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Background: Head-to-head comparisons between the available first-line regimens with programmed cell
death-1/programmed death-ligand 1 (PD-1/PD-L1) inhibitors and chemotherapy for advanced squamous
non-small cell lung cancer (NSCLC) are lacking. Therefore, we conducted a systematic review and network
meta-analysis to identify the optimal first-line regimen with PD-1/PD-L1 inhibitors plus chemotherapy for
advanced squamous NSCLC.

Methods: A systematic review and network meta-analysis of randomized clinical trials (RCTs) were
performed. PubMed, Embase, Web of Science, and the ClinicalTrials.gov databases and major annual
conferences were searched. RCTs that compared PD-1/PD-L1 inhibitors plus chemotherapy with
chemotherapy alone in patients with advanced squamous NSCLC were eligible for inclusion. Risk of bias
was assessed using the Cochrane Risk of Bias Tool (version 2.0), and a funnel plot was used to assess the
publication bias.

Results: A total of nine RCTs comprising 3,210 patients were included. When combined with
chemotherapy, PD-1 inhibitors were superior to PD-L1 inhibitors in terms of overall survival (OS) [PD-1:
hazard ratio (HR) 0.70, 95% credible interval (CrI): 0.62 to 0.79; PD-L1: HR 0.82, 95% Crl: 0.71 to 0.94]
and progression-free survival (PFS) (PD-1: HR 0.50, 95% Crl: 0.45 to 0.55; PD-L1: HR 0.63, 95% Crl: 0.55
to 0.72). Moreover, the PD-1 inhibitor camrelizumab was the most effective agent in combined therapy for
prolonging OS (HR 0.56, 95% Crl: 0.44 to 0.71) and PFS (HR 0.32, 95% CrI: 0.25 to 0.42), followed by the
PD-L1 inhibitor sugemalimab (OS: HR 0.61, 95% CrI: 0.43 to 0.86; PFS: HR 0.37, 95% Crl: 0.26 to 0.52).
Moreover, the addition of camrelizumab or tislelizumab to chemotherapy was associated with the improved
objective response rate (ORR) and a longer duration of response (DoR). Regarding safety, pembrolizumab
and camrelizumab were associated with the lowest risk of developing grade 3-5 treatment-related adverse
events (TRAEs). Most of the trials were at low risk for bias, and no obvious publication bias was observed in
the outcomes.

Conclusions: When combined with first-line chemotherapy, camrelizumab has the potential to be a
preferred option in patients with advanced squamous NSCLC. This finding might serve as a guideline to aid

in the selection of first-line immunotherapy plus chemotherapy strategies for advanced squamous NSCLC.
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Introduction

Lung cancer is the most frequently diagnosed malignancy
and the leading cause of cancer-related mortality globally,
accounting for 12.4% of new cases and 18.7% of deaths in
2022, respectively (1). Nearly 85% of lung cancer cases are
non-small cell lung cancer (NSCLC), and the squamous cell
carcinoma histological subtype accounts for approximately
25% to 30% of all NSCLC cases (2). In contrast to the
more common adenocarcinoma subtype, squamous NSCLC
poses therapeutic challenges due to its inherent complexity
(e.g., tumor location and high comorbidity burden) and a
lower likelihood of driver gene mutations (3-5). Prior to the
advent of immune checkpoint inhibitors (ICIs), platinum-

Highlight box

Key findings

* Compared to programmed death-ligand 1 (PD-L1) inhibitors,
programmed cell death-1 (PD-1) inhibitors plus chemotherapy
possessed the potential to yield superior outcomes in patients with
advanced squamous non-small cell lung cancer (NSCLC).

* Among PD-1/PD-L1 inhibitors, camrelizumab was the optimal
first-line option when combined with chemotherapy for patients
with advanced squamous NSCLC.

What is known and what is new?

e PD-1/PD-L1 inhibitors combined with chemotherapy have been
recommended as standard first-line therapeutic options for patients
with advanced squamous NSCLC. However, given the absence
of evidence from head-to-head comparisons, it remains unclear
as to which combination regimen of PD-1/PD-L1 inhibitors and
chemotherapy yields the optimal survival benefit.

e This network meta-analysis found that compared to PD-L1
inhibitors, PD-1 inhibitors have the potential to yield superior
outcomes when combined with first-line chemotherapy for
advanced NSCLC, with camrelizumab appearing to be the optimal
first-line option.

What is the implication, and what should change now?
* This network meta-analysis provides a reference for clinicians and
patients when selecting the optimal first-line chemoimmunotherapy.
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doublet chemotherapy had long been the preferred first-line
treatment for patients with advanced squamous NSCLC,
but the clinical benefits were extremely limited (6,7).

Pembrolizumab was the first ICI developed to target
programmed cell death-1 (PD-1) in the systematic treatment
of squamous NSCLC irrespective of the programmed
death-ligand 1 (PD-L1) expression level and was approved
by the United States Food and Drug Administration
(FDA) to be used in combination with chemotherapy for
the first-line treatment of advanced squamous NSCLC in
2018 (8). Subsequently, more phase 3 trials were conducted
to evaluate PD-1 inhibitors (such as camrelizumab,
tislelizumab, and cemiplimab) or PD-L1 inhibitors (such
as atezolizumab and sugemalimab) in combination with
chemotherapy as first-line treatment in this population,
which showed a substantial improvement in both
progression-free survival (PFS) and overall survival (OS)
(9-13). Most of these combinations have been approved and
recommended as standard first-line therapeutic options,
reflecting a shift from cytotoxic therapies to immune-
based regimens for advanced squamous NSCLC in this
setting. However, despite the dramatic advancements in the
treatment of this disease, clinicians often face uncertainty
in selecting the optimal combination strategy given the
lack of head-to-head comparative studies. Therefore, it
is important to conduct a meta-analysis on randomized
clinical trials (RCTs) of chemoimmunotherapy to provide
indirect comparative data and inform drug selection at the
clinical level.

Although several meta-analyses focusing on immunotherapy
in overall NSCLC and non-squamous disease have been
conducted (14-16), such analysis specifically for squamous
NSCLC remains scarce. In this context, we conducted
a systematic review and network meta-analysis of RCTs
to compare the benefits of different regimens combining
PD-1/PD-L1 inhibitors with chemotherapy as first-
line treatment for patients with advanced squamous
NSCLC. The results of this comparison provide available
evidence for clinicians to formulate optimal therapeutic
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strategies for patients scheduled to receive first-line
chemoimmunotherapy. We present this article in accordance
with the PRISMA NMA reporting checklist (17) (available
at https://tler.amegroups.com/article/view/10.21037/tlcr-
2025-83/rc).

Methods
The protocol of this study was registered in PROSPERO

(Prospective Register of Systematic Reviews; No.

CRD42023427656).

Data sources and search strategies

We systematically searched the PubMed, Embase, Web of
Science, and the ClinicalTrials.gov databases until October
16, 2024, for RCTs on ICIs (including anti-PD-1 and
anti-PD-L1) combined with chemotherapy in NSCLC
published in the English language. To avoid omissions and
include the most recent data, abstracts from major annual
conferences held between 2021 to 2024 were also searched,
including those of the American Society of Clinical
Oncology (ASCO), American Association for Cancer
Research (AACR), European Society of Medical Oncology
(ESMO), European Lung Cancer Congress (ELCC), and
The World Conference on Lung Cancer (WCLC). The
detailed searching strategy is listed in the supplementary
methods (Appendix 1).

Study selection

Studies were eligible if they enrolled treatment-naive adult
patients with advanced squamous NSCLC, compared
PD-1/PD-L1 inhibitors combined with chemotherapy
with chemotherapy alone in the first-line setting, and were
an RCT with reported outcomes of PFS, OS, objective
response rate (ORR), or grade 3-5 treatment-related
adverse events (T RAEs). Articles were excluded if they only
included a study protocol; had duplicated results for the
identical population data; were non-RCTs, were reviews
and letters; or were RCTs on other immunotherapies in
addition to PD-1/PD-L1 inhibitors.

Titles and abstracts were meticulously screened and
reviewed to ascertain if the trials fulfilled the inclusion
criteria. When long-term follow-up and updated data from
the same trial were reported, only the most recent data were
included.

© AME Publishing Company.
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Data extraction and quality assessment

Detailed data from the included RCTs were independently
extracted into a standard form by two authors (Z.L. and
Z.W.) using Microsoft Excel (Microsoft Corp., Redmond,
WA, USA). Any disagreements during the process of
data extraction were resolved via discussion between
these two responsible authors until a final consensus was
reached. The trial items extracted were as follows: trial
name, registered identity (ID) on the ClinicalTrials.gov,
first author, publication year, number of enrolled patients,
patient characteristics [including age, gender, smoking
status, Eastern Cooperative Oncology Group performance
status (ECOG PS), and PD-L1 expression], clinical stage,
interventions and controls, duration of response (DoR),
odds ratios (ORs) with 95% confidence intervals (Cls) for
ORR, hazard ratios (HRs) with 95% CI for PFS and OS,
and incidence of grade 3—5 TRAEs. Each included trial
underwent a rigorous review process conducted by two
additional authors (J.Z. and L.H.) to ensure the absence of
mislabeling or missing data.

The Cochrane Risk of Bias Tool (version 2.0) was
independently applied by two authors (H.T. and Z.H.)
to evaluate the quality of the included trials, with any
discrepancies being resolved through discussion and input
from a third author (Y.H.). The evaluation was based on the
following five domains: randomization process, deviations
from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported
result (18). The risk-of-bias for each domain was judged to
be low-risk, high-risk, or somewhat concerning according
to the summary of the evaluation results.

Statistical analysis

Fixed-effect models were used to analyze OS (primary
outcome), PFS, ORR, DoR, and the incidence of grade 3-5
TRAESs (secondary outcomes). With chemotherapy as
the anchor, effect sizes were compared using HRs with
corresponding 95% credible intervals (Crls) for PFS and
OS, with the mean difference and 95% Crls for DoR, and
with ORs with 95% Crls for ORR and the incidence of
grade 3-5 TRAESs.

The network meta-analysis in a Bayesian framework
with a Markov Chain Monte Carlo simulation method was
performed to compare and rank the treatment effects from
comparisons of different treatments. A funnel plot was
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Figure 1 Flow chart of study selection.

used to assess the publication bias. Additionally, subgroup
analyses for both OS and PFS were performed according
to the baseline features. All statistical analyses were carried
out using R software version 4.1.2 (The R Foundation of
Statistical Computing, Vienna, Austria), specifically “gemtc”
package version 1.0-1 and JAGS software (version 4.3.0).
For each outcome measure, Markov chains were established
by running 10,000 burn-ins and 50,000 sample iterations
with 10 step-size iterations with a fixed-effect consistency
model, and this method was used to generate model
parameters in posterior distributions. Since all comparisons
were made in only a single trial, there were no sources
of inconsistency in our study. The Bayesian approach
also provided overall ranking probabilities for each ICI
combination, and each outcome measurement was ranked

© AME Publishing Company.

from the best to the worst by calculating the surface under
the cumulative ranking curves.

Results
Study selection and characteristics

A total of 1,411 records were identified by the search
strategy, including 797 from databases and 614 from other
sources. After initial review, 523 duplicates from databases
were removed (Figure I). Finally, a total of nine RCTs were
included for analysis, with 3,210 patients with advanced
squamous NSCLC involved, who received a variety
of therapeutic regimens including six PD-1 inhibitors
(camrelizumab, pembrolizumab, tislelizumab, sintilimab,
toripalimab, and cemiplimab) plus chemotherapy, three PD-
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L1 inhibitors (atezolizumab, durvalumab, and sugemalimab)
plus chemotherapy, and chemotherapy alone. Most of the
RCTs included were double-blinded trials. The detailed

characteristics of each trial included are summarized in Table 1.

Comparisons of OS, PFS, DoR, and ORR

Among the nine different treatments, eight contributed
to the network for the OS outcome, with sintilimab plus
chemotherapy being excluded due to immature data.
Analysis included nine treatments for PFS, eight for
ORR, seven for DoR, and four for grade 3-5 TRAEs. The
network plots are shown in Figure S1.

In terms of OS, therapeutic regimens with PD-1
inhibitors plus chemotherapy resulted in superior OS
benefit compared to PD-L1 inhibitors combined with
chemotherapy (PD-L1: HR 0.70, 95% Crl: 0.62 to 0.79;
PD-L1: HR 0.82, 95% Crl: 0.71 to 0.94; Figure 2A). For
PD-1 inhibitors, camrelizumab plus chemotherapy provided
the best OS benefit when compared with chemotherapy
alone (HR 0.56, 95% Crl: 0.44 to 0.71), whereas
toripalimab plus chemotherapy had the worst OS benefit,
with an HR of 1.09 (95% Crl: 0.76 to 1.56). Regarding
PD-L1 inhibitors, sugemalimab provided the best OS over
chemotherapy alone (HR 0.61, 95% Crl: 0.43 to 0.86).
In contrast, the other PD-L1 inhibitors, durvalumab and
atezolizumab, showed only modest OS benefit, with the
HRs of 0.82 (95% Crl: 0.63 to 1.06) and 0.88 (95% Crl:
0.73 to 1.06), respectively.

In terms of PFS, the efficacy outcomes of combinations
of PD-1/PD-L1 inhibitors were like those of OS, with
camrelizumab plus chemotherapy also yielding the best
benefit among all PD-1/PD-L1 inhibitor combination
treatments (HR 0.32, 95% Crl: 0.25 to 0.42), followed
by sugemalimab plus chemotherapy (HR 0.37, 95% Crl:
0.26 to 0.52; Figure 2B). Besides these two agents, PD-1
inhibitors tislelizumab or toripalimab combined with
chemotherapy also reduced the risk of disease progression
or death by more than 50% (tislelizumab: HR 0.45, 95%
Crl: 0.35 to 0.59; toripalimab: HR 0.49, 95% Crl: 0.35
to 0.69). Durvalumab and atezolizumab prolonged PFS
compared with chemotherapy (durvalumab: HR 0.68, 95%
CrlI: 0.52 to 0.89; atezolizumab: HR 0.71, 95% CrI: 0.60 to
0.84); however, both were associated with worse PFS when
compared to other treatments including PD-1 inhibitors.

In terms of ORR, camrelizumab remained the superior
therapeutic option when combined with chemotherapy
(OR 3.17, 95% CrI: 2.10 to 4.81) and was followed

© AME Publishing Company.
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by tislelizumab (OR 3.12, 95% CrlI: 1.96 to 4.95) and
sugemalimab (OR 2.83, 95% Crl: 1.53 to 5.34; Figure 34).
Atezolizumab and sintilimab provided relatively poor
benefit in combined therapy and only provided modest
improvements in terms of ORR over chemotherapy alone,
with ORs of 1.42 (95% Crl: 1.05 to 1.93) and 1.48 (95%
Crl: 0.96 to 2.27), respectively.

In terms of DoR, among the PD-1/PD-L1 inhibitor
combinations, tislelizumab plus chemotherapy and
camrelizumab plus chemotherapy provided the most
pronounced DoR benefits relative to chemotherapy alone,
with a mean difference of 17.74 (95% Crl: -31.40 to
66.91) and 12.46 (95% Crl: -26.76 to 50.62), respectively
(Figure 3B). The addition of durvalumab and sintilimab to
chemotherapy was associated with a shorter DoR, with a
mean difference of 1.13 (95% Crl: -19.54 to 21.54) and 1.44
(95% Crl: -21.07 to 23.86).

Safety

Based on the comparison of overall ORs versus those
of chemotherapy alone, the addition of PD-1/PD-L1
inhibitors to chemotherapy was associated with an increase
in the risk of developing grade 3-5 TRAEs, as all of the
ORs exceeded 1 (Figure 4). Among them, pembrolizumab
and camrelizumab had the lowest risk (pembrolizumab:
OR 1.06, 95% Crl: 0.76 to 1.48; camrelizumab: OR 1.11,
95% Crl: 0.71 to 1.74), followed by sintilimab (OR 1.32;
95% Crl: 0.74 to 2.37). Tislelizumab was associated with a
relatively higher risk of grade 3-5 TRAEs (OR 1.37; 95%
Crl: 0.76 to 2.45) than the other three combinations.

Rank probabilities

Bayesian ranking profiles showed that the ranking results
of the OS, PFS, ORR, and DoR were consistent with
the findings obtained with the HRs, ORs and mean
difference (Figure 5 and Figure S2), further indicating the
stability and reliability of the results. For patients with
advanced squamous NSCLC, camrelizumab combined
with chemotherapy was most likely to rank first for OS
(cumulative probability of 45%), PFS (72%), and ORR
(31%), while tislelizumab plus chemotherapy was most
likely to rank first for DoR (39%; Figure 5).

Subgroup analysis

Given the differences in clinical outcomes among
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Trial name Study Registered ID Phase Design Randomization =~ Sample size Squamous (%) Clinical stage Intervention arm Control arm (chemotherapy) Median follow-up
Camel-Sq (9,19) Ren et al., 2022; NCT03668496 3 Double-blind 1:1 193/196 100/100 NB-1v Camrelizumab 200 mg+ carboplatin AUC 5 + Placebo + carboplatin AUC 5 + paclitaxel 53.5 (range, 47.5-61.0) months
Zhou et al., 2024 paclitaxel 175 mg/m?, Q3W 175 mg/m?, Q3W
CHOICE-01 (20) Wang et al., 2023 NCT03856411 3 Double-blind 2:1 309/156 47.6/46.8 B-v Toripalimab 240 mg + nab-paclitaxel 100 mg/m®  Placebo + nab-paclitaxel 100 mg/m’ + 19.4 months
+ carboplatin AUC 5, Q3W carboplatin AUC 5, Q3W
EMPOWER-Lung 3 Makharadze et al., 2023; NCT03409614 3 Double-blind 2:1 312/154 42.6/43.5 HB-v Cemiplimab 350 mg + platinum doublet Placebo + platinum doublet 37.1 months
(21,22) Baramidze et al., 2024 chemotherapy, Q3W chemotherapy, Q3W
GEMSTONE-302 (13,23)  Zhou et al., 2022 NCT03789604 3 Double-blind 2:1 320/159 40.0/40.0 I\ Sugemalimab 1200 mg + carboplatin AUC 5+ Placebo + carboplatin AUC 5+ paclitaxel ~43.5 months in intervention arm;
and 2024 paclitaxel 175 mg/m?, Q3W 175 mg/m?®, Q3W 43.0 months in control arm
IMpower131 (12) Jotte et al., 2020 NCT02367794 3 Open-label 1:1:1 338/343/340 100/100 I\ Atezolizumab 1,200 mg + carboplatin AUC 6 + Carboplatin AUC 6 + nab-paclitaxel 26.8 months in intervention arm;
paclitaxel 200 mg/m?® (arm A) or nab-paclitaxel 100 mg/m? 24.8 months in control arm
100 mg/m? (arm B), Q3W
KEYNOTE-407 (24) Novello et al., 2023 NCT02775435 3 Double-blind 1:1 278/281 100/100 I\ Pembrolizumab 200 mg + carboplatin AUC 6 Saline placebo + carboplatin AUC 6 + 56.9 (range, 49.9-66.2) months
+ paclitaxel 200 mg/m? or nab-paclitaxel paclitaxel 200 mg/m?’ or nab-paclitaxel
100 mg/m?, Q3W 100 mg/m?, Q3W
ORIENT-12 (25) Zhou et al., 2021 NCT03629925 3 Double-blind 1:1 179/178 100/100 nB-v Sintilimab 200 mg + gemcitabine 1.0 g/m® + Placebo + gemcitabine 1.0 g/m® + 12.9 (range, 0.5-17.9) months
cisplatin 75 mg/m® or carboplatin AUC 5, Q3W cisplatin 75 mg/m?® or carboplatin
AUC 5, Q3W
POSEIDON (26,27) Peters et al. 2023; Garon  NCT03164616 3 Open-label 1:1 338/337 37.9/36.2 I\ Durvalumab 1,500 mg + platinum doublet Platinum doublet chemotherapy, Q3W 63.4 months
et al. 2024 chemotherapy, Q3W
RATIONALE 307 (10) Wang et al., 2024 NCT03594747 3 Open-label 1:1:1 120/119/121 100/100 B or IV Tislelizumab 200 mg + carboplatin AUC 5 + Paclitaxel 175 mg/m’ + carboplatin 16.7 months

paclitaxel 175 mg/m?® (arm A) or nab-paclitaxel
100 mg/m? (arm B), Q3W

AUC 5, Q3W

AUC, area under the curve; Q3W, every 3 weeks.

© AME Publishing Company.
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B Progression-free survival

Compared with chemotherapy Hazard ratio (95% Crl)
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Tislelizumab —_— : 0.45 (0.35, 0.59)
Toripalimab —_— 1 0.49(0.35, 0.69)
Sintilimab (= 1 0.54(0.42, 0.68)
Cemiplimab —_— , 0.56 (0.41, 0.77)
Pembrolizumab —_— 1 0.62(0.52,0.74)
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Durvalumab — | 0.68(0.52, 0.89)
Atezolizumab —— © 0.71(0.60, 0.84)
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Figure 2 Forest plots of comparisons for (A) overall survival and (B) progression-free survival. All interventions that were compared to

chemotherapy were combined with chemotherapy (e.g., if the intervention was pembrolizumab, it was pembrolizumab in combination with

chemotherapy). PD-1, programmed cell death-1; PD-L1, programmed cell death ligand 1; Crl, credible interval.

A Objective response rate

Compared with chemotherapy Odds ratio (95% Crl)

Atezolizumab ?—‘ 1.42 (1.05, 1.93)
Sintilimab — 1.48 (0.96, 2.27)
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Sugemalimab : —_— 2.83(1.53,5.34)
Tislelizumab | 3.12 (1.96, 4.95)
Camrelizumab § —— 3.7 (2.10, 4.81)
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B Duration of response

Compared with chemotherapy Mean difference (95% Crl)

Durvalumab —— 1.13 (-19.54, 21.54)
Sintilimab —a— 1.44 (-21.07, 23.86)
Atezolizumab —— 2.99 (-22.32, 28.39)
Pembrolizumab -—E—-—‘ 5.84 (-22.58, 34.50)
Sugemalimab e 8.70 (-19.90, 38.23)
Camrelizumab —_— 12.46 (-26.76, 50.62)
Tislelizumab v—:—-—~ 17.74 (-31.40, 66.91)
I
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Figure 3 Forest plots of comparisons for (A) objective response rate and (B) duration of response. All interventions that were compared to

chemotherapy were combined with chemotherapy (e.g., if the intervention was pembrolizumab, it was pembrolizumab in combination with

chemotherapy). Crl, credible interval.

Compared with chemotherapy Odds ratio (95% Crl)

Pembrolizumab bt 1.06 (0.76, 1.48)
Camrelizumab —— 1.11(0.71,1.74)
Sintilimab —_—— 1.32 (0.74, 2.37)
Tislelizumab —_—— 1.37 (0.76, 2.45)
. E—
0 1 3

Figure 4 Forest plots of comparisons for grade 3-5 treatment-
related adverse events. All interventions that were compared
to chemotherapy were combined with chemotherapy (e.g., if
the intervention was pembrolizumab, it was pembrolizumab in

combination with chemotherapy). Crl, credible interval.

patients with advanced NSCLC with different baseline
characteristics, we performed a subgroup analysis to
estimate OS and PFS.

For OS, among the PD-1/PD-L1 inhibitors with
available subgroup data, camrelizumab showed superior

© AME Publishing Company.

efficacy for PD-L1 expression <1% (HR 0.62, 95% Crl: 0.45
to 0.86) and for PD-L1 expression >1% (HR 0.56, 95% Crl:
0.39 to 0.79) as compared to pembrolizumab, atezolizumab,
and durvalumab (Figure S3A). Similarly, camrelizumab also
showed superiority in both the subgroups of ECOG PS of 0
and 1, with an HR of 0.47 (95% Crl: 0.28 to 0.79) and 0.61
(95% Crl: 0.47 to 0.79), respectively (Figure S3B).

For PFS, sugemalimab and camrelizumab showed the
best benefit among the six combinations with available data,
both for PD-L1 expression <1% (sugemalimab: HR 0.33,
95% Crl: 0.18 to 0.59; camrelizumab: HR 0.45, 95% Crl:
0.32 to 0.63) and PD-L1 expression >1% (sugemalimab:
HR 0.33, 95% Crl: 0.22 to 0.50; camrelizumab: HR 0.24,
95% Crl: 0.17 to 0.34) (Figure S4A). In the subgroups of
age and ECOG PS, camrelizumab consistently exhibited
superior PFS benefit, with HRs of 0.27 (95% Crl: 0.19 to
0.38) for age <65 years, 0.45 (95% Crl: 0.31 to 0.65) for age
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Figure 5 Bayesian ranking profiles for (A) overall survival, (B) progression-free survival, (C) objective response rate and (D) duration of

response.

>65 years, 0.35 (95% Crl: 0.20 to 0.61) for an ECOG PS of
0, and 0.32 (95% Crl: 0.25 to 0.41) for an ECOG PS of 1
(Figure S4B,54C). The most effective agent in combination
with chemotherapy among current or former smokers was
camrelizumab (HR 0.28, 95% Crl: 0.21 to 0.37), whereas
it was tislelizumab among nonsmokers (HR 0.32, 95% Crl:
0.19 to 0.57) (Figure S4D). In addition, tislelizumab yielded
a better PFS benefit in both patients with liver metastases
(HR 0.51, 95% Crl: 0.27 to 0.96) and those without liver
metastases (HR 0.44, 95% Crl: 0.35 to 0.56) than did
sintilimab or atezolizumab (Figure S4E).

Risk of bias

The results of the risk of bias assessment conducted with the
Cochrane risk-of-bias tool are shown in Figure S5. Overall,
most of the trials included in this meta-analysis were at low
risk for bias. Additionally, no obvious publication bias was
observed in the outcomes, as indicated by the results of the
funnel plot (Figure S6).

Discussion

Since PD-1/PD-L1 inhibitors combined with chemotherapy
replaced chemotherapy alone as the first-line standard
treatment for advanced NSCLC in 2016, a growing
number of systematic reviews and network meta-analyses
have focused on first-line immunotherapies for advanced

© AME Publishing Company.

NSCLC (14,28,29). However, for different histological
subtypes, subgroup analysis has been the predominant
methodology. This network meta-analysis directly
examined advanced squamous NSCLC. It compared the
outcomes of various PD-1/PD-L1 inhibitors combined with
chemotherapy as first-line therapy for this disease. The aim
was to provide valuable insights for clinical management
decisions.

In this network meta-analysis of nine phase 3 RCTs
involving 3,210 patients with advanced squamous NSCLC,
we found that the combination of PD-1/PD-L1 inhibitors
with chemotherapy conferred superior benefit over
chemotherapy alone, with PD-1 inhibitors outperforming
PD-L1 inhibitors, which is consistent with previous
studies (14,30,31). This discrepancy may be attributed to
inherent differences between PD-1/PD-L1 inhibitors, as
PD-1 inhibitors not only bind to PD-1 but also impede
its interaction with both PD-L1 and PD-L2. Conversely,
PD-L1 inhibitors merely inhibit the binding of PD-1 to
PD-L1 without interfering with its interaction with PD-L.2,
potentially enabling tumors to evade antitumor immune
responses through the potential “escape route” mediated by
the PD-1-PD-L2 axis (32-34).

Our analysis may also contribute to identifying
the optimal PD-1/PD-L1 inhibitor for the first-line
treatment of advanced squamous NSCLC in clinical
settings. With the exception of sintilimab, which was
excluded from OS analysis due to insufficient data, the
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comparative results of the eight PD-1/PD-L1 inhibitors
plus chemotherapy showed that compared to chemotherapy
alone, camrelizumab combined with chemotherapy provide
the best outcomes in terms of OS, PFS, ORR, and DoR.
Another systematic review and network meta-analysis by
Zhao et al., which also focused on squamous NSCLC,
reported that sugemalimab provided the most long-term
survival benefit (35). This difference may be because we
used data from a longer follow-up period and employed
different statistical methods. In addition, we compared
the outcomes of ORR and DoR. Notably, compared
to patients treated with chemotherapy alone, those
receiving toripalimab plus chemotherapy demonstrated
an improvement in PFS (HR 0.49, 95% Crl: 0.35 to 0.69)
but no benefit in OS (HR 1.09, 95% Crl: 0.76 to 1.56),
which serves as the optimal endpoint for assessing patient
benefit (36).

With respect to safety, the addition of PD-1 inhibitors
to chemotherapy resulted in an increased incidence of
grade 3-5 TRAEs, and patients treated with camrelizumab
or pembrolizumab had the lowest risk of experiencing
grade 3-5 TRAES, suggesting their relatively superior safety
profile among all the four regimens with available safety
data. Unfortunately, the comparisons of PD-L1 inhibitors
could not be performed due to the lack of safety data in
squamous disease.

This study involved several limitations which should
be addressed. First, the median follow-up time for
half of the included studies was less than 3 years, with
continued follow-up for OS, and five studies only
enrolled Chinese patients, which might have introduced
heterogeneity and bias. Second, as not all included studies
exclusively focused on squamous NSCLC (such as the
POSEIDON, CHOICE-01, EMPOWER-Lung 3, and
GEMSTONE-302 trials), it was difficult to obtain complete
baseline data, resulting in a failure to obtain the sources of
heterogeneity through subgroup analyses.

Conclusions

Our study suggests that PD-1 inhibitors may potentially
yield superior outcomes as compared to PD-L1 inhibitors
in first-line chemoimmunotherapy regimens for advanced
squamous NSCLC. Furthermore, when combined with
chemotherapy, camrelizumab appeared to be the most
favorable first-line ICI. These findings may serve as
a reference for clinicians and patients in the selecting
the optimal first-line chemoimmunotherapy; however,

© AME Publishing Company.
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differences in follow-up durations, patient populations, and
approvals of agents in different regions should be taken into
account. Long-term follow-up data and well-designed head-
to-head trials are needed to validate our findings.
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