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ABSTRACT
Background: The recommendations regarding the optimum treatment for 

advanced non-small-cell lung cancer (NSCLC) patients with wild-type (WT) epidermal 
growth factor receptor (EGFR) tumors remain unclear. This meta-analysis was 
conducted to assess the efficacy among programmed death-ligand 1 (PD-L1)/
programmed death-1 (PD-1) antibody, EGFR-tyrosine kinase inhibitors (TKI) and 
chemotherapy in second-and third-line therapy.

Patients and methods: Randomized trials investigating two of the three 
treatments were searched and included. Multiple treatments comparison and pairwise 
comparison were performed to assess overall survival (OS) and progression-free 
survival (PFS), expressed as hazard ratios (HRs). The effect of prespecified study-level 
characteristics was assessed by subgroup analysis and meta-regression. 

Results: 12 randomized trials accruing 3341 advanced patients with WT EGFR 
tumors were analyzed. PD-1/PD-L1 antibody was associated with significantly longer 
OS and PFS than chemotherapy (OS: HR 0.67, 95% CrI 0.60–0.75; PFS: HR 0.83, 95% 
CrI 0.73–0.95) and TKI (OS: HR 0.59, 95% CrI 0.50–0.70; PFS: HR 0.75, 95% CrI 
0.66–0.84) , while chemotherapy was associated with significantly longer OS (HR 
0.88, 95% CrI 0.77–0.99) and PFS (HR 0.75, 95% CrI 0.66–0.84) than TKI. 

Conclusions: For advanced NSCLC patients with WT-EGFR tumors in second- 
or third-line therapy, PD-1/PD-L1 antibody appeared to be the most efficacious 
treatment, which was followed by chemotherapy. EGFR-TKI was worse than 
chemotherapy.

INTRODUCTION

Worldwide, lung cancer is the leading cause of 
cancer mortality, making up about 19% of all cancer-
related deaths [1]. Most of cases (~85%) are histologically 
defined as non-small-cell lung cancer (NSCLC) [2]. Of 
these patients, nearly two-thirds present with unresectable 

locally advanced or metastatic disease at initial diagnosis.
[3] Since the discovery that epidermal growth factor 
receptor (EGFR)-sensitizing mutations are frequent 
oncogenic driver of NSCLC, many randomized trials were 
performed and demonstrated the benefit of EGFR tyrosine 
kinase inhibitors (TKI) over cytotoxic chemotherapy in 
patients with EGFR-sensitizing tumors [4-11]. EGFR-
TKI is thus recommended as standard first-line treatment 
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for this drug-sensitive subgroup [12]. However, these 
mutations occur in only about 15% of White and Africa 
America patients and mostly 50% of Asian patients. 
Most of patients worldwide have wild-type (WT) EGFR 
tumors and the recommendations regarding the optimum 
treatment for these patients still remain elusive [12, 13]. 

First-generation EGFR-TKI (ie., gefitinib and 
erlotinib), which act through reversibly binding to and 
blocking EGFR signaling pathway, have also been widely 
used in NSCLC patients with WT EGFR tumors [14]. 
Although the landmark trial BR21 showed that erlotinib 
significantly extended both overall survival (OS) and 
progress-free survival (PFS) over placebo in EGFR-
unselected, pretreated patients [15], the superiority of 
EGFR-TKI over platinum-based chemotherapy was less 
pronounced. Recent randomized trials [4, 16-19] and 
meta-analyses [20, 21] showed that TKI was associated 
with shorter PFS than chemotherapy in this subpopulation. 
However, OS is commonly considered a more important 
clinical endpoint than PFS [22]. Till now, except TAILOR 
trial, no studies had identified a survival improvement, 
which largely attribute to treatment crossover after 
progression and small sample size included in individual 
trials.

With profoundly different cure mechanism from TKI 
or chemotherapy, immune checkpoint inhibition therapy 
aims to enhance an effective immune response through 
restoring the efficacy of tumor-specific T cells within 
the tumor microenvironment and has shown promising 
outcomes in different cancers, including NSCLC [23]. 
Recent randomized trials showed that, programmed 
death-ligand 1 (PD-L1) and programmed death-1 (PD-
1) antibodies, two kinds of checkpoint inhibitors which 
promote anticancer immunity by blocking PD-1 and 
PD-L1 interaction and reactivate suppressed immune 
cells, significantly extended survival over chemotherapy 
in second- and third-line therapy in advanced NSCLC 
patients, including the WT EGFR patients [24-27].

In this meta-analysis of randomized trials, we 
compared the efficacy of PD-1/PD-L1 antibody, first-
generation EGFR-TKI and chemotherapy in second- or 
third-line setting with Bayesian indirect method that 
allowed for combining direct and indirect evidence, aiming 
to identify the optimum treatment that could provide best 
survival benefit for advanced NSCLC patients with WT 
EGFR tumors. 

RESULTS

Characteristics of included trials and patients

Of 2976 potentially records were initially identified 
by search strategy (Figure 1), 12 open-labeled, randomized 
Phase II/III trials accruing 6462 patients with advanced 

NSCLC were finally included in this meta-analysis (Table 
1) [17-19, 24-33]. After excluding the patients who 
did not have a known EGFR mutation status, a total of 
3341 patients bearing WT EGFR tumors were included. 
All trials enrolled patients aged > 18 years and had a 
histologically or cytologically confirmed diagnosis of 
NSCLC, with Eastern Cooperative Oncology Group or 
World Health Organization performance status of 0 to 2. 
All the four trials containing PD-1/PD-L1 antibody arm 
used FDA-approved dose. Three of them were performed 
in second- or third-line setting [24, 25, 27], the other 
one were second- setting [26]. All 12 trials containing 
chemotherapy arm used recommended drugs (single-
agent docetaxel or pemetrexed is standard second- or 
higher- line treatment [12, 13]) with standard dosing 
schedule. All the 8 trials containing EGFR-TKI arm used 
standard dosing schedule (erlotinib, 150 mg orally daily; 
gefitinib, 250 mg orally daily). Among these trials, five 
were second-line setting [17, 19, 30, 32, 33], and three 
were second- or third-line setting [18, 28, 29, 31]. Five 
trials majorly comprised of white patients [17, 28-31, 33], 
while the other three majorly included Asian patients [18, 
19, 32]. Four trials used only direct sequencing for EGFR 
mutation detection [19, 28-31], while the other four used 
more sensitive methods (amplification refractory mutation 
system, restriction fragment length polymorphism 
analysis, highly sensitive polymerase chain reaction or 
mass spectrometry) to enhance sensitivity [17, 18, 32, 33]. 

Risk of bias assessment

The included trials were overall low risk (Table 2). 
Sequence was adequately generated in all trials. Allocation 
concealment was adequately performed in nine trials, not 
detailed in one trials [32] and undone in two trials [25, 
27]. Though all trials were designed as open-labeled, six 
of them blinded assessment of outcome by independent, 
central radiologic reviews [24-27, 31] or independent 
review committee [19]. The reasons for excluding 
patients in all trials were sufficient and ITT principle was 
followed. No evidence of selective reporting was found. 
Additionally, other source of bias was found in two trials: 
one were halted prematurely [30], two had biased baseline 
characteristics [19], and the other one had imbalanced 
number of patients underwent crossover [32].

Standard pairwise comparison

Data on OS were available from all 12 trials 
accruing 3341 patients [17-19, 24-33]. In standard 
pairwise comparisons (Figure 2 and Figure 3), no evidence 
of significant interstudy heterogeneity for OS or PFS was 
identified (I2 = 0% and 27%, respectively). The pooled 
fixed-effect models showed that treatment of PD-1/PD-
L1 antibody was more effective in improving OS and 
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Figure 1: Identification of eligible randomized trials. Abbreviations: EGFR, tyrosine kinase inhibitors; PD-1, programmed 
death-1; PD-L1, programmed death-ligand 1; TKI, tyrosine kinase inhibitors.
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PFS than chemotherapy in WT EGFR patients, with an 
estimated HR of 0.67 (95% CI 0.60-0.75, p < 0.001), and 
no significant difference for OS was identified between 
chemotherapy and EGFR-TKI. PFS was based on 9 out of 
12 trials accruing 2454 patients.[17-19, 24, 26, 28-30, 32, 
33] Treatment of PD-1 antibody significantly improved 
PFS compared with chemotherapy (HR 0.83 95% CI 
0.73-0.95, p = 0.007), while treatment of chemotherapy 
significantly improved PFS compared with TKI (HR 0.75 
95% CI 0.66-0.84, p < 0.001).

Indirect comparison

Based on the DIC values in indirect comparisons 
(Figure 4), the fixed-effects model had better model fit 
than random-effects models, with relatively lower DIC 
values for the two outcomes, suggesting that the interstudy 
heterogeneity might not be significant. We thus applied 
fixed-effects models in indirect comparisons. Pooled 
fixed-effects models showed that PD-1/PD-L1 antibodies 

were associated with significantly improved OS and PFS 
when compared with chemotherapy (cumulative OS: 
HR 0.67, 95% CrI 0.60-0.75; PFS: HR 0.83, 95% CrI 
0.73-0.95) and TKI (cumulative OS: HR 0.59, 95% CrI 
0.50-0.70; PFS: HR 0.75, 95% CrI 0.66-0.84) in patients 
bearing WT EGFR tumors, while chemotherapy was 
associated with significantly extended OS and PFS when 
compared with TKI (cumulative OS: HR 0.88, 95% CrI 
0.77-0.99; PFS: HR 0.75, 95% CrI 0.66-0.84). Treatment 
rankings clearly showed that PD-1/PD-L1 antibodies had 
the highest probability (100%) of being the most effective 
treatment for both OS and PFS, which was followed by 
chemotherapy. 

Subgroup analysis

Predefined multiple subgroups analysis and meta-
regression was conducted to examine whether dominant 
ethnicity, line of treatment, the specific TKI used, or 
method of EGFR mutation detection was associated with 

Table 1: List of Trials Characteristics

Source Design Entry Criteria Line
Dominant
Ethnicity,
No. (%)

Age
(years)

EGFR 
Mutation
testing

Treatments and dosing schedule

Arm A Arm B
Median 
follow-up 
(mon)WT/Total WT/Total

PD-1/PD-L1 
vs CT

CheckMate 057,
2015

Open label,
International,
multicenter,
phase 3

Patients with advanced nonsquamous 
NSCLC that had progressed during or after 
platinum-based CT
PD-L1 positive

Second 
or third

White
(91)

62
(21–85) NR Nivolumab (3 mg/kg every two weeks) 

vs docetaxel (75 mg/m2 every three weeks) 168/292 172/290 NR

KEYNOTE-010,
2015

Open label, 
International,
multicenter,
phase 2/3

Patients with advanced NSCLC that had 
progressed after platinum-based CT or TKI

Second non-Asian
(82)

62
(56–69)

Direct
Sequencing/ 
ARMS

Pembrolizumab (2 mg/kg or 10 mg/kg every 
three weeks) vs docetaxel (75 mg/m2 every 
three weeks)

581/ 
(344/346) 294/343

13.1 
(IQR 8.6–
17.7).

POPLAR,
2016,

Open label, 
International,
multicenter,
phase 2

Patients with advanced NSCLC that had 
progressed after platinum-based CT or TKI

Second or 
third

White
(100)

62
(36–84) NR

Atezolizumab (1200 mg fixed dose every 3 
weeks) vs docetaxel (75 mg/m2 every three 
weeks)

147/287 14.8 vs 15.7*
(0.1–19.6)

OAK, 
2016

Open label, 
International,
multicenter,
phase 3

Patients with advanced NSCLC that had 
received platinum-based CT

Second 
or third

White
(70)

64
(33–85)

Direct
Sequencing/ 
ARMS

Atezolizumab (1200 mg fixed dose every 3 
weeks) vs docetaxel (75 mg/m2 every three 
weeks)

318/613 310/612 21.0 
(NR)

TKI vs CT 

INTEREST
2008 and 2010

Open label,
International,
multicenter,
phase 3

TKI-naïve patients with advanced NSCLC 
that had progressed or recurred after 
platinum-based CT

Second
or third

White
(74.4)

61 
(20–84)

Direct
sequencing

Gefitinib (250 mg per day orally)
vs docetaxel (75 mg/m2 every three weeks) 123/733 106/733 7.6 

(NR)

TITAN,
2012

Open label,
International,
multicenter,
phase 3

TKI and pemetrexed-naïve patients with 
advanced NSCLC that had progression 
during or after platinum-based CT

Second White
(84.5)

59
(22–80)

Direct
sequencing

Erlotinib (150 mg per day orally)
vs docetaxel (75 mg/m2 every three weeks) 
or pemetrexed (500 mg/m2 every three 
weeks)

74/221 75/203 27.9 vs 24.8*
(0.0–50.3)

TAILOR,
2013

Open label,
multicenter,
phase 3

TKI And taxanes-naïve patients with 
advanced NSCLC that had recurred or 
progressed after CT

Second White
(99.1)

67
(35–83)

Direct 
sequencing
+ fragment
analysis

Erlotinib (150 mg per day orally)
vs docetaxel (75 mg/m2 every three weeks)

110/110 109/112 33.0 
(NR)

CT/06.05,
2013

Open label,
multicenter,
phase 3

TKI and pemetrexed-naïve patients with 
advanced NSCLC that had progressed 
during after CT

Second 
or third

White
(NR)

66 
(37–86)

Direct
sequencing

Erlotinib (150 mg per day orally) 
vs pemetrexed (500 mg/m2 every three 
weeks)

57/178 55/179
29.0 vs 27.3* 
(NR)

NCT01565538，
2014

Open label,
phase 2

TKI and pemetrexed-naïve patients with 
advanced NSCLC that had progressed 
during or after CT

Second Asian
(NR)

55 
(30–75) ARMS + FISH

Erlotinib (150 mg per day orally) 
vs pemetrexed (500 mg/m2 every three 
weeks)

62/62 61/61 14·7 
(0.5–41.9)

PROSE,
2014

Open label,
multicenter,
phase 3

TKI-naive patients with advanced NSCLC 
that that had recurred or progressed during 
or after CT

Second White
(NR)

66
(33–85) MS

Erlotinib (150 mg per day orally) 
vs docetaxel (60 mg/m2 every three weeks) 
or
pemetrexed (500 mg/m2 every three weeks)

82/143 81/142
32·4 
(IQR 22.3–
44.5)

DELTA,
2014

Open label,
multicenter,
phase 3

TKI and docetaxel-naïve patients with 
advanced NSCLC that had progressed 
during or after platinum-based CT

Second 
or third

Asian
(NR)

67
(31–85)

Highly 
sensitive
PCR-based
method

Erlotinib (150 mg per day orally) 
vs docetaxel (60 mg/m2 every three weeks)

90/151 109/150 8.9 
(NR)

CTONG 0806,
2014

Open label,
multicenter,
phase 2

TKI and pemetrexed-naïve patients with 
advanced NSCLC that had progressed after 
platinum-based CT

Second Asian
(NR)

57 
(24–78)

Direct
sequencing

Gefitinib (250 mg per day orally)
vs pemetrexed (500 mg/m2 every three 
weeks)

76/76 81/81 10.6 
(NR)

Abbreviations: ARMS, amplification-refractory mutation system; CT, chemotherapy; EGFR, epidermal growth factor receptor; 
FISH, fluorescence in situ hybridization; IQR, interquartile range; MS, mass spectrometry; NR, not reported; NSCLC; non-
small-cell lung cancer; PD-1, programmed death-1; PCR, polymerase chain reaction; PD-L1, programmed death-ligand 1; 
TKI, tyrosine kinase inhibitor; WT, wild type.
*arm A vs arm B.
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overall treatment effects (Figure 5). In OS analysis, no 
statistically significant difference was detected in all these 
subgroups. Yet, there was a trend to favor chemotherapy 
than TKI in second-line setting, though the p value did 
not reach a significance threshold (HR 0.85, 95% CI 
0.71-1.01, p = 0.06). In PFS analysis, chemotherapy 
was associated with longer PFS benefit than TKI in all 
subgroups, apart from the group of Asian patients.

DISCUSSION

Current recommanded treatment for advanced 
NSCLC in first- and higher- line setting are based on 
the presence of genetic aberrations, such as the strong 
recommandation of EGFR-TKIs for pateints bearing 
EGFR sensitizing mutations. However, it should be 
realized that most NSCLC patients do not harbor these 
oncogenic drivers. For patients with WT EGFR tumors 
that account for a majority of NSCLC worldwide, the 

options were limited to cytotoxic chemotherapy in first-
line setting, which being modest in extending survival; 
and in second- or higher line setting, the recommendation 
was less clear [13]. 

Enhancing the immune system to eliminate cancer 
cells is an effective way to prolong survival and time 
to progression. In contrast to disease-modifying agents 
such as cytotoxic chemotherapy and mutation-targeted 
drugs, PD-1/PD-L1 antibody unleashs suppressed T cell-
mediated antitumor responses of the host by disturbing the 
PD-1 and PD-L1 interaction, showing promising effects in 
second- and third-line therapy in recent RCTs. Our pooled 
analysis showed that, for pre-treated WT EGFR patients, 
treatment of PD-1/PD-L1 antibody was more efficacious 
in prolonging survival compared with chemotherapy and 
EGFR-TKIs. For a median OS of 9.4 months in patients 
with standard-of-care docetaxel [24], the corresponding 
survival prolongation with PD-1/PD-L1 antibodies would 
be 3.1 months. Moreover, an improved secondary outcome 

Figure 2: Pairwise comparisons for overall survival. Abbreviations: CI, confidence interval; CT, chemotherapy; EGFR, epidermal 
growth factor receptor; HR, hazard ratios; I-V = inverse variance. D+L = DerSimonan and Laird; PD-1, programmed death-1; PD-L1, 
programmed death-ligand 1; TKI, tyrosine kinase inhibitors; WT, wild-type.
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of PFS was also identified in PD-1/PD-L1 antibody arm, 
when compared with the other two treatments. 

The benefit of efficacy should be balanced against 
the risk of toxic effects. However, an analysis of toxicity 
profile could not be conducted as the data of adverse 
events from each WT subgroup was not available. Even 
so, within the scope of overall patients with advanced 
NSCLC, treatment-related grade 3-4 toxic effects in PD-1/
PD-L1 arm occurred less frequently than in chemotherapy 
arm in randomized trials (7%-26.6% vs 35%-55%) [24-
27, 34, 35]. Though immune-related adverse events such 
as pneumonitis can occur and may be severe, most events 
are low grade and can be improved/resolved with drug 
holding/imunosuppression [36]. These results suggested 
that, for pre-treated WT EGFR patients, PD-1/PD-L1 
antibody could be a preferable treatment choice over 
chemotherapy and TKI.

Our analysis also showed that chemotherapy was 
associated with longer OS than EGFR-TKIs in indirect 
comparison. But this benefit was not identified in our 
standard pairwise comparison (p = 0.27) or previous 
meta-analyses [20, 21]. There were probably two reasons 

for this issue. First, in almost all trials comparing EGFR-
TKIs with chemotherapy, patients were allowed to 
receive postprogression crossover therapy and subsequent 
treatments. These factors were difficult to balance and 
confounded OS result. Second, except three modern 
trials only recruited WT EGFR patients [17, 19, 32], a 
majority of trials were designed for unselected patients 
and WT EGFR patients represented only a subgroup that 
included small sample size, which might bias outcome. 
With the method of Bayesian indirect comparison, we 
integrated indirect evidence of 4 trials accruing 1990 
patients and head-to-head evidence of 8 trials with 1375 
patients to enhance the statistical power, identifying a 
12% OS improvement in chemotherapy arm. In the only 
trial that forbade crossover therapy and only included WT 
EGFR patients—TAILOR, treatment of chemotherapy 
was associated with a longer median OS than erlotinib 
(adjusted HR 0.73, 95% CI 0.53-1.00; p = 0.05) [17]. 
Furthermore, in Japanese randomized phase III DELTA 
trial, the researchers noticed a trend toward better OS in 
chemotherapy arm than in erlotinib arm for the WT EGFR 
patients who did not received subsequent chemotherapy 

Figure 3: Pairwise comparisons for progression-free survival. Abbreviations: CI, confidence interval; CT, chemotherapy; WT 
EGFR, epidermal growth factor receptor; HR, hazard ratios; I-V = inverse variance. D+L = DerSimonan and Laird; PD-1, programmed 
death-1; PD-L1, programmed death-ligand 1; TKI, tyrosine kinase inhibitors; WT, wild-type.
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[18]. These reports suggested that the OS difference 
was diminished by mixed treatments and supported our 
finding. In addition, we also noticed that patients in seond-
line therapy tended to have a longer survival when treated 
with chemotherapy than TKI, though the p value did not 
reach a significance threshold (HR 0.85, 95% CI 0.71-
1.01, p = 0.06). Consistent with previous studies, a 25% 
PFS prolongation in chemotherapy was also detected in 
our study. 

Erlotinib is currently recommanded as a potential 
option for WT EGFR patinets in second-line [13]. Yet, 
our subgroup analysis showed that, chemotherapy was 
associated with better PFS and comparable OS when 
compared with erlotinib (Figure 5), which suggested that 
erlotinib might not be active enough even in second- or 
third-line therapy.

Given the milder toxicity profile of TKI than 
chemotherapy that has been demonstrated in included 
trials, TKI may only be considered for the patients who 
are not candidates for chemotherapy (such as the ones with 
bad performance status).

Additionally, economic burden should also be 
considered. Reported as the cost-effectiveness studies, 
for the lifetime per advanced NSCLC patient, deocetaxel 
is comparable to erlotinob in second/third-line therapy 
when estimated with the data from large randomized 
trials or national health systems [37-41]. In contrast, the 
current cost with nivolumab and pembrolizumab were 

about 3.5 and 7 times higher than deocetaxel in second- 
or third-line therapy, respectively. Despite of the much 
higher prices, a trade-off was found between prolonged 
survival and quality-adjusted-life years, and increasd cost. 
This indicated nivolumab and pembrolizumab could be 
considered as a cost-effective option [42, 43].

Potential limitations need to be taken into account. 
First, like most of the published meta-analysis, our 
analysis is based on the summary data from published 
literature rather than individual patient data, which limit 
the detail that can be captured regarding prognostic factors. 
Therefore, our findings need to be considered as average 
effects. Second, the WT EGFR patients included in most 
individual trials represented a subgroup that accounted for 
only a small portion of the enrolled patients (12%-52%), 
which might bias outcome. This is because the role of 
EGFR mutation as a predictive marker for TKI had not 
been established when these trials were initially designed 
in the early days. Though these trials were overall low 
risk, relavant results should be cautiously interpreted. 
Third, to date, no head-to-head randomized trials have 
compared the effecacy of PD-1/PD-L1 to EGFR-TKI 
for WT EGFR patients, leading to an unclosed loop of 
evidence in this study. Although we found no significant 
interstudy heterogeneity in all direct comprisons (up 
to 27.9% of the I2 value), the conclusion for indirect 
comparisons may be further confirmed by randomized 
controlled trials.To the best of our knowledge, this is 

Figure 4: Indirect comparisons for overall survival. A. and B. and progression-free survival C. and D. The row treatment was 
compared with column treatment; Upper triangles (A and C) denote pooled hazard ratios (HRs) with 95% credible intervals; In each cell, 
the first and second line used fixed-effects and random-effects models; HRs with Bayesian p value < 0.05 are in blue. Histograms (B and D) 
are shown for cumulative probabilities of each treatment ranking first, second and third best based on fixed-effects models. Abbreviations: 
CT, chemotherapy; DIC, deviance information criterion; EGFR, epidermal growth factor receptor; PD-1, programmed death-1; PD-L1, 
programmed death-ligand 1; TKI, tyrosine kinase inhibitors; WT, wild-type.
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the first meta-analysis comparing immune checkpoint 
inhibitor, EGFR-TKI and chemotherapy for advanced 
NSCLC patients with WT EGFR tumors in second- or 
third-line therapy. We showed that PD-1/PD-L1 antibody 
appeared to be the most efficacious treatment, which was 
followed by chemotherapy. EGFR-TKI was worse than 
chemotherapy. These findings suggested that, for pre-
treated WT EGFR patients, PD-1/PD-L1 antibody can be a 
preferable option. For the ones who are not candidates for 
PD-1/PD-L1 antibody therapy, chemotherapy is preferred. 
TKI may be only considered for the ones who have bad 
performance status.

MATERIALS AND METHODS

Search strategy and selection criteria

Two reviewers (W.D. and C.D.) separately 
underwent systematic searches of PubMed, Cochrane 
databases and EMBASE, combining key terms “non-
small cell lung”, “gefitinib”, “erlotinib”, “nivolumab”, 
“pembrolizuma” and “atezolizumab” until the end of 

January 2017, with no date and language restriction 
(see full search strategy in Supplementary Materials). 
The trials meeting the following criteria were included: 
(i) randomized controlled trials (RCTs) enrolling for 
pre-treated patients with advanced NSCLC, defined as 
unresectable locally advanced, metastatic or recurred 
disease (stage IIIB or IV). (ii) RCTs investigating two 
or more treatments among standard chemotherapy, first-
generation EGFR-TKI and PD-1/PD-L1. (iii) RCTs 
reporting hazard ratios (HRs) with 95% confidence 
intervals (CIs) for OS and/or PFS, or data to estimate 
these in patients with WT EGFR tumors. The trials that 
assessed maintenance strategy, used combination agents 
of TKI with chemotherapy or anti-angiogenic agents, or 
only contained patients with EGFR-positive tumors were 
excluded. Placebo-controlled trials were also excluded. 
The bibliographies of relevant reviews and meta-analyses 
were also manually examined to identify additional trials. 
If multiple articles covered the same trial population, 
the trial with the most updated and complete data was 
included. 

Table 2: The Assessment of Bias of Included Trials
Source Sequence 

generation
Allocation 
concealment

Blinding
 

Incomplete data 
addressed

Selective 
reporting

Other source of
bias

INTERIST,
2008 and 2010

Low risk
(Minimization)

Low risk
(Central allocation) Unclear risk Low risk Low risk Low risk

TITAN,
2012

Low risk
(Minimization)

Low risk
(Central allocation) Unclear risk Low risk Low risk Halted prematurely 

because of slow 
recruitment

TAILOR,
2013

Low risk
(Minimization)

Low risk
(Central allocation) Unclear risk Low risk Low risk Low risk

CT/06.05,
2013

Low risk
(Randomized numbers 
generated by computer)

Low risk
(Central allocation)

Low risk
(Central radiologic 
review)

Low risk Low risk Low risk

NCT01565538,
2014

Low risk
(Randomized numbers 
generated by computer)

Unclear risk Unclear risk Low risk Low risk

61% patients in 
pemetrexed arm 
crossed over to 
erlotinib, while 10% 
patients in erlotinib 
arm crossed over to 
pemetrexed.

PROSE,
2014

Low risk
(Minimization)

Low risk risk
(Central allocation) Unclear risk Low risk Low risk Low risk

DELTA,
2014

Low risk
(Minimization)

Low risk
(Central allocation) Unclear risk Low risk Low risk Low risk

CTONG 0806,
2014

Low risk
(Minimization)

Low risk risk
(Central allocation)

Low risk
(Independent 
Review Committee 
)

Low risk Low risk More nonsmokers in 
CT arm (57.9% vs 
40.7%, p = 0.03) 

CheckMate 057,
2015

Low risk
(Minimization)

Low risk
(Central allocation)

Low risk
(Central radiologic 
review)

Low risk Low risk Low risk

KEYNOTE-010,
2015

Low risk
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Data extraction

Two reviewers (W.D. and C.D.) separately 
abstracted data in a predefined format, including trial 
acronym, trial design, main entry criteria, line of 
treatment, dominant ethnicity, method of EGFR mutation 
detection, interventional and control treatments, dosing 
schedule, number of patients randomized to each arm on 

an intention-to-treat (ITT) basis, demographic and clinical 
data (age, ethnicity, histology), outcome results in patients 
with WT EGFR tumors and duration of follow-up. The 
primary endpoint in this meta-analysis is OS, defined as the 
time interval from randomization to death from any cause. 
The second pre-specified endpoint is PFS, defined as the 
time interval from randomization to earliest occurrence of 
documented disease progression or death from any cause. 

Figure 5: Subgroup analysis based on line of treatment, specific TKI used, ethnicity and method of EGFR mutation 
detection. Fixed-effects models were used when I2 < 50%, otherwise random-effects models were used. CT, chemotherapy; EGFR, 
epidermal growth factor receptor; TKI, tyrosine kinase inhibitors; WT, wild-type.
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The HRs, which represent the most appropriate metric for 
time-to-event outcomes, were directly extracted from each 
trial or estimated by the method of Tierney and colleagues 
if they were not explicitly provided [44]. Imformative 
meta-analyses were also used to acquire unreported data. 
Unadjusted HRs were preferred in this meta-analysis, 
given the adjusted ones were likely to adjust with different 
covariates from trial to trial, potentially impeding analysis. 
Two reviewers (W.D. and C.D.) separately assess the risk 
of bias of included trials with the Cochrane Collaboration 
method [45]. Data and bias discrepancies were discussed 
by all authors to reach consensus.

Statistical analysis

Multiple treatment comparisons were built by 
WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, 
UK), allowing for the combination of direct and indirect 
evidence into a combined overall point estimate. HRs 
were pooled by posterior means with corresponding 95% 
credible intervals (CrIs), which are the Bayesian analog of 
the 95 % confidence intervals (CIs) [46]. Non-informative 
uniform and normal prior distributions were used to fit the 
model, yielding 50,000 iterations with a burn-in number 
of 10,000 iterations and a thin interval of 50 to obtain the 
posterior distributions of the model parameters [47]. Then 
the deviance information criterion (DIC) statistics were 
used to compare the two effect-models: a lower DIC value 
indicated a better model fit, and the corresponding results 
were chosen for summary estimation [48]. Convergence of 
iterations was evaluated by Gelman-Rubin-Brooks statistic 
[49]. The probability of each treatment in the ranking 
was evaluated based on its posterior probabilities, which 
depended on counting the proportion of iterations in the 
Markov chain of HR ranking in the treatments. 

Standard pairwise comparisons were built with 
STATA 12.0 (STATA Crop., College Station, TX, USA). 
The interstudy heterogeneity was measured by I2 index 
[50], The pooled HRs from indirect comparisons were 
compared with corresponding HRs from pairwise 
comparisons to assess whether there was inconsistency. 
The effect of prespecified study-level characteristics 
including dominant ethnicity (white or Asian), line of 
treatment (first line or higher line), the specific TKI used 
(erlotinib vs gefitinib) and method of EGFR mutation 
detection (direct sequencing or more sensitive methods) 
was assessed by subgroup analysis and meta-regression. 
Statistical tests were two-sided and used a significance 
threshold of p < 0.05. 

Abbreviations

ARMS, amplification-refractory mutation system; 
CIs, confidence intervals; CrIs, credible intervals; CT, 
chemotherapy; DIC, deviance information criterion; 

EGFR, epidermal growth factor receptor; FISH, 
fluorescence in situ hybridization; IQR, interquartile 
range; HR, hazard ratio; MS, mass spectrometry; NR, 
not reported; NSCLC, non-small-cell lung cancer; PD-1, 
programmed death-1; PCR, polymerase chain reaction; 
PD-L1, programmed death-ligand 1; TKI, tyrosine kinase 
inhibitor; RCT, randomized controlled trials; WT, wild 
type.

Author contributions

Study design: Di Wu and Size Chen
Collection and synthesis of data: Di Wu and 

Chongyang duan
Data analysis and interpretation: All the authors
Manuscript writing: Fenfang Wu,Di Wu and Liyong 

Chen
Final approval of manuscript: All authors

CONFLICTS OF INTEREST

All the authors have no conflict of interest. 

FUNDING

This work was partially supported by an educational 
grant from Guangdong Pharmaceutical University.

REFERENCES

1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K. 
Global and regional mortality from 235 causes of death for 
20 age groups in 1990 and 2010: a systematic analysis for 
the Global Burden of Disease Study 2010. Lancet. 2013; 
380: 2095-128. 

2. Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin 
JH, Beasley MB, Chirieac LR, Dacic S, Duhig E, Flieder 
DB, Geisinger K, Hirsch FR, Ishikawa Y, et al. The 2015 
World Health Organization Classification of Lung Tumors: 
Impact of Genetic, Clinical and Radiologic Advances Since 
the 2004 Classification. J Thorac Oncol. 2015; 10: 1243-60. 

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA 
Cancer J Clin. 2015; 65: 5-29. 

4. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo 
N, Sunpaweravong P. Gefitinib or Carboplatin-Paclitaxel 
in Pulmonary Adenocarcinoma. N Engl J Med. 2009; 361: 
947-57. 

5. Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi 
S. Gefitinib or Chemotherapy for Non-Small-Cell Lung 
Cancer with Mutated EGFR. N Engl J Med. 2010; 362: 
2380-8. 

6. Mitsudomi T, Morita S, Yatabe Y, Negoro S, Okamoto 
I, Tsurutani J, Seto T, Satouchi M, Tada H, Hirashima T, 
Asami K, Katakami N, Takada M, et al. Gefitinib versus 



Oncotarget66501www.impactjournals.com/oncotarget

cisplatin plus docetaxel in patients with non-small-cell lung 
cancer harbouring mutations of the epidermal growth factor 
receptor (WJTOG3405): an open label, randomised phase 3 
trial. Lancet Oncol. 2010; 11: 121-8.

7. Zhou C, Wu Y, Chen G, Feng J, Liu XQ, Wang C, Zhang 
S, Wang J, Zhou S, Ren S, Lu S, Zhang L, Hu C, et al. 
Erlotinib versus chemotherapy as first-line treatment for 
patients with advanced EGFR mutation-positive non-small-
cell lung cancer (OPTIMAL, CTONG-0802): a multicentre, 
open-label, randomised, phase 3 study. Lancet Oncol. 2011; 
12: 735-42. 

8. Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti 
B, Felip E, Palmero R, Garcia-Gomez R, Pallares C, 
Sanchez JM, Porta R, Cobo M, Garrido P, et al. Erlotinib 
versus standard chemotherapy as first-line treatment for 
European patients with advanced EGFR mutation-positive 
non-small-cell lung cancer (EURTAC): a multicentre, open-
label, randomised phase 3 trial. Lancet Oncol. 2012; 13: 
239-46. 

9. Sequist LV, Yang JC, Yamamoto N, O’Byrne K, Hirsh V, 
Mok T, Geater SL, Orlov S, Tsai CM, Boyer M, Su WC, 
Bennouna J, Kato T, et al. Phase III study of afatinib or 
cisplatin plus pemetrexed in patients with metastatic lung 
adenocarcinoma with EGFR mutations. J Clin Oncol. 2013; 
31: 3327-34. 

10. Wu YL, Zhou C, Hu CP, Feng J, Lu S, Huang Y, Li W, 
Hou M, Shi JH, Lee KY, Xu CR, Massey D, Kim M, et 
al. Afatinib versus cisplatin plus gemcitabine for first-line 
treatment of Asian patients with advanced non-small-cell 
lung cancer harbouring EGFR mutations (LUX-Lung 6): an 
open-label, randomised phase 3 trial. Lancet Oncol. 2014; 
15: 213-22. 

11. Wu YL, Zhou C, Liam CK, Wu G, Liu X, Zhong Z, Lu S, 
Cheng Y, Han B, Chen L, Huang C, Qin S, Zhu Y, et al. 
First-line erlotinib versus gemcitabine/cisplatin in patients 
with advanced EGFR mutation-positive non-small-cell lung 
cancer: analyses from the phase III, randomized, open-label, 
ENSURE study. Ann Oncol. 2015; 26: 1883-9. 

12. Ettinger DS, Wood DE, Akerley W, Bazhenova LA. Non-
small cell lung cancer, version 6. J Natl Compr Canc Netw. 
2015; 13: 515-24. 

13. Reck M, Popat S, Reinmuth N, De Ruysscher D, Kerr 
KM, Peters S, Group EGW. Metastatic non-small-cell lung 
cancer (NSCLC): ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2014; 25 
Suppl 3: iii27-39. 

14. Laurie SA, Goss GD. Role of epidermal growth factor 
receptor inhibitors in epidermal growth factor receptor 
wild-type non-small-cell lung cancer. J Clin Oncol. 2013; 
31: 1061-9. 10.1200/JCO.2012.43.4522.

15. Frances A. Shepherd, Pereira JR, Ciuleanu T, Tan EH, Vera 
Hirsh, Sumitra Thongprasert, Daniel Campos, Savitree 
Maoleekoonpiroj. Erlotinib in Previously Treated Non-
Small-Cell Lung Cancer. N Engl J Med. 2005; 353: 123-32. 

16. Fukuoka M, Wu YL, Thongprasert S, Sunpaweravong P, 

Leong SS, Sriuranpong V, Chao TY, Nakagawa K, Chu 
DT, Saijo N, Duffield EL, Rukazenkov Y, Speake G, et 
al. Biomarker analyses and final overall survival results 
from a phase III, randomized, open-label, first-line study of 
gefitinib versus carboplatin/paclitaxel in clinically selected 
patients with advanced non-small-cell lung cancer in Asia 
(IPASS). J Clin Oncol. 2011; 29: 2866-74. 

17. Garassino MC, Martelli O, Broggini M, Farina G, Veronese 
S, Rulli E, Bianchi F, Bettini A, Longo F, Moscetti L, 
Tomirotti M, Marabese M, Ganzinelli M, et al. Erlotinib 
versus docetaxel as second-line treatment of patients with 
advanced non-small-cell lung cancer and wild-type EGFR 
tumours (TAILOR): a randomised controlled trial. Lancet 
Oncol. 2013; 14: 981-8. 

18. Kawaguchi T, Ando M, Asami K, Okano Y, Fukuda M, 
Nakagawa H, Ibata H, Kozuki T, Endo T, Tamura A, 
Kamimura M, Sakamoto K, Yoshimi M, et al. Randomized 
phase III trial of erlotinib versus docetaxel as second- or 
third-line therapy in patients with advanced non-small-cell 
lung cancer: Docetaxel and Erlotinib Lung Cancer Trial 
(DELTA). J Clin Oncol. 2014; 32: 1902-8. 

19. Zhou Q, Cheng Y, Yang JJ, Zhao MF, Zhang L, Zhang XC, 
Chen ZH, Yan HH, Song Y, Chen JH, Feng WN, Xu CR, 
Wang Z, et al. Pemetrexed versus gefitinib as a second-line 
treatment in advanced nonsquamous nonsmall-cell lung 
cancer patients harboring wild-type EGFR (CTONG0806): 
a multicenter randomized trial. Ann Oncol. 2014; 25: 2385-
91. 

20. Lee CK, Brown C, Gralla RJ, Hirsh V, Thongprasert S, Tsai 
CM, Tan EH, Ho JC, Chu da T, Zaatar A, Osorio Sanchez 
JA, Vu VV, Au JS, et al. Impact of EGFR inhibitor in 
non-small cell lung cancer on progression-free and overall 
survival: a meta-analysis. J Natl Cancer Inst. 2013; 105: 
595-605. 

21. Lee JK, Hahn S, Kim DW, Suh KJ, Keam B, Kim TM, 
Lee SH, Heo DS. Epidermal growth factor receptor 
tyrosine kinase inhibitors vs conventional chemotherapy in 
non-small cell lung cancer harboring wild-type epidermal 
growth factor receptor: a meta-analysis. JAMA. 2014; 311: 
1430-7. 

22. US Food and Drug Administration. Guidance for industry: 
Clinical trial endpoints for the approval of nonsmall cell 
lung cancer drugs and biologics. http://www.fda.gov/
downloads/Drugs/Guidances/UCM259421.pdf. 

23. Hirsch FR, Suda K, Wiens J, Bunn PA. New and emerging 
targeted treatments in advanced non-small-cell lung cancer. 
The Lancet. 2016; 388: 1012-24. 

24. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, 
Ready NE, Chow LQ, Vokes EE, Felip E, Holgado E, 
Barlesi F, Kohlhaufl M, Arrieta O, et al. Nivolumab versus 
Docetaxel in Advanced Nonsquamous Non-Small-Cell 
Lung Cancer. N Engl J Med. 2015; 373: 1627-39. 

25. Fehrenbacher L, Spira A, Ballinger M, Kowanetz M, 
Vansteenkiste J, Mazieres J, Park K, Smith D, Artal-
Cortes A, Lewanski C, Braiteh F, Waterkamp D, He P, 



Oncotarget66502www.impactjournals.com/oncotarget

et al. Atezolizumab versus docetaxel for patients with 
previously treated non-small-cell lung cancer (POPLAR): a 
multicentre, open-label, phase 2 randomised controlled trial. 
The Lancet. 2016; 387: 1837-46.

26. Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL, 
Han JY, Molina J, Kim JH, Arvis CD, Ahn MJ, Majem 
M, Fidler MJ, de Castro G, et al. Pembrolizumab versus 
docetaxel for previously treated, PD-L1-positive, advanced 
non-small-cell lung cancer (KEYNOTE-010): a randomised 
controlled trial. The Lancet. 2016; 387: 1540-50. 

27. Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello 
F, von Pawel J, Gadgeel SM, Hida T, Kowalski DM, Dols 
MC, Cortinovis DL, Leach J, Polikoff J, et al. Atezolizumab 
versus docetaxel in patients with previously treated non-
small-cell lung cancer (OAK): a phase 3, open-label, 
multicentre randomised controlled trial. The Lancet. 2017; 
389: 255-65. 

28. Kim ES, Hirsh V, Mok T, Socinski MA. Gefitinib versus 
docetaxel in previously treated non-small-cell lung cancer 
(INTEREST): a randomised phase III trial. The Lancet. 
2008; 372: 1809-18. 

29. Douillard JY, Shepherd FA, Hirsh V, Mok T, Socinski 
MA, Gervais R, Liao ML, Bischoff H, Reck M, Sellers 
MV, Watkins CL, Speake G, Armour AA, et al. Molecular 
predictors of outcome with gefitinib and docetaxel in 
previously treated non-small-cell lung cancer: data from the 
randomized phase III INTEREST trial. J Clin Oncol. 2010; 
28: 744-52. 

30. Ciuleanu T, Stelmakh L, Cicenas S, Miliauskas S, 
Grigorescu AC, Hillenbach C, Johannsdottir HK, 
Klughammer B, Gonzalez EE. Efficacy and safety of 
erlotinib versus chemotherapy in second-line treatment of 
patients with advanced, non-small-cell lung cancer with 
poor prognosis (TITAN): a randomised multicentre, open-
label, phase 3 study. Lancet Oncol. 2012; 13: 300-8. 

31. Karampeazis A, Voutsina A, Souglakos J, Kentepozidis N, 
Giassas S, Christofillakis C, Kotsakis A, Papakotoulas P, 
Rapti A, Agelidou M, Agelaki S, Vamvakas L, Samonis G, 
et al. Pemetrexed versus erlotinib in pretreated patients with 
advanced non-small cell lung cancer: a Hellenic Oncology 
Research Group (HORG) randomized phase 3 study. 
Cancer. 2013; 119: 2754-64. 

32. Li N, Ou W, Yang H, Liu QW, Zhang SL, Wang BX, 
Wang SY. A randomized phase 2 trial of erlotinib versus 
pemetrexed as second-line therapy in the treatment of 
patients with advanced EGFR wild-type and EGFR FISH-
positive lung adenocarcinoma. Cancer. 2014; 120: 1379-86. 

33. Gregorc V, Novello S, Lazzari C, Barni S, Aieta M, 
Mencoboni M, Grossi F, Pas TD, de Marinis F, Bearz A, 
Floriani I, Torri V, Bulotta A, et al. Predictive value of a 
proteomic signature in patients with non-small-cell lung 
cancer treated with second-line erlotinib or chemotherapy 
(PROSE): a biomarker-stratified, randomised phase 3 trial. 
Lancet Oncol. 2014; 15: 713-21. 

34. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt 

WE, Poddubskaya E, Antonia S, Pluzanski A, Vokes 
EE, Holgado E, Waterhouse D, Ready N, Gainor J, et al. 
Nivolumab versus Docetaxel in Advanced Squamous-Cell 
Non-Small-Cell Lung Cancer. N Engl J Med. 2015; 373: 
123-35. 

35. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi 
T, Fulop A, Gottfried M, Peled N, Tafreshi A, Cuffe S, 
O’Brien M, Rao S, Hotta K, et al. Pembrolizumab versus 
Chemotherapy for PD-L1-Positive Non-Small-Cell Lung 
Cancer. N Engl J Med. 2016; 375: 1823-33. 10.1056/
NEJMoa1606774.

36. Naidoo J, Wang X, Woo KM, Iyriboz T, Halpenny 
D, Cunningham J, Chaft JE, Segal NH, Callahan MK, 
Lesokhin AM, Rosenberg J, Voss MH, Rudin CM, et al. 
Pneumonitis in Patients Treated With Anti-Programmed 
Death-1/Programmed Death Ligand 1 Therapy. J Clin 
Oncol. 2017; 35: 709-17. 

37. Araújo A, Parente B, Sotto-Mayor R, Teixeira E, 
Almodôvar T, Barata F, Queiroga H, Pereira C, Pereira 
H, Negreiro F, Silva C. An economic analysis of erlotinib, 
docetaxel, pemetrexed and best supportive care as second or 
third line treatment of non-small cell lung cancer. Rev Port 
Pneumol. 2008; 14: 803-27. 

38. Lewis G, Peake M, Aultman R, Gyldmark M, Morlotti L, 
Creeden J, de la orden M. Cost-effectiveness of Erlotinib 
versus Docetaxel for Second-line Treatment of Advanced 
Non-small-cell Lung Cancer in the United Kingdom. J Int 
Med Res. 2010; 38: 9-21. 

39. Cromwell I, van der Hoek K, Melosky B, Peacock S. 
Erlotinib or Docetaxel for Second-Line Treatment of Non-
small Cell Lung Cancer: a real-world cost-effectiveness 
analysis. J Thorac Oncol. 2011; 6: 2097-103. 

40. Carlson JJ, Reyes C, Oestreicher N, Lubeck D, Ramsey SD, 
Veenstra DL. Comparative clinical and economic outcomes 
of treatments for refractory non-small cell lung cancer 
(NSCLC). Lung Cancer. 2008; 61: 405-15. 

41. Thongprasert S, Tinmanee S, Permsuwan U. Cost-utility 
and budget impact analyses of gefitinib in second-line 
treatment for advanced non-small cell lung cancer from 
Thai payer perspective. Asia Pac J Clin Oncol. 2012; 8: 53-
61. 

42. Goeree R, Villeneuve J, Goeree J, Penrod JR, Orsini L, 
Tahami Monfared AA. Economic evaluation of nivolumab 
for the treatment of second-line advanced squamous 
NSCLC in Canada: a comparison of modeling approaches 
to estimate and extrapolate survival outcomes. J Med Econ. 
2016; 19: 630-44. 

43. Huang M, Lou Y, Pellissier J, Burke T, Liu FX, Xu R, 
Velcheti V. Cost-effectiveness of pembrolizumab versus 
docetaxel for the treatment of previously treated PD-L1 
positive advanced NSCLC patients in the United States. J 
Med Econ. 2017; 20: 140-50. 

44. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. 
Practical methods for incorporating summary time-to-event 
data into meta-analysis. Trials. 2007; 8: 16. 



Oncotarget66503www.impactjournals.com/oncotarget

45. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, 
Oxman AD, Savovic J, Schulz KF, Weeks L, Sterne JA, 
Cochrane Bias Methods G, Cochrane Statistical Methods 
G. The Cochrane Collaboration’s tool for assessing risk of 
bias in randomised trials. BMJ. 2011; 343: d5928. 

46. Wandel S, Juni P, Tendal B, Nuesch E, Villiger PM, Welton 
NJ, Reichenbach S, Trelle S. Effects of glucosamine, 
chondroitin, or placebo in patients with osteoarthritis of hip 
or knee: network meta-analysis. BMJ. 2010; 341: c4675. 

47. Woods BS, Hawkins N, Scott DA. Network meta-analysis 
on the log-hazard scale, combining count and hazard ratio 
statistics accounting for multi-arm trials: A tutorial. BMC 
Med Res Methodol. 2010; 10: 54. 

48. Spiegelhalter DJ, Best NG, Carlin BP, Linde AVD. 
Bayesian measures of model complexity and fit. J R Stat 
Soc. 2002; 64: 583-639. 

49. Brooks SP, Gelman A. General Methods for Monitoring 
Convergence of Iterative Simulations. Journal of 
Computational and Graphical Statistics. 1998; 7: 434-55. 

50. Higgins JP, Thompson SG. Quantifying heterogeneity in a 
meta-analysis. Stat Med. 2002; 21: 1539–58.


