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Abstract: In the past few years, along with the advancement of tumor immunology, immunotherapeutic approaches have
offered more potent therapeutic choices for individuals diagnosed with cancer. Based on traditional chemotherapy and
radiotherapy, immunotherapy has offered patients more effective strategies and better prognosis. Among them, immune-targeted
drug therapy and tumor microenvironment therapy have achieved remarkable results in the management of non-small cell lung
cancer (NSCLC). This study will elaborate on the mechanisms, research status quo and developments of targeted drug therapy

and tumor microenvironment therapy in managing NSCLC.
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1. Introduction

Statistics show that lung cancer holds the top position in
terms of both incidence and mortality across the globe.
Among the pathological types of lung cancer, NSCLC stands
as the most frequent one[l1]. NSCLC exhibits significant
tumor heterogeneity and high invasive biological
characteristics, which cause the absence of typical clinical
symptoms at the early period of the illness[2]. Consequently,
most patients are identified when the disorder has reached to
an advanced stage, failing to seize the ideal opportunity for
radical treatment[2]. For a long time, traditional radiotherapy
and chemotherapy have had significant clinical limitations,
mainly manifested by a high recurrence rate after treatment,
and no significant difference in survival rates between
different chemotherapy regimens in diverse perioperative
intervals. However, immunotherapy paired with
chemotherapy provides better overall survival (OS)
advantages than chemotherapy alone[3]. In recent years, the
rise of tumor immunotherapy has delivered a remarkable
development to the clinical management of NSCLC and
opened up one brand-new treatment strategy.

The tumor immunity process refers to the confrontation
between the immune system and neoplastic cells.
Immunotherapy achieves therapeutic effects by enhancing the
cytotoxicity of the immune system and inhibiting the growth
of cancer cells. Firstly, targeted drugs enable precise
treatment of NSCLC by inhibiting cancer cell growth
pathways, or strengthening immune system action pathways.
In addition, researchers are exploring systemic treatment for
patients through intervening in the tumor microenvironment,
and providing personalized treatment plans based on the
tumor microenvironment of different individuals. This article
intends to summarize the mechanisms, current status and
progress of the aforementioned targeted drug therapy and
tumor microenvironment-based therapy for NSCLC, so as to
offer more potent therapeutic strategies for patients with
NSCLC

2. Targeted Drug Therapy for Non-
Small Cell Lung Cancer (NSCLC)

Based on the mechanisms of enhancing the cytotoxicity of
the immune system and inhibiting tumor cell growth, targeted
drugs are mainly classified into anti-growth factor drugs and
immune checkpoint inhibitors and anti-growth factor drugs.

2.1. Anti-Growth Factor Drugs

In patients with NSCLC, vascular endothelial growth
factor (VEGF) attaches to receptors on the surface of vascular
endothelial cells (such as VEGFR-1 and VEGFR-2), which
provide nutrients for tumor cells. Epidermal growth factor
receptor (EGFR) attaches to its ligand (EGF) and turns on
downstream signaling pathways (such as RAS), which
regulate cell proliferation and ultimately promote cell growth,
division and survival.

Targeting this mechanism, researches inhibit tumor cell
growth by blocking these two signaling pathways, which
includes:

e Vascular endothelial growth factor (VEGF) antibody: By
blocking the signaling pathway of VEGF and its receptors
(VEGFR), these drugs inhibit tumor angiogenesis, normalize
abnormal blood vessels to improve the microenvironment,
thereby cutting off the nutrient supply to tumors and
inhibiting their growth and metastasis [4]. Bevacizumab is a
representative drug of anti-VEGF drugs[4].

eEpidermal growth factor receptor (EGFR) antibody: By
using monoclonal antibodies or small-molecule tyrosine
kinase inhibitors, these drugs block EGFR and its
downstream signaling pathways (e.g. the RAS-ERK
pathway)[5]. They inhibit tumor cell proliferation, induce
apoptosis, and at the same time reduce the secretion of
angiogenic factors (such as VEGF) to limit tumor nutrient
supply and decrease the invasive and metastatic ability of
tumors. Examples of anti-EGFR drugs include Almonertinib,
Icotinib, Erlotinib, etc[5].

2.2. Immune Checkpoint Inhibitors

In the past few years, the advancement and application of



immune checkpoint inhibitors have provided more potent
therapeutict options for patients with NSCLC. By using
antibodies to block immunosuppressive pathways, immune
checkpoint inhibitors release the "brake" effect of tumors on
T cells, restore T cells’ ability to recognize and kill tumor cells,
prevent immune escape of tumor cells, and activate a lasting
anti-tumor immune response.

At present, the immune checkpoints that have been
identified consist of several key molecules, such as PD-1/PD-
L1, CTLA-4, LAG-3, TIM-3, TIGIT, VISTA, and B7-H3[6].
In addition, agonists that stimulate checkpoint pathways or
molecules  targeting  components of the tumor
microenvironment are under research[6]. Among these, the
most commonly utilized immune checkpoints are PD-1/PD-
L1 and CTLA-4[6]. Through this mechanism, researchers
have developed a variety of drugs and achieved excellent
results in treatment.

For the therapy of NSCLC, drugs developed targeting these
signals include:

oPD-1/PD-L1 inhibitors: Nivolumab, Pembrolizumab,
Cemiplimab, Camrelizumab, Atezolizumab;

oCytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
inhibitors: Ipilimumab, Toripalimab;

eLymphocyte activation gene 3 (LAG-3) inhibitor:
Relatlimab.

Clinically, combining PD-1/PD-L1 inhibitors with
chemotherapy has achieved effective progress in the
treatment of NSCLC.

2.3. Combined Drug Therapy

On the basis of chemotherapy, the combined application of
multiple targeted drugs in treating NSCLC not only enriches
treatment approaches, but also helps improve the therapeutic
effect in NSCLC patients compared with single targeted drug
therapy. This article focuses on three combined regimens:
Bevacizumab combined with anti-EGFR drugs, Bevacizumab
combined with PD-1/PD-L1 inhibitors, and PD-1/PD-L1
inhibitors combined with CTLA-4 inhibitors.

Table 1. Targeted Drug Therapy Regimens for NSCLC

Drug/Regimen Trial Therapy

Adverse reaction Result

. Aumolertinib plus 18.7-36.9)
Almonertinib chemotherapy[7] ORR: 91.2%
DCR: 100%

mPFS: 28.0 (95% CL:

The first-line treatment regimen

Associated adverse events of grade adopted exhibits deep and durable
>3 efficacy in patients with the

advanced NSCLC.

ORR: 58%vs33%

KEYNOTE-021 mPFS: 24.5vs9.9

Pembrolizumab

It has been proven that
Pembrolizumab can bring deep and

Grade 3 - 5 related adverse L
durable remission as well as

. 3 . 0, 0,
Trial[8) mOS: 34.5vs21.1 reactions: 39%vs31% significant survival benefits to
patients.
It significantly prolongs the
Camrelizumab Came L Trial[9] mPFS: 11.3vs8.3 Severe related adverse progression-free survival (PES),

1 . 0, 0,
reactions:36%vs13% with a clear efficacy advantage.

A clinical study on the
combined use of
Bevacizumab and
Almonertinib[10]

Total effective rate:
86.96%vs63.04%

Bevacizumab plus
Almonertinib

It can effectively reduce the levels
of inflammatory factors and tumor
markers in patients, improve
patients' immune function, and does
not increase the incidence of
adverse drug reactions.

Incidence rate of adverse reactions:
15.22%vs30.43%

PD-1/PD-L1 inhibitors

plus Bevacizumab IMpower 151 Trial[12]

08:20.7vs18.7
ORR: 48%vs50%

0OS: During the present analysis, no
PD-L1 monoclonal . PD-L1>1%: emerging safety signs were It provides opportunities for long-
antibody plus CTLA-4 CheckMa[l}el]Z 27 Trial 24%vs14% detected. Likewise, there were no term survival and exhibits a
monoclonal antibody PD-L1<1%: new fatalities connected to the positive risk-benefit balance.
19%vs7% treatment.
Failed to reach its primary
PFS: 9.5vs7.1 endpoint. Adding Atezolizumab on

Related adverse reactions of any

grade: 68%vs71% the basis of Bevacizumab and

chemotherapy did not significantly
prolong PFS.

As shown in Table 1, the aforementioned studies indicate
that immunotargeted drug combined with chemotherapy for
NSCLC provides patients with long-term survival
opportunities and prolongs OS in comparison to
chemotherapy alone, demonstrating excellent efficacy.
Especially, PD-1/PD-L1 inhibitors exhibit significant efficacy
in NSCLC therapy. Although the study results show that the
related adverse reactions caused by immunotargeted drug
combined with chemotherapy are increased compared with
those in chemotherapy group, they are within the effective
control range.

In addition, among the aforementioned combined drug
therapy regimens, both the combination regimen of
Bevacizumab and anti-epidermal growth factor receptor
(anti-EGFR) agents, as well as that of PD-1/PD-L1 inhibitors

and CTLA-4 inhibitors, have been demonstrated to exhibit
better effectiveness[10,11]. However, in the IMpower 151
trial, the Atezolizumab + Bevacizumab + chemotherapy
regimen failed to largely enhance the investigator-assessed
progression-free survival (PFS) compared with the placebo +
Bevacizumab + chemotherapy regimen[12]. Nevertheless,
statistical data show that PD-1/PD-L1 inhibitor combined
with Bevacizumab in the treatment of advanced NSCLC
provides clinical benefits such as improving patients’
objective response rate (ORR) and disease control rate (DCR),
without increasing the risk of adverse drug reactions (ADR)
[13].

In conclusion, research trials on targeted drug combination
therapy need to be expanded, and a deeper exploration is still
required to treat NSCLC with PD-1/PD-L1 inhibitor



combined with Bevacizumab. Furthermore, studying
effective combined drug regimens has important clinical
significance for the treatment of NSCLC.

3. Research Progress on Tumor
Microenvironment Therapy for
NSCLC

Due to the long-term application of targeted drug therapy,
the human body will develop drug resistance; in addition, the
efficacy of drugs varies greatly among different populations,
which leads to certain limitations of targeted drug therapy. In
response to this, research have found that the tumor
microenvironment (TME) exerts a crucial role in cancer
occurrence, progression, metastasis, and treatment response,
and have proven that the TME is a dynamic process. The TME
of NSCLC can be divided into two spatial niche types:
immune-rich niche and immune-deficient niche [14].

e mmune-rich niche: Mediated by CD8* T cells, CD4" T
cells, B cells, dendritic cells (DCs), and tumor-associated
macrophages (TAMs), it kills cancer cells through antigen
presentation and T cell activation. B cells and plasma cells
can also enhance immune initiation and adaptive immune
responses, resulting in strong immune activity[14].

eImmune-deficient niche: It has a dense extracellular
matrix (ECM) network that physically restricts immune
infiltration. Cancer-associated fibroblasts (CAFs) secrete
immunosuppressive cytokines and reshape the ECM, forming
a fibrotic and immune-repellent microenvironment that
reduces direct engagement[14].

Studies have shown that transforming growth factor-f
(TGF-P) exerts a considerable impact on the TME of NSCLC.
TGF-B remodels the TME, causing the exclusion of CD8" T
cells from the tumor parenchyma; instead, these cells appear
in the peritumoral stroma rich in fibroblasts and collagen cells,
which may reduce patients’ response to immunotherapy[15].
TGF-B acts synergistically with hypoxia-inducible factor-1
(HIF-1) to enhance the expression of VEGF and stimulate the
formation of new blood vessels[16]. Overexpressed VEGF
can also inhibit tumor-related immune responses and promote
local tumor expansion and distant metastasis[16]. Therefore,
TGF-p has great potential for intervention in NSCLC.

Studies have confirmed that the application of a fusion
protein (bintrafusp alfa) targeting the TGF-B and PD-L1
pathways—in the therapy of advanced NSCLC exhibits
significant efficacy. In the ICl-naive group, the median
follow-up time post the first administration of bintrafusp alfa
was 42.1 weeks (range: 2.0-166.0 weeks); in the ICI-
experienced group, this median follow-up time was 47.3
weeks (range: 2.0-162.0 weeks) [15].

These results indicate that combining of TGF-f inhibitors
with PD-L1 inhibitors has remarkable significance for
NSCLC treatment, and also supports the feasibility of
combining  TGF-B-targeted  therapy  with  other
immunotherapies [15].

4. Discussion

Tumor immunotherapy has demonstrated significant
therapeutic advantages and broad application prospects in the
clinical practice of NSCLC.

Firstly, by profound analysis of the molecular mechanisms
of immunotargeted drug therapy, combined with next-
generation sequencing (NGS) and proteomics technologies,
the gene and protein expression profiles of tumor cells can be

accurately detected. This enables precise targeted therapy
based on molecular markers, providing a scientific basis for
clinical individualized medication. For example, for patients
with high expression of EGFR, anti-EGFR therapy is
recommended; in patients exhibiting elevated PD-L1
expression, PD-1/PD-L1 immune checkpoint inhibitors are
preferred for immunotherapy; and for patients with high
tumor progression, combined drug regimens can be
considered to control tumor cells.

Secondly, research on the TME has important clinical value
in cancer development and treatment. Studying the
mechanism of the NSCLC TME enables systematic and
personalized treatment for NSCLC patients. Currently, TGF-
B makes a contribution to tumor cell immune escape within
the TME, making research on TGF-f a current focus in TME-
related studies. The combined utilization of TGF-f inhibitors
and immune checkpoint inhibitors has become a new research
direction for NSCLC treatment. By targeting multiple
immune escape pathways, it remodels the NSCLC TME and
reduces tumor immune escape.

5. Conclusion

To sum up, current immunotherapy research needs to be
expanded. Efforts should be made to explore more immune
checkpoints and their combination with multiple immune
mechanisms for treatment, implement personalized treatment
based on the TME, and develop NSCLC vaccines. These
approaches are designed to supply patients with more
effective therapeutic options.
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