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Abstract 

Introduction Lung cancer, particularly non-small cell lung cancer (NSCLC), is a leading cause of cancer-related 
deaths globally. Despite surgery being the main treatment for resectable NSCLC, many patients experience postop-
erative recurrence. Neoadjuvant chemotherapy may shrink tumors and improve surgical outcomes, while adjuvant 
chemotherapy targets residual disease post-surgery. Recent advancements in immunotherapy have introduced 
its use in the perioperative phase for resectable NSCLC. This study investigates the relative benefits and potential 
complications of neoadjuvant, adjuvant, and perioperative immunotherapy combined with chemotherapy compared 
to chemotherapy alone, focusing on event-free survival (EFS), overall survival (OS), and adverse events (AEs).

Methods This systematic review and network meta-analysis followed PRISMA guidelines and was registered 
with PROSPERO. The authors searched PUBMED, Embase, and Cochrane databases for randomized controlled trials 
(RCTs) involving patients with resectable NSCLC treated with neoadjuvant/adjuvant immunotherapy or chemother-
apy. Statistical analyses were performed using a frequentist network meta-analysis method in R software.

Results From an initial 5902 articles, 13 RCTs involving 6704 patients were included after extensive filtering. PFS: Neo-
adjuvant and perioperative immunotherapy combined with chemotherapy showed significant benefits compared 
to chemotherapy alone. OS: Perioperative immunotherapy was notably more effective than adjuvant immunotherapy 
and standard chemotherapy. Chemotherapy generally had fewer severe adverse effects compared to neoadjuvant 
and perioperative immunotherapy. However, these immunotherapy combinations are generally well tolerated.

Conclusions The findings indicate that neoadjuvant and perioperative immunotherapy combined with chemother-
apy can significantly improve overall survival in patients with resectable NSCLC compared to standard chemotherapy. 
However, additional adverse effects associated with long-term immunotherapy require careful management. The lack 
of significant benefits in specific subgroups suggests a need for further research. The study stresses the importance 
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of optimizing treatment strategies and potentially reassessing immunotherapy’s role in certain patient populations. 
Future clinical trials are anticipated to clarify these results further.

Keywords Chemoimmunotherapy, Chemotherapy, Immunotherapy, Resectable non-small cell lung cancer, Surgery

Introduction
Lung cancer is a major cause of cancer-related mortal-
ity worldwide [1]. Non-small cell lung cancer (NSCLC) 
is the most prevalent type of lung cancer, accounting for 
approximately 85% of all lung cancer cases [2]. NSCLC is 
typically categorized into three major subtypes accord-
ing to its histological features: adenocarcinoma, squa-
mous cell carcinoma, and large cell carcinoma. Surgery 
is still the main approach for treating resectable NSCLC, 
yet only approximately 25% of patients are diagnosed 
with resectable disease, and approximately 30% to 55% 
of patients experience recurrence postoperatively [3]. 
Neoadjuvant chemotherapy administered in the perio-
perative period can substantially decrease tumor size, 
enhance surgical success, and promote postoperative 
recovery. In contrast, adjuvant chemotherapy assists in 
removing the remaining microlesions after surgery, sub-
sequently lowering the recurrence rate. For almost three 
decades, perioperative and neoadjuvant chemotherapy 
have been regarded as extending patients’ postoperative 
disease-free survival (DFS) [4]; however, there are no sig-
nificant differences in survival benefits among various 
chemotherapy regimens during different perioperative 
periods, although they are generally well tolerated [5]. 
A direct comparison between neoadjuvant and adjuvant 
chemotherapy revealed no significant statistical differ-
ence in the event-free survival (EFS), described as DFS, 
of neoadjuvant chemotherapy versus the failure-free sur-
vival (FFS) of adjuvant chemotherapy [6]. In recent years, 
immunotherapy has increasingly emerged as a signifi-
cant trend in cancer treatment, and combined immuno-
therapy has progressed from late-stage treatments to the 
perioperative phase in lung cancer [2]. In patients with 
gene-negative resectable NSCLC, adjuvant immunother-
apy [7] combined with chemotherapy has established a 
standard postoperative regimen for treatment. Neoadju-
vant [8] and perioperative [9] immunotherapy combined 
with chemotherapy may provide improved EFS in resect-
able NSCLC, particularly those with pathological major 
pathologic response (MPR) and pathologic complete 
response (pCR). Nonetheless, neoadjuvant and perioper-
ative immunotherapy combined with chemotherapy may 
render certain patients intolerant or lead to progression, 
disqualifying them from undergoing surgery.

Since the clinical trial populations for resectable 
NSCLC are consistent, we will integrate all populations 
from the studies included. The disease-free survival 

(DFS) in adjuvant treatments denotes the duration from 
randomization until disease recurrence or death from 
any cause. The event-free survival (EFS) associated with 
neoadjuvant and perioperative adjuvant treatments refers 
to the period from randomization to the first occurrence 
of any of the following events: disease progression pre-
venting surgical intervention, local or distant recurrence, 
or death from any cause. Progression-free survival (PFS) 
refers to the duration from randomization to tumor pro-
gression or death from any cause.

Based on existing evidence, it is uncertain whether 
there are advantages and disadvantages among these 
three modes of neoadjuvant, adjuvant, and periopera-
tive immunotherapy combined with chemotherapy, or if 
there are any differences in benefits, we aimed to com-
pare these three modes of combined immunotherapy via 
network meta-analysis of randomized controlled trials to 
assess PFS, overall survival (OS), adverse events (AEs), 
and subgroup analyses.

Methods
Research design
This systematic review and meta-analysis followed 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. The proto-
col for this study has been registered with PROSPERO 
(CRD42024564125).

Search strategy and inclusion criteria
We decided to include published randomized con-
trolled trials with two or more arms from the PUBMED, 
Embase, and Cochrane databases from their inception 
until the last search update on June 25, 2024. These trials 
pertained to perioperative (including neoadjuvant/adju-
vant) immunotherapy treatments, chemotherapy, or both 
for patients with resectable lung cancer, with language 
restriction to English. The complete search strategy is 
presented in Table S1. Included in this review were pub-
lished articles reporting trial-level data related to periop-
erative chemotherapy or chemotherapy-immunotherapy, 
encompassing those with complete data from conference 
abstracts. Retrospective studies, editorials, reviews, gray 
literature, and any other publication types lacking trial-
level evidence were excluded from this analysis. Clinical 
trial reports utilizing radiotherapy, including neoadju-
vant chemoradiotherapy, molecularly targeted therapy, or 
monotherapy with immunotherapy, along with NSCLC 



Page 3 of 15Zhang et al. Systematic Reviews           (2025) 14:24  

studies without Tumor, Node, Metastasis staging, were 
excluded. Studies involving only adult patients were 
included. All articles were screened based on the title 
and abstract by two independent reviewers (QZ and DJ), 
compiled by YL, and discussed in cases of disagreements 
for resolution. The outcomes included PFS (EFS/DFS), 
overall survival (OS), and adverse events (AEs) of grade 
3 or greater.

Quality assessment
Bias assessment of the included studies was performed 
using RevMan 5.3. Bias risk was assessed by two inde-
pendent reviewers (QZ and JD) using the modified 
Cochrane risk of bias tool, with disagreements settled by 
a third reviewer (YL). We assessed the risk of bias in the 
included studies according to the Cochrane Handbook 
for Systematic Reviews of Interventions, which included 
factors like random sequence generation, allocation con-
cealment, blinding of both researchers and participants, 
blinding in outcome assessment, incomplete outcome 
data, and selective reporting; every study was rated for 
risk of bias as either high, low, or unclear. Those studies 
exhibiting low risk of bias in three critical areas (random 
sequence generation, allocation concealment, and miss-
ing participant outcome data) were classified as having 
low overall risk of bias. All other studies were deemed 
to have a high overall risk of bias. This report complies 
with the recommendations of the PRISMA extension for 
systematic reviews and meta-analyses, which necessitates 
the reporting of systematic reviews related to network 
meta-analyses of healthcare interventions.

Statistical analysis
This research utilized a frequentist network meta-analy-
sis method, analyzed via the netmeta package in R soft-
ware [10]. This approach is grounded in graph theory and 
circuit theory, enabling simultaneous comparisons of the 
relative effects of multiple interventions. The first step 
involved constructing a network graph to visualize all 
direct comparisons. The primary analysis was performed 
using a random-effects model to encompass heterogene-
ity across studies. The summary effect estimates and their 
95% confidence intervals for each pair of interventions 
were computed.

Cochran’s Q statistic was used to evaluate overall het-
erogeneity, the I2 statistic was calculated to quantify 
the level of heterogeneity, and a design-by-treatment 
interaction model was applied to evaluate network con-
sistency [11]. If significant discrepancies were identi-
fied, net splitting methods were utilized to pinpoint the 
sources of inconsistency [12]. P scores were computed 
to rank the interventions, comprehensively consider-
ing effect estimates and precision [13]. We utilized a 

comparison-adjusted funnel plot to evaluate small-sam-
ple effects or publication bias [14]. Sensitivity analysis: 
The following sensitivity analyses were performed: (1) re-
analysis using a fixed-effects model; (2) exclusion of stud-
ies classified as having a high risk of bias; and (3) include 
additional sensitivity analyses as applicable to specific 
studies. All analyses were performed in R version 4.4.0 
using the netmeta package (version 1.3–0). Statistical sig-
nificance was set at α = 0.05, and all tests were two-tailed.

Results
A preliminary database search (PubMed 2324, Embase 
1674, Cochrane Library 1904) retrieved a total of 5902 
articles. Following the removal of duplicates, 5357 arti-
cles were left. We then reviewed their titles and abstracts, 
leading to the exclusion of 5805 articles, of which 545 
were duplicated, 4661 were unrelated studies, 155 cov-
ered reviews, 23 were case reports, 74 were retrospective 
studies, and 347 were meta-analyses; after reading thor-
oughly, 97 documents were included for discussion, and 
following discussions among members, 46 articles were 
excluded, which included nine conference papers, 10 
studies with inconsistent research populations, 9 dupli-
cates, 2 single-group studies, 16 study protocols, and 7 
entries lacking further information; 2 retrospective stud-
ies. Fifty-one studies were included in qualitative syn-
thesis, 32 articles were not retrieved, and 6 articles were 
different reports from the same study. A total of 13 RCTs 
met the inclusion criteria following screening, while one 
[4] study did not provide hazard ratio [HR] or relevant 
subgroup metrics regarding PFS/OS for neoadjuvant ver-
sus adjuvant chemotherapy and were therefore excluded; 
Fig. S1 illustrates the literature screening flowchart. As 
KEYNOTE091 [15] did not require the use of combina-
tion chemotherapy regimens, it was only included in 
the chemotherapy subgroup. Ultimately, twelve [5, 7–9, 
15–28] studies were evaluated, comprising a total of 18 
publications.

Features of included studies
Ultimately, 12 qualifying studies were included, involv-
ing 6705 patients, comprising 4981 males and 1724 
females, as detailed in which reports the basic charac-
teristics of the principal studies. Among them, 3187 had 
squamous cell carcinoma, and 3363 had non-squamous 
cell carcinoma; 138 patients had stage IA disease; 2664 
were diagnosed with stage IB to II, 2749 had stage IIIA, 
and 45 had stage IIIB. Among these, 2079 exhibited 
PD-L1 expression < 1%, and 2466 ≥ 1%, with 421 indi-
viduals not undergoing surgical resection after neoad-
juvant treatment. Of these, 222 patients were allocated 
to neoadjuvant chemotherapy-immunotherapy, 1477 to 
perioperative chemotherapy-immunotherapy, 1097 to 
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adjuvant chemotherapy-immunotherapy, 492 to perio-
perative chemotherapy, 2020 to neoadjuvant chemo-
therapy, and 1396 to adjuvant chemotherapy. Six studies 
compared perioperative immunotherapy combined with 
chemotherapy, while three compared perioperative 
chemotherapy; these included NADIM II, Neotorch, 
and KEYNOTE-067; the other three studies compared 
neoadjuvant chemotherapy, including CheckMate 77  T, 
AEGEAN, and RATIONALE-315. Two studies evalu-
ated adjuvant immunotherapy against adjuvant chemo-
therapy, specifically IMpower010 and a subgroup from 
KEYNOTE-091; one study contrasted neoadjuvant 
chemotherapy with adjuvant chemotherapy, CSLC0501; 
one study compared perioperative chemotherapy with 
neoadjuvant chemotherapy, IFCT 0002. Table  1 sum-
marizes the characteristics of these studies. All studies 
exhibiting low risk of bias in three critical areas (random 
sequence generation, allocation concealment, and miss-
ing participant outcome data) were classified as having 
low overall risk of bias (Figs. S2 and S3).

Network analysis
Combined analysis
Initially, we divided immunotherapy combined with 
chemotherapy into neoadjuvant immunotherapy (NIC), 
adjuvant immunotherapy (AIC), and perioperative 
immunotherapy (PIC), in comparison with the con-
trol group (C). The network diagram created via net-
work meta-analysis (NMA) is illustrated in Fig. S4 and 
the NMA results are shown in Table 2. In terms of PFS 
(Table  2A, Fig.  1A), 10 studies reported HR values and 
confidence intervals for PFS (I2 = 52.5%, 0.0%, and 78.6%). 
Both direct and indirect comparisons indicate that in 
every case, NIC: C (HR, 0.39; 95% CI, 0.26, 0.59), PIC: C 
(HR, 0.41; 95% CI, 0.34, 0.49), and AIC: C (HR, 0.63; 95% 
CI, 0.49, 0.82, I2 = 0%), reveal that immunotherapy com-
bined with chemotherapy provides significantly higher 
benefits compared to chemotherapy. In comparison to 
adjuvant immunotherapy, both neoadjuvant (HR, 0.61; 
95% CI, 0.38, 1.00) and perioperative immunotherapy 
(HR, 0.64; 95% CI, 0.46, 0.88) demonstrate significant 
benefits, with statistical significance. Additionally, neo-
adjuvant therapy appears marginally superior to perio-
perative immunotherapy (HR, 0.96; 95% CI, 0.62, 1.50), 
but this does not reach statistical significance. In terms 
of OS (Table 2B, Fig. 1B), 6 studies reported the HR and 
confidence intervals for OS (I2 = 0%, 0.0%; 84.7%). Perio-
perative immunotherapy is more effective than adju-
vant immunotherapy (HR, 0.71; 95% CI, 0.53, 0.94) and 
chemotherapy (HR, 0.66; 95% CI, 0.53, 0.82), demon-
strating statistically significant benefits that suggest sur-
vival advantages with perioperative treatment. Regarding 
adverse reactions of grade 3 or higher (Table 2C, Fig. 1C), 

11 studies reported the number of adverse events 
(I2 = 16.2%, 0.0%; 60.1%), suggesting that chemotherapy 
may have less adverse effects compared to neoadjuvant 
immunotherapy (HR, 0.95; 95% CI, 0.61, 1.49), though 
this difference is not statistically significant. In compari-
son, chemotherapy has significantly fewer adverse effects 
than perioperative immunotherapy (HR, 0.78; 95% CI, 
0.65, 0.94) and adjuvant immunotherapy (HR, 0.59; 95% 
CI, 0.45, 0.77).

Separate analysis of treatment regimen
A separate analysis of each drug is depicted in the net-
work diagram created via network meta-analysis (NMA), 
as shown in Fig. S5, and the NMA results are displayed 
in Table 3. For PFS (Table 3A, Fig. 2A), 11 studies were 
included (Q test = 0%), indicating clear benefits with sta-
tistical significance for neoadjuvant (NCC, NNC) and 
perioperative immunochemotherapy (PTSC, PNC, PPC, 
PDC) compared to perioperative chemotherapy, adju-
vant immunochemotherapy, and adjuvant chemotherapy. 
Regarding OS (Table 3B, Fig. 2B), 8 studies were included 
(Q test = 0%), indicating significant survival benefits for 
neoadjuvant immunotherapy (NNC) and periopera-
tive treatments (PTRC, PTSC, PPC) compared to AAC 
and AC. In terms of grade 3 or higher adverse reactions 

Table 2 Combined meta-analysis

A lower left HR/OR below 1 favors the column-defining treatment. The top right 
HR/OR is a direct comparison below 1 in favor of horizontal column treatment. 
Comparisons with differences of statistical significance (P < 0.05) are highlighted 
in bold format

random.V1 random.V2 random.V3 random.V4

A. Combined analysis of PFS league chart

 NIC 0.39 (0.26, 0.59)
 0.96 (0.61, 1.51) PIC 0.40 (0.34, 0.49)
 0.61 (0.38, 
1.00)

0.64 (0.46, 
0.88)

AIC 0.63 (0.49, 0.82)

 0.39 (0.26, 
0.59)

0.40 (0.34, 
0.49)

0.63 (0.49, 
0.82)

C

B. Combined analysis of OS league chart

 NIC 0.57 (0.31, 1.07)

 0.86 (0.45, 1.68) PIC 0.66 (0.53, 0.82)
 0.58 (0.29, 1.14) 0.67 (0.48, 

0.93)
AIC 0.99 (0.77, 1.28)

 0.57 (0.31, 1.07) 0.66 (0.53, 
0.82)

0.99 (0.77, 1.28) C

C. Combined analysis of AD league chart

C 0.97 (0.63, 1.48) 0.78 (0.66, 
0.93)

0.48 (0.32, 0.71)

 0.97 (0.63, 1.48) NIC
0.78 (0.66, 0.93) 0.81 (0.51, 1.28) PIC
0.48 (0.32, 0.71) 0.49 (0.28, 

0.88)
0.61 (0.40, 
0.94)

AIC
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(Table  3C, Fig.  3C), 10 studies were included (I2 = 0%), 
revealing significantly lower adverse reactions for PPC, 
PNC, AAC, and NCC compared to NC, with statistical 
significance. Compared to PPC, PNC, and NCC, PC was 
associated with significantly lower adverse effects and 
reached statistical significance. NNC, PDC, PTRC, and 
PTSC showed increased adverse effects relative to stand-
ard chemotherapy (PC, AC, NC), though this did not 
achieve statistical significance.

Subgroup analysis
Because most articles lacked OS subgroup analysis, we 
conducted benefit analysis solely for PFS while combin-
ing the control group of perioperative/neoadjuvant/
adjuvant chemotherapy treatments. Histological sub-
group analysis included eight studies (AAC, NNC, PDC, 
PNC, PPC, PTRC, and PTSC). In lung adenocarcinoma 
(Fig. 3,  I2 = 56.6% (0.0%; 89.6%)), there was a trend indi-
cating benefits from perioperative/neoadjuvant/adjuvant 
immunochemotherapy in comparison to chemother-
apy, although none was statistically significant. Within 
the squamous cell carcinoma subgroup (Fig.  3,  I2 = 0%), 
PTRC (HR, 0.35; 95% CI, 0.23, 0.53), PNC (HR, 0.48; 

95% CI, 0.33, 0.72), PTSC (HR, 0.56; 95% CI, 0.38, 0.83), 
and PPC (HR, 0.57; 95% CI, 0.42, 0.78) all showed ben-
efits over chemotherapy, reaching statistical significance. 
In the PDL1 stratified subgroup (Fig.  4), the PDL1 < 1% 
group included 7 studies with AAC, NNC, PDC, PNC, 
PPC, PTRC, and PTSC (Q test = 0%), all demonstrating 
a tendency for benefits over chemotherapy, although no 
statistical significance was achieved. In the PDL1 1–49% 
subgroup (I2 = 0%), APC, PTRC, PTSC, and PPC dem-
onstrated benefits compared to chemotherapy that were 
statistically significant. For the PDL1 ≥ 50% group, 7 
studies were included: AAC, PTRC, PTSC, NNC, PDC, 
PNC, and PPC (Q test = 0%). PNC, NNC, PTRC, PPC, 
and AAC demonstrated statistical significance compared 
to chemotherapy.

Discussion
Advances in immunotherapy are reshaping the frame-
work of perioperative treatment, and early consensus 
recommendations for neoadjuvant and adjuvant therapy 
for resectable NSCLC have been published [29], estab-
lishing immunochemotherapy as a foundational treat-
ment approach during the perioperative period. The 

Fig. 1 Combined analysis of forest maps
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Fig. 2 Separate analysis of forest maps
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variety of choices available in perioperative immunother-
apy highlights the importance of optimizing treatment 
strategies. Exploring the optimal timing of the introduc-
tion of immunochemotherapy during the perioperative 
phase is crucial [30]. Our research analyzed the advan-
tages and disadvantages of perioperative, neoadjuvant, 
and adjuvant immunochemotherapy. Our findings indi-
cate that immunotherapy combined with chemotherapy 
improves PFS regardless of the approach, whereas adju-
vant immunotherapy does not improve OS. Neoadjuvant 
immunotherapy (NNC) and perioperative immunother-
apy (PNC, PTRC, PTSC, and PPC) have demonstrated 
improved OS in resectable NSCLC compared to chemo-
therapy. Adjuvant immunotherapy (AAC) and periop-
erative immunotherapy (PPC, PNC) exhibit an increase 
in adverse reactions compared with standard chemo-
therapy; however, they are well tolerated [31]. Continu-
ation of immunotherapy may result in additional adverse 
effects. Among subgroup analyses, all types of immuno-
chemotherapy lacked statistically significant benefits for 
lung adenocarcinoma. In the PDL1 < 1% group, combined 
immunotherapy compared to chemotherapy did not yield 
statistically significant survival benefits. Additional inves-
tigations and population stratification are warranted [30].

Immunotherapy combined with chemotherapy may 
offer notable survival benefits to patients with advanced 
lung cancer. For patients with resectable NSCLC, neo-
adjuvant and perioperative immunochemotherapy 
[32–34] can decrease the preoperative tumor load, 

enhance antigen exposure, and improve therapeutic 
efficacy by increasing the mPR/pCR and R0 resection 
rates [35–37]. Recent meta-analyses [31, 38, 39] suggest 
that perioperative and neoadjuvant immunotherapies 
are safe and effective for early resectable NSCLC. The 
meta-analyses focused on pCR, MPR, resection rates, 
and complications. A meta-analysis indicated [40]. 
In resectable NSCLC, perioperative immunochemo-
therapy did not result in improvements in EFS or OS 
when compared to neoadjuvant immunotherapy alone, 
and the requirement for additional immunotherapy 
cycles may lead to a higher occurrence of treatment-
related adverse events (AEs). A systematic review and 
meta-analysis [40] indicated that perioperative immu-
notherapy may be more efficient than adjuvant and 
neoadjuvant treatments compared to chemotherapy. 
NIC/PIC immunotherapy substantially improved DCR, 
MPR, and EFS, whereas AIC immunotherapy signifi-
cantly enhanced DFS; NIC and AIC immunotherapy 
did not demonstrate significant differences in OS, with 
only PIC immunotherapy revealing benefits for OS; AD 
and PE immunotherapy were significantly linked to a 
higher incidence of adverse events (AEs) of grade > 3 
in comparison to chemotherapy, which aligns perfectly 
with the combined analysis presented in this study; a 
retrospective study performed a head-to-head com-
parison of neoadjuvant immunotherapy versus adju-
vant therapy [41]. The results indicate that for patients 
with resectable stage II-IIIB NSCLC, neoadjuvant 

Fig. 3 Histological subgroup of forest maps
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immunochemotherapy offers significant OS advantages 
over adjuvant immunotherapy. However, this is not the 
first meta-analysis comparing perioperative, neoadju-
vant, and adjuvant immunochemotherapy. This is the 
first meta-analysis to conduct separate analyses of each 
drug, and the findings indicate that neoadjuvant and 
perioperative adjuvant immunochemotherapy can yield 
statistically significant survival advantages.

Theoretically, EFS is lower than DFS in the same 
study, suggesting that the benefits of surgery post-
treatment for patients undergoing neoadjuvant or 

perioperative therapy may exceed the clinical data; 
patients who underwent neoadjuvant therapy but could 
not successfully undergo surgery clearly had worse 
survival outcomes [42, 43]. These patients cannot be 
directly compared with the PACIFIC [44] study find-
ings. Following concurrent chemoradiotherapy with 
immunotherapy maintenance, the survival of this 
patient group lacks adequate exploration in large sam-
ples and might necessitate additional population selec-
tion. The benefit of adjuvant immunotherapy is that 
patients can achieve as much complete resection as 

Fig. 4 PDL1 subgroup of forest maps. Results of the random-effects Hedges model are presented. Horizontal lines indicate the 95% CI of each 
study, diamonds are the pooled estimate with 95% CI (weight, 100%), and the vertical dotted line is the line of no effect
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possible, and without prior induction treatment, there 
is less local inflammation and fibrosis, which may 
streamline the entire surgical procedure. Addition-
ally, the trailing effects of immunotherapy could lead 
to better long-term outcomes for patients receiving 
immunochemotherapy during the entire perioperative 
treatment period [45].

Limitations
There are several limitations to this study. Firstly, while 
head-to-head comparisons of neoadjuvant, periopera-
tive, and adjuvant therapies have been performed during 
the chemotherapy era, no such studies exist for immu-
nochemotherapy. Second, in the included studies, some 
patients who received neoadjuvant or perioperative ther-
apy might lose the chance for surgery, potentially lead-
ing to biases. All included studies focused on resectable 
NSCLC, maintaining homogeneity in the study popula-
tion, allowing for comparability. Moreover, neoadjuvant 
therapy, being a stronger intervention, might yield bet-
ter treatment effects intrinsically than adjuvant therapy, 
which is a weaker intervention. Patients who are ineligi-
ble for surgery represent a portion of the risk spectrum. 
Third, EFS and DFS primarily compare progression-free 
survival or mortality post-treatment in these studies, 
making the use of PFS as a substitute somewhat justified, 
although it may lead to biases. Fourth, while the popu-
lations in the included studies were similar, the variation 
in staging is considerable, with the TNM staging system 
transitioning from the 7th to the 8th edition, and some 
studies have even incorporated descriptions from the 
9th edition (e.g., multiple descriptions of N2), potentially 
resulting in bias. Fifth, some treatments involved 4 cycles. 
Others completed 3 cycles of neoadjuvant therapy, which 
may affect surgical resection rates and long-term progno-
ses as well [46]. Finally, there is a lack of sufficient stud-
ies offering stratified OS data at present; we anticipate 
enhancements in future research.

Conclusion
This meta-analysis revealed that neoadjuvant and perio-
perative immunochemotherapy offers improved OS 
benefits compared to chemotherapy for the total popu-
lation. Long-term immunotherapy maintenance in adju-
vant and perioperative settings introduces additional 
adverse events, requiring a balance between benefits and 
improvements in survival. In both PDL1 < 1% patients 
and those with lung adenocarcinoma, no significant PFS 
benefits were observed for any type of immunotherapy 
compared to chemotherapy. The need for immuno-
therapy maintenance in this patient group may require 
reassessment. Preoperative immunotherapy provides 

significant advantages, necessitating further predictive 
assessments to ensure appropriate treatment continua-
tion. We anticipate that future phase III clinical trials will 
further confirm the results involving adjuvant chemo-
therapy versus neoadjuvant and perioperative therapies.
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