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ABSTRACT
Objectives: Bevacizumab and erlotinib inhibit different
tumour growth pathways, and both exhibit beneficial
effects in the treatment of non-small-cell lung cancer
(NSCLC). However, the efficacy of bevacizumab in
combination with erlotinib remains controversial.
Therefore, we conducted a meta-analysis to compare
combination treatment with bevacizumab and erlotinib
to bevacizumab or erlotinib monotherapy in the
treatment of NSCLC.
Methods: Randomised controlled trials (RCTs)
published in PubMed, Web of Science and EMBASE
were systematically reviewed. The main outcome
measures included overall survival (OS), progression-
free survival (PFS), overall response rate (ORR) and
adverse events. Results were expressed as HRs or risk
ratios (RRs) with 95% CIs.
Results: 5 RCTs involving a total of 1736 patients were
included in this meta-analysis. The combination of
bevacizumab and erlotinib significantly improved PFS
(HR=0.63, 95% CI 0.53 to 0.75; p=0.000) and the ORR
(RR=1.91, 95% CI 1.19 to 3.06; p=0.007) in the
second-line treatment of NSCLC compared with
bevacizumab or erlotinib alone. However, no significant
difference in OS was observed between the combination
and monotherapy groups (HR=0.96, 95% CI 0.83 to
1.11; p=0.573). A subgroup analysis has shown that the
greatest PFS benefit was associated with an age of
<65 years(HR=0.74, 95% CI 0.57 to 0.96; p=0.026),
Asian/Pacific Islander ethnicity (HR=0.23, 95% CI 0.10
to 0.54; p=0.001), Eastern Cooperative Oncology Group
performance status (ECOG PS) 1 (HR=0.82, 95% CI
0.68 to 0.98; p=0.033), stage IIIB or IV disease
(HR=0.68, 95% CI 0.57 to 0.82; p=0.000) and no
history of smoking (HR=0.48, 95% CI 0.32 to 0.71;
p=0.000). The incidence of grade 3/4 adverse events
such as rash and diarrhoea was higher in the
combination group than in the monotherapy group.
Conclusions: The addition of bevacizumab to erlotinib
can significantly improve PFS and the ORR in the
second-line treatment of NSCLC with an acceptable and
manageable risk of rash and diarrhoea. Further well-
conducted, large-scale trials are needed to validate
these findings.

INTRODUCTION
Lung cancer is the leading cause of cancer-
related death globally,1 2 accounting for
almost 1.2 million deaths annually.3 In par-
ticular, more than 85% of patients with lung
cancer are diagnosed with non-small-cell
lung cancer (NSCLC).1 Approximately 75%
of patients diagnosed with NSCLC present
with advanced disease. Although 30–40% of
patients have a good response to cytotoxic
therapy initially, all patients eventually experi-
ence progression during or after treatment.4

Bevacizumab (Bev) is a recombinant
monoclonal antibody targeting the vascular
endothelial growth factor (VEGF).5 It has
been approved by the US Food and Drug
Administration (FDA) for the first-line

Strengths and limitations of this study

▪ This is the first systematic review and
meta-analysis of randomised controlled trials
(RCTs) to compare combination treatment with
bevacizumab and erlotinib to bevacizumab or
erlotinib monotherapy in the treatment of
non-small-cell lung cancer (NSCLC).

▪ Five RCTs involving a total of 1736 patients were
identified. All these studies included were high-
quality, well-performed trials.

▪ We found that a combination of bevacizumab
and erlotinib significantly improved progression-
free survival and the overall response rate in the
second-line treatment of NSCLC compared with
bevacizumab or erlotinib alone. However, no sig-
nificant difference in OS was observed between
the combination and monotherapy groups.

▪ Owing to the limited number of included studies
and small sample size, the treatment effects of
combination treatment with bevacizumab and
erlotinib might be overestimated. Therefore, phy-
sicians should interpret our findings with caution
when applying them in clinical practice.
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treatment of patients with unresectable, locally advanced
or metastatic non-squamous NSCLC in combination
with paclitaxel and carboplatin.5 A phase 3 study exam-
ined this combination in patients with NSCLC,6 finding
that the regimen significantly improved overall survival
(OS) and progression-free survival (PFS) in patients with
NSCLC compared with the effects of paclitaxel and car-
boplatin.6 Another phase 3 study examining Bev plus cis-
platin and gemcitabine in the first-line treatment of
non-squamous NSCLC also uncovered the beneficial
effects regarding PFS and the overall response rate
(ORR), although the regimen failed to prolong OS.7

Erlotinib (Erl) is a small-molecule inhibitor targeting
the epidermal growth factor receptor (EGFR).8 It has
been approved by the US FDA for the treatment of
locally advanced or metastatic NSCLC following the
failure of one or more prior chemotherapy (CT) regi-
mens. A phase 3 study has shown that OS was prolonged
in patients with NSCLC when Erl was used in combin-
ation with second-line or third-line monotherapy.8

Furthermore, Erl is also approved by the US FDA for the
first-line treatment of patients with metastatic NSCLC
whose tumours have EGFR exon 19 deletions or exon 21
(L858R) substitution mutations.9

As Bev and Erl target different tumour growth path-
ways (VEGF and EGFR, respectively) with complemen-
tary mechanisms in the treatment of tumours,10–12 it is
possible that their combined use would produce better
effects than either agent alone. In a double-blind,
placebo-controlled, phase 3 trial, this combination
regimen significantly prolonged PFS in patients with
recurrent or refractory NSCLC compared with the
effects of Erl alone (median 3.4 vs 1.7 months; HR=0.62,
95% CI 0.52 to 0.75).13 However, a contradictory result
was obtained in another phase 2 study, in which the
combination therapy shortened PFS compared with Bev
+CT (BC; 18.4 vs25.0 months; HR=2.05, 95% CI 1.11 to
3.77).14 The treatment line might affect the efficacy of
Bev and Erl. We therefore conducted a meta-analysis
based on relevant randomised controlled trials (RCTs)
to assess the efficacy and safety of Bev+Erl (BE) in the
first-line or second-line treatment of patients with
NSCLC.

MATERIALS AND METHODS
Literature search
A comprehensive search was conducted to identify the
relevant studies on the use of Bev and Erl in the treat-
ment of NSCLC. PubMed, EMBASE, Web of Science
and the Cochrane library were searched for all studies
published before 18 January 2016. The search terms
used were (‘carcinoma, non-small-cell lung’ [MeSH
Terms] OR (‘carcinoma’ [All Fields] AND ‘non-small-
cell’ [All Fields] AND ‘lung’ [All Fields]) OR ‘non-small-
cell lung carcinoma’ [All Fields] OR (‘non’ [All Fields]
AND ‘small’ [All Fields] AND ‘cell’ [All Fields] AND

‘lung’ [All Fields] AND ‘cancer’ [All Fields]) OR (‘non
small cell lung cancer’ [All Fields]) AND (‘bevacizumab’
[Supplementary Concept] OR ‘bevacizumab’ [All
Fields]) AND (‘erlotinib’ [Supplementary Concept] OR
‘erlotinib’ [All Fields]). We also manually searched the
reference lists of the selected articles until no additional
potential articles could be identified.

Review strategy
EndNote bibliographic software was used to create an
electronic library of citations identified in the literature
searches. PubMed, EMBASE, Web of Science and
Cochrane library searches were performed using
EndNote, and duplicate records were deleted. Two inde-
pendent investigators (SZ and X-dM) were trained to
perform the abstract review and a full-text review there-
after. Disagreements between the investigators were
resolved by consensus and discussion.

Study inclusion and exclusion criteria
All clinical trials comparing the efficacy and safety of BE
with other agents in the treatment of NSCLC were con-
sidered eligible for the analysis. The inclusion criteria
were as follows: (1) RCTs; (2) the patients were
≥18 years of age and had histologically or cytologically
confirmed NSCLC; (3) patients were randomly assigned
to receive BE or Bev/Erl alone; (4) data were presented
for OS, PFS, the ORR (complete and partial responses)
and the incidence of adverse events; (5) the full text was
available. Reviews, comments, case report, editorials,
letters or articles unrelated with our topics were
excluded from the final analysis.

Data extraction and quality assessment
Data were extracted from the selected studies independ-
ently by two investigators (SZ and X-dM) using a stan-
dardised data extraction method. The following data
were extracted: first author, numbers of patients in the
study and control groups, baseline patient character-
istics, HRs with 95% CIs for OS and PFS, and incidence
of major adverse events (eg, hypertension, rash, haemor-
rhage, diarrhoea, proteinuria and interstitial lung
disease-like events).
Two investigators (H-tW and FC) independently

assessed the risk of bias in included RCTs with the
method recommended by the Cochrane Collaboration.15

The quality of evidence for the outcome measures was
evaluated using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
approach.16

Statistical analysis
Analyses were performed in the intent-to-treat popula-
tion. We first tested the heterogeneity between the
studies using I2 statistics.17 The studies were considered
to have low, moderate or high heterogeneity when the
value of I2 was 25–50%, 50–75% or >75%, respectively.18
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An I2 value >50% indicates significant heterogeneity.
When heterogeneity was found among the included
studies, a random-effects model19 was used to pool the
estimates; otherwise, a fixed-effects model was applied.20

Time-to-event variables, including OS and PFS, were
expressed as HRs with 95% CIs for each study.
Dichotomous variables, including the ORR and inci-
dence of adverse events, were expressed as risk ratios
(RRs) with 95% CIs for each study. In some studies,
Kaplan-Meier curves were provided instead of HR and
95% CI; in these cases, we used the method
described by Tierney et al21 to estimate the HR and
95% CI from the Kaplan-Meier curves. Subgroup
analysis was conducted on the basis of the line of treat-
ment and comparators. We also explored the treatment
effects in subpopulations of patients defined by
demographics and baseline characteristics, including
age, race, Eastern Cooperative Oncology Group per-
formance status (ECOG PS), disease stage and smoking
history. Since the number of included studies was <10,
publication bias was not assessed. A p <0.05 was consid-
ered statistically significant. All analyses were performed
using STATA V.12.0 (Stata Corporation, College Station,
Texas, USA).

RESULTS
Identification of eligible studies
The initial search yielded 723 records from PubMed,
EMBASE, Web of Science and the Cochrane library. Of
these, 438 studies were removed as duplicate records,
and 228 studies were excluded after a review of the
title/abstract (figure 1). Then, 57 potential studies were
identified for the full-text review. Among them, 42
studies unrelated with our topics were excluded for the
following reasons: 19 were not targeted population
(patients <18 years old or with small-cell lung cancer);
23 were not targeted interventions (Bev combined with
other agents rather than Erl). Additionally, another10
studies were excluded for the following reasons: two
were study design (trial protocol),22 23 six studies were
single-arm trials24–29 and two studies did not provide out-
comes of interest.30 31 Finally, five RCTs (involving 1736
patients)13 14 32–34 met the inclusion criteria, and they
were included in this meta-analysis.

Characteristics of eligible studies and quality assessment
The main characteristics of all eligible RCTs are pre-
sented in table 1. These studies were published between
2007 and 2014. The sample size of the studies ranged

Figure 1 Search strategy and

flow chart for this meta-analysis.
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Table 1 Baseline characteristics of the patients in the trials included in the meta-analysis

Author Treatment regimen

Number of

patients

Male/

female

Smoking history

(never/previous/

current)

ECOG

PS(0/1/2)

Histology (large-cell

carcinoma/adenocarcinoma/

squamous/others)

Line of

treatment

Herbst et al13 Bev 15 mg/kg(3-week cycle)+erlo

150 mg per day

319 171/148 34/237/48 129/166/23 23/242/11/43/38 Second-line

Erlo 150 mg per day+placebo 15 mg/kg 317 170/147 33/212/72 121/176/20 25/235/17/40

Ciuleanu et al14 Bev 15 mg/kg(3-week cycle)+erlo

150 mg per day

63 37/26 21/20/11 28/35/0 NR First-line

Bev15 mg/kg (3-week cycle)

+(gemcitabine/cisplatin or carboplatin/

paclitaxel)

61 36/25 23/14/24 20/41/0 NR

Seto et al32 Bev 15 mg/kg+erlo 150 mg per day 77 30/45 42/9/24 43/32/0 0/74/1/0 First-line

Erlo 150 mg per day 77 26/51 45/6/26 41/36/0 1/76/0/0

Herbst et al33 Bev 15 mg/kg(3-week cycle)+erlo

150 mg per day

39 17/22 NR 19/20/0 0/32/7/0 Second-line

Bev 15 mg/kg(3-week cycle)+chemo

(docetaxel or pemtrexed)

40 23/17 NR 19/21/0 9/30/1/0

Johnson et al34 Bev 15 mg/kg(3-week cycle)+erlo

150 mg per day

370 193/177 61/180/129 180/190/0 30/301/11/28 Second-line

Bev15 mg/kg(3-week cycle)+placebo 373 196/177 66/178/129 173/198/1 26/309/6/32

Bev, bevacizumab; erlo, erlotinib; ECOG PS, Eastern Cooperative Oncology Group performance status; NR, not reported.
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from 79 to 743. Among the included studies, three were
conducted in the USA,13 33 34 one in Japan32 and
another one was conducted in multiple countries,14

including Romania, Taiwan, Poland, Italy, Korea, the
Netherlands, Switzerland and the UK. Three studies
assessed the combination of Bev and Erl as second-line
therapy,13 33 34 and two studies evaluated the combin-
ation as first-line therapy.14 32 Two studies compared the
combination of Bev and Erl with Erl alone,13 32 and
three studies compared the combination regimen with
Bev alone.14 33 34 The ATLAS study was initially reported
at the 2009 ASCO annual meeting by Miller et al,35

updated in 2010 by Kabbinavar et al36 and finally pre-
sented in 2013 by Johnson et al.34 We included the latest
version of the study published in 201334 and excluded
the original and updated versions.
The details of the risk-of-bias assessment are sum-

marised in figure 2. Two trials were judged to be at low
risk of bias and three at unclear risk of bias. Five trials
generated an adequate randomisation sequence and
appropriate allocation concealment. The GRADE level
of evidence was low for OS, PFS and ORR.

Overall survival
All of the studies reported OS data.13 14 32–34 The OS in
the combination and monotherapy groups were 9.3 and

9.2 months (p=0.758), 16.4 and 16.1 months (p=0.406),
13.9 and 12.8 months (p=0.165), 13.7 and 12.6 months
(p>0.05), and 14.4 and 13.3 months (p=0.534), respect-
ively, which indicated that combination treatment did
not prolong the survival time of patients with NSCLC.
The pooled estimates suggested that the combined use
of Bev and Erl was not associated with any significant
improvement in OS (HR=0.96, 95% CI 0.83 to 1.11;
p=0.573; figure 3). No heterogeneity was identified
among the included studies (p=0.748, I2=0.0%).
We also performed subgroup analysis based on the

line of treatment and comparators. The aggregated
results illustrated that BE did not prolong OS in patients
with NSCLC when used as first-line (HR=0.98, 95% CI
0.78 to 1.24; p=0.895) or second-line therapy (HR=0.94,
95% CI 0.79 to 1.13; p=0.541). Combination therapy did
not improve OS when it was compared with either Bev
(HR=0.94, 95% CI 0.76 to 1.17; p=0.602) or Erl
(HR=0.97, 95% CI 0.80 to 1.18; p=0.770).

Progression-free survival
All of the studies presented data for PFS.13 14 32–34 The PFS
in the combination and monotherapy groups were 3.4 and
1.7 months (p<0.001), 25.0 and 18.4 weeks (p=0.018), 16.0
and 9.7 months (p=0.0015), 4.4 and 4.8 months (p>0.05),
and 4.8 and 3.7 months (p<0.001), respectively, which indi-
cated that combination treatment could prolong the
progression-free time of patients with NSCLC. The pooled
results indicated that the combination of Bev with Erl sig-
nificantly improved PFS compared with Bev or Erl alone
(HR=0.74, 95% CI 0.56 to 0.98; p=0.035; figure 4). The test
for heterogeneity was significant (p=0.005, I2=73.4%).
Therefore, we conducted sensitivity analysis to explore the
potential source of heterogeneity. The exclusion of one
study conducted by Ciuleanu et al14 yielded similar results
(HR=0.65, 95% CI 0.57 to 0.73; p=0.000), but no evidence
of heterogeneity was found among the remaining studies
(p=0.582, I2=0.0%).When we excluded the other four
studies individually, the overall estimates and heterogeneity
did not change substantially.
We also performed a subgroup analysis based on the

line of treatment and comparators. The aggregated
results demonstrated that Bev in combination with Erl
prolonged PFS in the second-line treatment of patients
with NSCLC (HR=0.63, 95% CI 0.53 to 0.75; p=0.000),
but this effect was not observed for first-line therapy
(HR=0.86, 95% CI 0.49 to 1.52; p=0.614). A combination
of Bev with Erl significantly improved PFS compared
with either Bev (HR=0.60, 95% CI 0.51 to 0.71; p<0.001)
or Erl alone (HR=0.78, 95% CI 0.65 to 0.93; p=0.006).

PFS in subpopulations of patients
Four studies reported PFS data for subpopulations of
patients.13 14 32 34 The aggregated results of these
studies suggested that the combined therapy was asso-
ciated with prolonged PFS in patients who were
<65 years of age (HR=0.74, 95% CI 0.57 to 0.96;
p=0.026) but not in those older than 65 years (HR=0.71,Figure 2 Risk of bias summary.
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95% CI 0.46 to 1.12; p=0.140). Regarding ethnicity, the
combined therapy was associated with prolonged PFS in
Asians or Pacific Islanders (HR=0.23, 95% CI 0.10 to
0.54; p=0.001) but not in white patients (HR=0.87, 95%
CI 0.65 to 1.18; p=0.382). Concerning ECOG PS, the
combined therapy was associated with prolonged PFS in
patients with ECOG PS1 (HR=0.82, 95% CI 0.68 to 0.98;
p=0.033) but not those with ECOG PS0 (HR=0.72, 95%

CI 0.48 to 1.07; p=0.100). Regarding smoking history,
the combined therapy was associated with prolonged
PFS in patients with no history of smoking (HR=0.48,
95% CI 0.32 to 0.71; p=0.000), but not in patients who
currently or previously smoked (HR=0.77, 95% CI 0.51
to 1.16; p=0.209). Concerning disease stage, the com-
bined therapy was associated with prolonged PFS in
patients with stage IIIB or IV disease (HR=0.68, 95% CI

Figure 3 Overall survival for combination therapy of bevacizumab plus erlotinib with bevacizumab or erlotinib alone.

Figure 4 Progression-free survival for combination therapy of bevacizumab plus erlotinib with bevacizumab or erlotinib alone.
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0.57 to 0.82; p=0.000), but not in those with recurrent
disease (HR=0.46, 95% CI 0.16 to 1.34; p=0.154).

Overall response rate
Four studies reported ORR data.13 14 32 33 The ORR in
the combination and monotherapy groups was 12.6%
and 6.2%, 69.3% and 63.6%, 23.8% and 34.4%, 17.9%
and 12.2%, respectively. The pooled results indicated
that patients with NSCLC who were treated with combin-
ation therapy had similar ORRs as those treated with
Bev or Erl alone (RR=1.19, 95% CI 0.77 to 1.83; Z=2.72,
p=0.438; figure 5). We also performed subgroup analysis
based on the line of treatment and comparators. The
aggregated results illustrated that second-line treatment
with BE increased the ORR in patients with NSCLC
(RR=1.91, 95% CI 1.19 to 3.06; p=0.007), but this effect
was not observed for first-line treatment with this
regimen (RR=0.93, 95% CI 0.59 to 1.46; p=0.747).
Patients with NSCLC who were treated with combination
therapy had similar ORRs as those treated with either
Bev (RR=1.43, 95% CI 0.72 to 2.85; p=0.304) or Erl
alone (RR=0.88, 95% CI 0.44 to 1.75; p=0.713).

Adverse events
All of the included studies reported the data of adverse
events.13 14 32–34 The most common adverse events of
grade 3/4 are listed in table 2. The pooled estimates sug-
gested that the combination therapy of Bev and Erl
induced a significantly higher rate of rash (RR=2.59,
95% CI 1.40 to 4.79; p=0.002) and diarrhoea (RR=2.73,
95% CI 1.12 to 6.67; p=0.027) as compared with Bev or
Erl alone.

DISCUSSION
The present study was a systematic review and
meta-analysis of RCTs with the objective of comparing
the combination of Bev and Erl to Bev or Erl alone
in the treatment on NSCLC. Our study demonstrated
that the combination treatment significantly prolonged
PFS and elevated the ORR in the second-line treatment
of NSCLC. Bev combined with Erl did not prolong OS
in the treatment of NSCLC in either the first or the
second line. In the subgroup analysis based on compara-
tors, combination therapy significantly improved PFS
and ORR, but not OS in the treatment of NSCLC when
compared with either Bev or Erl alone. In addition, the
addition of Bev to Erl significantly improved PFS in sub-
populations of <65 years of age, Asians/Pacific Islanders,
patients with ECOG 1, those with stage IIIB or IV
disease and never-smokers. A higher incidence of grade
3 or 4 rash and diarrhoea was observed in the BE group.
Our study indicated that patients with NSCLC could
benefit from combined treatment with Bev and Erl.
There has been one published network meta-analysis

of targeted drugs for unselected patients with advanced
NSCLC.37 In that study, the authors included 24 RCTs to
assess the efficacy and safety of targeted drugs and CT.
They found that BC had a statistically significantly
higher incidence of ORR relative to the other six differ-
ent treatments, including Erl, gefitinib, cetuximab, CT,
Erl+CT and placebo.37 These results were consistent with
ours, in which combined therapy of Bev with Erl signifi-
cantly improved the ORR in patients with NSCLC.
Furthermore, in terms of the safety outcomes, both the
Bev+CT and Erl+CT were associated with higher

Figure 5 Overall response rate for combination therapy of bevacizumab plus erlotinib with bevacizumab or erlotinib alone.
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incidence of rash and diarrhoea than CT alone,37 which
was also observed in our study. In addition to these
similar outcomes, we also explore the effects of com-
bined therapy in PFS and OS, as well as the effects in dif-
ferent lines of treatments and comparators, which was
not investigated in that network meta-analysis.
VEGF and EGFR play important roles in the growth

and metastatic potential of cancers. Therefore, they have
become therapeutic targets in the treatment of NSCLC.
Previous phase 1/2 trials presented strong biological evi-
dence for the use of combined therapies that block
these pathways.38–40 The JO25567 trial32 was a rando-
mised, multicentre, phase 2 study that compared the
efficacy and safety of BE with those of Erl alone in
patients with EGFR-mutant non-squamous NSCLC. The
combination treatment significantly prolonged PFS
(16.0 vs 9.7 months; HR=0.72, 95% CI 0.36 to 0.79;
p=0.0015). This survival benefit of the combined
therapy was also observed in the BeTa trial.13 In this
trial, the addition of Bev to Erl significantly improved
PFS (3.4 vs 1.7 months; HR=0.62, 95% CI 0.52 to 0.75)
and elevated the disease control rate (45% vs 34%) com-
pared with Erl alone. However, there was no significant
difference in OS between the two groups (9.3 vs
9.2 months; HR=0.97, 95% CI 0.80 to 1.18; p=0.758). In
the BeTa trial13 355 (56%) patients were screened for
EGFR mutations, and only 30 were positive (12 in the
combination group and 18 in the Erl group). Although
the subgroup analysis data indicated a benefit in favour
of patients with mutant EGFR compared with those with
wild-type EGFR, the difference did not reach signifi-
cance (p=0.1826).
An improvement of PFS associated with a combination

of Bev and Erl was not observed in a multicentre, rando-
mised phase 2 trial,33 in which BE was used as a second-
line treatment for patients with recurrent or refractory
non-squamous NSCLC. In this trial, 39 and 41 patients
were randomly allocated to receive BE and BC, respect-
ively. The median PFS times for the BE and BC arms
were 4.4 and 4.8 months (HR=0.72, 95% CI 0.42 to 1.23),
respectively. The median OS times were 13.7 and
12.6 months for the BE and BC arms (HR=0.78, 95% CI
0.46 to 1.31), respectively. The authors concluded that
Bev in combination with Erl appeared to have similar effi-
cacy as the combination of Bev and CT. These results
might be attributable to the planned sample size.

Additionally, in another open-label, multicentre, rando-
mised phase 2 trial,34 the combination of Bev and Erl
resulted in adverse results. In this trial, 124 patients were
enrolled (BE, n=63; BC, n=61), but all of them had with-
drawn from trial treatment by the time of the final ana-
lysis. Thus, the results were calculated from the updated
interim analysis, in which only 30 (47.6%) and 16 events
(26.2%) were observed in the BE and BC group, respect-
ively. The results have shown that the median PFS times
were 18.4 and 25.0 weeks for the BE and BC arms,
respectively. The HR for PFS was 2.05 (95% CI 1.11 to
3.77; p=0.0183), which indicated a significant difference
in favour of BC. The risk of death was higher in the BE
arm (19%) than in the BC arm (11.5%), although the
difference was not significant (HR=1.63, 95% CI 0.64 to
4.15; p=0.2994). This updated analysis showed that the
BE regimen produced a shorter PFS and a higher inci-
dence of death than BC. The authors attributed these
negative results to the small valid sample size in this study.
Regarding the efficacy of Bev and Erl as maintenance

therapy, several studies have shown their beneficial
effects. In a randomised, double-blind, phase IIIB trial,
the addition of Erl to maintenance Bev significantly
improved PFS in patients with advanced NSCLC.34 The
mean PFS times for these two groups were 4.8 and
3.7 months, respectively. These results are comparable to
data from some other studies illustrating a significant
PFS benefit after maintenance therapy. In the
AVAiL trial, the addition of Bev to platinum-based
doublet CT significantly improved PFS compared with
placebo in the treatment of advanced non-squamous
NSCLC (6.5–6.7 vs 6.1 months).7 The Sequential
Tarceva in Unresectable NSCLC study also reported sig-
nificantly longer PFS and OS for patients who received
maintenance Erl than for those who received placebo
(mean PFS, 12.3 vs 11.1 weeks; mean OS, 12.0 vs
11.0 months).41 42

Our study found no significant difference in the ORR
between the BE and Bev or Erl monotherapy groups.
This result was similar to those of three previous
studies.32–34 Seto et al32 noted that more patients in the
combination group experienced a >30% reduction in
tumour size from baseline than in the Erl group,
although the difference did not achieve statistical signifi-
cance. These findings indicated that the combination of
Bev and Erl might continue to exert a tumour-inhibiting

Table 2 Summary of the RRs of adverse events in patients with non-small-cell lung cancer

Adverse events Incidence rate (comb group) Incidence rate (mono group) RR 95% CI p Value

Hypertension 84/795 (10.57%) 36/796 (4.52%) 2.19 0.73 to 6.61 0.164

Rash 144/933 (15.43%) 57/934 (6.10%) 2.59 1.40 to 4.79 0.002

Haemorrhage 18/756 (2.38%) 14/757 (1.85%) 1.28 0.65 to 2.52 0.480

Proteinuria 17/505 (3.37%) 9/505 (1.78%) 1.84 0.84 to 4.00 0.126

Diarrhoea 60/545 (11.0%) 20/544 (3.68%) 2.73 1.12 to 6.67 0.027

ILD-like events 4/681 (0.59%) 1/680 (0.15%) 3.00 0.47 to 18.96 0.244

Comb, combination; ILD-like events, interstitial lung disease-like events; mono, monotherapy; RR, risk ratio.

8 Zhang S, et al. BMJ Open 2016;6:e011714. doi:10.1136/bmjopen-2016-011714

Open Access



effect after a reduction in tumour size is achieved, which
might explain the PFS benefit associated with the com-
bination treatment.
In this meta-analysis, we found that the incidence of

grade 3 and 4 toxicities was almost similar between the
combination and monotherapy groups, excluding that
of rash and diarrhoea, which were more frequent in the
combination treatment group. Although BE induced sig-
nificantly higher rates of rash and diarrhoea than Bev or
Erl alone, one trial33 found that the overall safety ana-
lysis favoured the combination regimen. Herbst et al33

reported that only 13% of patients in the BE group dis-
continued treatment because of adverse events, com-
pared with 28% of patients in the Bev alone group.
This meta-analysis had some potential limitations that

should be considered. First, our study included only five
RCTs, and some of these trials had relatively small
sample sizes. Although all of these studies were high-
quality, well-performed trials, our conclusions should be
interpreted with caution because smaller trials are more
likely to result in overestimation of the treatment effect
than larger trials. Second, our exploration of the effect
of Bev in combination with Erl in patients with NSCLC
with EGFR mutations was insufficient because of sparse
reporting among the included studies. Finally, it should
be noted that all of these trials were partly funded by
the pharmaceutical industry, and their results might
have been affected by the inherent conflict of interest
and possible bias. However, these trials were all high-
quality studies that were conducted well, and they were
the only eligible studies that evaluated the efficacy of the
combination treatment. Therefore, physicians should
interpret our findings with caution when applying them
in clinical practice.
In conclusion, our meta-analysis indicated that the

combination of Bev and Erl can significantly improve
PFS and the ORR in the second-line treatment of non-
squamous NSCLC, but it did not prolong OS. Moreover,
the combination treatment also produced an acceptable
and tolerable risk of rash and diarrhoea. However, con-
sidering the potential limitations of this study, further
large-scale trials are needed to verify our findings and
explore the efficacy of the combined therapy in patients
with non-squamous NSCLC with EGFR mutations.
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