.1 months for
the osimertinib plus bevacizumab arm and 20.2 months for
the osimertinib arm (hazard ratio [HR] ¼ 0.864, 95% con-
fidence interval [CI]: 0.549–1.359). The 3-year overall sur-
vival was not different between the two arms (osimertinib
plus bevacizumab: 57.1%; osimertinib monotherapy:
65.0%; HR 1.271, 95% CI: 0.727–2.223). A total of 94 pa-
tients had assessable plasma samples at baseline, and 40
had assessable pretreatment tissue samples. EGFR muta-
tions (76.6%) and TP53 mutations (44.7%) were detected
in plasma samples at baseline. In patients with plasma TP53
mutations (n¼ 42), the median PFS by blinded independent
central reviewer was 19.8 months for the osimertinib plus
bevacizumab arm and 20.2 months for the osimertinib arm
(HR ¼ 1.107, 95% CI: 0.534–2.297).

Conclusions: There was also no significant difference in the
PFS between the two arms, even in patients with TP53
mutations.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Non–small cell lung cancer; EGFR mutation;
Osimertinib; Bevacizumab; TP53 mutation
Introduction
NSCLC is the most common prevalent lung cancer

subtype, and a clinically considerable proportion of pa-
tients with NSCLC have sensitive mutations in EGFR.1

Several phase 3 studies have revealed that EGFR tyro-
sine kinase inhibitors (TKIs) significantly prolong
progression-free survival (PFS) compared with
platinum-based chemotherapy in patients with NSCLC
harboring EGFR mutations.2–7 The FLAURA study, a
phase 3 study comparing osimertinib with gefitinib or
erlotinib as an initial treatment, revealed the superiority
of osimertinib in terms of PFS in patients with advanced
NSCLC harboring EGFR mutations.8

In preclinical studies, the antivascular endothelial
growth factor monoclonal antibody bevacizumab has
been reported to inhibit the vascular permeability of
tumors, thereby improving drug delivery in the tumor.9–12

A randomized phase 2 study comparing erlotinib plus
bevacizumab with erlotinib monotherapy for treatment-
naive patients with advanced NSCLC harboring EGFR
mutations (JO25567) revealed that erlotinib plus
bevacizumab have statistically superior PFS.13,14 In addi-
tion, phase 3 study confirmed the efficacies of the com-
bination of erlotinib and bevacizumab in PFS for patients
with EGFR-positive NSCLC.15,16

We previously reported the primary results of a
multicenter randomized controlled trial (WJOG9717L)
aimed at evaluating the efficacy of osimertinib plus bev-
acizumab in previously untreated patients with advanced
nonsquamous NSCLC harboring EGFR-sensitizing muta-
tions.17 In the subgroup analysis of smoking history, pa-
tients in the osimertinib plus bevacizumab arm with a
smoking history had better PFS trends compared with
those in the osimertinib monotherapy arm. TP53 muta-
tions were more frequently observed in smokers with
lung cancer, and patients with a smoking history may
have had coexisting TP53 mutations that affect sensitivity
to osimertinib.18 Therefore, we conducted an exploratory
biomarker study to elucidate predictive biomarkers or
resistance mechanisms in this population.

Materials and Methods
Study Design and Patients

The WJOG9717L study is a multicenter, open-label,
randomized phase 2 trial conducted at 21 study sites in
Japan. The study protocol was approved by the institu-
tional review board of each participating institution and
conducted in accordance with the principles of the Decla-
ration of Helsinki. This study, including the biomarker
analysis, was registered in the University Hospital Medical
Information Network database (UMIN000030206). All
patients provided written informed consent for this
biomarker analysis before registration.

This study included treatment-naive patients with
advanced nonsquamous NSCLC harboring EGFR-sensi-
tizing mutations (exon 19 deletion or the L858R muta-
tion in exon 21). The patients received either oral
osimertinib 80 mg once daily and bevacizumab 15 mg/
kg on day 1 through intravenous infusion every 3 weeks
or oral osimertinib 80 mg once daily. These treatments
were continued until disease progression, unacceptable
toxicities, or termination of the study in July 2021.

Sample Collection
Tissue samples were obtained before treatment,

including archived tissues, and at disease progression, if
possible. Plasma samples were obtained for this study at
baseline, cycles 2 and 9, and disease progression or the
last dose of the study treatment. These samples were
obtained from patients who provided written informed
consent for this biomarker analysis, and assessable tis-
sue and plasma samples were evaluated.

Tumor tissue specimens were subjected to histologic
review, and only those containing sufficient tumor cells,
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as determined using hematoxylin-eosin staining, were
subjected to DNA extraction. Genomic DNA was extrac-
ted from tumor tissues using the GeneRead DNA FFPE
kit (Qiagen, Valencia, CA). Cell-free DNA (cfDNA) was
extracted from 4 mL of the plasma using an AVENIO
cfDNA isolation kit (Roche Sequencing Solutions, Pleas-
anton, CA). DNA quality and quantity were verified using
a NanoDrop 2000 device and PicoGreen dsDNA Reagent
(all from Thermo Scientific, Wilmington, DE).

DNA Sequencing and Data Analysis
Tumor DNA was sequenced using the AVENIO tumor

tissue surveillance kit (Roche Sequencing Solutions), and
cfDNA was sequenced using the AVENIO cfDNA sur-
veillance kit (Roche Sequencing Solutions), according to
the manufacturer’s instructions. Purified libraries were
pooled and sequenced on an Illumina NextSeq 500 sys-
tem (Illumina, San Diego, CA) using a 300-cycle high-
output kit. Variants were called using the AVENIO
oncology analysis software (version 2.0; Roche
Sequencing Solutions).

All variants were manually inspected, and gene var-
iants present in more than 0.1% of the population da-
tabases (EXAC, dbSNP, 1000 Genomes) were excluded as
germline mutations. Variants were selected from vari-
ants designated as loci of interest in the AVENIO
oncology analysis software, and variants were annotated
as pathogenic or likely pathogenic by submitting the
target variants to the COSMIC disease association
database.

Procedures
Radiologic assessments were performed within 28

days before randomization, every 6 weeks until 6
months, and every 9 weeks thereafter until disease
progression. Brain magnetic resonance imaging or
computed tomography was performed at baseline for all
patients to evaluate the presence of brain metastases,
and brain metastasis was evaluated until disease pro-
gression in patients with brain metastasis at baseline.
Adverse events were assessed using the National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 4.0. Radiologic assessment of the tumor
was continued following the protocol for patients who
discontinued the study treatment because of unaccept-
able toxicities.

Outcomes
The primary end point, PFS, was defined as the time

from randomization to disease progression or death,
whichever occurred first. It was assessed according to
Response Evaluation Criteria in Solid Tumor version 1.1
by a blinded independent central reviewer (BICR). The
secondary end points included PFS, which was evaluated
by investigators, overall survival (OS), and safety.

Statistical Analysis
The final efficacy analysis was performed in the

intention-to-treat (ITT) population, and biomarker
analysis was conducted in the population with assess-
able samples, at 2 years after the day of the last patient
enrollment. PFS and OS were estimated by using the
Kaplan–Meier method, and hazard ratios (HRs) and their
confidence intervals (CIs) were estimated using the Cox
proportional hazards models. p values of the log-rank
test were denoted as one sided in the biomarker anal-
ysis. Subsequent subgroup analyses were performed for
PFS stratified on the basis of the TP53 mutation status in
cfDNA at baseline. All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary,
NC).

Results
Between January 19, 2018, and September 11, 2018,

122 patients were enrolled in this study from 21
participating institutions (Supplementary Data 1).
Among them, 61 were assigned to the osimertinib
monotherapy arm and 61 to the osimertinib plus bev-
acizumab arm (ITT population). At the data cutoff (July
31, 2021), 13 patients (21.3%) in the osimertinib mon-
otherapy arm and 14 patients (23.0%) in the osimertinib
plus bevacizumab arm completed the study treatment
without disease progression. One patient in the osi-
mertinib monotherapy arm did not start the assigned
treatment but was included in the ITT analysis. Two
patients in the osimertinib monotherapy arm were
considered unassessable by BICR. Therefore, three pa-
tients were excluded from the per-protocol analysis,
including the evaluation of response.

Final PFS and OS Analysis
With a median follow-up time of 36.5 months

(interquartile range [IQR]: 11.7–38.7 mo), disease pro-
gression or death was reported in 38 patients (62.3%) in
the osimertinib monotherapy arm and 37 patients
(60.7%) in the osimertinib plus bevacizumab arm. There
was no significant difference in the PFS assessed by the
BICR between the treatment arms (median PFS, osi-
mertinib monotherapy arm: 20.2 mo [95% CI: 12.5–
32.9] and osimertinib plus bevacizumab arm: 22.1 mo
[95% CI: 19.8–34.0]), with an HR for combination ther-
apy of 0.864 (60% CI: 0.711–1.049; 95% CI: 0.549–
1.359) (Fig. 1A). The PFS rates assessed by the BICR at
24 and 36 months were 45.4% and 33.1% in the osi-
mertinib monotherapy arm and 49.8% and 31.9% in the
osimertinib plus bevacizumab arm, respectively. The



Figure 1. (A) The progression-free survival assessed by the blinded independent central radiologic reviewer (n ¼ 122). (B)
Overall survival (n ¼ 122). BICR, blinded independent central radiologic reviewer; CI, confidence interval; HR, hazard ratio.
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post hoc exploratory subgroup analysis of the PFS by
the BICR revealed rates similar to those of the previ-
ous analysis, with a trend of better PFS in the osi-
mertinib plus bevacizumab arm among patients with
a smoking history and deletions in exon 19
(Supplementary Data 2).17

At the data cutoff, 22 events (36.1%) in the osi-
mertinib monotherapy arm and 28 events (45.9%) in the
osimertinib plus bevacizumab arm were observed in the
OS analysis. With a median follow-up of 37.8 months
(IQR: 36.2–40.0 mo), there was no significant difference
in the OS between the two arms (3-y OS, osimertinib
monotherapy arm: 65.0% [95% CI: 51.5–75.6] and osi-
mertinib plus bevacizumab arm: 57.1% [95% CI: 43.8–
68.5]), with an HR for the combination therapy of 1.271
(95% CI: 0.727–2.223) (Fig. 1B).
Treatment Exposure and Safety
Among the 121 patients receiving at least one dose of

assigned treatment, the median duration of exposure to
osimertinib was 57.6 weeks (IQR: 23.6–151.1 wk) in the
osimertinib monotherapy arm (n ¼ 60) and 94.0 weeks
(IQR: 37.0–148.9 wk) in the osimertinib plus bev-
acizumab arm (n ¼ 61). The median duration of expo-
sure to bevacizumab was 33.4 weeks (IQR: 20.9–56.9
wk), and there was a median of 11 cycles (IQR: 7–19)
of bevacizumab administered in the osimertinib plus
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bevacizumab arm. Adverse events of grade 3 or 4
occurred in 29 patients (48%) in the osimertinib mon-
otherapy arm and 35 patients (57%) in the osimertinib
plus bevacizumab arm. One treatment-related death due
to pneumonitis was observed in the osimertinib plus
bevacizumab arm.
Biomarker Analysis
Tissue (n ¼ 40) and plasma (n ¼ 94) samples at

baseline were assessed, and 197 genes were evaluated
using targeted deep sequencing. The median depth of
coverage was 9630 (range: 5269–15,469) and 13,084
(range: 6835–30,879) in tissue and baseline plasma
analyses, respectively.

Of the 40 tissue samples at baseline, EGFR mutations
were observed in 38 (95.0%) and TP53 mutations in 20
Table 1. Gene Profile of Plasma Sample at Baseline

Gene Alterations

All Cases
(N ¼ 94)

Osim
Mono
(n ¼

N % n

EGFR 72 76.6 39
TP53 42 44.7 23
APC 11 11.7 4
MET 9 9.6 4
ERBB2 6 6.4 2
ALK 5 5.3 4
BRAF 5 5.3 2
CTNNB1 5 5.3 3
PIK3CA 5 5.3 3
BRCA1 4 4.3 2
ASTN1 2 2.1 1
BRCA2 2 2.1 1
KRAS 2 2.1 1
LRFN5 2 2.1 1
LRRTM4 2 2.1 2
ROS1 2 2.1 2
TRPS1 2 2.1 2
BRINP3 1 1.1 1
CNTNAP2 1 1.1 1
CSMD3 1 1.1 1
FBXL7 1 1.1 0
GRIN2B 1 1.1 0
KIT 1 1.1 1
MYH7 1 1.1 1
RET 1 1.1 1
ROBO2 1 1.1 1
SLITRK1 1 1.1 0
SV2A 1 1.1 0
TNR 1 1.1 0
ZNF521 1 1.1 0
EGFR CNV 51 54.3 28
ERBB2 CNV 2 2.1 2
MET CNV 18 19.1 10

CNV, copy number variant.
(50.0%) (Supplementary Data 3). The incidences of copy
number variants (CNVs) in EGFR and ERBB2 were 20.0%
(eight of 40) and 7.5% (three of 40), respectively. Among
94 patients with plasma samples at baseline, 72 (76.6%)
had EGFR mutations in the plasma and 42 (44.7%) had
TP53 mutations (Table 1). In patients with assessable
plasma samples at baseline (n ¼ 94), patients harboring
TP53 mutations had a tendency of worse PFS assessed by
the BICR compared with patients not harboring TP53
mutations (median PFS, 19.8 mo versus 32.3 mo), with an
HR for TP53mutation of 1.510 (95% CI: 0.900–2.533, p ¼
0.1143) (Fig. 2A). There were no significant differences in
patient characteristics, including smoking status, between
patients with and without TP53 mutations (Table 2).

There was no difference in PFS assessed by the BICR
between the two arms among patients with TP53 mu-
tations in the baseline plasma samples (n ¼ 42) (median
ertinib
therapy
46)

Osimertinib Plus
Bevacizumab
(n ¼ 48)

p Value% n %

84.8 33 68.8 0.1115
50.0 19 39.6 0.1115
8.7 7 14.6 0.4191
8.7 5 10.4 0.5709
4.3 4 8.3 1
8.7 1 2.1 0.7128
4.3 3 6.3 0.3329
6.5 2 4.2 1
6.5 2 4.2 0.9610
4.3 2 4.2 0.9610
2.2 1 2.1 1
2.2 1 2.1 1
2.2 1 2.1 1
2.2 1 2.1 1
4.3 0 0.0 1
4.3 0 0.0 0.4561
4.3 0 0.0 0.4561
2.2 0 0.0 0.4561
2.2 0 0.0 0.9829
2.2 0 0.0 0.9829
0.0 1 2.1 0.9829
0.0 1 2.1 1
2.2 0 0.0 1
2.2 0 0.0 0.9829
2.2 0 0.0 0.9829
2.2 0 0.0 0.9829
0.0 1 2.1 0.9829
0.0 1 2.1 1
0.0 1 2.1 1
0.0 1 2.1 1
60.9 23 47.9 1
4.3 0 0.0 0.2923
21.7 8 16.7 0.4561



Figure 2. Progression-free survival assessed by the blinded independent central radiologic reviewer (A) in patients with
plasma samples at baseline (n ¼ 94), (B) in patients with plasma TP53 co-mutation at baseline (n ¼ 42), and (C) in patients
without plasma TP53 co-mutation at baseline (n ¼ 52). BICR, blinded independent central radiologic reviewer; CI, confidence
interval; HR, hazard ratio.
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PFS, osimertinib monotherapy arm: 20.2 mo and osi-
mertinib plus bevacizumab arm: 19.8 mo), with an HR
for combination therapy of 1.107 (95% CI: 0.534–2.297,
p ¼ 0.7831) (Fig. 2B). In patients without TP53 mutation
in baseline plasma samples (n ¼ 52), there was no dif-
ference in PFS assessed by the BICR between the two
arms (median PFS, osimertinib monotherapy arm: 24.2
mo and osimertinib plus bevacizumab arm: 32.3 mo),
with an HR for combination therapy of 0.913 (95% CI:
0.435–1.917, p ¼ 0.8097) (Fig. 2C).

Among 91 patients with plasma samples at disease
progression or the last dose of osimertinib, C797S in
exon 20 was newly observed in two patients (2.2%),
both of whom received osimertinib monotherapy
(Supplementary Data 4). One patient (2.2%) receiving
osimertinib monotherapy had a MET CNV at disease



Table 2. Characteristics of Patients With TP53 Mutation in Plasma at Baseline

Variables

TP53 Mutation
Positive
(n ¼ 42)

TP53 Mutation
Negative
(n ¼ 52)

p Valuen % n %

Age <65 y 19 45.2 17 32.7 0.2862
�65 y 23 54.8 35 67.3

Sex Male 19 45.2 20 38.5 0.5342
Female 23 54.8 32 61.5

Stage IIIB 1 2.4 0 0.0 0.4367
IIIC 1 2.4 0 0.0
IV 33 78.6 41 78.8
Postoperative recurrence 7 16.7 11 21.2

Smoking Ever 16 38.1 25 48.1 0.4044
Never 26 61.9 27 51.9

ECOG performance status 0 22 52.4 29 55.8 0.8358
1 20 47.6 23 44.2

Brain metastases Yes 16 38.1 14 26.9 0.2730
No 26 61.9 38 73.1

Liver metastasis Yes 8 19.0 6 11.5 0.3868
No 34 81.0 46 88.5

ECOG, Eastern Cooperative Oncology Group.
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progression or the last dose, as did two (4.4%) patients
who received osimertinib plus bevacizumab (Fig. 3A–C).
Discussion
The final analysis results of the WJOG9717L study

indicated no significant difference in PFS between osi-
mertinib plus bevacizumab and osimertinib mono-
therapy in untreated patients with nonsquamous NSCLC
harboring EGFR mutations. To the best of our knowl-
edge, this is the first randomized phase 2 study to
compare the efficacy and safety of osimertinib plus
bevacizumab with those of osimertinib monotherapy as
a first-line treatment. Previous randomized phase 2
trials comparing osimertinib plus bevacizumab with
osimertinib monotherapy in patients with EGFR T790M-
mutated NSCLC also found no differences in PFS be-
tween the two arms.19,20 For untreated patients with
NSCLC harboring EGFR mutations, a single-arm phase 1-2
study revealed a 12-month PFS rate of 76% and a median
PFS of 19 months, similar to our study results.21 There-
fore, consistent with our study results, these results
indicate that the impact of bevacizumab on the efficacy of
osimertinib may be limited in patients with EGFR-positive
NSCLC.

In the subgroup analysis of the PFS assessed by the
BICR, patients in the osimertinib plus bevacizumab arm
with a smoking history had better trends in PFS than
those in the osimertinib monotherapy arm (HR of com-
bination therapy, 0.565), which is consistent with the
results of previous studies evaluating EGFR TKIs plus
antiangiogenesis inhibitors.13,14,22–24 Smoking-related
malignancies have high mutation burdens, including
TP53 mutations, and TP53 mutations are more
frequently observed in smokers with lung cancer.18,25 In
the RELAY study, patients receiving erlotinib plus
ramucirumab had better PFS than those receiving erlo-
tinib plus placebo among patients with TP53 co-muta-
tions.26 In this study, TP53 co-mutations were associated
with worse PFS; however, there was no difference in PFS
between the two arms in patients with TP53 co-
mutations in the baseline plasma samples. In addition,
no association between TP53 co-mutations and smoking
history was observed. Therefore, it was still unclear why
patients in the osimertinib plus bevacizumab arm with a
smoking history had better trends compared with those
in the osimertinib monotherapy arm (HR ¼ 0.565).

Gene profiles at disease progression or the last dose
were similar between the two arms. The C797S mutation
in exon 20 was observed in 2.2% of plasma samples at
disease progression or the last dose of osimertinib, and
MET CNV was observed in 3.3%. In the FLAURA study,
the most common resistance mechanisms in patients
receiving osimertinib as first-line treatment were the
C797S mutation (7%) and MET amplification (15%).27

There are limited data available on the mechanism of
resistance to first-line osimertinib. In preclinical studies,
EGFR and vascular endothelial growth factor receptors
induce activation of signal transduction pathways to
regulate cellular growth and proliferation at the ac-
quired resistance of EGFR TKI treatment, and the
vascular endothelial growth factor pathway may



Figure 3. Gene profiles of plasma samples at disease progression or the last dose of osimertinib in (A) the entire population
(n ¼ 91), (B) patients receiving osimertinib monotherapy (n ¼ 45), and (C) patients receiving osimertinib plus bevacizumab
(n ¼ 46). CNV, copy number variant.
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function exclusively for EGFR signaling to maintain tu-
mor growth.12 Nevertheless, we did not identify an effect
of bevacizumab on osimertinib resistance.

Our study has several limitations. First, there were
insufficient OS events to compare OS between the two
arms. Previous randomized studies have revealed that
the combination of erlotinib and bevacizumab improved
PFS compared with erlotinib monotherapy among pa-
tients with EGFR-positive NSCLC; however, no OS benefit
was observed.14,16 We also identified no difference in OS
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between the two arms. Second, tissue and plasma sam-
ples at baseline were available in only 33% and 78% of
the entire cohort, respectively. Nevertheless, a relatively
high number of patients were included in the biomarker
analysis of the clinical trial.

In conclusion, these final analysis results indicate no
superiority of osimertinib plus bevacizumab compared
with osimertinib monotherapy in improving PFS and OS
in patients with nonsquamous NSCLC harboring EGFR
mutations. Regardless of TP53 co-mutation in the plasma
samples at baseline, there was no significant difference
in the PFS between the two arms.
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