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ABSTRACT
This network meta-analysis (NMA), based on one phase II and nine phase III studies, involving 6,124 patients
with metastatic NSCLC, indirectly compares Atezolizumab + Bevacizumab + chemotherapy (ABC),
Atezolizumab + chemotherapy (AC), Pembrolizumab + chemotherapy (PC), Pembrolizumab alone,
Bevacizumab + chemotherapy (BC) and chemotherapy alone. Each of these is recommended as front-line
interventions, according to the US FDA and the European Medicines Agency (EMA) for advanced NSCLC
without EGFR mutation or ALK rearrangement. Studies were identified through PubMed, EMBASE, the
Cochrane Library, Medline, and abstracts found in oncology articles. Primary endpoints, i.e., progression-
free survival (PFS) and overall survival (OS) with corresponding hazard ratios (HR), objective response rates
(ORR) and adverse event (AEs) with odds risk (OR) were pooled according to frequentist network meta-
analytical techniques. PD-L1 expression thresholds, as well as non-squamous/squamous were used to
determine subgroups. Immunotherapy plus chemotherapy appeared superior to Pembrolizumab alone
for PD-L1-high (i.e., TPS≥50%) NSCLC patients. BC might also be specifically recommended as an initial first-
line treatment for PD-L1-high, non-squamous NSCLC patients, since BC was not inferior to Pembrolizumab
alone. PC and ABC might be preferred for NSCLC patients with intermediate PD-L1 (1% ≤PD-L1, TPS<50%)
expression. BC can also be tentatively recommended specifically for PD-L1-intermediate, non-squamous
NSCLC patients. Combined immunotherapies can all be recommended for PD-L1-negative (i.e., TPS<1%)
NSCLC patients, although especially the ABC combination for non-squamous NSCLC patients, which was
superior to PC in regards of PFS. However, PC performed comparable to ABC in the whole population and in
all subgroup save this one. More predictive biomarkers could be factored into further analyses to help
identifying the most effective treatment regimens for specific patient groups.
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Introduction

Advanced non-small-cell-lung cancer (NSCLC) is one of the
leading causes of death worldwide and is the leading cause of
cancer-related mortality. All cancers can develop through
a variety of mechanisms and are capable of escaping both
specific and nonspecific immune attacks. The known immune
evasion mechanisms are usually similar, and can be identical
to the mechanisms which govern tolerance. This makes it
incredibly difficult to disentangle antitumor responses from
treatment-related adverse events. As such, there are a number
of approved therapies although efficacy varies substantially.
So, while new technologies and medicines emerge, researchers
and practitioners are looking to identify indicators which can
be used to ensure specific-combined therapies will maximize
the benefit for each patient.

Unfortunately, the predictive effect of interventions which
target and then block PD-1 (programmed cell death 1) and
PD-L1 (programmed cell death – ligand 1) pathways have

been inconclusive, overall. However, a modicum of evidence
is available which suggests that those diagnosed with meta-
static NSCLC and displaying PD-(L)1 over-expression may
encounter an increased benefit to combinations which include
immune checkpoint inhibitors that target PD-(L)1 pathways.1

At present, the optimal combination therapy for NSCLC
remains illusive which has led some to consider the prospec-
tive application of PD-(L)1 expression as a predictive biomar-
ker, thereby narrowing target populations.

Immune checkpoint inhibitors emerged with some positive
results in earlier-stage clinical studies which brought new opti-
mism for both patients and practitioners.2 Currently, evidence
suggests the single-agent Pembrolizumab (i.e. Keytruda), or
Pembrolizumab + chemotherapy (PC) are the most effective
first-line therapies for advanced NSCLC without oncogenic dri-
vers and in patients with PD-L1-high (PD-L1 TPS≥50%)
expression.3,4 Whereas for patients with PD-L1-intermediate
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expression (1%≤PD-L1 < 50%), PC is generally considered the
best option and Pembrolizumab alone is thought to be only an
acceptable option for patients who may be either unfit or unwill-
ing to receive chemotherapeutic interventions.5 Based on
IMpower 150, Atezolizumab (i.e., Tecentiq) + Bevacizumab
(i.e. Avastin), + chemotherapy (frequently referred to as ABC)
are also recommended by the US FDA and the European
Medicines Agency (EMA) as the first-line treatment of patients
without EGFR mutation or ALK rearrangement.

There are, of course, a number of approved alternative com-
binations. For example, AC is also commonly discussed with
patients as a first-line option.6 Likewise, BC, or chemotherapy
alone are considered standard approaches, implemented in an
effort to inhibit disease progression and to prolong the overall
survival of PD-L1-negative patients without oncogenic drivers.7

However, we are yet to determine which is the optimal interven-
tion for NSCLC, according to PD-L1 expression. Therefore, this
study is an attempt to identify the optimal intervention for
NSCLC by comparing the efficacy and safety of ABC, PC,
Pembrolizumab alone, BC, and chemotherapy alone. We
adopted a frequentist meta-analytical approach to compare
these approved first-line treatments for advanced NSCLC.
Subgroup analysis was conducted according to PD-L1 expres-
sion across the entire cohort. Non-squamous or squamous
NSCLC was categorized for further subgroup analysis.

Materials & methods

Study eligibility

Pubmed, Embase, the Cochrane Library and Medline, as well as
abstracts from major conference proceedings of the American
Society of Clinical Oncology (ASCO), the European Society of
Medical Oncology (EMSO), the American Association for
Cancer Research (AACR), and the World Conference on Lung
Cancer (WCLC) were searched from inception until
September 10, 2019. Eligible randomized controlled trials ana-
lyzing Pembrolizumab alone, or PC or AC, or ABC, or BC, with
chemotherapy alone, as first-line treatments for advanced
NSCLC were identified.

Randomized phase II or III studies focusing on
Pembrolizumab, PC, AC, or ABC treatments were eligible
for inclusion. The target population consisted of previously
untreated advanced/metastatic NSCLC patients. Outcomes
needed to be expressed as an objective response rate (ORR),
progression-free survival (PFS) or overall survival (OS) in
order to be included. Trials involving pretreated patients
were excluded.

Data extraction

Two investigators independently examined titles, abstracts,
and full texts to assess eligibility. Data were extracted into
a predefined spreadsheet. As well as extracting OS, PFS, and
ORR this network meta-analysis also includes an analysis of
adverse events associated with each intervention. Hazard ratio
(HRs) and corresponding 95% confidence intervals (CIs) for
OS and PFS were extracted. Likewise, dichotomous ORR data,

grade 1–5 adverse events (AEs) and grade ≥3 AEs were
clustered.

Trial characteristics information were also extracted for
critical appraisal. This included the number of participants,
demographics, clinicopathological characteristics and of
course, PD-L1 expression.

Quality assessment

Two independent reviewers evaluated selective outcome
reporting bias. Disagreements were discussed with a third
author. Quality judgment of selected reports were made fol-
lowing the Cochrane Collaboration’s risk of bias tool.8

Discrepancies were resolved through discussion with a third
independent reviewer.

Data analysis

Heterogeneity was analyzed across the eligible studies in terms
of trial characteristics. This NMA satisfies the technical
requirement that each treatment should be represented by at
least one clinical study which thereby creates viable compara-
tive network connections. A fixed-effect model was applied
because ABC and BC were evaluated in only one trial each.

Pooled PFS and OS estimates are presented with corre-
sponding HRs and 95%CI. Measures for dichotomous data
(i.e., ORR) and categorical data (i.e., AEs) were pooled with
odds ratio (ORs) and corresponding 95%CI. When the upper
or lower limit of 95%CI were both greater than one or alter-
natively less than one, this was considered statistically signifi-
cant. This is equivalent to p values<.05, which is generally
considered the threshold for statistical significance.

Additional subgroups were determined according to histology
(i.e., squamous/non-squamous) and levels of PD-L1expression
(i.e., PD-L1-high: PD-L1 ≥ 50%; PD-L1-negative: PD-L1 < 1%;
PD-L1-intermediate: 50%>PD-L1 ≥ 1%).

NMA is an open loop of evidence without direct compar-
ison between experimental groups, therefore we did not assess
statistical inconsistencies. Statistical analysis was carried out
using R.V3.4.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Studies included in the NMA

Ten trials, involving 6,124 patients met our eligibility criteria
(see the trial selection process presented in Additional file:
search strategies).9–22 The assessment of risk of bias is also
provided in Additional file: Figure S1 and Table S1. The
heterogeneity from the direct comparison in the Meta-
analysis was provided in Additional file: Table S2.

Study characteristics and outcomes of included trials are sum-
marized in Tables 1 and 2. Three trials investigated
Pembrolizumab versus chemotherapy, three trials investigated
PC versus chemotherapy alone and three trials investigated AC
versus chemotherapy. All trials, except IMpower 150, used stan-
dardized chemotherapeutic regimens according to practice
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guidelines. Only the IMpower 150 study, investigated ABC
versus BC versus AC.

All trials assessed PD-L1 expression with immunohisto-
chemical methods. The median follow-up time ranged from
7.8 months to 23.9 months. Nine trials provided PFS, OS, and
necessary toxicity data. ORR data was not reported in the
IMpower-132 trial and the KEYNOTE-042 study which took
place in China. ORR subgroup analysis according to PD-L1
expression was not reported in the IMpower-13014 and PFS
and OS subgroup analysis according to PD-L1 expression
were not reported in the KEYNOTE-021 trial.9,19 The
KEYNOTE-042 study conducted in China only analyzed OS
according to PD-L1 expression.23 A presentation of the net-
work is provided in Figure 2. Indirect comparisons between
ABC and PC or Pembrolizumab alone were connected
through the delivery of AC.

NMA for overall study cohort

The results and forest plots for indirect comparison are pre-
sented in Figure 1. and Additional file: Figure S1, 2, 3.

PD-L1 TPS≥50% cohort
For PD-L1-high patients, the ORR-NMA was based on seven
trials, whereas the PFS-NMA and OS-NMA are based on eight
separate trials. In terms of ORR, ABC appears inferior to PC, but
superior to AC and Pembrolizumab alone. ABC, PC, and
Pembrolizumab alone all performed significantly better
than BC and chemotherapy alone, expect Pembrolizumab
versus BC (OR 1.10, 95% CI 0.62–1.80). PC performed signifi-
cantly better than Pembrolizumab alone (OR 1.60, 95% CI 1.-
20–2.20). ABC and AC had inferior trends to PC but appears
superior to Pembrolizumab alone.

For PFS, all treatment groups were significantly superior
to BC and chemotherapy alone, expect Pembrolizumab
versus BC (HR 0.94, 95% CI 0.56–1.50) and BC versus

chemotherapy alone (HR 0.76, 95% CI 0.47–1.20). ABC, AC,
and PC all appear significantly superior to Pembrolizumab
alone. ABC performed significantly better than AC (HR 0.53,
95% CI 0.30–0.93) and appears superior to PC (HR 0.69, 95%
CI 0.34–1.40), while AC appears inferior to PC, overall.

For OS, AC, PC, and Pembrolizumab alone performed signifi-
cantly better than chemotherapy alone (HR 0.64, 95% CI 0.0.45–-
0.92 for AC, HR 0.50, 95% CI 0.35–0.73 for PC, HR 0.67, 95% CI
0.57–0.80 for Pembrolizumab alone). Although there was no
significant difference in effect between subgroups. In terms of
overall survival, PC appears superior to ABC, AC, BC, and
Pembrolizumab alone for patients with high PD-L1 expression.

Intermediate PD-L1 (1%≤PD-L1 < 50%) cohort
For PD-L1-intermediate patients, the ORR-NMA was based
on five trials, the PFS-NMA was based on six and OS-NMA
was based on seven trials. Pembrolizumab alone was not
analyzed using ORR or PFS due to the lack of data from
KEYNOTE-024, KEYNOTE-042 and the KEYNOTE-042
study conducted in China.

For ORR, ABC appears superior to PC, and was signifi-
cantly more effective than AC (OR 1.30, 95% CI
1.10–1.70), BC (OR 1.40, 95% CI 1.10–1.90) and chemother-
apy alone (OR 1.50, 95% CI 1.10–2.00). PC performed sig-
nificantly better than chemotherapy alone (OR 1.30, 95% CI
1.10–1.70), but appears only marginally superior to BC (ORR
1.30, 95% CI 0.81–2.10). AC appears inferior to PC but super-
ior to BC and chemotherapy alone.

In terms of PFS, ABC and PC both performed significantly
more effectively than BC (HR 0.55, 95% CI 0.42–0.73 for
ABC; HR 0.63, 95% CI 0.41–0.95 for PC) and chemotherapy
alone (HR 0.49, 95% CI 0.32–0.74 for ABC; HR 0.55, 95% CI
0.42–0.72 for PC). AC was also appears superior to che-
motherapy alone (HR 0.69, 95% CI 0.58–0.84); however,;
ABC appears superior to both PC and AC, and AC can be
considered inferior to PC.

Table 1. Study characteristics.

Source Histology
PD-L1

Expression
Treatment
Regimen

Median ages
(years)

mPFS
(months)

mOS
(months)

Median Follow-up Time
(months)

KEYNOTE-0219,19 Non-squamous All PC 62.50 13.00 NR 23.90
Chemo 63.20 8.90 NR 23.90

KEYNOTE-02411,20 Squamous and Non-
squamous

≥50% Pembro 64.50 10.30 30.00 25.20
Chemo 66.00 6.00 14.20 25.20

KEYNOTE-04212 Squamous and Non-
squamous

≥1% Pembro 63.00 7.10 20.00 12.80
Chemo 63.00 6.40 12.20 12.80

KEYNOTE-042 in
China23

Squamous and Non-
squamous

≥1% Pembro NR NR 20.00 11.30
Chemo NR NR 13.70 11.30

KEYNOTE-18910 Non-squamous All PC 65.00 8.80 NR 10.50
Placebo+Chemo 63.50 4.90 11.30 10.50

KEYNOTE-40713 Squamous All PC 65.00 6.40 15.90 7.80
Placebo+Chemo 65.00 4.80 11.30 7.80

IMpower-13014 Non-squamous All AC 64.00 7.00 18.60 18.50
Chemo 65.00 5.50 13.90 18.80

IMpower-13117,21 Squamous All AC 65.00 6.30 14.20 25.50
Chemo 65.00 5.60 13.50 25.50

IMpower-13218 Non-squamous All AC 64.00 7.60 18.10 14.80
Chemo 63.00 5.20 13.60 14.80

IMpower-15016,22 Non-squamous All ABC 63.00 8.40 19.80 13.50
AC 63.00 6.90 19.50 19.60
BC 63.00 6.80 14.90 19.70

Abbreviation: Pembro: pembrolizumab; Chemo: chemotherapy; Placebo+Chemo: placebo plus chemotherapy; PC: pembrolizumab plus chemotherapy; AC: atezoli-
zumab plus chemotherapy; ABC: atezolizumab plus bevacizumab plus chemotherapy; BC: bevacizumab plus chemotherapy. NR: not reported; PFS: progression-free
survival; OS: overall survival.
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For OS, ABC appears inferior to both PC and Pembrolizumab
alone, but appears superior to BC. AC was significantly inferior to
PC (HR 1.70, 95% CI 1.10–2.50), with only marginal superiority
over BC and chemotherapy alone. PC was significantly more
effective than Pembrolizumab alone (HR 0.63, 95% CI
0.43–0.91), BC (HR 0.44, 95% CI 0.25–0.74) and chemotherapy
alone (HR 0.56, 95%CI 0.40–0.78). Pembrolizumab alone appears
only marginally superior to BC and chemotherapy alone.

PD-L1 < 1% cohort
For patients with low PD-L1 expression, the ORR-NMA was
based upon five trials, the PFS-NMA based on six and the OS-
NMA based on five trials. Pembrolizumab alone was not
analyzed using ORR and PFS could not be analyzed due to
the lack of data from KEYNOTE-024, KEYNOTE-042, and
KEYNOTE-042 conducted in China. In terms of ORR, ABC
appears superior to PC, and was significantly more effective

than AC (OR 1.60, 95% CI 1.30–2.20), BC (OR 1.40, 95% CI
1.10–1.70) and chemotherapy alone (OR 2.20, 95% CI 1.50–-
3.20). PC appears superior to BC, and was significantly better
than chemotherapy alone (OR 1.70, 95% CI 1.40–2.20). AC
also appears inferior to both PC and BC, but appears superior
to chemotherapy alone.

For PFS, ABC (HR 0.47, 95% CI 0.33–0.67), AC (HR 0.69,
95% CI 0.59–0.81), PC (HR 0.72, 95% CI 0.56–0.92) and BC
(HR 0.63, 95% CI 0.48–0.82) were significantly more effective
than chemotherapy alone. ABC was significantly more effec-
tive than BC (HR 0.75, 95% CI 0.60–0.94), but not PC (HR
0.66, 95% CI 0.43–1.00). Overall, PC also appears inferior
to BC.

There was no significant difference in OS between ABC,
AC, PC, BC, and chemotherapy alone. Although PC appears
to be superior to chemotherapy alone (HR 0.60, 95% CI
0.43–0.83).
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Figure 1. Flow chart of study selection.
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Figure 2. Network structure for all the included trials. Each circular node represents a treatment type. The circle size is proportional to the total number of patients.
The width of lines is proportional to the number of studies performing head-to-head comparisons in the same study, and the dotted line is the indirect comparison
which was shown in this NWM.
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NMA for non-squamous NSCLC

ORR-NMA was not conducted for non-squamous NSCLC
due to the lack of data. The results and forest plots providing
indirect comparisons between treatments are however pre-
sented in Figure 4 and Additional file: Figure S4. 5.

PD-L1 ≥ 50% cohort
For PD-L1-high patients, the PFS-NMA and the OS-NMA
were based on six separate trials. ORR-NMA was not possible,
between ABC and PC or Pembrolizumab alone, because con-
nections could not be established due to the lack of AC data.
For PFS, ABC appears superior to PC; however,; these inter-
vention strategies were both significantly more effective than
Pembrolizumab alone (HR 0.37, 95% CI 0.19–0.75 for ABC;
HR 0.51, 95% CI 0.31–0.76 for PC), BC (HR 0.33, 95% CI
0.22–0.51 for ABC; HR 0.45, 95% CI 0.24–0.86 for PC) and
chemotherapy alone (HR 0.27, 95% CI 0.13–0.52 for ABC; HR
0.36, 95% CI 0.25–0.52 for PC). AC was significantly superior
to BC (HR 0.63, 95% CI 0.43–0.92) and chemotherapy alone
(HR 0.50, 95% CI 0.35–0.71). Pembrolizumab alone was mar-
ginally superior to BC (HR 0.89, 95% CI 0.51–1.50), but was
substantially more effective than chemotherapy alone (HR
0.71, 95% CI 0.60–0.83).

For OS, PC performed significantly better than BC (HR 0.38,
95% CI 0.16–0.87) and chemotherapy alone (HR 0.42, 95% CI
0.26–0.68). Pembrolizumab alone performed significantly better
than chemotherapy alone (HR 0.67, 95% CI 0.57–0.78). Although
there were no statistically significant difference between treatment
groups, except for those previously mentioned.

Intermediate PD-L1 (1%≤PD-L1 < 50%) cohort
For PD-L1-intermediate patients, the PFS-NMA was based on
four trials and OS-NMA on five trials. ORR-NMA was not
analyzed for PD-L1-high patients analysis due to the missing
AC connection. It was also not possible to analyze
Pembrolizumab alone in this cohort due to the lack of PFS
data.

For PFS, ABC appears superior to PC, AC, and was sig-
nificantly more effective than BC (HR 0.55, 95% CI 0.42–0.73)
and chemotherapy alone (HR 0.48, 95% CI 0.31–0.76). AC
(HR 0.69, 95% CI 0.54–0.89) and PC (HR 0.55, 95% CI
0.37–0.81) were significantly more effective than chemother-
apy, although there was only a marginal improvement com-
pared to BC (HR 0.79, 95% CI 0.61–1.00 for AC; HR 0.63,
95% CI 0.37–1.10 for PC). There were no significant differ-
ences among ABC, AC, and PC in terms of progression-free
survival.

For OS, PC appears superior to chemotherapy alone (HR
0.55, 95% CI 0.34–0.89). Although there was no significant
difference when comparing ABC, AC, PC, pembrolizumab
alone, BC, and chemotherapy.

PD-L1 < 1% cohort
For PD-L1-low patients, the PFS-NMA was based on four
trials and OS-NMA on three. ORR-NMA was not analyzed
due to the missing AC connection, for the same reason as for
the PD-L1-high expression analysis. Pembrolizumab alone
was also not analyzed due to the lack of data.

For PFS, ABC appears to provide a significant improvement
compared with AC (HR 0.68, 95% CI 0.50–0.93), PC (HR 0.56,
95% CI 0.34–0.93), BC (HR 0.75, 95% CI 0.60–0.94) and che-
motherapy alone (HR 0.42, 95% CI 0.29–0.61). AC (HR 0.62, 95%
CI 0.50–0.75) performed significantly better than chemotherapy
and appears superior to PC. Although PC appears inferior to BC
while being superior to chemotherapy alone. BC was significantly
more effective than chemotherapy alone (HR 0.56, 95% CI 0.42–-
0.75). PC appears superior to chemotherapy in terms of OS (HR
0.59, 95% CI 0.38–0.92). However, there was no significant differ-
ence among other interventions in terms of overall survival.

NMA for squamous non-small cell lung cancer

For PD-L1-high patients with squamous NSCLC, the ORR-
NMA, PFS-NMA, and OS-NMA were both based on separate
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Figure 3. ORR, PFS, and OS profiles for study cohort in the subgroup analysis based on PD-L1 expression. PD-L1-high (a,b), PD-L1-intermediate (c,d) and PD-L1-
negative (e,f) subgroup analysis according to network meta-analysis (NMA). Each cell contains the pooled odds ratios (OR) and 95% credibility intervals for ORR, and
the Hazard-Radio (HR) and 95% credibility intervals for PFS and OS; significant results are emboldened.
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five trials. The results and forest plots for indirect comparison
among treatment groups are presented in Figure 5. and in
Additional file: Figure S6,7, 8. NMA profiles for PD-L1-
intermediate and PD-L1-low are presented in Additional file:

Figure S6, 7, and 8. For ORR, PC (OR 1.80, 95% CI 1.30–2.70)
and Pembrolizumab alone (OR 1.30, 95% CI 1.10–1.60) per-
formed significantly better than chemotherapy alone. PC and
AC also appear superior to Pembrolizumab alone.
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Figure 4. PFS and OS comparison profiles for non-squamous NSCLC under subgroup analysis are based on PD-L1 expression. PD-L1-high (a), PD-L1-intermediate (b)
and PD-L1-negative (c) subgroup analysis according to network meta-analysis (NMA). Each cell contains the Hazard-Radio (HR) and 95% credibility intervals for PFS
and OS; significant results are emboldened.
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For PFS, PC was significantly more effective than
Pembrolizumab alone (HR 0.53, 95% CI 0.33–0.84) and che-
motherapy alone (HR 0.37, 95% CI 0.24–0.58). Pembrolizumab
appears to provide a significant benefit compared to chemother-
apy alone (HR 0.71, 95% CI 0.60–0.84). AC on the other hand
appears inferior to PC, yet superior to Pembrolizumab alone.

For OS, PC appears superior to Pembrolizumab alone.
Both AC (HR 0.56, 95% CI 0.32–0.99) and Pembrolizumab
alone (HR 0.67, 95% CI 0.57–0.80) performed significantly
more effectively than chemotherapy alone.

For patientswith intermediate PD-L1 expression,AC (HR0.70,
95% CI 0.53–0.92) and PC (HR 0.56, 95% CI 0.39–0.80) were
significantly more effective than chemotherapy in terms of PFS
and PC appears significantly superior to both chemotherapy alone
(HR 0.57, 95% CI 0.36–0.90) and AC in terms of overall survival.

For PD-L1-negative patients, PC appears significantly
superior to chemotherapy alone in terms of ORR (OR 1.50,
95% CI 1.20–2.10), PFS (HR 0.68, 95% CI 0.47–0.98) and OS
(HR 0.61, 95% CI 0.38–0.98). There was no identifiable dif-
ference among the other regimens included.

NMA for safety analysis

OR-NMAs were based on all 10 trials according to grade 1–5
AEs and clustered grade 3–5 AEs, as stipulated in the design.

Figure 6. highlights that those with low grade and grade 3–5
AEs perhaps benefit more from PC and Pembrolizumab alone
compared to BC (OR 0.95, 95% CI 0.91–0.99 for PC, OR 0.69,
95% CI 0.64–0.74 for Pembrolizumab alone for grade 1–5
AEs; OR 0.73, 95% CI 0.61–0.88 for PC, OR 0.33, 95% CI
0.26–0.42 for Pembrolizumab alone for grade 3–5 AEs).

ABC and AC appear significantly less safe than PC with an
OR 1.60 (95% CI 1.30–1.90 for grade 3–5 AEs for ABC) and
an OR 1.20 (95% CI 1.10–1.30 for grade 3–5 AEs for AC).
Pembrolizumab alone appears to be the safest intervention
among the regimens analyzed. All forest plots for indirect
comparisons are provided, in the Additional file: Figure S9.

Discussion

This indirect network meta-analysis was conducted to analyze
approved first-line treatments for advanced metastatic NSCLC
in patients, without EGFR mutation or ALK rearrangement,
according to PD-L1 expression. In patients with PD-L1-high
expression, we found PC, AC, and ABC are significantly superior
to Pembrolizumab alone, BC and chemotherapy alone, in terms of
progression-free survival. However, Pembrolizumab alone
appears marginally superior to BC in terms of ORR, PFS and
OS, while being significantly superior to chemotherapy alone.
There were no clear differences among the three combined
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Figure 5. ORR, PFS, and OS comparative profiles for PD-L1-high squamous NSCLC according to network meta-analysis (NMA). Each cell contains the pooled odds
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immunotherapies, expect for ABC, which appears significantly
superior to the AC in terms of progression-free survival.

These findings subtly changed when comparing these com-
binations for patients presenting with PD-L1-high expression
and non-squamous NSCLC. PC appears significantly superior
to Pembrolizumab alone according to PFS, while AC appears
comparatively less beneficial. However, these three combina-
tions all appear to be superior to chemotherapy alone. For
patients with PD-L1-high expression, immunotherapies com-
bined with chemotherapy should be generally preferred rather
than Pembrolizumab alone. However, BC may also be recom-
mended as the initial first-line treatment for PD-L1-high
patients with advanced non-squamous NSCLC since this
regime appears, at least equal to Pembrolizumab alone.

For patients with advanced NSCLC and intermediate PD-
L1 expression, chemotherapy appears to add benefit to
Pembrolizumab alone. PC also appears to provide an addi-
tional benefit compared to both BC and chemotherapy alone
in terms of overall survival. Although both ABC and PC
appear superior to BC and chemotherapy alone in progres-
sion-free survival. This further confirms that chemotherapy
alone is generally less effective across all sub-populations
suffering both non-squamous and squamous NSCLC.
However, the timing was not intercalated here and these
sequential data may provide more insight in further research
of this type.

When comparing the three included combination thera-
pies, AC appears to provide less benefit in overall survival
compared with PC and ABC in objective response rates.
However, for those with advanced non-squamous NSCLC
and intermediate PD-L1 expression, PC, and Pembrolizumab
alone performed only marginally better than BC but the ABC
combination appears superior to the BC combination. PC and
ABC may generally be preferred first-line treatments for PD-
L1-intermediate, advanced NSCLC patients; however,; this
evidence suggests that BC may also be recommended as an

initial first-line intervention for those with intermediate PD-
L1 expression and advanced, non-squamous NSCLC.

For PD-L1-negative, advanced NSCLC, all four combined
treatments once again appear significantly superior to che-
motherapy alone, in terms of progression-free survival. That
said, ABC appears statistically superior to PC, AC, BC, and
chemotherapy alone in terms of PFS. There was only marginal
superiority compared to PC in ORR and OS, and this is NMA
highlighted no statistical differences in efficacy between PC
and BC. The same appears to be true for PD-L1-negative
patients with advanced non-squamous NSCLC. Combined
immunotherapies should still be recommended for PD-L1-
negative patients with advanced NSCLC, but specifically
ABC ought to be administered as the initial first-line inter-
vention for PD-L1-negative patients with advanced non-
squamous NSCLC, which conflicts with previous conclusions.

Of course, the interventions included in this investigation
do not include the most recent additions to the NSCLC
treatment landscape. This is a rapidly evolving evidence base
and formally approved interventions are constantly being
added. For example, researchers at the 2019 World
Conference on Lung Cancer (WCLC), presented data for
a new potential first-line intervention. Their findings suggest
that Camrelizumab plus chemotherapy may result in
a substantial clinical benefit for those diagnosed with
advanced non-squamous NSCLC and with negative oncogenic
drivers, in terms of PFS, ORR and OS.24 This combination
may become an approved first-line therapy, although, further
clinical research is required because our forthcoming network
meta-analysis of PD-L1-high patients, appears to suggest that
Camrelizumab plus chemotherapy maybe inferior to both
ABC and PC, and appears only marginally superior to both
Pembrolizumab alone, and AC (data not provided here).

Likewise, reported in the 2019 European Society for Medical
Oncology (ESMO), researchers found that Nivolumab plus
Ipilimumab (NI) can improve overall survival for both PD-L1-
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Figure 6. Incidence of grade 1–5 AEs and grade ≥3 AEs comparative profiles according to network meta-analysis (NMA). Each cell contains the pooled odds ratios
(OR) and 95% credibility intervals for the incidence of AEs; significant results are emboldened. AEs: adverse events AE.
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high and PD-L1-negative patients in the Checkmate 227
study.25 They also found that Atezolizumab alone improved
PFS and OS for PD-L1-high patients with NSCLC in IMpower
110.26 However, findings from a related network meta-analysis
suggest that NI is inferior to other immunotherapeutic combi-
nations for PD-L1-high patients, yet appears superior to other
combinations for patients with PD-L1-negative expression.
They also found Atezolizumab to be inferior to ABC and PC
while appearing superior to chemotherapy alone and NI in PFS
and OS. These data were not included here but maybe included
in an update, pending approval. What this does perhaps high-
light, is the diversity of responses to immune checkpoint inhi-
bitors and chemotherapy.

Chemotherapeutics tend to either enhance immunogenicity or
can eliminate immunosuppressive cells while potentially repro-
gramming certain elements of the tumormilieu. It is important for
us to differentiate these effects as we move forward because che-
motherapeutics can delay the occurrence of drug resistance,
thereby potentially redefining survival. Consistently, meta-
analytical studies confirm that adding chemotherapy to first-line,
immune checkpoint inhibitors such as, Pembrolizumab improves
treatment efficacy for patients with advanced NSCLC.27,28 This
can be partially explained by the synergistic effects of combined
immunotherapies with chemotherapy-induced neoantigen
release.29 Although not all immune checkpoint inhibitors are the
same. Nivolumab and Pembrolizumab are specifically PD-1
antagonists whereas Durvalumab and Atezolizumab were
designed to bind the PD-1, PD-L1 ligand. This could be further
used to attenuate effects for specific NSCLC subpopulations
although further research is necessary.

Meta-analyses have demonstrated that combining chemother-
apy with either Atezolizumab or Pembrolizumab shown consis-
tently improved benefit compared to any other immune
checkpoint inhibitor combination, such as Ipilimumab plus
chemotherapy,30 Ipilimumab plus Nivolumab, Nivolumab plus
chemotherapy,31 andDurvalumab plus tremelimumab,32 as initial
first-line treatments for advanced NSCLC patient. BC is also not
inferior to Pembrolizumab for PD-L1-high patients and not infer-
ior to PC for PD-L1-intermediate patients30 although this may be
because Bevacizumab has an anti-angiogenic capacity with immu-
nomodulatory effects. This may encourage immune reprogram-
ming of the tumor micro-environment which may convert an
immune-suppressive action to an immune-permissive one. Again
though, it appears necessary to link studies more closely so that
basic medical knowledge can be used consequentially for selecting
participants for global phase II and III trials.

Another example of when biomarkers could be incorporated
to align patients with specific treatments to maximize benefit can
be seen in Bevacizumab-induced tumor vascular normalization,
which theoretically, promotes T cells infiltration, thereby increas-
ing sensitivity to checkpoint inhibitor-based therapies. This
mechanism of action is particularly prominent in the ABC com-
bined intervention, which improves progression-free survival for
PD-L1-negative patients with advanced non-squamous
NSCLC.33,34 However, previous studies have shown there is no
additional benefit in immune checkpoint inhibitor treatments
which block PD-1 and PD-L1 compared to chemotherapy in
EGFR-positive patients.35-37 Also, lower prevalence of PD-L1
expression in EGFR-positive patients compared to those with

wild-type expression suggests clinical benefit may not be deter-
mined by high PD-L1 expression alone. The US FDA and the
EMA recommend the included interventions for advanced
NSCLC without EGFR mutations and ALK rearrangements.
This further acknowledges the possibility of aligning patients to
specific therapeutic combinations according to predictive biomar-
kers, although further systematic studies are required.

While evidence appears to confirm that there is a benefit to
applying anti-PD1/PD-L1 inhibitors according to PD-L1
expression;9 PD-L1 expression alonemay not be themost effective
biomarker for selecting patients for immunotherapy.37

Pembrolizumab (a PD-1 inhibitor) plus chemotherapy appears
superior to Atezulizumab (a PD-L1 inhibitor) plus chemotherapy
in this indirect comparison. A potential biological explanation for
this is that Pembrolizumab simultaneously blocks binding
between PD1 receptors and both corresponding ligands, PD-L1
and PD-L2, while Atezolizumab was designed to block only the
PD-L1. This biological knowledge could be combined and used in
conjunction with phase III clinical evidence to further explore the
subtle differences within study cohorts. Again, this appears to be
the next logical step if we are to align specific-combined interven-
tions, with sequencing, to specific populations.

This study revealed a significantly lower incidence of grade
3–5 AEs among those administer with Pembrolizumab alone
and PC compared with ABC, AC, and BC combinations.
Pembrolizumab alone appears to be the best tolerated among
all the combinations analyzed here, with a lower incidence of all
grade, and grade 3–5 AEs. As such, Pembrolizumab might also
be recommended specifically for the older patients or for those
considered to be in relatively poor-condition with high PD-L1
expression. Also based on this study, PC maybe for those
patients in poor condition, with intermediate or negative PD-
L1 expression. However, it is important to mention the limita-
tions associated with approved anti-PD-L1 IHC assays.

KEYNOTE studies utilize the 22C3 pharmDx assay to detect
TPS, which is defined according to the percentage of tumor cells
found within membranous PD-L1 staining.38 While, IMpower
studies implement SP142 assaying technologies to detect PD-L1
expression on tumor cells and tumor-infiltrating immune
cells.14,16,39 The difference between these detection methods
and the corresponding thresholds might lead to patient misclas-
sification, impacting on outcomes overall.

This was not the only limitation we encountered during this
meta-analysis. Our study relied on published results rather than
on individual patient data which actually reduces precision.
There is also presently only one IMpower 150 study which
randomized participants directly to either ABC and BC treat-
ments. Unfortunately, this exception highlights the lack of data
from head-to-head comparisons of these immunotherapeutic
combinations. BC is currently recommended as the initial first-
line therapy to be tried for advanced NSCLC, based on improved
survival observed in the BEYOND and AVAIL studies.40,41

However, this NMA suggests BC will only improve progression-
free survival for patients with PD-L1-negative expression. This
discrepancy might have manifested through low reporting qual-
ity, because several studies failed to report sub-grouping and
outputs such as ORR, PFS, or OS. The studies included were
heterogeneous in terms of study location, population, number of
patients of different studies, basal conditions and in the
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difference between PD-L1 detection methods and the corre-
sponding thresholds. This is something we must address as
a research community, because subtle differences may be used
to align both combinations and treatment regimens to specific
populations, and perhaps in the future to individuals.

Conclusion

Evidence from this study suggests combined immunotherapies are
superior to Pembrolizumab alone for PD-L1 ≥ 1% but especially
for PD-L1 ≥ 50%. For advanced non-squamous NSCLC, BC can
also be recommended as an initial first-line treatment for PD-
L1 ≥ 1%. Combined immunotherapies can still be recommended
for PD-L1-negative patients with advanced NSCLC, but ABC can
be recommended specifically for those with non-squamous
NSCLC. This study suggests PD-L1 expression may shed light
on individual response differences although there are other poten-
tial predictive biomarkers which could be factored into identify
and target specific populations who respond best to specific com-
binations. This new collaborative, biomarker-driven phase in
research, necessitates bridging traditional boundaries between
basic medical and clinical research, where interdisciplinary
research teams record and report more sophisticated data. This
additional knowledge will help to align specific combinations to
specific patient groups, although of course, further research is
required.
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