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TherapeuTic advances in 
Medical Oncology

Introduction
Epidermal growth factor receptor (EGFR) tyros-
ine kinase inhibitors (TKIs) have dramatically 

revolutionized the therapeutic landscape of 
advanced non-small-cell lung cancer (NSCLC) 
with driver molecular alterations and have been 
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Abstract
Background: Frequent failures observed in some trials comparing the efficacy and safety 
of osimertinib plus bevacizumab to osimertinib monotherapy in advanced non-small-cell 
lung cancer (NSCLC) with epidermal growth factor receptor (EGFR) alterations have brought 
questions.
Objectives: To evaluate the efficacy and safety of these two treatment regimens in advanced 
NSCLC patients harboring EGFR mutations.
Design: This study is a systematic review and meta-analysis.
Data sources and methods: PubMed, Embase, Cochrane Library, Web of Science, CNKI, 
Wanfang, and VIP databases were extensively searched for relevant randomized controlled 
trials (RCTs) on 14 May 2023. Two researchers independently screened the literature, 
assessed quality, and extracted data. The primary outcomes were progression-free survival 
(PFS), overall survival (OS), and objective response rate (ORR). The secondary outcomes were 
adverse events (AEs) and PFS stratified by patients’ characteristics. STATA 17.0 software 
(StataCorp LLC, USA) was adopted for meta-analysis.
Results: A total of four RCTs involving 390 patients were included. Overall, the risk of bias 
across the studies was moderate to low. Pooled results showed that compared to osimertinib 
alone, the addition of bevacizumab to osimertinib failed to show prolongation of PFS [hazard 
ratio (HR) = 1.00, 95% confidence interval (CI): 0.78–1.27], OS (HR = 1.01, 95% CI: 0.73–1.41), or 
improvement of the ORR (risk ratio = 1.12, 95% CI: 0.90–1.38), while an increased incidence 
of some AEs was observed, such as nausea, oral mucositis, hypertension, and proteinuria. 
Notably, combination treatment did significantly prolong the PFS in the subset of smokers 
(HR = 0.64, 95% CI: 0.44–0.94). A mild trend toward PFS benefit under the combined regimen 
was also noted in patients with brain metastases and first-line treatment, though not reaching 
statistical significance.
Conclusion: Based on the available evidence, the addition of bevacizumab to osimertinib 
could not provide additional survival benefits with higher but manageable toxicity for EGFR-
mutant NSCLC patients. Osimertinib monotherapy remains the prioritized treatment. Further 
investigation is warranted.
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established as the standard first-line treatment 
option for this patient population over recent dec-
ades.1 Though the majority of NSCLC patients 
harboring EGFR mutation initially showed a 
favorable response to first- and second-generation 
EGFR-TKIs, they eventually experience disease 
progression, with acquired EGFR exon 20 
T790M being the most common mechanism of 
resistance.2 Osimertinib, a third-generation, irre-
versible EGFR-TKI, has demonstrated activity in 
both EGFR sensitizing (19del/L858R) and 
T790M mutations. Across the FLAURA and 
AURA3 studies, osimertinib provided superior 
median progression-free survival (PFS) over 
comparator EGFR-TKIs (gefitinib/erlotinib; 
FLAURA) or platinum-doublet chemotherapy 
(AURA3) in patients with advanced EGFR-
mutant NSCLC.3,4 However, the survival data in 
these trials remained unmet expectations of 
researchers and patients, prompting ongoing 
efforts to prolong the treatment duration.

Vascular endothelial growth factor (VEGF) is a 
crucial mediator involved in the angiogenesis of 
tumor development and growth. Bevacizumab, 
the first globally approved antitumor angiogenic 
monoclonal antibody, specifically targets 
VEGF-A and blocks the signaling pathway of 
tumor angiogenic cells. To date, bevacizumab has 
been combined with multiple types of anticancer 
treatment, including cytotoxic chemotherapy, 
molecular targeted therapy, and immunotherapy 
for additional benefit. EGFR-TKIs for lung can-
cer are no exception. Preclinical data suggested 
that EGFR mutation was associated with 
increased expression of VEGF, and dual block-
ade of these molecular targets elicited a synergis-
tic effect.5–7 Consecutive clinical studies have also 
been conducted to evaluate the effectiveness of 
this combination regimen and performed desira-
ble results in recent years.8,9 Currently, erlotinib 
in combination with bevacizumab has been rec-
ommended as a first-line treatment choice for 
EGFR-mutated NSCLC by the National 
Comprehensive Cancer Network Practice 
Guidelines (Version 3.2023).

Despite its potential benefits, concerns have been 
raised regarding the effectiveness of the combina-
tion of osimertinib and bevacizumab due to fre-
quent failures observed in several clinical 
trials.10–12 Several past meta-analyses have 
assessed the efficacy of osimertinib plus bevaci-
zumab but they focused only on the smoker pop-
ulation and included other combination 

regimens.13–15 There is no relevant systematic 
review yet evaluating the effectiveness and safety 
of this combination modality. Herein, we per-
formed a systematic review and meta-analysis 
focusing on the efficacy and safety of osimertinib 
plus bevacizumab in patients with advanced 
EGFR-mutated NSCLC.

Methods
This systematic review and meta-analysis fol-
lowed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guide-
lines (see Supplemental Material).16 The protocol 
for this study is available on the PROSPERO 
website with the number CRD42023413697.

Search strategy and study selection
We systematically searched seven databases, 
namely PubMed, Cochrane Library, Embase, 
Web of Science, and Chinese databases CNKI, 
Wanfang, and VIP from their inception dates to 
14 May 2023, using the subject terms ‘osimerti-
nib’, ‘bevacizumab’, and ‘carcinoma, non-small-
cell lung’ along with their synonyms. In addition, 
the reference lists of included articles in the final 
selection were reviewed to find any additional tri-
als omitted in the initial search. Detailed search 
strategies are reported in Supplemental Table A. 
Eligibility for this study was limited to rand-
omized controlled trials (RCTs) that compared 
osimertinib plus bevacizumab against osimertinib 
alone in patients diagnosed with advanced 
NSCLC harboring EGFR mutations. We 
excluded conference abstracts, duplicate publica-
tions, studies without available results, and stud-
ies with poor design.

Data extraction
Two reviewers (GZ and LG) independently per-
formed data extraction using a specifically pre-
adapted form. Discrepancies in the research 
selection and extracting data were resolved 
through discussion and consensus or by consult-
ing a third author (JC) when necessary. The fol-
lowing data were extracted from each eligible 
article: author, publication year, country, treat-
ment arms, treatment line, sample size, age distri-
bution, sex distribution, follow-up time, survival 
outcomes, and adverse events (AEs). The pri-
mary outcomes of interest were PFS, overall sur-
vival (OS), and objective response rate (ORR). 
The secondary outcomes were AEs and PFS 
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stratified by patients’ characteristics. If survival 
parameters were not explicitly available in the 
article, the Engauge Digitizer v4.1 software (Mark 
Mitchell, 2002) was applied to extract data from 
the Kaplan–Meier survival curves based on the 
methods of Tierney et al.17

Quality assessment
The methodological quality of the included RCTs 
was assessed using the Cochrane Collaboration 
Risk of Bias (ROB) tool that comprises seven 
aspects: random sequence generation, allocation 
concealment, blinding of participants and person-
nel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other biases. 
We considered a study to be of ‘high’ quality when 
more than four items were assessed as low risk, 
‘medium’ quality when two to three items were 
low risk, and ‘low’ quality when less than two low-
risk items or more than one high-risk item.18 ROB 
graphs were generated using Revman 5.4 software 
(The Cochrane Collaboration, 2020).

Statistical analysis
All statistical analyses were carried out using the 
STATA 17.0 software (StataCorp LLC, USA). 
To estimate the variation of the treatment effect, 
subgroup analysis was conducted as per the treat-
ment lines. Furthermore, survival data of sub-
groups across studies, such as brain metastases 
(BM) and smoking status, were pooled to evaluate 
the relative effect of combination therapy. Survival 
data PFS and OS were expressed as hazard ratio 
(HR) and 95% confidence intervals (CIs), while 
risk ratio (RR) and 95% CIs were used as effect 
size for dichotomous data. Q statistics and I2 sta-
tistics were used to assess heterogeneity across 
studies. A random effect model was used when 
substantial heterogeneity was observed (I2 ⩾ 50%); 
otherwise, a fixed effects model was applied. A 
leave-one-out sensitivity analysis was performed 
to test the possibly substantial impact of individ-
ual studies on the synthesized results. All statisti-
cal tests were two-sided, and a p value of less than 
0.05 was regarded as statistically significant.

Results

Study selection and characteristics
A total of 1028 records were retrieved from seven 
electronic databases. After removing 179 dupli-
cates, we screened 849 publications for titles and 

abstracts, of which 819 studies were excluded 
with reasons, leaving 30 articles to be read in 
detail. Four RCTs (three from English databases 
and one from Chinese databases) involving 390 
patients were finally included for further analy-
sis.10–12,19 The process of screening and identify-
ing eligible studies is presented in Figure 1.

The included studies had publication dates 
between 2021 and 2022, with sample sizes ranging 
from 32 to 155. Most recruited patients were from 
Asia, followed by Europe. Two studies included 
patients in the first-line setting,12,19 and another 
two studies10,11 included patients previously treated 
with first-generation or second-generation EGFR-
TKI or cytotoxic chemotherapy. Of the eligible 
studies, the majority of patients harbored EGFR 
19del, L858R, and T790M,10–12 while Feng et al.19 
did not provide a detailed description of concrete 
types of EGFR mutation. Osimertinib was admin-
istered orally at 80 mg once daily in all studies. The 
experimental arms of most studies used bevaci-
zumab at a regimen of 15 mg/kg intravenously on 
day 1 of every 3 weeks (q3w),10–12 while one study19 
used intravenous 15 mg/kg as the first dose fol-
lowed by 7.5 mg/kg q3w. HRs on PFS/OS were 
obtained directly from three studies, while the PFS 
of Feng et al.19 was extracted using the method of 
Tierney et al. Further characteristics are summa-
rized in Table 1.

Quality assessment
In this meta-analysis, the quality of four RCTs 
was evaluated through the Cochrane ROB tool. 
Three RCTs were non-masked and considered 
high risk for performance bias,10–12 while one 
RCT19 failed to report adequate blinding meth-
ods and was deemed unclear. All RCTs were 
rated as medium to high quality. The overall 
quality and details of assessing the ROB are sum-
marized (Table 1; Supplemental Figure A).

Progression-free survival
PFS was extracted from all studies10–12,19 with 
HRs ranging from 0.75 to 1.44. Pooled analysis 
showed that the HR value was 1.00 (95% CI: 
0.78–1.27), (I2 = 0%, p = 0.499) [Figure 2(a)], 
indicating that compared to osimertinib mono-
therapy, osimertinib combined with bevacizumab 
did not exhibit any advantages in PFS.

To gain a better understanding of the potential 
factors influencing PFS, available data from all 
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RCTs were extracted to perform additional sub-
group analysis according to patients’ characteris-
tics. The results showed that no statistically 
significant PFS benefit was apparent in patients 
without BM, without a smoking history, or in 
those who were previously treated, as well as in 
female, patients with EGFR L858R mutation, 
and in Eastern Cooperative Oncology Group 
(ECOG) performance status. However, smokers 
displayed better performance concerning PFS 
from combination therapy (HR = 0.64, 95% CI: 
0.44–0.94, p = 0.292). In addition, a better trend 
of PFS was found in patients with BM (HR = 0.91, 
95% CI: 0.46–1.77, p = 0.744), in the first-line 
setting (HR = 0.84, 95% CI: 0.54–1.30, 
p = 0.810), and male (HR = 0.79, 95% CI: 

0.54–1.17, p = 0.808) and those harboring EGFR 
19del mutation (HR = 0.86, 95% CI: 0.60–1.24, 
p = 0.273) under combination therapy, albeit not 
reaching statistical significance. Figure 3 illus-
trates the details of the subgroup analysis.

Overall survival
The HRs for OS were reported across three tri-
als,10–12 varying from 0.97 to 1.03. It is worth not-
ing that the OS from one study was immature at 
the data cutoff.12 No statistically significant HR 
was observed between the combination treatment 
and monotherapy (HR = 1.01, 95% CI: 0.73–
1.41) [I2 = 0%, p = 0.989; Figure 2(b)]. The 
pooled results revealed that osimertinib combined 

Figure 1. Flow diagram of the study selection process for the meta-analysis.
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with bevacizumab did not provide any advantage 
over osimertinib monotherapy in terms of OS.

Objective response rate
ORR was available in all studies. In the combina-
tion arms, the ORR ranged from 50% to 82%, 
while the osimertinib arms had an ORR varying 
from 31.3% to 86%. However, one RCT12 was 
excluded from the pooled analysis since it reported 
the ORR based on the per-protocol population 
rather than the intention-to-treat population. The 
pooled results showed a RR of 1.12 (95% CI: 
0.90–1.38), (I2 = 0%, p = 0.524), suggesting that 
no significant difference was observed between 
the combination therapy and monotherapy with 
regard to ORR [Figure 2(c)].

Treatment exposure
Three RCTs reported treatment exposure,10–12 
with bevacizumab having a median treatment 
duration of 6.0 months,10 11.5 cycles,11 and 
33.4 weeks,12 respectively. In the combination 
arms, the median duration of exposure to  
osimertinib across the three studies was 
8.5 months,10 20 cycles,11 and 94.0 weeks,12 
respectively. The percentage of patients who dis-
continued bevacizumab due to AEs was 28% in 
the WJOG8715L study,10 46% in the BOOSTER 
study,11 and 64% in the WJOG9717L study.12 
However, two studies indicated that discontinu-
ation of bevacizumab due to AEs did not affect 
PFS.10,11 As for post-study further-line treat-
ment, chemotherapy was the common treatment 
regimen.

Figure 2. Pooled results of survival outcomes: (a) progression-free survival; (b) overall survival; and (c) 
objective response rate. HR or risk ratio of less than 1 indicates the results favor osi + beva.
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Toxicity profiles
Regarding safety endpoints, we defined rash as 
including acneiform rash and maculopapular rash 
in particular. The combination treatment was 
well-tolerated across the four included RCTs, 
with no new toxic signals and safety profiles con-
sistent with each agent individually. Common 
AEs observed in the combination arm were rash 
(n = 107, 55.4%), proteinuria (n = 106, 54.9%), 
diarrhea (n = 96, 54.2%), hypertension (n = 86, 
44.6%), and oral mucositis (n = 65, 36.7%). Most 
AEs were generally mild (grades 1–2). Aggregated 
analyses of all grades of AEs revealed that combi-
nation therapy yields a significantly higher inci-
dence of nausea (RR = 1.68, 95% CI: 1.04–2.72, 
p = 0.342), oral mucositis (RR = 1.55, 95% CI: 
1.13–2.12, p = 0.629), proteinuria (RR = 4.88, 
95% CI: 1.67–14.27, p = 0.002), and hyperten-
sion (RR = 3.85, 95% CI: 1.69–8.76, p = 0.023). 
However, it is important to note that the CIs of 
proteinuria and hypertension were wide, suggest-
ing that these findings should be interpreted cau-
tiously. No significant difference was found for 
dermatologic toxicities (rash, dry skin), fatigue, or 
hematological toxicities (anemia, leucopenia, 
neutropenia, and thrombocytopenia). The details 
of safety are presented in Figure 4.

Sensitivity analysis
In the sensitivity analysis, the leave-one-out 
method was used by omitting one included study 
at a time to determine whether any single omis-
sion influenced the overall results. According to 
Figure 2, Soo et  al. contributed the most to the 
weight in the primary outcomes, suggesting its 
possible strong impact on the pooled effects. 
However, sensitivity analysis showed that remov-
ing Soo et al. or any other study had little effect on 
the pooled results, indicating the robustness of the 
overall results (see Supplemental Figures B–D).

Discussion
This study aimed to compare the efficacy and 
safety of osimertinib plus bevacizumab against 
osimertinib alone in patients with advanced 
NSCLC harboring EGFR alterations. Our find-
ings suggested that compared with osimertinib 
monotherapy, the addition of bevacizumab to 
osimertinib contributed less to PFS, OS, and 
ORR in advanced EGFR-mutant NSCLC. 
Instead, the combination therapy was associated 
with a higher but acceptable incidence of certain 
AEs such as nausea, oral mucositis, proteinuria, 
and hypertension.

Figure 3. Pooled analysis of subgroups and subgroup analysis as per treatment lines for progression-free 
survival.
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Before delving into the potential reasons behind 
the negative results, some issues deserve our 
thinking. The first is the timing of the use of beva-
cizumab. Across the studies included, bevaci-
zumab was administered concomitantly with the 
first dose of osimertinib. However, a retrospective 
study found that patients who received antiangio-
genic agents in combination with osimertinib 
when signs of resistance to osimertinib were 
observed had longer survival than those given 
antiangiogenic drugs at the initial dose of osimer-
tinib.20 The second aspect is the duration of beva-
cizumab use. In the included RCTs, regardless of 
whether bevacizumab was used in the first or sec-
ond line, the median duration of bevacizumab use 
did not exceed the median PFS of osimertinib in 
the FLAURA or AURA3 trials, which may con-
tribute to limited benefit from adding bevaci-
zumab. In most studies, the major reason for the 
short duration of exposure to bevacizumab was 
toxicity. Although some studies suggested that 
discontinuation of bevacizumab due to AEs might 
not impact PFS,10,11 further confirmation is still 
necessary. In addition, patients who discontinued 
bevacizumab because of other reasons like disease 
progression may require further analysis. Third, 
underlying molecular characteristics should also 
be taken into consideration. There is scarce evi-
dence indicating that bevacizumab can help osi-
mertinib overcome known resistant mechanisms, 
such as C797S, exon 20 insertions, and mesen-
chymal-epithelial transition factor (MET) ampli-
fication.21 All trials included in this meta-analysis 

were restricted to patients with common EGFR 
mutations like exon 19del, exon 21 point muta-
tion, and T790M. Thus, further prospective 
research is needed to estimate the efficacy in these 
patients. Currently, a study evaluating the combi-
nation of osimertinib and bevacizumab in 
NSCLC patients harboring EGFR 20 insertions 
is ongoing (NCT04974879).

To assess the variation in PFS, a combined analy-
sis of smoking subgroups was done. The results 
showed that smokers could derive meaningful 
prolongation of PFS from the combination treat-
ment (HR = 0.64, 95% CI: 0.44–0.94), while no 
significant difference in PFS was observed in 
never-smokers. These findings are in line with 
conclusions from previous meta-analyses.13–15 
The underlying rationale is not yet fully under-
stood. A possible explanation is that TP53 muta-
tions are associated with increased VEGF-A 
expression,22 supporting the concept of better 
efficacy with bevacizumab in tumors with TP53 
mutations that are more frequently observed 
among lung cancer patients with a history of 
tobacco exposure.23 It offers hints that this subset 
of patients may be potential candidates for com-
bination therapy, and future studies should fur-
ther elucidate the underlying mechanisms.

Favorable penetration of the blood–brain barrier 
(BBB) for osimertinib had been confirmed by 
preclinical and clinical evidence,24,25 while beva-
cizumab has also demonstrated good 

Figure 4. Incidence of AEs between osimertinib plus bevacizumab and osimertinib alone.
AEs, adverse events.
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permeability of BBB with antiproliferative effect 
on brain metastasis.26 This provides a rationale 
for combination therapy that it has the potential 
to provide encouraging efficacy benefits for 
patients with BM. Indeed, clinical studies have 
shown promising activity against central nervous 
system metastases from combination modal-
ity.27,28 Given these thoughts, we conducted a 
pooled analysis based on BM. The results showed 
that the combination treatment yielded a mild 
trend of better PFS in those patients with BM 
(HR = 0.91, 95% CI: 0.46–1.77), though not 
reaching statistical significance. This is not the 
only case for osimertinib plus bevacizumab. A 
clinical trial investigating the combination of erlo-
tinib and bevacizumab also found pronouncedly 
better efficacy in the subset of patients with BM,29 
suggesting that the addition of bevacizumab to 
EGFR-TKI may improve the prognosis of 
patients with baseline BM. Nonetheless, more 
robust evidence is needed to support this hypoth-
esis. Several underway studies testing osimertinib 
and bevacizumab for NSCLC with BM 
(NCT02971501, NCT05104281), with leptome-
ningeal metastasis (NCT04148898) may shed 
further light on this topic.

With respect to treatment lines, Akamatsu et al.10 
found that prior exposure to anti-VEGF inhibi-
tors had a negative impact on the efficacy of sec-
ond-line osimertinib combined with bevacizumab. 
Similarly, our study showed a slight trend toward 
PFS benefit for patients receiving combination 
therapy as first-line treatment (HR = 0.84, 95% 
CI: 0.54–1.30). This effect could be likely attrib-
uted to changes in the tumor microenvironment 
caused by exposure to prior treatment and tumor 
regrowth, leading to resistance to anti-VEGF 
agents or affecting the efficacy of osimertinib.10,30 
Accordingly, we believe that ‘first-line’ here refers 
more to patients who were not pretreated with 
antiangiogenic agents. It should be noted that, 
however, the included RCTs have maybe been 
quite limited in providing sufficient power to 
detect a pronounced difference between the two 
arms for the aforementioned characteristics. A 
trial testing patients treated in the first-line setting 
(NCT04181060) is in process.

Interestingly, we also noticed several retrospec-
tive cohort studies that compared osimertinib 
combined with bevacizumab to osimertinib alone 
in the course of screening literature.31,32 These 
studies showed that combination treatment  
leads to significantly better survival outcomes 

with tolerable side effects. Given the substantial 
inherent bias of observational studies, we only 
included RCTs in our analysis, which provide a 
higher level of evidence.

To the best of our knowledge, no other meta-
analysis has been conducted to synthesize the effi-
cacy and safety of osimertinib combined with 
bevacizumab at present. This meta-analysis pro-
vides an overview of the evidence comparing the 
effectiveness and toxicity of this treatment regi-
men to the standard first-line monotherapy, that 
is, osimertinib alone. Based on the current evi-
dence, it may still be premature for clinical prac-
titioners to opt for osimertinib plus bevacizumab 
for individuals with common EGFR mutation, 
which will impose a higher economic burden with 
little survival benefit and increased toxicity.

Some limitations should be acknowledged in our 
study. First, we only searched a few English and 
Chinese databases, and the databases we searched 
may not be fully comprehensive, which could 
introduce some bias and potential omissions. Next, 
due to the limited number of eligible RCTs, the 
statistical power may be not enough to demon-
strate the effect of combination modality. 
Therefore, these results should be interpreted with 
caution. Third, one of the studies did not report 
the survival data directly, which may contribute to 
some inevitable deviation during the data extrac-
tion by software. In this respect, data were extracted 
separately by two authors and checked by a third 
author to minimize the issue. Last, the population 
included in this study was mainly Asian and 
European, which would probably limit the gener-
alizability of these findings to other populations.

Conclusion
In summary, the present evidence suggested that 
compared to standard osimertinib monotherapy, 
osimertinib combined with bevacizumab failed to 
provide additional PFS, OS, and ORR benefits 
with higher but manageable AEs among advanced 
NSCLC patients with EGFR mutations. Further 
studies are required to offer more insights and 
identify subgroups of patients most likely to ben-
efit from this combination modality.
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