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Abstract

Background: Small cell lung cancer (SCLC) is a highly invasive and lethal neuroen-
docrine tumor. Antiangiogenic drugs have been reported in the treatment of SCLC.
We aimed to provide a comprehensive evaluation of the impact of angiogenic inhibi-
tors on SCLC survival using network meta-analysis.

Methods: The impact of five angiogenesis inhibitors, that is, vandetanib (Van), bev-
acizumab (Bev), Rh-endostatin (End), sunitinib (Sun), and thalidomide (Tha), on
progression-free survival (PFS) and overall survival (OS) was evaluated by conduct-
ing a network meta-analysis. RNA sequencing data were downloaded from publicly
available databases.

Results: Nine phase II and III randomized controlled trials (RCTs), that involved
1599 participants, that investigated angiogenesis inhibitors in the treatment of SCLC
were included in this meta-analysis. Sun and Bev achieved better PFS than Tha
(Bev VS. Tha, HR = 0.88, 95% CI: 0.79-0.98, Sun VS. Tha, HR = 0.80, 95% CI:
0.65-1.00). Moreover, Sun and Bev were superior to placebo in terms of PFS (Bev
VS. Placebo, HR = 0.89, 95%CI: 0.81-0.97, Sun VS. Placebo, HR = 0.81, 95% CI:
0.66-1.00). Based on this study, we found no significant difference of OS of SCLC.
The angiogenesis pathway and expression of target genes were globally deactivated
in SCLC tissue.

Conclusion: Results of this network meta-analysis indicate that the PFS outcome of
SCLC with Sun or Bev drugs is superior to that of Tha. The improved therapeutic
impact of angiogenesis inhibitors on SCLC needs more evidence, such as long-term

observation in clinical trials, to be validated.

KEYWORDS
angiogenesis inhibitors, network meta-analysis, randomized controlled trial, small cell lung cancer, target

drugs

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2019 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

5930 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2019;8:5930-5938.


www.wileyonlinelibrary.com/journal/cam4
mailto:﻿
https://orcid.org/0000-0003-3467-6386
mailto:﻿
http://creativecommons.org/licenses/by/4.0/
mailto:doc_cai@hotmail.com
mailto:sxs917@163.com

SHI ET AL

1 | INTRODUCTION
Small cell lung cancer (SCLC) is a rapidly progressive and
easily metastasized pulmonary neuroendocrine tumor, ac-
counting for approximately 15% of lung cancers. In current
clinical practice, SCLC is generally treated with chemother-
apy combined with radiotherapy. The standard treatment for
SCLC is etoposide combined with platinum drugs such as
cisplatin or carboplatin.1 Patients usually respond well to the
drug in the initial treatment, but they quickly develop drug
resistance and the disease relapses within 2 years.2

The clinical trials of early developed targeted drugs are
not ideal and significant effective targeted therapies are
needed. In recent years, with a deeper understanding of the
pathogenesis of SCLC, a variety of targeted drugs for genetic
alteration of SCLC has been developed3; these agents include
angiogenesis inhibitors, kinase inhibitors, inhibitors of prote-
ases, and immunological checkpoint inhibitors. Among them,
angiogenesis inhibitors are currently the most advanced treat-
ment approaches in SCLC clinical research.

It has been well reported that angiogenesis is involved in
cancer development in the processes of endothelial cell pro-
liferation, migration, and invasion.* The vascular endothelial
growth factor (VEGF) family is the essential antitumor angio-
genesis target in both non-small cell lung cancer and SCLC.
VEGF expression levels are variable and are associated with
prognosis.s’6 Tumor angiogenesis follows multiple steps, in-
cluding vascular endothelial matrix degradation, endothelial
cell migration, endothelial cell proliferation, endothelial cell
tube branching to form a vascular ring, and formation of a
new basement membrane. Potente et al summarized the role
that angiogenesis in cancer development and metastasis and
potential therapeutic effects.” Therefore, the inhibition of an-
giogenesis process could limit or prevent the development
and spread of tumor.®

Currently, multiple angiogenesis inhibitors have been
used for the treatment of cancer,9 but no systemic comparison
of angiogenesis inhibitors on SCLC has been documented. In
this paper, aiming at providing an evidence for the selection
of angiogenesis inhibitors, we identify the optimal angiogen-
esis inhibitors from the treatment of SCLC and potential bi-
ological perspective by incorporating network meta-analysis
and bioinformatic analysis.

2 | METHODS

2.1 |

Using three publicly accessible database Cochrane Library
(http://www.cochranelibrary.com), Embase (http://www.
embase.com) and Pubmed (http://www.ncbi.nlm.nih.gov/
pubmed), we systematically searched the published English
language literature for reports using angiogenesis inhibitors

Data sources
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for the treatment of SCLC published prior to 10 August 2018.
Ten angiogenesis inhibitors are included in this study, namely
bevacizumab, aflibercept, ramucirumab, sorafenib, sunitinib,
nintedanib, pazopanib, vandetanib, cediranib, and endosta-
tin. The keywords that we queried: (a) small cell lung cancer
(“small cell lung cancer” or “small cell lung carcinoma” or
“small cell cancer of the lung” or “oat cell lung cancer”) and
(b) angiogenesis inhibitors (“angiogenesis” OR "angiogen-
esis inhibitors" OR "targeted therapy" OR "bevacizumab”
OR “aflibercept” OR “ramucirumab” OR “sorafenib” OR
“sunitinib” OR “nintedanib” OR “pazopanib” OR *“‘vande-
tanib” OR “cediranib” OR “endostatin” and (c) “randomized
controlled study”.

2.2 | Criteria for inclusion and
exclusion of studies

We set up the selection criteria to be included in this meta-
analysis as follows. The study has to be a published English
literature on the efficacy of angiogenesis inhibitors in pa-
tients with SCLC; and the angiogenesis inhibitors defined as
above. The outcome variables must present survival analysis
such as progression-free survival (PFS) and overall survival
(0S), meanwhile the statistics such ad hazard rate (HR) and
95% confident interval (CI) must be provided. The design of
the included study was randomized controlled study. Only
the latest research or the most complete data set was included
in final analysis.

Studies with the following characters were excluded from
this meta-analysis. (a) incomplete data that are unable to be
used for statistical analysis; (b) comments, letters, reviews;
(c) repeatedly used data for multiple studies; (d) study with
the number of patients less than 10.

2.3 | Data extraction and quality assessment

Two investigators of this paper independently extracted the
following data, using the same criteria of data extraction
and quality assessment, including the name of the first au-
thor from the literature, the year of publication, the year of
study, the location of study, the research center, the phase
of clinical trial, the time of follow-up in months, the names
of angiogenesis inhibitors for each group, the number of
patients included in the study, the demographic character-
istics (age, sex, and ethnicity), the extent of disease, ECOG
performance status, and two indicators of survival analysis,
namely the PFS and OS, and corresponding HR and 95%
CI value.

For literature quality assessment, randomized con-
trolled studies were assessed using the risk of bias as-
sessment tool suggested by the Cochrane Collaboration
Recommendations. If disputes arise in the process of data
extraction and quality assessment, a panel discussion was
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held, and a third investigator was consulted to obtain con-
sistent results.

24 |

RNA data were acquired from GEO under the accession
GSE60052'° and reanalyzed by the following bioinformatic
pipelines. We first performed an RNA expression differ-
ential analysis as previously reported (PMID: 30288103).
We then extracted the top 500 significantly downregulated
genes to run gene ontology analysis by Functional anno-
tation bioinformatics microarray analysis.1 12 The expres-
sion level of angiogenesis inhibitor target genes was also
extracted for the comparison between SCLC tissue and
control tissue.

Bioinformatic analysis

2.5 | Statistical analysis

Direct meta-analysis of two variables was performed by
RevMan 5.3. The effect on survival is measured by the value
of HR and 95% CI. Prior to data merging, the heterogeneity
test was performed on the data of each study. The heteroge-
neity test was based on Chi-squared Q test and I? value. If
the heterogeneity test had a statistical difference (P < .10 or
I > 50%), the random effect model was used to calculate the
combined effect value; otherwise, the fixed effect model was
used to merge the data (P > 0.10 and < 50%).

The network meta-analysis was implemented using
"netmeta" package in R version 3.4.3. Using the Cochran's

Literature search in PubMed (3013),
Embase (2930),Cochrane Library (1123)

J

Articles after duplicates removed (4501)

Q-statistic, the model was selected by the measurement
of heterogeneity (if the P value of Q-statistic was greater
than 0.05, the fixed effect model was used to combine data;
otherwise the random effect model was used).13 The inter-
vention measures are ranked according to the P-score—the
higher the P-score, the better the survival. The sensitivity
analysis of P-score was carried out using random effects
and fixed effects models. Publication bias was illustrated
by funnel plot.14

3 | RESULTS

3.1 | Characteristics of the selected studies

As shown in Figure 1, a total of 7066 English publications
in PubMed (3013), Embase (2930), and Cochrane Library
(1123) were retrieved using the preset search strategy. There
were 4501 articles excluded due to being duplicated docu-
ments. After browsing the titles and abstracts as well as full-
text review, a further 172 articles, including 52 case series/
reports, 26 letters/comments, 49 reviews/meta-analysis, were
excluded because these items are not relevant to the aim of
our study. A total of nine qualified studies were retrieved. 15-23

The nine papers were published from 2007 to 2017, with
their respective studies starting from 2000 to 2015. The study
countries included the United States, China, France, and Italy.
Seven reports were of multicenter studies. The clinical trials of
SCLC were trial phase II-III. The median follow-up time var-
ied from 7.8 to 37.7 months. A total number of 1,599 patients

Articles excluded: Obvious
irrelevance (4320)

Articles full-text reviewed (181)

Articles excluded (127):
52 case series/report;
26 letter/comment; 49
reviews/meta-analysis

Atrticles full-text reviewed (54)

Articles excluded (45):
4 reduplicative study; 41
nothing of relevant data

FIGURE 1 The Flowchart of
literature search and study selection. After

Articles included for Meta-analysis (9)

the workflow of literature review, nine of
7066 literatures were included
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with SCLC were enrolled. These comprised 93 patients in the
Vandetanib (Van) group, 190 patients in the Bevacizumab (Bev)
group, 69 patients in the Rh-endostatin (End) group, 44 patients
in the Sunitinib (Sun) group, and 414 patients in the Thalidomide
(Tha) group. A total number of 789 patients received placebo.

In terms of demographic characteristics, the median age
across the studies was in the range of 56.9-65, and there was
no significant difference in age among the treatment groups.
As for gender, there were more male patients (981) than fe-
male patients (618), but there was no difference between the
ratio of male to female between studies. Regarding the extent
of disease, most of the patients had extended disease (ED);
only two articles reported on both ED and limited disease (LD)
with 402 LD patients.'>'® In terms of ECOG performance sta-
tus, patients were mainly distributed in scores O or 1, of which
425 and 833 were clearly reported, respectively. The majority
of the reported cases were Caucasians from Europe and the
United States. One study from China, though did not mention
ethnicity, is presumably assigned to Chinese cohort (Table 1).
The HR and 95% CI values of PES and OS were extracted for
subsequent survival analysis (Table S1).

The RCT quality assessment showed that the included
literature was of high quality overall. But some of the liter-
ature showed a high risk of bias or unclear risk of bias in
Allocation Concealment (selection bias) and Blinding of par-
ticipants and personnel (performance bias), which in other
articles was of low risk of bias (Figure S1).

3.2 | Meta-analysis

First, we conducted heterogeneity tests. In the meta-analysis of
direct comparison between two studies, there was significant het-
erogeneity based on the measurement of I = 66% and P = .09

in the OS of Tha VS. placebo, so the random effect model was
applied. The remaining groups had no significant heterogene-
ity, so the fixed effect model was used. The results showed that
there were significant differences between Bev VS. Placebo and
Sun VS. Placebo in PES (Bev VS. Placebo, HR = 0.85, 95%CI:
0.77-0.93,Z=3.45, P < .01; Sun VS. Placebo, HR = 0.81, 95%CTI:
0.66-1.00, Z = 1.98, P = .05). There was no significant PFS and
OS differences among the other groups (Table S2 and Figure 2).

33 |

Firstly, a treatment network of PFS and OS from the same
literature was constructed (Figure 3). It was found that Van,
Bev, Sun, Tha, and End could be directly compared with pla-
cebo, but there was no direct comparison between angiogen-
esis inhibitors.

In terms of PFS, the internal and inter-study heterogene-
ity was evaluated using Q-statistics to construct the network
meta-analysis. The outcomes indicated that the fixed effect
model could be applied (Table S3) The network meta-anal-
ysis (Table 2) showed that Sun and Bev were better than
Tha in terms of PFS. The PFS of Sun and Bev was signifi-
cantly different from Tha (Bev VS. Tha, HR = 0.88, 95% CI:
0.79-0.98, Sun VS. Tha, HR = 0.80, 95% CI: 0.65-1.00), and
that of Sun and Bev was significantly different from placebo
(Bev VS. Placebo, HR = 0.89, 95% CI: 0.81-0.97, Sun VS.
Placebo, HR = 0.81, 95% CI: 0.66-1.00). Sensitivity analysis
was carried out by performing a random effect model and a
fixed effect model on P-score, respectively (Table S4). Based
on the fact that the Funnel plot was basically symmetrical,
publication bias was avoided in this work (Figure S1).

Next, the internal heterogeneity and heterogeneity be-
tween the studies of OS were calculated by Q value (Table

Network meta-analysis

A B

Hazard ratio Hazard ratio Hazard ratio Hazard ratio
Study or subgroup ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI Study or subgroup ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Van VS. Placebo 1.1.1 Van VS. Placebo
Arnold AM2007 000432137 0.11170101  4.3% 1.0 [0.81, 1.25) Amold AM2007 0.15533604 0.14004102  3.0%  1.17[0.89, 1.54]
Sanborn RE2017 -0.00788851 0.13167772  3.1% 0.9 (0.7, 1.28] = Sanborn RE2017 -0.09854168 0.13021637  3.5%  0.91[0.70, 1.17]
Subtotal (95% CI) 7.3% 1.00 [0.85, 1.18] g Subtotal (95% CI) 66% 1.02[0.85,1.23]
Heterogeneity: %% = 0.01, df = 1 (P = 0.94);12 = 0% Heterogeneity: 1* = 1.76, df = 1 (P = 0.18); /* = 43%
Test for overall effect: Z = 0.01 (P = 0.99) Test for overall effect: Z = 0.20 (P = 0.84)
1.2.2 Bev VS. Placebo 1.1.2 Bev VS. Placebo
Pujol JL2007 -0.13076828 0.09158723  6.3% 0.88[0.73, 1.05] [ Pujol JL2007 -0.00691001 0.10414285 55% 0.91[0.74, 1.11] ===
Spigel DR2011 -0.27572413 010952767  4.4%  0.76 (0.61, 0.94] Spigel DR2011 006445799  0.125022  38% 1.07[0.83,136] —
Tiseo M 2017 -0.1426675 0.06480234 126%  0.87[0.76,0.98] —— Tiseo M 2017 -0.1079054 0.066B0558 13.4%  0.90 (079, 1.02] o
Subtotal (95% CI) 23.4% 085[0.77,0.93] o Subtotal (95% CI) 227% 093 [0.84,1.02] -
Heterogeneity: 2 = 1.28, of = 2 (P = 0.53); 1 = 0% Heterogenelty: 2 = 153, df = 2 (P = 0.47); = 0%
Test for overall effect: Z = 3.45 (P = 0.0006) Test for overall effect: Z = 1.49 (P = 0.14)
1.2.3 End VS. Placebo 1.1.3 End VS, Placebo
LuS2015 009636748 0.07796782  87%  0.91(0.78,1.06] —— LuS2015 002036128 008531408 82% 1.02([0.86, 1.21] e
Subtotal (95% CI) 87% 0.91[0.78,1.06] ——— Subtotal (95% CI) 82% 1.02[0.86, 1.21] i
Heterogeneily: Not applicable Heterogeneily: 7t applicable
Test for overall effect: Z = 1.24 (P = 0.22) Test for overall effect: Z = 0.24 (P = 0.81)
1.2.4 Sun VS. Placebo 1.1.4 Sun VS. Placebo
Ready NE2016 020760831 0.10495082  48% 0.81[0.66,100] ] Ready NE2016 -0.1079054 0.10779655 5.1%  0.90[0.73,1.11] ————
Subtotal (95% CI) 4.8% 0.81[0.66, 1.00] e Subtotal (95% CI) 51% 0.90 [0.73, 1.11] e
Heterogeneity: Not applicable Heterogeneity: Not applicable
Test for overall effect: Z = 1.98 (P = 0.05) Test for overall effect: Z = 1.00 (P = 0.32)
1.25 Tha VS. Placebo 1.1.5 Tha VS. Placebo
Lee SM2009 002938378 0.03306986 48.6%  1.03[0.97, 1.10] T Lee SM2009 00374265 00345208 50.2% 1.04[0.97, 1.11] T
Pujol JL2015 00211893 008620438  7.1%  1.02(0.86, 1.21] — Pujol JL2015 ~0.13076828 0.09158723  7.1% 0.8 [0.73, 1.05) ——
Subtotal (95% CI) 55.7% 1.03[0.97,1.09] - Subtotal (95% CI) 57.3% 1.02 [0.95, 1.08] -
Heterogeneity: 2= 0.01, df = 1 (P = 0.93), 1 = 0% Heterogeneity: x* = 2.95, df = 1 (P = 0.09);/° = 66%
Test for overall effect: Z = 0.92 (P = 0.36) Test for overall effect: Z = 0.51 (P = 0.61)
Total (95% CI) 100.0%  0.96[0.92, 1.00] > Total (95% CI) 100.0% 0.99 [0.94,1.04] >

Heterogeneity: 7° = 16.31,df = 8 (P = 0.04); I = 51%
Test for overall effect: Z = 1.79 (P = 0.07)
Test for subgroup differences: 32 = 15.02, df = 4 (P = 0.005), # = 73.4%

0.7 0.85

12 15
Favours [experimental] - Favours [control]

Heterogeneity: 2= 9.63, df = 8 (P = 0.29), * = 17%
Test for overall effect: Z = 0.43 (P = 0.67)
Test for subgroup differences: ¥? = 3.39, df = 4 (P = 0.50), £ = 0%

07 0.85 1 12 15
Favours [experimental] - Favours [control]

FIGURE 2 The survival meta-analysis for angiogenesis inhibitors on SCLC. A, The merged PFS is reported by HR (95% CI). B, The merged

OS is reported by HR (95% CI)
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that were reported on antiangiogenic therapy for SCLC in-
clude: bevacizumabzz, vandetanib,21 sunitinib,20 sorafenib,25
cediranib,26 nintedanib,27 aflibercept,28 endostar,29 thalido-
mide,16 and pomalidomide.30 However, most of the clinical
trials of antiangiogenic therapy for SCLC in the past decade
have ended in failure.*' For example, the SALUTE study
indicated that the initial treatment of ED-SCLC with Bev
resulted in a significant prolongation of PFS (mPFS5.5 vs.
4.4 months) compared to the standard regimen, but no OS
benefit was shown.?? In this study, the results of our meta-
analysis showed that Bev did have a significant impact on
survival results.

The most studied antiangiogenic drug of SCLC is Bev.
Several studies have indicated Bev as a first-line treatment

for SCLC, as it can prolong survival PFS,ZZ’32 but no OS
improvement was shown?. Some studies also reported that
combination use of Bev in the initial treatment of ED-SCLC
did not improve PFS."” In contrast, the standard regimen
combined with Bev maintenance therapy significantly pro-
longed PES (5.7 vs. 6.7 months, P = 0.030).23 The outcome
of our meta-analysis suggests that Bev in the treatment of
SCLC only improves PES rather than OS.

Currently, there are no reports of Sun use for the first-
line treatment of SCLC. Sun has a 1-year OS rate of 54%
in maintenance therapy of ED-SCLC.* The clinical trial
CALGB30504 indicated that Sun may improve PFS with
an extension of 1.6 months.”’ As PFS improvement was
confirmed in our study, the insignificant OS improvement
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maybe due to the CALGB30504 study allowing the placebo
group to also take Sun in the later stage.”” The therapeu-
tic impact of Sun on ED-SCLC survival requires further
examination.

Our bioinformatics analysis aimed to exploit the large
amount of SCLC sequencing data to unveil a possible
mechanism for the incompetence of angiogenesis inhibi-
tors on SCLC. The angiogenic pathway-associated genes
in SCLC tissues were globally low expressed, suggesting
that angiogenic pathways are not activated in most cases
of SCLC in the selected RNA sequencing data. At the risk
of sample bias, our results imply that the angiogenesis ac-
tivity may not be activated and keep a maintaining role for
the growth of SCLC at different stage or at different part
of tissue in the tumor. Future SCLC biomarker studies by
sequential RNA sequencing or single-cell sequencing for
angiogenesis inhibitors should be done and the data should
be publicly available.

4.1 |

Our study is the first to analyze the overall efficacy of angiogen-
esis inhibitors in the treatment of SCLC by combining network
meta-analysis and bioinformatic analysis, providing evidence
for further clinical practice. There were some limitations of our
analysis: (a) only nine articles were available and the patients
are mostly Caucasian patients from Europe and America, with
only one study from China which may cause certain selection
bias; (b) some sponsorship bias may exist; (c) it is impossible
to conduct a comprehensive analysis of all indicators, for exam-
ple side effects, due to the limited available data for different
drug combinations; (d) all the analyzed studies were stage II-I11
clinical trials, without phase IV clinical studies, so follow-up
update clinical trials are needed; (e) currently, few RNA se-
quencing data are publicly available for SCLC bioinformatic
reanalysis, preventing a comprehensive analysis.

Limitation

S | CONCLUSIONS

In conclusion, by an integrative evaluation of current clini-
cal data about angiogenesis inhibitor and RNA expression
profile of SCLC, Sun and Bev were the better options for
use as angiogenesis inhibitors for SCLC. However, deeper
understanding of the key biological function inside SCLC
tissue could discover better target so as to improve thera-
peutic effect.
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