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SYSTEMATIC REVIEW AND META-ANALYSIS

Efficacy of Addition of Antiangiogenic Agents to
Taxanes-Containing Chemotherapy in Advanced
Nonsmall-Cell Lung Cancer

A Meta-Analysis and Systemic Review

Jin Sheng, MD, Yun-Peng Yang, MD, Bi-Jun Yang, MD, Yuan-Yuan Zhao, MD, Yu-Xiang Ma, MD,
Shao-Dong Hong, MD, Ya-Xiong Zhang, MD, Hong-Yun Zhao, MD, Yan Huang, MD, and Li Zhang, MD

Abstract: Preclinical researches indicated a potential synergistic
effect of taxanes-containing chemotherapy (TCC) and antiangiogenic
agents (AAs) on the treatment of advanced nonsmall-cell lung cancer
(NSCLC). The advantage of adding AA to TCC in the real world
remains confusing. We summarized the current evidences from relevant
phase II/III randomized controlled trials (RCTs) by performing this
meta-analyses.

Electronic databases were searched for eligible literatures. The
primary endpoint was overall survival (OS). Pooled hazard ratios
(HRs) and 95% confidence intervals (Cls) for outcomes were calculated
using RevMan 5.2.

A total of 14 phase II/IIl RCTs involving 9703 participants were
included. Compared to standard TCC, the addition of AA was associated
with the significant better OS (HR 0.92, 95% CI 0.87-0.97, P =0.002),
prolonged progression-free survival (HR 0.79, 95% CI 0.71-0.87,
P <0.00001), superior response rate (risk ratio [RR] 1.69, 95% CI
1.47-1.95, P <0.0001), and disease control rate (RR 1.19, 95% CI
1.08—1.32, P <0.00001). Subgroup analyses indicated that patient
treated with monoclonal antibodies (HR 0.89, 95% CI 0.82-0.96,
P=0.02) as well as application in second-line (HR 0.91, 95% CI

Editor: Liang Han.

Received: May 18, 2015; revised: June 29, 2015; accepted: July 1, 2015.

From the Department of Medical Oncology, Sun Yat-sen University Cancer

Center; State Key Laboratory of Oncology in South China; and

Collaborative Innovation Center for Cancer Medicine, Guangzhou, China.

Correspondence: Li Zhang, Department of Medical Oncology, Sun Yat-sen
University Cancer Center, 651 Dongfeng Road East, Guangzhou,
Guangdong 510060, PR China (e-mail: zhangli6@mail.sysu.edu.cn).

The authors of this article have declared that no competing interests exist.

This work was funded by National High Technology Research and Devel-
opment Program of China (Grant No. 2012AA02A502), Innovative drug
R&D center based on real-time high-throughput cell-based screening
plattorm and large capacity compound library (Grant No.
20137ZX09401003-002), National Natural Science Funds of China
(Grant No. 81372502), and Wu Jieping Medical Foundation Project
(Grant No. 320.6750.131). All the funders had no role in study design,
data collection and analyses, decision to publish, or preparation of the
manuscript.

JS, Y-PY, B-JY, Y-YZ, and Y-XM contributed equally to this work as first
authors.

JS and Y-PY conceived and designed the experiments. Y-XM and Y-XZ
contributed analyses tools. B-JY and S-DH performed the experiments.
Y-YZ conducted the statistical analyses. The manuscript was written by
JS and Y-PY. Proofreading was provided by H-YZ and YH. The covering
letter was from LZ.

The authors have no conflicts of interest to disclose.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons

Attribution-NoDerivatives License 4.0, which allows for redistribution,

commercial and non-commercial, as long as it is passed along unchanged

and in whole, with credit to the author.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000001282

Medicine ¢ Volume 94, Number 31, August 2015

0.85-0.96, P=0.02) acquired significant OS improvement. Other
clinical factors directing significant OS improvement by the combi-
nation strategy included nonsquamous cancer (P = 0.002), nonsmokers
(P=0.0005), and female (P = 0.02). Toxicities were greater but gener-
ally mild or moderate in the combination group, and were mostly
manageable.

In summary, the addition of AAs to TCC could improve prognosis of
advanced NSCLC. Furthermore, proper selection of patient population
and AAs is crucial for clinical trials design and clinical practice in the
future.

(Medicine 94(31):¢1282)

Abbreviations: AAs = antiangiogenic agents, CIs = confidence
intervals, DCR = disease control rate, EPCs = endothelial
progenitor cells, HRs = hazard ratios, MATKIs = multitargeted
antiangiogenic TKIs, NSCLC = nonsmall-cell lung cancer, ORR =
objective response rate, OS = overall survival, PFS = progression-
free survival, RCTs = randomized controlled trials, RRs = risk
ratios, TCC = taxanes-containing chemotherapy, TKIs = tyrosine
kinase inhibitors, VEGF = vascular endothelial growth factor.

INTRODUCTION

ung cancer is still the leading cause of cancer-related

mortality around the world." Nonsmall-cell lung cancer
(NSCLC) accounts for about 85% of all lung cancer cases,
and most patients are diagnosed as advanced or metastatic
disease.? Although several targeted therapies against driver
mutations have been developed and led to extraordinary clinical
benefit for NSCLC patients, the prognosis of patients without
known driver mutations remains poor.* Therefore, novel
treatment strategy for this patient population is urgently
warranted.

The important role of angiogenesis in tumor development,
growth, and metastasis has been well established.” Several
antiangiogenic agents (AAs), including small-molecule
multiple receptor tyrosine kinase inhibitors (TKIs) and mono-
clonal antibodies, have been developed. To date, more than 20
randomized placebo-controlled clinical trials were conducted to
test the hypothesis that combining standard therapies and AAs
might confer additional clinical benefit in advanced NSCLC
patients. However, only very few studies (ECOG 4599, REV-
EL) revealed overall survival improvement by additional anti-
angiogenic treatment.®’

Preclinical studies demonstrated that taxanes (paclitaxel
and docetaxel) would induce endothelial progenitor cells
(EPCs) mobilization, which contributed to drug resistance
and regrowth of tumor cells.®? In addition, antiangiogenic drugs
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could block the mobilization of EPC and increase antitumor
efficacy.'® These results indicated a potential synergistic effect
of taxanes-containing chemotherapy (TCC) and AAs on the
treatment of NSCLC. Furthermore, our previous meta-analyses
found that the combination of AAs and TCC could confer
overall survival (OS) improvement in NSCLC patients who
failed from first-line treatment when compared with TCC alone.
However, the advantage of adding AA to TCC in the overall
population of NSCLC remains confusing. Therefore, we per-
formed this meta-analyses to compare the efficacy of angiogen-
esis inhibitors plus TCC versus TCC alone for patients with
advanced NSCLC.

METHODS

Meta-analyses were conducted according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
11 .

statement.  The study protocol was approved by the Ethics
Committee of Sun Yat-sen University Cancer Center, China.

Literature Research

A systematic review of eligible randomized controlled
trials (RCTs) was performed by searching the electronic data-
bases, including Cochrane Central Register of Controlled Trials,
PubMed, EMBASE, MEDLINE, ASCO abstracts, and ESMO
abstracts. All the RCTs on combination of AA with TCC for
advanced NSCLC were collected and identified.

The AA was defined as agent blocking various angiogen-
esis relevant targets, primarily vascular endothelial growth
factor (VEGF). Small-molecule TKIs or monoclonal antibodies
were defined as 2 types of AA. Any dosage and schedules of AA
as first- or second-line therapy were included for analyses. TCC
referred to conventional cytotoxic regimens including taxanes,
such as docetaxel, paclitaxel plus carboplatin, and doctaxel
plus carboplatin.

The reference lists of identified articles or meta-analyses
were searched manually to find other relevant articles.

Inclusion Criteria

Eligibility criteria were as follows: type of participants:
adults patient with pathologically confirmed, squamous or
nonsquamous, recurrent or metastatic NSCLC that untreated
before or progressed after a single platinum-based chemother-
apy regimen. Type of study: studies had to be phase II or III
RCTs comparing the efficacy and safety profile of adding AA to
TCC with TCC alone in patients with advanced NSCLC. Type
of publication: full papers on original data were included if
original data about OS were reported. Abstracts with sufficient
information on study design, characteristics of participants,
interventions, and outcomes were also eligible for analyses.

Trials were excluded if they fail to meet the including
criteria. In cases of duplicate trials, the most complete reports
were included. The deadline of this search was February 28,
2015. The articles were limited to those in English language.

Data Extraction and Quality Assessment

The data collection and assessment of methodological
quality followed the Cochrane Collaboration guidelines
(http://www.cochrane.de). Researcher evaluated the quality of
each eligible study with Jadad score according to aforemen-
tioned criteria.'?

OS was set as the primary outcome. Other outcome
measures included progression-free survival (PFS), objective
response rate (ORR), disease control rate (DCR), and toxicity
profile. The hazard ratios (HRs) of OS and PFS were extracted
from the original studies or accounted from the reported data.
Other important information included the characteristic of each
RCT and the efficacy of each group. Two reviewers indepen-
dently extracted all above data from the finally included studies.
Disagreements were resolved by consensus or by the third

Citation identified primary search (n=492)

|

Reviews or meta-analysis (n= 253)

Non-randomized controlled trials (n= 181)

and abstracts for further assessment (n=58 )

Randomized controlled trials articles reviewed by titles

Phase | study (n=29)

Potentially relevant studies (n=29)

Single anti-angiogensis versuas

chemotherapy or placebo (n= 15)

Eligible studies involved in the systematic review (n=14)

Bevacizumab + TC or DC (n=4)
Vandetanib + TC or Doc (n=3)

Cediranib+ TC (n=2)
Sorafinib + TC (n=1)
Motesanib+ TC (n=1)

Aflibercept+Doc (n=1)
Ramucirumab+Doc (n=1)
Nintedanib+Doc (n=1)

FIGURE 1. The flowchart of the process for selecting relevant articles.
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investigators. The name of the first author and the year of
publication of the article were used for identification.

Statistical Analyses

The experimental arm was defined as AA plus TCC,
whereas the control arm was TCC alone. The heterogeneity
across studies was assessed with the inconsistency statistic @)
and forest plot. A fixed-effect model was applied if no existence
of significant heterogeneity (I> < 50%); otherwise, the random-
effect model was used. Pooled HRs for survival outcomes (PFS
and OS) and pooled risk ratios (RRs) for ORR and DCR with
95% confidence interval (CI) were calculated using Review
Manager (version 5.2 for Windows; Cochrane Collaboration,
Oxford, UK). An estimate of the potential publication bias was
carried out by funnel plot. An asymmetric plot suggested a
possible publication bias. Subgroup analyses were conducted to
define potential groups that may potentially benefit from com-
bining antiangiogenesis with TCC. P <0.05 was considered
statistically significant for all analyses.

RESULTS

Characteristics of Included Studies

Figure 1 was the flow chart reflecting the selection process
for eligible RCTs. Twenty-nine potentially eligible trials were
rigorously identified by full-text review, 14 studies with 9703
patients met the inclusion criteria and were finally included for
OS analyses. Other potential eligible studies were excluded for
reasons of single-armed or without chemotherapy combination.
Amon% the included studies, there were nine phase III
RCTs.%71371° Furthermore, nine agents (vandetanib, sunitinib,
cediranib, nintedanib, sorafenib, motesanib, aflibercept, beva-
cizumab, and ramucirumab) with comparable data were ident-
ified. Eight studies were set as first-line investigational clinical
trials.'> 13172923 One study explored the efficacy and safety
of 2 dosages of vandetanib.?* There were 6 studies designed
with OS as the primary outcome.®”'*71¢ All studies were
scored 3 to 5, and evaluated as high quality except 1 phase
I trial15 with 4 arms, which evaluated the efficacy and toxicity

TABLE 1. Characteristics of Included Studies

Percent of
No. of Nonsquamous Median Median Primary Jadad
Author Year Phase Line Arms Patients Cancer PFS, mo OS,mo HR for OS Outcome Score
Johnson 2004 1I 1 Beva + TC 35 91.4 7.4 17.7 1.01, P=0.98 TTP and 4
ORR

Pla + TC 32 78.1 4.2 14.9

Sandler 2006 11T 2  Beva + TC 417 100 6.2 123 0.79, P=0.003 OS 4
Pla + TC 433 100 4.5 10.3

Heymach 2007 1II 2 Vand 44 68.2 2.8 7.9 1.28, P=0.33 PFS 3

(300mg) + Doc
Pla + Doc 41 73.2 4.0 13.4
Vand 42 71.4 44 13.1 091, P=0.72
(100mg) + Doc

Heymach 2008 1I 1 Vand + TC 56 80 6.0 10.2 1.15, P=0.52 PFS 3
Pla + TC 52 79 5.8 12.6

Scagliotti 2010  III 1 Sora + TC 464 77 4.6 10.7 1.15, P=0.17 OS 4
Pla + TC 462 75 5.4 10.6

Goss 2010 11 1 Cedi + TC 126 81 5.6 10.5 0.78, P=0.11 PFS 3
Pla + TC 125 74 5.0 10.1

Herbst 2010 I >2  Vand + Doc 694 73 4.0 10.6 091, P=0.25 PFS 5
Pla + Doc 697 77 32 10.0

Scagliotti 2012 1III 1 Mote + TC 956 100 5.6 13.0 0.90, P=0.14 OS 4
Pla + TC 949 100 54 11.0

Niho 2012 10 1 Beva + TC 117 100 6.9 22.8 0.99, P=0.95 PFS 3
Pla + TC 58 100 5.9 234

Ramlau 2012 1II >2  Afli + Doc 456 100 4.1 10.4 1.01, P=091 OS 5
Pla + Doc 457 100 5.2 10.1

Boutsikou 2013  III 1 Beva + DC 56 100 6.0 19.1 0.77, P=0.49 OS 2
Pla + DC 61 100 2.2 15.3

Garon 2014 I 2 Ramu+ Doc 628 75 4.5 10.5 0.86, P=0.02 OS 5
Pla + Doc 625 73 3.0 9.1

Laurie 2014 11 1 Cedi + TC 153 87 5.5 12.2 0.94, P=0.72 PFSs 4
Pla + TC 153 88 5.5 12.1

Reck 2014 I 2 Nint + Doc 655 57.9 35 10.1 0.94, P=0.26 PFS 5
Pla + Doc 659 57.7 2.7 9.1

Afli =aflibercept, Beva=bevacizumab, Cedi= cediranib, DC = docetaxel plus carboplatin, DCR =disease control rate, Doc = docetaxel,
Mote = motesanib, Nint = nintedanib, ORR = objective response rate, OS = overall survival, Ramu = ramucirumab, PFS = progression-free survival,

Sora = sorafinib, TC = paclitaxel plus carboplatin, Vand = vandetanib.
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—Study or Subgroup _loglHazard Ratio] ___SE_Weight IV, Fixed, 95% Cl

Hazard Ratio Hazard Ratio

IV, Fixed, 95% Cl

Boutsikou 2013 -0.2566 03692 05% 0.77(0.38,1.60) W
Garon 2014 -0.1539 00682 151% 0.86(0.75,0.98) '
Goss 2010 -0.2518 01583 28% 0.78(0.57,1.06) -
Herbst 2010 -0.0968 0.083%3 10.0% 0.91(0.77,1.07) "
Heymach 2007a 0.2467 0.2527 11% 1.28(0.78, 2.10) T
Heymach 2007b -0.0896 0.2593 1.0% 0.91[0.55,1.52) -1
Heymach 2008 0.1416 0.2191 15% 1.15[0.75,1.77) T
Johnson 2004 0.007 0.2642 1.0% 1.01([0.60,1.69) -1
Laurie 2014 -0.0586 0163 26% 0.94[0.69,1.30) T
Niho 2012 -0.0127 02133  15% 0.99(0.65,1.50) 1T
Ramlau 2012 0.0089 00756 123% 1.01[0.87,1.17) T
Reck 2014 -0.067 00591 20.1% 0.94([0.83,1.09) -
Sandler 2006 -0.2419 00803 10.7% 0.79[0.67,0.92) -
Scagliotti 2010 0.1409 01034 66% 1.15(0.94,1.41) -
Scagliotti 2012 -0.1046 0.0734 13.0% 0.90(0.78,1.04) *
Total (95% ClI) 100.0% 0.92[0.87,0.97] )
Heterogeneity: Chi*= 1565, d= 14 (P=0.34),F=11% 0 01 0:1 1 1:0 100:

Test for overall effect: Z= 3.09 (P = 0.002)

Anti-angiogenasis+Taxanes Taxanes

FIGURE 2. Forest plot and pooled HR and 95% ClI for OS: antiangionesis therapy plus TCC versus TCC alone. Cl = confidence interval,
HR = hazard ratio, OS = overall survival, TCC = taxanes-containing chemotherapy.

of the combination of docetaxel/carboplatin with bevacizumab
or erlotinib as first-line treatment for advanced NSCLC.

Table 1 summarized the important baseline characteristics
and the quality assessment results of selected trials. Apparently,
all of the trials were qualified enough with the Jadad score >3.
For each study, no high risk of bias was detected for all key
domains, including sequence generation, allocation conceal-
ment, blinding of participants or outcome assessment, incom-
plete outcome data, selective outcome reporting, and other
sources of bias.

Publication Bias
The highly sensitive search strategy was applied to mini-
mize the potential of publication bias. Furthermore, we

reviewed the articles strictly according to the inclusion criteria.
Publication bias was detected by funnel plot. No apparent
publication bias was found in the analyses for our primary
measure (S1_Figure, http:/links.lww.com/MD/A352).

Primary Measure: Overall Survival

According to the original data, 2 trials reported statistically
significant improvement on OS.*’ The pooled result showed
that the combination with AA was associated with the signifi-
cant improved OS (HR 0.92, 95% CI 0.87-0.97, P=0.002)
compared with standard TCC. No apparent heterogeneity was
detected among the recruited studies (P=0.34, I>=11%)
(Figure 2). As shown in Figure 2, study LUME-Lung 1 occupied

TABLE 2. Summary of the Subgroup Results: Pooled HRs and 95% Cls for OS

No. of Articles Pooled HR (95% CI) P Heterogeneity I> Analysis Model
First-line 8 0.96 (0.87—1.06) 0.39 0% Fixed
Second-line 6 0.91 (0.85-0.96) 0.002 25% Fixed
Angiokinase inhibitors 8 0.95 (0.88—1.01) 0.11 2% Fixed
Monoclonal antibodies 6 0.89 (0.82-0.96) 0.004 17% Fixed
Nonsquamous cancer 8 0.90 (0.84-0.96) 0.002 10% Fixed
Squamous cancer 5 1.09 (0.87-1.35) 0.45 58% Random
Nonsmoker 6 0.81 (0.70—0.94) 0.0005 0% Fixed
Past or present smoker 6 0.99 (0.88—1.11) 0.85 89% Random
Female 6 0.87 (0.77-0.98) 0.02 0% Fixed
Male 6 0.96 (0.89-1.03) 0.28 33% Fixed
111B 3 0.93 (0.71-1.23) 0.63 0% Fixed
v 4 0.93 (0.82—-1.06) 0.29 60% Random
ECOG=0 4 0.93 (0.82—1.06) 0.28 1% Fixed
ECOG=1 4 0.92 (0.85-1.00) 0.06 49% Fixed
>65 3 0.98 (0.85—1.14) 0.83 0% Fixed
<65 3 0.96 (0.81-1.15) 0.68 62% Random

CI = confidence intervals, ECOG = Eastern Cooperative Oncology Group, HRs = harzard ratios, OS = overall survival.
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20.1% relative weight. However, when we performed additional
analyses with the subtraction of this trial, the overall results
remained similar (HR 0.92, 95% CI 0.87-0.97, P=0.004,
I> = 17%). Therefore, the weight of study LUME-Lung 1 did
not impact the overall results.

Subgroup analyses indicated that slightly OS improvement
was observed in first-line application (HR 0.96, 95% CI 0.87—
1.06, P=0.39). However, the practice in second-line appli-
cation was associated with the significant prolonged OS (HR
0.91, 95% CI 0.85-0.96, P=0.002). Other clinical factors
directing significant OS improvement by the combination
strategy included histologically nonsquamous cancer (HR
0.90, 95% CI 0.84—0.96, P=0.002), nonsmokers (HR 0.81,
95% CI 0.70-0.94, P =0.0005), or female (HR 0.87, 95% CI
0.77-0.98, P=0.02). Only monoclonal antibodies (HR 0.89,
95% CI 0.82-0.96, P =0.004) were proved efficient in com-
bination with TCC.

However, indirect analyses failed to validate the super-
iority of monoclonal antibodies (HR 0.94, 95% CI 0.84—1.04,
P =0.22). The results of subgroup analyses were summarized in
Table 2.

Secondary Measure: PFS, ORR, DCR, and Toxicity

Thirteen studies reported the original data of PFS and
ORR. Compared with TCC alone, the combination of AA and
TCC resulted in significant improvement on PFS (HR 0.79,
95% CI 0.71-0.87, P <0.0001) and high response rate (RR
1.69, 95% CI 1.47-1.95, P <0.0001) (Figures 3 and 4). The
DCR was also improved by this combination strategy (RR 1.19,
95% CI 1.08—-1.32, P <0.00001) (Figure 5).

In general, grade >3 adverse events occurring more fre-
quently in the combination arms versus the TCC arms, such as
hypertension, hemorrhage, proteinuria, thromboembolic events
and diarrhea for anti-VEGF-induced events and neutropenia,
leukopenia, and fatigue for chemotherapy-induced events.
Moreover, it had been reported that addition of AA to che-
motherapy lead to more treatment-induced death.®*> However,

—Study or Subqroup _loq[Hazard Ratiol __SE_Weight IV, Fixed, 95% Cl

Garon 2014 -0.2682 00599 15.2%
Goss 2010 -0.2572 01682 1.9%
Herbst 2010 -0.2327 0.0706 10.9%
Heymach 2007a -0.1829 02502 0.9%
Heymach 2007b -0.4532 02571 08%
Heymach 2008 -0.2712 02052 1.3%
Johnson 2004 -0.558 0.2366 1.0%
Laurie 2014 -0.0902 01287 3.3%
Niho 2012 -0.492 01916 1.5%
Ramlau 2012 -0.1952 0068 11.8%
Reck 2014 -0.1643 0063 13.7%
Sandler 2006 -0.4117 00767 9.3%
Scagliotti 2010 -0013 00823 81%
Scagliotti 2012 -0.2409 0.0518 20.3%
Total (95% CI) 100.0%

Heterogeneity: Chi*= 20.19, df= 13 (P = 0.09), F= 36%
Testfor overall effect: Z= 9.83 (P < 0.00001)

the combination therapy had a safety profile compared with that
of AA such as bevacizumab taken individually.'> In addition,
various AAs had their own toxicity profiles. On the whole, the
toxicities were greater but generally mild or moderate in
severity and manageable in the combination group.

DISCUSSION

To our knowledge, this is the first systemic review and
meta-analyses assessing the efficacy of AA plus TCC versus
standard TCC for patients with advanced NSCLC. Our study
revealed the addition of AA was associated with the significant
longer OS (HR 0.92, 95% C1 0.87-0.97, P =0.002), prolonged
PFS (HR 0.79, 95% CI 0.71-0.87, P < 0.00001), superior ORR
(RR 1.69, 95% CI11.47—1.95, P < 0.0001), and DCR (RR 1.19,
95% CI 1.08—1.32, P < 0.00001). Subgroup analyses indicated
that nonsquamous, nonsmoker, and female lung cancer patients
as well as patients in second-line might be the potential target
population. Furthermore, monoclonal antibodies might be the
preferable AA in combination with TCC.

Several preclinical researches indicated that TCC could
promote angiogenesis by various mechanisms and induce drug
resistance. As previously mentioned, taxanes could cause EPC
elevations within 24 hours of a single bolus injection, whereas
other agents (gemcitabine, cisplatin, doxorubicin, irinotecan,
and cyclophosphamide) failed to induce mobilization of EPC.*
In addition, TCC treatment would result in a significant increase
in the influx of angio-supportive bone marrow-derived cells and
lead to enhanced angiogenesis.”” Moreover, a recent study
found that paclitaxel therapy might activate s;/stemic inflam-
matory circuits which promoted angiogenesis.?’ These findings
implied the addition of AA could enhance the anticancer
activity of TCC. The efficiency of this strategy had been
confirmed by this meta-analyses. Therefore, it is reasonable
to apply this strategy to NSCLC patients in the real world.

As NSCLC is no longer seen as one disease but as a cluster
of different disease variants that can be classified by histologi-
cal subtypes or genetic mutations, AA in combination with

Hazard Ratio Hazard Ratio

IV, Fixed, 95% CI

0.76 (0.68, 0.86]
0.77 (0.56, 1.08)
0.79(0.69, 0.91)
0.83(0.51,1.36)
0.64 (0.38, 1.05)
0.76[0.51,1.14)
0.57 (0.36, 0.91)
091(0.71,1.18)
0.61 (0.42, 0.89]
0.82(0.72, 0.94)
0.85 (0.75, 0.96]
0.66 [0.57, 0.77]
0.99(0.84, 1.18]
0.79(0.71, 0.87)

- '5'11|||l{|'|

0.79[0.76, 0.83]

100

001 04 1 10
Anti-angiogenesis+Taxanes Taxanes

FIGURE 3. Forest plot and pooled HR and 95% ClI for PFS: antiangionesis therapy plus TCC versus TCC alone. Cl = confidence interval,
HR = hazard ratio, PFS = progression-free survival, TCC = taxanes-containing chemotherapy.
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Heymach 2007a 0.3989 05275 16%
Heymach 2007b 0.7644 04927 18%
Johnson 2004 0.2498 03318 35%
Heymach 2008 0251 031 39%
Reck 2014 0.2817 02768 46%
Goss 2010 0.8663 02351 57%
Niho 2012 06721 0209 66%
Ramlau 2012 09616 01851 75%
Herbst 2010 05244 01416 96%
Laurie 2014 0.4318 01358 99%
Sandler 20086 08465 0132 101%
Garon 2014 05231 01237 105%
Scagliotti 2010 01282 01135 111%
Scagliotti 2012 0.4485 00682 135%
Total (95% CI) 100.0%

Heterogeneity: Tau*=0.03; Chi*= 2997, df=13 (P=0.005), P=57%

Testfor overall effect Z=7.43 (P < 0.00001)

215[0.82,5.64] 7

1.28 (0.67, 2.46)
1.29(0.70, 2.36) -
1.33(0.77, 2.28) -
2.38[1.50,3.77)

1.96 [1.30, 2.95)

2.62[1.82, 3.76)

1.69[1.28,2.23)

1.541.18, 2.01)

2.33(1.80, 3.02) -
1.69[1.32, 2.15] R
1.14(0.91,1.42) 1
1.571.37,1.79) -

1.69 [1.47, 1.95] 4

001 01 1 10 100
Taxanes Anti-angiogenesis+T:

FIGURE 4. Forest plot and pooled RR and 95% Cl for ORR: antiangionesis therapy plus TCC versus TCC alone. Cl = confidence interval,
ORR =objective response rate, RR =risk ratio, TCC = taxanes-containing chemotherapy.

chemotherapy may not provide significant clinical benefit to
unselected NSCLC patients.>®*? Unfortunately, although sev-
eral markers (VEGF-A, VEGFR, placental growth factor
(PLGF), neuropilin-1 [NRP-1]) have been evaluated as pre-
dictive factors for antiangio§enic therapy, no validated bio-
marker has been identified.**~>> Subgroup analyses of this
study presented that only nonsquamous (HR 0.90, 95% CI
0.84-0.96, P=0.002), nonsmoker (HR 0.81, 95% CI 0.70—
0.94, P=0.0005), and female (HR 0.87, 95% CI 0.77-0.98,
P=0.02) NSCLC patients could gain significant survival
benefit from the combination regimens. The underlying
biological mechanism is still unknown. Notably, these

Garon 2014 01985 0048 13.7%
Herbst 2010 0087 00444 139%
Heymach 2007a 03077 03246 22%
Heymach 2007b 03958 01544 65%
Niho 2012 0.2854 0.0878 10.7%
Ramlau 2012 0.3699 00668 12.3%
Reck 2014 02711 00582 13.0%
Scagliofti 2010 -0.1242 00634 126%
Scagliofti 2012 0.0572 00241 150%
Total (95% CI) 100.0%

Heterogeneity. Tau*= 0,02, Chi*= 52,59, df= 8 (P < 0.00001); #= 85%

Test for overall effect Z=3.42 (P = 0.0006)

characteristics are associated with the high EGFR mutation
frequency.**** However, as EGFR mutation test was not rou-
tinely performed in these included trials, we could not analyze
the relationship between clinical efficacy of this combination
strategy and the mutation status of EGFR. Further studies are
warranted to explore this objective in future.

Our study also found that application of monoclonal
antibodies rather than multitargeted antiangiogenic TKIs
(MATKISs) could prolong overall survival of NSCLC patients.
This was consistent with the results of previous studies.>>=*
These 2 meta-analyses both revealed that MATKIs-containing
regimens were superior to MATKIs-free regimens in terms of

Risk Ratio Risk Ratio
Ranaom, andom, 3
1.22(1.11,1.34) g
1.09(1.00,1.19) '
1.36(0.72, 2.57) ~
1.49(1.10,2.01)
1.33[1.12,1.58)
1.45(1.27,1.65)
1.3 1.17,1.47)
0.88(0.78,1.00) b
1.06(1.01,1.11)

1.19[1.08,1.32] p

001 01 1 10 100
Taxanes Anti-angiogenesiseT.

FIGURE 5. Forest plot and pooled RR and 95% CI for DCR: antiangionesis therapy plus TCC versus TCC alone. Cl = confidence interval,
DCR =disease control rate, RR =risk ratio, TCC = taxanes-containing chemotherapy.
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tumor response and PFS in patients with advanced NSCLC.
However, no significant benefits in OS were observed. One
possible explanation for this observation is that MATKIs tested
to date have inhibitory activity over a range of receptors and are
lacking of specificity to a particular one. Thus, they may not be
able to completely inhibit angiogenesis signaling.*’ It is
possible that MATKIs with preferable specificities could pro-
vide more clinical benefit to NSCLC patients.

The present meta-analyses are limited by the heterogeneity
of various agents used in the individual trials. In addition, the
analyses were not based on individual patient data, which might
provide further insight into the efficacy of the combination
strategy. Other limitations include publication status as ongoing
studies were ineligible for inclusion. In addition, only a small
number of trials met the subgroup analyses criteria, thus redu-
cing the power of the analyses. These factors may have a
potential impact on our results. Moreover, we are unable to
assess the effects of this combination strategy on other mean-
ingful endpoints, such as quality of life, details of toxicity
profile, because of sparse and inconsistent reporting across
studies.

CONCLUSIONS

In summary, the addition of AAs to TCC could improve
prognosis of NSCLC patients. Furthermore, proper selection of
patient population and AAs is crucial for clinical trials design
and clinical practice in the future.
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