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Efficacy and safety of osimertinib plus bevacizumab 
versus osimertinib alone for advanced non–small-
cell lung cancer with EGFR mutations
A meta-analysis of randomized controlled trials
Ling Yao, MMa, Chunzhen Zhang, MMa, Dailong Li, MMb , Lu Xu, MDc, Xianfei Yang, MMd,*

Abstract 
Background: To systematically evaluate the efficacy and safety of osimertinib plus bevacizumab in treating advanced non–
small-cell lung cancer (NSCLC) with epidermal growth factor receptor (EGFR) mutations.

Methods: Up to May 26, 2024, the databases of PubMed, EMBASE, Cochrane Library, ClinicalTrials.gov, China National 
Knowledge Infrastructure, Chinese Biomedical Literature, China Science and Technology Journal, and Wanfang were searched, 
and the randomized controlled clinical trials (RCTs) of osimertinib plus bevacizumab in the treatment of advanced EGFR-mutant 
NSCLC were included. Two researchers independently screened the literature, assessed the quality of the included literature, and 
extracted the literature data. Revman5.4 software was used for meta-analysis.

Results: A total of 824 patients were included in 10 RCTs. The results of meta-analysis showed that compared with the 
control group (osimertinib alone), the experimental group (osimertinib plus bevacizumab) had a higher objective response rate 
(ORR) (relative risk [RR] = 1.23, 95% confidence interval [CI] = 1.03–1.47, P = .02), and the experimental group could significantly 
reduce the expression levels of carcinoembryonic antigen (mean difference [SMD] = 0.82, 95% CI = 0.30–1.35, P = .002), 
vascular endothelial growth factor (SMD = 0.43, 95% CI = 0.13–0.73, P = .005), neuron-specific enolase (SMD = 0.88, 95% CI = 
0.60–1.17, P < .00001), cytokeratin 19 fragments (SMD = 1.33, 95% CI = 0.34–2.33, P = .009), and carbohydrate antigen 125 
(SMD = 0.46, 95% CI = 0.15–0.77, P = .004) in serum. However, the experimental group did not significantly improve the disease 
control rate (DCR) (RR = 1.17, 95% CI = 1.00–1.36, P = .05), 1- and 2-year progression-free survival (PFS) rates (RR = 1.15, 95% 
CI = 1.00–1.33, P = .05; RR = 1.02, 95% CI = 0.74–1.40, P = .92), 1- and 2-year overall survival (OS) rates (RR = 1.11, 95% CI 
= 0.92–1.36, P = .28; RR = 0.99, 95% CI = 0.84–1.18, P = .95). Interestingly, the results of subgroup analysis showed that the 
experimental group significantly improved ORR, DCR, 1-year PFS, and OS rates in the Chinese population and patients under 
65 years old (P < .05). In addition, when the dose of bevacizumab was 7.5 mg/kg q3w in the experimental group, ORR, DCR, 
1-year PFS, and OS rates were significantly better than those in the control group (P < .05). In terms of adverse events of drugs, 
the incidence of proteinuria, hypertension, oral mucositis, bleeding, nausea, and vomiting in the experimental group was higher 
than that in the control group (P < .05).

Conclusion: For patients with advanced EGFR-mutant NSCLC, osimertinib plus bevacizumab has some clinical benefit 
compared with osimertinib alone. Still, it does not provide additional long-term survival benefits and has higher toxicity. More well-
designed, multicenter RCTs are needed to identify the subgroups of patients most likely to benefit from this combination regimen 
and to validate the optimal dose of this combination regimen.

Abbreviations: AZD= osimertinib, BEV= bevacizumab, CA125 = carbohydrate antigen 125, CEA = carcinoembryonic antigen, 
CI= confidence interval, CR = complete response, Cyfra21-1 = cytokeratin 19 fragments, DCR = disease control rate, EGFR = 
epidermal growth factor receptor, EGFR-TKI = epidermal growth factor receptor-tyrosine kinase inhibitor, NSCLC = non–small-
cell lung cancer, NSE = neuron-specific enolase, ORR = objective response rate, OS = overall survival, PFS = progression-free 
survival, PR = partial response, q3w= every 3 weeks, qd= once daily, RCTs = randomized controlled clinical trials, RR = relative 
risk, SMD = standard mean difference, VEGF = vascular endothelial growth factor.
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1. Introduction
According to the annual statistics of GLOBOCAN 2022, lung 
cancer is still the malignant tumor with the highest mortality in 
the world.[1] Non–small-cell lung cancer (NSCLC) is the most 
common pathological type of lung cancer, accounting for about 
85% of all lung cancer patients.[2] As the early clinical symptoms 
of lung cancer are not obvious and the disease progresses rapidly, 
most patients are diagnosed with advanced lung cancer, losing 
the best opportunity for surgical treatment, and the 5-year sur-
vival rate is less than 15%.[3] Epidermal growth factor receptor 
(EGFR)–sensitive mutations are present in approximately 50% of 
Asian NSCLC patients.[4] EGFR tyrosine kinase inhibitor (EGFR-
TKI) is the first-line treatment for advanced NSCLC with EGFR 
mutation.[5] Osimertinib is a third-generation EGFR-TKI, which 
is sensitive to EGFR and selectively inhibits T790M mutation 
caused by resistance to the first- and second-generation EGFR-
TKI.[6] Osimertinib has a higher penetration rate in the central 
nervous system,[7] but drug resistance is still inevitable after long-
term use. Bevacizumab is a humanized anti-vascular endothelial 
growth factor (VEGF) monoclonal antibody, which can inhibit 
tumor growth by inhibiting neovascularization.[8] In addition, 
some scholars have found that bevacizumab can eliminate EGFR-
TKI resistance.[9,10] To explore whether the addition of bevaci-
zumab based on osimertinib can delay the emergence of secondary 
drug resistance, there have been many relevant clinical studies in 
recent years, but the conclusions are not completely consistent. 
Therefore, in this study, meta-analysis was used to systematically 
evaluate the efficacy and safety of osimertinib plus bevacizumab 
versus osimertinib alone in the treatment of advanced NSCLC 
patients with EGFR mutation, to provide a higher level of  
evidence-based medicine evidence for clinical rational drug use.

2. Materials and methods

2.1. Publication search

This meta-analysis was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses state-
ment.[11] The systematic literature search was performed through 
PubMed, EMBASE, Cochrane Library, ClinicalTrials.gov, 
China National Knowledge Infrastructure, Chinese Biomedical 
Literature, China Science and Technology Journal, and Wanfang, 
covering all articles published up to May 26, 2024. The follow-
ing keywords were used to retrieve articles: Non-small cell lung 
cancer, NSCLC, Osimertinib, Tagrisso, AZD-9291, Bevacizumab, 
Avastin. References of the retrieved publications were also 
screened. The search strategy for PubMed is described as follows:

	 #1	“Carcinoma, Non-Small-Cell Lung” [Mesh]
	 #2	“Non small Cell Lung Cancer” OR “Non-Small Cell 

Lung Cancer” OR “Non-Small Cell Lung Carcinoma” OR 
“Carcinoma, Non-Small Cell Lung” OR “Non Small Cell 
Lung Carcinoma” OR “Non-Small-Cell Lung Carcinoma” 
OR “Non-Small-Cell Lung Carcinomas” OR “Lung 
Carcinomas, Non-Small-Cell” OR “Lung Carcinoma, Non-
Small-Cell” OR “Carcinomas, NonSmall-Cell Lung” OR 
“Carcinoma, Non Small Cell Lung” [Title/ Abstract]

	 #3	#1 OR #2
	 #4	“Osimertinib” OR “Tagrisso” OR “AZD-9291” [Title/ 

Abstract]
	 #5	“Bevacizumab” OR “Avastin” OR “Mvasi” [Title/ 

Abstract]
	 #6	#3 AND #4 AND #5

Other database databases use similar search formulas.

2.2. Literature inclusion and exclusion criteria

2.2.1. Inclusion criteria. 

	 1	 Participants: Patients with advanced EGFR-mutant 
NSCLC.

	 2	 Type of study: Randomized controlled clinical trials 
(RCTs).

	 3	 Intervention: The experimental group received osimerti-
nib plus bevacizumab, and the control group received 
osimertinib alone.

	 4	 Outcome indicators: At least one of the following out-
comes was reported: Objective response rate (ORR), dis-
ease control rate (DCR), progression-free survival (PFS) 
rate, overall survival (OS) rate, pre- and post-treatment 
tumor marker (carcinoembryonic antigen [CEA], carbo-
hydrate antigen 125 [CA125], neuron-specific enolase 
[NSE], cytokeratin 19 fragments [Cyfra21-1], and VEGF) 
levels, and incidence of adverse events. The results were 
divided into complete response (CR), partial response 
(PR), stable disease, and progressive disease according to 
the Response Evaluation Criteria in Solid Tumors v1.1. 
The ORR was calculated as the sum of the CR and PR 
rates. The DCR was calculated as the sum of the CR, PR, 
and stable disease rates.

2.2.2. Exclusion criteria.  Non-RCTs; reviews, case reports, 
conference summaries, and repeated studies; literature with no 
available outcome indicators, incomplete data, and no access to 
original data.

2.3. Data extraction and literature quality evaluation

Data were independently screened, extracted, and cross-checked 
by 2 reviewers. If there is any disagreement in the process, the 
decision will be made through discussion or by referring to 
the opinions of the third reviewer. The extracted data mainly 
include first author name, country, year of publication, sample 
size, age, treatment regimen, EGFR mutation type, and outcome 
indicators. If there is a lack of important information in the 
study, try to contact the first author or corresponding author 
by email to further obtain unpublished data. The Cochrane risk 
of bias tool[12] was used to evaluate the quality of each RCTs 
included. The risk of bias was evaluated from 7 items: selection 
bias (random sequence generation, allocation concealment), 
performance bias, detection bias, attrition bias, reporting bias, 
and other biases. Each item was classified as “low risk of bias,” 
“unclear risk of bias,” and “high risk of bias.”

2.4. Statistical analysis

The Review Manager version 5.4 software was used to per-
form the meta-analysis. For dichotomous data, relative risk 
(RR) and 95% confidence intervals (CI) were used as evalua-
tion indexes. For continuous variables, standard mean differ-
ence (SMD) and 95% CI were used for effect pooled analysis. 
All P values were 2-sided, and P < .05 was considered statis-
tically significant. The heterogeneity was tested by Q and I2 
tests. When the heterogeneity exists (I2 > 50% or P < .1), the 
random-effect model was used for a meta-analysis, otherwise, 
the fixed-effect model was used. A leave-one-out sensitivity 
analysis was performed to test the possibly substantial impact 
of individual studies on the synthesized result. Publication bias 
was evaluated by funnel plot.
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3. Results

3.1. Literature search and study characteristics

A total of 616 articles were retrieved, and 195 repeated articles 
were excluded by title, year of publication, and author information. 
Then after reading abstracts and full-text screening, 411 articles 
that did not meet the criteria were excluded and finally included 
10 studies[13–22] (Fig. 1). There were 824 patients with advanced 
EGFR-mutant NSCLC, of which 412 patients received osimertinib 
plus bevacizumab (experimental group) and 412 patients received 

osimertinib alone (control group). The quality evaluation of the 
included studies is shown in Table 1. The key baseline characteris-
tics of the included studies are shown in Table 2.

3.2. Objective response rate

Ten studies[13–22] provided ORR data, and heterogeneity test 
results showed significant heterogeneity among studies (P = .03, 
I2 = 51%). Random-effects model analysis showed that the 
ORR of the experimental group was significantly higher than 

Figure 1.  Literature screening flowchart. RCT = randomized controlled clinical trials.

Table 1 

The methodological quality of the included randomized controlled trials was assessed using the Cochrane “Risk of Bias” tool.

Study

Selection bias

Performance bias Detection bias Attrition bias Reporting bias Other biasRandom sequence generation Allocation concealment

Akamatsu et al 2021[13] + ? ? ? + + ?
Chen 2023[14] + ? ? ? + + ?
Feng et al 2022[15] + ? ? ? + + ?
Kenmotsu et al 2022[16] + - ? ? + + ?
Pan et al 2023[17] + ? ? ? + + ?
Ren 2021[18] ? ? ? ? + + ?
Soo et al 2022[19] + - ? ? + + ?
Su et al 2022[20] + ? ? ? + + ?
Wang et al 2024[21] + ? ? ? + + ?
Zhang 2022[22] + ? ? ? + + ?

? = unclear risk of bias; + = low risk of bias; - = high risk of bias.
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that of the control group (RR = 1.23, 95% CI = 1.03–1.47, 
P = .02; Fig. 2).

3.3. Disease control rate

Ten studies[13–22] provided DCR data, and heterogeneity 
test results showed significant heterogeneity among studies 
(P < .00001, I2 = 90%). Random-effects model analysis showed 
that there was no significant difference in DCR between the 
experimental group and the control group (RR = 1.17, 95% CI 
= 1.00–1.36, P = .05; Fig. 3).

3.4. Progression-free survival

Five studies[13,15,16,19,21] and 2 studies[16,19] provided 1- and 2-year 
PFS rate data, respectively, and the results of heterogeneity 
test showed no significant heterogeneity among the studies 
(1-year PFS: P = .18, I2 = 36%; 2-year PFS: P = .51, I2 = 0%). 
Fixed-effects model analysis showed that there was no signifi-
cant difference in 1- and 2-year PFS rate between the 2 groups 
(RR = 1.15, 95% CI = 1.00–1.33, P = .05; RR = 1.02, 95% CI = 
0.74–1.40, P = .92; Fig. 4).

3.5. Overall survival

Five studies[13,16,17,19,21] and 2 studies[16,19] provided 1- and 
2-year OS rate data, respectively, according to the results of the 

heterogeneity test (1-year OS: P = .0001, I2 = 83%; 2-year OS: 
P = .37, I2 = 0%). The random-effect model was used for 1-year 
OS, and the fixed-effect model was used for 2-year OS. The 
results showed that there were no significant differences in 1- 
and 2-year OS rates between the 2 groups (RR = 1.11, 95% CI 
= 0.92–1.36, P = .28; RR = 0.99, 95% CI = 0.84–1.18, P = .95; 
Fig. 5).

3.6. Tumor markers

Four studies[15,17,20,21] reported the levels of serum CEA before 
and after treatment in the experimental group and the control 
group, and heterogeneity test results showed significant hetero-
geneity among studies (P = .005, I2 = 76%). Random-effects 
model analysis showed that the experimental group could sig-
nificantly reduce the expression level of serum CEA compared 
with the control group (SMD = 0.82, 95% CI = 0.30–1.35, 
P = .002). Three studies[14,17,22] reported NSE expression levels 
in the serum of the experimental and control groups before 
and after treatment. Based on the results of heterogeneity test 
(P = .97, I2 = 0%), the fixed-effect model analysis showed that 
the experimental group could significantly reduce the expres-
sion level of NSE in the serum of patients compared with the 
control group (SMD = 0.88, 95% CI = 0.60–1.17, P < .00001). 
Three studies[14,20,22] reported the expression levels of Cyfra21-1 
in the serum of the experimental and control groups before 
and after treatment. Based on the results of heterogeneity test 
(P = .0001, I2 = 89%), the random-effect model analysis showed 

Figure 2.  ORR forest plot of osimertinib plus bevacizumab versus osimertinib alone. CI = confidence interval, ORR = objective response rate.

Figure 3.  DCR forest plot of osimertinib plus bevacizumab versus osimertinib alone. CI = confidence interval, DCR = disease control rate.
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that the experimental group could significantly reduce the 
expression level of serum Cyfra21-1 compared with the control 
group (SMD = 1.33, 95% CI = 0.34–2.33, P = .009). Two stud-
ies[20,21] reported the expression levels of CA125 in the serum of 
the experimental and control groups before and after treatment. 
Based on the results of heterogeneity test (P = .35, I2 = 0%), the 
fixed-effect model analysis showed that the experimental group 
could significantly reduce the expression level of CA125 in the 
serum of patients compared with the control group (SMD = 0.46, 
95% CI = 0.15–0.77, P = .004). Three studies[15,21,22] reported 
serum VEGF expression levels before and after treatment in the 
experimental and control groups. Based on the results of het-
erogeneity test (P = .67, I2 = 0%), the fixed-effect model analysis 
showed that the experimental group could significantly reduce 
the expression level of VEGF in the serum of patients compared 
with the control group (SMD = 0.43, 95% CI = 0.13–0.73, 
P = .005; Fig. 6).

3.7. Adverse events

In terms of adverse events of drugs, the incidence of proteinuria, 
hypertension, oral mucositis, bleeding, nausea, and vomiting in 
the experimental group was higher than that in the control group 
(P < .05). There was no significant difference in the incidence of 
thrombocytopenia, leukopenia, neutropenia, diarrhea, liver func-
tion damage, creatinine elevated, rash, anemia, decreased appe-
tite, fatigue, paronychia, interstitial pneumonia, pruritus, and dry 
skin between the 2 groups (P > .05), as shown in Table 3.

3.8. Sensitivity analysis and publication bias

Sensitivity analysis was performed for each meta-analysis, and 
each included study was excluded one by one before effect size 
was pooled. The RR and SMD values and 95% CI obtained did 
not change significantly, indicating that the results were stable. 
Subgroup analyses were performed to examine sources of het-
erogeneity in ORR, DCR, 1-year PFS, and 1-year OS accord-
ing to country, age, dose of regimen, and number of lines of 
therapy. As shown in Table 4, subjects from different countries 
may be a source of heterogeneity. In addition, the results of sub-
group analysis showed that the experimental group significantly 
improved ORR, DCR, 1-year PFS, and OS rates in the Chinese 
population and patients under 65 years old (P < .05). The ORR, 
DCR, 1-year PFS, and OS rates in the experimental group were 
significantly better than those in the control group when the 
dose of bevacizumab was 7.5 mg/kg q3w (P < .05). The funnel 
plots with ORR and DCR as indicators were basically symmet-
ric, suggesting no significant publication bias (Fig. 7). The num-
ber of studies for the remaining outcome indicators was less 
than 10, so funnel plots and bias tests were not performed.

4. Discussion
Osimertinib is an irreversible third-generation EGFR inhibitor, 
which belongs to a monoaniline pyrimidine small molecule.[23] 
The propionamide group of osimertinib forms covalent binding 
to C797 at the ATP-binding site of the catalytic domain of the 
EGFR gene, thereby irreversibly binding to EGFR mutation, and 

Figure 4.  PFS rate forest plot of osimertinib plus bevacizumab versus osimertinib alone. (A) 1-yr PFS rate, (B) 2-yr PFS rate. CI = confidence interval, PFS = 
progression-free survival.
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inhibiting tumor cell proliferation and promoting apoptosis.[24] 
Osimertinib can selectively inhibit EGFR-positive sensitive 
mutations and T790M positive resistance mutations, especially 
can significantly prolong the survival time of advanced NSCLC 
patients with confirmed EGFR and acquired T790M muta-
tions.[25] However, due to the fixed nature of its binding target, 
with the extension of the treatment cycle, acquired resistance 
and disease progression inevitably occur.[26] Based on the suc-
cessful experience of erlotinib (the first-generation EGFR-TKI) 
combined with bevacizumab,[27,28] clinical studies of osimertinib 
(the third-generation EGFR-TKI) combined with bevacizumab 
in the treatment of advanced EGFR-mutant NSCLC have been 
emerging. Bevacizumab is a recombinant humanized anti-
VEGF monoclonal antibody, that can combine with VEGF to 
block its biological activity, inhibit angiogenesis, and normalize 
tumor blood vessels, to achieve the effect of tumor treatment.[29] 
Studies[30,31] have shown that the synergistic effect of bevaci-
zumab and osimertinib is achieved by reducing the expression 
level of VEGF in tumor tissues, improving the tumor microenvi-
ronment, and enhancing the signaling pathways that inhibit the 
growth of tumor cells. Compared with increasing the dose of 
osimertinib alone, combination therapy with appropriate doses 
may bring more significant survival benefits to patients.

To systematically evaluate the efficacy and safety of osim-
ertinib plus bevacizumab in the treatment of advanced EGFR-
mutant NSCLC patients, a total of 10 RCTs were included for 
meta-analysis after screening according to the inclusion and 

exclusion criteria. In terms of drug efficacy, it was divided into 
short-term efficacy (ORR, DCR) and long-term efficacy (OS, 
PFS). In terms of short-term efficacy, the ORR of the experi-
mental group was significantly higher than that of the control 
group, and the DCR was slightly higher, suggesting that the 
experimental group had better short-term efficacy than the con-
trol group. However, as far as the long-term efficacy indicators 
of OS and PFS are concerned, the combination therapy does 
not seem to effectively improve the long-term survival rate of 
patients and reduce the risk of death. This is basically consis-
tent with the results of Zhou et al,[32] but Zhou et al’s[32] meta- 
analysis included only 4 RCTs and did not conduct subgroup 
analysis based on the age of the subjects, country, dose of the 
treatment regimen, and treatment line, which may screen out the 
population that can truly benefit from the combination therapy 
and the optimal mode of treatment. The results of our subgroup 
analysis showed that the experimental group had significantly 
improved ORR, DCR, 1-year PFS, and OS rates compared with 
the control group in the Chinese population and patients under 
65 years old. In addition, according to the dose of bevacizumab, 
the experimental group could be divided into high-dose group 
(15 mg/kg q3w), medium-dose group (7.5 mg/kg q3w), and low-
dose group (5 mg/kg q3w). The results of subgroup analysis 
showed that the ORR, DCR, 1-year PFS, and OS rates of the 
experimental group were significantly better than those of the 
control group when the experimental group was given the dose 
of osimertinib (80 mg qd) plus bevacizumab (7.5 mg/kg q3w). 

Figure 5.  OS rate forest plot of osimertinib plus bevacizumab versus osimertinib alone. (A) 1-yr OS rate, (B) 2-yr OS rate. CI = confidence interval, OS = overall 
survival.
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Compared with the control group, there was no significant 
advantage in the high-dose and low-dose experimental groups. 
This suggests that an oral standard dose (80 mg qd) of osimerti-
nib plus a medium dose (7.5 mg/kg q3w) of bevacizumab may be 
the most appropriate combination treatment mode for patients 
with advanced EGFR-mutant NSCLC. However, among the 6 
RCTs evaluating PFS and OS, only 2 and 1 RCT, respectively, 
specifically provided 1-year PFS and OS data of medium-dose 
(7.5 mg/kg q3w) bevacizumab, and the strength of evidence was 
quite limited.

Angiogenesis can create a favorable vascular microenviron-
ment for tumor proliferation and metastasis.[33] VEGF is an 
important vascular growth factor, that can stimulate tumor 
angiogenesis, and its expression level is closely related to tumor 
invasion and metastasis. CEA, NSE, CA125, and CYFRA21-1 

are common tumor markers of NSCLC, and their expression 
levels are of great significance for efficacy evaluation and prog-
nosis. The results of our meta-analysis showed that the exper-
imental group could significantly reduce the expression levels 
of CEA, NSE, CA125, Cyfra21-1, and VEGF in the serum of 
patients. The efficacy of the combined regimen was verified at 
the molecular level. In terms of adverse drug events, the use of 
bevacizumab in the experimental group significantly increased 
the incidence of proteinuria, hypertension, oral mucositis, bleed-
ing, nausea and vomiting, and some patients discontinued the 
drug because of this, so the exposure time of bevacizumab is 
short, which will have a certain impact on the survival time 
of patients. However, the incidence of proteinuria, hyperten-
sion, nausea, and vomiting in the experimental group was not 
significantly different from that in the control group when 

Table 3 

Comparison of adverse events between the experimental group and the control group.

Adverse events Number of studies Heterogeneity RR (95% CI) P

Proteinuria 6 P = .0005, I2 = 77% 4.22 (1.41–12.66) .01
Thrombocytopenia 8 P = .66, I2 = 0% 1.15 (0.94–1.41) .16
Hypertension 5 P = .001, I2 = 78% 4.47 (1.36–14.67) .01
Neutropenia 3 P = .13, I2 = 51% 1.10 (0.63–1.92) .73
Diarrhea 8 P = .94, I2 = 0% 0.98 (0.84–1.15) .82
Liver function damage 7 P = .84, I2 = 0% 1.21 (0.93–1.56) .15
Leukopenia 6 P = .43, I2 = 0% 0.97 (0.79–1.20) .77
Creatinine elevated 2 P = .49, I2 = 0% 1.01 (0.62–1.66) .96
Rash 9 P = .90, I2 = 0% 1.05 (0.88–1.26) .59
Anemia 6 P = .09, I2 = 47% 0.95 (0.70–1.29) .75
Decreased appetite 4 P = .18, I2 = 38% 1.38 (0.97–1.97) .07
Oral mucositis 3 P = .37, I2 = 0% 1.61 (1.17–2.23) .004
Fatigue 4 P = .64, I2 = 0% 1.29 (0.88–1.89) .19
Paronychia 3 P = .07, I2 = 62% 1.09 (0.62–1.92) .76
Bleeding 3 P = .23, I2 = 31% 2.73 (1.43–5.20) .002
Interstitial pneumonia 2 P = .11, I2 = 60% 0.40 (0.09–1.83) .24
Dry skin 3 P = .81, I2 = 0% 1.31 (0.90–1.90) .16
Nausea and vomiting 7 P = .23, I2 = 27% 1.21 (1.02–1.44) .03
Pruritus 2 P = .13, I2 = 56% 0.77 (0.29–2.04) .60

CI = confidence interval, RR = relative risk.

Figure 6.  Tumor markers forest plot of osimertinib plus bevacizumab versus osimertinib alone. (A) CEA, (B) NSE, (C) Cyfra21-1, (D) CA125, (E) VEGF. CA125 = 
carbohydrate antigen 125, CEA = carcinoembryonic antigen, CI = confidence interval, Cyfra21-1 = cytokeratin 19 fragments, NSE = neuron-specific enolase, 
VEGF = vascular endothelial growth factor.
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the experimental group was given a medium dose of bevaci-
zumab (7.5 mg/kg q3w). Perhaps adjusting the dose of bev-
acizumab in the experimental group can improve the efficacy 
without increasing the incidence of drug-related adverse events. 
However, the strength of the evidence is limited because only 2 
to 4 RCTs independently provided data on the aforementioned 
adverse events.

Although our meta-analysis failed to show a clear advantage 
of the combination regimen, some relevant studies have found 
that this combination regimen may improve survival in selected 
populations. Kenmotsu et al[16] found that the subgroup of 

patients with EGFR exon 19 deletion in the experimental group 
showed a trend toward longer PFS. In addition, Kenmotsu et 
al[16] and Soo et al[19] found that the experimental group could 
prolong the PFS of smokers compared with the control group. 
Similarly, Dafni et al[34] also showed that in advanced EGFR-
mutant NSCLC patients, the addition of angiogenesis inhibitors 
to EGFR-TKI treatment prolonged PFS and OS in smokers, 
but did not significantly improve PFS and OS in nonsmokers. 
Tobacco exposure may cause TP53 mutations in tumors, which 
may increase the expression of VEGF in tumors and thus favor 
the effect of angiogenesis inhibitors.[35,36] Case reports have also 

Table 4 

Subgroup analyses of ORR, DCR, 1-year PFS, and 1-year OS between the experimental and control group.

Parameter Factors at study Number of studies Heterogeneity RR 95% CI P

ORR Country
 � China 7 P = .37, I2 = 7% 1.47 (1.21–1.79) <.0001
 � Japan 2 P = .18, I2 = 43% 1.03 (0.88–1.20) .72
 � Global multicenter 1 - 1.01 (0.76–1.34) .94
Age (yr)
 � ≥65 4 P = .09, I2 = 54% 1.09 (0.87–1.34) .46
 � <65 4 P = .61, I2 = 0% 1.53 (1.17–1.99) .002
Treatment scheme
 � AZD (80 mg qd) + BEV (15 mg/kg q3w) vs AZD (80 mg qd) 4 P = .33, I2 = 12% 1.06 (0.92–1.22) .44
 � AZD (80 mg qd) + BEV (7.5 mg/kg q3w) vs AZD (80 mg qd) 5 P = .16, I2 = 39% 1.54 (1.23–1.94) .0002
 � AZD (80 mg qd) + BEV (5 mg/kg q3w) vs AZD (80 mg qd) 1 - 1.24 (0.81–1.90) .32
Treatment line
 � First-line treatment 4 P = .01, I2 = 72% 1.31 (0.83–2.06) .24
 � Second-line treatment 2 P = .44, I2 = 0% 1.08 (0.86–1.34) .50

DCR Country
 � China 7 P = .04, I2 = 56% 1.26 (1.07–1.48) .007
 � Japan 2 P = .47, I2 = 0% 0.99 (0.95–1.03) .60
 � Global multicenter 1 - 1.10 (0.96–1.25) .16
Age (yr)
 � ≥65 4 P < .00001, I2 = 94% 1.12 (0.91–1.38) .28
 � <65 4 P = .33, I2 = 12% 1.23 (1.06–1.42) .005
Treatment scheme
 � AZD (80 mg qd) + BEV (15 mg/kg q3w) vs AZD (80 mg qd) 4 P < .00001, I2 = 91% 1.07 (0.90–1.27) .42
 � AZD (80 mg qd) + BEV (7.5 mg/kg q3w) vs AZD (80 mg qd) 5 P = .03, I2 = 64% 1.27 (1.03–1.56) .03
 � AZD (80 mg qd) + BEV (5 mg/kg q3w) vs AZD (80 mg qd) 1 - 1.10 (0.85–1.42) .49
Treatment line
 � First-line treatment 4 P < .00001, I2 = 96% 1.21 (0.76–1.93) .41
 � Second-line treatment 2 P = .07, I2 = 70% 1.03 (0.89–1.18) .72

1-yr PFS Country
 � China 2 P = .43, I2 = 0% 1.37 (1.07–1.75) .01
 � Japan 2 P = .06, I2 = 71% 0.94 (0.57–1.55) .80
 � Global multicenter 1 - 1.19 (0.89–1.58) .23
Age (yr)
 � ≥65 3 P = .15, I2 = 47% 1.07 (0.90–1.27) .46
 � <65 1 - 1.44 (1.07–1.95) .02
Treatment scheme
 � AZD (80 mg qd) + BEV (15 mg/kg q3w) vs AZD (80 mg qd) 3 P = .15, I2 = 47% 1.07 (0.90–1.27) .46
 � AZD (80 mg qd) + BEV (7.5 mg/kg q3w) vs AZD (80 mg qd) 2 P = .43, I2 = 0% 1.37 (1.07–1.75) .01
Treatment line
 � First-line treatment 3 P = .50, I2 = 0% 1.26 (1.06–1.50) .008
 � Second-line treatment 2 P = .06, I2 = 71% 0.95 (0.56–1.59) .84

1-yr OS Country
 � China 2 P = .40, I2 = 0% 1.40 (1.15–1.71) .0007
 � Japan 2 P = .24, I2 = 26% 0.96 (0.87–1.05) .32
 � Global multicenter 1 - 1.06 (0.88–1.27) .55
Age (yr)
 � ≥65 3 P = .16, I2 = 46% 0.99 (0.91–1.09) .89
 � <65 2 P = .40, I2 = 0% 1.40 (1.15–1.71) .0007
Treatment scheme
 � AZD (80 mg qd) + BEV (15 mg/kg q3w) vs AZD (80 mg qd) 4 P = .003, I2 = 78% 1.06 (0.87–1.29) .57
 � AZD (80 mg qd) + BEV (7.5 mg/kg q3w) vs AZD (80 mg qd) 1 - 1.31 (1.07–1.62) .009
Treatment line
 � First-line treatment 3 P < .00001, I2 = 93% 1.21 (0.78–1.89) .40
 � Second-line treatment 2 P = .81, I2 = 0% 1.05 (0.91–1.20) .52

AZD = osimertinib, BEV = bevacizumab, CI = confidence interval, DCR = disease control rate, ORR = objective response rate, OS = overall survival, PFS = q3w = every 3 weeks, qd = once daily, RR = 
relative risk.
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suggested that osimertinib plus bevacizumab may be an effective 
option for NSCLC patients with EGFR exon 20 insertion muta-
tion and brain metastases.[37] Although this combination may 
not benefit all patients with advanced EGFR-mutant NSCLC, 
it may benefit selected populations. Certain predictors of effi-
cacy would help identify subgroups of patients most likely to 
benefit from combination therapy.[38] For example, programmed 
cell death-ligand 1 expression on tumor cells can be used as 
a predictor of the efficacy of immune checkpoint inhibitors in 
NSCLC.[39–42] Due to the limited number of cases included in our 
study, and most of them were Chinese population, there is a lack 
of large sample and global multicenter studies, and it is difficult 
to draw firm conclusions based on the current data. In addition, 
the limitations of our study include: Due to the inconsistency or 
missing of the relevant original data provided by the included 
studies, subgroup analysis could not be performed according 
to tumor stage, EGFR mutation type, smoking status, brain 
metastasis, etc. Some studies had insufficient follow-up time and 
lacked long-term survival data. The number of eligible RCTs is 
limited, resulting in insufficient data for pooled analysis of some 
outcome indicators, and the statistical power may not be suf-
ficient to prove the effect of the combined regimen. Therefore, 
these results need to be interpreted with caution.

In summary, osimertinib plus bevacizumab failed to provide 
additional DCR, PFS, and OS benefits with higher toxicity com-
pared with osimertinib alone in patients with advanced EGFR-
mutant NSCLC, although it improved ORR and reduced serum 
tumor markers and VEGF expression. This suggests that wide-
spread clinical adoption of this combination regimen remains 
to be considered. However, the efficacy of this combination reg-
imen in the Chinese population and relatively young patients 
should not be ignored. In the future, more well-designed, mul-
ticenter RCTs are needed to identify the subgroups of patients 
who are most likely to benefit and to verify the optimal dose of 
this combination regimen.

Author contributions
Conceptualization: Ling Yao, Chunzhen Zhang, Dailong Li, 

Xianfei Yang.
Data curation: Ling Yao, Chunzhen Zhang, Dailong Li, Lu Xu, 

Xianfei Yang.
Formal analysis: Ling Yao, Chunzhen Zhang, Dailong Li, 

Xianfei Yang.
Investigation: Ling Yao, Xianfei Yang.

Methodology: Ling Yao, Chunzhen Zhang, Dailong Li, Lu Xu, 
Xianfei Yang.

Software: Ling Yao, Dailong Li, Lu Xu, Xianfei Yang.
Writing—original draft: Ling Yao, Chunzhen Zhang, Dailong 

Li.
Writing—review & editing: Ling Yao, Xianfei Yang.
Supervision: Lu Xu, Xianfei Yang.

References
	 [1]	 Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2024;74:229–63.

	 [2]	 Li D, Li W, Xu L, Che Y, Cheng C. Efficacy and safety of Kanglaite plus 
EGFR-TKI in the treatment of advanced non-small cell lung cancer: a 
meta-analysis of 13 RCTs. Medicine (Baltim). 2022;101:e32169.

	 [3]	 Bjørnhart B, Mouritzen MT, Kristiansen C, et al. 5-Year survival in 
Danish patients with advanced non-small cell lung cancer treated 
with immune checkpoint inhibitor monotherapy. Acta Oncol. 
2023;62:861–70.

	 [4]	 Zhang YL, Yuan JQ, Wang KF, et al. The prevalence of EGFR mutation 
in patients with non-small cell lung cancer: a systematic review and 
meta-analysis. Oncotarget. 2016;7:78985–93.

	 [5]	 Attili I, Passaro A, Corvaja C, et al. Immune checkpoint inhibitors in 
EGFR-mutant non-small cell lung cancer: a systematic review. Cancer 
Treat Rev. 2023;119:102602.

	 [6]	 Remon J, Steuer CE, Ramalingam SS, Felip E. Osimertinib and other 
third-generation EGFR TKI in EGFR-mutant NSCLC patients. Ann 
Oncol. 2018;29(suppl_1):ii20–i27.

	 [7]	 Eide IJZ, Helland A, Ekman S, et al. Osimertinib in T790M-positive 
and -negative patients with EGFR-mutated advanced non-small cell 
lung cancer (the TREM-study). Lung Cancer. 2020;143:27–35.

	 [8]	 West HJ, McCleland M, Cappuzzo F, et al. Clinical efficacy of atezoli-
zumab plus bevacizumab and chemotherapy in KRAS-mutated non-
small cell lung cancer with STK11, KEAP1, or TP53 comutations: 
subgroup results from the phase III IMpower150 trial. J ImmunoTher 
Cancer. 2022;10:e003027.

	 [9]	 Masuda C, Yanagisawa M, Yorozu K, et al. Bevacizumab counteracts 
VEGF-dependent resistance to erlotinib in an EGFR-mutated NSCLC 
xenograft model. Int J Oncol. 2017;51:425–34.

	[10]	 Le X, Nilsson M, Goldman J, et al. Dual EGFR-VEGF pathway inhi-
bition: a promising strategy for patients with EGFR-mutant NSCLC. J 
Thorac Oncol. 2021;16:205–15.

	[11]	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med. 2009;6:e1000097.

	[12]	 Higgins JP, Altman DG, Gøtzsche PC, et al. Cochrane Bias Methods 
Group. The Cochrane Collaboration’s tool for assessing risk of bias in 
randomised trials. BMJ. 2011;343:d5928.

Figure 7.  Funnel plot of ORR (A), DCR (B). DCR = disease control rate, ORR = objective response rate.



11

Yao et al.  •  Medicine (2024) 103:45� www.md-journal.com

	[13]	 Akamatsu H, Toi Y, Hayashi H, et al. Efficacy of osimertinib plus bev-
acizumab vs osimertinib in patients with EGFR T790M-mutated non-
small cell lung cancer previously treated with epidermal growth factor 
receptor-tyrosine kinase inhibitor: West Japan Oncology Group 8715L 
phase 2 randomized clinical trial. JAMA Oncol. 2021;7:386–94.

	[14]	 Chen S. Clinical study of osimertinib combined with bevacizumab 
in the treatment of advanced lung cancer. Heilongjiang Med J. 
2023;36:107–10.

	[15]	 Feng X, Xiao J, Jing M, et al. Observation of clinical efficacy of osim-
ertinib combined with bevacizumab in the first-line treatment of EGFR 
sensitive mutation-positive advanced non-small cell lung cancer. J Clin 
Exp Med. 2022;21:1697–700.

	[16]	 Kenmotsu H, Wakuda K, Mori K, et al. Randomized phase 2 study of 
osimertinib plus bevacizumab versus osimertinib for untreated patients 
with nonsquamous NSCLC harboring EGFR mutations: WJOG9717L 
study. J Thorac Oncol. 2022;17:1098–108.

	[17]	 Pan J, Yu S, Huang L. Clinical observation on osimertinib combined 
with bevacizumab in treatment of advanced non-small cell lung cancer 
with epidermal growth factor receptor T790M positive. Cancer Res 
Clin. 2023;35:408–12.

	[18]	 Ren Y. Efficacy analysis of osimertinib combined with bevacizumab in 
the treatment of advanced lung adenocarcinoma with EGFR mutation. 
. Kang Yi. 2021;22:118–9.

	[19]	 Soo RA, Han JY, Dafni U, et al. ETOP 10-16 BOOSTER Collaborators. 
A randomised phase II study of osimertinib and bevacizumab ver-
sus osimertinib alone as second-line targeted treatment in advanced 
NSCLC with confirmed EGFR and acquired T790M mutations: the 
European Thoracic Oncology Platform (ETOP 10-16) BOOSTER trial. 
Ann Oncol. 2022;33:181–92.

	[20]	 Su D, Zheng X, Han Y, et al. Clinical effect of bevacizumab combined 
with ositinibin in the treatment of advanced non-small cell lung can-
cer patients with EGFR-T790M mutation. Henan Medical Research. 
2022;31:1305–9.

	[21]	 Wang S, Cheng W, Dang Q. Curative effect of bevacizumab combined 
with osimertinib in advanced NSCLC with EGFR-T790M mutation. 
Pract J Cancer. 2024;39:598–601.

	[22]	 Zhang H. Efficacy of bevacizumab combined with osimertinib in 
the treatment of brain metastases from epidermal growth factor  
receptor-mutant lung adenocarcinoma. Mod Med Health Res Elect J. 
2022;6:55–8.

	[23]	 Mok TS, Wu Y-L, Ahn M-J, et al. Osimertinib or platinum-pemetrexed 
in EGFR T790M-positive lung cancer. N Engl J Med. 2017;376:629–40.

	[24]	 Goss G, Tsai CM, Shepherd FA, et al. Osimertinib for pretreated EGFR 
Thr790Met-positive advanced non-small-cell lung cancer (AURA2): 
a multicentre, open-label, single-arm, phase 2 study. Lancet Oncol. 
2016;17:1643–52.

	[25]	 Ricciuti B, Chiari R, Chiarini P, et al. Osimertinib (AZD9291) and 
CNS response in two radiotherapy-naïve patients with EGFR-mutant 
and T790M-positive advanced non-small cell lung cancer. Clin Drug 
Investig. 2016;36:683–6.

	[26]	 Nie K, Zhang Z, Zhang C, et al. Osimertinib compared docetaxel- 
bevacizumab as third-line treatment in EGFR T790M mutated non-
small-cell lung cancer. Lung Cancer. 2018;121:5–11.

	[27]	 Saito H, Fukuhara T, Furuya N, et al. Erlotinib plus bevacizumab versus 
erlotinib alone in patients with EGFR-positive advanced non-squamous 

non-small-cell lung cancer (NEJ026): interim analysis of an open-label, 
randomised, multicentre, phase 3 trial. Lancet Oncol. 2019;20:625–35.

	[28]	 Yamamoto N, Seto T, Nishio M, et al. Erlotinib plus bevacizumab 
vs erlotinib monotherapy as first-line treatment for advanced EGFR 
mutation-positive non-squamous non-small-cell lung cancer: survival 
follow-up results of the randomized JO25567 study. Lung Cancer. 
2021;151:20–4.

	[29]	 Garcia J, Hurwitz HI, Sandler AB, et al. Bevacizumab (Avastin®) in 
cancer treatment: a review of 15 years of clinical experience and future 
outlook. Cancer Treat Rev. 2020;86:102017.

	[30]	 Hung MS, Chen IC, Lin PY, et al. Epidermal growth factor receptor 
mutation enhances expression of vascular endothelial growth factor in 
lung cancer. Oncol Lett. 2016;12:4598–604.

	[31]	 Naumov GN, Nilsson MB, Cascone T, et al. Combined vascular endo-
thelial growth factor receptor and epidermal growth factor receptor 
(EGFR) blockade inhibits tumor growth in xenograft models of EGFR 
inhibitor resistance. Clin Cancer Res. 2009;15:3484–94.

	[32]	 Zhou G, Guo L, Xu J, Tang K, Chen J. Comparison of osimertinib plus 
bevacizumab against osimertinib alone in NSCLC harboring EGFR 
mutations: a systematic review and meta-analysis. Ther Adv Med 
Oncol. 2024;16:17588359241227677.

	[33]	 Leong SP, Naxerova K, Keller L, Pantel K, Witte M. Molecular mech-
anisms of cancer metastasis via the lymphatic versus the blood vessels. 
Clin Exp Metastasis. 2022;39:159–79.

	[34]	 Dafni U, Soo RA, Peters S, et al. Impact of smoking status on the rela-
tive efficacy of the EGFR TKI/angiogenesis inhibitor combination ther-
apy in advanced NSCLC-a systematic review and meta-analysis. ESMO 
Open. 2022;7:100507.

	[35]	 Li AM, Boichard A, Kurzrock R. Mutated TP53 is a marker of increased 
VEGF expression: analysis of 7,525 pan-cancer tissues. Cancer Biol 
Ther. 2020;21:95–100.

	[36]	 Schwaederlé M, Lazar V, Validire P, et al. VEGF-A expression correlates 
with TP53 mutations in non-small cell lung cancer: implications for 
antiangiogenesis therapy. Cancer Res. 2015;75:1187–90.

	[37]	 Zhi X, Luo J, Li W, et al. Case report: osimertinib followed by osimerti-
nib plus bevacizumab, personalized treatment strategy for a lung can-
cer patient with a novel EGFR Exon 20 insertion D770_N771insGT 
and multiple brain metastases. Front Oncol. 2021;11:733276.

	[38]	 Sahin TK, Rizzo A, Aksoy S, Guven DC. Prognostic Significance 
of the Royal Marsden Hospital (RMH) score in patients with 
cancer: a systematic review and meta-analysis. Cancers (Basel). 
2024;16:1835.

	[39]	 Rizzo A. Identifying optimal first-line treatment for advanced non-
small cell lung carcinoma with high PD-L1 expression: a matter of 
debate. Br J Cancer. 2022;127:1381–2.

	[40]	 Guven DC, Erul E, Kaygusuz Y, et al. Immune checkpoint  
inhibitor-related hearing loss: a systematic review and analysis of indi-
vidual patient data. Support Care Cancer. 2023;31:624.

	[41]	 Rizzo A, Santoni M, Mollica V, et al. Peripheral neuropathy and head-
ache in cancer patients treated with immunotherapy and immuno- 
oncology combinations: the MOUSEION-02 study. Expert Opin Drug 
Metab Toxicol. 2021;17:1455–66.

	[42]	 Rizzo A, Dall’Olio FG, Altimari A, Giunchi F, Ardizzoni A. Role of 
PD-L1 assessment in advanced NSCLC: does it still matter? Anticancer 
Drugs. 2021;32:1084–5.


