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Background: First-line treatment strategies for programmed death-ligand 1 (PD-L1)
negative non-small cell lung cancer (NSCLC) patients include chemotherapy and
combination with anti-angiogenesis drugs and/or immune checkpoint inhibitor. We
conducted a Bayesian network meta-analysis to evaluate the efficacy of these
therapeutic options.

Methods: We included phase III randomized controlled trials comparing two or more
treatments in the first-line setting for NSCLC, including data in PD-L1–negative patients.
First-line strategies were compared and ranked based on the effectiveness in terms of
overall survival (OS) and progression-free survival (PFS). A rank was assigned to each
treatment after Markov Chain Monte Carlo analyses.

Results: Fourteen trials involving 14 regimens matched our eligibility criteria. For OS, none
of the treatment were significantly more effective than chemotherapy. Nivolumab plus
ipilimumab plus chemotherapy was probably the best option based on analysis of the
treatment ranking (probability = 30.1%). For PFS, nivolumab plus chemotherapy plus
bevacizumab, atezolizumab plus chemotherapy plus bevacizumab, and atezolizumab
plus chemotherapy were statistically superior to chemotherapy in pairwise comparison.
Nivolumab plus chemotherapy plus bevacizumab was likely to be the preferred option
based on the analysis of the treatment ranking (probability = 72.9%).

Conclusions: Nivolumab plus chemotherapy, in combination with angiogenesis inhibition
or anti-cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4), had maximal benefits for
NSCLC patient of PD-L1–negative expression. These findings may facilitate individualized
treatment strategies. Safety at an individual patient level should be considered in decision
making. Further validation is warranted.

Keywords: programmed death-ligand 1, non-small cell lung cancer, immune checkpoint inhibitor, network
meta-analysis, immunotherapy
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INTRODUCTION

Non-small cell lung cancer (NSCLC) accounts for ~85% of all lung
cancer cases, and the prognosis for patientswith advanced/metastatic
NSCLC remains limited (1). Platinum-based chemotherapy has long
been the first-line treatment of choice for advanced NSCLC patients
who donot harbor activating drivermutations. Checkpoint blockade
has led to a paradigm shift in the treatment landscape of NSCLC,
making long-term survival possible (2).

Thus far, several effective first-line systemic treatment options
have been shown to be effective in advanced NSCLC. Programmed
death-ligand (PD-L1) expression on tumor or immune cells
emerged as the first potential predictive biomarker for the
sensitivity to immune checkpoint blockade and patient
stratification (3). For NSCLC patients with PD-L1 expression in
≥50%of tumor cells, pembrolizumab confers a superior progression-
free survival (PFS) and overall survival (OS) compared with
platinum-doublet chemotherapy in the first-line setting (4). For
PD-L1 expression of 1% to 49%, programmed death-1 (PD-1) or
PD-L1 inhibitionhas been shown tobe comparable to chemotherapy
(5, 6). In contrast, for patients with negative PD-L1 expression, no
definite optimal therapeutic strategy has been defined. Most
importantly, this group accounts for about half of the whole
NSCLC patient population (7). A lack of head-to-head randomized
controlled trials (RCTs) comparing chemotherapy, anti-angiogenesis
drugs, and immunotherapies leaves uncertainty regarding optimal
first-line treatment for advanced NSCLC patients with negative
PD-L1 expression.

Network meta-analysis offers the unique opportunity to
perform indirect comparisons between treatments never directly
compared in RCTs but compared to a common treatment, as well
Frontiers in Oncology | www.frontiersin.org 2
as to rank multiple treatments (8). The present study aims to
probe optimal therapeutic management with advanced NSCLC
with negative PD-L1 expression.
MATERIALS AND METHODS

Search Strategy
A literature search was performed using databases including
PubMed, Embase, and Cochrane databases. The upper date limit
of October 30, 2020, was applied, with no lower date limit.
Our search strategy included the following Medical Subject
Headings (MeSH) terms and keywords: “NSCLC”, “(advanced)
or (metastatic) or (stage IV)”, “(first-line) or (untreated) or (front-
line)”. Searches were performed using the filter “clinical trial” or
“study” or “investigation” or “phase 3”. We also reviewed abstracts
and presentations from conference proceedings, including
American Society of Clinical Oncology (ASCO), World
Conference on Lung Cancer (WCLC), European Society for
Medical Oncology (ESMO), European Lung Cancer Conference
(ELCC), and American Association for Cancer Research (AACR).
To ensure that no RCTs were missing, reference lists of published
reviews, meta-analyses, and included RCTs were manually
checked, and www.clinicaltrials.gov was searched.

Study Selection
Eligibility criteria for inclusion in this meta-analysis were as
follows: (1) prospective phase III RCTs in patients with advanced
NSCLC who had received no previous treatment for metastatic
disease; (2) English language; (3) data available regarding PD-L1
expression negative population; and (4) in cases of duplicate
FIGURE 1 | Selection process for the trials included in the meta-analysis. PRISMA diagram. NSCLC, non-small cell lung cancer; RCT, randomized-controlled trial.
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publications, only the most recent and updated report of the
clinical trial were also included. Review articles, non-randomized
trials, and observational studies, non-English studies were excluded
from the analysis. The selection process is shown in Figure 1.

Articles that could not be categorized based on title and
abstract alone were retrieved for full-text review. Disagreements
were resolved by consensus between the authors. To determine
the issue of multiple publications from the same data sets, we
confirmed clinical trial information, such as the trial number and
the period of patient recruitment of the articles. We also assessed
the eligibility of the articles and abstracts identified by the search,
and discrepancies were resolved by consensus. Study quality was
assessed using the Jadad five-item scale, which takes into account
randomization, double blinding, and withdrawals. The final
score ranged from 0 to 5 (9).

Data Extraction
The meta-analysis was performed based on outcomes coming
from the included studies. Data were extracted from eligible
studies, which include the following items: study name, year of
publication, source of publication, histology, number of patients,
treatment arm and control arm, hazard ratio (HR), and 95%
confidence intervals (CIs) of PFS and OS. In the case of trials that
did not report PD-L1 expression subgroup, we reviewed each
published trial’s supplementary material. If data from any of the
above categories were not reported in the study, items were
treated as NR (not reported). The primary variables of interest
were HRs with 95% CIs for OS or PFS.

Statistical Analysis
All calculations were performed using R (version 4.0.2) and STATA
(version 14.0, Stata Corp LP, College Station, TX). OS and PFS were
treated as time-to-event variables; therefore, these parameters were
expressed as HR and 95% CI for each study. The primary endpoints
of this network meta-analysis were the HRs for OS and PFS in PD-
L1–negative patients. The Bayesian network meta-analysis (NMA)
used a non-informative uniform prior to distribution to the
parameters. For each outcome, three Markov chains with
different starting values, generated using the method described by
Gelman and Rubin were run in parallel for 100,000 iterations to
obtain the posterior distribution. We used 10,000 burn-ins and a
thinning interval of 10 for each chain. The model fit of each analysis
was assessed by deviance information criterion (DIC) (10). Result
heterogeneity across studies was evaluated with Cochrane’s Q
statistic and quantified with the inconsistency statistic (I2).
Statistical significance was considered at p less than 0.05, and
heterogeneity was considered low, moderate, or high for I2 values
under 25%, between 25% and 50%, and over 50%, respectively (11).
Effect sizes for the Bayesian network meta-analysis were described
with 95% credible interval (CrL), the Bayesian equivalent of 95%
CIs. Relative ranking of OS and PFS was presented as the
probabilities. The probability of each regimen being the best
among all regimens was computed by ranking the relative
efficacies of all regimens in each iteration and then calculating the
proportion of each regimen being ranked first across all iterations,
which equals to 1 when a treatment is certain to be the best and 0
when a treatment is certain to be the worst.
Frontiers in Oncology | www.frontiersin.org 3
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RESULTS

Study Selection and Characteristics
We found 4,125 potentially relevant articles. After initial exclusion
of irrelevant, duplicate, and non-randomized studies, 14 original
studies were considered eligible for the meta-analysis (Figure 1).
The major baseline characteristics of the 14 eligible studies
were represented in Table 1. Ten studies were double-arm
design, whereas the remaining four referring three-arms. Overall,
there were 14 different treatment strategies: chemotherapy,
chemotherapy plus bevacizumab, atezolizumab plus chemotherapy,
atezolizumab plus chemotherapy plus bevacizumab, nivolumab plus
chemotherapy, nivolumab plus ipilimumab, nivolumab plus
ipilimumab plus chemotherapy, nivolumab plus chemotherapy
Frontiers in Oncology | www.frontiersin.org 4
plus bevacizumab, pembrolizumab plus chemotherapy,
caremlizumab plus chemotherapy, durvalumab, durvalumab plus
tremelimumab, tislezumab plus chemotherapy, and sintilimab
plus chemotherapy.

Studies were chosen and systemically reviewed in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (26). Similarity was
evaluated by reviewing characteristics of the trials with respect
to any of those characteristics that are potential treatment effect
modifiers, assuring validity of making indirect comparisons. It
was impossible to calculate the Jadad’s score for 2 of the studies
(RATIONALE-304 and ONO-4538-52), which have not yet been
published at the time of the analysis. The Jadad’s score was
evaluated for the rest 12 studies with scores ranging from 3 to 5.
A B

FIGURE 3 | Forest plots showing OS (A) and PFS (B) hazard ratio analyses. Efficacy of 10 and 11 treatment modalities for OS and PFS, respectively. Outcome
measure: hazard ratio (HR). PrI, predictive interval; CT, chemotherapy; Atezo, atezolizumab; Bev, bevacizumab; Nivo, nivolumab; Ipi, ipilimumab; Pembro,
pembrolizumab; Carem, caremlizumab; Durva, durvalumab; Treme, tremelimumab; Tisle, tislezumab; Sinti, sintilimab; NR, not reported.
A B

FIGURE 2 | Network plot for effectiveness of 10 and 9 different treatment modalities for patients with PD-L1–negative expression for OS (A) and PFS (B),
respectively. Circles represent the intervention as a node in the network and their size is proportional to the number of included studies; lines represent direct
comparisons within the frame of randomized clinical trials (RCTs); the line thickness indicates the number of RCTs included in each comparison. CT, chemotherapy;
Atezo, atezolizumab; Bev, bevacizumab; Nivo, nivolumab; Ipi, ipilimumab, Pembro, pembrolizumab; Carem, caremlizumab; Durva, durvalumab; Treme,
tremelimumab; Tisle, tislezumab; Sinti, sintilimab; NR, not reported.
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Network Meta-Analysis of OS
Eight studies providedHRvalues forOS. The comparisons between
treatments were shown by network plot (Figure 2). The forest plot
of OS for pairwise comparison results were presented in Figure 3.
In pairwise comparison, compared with chemotherapy, none of
the treatments had a significant lower hazard risk ofOS. The results
providing indirect comparisons between treatments are presented
in Figure 4, with none of the treatments performing significantly
better than other treatment regimen in terms of OS. Comparative
efficacyof treatments forOSbasedon treatment rankingwas shown
in Figure 5 and Table 2, among which, combination of nivolumab
and ipilimumab and chemotherapy was the most possible therapy
to be ranked as first for OS (probability = 30.1%), nivolumab
plus ipilimumab ranked the second (probability = 22.4%), and
pembrolizumab plus chemotherapy ranked the third (probability =
18.8%). Comparing the DIC between the consistency and
inconsistency models suggests that the consistency model has a
similarfit to thedatawith inconsistencymodel (21.35vs.21.39).The
overall heterogeneity assessment of the results showed that the
heterogeneity was low for OS (I2 = 0%).

Network Meta-Analysis of PFS
As for PFS, there were nine studies reported the HR values
(Figure 2). As shown in Figure 3, nivolumab plus chemotherapy
plus bevacizumab (HR, 0.34; 95% CrI, 0.12–0.89), atezolizumab
plus chemotherapy plus bevacizumab (HR, 0.47; 95% CrI, 0.22–
Frontiers in Oncology | www.frontiersin.org 5
0.97), and atezolizumab plus chemotherapy (HR, 0.67; 95% CrI,
0.45–0.95) were statistically superior to chemotherapy in pairwise
comparison. Indirect comparison results were illustrated in
Figure 4, with nivolumab plus chemotherapy plus bevacizumab,
atezolizumab plus chemotherapy plus bevacizumab, and
atezolizumab plus chemotherapy have better PFS than
chemotherapy. The probabilities of rank plot (Figure 5 and
Table 2) were as follows: combination of nivolumab,
chemotherapy, and bevacizumab was most likely to be the best
regimen (probability = 72.9%), atezolizumab plus chemotherapy
plus bevacizumab ranked the second (probability = 11.9%). The
DIC between the consistency and inconsistency models suggests
that the consistency model has a similar fit to the data
inconsistency model (27.05 vs. 27.06). The overall heterogeneity
assessment of the results showed that the heterogeneity was low
for PFS (I2 = 22.1%).
DISCUSSION

The PD-L1 axis is regulated by different stimuli through multiple
levels, including genomic, transcriptional, post-transcriptional,
translational, and post-translational levels (27). PD-L1
expression has been proposed as distinct biomarker of
response to PD-(L)1 inhibitor. In NSCLC, PD-L1 expression is
highly variable and is associated with distinct clinicopathologic
and genomic features (28). Clinical studies in NSCLC have
A

B

FIGURE 4 | Comparative efficacy of treatments for OS (A) and PFS (B) in network meta-analysis. Comparisons should be read from left to right. HR (95% credible
interval) for comparisons is in cells in common between column-defining and row-defining treatment. Bold cells are significant. HR >1 favors row-defining treatment,
and HR <1 favors column-defining treatment. CT, chemotherapy; Atezo, atezolizumab; Bev, bevacizumab; Nivo, nivolumab; Ipi, ipilimumab; Pembro, pembrolizumab;
Carem, caremlizumab; Durva, durvalumab; Treme, tremelimumab; Tisle, tislezumab; Sinti, sintilimab; NR, not reported.
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demonstrated that PD-L1 expression on tumor and/or immune
cells has a positive correlation with the efficacy of anti-PD-(L)1
therapy. A real-world EXPRESS study evaluated the PD-L1
expression profile in locally advanced or metastatic NSCLC,
revealing that PD-L1–negative patients account for about 40%
to 53% (7). Efficacies of PD-(L)1 blockade treatment in patients
that are PD-L1 positive or negative are significantly different
(29). Here, our analysis is designed to answer the open question
of the optimal therapeutic management in advanced NSCLC
with negative PD-L1 expression.

The expression of PD-L1 can be classified into constitutive and
inducible expression depending on the extrinsic or intrinsic
stimuli (30). Constitutive expression is dependent on cell
Frontiers in Oncology | www.frontiersin.org 6
genomics, while inducible PD-L1 expression is dependent on
exposure of cells to cytokines, such as IFNg, TNFa, IL-1a, and
IL-1b via TLRs or IFN receptors (31). PD-L1–negative expression
of a tumor is sometimes considered as the tumor being “cold” to
use a somewhat colloquial term (32). The absence of PD-L1
expression on tumor cells might, for example, indicate impaired
IFN-gsignaling (33). By turning “cold” tumors to “hot”,
combination strategies emerge, which involve different immune
checkpoint inhibitors (ICIs) with chemotherapy, anti-
angiogenesis, and other new classes drugs or, for example,
oncolytic viruses (34).

The 14 treatment modalities in our meta-analysis for PD-L1–
negative NSCLC can be categorized into seven types:
A

B

FIGURE 5 | Ranking probabilities based on the multiple comparisons on OS (A) and PFS (B) in NSCLC patients with PD-L1–negative expression. CT,
chemotherapy; Atezo, atezolizumab; Bev, bevacizumab; Nivo, nivolumab; Ipi, ipilimumab; Pembro, pembrolizumab; Carem, caremlizumab; Durva, durvalumab;
Treme, tremelimumab; Tisle, tislezumab; Sinti, sintilimab; NR, not reported.
June 2021 | Volume 11 | Article 657545
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chemotherapy, chemotherapy plus angiogenesis inhibition,
mono anti-PD-(L)1, anti-PD-(L)1 plus chemotherapy,
anti-PD-(L)1 plus anti-cytotoxic T-lymphocyte–associated
antigen 4 (CTLA-4), anti-PD-(L)1 plus anti-CTLA-4 plus
angiogenesis inhibition, and anti-PD-(L)1 plus anti-CTLA-4
plus chemotherapy.

Chemotherapy was previous ly considered to be
immunosuppressive, whereas cytotoxic drugs may also exert an
immunomodulatory role in NSCLC and other solid tumors (35).
A recent pooled analysis of three randomized trials assessing
PD-L1–negative patients receiving pembrolizumab with
chemotherapy combination strategy confirmed a clinically
meaningful benefit improvement (36). The inclusion of HR
from phase II studies might influence the results; therefore,
only phase III trials were included in this analysis, leaving
phase II KEYNOTE-021G trial (37) ineligible for our analysis.

The rationale for combining anti-angiogenesis drug with ICIs
rests in aspects, including immuno-metabolism and tumor
microenvironment (38), which leads to a synergistic effect.
Therapeutic regimens of chemotherapy with anti-angiogenesis
drugs, such as ECOG-4599 (39), BEYOND (40), were not
included in the network meta-analysis because of lack of PD-L1
expression status. In the IMpower150 trial, ACP (atezolizumab
plus chemotherapy) and BCP (bevacizumab plus chemotherapy)
had similar outcomes for the PD-L1–negative population (15).

Another combination choice for PD-(L)1 inhibitor is the
combination of a CTLA-4 inhibitor, as used by CheckMate 227.
Anti-PD-1 and anti–CTLA-4 dual blockade offers a “chemo-free”
choice for PD-L1–negative patients. Dual blockade of CTLA-4 and
PD-1 therapy is sufficient to induce unique cellular responses
compared with either monotherapy, which has been proven in
preclinical studies (41).However, the toxicity of adding another ICI
Frontiers in Oncology | www.frontiersin.org 7
to a PD-(L)1 inhibitor leads to more toxicity (42). In our network
meta-analysis, we have no data for toxicity regarding PD-L1–
negative patients receiving different treatment strategies.
However, based on a previous meta-analysis, combination with
CTLA-4 inhibitor might lead to more toxicities (42).

For OS and PFS, based on treatment ranking probabilities,
nivolumab plus chemotherapy plus ipilimumab/bevacizumab
ranked first, respectively. However, nivolumab plus chemotherapy
plus ipilimumab (CheckMate 9LA) did not report PFS subgroup
data regarding PD-L1–negative patients, whereas nivolumab plus
chemotherapy plus bevacizumab (ONO-4538-52) did not report OS
data in PD-L1 negative patients. These subgroup data are missing
and will thus impact the result of network meta-analysis
comparison. Although these four-drug combinations prevailed in
survival than the other regimens by ranking probability, more
toxicities might also occur in four-drug combinations. In
CheckMate 9LA trial, three times of treatment-related adverse
events (TRAEs) of nivolumab plus ipilimumab plus two cycles of
chemotherapy than control arm render a four-drug combination,
an option for PD-L1 negative patients but may not be the standard
of care.

Our meta-analysis has several limitations. First, there were no
clinical trials investigating only PD-L1–negative NSCLC
patients. Therefore, data were derived from subgroup analysis
of each primary study, and none of these trials were powered to
detect the difference in OS or PFS in the PD-L1–negative
subgroup, which explained why none of the treatment were
significantly more effective in OS than chemotherapy. Some of
the trials did not report OS, making comparisons not identical
between PFS and OS. Second, the antibodies using to detect PD-
L1 expression varied in different trials. Spatial and temporal
heterogeneity of PD-L1 expression and different test platforms
have made PD-L1 an imperfect biomarker. However, PD-L1
expression especially in tumor cells is currently the most widely
used biomarker in patient stratification. Third, we have no access
to toxicity data for patients with PD-L1–negative expression, and
such expression is often heterogenous (43). Balancing the
benefit/risk to a specific patient population is always
challenging (44).

In summary, our meta-analysis is the first study to
systematically investigate the treatment options for PD-L1–
negative patients of NSCLC. In the absence of an RCT directly
comparing first-line treatment options for NSCLC of PD-L1–
negative expression, our findings suggest that two combined
therapies, nivolumab plus ipilimumab plus chemotherapy, and
nivolumab plus chemotherapy plus bevacizumab, both appear
the most effective therapeutic strategies for this patient
population in terms of OS and PFS, respectively. Further
research, particularly phase III RCTs comparing treatment
options in PD-L1–negative patients are required.
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TABLE 2 | Ranking probabilities of different first-line treatment strategies for
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Ranking probability for the
best (OS, %)

Ranking probability for the
best (PFS, %)

Atezo + CT 0.71 0.20
Atezo + CT
+ Bev

8.46 11.93

Camre + CT NR 2.71
CT 0.00 0.00
CT + Bev 3.46 0.46
Durva 0.48 NR
Durva +
Treme

12.61 NR

Nivo + CT 2.97 1.77
Nivo + CT +
Bev

NR 72.92

Nivo + Ipi 22.39 1.44
Nivo + Ipi +
CT

30.09 NR

Pembro+CT 18.81 1.86
Sinti + CT NR 5.26
Tisle + CT NR 1.45
OS, overall survival; PFS, progression-free survival; CT, chemotherapy; Atezo,
atezolizumab; Bev, bevacizumab; Nivo, nivolumab; Ipi, ipilimumab; Pembro,
pembrolizumab; Carem, caremlizumab; Durva, durvalumab; Treme, tremelimumab;
Tisle, tislezumab; Sinti, sintilimab; NR, not reported.
Bold means the the highest ranking probablity.
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