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ABSTRACT

Lung cancer is the top cause of cancer-related fatalities in both men and women around the world, and the second most commonly diagnosed cancer in 
both men and women. For many patients, traditional chemotherapy (CT) fails to give long-term benefit. Moreover, newer medicines targeting activating 
mutations in EGFR or ALK have shown increased response rates over CT in the minority of patients with these mutations; however, the majority 
of patients do not have actionable mutations and will not benefit from targeted therapies. In addition, several combinations of chemotherapeutic 
medicines with the angiogenesis inhibitor bevacizumab have provided only minor additional benefits. However, immunotherapy using checkpoint 
inhibitors has shown to have a lot of potential in the treatment of advanced non-SCLC (NSCLC) in recent trials. These new medications encourage the 
host immune system to recognize tumor cells as foreign invaders and halting their growth. They help alleviate immune system suppression, which 
allows tumor development to be tolerated. In checkpoint immunotherapy, humanized monoclonal antibodies targeting checkpoint signals such as 
programmed cell death receptor (PD-1) and programmed cell death ligand are employed (PD-L1). The immune system can be triggered to fight 
the tumor by inhibiting these receptors and signals. Immunotherapy for advanced lung cancer has created a new paradigm of therapeutic options, 
with increased survival and response rates and a less severe but distinct side profile when compared to CT. The PD-1 inhibitors nivolumab and 
pembrolizumab, as well as the PD-L1 inhibitor atezolizumab, have been approved by regulatory authorities for the treatment of advanced NSCLC. 
Hence, the current review article focuses on the role of immunotherapy, newer agents used for checkpoint inhibitors in lung cancer, their epidemiology, 
risk factors, side-effect profiles, therapeutic indications, and their mechanism of action for the successful treatment of lung cancer.
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INTRODUCTION

Lung cancer is a malignant lung tumor that grows uncontrollably 
in the tissues of the lungs [1]. In spite of significant progress in the 
overall management of lung cancer, it ranks as a leading cause of 
death worldwide. It is reported to spread outside the lungs to adjacent 
tissues and other parts of the body along with brain [2,3]. According 
to GLOBACON report, lung cancer accounts for more than 1.8 million 
deaths (18%) per year and 19.3 million new cancer cases and almost 
10.0 million cancer deaths occurred in 2020 [4,5]. Many factors are 
responsible for lung cancer, but the major causes are smoking including 
second-hand smoke, exposure to toxins, and hereditary factors. Clinical 
onset mostly associated with heavy symptomatic burden include cough, 
severe chest pain, wheezing, noticeable weight loss, and rapid decline 
of overall health [6] On the basis of histology, lung cancer is categorized 
into two types: Small cell lung cancer (SCLC) and non-SCLC (NSCLC). 
About 85% of lung cancer cases are NSCLC, while SCLC accounts for 
13–15% [7]. Adenocarcinoma (including BAC) accounts for 32–40%, 
squamous (SQ) for 25–30%, and large cells for 8–16% [8]. SCLC has 
few treatment options and a dismal prognosis. There are two forms of 
SCLC disease: Limited stage and extensive stage. It is the most lethal 
neuroendocrine tumor because of its high mutational burden, which is 
characterized by rapid growth and early metastasis; over 70% of new 
diagnoses proceed to Stage IV.

Treatment of lung cancer has no real progress till date and still becomes 
a challenge [9]. A greater understanding of the molecular process 
and progression of cancer may help in the treatment and prevention 
of lung cancer [10]. Surgery, chemotherapy (CT), radiation therapy, 
targeted medication therapy, immunotherapy, and a combination of CT 
and immune therapy are all options for treatment (6). CT is the only 
palliative, systemic treatment for metastatic tumors [11]. Invention of 

oncogenic drivers has developed advanced targeted therapies, leading 
to a breakthrough in cancer treatment [12]. At present, immunotherapy 
is recognized as a revolution in lung cancer treatment [4]. Because of the 
long-term efficacy with little adverse effects, immunotherapy becomes 
well accepted and is likely to develop an effective possible therapy for 
cancer treatment. Therefore, in the last few decades, it has become an 
important part of treating different types of cancer [4,9,13]. The basic 
principle of this treatment is to use the patient’s immune system to 
identify and kill tumors efficiently [14]. Immunotherapy works by 
stimulating or improving the natural defenses of the immune system 
which can be able to detect and attack cancer cells efficiently. The in-depth 
knowledge of the molecular mechanism and the progress of innovative 
treatments and technologies promote immunotherapy as a promising 
treatment method for NSCLC as well as SLC [15]. NSCLC and SLC are 
treated with immunotherapy, especially immune checkpoint inhibitors 
(ICI), such as inhibitors of programmed death receptor 1 (PD-1) and 
programmed death ligand 1 (PD-L1) [16]. The immune system does not 
attack normal cells in the body; it does through “checkpoint” proteins 
which act like keys that regulate in the switch on or off manner to control 
the immune response. T-cell immunological function is regulated by 
immune checkpoints, which are inhibitory pathways in the immune 
system [17]. Checkpoints protect cancer cells from immune system 
attack. Checkpoint mechanisms, which are designed to protect normal 
tissues from inflammation-mediated injury and prevent autoimmunity, 
can be used by cancer cells to elude immune detection. Drugs that 
inhibit these checkpoints (called checkpoint inhibitors) are effective in 
lung cancer treatment. T lymphocyte antigen-4 and PD-1 receptors are 
expressed on the surface of cytotoxic T lymphocytes. NSCLC tumor cells 
produce PD-L1, which binds to the PD-1 receptor on T cells and protects 
tumor cells from being killed by the immune system. In immunotherapy, 
monoclonal antibodies are used for NSCLC that target on T cells or ligands 
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on the surface of the tumor cells, which, in turn, kill the tumor cells. 
Monoclonal antibodies such as Pembrolizumab and Nivolumab target 
PD-1 on T cells, preventing it from activating and adhering to tumors 
that express PD-L1. This boosts immune activity [18]. Atezolizumab and 
durvalumab are monoclonal antibodies that target PD-L1-expressing 
tumor cells and protect them from triggering PD-1 on T cells, preventing 
T cell suppression. Anti-PD-(L)1 therapy plays an important role in lung 
cancer immunotherapy, emphasizing the importance of immune evasion 
mechanisms such as the PD-1/PD-L1 axis, as well as the importance of 
the tumor immunological microenvironment in lung cancer treatment. 
Nivolumab, atezolizumab, and pembrolizumab are first-line treatments 
for advanced NSCLC. They can be used in patients with any histology 
(pembrolizumab) or non-SQ histology (atezolizumab), as well as in PDL-
1 positive individuals in combination with ipilimumab or ipilimumab 
plus nivolumab. Durvalumab, in combination with platinum-based CT 
and radiation treatment, has been approved for patients with Stage III 
NSCLC. These ICI engage the antitumor immune system, resulting in 
anticancer outcomes in terms of overall response rate, progression-
free survival, and overall survival (OS). That is why immunotherapy 
for lung cancer has become the first-line treatment method [15]. The 
mesenchymal-epithelial transition (MET) (c-MET) gene is crucial 
because it is detected in 5–22% of lung cancer patients who are resistant 
to first-generation epidermal growth factor receptor tyrosine kinase 
inhibitors (TKI) [19]. The c-MET proto-oncogene, as well as its protein 
MET (MET; also known as hepatocyte growth factor [HGF] receptor) and 
a cognate ligand, has been discovered in NSCLC [20].

This review focuses on immunotherapy as a new potential therapy for the 
treatment of lung cancer. It explores the classification and epidemiology 
of lung cancer, associated risk factors, pathogenesis, and targeted MET 
gene is described. Furthermore, the role of immunotherapy as a possible 
futuristic approach to lung cancer treatment has been discussed 
thoroughly. It summarizes the key outcomes reported with the use of 
new checkpoint inhibitors in lung cancer. The role of different CTLA-4 
inhibitors such as ipilimumab and tremelimumab, as well as different 
ICI such as: The use of PD-1 and PD-L1 inhibitors is also mentioned. 
It also stated the application of vaccines, prospects of immunotherapy, 
etc. Immunotherapy has significantly enhanced the treatment of lung 
cancer and will continue to play a promising role for the benefit of 
patients. Although it is critical to examine predictive indications in 
response to immunotherapy, understanding the role of immunotherapy 
in patients with restricted stage SCLC who are also receiving radiation 
and CT deserves additional attention [21,22]. Furthermore, cross-talk 
between multi ICI, their full mechanisms of action, and the combination 
strategy of immunotherapy and CT are all important topics of cancer 
research [23] (Fig. 1).

EPIDEMIOLOGY

Lung cancer patients are diagnosed at an alarmingly higher level and 
account for around 12% of the total cancer patients [24]. Cigarette smoking 

was reported as the major cause earlier, but several other factors have 
also been discovered that make these cases a little difficult to interpret in 
terms of cause of incidence. Lung cancer incidence rates are reported to 
be similar among white women and African-American. African-American 
men have reported to be more prone to lung cancer incidence than white 
men. According to reports, in China, the rate of lung cancer is higher in 
men than in women. Prostrate cancer male patients are the most common, 
followed by lung cancer and breast cancer female patients are the most 
common, followed by lung cancer. In Europe, lung cancer deaths are 
declining in men whereas rising in women, with cigarette smoking being 
the major risk factor. It has been observed that African-Americans and 
non-Hispanic whites have greater lung cancer death rates than Hispanics, 
Native Americans, and Asians/Pacific Islanders [25].

There are major geographic, racial, and gender differences in suspecting 
the major cause [26]. The incidence of adenocarcinoma in men and 
women has climbed rapidly in recent decades and it is now comparable 
to the incidence of SQ cell carcinoma. Age is reported to be one of the 
causes of incidence and mortality as reported by authors, which states 
that most patients were above the age of 44 and rarely diagnosed at a 
younger age. It has been also reported that old age is one of the factors 
of lung cancer incidence, but it is more evident in women than in men. 
Younger age group patients are decreasing and this decrease is again 
more evident in men than in women, which may be due to the reduced 
risk factor most probably in men [24].

According to statistics, in 87 countries for men and 26 countries for 
women, lung cancer is the leading cause of cancer death. Regional 
variation is also evident in the occurrence of lung cancer as substantial 
geographic variation is reported within countries. Trends in its 
regional distribution are recorded, providing insight into the factors 
that influence lung cancer risk [24]. According to a study conducted 
by researchers, Central, Eastern Asia, and Eastern Europe have the 
greatest death rates, whereas Northern Africa, South Central Asia, and 
Central America sub-Saharan Africa and Western Africa have the lowest 
rate. North Korea, Denmark, Hungary, Canada, and Northern America 
had the highest female lung cancer mortality rates (per 100,000). The 
continents of Northern Europe, Eastern Asia, Western Europe, Oceania, 
and the Caribbean, respectively, are Northern Europe, Eastern Asia, 
Western Europe, Oceania, and the Caribbean [27].

Socioeconomic status is also considered as a factor related to the 
incidence of lung cancer. Lower socioeconomic class people who have 
less income education are often victims of lung cancer due to more 
physical, psychosocial stress, and other occupational risk factors [28].

The queer/questioning (LGBTQ) community, lesbian, gay, bisexual, and 
transgender have reported to have more lung cancer incidence due to 
their smoking habits, which is 68% higher than other sexually aligned 
people [29].

Fig. 1: (a) Incidence in Different Regions Lung Cancer Rates by Sex, Age-Standardized, in Men in 2020. The greatest national rates in 
Men are displayed in descending order of the world (W) age-standardized rate of males. Source: Globocan 2020 [23]. (b) Incidence in 

Different Regions Lung Cancer Rates by Sex, Age-Standardized, in Women in 2020. The greatest national rates in Women are displayed in 
descending order of the world (W) age-standardized rate of females. Source: Globocan 2020 [23].

a b
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RISK FACTORS

The impacts of tobacco, obesity, and infection are the risk factors that 
contribute to cancer development and that, together, influence the 
notable geographical heterogeneity in incidence rates. SCLC is unique 
because it usually does not occur in never-smokers [24].

CIGARETTE SMOKING

Cigarette smoking has been blamed for the onset of the lung cancer 
epidemic in the 20th century [30]. Tobacco smoke contains 4000 
chemicals, including at least 69 known carcinogens and other toxicants 
linked to major diseases, as evidenced by the report, which claims 
that 20 carcinogens derived from tobacco smoke cause lung tumors in 
laboratory animals or humans and are a likely the cause of lung cancer 
induction [31]. Polycyclic aromatic hydrocarbons (PAH) and the tobacco 
specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone 
among the various carcinogenic components contained in tobacco 
smoke, 1-butanone is thought to have a crucial role. Among the various 
carcinogenic components contained in tobacco smoke, -1-butanone 
is thought to have a crucial role. Bidi and hookah in India, khii-yoo in 
Thailand, and water pipes in China have all been related to an increased 
risk of lung cancer. Electronic nicotine administration systems allow 
nicotine to be delivered to the lung epithelium through an electronic 
device, and long-term proof of lung cancer can be collected from such 
a source.

GENETIC RISK FACTORS

Family history and high penetrance genes – Lung cancer induction 
inheritance has been linked to early lung cancer incidence in smokers 
and non-smokers; however, it is unclear how much of this risk is due 
to shared genes among family members and how much is due to 
household environmental conditions. The effect of genetics on lung 
cancer induction in nonsmokers has been investigated. Oncogenic 
driver mutations are genes that have been linked to lung cancer and 
can increase the risk of lung cancer in non-smokers [32].

GENETIC POLYMORPHISMS

All carcinogens activated by Phase I enzymes, such as cytochrome P450s, 
can bind to deoxyribonucleic acid (DNA), forming DNA adducts capable 
of causing mutations and finally commencing carcinogenesis, according 
to reports. The inability to repair DNA damage caused by activated 
carcinogens is a host factor that influences lung cancer incidence [33].

DIET AND ALCOHOL

Diets have reported to be controlling of lung cancer incidence. Healthy 
diets consisting of fruits and vegetables have reported to be protective 
against lung cancer incidence, whereas the formation of nitrosamine 
while preparing fried red meat or high intake of red meat influences the 
incidence of lung cancer. The intake of vitamin a supplements has been 
also been studied as reported which states that beta-carotene intake 
can increase the risk whereas other vitamins help in prevention [34].

EXPOSURE TO SECOND HAND SMOKE

The side-stream smoke or indirect carcinogenic exposure that results 
from the combustion of tobacco is referred to as second hand smoke. 
This has been accused for the numerous deaths occurring each year [30].

CHRONIC INFLAMMATION FROM INFECTIONS AND OTHER 
MEDICAL CONDITIONS

Asthma inflammation has a critical part in lung cancer development. 
Patients with chronic obstructive pulmonary disease have a higher 
risk of lung cancer, regardless of whether or not they smoke. Asthma, 
alpha-1 antitrypsin deficiency, and pulmonary fibrosis have also been 
linked to an increased risk of lung cancer. Lung cancer is also caused by 
pulmonary TB, which produces scarring in the lungs [35].

Air pollution places with the high level of air pollutants have more lung 
cancer patients then places with good air quality. It also accounts to 5% 
of all deaths due to lung cancer which has been induced due to outdoor 
pollution [36].

IONISING RADIATION

Radiation is used to treat lung and chest cancers, but it also raises the 
risk of lung cancer in healthy people. Humans are all exposed to radon 
gas, yet there are significant regional differences. When vast portions 
of the lungs are exposed to high doses of radiation over time during 
radiation therapy, the risk of radiation pneumonitis increases. In war-
torn places, exposure to radiation from atomic bomb explosions is also 
a major cause of lung cancer [37,38].

OCCUPATIONAL EXPOSURE

Lung cancer is caused by occupational exposure to asbestos, silica, 
radon, heavy metals, and polycyclic aromatic hydrocarbons. Other 
carcinogens include nickel compounds, chromium compounds, coal 
products, mustard gas, uranium, arsenic, beryllium, silica, vinyl 
chloride, cadmium, and chloromethyl ethers [39].

OTHER RISK FACTORS

As estrogen and progesterone receptors are found in both normal lung 
and lung cancer cell lines; estradiol has a proliferative effect on cancer 
cell lines [40].

PATHOGENESIS

The lungs are part of the lower respiratory tract, which begins at the 
trace of the bronchi and branch into the bronchi and into the bronchia. At 
the terminal bronchioles, the driving area ends. The bronchioles divide 
in the respiratory zone into alveolar ducts which lead to an alveolar bag 
containing alveoli, which are used for gas exchange [41]. The pleura is a 
thin membrane that lines the inside wall of the chest cavity outside each 
lung. The cavity pleural is formed as a result of this. A little quantity of 
fluid is normally present in the pleural cavity, which aids in the smooth 
movement of the lungs in the chest while breathing [42].

Lung cancer can emerge from differentiated or undifferentiated 
cells in the central (SCLC and SQ cell carcinoma) or peripheral 
(adenocarcinoma) airway compartments [43].

People with a low DNA repair capacity of multiple DNA repair pathways 
are predisposed to lung cancer, according to studies. For distinct types 
of damaged DNA, four DNA repair mechanisms are active. Small lesions 
are repaired using the base excision repair pathway, while big lesions 
are repaired using the nucleotide excision repair pathway. To fix 
replication errors, mismatch repair is utilized. The two mechanisms for 
repairing double-strand DNA breaks are homologous recombination 
and non-homologous end-joining [44].

The etiology of lung cancer is also influenced by a genetic component, 
which pertains to the host’s vulnerability to lung cancer, whether or 
not they have been exposed to carcinogens. [45]. Carriers who smoked 
cigarettes were more than 3 times as likely than non-smokers to get lung 
cancer [45]. There are specific gene mutations linked to the etiology of 
each kind of lung cancer. The K-ras proto-oncogene is responsible for 
10–30% of lung adenocarcinomas, while the EML4-ALK tyrosine kinase 
is responsible for 4% of non-small-cell lung carcinomas [46]. The 
tyrosine kinase of the neuregulin receptors ERBB2 and ERBB1, which 
belong to the transmembrane receptor family, is frequently aberrant in 
NSCLCs but not in SCLCs [47].

The basal bronchial cell, a potential stem cell in the middle compartment 
of conducting bronchial airways, gives rise to ADC. In terminal 
bronchioles, this potential stem cell can differentiate into ciliated or 
mucous cells, which can afterward give birth to central ADC and possibly 
neuroendocrine cells [48]. Pneumocytic markers are frequently seen in 
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lung cancer cells. Because TTF-1 and Napsin A are expressed in around 
85% of lung adenocarcinoma cases, they can be used as adenocarcinoma 
or adenocarcinoma differentiation markers in poorly differentiated 
tumors with limited biopsy material [49]. When SCC becomes large 
enough, it can develop voids in the center region of the lung and along 
the main airways [49]. The fibroblast growth factor receptor 1 (FGFR1) 
gene, which is encoded by the FGFR1 gene and is located on chromosome 
8p11, has emerged as a major oncogene in SCC. FGFR1 is activated in a 
number of malignancies through a variety of methods, including gene 
fusion and mutations, which activate downstream signaling pathways, 
resulting in enhanced cell proliferation and survival [50].

Tobacco-related malignancies are metabolized by two types of enzymes: 
Phase I and Phase II enzymes, which detoxify tobacco. While Phase 
I enzymes (cytochrome P450, monooxygenases) activate carcinoma 
in intermediate processes, Phase II enzymes balance their effects by 
converting the same reactive intermediates (oxygen reactives) into 
inactive, more water-soluble, and hence readily excreted conjugates [51].

MET GENE

In a number of malignancies, including NSCLC, the HGF receptor (MET) 
is a possible therapeutic target [52]. The MET oncogene is a critical 
component of the invasive growth genetic program, a biological process 
that causes cells to separate from one another, scatter, migrate, and 
invade distant places [53]. In a variety of human malignancies, MET 
has also been connected to a high tumor grade and a poor prognosis. 
The discovery and confirmation of activating germ line MET mutations 
in hereditary papillary renal carcinoma provided the first direct 
evidence linking MET to human oncogenesis [54]. The activation of the 
MET pathway in NSCLC is hypothesized to happen through a variety 
of pathways that regulate features that affect cancer cell survival, 
proliferation, and invasiveness [52]. In NSCLC, MET gene amplification 
was analyzed with several assays, including in situ, in-loc fluorescence, 
and real-time polymerase chain reaction fluorescence in situ 
hybridization [7]. MET gene mutations may occur in the extracellular 
domain of semaphorins, in the region of the juxta membrane, and in 
the kinase domain in NSCLC. Mis-sense mutations in the exon 2 Sema 
domain, necessary for MET dimerisation, were reported as germline 
mutations. Missense changes were identified [55].

The MET proto-oncogene was found as a fusion partner with the 
TPR gene’s translocated promoter region in a chemically altered 
osteosarcoma-derived cell line [56]. The MET proto-oncogene is found 
on the long arm of human chromosome 7 band q31 and encodes the 
membrane tyrosine kinase receptor MET (c-MET) [53]. Tyrosine MET 
receptor kinase is enabled by its cognate ligand HGF, and phosphorylation 
of the receptors activates downstream pathways of mitogenous-
activated protein kinase (MAPK), 3-kinase phosphatidylinositol, and 
Cμ phospholipase [57]. The protein is first encoded, then processed 
proteolytically to yield and subunits, which are subsequently disulfide-
bonded together to form the mature receptor [19]. Mammalian HGF 
and scatter factor, as well as their splicing isoforms and a bacterial 
leucine-rich surface protein known as Internalin B, all include MET 
ligands [20]. MET dimerizes and activates the receptor when it interacts 
with its ligand, HGF, which is released by stromal cells [19].

The binding of HGF to MET causes the receptor to catalyze. When the 
receptor is activated by dimerization, the activation loop is unlocked by 
transphosphorylation of Tyr 1234 and Tyr 1235, which are required for 
enzymatic activity [53]. As a result, the signaling pathways RAS/ERK/
MAPK, PI3K/AKT, Wnt/b-catenin, and STAT are all activated. Depending 
on the biological context, these pathways can enhance cell proliferation, 
survival, migration, motility, invasion, angiogenesis, and epithelial-to-
mesenchymal transition [52].

MET GENE COPY NUMBER IN NSCLC

Since it was shown that MET amplification (20%) can cause acquired 
resistance to EGFR TKIs in subsets of EGFR-mutant individuals 

with lung adenocarcinoma that were previously sensitive to these 
treatments, the impact of MET gene copy number on lung cancer has 
sparked interest [58]. In fact, in vitro research suggests that both small 
TKI compounds and MET direct monoclonal antibodies are active in cell 
lines with MET exon 14 mutations, allowing tumor cells to employ MET 
in the PI3K pathway to sustain viability [20,58].

In the presence of activating EGFR mutations, lung tumors can show novo 
resistance (primary resistance) to the treatment of TKI. By activating the 
PI3K-AKT Pathway by MET, HGF binding enhances the EGFR TKI’s ability 
to effectively block the signaling cascade [53]. The JAK/STAT cascade is 
important for enhancing cell motility, migration, and metastasis because 
of the many downstream pathways induced by MET [57].

IMMUNOTHERAPY

Traditional cancer immunotherapy treatment methods include 
bacterial/viral infection to boost the immune response and tumor 
vaccination [4]. The idea of treating neoplastic disease with the immune 
system stretches back to the 18th century. The first to describe the 
relationship between immunological state and cancer were Wilhelm 
Busch and Friedrich Fehleisen. After developing erysipelas, a superficial 
skin infection caused most usually by Streptococcus pyogenes, they 
observed tumors spontaneously regressing [59].

INNATE IMMUNITY

Innate immunity, which involves macrophages and neutrophils, is a 
non-specific initial line of protection [60].

M1 macrophages can be reeducated into M2 macrophages by 
lung cancer cells. Sentinel cells of the innate immune system may 
recognize nonspecific structurally preserved compounds that can be 
distinguished from the host’s molecules using Toll-like receptors on 
their surfaces [61].

IMMUNOSURVEILLANCE

Innate immune cells respond to “danger” signals produced by growing 
tumors as a result of genotoxic stress caused by cell transformation and 
disruption of the microenvironment [62]. Before a particular effector 
CD8+ cytotoxic T lymphocytes can be activated, antigen-presenting 
cells (APCs) must first make contact with the relevant CD4+ T-helper 
cell. T-cell activation necessitates two signals [63] (Fig. 2).

These signals, in the right circumstances, cause inflammation and 
activate antitumor effector cells such macrophages, dendritic cells 
(DCs), natural killer cells (NK cells), mastocytes, and neutrophils. 

Fig. 2:  Immunotherapy for lung tumours includes the use 
of immune checkpoint inhibitors, cancer vaccine treatment, 

adoptive injection of in vitro immune cells, immunotherapy using 
dendritic cells (DCs), &amp; synthesized cytokines [61].
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Under ideal conditions, these signals induce inflammation and activate 
antitumor innate effector cells, which include innate immune cells and 
professional APCs, such as macrophages, DCs, NK cells, mastocytes, 
and neutrophils, which play a role in the first line of defense against 
pathogens and rely on the production and release of cytokines [62]. 
When APCs are activated, DCs engage with CD4+ and CD8 + T cells to 
confirm that the tumor antigen is foreign, signaling the proliferation of 
various T cell subtypes that recognize the tumor antigen [64]. The MHC-
peptide APC molecule must engage with the t-cell specific receptor, and 
the costimulatory molecules B7.1 and B7.2 must be activated. If the 
second signal is not activated, immune tolerance occurs and tumors can 
evade the immune system using a single mechanism [63]. Cytotoxic T 
lymphocyte antigen 4 and programmed cell death 1 are two of the most 
potent T-cell immune control points (PD1). In different places and times 
during the life span of the T cell, they exert their biological effects [65]. 
As a result, they work in tandem to ensure that T cell responses retain 
self-tolerance while also efficiently protecting the body from infections 
and cancer [59].

Cytotoxic medicine can cause immunogenic cell death, resulting in the 
production of molecular signals that encourage APC to take up dying 
cancer cells’ detritus and cross-present tumor antigens to T cells [6].

There have been several adoptional immunotherapies with different 
killer cells including lymphokin-activated killer cells (LAK, until) 
and monoclonal anti-CD3-induced killer cells. A number of adoptive 
immunotherapies have been reported. Today, cytokine-induced killer, 
which can quickly proliferate in vitro, with strong anti-torrenal activity 
and a broader range of targeted tumors than other reported anti-
torrenal cells, has been found to be a newly developed type of cells with 
an anti-torrenal effector [66].

TARGETING LUNG TUMORS WITH PASSIVE IMMUNOTHERAPY

In the treatment of lymphoma (e.g., rituximab) and breast cancer, 
humanized antibodies that target specific tumor-associated antigens are 
now frequently employed (e.g., trastuzumab). Passive immunotherapy, 
on the other hand, has had no effect on lung cancer so far [9].

ICI

One intriguing method in lung cancer immunotherapy is to disable 
immunological regulators to ensure that the immune response to 
tumors is effective. T-cell monoclonal antimicrocardiac antibodies, such 
as ligand, programmed mortality ligand 1 or cytotoxic T-lymphocyte 
antigen (mAbs) 4, are used to do this (PD-L1). The blockage of these 
proteins removes T-cell activation inhibitory signals and produces t-cell 
antitumor response mediation. However, with other tumor types, such 
as prostate cancer, the same method has not always worked [65]. The 
monoclonal antibody apilimumab binds to CTLA-4 and prevents it from 
interacting with its ligand [6]. Antitumor activity is increased when the 
suppression of CD28/B7 T-cell activation is reduced [67] (Fig. 3).

PD-1/PD-L1 INHIBITORS

When T cells are activated due to inflammatory or peripheral tissue 
infection, the programmed cell Death-1 receptor (PD-1) is located 
on cytotoxic T cells and T-regulatory cells. By attaching the ligand 
PD-1 to the receptor, it is inactivated, reducing the immune response 
to stimuli and causing immune suppression [68]. In clinical practice, 
PD-L1 expression is currently assessed on tumor cells since it predicts 
the likelihood of an antibody PD-(L)1 response [69]. Patients who have 
taken CT but whose cancer has progressed despite treatment may 
benefit from antibodies that attach to PD-1 or PD-L1. When the fraction 
of tumor cells that express PD-L1 is high, the anti-PD-1 antibody 
pembrolizumab can be utilized as a first-line treatment for metastatic 
NSCLC; these patients respond better to immunotherapy than CT [70].

ANTI-PD-1 AGENTS

Phase 2/3 development was spurred by nivolumab’s promising safety 
and responsiveness in advanced NSCLC earlier-phase research. In 
patients with advanced pretreated NSCLC SQ, the Phase 3 Check Mate 
017 trial compared the anti-PD-1 drug nivolumab with docetaxel, and 
this study resulted in the FDA’s first NSCLC approval [64,68,70].

ANTI-PD-L1 AGENTS

Atezolizumab, unlike the PD-1 inhibitors listed above, is a newer 
checkpoint inhibitor that targets PD-L1. It blocks the interactions 
between PD-L1 and PD-1, as well as PD-L1 and B7-1, but not 
PD-L2 and PD-1, which could have biological and therapeutic 
consequences [64].

New medicines, on the other hand, are being explored in conjunction 
with anti-PD1/PD-L1 antibodies with the goal of actively stimulating 
the immune response. For example, Utomilumab is a completely human 
IgG2 agonist monoclonal antibody that targets CD137, a costimulatory 
receptor expressed on activated immune cells (effector and regulatory 
T cells, NK cells, and DCs), increasing cytotoxic T-cell and NK-cell 
activity and triggering an anticancer response [6].

ANTIANGIOGENIC AGENTS

When compared with docetaxel monotherapy as a second-line 
treatment after platinum-based combination CT failure, ramucirumab 
in combination with docetaxel has been found to significantly improve 
OS in all NSCLC histologies. The combination of nintedanib and 
docetaxel is beneficial only in the treatment of adenocarcinoma [71].

ANTIGEN-SPECIFIC IMMUNOTHERAPY

Cancer vaccinations that are therapeutic-immunogenic tumor-
associated antigens in the form of peptides, recombinant proteins, 
gangliosides, or whole tumor cells are mixed with an adjuvant to 
increase the immune response to a vaccination. Immunoadjuvants 
might be in the form of phospholipids, aluminum formulations, 
viral vectors, DCs, or liposomes. Vaccination approaches for lung 
cancer have been tested. We examine those in the last stages of 
development [72].

Fig. 3: T cell response is determined by a number of receptor-
ligand interactions. Antigen-specific T cell proliferation and 

activation occur when the TCR binds to the APC MHC II receptor 
presenting antigen. Binding of LAG-3 to the APC MHC, on the 

other hand, might obstruct the process. PD-1 on T cells can also 
inhibit this response by attaching to PD-L1 on APCs, tumour cells, 
or Tregs. Atezolizumab, durvalumab, and avelumab inhibit PD-1, 
whereas atezolizumab, durvalumab, and avelumab inhibit PD-L1, 
causing T cell activation. T cells can also be activated by B7-1 or 

B7-2 binding to CD28.This reaction is blocked when CTLA-4 binds 
to B7-1 or B7-2 instead. CTLA-4 is inhibited by ipilimumab and 

tremelimumab, allowing T cells to be activated. [64].
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ANTIGEN-SPECIFIC VACCINES

An antigen should be expressed consistently, different from normal 
cells and better be tumor-borne and immunogenic in the tumor type of 
interest [63]. Vaccines are pharmaceutical preparations of pathogens’ 
antigen macromolecules, which generate an immediate immune 
response in the body and establish a long-lasting antigen memory, 
generally forming antibodies to the antigen [73]. Despite the fact that 
lung cancer is regarded to be a cancer with a low immunogenicity, 
certain investigations have shown cytotoxic T cells. However, this 
indication of an immune response in lung cancer patients has not 
been linked to a significant improvement in outcome, and it is thought 
that more aggressive and/or targeted immune system stimulation is 
necessary. As a result, a number of vaccinations to treat this malignancy 
have been produced. An adjuvant is frequently included as part of the 
vaccine to optimize the immune response to vaccination [63].

MAGE-A3 VACCINE

MAGE-A3 is a protein produced nearly solely by cancer cells and 
it has been discovered in 35–50% of NSCLCs. Because prior pilot 
trials demonstrated that clinical responses were more common in 
patients with minimal tumor burden, MAGE-A3 is one of the few 
immunotherapies being studied in the adjuvant setting [60].

TG4010 VACCINE

Mucin 1 (MUC1), a full-length cancer antigen, and human IL-2, both encoded 
by a modified vaccinia Ankara strain, are used to make TG4010 (MVA). In 
numerous clinical trials, the administration of TG4010 in combination with 
CT resulted in better clinical outcomes than the usual CT regimen [58].

BLP-25 ANTI-MUC1 VACCINE

MUC1 is a glycoprotein expressed by a variety of epithelial tissues that 
aids cellular attachment through ICAM-1 [21,22]. When produced by 
malignant cells, MUC1 differs structurally from its non-malignant 
counterpart. The exposed peptide core of MUC1, which is expressed by 
cancer cells, is targeted by BLP-25, a liposomal vaccine [74].

GANGLIOSIDE VACCINE

The vaccines PAMAM-GD2 and PAMAM-GD3 (tetramericpolyamidoamine 
scaffold) are highly immunogeneous and elicit the selectively 

interreactive, GD2, and GD3 humor response on the surface of the 
tumor cell. While humoral immunity against gangliosides is a helpful 
biomarker and may be therapy relevant, this is not necessary. Instead, 
vaccine-induced cellular immunity is more important to cancer 
treatment [75].

CIMAVAX-EGF VACCINE

The anticancer effect of CIMAvax-EGF vaccination is achieved by 
targeting the immune system and creating anti-EGF antibodies, 
resulting in a decrease in circulating EGF in serum. As a result, the 
remaining EGF is less likely to bind to the EGFR receptor on cancer 
cells’ surfaces. When EGF is removed, neoplastic cells lose a crucial pro-
proliferation and pro-survival signal [76].

MONOCYTE-DERIVED DCS VACCINE

Ex vivo, MoDCs have been studied extensively in vaccination trials, 
indicating their potential to cross-prime T cells 8–10 and generate 
antitumor cytokines including IL-12. In a subgroup of treated patients, 
this resulted in antitumor activity, suggesting MoDCs’ potential as a 
beneficial vaccine component [77] (Fig. 4).

CARBOHYDRATE VACCINE

Among the many antigens studied, carbohydrate antigens have been 
found to be the most suitable and therapeutically relevant [78]. 
Antibodies against these antigens have been associated with the future 
bacterial invasion resistance. Two to 4 antigens for use in infectious 
disease vaccines have been relatively straightforward to come by: To 
detect them, post-infection (“immune”) sera are employed [79].

P53 CANCER VACCINE

In 90% of SCLC patients, the p53 gene is mutated. Wild-type p53 has 
a short half-life and is only detected in trace amounts in normal cells, 
but mutant p53 has a much longer half-life and is found in much higher 
concentrations in tumor cells. This difference in protein expression 
between normal and malignant cells could be used as a foundation for 
immunotherapy, with the p53 protein being recommended as a possible 
antigenic target for immunotherapeutic methods [80].

NANOPARTICLES FOR VACCINE

Many immunomodulatory drugs, such as recombinant cytokines, can 
be altered by nanoparticle forms of antigens and immunomodulatory 
compounds, which promote multivalent receptor cross-linking, 
alter intracellular processing, promote cytosolic delivery, and 
physically localize synergistic cues within the same intracellular 
compartment [81].

GENETIC VACCINE

For significant Bermuda grass pollen allergen CYND 1, immunization 
was utilized in combination with various adjuvants such as bupivacain, 
bestatin, liposom, or CpG and elicited Th1 responses linked with IgG2a 
responses in mice. It was reported that the vaccine seem to prevent 
IgE induction and suppressed the continued production of IgE in a 
murine model [75].

GENE THERAPY AND GENE TRANSFER VECTORS

Gene therapy is not a unique independent category but rather a 
strategy which uses a direct transmission vector for the expression 
of gene-derivative proteins which modify alternative functional cells. 
Cytokines and costimulatory molecules directly transfer genetically 
into tumor cells from and to ex-vides is an attractive way to increase 
the immune stimulation of non-immunogenic cells. The transference of 
the gene in vivo cytokines may also target normal cells in the tumor 
environment, thus achieving high local cytokine concentrations that 
will prevent systemically administered toxicity [82].

Fig. 4: DC vaccines can be given to patients as immature antigen-loaded 
DCs that develop in vivo when they come into contact with T cells or 

mature DCs matured in culture with CD40 ligand or other compounds 
like lipopolysaccharide (LPS). Under the skin or intravenously 

infused DCs move to regional lymph nodes and interact with tumor-
specific T-cell precursors. CTLs are released into the bloodstream 

and subsequently travel into tissues, where they encounter and kill 
antigen-expressing cells (such as tumour cells) [78].
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FUTURE DIRECTIONS OF LUNG CANCER IMMUNOTHERAPY

The treatment modality for advanced/metastatic lung cancer has 
changed drastically in the past 10 years. Lung cancer patients can get 
first-line therapies that include immunotherapy as a single modality 
or in combination with CT. Cancer immunotherapy has sparked a lot of 
attention due to its promising outcomes in obtaining significant and long-
lasting treatment responses with minimally tolerable effects. Compared 
with CT or radiotherapy, cancer immunotherapy has a number of 
advantages. Immunotherapy is gaining popularity in this area because 
of its favorable benefits, low risk ratio, and long-term effectiveness [83]. 
It also showed a considerable benefit by limiting tumor growth after 
patients’ responses to traditional therapies had ceased. ICIs have ushered 
in a new era in the treatment of advanced NSCLC, despite the fact that 
they have only been utilized for a short time. Clinicians now have a wide 
range of treatment options, including PD-1 inhibitor monotherapy or 
PD-1/PD-L1 inhibitor plus CT, and an increasing proportion of patients 
are seeing long-term improvements [84]. To maximize the benefit of 
immunotherapy, better predictive biomarkers are needed, and more 
research is needed to discover the mechanism of ICI resistance and 
how to overcome it. Identifying predictive indicators that can predict 
the antitumor effect and survival benefit of immunotherapies before 
they are treated is one of the most important future endeavors in 
cancer immunotherapy [85]. Another key strategy in tumor treatment 
is combination therapy. More research is needed to determine the role 
of immunotherapeutic medicines in combination with one another, as 
well as CT, targeted therapy, and other cancer treatment alternatives. 
In conclusion, ICIs have changed the treatment landscape for advanced 
NSCLC, and the future translational and clinical research is expected to 
improve patient outcomes even more.

CONCLUSION

Immunotherapy is a crucial treatment option for NSCLC patients. The 
key to getting the best results is to tailor the treatment to each patient. 
While the goal should be to use “CT-free” protocols in the first line, its 
crucial to recognize which patients are not helped by these treatments. 
In the first line, protocols combining immunotherapy and CT are critical, 
especially for non-smokers. A deeper knowledge of the mechanisms 
that contribute to an effective antitumor response is required to extend 
clinical benefit to the majority of patients and to prevent medication 
resistance. The discovery of new combination tactics will shed light on 
cancer immunotherapy’s next level advances.
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