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Lung cancer is presently the leading cause of cancer-related mortality. It is observed 

worldwide because of its delayed identification, histological heterogeneity, and complex 

molecular aetiology with significant mutations in EGFR, ALK, KRAS, and 

TP53.Overall survival rates are still low despite advancements in traditional therapies 

including radiation, chemotherapy, and surgery, especially in cases of advanced cancer. 

Precision medicine techniques, such as immunotherapy, photothermal therapy, and 

molecular targeted therapy, are the focus of emerging therapeutic methods. With its 

targeted administration, improved bioavailability, controlled release, and less systemic 

toxicity, nanomedicine has attracted a lot of interest as a flexible platform for treating 

lung cancer Exosomes, lipid nanoparticles, magnetic nanoparticles, polymeric 

nanoparticles, Liposomes and PLGA-based nanoparticles are two nanocarriers that have 

shown encouraging preclinical and clinical results. These approaches enhance 

anticancer efficacy while minimizing off-target effects by enabling the co-delivery of 

chemotherapeutics, nucleic acids, and gene-silencing agents. Therapeutic safety and 

selective targeting are further enhanced by functionalization with tumor-specific ligands 

and responsive polymers. This review highlights the potential of recent advancements 

in lung cancer immunotherapy, photothermal therapy, molecular targeted therapy, and 

nanocarrier-mediated drug delivery to address the shortcomings of conventional 

approaches and provide customized treatment regimens. Future studies should focus on 

enhancing nanoparticle design, assessing long-term safety, and translating preclinical 

results into clinical applications in order to improve patient outcomes. 
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INTRODUCTION The term "cancer" refers to a group of around two 

hundred diseases that share comparable 
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characteristics rather than a single illness. Cancers 

(carcinomas) are characterised by unchecked cell 

growth and spread to other bodily areas(1). 

The lymph nodes are frequently the primary 

location of lung cancer metastases in individuals. 

As a result, assessing lymph node involvement 

prior to surgery is crucial for choosing the best 

course of action. In order to look for tumor cells, 

lymph nodes are usually taken after surgery and 

inspected under a light microscope. 

If tumour cells are found in the lymph nodes, 

patients are often recommended further 

chemotherapy. However, the spread of cancer to 

lymph nodes may go undetected due to the low 

sensitivity of existing clinical diagnostic methods, 

which could result in poor survival outcomes even 

after diagnosis. Consequently, more advanced and 

sensitive diagnostic methods are needed(2). 

Like all malignancies, lung cancer is caused by 

acquired abnormalities in the cell, the fundamental 

building block of life. The body keeps its 

regulatory system in place. that govern cell growth 

and division under normal physiological 

conditions, making sure that new cells are only 

created when necessary(3). 

Like all malignancies, lung cancer is caused by 

acquired defects in the cell, the fundamental 

building block of life. Under normal physiological 

settings, the body maintains a system of regulatory 

systems that control cell growth and division, 

ensuring that new cells are only produced when 

required(4). 

Lung cancer is caused by a variety of genetic and 

epigenetic changes that impact important genes 

controlling the cell cycle(5). 

These changes could build up in the bronchial 

epithelium and cause aberrant cells to proliferate 

clonally. Clonal cell populations may also develop 

in histologically normal tissues next to 

malignancies in some patients. (6). 

Additionally, some cancer patients have 

chromosomal abnormalities that either deactivate 

tumor suppressor genes or activate oncogenes. 

Chromosome regions such as 13q, which contains 

the RB gene; 17p, which contains the TP53 tumor 

suppressor gene; 9p, which contains the p16INK4a 

and p19ARF genes involved in the RB signaling 

pathway; and 3p, which contains the FHIT tumor 

suppressor gene, are frequently altered in lung 

cancer(7). 

The epidemiology of lung cancer 

One of the most frequently diagnosed 

malignancies and the primary cause of cancer-

related death globally is lung cancer. With an 

anticipated 2.2 million new cases and 1.8 million 

fatalities recorded in 2020, it is thought to be 

responsible for around 18% of cancer-related 

deaths worldwide and nearly 11–12% of all new 

cancer cases, underscoring its substantial impact 

on global health.(8)  About 85–90% of cases of 

lung cancer are caused by tobacco use. As a result, 

it is thought to have a significant role in the 

disease's progression. Secondhand smoking 

exposure, occupational carcinogens, air pollution, 

and genetic vulnerability are other important risk 

factors. The majority of people with lung cancer 

are 65 years of age or older(9). 

Due to variations in smoking rates, environmental 

exposures, and socioeconomic factors, lung cancer 

incidence varies geographically throughout the 

world. Africa and South-Central Asia have 

comparatively lower incidence rates, while 

Eastern Asia, Europe, and North America have 

higher rates(10). 
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In order of priority, the following broad categories 

are applied to the approaches used to estimate 

cancer incidence rates by age and sex within a 

given country. In 45 countries, the observed 

national incidence rates were projected to 2018. 

The 2018 national or regional incidence rates were 

then applied to the populations of 50 countries. 

Using national mortality data and death-to-

incidence ratios obtained from cancer registries in 

14 countries, the rates were estimated through 

modeling. By applying modeling based on death-

to-incidence ratios from cancer registries in 

neighboring countries (37 countries), the rates 

were derived from national mortality estimates. By 

averaging the overall rates from neighboring 

countries, the national incidence rates for all 

cancers combined, stratified by age and sex, were 

determined. Using the available cancer-specific 

relative frequency data from 7 countries, these 

rates were further divided to estimate the national 

incidence for each cancer site. Rates were also 

estimated by averaging data obtained from 32 

neighboring countries. 

When estimating future cancer incidence and 

mortality, careful consideration is required. 

Projections for upcoming years rely on key 

assumptions, as is the case with all estimation 

methods. One assumption is that during the 

projection period from 2020 to 2040, the national 

rates predicted in 2018 remain constant. Another 

assumption is that the national population data for 

these years are accurate. However, gaps still exist 

in the availability and quality of cancer data 

worldwide, particularly in low- and middle-

income countries. These estimates were generated 

using the methodology of the International Agency 

for Cancer Research, which extends beyond 

simply collecting, evaluating, and using data from 

its cancer registry partners and also includes 

collaboration with national personnel to enhance 

local data quality, registration coverage, and 

analytical capacity(11). 

Pathophysiology of lung cancer 

Lung cancer is a multifaceted, intricate molecular 

process. The molecular etiology of lung cancer 

includes a variety of biological events that 

contribute to the growth and metastasis of tumors 

(12). Lung cancer can arise due to a variety of 

genetic factors and epigenetic modifications.  

These alterations include chromosomal 

translocations, insertions, deletions, point 

mutations, and gene amplifications. The activation 

of carcinogenic pathways that promote 

unregulated cell division is intimately associated 

with these genetic and epigenetic changes 

(13).These alterations either restrict or eliminate 

tumor-suppressor pathways, which normally 

regulate cell division and death(14). 

Molecular Biology of Lung Cancer Recent bench and clinical research has improved 

lung cancer treatment by allocating medications 
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according to histology and molecular 

characteristics (15). Tyrosine kinase inhibitors 

targeting mutations such as When compared to 

traditional treatments, patients with 

adenocarcinoma bearing EGFR mutations have 

significantly higher response rates when using the 

Epidermal Growth Factor Receptor (EGFR) (16). 

The development of new targeted therapeutics 

requires a deeper comprehension of the molecular 

processes involved in tumor initiation and 

progression. Improving high-throughput 

biomarker discovery platforms and detecting 

molecular changes are essential for developing 

individualized treatment plans (17). 

The primary cause of cancer-related death globally 

is still lung cancer. Comparing the total 5-year 

survival rate to other prevalent tumors, it is still 

low. One of the main causes of the high death rate 

from lung cancer is that the disease is frequently 

discovered at an advanced stage. The variation in 

lung cancer's biochemistry and histology is 

another factor (18).Non-small cell lung cancer 

used to be treated as a single illness.However, 

current therapeutic approaches distribute 

treatments according to molecular changes and 

histology. Patients with EGFR-mutated 

adenocarcinoma have shown better results with 

targeted therapy aimed at EGFR mutations(19). 

Lung Carcinogenesis 

Tumor initiation and progression involve multiple 

sequential molecular events including DNA 

damage induced by tobacco carcinogens(20). 

These events include field carcinogenesis in 

airway epithelium and the subsequent 

development of malignant tumors (21).Only a 

small percentage of smokers get lung cancer, 

despite tobacco use continuing to be the leading 

risk factor(22). 

Mutations in Somatic DNA 

Lung cancers have often been shown to have 

chromosomal abnormalities like deletions, 

translocations, and loss of heterozygosity. These 

genetic changes could be used as indicators for 

prognosis and diagnosis. The identification of 

somatic mutations in cancer genomes has 

significantly increased thanks to advancements in 

sequencing methods(23). 

Early studies focused on sequencing individual 

genes such as TP53 and CDKN2A(24). 

Traditional Sanger sequencing has limitations in 

detecting low-frequency mutations. Large 

sequencing projects have identified numerous 

mutated genes involved in lung cancer 

development. Whole-genome sequencing now 

allows comprehensive identification of genomic 

alterations within tumors (25) 

Pathways of Lung Development and 

Differentiation 

According to current models, stem cells or 

pluripotent progenitor cells are the source of lung 

malignancies(26).Lung tumor signatures and 

embryonic lung development pathways are 

comparable, according to gene expression 

studies(27).Genes linked to early developmental 

pathways are often expressed in poorly 

differentiated cancers. Tumor aggressiveness and 

a poor prognosis are caused by these 

developmental gene pathways(28) . 

Gene Rearrangements and Copy Number 

Changes 

Lung cancer is significantly influenced by 

chromosomal abnormalities, such as gene 

amplifications, deletions, and rearrangements(28). 

A common method for identifying chromosomal 

aberrations in lung cancer samples is fluorescence 

in situ hybridization (FISH). FISH has shown high 

sensitivity and specificity for detecting lung cancer 
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in bronchial washings and cytological 

samples(29). Certain non-small cell lung tumors 

harbor the EML4-ALK fusion oncogene; patients 

with this rearrangement respond well to targeted 

therapy with ALK inhibitors (30).Amplification of 

SOX2 has been observed in squamous cell lung 

carcinoma (31).Similarly, sensitivity to FGFR 

inhibitors has been linked to FGFR1 

amplification(32). 

Historical Classification of Lung Cancer 

Determining the histologic type and molecular 

biomarkers is critical for proper patient therapy 

since it allows medicines to be adjusted according 

to tumor features(33). About one-third of lung 

cancers are surgically resectable when they are 

discovered early(34).In these situations, precise 

tumor categorization, staging, and prognostic 

factor assessment are made possible by 

pathological investigation of resected 

specimens(35).Nonetheless, over 70% of lung 

cancer cases are discovered when the tumors are 

too large to be removed . Small diagnostic 

samples, such as biopsy or cytology specimens, 

serve as the primary diagnostic tool in these cases. 

Consequently, the classification of lung cancer 

based on microscopic samples differs from that 

based on complete surgical resection specimens 

(36). 

The pathologic diagnosis derived from biopsy 

specimens typically exhibits a high degree of 

diagnostic precision .However, certain biopsies 

could not yield a conclusive diagnosis because of 

things like tiny tumors or necrotic 

tissue(36).According to research, metastatic 

cancers frequently have diverse, site-specific 

genetic changes that could be linked to a more 

aggressive course of the illness(37). Therefore, 

biopsy of metastatic tumors may offer additional 

information on aggressive mutations along with 

histology and staging details. Radiologists play an 

essential role in evaluating patients with lung 

cancer by detecting primary tumors, identifying 

metastatic disease, and selecting the most 

appropriate biopsy target(38). 

Histological classification continues to be the most 

significant component in the detection and 

treatment of lung cancer . Patient outcomes have 

been greatly enhanced by developments in the 

knowledge of genetic alterations and the creation 

of targeted medicines. However, routine testing for 

immunological markers like PD-L1 (Programmed 

Death Ligand 1) and other driver mutations 

including ROS1, BRAF, NTRK, RET, KRAS, and 

MET is recommended by current clinical 

standards. Recent studies have also developed 

novel grading systems for invasive non-mucinous 

lung adenocarcinoma and classified multiple 

thoracic cancers (39). 

Subclassification of Invasive Lung 

Adenocarcinoma 

The invasive subcategories in the 2015 

classification system for lung adenocarcinoma—

minimally invasive adenocarcinoma, invasive 

non-mucinous adenocarcinoma, invasive 

mucinous adenocarcinoma, colloid 

adenocarcinoma, fetal adenocarcinoma, and 

enteric-type adenocarcinoma—remain largely 

unchanged(40). However, the most prevalent 

subtype of lung cancer, invasive non-mucinous 

adenocarcinoma, now features a revised grading 

system(40).The majority of lung adenocarcinomas 

that are surgically removed have a combination of 

histologic subtypes or architectural development 

patterns. Lepidic, acinar, papillary, solid, and 

micro papillary growth patterns are among them. 

Each tumor has a different percentage of these 

histologic patterns(41). 

The major histologic subtype was used to define 

diagnostic and prognosis categorization in the 
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2015 WHO classification system .Lepidic-

dominant tumors were categorized as either low-

grade or well-differentiated(41). Strong 

correlations between this histologic classification 

system and clinical prognosis have been 

repeatedly shown. Studies indicate that even a 

small proportion of high-grade histologic patterns, 

such as solid, micropapillary, complex glandular, 

or cribriform forms, may be linked to poorer 

clinical outcomes(41). 

Lung Cancer Staging 

The next critical stage in the process from 

diagnosis to therapy is staging, which comes after 

the histologic type of lung cancer has been 

identified. Results from imaging methods like CT 

and PET scans, as well as tissue analysis from 

biopsy procedures, are used in staging. The staging 

process helps doctors determine each patient's best 

course of action(42) . 

Additionally, lung cancer staging is utilized to 

assess the disease's overall prognosis. Prognosis is 

generally estimated by comparing outcomes 

among patients with similar cancer types and 

stages .However, individual responses to treatment 

vary considerably, and predicting life expectancy 

in a specific patient remains challenging (43). 

The staging process usually begins with evaluation 

of imaging findings and biopsy results before 

treatment initiation, allowing clinicians to assign a 

clinical stage .In certain patients, pre-treatment 

intranodal staging is recommended to determine 

whether lymph nodes within the chest are 

involved.(43) If surgical resection is performed as 

the first treatment, a pathological stage is assigned 

based on findings from the resected specimen. In 

cases where cancer recurs after treatment, 

restaging is typically performed using the same 

diagnostic techniques (44). 

In contrast, small cell lung cancer (SCLC) has two 

stages: extensive stage and limited stage.One 

hemithorax and local lymph nodes are the only 

areas affected by limited-stage illness. Metastasis 

to distant organs or the contralateral lung is 

indicative of extensive-stage illness (15).Lung 

cancer treatment choices are heavily influenced by 

the patient's overall health, tumor subtype, and 

disease stage(41). 

Clinical Presentation of Lung Cancer 

Studies that evaluated diagnostic tests using 

histologic reference standards comprised at least 

50 cases(45).The recommendations were 

developed and evaluated by the Lung Cancer 

Guideline Panel, the Board of Regents of the 

American College of Chest Physicians, and the 

Thoracic Oncology Network (46). 

Sputum cytology is a reliable method of 

diagnosing lung cancer, with a combined 

specificity of 99% and sensitivity of 66%. 

Sensitivity is influenced by the tumor site; FB has 

an 88% sensitivity for central, endobronchial 

malignancies(47). The diagnostic yield for 

peripheral lesions is lower: lesions measuring less 

than 2 cm show a sensitivity of 34%, whereas 

those greater than 2 cm demonstrate a sensitivity 

of 63% (48). The diagnosis of peripheral lung 

lesions is improved by new methods like R-EBUS 

and EMN bronchoscopy, which give 73% and 

71%, respectively(49). 

TTNA has a 90% pooled sensitivity for lung 

cancer diagnosis, despite somewhat reduced 

sensitivity for tumors smaller than 2 

cm.(50).When compared to bronchoscopic 

procedures, TTNA is linked to a greater risk of 

pneumothorax. Pleural fluid cytology has a mean 

sensitivity of approximately 72% in patients with 

malignant pleural effusions (50). Image-guided 

closed biopsy gives 75–88%, thoracoscopic biopsy 
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yields the best diagnostic yield at 95–97%, and 

closed pleural biopsy yields 38–47%(36). 

Despite the clinical, pathological, and genetic 

diversity of NSCLC tumors, cytology can 

accurately distinguish SCLC from NSCLC. Over 

the past ten years, clinical trials have shown that 

NSCLC responds differently to treatments 

according on its molecular and histologic 

characteristics. In order to accurately characterize 

NSCLCs histologically and molecularly, doctors 

performing diagnostic procedures must guarantee 

adequate tissue acquisition (51).The sensitivity of 

bronchoscopy is weak for peripheral lesions less 

than 2 cm, but it is good for endobronchial illness. 

Although there is a higher risk of pneumothorax, 

TTNA sensitivity is great for malignant illness 

(46).The diagnostic yield for peripheral lung 

malignancies is increased by R-EBUS and EMN 

bronchoscopy. The most effective method for 

diagnosing metastatic pleural effusions is 

thoracoscopic pleural biopsy(51). 

Diagnosis of Lung Cancer 

This article revises earlier ACCP Lung Cancer 

Guidelines by adding fresh evidence on diagnostic 

methods as well as historical data(36).Data 

summaries were created to represent current best 

practices as new technology or processes were 

available. The impact on diagnostic processes is 

highlighted due to the increasing significance of 

differentiating NSCLC cell types for discovering 

genetic alterations(50). 

Thoracentesis 

Patients with pleural effusions suspected of lung 

cancer should undergo thoracentesis(55. Because 

malignant cells verify the pleura's metastatic 

participation, differentiating between malignant 

and paramalignant effusions is crucial from a 

therapeutic standpoint(38). 

Diagnosis of Primary Tumor 

To make a final diagnosis, a number of methods 

are available, including sputum cytology, flexible 

bronchoscopy (FB), EMN bronchoscopy, R-

EBUS, and TTNA (52).When choosing a 

diagnostic modality, the primary objectives are to: 

(i) optimize diagnostic and staging yield; and (ii) 

prevent needless intrusive tests while taking the 

intended course of therapy into account(53). 

Conclusion 

Lung cancer can be definitively diagnosed using a 

range of diagnostic methods .. The optimal test 

should ideally be selected by a multidisciplinary 

team of radiologists, pathologists, thoracic 

surgeons, and pulmonologists(54).Tumor type 

(SCLC or NSCLC), tumor size and location, and 

the estimated cancer stage typically influence the 

test selection(54). 

Early Lung Cancer Detection and Screening 

Despite improvements in treatment, lung cancer 

remains incurable for many patients due to the 

advanced stage of diagnosis. Despite the fact that 

70% to 80% of lung cancer cases Since lung cancer 

mostly affects former smokers, smoking bans 

would have the most effect on lung cancer 

mortality in the Western world. Early 

identification techniques include bronchoscopy in 

high-risk individuals, biomarkers, imaging 

screening (CT, chest X-ray), and public awareness 

of symptoms(55) . 

CT Scan 

Chest radiography was largely ineffectual in the 

early lung cancer screening trials carried published 

in the 1980s and 1990s.CT with low-dose 

multidetectors (LDCT) has been the focus of much 

study throughout the last 20 years(56).When it 

comes to identifying tiny, non-calcified, solitary 
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pulmonary nodules (SPNs), chest CT is more 

sensitive than radiography(57). Higher lung cancer 

detection rates, frequently at early and treatable 

stages (IA–IB), were seen in non-randomized 

LDCT investigations. Despite certain biases, 

studies like I-ELCAP showed extremely high 5- 

and 10-year survival rates for stage I lung 

malignancies(53) . 

National Lung Cancer Screening Trial (NLST) 

The NLST was the first randomized controlled 

trial (RCT) to demonstrate that LDCT reduced 

lung cancer-specific mortality(58)..In contrast to 

6.9% in the radiography arm, approximately 

24.2% of participants in the LDCT arm had a 

positive screen(59).There were high false-positive 

rates: 6.5% for radiography and 23.3% for CT. 

Adenocarcinoma accounted for 50% of the 1060 

lung tumors found in the LDCT arm at stage I. In 

contrast, 31% of the 941 lung tumors found in the 

radiography arm were at stage I. LDCT decreased 

all-cause mortality by 6.7% and lung cancer 

mortality by 20% seven years after the trial's 

start(60). There is currently no data on how cost-

effective LDCT screening is in NLST(61). 

Advances and Challenges in Lung Cancer 

Treatment 

Lung cancer is among the most common diseases 

worldwide. Surgical excision is the main therapy 

for preliminary NSCLC (stage I/II), which is 

frequently followed by adjuvant therapy. 

Treatment usually switches to chemoradiotherapy 

for more advanced disease (stage III/IV 

Conventional chemotherapeutic drugs have 

limitations that limit treatment efficacy, such as 

Drug resistance, inadequate absorption, and non-

specific targeting(51). 

By protecting therapeutic compounds from 

degradation and enabling tailored distribution to 

tumor locations, nanodrug delivery devices can 

lower off-target toxicity and improve anticancer 

efficacy. Enhanced drug bioavailability, The 

benefits of nanocarrier-based administration 

include enhanced safety via site-specific delivery 

and the capacity for controlled and prolonged 

release.  

Nanomedicine is a substitute for conventional 

chemotherapy that may reduce systemic side 

effects(62). 

Molecular targeted therapy has become more 

important in the treatment of non-small cell lung 

cancer (NSCLC). Hepatocyte growth factor 

receptor (c-MET), epidermal growth factor 

receptor (EGFR), and anaplastic lymphoma kinase 

(ALK) are examples of receptor tyrosine kinases 

that are important targets for molecular treatments. 

Tyrosine kinase inhibitors (TKIs) targeting EGFR 

mutations include gefitinib and erlotinib. 

Inhibitors directed at other oncogenic drivers are 

also under investigation. Although targeted 

therapies show initial effectiveness, their long-

term efficacy is limited by acquired resistance, 

which often develops due to tumor heterogeneity 

and epigenetic changes, emphasizing the need to 

identify novel molecular targets for therapy(63). 

With positive tumor control outcomes, 

photothermal therapy is seen as a viable minimally 

invasive treatment option. In photothermal 

therapy, light energy is converted into heat to 

ablate tumors by combining photothermal agents 

with localized laser irradiation. The combination 

of photothermal therapy and nanotechnology 

shows promising results and synergistic anticancer 

effects(64). 

Immunotherapy techniques, particularly immune 

checkpoint inhibitors, have demonstrated safety 

and effectiveness and provide NSCLC patients 

with additional therapeutic alternatives. 
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Combining immunotherapy with other forms of 

treatment may sometimes lead to better 

results(65). 

Lung cancer still faces significant therapeutic 

obstacles despite advancements in treatment, and 

new, efficient approaches are desperately needed. 

With the goal of offering fresh perspectives on 

treatment development, this review highlights 

recent advancements in lung cancer 

immunotherapy, photothermal therapy, molecular 

targeted therapy, and nanomedicine delivery(66). 

The structure of nanoparticles provides features 

including regulated drug release, improved 

stability of anticancer medications, and simplicity 

of surface modification .By delivering nucleic 

acids and anticancer drugs to tumor tissues, 

nanoparticles can significantly lower systemic side 

effects and boost treatment efficacy. An extensive 

analysis of lung cancer treatment with nanodrug 

delivery devices is provided in this section. The 

focus is on delivery strategies using various 

nanoparticle types, including as exosomes, 

magnetic particles, and polymer-based particles. 

Included are lipid, liposomal nanoparticles, and 

polylactic co-glycolic acid (PLGA) (62). 

1. Exosomes — Line-by-Line Citations 

Exosomes are bio-derived nanocarriers that range 

in size from 30 to 150 nm and have lipid bilayers. 

They are comparatively immunogenic, stable, and 

biocompatible. Exosomes are now a crucial 

nanocarrier platform for encasing nucleic acids 

and chemotherapeutic medicines, allowing for 

effective targeted drug delivery and greatly 

improving precision therapy in lung cancer (66). 

Exosome-associated AAV (AAVExo) 

significantly enhanced gene transfer efficiency in 

both NSCLC and SCLC cells compared with 

conventional AAV. Paclitaxel has also been 

administered using exosomes made from cow's 

colostrum(PAC), and oral folic acid-decorated 

ExoPAC treatment showed markedly improved 

therapeutic efficacy and safety. Moreover, 

doxorubicin (DOX) and vorinostat have been 

delivered using artificial exosomes (AEs), which 

not only facilitate transport to tumor tissues but 

also prolong drug retention within tumors(67). 

2. Polymeric Nanoparticles 
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Polymeric nanoparticles (PNPs) consist of both 

colloidal and solid micellar components and are 

classified into three forms: nanospheres, 

nanocapsules, and polymer micelles. As carriers 

for chemotherapeutic drugs, PNPs exhibit strong 

potential for cellular uptake and low cytotoxicity, 

allowing targeted delivery to lung cancer cells. 

Poly (ethylene glycol)-poly(ε-caprolactone) 

triblock copolymer nanoparticles (PEG-PCL-

PEG, PECE), which are biodegradable, were used 

to co-deliver sorafenib and crizotinib, effectively 

inhibiting lung cancer progression in vivo(68). 

Lipid-polymer hybrid nanoparticles (NI/HA-DDP 

LPNs) and polymeric nanoparticles (NI/HA-DDP 

PNPs) loaded with cisplatin (DDP) and co-

modified with nitroimidazole (NI) and HA were 

developed; NI/HA-DDP LPNs exhibited 

improved anticancer efficacy against drug-

resistant A549/DDP lung cancer cells. Paclitaxel 

and cisplatin-loaded RGD-modified lipid polymer 

nanoparticles showed remarkable anticancer 

efficacy in vitro and in vivo. In a lung cancer 

xenograft model, amphiphilic copolymer 

nanoparticles co-delivering cisplatin and 

regorafenib consistently reduced lung cancer 

progression at acceptable levels(69). 

3. Magnetic Nanoparticles 

Because of their magnetic and superparamagnetic 

characteristics, magnetic nanoparticles (MNPs) 

are extensively used in biomedicine. The FDA has 

authorized iron oxide-based magnetic 

nanoparticles with good biocompatibility for use 

in clinical settings as magnetic resonance imaging 

(MRI) contrast agents and iron supplements. 

Because of their high tissue penetration ability, 

superparamagnetic iron oxide nanoparticles 

(SPIONs) are utilized as T2-weighted negative 

contrast agents in magnetic resonance imaging 

(MRI). It has been observed that a multifunctional 

drug-loaded nanoparticle system (F/A 

PLGA@DOX/SPIO) increases lung cancer cells' 

production of reactive oxygen species (ROS). The 

erlotinib formulation VT-287, which contains 

magnetic nanoparticles, has shown cytotoxic 

effects against lung cancer cells in vitro and 

preferred lung-targeted drug delivery in vivo, 

demonstrating its safety and effectiveness in lung 

cancer therapy(70). 

4. Lipid Nanoparticles (LNP) 

Lipid nanoparticles (LNPs) are a successful 

medication delivery method that can overcome 

lung biological barriers. Preclinical research has 

shown that LNP siRNA formulations are highly 

effective in silencing genes. Encapsulation of 

microRNA-126 (miR-126-3p) mimic and 

microRNA-221 (miR-221-3p) inhibitor in LNPs 

significantly inhibited the growth of patient-

derived lung cancer xenografts by suppressing the 

PI3K/AKT signaling pathway through 

PIK3R2/AKT downregulation. Additionally, 

adding ligands specific to tumor cells to the lipid 

surface of LNPs can decrease systemic toxicity 

while improving the therapeutic efficacy of 

miRNA delivery(71) . 

5. Polylactic-co-glycolic Acid (PLGA) 

Nanoparticles 

The FDA has approved polylactic-co-glycolic acid 

(PLGA), a biocompatible and biodegradable 

polymer with a high drug-loading capacity, 

outstanding stability, and sustained and controlled 

drug release characteristics. Cisplatin and 

upconversion nanoparticles were co-delivered via 

RGD receptor-targeted PLGA nanoparticles, 

which demonstrated better cisplatin efficacy and 

tolerance in addition to increased cytotoxicity 

against lung cancer cells. Sorafenib was delivered 

to lung cancer cells using a chitosan–PLGA folic 

acid (FA) nanocarrier, which demonstrated 
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targeted transport and efficient tumor cell 

proliferation inhibition(72). 

6. Liposomes 

Liposomes are anticipated to increase the efficacy 

of lung cancer targeted therapy by acting as a 

medication delivery system. On A549 lung cancer 

cells, a liposome formulation co-loaded with 

curcumin and paclitaxel (PTX) modified via RGD 

demonstrated outstanding antiproliferative 

activities. In lung cancer xenograft mice, folic acid 

(FA)-modified liposomal nanoparticles designed 

to specifically co-deliver MT1DP and erastin 

demonstrated potent therapeutic benefits and 

enhanced bioavailability of the combination 

therapy. To enhance tumor targeting, co-delivery 

liposomes containing dioscin and RPV-modified 

epirubicin were developed, and they demonstrated 

strong anticancer effect in vivo(73) . 

Radiotherapy for Lung Cancer 

One crucial treatment option for lung cancer is 

radiation therapy. Although radiation therapy is 

currently underutilized in clinical practice, around 

Evidence-based treatment is prescribed for 77% of 

lung cancer patients. These advancements have 

improved clinical results, such as increased 

survival and decreased treatment-related toxicity, 

and broadened the indications for radiation in lung 

cancer. This study looks at how radiotherapy is 

currently used to treat lung cancer, talks about the 

data supporting its usage, and suggests future paths 

for radiotherapy treatment approaches(74). 

Advances in Radiotherapy Technologies 

Rapid advancements in radiation technology are 

enhancing treatment precision, speed, and safety. 

Imaging is a crucial component of radiation 

delivery precision. 4DCT, or four-dimensional 

computed tomography, enables the evaluation of 

patient-specific tumor mobility and may be 

integrated into treatment plans to guarantee 

specified dose administration independent of 

tumor position, is now widely used in radiotherapy 

planning. Cone beam computed tomography 

(CBCT) in conjunction with linear accelerators 

enables tumor position verification both before 

and during treatment(75). 

Stereotactic ablative body radiation (SABR) 

administration has been made possible by the 

development of sophisticated imaging technology 

and better patient immobilization techniques. 

SABR provides excellent geometric precision and 

accuracy while delivering substantial ablative 

doses in fewer fractions.(76).The enormous 

margins that were previously required for 

conventional radiation in order to account for 

tumor movements and setup uncertainty have been 

reduced thanks to improved imaging. As a result, 

the unintentional dose to nearby healthy tissues 

and the resulting harm have decreased. Intensity 

modulated radiation therapy (IMRT) reduces 

exposure to healthy tissue and improves dose 

distribution conformality by applying multiple 

beams of different intensities to the tumor(77). 

An alternative technique called respiratory gating 

only activates the radiation beam when the tumor 

is at a particular position, taking tumor movements 

into account. Breath-hold techniques, where the 

patient temporarily pauses breathing at a specific 

phase of the respiratory cycle during gradual 

treatment delivery, can be used to achieve 

respiratory gating. However, breath hold gating 

may be challenging for those with underlying lung 

conditions. Another gating technique is to monitor 

the tumor's growth and only turn on the laser when 

it reaches a specific location. This approach may 

sometimes require the use of specialized tracking 

systems or implanted fiducial markers. These 

advances have made modern radiation therapy 
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increasingly important in improving the prognosis 

of lung cancer patients across all stages(78). 

Radiotherapy for Stage I and II NSCLC 

Stereotactic ablative body radiation (SABR) is 

currently used for patients with peripherally 

localized stage I–IIA non-small cell lung cancer 

(NSCLC) who are either medically inoperable or 

decline surgery. Two randomized controlled trials 

comparing SABR with conventional radiotherapy 

have confirmed its effectiveness in early-stage 

NSCLC treatment. Most participants in both 

studies were over the median age of 70 years and 

had significant comorbid conditions (79). 

In patients treated with SABR who showed similar 

toxicity profiles and quality of life, the CHISEL 

study was the first to report improved overall 

survival (OS) (2-year OS: 77% vs. 59%, P = 

0.027). A lower rate of pathological confirmation, 

the use of 4DCT and PET staging in the SPACE 

trial, and varying radiation doses in the 

conventional arms could all contribute to 

variations in survival results between studies(80). 

Radiotherapy for Stage III NSCLC 

A lower rate of pathological confirmation, the use 

of 4DCT and PET staging in the SPACE trial, and 

varying radiation doses in the conventional arms 

could all contribute to variations in survival results 

between studies(81). 

Intensity modulated radiation treatment (IMRT) 

was administered to 47% of patients; these patients 

had considerably bigger tumor volumes and higher 

disease stages. IMRT use was linked to lower 

frequencies of grade 3 radiation pneumonitis and 

lower cardiac radiation doses in secondary 

study.The use of IMRT did not significantly affect 

survival. However, higher heart radiation doses 

had a negative impact on survival on multivariate 

analysis, suggesting that strategies to reduce 

cardiac exposure would be beneficial over 

time(82). 

Radiotherapy for Stage IV NSCLC 

Non-small cell lung cancer (NSCLC) in stage IV 

is typically regarded as incurable. However, 

ablative treatment of all metastatic locations may 

lead to long-term survival in certain individuals 

with oligometastatic illness. A European 

agreement now defines synchronous 

oligometastases as up to five distant metastases 

involving no more than three organs, detected 

utilizing comprehensive imaging such as brain 

MRI and PET. Until recently, there was no widely 

recognized definition of oligometastases(83). 

Two trials specifically aimed at NSCLC were 

ended early due to notable improvements observed 

in the ablative therapy group.Only patients who 

had first-line systemic medication and showed no 

signs of illness progression were eligible for both 

studies(84).These studies showed that ablative 

therapy significantly improved progression-free 

survival (PFS), despite higher toxicity and no 

treatment-related mortality. All patients received 

standard systemic therapy in a pooled analysis by 

Sarit B. Palma et al. that encompassed several 

primary tumor types, including around 18% 

NSCLC; a significant PFS benefit was noted, 

despite a 5% treatment-related death rate(85) . 

FUTURE DIRECTIONS 

Radiotherapy and Immunotherapy 

Combining immunotherapy with radiation is an 

exciting field of current study. By altering the 

tumor microenvironment, releasing cytokines and 

chemokines, encouraging leukocyte infiltration, 

and making tumor cells more vulnerable to 

immunogenic cell death, radiotherapy affects the 

immune system in a number of ways. Ionizing 
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radiation can act as an in situ personalized vaccine 

in some patients, enhancing immunogenicity and 

improving the effects of immunotherapy by 

amplifying danger signals(86). Recent evidence 

from clinical trials supports these preclinical 

findings, showing that patients who underwent 

radiotherapy before immunotherapy had better 

overall survival (OS). This implies that radiation 

therapy and immune checkpoint inhibitor therapy 

may interact favorably and even 

synergistically(87). 

New Radiotherapy Technologies 

Significant improvements in radiation 

technologies during the last 20 years have 

improved survival rates, reduced toxicities, and 

expanded treatment eligibility. One of the The 

MRI linac, which enables tumor viewing during 

therapy and real-time adaptation Reacting to 

changes in tumor or normal tissues is one possible 

new approach(88).  

In SABR, real-time adaptive MRI-based radiation 

has been evaluated for ultracentral and peripheral 

cancers. MRI-guided adaptive therapy improves 

the therapeutic ratio for central malignancies by 

ensuring adequate tumor dose coverage while 

respecting dosage limitations on adjacent 

mediastinal tissues. however there is limited 

clinical benefit for peripheral tumors. This may 

reduce the significant toxicities linked to 

conventional linear accelerator-based SABR for 

central cancers(89). 

Machine Learning and Big Data 

Clinical and imaging data are abundant in the field 

of radiotherapy, and a large portion of this data is 

available for analysis and kept in electronic 

oncology information systems. Predicting 

treatment results, assigning risk groups, and 

assisting clinician-patient decision-making are all 

possible with machine learning that integrates 

clinical and imaging characteristics (radiomics). 

Distributed learning networks spanning several 

centers can enable model training without data 

leaving any one institution, hence addressing 

privacy concerns (90). Continuous quick learning 

with outcomes integrated into point-of-care 

decision support systems is the aim. Although it 

hasn't been extensively tested in clinical practice 

yet, this method promises to personalize radiation 

decisions beyond strict clinical trial requirements 

(90). 

Palliative and Supportive Care of Lung Cancer 

Patients with lung cancer often face numerous 

long-term physical and psychological issues in 

addition to a dismal prognosis. These symptoms 

can lower quality of life, cause significant 

difficulties, and hinder social and physical 

functioning. The evidence-based therapies that 

provide the best Palliative and supportive care for 

lung patients cancer are reviewed in this section. 

To demonstrate the growing body of data, 

treatments for dyspnea, one of the most prevalent 

symptoms this population experiences, are 

examined(91). 

When it comes to the pharmacological treatment 

of dyspnea, systemic opioids offer the best 

evidence. In particular, there is strong evidence 

supporting systemic morphine, which is best 

administered as a once-daily sustained release 

medication. Additionally, there is mounting 

evidence supporting a number of non-

pharmacological supplemental therapy for the 

management of dyspnea. Interventions that have 

been demonstrated to improve Pursed lip 

breathing, diaphragmatic breathing, posture, and 

pacing tactics are all examples of effective 

breathing(). 
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More study is required, although psychosocial 

therapy targeted at easing discomfort and anxiety 

may help improve dyspnea management. Case 

management strategies and nurse-led follow-up 

programs have been shown to effectively reduce 

psychological distress and dyspnea.These models 

provide useful frameworks for implementing 

evidence-based strategies for managing 

symptoms(104). 

Lung Cancer Symptom Burden and Supportive 

Care Needs 

An estimated 43% of lung cancer patients 

experience psychological distress, compared with 

an overall rate of 35% across 14 cancer types. 

Reduced social and physical functioning, along 

with substantial disease burden, contribute to a 

poorer quality of life. Patients newly diagnosed 

with lung cancer often report feelings of shock and 

fear, as well as a high need for information. 

Because lung cancer is so severe, research has 

revealed that individuals with this disease report 

higher levels of psychological pain and unmet 

daily life demands than patients with other 

diseases(10).This study evaluates evidence-based 

interventions aimed at improving best-practice 

supportive and palliative care for individuals with 

lung cancer. To demonstrate the growing body of 

evidence, pharmacological and 

nonpharmacological treatments for dyspnea—one 

of the most prevalent symptoms in this group—are 

examined. Additionally reviewed is the evidence 

in favor of interventions that target psychological 

distress and unmet needs. Additionally, we take 

into account current research on health service-

level treatments intended to attain the best results 

in this population, given the complicated health 

and support requirements of lung cancer 

patients(91). 

Recent Developments and New Methods of 

Lung Cancer Diagnosis 

Cancer, one of the worst diseases, is characterized 

by rapid, abnormal, and unregulated cell division 

that can spread to other organs. This review 

focuses on analyzing current and emerging 

diagnostic techniques for the detection of lung 

cancer. Lung cancer remains a leading cause of 

mortality, particularly among smokers, and its 

incidence is increasing in nonsmokers due to 

factors such as exposure to secondhand smoke. 

Environmental factors and lifestyle modifications 

are linked to high lung cancer mortality(10). 

While tuberculosis is less common in Western 

nations like the United States, the United 

Kingdom, and Canada, lung cancer is frequently 

misdiagnosed as TB in India due to the high 

prevalence of TB. The fact that symptoms usually 

appear late after considerable tumor dissemination 

presents a significant management problem for 

lung cancer. For early detection, precise staging, 

and treatment planning, this calls for extremely 

sophisticated diagnostic methods. Novel 

biomarkers and biosensors for molecular 

detection, radiogenomics connecting imaging 

phenotypes with genetic profiles, and artificial 

intelligence-based diagnostic algorithms are 

examples of current and developing 

techniques.(93). These cutting-edge approaches 

expand upon traditional methods that have been 

developed throughout time for increased 

sensitivity and diagnostic accuracy, such as 

bronchoscopy, sputum cytology, CT imaging, and 

biopsy. Additionally, the review sheds light on 

regulatory frameworks including IDE and CLIA 

certification for diagnostic equipment used in 

Australia, Japan, India, and the United States(94) . 

Multidisciplinary Team in Lung Cancer 

In the treatment of lung cancer, multidisciplinary 

care (MDC) is regarded as best practice. By 

establishing multidisciplinary team (MDT) 

meetings, health care providers have invested 
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heavily in MDC.As lung cancer treatment 

develops and includes new treatments and 

diagnostic advancements, this spending is 

probably going to continue.MDT meetings must 

be successful, efficient, and flexible enough to 

promote best practices and introduce new ideas. 

The "evidence–practice gaps" in the application of 

lung cancer MDC are examined in this article. 

These gaps result from recurring issues found in 

previous research and systematic reviews. We 

examine how implementation science and quality 

improvement frameworks can help close these 

gaps by strengthening the adoption of innovations 

by MDTs and better translating findings into 

practice(95). 

Global Advance and future direction in lung 

cancer 

Over the past ten years, lung cancer care has 

significantly improved due to advancements in 

early detection, therapy, and prevention. These 

days, non-tobacco risk factor identification, 

screening program implementation, and incidental 

nodule monitoring are all part of prevention 

measures that go beyond tobacco control. Despite 

decreases in smoking incidence and growing 

efforts to lower particulate matter exposure, 

primary prevention progress is still inconsistent, 

with notable regional differences(96). 

Lung cancer remains the leading cause of cancer-

related mortality worldwide. The 3-year relative 

survival rate for non-small-cell lung cancer 

(NSCLC) increased from 26% in 2004 to 43% in 

2018, while that for small-cell lung cancer (SCLC) 

rose from 9% to 12%. Despite significant 

advancements in treatment, early detection, and 

prevention, treatment resistance and unequal 

access continue to impede the best outcomes. A 

multidisciplinary council was established by the 

New York Lung Cancer Foundation (NYLCF) to 

address these issues and establish priorities for 

research and care. This article condenses the 

NYLCF 2025 Summit discussions into actionable, 

stage-specific tasks and system-level 

suggestions(97). 

CONCLUSION 

lung cancer is still one of the top causes of cancer-

related deaths in the world. while advances in 

molecular profiling, personalized therapy, and 

early detection have started to improve patient 

outcomes. New opportunities for individualized 

care are provided by developments in 

immunotherapy, nanomedicine, and AI-driven 

diagnostics. Persistent challenges, including 

therapeutic resistance, late diagnosis, and 

disparities in access, highlight the need for 

multidisciplinary, equitable, and technology-

integrated strategies. Ongoing research and 

collaboration are essential to translate these 

advances into real-world survival benefits for all 

patients. 
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