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ABSTRACT

Lung cancer, particularly non-small cell lung carcinoma (NSCLC), poses signif-
icant challenges in oncology. Accounting for approximately 85% of lung cancer-
related deaths, NSCLC's aggressive nature demands comprehensive management
strategies. Environmental factors like smoking and air pollution, alongside genetic
mutations in genes such as EGFR, KRAS, and ALK, contribute to its development.
Recent advancements in diagnostic modalities, including low-dose CT scans and
molecular profiling, facilitate early detection. Treatment paradigms have evolved to
incorporate multimodal approaches, encompassing surgery, radiotherapy, chemo-
therapy, targeted therapies, and immunotherapy. Collaboration among healthcare
professionals is crucial for effective patient care. As research continues to unfold,
novel therapeutic strategies and personalized medicine approaches hold promise
for improving outcomes in NSCLC patients.

1. INTRODUCTION

Approximately 85% of lung cancer cases globally are attributed to non-small cell
lung cancer, or NSCLC for short. And even with new treatments and advances in
early detection, it is still a leading cause of cancer death. Hence, it is a very harmful
factor for health. Adenocarcinoma, large cell melanoma, and small cell melanoma
are the three main types of NSCLC. Their varied reactions lead to the development
of different varieties and require an array of treatments. Globally, about 1.8 million
NSCLC cases are diagnosed annually. Table 1: Respiratory rates per 1,000 persons by
region. Men have the highest rates (33 per 100,000 people) in Asia, while women
have the lowest rates. Smoking habits, genetics, environmental toxins, access to
healthcare, and other factors influence these differences. In addition, even though
the number of smokers has decreased since 2000, the number of cases of NSCLC
has increased, indicating how challenging this complaint is to combat (Graph 1).
This chapter combines recent research with current medical practices to provide a
comprehensive understanding of NSCLC. It investigates the underlying causes of
inheritable changes, discovers novel diagnostic techniques, and develops superior
treatments to improve patient care and outcomes. The tables and maps' data em-
phasize the necessity of subtype- and area-specific actions to address this global
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health issue (Alduais et al., 2023; Ganti et al., 2021; Rodak et al., 2021; Laguna et
al., 2024; Lin et al., 2024; Qin et al., 2025; Rakaee et al., 2025).

Figure 1. Types of NSCLC

Table 1. NSCLC prevalence rates by region

Region Prevalence Rate (per 100,000 people)
Asia 33 (Males), 14 (Females)
North America 31.9 (Males), 16.2 (Females)
Europe 28.1 (Males), 22.0 (Females)
South America 14.6 (Males), 11.7 (Females)
Africa 5.8 (Males), 3.2 (Females)
Australia 30.1 (Males), 28.5 (Females)
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Figure 2. Smoking rates vs. NSCLC incidence
SMOKING RATES VS. NSCLC INCIDENCE
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2. TUMOR MICROENVIRONMENT AND
IMMUNE EVASION IN NSCLC

2.1 Role of the Tumor Microenvironment (TME)
i. Tumor Microenvironment (TME)

The tumor microenvironment, or TME, consists of numerous elements that
support and suppress tumor growth and metastasis. Examples include ECM, sig-
naling molecules (chemokines, growth factors, and cytokines), stroma (fibroblasts
and endothelial cells), susceptible cells (T cells, macrophages, dendritic cells, and
natural killer (NK) cells), and tumor cells. But behind the unsightly growth, cancer
cells that can infiltrate neighbouring tissues and metastasize to distant sites form
the ugly core of the excrescence, while stromal cells offer structural and functional
support. Cancer can try to kill immune cells or demoralize them to bolster its own
growth. Tissues are supported by the extracellular matrix (ECM), and interactions
between these factors are facilitated by signaling molecules (Bozyk et al., 2022).
The TME is necessary for excrescence growth, irruption, and metastasis because it
alters vulnerable responses, alters the gravidity of cancer cells, and creates a protec-
tive environment for excrescence cells to thrive in. The stromal cells' influence, the
modulation of vulnerable cells, and signaling pathways like those of CD8 T cells,
dendritic cells, cancer-associated fibroblasts (CAFs), PD-L1, VEGF, and exosomes
are highlighted in Figure 3.
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Figure 3. Diagram of the tumor microenvironment

ii. Cellular and Non-Cellular Components
of the Tumor Microenvironment

The assemblage of cellular and non-cellular elements that shapes fundamental
processes during tumor progression and metastasis is known as the tumor microen-
vironment (TME). Cellular factors: Cancer-Associated Fibroblasts (CAFs) secrete
growth-promoting factors, restructure the extracellular matrix (ECM) and activate
angiogenesis, which stimulates cancer cell development, invasion, and spread
(Bozyk et al., 2022; Farc et al., 2021; Escobedo-Calvario, A., et al., 2022). CAFs
communicate with cancer cells to inject dynamic components to the TME through
direct cell-cell contact and through a process called signaling patch stashing. Have
either attack cancer — immune T cells, macrophages, dendritic cells, and NK cells
— cells can either be reprogrammed to support tumor growth and suppress immune
responses that target tumors (Tiwari et al., 2022; Li et al., 2024). The excrescence's
growth and metastasis are aided by the formation of new blood vessels by endothelial
cells, which grease angiogenesis. MSCs proliferate into different types of cells and
modify the extracellular matrix (ECM), as well as sequester factors that promote
tumor development and metastasis (Naser et al., 2022; Desai et al., 2025; El-Tanani
et al., 2024). In the TME, Extracellular Matrix (ECM), a kind of proteins and gly-
coproteins, facilitates cell signaling and regulates cell gestation while serving as a
structural support. Moreover, cancer cell metabolic reprogramming, characterized
by processes such as the Warburg Effect and miscellaneous lipid metabolism, pro-
motes rapid cell division, energy production, and adaptation to stress, and in turn
contributes to (Balta et al., 2021; Bagaev et al., 2021; Baghy et al., 2023; Kundu
et al., 2024; Li et al., 2023; Dzobo et al., 2023; Xie et al., 2023; Chen et al., 2022;
Sadhukhan et al., 2023; Shin et al., 2022; Raju et al., 2022).
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2.2 Mechanisms of Immune Evasion

The way cancer cells evade detection and destruction by the vulnerable system
loses an immune evasive foundation or sits and it enables them to flourish and
spread. And there are several ways to do that. First, to block T cell-mediated attack
against cancer cells, they exploit checkpoints such as PD-1/PD-L.1 and CTLA-4.
New checkpoint molecules like Pause 3 and TIM-3 are being considered for cancer
treatment (as shown in Table 2). Immune checkpoint inhibitors can block these re-
lationships, reactivating T cells to target cancer cells.(Malinga et al., 2022; Ziogas
et al., 2023; Mimura et al., 2021; Mollavelioglu et al., 2022; Shiravand et al., 2022;
Catalano et al., 2022; Kuzevanova et al., 2022; Hussain et al., 2024; El Halabi et

al., 2021; Jin et al., 2023).

Table 2. Immune Checkpoints

Checkpoint Ligand Function in Immune Evasion Targeted Therapy (Status)
PD-1 PD-L1/ Inhibits T cell activation, promotes T Nivolumab, Pembrolizumab (FDA-
PD-L2 cell exhaustion approved)
CTLA-4 B7-1/B7-2 Inhibits early T cell priming Ipilimumab (FDA-approved)
TIM-3 Galectin-9 Suppresses Th1 responses, promotes T Clinical trials ongoing
cell dysfunction
LAG-3 MHC Class | Limits T cell proliferation and cytokine Clinical trials ongoing
I production
TIGIT CDI155 Suppresses NK and T cell cytotoxicity Clinical trials ongoing

Second, malignant cells store molecules with immune suppression, including
cytokines (TGF-p and IL-10, for example) and enzymes (IDO, for example), that
inhibit successful cell activity and generate a milieu permissive to evolution (see
Table 3). (Abdul-Rahman et al., 2024; Accogli et al., 2021; Lopresti et al., 2024;

Khalaf et al., 2021; Soleimani Mamalo et al., 2025).
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Table 3. Secretion of Immunosuppressive Molecules

Secretion of Description
Immunosuppressive Molecules

Cytokines (e.g., TGF-$, IL-10) Suppresses immune cell activity and promotes an immunosuppressive
environment.
Enzymes like IDO IDO depletes tryptophan, which is essential for T cell function,

suppressing immune responses.

Prostaglandin E2 (PGE2) Promotes immune cell suppression, supports regulatory T cell
expansion, and enhances angiogenesis.

Adenosine Accumulates in the TME and binds to A2A receptors on immune cells,
leading to suppression of cytotoxic T cell activity.

Third, they slow the elimination of immunosuppressive cells such as regulatory
T cells (Tregs), myeloid-derived suppressor cells (MDSCs), and Tumor-associated
macrophages (TAMs), that promote excrescence growth and an immune susceptible
response (Table 4). (Li et al., 2022; Pietrobon & Marincola, 2021; Qureshi et al.,
2021).

Table 4. Immunosuppressive Cells

Immunosuppressive Cells Function

Regulatory T Cells (Tregs) suppress kKiller T cells, creating a calm and restrained immune system.
Myeloid-Derived Suppressor Dampen T cell activity and encourage tumor growth with cytokines

Cells (MDSCs) and enzymes.

Tumor-Associated Macrophages Encourage the growth of tumors, the formation of new blood vessels
(TAMs) (angiogenesis), and immune suppression.

Ultimately, they then mutate major histocompatibility complex (MHC) molecules
and downregulate antigen presentation, rendering the already vulnerable system less
capable of recognizing and attacking cancer cells. (Dhatchinamoorthy et al., 2021;
Yang et al., 2023; Jhunjhunwala et al., 2021; Algarra et al., 2021) Combined, these
mechanisms allow cancer cells to avoid the vulnerable system and play a role in
the growth of excrescences.

2.3 Implications for Therapy

Targeting the tumor microenvironment (TME) includes creative methods for
increasing the efficiency of standard treatments. TME-targeted curatives can be
mentioned, such as anti-angiogenic agents (e.g., bevacizumab) and ECM modifi-
ers (e.g., hyaluronidase), which respectively aim to inhibit angiogenesis and ECM
formation in the pro-tumorigenic TME in the tumor progression (Huang et al.,
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2022). They consist of binding to cancer-associated fibroblasts (CAFs), modifying
the extracellular matrix (ECM), and blocking pro-tumorigenic signaling pathways
(Maetal.,2023). Immunotherapy strategies have reinvigorated the cancer-resistant
system to a great extent. Immune checkpoint inhibitors activate T cells to attack
cancer cells, targeting PD-1, PD-L1, and CTLA-4 checkpoints (Wang et al., 2023).
Oncolytic viruses (OV), either in line or reconstituted through lyophilized injection,
are designed to infect and kill bacterial cells directly, all the while stimulating a
vulnerable response to exosome-specific antigens. (Ghafouri-Fard et al., 2022) Auto
T cell therapy involves re-engineering a patient's T cells to express excellent antigen
receptors that target specific excrescence antigens, resulting in direct cancer cell
elimination (Hou et al., 2022). It is possible to overcome resistance and increase
treatment efficacy by combining immunotherapy with conventional therapies like
chemotherapy, radiation, and targeted curatives (Sunetal.,2023). These combination
curatives work the strengths of different modalities to achieve synergistic goods and
address multiple mechanisms of resistance. relating and exercising biomarkers like
PD-L1 expression, exome mutational burden (TMB), and other molecular signatures
help guide treatment decisions. biomarkers play a crucial role in predicting and
covering responses to immunotherapy (Dong et al., 2022). For illustration, PD-L1
expression situations can inform the use of PD-1/PD-L1 inhibitors, while TMB
may prognosticate response to vulnerable checkpoint inhibitors (Zhao et al., 2022).
Cancer treatment still faces obstacles and limitations, such as treatment resistance,
patient response variability, and the need for better biomarkers. Understanding the
TME and vulnerable evasion mechanisms shown in Table 5, coming up with new
treatments, and solving patient problems with backed drugs are the primary focuses
of ongoing research. The objectives of these studies are to address the issues that
exist right now, illustrated in Figure 4, and open the way for more efficient cancer
treatments in the future (Zhang et al., 2023).

Table 5. Immune Evasion Mechanisms

Immune Evasion Mechanism Description

Immune Checkpoint Inhibition Cancer cells upregulate inhibitory molecules like PD-L1 to suppress T-
cell activity.

Secretion of Immunosuppressive Tumor cells release factors such as TGF-p and IL-10 to inhibit immune

Cytokines responses.

Tumor-Induced Immune Cell Tumors can alter the function of immune cells, leading to reduced anti-
Dysfunction tumor activity.

Recruitment of Regulatory T Tumors attract Tregs that suppress the activity of other immune cells.
Cells (Tregs)

continued on following page
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Immune Evasion Mechanism

Description

Alteration of Antigen
Presentation

Tumor cells can downregulate antigen-presenting molecules, making
them less recognizable to T cells.

Expression of Immune
Checkpoints

Tumor cells express molecules like CTLA-4 to inhibit immune cell
activation and proliferation.

Metabolic Competition

Tumor cells consume nutrients and produce waste products, creating an
inhospitable environment for immune cells.

Induction of Immune Cell
Apoptosis

Tumor cells can induce apoptosis (programmed cell death) in immune
cells through various mechanisms.

Figure 4. Immune Response Vs. Tumor Progression
IMMUNE RESPONSE VS, TUMOR PROGRESSION
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3. GENETIC MUTATIONS AND MOLECULAR
SUBTYPES OF NSCLC

3.1 Genetic Mutations in NSCLC

1. Genetic research has changed drastically as a result of inheritable exploration.
Treatment of Non-Small Cell Lung Cancer Genes such as EGFR, KRAS, ALK,
ROS1, and BRAF drives cancer, illustrated in Figure 5 (NSCLC molecular
pathways). Select the appropriate treatment. Take the novel TKI-otinib and its
many indications in EGFR-mutated NSCLC. These medicines block dangerous
signals to treat cases (Lei et al., 2022). And two ALK inhibitors, crizotinib and
alectinib, benefit some patients with ALK mutations (Passaro et al., 2021).
This problem was significantly addressed with the introduction of newer KRAS
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G12C inhibitors (e.g., Sotorasib) (;;)They treat mutations that were previously
difficultto treat. Alternatively, new targeted therapies that target the PD-1/PD-L1
pathways have transformed the medical treatment of the condition, extending
some cases to long-term remission (Tan et al., 2022). Improved liquid necrop-
sies that test for ctDNA in the complaint give crooks the ability to monitor the
effectiveness of the treatment in real time and provide a more precise diagnosis
of the problem (Pop-Bica et al., 2022). Croakers must overcome drug resistance
to extend the lives of NSCLC patients. Gene specialists, medical experimenters,
and laboratory scientists continue to collaborate in the creation of new medicines
and the integration of various treatments (Liu et al., 2025).

Figure 5. NSCLC molecular pathways

3.2 Clinical Relevance of Genetic Mutations in NSCLC

These tailored approaches have led to the discovery of several targetable mu-
tations in non-small-cell lung cancer (NSCLC), including mutations affecting
EGFR, TP53, KRAS, MET, ALK, ROSI1, and BRAF.(Koenig et al., 2021; Pruis,
2021) Erlotinib, Gefitinib, and Osimertinib are highly effective for those with EGFR
mutations, found in 10-15% of NSCLC patients (eg, adenocarcinoma, especially
in Asian women and nonsmokers) (Tada et al., 2022; Tsuboi et al., 2023), but re-
sistance mutations (eg, T790M) will undermine any future combination therapy
efforts. (Blaquier et al., 2023). Recent development of treatment options for TP53
mutations, which have an impact on proteins that prevent excretion (Canale et al.,
2022). Both of these treatments have negative side effects. Specifics like sotorasib
have improved the prognosis for KRAS mutations, which occur in 25 to 30 cases,
primarily in smokers; however, the prognosis is still not as good as it is for EGFR
or ALK mutations (Koenig et al., 2021). Capmatinib and other inhibitors are being
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developed to treat cancer and poor health in order to investigate MET mutations that
have been linked to aggressive diseases (Koenig et al., 2021). Specific treatments
like sotorasib have shown promise for KRAS mutations, which affect approximately
25 to 30 cases, most of which are smokers; however, the prognosis is still not as
good as it is for EGFR or ALK mutations (Koenig et al., 2021). Medicines like
Crizotinib, Alectinib, and Lorlatinib, which improve survival and quality of life,
have seen transformative success with ALK mutations, which are found in 3 to 5
cases (mostly in young, nonsmoking cases) (Fabbri et al., 2023). Capmatinib and
other inhibitors are being developed to study MET mutations, which have been
linked to aggressive cancers and poor health (Koenig et al., 2021). Besides, targeted
curatives such as Dabrafenib and Trametinib are superior in the survival index than
conventional chemotherapies for ROS1 mutations, which appear in about one to two
cases (predominantly, young nonsmokers) (Dziadziuszko et al., 2021; Fabbri et al.,
2023). It’s a good disease to have if you have to have one — eventually, crizotinib
and entrectinib work well to treat BRAF mutations, seen in one to three cases in
smokers and nonsmokers alike (Koenig et al., 2021; Dziadziuszko et al., 2021).
The importance of these treatments substantiates the need for ongoing exploration
of resistance mechanisms and evidence-based treatment to mitigate the long-term
problems posed by NSCLC cases (Yue et al., 2025; Diaz-Jimenez et al., 2024; Oya
et al., 2025; Yuan et al., 2024).

3.3 Future Directions and Recent Findings:

Key inheritable mutations EGFR, KRAS, ALK, ROS1, and BRAF that have
transformed non-small cell lung cancer (NSCLC) treatment via evidence-based cures
have been identified by scientists (Koenig et al., 2021). Tyrosine kinase inhibitors
(TKIs) such as Erlotinib, Gefitinib, and Osimertinib specifically target EGFR mu-
tations, thus improving patient outcomes significantly, whereas medications such
as Crizotinib and Alectinib have changed the landscape of care for ALK mutations
(Herrera-Juérez et al., 2023). The case has been buoyed by the launch of the ad-
vanced KRAS G12C asset, Sotorasib, which has offered a new stopgap of sorts in
the management of preliminarily recalcitrant cases, and by immunotherapies that
target PD-1/PD-L1 pathways still yield durable outcomes (Rodak et al., 2021).
Innovations such as liquid autopsies for real-time excrescence shadowing of DNA,
oncolytic contagion curatives, and Auto-T cell treatments have an amazing potential
to propel cancer treatment (Pezzuto et al., 2023). Continued imaging technologies
and the growing cooperation between experimenters, oncologists, and inventors of
specifics in medicine enhance the energy evolution that leads to the discovery of
new specifics and adjusted curatives based on inheritable biographies (Pan et al.,
2021). This heuristic matrix type, which appears in the NSCLC Inherited Muta-
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tions Overview table, emphasizes the high influence of targeted treatments aimed
at increasing NSCLC patients' quality of life and survival rates (Karagiannakos et
al., 2022; Dan et al., 2024; Cognigni et al., 2022; Parvaresh et al., 2024; Gemelli
et al., 2024)

Table 6. NSCLC Inheritable Mutations

Mutation | Prevalence Population Prognosis Therapies References
(%)
EGFR 10-15 Non-smokers, Improved with Erlotinib, Koenig et al. (2021);
Asian women TKIs Gefitinib, Pezzuto et al. (2023a)
Osimertinib
KRAS 25-30 Smokers Challenging but Sotorasib Rodak et al. (2021);
improving (KRAS G12C) Pan et al. (2021)
MET ~5 Aggressive Poor prognosis MET inhibitors Karagiannakos et al.
cases in development (2022); Dan et al.
(2024)
ALK 3-5 Younger, Favorable Crizotinib, Cognigni et al. (2022);
nonsmokers with targeted Alectinib, Parvaresh et al. (2024)
therapies Lorlatinib
ROS1 1-2 Younger, Positive with Crizotinib, Herrera-Juarez et al.
nonsmokers targeted Entrectinib (2023); Rodak et al.
therapies (2021)
BRAF 1-3 Smokers, Improved with Dabrafenib, Gemelli et al. (2024)
nonsmokers BRAF inhibitors Trametinib

Other mutations:

Infrequently heritable mutations like MET amplifications, RET rearrangements,
and HER2 mutations indicate non-small cell lung cancer (NSCLC), paving the way
for largely adapted treatments. MET amplifications, for illustration, constantly re-
duce the efficacy of EGFR inhibitors but can be managed with MET blockers like
Capmatinib (Lee et al., 2024; Dagogo-Jack et al., 2023). Also, RET rearrangements,
seenin 1 —2 of NSCLC cases, are effectively treated with targeted antidotes analo-
gous to Selpercatinib and Pralsetinib, offering an expedient for better outcomes (Ali
et al., 2022; Syed et al., 2022; Russo et al., 2024; Novello et al., 2023). Advanced
treatments like fam-trastuzumab deruxtecan-nxki and ado-trastuzumab emtansine
are effective, even though HER2 mutations disrupt cell signaling and proliferation
in two to four instances (Olmedo et al., 2022; Lo et al., 2023; Clark et al., 2023).
These mutations and their treatments are epitomized in Table 7, Rare heritable
Mutations in NSCLC, which highlights their frequency, impact, and the targeted
antidotes used (Ghosh et al., 2024; LoPiccolo et al., 2024).
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Table 7. Rare Genetic Mutations in NSCLC

Mutation Type Prevalence in Impact Targeted Therapy References
NSCLC (Examples)
MET Associated Continuous Capmatinib Lee et al. (2024);
Amplifications with resistance activation of the Dagogo-Jack et al.
to EGFR MET pathway (2023)
inhibitors
RET 1-2% of cases Production of Selpercatinib, Ali et al. (2022); Syed
Rearrangements abnormal proteins Pralsetinib (2022); Russo et al.
driving cancer (2024); Novello et al.
progression (2023)
HER2 Mutations | 2-4% of cases Abnormal cell Fam-trastuzumab Olmedo et al. (2022);
signaling and deruxtecan-nxKki, Lo & Lindeman (2023);
proliferation Ado-trastuzumab Clark et al. (2023);
emtansine Ghosh et al. (2024);
LoPiccolo et al. (2024)

3.4 Molecular Subtypes

Treatment plans are heavily influenced by the molecular subtypes of NSCLC,
such as adenocarcinoma, gauged cell carcinoma, large cell carcinoma, and mixed-
lineage excrescences. Adenocarcinoma, which accounts for roughly 40% of cases,
is presently among nonsmokers and responds effectively to targeted therapies, che-
motherapy, and immunotherapy (Sen et al., 2024). On the other hand, scaled cell
melanoma, explosively linked to smoking and comprising 30% of cases, frequently
requires chemotherapy and radiation but generally presents a poorer outlook (Wang
et al., 2025). Large cell melanoma, seen in 15 of NSCLC cases, is aggressive and
inadequately discerned, challenging individualized approaches that combine tar-
geted and vulnerable curatives (Grilli, 2022; Friedlaender et al., 2024). Incipiently,
mixed-lineage excrescences, characterized by features of multiple subtypes, demand
acclimatized treatments grounded on their dominant molecular profile (Munteanu
etal., 2023; Sulewska et al., 2023). These subtype details are epitomized in Table 8§,
Molecular Subtypes of NSCLC, which outlines the frequency, characteristics, and
treatment strategies for each subtype (Meira, 2023; Wunderlich et al., 2024; Winge
etal., 2023; Stanganelli et al., 2022; Sun et al., 2022; Palma et al., 2022; Hyytidinen
et al., 2023; De Jong et al., 2022; Zhu et al., 2024; Koroulakis & Agarwal, 2024).
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Table 8. Molecular Subtypes of NSCLC

Subtype Prevalence Characteristics Treatment Strategies References
(%)
Adenocarcinoma ~40 Most common; Targeted therapies, Sen et al. (2024);
occurs in both chemotherapy, and Friedlaender et al.
smokers and non- immunotherapy (2024); Munteanu
smokers et al. (2023)
Squamous cell ~30 Linked to smoking, | Chemotherapy, radiation | Wang et al. (2025);
carcinoma it arises in the therapy, and targeted Stanganelli et al.
central airways therapies (2022); Sun et al.
(2022)
Large cell ~15 Poorly Chemotherapy, Sulewska et al.
carcinoma differentiated; targeted therapies, and (2023); Palma et al.
aggressive immunotherapy (2022); De Jong et
al. (2022)
Mixed-lineage Varies Features of multiple Treatment based on ‘Waunderlich et al.
tumor cells subtypes predominant subtype: (2024); Winge et al.
chemotherapy, (2023); Koroulakis
targeted therapies, and & Agarwal (2024)
immunotherapy

3.5 Immune Subtypes

Immunological subtypes of non-small cell lung cancer (NSCLC) are separable
by molecular entities and infiltration of susceptible cells. Immunotherapy works
whenever the lesion has lots of vulnerable cells, when it improves the body’s abil-
ity to find and count cancer cells (Lei et al., 2022). NOTE: PD-L1 expression and
Tumor Mutational Burden (TMB) are both good predictors of treatment efficacy
because tumors that have high PD-L1 expression or TMB are typically responsive
to susceptible checkpoint inhibitors (Xie et al., 2024; Mamdani et al., 2022; Xing et
al., 2022). Table 9 Immunological subtypes of NSCLC, their significance as prog-
nostic factors, and the biomarkers associated with them are presented in Subtypes of
NSCLC (Yang et al., 2022; Iglesias-Escudero et al., 2023; Taefehshokr et al., 2022).

384



Vivek Pazhamala

vivek.se@velsuniv.ac.in Downloaded: 12/24/202¢

Table 9. Immunological Subtypes of NSCLC

Definition and Prognostic
Subtype . . Significance and Biomarkers References
Characteristics
Response
. . Presence of immune H} gl? {mmune PD_L.I Lei et al. (2022);
Immune Infiltration o infiltration expression, .
cells within the Xie et al. (2024);
and Molecular s leads to better Tumor )
. tumor and specific . . Mamdani et al.
Clustering molecular traits immunotherapy Mutational 2022)
responses Burden (TMB)
. S Xing et al.
P.r og.n‘o stic .Tumors w 1th hlgh Improved outcomes PD-L1 (2022); Yang
Significance immune infiltration R .
with high immune expression, et al. (2022);
and Response to tend to respond better s . .
Immunothera to immunothera infiltration TMB Iglesias-Escudero
Py i etal. (2023)
Biomarkers such as
Biomarkers PD-L1 expression Better response with PD-L1
for Predicting and TMB guide high PD-L1 and expression, Taefe?zsgglzc; ctal.
Outcomes immunotherapy TMB TMB
decisions

3.6 Prognostic and Predictive Biomarkers

Biomarkers are useful tools for understanding and treating conditions because they
give pivotal insight into the progression of complaints and the applicable course of
action. Regardless of the treatment, prognostic biomarkers prognosticate the likely
course of a condition, such as the likelihood of rushing or overall survival (Tarighati
et al., 2023). Predictive biomarkers, on the other hand, help in determining which
treatments are most applicable for a given circumstance, ensuring that treatments
are acclimatized to the case's condition (Zhang et al., 2023). These natural pointers
empower croakers to customize care, relating cases that admit targeted antidotes
that meliorate issues, extend survival, and avoid gratuitous or potentially danger-
ous treatments (Al-Tashi et al., 2023). Personalized medicine is revolutionized by
directly relating and using these biomarkers, paving the way for more effective and
supported case care (Li et al., 2022; Li et al., 2022; Zhang et al., 2023; Ding et al.,
2022; Rosellini et al., 2023; Veyssiere et al., 2022; Cao et al., 2022; Su et al., 2023;
Gyorfty, 2023; Iida et al., 2022).

4 ADVANCED DIAGNOSTIC APPROACHES IN NSCLC

Advanced imaging methods must help in portraying the anatomy of the body
organs and their functionality, and also need to detect diseases like non-small cell
lung cancer (NSCLC). CT, PET, and MRI are three of the most commonly used
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imaging modalities; each has its underlying principles, advantages, and drawbacks.
CT scans use X-rays to create and generate their slice-by-slice output, the true 3D
image of the body. CT scans are a vital part of many medical specialties, including
emergency medicine, cardiology, and oncology, as they are very good at early de-
tection of internal bleeding, tumors, and fractures. CT scans are not just fast, mun-
dane, and cheap, but are also going to be a source of radiation exposure for patients
and, therefore, are less effective at visualizing soft tissues. Contrast dyes are also
uncomfortable for patients with renal disease. PET scans use radioactive tracers,
such as fluorodeoxyglucose (FDG), to mark the cellular metabolism of the areas
involved. PET is discovered to provide the best optimal outcomes in the diagnosis
of brain diseases such as Alzheimer's, cancer diagnosis, tracking cancer growth, and
heart disease diagnosis (Nooreldeen et al., 2021; Jin et al., 2023).

Although PET scans may be most useful for cancer detection, they are labor-
intensive, difficult to locate, and low in radiation. The heart, brain, joints, and other
soft parts of the body are depicted with superior picture quality and detail in MRI
scans, which use a strong magnetic field and radio waves. MRIs are needed more
for 3D imaging of ligaments and tissues, brain tumors, and scars of multiple scle-
rosis. MRIs aren't ionizing, but they are much more expensive, take a lot of time,
and aren't good for people with heart devices or metal implants, as shown in Table
10, the features of CT, PET, and MRI like imaging modalities (Tan et al., 2025;
Pradhan et al., 2023).

Table 10. The features of imaging modalities

Downloaded: 12/24/202¢

Feature CT (Computed PET (Positron MRI (Magnetic References
Tomography) Emission Resonance Imaging)
Tomography)

Principle Separating components Detecting gamma Hydrogen nuclei Rolfo et
based on differential rays from positron emit signals when al. (2021);
partitioning between annihilation to create exposed to a strong Abdayem &
stationary and mobile detailed images of magnetic field and Planchard

phases, analyzed using metabolic activity. radiofrequency pulses, (2021);
computational methods. producing detailed Tomasik et al.
images. (2023)
Best For Detecting bone Assessing metabolic Imaging soft tissues, Qi et al. (2025);
fractures, tumors, and activity, cancer brain, spinal cord, and Di Capua et
internal bleeding. detection, heart joints. al. (2021);
disease, and brain Cucchiara et al.
disorders. (2021)
Radiation Yes Yes No Smolle et al.
(2021); Jin
et al. (2023);
Nooreldeen &
Bach (2021)

continued on following page
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Table 10. Continued

Feature CT (Computed PET (Positron MRI (Magnetic References
Tomography) Emission Resonance Imaging)
Tomography)
Procedure 5-30 minutes 30-60 minutes 15-90 minutes Malapelle et al.
Time (2021); Ning

et al. (2021);
Bazhenova et
al. (2021)

Contrast Sometimes required Required Sometimes required Guo et al.
Agent (2022); Gandhi
et al. (2023);
Huang et al.
(2023)

Cost Moderate High High Sharma et al.
(2022); Qi et al.
(2021); Spira et

al. (2021)
Availability Widely available Less widely Widely available Pisapia et al.
available (2022); Liu

et al. (2021);
Rodrigues et al.
(2022)

Advancements in diagnostic technologies have been on the incremental side that
resulting in an increase in accuracy over time. The visual representation has been
carefully done according to this change, where CT scans have been consistently on
the rise, making them the best in anatomical imaging, PET scans have been the first
in functional imaging, and MRIs still have the best imaging ability in soft tissue.
These methods together are a must for medical professionals to diagnose a situation
properly and in the most accurate way that is possible.

Despite having all those imaging technologies, the fact still stands that the new
diagnosis of NSCLC was revolutionized by liquid biopsies and molecular profiling.
Molecular profiling, which is the analysis of changes in the DNA, RNA, and proteins
of cells, is commonly done with methods such as WGS and RNA-Seq. The cross-
referencing of the most efficient targetable cancer-causing mutations (for example,
EGFR, KRAS, and BRAF) can assist medical professionals in the formulation of
a more individualized therapy plan (Spira et al., 2021; Bazhenova et al., 2021). To
name one, the identification of cancer cells in blood (CTCs) and circulating tumor
DNA (ctDNA) may be carried out through a liquid biopsy, which is a less invasive
and more patient-friendly procedure than the conventional body fluid testing, like
blood and plasma. The use of ddPCR and NGS, among other methods, can be a po-
tential tool to constantly survey patients and hence have a better chance of providing
the necessary treatments while at the same time drastically lowering the number
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of cancer-causing mutations to the level of sensitivity that is safe for the patients
(Rolfo et al., 2021; Tomasik et al., 2023; Qi et al., 2025).

This combination shows that the processes above are an important part of the
progress that has been made in NSCLC detection. While, at the same time, they also
give us the confidence of more precision, enhanced patient care, and the continued
development in the medical field, as shown in Figure 6 (Cucchiara et al., 2021;
Malapelle et al., 2021; Liu et al., 2021).

Figure 6. Diagnostic accuracy over time
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5 SYSTEMIC THERAPIES FOR NSCLC: CHEMOTHERAPY,
TARGETED THERAPY, AND IMMUNOTHERAPY

The largest number of cases was set up to be non-small cell lung cancer (NSCLC),
which accounts for around 85% of all lung cancers. In late-stage cancers with meta-
static diseases, treatment mainly involves the use of drugs falling under the classes
of systemic therapy for NSCLC. They can all be taken as immunotherapy, targeted
therapy, or cytotoxic chemotherapy. With efficacy and actions being variable, their
differences compose each one specific to the specialty of the respective tumor are
shown in Table 14& 15 and survival rate variation between therapy is graphically
illustrated in Figure 9 (Massafra et al., 2021; Godoy et al., 2023; Lahiri et al., 2023).
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5.1 Chemotherapy Mechanisms

Chemotherapy has been used to differentiate some forms of non-small cell lung
cancer, or NSCLC. Chemotherapy, on the other hand, causes problems because
it affects both cancerous and healthy cells within its range during treatment. This
non-selectivity generally results in other side effects, including myelosuppression,
nausea, and neuropathy in tumors with particular driver mutations, restricting the
overall effect and patient tolerance. As revealed in the following table, the action
mechanisms of some reputable chemotherapy agents- Cisplatin, Pemetrexed, Pacli-
taxel, and Etoposide- are different and attach to cancer cells in their own special way.
All these drugs attack specific weaknesses to stop the tumor from growing while
killing the cells. The mechanisms of action for the major chemotherapy categories,
discussed in Table 11 (Ying et al., 2024; Li et al., 2024; Wang et al., 2024; Xi et
al., 2025; Huang et al., 2024; Sito et al., 2024).

i. Platinum-Based Doublet Therapy (Cisplatin)

Chemotherapy places chemical bonds-intrastrand and interstrand cross-links-at
DNA-targeted cancer cells. Those bonds cause the deformities in the original struc-
ture, which don't let the strands separate in two vital processes for the growth and
function of cells-transcription and replication, therefore, don't let the cell develop.
The majority of damaged cells trigger a repair process; however, the weight of
damage exceeds the capability of these processes and leads to cell cycle arrest and
apoptosis (inducement of programmed cell death). The action of cisplatin, which
is useful in NSCLC tumors, targets the dividing cells for attack. As shown in the
table, this treatment prevents tumor growth through DNA cross-links and the death
of cancer cells (Umar et al., 2024; Zou et al., 2024; Lee et al., 2024; Sito et al., 2024;
Xi et al., 2025; Wang et al., 2024).

ii. Pemetrexed antimetabolites

Several folate-requiring enzymes involved in the synthesis of DNA and RNA
intermediates utilized by the proliferating cancer cells are inhibited by this class of
anticancer drugs. In particular, the targets for this drug are thymidylate synthase
for the thymidine synthesis, dihydrofolate reductase to sustain folate pool for other
generation of DNA precursors, glycinamide ribonucleotide formyl transferase; so
upon interference, Pemetrexed could readily stop the S cell cycle, which is utilized
for the replication of DNA, leading to cell death. It does a good job of fighting the
various subtypes of non-squamous NSCLC, which rely a lot on this kind of met-
abolic activity to grow faster. Pemetrexed performs one of these interferences in

389



Vivek Pazhamala

vivek.se@velsuniv.ac.in Downloaded: 12/24/202¢

nucleotide synthesis, which will essentially affect tumor survival, as shown in this
table (Nardin et al., 2024; Hendriks et al., 2024; Molinaro et al., 2024; Heymach et
al., 2025; Nagy et al., 2024).

iii. Taxanes (Paclitaxel)

Paclitaxel involves the cell microtubule structure in the target cells, where the
microtubules generate resistance, rigidity, and help in chromosome separation
during mitosis (cell division). The mitotic spindles are very effective stabilizers
of microtubules because they induce mitotic arrest when paclitaxel is added to
the cultures. This causes a metaphase arrest of the cell when paclitaxel stabilizes
the microtubules within the spindle. When this checkpoint is prolonged, it results
in what is called mitotic catastrophe, which is a cell death mechanism where the
divisions go wrong. This artificiality of formation during mitosis uses paclitaxel to
kill extensively dividing cancer cells most effectively. - As highlighted in the table,
paclitaxel's therapeutic action was ascribed to the stabilization of microtubules and
cellular propagation processes within cancer cells (Diaz et al., 2024).

iv. Topoisomerase Inhibitors (Etoposide)

This chemotherapeutic drug works by inhibiting topoisomerase II, an enzyme that
resolves DNA supercoiling during transcription and replication. Etoposide stabilizes
the intermediate enzyme-DNA complex that prevents DNA strands from religating,
causing the cell to accumulate DNA breaks (Jang et al., 2025). The cumulative
effect of these breaks affects the replication and transcription processes in the cell.
This initiates apoptotic pathways because neither damage repair nor replication
can continue (Huang et al., 2024). Etoposide selectively kills cancer cells that are
rapidly dividing and that need a functional DNA repair mechanism for survival. In
the table, etoposide's therapeutic action involves the disruption of DNA and killing
cancer cells by blocking topoisomerase II (Ozkaya Giil et al., 2025).
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Table 11. Mechanism of action of chemotherapeutic agents

Chemotherapeutic Agents Mechanism of Action References
Category
Platinum-Based Cisplatin Causes DNA cross-links, inducing Umar et al. (2024); Sito
Doublet Therapy apoptosis. et al. (2024); Zou et al.
(2024)
Antimetabolites Pemetrexed Inhibits folate-requiring enzymes, Nardin et al. (2024);
disrupting DNA synthesis (effective Hendriks et al. (2024);
in non-squamous NSCLC). Molinaro et al. (2024)
Taxanes Paclitaxel Stabilizes microtubules, blocking Lahiri et al. (2023); Xi et
cell division and causing mitotic al. (2025); Huang et al.
catastrophe. (2024)
Topoisomerase Etoposide | Inhibits topoisomerase II, preventing | Jang et al. (2025); Huang
Inhibitors DNA repair and replication. et al. (2024); Ozkaya Giil
et al. (2025)

5.2 Targeted Therapy

Targeted therapies are highly specific drug treatments that block one molecular
abnormality in cancer cells to promote their growth and spread. This method of
treating NSCLC is arefined therapy. The mechanism of targeted therapy is illustrated
in Figure 7. Targeted therapy for cancer cells blocks specific signals, whereas che-
motherapy is cytotoxic to proliferating cells. As a result, the treatment is expected
to have a more specific effect and fewer potentially harmful side effects (Mina et al.,
2025). Nearly all of the targeted therapy drugs are oral agents, providing a convenient
way for patients to self-treat. Utilizing cancer-targeting medications with minimal
off-target toxicity in genetically determined subgroups that the various mutations
should reflect within cells is the best way to achieve the best results (Mina et al.,
2025). Targeted treatments are, nonetheless, constrained by several limitations such
as limited distribution geographically in some areas, treatment costs being prohib-
itive, occurrence of mutations leading to resistance (Zhao et al., 2024), and overall
poor response rate of 20-30% among patients, prompting the necessity for additional
research in this area (Mina et al., 2025). The modes of action of major classes of
targeted treatment, such as EGFR inhibitors, ALK inhibitors, ROS1 inhibitors, MET
inhibitors, and KRAS inhibitors, are described in Table 12.

1. EGFR inhibitors
The inhibition of EGFR with its inhibitors smothers the essential signals need-

ed for the growth of cancer cells and leading to their proliferation. Consequently,
these cancer cells ultimately die, and there is no mechanism for them to reproduce
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any further (Hawash, 2024; Wang et al., 2024). This is the most targeted approach
toward types with cancer-potential possessing EGFR mutations (since these mu-
tations are the actual growth inhibitors among the tumor bulk). For instance, if
you unplug a light source that doesn't have a cord to plug in, so it doesn't have any
energy, just like mutant types' work is likely cut short.

2. ALK Inhibitors

Anaplastic lymphoma kinase (ALK) proteins inhibit the cell-to-cell communi-
cation that contributes to the spread of cancer cells. EML4-ALK and other ALK
fusion proteins aid in the growth and development of cancer cells. At the same
time, ALK inhibitors stop these processes from passing and make it harder for
the Interference with the means of communication among the cancer cells greatly
stunts their growth, compared to severing the connection of the cancer cells from
the network by turning off a Wi-Fi router .

3. ROS1 Inhibitors

The ROS1 inhibitors are designed to disrupt ROS1 gene rearrangement that
leads to uncontrollable growth of cancer cells. The cessation of tumor growth by
these compounds has prevented or even reversed cancer development (Stanzione et
al., 2023; Desilets et al., 2025; Zhao et al., 2024). This approach is aimed at tumors
with ROS1 rearrangement, inflicting minimal damage on surrounding normal cells.
Picture a road that gets closed to cancer cells, so their passage gets wary and the
disease fails to spread.

4. MET Inhibitors

Mutations in the MET gene lead to abnormal, uncontrolled growth of cancer
cells, and so-called MET inhibitors aim to address these mutations. By inhibiting
MET exon 14 skipping mutations, the drugs bring the equilibrium back to the situ-
ation, therefore restraining tumor growth and keeping the cancer in check (Dong et
al., 2022; Rosas et al., 2024). It is then that the MET inhibitors directly reverse the
aberrant signaling pathways initiated by these mutations and shine. Imagine going
and repairing a jammed thermostat: that act prevents the room (or cancer cells) from
overheating and getting out of control.
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5. KRAS Inhibitors

The mutations in the KRAS gene disrupt normal function, acting like a stuck
accelerator that pushes cancer cell growth and tumor formation forward. As a result,
KRAS inhibitors slow down this acceleration, effectively stopping the cancer cells'
uncontrolled growth (Skoulidis et al., 2021; Singhal et al., 2024). Because it targets
only the KRAS G12C mutation, this new class of drugs represents a paradigm shift
in how tumors along this pathway have been treated. If one applies the brakes to a
speeding car, it would come to a halt. The car won't move, and the cancer cells will
die if the brakes work.

Table 12. Targeted Therapy Mechanism

Drug Agents Target/Mechanism References
Category
EGFR Erlotinib, Gefitinib, Block mutations in EGFR, Hawash, (2024);Wang et al.,
Inhibitors Osimertinib shutting down growth signals (2024); Rosas et al. (2024)
ALK Crizotinib, Inhibit ALK fusion proteins (e.g., Tao et al., (2022); Rosas et al.
Inhibitors Alectinib, EMLA4-ALK) (2024); Mina et al. (2025)
Lorlatinib
ROS1 Crizotinib, Target ROS1 gene rearrangements Stanzione et al., (2023)
Inhibitors Entrectinib ; Desilets et al. (2025); Zhao et
al. (2024)
MET Capmatinib, Block MET exon 14 skipping Dong et al., (2022); Rosas et
Inhibitors Tepotinib mutations al. (2024); Adamopoulos et al.
(2024)
KRAS Sotorasib Target KRAS G12C mutation, Skoulidis et al. (2021); Singhal et
Inhibitors halting accelerated growth al. (2024); Wang et al. (2025)
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Figure 7. Mechanism of targeted therapy
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5.3 Immunotherapy

Immunotherapy is the most recent treatment for non-small cell lung cancer,
into which the immune-checkpoint stimulators essentially mobilize the quality of
the human immune system from delusions, letting it identify and finally engulf the
cancer cells. Immunotherapy strikes pathways that are usually exploited by malig-
nant tumors to escape the immune defense—and hence the T-cells, considered to
be the warriors of the immune system, aiming to attack the tumors (Cheng et al.,
2024). Therefore, in most cases, adjuvant treatments in advanced and early stages of
NSCLC treatment are most beneficial to patients with PD-1-positive tumors, with
expression greater than 50 percent. The therapy is usually given first alone or in
combination with chemotherapy in cases of low-level PD-L1 expression. Some of
the advantages include long-standing therapeutic effects, probably being the cause
of remissions; comparatively lower systemic toxicity than chemotherapy, and effi-
cacy against most subtypes of NSCLC. However, challenges remain: 20-30 patient
efficacy at times shows adverse effects in the form of immune-related toxicities
such as colitis, pneumonitis, and endocrinopathies; it is very costly and not widely
available (Zhao et al., 2025). Almost all the common immunotherapies are PD-1,
PD-L1, and CTLA-4 inhibitors, with their mechanisms of action discussed in Table
13 and illustrated below in Figure 8 (Sharma et al., 2024).
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i. PD-1 Inhibitors

The mechanism of action of PD-1 inhibitors is binding to the PD-1 receptor
that is expressed by cancer cells to evade immunity. PD-1 serves as a 'shield' and
prevents T-cells from the immune system soldiers from recognizing and killing
cancer cells. Such drugs act to prevent PD-1, just like taking down that protective
shield and exposing the cancer cells to their immunological attackers. The prompt
release of this 'shield' will activate the action of T-cells to fight against the cancer
cells and restore immunity toward tumor growth. PD-1 inhibitors are highly effec-
tive in treating patients with lung cancers that carry marked expression of PD-L1,
a related protein (Shen et al., 2024).

ii. PD-L1 Inhibitors

PD-L1 inhibitors intercept a tumor-promoting signaling pathway that is restively
expressed by malignant cells-many times. PD-L1 acts as a “disguise” that enables
the cancer cells to escape detection from T-cells. These drugs strip the disguise by
blocking the activity of PD-L1, allowing the immune system to now view the cancer
and destroy it. Once the immune cells identify the cancer, this knowledge broadens
and deepens their ability to prosecute the sustained massacre of the tumor (Zabeti
Touchaei & Vahidi, 2024). PD-L1 inhibitors work best for patients who have tumors
positive for high expression of PD-L1 and represent a powerful arm against cancer
evasion mechanisms by bolstering the immune response (Habib, 2024).

iii. CTLA-4 Inhibitors

CTLA-4 blockade releases some brakes on the operation of the immune system.
By blocking T-cell activation, CTLA-4 prevents these immune cells from getting
overexcited in their reactions. But cancer cells have put aloop in this system, whereby
they can manipulate T-cells so that they can no longer become potent against these
relentless enemies. Ipilimumab inhibits CTLA-4, making the brakes dysfunctional,
thus enabling T-cells to act in full force. Therefore, under these circumstances of
optimal strength from T-cells, the latter can unleash an attack against that cancer
cell, which ultimately destroys it (Wang, Cheng et al., 2024). CTLA-4 inhibitors
are also generally employed together with other therapies, such that victory over
NSCLC may ensue with all forces on high gear (Wang, Liu et al., 2024).
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Table 13. Common Immunotherapeutic Agents

Inhibitor Type Agents Mechanism of Action References

Programmed Death- Pembrolizumab, Inhibit PD-1, reactivating T- Cheng et al. (2024); Zhao et

1 (PD-1) Nivolumab cell function against cancer al. (2025); Shen et al. (2024)
cells

Programmed Death- Atezolizumab, Inhibit PD-L1, preventing Sharma et al. (2024); Zabeti

Ligand 1 (PD-L1) Durvalumab tumor immune evasion Touchaei & Vahidi (2024);

Wang et al. (2024)

CTLA-4 Inhibitors Ipilimumab Enhance T-cell priming Habib et al. (2024); Yadav et
and activation, boosting the al. (2024); Ruan et al. (2024)
immune response

Figure 8. Mechanism of immunotherapy

Table 14. outcomes vs therapy types

Treatment Type Outcomes

Chemotherapy Effective across various cancer types; significant side effects due to non-selectivity;
used as a standard treatment for many cancers.

Targeted High specificity for cancer cells; fewer side effects; effectiveness depends on genetic
Therapy mutations; used for cancers with specific biomarkers.

Immunotherapy Durable responses with potential long-term remission; less systemic toxicity; effective
in certain cancers like melanoma and NSCLC; risk of immune-related toxicities.
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Table 15. Survival rates for NSCLC patients

Therapy Type 5-Year Survival Key Points

Rate
Chemotherapy ~25% Standard treatment; lower survival rates for advanced stages.
Targeted ~17.4% Effective for specific genetic mutations; better outcomes for
Therapy early-stage diagnosis.
Immunotherapy ~18% Improved survival rates, especially for PD-L1-positive patients.

Figure 9. Patient survival rates by therapy type
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6 EMERGING INNOVATIVE THERAPIES: CAR T CELL
THERAPY AND EXPERIMENTAL TREATMENTS

6.1 CAR T Cell Therapy

The overall end of immunotherapy is to use vulnerable checkpoint inhibitors
(ICIs) to spark the immune system so that it can attack cancer cells and interfere
with the signals that typically inhibit T-cells from being activated (Joy et al., 2024;
Gomez-Melero et al., 2025). Ipilimumab, for illustration, enhances T-cell priming
and activation by inhibiting CTLA-4 (Yang et al., 2024). In the cancer battle, PD-1
asset pembrolizumab and PD-L1 asset durvalumab both help prevent excrescences
from escaping the vulnerable system (Socinski et al., 2021). Immunotherapy typ-
ically employs all of these drugs as shown in Figure 10. As a first-line treatment
in PD- PD-L1-positive NSCLC (expression of 50 or further), immunotherapy has
a part in clinical practice in the form of an adjuvant for advanced NSCLC as well
as early NSCLC. In those with low PD-L1 expression, chemotherapy is generally
combined with immunotherapy. Immunotherapy can have sustained benefits and
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grant sustained remission, which is one benefit over chemotherapy. It also has lower
systemic toxicity and is effective for most NSCLC subtypes (Nadal et al., 2023).
One thing to note, still, is that only 20 to 30 percent of cases will find it salutary. It is
also extremely valuable, not always readily available, and it can affect vulnerability-
mediated side effects like endocrinopathies, colitis, and pneumonitis described in
Table 16, challenges, and proposed solutions (Hu et al., 2024).

Figure 10. CAR -T cell therapy process

Table 16. Challenges and Proposed Solutions for CAR-T CELL THERAPY

Challenge Description Solution References
Tumor The immunosuppressive Combining CAR-T therapy Joy et al. (2024);
Microenvironment tumor environment can with other immunotherapies Goémez-Melero et
reduce CAR-T cell efficacy. or using cytokine support to al. (2025); Hu et
boost T-cell activity. al. (2024)
On-Target/Off- CAR-T cells may Developing dual CAR designs Lodka et al.
Tumor Toxicity inadvertently attack healthy or incorporating safety (2024); Huo et al.
cells with low antigen switches to regulate CAR-T (2024); Schett et
expression. cell activity. al. (2024)
Neurological Some patients experience Close monitoring and Zhang et al.
Toxicity severe neurological side early intervention with (2023); Chen et al.
effects. corticosteroids or other (2024); Cwynarski
supportive care. et al. (2025)

6.2 Experimental Therapies in NSCLC

New therapies for metastatic or advanced non-small cell lung cancer (NSCLC)
are demonstrating true potential in clinical trials (Zhang et al., 2022; Chen et al.,
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2024). One of them, DS-1062a, is an experimental drug class known as TROP2
that is often found on cancer cells. Designed as an attack on the cancer without
harming healthy tissues, it transmits a potent medicine directly to a tumor. Another
exciting approach is measles virotherapy, leveraging a safe, modified measles virus
that infects and kills cancer cells and enhances the body’s immune response (Li et
al., 2022). The drug nivolumab helps immune cells fight the disease by stripping
the cancer of its ability to hide. Finally, there’s tumor-infiltrating lymphocyte (TIL)
therapy, a rarefied treatment in which physicians extract immune cells from the
patient’s tumor, supercharge them in a lab, and then reinject them into the cancer-
killing body (Zhang, Wang & Wang, 2023). These ground-breaking treatments taken
together offer patients with advanced NSCLC new hope for improved outcomes,
as shown in Figure 11, which illustrates clinical trial results for emerging therapies
(Cwynarski et al., 2025).

Figure 11. Clinical trial results for emerging therapies

CLINHOAL TRIAL RESULTS

6.3 Future Directions

Researchers are investigating several promising strategies for advancing Auto T
cell therapy and innovative treatments to push them forward (Huo, 2024; Lodka et
al., 2024). It aims to deliver individualized treatment based on the peculiar genetic
and molecular characteristics of a person to maximize efficacy while reducing ad-
verse effects (Zhang & Wang, 2024). Combination therapies seek to bring together
several types of therapies to bond into more synergistic properties against more
complex problems to solve and enhance outcomes (Li et al., 2022). So-called ef-
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forts to defeat treatment resistance are also accelerating, focusing on the ways that
cancer escapes therapies (Zhang, Wang & Wang, 2023; Schett et al., 2024). This
is an attempt to guarantee long-term effectiveness and sustain consistent patient
responses over time, paving the way for cancer care solutions that are more long-
lasting and efficient (Ohno & Nakamura, 2024; National Cancer Institute, 2024).

7 PUBLIC HEALTH PERSPECTIVES
AND PREVENTION OF NSCLC

Public health initiatives, environmental protections, and smoking cessation pro-
grams comprise a large portion of strategies to decrease the burden of non-small
cell lung cancer (NSCLC) (Karim et al., 2025). In previous decades, comprehen-
sive tobacco control programs have helped to reduce smoking rates due to lower
incidence of NSCLC (Kazerooni et al., 2024). Reducing exposure to tobacco and
other environmental pollutants (i.e., air pollution and second-hand smoke) to low
or no risk has also produced an increased risk reduction (Cuttano et al., 2024). In
addition, maintaining safety in the workplace and occupational exposure to carcin-
ogens continues to be an effective NSCLC prevention measure (Garg et al., 2024).

Figure 12. Diagram of prevention strategies for NSCLC
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For example, as seen in Figure12, screening programs such as Low-Dose Com-
puted Tomography (LDCT) provide early detection and have been shown to lower
the death rate due to NSCLC (Pillay et al., 2024). Public education campaigns also
add another layer of protection against lung cancer by inform individuals of the risks
involved, discouraging smoking use, and encouraging healthy lifestyle behaviours
(Liu et al., 2024).
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Policy and regulation have been a particularly important catalyst for prevention.
International frameworks (the WHO Framework Convention on Tobacco Control)
and national policy approaches (i.e. taxation of tobacco; plain packaging; and re-
strictions on marketing) have, and will continue to, constrain tobacco consumption
by households and populations around the globe.

Further policies to improve the quality of indoor air, provided there is clean
energy source and transition to lower exposure to biomass as a fuel source, are also
significant risk factors in many low- and middle-income settings.

At the level of individuals and communities, lifestyle and behaviour change are
also very important. Eating a range of foods that are balanced in terms of risk, being
physically active and reducing alcohol intake all contribute to reducing cancer risk
overall. Smoking cessation programs for specific individuals, particularly adolescents
or marginalized populations is a special consideration. Technology is increasingly
supporting these programs, with mobile health applications and personalized, Al-
assisted smoking cessation programs developed to be individually appropriate and
broadly available to help support quitting.

Screening and early detection are crucial to saving lives. A recent study of LDCT
scans showed that lung cancer could be detected at an earlier stage, but even with
evidence for LDCT screening, there are still obstacles, such as false positives, risk
of radiation, and whether screening is worth the cost. Research is also exploring
various emerging biomarkers including liquid biopsy and circulating tumor DNA,
which may one day provide safer, more accurate, non-invasive alternatives. In the
meantime, guidelines that identify high-risk populations at the highest risk, and
rank populations by risk, also help us to monitor the utilization of LDCT screening
resources.

But we also need to work towards equity in prevention. Disparities in access to
healthcare often mean that rural areas and low-income populations are usually not
privy toeither LDCT screening or resources/ supports to successfully quit. Economic
barriers, and barriers related to awareness including problem and knowledge of the
resources for smoking cessation help keep the divide as wide as it is, particularly
for low-income populations and especially indigenous communities. Developing
programs that reflect cultural sensitivity and help us begin to reach vulnerable popu-
lations & indigenous populations, and work towards equitable prevention strategies.

Looking ahead, we should be excited about what innovation has to offer. The
role of electronic cigarettes and vaping devices in tobacco control and as harm re-
duction products is still controversial and in need of appropriate regulation, but still
contribute to the ever-changing tobacco landscape. New developments in genetic
risk profiling and artificial intelligence-driven predictive modelling will inevitably
bring us to a point of individual prevention strategies. Even public health campaigns
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are changing, developing new campaigns and using social media and influencer-led
initiatives to engage young people to prevent smoking before it starts.

Figure 13. Lung cancer incidence over time with interventions
LUNG CANCER INCIDENCE OVER
F'IME WITH INTERVENTIONS

Finally, prevention technologies should be monitored and evaluated at all times.
Continuous and longitudinal monitoring of smoking prevalence, air quality indicators,
and lung cancer incidence rates is important to evaluate what is working and what
should be modified. Japan, Australia and the UK show us that sustained modalities
reduce lung cancer incidence. Furthermore, preventative measures—particularly
quitting smoking—have considerably bigger health and financial benefits than
treatment, according to cost-effectiveness studies. The prevalence of lung cancer has
already begun to gradually fall as aresult of concerted measures, as seen in Figure 13.

8 CHALLENGES AND FUTURE DIRECTIONS IN
NSCLC RESEARCH AND TREATMENT

8.1 Innovations in Research

To address these challenges, exploration is focusing on new strategies including
substantiated drugs, immunotherapy, Auto-T cell therapy, oncolytic viruses, and
neoadjuvant therapy (Bertolaccini etal.,2024; Liet al., 2025; Tahayneh et al., 2025).
Individualized drug leverages inheritable profiling to design acclimatized treatments
grounded on specific mutations, while immunotherapy advances aim to enhance
excrescence responses through vulnerable checkpoint inhibitors and combination
rules. Auto-T cell curatives target NSCLC-specific antigens to ameliorate efficacy
and safety. With a high degree of specificity, oncolytic contagions infect and destroy
cancer cells in large numbers. Neoadjuvant therapy, involving systemic treatments
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administered before surgery, helps shrink excrescences and enhances surgical out-
comes. These advancements are captured in the Table 17 below.

Table 17. Advancements and their impacts

Future Research Description Impact References

Focus

Personalized Tailored treatments via genetic More effective and less Bertolaccini et al.,

Medicine profiling. toxic therapies. 2024

Immunotherapy Enhanced immune checkpoint Greater tumor response Lietal., 2025

inhibitors and combinations. and immune activity.

CAR-T Cell Targeting NSCLC-specific Increased precision and | Tahayneh et al., 2025

Therapy antigens. reduced toxicity.

Oncolytic Viruses Viruses are designed to infect Improved cancer Liet al., 2025;
and kill cancer cells. selectivity and potency. | Tahayneh et al., 2025

Neoadjuvant Systemic therapy before surgery. Shrinks tumors and Bertolaccini et al.,

Therapy enhances outcomes. 2024

8.2 Comprehensive Overview

Non-Small Cell Lung Cancer (NSCLC) exploration and treatment face multiple
challenges and opportunities for advancement (Bertolaccini et al., 2024; Li et al.,
2025; Tahayneh et al., 2025). Medicine resistance, driven by inheritable mutations,
indispensable signaling pathways, and changes in medicine targets, frequently leads
to treatment failure and disease progression. Excrescence diversity, encompassing
inheritable and phenotypic variations, complicates treatment issues and enables the
emergence of resistant subclones. Excretion diversity and the complex progression
of cancer make it difficult to identify reliable biomarkers, which are essential for
individualized drug development. Additionally, restricted access to advanced curative
treatments caused by nonsupervisory, logistical, and financial barriers exacerbates
care disparities. The major aspects of these challenges are epitomized in Table 18
below.
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Table 18. Challenges in various aspects

Aspect Description Impact

Drug Resistance Genetic mutations, alternative pathways, Leads to treatment failure and disease
and changes in drug targets. progression.

Tumor Variations in genetic and cell behaviour Causes inconsistent treatment responses

Heterogeneity and microenvironment interactions. and the emergence of resistant clones.

Biomarker Difficulty in finding sensitive, specific Crucial for improving personalized

Identification biomarkers due to tumor diversity. treatment outcomes.

Access to Regulatory and cost-related barriers limit Restricts access to innovative and life-

Treatments the availability of therapies. saving treatments.

8.3 Emerging Therapies

Emerging treatment paradigms emphasize the integration of advanced technol-
ogies and multidisciplinary collaboration. Precision drug is acclimatizing curatives
to individual inheritable biographies, while combination curatives aim to overcome
resistance mechanisms. Advanced imaging and biomarker technologies are influenced
by prior discovery strategies to identify cancer at earlier, more treatable stages. As
demonstrated, global businesses aim to increase the availability of these treatments
by reducing costs and improving healthcare structures, as described in Table 19.

Table 19. Emerging therapies

Emerging Paradigm Description Impact
Precision Medicine Treatments tailored to individual genetic Enhanced efficacy and reduced side
profiles. effects.
Combination Synergistic use of drugs or modalities. Overcomes resistance and improves
Therapies outcomes.
Early Detection Use of biomarkers and imaging for early Higher treatment success rates and
diagnosis. survival.
Multidisciplinary Collaboration among specialists. Comprehensive and personalized care.
Care
Global Access Expanding availability and affordability. Broader access to innovative
treatments.

8.4 Clinical Trials and Future Projections

Active clinical trials are crucial to understanding and perfecting NSCLC treat-
ment approaches. Trials like the ALCHEMIST Trial, targeted radiation studies, and
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virotherapy exploration are being conducted to identify the most effective strategies
formanaging NSCLC (Sorinetal.,2024; Hu,2024; Franceschini etal.,2024; Thomas
et al., 2024). A summary of ongoing clinical trials is as follows

Table 20. Clinical trials related to NSCLC

Trial Name

Description

Location

References

ALCHEMIST Trial

Test pembrolizumab with
chemotherapy for surgically
removed stage IIA-IIIB NSCLC.

1,068 locations
worldwide

Sorin et al. (2024)

High Dose, Targeted
Radiation Trial

Combines stereotactic body
radiation therapy (SBRT) with
usual treatment for inoperable

NSCLC.

Multiple locations

Hu et al. (2024);
Franceschini et al.
(2024)

Durvalumab vs
Placebo Following
SBRT

Evaluates durvalumab's
effectiveness post-SBRT in early-
stage NSCLC patients.

Rochester, MN

Thomas et al.
(2024)

Oraxol and
Pembrolizumab

Study oral paclitaxel (Oraxol) with
pembrolizumab for advanced solid
tumors, including NSCLC.

Scottsdale, AZ;
Jacksonville, FL;
Rochester, MN

Chen et al. (2025)

Measles Virotherapy
with Nivolumab

Phase 1 trial combining measles
virus with nivolumab in metastatic
NSCLC.

Rochester, MN

Amemiya et al.
(2025)

Genome Sequencing

Assess genome sequencing in

Rochester, MN

Zou et al. (2025)

advanced solid tumors.

for Multifocal treating multifocal lung cancer.

Cancers

PT-112 with Studies PT-112 combined with Multiple U.S. Zou et al. (2025)
Avelumab anti-PD-L1 antibody avelumab for locations

Projected advancements in treatments like Auto-T remedy, oncolytic contagions,
and early discovery methods are anticipated to mainly ameliorate survival rates for
NSCLC cases. By 2060, survival rates are projected to increase from 25 in 2025
to 60, driven by inventions in perfect drugs, combination curatives, and a global
access enterprise (Chen et al., 2025; Amemiya et al., 2025; Zou et al., 2025). This
progress is visually represented in the Graph of Projected Advancements in NSCLC
Treatment, pressing a promising future for cases worldwide.
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Figure 14. Projected advancements in NSCLC treatment
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