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Abstract

Objection: To explore the effects of combinations of antiangiogenic agents and chemotherapy agents on non-small
cell lung cancer (NSCLC) patients and indirectly compare the therapeutic effect of Endostar combined with chemo-
therapy and bevacizumab combined with chemotherapy on NSCLC.

Methods: We searched 3 electronic databases: PubMed, Web of Science and the Cochrane Library. The ORRs, HRs
and 95% confidence intervals of OS and PFS were used to compare the efficacy of Endostar combined with chemo-
therapy and bevacizumab combined with chemotherapy. We use the Bayesian network meta-analysis method to
make indirect comparisons and obtain rank probabilities; in addition, we used single-arm meta-analysis to synthesize
the existing data.

Results: A total of 29 studies were included in the analysis. Among them, we included a total of 14 interventions. A
total of 12,862 patients participated in this analysis. The single-arm meta-analysis showed that the pooled ORR and
95% Cl were 0.35 (0.31, 0.39), the pooled HR of OS and 95% Cl were 0.89 (0.81, 0.98), and the pooled HR of PFS and
95% Cl were 0.67 (0.56, 0.81). According to the results of network meta-analysis, there were no significant differences
between the 5 kinds of bevacizumab combined with chemotherapy regimens and the 4 kinds of Endostar combined
with chemotherapy regimens for improving ORR and prolonging OS and PFS. The rank probabilities suggested that in
terms of ORR, Pla + Pem -+ Bev was the first-ranked intervention (0.288). Pla + Pem + Endo was the first-ranked inter-
vention for prolonging OS (0.423) and Pla+ Gem 4 Endo was the first-ranked intervention for prolonging PFS (0.302).

Conclusion: Antiangiogenic agents combined with platinum-containing dual drugs can provide benefits to NSCLC
patients. In addition, bevacizumab combined with chemotherapy regimens has better theraputic effect on ORR while
Endostar combined with chemotherapy may have better effects on OS and PFS for the treatment of NSCLC patients.
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Background
Lung cancer has the highest incidence rate of cancer in
. | FpE— developed countries and is the leading cause of cancer-
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squamous cell carcinoma, adenocarcinoma, large cell
carcinoma and adenosquamous carcinoma. Angiogen-
esis, which was proposed by Folkman in 1971 [2] and
listed as one of the hallmarks of tumors by Hanahan [3],
plays an important role in the occurrence and develop-
ment of tumors. Angiogenesis is related to the prolif-
eration, invasion and metastasis of tumors [4]. Many
molecules, such as vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGEF), trans-
forming growth factor-p (TGE-p), fibroblast growth fac-
tor (FGF) and other important molecules, participate in
the process of angiogenesis [5]. Currently, with various
antiangiogenic agents being approved for cancer treat-
ment, antiangiogenic therapy for NSCLC has attracted
increasing attention.

Bevacizumab is a humanized monoclonal antibody
with high affinity to VEGF [6]. The VEGF family includes
VEGF-A, VEGF-B, VEGF-C, VEGF-D and placental
growth factor, which have been suggested to be over-
expressed in NSCLC, providing necessary conditions
for angiogenesis [7]. Bevacizumab has a high affinity
and specificity for VEGF, and therefore, it can inhibit
the growth of NSCLC [6], which provides a premise for
it to become an agent for the treatment of NSCLC. The
results of E4599, which is a randomized, controlled, mul-
ticenter clinical trial, show that bevacizumab combined
with carboplatin and paclitaxel can significantly improve
the response rate and prolong progression-free survival
(PFS) and overall survival (OS) compared with carbopl-
atin and paclitaxel alone for patients with unresectable
and advanced non-squamous cell carcinoma who were
chemotherapy naive [8]. Based on this finding, in 2005,
the Food and Drug Administration approved bevaci-
zumab combined with carboplatin and paclitaxel for the
first-line treatment of advanced non-squamous cell car-
cinoma [9]. However, at present, only bevacizumab com-
bined with cisplatin and paclitaxel has been approved for
NSCLC treatment, and the differences in outcomes of
bevacizumab combined with different chemotherapies
have not been clearly determined.

Endostatin is a kind of natural protein that was first iso-
lated and extracted by Judah Folkman in mouse tumor
strains and showed the strong antiangiogenic and tumor
growth inhibition effects [10]. Endostatin has a wide
antitumor spectrum [11]. The specific antiangiogenic
mechanism has not been fully elucidated at present. The
main mechanism of the antitumor effect is that endosta-
tin acts on the VEGF receptor KDR/Flk-1 and inhibits
the signal transduction of VEGE, which therefore inhib-
its angiogenesis [12]. Endostar is a recombinant human
endostatin with 9 added amino acids (MGGSHHHHH)
[13] to maintain stability and a long half-life. A rand-
omized, double-blind, controlled, multicenter phase III
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clinical trial from China showed that the combination of
Endostar with vinorelbine and cisplatin can significantly
improve the response rate, median time to progres-
sion (TTP), and quality of life of patients with advanced
NSCLC compared with vinorelbine and cisplatin alone.
There were no significant differences in adverse events,
but its cardiotoxicity needs further attention [14].
Endostar was approved by the China Food and Drug
Administration in 2005 for the treatment of NSCLC [15].
However, at present, only one phase 3 clinical trial has
shown that the efficacy of Endostar combined chemo-
therapy, and the advantages of Endostar combined with
other chemotherapeutics need more rigorous clinical tri-
als for confirmation.

Currently, it is still not clear that antiangiogenic drugs
combined with which chemotherapy regime can pro-
vide the most benefit to NSCLC patients. Besides,
although the results from phase 3 clinical trials showed
that NSCLC patients can benefit from bevacizumab
combined with chemotherapy and Endostar combined
with chemotherapy for first-line treatment, there is a
lack of head-to-head clinical trials of the two schemes.
Therefore, we used the Bayesian network meta-analysis
method to indirectly compare the efficacy of bevaci-
zumab combined with chemotherapy and Endostar com-
bined with chemotherapy in the treatment of NSCLC. In
addition, we used single-arm meta-analysis to synthesize
published clinical trial results to comprehensively evalu-
ate the therapeutic effect of bevacizumab combined with
chemotherapy and Endostar combined with chemother-
apy on NSCLC patients.

Materials and methods
Search strategy and eligibility criteria
On May 1, 2020, we used the following key words to
retrieve literature from the PubMed, Web of Science and
the Cochrane Library databases: "Anti-VEGF Human-
ized Monoclonal Antibody", "anti VEGF monoclonal
antibody”, "rhuMAb-VEGF"; "Endostar", "recombinant
human endostatin”, "Rh endostatin", "YH-16"; "Avastin",
"bevacizumab"; "Cyramza", "Ramucirumab”, "Brigatinib",
"Alunbrig", "Cabozantinib”, "Cabometyx", "Cometriq";
"non small cell lung cancer”, "Lung cancer” and "NSCLC".
All MeSH terms and entry terms were used to achieve
a comprehensive search. In this search, there were no
restrictions on the language or publication date.
Inclusion and exclusion criteria were established for
the purpose of our analysis. The inclusion criteria were as
follows: the study type was a clinical trial or prospective
study; the study population was NSCLC patients who
had not received chemotherapy or NSCLC patients who
had completed previous chemotherapy for more than or
equal to 4 weeks; the interventions were bevacizumab
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combined with chemotherapy, Endostar combined with
chemotherapy or chemotherapy alone; the study design
involved studies with at least two arms and included at
least the above two interventions or included the same
intervention in the same study but used different chemo-
therapy agents; and studies that provided at least one of
the following outcome measures: objective response rate
(ORR), overall survival (OS), and progression free sur-
vival (PES), studies that provided the event rate of adverse
events after treatment were also included. The exclusion
criteria included articles that could not be provided in
full-text and non-English articles; and the following arti-
cle types were also excluded: review articles, case reports,
meeting abstracts, meta-analyses, cell animal experi-
ments, etc. Three reviewers (YL, YY and AL) indepen-
dently performed preliminary screening according to
the titles and abstracts and then confirmed whether to
include the studies by reading the full texts according to
the inclusion and exclusion criteria. Any disputes regard-
ing the included studies were resolved through discus-
sion with the fourth reviewer (PL).

Data extraction

Three reviewers (YL, YY and AL) used a previously
designed data extraction table to extract data indepen-
dently. The extracted data included the general data of
the study (such as the first author, study year, propor-
tion of males, treatment plan, performance status, pro-
portion of squamous cell carcinoma), the event rate of
adverse events, the ORRs, hazard ratios (HRs) and 95%
confidence intervals (CIs) of OS and PFS. If the HR and
95% CI were not provided in the study, we used Tierney’s
method to estimate them [16]. Any disputes or inconsist-
encies were discussed with the fourth reviewer (PL).

Quality assessment

Three reviewers (YL, YY and AL) independently evalu-
ated the quality of the research methods of the included
studies. The Cochrane Collaboration’s risk of bias (ROB)
tool was used to evaluate the quality of randomized con-
trolled trials [17], and the Newcastle Ottawa Scale (NOS)
was used to evaluate the quality of nonrandomized
controlled trials and prospective studies [18]. For rand-
omized controlled trials, if there were more than four
"low risk" domains based on the ROB tool, the study
was considered to have "high quality"; if there were two
or more "low risk" domains, the study was considered
to have "moderate quality”; and finally, if there were less
than two "low risk" domains or more than one "high risk"
domain, the study was considered to have "low quality".
For nonrandomized controlled trials, if the total NOS
score was 7-9, the study was considered to have "high
quality”; if the total NOS score was less than 4, the study
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was considered to have "low quality"; and if the total NOS
score was 4—6, the study was considered to have "mod-
erate quality”. Similarly, any disputes and inconsistencies
were discussed with the fourth reviewer (PL).

Statistical analysis

R 3.5.1 software (The R Foundation, Vienna, Austria)
was used for Bayesian meta-analysis. For the binary vari-
able (ORR) and time-to-event data (HRs of OS and PFS),
we used the "gemtc" package and "JAGS" package of R
software, using the Markov chain Monte Carlo method
[19] to simulate four different chains, with 40,000 itera-
tions, 160,000 burn-ins and a thinning interval of 10.
The Bayesian network meta-analysis was carried out so
that each intervention could be compared indirectly,
and the rank probabilities of various interventions can
be obtained. For the comparison of ORR, the results are
shown as odds ratios (ORs) and 95% credible intervals
(Crls); for the comparison of OS and PFS, the results are
shown as HRs and 95% Crls, and the results of all Crls
were bilateral. In addition, to ensure the credibility of the
results, we used the "gemtc" package and "JAGS" pack-
age in R 3.5.1 software to analyze the ORR and HR of OS
and PFS by nodesplit analysis to explore the consistency
between direct comparisons and indirect comparisons.
P>0.05 indicates that the difference between the direct
comparison and the indirect comparison was not statis-
tically significant. P<0.05 indicates that the difference
between the direct comparison and the indirect compari-
son was statistically significant. Heterogeneity analysis
was used to compare the degree of heterogeneity in the
research results. When the P value was more than 0.1
and I* was less than 50%, the heterogeneity was not sta-
tistically significant. When the P value was less than 0.1
and I? was more than 50%, the heterogeneity was statisti-
cally significant.

Review Manager 5.3.4 software (Cochrane Library,
Oxford, UK) and STATA 14.0 software (Stata Corp., Col-
lege Station, TX) were used for single-arm meta-analysis.
The ORR, OS, PES, HRs of OS and PFS and the event rate
of adverse events were used to obtain pooled results. The
statistical model was selected according to the degree of
heterogeneity. When the P value was more than 0.1 and
I was less than 50%, no statistically significant hetero-
geneity was indicated, so a fixed effects model was used.
When the P value was less than 0.1 and I> was more than
50%, statistically significant heterogeneity was indicated,
so a random effect models was used. At the same time,
we used RevMan to evaluate publication bias intuitively
through funnel plots and STATA to evaluate publica-
tion bias quantitatively through Begg’s and Egger’s tests.
In addition, STATA was used to generate a network plot
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to describe the number of patients included in the study
and the number of head-to-head comparisons.

Results

Characteristics of the included studies

According to the search strategy, we retrieved 10,650
articles in PubMed, Web of Science and the Cochrane
Library. Sun Yan et al. provided inadequate information
[47] for our network meta-analysis, and therefore, we
e-mailed the corresponding authors for further informa-
tion. Finally, the author provided us with more detailed
results of a phase 4 clinical trial of Endostar as additional
sources for retrieval. Finally, a total of 29 articles were
included in our study, including 4 nonrandomized con-
trolled trials and 25 randomized controlled trials. The
screening process of the articles is shown as a flow dia-
gram in Fig. 1. The general characteristics of the patients
in each study are shown in Table 1. The details of quality
assessment are shown in Additional file 1: Figure S1.

Network meta-analysis of the outcome measures

To facilitate the study, we summarized the inter-
ventions involved in the articles as follows: plati-
num + gemcitabine + Endostar (Pla+ Gem + Endo),
platinum + gemcitabine + bevaczumab
(Pla+ Gem + Bev), platinum + gemcitabine (Pla+ Gem),

platinum + paclitaxel + Endostar (Pla + Pac+ Endo),
platinum + paclitaxel + bevacizumab  (Pla+ Pac+ Bev),
platinum + paclitaxel ~ (Pla+Pac),  platinum+ pem-
etrexed + bevacizumab (Pla+Pem + Bev),

platinum + pemetrexed (Pla+ Pem), pemetrexed + beva-
cizumab (Pem + Bev), vinorelbine + platinum (Vin + Pla),
vinorelbine + platinum + Endostar ~ (Vin+ Pla+ Endo),
gemcitabine + bevacizumab (Gem+Bev) and plati-
num + pemetrexed + Endostar  (Pla4+Pem+ Endo). A
total of 12,862 patients were treated with these interven-
tions. The sample size of patients included in each inter-
vention and the number of head-to-head comparisons
were roughly described as a network plot, as shown in
Fig. 2. The results of the Bayesian meta-analysis of ORR,
OS and PFS are summarized in Fig. 3. The analyses of
OS and PFS were not fully included for all interventions
because some studies were unable to provide data related
to ORR, OS or PFS.

For ORR, there were no significant differences
(the CrI of the OR value included 1) in the improve-
ment of the ORR of NSCLC patients between 4 dif-
ferent Endostar combined with chemotherapy
regimens (Pla+Gem-+Endo, Pla+Pac+Endo, and
Vin+Pla+Endo, Pla+Pem+Endo) and 5 beva-
cizumab combined with chemotherapy regimens
(Pla+Gem+Bev, Pla+Pac+Bev, Pla+Pem-+ Bey,
Pem+ Bev and Gem+ Bev). There were no significant
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differences among the 4 Endostar combined with chemo-
therapy regimens. However, some Endostar combined
with chemotherapy regimens had significant advan-
tages over some chemotherapy regimens based on plati-
num. Pla+Gem+Endo was superior to Pla+Gem
[OR: 0.47 (0.25, 0.90)], Pla+Pac [OR: 0.41 (0.21, 0.78)],
and Vin+Pla [OR: 0.42 (0.19, 0.94)], and there were
no significant differences between Pla+ Pac+ Endo,
Vin+Pla+Endo and platinum-based chemotherapy,
except Pla+ Pac vs Vin+Pla+Endo [OR: 2.3 (1.1, 4.6)].
For the comparison among bevacizumab combined
with chemotherapy regimens, only Pla+Pem + Bev was
superior to Pem+ Bev [OR: 0.57 (0.34, 0.96)]. Except for
Pem + Bev and Gem + Bev, bevacizumab combined with
chemotherapy was superior to some chemotherapy regi-
mens: Pla+ Gem+ Bev was superior to Pla4+Gem [OR:
0.57 (0.34, 0.98)] and Pla+Pac [OR: 0.50 (0.27, 0.88)];
Pla + Pac + Bev was better than Pla + Pac [OR: 0.39 (0.30,
0.51)], Pla+Pem [OR: 0.56 (0.40, 0.81)], and Vin+Pla
[OR: 0.41 (0.23, 0.72)]; and Pla+Pem+ Bev was better
than Vin+ Pla [OR: 0.39 (0.19, 0.83)]. Interestingly, for the
improvement of ORR, Endostar combined with chemo-
therapy regimens (Pla+ Gem+ Endo, Pla+Pac+ Endo,
Vin+Pla4+Endo and Pla+Pem+Endo) and beva-
cizumab combined with chemotherapy regimens
(Pla4+ Gem + Bev, Pla+Pac+Bev, Pla+Pem+ Bev and
Pem+Bev), were significantly better than Pem alone,
with ORs and 95% Crls of 0.17 (0.049, 0.58), 0.21 (0.061,
0.67), 5.4 (1.5, 20.0), 5.2 (1.3, 22.0), 0.16 (0.058, 0.44),
0.23 (0.064, 0.77), and 0.16 (0.062, 0.38), 3.6 (1.6, 8.9),
respectively.

For the time-to-event data of OS, there were no sig-
nificant differences between the Endostar combined with
chemotherapy regimens and the bevacizumab combined
with chemotherapy regimens. For the bevacizumab com-
bined with chemotherapy regimens, Pla+ Pac+ Bev was
significantly better at prolonging OS than Pla+ Gem [HR:
0.83 (0.71, 0.97)]; similarly, compared with Pla+ Pac,
Pla+ Pac+ Bev can also significantly reduce the HR [HR:
1.2 (1.1, 1.4)] (Pla+ Pac vs Pla+ Pac + Bev).

The results of rank probabilities for ORR, OS and PFS
were shown as heat maps in Fig. 4 (See more detailed
data in Additional file 1: Table S1). For the time-to-event
data of PFS, there were no significant differences between
the Endostar combined with chemotherapy regimens
and the bevacizumab combined with chemotherapy regi-
mens, similarly. And for the bevacizumab combined with
chemotherapy regimens, Pla+ Pac+ Bev was superior to
Pla+Gem [HR: 0.57 (0.42, 0.79)] and Pla+ Pac [HR: 1.9
(1.5, 2.4)] (Pla+ Pac vs Pla+ Pac+ Bev).

According to the results of network meta-analysis
for ORR, Pla+Pem+Bev was the most likely best
intervention (0.288) and Pla+ Pac+ Bev (0.255) was
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Fig. 1 The flow diagram of the study selection process for the network meta-analysis

the most likely second best intervention. In terms of
the time-to-event data of OS, Pla+Pem+ Endo was
the most likely best intervention (0.423), Pem + Bev
(0.219) was the most likely second best interven-
tion. And for the time-to-event data of PFS, the most
likely best intervention was Pla+ Gem + Endo (0.302),

and the most likely second best intervention was
Pla + Pac + Bev (0.340).

Nodesplit and heterogeneity analyses
The results of nodesplit analysis and heterogeneity were
shown in Fig. 5. To test the consistency and heterogeneity
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Table 1 General characteristics and quality assessment of the included studies
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Study ID

Treatment

Sample size Median age Male (%) StagelV (%) SCC(%) PS=2 Quality assesment

Boutsikou [20]

Fukuda [21]

Galetta [22]

Gronberg [23]

Han [24]

Johnson [25]

Niho [26]

Patel [27]

Pereira [28]

Reck [29]

Sandler [8]

Docetaxel (100 mg/m?) 4 Carboplatin
(5 mg/mL*min) + Bevacizumab
(7.5 mg/kg)

Docetaxel (100 mg/mz) + Carboplatin
(5 mg/ mL*min)

Bevacizumab (15 mg/kg) + pem-
etrexed (500 mg/m?)

pemetrexed (500 mg/m?)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/mL*min) + Bevacizumab
(15 mg/kg)

Pemetrexed (500 mg/mz) + Cisplatin
(75 mg/mz)

Gemcitabine (1,000 mg/m?) + Carbo-
platin (6 mg/ mL*min)

Pemetrexed (500 mg/m?) + Carbopl-
atin (6 mg/ mL*min)

Paclitaxel (175 mg/m? on day 1)+ Car-
boplatin (5 mg/ mL*min on day
1)+ Endostar (7.5 mg/m?/d on days
8and 21)

Paclitaxel (175 mg/m? on day 1)+ Car-
boplatin (5 mg/ mL*min on day
1)+ Endostar (7.5 mg/m?/d on days
8and 21)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/mL*min) + Bevacizumab
(15 mg/kg)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/ mL*min)

Paclitaxel (200 mg/m?)+ Carboplatin
(6 mg/mL*min) + Bevacizumab
(15 mg/kg)

Paclitaxel (200 mg/mz) + Carboplatin
(6 g/ mL*min)

Pemetrexed (500 mg/mz) + Carbopl-
atin (6 mg/mL*min) + Bevacizumab
(15 mg/kg)

Paclitaxel (200 mg/m?)+ Carboplatin
(6 mg/ mL*min) + Bevacizumab
(15 mg/kg)

Pemetrexed (500 mg/m?) 4+ Carbopl-
atin (5 mg/ mL*min)

Docetaxel (75 mg/mz) + Carboplatin
(5 mg/mL*min)

Gemcitabine (1,250 mg/m?) + Cispl-
atin (80 mg/mz) + Bevacizumab
(15 mg/kg)

Gemcitabine (1,250 mg/m?) + Cispl-
atin (80 mg/m?)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/mL*min) 4+ Bevacizumab
(15 mg/kg)

Paclitaxel (200 mg/m?)+ Carboplatin
(6 mg/ mL*min)

56

(o)}

[e)}

35

121

59

472

467

106

105

351

347

433

63

65

78.5

77.5

62

60

66

64

57

58

57

58

61

60

65

65

60

59

59

59

56

58

804

55

60
77.6

70

59.0

56.2

803

62.3

457

75

63.6

64.4

53.2

533

60.4

476

624

64.3

504

584

732

83.6

75

75
93.1

95

59

80

813

68.6

89.8

89.9

84.0

743

778

0

230

26.0

377

23

86

0

33

14.2

16.2

Moderate

Moderate

High

High

High

Moderate

High

High

Moderate

High

High
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Table 1 (continued)
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Study ID

Treatment

Sample size Median age

Male (%) StagelV (%) SCC(%) PS=2 Quality assesment

Scagliotti [30]

Scagliotti [31]

Schiller [32]

Smit [33]

Soria [34]

Spigel [35]

Spigel [36]

Treat [37]

Wu [38]

Zinner [39]

Pemetrexed (500 mg/mz) + Cisplatin
(75 mg/m?)

Gemcitabine (1,000 mg/m?) + Cispl-
atin (75 mg/m?)

Gemcitabine (1,250 mg/mz) + Cispl-
atin (75 mg/m?)

Vinorelbine (25 mg/mz)-}—GspIatin
(75 mg/m?)

Paclitaxel (225 mg/m?) 4 Cisplatin
(75 mg/m?)

Gemcitabine (1,000 mg/m?) + Cispl-
atin

(100 mg/m?)

Paclitaxel (135 mg/m?)+ Cisplatin
(75 mg/m?)

Docetaxel (75 mg/m?) + Cisplatin
(75 mg/m?)

Paclitaxel (225 mg/mz)-i-Carbop\atin
(6 mg/mL*min)

Gemcitabine (1,250 mg/mz) + Cispl-
atin (80 mg/m?)

Paclitaxel (175 mg/m?)+ Cisplatin
(80 mg/m?)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/mL*min)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/mL*min) + Bevacizumab
(15 mg/kg)

Ixabepilone (30 mg/m?) + Carboplatin
(6 mg/mL*min)

Ixabepilone (30 mg/mz) + Carbo-
platin (6 mg/mL*min) 4 Bevaci-
zumab(15 mg/kg)

Pemetrexed (500 mg/m?) + Carbopl-
atin (5 mg/mL*min) + Bevacizumab
(15 mg/kg)

Pemerexed (500 mg/m?)

Pemetrexed (500 mg/m?) + Bevaci-
zumab (15 mg/kg)

Gemcitabine (1,000 mg/m?) + Carbo-
platin (75 mg/m?)

Paclitaxel (225 mg/m?) + Carboplatin
(6 mg/ mL*min)

Pemetrexed (500 mg/mz) + Cisplatin
(75 mg/m?)

Gemcitabine (1,250 mg/mz) + Cispl-
atin (75 mg/m?)

Pemetrexed (500 mg/mz) + Carbopl-
atin (6 mg/mL*min)

Paclitaxel (200 mg/mz) + Carboplatin
(6 mg/ mL*min) + Bevacizumab
(15 mg/kg)

862

863

205

201

201

288

288

289

290

160

159

44

42

40

48
63

379

379

126

130

61

61

63

62

62

64

62

63

63

57

57

62

58

63

63

73

72

72

64.1

64.1

57

56

66

65

70.2

62.0

64.0

62.0

63.0

70.6

59.7

59

52

57

48

56

63

57

583

60.9

56.3

54.6

58.1

76.2

75.7

81.5

81.1

81.6

89.0

86.0

86.0

86.0

78.8

81.8

98

95

69

67

97

90

92

90

894

84.9

84.6

99.5

40.6

435

327

274

32.3

22.3

268

250

47

0

54

8.0

8.5

6.0

50

6.0

5.0

100

100

100

03

03

Moderate

Moderate

High

High

High

High

Moderate

Moderate

High

High
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Table 1 (continued)
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Study ID Treatment

Sample size Median age Male (%) StagelV (%) SCC (%)

PS=2 Quality assesment

Zhao [40] Endostar(7.5 mg/ m?on days 1to 33 61
14) 4+ Gemcitabine (1000 mg/
mz,days 1 and 8) + Cisplatin (

30 mg/m? day 2-4)

Gemcitabine (1000 mg/m?days 1 and 36 60
8) + Cisplatin (30 mg/m? day 2-4)
Paclitaxel (175 mg/mz)-i-Carbop\atin
(6 mg/mL*min) + Bevacizumab

(15 mg/kg)

Paclitaxel (175 mg/m?)+ Carboplatin
(6 mg/ mL*min)

Bevacizumab (7.5 mg/kg) 4+ Gemcit- 44
abine (1,200 mg/m?)

Bevacizumab (7.5 mg/k)g + Cispl- 42
atin (60 mg/m?) 4+ Gemcitabine
(1,000 mg/m?)

Gemcitabine (1000 mg/m?) 4 Carbo- 25
platin (5 mg/mL*min)

Gemcitabine (1000 mg/m?) 4 Carbo- 24
platin (5 mg/mL*min) 4+ Endostar
(7.5 mg/m?)

Bevacizumab (7.5 mg/kg) 4+ Pem-
etrexed (500 mg/m?)

Bevacizumab (7.5 mg/kg) 4+ Pem-
etrexed (500 mg/m?) + Carboplatin
(5 mg/mL*min)

Pemetrexed (500 mg/m?) +Cisplatin 56
(75 mg/m?) 4+ Endostar (7.5 mg/m?)

Pemetrexed (500 mg/m?) +Cisplatin 39
(75 mg/m?)

Vinorelbine (25 mg/m?) + Cisplatin 19 55
(75 mg/m?) 4+ Endostar (7.5 mg/m?)

Vinorelbine (25 mg/mz)-i-Gsp\atin 34
(75 mg/m?)

Endostar (7.5 mg/m? on days 1 to
14) +Vinorelbine (25 mg/m?) 4+ Cis-
platin (75 mg/mz)

Zhou [41] 138 57

138 56

Marinis [42] 74.2

739

Yu [43] 56.7

56.3

Schuette [44] 723

134

Zhou [45] 54.1

574
Liu [46]
584

Sun [47] 928

Endostar (7.5 mg/m? on days 1to 976 556
14) + Paclitaxel (150 mg/mz)—}—Cisp\—

atin (75 mg/m?)

Endostar (7.5 mg/m? on days 1 to 441 58.1
14) + Gemcitabine (800~ 1000 mg/

m?) + Cisplatin (75 mg/m?)

Endostar (7.5 mg/m? on days 1 to
14) + Gemcitabine (dose unavali-
able) + cisplatin (dose unavaliable)

338 59.0

63.4 84.85 4545 9.09 Moderate

69.44 83.33 52.78 1.

543 91.3 0 0 High

558 90.6 0 0

62.8 90.7 0 0 High

70 97.5 0 0

76 60 56 NA High

70.8 62.5 50 NA

62.2 95 0 5 High

64.2 95.5 0 5

51.8 87.5 0 0 Moderate

69.2 94.9 0 26

579 57.0 36.8 53 Moderate

529 61.8 206

69.7 30.5 NA High

65.9 69.3 NA

NA

713 68.6 293 NA

between the network meta-analysis results and the
head-to-head analysis results, we conducted nodesplit
and heterogeneity analyses. For nodesplit analysis, in
terms of ORR, the P values of Pla+Pac vs Pla4+Gem
and Pla+Pem vs Pla+Gem were significantly differ-
ent, at 0.0333 and 0.0450, respectively, which indicated
that the direct and indirect comparison results between
Pla+Pac vs Pla+Gem and Pla4+Pem vs Pla+Gem

were inconsistent; for other comparisons of ORR and
the nodesplit analysis results of OS and PFS, there were
no significant differences. For the heterogeneity analy-
sis, except for the high heterogeneity of Pla+Pac vs
Pla+Pac+Bev (81.3%) for PFS, moderate heterogene-
ity of Pla+Pac vs Pla+Gem and for ORR (65.1%) and
PFS (62.8%), moderate heterogeneity of Pla+Pem vs
Pla+ Gem (65.5%) and Pla+Pem vs Pla+Pac+ Bev
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Pla+Pac+Bev

Pla+Pac+Endo

Pla+Pac Pla+Gem

Pla+Gem+Bev

Pla+Pem+Bev

Pla+Gem
+Endo

Pla+Pem+Endo

Gem+Bev

Vin+Pla Vin+Pla+Endo

Fig. 2 Network plot of 14 interventions for the treatment of NSCLC according to Bayesian network meta-analysis. Each node represents a
treatment, and the size of the node is proportional to the number of patients. The width of the lines between two nodes represents the number of
head-to-head trials

(51.0%) for ORR, there was small heterogeneity for the
other results.

0.22 (0.20, 0.25), respectively. Gem+Bev was the
worst intervention among them, with pooled ORR:
0.18(0.07, 0.30).
Single-arm meta-analysis 2. OS and PFS
The forest plots of single-arm meta-analysis are shown in The pooled OS was 15.02 months, and the 95% CI was
Fig. 6 (ORR) and Fig. 7 (OS and PFS). The forest plots of 12.70, 17.34. In addition to the result of Gem + Bev
the event rate of adverse events are shown in Additional containing 0, Pla+Pem+ Endo had the largest syn-
file 1: Figure S2. thesis result: 36.00 months with a 95% CI of 12.70,
17.34; the second largest was that of Pla+4 Pac+ Bev:
1. ORR 19.54 months with a 95% CI of 12.19, 26.88; fol-
lowed by Vin+Pla+Endo, Pla+Pac+Endo and

The pooled ORR was 0.35, and the 95% CI was
0.31, 0.39. Except for the synthesis result of
Vin+Pla+Endo containing 0, the synthesis ORR
values of Pla+Pac+Bev, Pla4Pem+Bev, were
similar, which were 0.44 (0.37, 0.52), 0.40 (0.32, 0.48);
followed by Pem+Bev and Pla+Gem+ Bev and
Pla+ Gem + Endo, which were 0.35 (0.24, 0.46), 0.34
(0.30, 0.39) and 0.32(0.18, 0.46), respectively. And
followed by Pla+ Pac+Endo and Pla+ Pem+ Endo,
with synthesis ORR values of 0.27 (0.06, 0.49) and

Pla+ Gem+ Endo, with synthesized values of 16.96
(15.29, 18.60), 15.41 (12.36, 18.46) and 14.23(6.92,
21.53), respectively; the worst synthesis result was
Pla+ Gem + Bev, with a result of 8.20 (3.40, 13.00).
The pooled HR of OS was 0.89 (0.81, 0.98). The
comparison between the included Endostar com-
bined with chemotherapy regimens with chemo-
therapy regimens (Pla+ Gem-+Endo vs Pla+ Gem,
Pla 4 Pem + Endo vs Pla+ Pem) had no statistical sig-
nificance, with HR value and 95% CI 1.03(0.86, 1.23)
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@ 0dd Ratios with 95% Crl for objective response rate (ORR).

Pla+Gem+Endo

0.82(0.36, 1.9) Pla+Gem+Bev
0.47 (0.25, 0.90) 0.57 (0.34,0.98) Pla+Gem
0.75(0.49,1.2) 0.92(0.39,2.2) 1.6(0.84,31)  Pla+Pac+Endo
1.0(0.52,2.1) 1.3(0.67,2.3) 2.2(16,3.1) 1.4(0.68,2.7) Pla+Pac+Bev
0.41(0.21,0.78)  0.50(0.27,0.88) 0.87(0.67,1.1)  0.54(0.28,1.0) 0.39(0.30,0.51)  Pla+Pac
1.1(0.47,2.5) 1.3(0.59,2.9) 2.3(13,4.1) 1.4(0.61,3.3) 1.0(0.64,1.7) 2.7(15,4.6) Pla+Pem+Bev
0.58(0.29,1.2) 0.71(0.39,1.3) 12(093,17)  0.77(0.38,1.6) 0.56(0.40,0.81)  1.4(1.1,2.0) 0.53(0.30, 1.0)
0.17 (0.049, 0.58) 0.21(0.061, 0.67) 0.37(0.12, 1.0) 0.23(0.064, 0.77) 0.16 (0.058, 0.44)  0.42(0.14,1.2) 0.16 (0.062, 0.38)
0.62(0.23,1.7) 0.76(0.29,1.9) 13(0.61,29)  0.82(0.31,22) 0.60(0.30,1.2) 15(0.72,3.2) 0.57 (0.34, 0.96)
0.42(0.19, 0.94) 0.52(0.25,1.1) 0.90(0.54,1.5)  0.56(0.25,1.2) 041(0.23,0.72)  1.0(0.63,1.8) 0.39(0.19, 0.83)
0.92(0.59, 1.5) 1.1(0.46, 2.8) 2.(0.96,4.0) 1.2(0.76,1.9) 0.88(0.42,1.9) 2.3(1.1,4.6) 0.84(0.35,2.1)
0.32(0.079,1.3) 0.39(0.13,1.1) 0.69 (0.20, 2.3) 0.42(0.10, 1.7) 0.31(0.085, 1.1) 0.79(0.22,2.7) 0.30(0.074, 1.1)
0.88(0.28,2.9) 1.1(0.36,3.3) 19(0.72,51)  1.2(0.37,3.8) 0.85(0.32,2.3) 2.2(0.82,5.9) 0.81(0.27,2.5)
b Hazard Ratios with 95% Crl for overall survival (0S).
Pla+Gem+Endo
13(0.67,2.5) Pla+Gem+Bev.
1.2(0.68,2.3) 0.97(0.77,1.2) Pla+Gem
1.2(0.91,1.5) 0.90(0.48, 1.7) 0.92(0.52,1.6) |Pla+Pac+Endo
1.0(0.56,1.9) 0.81(0.62,1.1) 0.83(0.71,0.97) 0.90(0.51, 1.6) Pla+Pac+Bev
13(0.70,2.4) 1.0(0.78,1.3) 1.0(0.93,1.1)  1.1(0.64,2) 1.2(1.1,1.4) Pla+Pac
1.0(0.54,2.0) 0.81(0.58,1.1) 0.83(0.65,1.1)  0.90(0.49,1.7) 1.0(0.82,1.2) 0.81(0.64,1.0) Pla+Pem+Bev
1.1(0.58,2.0) 0.84(0.66, 1.1) 0.87(0.77,0.99) 0.94(0.53,1.7) 1.0(0.89,1.2) 0.85(0.74,0.98)  1.0(0.81, 1.4)
1.2(0.40,3.7) 0.94(0.37,2.5) 0.97(039,25)  1.0(0.36,3.1) 1.2(047,3) 0.94(0.38,2.4)  1.2(0.48,2.9)
0.95 (0.45, 2.0) 0.75(0.46,1.2) 0.77(0.50,1.2)  0.83(0.41,1.7) 0.92(0.61,1.4)  0.75(0.49,1.1)  0.92(0.65,1.3)
1.5(0.77,2.9) 1.2(0.84,1.6) 1.2(0.95,15  1.3(0.70,2.4) 14(1.1,18) 1.2(0.93,1.4) 14(1.0,2)
1.0(0.80,1.3) 0.80(0.41, 1.5) 0.82(0.44,1.5)  0.89(0.70, 1.1) 0.99(0.53, 1.8) 0.80(0.43,1.5) 0.99(0.51,1.9)
0.91(0.18,4.2) 0.70(0.16,3.0) 0.72(0.16,3.1)  0.79(0.16,3.6) 0.87(0.20,36)  0.70(0.16,3)  0.87(0.20,3.7)
C Hazard Ratios with 95% Crl for progression free survival (PFS).
Pla+Gem+Endo
1.3(0.59,2.9) Pla+Gem+Bev
1.6(0.85,3.0) 1.2(0.76,2) Pla+Gem
1.6 (0.65,3.8) 1.2(0.54,2.6) 0.97(0.52,1.8)  Pla+Pac+Endo
0.92(0.45, 1.9) 0.70(0.40, 1.2) 0.57(0.42,0.79) 0.59(0.31,1.1) Pla+Pac+Bev
1.8(0.90,3.5) 1.3(0.80,2.3) 1.1(0.88,1.4)  1.1(0.63,2.0) 1.9(1.5,2.4) Pla+Pac
1.1(0.48, 2.6) 0.84(0.40, 1.8) 0.69(0.40,1.2)  0.71(0.32,1.6) 1.2(0.75,1.9) 0.63(0.37,1.1)  PlatPem+Bev.
15(0.74,3.) 1.1(0.65,2.) 0.93(0.70,1.2)  0.95(0.49, 1.8) 1.6(1.1,2.3) 0.84(0.62,1.1)  1.3(0.74,2.4)
1.7(0.44,6.6) 1.3(0.36,4.7) 11(0.32,35  1.1(0.30,4.0) 1.9(0.58,5.9) 0.97(0.30,3.1)  1.5(0.54,4.4)
1.4(0.53,3.9) 1.1(0.44,2.7) 0.89(0.42,1.9) 0.92(0.36,2.3) 1.6(0.77,3.1) 0.81(0.39,17)  13(0.77,2.2)
1.8(0.84,3.9) 1.4(0.72,2.6) 11(0.73,1.8)  1.2(0.56,2.4) 2.(1.2,3.2) 1.0(0.66,1.6) 1.6(0.82,3.2)
1.3(0.51,3.4) 0.99(0.42,2.3) 0.81(0.40,1.7) 0.84(0.33,2.1) 1.4(0.67,3.)1 0.74(0.36,1.5)  1.2(0.49,2.8)
1.2(0.52,2.9) 0.92(0.43,2.) 0.76(0.42,1.4)  0.78(0.34,1.8) 3(0.71,2.4) 0.69(0.38,1.2)  1.1(0.50,2.4)

Fig. 3 ORs or HRs between the included interventions according to the results of network meta-analysis (the treatment in the column compared

with the treatment in the row)

Pla+Pem

0.29(0.096,0.83) Pem

1.1(0.48,2.3) 36(16,89)  Pem+Bev

0.73(0.41,1.3) 2.5(0.79,8.2) 0.68(0.28,1.7) Vin+Pla

1.6(0.73,3.4) 54(15,20)  15(053,42) 22(0.92,50) Vin+Pla+Endo

055(0.15,1.9)  19(036,9.5) 052(0.12,2.1) 076(0.20,2.8) 0.35(0.082,1.4) Gem+Bev
1.5(0.60,3.9) 52(13,22)  14(042,48) 21(071,62) 096(0.29,33) 28(0.58,13) PlatPem+Endo
PlatPem

1.1(0.44,2.9) Pem

088(0.57,1.4)  0.79(0.34,1.8) Pem+Bev

14(1.1,17) 12(047,31) 15(0.96,25) Vin+Pla

094(050,1.8)  085(0.28,25) 11(051,23) 069(0.36,13) Vin+PlatEndo

083(0.19,35)  074(0.13,41) 094(021,4.2) 0.61(0.14,26) 0.89(0.18,4.1) PlatPem+Endo
PlatPem

1.1(035,3.8) Pem

096(044,2.1)  084(034,2.1) Pem#Bev

1.2(0.74,2.0) 11(030,3.7) 13(0.54,3)  VintPla

088(042,1.9)  077(0.19,30) 091(0.33,25) 0.72(0.41,13) Vin+Pla+Endo

082(0.49,1.4)  071(0.20,2.6) 0.85(033,2.1) 067(0.33,1.4) 0.93(037,23) PlatPem+Endo

and 0.81(0.18, 3.60), respectively; Among the beva-
cizumab combined with chemotherapy regimens
vs chemotherapy regimens, only Pla+Pac+ Bev vs
Pla+ Pac had statistical significance: 0.78 (0.69, 0.89);
For PFS, the pooled HR and 95% CI were 0.67 (0.56,
0.81). Only Pla+ Gem+ Endo vs Pla+ Gem was sta-
tistically siginificant among the results of comparison
of Endostar combined with chemotherapy regimens
with chemotherapy regimens, with HR value and
95% CI 0.62 (0.39, 0.99). For bevacizumab combined
with chemotherapy vs chemotherapy regimens,
Pla+Pac+Bev vs Pla+Pac and Pla+Gem+Bev
vs Pla+Gem could significantly prolong PFS, with
HR values of 0.51 (0.38, 0.67) and 0.82 (0.68, 0.98),
respectively.

Event rate of adverse events

Four most common adverse events between bevaci-
zumab combined with chemotherapy and Endostar
combined with chemotherapy, including ane-
mia, thrombocytopenia, leukopenia and vomiting,

were analysed in the current study. For anemia, the
pooled event rate was 0.42 (0.29, 0.54). Except the
result of Pla+Gem+Endo containing 0, the inter-
ventions with the highest incidence of anemia were
Pem-+Bev [0.58 (0.21, 0.96)] and Pla+ Pem+ Bev
[0.55 (0.36, 0.74)], followed by Pla+ Pac+ Bev [0.32
(0.08, 0.57)] and Pla+ Gem+ Bev [0.30 (0.16, 0.44)],
and the lowest was Gem+Bev [0.09 (0.01, 0.18)].
The pooled event rate of leukopenia was 0.57 (0.32,
0.82). Expect the result of Gem+Bev containing
0, the highest three were: Pla+Pac+Endo [0.87
(0.79, 0.95)], Pla+Pac+Bev [0.76 (0.39, 1.13)] and
Pla+Gem+Endo [0.68 (0.27, 1.09)]; the interven-
tion with the lowest incidence of leukopenia was
Pla+ Gem+Bev [0.28 (0.14, 0.41)]. For thrombo-
cytopenia, the pooled event rate was 0.30 (0.15,
0.44). The intervention with the highest incidence of
thrombocytopenia was Pla+Pem+ Bev [0.48 (0.39,
0.57)]; the lowest was Pla-+Pem + Endo [0.14 (0.05,
0.23)] and Gem+ Bev [0.12 (0.02, 0.21)]. Finally, the
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a Heat map of the rank probabilities of objective response rate (ORR).

Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Rank 7 Rank 8 Rank9 Rank10 Rank11 Rank12 Rank13 Rank14
Pla+Gem+Endo
Pla+Gem+Bev
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Pla+Pac+Endo
Pla+Pac+Bev
Pla+Pac
Pla+Pem+Bev
Pem+Pla
Pem+Bev
Vin+Pla
Vin+Pla+Endo
Gem+Beva
Pla+Pem+Endo

b Heat map of the rank probabilities of overall survival (OS).
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¢ Heat map of the rank probabilities of progression free survival (PFS).
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Pla+Pem+Endo

0 B}

Fig. 4 Heat map of the rank probabilities of each intervention according to the results of the network meta-analysis. Figure 3a: ORR. Figure 3b: OS.
Figure 3c: PFS. The detailed data are provided in Additional file 1: Table S1
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Fig. 5 Nodesplit analysis and analysis of heterogeneity for ORR, OS and PFS. a1 ~az; Nodesplit analysis of ORR. b Nodesplit analysis of OS. C:
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Li et al. Cancer Cell Int (2020) 20:548

Page 130f 18

ORR ORR

r I RR E_Weigh Y Y
6.2.1 PlatGem+Endo
Sun2013 0.22336066 0.01333178 4.7% 0.220.20, 0.25] "
Yu2018 0.44 0.09927739 2.4% 0.44[0.25, 0.63] -
Zhao2012 0.36363636 0.08373931 2.8% 0.36[0.20, 0.53] -
Subtotal (95% CI) 9.9% 0.32[0.18, 0.46] ‘
Heterogeneity: Tau? = 0.01; Chi2=7.27, df =2 (P = 0.03); I?= 72%
Test for overall effect: Z = 4.39 (P < 0.0001)
6.2.2 PlatGem+Bev
Marinis2017 0.35714286  0.0739356 3.1% 0.36 [0.21, 0.50] -
Reck2009 0.34202899 0.02554026  4.5% 0.340.29, 0.39] -
Subtotal (95% Cl) 7.6% 0.34[0.30, 0.39] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.04, df = 1 (P = 0.85); I>= 0%
Test for overall effect: Z = 14.23 (P < 0.00001)
6.2.3 Pla+Pac+Endo
Han2011 0.39344262 0.06254776 3.4% 0.39[0.27,0.52] -
Sun2013 0.1732991 0.01356137 4.7% 0.17[0.15, 0.20] "
Subtotal (95% CI) 82%  0.27[0.06, 0.49] <>

Heterogeneity: Tau? = 0.02; Chi? = 11.83, df = 1 (P = 0.0006); I* = 92%
Test for overall effect: Z=2.50 (P = 0.01)

6.2.4 Plat+Pac+Bev

Boutsikou2013 0.375 0.06469365  3.4% 0.38[0.25, 0.50] -
Galetta2014 0.5 0.06565322  3.3% 0.50[0.37, 0.63] -
Johnson2004 0.48571429 0.08448092  2.8% 0.49[0.32, 0.65] -
Niho2011 0.28125 0.07948043 2.9% 0.28[0.13, 0.44] -
Patel2013 0.60330578 0.04447378 4.0% 0.60[0.52, 0.69] -
Sandler2006 0.32976445 0.02175491 4.6% 0.33[0.29, 0.37] -
Soria2011 0.34772182 0.02332192 4.6% 0.35[0.30, 0.39] -
Spigel2012 0.5 0.07537784  3.0% 0.50 [0.35, 0.65] -
Zhou2015 0.5 0.07905694  2.9% 0.50 [0.35, 0.65] -
Zinner2015 0.53623188 0.04245093  4.1% 0.54[0.45, 0.62] .
Subtotal (95% Cl) 35.6% 0.44 [0.37, 0.52] L

Heterogeneity: Tau? = 0.01; Chi? = 55.66, df =9 (P < 0.00001); I> = 84%
Test for overall effect: Z = 12.14 (P < 0.00001)

6.2.5 Pla+Pem+Bev

Patel2013 0.33898305 0.02178835  4.6% 0.34[0.30, 0.38] -
Schuette2017 0.44776119 0.04295703  4.1% 0.45[0.36, 0.53] -
Spigel2018 0.44262295 0.06359553  3.4% 0.4410.32, 0.57] -
Subtotal (95% Cl) 12.1% 0.40 [0.32, 0.48] L
Heterogeneity: Tau? = 0.00; Chi? = 6.60, df = 2 (P = 0.04); 1> = 70%

Test for overall effect: Z = 9.35 (P < 0.00001)

6.2.6 Pem+Bev

Fukuda2019 0.55 0.11124298 21% 0.55[0.33, 0.77] -
Schuette2017 0.31092437  0.0424314  4.1% 0.31[0.23, 0.39] -
Spigel2018 0.3015873 0.05782189  3.6% 0.30[0.19, 0.41] -
Subtotal (95% Cl) 9.8% 0.35[0.24, 0.46] *
Heterogeneity: Tau? = 0.00; Chi? = 4.35, df =2 (P = 0.11); 1> = 54%

Test for overall effect: Z = 6.41 (P < 0.00001)

6.2.7 Gem+Bev

Marinis2017 0.18181818 0.05814565 3.6% 0.180.07, 0.30] -
Subtotal (95% CI) 3.6% 0.18 [0.07, 0.30] ‘
Heterogeneity: Not applicable

Test for overall effect: Z = 3.13 (P = 0.002)

6.2.8 Vin+Pla+Endo

Liu2012 0.05263158 0.05122782 3.8% 0.05[-0.05, 0.15] ™
Sun2013 0.20689655 0.01329742 4.7% 0.21[0.18, 0.23] "
Subtotal (95% CI) 8.5% 0.14[-0.01, 0.29] ‘
Heterogeneity: Tau? = 0.01; Chi? = 8.50, df = 1 (P = 0.004); I> = 88%

Test for overall effect: Z=1.79 (P = 0.07)

6.2.9 PlatPem+Endo

Zhou2018 0.22336066 0.01333178  4.7% 0.22[0.20, 0.25] :
Subtotal (95% Cl) 4.7% 0.220.20, 0.25] {
Heterogeneity: Not applicable

Test for overall effect: Z = 16.75 (P < 0.00001)

Total (95% CI) 100.0% 0.35[0.31, 0.39] ¢

Heterogeneity: Tau? = 0.01; Chi? = 329.70, df = 26 (P < 0.00001); I = 92% P T ' )
Test for overall effect: Z = 16.16 (P < 0.00001) ’ :
Test for subgroup differences: Chi? = 60.75, df = 8 (P < 0.00001), I> = 86.8%

Fig. 6 Single-arm meta-analysis of the ORR of patients treated with antiangiogenic agents combined with chemotherapy
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a Results of single-arm meta-analysis for OS. b Results of single-arm meta-analysis for PFS.
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pooled event rate of vomiting was 0.20 (0.11, 0.30).
In addition to the result of Gem+ Bev containing 0,
Pla+Pem-+Endo had the highest incidence [0.86
(0.77,0.95)], while Pla+ Pac + Endo [0.15 (0.06, 0.23)]
and Pla+ Gem+ Bev [0.09 (0.06, 0.12)] had the low-
est incidence of vomiting. For leukopenia and throm-
bocytopenia, potential publication bias may exist
according to the results of Eegger’s test (p =0.006 and
p=0.002, respectively). More details of the results of
Begg’s and Egger’s test and funnel plots are shown in
Additional file 1: Table S2 and Figure S3.

Discussion

Angiogenesis plays an important role in tumorigenesis
and development and is related to tumor proliferation,
invasion and metastasis [4]. The results of clinical studies
has suggested the combination of antiangiogenic agents
and chemotherapy was effective, which can improve the
ORR and prolong the OS and PFS for NSCLC patients.
However, bevacizumab combined with chemotherapy
and Endostar combined with chemotherapy are still lack
of head-to-head clinical trials, which limits the clini-
cal application of antiangiogenic agents combined with
chemotherapy in the treatment of NSCLC. Therefore, by
conducting the current Bayesian network meta-analysis,
the effects of 14 interventions included in our study on
improving ORR, prolonging PFS and OS were compared
indirectly, so as to provide possible suggestions for fur-
ther clinical trials and rational application of antian-
giogenic agents and chemotherapy in the treatment of
NSCLC. Our study showed that antiangiogenic agents
combined with dual chemotherapy agents containing
platinum may have a better effect on NSCLC patients. In
terms of ORR, bevacizumab combined with chemotheray
may have a better effect for the treatment of NSCLC; and
in terms of OS and PFS, Endostar combined with chemo-
therapy may be superior to bevacizumab combined with
chemotherapy.

The results of the single-arm meta-analysis showed that
the combination of antiangiogenic agents and chemo-
therapy agents could improve ORR [pooled ORR and 95%
CIL 0.35 (0.31, 0.39)], OS [pooled HR and 95% CI: 0.89
(0.81, 0.98)] and PFS [pooled HR and 95% CI: 0.67 (0.56,
0.81)], which showed that antiangiogenic agents com-
bined with chemotherapy was more effective than chem-
otherapy alone. However, at present, it is still unclear that
antiangiogenic agents in combination with which chem-
otherapy regimen can provide more benefits to patients
in the treatment of NSCLC. Based on the first-ranked
and second-ranked interventions of rank probabilities,
our analysis found that, in terms of ORR, antiangiogenic
agents combined with Pla+Pem or Pla+ Pac may have
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better therapeutic effects; in terms of OS, antiangiogenic
agents combined with Pla+ Pem or Pem may be superior
to prolonging OS and in terms of PFS, combined with
Pla+ Gem or Pla+Pac may have better effects. There-
fore, our results showed than antiangiogenic agents com-
bined with Pla+ Pem, Pla + Pac or Pla+ Pem may benefit
patients more in the treatment of NSCLC. Among them,
antiangiogenic agents combined with Pla+ Pem seems to
be more conducive to improving ORR and prolonging OS
and combined with Pla+ Pac seems to be the first choice
for prolonging OS and PFS.

The combinations of Endostar, an antiangiogenic
agent, combined with chemotherapy and bevacizumab
combined with chemotherapy have shown good results.
However, the comparison between Endostar combined
with chemotherapy and bevacizumab combined with
chemotherapy lacks head-to-head clinical trials. Our
results suggested that there was no significant difference
in the effect of improving ORR and prolonging OS and
PFS in NSCLC patients between Endostar combined
with chemotherapy and bevacizumab combined with
chemotherapy. Although there were no significant dif-
ferences between these interventions, the rank positions
indicated that Pla+ Pem+ Bev and Pla+ Pac+ Bev were
in a more advanced position for improving ORR, and in
terms of OS, Pla+ Gem+Endo may be the best choice
among these interventions. And interesting, for prolng-
ing PFS, our results showed that Pla+Pem+ Endo may
be the first-ranked regimen, however, as the only beva-
cizumab combined with chemotherapy regimen for the
treatment of non-squamous NSCLC aproved by FDA,
Pla+Pac+Bev was the second-ranked regimen for
improving PES. Our analysis indicaded that bevacizumab
combined with chemotherapy seems more effective for
improving ORR and Endostar seems more effective for
prolonging OS and PFS.

For the comparison of the different Endostar com-
bined with chemotherapy regimens, a 4-phase clinical
study showed that there were no significant differences
in improving the ORR, OS and TTP (time to progres-
sion) among Vin+Pla+Endo, Pla4+-Gem+Endo and
Pla+ Pac+Endo [47]. However, for Pla+ Pem -+ Endo,
there was few head-to-head comparisons with
other Endostar combined chemotherapy regi-
mens. Our network meta-analysis showed that com-
pared with Vin+Pla+Endo, Pla+Gem+Endo and
Pla+Pac+Endo, there were no statistical difference
in improving ORR and prolonging OS and PFS. How-
ever, the results of single-arm meta-analysis showed that
some differences still existed among them. Compared
with Pla4+ Gem+ Endo, the ORR [ 0.22 (0.20, 0.25) vs
0.32 (0.18, 0.46)], OS [ 36.00 months (27.26, 44.74) vs
14.23 months (6.92, 21.23)] and PFS [10.00 months (5.84,
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14.16) vs 8.17 months (7.67, 8.68)] of Pla+ Pem + Endo
were obviously lower or longer. Similarly, com-
pared with Pla+Pac+Endo, the OS [ 36.00 months
(27.26, 44.74) vs 15.41 months (12.36, 18.46)] and PFS
[10.00 months (5.84, 14.16) vs 7.15 months (6.60, 7.70)] of
Pla+Pem+ Endo were evidently longer, although there
was no obvious difference for ORR [ 0.22 (0.20, 0.25) vs
0.27 (0.06, 0.49)]. The reason may be related to the dif-
ferences and inconsistencies between the studies and the
limited number of studies. In the future, head-to-head
randomized controlled trials are needed to determine
the relationship between the above strategies for improv-
ing the prognosis of patients to provide more reasonable
treatments for NSCLC patients.

For adverse events, the event rate of leukopenia [0.57
(0.32, 0.82)] was the highest among the four most com-
mon adverse events between Endostar combined with
chemotherapy and bevacizumab combined with chemo-
therapy. It is worth noting that the common adverse
events of bevacizumab combined with chemotherapy,
such as hypertension, proteinuria and thromboembolism,
have not been studied in the study of Endostar combined
with chemotherapy. Compared with bevacizumab com-
bined with chemotherapy, in Pla+ Pac+ Endo, the event
rate of leukopenia was the highest [0.87 (0.79, 0.95)],
while the incidence of vomiting was the second lowest
[0.15 (0.06, 0.23)]. In addition, in Pla+ Pem + Endo, the
event rate of vomiting was the highest [0.86 (0.77, 0.95)]
and the incidence of thrombocytopenia was the second
lowest [0.14 (0.05, 0.23)]. Gem + Bev had a low incidence
in both anemia [0.09 (0.01, 0.18)] and thrombocytope-
nia [0.12 (0.02, 0.21)]. However, due to the high hetero-
geneity, limited number and potential publication bias
of studies, further studies are needed to confirm these
conclusions.

For our network meta-analysis, there were still some
limitations. First, we included 11 moderate-quality stud-
ies and 18 high-quality studies: of the 25 randomized
controlled trials, 10 were moderate-quality articles and
15 were high-quality articles; the other 4 were nonran-
domized controlled trials and prospective studies, of
which 3 were high-quality articles and 1 was a moderate
quality article according to the NOS. Although the num-
ber of included nonrandomized controlled trials and pro-
spective studies was relatively small, the methodological
design of the randomized clinical trials was still more
reliable than that of the nonrandomized controlled trials,
which may lead to inconsistency in our results. Second,
for the patients who participated in the study, squamous
cell carcinoma and non-squamous cell carcinoma were
not distinguished, which may have some impact on the
consistency of our results. For squamous cell carcinoma,
there were no independent study data and thus, we failed
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to observe the curative effect of Endostar combined with
chemotherapy and bevacizumab combined with chemo-
therapy in squamous cell carcinoma. Third, in order to
facilitate the analysis, we did not make a strict distinction
between the dosage and the method of administration. In
addition, original data and laboratory data was lacking in
the current meta-analysis. Finally, our results were based
on a Bayesian network meta-analysis and the statistical
analysis of various interventions; however, the perfor-
mance of various interventions in real patients still needs
to be confirmed by head-to-head clinical trials.

Conclusions

In summary, the combination of antiangiogenic agents
with platinum-containing dual drug chemotherapy can
improve NSCLC patients’ benefit. The combination of
Endostar and platinum-containing dual drugs may be a
better choice to prolong OS and PFS. More clincial tri-
als are needed to ensure the reasonable use of antian-
giogenic combined with chemotheray regimens for
NSCLC patients in the future.
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