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Background: Randomized controlled trials (RCTs) have unequivocally
established the therapeutic advantages of combining immune checkpoint
inhibitors (ICls) with chemotherapy in the treatment of early-stage non-small
cell lung cancer (NSCLC). Presently, numerous perioperative immunotherapy
regimens centered around the integration of ICls and chemotherapy have
undergone clinical trials. Nonetheless, due to the absence of direct
comparative RCTs among these treatment regimens, this study aims to employ
Bayesian network meta-analysis to ascertain the optimal combination of ICls
and chemotherapy.

Methods: A systematic literature search was conducted in PubMed, EMBASE,
Cochrane Library, Web of Science databases, and major international conference
publications up to April 10, 2024. This comprehensive search yielded a total of
1434 studies. Following a rigorous screening process that involved evaluating the
studies for relevance, methodological quality, and alignment with our research
objectives, 8 studies were carefully selected for inclusion in the final analysis.
Based on these curated search results, a systematic review and network meta-
analysis were conducted.

Results: 8 RCTs were included, encompassing 7 treatments and involving 3699
operable NSCLC patients at stages I-1ll. Compared to chemotherapy alone,
perioperative immunotherapy demonstrated higher efficacy. The combination
of toripalimab and chemotherapy showed the most significant improvement in
event-free survival (EFS) (HR= 0.40; 95% Cl, 0.28-0.58). The regimen that most
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notably enhanced overall survival (OS) was Nivolumab combined with
chemotherapy (HR = 0.62; 95% CI, 0.36-1.07). In terms of pathological
complete response (pCR), the combination of Toripalimab and chemotherapy
exhibited the highest benefit (OR = 32.89; 95% Cl, 7.88-137.32). Regarding the
improvement in RO resection, Pembrolizumab plus chemotherapy performed
most prominently(OR=2.15; 95% CI, 1.30-3.56). In terms of the incidence of
grade 3 or higher adverse events, durvalumab combined with chemotherapy had
the lowest incidence (OR = 1.05; 95% Cl, 0.79-1.38), while the incidence for other
regimens was higher than chemotherapy alone.

Conclusion: The efficacy of perioperative immunotherapy plus chemotherapy in
patients with early NSCLC is significantly improved compared to chemotherapy
alone. Although there is a certain risk of adverse events, the safety is within a
controllable range. After a comprehensive evaluation of five endpoints in this
study, it is believed that the combination of Toripalimab or Nivolumab with
chemotherapy may be the optimal immunotherapy regimen for the treatment of
stage Ib-Illb NSCLC. These findings will help guide the design of clinical
treatment plans and ICls selection.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/
#recordDetails, identifier CRD42024536799.

non-small cell lung cancer, neoadjuvant therapy, perioperative period, immune
checkpoint inhibitors, efficacy and safety, network meta-analysis

1 Introduction

Lung cancer accounts for the highest proportion of cancer
deaths globally (1), with non-small cell lung cancer (NSCLC)
being the predominant histological subtype, comprising
approximately 80% to 85% of all lung cancers, which is the
leading cause of cancer-specific mortality (2). The early diagnosis
of lung cancer is closely correlated with improved survival rates (3).
Nearly half of NSCLC patients are diagnosed at stages I-III during
their initial consultation (4). Among these patients, approximately
70% have the potential to be cured through surgery (5). However,
the prognosis for advanced stages of the disease is less favorable,
with less than 5% of patients with metastatic NSCLC surviving
beyond five years. Consequently, curative surgical resection remains
the primary treatment modality for early-stage NSCLC.
Nonetheless, substantial data indicates that when surgery is used
as the sole treatment for stage III NSCLC, there is still a 25%-55%
recurrence or mortality rate (6-8). The 5-year survival rates for
patients in stages I, II, and III are in the ranges of 73%-90%, 56%-
65%, and 12%-41%, respectively (9), indicating a low probability of
achieving long-term survival. Therefore, for patients with stage I to
111, the neoadjuvant therapy that aims to improve the RO resection
rate and eliminate micrometastases before surgery is of great value
in improving the efficacy and survival (10), providing an
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opportunity for the eradication of early NCSLC (11).
Postoperative adjuvant therapy, which aims to eliminate residual
micrometastases, reduce recurrence rate (12), and prolong the total
treatment time for disease control, provides patients with more
recovery time (13). Neoadjuvant and adjuvant therapies include
perioperative chemotherapy represented by platinum-based drugs
and perioperative immunotherapy represented by Nivolumab. It is
generally believed that perioperative chemotherapy can increase the
five-year survival rate of patients with stage I to III by
approximately 5% (14-16). However, some studies have suggested
that perioperative chemotherapy does not significantly improve
patient mortality (17, 18) and may lead to complications (19, 20),
thus the use of chemotherapy alone during the perioperative period
cannot achieve satisfactory results. Subsequently, radiotherapy was
also included in neoadjuvant therapy regimens. Although the
combination of radiotherapy and chemotherapy has improved the
pCR and RO resection rates for patients, the long-term
improvement in EFS and OS remains limited. Targeted therapy
has gradually gained widespread application in the perioperative
period. Studies have shown that targeted therapy is safe and feasible
in the neoadjuvant therapy, improving surgical resection rates and
postoperative recurrence rates (21, 22).However, a new study have
indicated that the efficacy of targeted therapy for NSCLC is less than
satisfactory, requiring further research and validation (23).
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In recent years, the rise of immunotherapy has significantly
altered the landscape of cancer treatment. The CheckMate 159 (24)
demonstrated that the major pathological response(mPR) rate of
NSCLC patients receiving nivolumab before radical surgery was
45% (95% CI, 23 - 68), with a 5-year relapse-free survival (RFS) rate
of 60% and a 5-year OS rate of 80% at a median follow-up of 63
months (25). The CheckMate 816 (26) showed that NSCLC patients
in Group A and Group B underwent nivolumab and chemotherapy
alone before radical surgery, respectively. The results revealed that
the median event-free survival was 31.6 months [95% CI, 30.2 - not
reached] and 20.8 months [95% CI, 14.0 - 26.7] for the two groups,
with a pCR rate of 24.0% versus 2.2% and an improved mPR of 37%
versus 9%. The risk ratio for Group A was 0.63 [97.38% CI, 0.43 -
0.91; P = 0.005], sufficient to prove that neoadjuvant
immunotherapy can prolong patients’ EFS, increase their pCR,
and ultimately improve their OS. Subsequent studies such as
KEYNOTE-671 (27) and CheckMate-77T (28)have applied ICIs
combined with chemotherapy during the perioperative period,
achieving significantly better performance than the control group
in terms of EFS, OS, pCR, and other aspects. Since then, the
application of ICIs has achieved encouraging results in
perioperative treatment. Compared with resection alone, the
addition of ICIs can improve the resectability of tumors and
reduce the risk of recurrence. It has significantly improved the OS
of patients (29). For instance, in the NADMI II trial (30), the
experimental group achieved a remarkable 98% OS rate at 12
months (compared to 82% in the control group), and an
impressive 85% OS rate at 24 months, whereas the control group
only reached 63%. And NCCN (National Comprehensive Cancer
Network) has recommended that for patients with stage IB to IITA
and some IIIB (T3N2MO0) NSCLC, radical surgery combined with
perioperative immunotherapy plus chemotherapy is currently the
best treatment option (31). Therefore, more and more ICIs are
being incorporated into first-line treatment regimens and are widely
used in clinical practice.

ICIs are primarily divided into programmed death receptor
inhibitors(PD-1) and programmed death ligand inhibitors(PD-L1).
The emergence of tumor cells is related to the trans-binding of PD-1
and PD-L1, which inhibits key signaling pathways and leads to T
cell apoptosis (32, 33). Hence, the primary mechanism of ICIs
action involves the binding to protein receptors situated on the
surface of T cells, thereby restoring T cell activity. Furthermore,
these inhibitors hinder immune evasion, thus modifying the tumor
microenvironment and effectively exerting antitumor impacts (34).
Currently, the main neoadjuvant ICIs in use include Toripalimab,
Pembrolizumab, Camrelizumab, Nivolumab, durvalumab,
and others.

The optimization of perioperative treatment strategies for
NSCLC has become a meaningful topic of concern. Recent large-
scale RCTs have compared ICIs plus chemotherapy to
monotherapy with chemotherapy as perioperative treatment
options for NSCLC. However, due to the lack of RCTs directly
comparing different ICIs plus chemotherapy, the optimal
combination regimen remains controversial. Based on this, we
utilized systematic evaluation and Bayesian network meta-analysis
methods to rank the efficacy and safety of various ICIs combined

Frontiers in Immunology

10.3389/fimmu.2024.1432813

with chemotherapy through indirect comparisons, providing
evidence-based evidence for clinical medication.

2 Materials and methods
2.1 Data sources and search strategy

This study systematically searched the PubMed, EMBASE,
Cochrane Library, Web of Science databases, as well as ASCO
and ESMO congress abstracts (Figure 1). The key search terms were
“Non-Small Cell Lung Cancer”, “randomized clinical trial”,
“immune checkpoint inhibitors”, “PD-L1 inhibitor”, “PD-1

» o«

inhibitor”, “CTLA-4 Inhibitor”, “names of several relevant drugs
in English”. The search was limited to the period from the inception
of the databases to April 10, 2024. The search strategy combined
free-text terms and subject headings, and the specific search query is
detailed in Supplementary Table 1.

For the sake of transparency, reliability, and originality, the
study protocol has been prospectively registered in the International
Prospective Register of Systematic Reviews (PROSPERO) under the
reference number CRD42024536799.

2.2 Selection criteria
Inclusion criteria:

1. Randomized controlled trials involving patients
histologically or cytologically diagnosed as IB-IIIB
stage NSCLC.

2. Randomized controlled trials of NSCLC using ICIs as
neoadjuvant treatment with or without adjuvant treatment.

3. Randomized controlled trials comparing ICIs with
standard chemotherapy as neoadjuvant treatment
for NSCLC.

4. Randomized controlled trials that reported at least one of
the following outcome indicators: EFS, OS, PCR, RO
resection rates, and the incidence of adverse events of
Grade 3 or above.

Exclusion criteria:

1. Randomized controlled trials based on different stages of
the same group of patients.

2. Randomized controlled trials with unclear outcome indicators.

3. Reviews or case reports.

2.3 Data extraction and quality assessment

Two researchers independently extracted data from randomized
controlled trials according to the PROSMA statement, and any
discrepancies were resolved through discussion with the third author.
The following information was extracted from each article: trial name,
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FIGURE 1

Flow Chart of Included and Excluded Studies. After thorough screening, we ultimately selected 8 studies (including 7 RCTs and one conference
abstract) from 1,330 studies and 104 conference abstracts for inclusion in this meta-analysis.

trial design, publication source, publication year, tumor stage, national
clinical trial number, sample size, and dosing regimen for the
experimental and control groups. The endpoints extracted from each
article included Hazard Ratio(HR) for EFS and OS with corresponding
95% confidence intervals (95% Cls), and Odds Ratio(OR) for pCR, RO
resection rates, AEs>3.

The quality of the included RCT' was assessed using the Cochrane
Risk of Bias Tool (2.0). This assessment tool was based on the following
five domains: risk of bias arising from the randomization process, risk
of bias due to deviations from the intended interventions, risk of bias
from missing outcome data, risk of bias in the measurement of the
outcome, and risk of bias in the selection of the reported result. The risk
of bias for the included RCTs was classified into three categories: low
risk, high risk, and “some concerns.”.

2.4 Statistical analysis

The primary endpoints were EFS and OS, while the secondary
endpoints were pCR, RO resection rates, and AEs>3. HR and 95%
CI were used as effect sizes for EFS and OS, while OR and 95% CI
were used as effect sizes for pCR, RO resection rates, and Grade 3 or
higher AEs. Network meta-analysis was conducted in a Bayesian
framework using the “rjags” and “gemtc” packages in R software
(35, 36). Using a fixed-effect model, three independent Markov
chains were established, with 10,000 burn-ins and 30,000 sample
iterations run independently on each chain. The iteration results of
the Markov chain with HR and OR as the effect size patterns were
used to rank the efficacy and safety of different treatment regimens,
which were presented through visual images.

This study employed Revman 5.4 software to conduct a
Pairwise meta-analysis based on the frequency method, aiming to
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comprehensively evaluate the efficacy and safety of first-line
immunotherapy combined with chemotherapy compared to
chemotherapy alone. Heterogeneity was assessed using the Q test
and I° statistic, with I> < 50% or P > 0.1 considered as low
heterogeneity, and I’ > 50% or P < 0.1 considered as high
heterogeneity. Random-effects models were used for studies with
high heterogeneity, while fixed-effects models were adopted for
studies with low heterogeneity. For studies with high heterogeneity,
sensitivity analysis was performed, and studies with significant
impacts on heterogeneity were sequentially excluded from the
model. Comparisons were made between the aggregated efficacy
and safety before and after the exclusion, along with statistical
significance tests. Funnel plot was used to evaluate publication bias.
The significance level was set at o, = 0.05.

2.5 Sensitivity analysis

The Deviance Information Criterion (DIC) was used for model
comparison to evaluate the relative goodness-of-fit of the fixed-
effects model and the random-effects model. A smaller DIC value
indicates a better model fit. If the difference in DIC between the

fixed-effects model and the random-effects model is less than 5, the
models are considered to be consistent.

3 Results
3.1 Study selection

A total of 1434 studies were screened, including 104 abstracts
from ASCO and ESMO conferences. After excluding 743 duplicates,
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279 reviews or case reports and 305 irrelevant studies based on titles
and abstracts, a detailed review was conducted on the remaining 94
studies that were eligible for full-text examination, including 26
abstracts from ASCO and ESMO conferences. Among them, 86
studies were further excluded due to unsatisfactory study type,
study design, and unsatisfactory control group, or concurrent
studies. Finally, we selected 8 studies (26-28, 30, 37-40), all of
which were randomized controlled trials, with 1 conference abstract
included. A total of 3699 patients were included, and 3387 eligible
patients received the following seven treatments: chemotherapy
(chemo), Nivolumab plus Chemotherapy (Niv-chemo),
Pembrolizumab plus Chemotherapy (Pem-chemo), Camrelizumab
plus Chemotherapy (Cam-chemo), Durvalumab plus
Chemotherapy (Dur-chemo), Toripalimab plus Chemotherapy
(Tor-chemo), and Tislelizumab plus Chemotherapy (Tis-chemo).
The basic characteristics of the included studies have been
listed (Table 1).

Regarding the risk of bias, most of the included studies are highly
reliable, with only CheckMate 816, AEGEAN, and Neotorch raising
some concerns regarding the randomization process (Figure 2).

3.2 Pairwise meta-analysis

3.2.1 Comparisons of EFS, OS

All eight studies (26-28, 30, 37-40) reported EFS, but one study
(40) did not provide specific data. There was little statistical
heterogeneity among studies (P > 0.1, I’=12), and a fixed-effects
model was used for meta-analysis (Figure 3). The results showed that
NSCLC patients treated with ICIs combined with chemotherapy had
significantly improved EFS compared to chemotherapy alone
(HR=0.59, 95% CI: 0.52-0.66). In the subgroup of neoadjuvant-only,
the application of ICIs demonstrated a significant advantage compared
to chemotherapy alone (HR=0.58, 95% CI: 0.51-0.66). In the subgroup
of neoadjuvant-adjuvant, the combination of ICIs and chemotherapy
also showed considerable performance (HR=0.66, 95% CI: 0.48-0.90).

Four studies (26, 27, 30, 39) reported OS, with no statistical
heterogeneity among the studies (P>0.1,[°’=0), and a fixed-effect
model was used for the meta-analysis (Figure 3). The results
indicated that the NSCLC patients treated with three ICIs plus
chemotherapy had significantly improved OS compared with those
treated with chemotherapy alone (HR = 0.67, 95% CI: 0.55-0.82). In
the subgroup of neoadjuvant-only, although only one study
reported OS data, the combination of ICIs and chemotherapy still
showed some value in prolonging OS compared to chemotherapy
alone (HR=0.62, 95% CI: 0.36-1.07). In the subgroup of
neoadjuvant-adjuvant, the combination of ICIs and chemotherapy
demonstrated a reliable therapeutic advantage (HR=0.67, 95% CI:
0.54-0.84).

3.2.2 Comparisons of pCR, RO resection rates
and AEs>3

All studies (26-28, 30, 37-40) reported pCR, with small
statistical heterogeneity among studies (P=0.1,I°=41). A meta-
analysis was conducted using a fixed-effects model (Figure 4). The
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results showed that NSCLC patients treated with ICIs combined
with chemotherapy had significantly higher pCR compared to those
treated with chemotherapy alone (OR=7.68, 95% CI: 5.88-10.04). In
the subgroup of neoadjuvant-only, ICIs-chemo significantly
improved the pCR rate compared to chemotherapy alone
(OR=9.71, 95% CI: 4.45-21.16). In the subgroup of neoadjuvant-
adjuvant, ICIs-chemo also demonstrated a significant clinical
advantage (OR=7.43, 95% CI: 5.58-9.88).

Seven studies (26-28, 30, 37-39) reported RO resection rates,
with no statistical heterogeneity among studies (P>0.1,1’=0). A
meta-analysis was performed using a fixed-effects model
(Figure 4). The results indicated that NSCLC patients treated with
ICIs combined with chemotherapy had significantly improved RO
resection rates compared to those treated with chemotherapy alone
(OR=1.63, 95% CI: 1.24-2.14).In the subgroup of neoadjuvant-only,
ICIs-chemo as neoadjuvant therapy showed noteworthy clinical
value compared to chemotherapy alone (OR=1.50, 95% CI: 0.87-
2.59). In the subgroup of neoadjuvant-adjuvant, ICIs-chemo
demonstrated a more significant therapeutic advantage in
improving the r0 resection rate (OR=1.67, 95% CI: 1.22-2.30).

All studies (26-28, 30, 37-40) reported AEs>3, with small
statistical heterogeneity among studies (P>0.1,I’=27)and in one
subgroup the I°=75. A meta-analysis was conducted using a
random-effects model (Figure 5). The results showed that NSCLC
patients treated with ICIs combined with chemotherapy had a
higher incidence of adverse events of Grade 3 or above compared
to those treated with chemotherapy alone (OR=1.20, 95% CI: 1.01-
1.42). In the subgroup of neoadjuvant-only, there exists a certain
safety risk with the application of ICIs (OR=1.48, 95% CI: 0.44-
4.90). Due to the high heterogeneity in this subgroup, the source of
heterogeneity was investigated, and it was discovered that in the
TD-Foreknow study, only 88 patients were included, resulting in an
OR value significantly higher than that in another study, which is
likely the primary cause of heterogeneity. In the subgroup of
neoadjuvant-adjuvant, there is a slightly higher safety risk
(OR=1.21, 95% CI: 1.04-1.40) with the ICIs-chemo combination
as a neoadjuvant and adjuvant treatment compared to
chemotherapy alone.

3.3 Network meta-analyses

3.3.1 Comparisons of EFS and OS

The primary endpoints of this study were EFS and OS, with HR
and 95% CI used as the effect sizes for EFS and OS. The NMA
included seven ICIs combined with chemotherapy treatment
regimens that reported EFS and four that reported OS
(Figure 6).In terms of EFS, patients receiving immunotherapy
achieved significant improvements compared to those receiving
chemotherapy alone (Figure 7). Among them, Tor plus chemo
exhibited the best EFS benefit compared to chemotherapy
(HR=0.40; 95% CI, 0.28-0.58), with the experimental group
achieving a two-year EFS probability of 64.7%, nearly double that
of the control group (38.7%). Next, Cam plus chemo (HR=0.52;
95% CI, 0.21-1.28) and Pem plus chemo (HR=0.59; 95% CI, 0.48-

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1432813
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

ABojounwiwi| Ul s1213U044

90

[SSIRVFETM I

TABLE 1 Basic characteristics of included studies.

Registered
ID

Included
sample

Intervention arms

Control arms

Primary
end
points

Forde Niv plus cisplatin or

(26) (2022) | CheckMate816 NCT02998528 505 358(179/179) IB-IITA 64.5 255/103 carboplatin, surgery cisplatin or carboplatin, surgery EFS,pCR

Lei Cam plus platinum-based

(37) (2023) = TD-FOREKNOW  NCT04338620 94 88(43/45) TIIA-IIIB 61 74/14 chemo, surgery placebo plus placebo plus surgery pCR
Niv plus paclitaxel and carboplatin,

Provencio surgery Postoperative:Niv paclitaxel plus carboplatin surgery

(30) (2023) = NADIM II NCT03838159 86 86(57/29) IITA-IIIB plus chemo Postoperative:chemo pCR

Wakelee Pem plus cisplatin, surgery, placebo plus cisplatin surgery,

(27) (2023) | KEYNOTE-671 NCT03425643 797 797(397/400) 1L-111B 63.5 563/234 Postoperative:Pem Postoperative:placebo EFS,08
Tor plus platinum-based placebo plus platinum-based

Lu chemotherapy, surgery, chemotherapy, surgery, Postoperative:

(39) (2023) | Neotorch NCT04158440 501 404(202/202) 1L-1IT 61.5 370/44 Postoperative:Tor plus chemo placebo plus chemo EFS,mPR
Dur plus platinum-based placebo plus platinum-based

Heymach chemotherapy surgery, chemotherapy surgery,

(38) (2023) | AEGEAN NCT03800134 802 740(366/374) IL-I1IB 65 530/210 Postoperative:Dur Postoperative:placebo EFS,pCR
Niv plus platinum-based placebo plus platinum-based

Cascone chemotherapy, surgery, chemotherapy, surgery,

(28) (2023) | CheckMate 77T NCT04025879 461 461(229/232) 1L-11IB Postoperative:Niv Postoperative:placebo EFS
Tis plus platinum-based placebo plus platinum-based

Yue chemotherapy surgery, chemotherapy surgery,

(40) (2023)  RATIONALE-315 NCT04379635 453 453(226/227) 1L-1ITA Postoperative:Tis Postoperative:placebo mPR,EFS

PCR, pathologic complete response; mPR, major pathologic response; EFS, event free survival; OS, overall survival; Niv, nivolumab; Cam, Camrelizumab; chemo, chemotherapy; Pem, Pembrolizumab; Tor, Toripalimab; Dur, Durvalumab; Tis, Tislelizumab.
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FIGURE 2

Risk of Bias Summary: Review Authors’ Judgements about Each Risk
of Bias Item. The quality of included studies was assessed across five
dimensions. Taking the randomization process as an example,
studies with adequately concealed allocation, random assignment,
and baseline differences attributed to chance were deemed low risk.
Studies with adequate concealment but non-random allocation, or
with baseline imbalances suggesting randomization issues, were
considered to have some concerns. Studies lacking adequate
concealment and showing baseline differences indicating
randomization problems were classified as high risk.
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0.72) both showed outstanding improvements in EFS compared to
chemotherapy, with both groups achieving a two-year EFS
probability of over 60%. Additionally, Pem plus chemo and Niv
plus chemo (HR=0.97; 95% CI, 0.72-1.30) provided similar benefits,
while chemotherapy alone showed the least significant
improvement in EFS. In the subgroup of neoadjuvant-adjuvant, a
total of 5 studies reported EFS, involving 5 regimens. Similar to the
results in the overall group, Tor plus chemo showed the most
significant treatment benefit in improving EFS. However, unlike in
the overall group, Niv plus chemo provided a noticeable
improvement in EFS in this subgroup (HR=0.56; 95% CI, 0.42-
0.74), second only to Tor plus chemo.

Regarding OS, although only four studies included OS as an
endpoints, patients receiving ICIs combinations demonstrated
significant OS benefits compared to those receiving chemotherapy
alone (Figure 8). Niv plus chemo (HR=0.62; 95% CI, 0.36-1.07)
provided the most significant improvement in OS, with 83% of
patients achieving two-year OS. Followed by Tor plus chemo
(HR=0.62; 95% CI, 0.38-1.01) and Pem plus chemo (HR=0.72;
95% CI, 0.56-0.93), both groups achieved a two-year OS probability
of over 80%. Moreover, Niv plus chemo and Tor plus chemo
provided similar benefits (HR=1.12; 95% CI, 0.57-2.19), while
chemotherapy alone showed lower OS benefits compared to
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FIGURE 3

Forest Plot of Comparison of EFS and OS between Perioperative ICls Plus Chemotherapy with Chemotherapy alone. All comparisons were
conducted in two subgroups: neoadjuvant-adjuvant and neoadjuvant-only, with the subgroup results subsequently aggregated into a
comprehensive outcome. (A) presents a comparison of event-free survival between the combination of ICls and chemotherapy versus
chemotherapy alone across the two subgroups. (B) presents a comparison of overall survival between the combination of ICls and chemotherapy

versus chemotherapy alone across the two subgroups.
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FIGURE 4

Forest Plot of Comparison of pCR and RO resection between Perioperative ICls Plus Chemotherapy with Chemotherapy alone. All comparisons were
conducted in two subgroups: neoadjuvant-adjuvant and neoadjuvant-only, with the subgroup results subsequently aggregated into a
comprehensive outcome. (A) presents a comparison of pathological complete response between the combination of ICls and chemotherapy versus
chemotherapy alone across the two subgroups. (B) presents a comparison of rO resection between the combination of ICls and chemotherapy
versus chemotherapy alone across the two subgroups.
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FIGURE 5

Forest Plot of Comparison of Safety between Perioperative ICls Plus Chemotherapy with Chemotherapy alone. All comparisons were conducted in
two subgroups: neoadjuvant-adjuvant and neoadjuvant-only, with the subgroup results subsequently aggregated into a comprehensive outcome.
This figure presents a comparison of adverse events of grade 3 or higher between the combination of ICls and chemotherapy versus chemotherapy
alone across the two subgroups.
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FIGURE 6

Network Plot for Endpoints of Multiple ICls Combined Chemotherapy Regimens of Non-Small Cell Lung Cancer. Each circle represents an
intervention as a node in the network, and the size of every circle is proportional to the number of trials comparing every pair of treatments. The
lines in five colors represent the endpoints on which various treatments are compared with traditional chemotherapy, respectively, and the thickness

of the lines is proportional to the number of RCTs.

immunotherapy combinations. In the subgroup of neoadjuvant-
adjuvant, the ranking of several regimens in terms of OS benefit is
the same as that in the overall group, but in comparison, Niv plus
chemo showed a more significant therapeutic advantage in the
subgroup (HR=0.43; 95% CI, 0.19-0.97).

3.3.2 Comparisons of pCR, RO resection rates
and AEs>3

The secondary endpoints of this study were pCR, RO resection
rates, and AEs of grade 3 or higher. OR and 95% CI were used as
effect sizes for pCR, RO resection rates, and AEs>3.

Regarding pCR, ICIs combined with chemotherapy
demonstrated significant benefits (Figure 9). Compared to
chemotherapy alone, Tor plus chemo (OR=32.89; 95% CI, 7.88-
137.32) showed the most pronounced improvement in pCR, with a
PCR achievement rate of 24.8% in the experimental group versus
only 1% in the control group. This was followed by Tis plus chemo
(OR=11.30; 95% CI, 6.08-21.00) and Niv plus chemo (OR=8.32;
95% CI, 4.89-14.17), with pCR rates exceeding 20% in both groups.
Pem plus chemo and Cam-chemo exhibited similar benefits in pCR
rates (OR=1.07; 95% CI, 0.28-4.07).There is an obvious difference in
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efficacy between chemotherapy alone and combination ICIs. In the
subgroup of neoadjuvant-adjuvant, the ranking of various
treatment regimens is consistent with that in the overall group.
However, compared to the results of the overall group, Niv plus
chemo demonstrated a more pronounced therapeutic benefit in the
subgroup (OR=6.98; 95% ClI, 3.76-12.94).

In terms of RO resection rates, the perioperative application of
ICIs plus chemotherapy still showed remarkable improvement
(Figure 7). Compared to chemotherapy, Pem plus chemo
(OR=2.15; 95% CI, 1.30-3.56) performed best, achieving a RO
resection rate of 92%. This was followed by Cam plus chemo
(OR=2.06; 95% CI, 0.48-8.85) and Tor plus chemo (OR=1.82;
95% CI, 0.69-4.83), both achieving RO resection rates exceeding
90%. In the subgroup of neoadjuvant-adjuvant, the ranking of
various regimens is consistent with that in the overall group.
However, compared to the results in the full group, the
improvement of Niv plus chemo on RO resection is relatively
small (OR=1.18; 95% CI, 0.39-4.36).

Regarding the incidence of adverse events of grade 3 or higher,
most combinations of ICIs and chemotherapy led to an increase in
adverse events (Figure 9). Only Dur plus chemo (OR=1.05; 95% CI,
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FIGURE 7

League table of all included treatments compared for EFS and RO Resection. Treatments are reported in order of EFS and RO resection ranking
according to SUCRA. Hazard ratio for EFS and Odds ratio for rO resection with 95% confidence interval in parenthesis. The light-colored portion of
the upper combined graph presents the efficacy rankings of all treatment regimens with respect to EFS, while the dark-colored portion presents
their rankings with respect to RO resection. The light-colored portion of the lower combined graph presents the efficacy rankings of the treatment
regimens involved in the neoadjuvant-adjuvant subgroup in terms of EFS, and the dark-colored portion presents their rankings in terms of

RO resection.

0.79-1.38) had a lower incidence of adverse events compared to
chemotherapy alone, while Niv plus chemo had a comparable
incidence (OR=1.07; 95% CI, 0.82-1.41). The highest incidence of
adverse events was observed with Cam plus chemo (OR=3.10; 95%
CI, 0.99-9.72), with 25% of patients experiencing adverse events of
grade 3 or higher, compared to 11% in the chemotherapy group. In
the subgroup of neoadjuvant-adjuvant, unlike the results of the
overall group, Tis plus chemo demonstrated a greater safety
advantage over Niv plus chemo in the subgroup (OR=0.93; 95%
CIL, 0.29-2.62).

3.3 Rankings

The ranking analysis was conducted based on the Bayesian
ranking spectrum. For NSCLC patients, Tor plus chemo emerged
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as the most likely candidate to rank first in terms of EFS with a
cumulative probability of 67% (Figure 10). This was followed by Cam
plus chemo and Pem plus chemo, which had probabilities of ranking
second and third at 29% and 39%, respectively. Notably,
chemotherapy had a high probability of 92% to rank sixth in EFS.
In the subgroup of neoadjuvant-adjuvant, unlike the results of the
overall group, Niv plus chemo has a 52% probability of ranking
second, while Pem plus chemo has a 49% probability of ranking third.

In terms of OS, Niv plus chemo had the highest probability of
ranking first among all treatment options, with a 58% chance
(Figure 11). Tor plus chemo and Pem plus chemo followed, with
probabilities of ranking second and third at 38% and 60%,
respectively. Chemotherapy had a strong likelihood of ranking
fourth in OS, with a probability of 96%. In the subgroup of
neoadjuvant-adjuvant, the ranking results of various regimens are
consistent with those in the overall group, and the probability of Niv

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1432813
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Chen et al.

10.3389/fimmu.2024.1432813

Overall survival(HR) of neoadjuvant-adjuvant subgroup

Niv-chemo 0.69 (027, 1.79)

Tor-chemo

0.55(0.35,0.87)

0.72 (0.56, 0.92) 13(0.77,2.18)

0.6 (026, 1.4) 043 (0.19, 0.97)

0.62(0.38, 1.01) 1.12(0.57,2.19)

0.86 (0.5, 1.49) 0.62(0.38, 1.01)

0.72(0.56, 0.93)

@ Rank 3+

@ Rank 2™

0.86 (0.5, 1.5) tor-chemo

Overall survival(HR)

FIGURE 8

League table of all included treatments compared for OS. Treatments are reported in order of OS ranking according to SUCRA. Hazard ratio for OS
with 95% confidence interval in parenthesis. The light-colored portion of the combined graph presents the efficacy rankings of all treatment
regimens with respect to OS, while the dark-colored portion presents their rankings with respect to OS of neoadjuvant-adjuvant subgroup.

plus chemo ranking first in the subgroup is higher than that in the
full group (75%).

For pCR, Tor plus chemo had the highest chance of ranking first
among the seven regimens, with a probability of 72% (Figure 12).
Tis plus chemo and Niv plus chemo followed, with probabilities of
ranking second and third at 37% and 34%, respectively. Once again,
chemotherapy had a high likelihood of ranking seventh, with a
probability of 83%. In the subgroup of neoadjuvant-adjuvant, the
ranking of various regimens is consistent with that in the
overall group.

In the context of RO resection, Cam plus chemo had a 34%
chance of ranking first (Figure 13). Pem plus chemo and Dur plus
chemo followed, with probabilities of ranking second and third at
29% and 23%, respectively. Chemotherapy had a 40% chance of
ranking sixth in this category. In the subgroup of neoadjuvant-
adjuvant, Pem plus chemo has a 38% chance of ranking first among
the five regimens, and a 30% chance of ranking second. Dur-chemo
has a 24% chance of ranking third, while chemo has a 37% chance of
ranking fifth.

Finally, in the case of AEs>3, the probability of Dur-chemo
being ranked first in terms of safety is 38% (Figure 14). The next
most likely option is chemo, which has the highest probabilities of
being ranked second and third, at 35% and 34% respectively. Cam-
chemo has a 72% probability of being ranked seventh. In the
subgroup of neoadjuvant-adjuvant, the ranking of various
regimens remains consistent with that in the overall group.

3.4 Publication bias analysis

A funnel plot was constructed using AEs>3 as an indicator
(Figure 15). The results showed that the scatter points of the various
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studies were relatively symmetric, with only a few scattered outliers,
indicating a low likelihood of publication bias in this study.

4 Discussion

Currently, some meta-analyses have focused on the perioperative
application of ICIs in the NSCLC patient population and have
confirmed that the use of ICIs plus chemotherapy during the
perioperative period significantly improves the efficacy of early-stage
NSCLC compared to chemotherapy alone.

Two traditional meta-analyses compared ICIs combined with
chemotherapy as neoadjuvant therapy to neoadjuvant
chemotherapy alone in patients with operable NSCLC and
concluded that neoadjuvant immunotherapy combined with
chemotherapy significantly improves patients’ EFS and pCR while
demonstrating a more reliable safety profile (41, 42). A meta-
analysis based on phase III trials similarly suggests that the
application of ICIs during the perioperative period can improve
efficacy, but it increases safety risks (43). Additionally, a study
focused on the influence of clinicopathological factors on the
efficacy of ICIs alone or combined with chemotherapy in early-
stage NSCLC patients. It found that PD-L1 status, pCR, and cancer
stage all have an impact on clinical benefits (44). Another
traditional meta-analysis also focused on the resectable NSCLC
population, comparing the efficacy and safety of PD-1 and PD-L1
inhibitors as neoadjuvant therapy and neoadjuvant therapy plus
adjuvant treatment. This study suggested that the clinical benefit of
using ICIs during the adjuvant treatment phase is limited and
associated with higher safety risks (45). Although one study has
emphasized the prominent performance of Toripalimab or
Pembrolizumab combined with chemotherapy in perioperative
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FIGURE 9

League table of all included treatments compared for AEs>3 and pCR. Treatments are reported in order of AEs>3 and pCR ranking according to
SUCRA. Odds ratio for AEs>3 and pCR with 95% confidence interval in parenthesis. The light-colored portion of the upper combined graph presents
the efficacy rankings of all treatment regimens with respect to pCR, while the dark-colored portion presents their safety rankings with respect to
AEs>3. The light-colored portion of the lower combined graph presents the efficacy rankings of the treatment regimens involved in the
neoadjuvant-adjuvant subgroup in terms of pCR, and the dark-colored portion presents their safety rankings in terms of AEs>3.

FIGURE 10

Ranking plot of all included treatments for effects (EFS). The left graph presents, in the form of bar charts, the probabilities of all treatment regimens
ranking from first to sixth in terms of efficacy for EFS. The right graph similarly depicts, using bar charts, the probabilities of the treatment regimens
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within the neoadjuvant-adjuvant subgroup ranking from first to fifth in efficacy for EFS.
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Ranking plot of all included treatments for effects (OS). The left graph presents, in the form of bar charts, the probabilities of all treatment regimens
ranking from first to fourth in terms of efficacy for OS. The right graph similarly depicts, using bar charts, the probabilities of the treatment regimens
within the neoadjuvant-adjuvant subgroup ranking from first to fourth in efficacy for OS.

treatment (42), providing valuable references for the design of
treatment regimens, current meta-analyses primarily compare
ICIs as a collective group to traditional chemotherapy regimens.
None of the aforementioned studies have evaluated the specific
differences among various immunotherapy regimens or ranked the
efficacy and safety of various ICIs combination regimens compared
to chemotherapy alone, thus lacking a comprehensive evaluation of
the optimal treatment plan.

Our study reveals that among the seven treatment regimens,
including six combinations of ICIs and chemotherapy, as well as
chemotherapy alone, the experimental groups all achieved
considerable efficacy. The various ICIs treatment regimens
significantly outperformed chemotherapy alone in terms of the
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four endpoints for evaluating efficacy, and observations in the
subgroups support this finding. It is worth noting that in the
safety, only Durvalumab combined with chemotherapy had a
lower incidence of adverse events than chemotherapy alone,
suggesting that while improving efficacy, most ICIs also pose a
certain risk of adverse reactions. More prominent adverse events of
Grade 3 or higher include neutropenia and leukopenia, which may
be related to the mechanism of ICIs blocking the binding of
immune checkpoints to their ligands, reducing immune escape,
reactivating the anti-tumor function of immune cells, and the
combined mechanism with chemotherapy (46).

After comprehensive assessments based on five endpoints, we
identified Toripalimab or Nivolumab plus chemotherapy as
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FIGURE 12

Ranking plot of all included treatments for effects (pCR). The left graph presents, in the form of bar charts, the probabilities of all treatment regimens
ranking from first to seventh in terms of efficacy for pCR. The right graph similarly depicts, using bar charts, the probabilities of the treatment
regimens within the neoadjuvant-adjuvant subgroup ranking from first to sixth in efficacy for pCR.
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potentially optimal perioperative regimens. This conclusion differs
from previous research finding that Toripalimab or Pembrolizumab
performed more prominently during the perioperative period (42).
Nivolumab offers the most significant improvement in OS for
NSCLC patients, while Toripalimab performs best in terms of
both EFS and pCR, which are also considered potential indicators
of OS (47-49). Additionally, the difference in OS benefit between
Toripalimab plus chemotherapy and Nivolumab plus
chemotherapy is marginal. Therefore, we believe that both
Toripalimab and Nivolumab deserve priority consideration in the
perioperative period. However, the Toripalimab regimen poses a
relatively higher safety risk, whereas the Nivolumab regimen is
safer. Clinicians should comprehensively consider the specific
conditions and treatment needs of patients when formulating
treatment plans.
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When evaluating solely the efficiency of tumor resection, the
combination of Pemrolizumab and chemotherapy stands out as
the foremost effective treatment modality. Nevertheless, in
comparison to monotherapy with chemotherapy, this combined
regimen demonstrates a higher frequency of adverse events,
presumably stemming from its augmented therapeutic efficacy
coupled with an accumulation of toxicity (50). It is worth
emphasizing that all adverse events graded 3 or above were
promptly managed throughout the course of the experiment,
without causing any delays in surgical procedures. Moreover, in
terms of EFS, this regimen demonstrates a higher benefit compared
to chemotherapy alone, indicating its controllable safety. Therefore,
it can be preferentially applied to patients with robust physical
constitution. Additionally, on top of that Tislelizumab deserves
special attention. Despite limited data from the RATIONALE-315,
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FIGURE 14

Ranking plot of all included treatments for safety (AEs>3).The left graph presents, in the form of bar charts, the probabilities of all treatment regimens
ranking from first to seventh in terms of safety for AEs>3. The right graph similarly depicts, using bar charts, the probabilities of the treatment
regimens within the neoadjuvant-adjuvant subgroup ranking from first to sixth in safety for AEs>3.
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Funnel plot to detect the publication bias of included studies. This figure assesses the potential publication bias among various studies using Adverse

Events >3 as an indicator.

the ICI has achieved impressive pCR, and its incidence of AEs>3 is
only slightly higher than chemotherapy (OR=1.20; 95% CI, 0.81-
1.78). Therefore, we believe that Tislelizumab holds considerable
value in the perioperative period, meriting further research
and exploration.

Regarding the subgroup of neoadjuvant-adjuvant, despite one
study suggesting that the clinical benefits of adding ICIs during the
adjuvant therapy phase following neoadjuvant immunotherapy are
limited and may pose safety risks, our research findings demonstrate
that ICIs still possess an irreplaceable clinical value as part of a
neoadjuvant-adjuvant regimen. Specifically, when compared to the
neoadjuvant-only subgroup, the neoadjuvant-adjuvant subgroup
exhibits superior safety advantages in terms of EFS and safety,
while the benefits observed in OS are similar between the two
groups. This finding differs from previous research, possibly due to
the larger sample size in our study, which included 8 RCTs compared
to the 5 RCTs included in Zhou et al’s meta-analysis, thereby
increasing the reliability of our conclusions. It’s noteworthy that
although the optimal regimen in the neoadjuvant-adjuvant subgroup
remains unchanged compared to the overall group, the performance
of Nivolumab combined with chemotherapy is particularly
outstanding in the subgroup. Its clinical benefit in terms of EFS is
second only to Toripalimab combined with chemotherapy, and it also
showcases a relatively higher safety profile, unveiling significant
potential clinical value. Consequently, it can be prioritized for
patients who are intolerant to adverse reactions.

Besides, in our study, some noteworthy phenomena were
observed during the analysis of other subgroup data. However,
due to limited original research data, we cannot directly determine
whether the performance of the six ICIs differs among various
subgroups compared to our existing research conclusions. Taking
EFS as an example, only three studies (26, 27, 30) have published
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EFS subgroup data, involving three ICIs (Nivolumab, Durvalumab,
and Pembrolizumab). Across different age and gender subgroups,
the HR value for all three ICIs regimens consistently showed
Pembrolizumab plus chemo to have the lowest HR value, which
aligns with our research findings that Pem plus chemo ranks higher
than Niv plus chemo and Dur plus chemo in improving EFS.
Nonetheless, it’s worth noting that for female patients, the HR value
for the three regimens are 0.46 (0.22-0.96) for Nivolumab, 0.95
(0.58-1.56) for Durvalumab, and 0.44 (0.28-0.68) for
Pembrolizumab, respectively. The significantly higher HR value of
Durvalumab compared to the other two ICIs suggests that its
application in female patients should be more cautious.

Interestingly, in the smoking history subgroup, the HR value for
the three regimens among patients who have never smoked are 0.33
(0.13-0.87) for Nivolumab, 0.76 (0.35-1.58) for Durvalumab, and
0.68 (0.36-1.30) for Pembrolizumab. This indicates that Nivolumab
may have an advantage over the other two regimens for non-
smokers. Furthermore, in the histological subgroup, for patients
with non-squamous carcinoma, the HR are 0.50 (0.32-0.79) for
Nivolumab, 0.69 (0.48-0.99) for Durvalumab, and 0.57 (0.41-0.77)
for Pembrolizumab, suggesting that Nivolumab may also have some
potential advantages for patients with non-squamous carcinoma
compared to the other two regimens.

Furthermore, in the PD-L1 expression level subgroup, for
patients with tumor PD-L1 expression >50%, the HR value are 0.24
(0.10-0.61) for Nivolumab, 0.60 (0.35-1.01) for Durvalumab, and 0.42
(0.28-0.65) for Pembrolizumab. Once again, Nivolumab appears to
have some advantages over the other two ICIs for this specific patient
population. Although these findings require more experimental data
for confirmation and cannot directly guide the design of clinical
treatment plans at this time, we believe that the performance of
Nivolumab in terms of EFS warrants further investigation.
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The strength of this study lies in its first attempt to
comprehensively evaluate the optimal perioperative immunotherapy
combined with chemotherapy regimens, focusing on five endpoints
and assessing them from multiple dimensions. Unlike previous meta-
analyses, this study not only affirms the significant value of ICIs in the
perioperative setting for patients, but also considers the specific
differences among various ICIs regimens. Through indirect
comparisons, we ranked six immunotherapy regimens and
traditional chemotherapy regimens. Additionally, we separately
explored whether there are differences in the results when ICIs are
used as neoadjuvant-adjuvant regimens compared to the overall
findings. Furthermore, we examined the performance of various ICIs
regimens in different subgroups to the best of our ability, providing
more reliable data for clinical application and suggesting directions
worthy of further exploration for subsequent clinical research.

However, our study has some limitations. Firstly, the number of
RCTs included in this study is limited. Although we searched four
major English databases and relevant conference abstracts, we
ultimately only included 8 high-quality RCTs. This is because,
despite the fact that the number of RCTs applying ICIs to NSCLC
patients is slightly higher than the number of studies we included,
various factors limited our selection. These factors include the majority
of studies being single-arm, ICIs not being used in conjunction with
chemotherapy, the number of enrolled patients being fewer than 50,
and studies targeting different patient populations. Despite the fact that
the heterogeneity among the included studies was mostly low,
indicating robustness in the results, a larger sample size is still
required in future research to support our findings. Secondly, our
study primarily focused on endpoints measures for NSCLC patients,
and the exploration of individualized patient data is not comprehensive
enough. Finally, influenced by the original research, the assessment of
endpoints is limited. For instance, only 4 RCTs included OS as an
endpoints. Therefore, it is not yet possible to directly determine the
performance of Camrelizumab,Durvalumab and Tislelizumab in this
regard, which is pending further research and more experimental
data support.

5 Conclusion

After conducting a systematic review and meta-analysis of
randomized controlled trials involving early-stage NSCLC patients
receiving immunotherapy combined with chemotherapy during the
perioperative period, our research demonstrates that the combination
of six ICIs and chemotherapy exhibits more significant benefits than
chemotherapy alone in terms of EFS, OS, RO resection, and pCR.
Although most ICIs have a slightly higher incidence of grade 3 or
higher adverse events compared to chemotherapy alone, these adverse
events can be resolved during treatment without affecting subsequent
surgeries and efficacy, which means that the risks remain manageable.
This study suggests that the combination of Toripalimab or Nivolumab
with chemotherapy may represent an optimal perioperative treatment
regimen for stages I to III NSCLC. These findings provide clinicians
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and patients with a more comprehensible basis for selecting the best
treatment approach. However, the long-term effects of several regimens
on OS and EFS remain to be observed.
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