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Background: In the first-line treatment of advanced non-small cell lung
cancer (NSCLC), for those patients with negative PD-L1 expression, which
treatment strategy has the better efficacy and safety between chemotherapy
combined with antiangiogenic and with immune checkpoint inhibitors (ICls)
is still unclear due to the absence of head-to-head clinical trials. This study
aims to answer the question by performing a systematic review and network
meta-analysis (NMA).

Methods: Electronic databases (PubMed, Embase, Cochrane Library, Web of
Science, and ClinicalTrials.gov) were systematically searched accordingly to
extract eligible studies from inception to October 2022, as well as the abstracts
from the most recent main oncology congresses (American Association for
Cancer Research (AACR), American Society of Clinical Oncology (ASCO), World
Conference on Lung Cancer (WCLC), and European Society for Medical
Oncology (ESMO)). Overall survival (OS), progression-free survival (PFS), and
adverse events (AEs) of grades 3 to 5 were independently extracted and
collected by two reviewers based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guideline. We used
Cochrane’s risk of bias tool for randomized controlled trials through RevMan
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5.3 to ascertain the quality of the included studies. NMA with a Bayesian
random-effects model was performed by R (version 4.0.4).

Results: According to the ranking list from OS-NMA, pembrolizumab combined
with chemotherapy has the most effective ranking first (surface under the
cumulative ranking (SUCRA) = 0.809844) (pooled HR = 0.65 [0.51-0.83]). On PFS,
the triple combination of nivolumab/bevacizumab/chemotherapy ranks first
(NMA estimate: HR = 0.35 [0.28-0.43]). On safety, in combination with
chemotherapy, sintilimab has minimal toxicity, followed by pembrolizumab+chemo.

Conclusions: In advanced NSCLC patients with negative PD-L1 expression,
pembrolizumab+chemo ranks first in the efficacy of OS and does not apparently
increase the incidence of any grade > 3 AE as compared with chemo alone. On
PFS, pembrolizumab also has advantages, but for patients with squamous cell
carcinoma, camrelizumab-+chemo seems to be a better choice.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42021231441.

KEYWORDS

non-small cell lung cancer (NSCLC), immune checkpoint inhibitors (ICls),
programmed cell death ligand-1 (PD-L1), negative PD-L1 expression, antiangiogenic

therapy, combination, survival analysis, network meta-analysis (NMA)

1 Background

Lung cancer is the main cause of cancer death, and its
incidence rate is more than 1/10 of the world’s malignant tumors
(1). Advanced non-small cell lung cancer accounts for more than
two-thirds of the patients. Due to the lack of effective treatment,
the survival rate had been low (2). With the emergence of tumor
antiangiogenesis drugs, the survival time of patients with
advanced lung cancer finally exceeded 1 year. Originating
from ECOG4599, the non-small cell lung cancer (NSCLC)
patients treated with the combination of bevacizumab with
carboplatin and paclitaxel survived longer than those who
received chemotherapy alone (overall survival (OS)) (12.3 vs.
10.3 months, HR = 0.79, 95% CI [0.67-0.92], p = 0.003); median
progression-free survival (PFS) (6.2 vs. 4.5 months, HR = 0.66,
95% CI [0.57-0.77], p < 0.001) (3). Because of this study,
bevacizumab combined with paclitaxel and carboplatin was
approved by the Food and Drug Administration (FDA) in

Abbreviations: NSCLC, non-small cell lung cancer; ICIs, immune
checkpoint inhibitors; NMA, network meta-analysis; OS, overall survival;
PES, progression-free survival; AEs, adverse events; PD-L1, programmed cell
death ligand-1; PD-1, programmed cell death protein 1; HRs, hazard ratios;
ORs, odds ratios; SUCRA, surface under the cumulative ranking; chemo,

chemotherapy; Atezo, atezolizumab; Beva, bevacizumab; NK, natural killer.
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2006 as the first-line standard treatment for advanced non-
small cell lung cancer. The BEYOND study confirmed that
bevacizumab combined with chemotherapy can prolong OS to
24.8 months and the overall response rate (ORR) to 53.4% in the
Chinese population (4).

In the past decade, the field of therapeutic strategies for NSCLC
has acquired a completely new outlook since the emergence of
targeted agents directed at specific driver mutations and immune
checkpoint inhibitors (ICIs) and showed great potential. Longer
survival and higher disease response rate have been seen in
metastatic NSCLC patients who are treated with checkpoint
inhibitors targeting programmed cell death protein 1 (PD-1) and
programmed death ligand-1 (PD-L1) (5). Keynote024 and
Impower110 studies showed that in patients with PD-L1
expression of more than 50%, ICI monotherapy can prolong OS
of patients with advanced NSCLC in the first-line treatment. The
combinations of ICIs and chemotherapy allow more patients to
achieve better ORR and prolonged OS regardless of PD-L1
expression level and have become a standard first-line treatment
for advanced NSCLC (6, 7). Non-squamous NSCLC patients with
any level of PD-L1 expression were enrolled in the keynote-189
study, and the results showed that the efficacy of pembrolizumab
+chemotherapy was superior to that of chemotherapy alone.
However, when we consider PD-L1 expression level, the ORR
was 62.1%, 50.0%, and 33.1% in patients with greater than 50%
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PD-L1 expression, 1%-49% PD-L1 expression, and <1% PD-L1
expression, respectively; OS was 27.7, 21.8, and 17.2 months,
respectively; PES was 11.1, 9.4, and 6.2 months, respectively (8).
As we have seen in other studies of ICIs combined with
chemotherapy, the improvement in objective response rate and
prolongation of survival with combination therapies were less
pronounced in patients negative for PD-L1 expression than in
those positive for PD-L1. As previously described in the literature
(9), the biological mechanisms of the immune response are
complex, and the efficacy of PD-L1 immune checkpoint
inhibitors cannot be simply measured by the direct
pharmacodynamic effect of binding PD-L1. Biomarkers remain
controversial, especially in different histological types. Therefore, it
is an interesting topic to study the response of patients with negative
PD-L1 expression to different ICIs. Furthermore, chemotherapy
combined with antiangiogenic agents or ICIs both are the first-line
standards for the treatment of advanced NSCLC. The question is
which of the two strategies is more advantageous for patients with
negative PD-L1 expression? Due to the lack of head-to-head clinical
evidence, the answer to this question is unclear (5, 10). Therefore,
our study aims to explore a better treatment strategy between
antiangiogenic combined with chemotherapy and immune
checkpoint inhibitors combined chemotherapy in advanced
NSCLC patients with negative PD-L1 expression by performing a
systematic review and network meta-analysis (NMA).

We present the following article in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines.

2 Methods

The specified analysis methods and inclusion criteria are
described below, and the study adheres to the PRISMA
extension statement for systematic reviews incorporating
NMAs (11). This study was registered with PROSPERO (ID:
CRD 42021231441) (https://www.crd.york.ac.uk/prospero/).

2.1 Data acquisition

2.1.1 Eligibility criteria

Studies were considered if they met the inclusion criteria, as
follows: I) prospective randomized controlled trials (RCTs; II)
patients with histologically proven diagnosis of advanced NSCLG;
II) randomized phase-III studies with at least one treatment with
ICI/angiogenesis inhibitors combined with platinum-based
chemotherapy among patients with no prior systemic anticancer
therapies in the first-line settings; IV) studies showing efficacy
outcomes, including OS and PFS, and the reported results
included the PD-L1-negative expression level (PD-L1 < 1%); V)
studies displayed safety profiles, including the incidence of grade > 3
adverse events (AEs). Furthermore, the following studies were
excluded to minimize the risk of bias: I) unrandomized studies,
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phase I and phase II studies, single-arm studies, retrospective
studies, reviews, meta-analyses, case reports, letters, and
comments; II) studies in which the comparison regimens were in
combination with targeted therapy or radiotherapy; III) lacking
necessary data or overlapped studies.

2.1.2 Information sources, search strategies,
and study selection

Studies were identified by searching Pubmed, Embase,
Cochrane Library, and Web of Science (retrieval date 4 October
2022), with a language restriction of English. The following groups
of keywords and medical terms were used: (“Carcinoma*, Non?
Small?Cell Lung” or “Lung Carcinoma*, Non-Small-Cell” or
“Non?Small?Cell Lung Cancer” or “NSCLC”) and (“PD-1” or
“PD-L1” or “Pembrolizumab” or “Nivolumab” or “Atezolizumab”
or “Camrelizumab” or “Tislelizumab” or “Sintilimab” or
“Tremelimumab” or “Ipilimumab” or “Ticilimumab” or
“Durvalumab” or “Inhibitor*, Angiogen*” or “Antagonist*
Angiogen*” or “Angiostatic Agent*” or “Anti?Angiogen*
Agent*” or “Anti?Angiogen* Drug*” or “Inhibitor*,
Neovascularization” or “VEGFR” or “multitargeted
antiangiogenesis tyrosine kinase inhibitors” or “bevacizumab”
or “ramucirumab” or “nintedanib” or “anlotinib” or “apatinib”

»

or “Vandetanib” or “Sunitinib” or “Pazopanib” or “Lenvatinib” or
“Cediranib” or “Motesanib” or “Axitinib”) and (“chemotherap*”
or “chemotherapy” or “Platinum” or “Carboplatin” or “cisplatin”)
and (randomized controlled trial or randomized or RCT). The
abstracts in the most recent main oncology congresses [American
Association for Cancer Research (AACR), American Society of
Clinical Oncology (ASCO), World Conference on Lung Cancer
(WCLC), and European Society for Medical Oncology (ESMO);
retrieval date 4 October 2022)], for related phase III clinical trials
identified in the “clinicaltrials.gov” site (Figure 1), were also used.
The specific search strategy is in Supplementary Table SI.

2.1.3 Assessment of risk of bias

To ascertain the quality of the studies included in the current
NMA, we used Cochrane’s risk of bias tool for randomized
controlled trials, in which six aspects were evaluated: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other sources
of bias (12).

2.2 Statistical analysis

The data were analyzed through direct pairwise comparisons,
and the results were presented with pooled-estimated hazard
ratios (HRs pooled) together with 95% CIs for the first step.
Mixed treatment comparisons incorporating direct and indirect
results were subsequently generated within Bayesian frameworks
using Markov chain Monte Carlo methods. The primary endpoint
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FIGURE 1

PRISMA diagram of search results and selections. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

of interest in the NMA is OS in the overall study; PES and safety
were examined simultaneously.

The analyses above were performed by R (version 4.0.4) as
well as R packages (https://www.r-project.org/). In the R package
“gemtc”, each chain was fitted with 20,000 iterations. Afterward,
different treatments were ranked by efficacy and safety outcomes
by calculating the HRs or odds ratios (ORs) as well as the
proportion of iterations of the Markov chain. The surface under
the cumulative ranking (SUCRA) of treatments was estimated to
determine the likelihood of therapies in a best-to-worst order.
The value of SUCRA is between 0 and 1 (0 < SUCRA < 1). When
SUCRA is 1, it indicates that the intervention is absolutely
effective, and when it is 0, it indicates that the intervention is

absolutely ineffective.

2.3 Heterogeneity and sensitivity
analyses

Random-effects models were used due to inherent clinical
heterogeneity in the study data. Heterogeneity between studies
was measured by the I” test and p-value. I* with values of 25%,
50%, and 75%, respectively indicating low, moderate, and high
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heterogeneity. Two-tailed p-values <0.05 were considered to
indicate statistical significance (13).

In the comparison of efficacy, we conducted two sensitivity
analyses due to the significant heterogeneity (I* > 75%) in the
chemotherapy combined with bevacizumab or combined with
atezolizumab groups. We removed the BEYOND study (4) from
the former analysis and removed the IMpower132 study (14) from
the second sensitivity analysis. Pooled efficacy was compared again
after the omissions (15). On the safety comparison, we conducted
one sensitivity analysis due to the significant heterogeneity
(I* 275%) in the chemotherapy-combined camrelizumab.

3 Results

3.1 Studies included in the network
meta-analysis

A total of 5,526 records were obtained through a literature search
in our study. After a full-text review of 225 articles, we identified 16
trials for qualitative and quantitative syntheses (Figure 1) (3, 4, 8, 14,
16-31), and four of them were conference abstracts or presentations
(16, 18, 19, 27). For data from the same study, only the latest and
most comprehensive update can be included in the NMA.
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3.2 Study characteristics

The characteristics of included studies are summarized in
Table 1. In 16 RCTs, controls received only chemotherapy, with
the exception of two studies in which bevacizumab was added to
both the trial and control groups [IMPowerl150, TASUKI-52
(19) (31)]. ICI in combination with chemotherapy was tested in
12 studies involving eight treatment strategies (pembrolizumab,
two; atezolizumab, four, one with/without bevacizumab;
nivolumab, two, one with/without bevacizumab; sintilimab,
one; camrelizumab, two; and tislelizumab, one), and
angiogenesis inhibitors combined with chemotherapy were
tested in four studies involving three treatments (bevacizumab,
two; motesanib, one; and cediranib, one; In bevacizumab
combination chemotherapy, the chemotherapy regimens have
prescribed a limit to carboplatin/cisplatin+paclitaxel).

3.3 Assessment of risk of bias

All studies included in this NMA were considered of low risk
of bias based on the quality evaluation results accessing
Cochrane’s tool for randomized trials. Five of the studies were
deemed to be at high risk of performance for the reason of being
open-label. Random sequence generation and complete
outcomes were reported in every article, while some of them
did not mention allocation concealment and the blinding in
outcome access (Supplementary Figure S1).

3.4 Efficacy evaluation: overall survival

The OS-NMA for the overall study cohort covers 12 of the
16 studies with available OS information involving nine
treatments that are both squamous and non-squamous
(Figure 2A). Among them, three studies about atezolizumab
+chemotherapy (chemo), pembrolizumab+chemotherapy, and
bevacizumab-+chemotherapy each consist of two studies. The
remaining treatments each include one study.

On the basis of the ranking list from NMA, the top four of all
treatments in terms of efficacy for OS were pembrolizumab
+chemo, atezo+beva+chemo, bevacizumab+chemo, and
atezolizumab+chemo. Pembrolizumab combined with
chemotherapy seems to be the most effective and ranks first in
PD-LI-negative patients (SUCRA = 0.809844) (Figure 3A).

The pooled HR of every treatment can be seen in the forest
plot (Supplementary Figures S4A) and Table 2. The combination
of chemotherapy with pembrolizumab (pooled HR = 0.65, 95%
CI [0.51-0.83]) or atezolizumab (pooled HR = 0.78, 95% CI
[0.68-0.90]) or atezolizumab+bevacizumab (HR = 0.72, 95% CI
[0.57-0.91]) or bevacizumab (pooled HR = 0.78 [0.69-0.88])
showed a significant benefit in OS over chemotherapy alone.

Frontiers in Oncology

05

10.3389/fonc.2022.1001503

3.5 Efficacy evaluation: progression-free
survival

The 16 studies included in the network analysis all provided
PES information (Figure 2B; Table 1). Three of the studies
evaluated atezolizumab+chemo. The combination of
chemotherapy with pembrolizumab or camrelizumab contains
two studies. The other treatments each consist of one study.

Based on the NMA estimates, the triple combination of
nivolumab/bevacizumab/chemotherapy is estimated to be better
than all other treatments evaluated in PFS, ranking first
(SUCRA = 0.952696), followed by atezo+beva+chemo,
bevacizumab+chemo, camrelizumab+chemo, tislelizumab
+chemo, pembrolizumab+chemo, atezolizumab+chemo, etc.
(Figure 3B). Among them, chemotherapy combined with
camrelizumab or pembrolizumab (pooled HR = 0.56 [0.42-
0.74] or pooled HR = 0.66 [0.53-0.82], respectively) or
atezolizumab (with/without bevacizumab) (NMA estimate:
HR = 0.48 [0.37-0.63]; pooled HR = 0.70 [0.60-0.82]), or
nivolumab (with/without bevacizumab) (NMA estimate: HR =
0.35 [0.28-0.43]; pooled HR = 0.72 [0.61-0.85]) as well as the
bevacizumab+chemo (pooled HR = 0.63 [0.57-0.69]) showed a
significant PFS benefit over chemo alone, according to the forest
plot (Supplementary Figure S4B) and Table 2.

3.6 Safety results

Fourteen studies included in the network analysis provided
safety information (Figure 2C). The available incidence of AE (>
grade 3) of any cause in each study is presented (Table 1).

The ranking results estimated by NMA show that in terms of
safety, chemo alone ranks top one, followed by sintilimab
+chemo, pembrolizumab+chemo, tislelizumab+chemo,
bevacizumab+chemo, and atezolizumab+chemo (Figure 3C).
Among all of these, sintilimab+chemo ((NMA estimate:
pooled OR = 1.1 [0.73-1.70], pembrolizumab+chemo (pooled
OR =1.3[0.97-1.60]), and tislelizumab+chemo (NMA estimate:
pooled OR = 1.5 [0.73-3.20]) do not apparently increase the
incidence of any grade > 3 AE compared with chemo alone
(Supplementary Figure S4C).

3.7 Combination of efficacy and safety

From Figures 4A, B, we can see that considering the efficacy
of OS and safety, chemotherapy combined with pembrolizumab
is the best treatment strategy. It has the best curative effect for OS
and does not increase toxicity as compared to chemotherapy
alone. For PFS, the three-drug combination regimen can obtain
better efficacy but increases the incidence of adverse events (=3
grade). Compared with chemotherapy alone, pembrolizumab
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TABLE 1 (A) Characteristics of studies (ICl+chemo) included in network meta-analysis.

10.3389/fonc.2022.1001503

Study ClinicalTrials.gov Histology Arm No.pts PD-L1<1% AE(>grade3)of
Identifier any cause(%pts)
No.pts HR OS HRPFS Analysis
(95%CI) (95%CI) Timing
IMpower131 NCT02367794 Squamous Atezolizumab 343 160 0.87 0.82 PFS:Final 83%
+Chemo (0.67,1.13) (0.65,1.04)
Chemo 340 171 OS:Final 70.40%
IMpower130 NCT02367781 Non- Atezolizumab 451 235 0.81 0.72 PFS:Final 85.80%
Squamous +Chemo (0.61,1.08) (0.56,0.91)
Chemo 228 121 OS:Final 76.30%
IMpower132 NCT02657434 Non- Atezolizumab 292 88 0.67 0.45 PFS:Final 71.50%
Squamous +Chemo (0.46,0.96) (0.31,0.64)
Chemo 286 75 OS:Final 60.60%
KEYNOTE-189 NCT03950674 Non- Pembrolizumab 410 127 0.52 0.64 PFS:Final 71.90%
Squamous +Chemo (0.36,0.74) (0.47,0.89)
Chemo 206 63 OS:Final 66.80%
KEYNOTE-407 NCT03875092 Squamous Pembrolizumab 278 95 0.79 0.67 PFS:Final 74.10%
+Chemo (0.56,1.11) (0.49,0.91)
Chemo 281 99 OS:Final 69.60%
CheckMate 227 NCT02477826 All Nivolumab 377 177 0.82 0.72 PFS:Final 58.10%
+Chemo (0.65,1.02) (0.57,0.91)
Chemo 378 186 OS:Final 37.10%
IMpower150 NCT02366143 Non- ArmA: Atezo 349 164 A:C 0.96 NA PFS:Final 60%
Squamous +Chemo (0.76,1.22)
ArmB: Atezo 359 167 B:C 0.9 0.77 OS:Final 68%
+Beva+Chemo (0.71,1.14) (0.61,0.99)
ArmC: Beva 337 172 63%
+Chemo
ORIENT-11 NCT03607539 Non- Sintilimab + 266 85 NA 0.664 PFS:Final 61.70%
Squamous Chemo (0.406,1.086)
Chemo 131 44 58.80%
CameL-sq NCT03668496 Squamous Camrelizumab 193 91 0.62 0.49 PFS:Final 74%
+Chemo (0.41,0.94) (0.35,0.68)
Chemo 196 97 72%
CameL NCT03134872 Non- Camrelizumab 205 49 NA 0.76 PFS:Final 69%
Squamous +Chemo (0.45,1.26)
Chemo 207 69 47%
RATIONALE307 NCT05024266 Squamous Tislelizumab 120 48 NA 0.636 PES:Interim 88.30%
+Chemo (0.368,1.1)
Chemo 121 49 NA 83.80%
TASUKI-52 NCT03117049 Non- Nivolumab 275 120 NA 0.55 PES:Interim 75.50%
Squamous +Beva+Chemo (0.38,0.78)
Beva+Chemo 275 120 NA 73.50%
OS, overall survival; PFS, progress free survial.
TABLE 1 (B) Characteristics of studies (Antiangiogenic drugs+Chemo) included in network meta-analysis.
Study ClinicalTrials.gov  Histology Arm No.pts OS HR PFS HR Analysis AE(>grade3)of any
Identifier (95%CI) (95%CI) Timing cause(%pts)
EYOND  NCT01364012 Non- Bevacizumab + 138 0.68 (0.5,0.93) 0.4 (0.29,0.54) PFS:Final 67%
Squamous Chemo
Chemo 138 OS:Final 62.00%
(Continued)
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TABLE 1 Continued

Study ClinicalTrials.gov  Histology Arm No.pts OS HR PFS HR Analysis AE(=grade3)of any
Identifier (95%CI) (95%CI) Timing cause(%pts)
ECOG- NCT00021060 Non- Bevacizumab + 434 0.79 (0.67,0.92) 0.66 (0.57,0.77)  PFS:Final NA
4599 Squamous Chemo
Chemo 444 OS:Final NA
MONET1 NCT00460317 Non- Motesanib 541 0.9 (0.78,1.04)  0.79 (0.68,0.9) PFS:Final 73.00%
Squamous +Chemo
Chemo 549 OS:Final 59%
BR29 NCT00795340 All Cediranib 153 0.94 (0.69,1.3)  0.91 (0.71,1.18)  PFS:Final NA
+Chemo
Chemo 153 OS:Final NA

OS, overall survival; PES, progress free survial.

+chemo can significantly prolong PFS without increasing the The fit of the consistency model was similar to or better than

incidence of adverse events (=3 grade). that of the inconsistency model. Inconsistency between direct
and indirect estimates from the node splitting analysis did not
show significant differences (Supplementary Figure S3).

3.8 Heterogeneity and inconsistency

assessment
3.9 Sensitivity analysis

Forest plots of pairwise comparisons with heterogeneity

estimates for efficacy and safety were generated in Sensitivity analyses were conducted on PFS and safety. After

Supplementary Figure S2. Our assessment suggested low or the removal of the BEYOND study (4) in the first sensitivity

moderate heterogeneity except for three treatments. Sensitivity analysis, bevacizumab+chemotherapy was ranked behind

analyses were conducted in case of high heterogeneity. pembrolizumab+chemo. After omitting IMpowerl32 (13) in
A B

Cameelizumaby Chemo il

3 rals

Atero Besa+Chemo

Cediranb+Cheano

FIGURE 2
(A) Network of OS. (B) Network of PFS. (C) Network of safety. OS, overall survival; PFS, progression-free survival.

provabity

Cumative Probabiy

FIGURE 3
(A) Cumulative ranking plot for OS. (B) Cumulative ranking plot for PFS. (C) Cumulative ranking plot for safety. OS, overall survival; PFS,
progression-free survival.
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TABLE 2 Pooled hazard ratios (95% credible intervals) for progression-free survival (lower triangle) and overall survival (upper triangle).

Overall survival

Progression-Free-
Survival

0.70 (0.60,
0.82)
0.72 (0.61, 1.03 (0.82,
0.85) 1.29)
0.66 (0.53, 0.94 (0.71, 0.91 (0.69,
0.82) 1.23) 1.20)
0.66 (041, 0.95 (0.57, 0.92 (0.55, 1.01 (0.59,
1.09) 1.59) 1.55) 1.74)

0.56 (0.42, 0.80 (0.58, 0.77 (0.56, 0.85 (0.59, 0.84 (0.48,
0.74) 1.09) 1.07) 1.21) 1.48)
0.64 (037, 091 (0.52, 088 (0.5, 097 (0.54, 0.96 (0.46,
1.10) 1.61) 1.57) 1.75) 2.00)
0.63 (0.57, 0.0 (0.75, 0.87 (0.72, 0.96 (0.75, 0.95 (0.57,
0.69) 1.08) 1.06) 1.22) 1.57)
0.81 (0.64, 1.16 (0.87, 1.12(0.84, 124 (0.89, 122 (0.71,
1.03) 1.53) 1.51) 1.71) 2.11)
091 (0.71, 1.30 (0.97, 126 (0.93, 139 (0.99, 137 (0.79,
1.17) 1.75) 1.72) 1.95) 2.39)
0.48 (0.37, 0.69 (0.51, 0.67 (0.49, 0.74 (0.53, 0.73 (0.42,
0.63) 0.94) 0.92) 1.04) 1.27)
0.35 (0.28, 0.50 (0.38, 0.48 (0.36, 0.53 (0.39, 0.52 (0.30,
0.43) 0.65) 0.64) 0.72) 0.90)

1.14 (0.62,
2.11)
113 (0.84, 0.9 (0.57,
1.52) 1.72)
1.45 (1.01, 127 (0.70, 1.29 (1.00,
2.10) 2.31) 1.66)
1.63 (1.12, 143 (0.78, 1.45 (1.10, 1.12 (0.79,
2.38) 2.62) 1.90) 1.59)
0.87 (059, 0.76 (0.42, 0.77 (0.60, 0.60 (0.42, 0.53 (0.37,
1.27) 1.40) 0.98) 0.85) 0.77)
0.62 (0.44, 0.54 (0.30, 0.55 (0.45, 0.43 (0.31, 0.38 (0.27, 0.71 (0.52,
0.89) 0.98) 0.67) 0.59) 0.53) 0.98)

Bold values represent statistically significant HR values.

Dark blue indicates the treatment strategy involved in the study, light blue indicates pooled HR and 95% confidence interval for OS, and colorless indicates pooled HR and 95% confidence

interval for PFS.

the second sensitivity analysis, the ranking of atezolizumab
+chemo also changed. After removing the CameL study in the
sensitivity analysis, the ranking of camrelizumab+chemotherapy
changed from seventh to second, which is behind chemo. The
combination of chemotherapy with camrelizumab does not
apparently increase the incidence of any grade > 3 AE
compared with chemo alone (pooled OR = 1.1 [0.71-1.80]).
We explain the results of the sensitivity analyses in the
“Discussion” section of the article.

4 Discussion

As far as we know, this is the most comprehensive network
meta-analysis to date. We explore the ranking of efficacy and
safety in the treatment strategies, including antiangiogenic
combined with chemotherapy and immune checkpoint
inhibitors combined with chemotherapy in advanced NSCLC
patients with negative PD-L1 expression. In the NMA, we
included 16 studies involving a total of 12 first-line treatments,
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which cover seven ICIs and three antiangiogenic drugs. The
study results provide a reference for physicians to choose
treatment strategies in clinical practice.

Our results found that considering the efficacy of OS and safety,
pembrolizumab combined with chemotherapy is the number one
treatment strategy (including the triple combination of
atezolizumab/bevacizumab/chemotherapy) in patients with
negative PD-L1 expression. It ranks first on the efficacy of OS
and does not increase the hazard of no less than three adverse
events (=3 AE) compared with chemo alone. The top four
treatments in terms of efficacy for OS were pembrolizumab
+chemo, atezo+beva+chemo, bevacizumab+chemo, and
atezolizumab+chemo. The PD-L1 inhibitor atezolizumab+chemo
seems less effective compared with bevacizumab+chemo, and both
are significantly better than chemo alone. Why does anti-PD-L1
mAb/anti-PD-1 mAb therapy still show an obvious clinical
response in the absence of PD-L1 expression on tumor cells?
Why does pembrolizumab seem more effective than atezolizumab?

As previously reported, the biological mechanisms of the
immune response are complex, and the efficacy of PD-LI
immune checkpoint inhibitors cannot be simply responded to
by the direct pharmacodynamic effects of binding PD-L1; other
immune mediators may also be involved in the immune response
driven by ICIs and mediated only in part by PD-L1
overexpression, for example, tumor immunogenicity (9). Some
preliminary studies have shown that tumors with high-load
somatic mutations are more likely to respond to
immunotherapy by presenting neoepitopes that may behave as
neoantigens (32). To test this hypothesis, Snyder et al. performed
whole-exome sequencing of tumor samples from melanoma
patients treated with ipilimumab and pembrolizumab. As
expected, high somatic mutation load correlated with response
to treatment in most patients, and the quality, rather than the
number, of mutations, was likely to have the strongest predictive
value (33). Moreover, PD-L1 expresses not only on tumor cells but
also on immune cells in the tumor microenvironment, such as T
cells, natural killer (NK) cells, and macrophages (34). A study in
acute myeloid leukemia (AML) revealed the mechanism of the
efficacy of anti-PD-L1 mAb against PD-L1-negative tumors. The
study found that tumor cells can induce PD-L1 expression on NK
cells via the PI3K/AKT/NFkB pathway. Anti-PD-L1 mAb binds
to the PD-L1 receptor on NK cells to activate NK cells. Activated
NK cells exert powerful cytotoxic effects through multiple
mechanisms such as perforin, granzyme B, tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL), or factor-
related apoptosis ligand (FASL). In addition, interferon-gamma
(IFNY) produced by NK cells can directly affect target cells and
activate macrophages and T cells to kill tumor cells or enhance the
anti-tumor activity of other immune cells (35, 36). The
cytotoxicity and ability to kill cancer cells of NK cells have been
confirmed in many types of tumors, including lung cancer (37).
These may provide a potential explanation as to why some
patients with PD-L1-negative expression on tumor cells still
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respond to anti-PD-L1 mAb therapy. In addition, some factors
will impact the accuracy of PD-L1 detection, and a false-negative
occurrence may affect the results of our meta-analysis.

As for why pembrolizumab seems more effective than
atezolizumab in our study, considering pembrolizumab is a
human IgG4 mAb against PD-1 and atezolizumab is a
humanized “anti-programmed death-ligand 1 (PD-L1) mAb”, we
speculate that in patients with negative PD-L1 expression, PD-1
inhibitors are more effective than PD-L1 inhibitors. A previous
meta-analysis by Professor Wang Jie indicated that patients
obtained greater OS benefits from treatments containing anti-
PD-1 compared with anti-PD-L1 in NSCLC and gastric carcinoma
(38), which supports our results. However, the previous study did
not perform subgroup analysis on the expression status of PD-L1
in tumor tissues, so our results supplement it. One possible reason
for this difference is that PD-1 mAbs not only block the PD-1/PD-
L1 axis but also block the PD-1/PD-L2 axis, inhibiting the tumor’s
immune evasion mechanism more thoroughly, while PD-L1 mAbs
only blocks PD-L1. Another possible reason is that PD-L1 mAb
has a larger molecular weight and more robust immunogenicity. It
produces more anti-drug antibodies (ADAs) in the body, which
will reduce the efficacy of PD-L1. These might be reasons why the
efficacy of atezolizumab+chemo is inferior to that of
pembrolizumab/bevacizumab+chemo in advanced NSCLC
patients with negative PD-L1 expression.

The ranking results on the efficacy of PFS are different from
those of OS. Bevacizumab combined with chemotherapy
(platinum and paclitaxel) ranks better than pembrolizumab
combined with chemotherapy followed by camrelizumab
+chemo, tislelizumab+chemo, pembrolizumab+chemo,
atezolizumab+chemo, etc. This is because immunotherapy
relatively responds slowly; in the short term, the advantages of
ICIs+chemo vs. chemo are not as apparent as those of
bevacizumab+chemo vs. chemo. However, the reaction
of immunotherapy will last over time due to immunological
memory (39). In addition, hyperprogressive disease (HPD),
which is characterized by the acceleration of tumor growth, will
occur during immunotherapy. This type of progression partially
explains the crossover between survival curves observed in some
clinical trials during the first months of treatment (39, 40). Some
patients do not benefit from immunotherapy in the short term,
which affects the PFS efficacy of ICIs.

In the first sensitivity analysis, when the BEYOND study (4)
is removed, the ranking of bevacizumab+chemo changed behind
pembrolizumab+chemo. Considering that all the patients
enrolled in the BEYOND study were Chinese, while most of
the patients enrolled in ECOG4599 were white, we speculate that
race may be one of the reasons for the heterogeneity.
Bevacizumab+chemo has a better curative effect, as shown in
the BEYOND study, so Chinese patients seem to benefit more
from bevacizumab on PFS compared with western patients.

In the second sensitivity analysis, after removing the
IMpower132 study (13), the change may be related to the
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different maintenance treatments in the two clinical trials. In
IMpowerl32, patients in the atezolizumab+chemotherapy group
received maintenance treatment with atezolizumab
+pemetrexed. In IMpowerl130, the patients received
pemetrexed monotherapy as maintenance therapy. The results
of the sensitivity analysis suggest that the group that received
atezolizumab+pemetrexed as maintenance therapy may have a
longer progression-free survival.

In the third sensitivity analysis, when the CameL study is
removed, the ranking of camrelizumab+chemo changed from
the seventh to the second. The combination of chemotherapy
with camrelizumab does not apparently increase the incidence of
any grade > 3 AE compared with chemo alone (pooled OR = 1.1
[0.71-1.80]), after removing the CameL study. Considering that
all the patients enrolled in the CameL study were non-squamous
while all of the patients enrolled in CameL-sq were squamous,
we speculate that histology type may be one of the reasons for
the heterogeneity. Camrelizumab+chemo has better safety as
shown in the CameL-sq study, so patients with squamous cell
carcinoma maybe have a higher safety profile of using
camrelizumab compared with patients with non-squamous
cell carcinoma.

Additionally, in the CameL study (21), camrelizumab
+chemo did not appear to confer PFS benefit when compared
with chemotherapy alone in patients with PD-L1-negative
expression (HR = 0.76 [0.45-1.26]), whereas it became the
third preferred treatment in our NMA (HR = 0.56 [0.42-
0.74]). Camrelizumab as the better therapeutic effect in
squamous cell carcinoma could be the cause.

In CameL-sq study (27), camrelizumab+chemo performed
better than chemo in PD-L1-negative patients (HR = 0.49 [0.35-
0.68]). Therefore, in squamous non-small cell lung cancer,
camrelizumab+chemo has a high probability of a superior PFS
better than pembrolizumab+chemo (HR = 0.67 [0.49-0.91]) in
KRYNOTE-407 (18), and its OS results (HR = 0.62 [0.41-0.94])
are also better than those of pembrolizumab+chemo (HR = 0.79
[0.56-1.11]) in KRYNOTE-407. Therefore, in squamous
carcinoma, the efficacy and safety profile of camrelizumab
were superior to those of non-squamous carcinoma, consistent
with previous literature suggesting that PD-L1 expression levels
may not be predictive of the efficacy of immunotherapy in
patients with squamous carcinoma. The hypothesis that the
impact of a rich cohort of coexisting mutations (as in the
squamous subtype) may overcome the predictive power of
PD-L1 is to be considered (9).

The advantages of this NMA are as follows. As the most
comprehensive network meta-analysis by far, it evaluates and
compares the efficiency and safety of chemotherapy combined
with immune checkpoint inhibitors or with antiangiogenic
therapy in advanced NSCLC patients with negative PD-L1
expression. In order to ensure that the entirety and quality of
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public results are available for the NMA, all phase III
randomized clinical trial articles and conference summaries to
date providing PD-L1-negative information were included.
Moreover, to avoid bias in the interim report, the overall
survival data were extracted at the final analysis of every trial.
Inevitable limitations still existed in our study. First, we did not
distinguish histological types, which could cause heterogeneity
and unstable results on safety. Second, the PD-L1 detection
methods and reagents vary from study to study, which may
bring about deviations in baseline data. Finally, OS and the
incidence of more than three AEs were not reported in each
study. More head-to-head clinical studies are needed to verify
the conclusion of this NMA based on the indirect comparison.

5 Conclusion

Based on the results of the NMA and approved indications
of the combination treatment strategies, we found that in
advanced NSCLC patients with negative PD-L1 expression,
pembrolizumab+chemo ranks first in the efficacy of OS and
does not apparently increase the incidence of any grade > 3 AE
as compared with chemo alone. On the efficacy of PFS,
pembrolizumab was also able to significantly prolong PFS
without increasing the incidence of grade > 3 adverse events
compared with chemo alone. For patients with squamous cell
carcinoma, camrelizumab+chemo seems to be a better choice.
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