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Abstract
Chemotherapy in combination with immune checkpoint inhibitor (ICI) or bev-
acizumab has demonstrated a superior effect for non- squamous non- small cell 
lung cancer (NS- NSCLC). There are still few randomized controlled trials (RCTs) 
investigating the differences between ICI plus chemotherapy (ICI- chemotherapy) 
and bevacizumab plus chemotherapy (Bev- chemotherapy) in first- line treat-
ment of NS- NSCLC. We identified RCTs in databases and conference abstracts 
presented at international conferences by Sep 1, 2021. Bayesian network meta- 
analysis was performed using randomized effect consistency model to estimate 
hazard ratio (HR) and odds ratio (OR). The outcomes included overall survival 
(OS), progression- free survival (PFS), overall response rate (ORR), and grade ≥ 3 
treatment- related adverse events (TRAEs). Fifteen RCTs (17 articles) of 6561 ad-
vanced NS- NSCLC patients receiving ICI- chemotherapy, Bev- chemotherapy, or 
chemotherapy at first- line were eligible for analysis. NMA results showed that 
first- line ICI- chemotherapy prolonged OS (HR 0.79, 0.66– 0.94) in patients with 
advanced NS- NSCLC compared with Bev- chemotherapy, while no differences 
were in PFS, ORR, and grade ≥ 3 TRAEs (p > 0.05). Ranking plots suggested that 
ICI- chemotherapy had the most probability to offer the best OS (probability 0.993), 
PFS (probability 0.658), and ORR (probability 0.565), and Bev- chemotherapy had 
the most risks of grade ≥ 3 TRAEs (probability 0.833). Therefore, our findings 
showed that first- line ICI- chemotherapy was associated with better OS than Bev- 
chemotherapy in patients with advanced NS- NSCLC, and more clinical trials are 
warranted to confirm these results.
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1  |  INTRODUCTION

Lung cancer remains the most common cancer and has 
been the main cause of cancer- related death worldwide.1,2 
Non- small cell lung cancer (NSCLC) accounts for more 
than 80% of all lung cancers, with most having non- 
squamous histology.3 Despite significant improvements 
have been made in the treatment of advanced NSCLC, 
The prognosis remains poor with median overall survival 
(OS) of 8– 10 months and 5- year progression- free survival 
(PFS) of 4%.4,5 Currently, the mainstream treatment for 
advanced non- squamous NSCLC (NS- NSCLC) is to tar-
get driver gene mutation such as epidermal growth fac-
tor receptor.6– 8 However, customarily a small fraction of 
patients were identified as having driver mutations that 
can benefit from targeted agents.9,10 As for patients with-
out sensitive gene mutations, they are unable to benefit 
from targeted therapy, making the choices of treatment 
full of passivity for them.9 Traditional chemotherapy re-
mains the mainstream treatment with a response rate of 
only 15% ~ 30%.

Bevacizumab is a vascular endothelial growth fac-
tor monoclonal antibody, which inhibits angiogenesis to 
suppress tumor growth by restricting the delivery of ox-
ygen and nutrients to the tumor.11,12 Since bevacizumab 
was added to chemotherapy (Bev- chemotherapy), this 
combination enhanced treatment efficacy and has be-
come the standard first- line treatment for advanced NS- 
NSCLC.13– 21 However, the overall survival (OS) benefit of 
Bev- chemotherapy remains unsatisfactory.16,22

The introduction of immunotherapy has a howling 
success, changing the treatment strategy of advanced 
NS- NSCLC.23– 30 Immune checkpoint inhibitors (ICIs) of 
programmed cell death- 1/programmed cell death- ligand 
1 (PD- 1/PD- L1) inhibitors, such as pembrolizumab, 
nivolumab, and atezolizumab, have been approved for 
advanced NS- NSCLC because of their substantial im-
provements in survival compared with chemotherapy.31– 34 
Recently, the IMpower- 150 trial showed that first- line 
ICI plus chemotherapy (ICI- chemotherapy) had survival 
benefit compared with Bev- chemotherapy in patients 
with NS- NSCLC.35,36 For lack of head- to- head compari-
son, the safety, efficacy, and prognosis of both combina-
tion strategies in first- line treatment remain uncertain. 
Therefore, we carried out this network meta- analysis 
(NMA) to determine whether ICI- chemotherapy prolongs 

survival in advanced untreated NS- NSCLC compared to 
Bev- chemotherapy.

2  |  METHODS

2.1 | Data sources and search strategy

We conducted a systematic search from PubMed, Embase, 
and the Cochrane library up to Sep 1, 2021. We also searched 
the conference abstracts published at international confer-
ences to identify eligible trials. The search was conducted 
under the principles outlined in the Cochrane Handbook 
for Systematic Reviews of Interventions. The search strat-
egies were as follows: (“PD- L1” OR “programmed cell 
death- 1” OR “PD- 1” OR “nivolumab” OR “opdivo” OR 
“pembrolizumab” OR “keytruda” OR “atezolizumab” 
OR “tecentriq” OR “durvalumab” OR “Imfinzi” OR “ave-
lumab”) OR (“bevacizumab” OR “avastin”) AND (“non- 
small cell lung” OR “nsclc” OR “lung adenocarcinoma” 
OR “nonsquamous”) AND (“advanced” OR “metastatic”) 
AND (“chemotherapy” OR “carboplatin” OR “cisplatin” 
OR “paclitaxel” OR “docetaxel” OR “pemetrexed”) AND 
(“first- line” OR “untreated” OR “treatment naïve” OR 
“chemo naïve” OR “front line”) AND (“controlled clinical 
trial” OR “RCT” OR “randomly” OR “trial”). The detailed 
strategies are shown in Supplement 1.

2.2 | Inclusion and exclusion criteria

Studies were included as follows: (1) patients had his-
tologically confirmed with advanced NS- NSCLC (stage 
IIIB- IV); (2) studies involved the comparisons among ICI- 
chemotherapy, Bev- chemotherapy, and chemotherapy in 
first- line treatment; (3) study outcomes included objective 
response rate (ORR), PFS, OS, or grade  ≥  3 treatment- 
related adverse events (TRAEs); (4) study designs were 
controlled clinical trials (RCTs). Studies were excluded as 
follows: (1) studies with duplicate publications; (2) study 
protocols, reviews, meta- analyses, letters, or case reports; 
(3) studies with data unavailable. If the trial compared 
one drug of two different dosages, we chose the usual 
drug dosage. This NMA was conducted following the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA).37
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2.3 | Outcome measures

The following outcomes were used for analysis: ORR, 
PFS, OS, and grade ≥  3 TRAEs. ORR was calculated by 
the proportion of complete and partial recession. PFS was 
defined as the time between randomization and disease 
progression or death from any cause. OS was calculated 
as the time in between randomization and death from any 
cause. Grade ≥ 3 TRAEs were evaluated by the common 
terminology criteria for adverse events.38 Hazard ratio 
(HR) with 95% confidence interval (CI) was calculated 
for continuous variable analysis (OS and PFS), and odds 
ratio (OR) with 95%CI were estimated for binary variable 
analysis (ORR and grade ≥ 3 TRAEs).

2.4 | Study selection and data extraction

Two investigators (Z.B. Zhang and Y. Wang) indepen-
dently screened the studies by title, abstract, and full text 
based on inclusion and exclusion criteria; any discrepan-
cies were discussed by a third reviewer (J.L. Wang). The 
extracted data included the first author, publication year, 
trial name, trial phase, sex, age, smoking history, treat-
ment strategy, drug dose, number of patients, Eastern 
Cooperative Oncology Group Performance Status (ECOG 
PS), and the outcomes of OS, PFS, ORR, and grade  ≥  3 
TRAEs.

2.5 | Quality assessment

The quality of each included study was assessed by an-
other two reviewers (J.Y. Lu and X.W. Ge) independently 
with the Cochrane Risk of Bias Tools,39 including six do-
mains: (1) randomization sequence generation and alloca-
tion concealment; (2) blinding of patients and personnel; 
(3) blinding of outcome assessment; (4) incomplete out-
come data; (5) selective outcome reporting; (6) other bias. 
Discrepancies were mediated by a third investigator (J.L. 
Wang) and resolved by consensus. Quality assessments 
for each trial are available in Supplement 2.

2.6 | Statistical analysis

2.6.1 | Pairwise meta- analysis

STATA software (version 15.0) was used for performing 
pairwise meta- analysis (PMA) in a random- effect model. 
The I- square was calculated for assessing the extent of 
variability attributable to heterogeneity between two stud-
ies.40 PMA between ICI- chemotherapy and chemotherapy 

was conducted stratified by PD- L1 expression, liver metas-
tases, and brain metastases.

2.6.2 | Network meta- analysis

R software (version 4.1.0) with gemtc package (version 
1.0) was applied for conducting Bayesian network meta- 
analysis (NMA) in a random- effect model. Four chains 
were generated and 100,000 iterations with 10,000 burn- 
ins for each chain (the interval of 10). R software was also 
used for identifying the probability of each treatment to be 
ranked the best for four endpoints and the surface under 
the cumulative ranking curves (SUCRAs) were presented 
in ranking plots. Network plots showed the connection 
between eligible trails based on the number of trails and 
sample size. The comparison- adjusted funnel plots tested 
publication bias.41,42 To ensure the reliability of NMA, 
sensitive analysis was conducted by excluding 1 trial with 
phase II and 3 trials with a sample size of each group less 
than 100. Inconsistency was assessed by comparing the 
synthesized HRs of PMA and NMA results. Node splitting 
analysis was used for assessing the consistency of direct 
and indirect evidence.43 The contribution plot was used 
to measure the percent contribution of direct comparison 
to the indirect, mixed, and the entire network estimates 
(Supplementary materials). All tests were two- sided, and a 
p- value below 0.05 was considered statistically significant.

3  |  RESULTS

3.1 | Eligible studies and characteristics

All 2284 records were identified from the databases and 
international conferences. After screening titles and ab-
stracts to exclude duplicate articles and articles that did not 
meet the inclusion criteria, 15 eligible RCTs (17 articles) 
with 6541 advanced NS- NSCLC patients receiving three 
treatments (ICI- chemotherapy, Bev- chemotherapy, and 
chemotherapy) were included in this NMA. Seven trials15– 21 
compared Bev- chemotherapy with chemotherapy, seven 
trials23– 30 compared ICI- chemotherapy with chemotherapy, 
and one trial35,36 compared ICI- chemotherapy with Bev- 
chemotherapy (Figure 1). Overall, ICI- chemotherapy, Bev- 
chemotherapy, and chemotherapy were administered to 
2328, 1720, and 2513 patients, respectively. Network plots 
of all eligible trials were shown in Figure 2. Of all 15 trials, 
15 reported ORR and PFS, 14 reported OS, and 11 reported 
grade ≥ 3 TRAEs. Thirteen of 15 trials (86.7%) were phase III 
RCTs; 12 of 15 RCTs (80%) included more than 100 patients 
in each arm. Eligible studies and patients' characteristics 
(Table 1 and Table 2) included the first author, publication 
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year, trial name, trial phase, treatment drug, number of pa-
tients, sex, age, stage, smoking status, ECOG PS, brain me-
tastases, and liver metastases. Supplement 2 showed that 
20.0% (3/15) were high- quality studies and 46.7% (7/15) 
were accompanied by a high risk of bias for lacking person-
nel blinding according to the Cochrane Collaboration tool.

3.2 | NMA of outcomes

As listed in Table  3, four outcomes were evaluated 
by NMA. For OS, the pooled results showed that ICI- 
chemotherapy (HR 0.68, 95% CI: 0.59– 0.78) or Bev- 
chemotherapy (HR 0.86, 95% CI: 0.75– 0.99) improved 

F I G U R E  1  Flowchart of eligible studies selection

F I G U R E  2  Network plot of all 
eligible trials. The area of the circles 
means the proportional number of 
patients for each treatment. The thickness 
of the lines means the proportional 
number of trials comparing the connected 
two treatments. PFS, progression- 
free survival; OS, overall survival; 
ORR, objective response rate; TRAEs, 
treatment- related adverse events; ICI, 
immune checkpoint inhibitor; bev, 
bevacizumab; chemo, chemotherapy
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OS compared with chemotherapy. ICI- chemotherapy 
was associated with better OS than Bev- chemotherapy 
(HR 0.79, 95%CI: 0.66– 0.94). For PFS, the addition of 
ICI (HR 0.52, 95% CI: 0.42– 0.65) or bevacizumab (HR 
0.62, 95%CI: 0.50– 0.78) to chemotherapy decreased the 
risk of disease progression, but there were no statisti-
cal differences in PFS between ICI- chemotherapy and 
Bev- chemotherapy (p  >  0.05). For ORR, patients with 
either ICI- chemotherapy (OR 1.7, 95% CI: 1.5– 2.0) or 
Bev- chemotherapy (OR 1.7, 95% CI: 1.4– 2.0) had higher 
ORR than those with chemotherapy, while there were 
no significant differences in two combination thera-
pies (p  >  0.05). For grade  ≥  3 TRAEs, patients with 
Bev- chemotherapy (OR 1.4, 95% CI: 1.0– 1.9) had more 
grade ≥ 3 TRAEs than chemotherapy, while no statistical 
differences were identified between ICI- chemotherapy 
and Bev- chemotherapy (p > 0.05).

3.3 | Treatment ranking

The treatment ranking plots for four outcomes were shown 
in Figure 3, which suggested that ICI- chemotherapy had 
the most probability to offer the best OS (probability 
0.993), PFS (probability 0.658), ORR (probability 0.565), 
and Bev- chemotherapy had the most risks of grade  ≥  3 
TRAEs (probability 0.833).

3.4 | Subgroup analysis

Subgroup PMA was conducted for comparing ICI- 
chemotherapy with chemotherapy. Stratified by PD- L1 
expression, patients with PD- L1 ≥ 1% (HR 0.42, 95%CI: 
0.33– 0.53) or PD- L1  <  1% (HR 0.58, 95%CI: 0.45– 0.74) 
had PFS benefit, while only patients with PD- L1  ≥  1% 
(HR 0.59, 95%CI: 0.46– 0.76) had OS benefit. Stratified 
by liver metastases, ICI- chemotherapy was associated 
with longer PFS in patients with liver metastases (HR 
0.70, 95%CI: 0.54– 0.91) or no liver metastases (HR 0.56, 
95%CI: 0.49– 0.65) compared with chemotherapy, while 
OS benefit only existed in patients with no liver metas-
tases (HR 0.72, 95%CI: 0.57– 0.90). Stratified by brain 
metastases, ICI- chemotherapy was in association with 
better PFS and OS for patients with no brain metastases 
(PFS: HR 0.44, 95%CI: 0.31– 0.64; OS: HR 0.46, 95%CI: 
0.30– 0.70) or brain metastases (PFS: HR 0.48, 95%CI: 
0.41– 0.57; OS: HR 0.59, 95%CI: 0.49– 0.72) than chemo-
therapy (Figure 4).

Subgroup NMA was performed in patients with 
liver metastases, including one trial comparing ICI- 
chemotherapy with Bev- chemotherapy, three trials com-
paring ICI- chemotherapy with chemotherapy, and one A
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T A B L E  3  Network meta- analysis of clinical outcomes

HR for OS HR for PFS

ICI- chemo ICI- chemo

0.79 (0.66, 0.94) Bev- chemo 0.84 (0.63, 1.10) Bev- chemo

0.68 (0.59, 0.78) 0.86 (0.75, 0.99) Chemo 0.52 (0.42, 0.65) 0.62 (0.50, 0.78) Chemo

OR for ORR OR for TRAEs ≥ 3

ICI- chemo ICI- chemo

1.0 (0.8, 1.3) Bev- chemo 0.9 (0.6, 1.2) Bev- chemo

1.7 (1.5, 2.0) 1.7 (1.4, 2.0) Chemo 1.2 (0.9, 1.5) 1.4 (1.0, 1.9) Chemo

Abbreviations: bev, bevacizumab; chemo, chemotherapy; HR, hazard ratio; ICI, immune checkpoint inhibitor; OR, odds ratio; objective response rate; OS, 
overall survival; PFS, progression- free survival; TRAEs, treatment- related adverse events.

F I G U R E  3  Treatment ranking plot
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trial comparing Bev- chemotherapy with chemotherapy 
(Supplement 3). The results demonstrated that there 
were no significant differences in PFS and OS among 
three treatments (ICI- chemotherapy, Bev- chemotherapy, 
and chemotherapy) in patients with liver metastases 
(P > 0.05) (Supplement 4).

3.5 | Heterogeneity and publication bias

Heterogeneity was evaluated in direct, indirect, and net-
work comparations. The results showed that there was 
little heterogeneity among included trials with I2 > 50% 
(Supplement 5). Comparison- adjusted funnel plots were 

F I G U R E  4  Comparing ICI- chemotherapy with chemotherapy stratified by PD- L1 expression, liver metastases, and brain metastases
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presented in Supplement 6, which indicated little publica-
tion bias among included trials.

3.6 | Inconsistency assessment

The inconsistency assessment was performed using node- 
splitting analysis for OS, PFS, ORR, and grade ≥ 3 TRAEs, 
the results showed the consistency among direct, indirect, 
and network comparations with all p > 0.05. Forest plots 
of direct, indirect, and network comparations were gener-
ated for OS, PFS, ORR, and grade ≥ 3 TRAEs (Figure 5).

3.7 | Sensitivity analysis and 
contribution of direct comparison

As shown in Supplement 7, we excluded one trial17 with 
phase II and three trials18,19,25 with a sample size of 
less than 100 in each group. A total of 11 trials, involv-
ing 6023 previous untreated NS- NSCLC patients, were 
enrolled in the sensitivity analysis. The results were 

similar to the main analysis. Therefore, we included all 
trials for the robustness of the final NMA results. The 
contribution plots of direct comparison are presented in 
Supplement 8.

4  |  DISCUSSION

Immune checkpoint inhibitors (ICIs) have been noted 
to show promise for cancer treatment due to their ad-
vances in cancer treatments and have been clinically 
approved in a variety of malignancies.44– 46 PD- 1, an es-
sential regulator of adaptive immune responses, is pri-
marily involved in immune inhibitory signaling and is 
ectopically expressed on antitumor T cells, while expres-
sion of its ligand PD- L1 can be upregulated by tumor 
cells and block antitumor effects.47,48 PD- 1/PD- L1 inhib-
itors could abolish this suppression effect and reactivate 
the antitumor effect of T cells. Blocking the PD- 1/PD- L1 
pathway has emerged as a front- line treatment strategy 
for various cancers, in particular NSCLC. Unlike chem-
otherapy, blocking immune checkpoint could indirectly 

F I G U R E  5  Forest plots for direct, indirect, and network meta- analysis (NMA). 1: ICI- chemotherapy, 2: Bev- chemotherapy, 3: 
Chemotherapy. PFS, progression- free survival; OS, overall survival; ORR, objective response rate; TRAEs, treatment- related adverse events; 
ICI, immune checkpoint inhibitor; bev, bevacizumab; chemo, chemotherapy
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target tumors by boosting antitumor immune responses 
and these effects have been reported to be durable in a 
subset of patients.48

Conventional chemotherapy is the main treatment 
option for NS- NSCLC patients.49 The combination of 
ICIs and chemotherapy have higher efficacy compared 
to chemotherapy and is therefore recommended by 
NCCN guidelines as first- line treatment of advanced NS- 
NSCLC.50,51 Currently, ICI- chemotherapy has emerged 
as a new treatment option on advanced NS- NSCLC pa-
tients without the driver gene mutation. Bevacizumab, 
a monoclonal antibody against VEGFR, is beneficial 
in combination with chemotherapy for advanced NS- 
NSCLC, and Bev- chemotherapy has been the standard 
treatment for advanced NS- NSCLC. IMpower- 150 trial 
was the first RCT comparing ICI- chemotherapy with Bev- 
chemotherapy in previous untreated NS- NSCLC patients 
with advanced- stage, the results showed that patients 
with ICI- chemotherapy had prolonged survival compared 
with those with Bev- chemotherapy.35 The comparison be-
tween first- line ICI- chemotherapy and Bev- chemotherapy 
in advanced NS- NSCLC remains unclear due to the lack 
of direct comparisons between ICI- chemotherapy and 
Bev- chemotherapy. Therefore, we performed this NMA to 
compare the potential of these two combination strategies.

We initially performed NMA among ICI- chemotherapy, 
Bev- chemotherapy, and chemotherapy for previously un-
treated patients with advanced NS- NSCLC. Based on 
15 RCTs, the results indicated an OS benefit with ICI- 
chemotherapy compared to Bev- chemotherapy, while no dif-
ferences were observed on ORR, PFS, and grade ≥ 3 TRAEs. 
Treatment ranking plots revealed that ICI- chemotherapy 
was most likely to deliver the best OS, PFS, and highest 
risk of TRAEs ≥3, while Bev- chemotherapy had the high-
est ORR. Furthermore, we performed subgroup NMA in 
patients with liver metastases, and no differences in PFS 
and OS were detected between ICI- chemotherapy and Bev- 
chemotherapy. Our findings demonstrated that first- line 
ICI- chemotherapy was associated with better OS than Bev- 
chemotherapy in advanced EC patients except for those with 
liver metastases. A comparison between ICI- chemotherapy 
and Bev- chemotherapy stratified by biomarkers such as PD- 
L1 expression was not performed due to the unavailability of 
data, which requires further investigation.

There were several limitations in this study. First, dif-
ferent PD- 1/PD- L1 inhibitors (pembrolizumab, camreli-
zumab, tislelizumab, and sintilimab) and chemotherapy 
regimens were used in different RCTs, which may have 
affected the final results. Second, the genetic status in 
Bev- chemotherapy trials was unknown, whereas im-
munotherapy trials involved patients without the driver 
gene mutation. Third, some trials allowed patients to 
cross over from chemotherapy to ICI- chemotherapy 

after progressions such as the KEYNOTE- 021 trial and 
CameL trial, which may decrease the OS benefit of 
ICI- chemotherapy. Fourth, heterogeneity and publi-
cation bias existed, several trials are still ongoing with 
incomplete data, we thus conducted sensitive analysis 
and the results were consistent with the main analysis. 
Lastly, due to the unavailability of data, we only per-
formed a subgroup NMA stratified by liver metastases. 
Despite the above limitations, our study still confirmed 
the favorable survival of ICI- chemotherapy versus Bev- 
chemotherapy without more severe TRAEs.

5  |  CONCLUSION

This study elucidates that ICI- chemotherapy is superior 
to Bev- chemotherapy for improved OS in first- line treat-
ment of advanced NS- NSCLC. More clinical trials are war-
ranted to confirm these results.
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