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Abstract We performed a systematic review and meta-

analysis to assess the potential of erlotinib plus platinum-

based chemotherapy relative to platinum-based chemo-

therapy alone for advanced non-small-cell lung cancer

(NSCLC). Search of PubMed, EMBASE, Web of Science,

CBM, CNKI, China Wan Fang databases and the Cochrane

library was performed for studies regarding erlotinib plus

platinum-based chemotherapy for advanced NSCLC pub-

lished between 1 January 2000 and 28 August 2014. We

identified eight eligible studies including 3,363 patients

with advanced NSCLC. For PFS measure, an HR of 0.73

(0.58–0.93) with statistical significance was estimated

when erlotinib plus platinum-based chemotherapy com-

pared with platinum-based chemotherapy alone; objective

response rate of 32.86 versus 24.85 % was obtained for

both groups, respectively. HR of 0.93 (0.86–1.00) with P of

0.170 was calculated for OS. We concluded that the erl-

otinib plus chemotherapy for advanced NSCLC could

increase PFS and objective response rate, but not benefit

OS.

Keywords Non-small cell lung cancer � Erlotinib �
Chemotherapy � Meta-analysis

Introduction

Lung cancer is one of the leading causes of cancer death in

China. Approximately 1 million new lung cancer cases will

be diagnosed annually by 2025 [1]. The CONCORD

Working Groups aimed to initiate worldwide surveillance

of cancer survival by central analysis of population-based

registry data, between 1995 and 2009; more than five

million populations died of lung cancer [2]. Non-small cell

lung cancer (NSCLC) accounts for more than 85 % of lung

cancers [3]. Approximately 60 % of NSCLCs is at the

terminal stage. The median overall survival for patients

with NSCLC treated by first-line chemotherapy ranges

from 7 to 12 months [4]. Second- and third-line chemo-

therapy has been used to further increase the survival rate.

Comprehensive regimes included all current therapies were

used to manage NSCLC; however, patient’s survival

remains unoptimistic [5].

The Food and Drug Administration (FDA), in 2013,

approved erlotinib (Tarceva�) to be as the first-line agent

for patients with metastatic NSCLC with EGFR mutations

[6]. However, erlotinib was not recommended to be given
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as first therapy for patients with negative or unknown

EGFR status [7]. Consequently, a pooled analysis of cur-

rently available studies restricted to patients who used

erlotinib alone compared with other chemotherapy may

provide relevant information for the treatment of patients

with advanced NSCLC. We undertake a systematic review

and meta-analysis to evaluate the potential of erlotinib plus

platinum-based chemotherapy compared with platinum-

based chemotherapy alone in advanced NSCLC. In addi-

tion, subgroup analysis was conducted according to the

treatment period, ECOG-PS, gender and smoking status.

We also comprehensively appraised the quality of the

evidence by using GRADEpro to facilitate clinical

decision-making.

Methods

Ethical approval and patient consent are not required due

to this is a systematic review and meta-analysis of pre-

viously published studies. This study was performed in

accordance with Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) statement [8].

Two reviewers (Jian-Guo Zhou and Xue Wang) partici-

pated in citations search, study selection and data

extraction independently. Divergences between reviewers

were resolved through consulting with a third reviewer

(Xu Tian).

Identification of studies

Electronic databases, including PubMed, EMBASE, Web

of Science, China Biomedical Literature Database (CBM),

Chinese National Knowledge Infrastructure (CNKI), China

Wan Fang database and the Cochrane library, were sear-

ched for relevant clinical trials published between January

2000 and August 2014. The search combined key words:

(‘‘non-small-cell lung carcinoma’’ OR ‘‘non-small cell lung

cancer’’) AND (‘‘Erlotinib’’ OR ‘‘Tarceva’’). The PubMed

search string is summarised in ‘‘Appendix’’. Baidu (Chi-

nese), Google Scholar, DXY.com (Chinese), and confer-

ence proceedings were also searched for any eligible

studies. The reference lists of included studies were also

manually searched to identify any relevant articles. Only

articles in English and Chinese languages were eligible.

The following study selection criteria were applied:

(a) population: patients were diagnosed as advanced

NSCLC. No other restrictions were imposed; (b) interven-

tion: erlotinib plus platinum-based chemotherapy;

(c) comparison: platinum-based chemotherapy alone;

(d) outcomes: overall survival (OS), objective response rate

(ORR) and progress-free survival (PFS) will be evaluated;

and (e) study design: RCTs.

Data extraction

We used predesigned data extraction sheet to obtain the

following information: first author, number of patients,

population, setting, intervention, control, smoking status,

histology and median age, ECOG-PS, anatomic stage, trial

phase, and current status of treatment. Two investigators

extracted data independently; Xu Tian resolved discrep-

ancies. We contacted the corresponding author to obtain

the data when necessary. The formula recommended by

Spotswood et al. [9] was adopted to calculate the corre-

sponding HR of the missing data. Kaplan–Meier curve was

Fig. 1 Flow diagram of the

details of the study
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read by using Engauge Digitizer version 4.1 (available at:

http://sourceforge.net/) unless the adequate data can be

extracted [10].

Assessing risk of bias and grading the quality

of evidence

Assessment for risk of bias was performed in accordance

with guideline outlined in the Cochrane handbook for

systematic reviews of interventions (version 5.1.0) [11].

Two investigators (Fei Wang and Yi Wang) objectively

reviewed all studies and assigned a value of ‘‘high’’,

‘‘low’’ or ‘‘unclear’’ to the following domains: random

sequence generation; allocation concealment; blinding of

participants and personnel; blinding of outcome assess-

ment; incomplete outcome data; selective reporting; and

other bias. Trial with high risk of bias for any one or

more key domains was considered as at ‘‘high risk’’. Trial

with low risk of bias for all key domains was considered

as at ‘‘low risk’’. Otherwise, it was considered as

‘‘unclear’’ [12].

The GRADE system identified the following four

grades for rating the quality of evidence [13]: (a) high:

further research is very unlikely to change our confidence

in the estimate of the effect; (b) moderate: further

research is likely to have an important impact on our

confidence in the estimate of effect and may change the

estimate; (c) low: further research is very likely to have

an important impact on our confidence in the estimate of

effect and is likely to change the estimate; and (d) very

low: any estimate of effect is very uncertain. The GRADE

profiler software (version 3.6) (available at: http://www.

gradeworkinggroup.org/) was used to rate the level of

evidence.

Statistical analysis

We estimated the HR or relative risk (RR) with 95 %

confidence interval (CI) for dichotomous outcomes, and the

weighted mean difference (WMD) with 95 % CI for con-

tinuous outcomes. A random-effects model was used

regardless of heterogeneity. Level of heterogeneity (Level

of variance) across studies was evaluated using I2 statistic.

I2 of 40, 70 and 100 % was used to represent low, moderate

and high variance, respectively [14]. If obvious differences

for clinical characteristics and methodology were not

identified and I2 B 40 %, a fixed-effects model was

adopted. A random-effects model will be used if clinical

Fig. 2 Risk of bias graph (a), risk of bias summary (b)
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characteristics and methodology were not identified to be

great difference and I2 [ 40 %; in contrast, if the clinical

characteristic and/or methodology across studies regardless

I2 statistic was considered as to be obvious different,

qualitative analysis was adopted [15]. Meta-regression and

sensitivity analyses were conducted to determine the pos-

sible causes of heterogeneity and to further identify the

influence of various exclusion criteria on the overall risk

estimate. The influence of individual trials was also

investigated using the leave-one-out cross-validation

method to test the robustness of the primary outcomes [16].

Potential publication bias was assessed by visually

inspecting the Begg funnel plots in which the log RRs were

plotted against their standard errors (SEs). The presence of

publication bias was also evaluated by using the Begg and

Egger tests [17, 18]. P \ 0.05 was considered to indicate

statistical significance [19]. All statistical analyses were

performed by using STATA version 12.0 (Stata Corp.,

College Station, TX, USA) and RevMan 5.3.4(The Nordic

Cochrane Centre, Copenhagen, Denmark).

Results

Study selection and characteristics

A total of 837 relevant citations were identified at the

initial search stage; eight studies, involving 3,363 patients

who 1,680 and 1,683 patients were divided into erlotinib

plus platinum-based chemotherapy and platinum-based

chemotherapy alone, respectively, were included in the

meta-analysis [3, 20–26]. The flow diagram of the litera-

ture retrieval and selection was shown in Fig. 1.

The main characteristics of all eligible RCTs were

presented in Table 1. These studies were published

between 2005 and 2013. Of the eight studies included, two

were conducted in USA [22, 26], two in East Asia [3, 24],

two in Europe [21, 23], one in Germany [25] and one in

America and Asia [20]. The sample size of the RCTs

ranged from 95 to 1,159. Gemcitabine plus platinum-based

chemotherapy [3, 22, 24, 25], paclitaxel plus platinum-

based chemotherapy [21, 26] and platinum-based chemo-

therapy [23] were adopted to as control regime for four,

two, one and one eligible trial(s), respectively. Four trials

reported PFS measures [3, 20, 22, 24], and time to tumour

progression (TTP) can be accessed for one study included

[25]. The ORR and OS were available in six [1, 11, 13,

15–17] and eight trials, respectively.

Risk of bias and grades of evidence

The details for assessing risk of bias are shown in Fig. 2.

Eight trials were all open-label. Random sequence T
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generation and allocation concealment were performed

adequately in most of the trials. However, five trials did not

describe the reasons for incomplete outcome data [27].

Under the assumption that the PFS outcome might not

different from the time to progression, the PFS data were

used and pooled [28]. The overall methodological quality

of the included trials was generally good and fair.

The quality of the evidence of each outcome is reported

in Table 2. There were four efficacy outcomes in this meta-

analysis. OS and PFS were critical results, and ORR was

important results. GRADE Working Group grades of evi-

dence were high for OS, and moderate for PFS and

objective response rate.

PFS (five trials, 2,017 patients)

The PFS of the erlotinib plus platinum-based chemother-

apy arm ranged from 1.6 to 13.1 months, and the PFS of

the platinum-based chemotherapy alone arm ranged from

1.2 to 5.2 months. The heterogeneity test indicated that a

random effect model could be selected (I2 = 85.1 %,

P \ 0.0001). The meta-analysis showed that the pooled

HR was 0.73 (95 % CI = 0.58, 0.93), P = 0.009) and

without statistical significance was identified in terms of

the erlotinib platinum-based chemotherapy regimen rela-

tive to the platinum-based chemotherapy alone (Fig. 3).

OS (eight trials, 3,363 patients)

A total of eight RCTs regarding OS were incorporated into

this meta-analysis [3, 20–26]. The heterogeneity test indi-

cated that a fixed effect model could be selected

(I2 = 39.6 %, P = 0.115). The pooled results showed that

there was no significant difference between the two groups

(HR 0.93; 95 % CI 0.86, 1.00; P = 0.170) (Fig. 4).

ORR (six trials, 2,361 patients)

A total of eight RCTs regarding ORR were incorporated into

this pooled analysis [3, 20, 22, 24–26]. According to the

heterogeneity test, the I2 was equal to 78.2 % and the P value

was \0.05(=P \ 0.0001). Thus, a random-effects model

was selected. The pooled RR for ORR showed that there was

no significant difference between the erlotinib plus plati-

num-based chemotherapy and platinum-based chemother-

apy alone groups (RR 1.51; 95 % CI 1.07, 2.11, P = 0.018)

(Fig. 5).

Subgroup analyses and meta-regression

Subgroup analysis was adopted to explore the causes of

heterogeneity for the analysis of PFS (Fig. 6). The effect

sizes were similar between the subgroups divided by gen-

der, smoking status, histology and patient year, ECOG-PS,

anatomic stage and trial phase under the seven predefined

subgroups. To investigate the effects of various study

characteristics on the HR estimates, a meta-regression

analysis was conducted by subgroups. No statistical sig-

nificance was identified regarding the differences in treat-

ment effects for the various subgroups, and the P values for

gender, and patient year, ECOG-PS, anatomic stage and

trial phase were 0.10, 0.11, 0.10, 0.99 and 0.83, respec-

tively. However, smoking status with P of 0.01 and his-

tology with P of 0.04 were identified to be as variance

resources (Table 3).

Sensitivity analysis

Significant heterogeneity was observed among the included

studies for PFS (I2 = 85.1 %). As shown in Fig. 7, the

study conducted by Gatzemeier et al. [25] showed results

Fig. 3 Meta-analysis result of

PFS
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that were completely out of range of the others and prob-

ably contributed to the heterogeneity. After excluding this

study, the results suggested that compared with platinum-

based chemotherapy, erlotinib plus chemotherapy was

associated with an increased PFS (HR 0.652, 95 % CI

0.546–0.759, P \ 0.0001). No evidence of high hetero-

geneity was observed among the remaining studies

(I2 = 44.7 %).

Publication bias

For the meta-analyses of OS, PFS and ORR, there was no

evidence of significant publication bias by inspection of the

formal statistical tests [(1) OS: Egger’s test, P = 0.944;

Begg’s test, P = 0.711); (2) PFS: Egger’s test, P = 0.519;

Begg’s test, P = 0.816); (3) ORR: Egger’s test,

P = 0.249; Begg’s test, P = 0.452)].

Discussion

This is a systematic review and meta-analysis to further

evaluate the efficacy of erlotinib plus platinum-based

chemotherapy for advanced NSCLC. The present system-

atic review and meta-analysis suggested that erlotinib

combined with platinum-based chemotherapy was benefi-

cial for advanced NSCLC patient with EGFR mutation

compared with platinum-based chemotherapy alone

regime. So the NCCN guideline recommended erlotinib as

a first-line therapy in patients with sensitising EGFR

Fig. 4 Meta-analysis result of

OS

Fig. 5 Meta-analysis result of

ORR
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mutations [7]. A great deal of RCTs on the same topic was

finished by clinical oncologists [3, 20–26]; however, these

conclusions were inconclusive.

The meta-analysis of eight studies comparing erlotinib

plus platinum-based chemotherapy and platinum-based

chemotherapy alone revealed that no significant difference

existed with regard to OS, whereas PFS and ORR shown

significant difference between two arms. In this review,

subgroup analyses were conducted according to histology

condition, smoking status, length of illness and other fac-

tors. The smoking status and histological type can explain

most of the heterogeneity observed, according to the results

of the sensitivity analysis and meta-regression. Several

meta-analyses on EGFR-TKIs have been published in

recent years, most of which employed trials with varying

drug priorities. A majority of the published studies focused

on efficacy, while the correlation between EGFR mutation

and efficacy was reported in four meta-analyses [28–31].

Additionally, all meta-analyses that did not focus on the

efficacy compare with erlotinib plus chemotherapy and

chemotherapy. Importantly, the GRADE system was per-

formed to assess the level of evidence summarised in the

meta-analysis.

This meta-analysis has several potential limitations that

should be taken into account. First, only English and

Chinese language literature articles were considered for

publication. If the search had been extended to include

literature published in other languages, it is possible that

Fig. 6 Subgroup analyses of PFS

Table 3 Subgroup analyses for progression-free survival according to the anatomic stage (IIIB vs. IV), histology (adenocarcinoma vs. non-

adenocarcinoma), median age, ECOG-PS, smoking status (smoker vs. non-smoker) and gender for NSCLC

Subgroup No. of trials No. of patients Heterogeneity PFS Meta-regression

Erl plus CT CT P I2 (%) HR (95 % CI) P Subgroup difference

Gender P = 0.10

Male 3 177 98 0.17 44.2 0.73 (0.60–0.89) 0.00

Female 3 190 107 0.09 49.4 0.46 (0.32–0.66) 0.00

Smoking status P = 0.01

Smoker 6 160 165 0.63 0.0 0.75 (0.66–0.85) 0.00

Non-smoker 3 115 132 0.33 11.0 0.44 (0.35–0.56) 0.00

Histology P = 0.04

Adenocarcinoma 3 199 216 0.45 0.0 0.54 (0.47–0.63) 0.00

Non-adenocarcinoma 3 76 81 0.67 0.0 0.78 (0.64–0.94) 0.01

Median age P = 0.11

\65 years 3 216 225 0.07 62.7 0.56 (0.44–0.71) 0.00

C65 years 3 59 72 0.89 0.0 0.79 (0.65–0.98) 0.03

ECOG-PS P = 0.10

0 2 52 52 0.44 0.0 0.63 (0.50–0.78) 0.00

1 2 147 163 0.01 85.9 0.64 (0.43–0.94) 0.02

Anatomic stage P = 0.99

IIIB 3 29 38 0.07 61.6 0.58 (0.32–1.02) 0.06

IV 3 246 259 0.37 0.0 0.63 (0.56–0.71) 0.00

Trial phase P = 0.83

II 3 205 202 0.34 7.6 0.71 (0.62–0.82) 0.00

III 2 805 805 0.00 95.3 0.75 (0.44–1.28) 0.29
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additional relevant trials may have been identified. Second,

ongoing studies were ineligible for inclusion. Limitations

in quality, even though most of the studies were of high

quality, cannot be ignored, and the pooled results of this

meta-analysis may have been affected slightly. Moreover,

only a small number of trials met the subgroup analysis

criteria, thus reducing the power of the analyses. These

factors may have a potential impact on our results. Addi-

tionally, we are unable to assess the effects of erlotinib on

other clinically meaningful endpoints, such as quality of

life, patient and physician satisfaction, because of sparse

and inconsistent reporting across studies. Finally, because

the studies included in the meta-analysis were carried out

in various countries, oncologists should carefully and

judiciously assess the feasibility of applying the results in

the clinical setting in China.

Conclusions

In summary, the current available evidence suggests that

erlotinib lacks the potential to improve OS. PFS and

objective response rate could be improved by using erl-

otinib plus chemotherapy in patients with advanced

NSCLC. Finally, smoking status and histological type are

important evaluation factors that should be considered for

evaluating clinical therapy and prognosis.
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Appendix: PubMed search terms

#1 Search (((((((((Carcinoma, Non Small Cell Lung[Title/

Abstract]) OR Carcinomas, Non Small Cell Lung[Title/

Abstract]) OR Lung Carcinoma, Non-Small-Cell[Title/

Abstract]) OR Lung Carcinomas, Non-Small-Cell[Title/

Abstract]) OR Non-Small-Cell Lung Carcinomas[Title/

Abstract]) OR Non small Cell Lung Cancer[Title/Abstract])

OR Non-Small-Cell Lung Carcinoma[Title/Abstract]) OR

Carcinoma, Non-Small Cell Lung[Title/Abstract]) OR Non-

Small Cell Lung Cancer[Title/Abstract]) OR ‘‘Carcinoma,

Non-Small-Cell Lung’’[Mesh].

#2 Search ((((((((((((OSI-774[Title/Abstract]) OR CP-

358774[Title/Abstract]) OR CP-358,774[Title/Abstract]) OR

CP 358,774[Title/Abstract]) OR CP 358774[Title/Abstract])

OR Tarceva[Title/Abstract]) OR 11C-erlotinib[Title/

Abstract]) OR erlotinib HCl[Title/Abstract]) OR erlotinib

hydrochloride[Title/Abstract]) OR N-(3-ethynylphenyl)-6,7-

bis(2-methoxyethoxy)quinazolin-4-amine[Title/Abstract]) OR

erlotinib[Title/Abstract])) OR ‘‘erlotinib’’ [Supplementary

Concept].

#3 Search (((‘‘Controlled Clinical Trial’’ [Publication

Type]) OR (‘‘Randomized Controlled Trials as Topic’’

[Mesh] OR ‘‘Randomized Controlled Trial’’ [Publication

Type] OR ‘‘Controlled Clinical Trials as Topic’’[Mesh])))

OR ((((((Controlled Clinical Trial[Title/Abstract]) OR

Controlled Clinical Trials, Randomized[Title/Abstract]) OR

Clinical Trials, Randomized[Title/Abstract]) OR Trials,

Randomized Clinical[Title/Abstract]) OR Controlled Clin-

ical Trials[Title/Abstract]) OR random*[Title/Abstract]).

#4: #1 AND #2 AND #3.

Fig. 7 Sensitivity analysis of

the summary HR of OS. The

results were computed by

omitting each study in turn.

Meta-analysis random-effects

estimates (exponential form)

were used. The two ends of the

dotted lines represent the 95 %

CI
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