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Background: To assess the comparative efficacy and safety of first-line immune checkpoint inhibitors (ICIs)
for advanced non-small cell lung cancer (NSCLC) with wild-type epidermal growth factor receptor (EGFR)
or anaplastic lymphoma kinase (ALK).

Methods: PubMed, Embase, Cochrane Library, Web of Science, and major international scientific
meetings were searched for relevant randomized controlled trials. Overall survival (OS) and progression-free
survival (PFS) were the primary outcomes and serious adverse events (SAEs) were the secondary outcome of
interests and were reported as hazard ratio (HR) or odds ratio (OR) with 95% confidence intervals (CIs).
Results: Fourteen trials with 9,570 patients randomized to receive ten ICI-based treatments (including
PD-1/PD-L1 and CTLA-4 antibodies and PD-1/PD-L1 with CTLA-4 combination therapies) were
included in the meta-analysis. Pembrolizumab combined with chemotherapy (Pem + CT) (HR =0.56, 95%
CI: 0.42-0.74) and Pem (HR =0.75, 95% CI: 0.62-0.91) were more effective than CT in terms of OS; Pem
+ CT was also superior to Pem (HR =0.74, 95% CI: 0.56-0.98), atezolizumab + CT (HR =0.65, 95% CI:
0.50-0.85), ipilimumab + CT (HR =0.65, 95% CI: 0.47-0.89), and nivolumab (HR =0.52, 95% CI: 0.31-0.87).
In subgroup analyses, Pem + CT was more effective than CT regardless of PD-L1 expression, while Pem
was superior to CT only for PD-L1 with expression >50%; Pem + CT showed significant OS advantage over
other treatments in patients with non-squamous cell carcinoma (NSCC); ICIs had a comparable efficacy in
younger vs. older patients. Based on treatment ranking in terms of OS, Pem + CT had the highest probability
(98%) of being the most effective treatment, followed by Pem (70%), with acceptable toxicity limit.
Conclusions: Pem + CT seemed to be more effective first-line regimen for advanced NSCLC with
wild-type EGFR or ALK, especially for patients with NSCC. However, limitations of the study including

methodological quality and immature OS data need to be considered.
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Introduction

Traditionally, the first-line standard of care for previously
untreated advanced non-small cell lung cancer (NSCLC)
has been the platinum-based combination chemotherapy
(CT). However, treatment strategies have changed greatly
in recent years with the development of targeted therapy
and immunotherapy. Currently, targeted therapy is the
standard first-line treatment for epidermal growth factor
receptor (EGFR) or anaplastic lymphoma kinase (ALK)
positive patients. However, only 15-50% of patients with
NSCLC have an activating EGFR mutation (1), and ALK
translocations occur in 2-20% of patients (2-4).

For advanced NSCLC with wild-type EGFR or ALK,
immune checkpoint inhibitors (ICIs) of anti-programmed
death receptor 1 (PD-1) [pembrolizumab (Pem) or
nivolumab (Niv)] and its ligand PD-L1 [atezolizumab (Ate)
or durvalumab (Dur)] antibodies, either as monotherapy or
in combination with CT; have been recently demonstrated
to be more effective when compared to standard CT (5-20).
Moreover, ICIs of cytotoxic T-lymphocyte antigen 4
(CTLA-4) antibodies [ipilimumab (Ipi) or tremelimumab
(Tre)] (21,22) and combination therapy of anti-PD-1/PD-
L1 antibodies with anti-CTLA-4 antibodies (Niv + Ipi or
Dur + Tre) (13,14,20) have also shown promising efficacy
in a cohort of patients. However, direct comparison of
trials between these ICI-based treatments is still lacking,
and therefore, there are still unresolved questions on which
first-line regimen is optimal for this population.

In light of these critical issues, we performed a network
meta-analysis (NMA) to assess the comparative effectiveness
and tolerability of all ICI-based treatments, which could
result in the identification of the preferred first-line regimen
in advanced NSCLC patients with wild-type EGFR or ALK.

Methods
Literature search strategy

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) criteria (23) (Table S1). PubMed, Embase,
Cochrane Library, Web of Science, and other major
international scientific meetings (American Society of
Clinical Oncology, European Society for Medical Oncology,
and World Conference on Lung Cancer) were searched for
available studies published before March 1, 2019, using the
strategies shown in 7able S2. The reference lists of retrieved
studies were manually looked over for relevant additional
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studies which were omitted by the electronic search.

Inclusion and exclusion criteria

Studies were included if they met the following criteria:
(I) types of studies: randomized controlled trials (RCTs);
(II) types of participants: previously untreated patients
with advanced NSCLC with wild-type EGFR or ALK,
and patients with squamous NSCLC with unknown
status of EGFR or ALK; (III) types of interventions: first-
line treatment using one or more ICI-based treatment
options for experimental arm and CT for control; and (IV)
outcome: reported overall survival (OS) and/or progression-
free survival (PFS) data. Studies that failed to meet the
above criteria were excluded from the NMA.

Data extraction

The following data were extracted by two independent
investigators from each study: first author or name of
individual RCT, year of publication, duration of the study,
country of origin, treatments, numbers of patients, and data
regarding PFS, OS, and serious adverse events (SAEs).

Quality assessment

The methodological quality of RCTs was assessed by
Cochrane risk of bias tool (24), which consists of the following
five domains: sequence generation, allocation concealment,
blinding, incomplete data, and selective reporting. An
RCT was finally rated as “low risk of bias” (all key domains
indicated as low risk), “high risk of bias” (one or more key
domains indicated as high risk), and “unclear risk of bias”.

Statistical analysis

The primary outcomes were OS and PFS, and the
secondary outcome was SAEs. Hazard ratios (HRs) or
odds ratios (ORs) and their 95% confidence intervals (Cls)
were used for summary statistics. For direct comparisons, a
standard pairwise meta-analysis (PWMA) was performed.
A statistical test for heterogeneity was performed using the
chi-square (x’) and I-square (I’) tests with the significance
set at I’ 550% or P<0.10. If significant heterogeneity
existed, a random-effect analysis model was used; otherwise,
the fixed-effect model was used.

Bayesian NMA was performed in a random-effect model
using Markov chain Monte Carlo methods (25,26) in
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after initial searching:
® Pubmed 207
* Embase 563
e Web of science 353

1,430 potentially relevant records identified

e Cochrane Collaboration database 213
* Major intertional scientific meeting 94

Y

;I 743 duplicates

687 records after duplicates removed

| 514 records excluded after screening the

Y

”| titles and abstracts

eligibility
(n=827)

173 full-text articles reviewed in detail for

159 articles excluded:
® 65 positive or unknown status for EGFR

Y

Y

® 94 single-arm

14 RCTs included in the network
meta-analysis

( Included ) ( Eligibility ) ( Screening ) ( Identification)

Figure 1 Literature search and selection. RCT, randomized controlled trial.

JAGS and the GeMTC package in R (https://drugis.org/
software/r-packages/gemtc). For each outcome measure,
four independent Markov chains were simultaneously run
for 20,000 burn-ins and 100,000 inference iterations per
chain to obtain the posterior distribution. The traces plot
and Brooks-Gelman-Rubin method were used to assess
the convergence of the model (27). Treatment effects were
estimated by HR/OR and their corresponding 95% CI.
Network consistency was assessed with node-split models
by statistically testing between direct and indirect estimates
within the treatment loop (28). To rank probabilities of
all available treatments, the surfaces under the cumulative
ranking curve (SUCRAs) were calculated (29). SUCRA
equals one if the treatment is certain to be the best, and
zero if it is certain to be the worst (29). In addition, we
conducted subgroup analyses according to histologic type,
PD-L1 expression level, and age. Finally, a comparison-
adjusted funnel plot was used to detect the presence of
small-study effects or publication bias (30).

Results

Literature search results and characteristics of included
studies

The literature search results and study selection process
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are shown in Figure 1. The initial search retrieved a total of
1,430 studies. After removing the duplicates, 687 citations
were identified, and 514 of them were excluded through an
abstract review. The remaining 173 studies were screened
through a full-text review for further inclusion criteria.
Finally, 14 RCTs that involved 9,570 patients who received
12 treatments were included in the meta-analysis (5-22).
The 12 treatments were as follows: (I) Pem; (I) Pem + CT;
(III) Ate + CT; (IV) Ate + bevacizumab + CT (Ate + Bev +
CT); (V) Niv; (V) Niv + CT; (VID) Ipi + CT; (VIII) Niv +
Ipi; IX) Dur; (X) Dur + Tre; (XI) Bev + CT, and (XII) CT.
The study characteristics are shown in Tizble 1.

Assessment of included trials

The risk of bias in included RCTs is summarized in
Figure S1. Five trials were judged as unclear risk of bias
(7,17-20), as they had more than three domains for indicating
them an unclear risk. The remaining trials were rated with
a low risk of bias. Funnel plot analysis in case of OS did not
indicate any evident risk of publication bias (Figure S2).

Conventional pairwise meta-analysis

Results of single trial and direct comparison meta-analysis
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Table 1 Characteristics of included trials

Trial Design Time range eir;rggir:t Treatment details Sa;rir;zle Medi;nol;]c;:c;;/v-up M:;Lan Histt;,:l)c;gic
KEYNOTE-024/2016 (5,6) I 2014-2015 PFS Pem 154 11.2 64.5 Mixed
PP/GP/PC 151 66.0
KEYNOTE-042/2018 (7) 11l NR (O] Pem 637 12.8 63.0 Mixed
PC/PP 637 63.0
KEYNOTE-189/2018 (8) 11l 2016-2017 OS/PFS Pem + PP 410 10.5 65.0 Non-SCC
PP 206 63.5
KEYNOTE-407/2018 (9) 11l 20162017 OS/PFS  Pem + PC/CnP 278 7.8 65.0 SCC
PC/CnP 281 65.0
KEYNOTE-021/2016 (10,11) Il 2014-2016 ORR Pem + PP 60 10.6 62.5 Non-SCC
PP 63 63.2
CheckMate 026/2017 (12) 11l 2014-2015 PFS Niv 271 13.7 63.0 Mixed
PP/GP/PC 270 65.0
CheckMate 227/2018 (13,14) 1l 20152016 PFS/OS Niv + Ipi 583 11.2 64.0 Mixed
Niv + P-based CT 177 64.0
Niv 396 NR
P-based CT 583 64.0
IMpower150/2018 (15,16) 1l 20152016 PFS/OS  Ate + Bev + PC 400 15.4 63.0 Non-SCC
Bev + PC 400 15.5 63.0
Ate + PC 400 NR NR
IMpower132/2018 (17) 1] NR PFS/0OS Ate + PP 292 14.8 64.0 Non-SCC
PP 286 63.0
IMpower130/2018 (18) 1] NR PFS/OS Ate + CnP 451 19.0 NR Non-SCC
CnP 228 NR
IMpower131/2018 (19) 11l NR PFS/0S Ate + CnP 343 171 65.0 SCC
CnP 340 65.0
MYSTIC/2018 (20) 1] NR OS/PFS Dur + Tre 163 NR NR Mixed
Dur 163 NR
P-based CT 162 NR
Lynch/2012 (21) Il 2008-2009 PFS Ipi + PC 21 NR NR SCC
PC 15 NR
Govindan/2017 (22) 1} 2011-2015 (O] Ipi + PC 388 12.5 64.0 SCC
PC 361 64.0

OS, overall survival; PFS, progression-free survival; Ate, atezolizumab; Bev, bevacizumab; PC, paclitaxel-carboplatin; SCC, squamous
cell carcinoma; Pem, pembrolizumab; PP, pemetrexed-cisplatin/carboplatin; CnP, paclitaxel-nanoparticle albumin-bound-carboplatin; GP,
gemcitabine-cisplatin; Niv, nivolumab; Ipi, ipilimumab; P-based, platinum-based; CT, chemotherapy; Dur, durvalumab; Tre, tremelimumab;
NR, not reported.
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Table 2 Results of single trial and direct comparison meta-analysis
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0s

PFS SAEs Heterogeneity IZ(%)

Treatment Study

N(E/C) HR(95% Cl) N (E/C)

HR (95% Cl) N(E/C) OR (95% Cl) OS PFS SAEs

Ate + CTvs. CT  (17-19) 1,086/854 0.86 (0.75-0.97)

Ipi + CTvs. CT (21-22) 409/376 0.74 (0.41-1.33) 409/376
Pem + CTvs. CT (8-11) 748/550 0.56 (0.46-0.97) 748/550
Niv vs. CT (12-14) 271/270 1.07 (0.86—1.33)b 342/349
Pemvs. CT (5-7) 791/788 0.74 (0.59-0.94) 791/788
Ate + Bev + CT

vs. Bev + CT (15,16) 359/337 0.78 (0.64-0.96) 359/337
Ate + CT vs.

Bev + CT (15,16) 349/337 0.88 (0.72-1.08) -

Ate + Bev + CT

vs. Ate + CT (15,16) 359/349 0.90 (0.74-1.11) -

Dur + Trevs. CT  (20) 163/162 0.85(0.61-1.17) 163/162
Durvs. CT (20) 163/162 0.76 (0.56-1.02) -

Dur vs. Dur + Tre  (20) - - -

Niv + Ipi vs. Niv (13,14) - - 101/102
Niv + Ipi vs. CT (13,14) - - 583/583
Niv+CTvs. CT  (13,14) - - 117/186

1,086/854 0.65 (0.58-0.72)

1,098/840 1.77 (1.41-2.22) O 0 0

0.85(0.74-0.99) 388/361 2.01(1.50-2.70)" 61 35 -

0.54 (0.46-0.62) 742/544 1.13(0.89-143) 0 0 0O

1.13 (0.94-1.36) 658/833 0.30(0.15-0.57) - 0 85

0.74 (0.35-1.56) 790/765 0.33 (0.26-0.41) 52 95 0

0.59 (0.50-0.70) 393/394 1.43(1.08-1.89)

- 400/394 0.76 (0.58-1.01)

- 393/394 1.82 (1.37-2.42)

1.05(0.72-1.53) 163/162 0.55(0.34-0.90) - - -

- 163/162 0.34 (0.20-0.58) - - -

- 163/163 0.61 (0.34-1.08) - - -

0.75(0.53-1.07) 576/391 1.99 (1.47-2.70) - - -

0.83 (0.72-0.96) 576/570 0.81(0.64-1.04) - - -

0.74 (0.58-0.94) 172/183 1.83(1.12-3.00) - - -

2 result of reference (22); °, result of reference (12). OS, overall survival; PFS, progression-free survival; SAEs, serious adverse events; E/C,
experimental/control; HR, hazard ratio; OR, odds ratio; Cl, confidence interval; Ate, atezolizumab; Ipi, ipilimumab; Pem, pembrolizumab;
Niv, nivolumab; Bev, bevacizumab; Dur, durvalumab; Tre, tremelimumab; CT, chemotherapy.

are shown in Table 2. Direct comparison meta-analysis was
feasible for Pem + CT vs. CT, Pem vs. CT, Ate + CT wvs.
CT, Ipi + CT ws. CT, and Niv vs. CT. In case of OS, Pem
+ CT (HR =0.56, 95% CI: 0.46-0.97, I =0%), Pem (HR
=0.74, 95% CI: 0.59-0.94, I’ =52%), and Ate + CT (HR
=0.86, 95% CI: 0.75-0.97, I’ =0%) showed significant
advantage over CT treatment. With regard to PFS, Pem
+ CT (HR =0.54, 95% CI: 0.46-0.62, I =0%), Ate + CT
(HR =0.65, 95% CI: 0.58-0.72, I’ =0%), and Ipi + CT
(HR =0.85, 95% CI: 0.74-0.99, I* =35%) were more
effective than CT. As for overall SAEs, Ate + CT was more
toxic than CT (OR =1.77, 95% CI: 1.41-2.22, I’ =0%),
whereas Pem (OR =0.33, 95% CI: 0.26-0.41, I’ =0%) and
Niv (OR =0.30, 95% CI: 0.15-0.57, I’ =85%) showed a
significantly lower risk of SAEs when compared to CT.

NMA

Figure 2 shows the network plot established for NMA for
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OS and PFS. OS, PES, and SAE were all reported in 13
trials. Results of the NMA were presented in Figure 3. In
terms of OS, Pem + CT (HR =0.56, 95% CI: 0.42-0.74;
P<0.001) and Pem (HR =0.75, 95% CI: 0.62-0.91; P=0.004)
were more effective than CT; Pem + CT was also superior
to Pem (HR =0.74, 95% CI: 0.56-0.98; P=0.036), Ate +
CT (HR =0.65, 95% CI: 0.50-0.85; P=0.002), Ipi + CT
(HR =0.65, 95% CI: 0.47-0.89; P=0.007), and Niv
(HR =0.52, 95% CI: 0.31-0.87; P=0.013). With regard to
PFS, Pem + CT (HR =0.54, 95% CI: 0.38-0.75; P<0.001)
and Ate + CT (HR =0.65, 95% CI: 0.48-0.88; P=0.005)
had a significant advantage over CT; Pem + CT was more
effective than Niv (HR =0.49, 95% CI: 0.30-0.82; P=0.007),
Niv + Ipi (HR =0.65, 95% CI: 0.43-0.98; P=0.04), and
Dur + Tre (HR =0.51, 95% CI: 0.29-0.91; P=0.023); Ate
+ CT was superior to Niv (HR =0.60, 95% CI: 0.37-0.98;
P=0.04). As for overall SAEs, ICIs in combination with CT
had generally higher risk of SAEs than ICIs monotherapy;
Ate + Bev + CT, Ate + CT, and Ipi + CT were also more
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Pem + C
A [748] B
Dur + Tre Pem
Pem
[163] [791]
Dur + Tre Niv
[163] [342]
Ate + C Ipi + CT Ate+CT Niv + CT
[1,086] [1,086] 77
Bev + C Ipi + CT
[337] [409]
Ate + Bev + C
[359]
CT CT
[3,583] [3,583]
Pem + C
C
Dur + Tre Niv + Ipi
[576]
Dur Niv + CT
[163] [172]
Ate + CT; Ipi + CT
[1,098] [388]

3
Ate + Bem

[393] cT
[3,505]
Figure 2 Network of eligible comparisons. (A) overall survival; (B) progression-free survival; (C) serious adverse events. The size of the
nodes is proportional to the number of patients (in parentheses) randomized to receive the treatment. The width of the lines is proportional
to the number of trials (beside the line) comparing the connected treatments. Pem, pembrolizumab; Ate, atezolizumab; Bev, bevacizumab;

Dur, durvalumab; Ipi, ipilimumab; Niv, nivolumab; Tre, tremelimumab; CT, chemotherapy.

toxic than Niv + Ipi, Niv + CT, and Dur + Tre, and Ate +
Bev + CT showed significantly higher risk of SAEs than
Pem + CT.

for SAEs: Niv + CT/Niv/CT. Analysis of inconsistency
showed that the NMA results were similar to the PWMA
results for the two outcomes, which suggested the
consistency between the direct and indirect evidence
(Figure S3).

Results of the treatment rankings based on SUCRA are
shown in Tible 3. In terms of OS, Pem + CT (0.98), Pem (0.70),
and Ate + Bev + CT (0.67) were ranked the most, second-

Inconsistency assessment and treatment ranking

There was one independent closed loop in the network for
PFS: Niv + Ipi/Niv/CT, and one independent closed loop
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a. HR with 95% Cl for OS

Pem + CT

0.74 (0.56-0.98) | Pem

0.73 (0.50-1.1) [1.0(0.56-1.7) |Ate + Bev + CT

0.73 (0.49-1.1) [0.99 (0.56-1.7) [0.99 (0.50-1.9) |Dur

0.65 (0.50-0.85) | 0.88 (0.58-1.3) |0.89 (0.58-1.3) |0.89 (0.53-1.5) |Ate + CT

0.66 (0.43-1.0) |0.89 (0.49-1.5) |0.89 (0.45-1.7) |0.90 (0.46-1.8) |1.0 (0.59-1.7) |Dur + Tre

0.65 (0.47-0.89) [ 0.89 (0.58-1.5) |0.89 (0.52-1.7) |0.90 (0.53-1.7) [1.0 (0.70-1.7) [1.0(0.58-1.9) [Ipi+ CT

0.57 (0.39-0.84) [0.78 (0.43-1.3) |0.78 (0.51-1.2) |0.78 (0.41-1.5) [ 0.88 (0.58-1.3) |0.88 (0.45-1.7) [0.87 (0.45-1.5) [Bev + CT

0.56 (0.42-0.74) | 0.75 (0.62-0.91) | 0.76 (0.56-1.0) |0.76 (0.53-1.1) | 0.85 (0.72-1.0) |0.85 (0.58-1.2) |0.86 (0.68-1.1) [0.97 (0.59-1.6) [CT
( ) ( )

0.52 (0.31-0.87) | 0.71 (0.41-1.1) [0.71
b. HR with 95%Cl for PFS

0.37-1.3) |0.71 (0.38-1.3) [0.80 (0.49-1.3) |0.79 (0.42-1.5) [0.79(0.43-1.3) |0.91 (0.48-1.7) |0.94 (0.62-1.4) |Niv

Pem + CT

0.83 (0.53-1.3) |Ate + CT

0.73(0.38-1.4) [0.88 (0.46-1.6) [Niv+CT

0.68 (0.46-1.0) [0.82 (0.52-1.4) |0.93 (0.49-1.9) |Pem

0.67 (0.44-1.0) [0.82 (0.50-1.5) |0.93 (0.48-2.0) |1.0(0.55-1.8) |lpi+CT

0.65 (0.43-0.98) | 0.79 (0.47-1.3) |0.90 (0.45-1.8) |0.96 (0.52-1.6) | 0.96 (0.50-1.7) |Niv + Ipi

0.51 (0.29-0.91) | 0.62 (0.35-1.1) |0.70 (0.31-1.6) |0.76 (0.35-1.5) | 0.76 (0.34-1.6) |0.79 (0.37-1.7) |Dur + Tre

0.54 (0.38-0.75) [ 0.65 (0.48-0.88) | 0.74 (0.48-1.13)| 0.79 (0.59-1.1) | 0.80 (0.57-1.12) | 0.83 (0.60-1.14) [ 1.05 (0.63-1.76) [CT

0.49 (0.30-0.82) [ 0.60 (0.37-0.98) | 0.68 (0.35-1.3) |0.73 (0.41-1.2) [0.73 (0.40-1.3) |[0.76 (0.49-1.2) [0.96 (0.47-2.0) |0.92 (0.64-1.3) |Niv

c. OR with 95%ClI for SAEs

Ate + Bev + CT

4(0.72-2.9) |Bev+CT
7 (0.58-5.1) 2(0.40-3.6) |lpi+CT
9 (0.94-3.7) 3(0.66-2.6) |[1.1(0.47-25) |Ate+CT
9 (1.1-7.4) 0(0.79-5.2) 7(0.72-3.8) [1.5(0.80-2.9) |Pem+CT
4 (1.5-8.1) 4(1.1-5.6) 0(1.0-4.1) 8(1.2-3.0) |0.86(0.53-1.3) |CT
7 (1.7-14.0) 3(1.2-10.0) 8 (1.1-7.6) 5 (1.2-6.0) 6 (0.80-3.9) 4(0.76-2.7)  |Niv + Ipi
2(1.8-17.0) 6 (1.3-12.0) 1(1.2-8.90) [2.8(1.3-7.0) 8(0.84-4.4) 5(0.80-3.2) |1.1(0.54-2.3) [Niv+CT
6.2 (2.0-20.0) 3 (1.4-14.0) 7(1.3-11.0) [3.3(1.3-8.5) 1(0.87-5.4) 8(0.81-4.0) |1.3(0.45-3.6) 2(0.39-3.3) |Dur + Tre
10.0 (3.8-27.0) [7.0(2.6-19.0) 0(@2.4-14.0) |53 @.7-11.0) [3.4 (1.8-6.9) 0(1.7-49) |2.13(1.3-3.6) [1.9(0.76-4.3) [1.6(0.62-4.1) |Pem
10.0 (3.2-33.0) |7.1 (2.2-23.0) 1(2.1-18.0) |[5.4 (2.2-14.0) |3.5(1.4-9.2) 0(1.3-6.9)  |2.15(1.0-4.5) 9(0.65-5.5) |1.6(0.72-3.9) [1.0(0.40-2.7) |Dur
11.0 (4.4-31.0) [7.8(38.1-22.0) |6.6(29-16.0) |5.9(3.1-13.0) |3.8(2.1-8.1) 3(2.0-56) |2.4(1.2-4.5) 1(1.0-4.3) [1.8(0.72-4.8) |1.1(0.57-2.4) |1.1(0.43-2.9) |Niv

Figure 3 Results of network meta-analysis. OS, overall survival; PFS, progression-free survival; SAEs, serious adverse events; HR,
hazard ratio; OR, odds ratio; CI, confidence interval; Pem, pembrolizumab; Ate, atezolizumab; Bev, bevacizumab; Dur, durvalumab; Ipi,

ipilimumab; Niv, nivolumab; Tre, tremelimumab; CT, chemotherapy.

most, and third-most effective treatments, respectively,
followed by Dur (0.65) and Ate + CT (0.49). With regard to
PFS, Pem + CT (0.96), Ate + CT (0.80), and Niv + CT (0.62)
were ranked the best, second-best, and third-best regimens,
respectively, followed by Pem (0.55) and Ipi + CT (0.53). As
for SAEs, Niv was ranked as the least toxic regimen (0.07),
followed by Dur (0.11) and Pem (0.12); Ate + Bev + CT (0.98)
was ranked as the highest toxic regimen.

Subgroup analyses

Results of subgroup analyses are shown in Figure 4 (SUCRA

© Journal of Thoracic Disease. All rights reserved.

score is shown in brackets). Subgroup analyses for non-
squamous cell carcinoma (NSCC) and squamous cell
carcinoma (SCC) were conducted in 9 trials with 4,683
patients and 8 trials with 2,804 patients, respectively.
Patients with NSCC had a significant OS advantage when
treated with Pem + CT, Ate + Bev + CT, and Ate + CT
compared with CT, and Pem + CT was superior to other
ICI-based treatments. Pem + CT, Ate + CT, Pem, and Niv
+ Ipi were more effective than CT in terms of PFS. For
patients with SCC, Pem + CT and Pem were more effective
than CT in terms of PFS, but no treatment showed a
significant OS advantage over CT.
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Table 3 SUCRA values for three outcomes

Outcome Treatment SUCRA
(OF] Pem + CT 0.98
Pem 0.70
Ate + Bev + CT 0.67
Dur 0.65
Ate + CT 0.49
Dur + Tre 0.48
Ipi + CT 0.47
Bev + CT 0.25
CT 0.17
Niv 0.13
PFS Pem + CT 0.96
Ate + CT 0.80
Niv + CT 0.62
Pem 0.55
Ipi + CT 0.53
Niv + Ipi 0.49
Dur + Tre 0.22
CT 0.21
Niv 0.12
SAEs Niv 0.07
Dur 0.11
Pem 0.12
Dur + Tre 0.31
Niv + CT 0.36
Niv + Ipi 0.41
CT 0.55
Pem + CT 0.62
Ate + CT 0.76
Ipi + CT 0.83
Bev + CT 0.87
Ate + Bev + CT 0.98

SUCRA, the surfaces under the cumulative ranking curve; OS,
overall survival; PFS, progression-free survival; SAEs, serious
adverse events; Pem, pembrolizumab; Ate, atezolizumab; Bev,
bevacizumab; Dur, durvalumab; Ipi, ipilimumab; Niv, nivolumab;

Tre, tremelimumab; CT, chemotherapy.
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In the subgroup with >50% PD-L1 expression (8 trials
with 1,747 patients), Pem + CT and Pem had significant
OS and PFS advantage over CT, and Ate + CT was
more effective than CT in terms of PFS; Pem + CT was
superior to Pem in PFS but not OS. For patients with
PD-L1 expression of <50% (7 trials with 3,330 patients),
OS advantage over CT was still observed for Pem + CT
but not for Pem; Pem + CT, Niv + Ipi, Ate + CT, and
Niv + CT had PFS advantage over CT; Pem + CT had a
significant OS advantage over Pem. For subgroup of PD-
L1 expression 1-49%, Pem + CT showed significant OS
(HR =0.56, 95% CI: 0.34-0.93) and PFS (HR =0.56, 95%
CI: 0.43-0.73) advantage over CT; Ate + CT was superior
to CT in term of PFS (HR =0.70, 95% CI: 0.58-0.84). For
patients with PD-L1 expression of <1%, Pem + CT was also
more effective than CT either in OS (HR =0.60, 95% CI:
0.43-0.83) or PFS (HR =0.72, 95% CI: 0.50-0.97); Niv
+ Ipi (HR =0.48, 95% CI: 0.25-0.94) and Ate + CT
(HR =0.67, 95% CI: 0.51-0.86) showed significant PFS
advantage over CT.

In case of OS, Pem + CT was superior to CT for both
younger (<65 years) (9 trials with 2,877 patients) and older
patients (265 years) (9 trials with 2,826 patients); Pem
showed a significant OS advantage for younger patients
and a trend of OS advantage for older patients as well,
compared with CT. As for PFS, Pem + CT, Pem, Ate + CT,
and Niv + Ipi were more effective than CT in both two
groups (younger and older).

Discussion

This novel NMA assessed the comparative efficacy and
tolerability of all first-line ICI-based treatments for
advanced NSCLC patients with wild-type EGFR or ALK.
It showed that Pem + CT seemed to be more effective first-
line regimen compared with other ICI-based treatments.
Recently, Pem + CT has also demonstrated significant OS
advantage over CT alone (8-11). However, no head-to-head
comparison between the two regimens is available. In our
NMA, Pem + CT showed significant OS advantage over
Pem, Ate + CT, Ipi + CT, and Niv. Based on the treatment
ranking, Pem + CT had the highest probability of being
the most effective treatment in improving OS (98%) and
PFS (96%), with similar toxicities to CT. Pem was ranked
the second-best regimen for OS with a lower risk of SAEs,
when compared to Pem + CT.
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a. Non-SCC

HR with 95% Cl for OS

Pem + CT (1.0)*

0.70 (0.50-0.99)

Ate + Bev + CT (0.79)

(
0.63 (0.47-0.83) | 0.90 (0.74-1.1) Ate + CT (0.63)
0.58 (0.44-0.78) | 0.83 (0.61-1.1) 0.93 (0.73-1.2) Pem (0.49)
0.55 (0.39-0.78) | 0.78 (0.64-0.96) 0.88 (0.72-1.1) | 0.94 (0.69-1.3) | Bev + CT (0.36)
0.50 (0.40-0.63) | 0.72 (0.56-0.92) 0.80 (0.68-0.93) | 0.86 (0.72-1.0) | 0.91 (0.71-1.2) | CT (0.20)
0.43 (0.30-0.60) | 0.61 (0.43-0.87) 0.68 (0.51-0.92) | 0.74 (0.54-1.0) | 0.78 (0.55-1.1) | 0.85 (0.66-1.1) | Niv (0.04)
HR with 95% CI for PFS
Pem + CT (0.83)
0.95 (0.64-1.4) | Pem (0.73)
0.95 (0.63-1.4) | 1.0 (0.60-1.6) Niv + Ipi (0.73)
0.84 (0.67-1.0) | 0.88(0.61-1.3) 0.88 (0.60-1.3) Ate + CT (0.51)
0.52 (0.44-0.62) | 0.55(0.39-0.78) 0.55 (0.38-0.80) | 0.62 (0.55-0.71) | CT (0.20)
0.40 (0.30-0.54) | 0.43 (0.28-0.65) 0.43 (0.28-0.66) | 0.48 (0.37-0.63) | 0.78 (0.61-0.98)| Niv (0.00)
b. SCC
HR with 95% CI for OS
Pem + CT (0.72)
0.86 (0.34-2.2) | Ipi + CT (0.60)
0.85(0.31-2.4) | 0.99 (0.39-2.5) Pem (0.58)
0.78 (0.26-2.3) | 0.91 (0.34-2.4) 0.91 (0.31-2.7) Niv (0.50)
0.67 (0.24-1.86) | 0.77 (0.31-1.9) 0.78 (0.28-2.1) 0.85(0.29-2.5) | Ate + CT (0.35)
0.64 (0.31-1.33) | 0.74 (0.42-1.3) 0.75(0.37-1.5) | 0.82(0.37-1.8) | 0.96 (0.47-1.9) | CT (0.25)
HR with 95% CI for PFS
Pem (0.93)
0.63 (0.25-1.6) | Pem + CT (0.72)
0.56 (0.20-1.5) | 0.89 (0.42-1.9) Niv + Ipi (0.59)
0.49 (0.20-1.2) | 0.79 (0.43-1.4) 0.89 (0.43-1.8) Ate + CT (0.49)
0.44 (0.18-1.1) | 0.71(0.40-1.2) 0.79 (0.39-1.6) 0.89 (0.52-1.5) Ipi + CT (0.37)
0.42 (0.16-1.1) | 0.67 (0.33-1.4) 0.76 (0.33-1.7) 0.86 (0.42-1.7) | 0.96 (0.49-1.9) | Niv (0.33)
0.35 (0.16-0.79) | 0.56 (0.36-0.86) 0.63 (0.34-1.2) 0.71(0.47-1.1) | 0.79 (0.55-1.1) | 0.83 (0.47-1.5) | CT (0.08)

c. PD-L1 expression of 250%

HR with 95% CI for OS

Pem + CT (0.95)

0.75 (0.51-1.1) | Pem (0.65)

0.72 (0.43-1.2) | 0.95(0.63-1.4) Ate + CT (0.58)

0.56 (0.34-0.93) | 0.74 (0.50-1.1) 0.78 (0.47-1.3) Niv (0.24)

0.50 (0.35-0.72) | 0.67 (0.56-0.79) 0.70 (0.48-1.0) 0.90 (0.63-1.3) | CT (0.08)
HR with 95% CI for PFS

Pem + CT (0.96)

0.77 (0.46-1.3) | Ate + CT (0.77)

0.55 (0.34-0.88) | 0.72 (0.45-1.1) Pem (0.51)

0.36 (0.25-0.53) | 0.47 (0.33-0.68) 0.66 (0.49-0.89) | CT (0.15)

0.34 (0.19-0.62) | 0.44 (0.25-0.80) 0.62(0.36-1.1) | 0.93 (0.58-1.5) | Niv (0.11)
d. PD-L1 expression of < 50%

HR with 95% CI for OS

Pem + CT (1.0)

0.64 (0.47-0.87) | Ate + CT (0.47)

0.63 (0.45-0.89) | 0.98 (0.73-1.3) Pem (0.41)

0.58 (0.45-0.74) | 0.91 (0.76-1.1) 0.92 (0.72-1.2) | CT(0.13)

HR with 95% CI for PFS

Niv + Ipi (0.89)

0.76 (0.40-1.4) | Pem + CT (0.69)

0.69 (0.38-1.3) | 0.92(0.72-1.2) Ate + CT (0.51)

0.65 (0.33-1.3) | 0.86 (0.60-1.2) 0.93 (0.68-1.3) Niv + CT (0.40)

0.48 (0.26-0.87) | 0.63 (0.52-0.78) 0.69 (0.60-0.79) | 0.74 (0.55-0.99) | CT (0.01)
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e. PD-L1 expression of 1-49%
HR with 95% Cl for OS

Pem + CT (0.95)
0.61(0.28-1.30) | Pem (0.43)
0.56 (0.28-1.12) | 0.92 (0.44-1.93) Ate + CT (0.33)
0.56 (0.34-0.93) | 0.92 (0.52-1.62) 1.0 (0.62-1.60) CT (0.30)
HR with 95% CI for PFS
Pem + CT (0.96)
0.80 (0.57-1.1) | Ate + CT (0.54)
0.56 (0.43-0.73) | 0.70 (0.58-0.84) CT (0.00)
f. PD-L1 expression of <1%
HR with 95% CI for OS
Pem + CT (0.98)
0.72 (0.49-1.05) | Ate + CT (0.50)
0.60 (0.43-0.83) | 0.83 (0.68-1.02) CT (0.02)
HR with 95% CI for PFS

Niv + Ipi (0.88)

0.72 (0.35-1.48) | Ate + CT (0.62)

0.67 (0.31-1.43) | 0.93 (0.60-1.44) Pem + CT (0.51)

0.65 (0.29-1.44) | 0.90 (0.55-1.48) 0.97 (0.56-1.68) | Niv + CT (0.46)

0.48 (0.25-0.94) | 0.67 (0.51-0.86) 0.72 (0.50-0.97) | 0.74 (0.48-1.10) | CT (0.03)

g. Younger patients

HR with 95% CI for OS
Pem + CT (1.0)
0.57 (0.41-0.79) | Pem (0.62)

(
0.56 (0.39-0.81) | 0.99 (0.72-1.3) Ipi + CT (0.59)
0.46 (0.36-0.60) | 0.81 (0.67-0.98) 0.82 (0.64-1.1) | CT (0.21)
0.41 (0.27-0.61) | 0.72 (0.50-1.0) 0.73 (0.49-1.1) | 0.88 (0.65-1.2) | Niv (0.08)

HR with 95% Cl for PFS
Pem + CT (0.91)

0.91(0.57-1.4) | Niv + Ipi (0.80)

0.76 (0.47-1.2) | 0.84 (0.47-1.5) Pem (0.62)

0.66 (0.50-0.87) | 0.73 (0.47-1.1) 0.87 (0.55-1.4) | Ate + CT (0.47)

0.46 (0.37-0.57) | 0.51 (0.34-0.76) 0.61 (0.40-0.93) | 0.70 (0.59-0.83) | CT (0.17)

0.40 (0.28-0.56) | 0.44 (0.27-0.72) 0.52 (0.31-0.87) | 0.60 (0.43-0.84) | 0.85 (0.64-1.1) | Niv (0.03)

h. Older patients
HR with 95% Cl for OS
Pem + CT (0.95)

0.84 (0.60-1.2) | Pem (0.73)

0.69 (0.53-0.91) | 0.82 (0.66-1.0) CT (0.29)

0.68 (0.48-0.98) | 0.81 (0.59-1.1) 0.99 (0.78-1.3) | Ipi + CT (0.29)

0.66 (0.44-1.0) | 0.79 (0.54-1.14) 0.96 (0.71-1.3) | 0.97 (0.66-1.4) | Niv (0.24)
HR with 95% CI for PFS

Pem (0.93)

0.76 (0.47-1.2) | Ate + CT (0.71)

0.73 (0.39-1.3) | 0.96 (0.60-1.5) Niv + Ipi (0.64)

0.66 (0.40-1.1) | 0.87 (0.66-1.1) 0.91 (0.56-1.5) Pem + CT (0.51)

0.45 (0.29-0.70) | 0.59 (0.50-0.71) 0.62 (0.40-0.96) | 0.68 (0.55-0.85) | CT (0.18)
0.37 (0.22-0.63) | 0.49 (0.35-0.69) 0.51 (0.30-0.86) | 0.57 (0.40-0.81) | 0.83 (0.62-1.1) | Niv (0.02)

( (
( (
( (
( (

Figure 4 Results of subgroup analyses. *, SUCRA score is shown in brackets. OS, overall survival; PFS, progression-free survival; SAEs,
serious adverse events; HR, hazard ratio; OR, odds ratio; CI, confidence interval; SCC, squamous cell carcinoma; Pem, pembrolizumab; Ate,

atezolizumab; Bev, bevacizumab; Dur, durvalumab; Ipi, ipilimumab; Niv, nivolumab; CT, chemotherapy.
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Bev has been reported to have immunomodulatory
effects through inhibition of vascular endothelial growth
factor (31-33). However, few studies have investigated
whether Bev can enhance the efficacy of ICIs in NSCLC.
More recently, a phase III trial evaluated the effect of the
combination of Ate, Bev, and CT (ABCP) in patients with
metastatic non-squamous NSCLC who had not previously
received CT (15,16). Patients in the ABCP group had
significantly improved median PFS (8.3 vs. 6.8 months;
HR =0.62, 95% CI: 0.52-0.74) and median OS (19.2 vs.
14.7 months; HR =0.78, 95% CI: 0.64-0.96) than patients in
the Bev + CT (BCP) group regardless of PD-L1 expression.
In the NMA, Ate + Bev + CT showed significant OS
advantage over C'T. Based on treatment ranking for OS, Ate
+ Bev + CT was ranked the third-most effective treatment.
However, Ate + Bev + CT resulted in a significantly higher
risk of SAEs than Pem + CT and Pem and seemed to be the
worst tolerated treatment.

Recently, anti-PD-1/PD-L1 antibodies combined with
CTLA-4 antibodies as the first-line treatment for advanced
NSCLC have also been assessed. In MYSTIC trial, first-line
Dur + Tre demonstrated clinically meaningful improvement
in OS vs. CT in metastatic NSCLC (median OS 16.3 vs.
12.9 months, P=0.036) (20). In another recent phase III trial
evaluating Niv + Ipi as first-line treatment in patients with
advanced NSCLC (13,14), median PFS was significantly
longer with Niv + Ipi than with CT among patients
with a high tumor having activating mutations (7.2 vs.
5.5 months; HR =0.84, 95% CI: 0.73-0.98). In addition,
Niv + Ipi had better efficacy than Niv monotherapy (7.1 vs.
4.2 months; HR =0.75, 95% CI: 0.53-1.07). However,
the two combination regimens did not show OS or
PFS advantage over any other treatments in the NMA.
Nevertheless, there remains a need of head-to-head
comparison between the dual ICIs treatment and other
ICI-based regimens in patients with high tumor having
activating mutations.

Although ICIs have shown survival improvement in
comparison with CT in multiple phase III trials, there are
still different and discussed results about the correlation
with PD-L1 expression due to the multiple assays used, with
different antibodies, and different cut-off value for PD-L1
status. Whether PD-L1 expression is an ideal biomarker to
predict the efficacy of ICIs remains debatable. In our NMA,
Pem + CT was more effective than CT regardless of PD-
L1 expression, while Pem was superior to CT only for PD-
L1 with expression >50%. The results suggested that either
Pem monotherapy or in combination with CT might be
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considered for patients with PD-L1 expression of >50%,
while Pem + CT seemed to be a more effective regimen
for patients with PD-L1 expression of <50%. Recently,
tumor mutational burden (TMB) has also been assessed in
NSCLC (34) and appears to be a promising predictive
biomarker of the efficacy of ICIs. However, all neoantigens
do not have the same effect on tumor immunogenicity,
and a high intra-tumor neoantigen heterogeneity may be
associated with a shorter PFS with ICIs (35). Thus, the
predictive role of TMB for ICIs efficacy still has to be
validated in more clinical trials.

Unlike non-squamous NSCLC, there is no particularly
effective treatment for patients with advanced squamous
NSCLC due to unavailability of approved targeted agents,
and platinum-based doublet CT remains the standard
first-line treatment. Recently, ICIs have been assessed in
advanced squamous NSCLC as the first-line setting, but
with inconsistent outcomes. Several phase III trials have
shown that first-line treatment of Pem monotherapy or
in combination with CT had longer OS or PFS than CT
alone for advanced squamous NSCLC (5-7,9). However, no
survival benefit was observed from Niv monotherapy, Ate +
CT, and Ipi + CT in other phase III trials (12,19,21,22). In
our NMA, Pem or Pem + CT was more effective than CT
in term of PFS, while no significant difference in OS was
observed between CT and any of the ICI-based treatments.
Efficacy of ICIs for advanced squamous NSCLC needs
further investigation.

ICIs have not been specifically assessed in older patients.
Expression of PD-1 was found to be increased in T cells of
older adults and its blockade did not restore T cell activity
to the same extent as in younger adults (36-38). A meta-
analysis in assessing the efficacy of PD-1/PD-L1 antibodies
in older patients with metastatic solid tumors showed
that PD-1/PD-L1 antibodies had comparable efficacy in
younger vs. older patients (39). In our NMA, improvement
in survival associated with the use of ICIs was similar
between younger and older patients.

Two recent NMAs have also estimated the efficacy of
first-line ICIs for advanced NSCLC (40,41) including a
study by Frederickson ez al. (40) with 27 trials. However,
only 7 trials assessed the efficacy of three anti-PD-1/PD-L1
antibody-based treatments; the remaining trials were those
comparing different CT regimens or those comparing CT
with Bev + CT. Moreover, most of the patients were with
unknown status for targetable mutations. Likewise, in the
study of Wang ez al. (41), only 9 trials assessing three anti-
PD-1/PD-L1 antibody-based regimens were included. ICIs
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of CTLA-4 antibodies and combination therapy of anti-
PD-1/PD-L1 antibodies with CTLA-4 antibodies were not
assessed in the two studies. In our NMA, 14 RCTs with 10
first-line ICI-based treatments were included, including four
anti-PD-1/PD-L1 antibody-based regimens, two CTLA-
4 antibody-based regimens, and two combination therapies
of anti-PD-1/PD-L1 antibodies with CTLA-4 antibodies.
Most of the patients were with wild type EGFR or ALK,
and only a few SCC patients were with unknown status for
EGEFR or ALK. Moreover, we performed subgroup analyses
for PD-L1 expression of >50% or <50%, squamous/non-
squamous, and younger/older patients. Thus, the present
NMA would be more comprehensive in assessing the
comparative efficacy and tolerability of ICIs, when compared
with previously reported meta-analysis (40,41).

There are several limitations in this NMA. First, data
were collected and analyzed based on results reported
from trials, and not on individual patient data. Second,
the diversity of the compared studies in terms of the
enrolled population (PD-L1 expression status, histological
types, and CT regimens) might lead to heterogeneity
and inconsistency, even though subgroup analyses had
been performed. Moreover, some included trials reported
immature OS data, and the median follow-up for most of
the trials was generally short. These limitations do not allow
us to reach definitive conclusions about the superiority of
one treatment over another. Finally, the toxicity criteria
used in some RCTs were not consistent with the others,
which would also result in heterogeneity.

Conclusions

Pem + CT seemed to be more effective first-line regimen
for advanced NSCLC with wild-type EGFR or ALK,
especially for patients with NSCC. However, limitations of
the study including methodological quality and immature
OS data need to be considered.
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Supplementary

Table S1 PRISMA NMA checklist of items to include when reporting a systematic review involving a network meta-analysis

Section/topic ltem # Checklist item ::EZ::?#
Title
Title 1 Identify the report as a systematic review incorporating a network meta-analysis (or related form of meta-analysis) 1
Abstract
Structured summary 2 Provide a structured summary including, as applicable: 1
Background: main objectives
Methods: data sources; study eligibility criteria, participants, and interventions; study appraisal; and synthesis methods, such as network meta-analysis
Results: number of studies and participants identified; summary estimates with corresponding confidence/credible intervals; treatment rankings may also be
discussed. Authors may choose to summarize pairwise comparisons against a chosen treatment included in their analyses for brevity
Discussion/conclusions: limitations; conclusions and implications of findings
Other: primary source of funding; systematic review registration number with registry name
Introduction
Rationale 3 Describe the rationale for the review in the context of what is already known, including mention of why a network meta-analysis has been conducted 2
Objectives 4 Provide an explicit statement of questions being addressed, with reference to participants, interventions, comparisons, outcomes, and study design (PICOS) 2
Methods
Protocol and registration 5 Indicate whether a review protocol exists and if and where it can be accessed (e.g., Web address); and, if available, provide registration information, including registration NA
number
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for 2
eligibility, giving rationale. Clearly describe eligible treatments included in the treatment network, and note whether any have been clustered or merged into the same
node (with justification)
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched 2
Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated 2
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis) 2
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators 2
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made 2
Geometry of the network S1 Describe methods used to explore the geometry of the treatment network under study and potential biases related to it. This should include how the evidence base has 2
been graphically summarized for presentation, and what characteristics were compiled and used to describe the evidence base to readers
Risk of bias within individual 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this 2
studies information is to be used in any data synthesis
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). Also describe the use of additional summary measures assessed, such as treatment rankings 2-3
and surface under the cumulative ranking curve (SUCRA) values, as well as modified approaches used to present summary findings from meta-analyses
Planned methods of analysis 14 Describe the methods of handling data and combining results of studies for each network meta-analysis. This should include, but not be limited to: 2-3
Handling of multi-arm trials
Selection of variance structure
Selection of prior distributions in Bayesian analyses; and
Assessment of model fit
Assessment of inconsistency S2 Describe the statistical methods used to evaluate the agreement of direct and indirect evidence in the treatment network(s) studied. Describe efforts taken to address its 2-3
presence when found
Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies) 2-3
Additional analyses 16 Describe methods of additional analyses if done, indicating which were pre-specified. This may include, but not be limited to, the following: 3
Sensitivity or subgroup analyses
Meta-regression analyses
Alternative formulations of the treatment network; and
Use of alternative prior distributions for Bayesian analyses (if applicable)
Results’
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram 3
Presentation of network structure S3 Provide a network graph of the included studies to enable visualization of the geometry of the treatment network 6
Summary of network geometry S4 Provide a brief overview of characteristics of the treatment network. This may include commentary on the abundance of trials and randomized patients for the different 3
interventions and pairwise comparisons in the network, gaps of evidence in the treatment network, and potential biases reflected by the network structure
Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations 4
Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment 3
Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (I) simple summary data for each intervention group, and (ll) effect estimates and confidence 3-4
intervals. Modified approaches may be needed to deal with information from larger networks
Synthesis of results 21 Present results of each meta-analysis done, including confidence/credible intervals. In larger networks, authors may focus on comparisons versus a particular 5
comparator (e.g., placebo or standard care), with full findings presented in an appendix. League tables and forest plots may be considered to summarize pairwise
comparisons. If additional summary measures were explored (such as treatment rankings), these should also be presented
Exploration for inconsistency S5 Describe results from investigations of inconsistency. This may include such information as measures of model fit to compare consistency and inconsistency models, P 6
values from statistical tests, or summary of inconsistency estimates from different parts of the treatment network
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies for the evidence base being studied 3
Results of additional analyses 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression analyses, alternative network geometries studied, alternative choice of ~ 7-10
prior distributions for Bayesian analyses, and so forth)
Discussion
Summary of evidence 24 Summarize the main findings, including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and 8,11,12
policy-makers)
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g., incomplete retrieval of identified research, reporting bias). Comment on the 12
validity of the assumptions, such as transitivity and consistency. Comment on any concerns regarding network geometry (e.g., avoidance of certain comparisons)
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research 12
Funding
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. This should also include NA

information regarding whether funding has been received from manufacturers of treatments in the network and/or whether some of the authors are content experts with
professional conflicts of interest that could affect use of treatments in the network

T, authors may wish to plan for use of appendices to present all relevant information in full detail for items in this section. PICOS, population, intervention, comparators, outcomes, study design; PRISMA, Preferred Reporting
ltems for Systematic Reviews and Meta-analysis; NMA, network meta-analysis.



Table S2 Search strategy

# Query

Search strategy in PubMed
#1 “Lung Neoplasms”[mh]

#2 Lung Neoplasms[tiab] OR Neoplasms, Lung[tiab] OR Lung Neoplasm(tiab] OR Neoplasm, Lung][tiab] OR Neoplasms, Pulmonary[tiab] OR
Neoplasm, Pulmonary[tiab] OR Pulmonary Neoplasm[tiab] OR Pulmonary Neoplasmsl[tiab] OR Lung Cancer[tiab] OR Cancer, Lung[tiab] OR
Cancers, Lung]tiab] OR Lung Cancers[tiab] OR Pulmonary Cancer[tiab] OR Cancer, Pulmonary[tiab] OR Cancers, Pulmonary[tiab] OR
Pulmonary Cancers[tiab] OR Cancer of the Lung[tiab] OR Cancer of Lung[tiab]

#3 “Carcinoma, Non-Small-Cell Lung”[mh]

#4 Carcinoma, Non Small Cell Lung][tiab] OR Carcinomas, Non-Small-Cell Lung[tiab] OR Lung Carcinoma, Non-Small-Cell[tiab] OR Lung
Carcinomas, Non-Small-Cell[tiab] OR Non-Small-Cell Lung Carcinomasltiab] OR Nonsmall Cell Lung Cancer[tiab] OR Non-Small-Cell Lung
Carcinomal[tiab] OR Non Small Cell Lung Carcinomaltiab] OR Carcinoma, Non-Small Cell Lung[tiab] OR Non-Small Cell Lung Cancer[tiab] OR
NSCLCltiab]

#5 #1 OR #2 OR #3 OR #4
#6 Advanced[tiab] OR Stage IV[tiab] OR Stage 4[tiab] OR Stage four[tiab] OR StagellIB[tiab] OR Metastatic[tiab] OR Metastasestiab]

#7 Programmed death ligand 1[tiab] OR PD-L1[tiab] OR Programmed death 1[tiab] OR PD-1[tiab] OR Anti-Programmed death ligand 1[tiab] OR
Anti-PD-L1[tiab] OR Anti-Programmed death 1[tiab] OR Anti-PD-1[tiab] OR Atezolizumab[tiab] OR Durvalumab][tiab] OR Nivolumabltiab] OR
Pembrolizumabl[tiab]

#8 Anti-Cytotoxic T-lymphocyte antigen 4[tiab] OR Anti-CTLA-4[tiab] OR Ipilimumabl[tiab] OR Tremelimumabltiab]
#9 Immunotherapy[tiab] OR Immune checkpoint inhibitors[tiab] OR ICl[tiab]

#10 #7 OR #8 OR #9

#11 First-line[tiab] OR Untreated[tiab] OR Chemotherapy naivel[tiab] OR Frontline[tiab] OR Treatment naive[tiab]
#12 Randomized Controlled Tial[pt]

#13 Controlled Cinical Trial[pt]

#14 Randomized[tiab]

#15 Placeboltiab]

#16 Randomly[tiab]

#17 Trial[tiab]
#18 Drug Therapy[sh]

#19 Groupsltiab]

#20 #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
#21 Animals[mh]

#22 Humans[mh]

#23 #21 NOT #22

#24 #20 NOT #23

#25 #5 AND #6 AND #10 AND #11 AND #24

Search strategy in Embase

#1 ‘lung cancer’/exp

#2 ‘non small cell lung cancer’/exp
#3 ‘non small cell’:ab,ti

#4 ‘nsclc’:ti,ab

#5 #1 OR #2 OR #3 OR #4
#6 ‘advanced’:ab,ti OR ‘stage IV’:ab,ti OR ‘stage 4’:ab,ti OR ‘stage four’:ab,ti OR ‘stagelllB’:ab,ti OR ‘metastatic’:ab,ti OR ‘metastases’:ab,ti

#7 ‘programmed death ligand 1’:ab,ti OR ‘PD-L1":ab,ti OR ‘programmed death 1’:ab,ti OR ‘PD-1":ab,ti OR ‘anti-programmed death ligand 1’:ab,ti
OR ‘anti-PD-L1":ab,ti OR ‘anti-programmed death 1’:ab,ti OR ‘anti-PD-1":ab,ti OR ‘atezolizumab’:ab,ti OR ‘durvalumab’:ab,ti
OR ‘nivolumab’:ab,ti OR ‘pembrolizumab’:ab,ti

#8 ‘anti-cytotoxic T-lymphocyte antigen 4’:ab,ti OR ‘anti-CTLA-4":ab,ti OR ‘ipilimumab’:ab,ti OR ‘tremelimumab’:ab,ti
#9 ‘immunotherapy’:ab,ti OR ‘immune checkpoint inhibitors’:ab,ti OR ‘ICI’:ab,ti

#10 #7 OR #8 OR #9

#11 “first-line’:ab,ti OR ‘untreated’:ab,ti OR ‘chemotherapy naive’:ab,ti OR ‘frontline’:ab,ti OR ‘treatment naive’:ab,ti
#12 ‘trial’:ab, ti

#13 ‘random*’:ab, ti

#14 ‘clinical trial’’de OR ‘controlled clinical trial’/de OR ‘randomized controlled trial’/de

#15 #12 OR #13 OR #14

#16 #5 And #6 And #10 And #11 And #15

Search strategy in Cochrane Library

#1 MeSH descriptor: [Carcinoma, Non-Small-Cell Lung] explode all trees

#2 MeSH descriptor: [Lung Neoplasms] explode all trees

#3 ((lung OR pulmon*) AND (neoplas* OR cancer OR carcinoma* OR tumour* or tumor*))
#4 non-small cell*

#5 non small cell*

#6 nonsmall cell*

#7 Nsclc

#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7
#9 (advanced OR stage IV OR stage 4 OR stage four OR stagelllB OR metastatic OR metastases):ti,ab

#10 (programmed death ligand 1 OR PD-L1 OR programmed death 1 OR PD-1 OR anti-programmed death ligand 1 OR anti-PD-L1 OR anti-pro-
grammed death 1 OR anti-PD-1 OR atezolizumab OR durvalumab OR nivolumab OR pembrolizumab):ti,ab

#11 (anti-cytotoxic T-lymphocyte antigen 4 OR anti-CTLA-4 OR ipilimumab OR tremelimumab):ti,ab
#12 (immunotherapy OR immune checkpoint inhibitors OR ICI):ti,ab

#13 #10 OR #11 OR #12

#14 (first-line OR untreated OR chemotherapy naive OR frontline OR treatment naive):ti,ab

#15 #8 AND #9 AND #13 AND #14

Search strategy in Web of Science

#1 TS=(“lung cancer” OR “non-small cell lung cancer” OR NSCLC OR ((lung OR pulmon*) AND (neoplas* OR cancer OR carcinoma* OR tumour* or
tumor®)))
#2 TS=(“advanced” OR “stage IV’ OR “stage 4” OR “stage four” OR “stagelllB” OR “metastatic” OR “metastases”)

#3 TS=(“programmed death ligand 1” OR “PD-L1 OR programmed death 1” OR “PD-1" OR “anti-programmed death ligand 1” OR “anti-PD-L1”
OR “anti-programmed death 1” OR “anti—-PD-1” OR “atezolizumab” OR “durvalumab” OR “nivolumab” OR “pembrolizumab”)

#4 TS=(“anti-cytotoxic T-lymphocyte antigen 4” OR “anti—-CTLA-4” OR “ipilimumab” OR “tremelimumab”)
#5 TS=(“immunotherapy” OR “immune checkpoint inhibitors” OR “ICI”)

#6 #3 OR #4 OR #5

#7 TS=("first-line” OR “untreated” OR “chemotherapy naive” OR “frontline” OR “treatment naive”)

#8 TS=(“randomized controlled trial” OR “controlled clinical trial” OR “clinical trial” OR “random*” OR “rct*” OR “crossover” OR “masked” OR “blind*”
OR “placebo*”)

#9 #1 AND #2 AND #6 AND #7 AND #8
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Figure S1 Assessment of risk of bias (5-22). (A) Methodological quality graph: authors’ judgment about each methodological quality item
presented as percentages across all included studies; (B) methodological quality summary: authors’ judgment about each methodological

quality item for each included study. “+” low risk of bias; “?” unclear risk of bias; “~” high risk of bias.
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Figure S2 Comparison-adjusted funnel plots of publication bias test for overall survival. Pem, pembrolizumab; Ate, atezolizumab; Bev,

bevacizumab; Dur, durvalumab; Ipi, ipilimumab; Niv, nivolumab; Tre, tremelimumab; CT, chemotherapy.

Figure S3 Inconsistency evaluation by node-splitting analyses. (A) progression-free survival; (B) serious adverse events. Niv, nivolumab; Ipi,
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