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Abstract. Lung cancer is currently one of the most prevalent and deadly malignant tumors worldwide. For 
advanced patients, traditional treatment methods have not shown significant effects. Although 
immunotherapy has improved the survival rate of some patients, 70% to 85% of them still develop primary 
or acquired immune resistance, and the exact molecular mechanisms of this phenomenon remains unclear. 
This article summarizes the main regulatory mechanisms of anti-tumor immune responses in lung cancer, 
including the synergistic effect between innate immunity and adaptive immunity, the related regulatory 
pathways of immune checkpoints, the formation process of the immune-suppressive microenvironment in 
lung cancer, and discusses the relationship between immune escape and immune resistance, as well as 
current challenges such as unclear regulatory mechanisms of drug resistance and insufficient clinical sample 
validation. Based on this, it is proposed that in the future, combined with precision medicine technology, 
new immune treatment targets can be sought to promote the development of lung cancer immunotherapy 
towards a more precise and individualized direction. This article can provide certain theoretical references 
for the clinical management and immunotherapy of lung cancer, and also offer ideas for the research of 
immunotherapy for other tumors.  

1 Introduction 
Lung cancer remains the leading cause of cancer-related 
mortality worldwide, ranking first globally among all 
malignancies in both incidence and mortality rate. It 
poses a major threat to human health and places a 
substantial burden on global public health systems. 
According to the International Agency for Research on 
Cancer, an estimated 2.48 million new lung cancer cases 
were diagnosed in 2022, accounting for 12.4% of all 
cancers, while approximately 1.5 million deaths (18.7%) 
were attributed to the disease [1,2]. In the past decade, 
lung cancer has always been the most common and 
deadliest malignant tumor. 

In the clinical practice in the past, the effect of 
treating patients with advanced lung cancer is not very 
satisfactory. The prognosis of patients is generally poor. 
The overall survival rate of patients after 5 years is 
generally less than 5%, and the median overall survival 
is only 10–14 months [3, 4]. These results show the 
limitations of current treatment. 

In recent years, with the development of medical 
technology, immunotherapy has made remarkable 
progress. The result shows that more than 15% of lung 
cancer patients have survived for 5 years after 
immunotherapy [5, 6]. It is a remarkable success in 
tumor immunotherapy. However, in order to further 
enhance the therapeutic effect, more systematic studies 
are needed to explore the immune regulatory 
mechanism of lung cancer initiation and progression [7]. 
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At present, the research results have enriched our 
knowledge of tumor immune microenvironment, 
immune checkpoint pathways and functions of 
immunosuppressive cells, which provide important 
theoretical basis for optimizing immunotherapy. 
However, there are still many important scientific 
problems that need to be further explored. As for the 
specific mechanism of formation of immune resistance 
in lung cancer, few relevant reports have been made. It 
is unclear how different resistance pathways interact and 
what regulatory network exists between them. In 
addition, there are no reliable biomarkers to predict the 
effect of immunotherapy, which restricts the clinical 
implementation of individualized treatment regimen and 
further application of immunotherapy in clinic. 

This study primarily seeks to examine and clarify the 
relevant issues in question. By exploring how lung 
cancer shapes its immune environment and evades 
immune surveillance, the author intends to provide 
insights for the development of more effective and 
targeted immunotherapies, with the final aims of 
improving clinical outcomes for lung cancer patients. 

2 Anti-tumor immune response in lung 
cancer 

2.1 Cancer immunoediting 

The immune response against lung cancer is a complex 
and dynamical process. This defense process mainly 
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relies on immune surveillance and immune clearance, 
and requires the cooperation of both innate and adaptive 
immunity, as well as the precise regulation through 
various immune molecules and immune checkpoints. 
Immune surveillance is the first line of defense for the 
body against lung cancer. It can identify abnormal 
antigens on the surface of tumor cells, initiate immune 
clearance, and prevent tumor growth and metastasis. 
The immune surveillance theory proposed by Burnett 
and Thomas has been confirmed by many experimental 
and clinical studies. Mice with immune deficiencies are 
more likely to develop tumors, and immune responses 
targeting tumor antigens can be detected in the bodies of 
lung cancer patients [8]. The interplay between 
malignant lesions and host immune system remains 
dynamically variable during disease progression. This 
whole procedure can be categorized into three 
sequential stages: immune elimination, immune 
equilibrium and immune escape. During the final 
immune escape stage, tumor cells gradually weaken 
their capacity of antigen presentation. At the same time, 
tumor cells will create an inhibitory environment for 
immunity. Thus, tumor cells can evade immune system 
attacks [8]. Previous studies indicate that the larger the 
tumor, the stronger its ability to evade immune attack. 
Large tumors express a large number of immune 
checkpoint proteins. The types and quantities of these 
proteins become very uneven. This situation makes 
tumors resistant to immunotherapy [9]. If the PD-L1 
content of the tumor is high, this unevenness can be 
reduced. As a result, large tumors are more likely to be 
controlled by PD-1 inhibitor drugs [10]. 

2.2 The role of innate immunity 

When it comes to the process of immune surveillance 
and tumor elimination, innate immune cells are the first 
line of defense for human and play a vital role. Natural 
killer (NK) cells could directly recognize and kill the 
malignant cells without sensitization. The activation 
state of NK cells has been significantly linked to the 
clinical prognosis of lung cancer patients [7]. Patients 
with high basal activity of NK cells in peripheral blood 
often present with a better prognosis. The number of NK 
cells in tumor tissues is low and will further lead to the 
patient’s poor outcome and worse response to 
immunotherapy [7]. It has been reported that the number 
of NK cells in tumor tissues of non-smokers was higher 
than that of smokers. The number of NK cells in 
squamous cell carcinoma tissues was higher than that in 
adenocarcinoma tissues. With the disease progression, 
the number of activation receptors on NK cells will 
decrease while the number of inhibitory receptors will 
increase eventually leading to the significant decrease in 
the ability of NK cells to clear tumors [7]. 

Tumor-associated macrophages (TAMs) exhibit 
functional heterogeneity, broadly classified into pro-
inflammatory M1 and immunosuppressive M2 
phenotypes. M1 macrophages exert anti-tumor effects, 
whereas M2 macrophages promote angiogenesis, tumor 
growth, and metastasis. In non-small cell lung cancer 
(NSCLC), a higher density of CD163⁺ M2 macrophages 
is associated with poor prognosis. Non-small cell lung 

cancer cells can attract M2-type macrophages to the 
tumor site through the secretion of VEGF. Anti-VEGF 
antibody can inhibit the entry of macrophages into the 
tumor site [7]. 

Dendritic cells (DC) can take up tumor antigens and 
then transfer to lymphoid tissues to activate adaptive 
immunity. Gene-modified dendritic cells expressing 
CCL21 can transform naive T cells into cytotoxic T cells 
specifically killing tumors [7]. Immature or 
plasmacytoid dendritic cells (pDC) with abnormal 
functions will reduce the immune response of the human 
body and help tumor formation of the pre-metastatic 
environment. 

Plasmacytoid dendritic cells (pDC) can increase the 
expression of certain enzymes and inhibit the 
proliferation of T lymphocytes. There are two types of 
neutrophils, namely the N1 type which exerts anti-tumor 
effects and the N2 type which promotes tumor 
development. The N2 type neutrophils can accelerate 
tumor angiogenesis and also capture circulating tumor 
cells, helping tumors grow at distant sites [7]. Some 
factors secreted by tumors can cause neutrophils to 
transform into the N2 type. An increase in the ratio of 
neutrophils to lymphocytes is generally associated with 
a poor prognosis in patients with NSCLC [7, 8]. 

Mast cells contain either histamine (MCT) or 
histamine (MCTC), and both are associated with a good 
prognosis in patients with NSCLC. They can release 
substances that can stimulate the proliferation of T cells 
and enhance the anti-tumor effect of T cells. However, 
mast cells have dual effects on the process of tumor 
progression: in tumor tissues, a large number of mast 
cells with high tryptase expression can be observed, and 
this is associated with an increased lymph node 
metastasis risk [7]. 

2.3 The role of adaptive immunity 

Adaptive immunity damages tumor cells through the 
specific killing effect of T lymphocytes on tumor cells. 
It is the main component of the body’s anti-tumor 
immunity. CD8⁺ cytotoxic T lymphocytes identify 
tumor-specific antigens presented by MHC-I molecules 
and induce the apoptosis program in tumor cells by 
releasing perforin and granzyme [7, 8]. The function of 
these cells directly reflects the effectiveness of the entire 
immunotherapy process. When antigen continuously 
exists in the tumor microenvironment, T cell exhaustion, 
high expression of inhibitory immune checkpoints 
（ such as PD-1, CTLA-4 ）  and weak cytokine 
secretion will occur [7, 8]. CD4⁺ T cells play a 
regulatory role and a synergistic role in the overall 
immune response through the secretion of different 
cytokines. Regulatory T cells with the phenotypes of 
CD4⁺, CD25high⁺, FoxP3⁺, and CD127⁻, are a typical 
immunosuppressive cell subset. They can exert negative 
regulation on immunity by suppressing the biological 
activities of T cells, dendritic cells, and NK cells [7]. 

An increase in the ratio of Tregs/CD8⁺ T cells in the 
peripheral blood of patients usually indicates a poorer 
prognosis and significantly reduces the therapeutic 
effect of immune checkpoint inhibitors (ICI) [7,8]. 
Evidence suggests that the number of regulatory T cells 
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in bronchoalveolar lavage fluid of lung adenocarcinoma 
patients is also significantly increased [7]. Tumor-
infiltrating B cells (TIL-B) have a dual role in tumors. 
In lung squamous cell carcinoma tissues, when certain 
conditions of pathology are present, these cells can 
generate antibodies and induce the resulting circulating 
immune complexes （CIC） to accelerate the growth of 
tumors. In some non-small cell lung cancer (NSCLC) 
subtypes, tumor-infiltrating B cells can promote the 
generation of memory CD4⁺ T cells, enhance the killing 
effect of cytotoxic T lymphocytes (CTL) ，  and 
participate in the construction of tertiary lymphoid 
structures (TLS), thereby inhibiting tumor growth. 
Clinical data show that when there are more tertiary 
lymphoid structures in tumor tissues, it can effectively 
prolong the survival time of patients, and this 
characteristic is more significant in female patients and 
patients with lung adenocarcinoma [7]. 

In addition, there are obvious differences in the 
infiltration of T lymphocytes in lung cancer tissues. The 
number of T cells in squamous cell carcinoma lesions is 
significantly higher than that in adenocarcinoma lesions 
[7]. The balance between effector molecules of 
immunology and immunological checkpoints directly 
affects the intensity and duration of the immunological 
response. For example, IL-12 and TNF-α can increase 
the killing ability of cytotoxic T cells and natural killer 
cells. While IL-10 and TGF-β will create an 
immunosuppressive environment， which helps tumors 
escape from the attack of the immune system [7,8]. 
Cytokines CCL1 and CCL17 can promote the activation 
and increase the number of CD8+ T cells, while CCL2 
and CCL8 can recruit M2-type tumor-associated 
macrophages to the tumor site [7]. 

2.4 Key immune effect molecules and immune 
checkpoint regulation 

IL-8 is a cytokine with high content in the tumor 
microenvironment of lung cancer [8]. Its high 
expression will cause a large accumulation of 
neutrophils within the tumor and also reduce the 
therapeutic effect of immune checkpoint inhibitors (ICI). 
This effect is not related to the expression level of PD-
L1 or the tumor mutation burden [8]. 

Immune checkpoints serve a key function in 
suppressing excessive immune responses within the 
human body, and act as the basis for sustaining the 
stability of the immune system. The PD-1/PD-L1 
signaling axis stands out as the most crucial pathway in 
lung cancer immunology research. When the content of 
PD-L1 on the surface of tumor cells and immune cells is 
too high, it will be combined with the PD-1 on the 
surface of T cells, leading to the disappearance of the 
normal function of T cells [8,9]. High baseline PD-L1 
expression in tumor tissue can reduce the difference of 
expression of immune check-point molecules, and 
tumors with high PD-L1 expression tend to exhibit 
better therapeutic responses to PD-1/PD-L1 inhibitors 
[10]. There exist other immune checkpoint molecules, 
including LAG-3, TIM-3, VISTA and TIGIT. When the 
expression of these molecules is abnormal, they will 

inhibit the function of T cells through multiple ways 
because of their expression disorders, which is also one 
of the reasons why tumors are resistant to 
immunotherapy [8,9]. Fibrinogen-like protein 1 (FGL-1) 
is identified as the ligand of LAG-3, which is frequently 
overexpressed in lung cancer patients and shows a 
significant correlation with unfavorable patient 
prognosis. Researches have found out that the inhibitory 
effect of FGL-1 on T cells is independent of the PD-
1/PD-L1 signaling pathway [8]. The dysfunction of such 
immune regulatory systems drives immune escape and 
proliferation of lung cancer cells, and also offers pivotal 
target for the development of precise lung cancer 
immunotherapy. 

3 The composition and mechanism of 
the immunosuppressive 
microenvironment in lung cancer 
The immune-suppressive microenvironment inside lung 
tumors is formed via diverse interactive regulatory 
mechanisms, covering infiltration of inhibitory immune 
subsets, secretion of anti-inflammatory cytokines, 
abnormal activation of checkpoint pathways, as well as 
metabolic disturbances and hypoxia stress inside tissues. 

3.1 Recruitment and functional abnormalities 
of immunosuppressive cells 

The targeted recruitment and functional abnormalities of 
immunosuppressive cells are the fundamental 
mechanisms underlying the formation and maintenance 
of the immunosuppressive tumor microenvironment 
(TME) in lung cancer [11]. 

As the most dominant infiltrating immune subset 
inside TME, TAMs are recruited into tumor lesions by 
chemokines secreted by malignant cells like CCL and 
CCL8, and mainly differentiate into M2 phenotype. 
These cells carry powerful combined 
immunosuppressive effects. They promote tumor 
angiogenesis and distant metastasis via the secretion of 
VEGF and MMP molecules, meanwhile hinder T cell 
activation by reducing the expression level of antigen-
presenting molecules. Besides, TAMs raise the 
expression of checkpoint molecules including PD-L1 
and CD6, which further weakens systemic anti-tumor 
immune responses inside tumor microenvironment [11]. 

Tregs migrate to tumor tissues from bone marrow or 
peripheral blood through the gradient of 
CXCL12/CXCR4 and exhibit a typical 
CD4+CD25highFoxP3+CD127− phenotype. Their 
immunosuppressive effects are reflected in two distinct 
pathways. They directly interact with effector immune 
cells and restrain their normal functional activity. 
Meanwhile, they release inhibitory cytokines including 
IL‑10 and TGF‑β to weaken the cytotoxic effects of 
CD8⁺ T cells and NK cells against malignant cells. Tregs 
also carry multiple checkpoint molecules such as 
CTLA‑4 and PD‑1 to further strengthen immune 
suppression [11]. 

Driven by tumor‑derived factors like IL‑8 and 
G‑CSF, MDSCs gradually accumulate within tumor 
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microenvironment. They exert inhibitory effects on both 
innate and adaptive immune responses by inducing the 
production of reactive oxygen species (ROS) and 
consuming arginine needed for the proliferation of 
immune cells. MDSCs also upregulate PD-L1 
expression and secrete IL-10 and TGF-β, synergizing 
with other immunosuppressive cells to blunt anti-tumor 
immunity [11]. 

As vital stromal components in lung cancer TME, 
CAFs play a critical part in constructing 
immunosuppressive tumor microenvironment. 
Activated by tumor-derived signals, CAFs secrete 
chemokines (CXCL12, CCL2) to recruit Tregs, MDSCs 
and other immunosuppressive cells to tumor sites, 
synthesize extracellular matrix to block effector T cell 
infiltration, and secrete IL-6 and TGF-β to promote M2 
polarization of TAMs and Treg expansion, ultimately 
cooperating with immune cells to strengthen the local 
tumor immunosuppressive network [11]. 

Functionally abnormal plasmacytoid dendritic cells 
(pDCs) can inhibit T cell proliferation by inducing the 
expression of indoleamine 2,3-dioxygenase (IDO), 
while the extracellular traps (NETs) formed by N2-type 
neutrophils not only promote tumor metastasis but also 
further aggravate local immunosuppression through the 
local deposition of immune complexes, further 
impairing effector T-cell function [11]. 

3.2 Secretion and regulation of 
immunosuppressive factors 

Persistent release and delicate modulation of 
immunosuppressive mediators lay the molecular 
groundwork for immune-suppressive tumor 
surroundings in lung malignancies. Mutual crosstalk 
across multiple pathways also facilitates the formation 
of tumor cell immune tolerance. As an essential 
inhibitory cytokine, TGF-β exerts a typical dual 
regulatory effect. It drives TAMs and MDSCs toward 
tumor-supporting phenotypes, weakens cytotoxic 
activities of CTLs directly, and speeds up the growth of 
Treg subsets. On this account, elevated expression of 
such cytokine has been closely associated with 
unsatisfactory survival outcomes among NSCLC 
patients [11].  

IL-10 can reduce the antigen-presenting function of 
dendritic cells (DCs) and the  co-stimulatory molecule 
expression, inhibit the transmission of T cell activation 
signals, and also promote B cells to synthesize and 
secrete antibodies with immunosuppressive activity. 
This indicates that IL-10 has a clear role in aggravating 
local immune tolerance [9,11]. 

Disrupted chemokine networks also exert critical 
influences on the development of tumor immune 
suppression. Chemokines including CCL2, CCL7 and 
CCL8 are responsible for guiding M2-type TAMs and 
MDSCs to gather inside tumor microenvironments. 
Although CXCL13 can attract lymphocyte infiltration, 
its abnormal upregulation in NSCLC tissues leads to 
dysfunctional lymphocyte aggregation, which 
consequently weakens the anti-tumor immune defense 
of the human body [11]. 

The interaction between PD-L1 and PD-1 receptors 
on T lymphocytes directly triggers functional 
exhaustion of immune cells. Besides abnormal 
upregulation of PD-L1 on tumor and immune cell 
surfaces, the LAG-3/FGL-1 signaling axis also exerts 
independent inhibitory effects on T-cell activities 
through distinctive molecular mechanisms that differ 
from classical PD-1-dependent pathways. Jointly, these 
pathways serve as critical regulatory routes mediating 
immune suppression inside tumor microenvironment 
[11,12]. 

3.3 Hypoxia, acidic microenvironment, and 
metabolic disorder immunosuppressive effects  

Hypoxia and acidic microenvironment along with 
metabolic disorder further consolidate the 
immunosuppressive barrier of lung cancer by altering 
the function and metabolic phenotype of immune cells. 
The rapid spread of tumor cells creates local oxygen 
shortages and results in hypoxic microenvironments. 
Such environments can mobilize the HIF-1α signaling 
pathway and promote the secretion of VEGF and 
CXCL8. These factors have dual roles in terms of 
immune metabolism, they are also able to cause 
metabolic reprogramming of immune cells and counter 
the effects of hypoxic tumor associated macrophages 
(TAMs) to enhance glycolytic metabolism, while also 
keeping the M2-type, which is pro-tumor, phenotype 
active. Meanwhile, T cells, due to blocked glucose 
uptake and energy deficiency, are prone to functional 
exhaustion [13].  

Tumor cells tend to undergo anaerobic glycolysis. 
This process generates a large amount of lactic acid, 
which accumulates in the local microenvironment, 
lowering the pH value to an acidic range of 6.0-6.5. 
Acidic tumor microenvironment directly impairs the 
cytotoxic regulation of CTLs and NK cells. It also 
promotes elevated secretion of immunosuppressive 
mediators in MDSCs, which further suppresses local 
immune responses and stabilizes the persistent 
immunosuppressive status inside tumors [13]. 

Abnormal accumulation of metabolites itself has a 
very clear and definite immunoregulatory effect: 
kynurenine produced by the metabolism of tryptophan 
via IDO can directly induce T cell apoptosis, and the 
competitive uptake of glutamine by tumor cells deprives 
immune cells of important nutrients needed for 
proliferation and activation, thereby inhibiting their 
anti-tumor function [11]. More importantly, the two are 
mutually causal and form a vicious cycle, ultimately 
leading to a stable imbalance of “metabolic suppression-
immune exhaustion”, and thus naturally and powerfully 
reinforcing the immunosuppressive network. 

These three core regulatory pathways function 
coordinately to form an immunosuppressive network. 
The lung cancer immune microenvironment fosters 
tumor progression and confers resistance to immune 
checkpoint inhibitors, making systematic analysis of its 
composition and mechanisms essential for developing 
novel therapies to reverse immunotherapy resistance. 
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4 Several key mechanisms of immune 
escape in lung cancer 
At the molecular level, lung cancer cells alter how the 
body responds to the immune system, resulting in 
immune escape. This involves the abnormal activation 
of immune checkpoints, impaired antigen presentation 
functions, disruption of immune signaling pathways, 
and the apoptosis resistance. The combination of these 
mechanisms diminishes the body’s ability to counteract 
the tumor resulting in the increased malignancy of lung 
cancer, and the development of resistance to 
immunotherapy [11,12].  

Besides the phenomena described in, immune escape 
is influenced by tumor-intrinsic and extrinsic factors, 
metabolic immunosuppression, and spatial T-cell 
exclusion. Tumor cells release signaling molecules that 
directly suppress systemic anti-tumor immune 
responses, while the tumor microenvironment maintains 
a persistent immunosuppressive state. Tumor cells also 
consume nutrients, and produce detrimental metabolites 
which disable T-cell, while also physically preventing 
T-cell infiltration. Additionally, through genetic 
changes, tumor cells silence the expression of immune 
response genes. Collectively, these components form 
complex immunosuppressive networks [14]. 

4.1 Abnormally high expression of immune 
checkpoints 

The overexpression of immune checkpoint molecules is 
a key mechanism of immune escape in lung cancer, with 
the PD-1/PD-L1 axis being the most extensively studied. 
PD-L1 overexpression on tumour and tumour-
associated immune cells engages PD-1 on T cells, 
leading to T-cell exhaustion and impaired cytotoxic 
function [8,11]. It has been reported that lung cancer 
patients with high expression of PD-L1 have a 
significantly lower response rate to PD-1 inhibitors and 
are closely related to poor prognosis [5, 6].  

In addition to PD-1/PD-L1 axis, CTLA‑4CTLA-4 
suppresses T-cell activation by interfering with co-
stimulatory signaling. It is primarily expressed on 
activated T cells and regulatory T cells (Tregs) and 
competes with CD80 and CD86 on antigen-presenting 
cells (APCs) [11]. 

Numerous alternative checkpoint molecules 
including LAG‑3, TIGIT and TIM‑3 also display 
obvious abnormal upregulation inside lung cancer 
microenvironments. Among them, LAG-3 can 
specifically bind to its ligand FGL-1 and exert 
immunosuppressive effects independently of the PD-
1/PD-L1 pathway, which is also an important reason for 
the development of drug resistance to immunotherapy in 
lung cancer cells [9,11]. 

The coordinated high expression of multiple 
checkpoint molecules can further build a multi-level 
immune suppression regulatory network, helping lung 
cancer cells effectively evade immune surveillance by 
the body and ultimately achieve immune escape [10]. 

4.2 Defects in antigen presentation 

Functional defects in the antigen presentiation pathway 
are one important mechanism how lung cancer cells can 
escape from specific recognition by T cells. Lung cancer 
cells express MHC-I molecules, which are responsible 
for the presentation of tumor antigens in low expression 
or even completely express no MHC-I molecule, which 
results in a defect to efficiently transfer the tumor-
associated antigens to the antigen presenting surface of 
the cell and finally makes it hard for T cells to efficiently 
recognize and bind to lung cancer cells [12]. Clinical 
data revealed that lung cancer cells can suppress the 
transcription and translation of MHC-I molecules and 
reduce the chance to be recognized by the immune 
system by epigenetic regulation and gene site mutation 
[11]. 

Antigen processing related transporter (TAP) is an 
important transport protein in the MHC-I antigenic 
presentiation pathway. If TAP expression is 
downregulated or its function is abnormal, tumor 
antigen peptides cannot be smoothly transported to the 
endoplasmic reticulum and bind to MHC-I molecules, 
ultimately leading to the interruption of the antigen 
presentation process [12]. The synergistic effect of 
decreased MHC-I expression and abnormal TAP 
function can help lung cancer cells effectively evade the 
specific killing of T cells, facilitating immune evasion 
and tumor progression and distant metastasis of tumor 
cells [7]. 

4.3 Deficiency of co-stimulatory molecules and 
activation of immunosuppressive signals 

In regulation of immune systems, the lack of co-
stimulatory molecules and the overwhelming 
dominance of immunosuppressive signals act in concert 
to thoroughly upset the dynamic equilibrium of immune 
responses and ultimately create an immunoediting 
phenomenon in lung cancer cells. Under normal 
conditions, co-stimulatory molecules including CD80 
and CD86 located on antigen-presenting cells can bind 
to CD28 receptors on T cells, thus delivering 
indispensable activation signals to T calls. In the tumor 
microenvironment of lung cancer, reduced expression of 
these key molecules leads to insufficient activation of T 
cells, further damaging the body’s anti-tumor immune 
effects [11,12]. 

Lung cancer cells can also secrete a host of 
immunosuppressive cytokines like IL-10 and TGF-β to 
further activate immunosuppressive signaling pathways. 
IL-10 can impair the antigen-presenting capacity of 
related immune cells, and lowers surface levels of 
costimulatory molecules, which disrupts effective 
activation processes of T lymphocytes; TGF-β can 
induce the differentiation and maturation of suppressive 
immune subsets, while directly suppressing cytotoxic 
activities of CTLs and impairing systemic anti-tumor 
immune responses [8,9]. 

The disruption of the chemokine regulatory network 
is also an important factor in the activation of 
immunosuppressive signals. Factors like CCL2 and 
CCL8, which are secreted by lung cancer cells, have the 
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ability to selectively recruit M2-type macrophages, 
myeloid-derived suppressor cells, and other 
immunosuppressive cells to the tumor site. This creates 
an environment where the tumor’s immunosuppressive 
microenvironment is worsened, and lung cancer cells 
can evade the immune system and escape detection 
[7,11]. 

4.4 Resistance to apoptosis in tumor cells and 
induction of T cell exhaustion 

Resistance to apoptosis in tumor cell is an active step of 
lung cancer and its aimed at inducing T cell exhaustion. 
There are several pathways resistant to apoptosis that 
lung cancer cells can exploit. These include, for some 
cell types, the elevation of apoptosis inhibiting proteins 
such as Bcl-2 and Bcl-xL which stops activation of the 
mitochondiral pathway. Furthermore, some cells are 
classified as apoptosis resistant due to the low 
expression of the +Fas receptor and the overexpression 
of its ligand, making them impervious to apoptosis T 
cell signal [7,11]. This resistance to apoptosis can help 
lung cancer cells effectively resist the killing effect of 
CTLs and survive under the surveillance and attack of 
the immune system. 

Lung cancer cells can also induce T cells into an 
exhausted state and completely lose their anti-tumor 
function by continuously expressing 
immunosuppressive molecules and secreting large 
amounts of immunosuppressive factors. In particular, 
these features include diminished cell proliferation 
capacity, decreased cytotokine secretion levels of 
essential cytokines like IFN- γ and TNF- α as well as 
higher expression levels of inhibitory receptors such as 
PD-1 and CTLA-4 [12]. Mechanistically, this is 
mediated by TOX/NR4A transcriptional program. 
Importantly, mouse models and relevant clinical data 
demonstrate that exhausted T cells from lung cancer 
tissue account for a significantly larger part of the CD8+ 
population than their counterpart in normal lung tissues, 
which correlate positively with both tumor burden and 
resistance to immunotherapy [5,11]. The resistance of 
tumor cells to apoptosis and the fatigue of T cells form 
a mutually reinforcing relationship, which eventually 
leads to the formation of an “immune non-response-
tumor proliferation” vicious cycle, continuously 
promoting lung cancer immune escape process. 

5 Mechanisms of immune resistance in 
lung cancer 
Immune checkpoint inhibitors greatly alter clinical 
treatment approaches for lung cancer, gradually 
becoming vital mainstream regimens widely adopted in 
clinical practice. However, clinical data show that 70% 
to 85% of lung cancer patients develop immune 
resistance, either primary resistance, where there is no 
response to treatment at the initial stage, or acquired 
resistance, where the disease progresses after an initial 
response [12]. More importantly, such immune 
tolerance issues prevail not merely among NSCLC cases, 

but also commonly appear during the clinical treatment 
of small cell lung carcinoma. 

A wide range of interconnected pathways trigger 
treatment insensitivity as lung tumors develop, relying 
heavily on inherent traits of TME, flexible shifts in 
intracellular signal transmission, and malfunctions 
taking place in antigen presentation pathways. By 
referring to occurrence period and internal pathological 
drivers, researchers divide such drug resistance into 
primary and acquired patterns, which prevail widely 
across mainstream pathological subtypes of lung 
malignancies [11]. 

Notably, defects in the interferon‑gamma (IFN‑γ) 
signaling pathway, such as JAK1/2 mutations, serve as 
a classic and pivotal mechanism mediating both primary 
and acquired resistance by disrupting antigen 
presentation [11]. 

5.1 Primary resistance: insufficient immune 
infiltration and an immune desert phenotype 

Primary resistance refers to the absence of a clear 
clinical benefit when patients first receive 
immunotherapy. The most common and clear 
mechanism is the “immune desert” phenotype of tumor 
tissue, that is, extremely insufficient infiltration of local 
effector immune cells [12]. This feature is well 
demonstrated in both NSCLC and SCLC: in NSCLC, 
immune desert-like tumors secrete chemokines such as 
CCL2 and CCL8, actively recruiting 
immunosuppressive cells such as M2 macrophages and 
regulatory T cells (Tregs), while down-regulating the 
expression of chemokines such as CCL1 and CCL17, 
thereby directly inhibiting the migration and 
aggregation of CD8⁺ T cells and NK cells to the tumor 
site [7,11]. 

Unlike other types of lung cancer, SCLC is a highly 
aggressive neuroendocrine tumor, and its tumor 
microenvironment inherently has a natural 
immunosuppressive property: there is very little 
infiltration of effector immune cells, while Tregs and 
myeloid-derived suppressor cells (MDSCs) are highly 
aggregated, thus greatly enhancing the state of immune 
desert [11]. Unlike NSCLC, SCLC exhibits a 
paradoxical profile characterized by high tumor 
mutation burden (TMB) but poor immune activation. 
This is attributed to its neuroendocrine features, low 
MHC-I expression, and a profoundly 
immunosuppressive TME, rendering it inherently 
resistant to most mono-immunotherapies [11]. 

Both cancer types express hypoxic and acidic 
microenvironments due to how their respective tumor 
vasculature develop and also present typical defects of 
antigen presentation, such as the down-regulation of 
MHC-I and the atypical functioning of the TAP 
transport proteins. These combine to directly limit the 
recruitment and the functional capacity of immune cell 
presence [13]. There is now considerable evidence that 
the immunological desert phenotype present in the 
tumor tissues of NSCLC and SCLC patients is one of 
the potent contributing factors towards the poor rate of 
responding to immunotherapies, and the 5-year overall 
survival of such patients is considerably worse 
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compared to patients that have enough local immune 
cell infiltration [5, 6]. 

5.2 Acquired resistance: pathway 
compensation, upregulation of new 
checkpoints, and antigen loss 

Acquired resistance arises following a transient 
response to immunotherapy to the recurrence and 
progression of tumors due to adaptive tumor cell and 
immune microenvironment changes [12]. Acquired 
resistance mechanisms of lung cancer subtypes have the 
following common points: first, compensatory 
activation of pathways, that is, tumor cells actively 
remodel the signaling network to escape from immune 
pressure. For instance, following the blockade of 
PD‑1/PD‑L1 signaling cascade, the PI3K/AKT and 
Wnt/β‑catenin pathways commonly undergo abnormal 
activation. These cascades accelerate malignant 
proliferation and anti‑apoptotic survival of tumor cells, 
meanwhile suppressing the activation process of T 
lymphocytes. Such regulatory patterns have been widely 
documented across lung adenocarcinoma, squamous 
NSCLC subtypes and small cell lung cancer [9,11]. The 
second is the upregulation of new immune checkpoints. 
Tumor cells and infiltrating immune cells can also 
abnormally upregulate the expression of LAG-3, TIGIT 
and TIM-3 to abnormally express molecules that singly 
or jointly exert the effect of inhibiting the function of T 
cells. Among them, the interaction between LAG-3 and 
its ligand FGL-1 is considered to be the main 
mechanism of immune therapy resistance in NSCLC 
and SCLC [8,9]. The third is the loss of tumor antigens. 
Long-term immune pressure prompts both types of lung 
cancer cells to downregulate the expression of tumor-
specific antigens (TSA) or tumor-associated antigens 
(TAA) through genetic mutations, epigenetic regulation, 
and other means, or directly lose the antigen-presenting 
function of MHC-I molecules, so that effector T cells 
cannot effectively recognize tumor cells [12,13]. More 
importantly, although small cell lung cancer (SCLC) has 
a very high mutation burden and should have strong 
immunogenicity, the frequency of antigen loss during its 
acquired resistance is much higher than that of other 
lung cancer subtypes, which is also the fundamental 
reason for the limited efficacy of its immunotherapy 
[11]. 

6 Limitations and future prospects 

6.1 Limitations of the study 

This review briefly summarizes the simple procedure of 
anti-tumor immune response in lung cancer, 
composition and regulatory mechanism of tumor 
immune microenvironment, key molecular pathway of 
immune escape and generation mechanism of different 
immune resistance subtypes, which provide an overall 
understanding of the field and theoretical basis for 
further basic research and clinical application of lung 
cancer immunotherapy. Although there has been recent 
progress in lung cancer immunotherapy, it still has many 

limitations. About 70–85% of patients show primary or 
acquired resistance to immunotherapy, which is the 
major clinical problem that needs to be solved urgently 
[12]. More importantly, lung cancer immune resistance 
is not simply induced by one mechanism, but generated 
by primary and acquired resistance. This process 
involves tumor cell phenotypic changes, tumor immune 
microenvironment remodeling, and compensatory 
activation of cell signaling pathways. [9,12]. Meanwhile, 
this study merely summarizes existing published 
literature to compare immune phenotypes and resistance 
mechanisms between NSCLC and SCLC, lacking direct 
validation evidence from clinical specimen datasets; the 
research on various immune regulatory molecules 
discussed is still at the stage of mechanism summary, 
and has not yet conducted in vitro cell experiments and 
functional validation of animal models, nor has it 
advanced to true clinical translational research. 

6.2 Future research directions 

Future strategies for lung cancer immunotherapy should 
integrate microscale technological innovation with 
macro public health prevention, to promote its 
development toward precision, universal application, 
and standardization. For precision immunotherapy, 
further exploration of novel immune checkpoints such 
as LAG-3, TIGIT, and TIM-3 will help identify new 
therapeutic targets and optimize combination treatment 
regimens [8,9,11]. Multi-omics approaches can be used 
to screen resistance-related biomarkers, taking into 
account the heterogeneity of the tumor immune 
microenvironment and individual differences, so as to 
refine personalized treatment strategies [13]. When 
setting public health priorities, creating a complete cycle 
of prevention and control system, and a national follow 
up platform would provide lung cancer care and lessen 
regional medical inequities and social disease burden. 

7 Conclusion 
Immunotherapy has markedly improved the clinical 
treatment of lung cancer and prolonged the survival of 
patients diagnosed with this malignancy. Traditional 
interventions for lung cancer, such as radiotherapy, 
chemotherapy, as well as targeted therapy, demonstrate 
limited effectiveness. This review summarises the 
mechanisms underlying anti-tumour immune responses 
and discusses the role of the immunosuppressive tumour 
microenvironment, as well as key pathways of immune 
evasion and therapeutic resistance in lung cancer. The 
above also provides essential theoretical support for the 
implementation of personalized treatment strategies for 
lung cancer. Immune resistance, heterogeneous tumor 
microenvironments, and the absence of effective 
predictive markers are the challenges for further 
investigation. The integration of public health strategies 
with precision immunotherapy is expected to further 
optimize the clinical management of lung cancer and 
improve the prognosis of affected patients. 
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