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Background: The objectives of this systematic review and meta-analysis were to compare the survival,
toxicity, and quality of life of patients treated with necitumumab in combination with gemcitabine and
cisplatin. These agents were investigated in published randomized controlled trials (RCTs) of patients with
squamous non-small cell lung cancer (NSCLC) in the first-line setting.

Methods: The systematic review was executed on January 27, 2015, and updated on August 21, 2016,
using a pre-specified search strategy. Searches were conducted using PubMed, Medline, and EMBASE,
with supplemental searches using the Evidence Based Medicine Reviews and ClinicalTrials.gov to identify
RCTs published in English from 1995-2016 and reporting at least one of the primary outcomes [overall
survival (OS), progression-free survival (PFS), toxicity, or quality of life] in patients who received first-line
treatment for advanced or metastatic squamous NSCLC. Study quality and risk of bias were assessed using
the Physiotherapy Evidence Database (PEDro) scale and Cochrane risk of bias tool, respectively. A Baysian
network meta-analysis was performed on the primary outcomes. Hazard ratios (HRs) were evaluated for
the primary analysis; secondary analyses were conducted using median OS data. Planned sensitivity analyses
were conducted including reanalysis using a Frequentist approach and limiting analyses to subsets based on
clinical and demographic covariates.

Results: The systematic literature review resulted in identification of 4,016 unique publications; 40
publications (35 unique trials) were eligible for inclusion. Eight studies connected to a common network
for the OS analysis using HR data. The majority of studies were not limited to squamous NSCLC,
thus analyzable data were limited to a subset of data within the published trials. Carboplatin + S-1 and
necitumumab in combination with gemcitabine and cisplatin were associated with lower HRs for OS versus
all other comparators. Nine studies connected to the network for the PFS analysis in which necitumumab in
combination with gemcitabine and cisplatin was associated with the lowest HR. Data were not available to
analyze toxicity or quality of life.

Conclusions: Although the results suggest that carboplatin + S-1 and necitumumab in combination with
gemcitabine and cisplatin may have value in terms of OS versus other comparators, the results should be
interpreted with caution due to the limited number of studies (with few focused exclusively on squamous
NSCLC) and wide credible intervals.
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Introduction

Approximately 30% of all non-small cell lung cancers
(NSCLCs) are of squamous cell histology (1,2). Histology-
specific treatment is a relatively new development in NSCLC
that initiated with the Food and Drug Administration’s
approval of pemetrexed in 2004 for the second-line treatment
of non-squamous NSCLC (3). Metastatic squamous NSCLC
is more difficult to treat compared with non-squamous
disease. Patients with squamous NSCLC have higher rates
of smoking-related and other comorbidities and have lower
survival rates than patients with non-squamous NSCLC (4,5).
The standard treatment of squamous NSCLC in the
first-line setting has been limited to doublet, platinum-
based regimens (6,7). Trials of many new agents have failed
in the squamous NSCLC population due to safety concerns
and/or a lack of efficacy, resulting in few advancements
for the treatment of squamous NSCLC (8). In contrast,
patients with non-squamous NSCLC have benefited from
pemetrexed and bevecizumab as first-line or maintenance
treatments as well as from targeted drugs for epidermal
growth factor receptor (EGFR) mutations and anaplastic
lymphoma kinase (ALK) translocations (9). A benefit for
nab-paclitaxel in the treatment of squamous NSCLC has
been reported (10); of note, interim data from the phase
III KEYNOTE-407 (NCT02775435) study in patients
with previously untreated advanced squamous NSCLC
recently showed an improvement in the overall survival (OS)
of patients treated with pembrolizumab combined with
carboplatin plus either paclitaxel or nab-paclitaxel compared
with chemotherapy alone (11,12). Nonetheless, contrary to
the advancements made in the treatment of metastatic non-
squamous NSCLC in the first-line setting and the superior
efficacy of immune checkpoint inhibitors in the second-line
setting, first-line treatment of squamous NSCLC has shown
relatively little improvement in the past 20 years (8,13).
Thus, there is a need for more effective first-line treatments
for patients with squamous NSCLC. Necitumumab is a
second-generation, recombinant, human immunoglobulin
G1 EGFR monoclonal antibody that binds to EGFR with
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high affinity and prevents receptor activation and downstream
signaling by competing with natural ligands. It was studied
in the phase III SQUIRE trial (Clinical Trials.gov identifier:
NCT00981058) for the treatment of patients with stage IV
(metastatic) squamous NSCLC and an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of
0-2 (14). The SQUIRE trial was a randomized, multicenter,
open-label, phase III trial of cisplatin (cis) + gemcitabine
(gem) with or without necitumumab (neci) for first-line
treatment of patients with stage IV squamous NSCLC. OS,
the primary endpoint in the SQUIRE trial, for the neci + cis
+ gem (n=545) arm was significantly longer compared with
cis + gem alone [hazard ratio (HR) 0.84, 95% confidence
interval (CI): 0.74-0.96; P=0.01; median, 11.5 months,
95% CI: 10.4-12.6 months; vs. 9.9 months, 95% CI:
8.9-11.1 months]. There were also statistically significant
improvements in progression-free survival (PFS) for neci +
gem + cis compared with gem + cis (HR, 0.85, 95% CI: 0.74—
0.98; P=0.02; median 5.7 months, 95% CI: 5.6-6.0 months;
vs. 5.5 months, 95% CI: 4.8-5.6 months) (14).

The objectives of this systematic literature review and
meta-analysis were to compare the clinical efficacy (OS and
PFS), quality of life (QOL), and safety outcomes (toxicity)
of neci + gem + cis with other first-line treatments that
have been studied in randomized controlled trials (RCTs)
including patients with squamous NSCLC. This study was
registered in the PROSPERO registry (CRD42014008968),
and the study protocol was published prior to the conduct
of the research (15).

Methods
Search strategy

The study was designed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (16,17). A systematic literature review
was conducted using a pre-specified search strategy in
PubMed, Medline, and EMBASE. A supplemental search
was conducted using the Evidence Based Medicine (EBM)

7 Thorac Dis 2018;10(12):6677-6694


l 

Journal of Thoracic Disease, Vol 10, No 12 December 2018

Reviews and ClinicalTrials.gov. The goal of the search
was to identify RCTs that reported at least one of the pre-
specified primary outcomes (OS, PFS,; toxicity, or QOL) for
patients who received first-line treatment for advanced or
metastatic squamous NSCLC. The search strategy focused
on PICOT (patients, interventions, comparators, outcomes,
timing) terms, and detailed search strategies used in each
database are provided in the published study protocol (15).
A manual search of reference lists of systematic reviews and
other review articles was conducted to ensure no eligible
RCTs were omitted. The search strategy was conducted on
January 27, 2015 and was updated on August 21, 2016.

Eligibility criteria and assessment

Based on the PICOT criteria, eligible studies included
the following: (I) participants with a diagnosis of advanced
or metastatic squamous NSCLC who had not received
any prior chemotherapy treatment for the disease;
(II) interventions and comparators with either market
authorization for use in NSCLC or that were recommended
by clinical treatment guidelines for patients with advanced
or metastatic squamous NSCLC in the first-line setting; (III)
one or more of the following outcomes for the squamous
NSCLC population: OS, PFES, toxicity, or QOL; a time
period limited to 1995-2016 to ensure publication occurred
during the period in which histological differentiation
was known for NSCLC; and an RCT study design. An
additional inclusion criterion was publication in English.
Studies investigating radiation therapy were excluded.

Abstracts of publications identified in the literature
search were dual reviewed and excluded if it was determined
that eligibility criteria were not met. Two independent
reviewers reviewed the full text of all remaining publications
for eligibility. A third reviewer who was not directly
involved in the eligibility assessment reviewed articles
determined to be eligible to ensure accuracy.

Data extraction

Two reviewers independently extracted data elements
from each publication meeting eligibility criteria. The
variables extracted from eligible publications are included
in the published study protocol (15). Briefly, these variables
included details of the published source; clinical and
demographic characteristics of the squamous NSCLC
population; study design; treatments assigned; and all
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OS, PFS, QOL, and toxicity outcome data. To ensure
the accuracy of the extracted data, after dual review and
validation, an individual not involved in the original data-
extraction process verified a subset of 10% of all extracted
articles. Authors of publications with limited data (e.g.,
median but no HR, survival curves but no data values) were
contacted via email to enhance the quality and quantity of
available data.

Study quality and bias assessment

The Physiotherapy Evidence Database (PEDro) scale (18)
and the Cochrane risk of bias tool (19) were used to
assess study quality and bias, respectively. Two reviewers
independently assessed each study using these tools;
quality and bias data from the independent reviewers were
compared. If any data element did not match, the reviewers
attempted to resolve the discrepancies. In the event of
differing opinions, a third reviewer was consulted to reach
consensus.

Statistical analysis

Analysis plan

Study analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA), R version 3.0.2 R Package
netmeta, and WinBUGS 1.4.33. The network meta-analysis
of OS and PFS used HR and 95% CI data reported in the
primary publications. Kaplan-Meier survival curves were
digitized for all studies; however, the HRs obtained from
these methods were used in the analysis only if HR data
were missing in the primary publication. The combination
of neci + gem + cis was used as the comparator in analyses to
evaluate its effectiveness versus other treatment regimens,
as per the primary objective of this study. A Bayesian
network meta-analysis was performed (20), whereby the
95% credible interval (Crl) can be interpreted as a 95%
probability that the true value of the HR lies within the
calculated interval. When the Crl does not cross 1, there
is a high degree of certainty that the results favor the
treatment with the lower hazard. The probability rankings
are based on the HR difference and represent the average
of rankings across posterior samples of the HR difference.
In fixed-effects meta-analyses, the assumption is that the
included clinical trials share a common effect size, whereas
in random-effects models the true treatment effects are
assumed to vary among studies and the data are considered

7 Thorac Dis 2018;10(12):6677-6694



6680

a random sample of the true treatment effect (20).

For studies that did not report a HR or provide a
Kaplan-Meier curve but did provide data on median
survival, secondary analyses were conducting using the log
transformation of the median survival data as the outcome
to enhance the network of studies for the survival (OS and
PFES) outcomes. In the case of missing standard error (SE)
data, the SE was estimated from the median time to event;
this estimation assumed an exponential distribution of
survival time and log(HR) = -log(median time ratio) (21).
Results are presented as median survival with 95% Crl.

Covariates

The covariates of age (median age) and stage (percentage
of patients with stage IV disease) were included in planned
adjusted analyses because these variables have prognostic
value in squamous NSCLC. Additional covariates of gender
(percentage male) and performance status (percentage
with ECOG PS of 0 or 1) were identified in the systematic
literature review and were included in post-hoc analyses to
control for potential heterogeneity among trials. Both the
primary (HR) and secondary (median survival) analyses for
OS and PFS were conducted as planned unadjusted and
adjusted analyses using these covariates. Due to limited data,
in cases without treatment arm-specific squamous patient
data on the covariates, the overall squamous subset data on
covariates were used. In cases without squamous-specific
covariate data, the overall study data on the covariates by
treatment arm were used to populate the covariate data. No
estimates were made for missing covariate data that were
not included in the eligible study publication.

Heterogeneity and inconsistency evaluation

The forest plot for each outcome was visually inspected for
evidence of heterogeneity. The consistency assumption was
explored by a prespecified visual examination of the network
diagrams. Density plots of posterior samples were compared
from models (using direct, indirect, and mixed evidence).
Lastly, variance and standard deviation (heterogeneity
parameters) and residual deviance and Deviance
Information Criterion, which is a Bayesian criterion for
model comparison (model fit) between the random-effects
and fixed-effects models, were also explored.

Sensitivity analyses

Several sensitivity analyses were designed a priori to test
the robustness of the findings. The analysis was re-run
using the Frequentist methods of Riicker and Krahn ez /.
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(22,23). Additionally, an analysis was conducted to evaluate
the findings using HR versus median time-to-event data.
Additional analyses were conducted to evaluate the findings
under the following scenarios: only including patients
with metastatic (stage IV) disease; excluding indirect
comparisons; limiting to phase III trials; only including
studies with older patients (mean age >70 years); only
including high- and low-quality studies (PEDro scale value
>6 and <6, respectively); and lastly, excluding studies with
bias identified using the Cochrane risk of bias tool.

In order for the analysis to be relevant to regions beyond
Asia, in which carboplatin (carbo) + S-1 is not a treatment
that is approved or used, reference to carbo + S-1 was
removed in a secondary analysis for data submission to
reimbursement bodies beyond Asia (e.g., National Institute

for Health and Care Excellence in the UK).

Results
Study identification

The systematic literature review resulted in the identification
of 4,016 unique publications. Of these, 2,715 were eliminated
from further analysis by screening the study abstract.
Full-text review of 1,301 articles was completed, and an
additional 1,263 publications were excluded (Figure I).
A total of 40 publications, representing 35 clinical trials,
were eligible for this study.

Study quality and bias assessment

According to the PEDro methodology quality criteria, only
3 clinical trials included in the systematic literature review
were categorized as low quality, having a PEDro scale value
of <6 (24-26). The criteria most frequently rated as negative
were those associated with blinding. Only 10 trials reported
adequate blinding of patients.

Results from Cochrane assessments of the risk of bias
were similar to results from the PEDro methodological
scale. Studies were most commonly categorized as high
risk because of inadequate blinding. Studies were generally
categorized as low risk per the remaining Cochrane criteria.
More detailed results of the study quality and risk of bias
assessment for the 35 trials are presented in Table S1.

Characteristics of eligible studies

The basic characteristics, including the comparators and
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Number of articles
identified in PubMed

Number of articles
identified in EMBASE

6681

Number of articles
identified in Medline

n=3,099

n=2,246

n=1,929

Number of conference abstracts
identified in EMBASE
n=655

!

Duplicates removed
N=3,913

Y

Unique citations identified
n=4,016

Y

Y

Excluded at abstract review level (n=2,715)
No chemotherapy in both arms (n=75)
No NSCLC patients (n=211)
No outcome data (n=123)
No squamous patients in study (n=91)
No outcome data for squamous histology (n=166)
Not first-line chemotherapy treatment (n=198)
Radiation therapy (n=141)
Review articles, commentary (n=599)
Study design not an RCT (n=1079)
Not in English (n=32)

Full text articles reviewed
n=1,301

Excluded at full text review (n=1,263)
Duplicate article (n=1)
No chemotherapy in both arms (n=21)
No NSCLC patients (n=13)
No squamous patients in study (n=1)
No outcome data for squamous histology (n=895)
Not advanced disease (n=22)
Radiation therapy (n=50)
Not first-line chemotherapy treatment (n=90)
Review articles, commentary (n=1)
Study design not an RCT (n=164)
Retracted article (n=1)
Not in humans (n=1)
Not in English (n=3)

Y

< Identified by manual search (n=2)

Number of eligible articles
n=40
(385 unique trials)

Figure 1 PRISMA diagram. NSCLC, non-small cell lung cancer; RCT, randomized, controlled trial.

size of the squamous population, of all eligible studies are
included in 7able 1. Only three of the studies were phase
IT trials (27,29,61). The majority of the trials included
were not limited to squamous NSCLC. Of the 35 trials
(40 publications), only 12 (14 publications) connected to
the study network for OS or PFS (Figure 2). Reasons why
trials were excluded from the analysis were as follows:
lack connection to the network through a common
comparator (n=4); investigation of experimental agents
without market authorization or not recommended
for use (e.g., by treatment guidelines) in any country
(n=11); agents currently limited to use in non-squamous
NSCLC (e.g., all pemetrexed- or bevacizumab-containing
regimens deemed ineffective and/or with safety concerns
in patients with squamous tumors; n=6); or agents not
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prescribed as care for patients with NSCLC (n=1). An
additional study was excluded from the analysis because
it investigated two dosing schedules of the same regimen
(n=1).

When study covariates (Table 2) were included, the
adjusted models failed to converge because of the small
number of studies. Therefore, unadjusted models were
used for all analyses in this report. A limited number
of studies were identified, resulting in limited evidence
for each comparator in the network (e.g., most had data
from only one trial). Because of the limited evidence and
few patients, the random-effects heterogeneity variance
became inestimable and the random-effects models failed
to converge. As a result, it was required to conduct study
analyses using a fixed-effects model.
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Table 1 Characteristics of the 35 eligible clinical trials and reasons for inclusion in or exclusion from analyses

Citation

Comparators

Planned maximum
treatment duration

No. of squamous
patients (% of
study arm)

Included in meta-analysis

Chen et al. (27)

Hoang et al. (25)

Kubota et al. (28)

Lilenbaum
etal. (29)

Morabito et al. (30)
(CAPPA-2)

Pirker et al. (31,32)

Gatzemeier
et al. (33) (FLEX)

Socinski et al. (34)

Spigel et al. (35)

Tan et al. (36)
(GLOB-3)

Thatcher et al. (14)
(SQUIRE)

Treat et al. (37)

Yoshioka et al. (38)
(LETS Study)

Erlotinib 150 mg/day

Vinorelbine 60-80 mg/m?

Paclitaxel 135 mg/m’ + cisplatin 75 mg/m®
Gemcitabine 1,000 mg/m? + cisplatin 75 mg/m?
Docetaxel 75 mg/m’ + cisplatin 75 mg/m’
Paclitaxel 225 mg/m’ + carboplatin AUC 6

Docetaxel 60 mg/m® + gemcitabine 1,000 mg/m?® + vinorelbine
25 mg/m’®

Paclitaxel 225 mg/m? + carboplatin AUC 6
Erlotinib 150 mg/day

Paclitaxel 200 mg/m’ + carboplatin AUC 6
Gemcitabine 1,200 mg/m®

Gemcitabine 1,000 mg/m? + cisplatin 60 mg/m?
Cisplatin 80 mg/m” + vinorelbine 25 mg/m’

Cisplatin 80 mg/m? + vinorelbine 25 mg/m® + cetuximab
250 mg/m’ (starting dose 400 mg/m?)

Nab-paclitaxel 100 mg/m?® + carboplatin AUC 6
Paclitaxel 200 mg/m? + carboplatin AUC 6
Paclitaxel 200 mg/m’ + carboplatin AUC 6 day 1, every 21 days

Necitumumab 800 mg days 1,8 + paclitaxel 200 mg/m® day 1 +
carboplatin AUC 6 day 1, every 21 days

Docetaxel 75 mg/m? + cisplatin 75 mg/m®
Vinorelbine (IV 30 mg/m?; oral 80 mg) + cisplatin 80 mg/m?
Gemcitabine 1,250 mg/m? + cisplatin 75 mg/m®

Necitumumab 800 mg/m?® + gemcitabine 1,250 mg/m? + cisplatin
75 mg/m?

Gemcitabine 1,000 mg/m? + carboplatin AUC 5.5
Gemcitabine 1,000 mg/m?® + paclitaxel 200 mg/m’
Paclitaxel 225 mg/m’ + carboplatin AUC 6
Paclitaxel 200 mg/m’ + carboplatin AUC 6

S-1 40 mg/day, days 1-14 + carboplatin AUC 5

Excluded from meta-analysis: did not connect to network

Groen et al. (39)
(NVALT-4 study)

Carboplatin AUC 6 + docetaxel 75 mg + placebo
Carboplatin AUC 6 + docetaxel 75 mg + celecoxib 400 mg BID

6 cycles, optional to PD
6 cycles, optional to PD
Not reported
Not reported
Not reported
Not reported

6 cycles

6 cycles
To PD

4 cycles
4 cycles
4 cycles
6 cycles

6 cycles;
cetuximab to PD

6 cycles, optional to PD
6 cycles, optional to PD
6 cycles

Up to 6 cycles;
necitumumab to PD

6 cycles
6 cycles
Up to 6 cycles

Up to 6 cycles;
necitumumab to PD

6 cycles
6 cycles
6 cycles
6 cycles

6 cycles

5 cycles

5 cycles; celecoxib to PD,

maximum 3 years

19 (33.3%)
13 (23.2%)
60 (20.9%)
50 (17.8%)
56 (19.6%)
58 (20.3%)
46 (23%)

30 (15%)
11 (21.2%)
8 (15.7%)
9 (32%)
10 (36%)
187 (33%)
190 (34%)

229 (44%)
221 (42%)
57 (100%)
110 (100%)

64 (33.5%)
65 (34.2%)
548 (100%)
545 (100%)

67 (17.7%)
74 (19.6%)
61 (16.1%)
59 (20.9%)
55 (19.5%)

57
44

Table 1 (continued)
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Table 1 (continued)
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Planned maximum

No. of squamous

o } o
Citation Comparators treatment duration patients (% of
study arm)
Jelic et al. (40) Cisplatin 120 mg/m® + vindesine 3 mg/m’ + mitomycin-C 6 cycles 109
8 mg/m’
Carboplatin 500 mg/m® + vindesine 3 mg/m? + mitomycin-C 6 cycles 101
8 mg/m®
Lynch et al. (41) Paclitaxel 225 mg/m’ or docetaxel 75 mg/m® + carboplatin AUC 6 cycles; cetuximabto PD 67
(BMS099 trial) 6 + cetuximab 250 mg/m? (starting dose 400 mg/m?)
Paclitaxel 225 mg/m” or docetaxel 75 mg/m’® + carboplatin AUC 6 6 cycles 66
Sculieretal. (42)  Mitomycin 6 mg/m® + ifosfamide 3 g/m? + cisplatin 50 mg/m® 3 cycles 50
Mitomycin 6 mg/m® + ifosfamide 4.5 g/m® + cisplatin 60 mg/m® + 3 cycles 48
carboplatin 200 mg/m’
Excluded from meta-analysis: experimental agents
Gregorc et al. (43)  Pemetrexed® 500 mg/m’ + cisplatin 80 mg/m’ 6 cycles 17
Gemcitabine 1,250 mg/m® + NGR-hTNF 0.8 pg/m® 6 cycles; NGR-hTNFto PD 18
Heymach et al. (44) Carboplatin AUC 6 + paclitaxel 200 mg/m? 6 cycles 15
Carboplatin AUC 6 + paclitaxel 200 mg/m? + vendatinib 300 mg/* 6 cycles; vendatinib to PD 11
Vendatinib 300 mg/m’ vendatinib to PD 16
Langer et al. (45) Carboplatin AUC 6 + paclitaxel 200 mg/m? + figitumumab 6 cycles; figitumumab to 295
PD, maximum 17 cycles
Carboplatin AUC 6 + paclitaxel 200 mg/m? 6 cycles 289
Lara et al. (46) Carboplatin AUC 6 + paclitaxel 200 mg/m® 6 cycles 133
Carboplatin AUC 6 + paclitaxel 200 mg/m?® + vadimezan 6 cycles 132
1,800 mg/m?®
Lynch et al. (47) Paclitaxel 175 mg/m® + carboplatin AUC 6 + concurrent 6 cycles; ipilimumab first 21
ipilimumab 10 mg/kg 4 cycles
Paclitaxel 175 mg/m’ + carboplatin AUC 6 + phased ipilimumab 6 cycles; ipilimumab last 21
10 mg/kg 4 cycles
Paclitaxel 175 mg/m’ + carboplatin AUC 6 6 cycles 15
Novello et al. (48)  Carboplatin + paclitaxel + motesanib 125 mg/day 6 cycles 182
Carboplatin + paclitaxel + placebo 6 cycles 178
Paz-Ares et al. (49) Carboplatin AUC 6 + paclitaxel 200 mg/m’® + conatumumab 6 cycles; conatumumab 17
3 mg/m? to PD
Carboplatin AUC 6 + paclitaxel 200 mg/m® + conatumumab 6 cycles; conatumumab 12
15 mg/m® to PD
Carboplatin AUC 6 + paclitaxel 200 mg/m? 6 cycles 15
Reck et al. (50) Carboplatin AUC 6 + paclitaxel 175 mg/m’ + tigatuzumab 6 cycles; tigatuzumab 14
8-10 mg/kg to PD
Carboplatin AUC 6 + paclitaxel 175 mg/m® + placebo 6 cycles 15

Table 1 (continued)
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Table 1 (continued)

) No. of squamous
Planned maximum

_ ) o
Citation Comparators treatment duration patients (% of
study arm)
Scagliotti et al. (51) Carboplatin AUC 6 + paclitaxel 200 mg/m® 6 cycles 114
Carboplatin AUC 6 + paclitaxel 200 mg/m’ + sorafenib 400 mg 6 cycles; sorafenib to PD 109
BID
von Pawel et al. (52) (Docetaxel 75 mg/m’ + cisplatin 75 mg/m?®) or (carboplatin AUC 6 6 cycles 30
(DISRUPT) + paclitaxel 200 mg/m? + ombrabulin 35 mg/m®
(Docetaxel 75 mg/m® + cisplatin 75 mg/m?) or (carboplatin AUC 6 6 cycles 29
+ paclitaxel 200 mg/m?) + placebo
Spigel et al. (26) Gemcitabine 1,000 mg/m?® + carboplatin AUC 5 + iniparib 6 cycles, optional to PD 390
5.6 mg/kg
Gemcitabine 1,000 mg/m?® + carboplatin AUC 5 6 cycles, optional to PD 390

Excluded from meta-analysis: only used in non-squamous NSCLC

Govindan et al. (24) Pemetrexed 500 mg/m? + carboplatin AUC 5 + thoracic radiation 4 cycles 17
(CALGB 30407) 70 Gy

Pemetrexed 500 mg/m?® + carboplatin AUC 5 + cetuximab 4 cycles 18
250 mg/m’ (starting dose 400 mg/m?) + thoracic radiation 70 Gy

Sandler et al. (53)  Paclitaxel 200 mg/m?® + carboplatin AUC 6 6 cycles 2
Paclitaxel 200 mg/m’ + carboplatin AUC 6 + bevacizumab 6 cycles; bevacizumab 1
15 mg/m® to PD
Scagliotti et al. (54) Pemetrexed 500 mg/m? + cisplatin 75 mg/m® 6 cycles 229
Novello et al. (55)  Gemcitabine 1,250 mg/m? + cisplatin 75 mg/m® 6 cycles 244
Johnson et al. (66) Bevacizumab 7.5 mg/kg + carboplatin AUC 6 and paclitaxel 6 cycles; bevacizumab 10
200 mg/m® to PD
Bevacizumab 15 mg/kg + carboplatin AUC 6 and paclitaxel 6 cycles; bevacizumab 3
200 mg/m® to PD
Carboplatin AUC 6 and paclitaxel 200 mg/m® 6 cycles 7
Schuette et al. (57) Pemetrexed 500 mg/m’ + cisplatin 75 mg/m’ 6 cycles 12
Pemetrexed 500 mg/m? + carboplatin AUC 6 6 cycles 13
Zhang et al. (58) Pemetrexed 500 mg/m? + cisplatin 75 mg/m® 6 cycles 22
Gemcitabine 1,000 mg/m? + cisplatin 75 mg/m? 6 cycles 24

Excluded from meta-analysis: not used in NSCLC

Lee et al. (59) Gemcitabine 1,200 mg/m® + carboplatin AUC 6 + thalidomide 4 cycles; thalidomide 124
(100-200 mg/day) 2 years
Gemcitabine 1,200 mg/m? + carboplatin AUC 6 + placebo 4 cycles 115

Excluded from meta-analysis: same comparator in both arms

Zwitter et al. (60) Gemcitabine 1,250 mg/m? + cisplatin 75 mg/m’ 6 cycles gemcitabine; 32
4 cycles cisplatin

Gemcitabine 250 mg/m? + cisplatin 75 mg/m?® 6 cycles gemcitabine; 39
4 cycles cisplatin

?, also not indicated in squamous cell carcinoma. NSCLC, non-small cell lung cancer; PD, progressive disease.
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A Neci + gem + cis (n=1)

Tax + carbo (n=6)
Neci + tax + carbo (n=1)

Carbo + gem (n=1)

Gem + tax (n=1) Carbo + S-1 (n=1)

Gem + cis (n=3)
Gem + doc + vin (n=1) 11

]
Cis + doc (n=1) O/

1 Gem (n=1)
Cis + tax (n=1)

Neci + tax + carbo (n=1)

Carbo + gem (n=1)
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B Neci + gem + cis (n=1)

Tax + carbo (n=6)

Erlot (n=1) 070\ 1
1

o— /N

Nab-tax + carbo (n=1)

Gem + cis (n=3)

1
1 17
Gem + tax (n=1)

Gem (n=1)

Gem + doc + vin (n=1)
1
Cis + tax (n=1)
Cis + doc (n=1)

Figure 2 Network diagrams for hazard ratio analyses of overall survival (A) and progression-free survival (B). Carbo, carboplatin; cis,

cisplatin; doc, docetaxel; erlot, erlotinib; gem, gemcitabine; nab-tax, nab-paclitaxel; neci, necitumumab; tax, paclitaxel; vin, vinorelbine.

Proportional bazards

The proportional hazards assumption was tested in a subset
of eligible studies (34,37,38,59) with OS or PES curves that
could be digitized to ensure there were no violations in the
proportional hazards assumption of the models. The results
demonstrated no evidence of violation of this assumption
for available comparators, with a marginal result of P=0.056
for carbo + paclitaxel (tax) vs. gem + carbo (37).

os

Eight studies connected to a common network for the
OS analysis using HR data (14,25,28,30,34,37,38,61).
All comparators, with the exception of carbo + S-1, were
associated with a higher HR than neci + gem + cis. A very
wide Crl for OS was observed in one study (30). Figure 3
presents the forest plots associated with the OS HR analysis,
and the pairwise comparisons are provided in Figure 4.
When including carbo + S-1, the probability of neci + gem
+ cis being the highest ranked treatment option was 22.0%,
whereas the probability for carbo + S-1 was 45.2%. Neci
+ carbo + tax had a 17.3% probability, gem + docetaxel
+ vinorelbine had a 9.8% probability, and all others had
less than a 5% probability of being the highest ranked OS
option. When excluding the carbo + S-1 regimen because
this agent is not available beyond Asia and may not be a
relevant comparator worldwide, neci + gem + cis had a
35.4% probability of being ranked first for OS, neci + carbo
+ tax had a 30.8% probability, gem + docetaxel + vinorelbine
had a 18.5% probability, and nab-tax + carbo had a 10.8%

© Journal of Thoracic Disease. All rights reserved.
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probability. The full details of the probability rankings
for OS with and without the S-1 regimen are included in
Figures SI and S2.

A number of studies reported neither HRs nor Kaplan-
Meier curves. Median data were used in a pre-planned
secondary analysis to expand the network (14,25,32,34,
36-38,61). The median analyses were conducted with tax
+ carbo as the reference comparator because the models
did not converge when compared with neci + gem +cis.
However, for all other analyses, data are provided versus
neci + gem + cis whenever possible for consistency of
reporting and interpretation of findings. Neci + gem +
cis was associated with a longer survival time than the
comparators other than carbo + S-1. Pairwise comparisons
(presented as posterior median differences with 95% Crls)
are shown in Figure 4.

PFS

Nine studies connected to the network for the PFS
HR analysis (14,28-30,34,35,37,38,61). Neci + gem +
cis demonstrated longer PFS compared with all other
comparators. Figure 3B presents the forest plots associated
with the PFS HR analysis; the pairwise comparisons are
provided in Figure 5. The probability of neci + gem + cis
being the highest ranked for PFS in the HR analysis was
63.0%. Nab-tax + carbo had an 11.1% probability, carbo
+ S-1 had an 11.0% probability, and gem + docetaxel +
vinorelbine had a 6.5% probability. All other comparators
had less than a 5% probability of being the highest ranked

7 Thorac Dis 2018;10(12):6677-6694
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Table 2 Covariates for included studies in the network meta-analysis

Hess et al. Meta-analysis: treatment of squamous NSCLC

Included trial Treatment arm '\:Zgi’n M;ie, Staog/f M, Eng; S
Chen et al. (27) Erlotinib 150 mg/day 77° 82.5% 75.4% 80.7°
Vinorelbine 60-80 mg/m? 77° 80.4% 82.1% 73.2°
Hoang et al. (25) Paclitaxel 135 mg/m’ + cisplatin 75 mg/m’ 63 72.8 87.9 91.7
Gemcitabine 1,000 mg/m? + cisplatin 75 mg/m® 63 72.8 87.9 91.7
Docetaxel 75 mg/m?® + cisplatin 75 mg/m’ 63 72.8 87.9 91.7
Paclitaxel 225 mg/m? + carboplatin AUC 6 63 72.8 87.9 91.7
Kubota et al. (28) Docetaxel 60 mg/m’ + gemcitabine 1,000 mg/m’ + vinorelbine 25 mg/m®  64° 73 83° 100
Paclitaxel 225 mg/m’ + carboplatin AUC 6 65° 69° 83" 100
Lilenbaum Erlotinib 150 mg/day - 447 87" 0
etal. (29) Paclitaxel 200 mg/m’ + carboplatin AUC 6 I 86° 0
Morabito et al. (30)  Gemcitabine 1,200 mg/m® 63" 82° 93* 0
(CAPPA-2) Gemcitabine 1,000 mg/m? + cisplatin 60 mg/m?® 63° 82° 93° 0
Pirker et al. (31,32)  Cisplatin 80 mg/m’ + vinorelbine 25 mg/m? 60° 71° 94° 81°
Gatzemeier Cisplatin 80 mg/m? + vinorelbine 25 mg/m? + cetuximab 250 mg/m? 59° 69° 942 842
et al. (33) (starting dose 400 mg/m?)
Socinski et al. (34) Nab-paclitaxel 100 mg/m’ + carboplatin AUC 6 60° 75° 79° 99.4*
Paclitaxel 200 mg/m’ + carboplatin AUC 6 60° 75° 79° 99.6°
Spigel et al. (61) Necitumumab 800 mg + paclitaxel 200 mg/m’ + carboplatin AUC 6 66 79.1 100 100
Paclitaxel 200 mg/m? + carboplatin AUC 6 65 77.2 100 100
Tan et al. (36) Docetaxel 75 mg/m’ + cisplatin 75 mg/m’ 62.1*  76.4° 84.8% 100
(GLOB-3) Vinorelbine (IV 30 mg/m?; oral 80 mg) + cisplatin 80 mg/m? 59.4° 73.2° 80.5° 100
Thatcher et al. (14) Gemcitabine 1,250 mg/m® + cisplatin 75 mg/m® 62 84 100 91
(SQUIRE) Necitumumab 800 mg/m? + gemcitabine 1,250 mg/m? + cisplatin 62 83 100 91
75 mg/m®
Treat et al. (37) Gemcitabine 1,000 mg/m? + carboplatin AUC 5.5 65.8 62.4 94.6 100
Gemcitabine 1,000 mg/m” + paclitaxel 200 mg/m?® 65.8 62.4 94.6 100
Paclitaxel 225 mg/m?® + carboplatin AUC 6 65.8 62.4 94.6 100
Yoshioka et al. (38)  Paclitaxel 200 mg/m?® + carboplatin AUC 6 65 86.4 54.2 100
(LETS Study) S-1 40 mg/day, days 1-14 + carboplatin AUC 5 66 87.3 63.6 100

?, from the overall study; not specific to the squamous subset. EGOC PS, Eastern Cooperative Oncology Group performance status; IV,

intravenous.

for PFS. When excluding carbo + S-1, neci + gem + cis had
a 70.8% probability of being the highest ranked option
for PFS, nab-tax + carbo had a 12.7% probability, gem +
docetaxel + vinorelbine had a 7.0% probability, and all other
comparators had less than a 5% probability. Probabilities of
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PFES treatment rankings with and without the carbo + S-1
regimen are included in Figures S3 and S4.

Similar to the OS analyses, numerous studies did not
report PFS HRs and Kaplan-Meier curves, and median
PFS data were used to expand the network by seven studies

7 Thorac Dis 2018;10(12):6677-6694
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A Post. median effect of active treatments vs. Neci+gem+cis Post. median effect of active treatments vs. Neci+gem+cis
Tax + carbo - Tax + carbo .
Nab-tax + carbo - Nab—tax + carbo -
Carbo + S-1 - Gem + cis .
Gem + cis
. Gem .
Gem
Cis + tax =
Cis + tax .
) Cis + doc ]
Cis + doc .
Gem + doc + vin .
Gem + doc + vin . * +
Gem + tax - Gem + tax -
Carbo + gem - Carbo + gem -
Neci + tax + carbo . Neci + tax + carbo .
T T T T T T T T T T T T T T T T T T T T
0.40 1.00 2.51 6.31 15.85 0.40 6.31 1.00 1.58 2.51 3.98 6.31 15.85
Hazard ratio Hazard ratio
95% Crl with boxes indicating the sample size/precision 95% Crl with boxes indicating the sample size/precision
B Post. median effect of active treatments vs. Neci+gem+cis Post. median effect of active treatments vs. Neci+gem+cis
Tax + carbo - Tax + carbo n
Nab-tax + carbo " Nab-tax + carbo -
b -1 -
Carbo +S Gem + cis Gem .
Gem + cis .
Cis + tax
Gem .
Cis + tax . Cis + doc
1
Cis + doc - Gem + doc + vin
Gem + doc + vin - Gem + tax
Gem + tax ' Carbo + gem .
Carbo + gem .
X Neci + tax + carbo -
Neci + tax + carbo .
Erlot . Erlot
T T T T T T T T T T T T T T T T T T
0.63 1.58 2.51 6.31 15.85 39.81 0.63 1.00 2.51 6.31 15.85 39.81
Hazard ratio Hazard ratio
95% Crl with boxes indicating the sample size/precision 95% Crl with boxes indicating the sample size/precision

Figure 3 Forest plots showing overall survival (A) and progression-free survival (B) hazard ratio analyses, with (left) and without (right)
carbo + S-1. Post, posterior; carbo, carboplatin; cis, cisplatin; Crl, credible interval; doc, docetaxel; erlot, erlotinib; gem, gemcitabine; nab-

tax, nab-paclitaxel; neci, necitumumaby; tax, paclitaxel; vin, vinorelbine.

(14,25,27,29,34,37,38). Also similar to the OS analyses, PFS Consistent with the HR analysis (Figure 3B), neci + gem +
median analyses were conducted versus tax + carbo because cis was associated with a longer PFS than all comparators in
the models failed to converge versus neci + gem +cis. the analysis using median PFS data (Figure 5).
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Hess et al. Meta-analysis: treatment of squamous NSCLC

Median OS HR (2.5, 97.5 quantiles)

Intervention Neci + gem + cis Tax + carbo Nab-tax + carbo Carbo + S-1 Gem + cis
Tax + carbo 1.221 (0.74, 1.956) NA NA NA NA
Nab-tax + carbo 1.085 (0.626, 1.806) 0.888 (0.71, 1.11) NA NA NA
Carbo + S-1 0.876 (0.454, 1.629) 0.719 (0.47, 1.072) 0.809 (0.496, 1.273) NA NA
Gem + cis 1.177 (1.08, 1.343) 0.962 (0.612, 1.537) 1.082 (0.664, 1.836) 1.346 (0.734, 2.544) NA
Gem 3.637 (1.131, 11.981) 2.996 (0.85, 10.705) 3.351(0.952, 12.114) 4.183 (1.125, 15.915) 3.09 (0.961, 10.123)
Tax + cis 1.668 (1.08, 2.612) 1.373 (0.916, 2.066) 1.543 (0.966, 2.449 1.921 (1.063, 3.397, 1.414 (0.934, 2.16)
Doc + cis 1.575 (0.973, 2.499 1.295 (0.833, 2.017) 1.458 (0.901, 2.402 1.812 (0.987, 3.386, 1.341(0.85, 2.1)

Gem + doc + vin

0.951 (0.567, 1.59)

1.071 (0.622, 1.865

1.321 (0.691, 2.561

0.981 (0.48, 1.943)

Gem + tax

1.318 (0.706, 2.386)

1.086 (0.751, 1.552)

1.516 (0.875, 2.628

1.12 (0.618, 2.014)

Gem + carbo

( )
1.154 (0.564, 2.337)
( )
( )

1.666 (0.888, 3.009

1.359 (0.929, 1.987)

1.524 (1.004, 2.412

1.902 (1.094, 3.289

1.409 (0.766, 2.555)

Neci + tax + carbo

1.011 (0.54, 1.888)

0.829 (0.547, 1.243)

(
(
(
1.217 (0.799, 1.847
(
(

0.933 (0.569, 1.467,

( )
( )
( )
( )
( )
( )

1.159 (0.646, 2.047

0.856 (0.46, 1.576)

Intervention Gem Tax + cis Doc + cis Gem + doc + vin Gem + tax Gem + carbo
Tax + cis 0.46 (0.131, 1.585) NA NA NA NA NA
Doc + cis 0.434 (0.122, 1.55) 0.943 (0.632, 1.409) NA NA NA NA
Gem + doc + vin 0.313 (0.082, 1.239) 0.692 (0.36, 1.326) 0.731 (0.366, 1.446) NA NA NA
Gem + tax 0.361 (0.098, 1.297) 0.793 (0.455, 1.354) 0.833 (0.473, 1.461) 1.14 (0.608, 2.158) NA NA
Gem + carbo 0.457 (0.122, 1.655) 0.994 (0.563, 1.742) 1.049 (0.579, 1.872) 1.438 (0.75, 2.735) 1.259 (0.854, 1.847) NA
Neci + tax + carbo 0.273 (0.075, 1.043) 0.608 (0.332, 1.08) 0.636 (0.348, 1.174) 0.875 (0.447, 1.684) 0.764 (0.438, 1.316) 0.607 (0.343, 1.081)

Median of median OS (95% credible intervals)

Neci + tax + carbo

0.548 (0.278, 1.067)
)

1.176 (0.856, 1.638

1.04 (0.713, 1.544)

0.89 (0.589, 1.355)

Intervention Neci + gem + cis Tax + carbo Nab-tax + carbo Carbo + S-1 Gem + cis
Tax + carbo 0.853 (0.484, 1.515) NA NA NA NA
Nab-tax + carbo 0.962 (0.533, 1.772) 1.128 (0.925, 1.383) NA NA NA

Carbo + S1 1.131 (0.611, 2.128) 1.324 (1.011, 1.739) 1.171 (0.835, 1.641)

Gem + cis 0.863 (0.741, 0.998) 1.013 (0.577, 1.739) 0.897 (0.494, 1.577) NA NA

Tax + Cis 0.634 (0.357, 1.144) 0.74 (0.507, 1.087) 0.653 (0.432, 1.005) 0.761 (0.411, 1.401) NA

Doc + cis 0.74 (0.394, 1.384) 0.867 (0.556, 1.349) 0.764 (0.478, 1.229) 0.559 (0.351, 0.899) 0.736 (0.425, 1.321

Gem + tax 0.849 (0.43, 1.636) 0.982 (0.712, 1.379) 0.871 (0.596, 1.286) 0.653 (0.391, 1.102) 0.855 (0.465, 1.559
Gem + carbo 0.639 (0.453, 0.915) 0.568 (0.379, 0.854) 0.743 (0.49, 1.149)

( )

Vin + cis

0.671 (0.315, 1.406)

0.781 (0.441, 1.37)

0.69 (0.379, 1.251)

0.591 (0.304, 1.11)

)
)
0.986 (0.505, 1.873)
)
)

0.775 (0.367, 1.593

Cetux + vin + cis

(

1.007 (0.537, 1.936)
(
(

0.737 (0.317, 1.661)

0.855 (0.442, 1.626)

0.758 (0.38, 1.483)

0.645 (0.313, 1.322)

(
(
(
1.167 (0.621, 2.235
(
7

0.857 (0.375, 1.9)

Intervention Tax + cis Doc + cis Gem + tax Gem + carbo Neci + tax + carbo Cis + vin
Doc + cis 1.169 (0.744, 1.85) NA NA NA NA NA
Gem + tax 1.334 (0.8, 2.195) 1.135 (0.665, 1.985) NA NA NA NA
Gem + carbo 0.863 (0.525, 1.444) 0.738 (0.424, 1.291) 0.651 (0.426, 0.994) NA NA NA
Neci + tax + carbo 1.59 (0.96, 2.665) 1.364 (0.782, 2.418) 1.19(0.761, 1.911) 1.841 (1.131, 2.971) NA NA
Vin + cis 1.051 (0.583, 1.902) 0.9 (0.613, 1.309) 0.789 (0.406, 1.531) 1.216 (0.628, 2.378) 0.664 (0.335, 1.274) NA
Cetux + vin + cis 1.156 (0.591, 2.291) 0.986 (0.586, 1.635) 0.862 (0.413, 1.811) 1.328 (0.628, 2.807) 0.727 (0.345, 1.501) 1.095 (0.78, 1.553)

Figure 4 Pairwise comparisons: median OS HR and median of median OS. carbo, carboplatin; cetux, cetuximab; cis, cisplatin; doc,
docetaxel; gem, gemcitabine; HR, hazard ratio; nab-tax, nab-paclitaxel; neci, necitumumab; OS, overall survival; tax, paclitaxel; vin,

vinorelbine.

Adverse events

Quality of life

No studies in the network reported toxicity outcomes for QOL data were not collected consistently in the studies
included in the meta-analysis; therefore, no analyses could

be conducted for this outcome.

the squamous population that enabled comparison with neci
+ gem + cis; therefore, this analysis could not be conducted.
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Median PFS HR (2.5, 97.5 quantiles)

Intervention Neci + gem + cis Tax + carbo Nab-tax + carbo Carbo + S-1 Gem + cis
Tax + carbo 1.46086 (1.44924, 1.47247 NA NA NA NA
Nab-tax + carbo | 1.26855 (1.25772, 1.27939 0.86889 (0.86607, 0.87172 NA NA NA
Carbo + S-1 1.39372 (1.37965, 1.40779) | 0.95376 (0.94798, 0.95953) | 1.10962 (1.10195, 1.11729 NA NA
Gem + cis 1.17413 (1.17162, 1.17664) | 0.85156 (0.84517, 0.85795) | 0.99054 (0.98241, 0.99866) | 0.92817 (0.91894, 0.93740 NA
Gem 4.89794 (4.80519, 4.99069; 3.55386 (3.48053, 3.62718 4.13690 (4.04972, 4.22409 3.87446 (3.79014, 3.95879 4.17093 (4.09272, 4.24914)
Tax + cis 1.80053 (1.78722, 1.81383 1.26414 (1.25595, 1.27234 1.46983 (1.45928, 1.48038 1.37698 (1.36452, 1.38944 1.563280 (1.52211, 1.54348
Doc + cis 1.29435 (1.28416, 1.30454) | 1.21209 (1.20044, 1.22373) | 1.34873 (1.33847, 1.35898

Gem + doc + vin

1.57204 (1.55440, 1.58968

1.07490 (1.06682, 1.08298

Gem + tax

1.73393 (1.71668, 1.75118

1.18541 (1.17872, 1.19209

1.37966 (1.37056, 1.38875

1.29149 (1.28053, 1.30244

Gem + carbo

1.97278 (1.95297, 1.99260

1.35025 (1.34227, 1.35823

1.567143 (1.56072, 1.58214

1.67927 (1.66297, 1.69558

Neci + tax + carbo

1.48864 (1.47419, 1.50308

1.02001 (1.01441, 1.02561

1.18739 (1.17969, 1.19509

(

(
1.47105 (1.45833, 1.48377,
1.11109 (1.10183, 1.12035

)
)
)
1.33822 (1.32358, 1.35287)
)
)
)

1.26763 (1.25572, 1.27954

(
(
(
(
(
1.58418 (1.57154, 1.59681
(
(
(
(
(

( )
( )
( )
( )
( )
1.11289 (1.10488, 1.12091)
( )
( )
( )
( )
( )

( )
( )
( )
( )
( )
1.25119 (1.24086, 1.26152)
( )
( )
( )
( )

)
)
)
)
1.17137 (1.15989, 1.18286)
)
)
)
)

(
(
(
1.47624 (1.46200, 1.49048
(
(
(

Erlot 5.99846 (5.86866, 6.12826 4.10321 (4.02326, 4.18316; 4.78777 (4.69116, 4.88437 4.47916 (4.38543, 4.57288) 5.11119 (5.00133, 5.22106)
Intervention Gem Tax + cis Doc + cis Gem + doc + vin Gem + tax Gem + carbo Neci + tax + carbo
Tax + cis 0.50620 (0.49548, NA NA NA NA NA NA
0.51691)
Doc + cis 0.44621 (0.43655, 0.89535 (0.88945, NA NA NA NA NA
0.45588) 0.90125)
Gem + doc +vin | 0.44544 (0.43467, 0.88655 (0.87774, 1.01763 (1.00692, NA NA NA NA
0.45620) 0.89537) 1.02835)
Gem + tax 0.48772 (0.47658, 0.97891 (0.97044, 1.12452 (1.11397, 1.16870 (1.15753, NA NA NA
0.49886) 0.98739) 1.13507) 1.17986)
Gem + carbo 0.55404 (0.54153, 1.11514 (1.10526, 1.28076 (1.26855, 1.32961 (1.31687, 1.15869 (1.15165, NA NA
0.56656) 1.12501) 1.29296) 1.34235) 1.16574)
Neci + tax + carbo| 0.41925 (0.40983, 0.84139 (0.83427, 0.96477 (0.95611, 1.00408 (0.99476, 0.88878 (0.88176, 0.78278 (0.77645, NA
0.42867) 0.84852) 0.97342) 1.01340) 0.89579) 0.78910)
Erlot 1.69786 (1.64154, 3.39517 (3.32408, 3.88269 (3.80062, 4.05076 (3.96276, 3.57262 (3.49875, 3.15358 (3.08787, |4.16099 (4.07408,
1.75417) 3.46626) 3.96476) 4.13876) 3.64649) 3.21928) 4.24791)
Median of median PFS (95% credible intervals)
Intervention Neci + gem + cis Pac + carbo Nab-pac + carbo Carbo + S-1 Gem + cis
Pac + carbo 0.828 (0.531, 1.278) NA NA NA NA
Nab-pac + carbo 0.812 (0.512, 1.294) 0.983 (0.824, 1.181) NA NA NA
Carbo + S-1 0.749 (0.436, 1.258) 0.898 (0.66, 1.214) 0.911 (0.64, 1.29) NA NA
Gem + cis 0.965 (0.885, 1.052) 1.166 (0.762, 1.794) 1.187 (0.746, 1.88) 1.293 (0.769, 2.203) NA
Pac + cis 0.583 (0.333, 1.046) 0.704 (0.423, 1.188) 0.712 (0.418, 1.238) 0.782 (0.433, 1.45) 0.602 (0.343, 1.077)
Doc + cis 0.691 (0.417, 1.158) 0.838 (0.533, 1.315) 0.852 (0.52, 1.379) 0.931 (0.542, 1.607) 0.718 (0.429, 1.184)
Gem + pac 0.727 (0.406, 1.274) 0.87 (0.629, 1.221) 0.887 (0.61, 1.302) 0.97 (0.627, 1.537) 0.752 (0.421, 1.297)

Gem + carbo

0.626 (0.37, 1.022)

0.753 (0.59, 0.964)

0.768 (0.559, 1.039)

0.839 (0.574, 1.238)

0.65 (0.386, 1.054)

Neci + pac + carbo

0.802 (0.482, 1.336)

0.965 (0.741, 1.279)

0.977 (0.715, 1.368)

0.828 (0.502, 1.372)

(

1.078 (0.726, 1.607)
(
(

Vin 0.123 (0.034, 0.417) 0.147 (0.046, 0.448) 0.15 (0.046, 0.465) 0.163 (0.049, 0.519) 0.127 (0.035, 0.429)

Erlot 0.343 (0.119, 0.925) 0.412 (0.161, 0.99) 0.419 (0.163, 1.031) 0.456 (0.171, 1.152) 0.353 (0.121, 0.969)
Intervention Pac + cis Doc + cis Gem + pac Gem + carbo Neci + carbo + pac Vin
Doc + cis 1.192 (0.666, 2.189) NA NA NA NA NA
Gem + pac 1.245 (0.662, 2.284) 1.042 (0.604, 1.82) NA NA NA NA
Gem + carbo 1.076 (0.6, 1.894) 0.9 (0.549, 1.478) 0.864 (0.64, 1.167) NA NA NA
Neci + pac + carbo 1.379 (0.748, 2.496) 1.155 (0.689, 1.969) 1.108 (0.722, 1.697) 1.285 (0.886, 1.861) NA NA
Vin 0.209 (0.059, 0.746) 0.177 (0.05, 0.611) 0.169 (0.049, 0.549) 0.196 (0.06, 0.622) 0.154 (0.045, 0.492) NA

Erlot 0.586 (0.202, 1.599) 0.494 (0.173, 1.308) 0.471 (0.174, 1.196) 0.546 (0.208, 1.358) 0.423 (0.158, 1.06) 2.785 (1.297, 5.738)

Figure 5 Pairwise comparisons: median PFS HR and median of median PFS. carbo, carboplatin; cis, cisplatin; doc, docetaxel; erlot,

erlotinib; gem, gemcitabine; HR, hazard ratio; nab-tax, nab-paclitaxel; neci, necitumumab; PFS, progression-free survival; tax, paclitaxel;

vin, vinorelbine.
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Sensitivity analyses

The Frequentist analysis demonstrated consistent findings
with the primary Bayesian analyses: all regimens other than
carbo + S-1 had a higher HR for OS than neci + gem + cis,
and all regimens had a higher HR for PFS than neci + gem
+ cis (Table S2). All other pre-planned sensitivity analyses
could not be conducted due to fragmentation of the
network. BDue to the limited evidence for each comparator,
the removal of any single study resulted in the inability to
connect remaining trials via the study network.

Heterogeneity and inconsistency

Wide Crls were observed in the Morabito et 4. (30) study
(OS and PFS HR analyses) and for Lilenbaum ez 4l. (29)
(PFS HR analysis). Sensitivity analyses were conducted in
which these studies were removed to reduce heterogeneity.
The results did not change for neci + gem + cis because it
was not central to the study network and simply reduced
the number of comparators evaluated. The consistency
assumption could not be explored because of the lack of
closed loops in the network that included neci + gem + cis.

Discussion

There is much uncertainty regarding the results presented
in this network meta-analysis of first-line treatments for
patients with advanced or metastatic squamous NSCLC.
This uncertainty is attributed to the limited number
of studies eligible for inclusion in this analysis and the
additional limitation of analyzing subpopulations from the
majority of the trials included in the analyses (generally,
the squamous population was less than 30% of the total
study population for most of the studies identified in the
literature search). Wide credible intervals were observed
and there was difficulty in clearly distinguishing survival
outcomes among comparators for either HR or median
survival estimates. As stated previously, many comparators
in the network were supported by only one study. The
evidence networks were analyzed via a single pairwise meta-
analysis and as a series of indirect comparisons. Only two
studies provided direct comparative data with neci +gem
+cis (14,35). Adding to the limited data, indirect comparison
estimates further increased uncertainty with each additional
link in the evidence network. In some cases, up to four links
were required to reach a comparison versus neci + gem +
cis. The planned analyses of toxicity and QOL data could
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not be conducted due to limited data, which further adds to
the uncertainty of the clinical implications of these findings.
Additionally, most of the planned sensitivity analyses were
not possible due to fragmentation of the network, so the
stability of the findings across these scenarios remains
unknown. Importantly, each of the agents included in this
study has a unique toxicity profile, but the lack of consistent
data made the network meta-analysis of grade 3—4 adverse
events impossible to conduct. The eligible studies identified
in this search only reported toxicity outcomes for the overall
population rather than separately by histologic subgroups,
thus it is not possible to know which adverse events were
experienced by patients with squamous NSCLC, as per
the objective of this study. As a result, providers should
understand the unique toxicity profiles of each regimen
when considering treatment alternatives because indirect
comparisons could not be conducted as planned in this
study.

This meta-analysis further demonstrates the clinical
unmet need for patients with squamous NSCLC. Few
treatment options exist in the first-line setting, and patients
have limited options for care with treatment regimens
that have demonstrated clinical efficacy. In addition to
demonstrating the paucity of research for the treatment of
patients with squamous NSCLC, the data from this meta-
analysis may provide additional evidence for selecting
among available treatment options. However, it is important
to note that survival gains demonstrated in this work were
only modest and there remains a need to develop better
approaches to prolong both PFS and OS among patients
diagnosed with metastatic squamous NSCLC.

The methodological quality review and risk of bias
assessments using the PEDro and Cochrane criteria,
respectively, suggested that most of the studies included in
the systematic literature review were rated as high quality
with a low risk of bias. Blinding was the most common
negatively rated criterion; however, blinding is not practical
in many oncology trials because therapies are often
administered using different schedules and infusion rates,
making it difficult to conceal the identity of the study drug.

While considering the limitations of the available data
and this analysis, the results of the network meta-analysis
suggest that both carbo +S-1 and neci + gem + cis may
have clinical benefit versus the comparators included in the
analysis. Neci + gem + cis and carbo + S-1 both have a high
probability of ranking high for OS outcomes, and neci +
gem + cis has a high probability of ranking high for PES.

7 Thorac Dis 2018;10(12):6677-6694
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Carbo + S-1 is only approved for the treatment of NSCLC
in Asia, so, at this time, patients in other areas of the world
do not have access to this therapy. Consistent with the
evidence published by Spigel and colleagues (35), neci in
combination with carbo + paclitaxel did not demonstrate
improved efficacy; the FDA-approved combination with
gem + cis remains the regimen that has demonstrated
efficacy with necitumumab in squamous NSCLC. Despite
the potentially improved outcomes of both carbo +S-1 and
neci + gem + cis versus other comparators, the findings
should be interpreted with caution due to the limitations
stated here.

This meta-analysis was designed to evaluate randomized
trials reporting survival data for patients with squamous
NSCLC connected by an evidence network to neci + gem +
cis, to allow for the comparison of this new regimen versus
other active therapies that have not been studied in head-
to-head trials. In many cases, this was only a subpopulation
of the trial sample, which could have reduced statistical
rigor. Additionally, because most trials were not stratified by
histology, the randomization may not have been balanced
among groups for the squamous subpopulation. The
selection of treatment by histology is a relatively recent
development. The scope of data included in this analysis
were planned to be broad given the anticipated gaps in trials
conducted among the squamous population. As a result,
some comparators (e.g., cetuximab) may have little relevance
post-2015. When the study protocol was developed (16),
cetuximab was included in National Comprehensive
Cancer Network (NCCN) treatment guidelines in the
United States; however, in 2015, the use of cetuximab was
removed from the guidelines because of toxicity and limited
efficacy (7). Similarly, two studies that were used to
contribute data for survival outcomes of erlotinib should
be viewed with caution as these were very small phase 11
studies (n<30) (27,29); a very small number of squamous
NSCLC patients are EGFR mutation positive, thus few are
eligible to receive this therapy. This analysis did not account
for mutation status, as it was not reported in the included
trials.

HR data were included in the primary analysis of survival.
A pooled HR is usually calculated assuming proportional
hazards, which implies that although the individual
treatment hazards may vary over time, the hazard of the
event for one group at any time point is proportional to the
hazard in the second group. Because a number of studies
did not provide HR data, some HRs were estimated from
digitization and analysis of published survival curves. The
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pre-planned analysis using median survival data allowed
an indirect comparison with additional comparators, such
as vinorelbine + cis, which was not possible with HR data
alone. However, not all studies reported median data, so
most comparators could only be compared in one of the
two planned analyses, providing additional challenges to
interpretation of data.

Conclusions

Results of this clinical-trial based network meta-analysis
suggest that carboplatin plus S-1 and necitumumab in
combination with gemcitabine and cisplatin may have OS
benefits versus other regimens and that necitumumab in
combination with gemcitabine and cisplatin may also have
PFS benefits versus other comparators. However, these
results should be interpreted with caution due to the limited
number of studies, few of which focused exclusively on
squamous NSCLC, the inability to adjust for covariates,
and the wide credible intervals. Data were not available to
conduct a network meta-analysis of either toxicity or QOL.
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Table S1 PEDro study quality score and Cochrane risk of bias assessment

Authors Year PEDro Selectio.n bi.as: Selection bias: Perfor.mance Detection bias Attljition RepF)rting
score  randomization concealment bias bias bias
Chen et al. 2012 7 Low risk High risk High risk Low risk (OS only) Low risk Low risk
Govindan et al. 2011 6 Low risk Low risk High risk Low risk Low risk Low risk
Gregorc et al. 2013 7 High risk High risk High risk High risk Low risk Low risk
Groen et al. 2011 7 Low risk High risk Low risk High risk Low risk Low risk
Heymach et al. 2008 8 Low risk High risk High risk High risk Low risk Low risk
Hoang et al. 2013 6 Low risk High risk Unclear risk High risk Low risk Low risk
Jelic et al. 2001 7 Low risk High risk High risk High risk Low risk Low risk
Johnson et al. 2004 9 Low risk Low risk High risk High risk Low risk Low risk
Kubota et al. 2008 7 Low risk Low risk High risk Low risk (OS only) Low risk Low risk
Langer et al. 2014 8 Low risk Low risk High risk High risk Low risk Low risk
Lara et al. 2011 8 Low risk Low risk Low risk Low risk Low risk Low risk
Lee et al. 2009 11 Low risk Low risk Low risk High risk Low risk Low risk
Lilenbaum etal. 2008 7 Low risk Low risk High risk Low risk (OS only) Low risk Low risk
Lynch et al. 2012 9 Low risk Low risk Low risk High risk Low risk Low risk
Lynch et al. 2010 8 Unclear risk Low risk High risk High risk Low risk Low risk
Morabito et al. 2013 8 Low risk Low risk High risk Low risk (OS only) High risk Low risk
Novello et al. 2014 11 Low risk Unclear risk High risk High risk Low risk Low risk
Paz-Ares et al. 2013 11 Low risk Low risk Low risk Low risk Low risk Low risk
Pirker et al. 2009 8 Low risk Low risk Low risk Low risk (OS only) Low risk Low risk
Reck et al. 2013 11 Low risk Low risk High risk Low risk Low risk Low risk
Sandler et al. 2010 7 Low risk Low risk High risk Low risk Low risk Low risk
Scagliotti et al. 2008 7 Low risk Low risk High risk Low risk (OS only) Low risk Low risk
Scagliotti et al. 2010 11 Low risk High risk High risk Low risk Low risk Low risk
Schuette et al. 2009 8 High risk High risk High risk Low risk Low risk Low risk
Sculier et al. 2004 9 Low risk Low risk High risk Low risk Low risk Low risk
Socinski et al. 2012 8 Low risk High risk High risk Low risk Unclear risk Low risk
Spigel et al. 2013 6 Low risk High risk High risk Low risk Low risk Low risk
Spigel et al. 2015 7 Low risk Low risk High risk Low risk Low risk Low risk
Tan et al. 2009 9 Low risk Low risk High risk High risk Low risk Low risk
Thatcher et al. 2014 8 Low risk Low risk High risk Low risk Low risk Low risk
Treat et al. 2010 7 Low risk Low risk Unclear risk Low risk High risk Low risk
Von Pawel etal. 2013 9 Low risk Low risk High risk High risk High risk Low risk
Yoshioka et al. 2013 8 Low risk Low risk High risk Low risk (OS only) Low risk Low risk
Zhang et al. 2013 8 Low risk Low risk High risk Low risk Low risk Low risk
Zwitter et al. 2009 8 Low risk High risk High risk Low risk Low risk Low risk

OS, overall survival.



Probability of treatment rankings
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Figure S1 Probability of treatment rankings for the analysis of overall survival, hazard ratio analysis. Carbo, carboplatin; cis, cisplatin; doc,

docetaxel; erlot, erlotinib; gem, gemcitabine; nab-tax, nab-paclitaxel; neci, necitumumab; tax, paclitaxel; vin, vinorelbine.
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Figure S2 Probability of treatment rankings for the analysis of overall survival, hazard ratio analysis, excluding carbo + S-1. Carbo,

carboplatin; cis, cisplatin; doc, docetaxel; erlot, erlotinib; gem, gemcitabine; nab-tax, nab-paclitaxel; neci, necitumumab; tax, paclitaxel; vin,
vinorelbine.
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Figure S3 Probability of treatment rankings for the analysis of progression-free survival, hazard ratio analysis. Carbo, carboplatin; cis,

cisplatin; doc, docetaxel; erlot, erlotinib; gem, gemcitabine; nab-tax, nab-paclitaxel; neci, necitumumab; tax, paclitaxel; vin, vinorelbine.
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Figure S4 Probability of treatment rankings for the analysis of progression-free survival, hazard ratio analysis, excluding carbo + S-1. Carbo,
carboplatin; cis, cisplatin; doc, docetaxel; erlot, erlotinib; gem, gemcitabine; nab-tax, nab-paclitaxel; neci, necitumumab; tax, paclitaxel; vin,
vinorelbine.



Table S2 Comparison of Bayesian and Frequentist results (sensitivity analysis)

Variables

Neci + gem + cis

Frequentist OS, HR
(95% Cl)

Bayesian OS, median HR

(95% Crl)

Frequentist PFS, HR

(95% Cl)

Bayesian PFS, median HR

(95% Crl)

Carbo + gem
Carbo + S-1

Cis + doc

Cis + tax

Gem

Gem + cis

Gem + doc + vin
Gem + tax
Nab-tax + carbo
Neci + tax + carbo

Tax + carbo

1.53 (0.87, 2.7)
0.88 (0.49, 1.6)
1.58 (1.02, 2.46)
1.67 (1.08, 2.59)
3.68 (1.17, 11.6)
1.18 (1.03, 1.34)
1.16 (0.59, 2.28)
1.26 (0.72, 2.23)
1.1 (0.68, 1.79)
1.03 (0.56, 1.87)
1.24 (0.8, 1.91)

1.67 (0.89, 3.01)
0.88 (0.45, 1.63)
1.58 (0.97, 2.50)
1.67 (1.08, 2.61)
3.64 (1.13, 11.98)
1.18 (1.03, 1.34)
1.15 (0.56, 2.34)
1.32 (0.71, 2.39)
1.09 (0.63, 1.81)
1.01 (0.54, 1.89)
1.22 (0.74, 1.96)

1.80 (1.01, 3.22)
1.27 (0.71, 2.27)
1.50 (0.96, 2.36)
1.71 (1.10, 2.66)
4.19 (1.35, 13.06)
1.17 (1.03, 1.34)
1.41(0.74, 2.69)
1.58 (0.90, 2.80)
1.17(0.72,1.91)
1.35 (0.77, 2.38)
1.35(0.87, 2.11)

1.97 (1.95, 1.99)
1.39 (1.38, 1.41)
1.58 (1.57, 1.60)
1.80 (1.79, 1.81)
4.90 (4.81, 4.99)
117 (1.17,1.18)
1.57 (1.55, 1.59)
1.73 (1.72, 1.75)

1.270 (1.26, 1.28)
1.49 (1.475, 1.50)
1.46 (1.45, 1.47)

Carbo, carboplatin; Cl, confidence interval; cis, cisplatin; Crl, credible interval; doc, docetaxel; gem, gemcitabine; HR, hazard ratio; nab-

tax, nab-paclitaxel; neci, necitumumab; OS, overall survival; PFS, progression-free survival; tax, paclitaxel; vin, vinorelbine.



