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Abstract

For patients with lung cancer, there is yet to be an ideal clinical treatment, with
surgical resection still being the preferred treatment choice. Compared to the
clinical efficacy in patients with advanced non-small cell lung cancer (NSCLC),
the recurrence rate remains high for early-stage resectable disease. In recent
years, immune checkpoint inhibitors and targeted therapies have shown
promise as two clinical treatment approaches. Many clinical studies are eval-
uating perioperative immunotherapy or targeted therapy, and recent trials
such as CheckMate 816, CheckMate 77T, and bispecific nanoparticle BCGN
introduce new concepts while demonstrating the clinical potential of these ap-
proaches. This review addresses recent and ongoing trials of neoadjuvant and
adjuvant systemic therapies for NSCLC, and potential developments in this
area in the near future.
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1. Background

Lung cancer has become the leading cause of cancer-related death in humans [1]
[2]. Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all
lung cancers. Clinically, the majority of NSCLC patients are diagnosed at an ad-
vanced stage; however, surgical resection alone is not a curative treatment for
many early-stage NSCLC cases, with recurrence rates rising as the disease pro-

gresses [3]-[7].
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Clinically, platinum-based adjuvant chemotherapy has long been the standard
treatment for resectable stage II-IIIA NSCLC patients, although the improvement
in survival probability is limited, with an approximate 5% increase in overall sur-
vival (OS) following treatment [8] [9]. Over nearly the past decade, perioperative
systemic therapy (neoadjuvant or adjuvant) for NSCLC patients has seen no sig-
nificant advancements in clinical practice [10]. However, the widespread clinical
use of immunotherapy and targeted therapy has greatly improved the treatment
of metastatic or unresectable NSCLC. These successes have encouraged research
and application of these therapies in potentially curable early-stage NSCLC with
the aim of improving patient survival rates. This review provides an overview of
key studies and data on neoadjuvant and adjuvant systemic therapies and high-

lights some ongoing trials.

2. Perioperative Chemotherapy

Since the early 2000s, platinum-based adjuvant chemotherapy has become the
standard treatment for completely resected stage II-IIIA NSCLC patients [11]. A
2008 meta-analysis of the Lung Adjuvant Cisplatin Evaluation (LACE) showed a
5-year absolute survival benefit of 5.4% for all patients (hazard ratio [HR], 0.89; P
=0.005). When analyzed by stage, stage IB disease showed no significant improve-
ment in overall survival (OS) (HR, 0.93; 95% CI, 0.78 - 1.10), while stage IA disease
actually showed a decrease in OS (HR, 1.41; 95% CI, 0.96 - 2.09). For stage II and
IIT diseases, OS improved (HR, 0.83; 95% CI, 0.73 - 0.95, and HR, 0.83; 95% CI,
0.72 - 0.94) [8]. Although the meta-analysis shows absolute survival benefits for
adjuvant chemotherapy in certain stages, neoadjuvant chemotherapy is typically
limited in clinical practice to patients with stage IIIA or IIIB N2 disease, with the
goal of downstaging the tumor to make it more resectable [9] [12]-[14].

3. Perioperative Adjuvant Therapy

Immune checkpoint inhibitors (ICIs) have greatly changed the management of
advanced NSCLC in clinical practice and have become an essential part of first-
line treatment for patients without driver gene mutations. Checking the PD-L1
status of tumors has become a necessary part of the workflow for metastatic
NSCLC, followed by assessments to determine the most effective treatment strat-
egy. Molecular testing is also used to exclude patients who may not benefit from
immunotherapy (e.g., EGFR, ALK). With the recent approval of neoadjuvant and
adjuvant ICIs in the United States, immunotherapy has now been included in the
NCCN Clinical Practice Guidelines: Oncology (NCCN Guidelines) for the man-
agement of early-stage NSCLC [9]. However, there are still many ongoing trials
further exploring the efficacy of ICIs in perioperative treatment, either as mono-

therapy or in combination with chemotherapy [15].

4. Neoadjuvant Immunotherapy

Similar to neoadjuvant chemotherapy, neoadjuvant immunotherapy aims to
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shrink tumors, improve resectability, and eliminate micrometastases. Its advantages
include protecting the lymphatic system and increasing the exposure of novel an-
tigens to the immune system. However, its drawbacks include potential side ef-
fects that could delay surgery, increase the risk of disease progression, and possi-

bly compromise the complete removal of the tumor [15].

4.1. Neoadjuvant Immunotherapy as Monotherapy

CheckMate 159 is one of the earliest pilot studies to evaluate the safety and feasi-
bility of neoadjuvant immunotherapy as monotherapy for NSCLC. This phase II
trial evaluated 21 patients with stage I-IITA NSCLC who received preoperative
nivolumab treatment. All 21 patients underwent timely resection, with 20 achiev-
ing complete resection (R0), and only one patient did not receive the planned two
doses of nivolumab before surgery [14] [16]. In the CheckMate 159 study, the ma-
jor pathological response (MPR), defined as <10% tumor activity in the surgical
specimen, was observed in 45% of cases, which is a significant increase compared
to the historical MPR rates of 16% to 21% in neoadjuvant chemotherapy [16]-
[19]. A similar related study is a recently published phase III, randomized, double-
blind clinical trial evaluating the perioperative efficacy of pembrolizumab in early-
stage non-small cell lung cancer (NSCLC). This trial recruited 797 patients with
resectable stage II, ITIA, or stage IIIB NSCLC with N2 lymph node metastasis, who
were randomly assigned 1:1 to the pembrolizumab group (397 patients) and the
control group (400 patients). The experimental group received neoadjuvant pem-
brolizumab (200 mg every 3 weeks) combined with a platinum-based chemother-
apy regimen for 4 cycles, followed by tumor resection and continued adjuvant
pembrolizumab treatment for up to 13 cycles. The control group received the
same chemotherapy and surgical regimen, but with a placebo during the neoad-
juvant treatment phase. After a median follow-up of 25.2 months, the 24-month
event-free survival (EFS) rate in the pembrolizumab group was significantly
higher than in the control group (62.4% vs. 40.6%, P < 0.00001). The major patho-
logical response (MPR) rate and pathological complete response (pCR) rate were
also significantly higher in the pembrolizumab group compared to the control
group (MPR: 30.2% vs. 11.0%, pCR: 18.1% vs. 4.0%, P < 0.00001). The study re-
sults suggest that adding pembrolizumab to neoadjuvant chemotherapy, followed
by surgery and adjuvant pembrolizumab treatment, significantly improves EFS,
MPR, and pCR in resectable early-stage NSCLC patients, providing strong evi-
dence for the further exploration of pembrolizumab’s potential in the treatment
of early NSCLC [20]-[22].

4.2. Neoadjuvant Immunotherapy Combined with Chemotherapy

The CheckMate 816 trial, as the first study to facilitate the approval of neoadjuvant
immunotherapy by the U.S. Food and Drug Administration (FDA), marks a mile-
stone in the field. This phase III clinical trial included 358 patients with resectable
stage IB (tumor size > 4 cm) to IITA non-small cell lung cancer (NSCLC), all of

whom had no EGFR or ALK gene mutations. Patients were randomly assigned to
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two groups: one group received neoadjuvant nivolumab combined with platinum-
based chemotherapy, while the other group received chemotherapy alone. The
CheckMate 816 trial had two primary endpoints: event-free survival (EFS) and
pathological complete response (pCR), both of which were significantly improved
in the combination therapy group. The median EFS in the combination therapy
group was extended to 31.6 months compared to 20.8 months in the control group
(97.38% confidence interval, 0.43 - 0.91, P = 0.005). In terms of pCR, 24% of pa-
tients in the combination therapy group achieved this standard, compared to only
2.2% in the control group (99% confidence interval, 3.49 - 55.75, P = 0.001). There
was no significant difference in surgical outcomes between the two groups. Fur-
thermore, the addition of nivolumab did not affect treatment tolerability, feasibil-
ity, or surgery duration [23]. The FDA’s approval extends to all resectable NSCLC
patients with various PD-L1 expression statuses, but the most significant benefits
were mainly observed in patients with stage IIIA or PD-L1 expression = 50%. For
IB-III stage patients with PD-L1 expression < 1%, the combination therapy did
not show a noticeable EFS benefit, which may indicate that these patients have lim-
ited benefit from the combination treatment. Although the study did not deeply an-
alyze subgroups, the pCR rates were significantly increased in all subgroups. A re-
cent phase III randomized double-blind trial (CheckMate 77T, NCT04025879) in-
vestigated the efficacy and safety of neoadjuvant nivolumab combined with chem-
otherapy versus neoadjuvant chemotherapy alone in resectable stage IIA to IIIB
NSCLC patients during the perioperative period. The primary endpoint was
event-free survival, and secondary endpoints included pathological complete re-
sponse, major pathological response, overall survival, and safety. At a median fol-
low-up of 25.4 months, the nivolumab group had a significantly higher 18-month
event-free survival rate than the chemotherapy group (70.2% vs. 50.0%; hazard
ratio = 0.58; 97.36% confidence interval: 0.42 to 0.81; P < 0.001), with similar rates
of grade 3 or 4 treatment-related adverse events (32.5% vs. 25.2%). The study con-
cluded that for resectable NSCLC patients, the use of nivolumab during the peri-
operative period can significantly prolong event-free survival, and no new safety
signals were observed. Neoadjuvant immunotherapy, when used alone, shows
some potential in stimulating tumor responses and does not adversely affect sur-
gical outcomes. However, to accurately assess its pathological response rate and
survival outcomes, larger studies are necessary to further confirm its real benefits.
So far, compared to the efficacy of neoadjuvant immunotherapy combined with
chemotherapy in unselected patient populations, the response rate for neoadju-
vant immunotherapy alone seems lower, which may limit its application in some
cases. At the same time, the application of neoadjuvant immunotherapy is also
somewhat restricted and requires comprehensive consideration of the patient’s
specific condition and tumor characteristics to choose the appropriate clinical
treatment plan [24]-[28].

5. Perioperative Adjuvant Targeted Therapy

For metastatic non-small cell lung cancer (NSCLC) patients with treatable genetic
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mutations such as EGFR mutations, oral tyrosine kinase inhibitors (TKIs) are the
first-line treatment due to their greater effectiveness compared to traditional
chemotherapy. Immunotherapy (ICIs) is effective in some lung cancers, but its
effect is limited in oncogene-driven lung cancers [29]. The success of TKIs has
prompted researchers to explore their application in the perioperative setting. The
ADAURA study included 682 patients with EGFR-mutant non-small cell lung
cancer (EGFRm NSCLC) in stages IB to IIIA. They were randomly assigned to
receive 3 years of adjuvant osimertinib treatment or a placebo, setting a record for
treatment duration in similar studies. Compared to first-generation TKIs, osimer-
tinib has lower toxicity and increased activity against the central nervous system
(CNS). The study found that the osimertinib group had a significantly better 24-
month disease-free survival (DFS) compared to the placebo group, with rates of
89% and 52%, respectively (hazard ratio HR = 0.20; 99.12% confidence interval
CI: 0.14 - 0.30; P < 0.001). Additionally, the study found a significant reduction in
central nervous system (CNS) relapse in the TKI group [10]. Although overall
survival (OS) data is not yet available, due to the significant difference in DFS, the
U.S. Food and Drug Administration (FDA) has approved adjuvant osimertinib
for resected EGFR-mutant NSCLC patients. The optimal duration of adjuvant osi-
mertinib therapy is not yet defined. Currently, the standard treatment duration is
3 years (a recommendation based on previous studies), which indicate that the
first 2 years after surgery are a high-risk period for recurrence. However, further
research is needed to determine the best treatment duration for osimertinib, par-
ticularly by analyzing relapse patterns after discontinuation of osimertinib in the
ADAURA study [30] [31]. While there is a risk of overtreatment in patients who
may achieve similar efficacy with just 1 or 2 years of osimertinib, longer or indef-
inite treatment may also be required [13] [32] [33]. Future studies should explore
the effectiveness of different treatment durations and consider risk-adjusted treat-
ment strategies based on circulating tumor DNA (ctDNA) and minimal residual
disease (MRD) [34]-[37]. The ADAURA trial marks an important breakthrough
in perioperative treatment for NSCLC. These studies showcase the potential of
TKIs and underscore the critical role of clinical trials. Future studies are antici-
pated to offer more effective and personalized treatment options for a broader
range of NSCLC patients.

In the recently published experimental report titled “Dual-responsive Nanopar-
ticles Loading Bevacizumab and Gefitinib for NSCLC”, the innovative application
and notable efficacy of dual-responsive nanoparticles, BCGN, in the treatment of
non-small cell lung cancer (NSCLC) were elaborated in detail. The focal point of
this study was to explore a novel nanomedicine carrier, BCGN, which integrates
precise delivery with synergistic therapy. The uniqueness of BCGN lies in its abil-
ity to simultaneously encapsulate bevacizumab, an anti-angiogenic agent, and ge-
fitinib, an epidermal growth factor receptor tyrosine kinase inhibitor. This dual-
drug encapsulation aims to enhance the therapeutic efficacy against NSCLC

through the synergistic action of the two drugs. The design of BCGN cleverly
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combines environmental responsiveness with biological responsiveness. Through
specific synthetic processes, the nanoparticles are engineered to release their en-
capsulated drugs under specific physiological conditions, such as acidic pH values
or specific enzyme concentrations in the tumor microenvironment. This mecha-
nism ensures efficient drug accumulation and release at the tumor site while min-
imizing nonspecific exposure to normal tissues, thereby improving treatment
safety and effectiveness. Additionally, BCGN may further potentiate its antitumor
effect by modulating cellular apoptosis pathways, inhibiting tumor angiogenesis,
and potentially synergizing with immunotherapy. The potential benefits of this
study primarily lie in precise delivery, where the dual-responsive characteristics
of BCGN enable precise drug delivery, increasing drug concentration in tumor
tissue and enhancing therapeutic efficacy. Another benefit is synergistic therapy,
where the simultaneous encapsulation of bevacizumab and gefitinib effectively in-
hibits tumor cell proliferation and angiogenesis through the synergistic action of
different mechanisms, improving treatment efficiency. The reduction in side ef-
fects during the entire treatment process is also significant, as precise delivery
minimizes drug damage to normal tissues, reducing the side effects associated
with traditional chemotherapy and thus improving patients’ quality of life.

Meanwhile, it is important to consider the limitations of this technology in clin-
ical application. Firstly, the complexity of drug preparation is a major concern:
the synthesis process of BCGN is complex and requires precise control of multiple
parameters to ensure its stability and responsiveness, which increases production
costs and time. Secondly, biological safety is another consideration: although in
vitro and in vivo experiments have demonstrated the good safety of BCGN, the
potential for long-term application to cause bioaccumulation and toxicity still
needs further evaluation. Furthermore, individual differences cannot be ignored.
Variations in tumor microenvironments and drug metabolism rates among dif-
ferent patients may affect the therapeutic efficacy of BCGN, necessitating the de-
velopment of individualized treatment plans.

Regarding research challenges and future directions, simplifying the synthesis
steps of BCGN, improving production efficiency, and reducing costs are im-
portant research areas for the future. Additionally, further in-depth studies on the
metabolic pathways, long-term toxicity, and potential immunogenicity of BCGN
in vivo are necessary to ensure its safety in clinical application. Combining pa-
tients’ genomic and proteomic information to develop individualized treatment
plans based on BCGN can improve the precision and effectiveness of treatment.
Exploring multimodal treatment strategies by combining BCGN with other ther-
apeutic methods, such as photodynamic therapy and immunotherapy, can further
enhance the therapeutic effect of NSCLC.

In summary, BCGN, as a novel dual-responsive nanoparticle, demonstrates sig-
nificant antitumor efficacy and a unique mechanism of action in the treatment of
NSCLC, with potential clinical application value. However, challenges such as

complexity in preparation, biological safety, and the formulation of individualized
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treatment plans remain. In the future, with continuous advancements in materials
science, biotechnology, and precision medicine, BCGN is expected to provide
more efficient and safe treatment options for NSCLC patients [38]-[40].

In addition, significant progress has been made in the field of immunotherapy.
The positive results of atezolizumab in the adjuvant setting of the IMpower010
study were encouraging [41] [42], and subsequently, nivolumab also showed
promising results in the neoadjuvant phase of the CheckMate 816 trial. This pre-
sents us with a challenge: how to choose between neoadjuvant chemotherapy com-
bined with immunotherapy or adjuvant immunotherapy in the absence of direct
comparisons. Notably, some immunotherapy trials (such as KEYNOTE-786) have
incorporated both neoadjuvant and adjuvant immunotherapy, which undoubt-
edly increases the complexity of perioperative management. Based on the currently
available information, we tend to recommend the neoadjuvant nivolumab com-
bined with chemotherapy regimen to patients with stage II-IIIA disease and PD-
L1 expression > 1%, rather than adjuvant atezolizumab, as this combination may
provide greater benefits [23] [41]. For patients with PD-L1 expression < 1%, neo-
adjuvant chemotherapy combined with immunotherapy may be considered, but
this must be done after a thorough discussion of the potential risks, as the benefits
for these patients may be relatively limited [23] [25]-[27] [43].

A significant advantage of neoadjuvant therapy is that it allows for direct as-
sessment of the tumor, thereby enabling the evaluation of treatment efficacy. In
the exploratory analysis of the CheckMate 816 trial, we found a strong correlation
between pathological complete response (pCR) and longer event-free survival
(EFES), which further emphasizes the importance of neoadjuvant therapy in eval-
uating treatment efficacy. Subsequently, for patients with different PD-L1 expres-
sion levels, we should provide personalized treatment recommendations, taking
into account the potential of neoadjuvant therapy in evaluating efficacy and ex-
tending survival. The advantage of this neoadjuvant treatment regimen is that it
requires only three cycles of chemotherapy combined with immunotherapy,
which is much shorter than the one-year course of atezolizumab treatment fol-
lowing adjuvant chemotherapy. At the same time, neoadjuvant therapy also ad-
dresses issues where some patients are unable to receive adjuvant therapy due to
poor postoperative recovery or difficulties with follow-up after surgery. Concerns
about neoadjuvant therapy potentially causing delays in surgery or cancellation
due to disease progression do not appear to be significant at present. We continue
to believe that adjuvant immunotherapy could hold a place in the treatment strat-
egy for early-stage non-small cell lung cancer (NSCLC) patients, although its pre-
cise application scope and optimal practices are still under investigation [44]-[46].
In the future, adjuvant immunotherapy may advance in tandem with neoadjuvant
immunotherapy, and the combined application of these two strategies is expected
to enhance immune system antitumor effects, thereby improving efficacy and
providing patients with more durable and significant survival benefits. We antic-

ipate more high-quality research results to emerge, allowing for a deeper exploration
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of the limitless potential of this combination therapy.

6. Conclusion

With the advancement of medical research and continuous progress in technol-
ogy, the treatment of early-stage non-small cell lung cancer (NSCLC) is undergo-
ing rapid transformation. From traditional surgical resection, radiotherapy, and
chemotherapy to current targeted therapy, immunotherapy, and combination
therapies, the diversity and complexity of treatment strategies are increasing. This
shift has not only enhanced therapeutic outcomes but also imposed higher de-
mands on formulating personalized treatment plans. In developing personalized
treatment plans, it is essential to consider multiple patient factors, and such dy-
namic adjustments to treatment strategies are vital for ensuring optimal treatment
outcomes and maintaining the patient’s quality of life. In conclusion, as treatment
methods for early-stage NSCLC continue to improve and their efficacy increases,
the development of treatment strategies must become more intricate and precise.
Personalized treatment plans should be formulated based on the patient’s specific
condition, with close monitoring and evaluation throughout the treatment pro-
cess to ensure the best therapeutic outcomes and quality of life for the patient. At
the same time, we also look forward to the emergence of more innovative treat-
ment methods and technologies in the future, bringing more hope and blessings
to NSCLC patients.
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