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Abstract 

Lung cancer is one of the leading causes of cancer related deaths. The malignancy is marked 

by a bleak prognosis and poor clinical result, owing primarily to advanced stage at diagnosis, 

imposing a significant cost on public health worldwide. Lung cancer genomic analysis 

revealed genetic variety and complexity, as well as multiple targetable oncogenic driver 

changes. These molecular profiling efforts have enabled the potential of molecularly tailored 

medicines to be realized. In this review, an insight has been provided on the current 

landscape of targeted therapy for lung cancer treatment, the obstacles associated with this 

approach, and tactics that could be used to overcome those challenges.  
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Chapter 1 

Introduction 

1.1 Background  

Lung cancer (LC) accounts for one of the major causes of cancer-related deaths. A bleak 

prognosis marks the malignancy and poor clinical results, owing mostly to the advanced stage 

at diagnosis, imposing a significant cost on public health globally. Lung cancer is the second 

most frequent cancer, with the highest cancer death rate in both sexes, and its dismal 

prognosis can be partly linked to a lack of early detection measures. Moreover, it is one of the 

most actively investigated malignancies in immune-oncology, with a significant need to 

create screening tools for early signs of lung cancer development and innovative therapeutic 

techniques to target the illness at its earliest stages (Nasim et al., 2019). 

Small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) are the two most 

prevalent histological subtypes of lung cancer (NSCLC). Multiple histologically and 

molecularly distinguishable subtypes exist within NSCLC. Small cell lung cancer (SCLC) is 

the most prevalent form of lung cancer in the United States. Smoking is the leading cause of 

small cell lung cancers (SCLCs), which comprise 15–20% of all primary lung cancers. In 

SCLC, MYC gene amplifications and paraneoplastic diseases are prevalent. Lung 

adenocarcinoma (LUAD), carcinomas of squamous cells (LUSC), giant cell carcinoma 

(GCC), and bronchial carcinoid tumour (BCT) are the four subtypes of NSCLC. LUAD is the 

most prevalent form of non-small cell lung cancer and the most prevalent primary lung 

tumor. Cancer often occurs in females who have never smoked and has a glandular 

histological pattern and activating mutations that affect driver genes such as KRAS, EGFR, 

and BRAF, as well as ALK fusions and other genetic changes. In most cases, patients have 
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never smoked (Saab et al., 2020). Once lung cancer has been identified, a diagnosis and 

staging must be undertaken, and new guidelines are available to aid in this process. Patients 

with lung cancer may opt for surgery, radiation therapy, chemotherapy, or targeted therapy to 

treat their illness. The treatment a patient receives for cancer varies on the illness's subtype 

and stage. A few years ago, several individualized medications were unavailable. There are a 

variety of malignancies, and the cells that comprise each type of cancer are diverse, even 

among individuals with the same type of cancer overall. Because cancer cells might have 

different gene mutations, the exact type of lung cancer a person gets can vary from person to 

person. In addition, scientists have discovered that the environment in which particular 

tumors develop, grow, and thrive is not always the same. This was one of the most important 

observations that they came across during their research. Several malignancies, for instance, 

have proteins or enzymes that, when triggered, deliver specific messages to cancer cells, 

instructing them to proliferate. Due to this knowledge, pharmaceutical companies have 

developed drugs that can "target" specific proteins or enzymes in the body and inhibit them 

from transmitting signals. Targeted therapies have the potential to either block or turn off 

signals that stimulate the formation of cancer cells, or they have the ability to deliver 

messages to cancer cells commanding them to destroy themselves (Nasim et al., 2019). 

A comprehensive understanding of these challenging kinds of cancer biology could lead to 

developing more effective and possibly targeted therapies. This study seeks to provide a 

succinct assessment of the most recent advances in lung cancer biology and its therapeutic 

approaches, as well as a discussion of the most recent developments in targeted therapy, 

including drugs currently undergoing clinical testing, as well as the possibilities of precision 

medicine, with an emphasis on personalized drugs (Hirsch et al., 2017). 
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1.2 Objectives of the Study 

The objectives of the study are- 

● To provide an overview on lung cancer 

● To provide an insight on the existing targeted therapies for lung cancer and their clinical 

outcomes 

● To identify the challenges associated with targeted therapies  

1.3 Rationale of the Study 

Cancer in general is one of the most difficult diseases to cure and when it comes to lung 

cancer the initial detection in the early stage becomes more difficult than the rest which 

creates irreversible health complexity. Studies show that lung cancer is the 11th most common 

cancer and 7th leading cause of cancer related deaths (Lupo & Spector, 2020). Throughout the 

years scientists have discovered a plethora of treatments to cure or at the very least confine its 

effect on the human body which improved the survival rate marginally. The purpose of this 

review is to gather information on the targeted therapies for lung cancer so it can paint a 

better picture on the current developments in lung cancer biology which might help to get to 

more efficacious and perhaps more specific drugs. 
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Chapter 2 

Methodology 

The information in this review paper were collected from the journals such as MDPI, 

PubMed, Frontiers, Nature, Elsevier, ScienceDirect, Cell, etc. The information prioritized 

were mostly from recent years and consisted of research articles, review articles, and reports. 

The keywords used in searching for relevant information pertaining to the topic included  

“Targeted therapy”,  “ Targeted therapy in lung cancer treatment”, “Lung cancer 

classification”, “Immunotherapy for lung cancer”, “Biomarkers for cancer screening”,  “Gene 

editing technique”, “Adoptive cell therapy”, “Lung cancer screening”, “Chemotherapy”, 

“Radiotherapy” “Symptoms of lung cancer”, etc. These articles were then reviewed and those 

with relevant information were included in this review paper. In order to be respectful of the 

work or the original writers, I have used the Mendeley tool for referencing purpose. Duplicate 

articles were also removed manually from the list before the paper was finalized. The aim of 

this review paper is to briefly relay the recent findings on targeted therapy for lung cancer 

treatments. 
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Chapter 3 

Lung Cancer 

3.1 Types of Lung Cancer 

3.1.1 Small-cell Lung Cancer (SCLC) 

Among all cancers, small cell lung cancer (SCLC) is the leading cause of death in men and 

the second most frequent reason for death in women nationwide. It accounts for 

approximately 15% of all cases of lung cancer. Individuals with small cell lung cancer have a 

poor chance of survival, with a 5-year survival probability of fewer than 5% and an average 

overall survival duration of only 2–4 months if they do not receive any active therapy. The 

prognosis for these patients is extremely bleak. The use of tobacco products continues to be 

the leading risk factor for small cell lung cancer, which is also associated with a high 

mutation burden in this illness. The absence of specific symptoms and the rapid growth of the 

tumour make it difficult to detect small cell lung cancer at an early stage. Because of this, the 

screening methods that are currently used are inefficient in diagnosing patients in the early 

stages of the disease. According to the staging criteria established by the veteran affairs lung 

group, SCLC might be either in the limited or widespread stage. Approximately 65–70% of 

newly diagnosed cases will progress to the severe stage. For SCLC, there aren't many 

available treatment alternatives. For patients with tumor lymph node metastasis (TNM) stage 

I disease with no evidence of mediastinal or supraclavicular involvement, surgery in the form 

of lobectomy may be an option. Combining etoposide or irinotecan with platinum is the 

conventional first-line treatment for cancer patients undergoing chemotherapy. In the 

restricted stage, radiotherapy to the thorax and the mediastinum must also be administered 

concurrently or sequentially. If a complete response was accomplished, prophylactic cerebral 
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irradiation (PCI) is recommended to forestall the subsequent development of brain 

metastases. Chemotherapy is the primary treatment used in the extensive stage of the disease 

in the first-line setting. However, the value of thoracic radiation and PCI is debated, and it is 

not a treatment given to all patients. Only about ten months is the median overall survival 

(OS) for patients with extensive stage SCLC treated with standard frontline chemotherapy. 

SCLC is normally responsive to the initial treatment; however, after initial treatment, most 

patients experience recurrent disease, frequently with new sites of metastasis. Unfortunately, 

the FDA has only approved a relatively limited number of medicines for the second-line 

therapy of SCLC. Topotecan is typically considered a standard choice for usage in the second 

line of treatment; nevertheless, it is not always prescribed to patients, partly because of its 

moderate efficacy and considerable hematologic toxicity. The overall survival (OS) rate for 

patients treated with topotecan is only 26 weeks, whereas the overall survival rate for patients 

with the greatest supportive care alone is 14 weeks. Because the efficacy of available 

conventional salvage treatments is only moderate, as determined by progression-free survival 

rates and overall survival, the search for new effective therapeutic approaches has not ceased. 

In phase II clinical trials, single-agent regimens of conventional cytotoxic drugs such as 

paclitaxel, docetaxel, gemcitabine, and vinorelbine have been investigated as potential 

second-line treatments; nevertheless, the outcomes of these studies have been somewhat 

unimpressive. In more recent years, targeted therapy has also been actively studied, with 

mixed outcomes, including several disappointing findings and a few positive ones (Bernhardt 

& Jalal, 2016). Patients often arrived with symptoms that had only been present for a brief 

period, on average, three months. Coughing, wheezing, shortness of breath or post-

obstructive pneumonia are some symptoms that endobronchial tumours may cause. Because 

of the central nature of these tumours, patients with regional extension of the disease may 

have hoarseness in their voices, pain in their chests or throats, difficulty swallowing, or 
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superior vena cava syndrome. Patients with metastatic disease may appear with symptoms 

such as stomach discomfort, pain in the bones, nausea, vomiting, anorexia, weight loss, or 

neurologic impairments in localized areas. Paraneoplastic syndromes can reveal themselves 

in patients at any stage of the disease. The majority of SCLC cells are very responsive to the 

chemotherapy that is administered. When treated with effective chemotherapy, individuals 

with a substantial amount of tumour burden run the risk of developing tumour lysis 

syndrome. Unfortunately, these tumour cells are heterogeneous, and some clones within them 

are resistant to the chemotherapy being administered. This leads to the disease returning and 

eventually leading to death (Kalemkerian & Schneider, 2017). 

3.1.2 Non-small Cell Lung Cancer (NSCLC) 

Adenocarcinoma (ADC): Adenocarcinoma (ADC) is the most common non-small cell lung 

cancer, accounting for 38.5% of all lung cancer cases. ADC is described as a malignant 

epithelial tumor with glandular differentiation that has mucin synthesis detectable by mucin 

stainings, such as mucicarmin, or pneumocyte marker expressions, such as napsin A or 

thyroid transcription factor 1 (TTF1). ADC is generally found in the lung's periphery. 

Lepidic, acinar, papillary, micropapillary, and solid histology patterns can coexist in a single 

ADC tumor alongside lepidic, acinar, papillary, and micropapillary patterns. While the 

lepidic pattern is connected with a positive prognosis, the micropapillary and solid patterns 

are linked to more aggressive behavior. Solid ADC can be mistaken for SqCC or LLC; in 

difficult situations, mucin production and immunochemical (IHC) expression of TTF-1 or 

napsin can aid in the identification of solid ADC (Langfort & Szołkowska, 2012). 

Adenocarcinoma (ADC) is the most prevalent kind of LC, comprising over 40% of all LC. 

Lung ADCs originate from type II alveolar epithelial cells that release mucus and other 

chemicals. 5–10% of LC is composed of undifferentiated large-cell carcinoma. This kind of 
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cancer lacks squamous or glandular maturation and, as a result, is frequently detected by 

eliminating all other possibilities. The discovery of mutant oncogenes, which encode active 

signaling molecules that promote cellular proliferation and tumor growth, has led to the 

development of more effective and less harmful targeted therapies for patients with LC. 

However, similar to conventional chemotherapies, these new targeted medications tend to fail 

due to the development of resistance. Gene alterations and localized amplification modulate 

the sensitivity of malignancies to the induction of cell death; hence, differences in treatment 

sensitivity may depend on the susceptibility of LC cells and lung ADC cells to undergo cell 

death (Langfort & Szołkowska, 2012). 

Recent breakthroughs in understanding the molecular processes controlling tumor 

progression and the related targeted therapy for lung ADCs are discussed. In addition, the 

processes of cell death generated by various treatment strategies and their contribution to 

therapy resistance are examined. Focus is placed on strategies for overcoming drug resistance 

to enhance future treatment decisions. Influencing mutations typically, lung ADCs have a 

heterogeneous mixture of histological development patterns, defined as "mixed type." Recent 

innovations in sequencing technologies have resulted in an improved understanding of tumor 

heterogeneity. They have enabled the further separation of lung ADC into genetic sub sets 

based on a classification based on such driver mutations. These mutations represent the 

genetic alterations necessary for the initiation and progression of tumors. They are frequently 

found in genes that regulate cellular proliferation and survival. Consequently, cancers may 

rely on the production of these single-mutant oncogenes to support tumor growth and 

survival; this concept is known as oncogene addiction. As tumor cells rely on the abnormal 

activity of a specific mutant gene or pathway for survival and proliferation, inactivating these 

genes or pathways is often sufficient to induce growth arrest or cell death. An intriguing 

explanation for the phenomena of oncogenic addiction has been offered. According to this 
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theory, the apoptotic response observed in tumors following the abrupt disruption of an 

oncogene product is caused by the differential degradation of several pro-survival and pro-

apoptotic signals originating from the oncoproteins (Denisenko et al., 2018). 

The disruption of the equilibrium between pro-apoptotic and pro-survival signals may induce 

oncogenic shock, eventually resulting in the death of tumor cells. The first therapeutically 

useful mutation found in lung ADC was a somatic mutation deletion in exon 19 or an L858R 

point mutation in the transmembrane receptor tyrosine kinase (RTK) such as epidermal 

growth factor receptor (EGFR). EGFR mutations close to the ATP (adenosin triphosphate) 

cleft of the tyrosine kinase (TK) domain boost receptor activation and function as 

carcinogenic drivers. Binding with ligands (EGF and TGF) modifies EGFR's shape and 

causes homodimerization or heterodimerization with other HERs. Subsequent auto-

phosphorylation of the cytoplasmic TK domain by adapter proteins (e.g., SHC and GRB-2) 

initiates the following signaling pathways: (1) the rat sarcoma (RAS)/rapidly accelerated 

fibrosarcoma (RAF)/mitogen-activated protein kinase (MAPK) pathway; (2) the 

phosphatidylinositol-3-kinase (PI3K) accelerates mitosis, resulting in cell proliferation and 

apoptosis inhibition. These pathways are crucial for normal cell development. Additionally, 

EGFR stimulates cancer growth (Denisenko et al., 2018). 

Squamous Cell Carcinoma (SqCC): Approximately 20% of all lung malignancies are 

SqCC. SqCC typically manifests centrally, originating in the main or lobar bronchus. The 

World Health Organization (WHO) defines SqCC histologically as a malignant epithelial 

tumor with keratinization and intercellular bridges expressing IHC markers of squamous cell 

differentiation. Although keratinization is the hallmark of SqCC, many SqCC may lack 

keratinization's morphological characteristics. Lung cancer diagnosis and molecular 

classification, poorly differentiated SqCC can have a pseudo glandular appearance, and 
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poorly differentiated adenocarcinomas might have papulosquamous characteristics, 

interpreting tiny biopsies or cytological specimens particularly difficult. In challenging 

situations, IHC assays comprising markers of squamous cell differentiation, such as p40 or 

p63 and cytokeratins 5/6, are useful tools for identifying SqCC. Basaloid squamous cell 

carcinoma is a distinct entity; it is a poorly differentiated malignant tumor without 

morphological features of squamous cell differentiation that can be confused with small-cell 

lung carcinoma; however, it is characteristically positive for immunomarkers of squamous 

cell differentiation, including p40, p63, and cytokeratins 5/6, while TTF-1 is negative 

(Rodriguez-Canales et al., 2016). 

Large-cell lung carcinoma (LLC): LLC represents 2.9% of all lung malignancies. LLC is 

described as an undifferentiated NSCLC carcinoma that lacks signs of squamous cell, 

glandular, or small-cell differentiation in histology or immunohistochemistry. After ruling out 

SqCC, ADC, and SCLC, the diagnosis of LLC needs extensive sampling of a surgically 

removed specimen; consequently, it cannot be done with core needle biopsies or cytology 

samples. Absence of mucin synthesis as indicated by mucin staining with mucicarmine. LLC 

may be immunohistochemically positive for cytokeratins but negative for TTF-1 and p40. 

LLC must be distinguished from large-cell neuroendocrine (typically expressing TTF-1 and 

neuroendocrine markers), a solid pattern of ADC (TTF-1 positive), non-keratinizing SqCC 

(p40 positive), and infrequently adenosquamous carcinoma (exhibiting both ADC and SqCC 

differentiation). As noted, tumors having NSCLC characteristics and a null IHC phenotype 

are designated NSCLC-NOS in small biopsies. 2-3% of all lung cancers are lung large cell 

neuroendocrine carcinomas (L-LCNEC), a rare yet aggressive tumor subtype. This tumor is 

more prevalent in heavy male smokers than in nonsmokers. Common in non-smoking 

females. L-LCNEC develops specifically from neuroendocrine lung cells. Since it is now 

recognized as a neuroendocrine subtype of large cell lung carcinoma, it is often classified as 
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non-small cell lung carcinoma. However, it also belongs to neuroendocrine lung tumors 

(NET). Lung NETs accounts for 20–30% of all NETs and account for around 25% of lung 

malignancies. The World Health Organization (WHO) categorized tumors which were 

mentioned above into four subtypes with increasing biological aggressiveness: typical 

carcinoid (TC), atypical carcinoid (AC), L-LCNEC, and small-cell lung cancer (SCLC). 2015 

WHO classification of lung NETs mostly retained the same terminology but removed 

LLCNECs from the group of LLC and grouped all lung NETs into a single entity, 

abandoning the prior subdivision of tumors into several subgroups. In particular, although L-

LCNEC is conventionally categorized as a subtype of NSCLC, its advanced biochemical, 

clinical, and prognostic characteristics resemble those of SCLC. Due to the scarcity of 

literature data regarding these neoplasms and their unique characteristics, there is a growing 

need for a consensus on the optimal treatment strategy for managing L-LCNEC (Lo Russo et 

al., 2016). 

3.2 Symptoms 

Most lung malignancies do not cause symptoms until after they have spread. However, some 

patients with early lung cancer do. The majority of these symptoms are caused by something 

other than lung cancer. Cancer may be detected earlier if a person goes to the doctor as soon 

as they notice symptoms. At this stage, treatment is more likely to be curative if received 

early. The following are the most prevalent symptoms of lung cancer: 

- Coughing blood or rust-colored sputum (spit or phlegm) 

- Coughing, Chest pain that is typically exacerbated by deep breathing, coughing, or 

laughing 

- Hoarseness, unexplained weight loss, appetite loss, shortness of breath 

- Infections such as bronchitis and pneumonia do not go away or keep recurring. 
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If lung cancer spreads to other parts of the body, in that case, it can cause the following 

symptoms: 

- Changes in the nervous system, (such as headaches, arm or leg weakness or numbness, 

dizziness, balance issues, or seizures) caused by cancer spread to the brain 

- Yellowing of the skin and eyes (jaundice) caused by cancer spread to the liver Lymph 

node swelling (collection of immune system cells) in the neck, above the collarbone 

Some lung tumors can result in syndromes. 

- Horner disease Pancoast tumors are cancers that develop in the upper section of the lungs. 

Small cell lung cancer is less likely to be present in these tumors than in NSCLC. 

Pancoast tumors can impact particular nerves in the eye and part of the face, resulting in 

Horner syndrome: Drooping or weakening of one upper eyelid; a smaller pupil (the black 

spot in the middle of the eye) in the same eye 

- Sweating very little or not at all on the identical side of the face Pancoast cancers 

occasionally also result in excruciating shoulder pain. Syndrome of the superior vena 

cava (SVC) is a major vein that connects the head and arms to the heart. It runs alongside 

the right lung's upper portion and the chest lymph nodes. This location's tumor can press 

on the SVC, causing blood to pool in the veins. Inflammation in the face, neck, arms and 

upper chest might result from this (sometimes with bluish-red skin color). If it affects the 

brain, it can also induce headaches, dizziness, and a shift in awareness. SVC syndrome 

can occur spontaneously or progressively over time; it can become life-threatening in 

some individuals and must be treated immediately. 

- Syndromes of paraneoplastic origin some lung tumors produce hormone-like chemicals 

that reach the bloodstream and cause difficulties in distant tissues and organs. However, 

the disease has not progressed to those locations. These are known as paraneoplastic 

syndromes. These disorders are sometimes the first signs of lung cancer. Because the 
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symptoms impact other organs, a condition other than lung cancer may be blamed. 

Paraneoplastic syndromes can occur with any lung cancer; however, they are more 

commonly related to SCLC. Although, many of these symptoms are caused by conditions 

other than lung cancer. Still, if someone has any of these symptoms, they should seek 

medical help immediately so that the cause may be identified and treated, if necessary 

(Lei and colleagues, 2020; Verma et al., 2020). 

3.3 Biomarkers 

Numerous biomarkers for lung cancer are currently in development, with the majority in their 

earliest stages and few having advanced beyond clinical validation tests. The majority of risk 

prediction and diagnostic biomarkers have been generated using cohorts that are 

histologically agnostic. However, the majority of available specimens represent NSCLCs, 

with adenocarcinomas and squamous cell carcinomas as the most common histologic 

subtypes. Small cell and other less common lung malignancies are less frequently the subjects 

of biomarker discovery or use. Numerous lung cancer biomarkers have been used to guide 

therapy, for example, when genetic alterations driving tumor growth can be targeted by 

available drug therapies (EGFR, ALK, ROS1, HER2, BRAF/ MEK, MET, and RET 

mutations and aberrations) (Saarenheimo et al., 2019). 

The majority of additional clinically validated molecular indicators were constructed for 

patient selection in LCS or lung nodule therapy. These biomarkers measure various 

substances, typically in panels that comprise proteins, autoantibodies, methylation DNA, 

mRNA, miRNA, and single nucleotide polymorphisms, either alone or in conjunction with 

clinical factors. The majority of early biomarkers were derived from blood components taken 

during normal blood samples and stored, with systemic changes produced by lung cancer 

serving as their basis (Silvestri et al., 2018). Two assays based on changed genetic and 
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epigenetic features of noncancerous bronchial epithelial cells in patients with lung cancer 

were developed for use in bronchial epithelial specimens acquired during diagnostic 

bronchoscopy conducted to examine pulmonary nodules (field cancerization effect). Some of 

these tests are now commercially accessible, while others are nearing clinical viability testing 

(Silvestri et al., 2015). 

Diagnostic practices for lung cancer have shifted due to the advent of predictive biomarkers 

for determining which cancers may be amenable to targeted therapy. The role of pathologists 

in the fight against lung cancer is shifting due to this paradigm shift. Multiplex genotyping 

platforms are now being developed and transitioned into clinical use to identify oncogene 

mutations, gene amplifications, and rearrangements. Genome-wide molecular investigations 

have assessed next-generation sequencing (NGS) methods, and the outcomes have been 

encouraging. Additional research into NSCLC is necessary to fully comprehend the functions 

of tumor suppressor genes and epigenetic events in the absence of recognized driver 

mutations and the consequences of intratumor heterogeneity. As NGS only requires a little 

sample of tissue for analysis, it can be used in a clinical environment with great efficiency. 

Accurately preserving tumor cells to identify molecular changes requires pathologists to 

grasp tissue adequacy in terms of number and quality. Recent clinical successes of 

immunotherapy approaches to lung cancer have heightened the need for proper procurement 

and processing of tissue specimens from patients with lung cancer and posed additional 

challenges to the scientific community and pathologists in developing predictive biomarkers 

of response to these therapies (Walcher et al., 2020). 

EGFR or the epidermal growth factor receptor, is an ERBB family tyrosine kinase receptor. 

The EGFR gene is found at location 12 on the short arm of chromosome 7. When an 

extracellular ligand binds to EGFR, it causes homodimerization or heterodimerization of the 
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receptor, which results in phosphorylation of cytoplasmic tyrosine kinase sites and activation 

of various intracellular pathways, including the PI3K/AKT/mammalian target of rapamycin 

(mTOR) and RAS/RAF/mitogen-activated protein kinase (MAPK) pathways (Sholl, 2015). 

EGFR is ubiquitously expressed in 62% of NSCLCs, and it has been linked to a poor 

prognosis. EGFR mutations are found in 10% of patients with lung adenocarcinoma in the 

United States and (30% -50%) in East Asia. These mutations occur within exons 18 to 21, 

which encode for a component of the EGFR kinase domain. Approximately 90% of all EGFR 

mutations are in-frame deletions in exon 19 or missense mutations in exon 21 (41% and 44%, 

respectively) (Chatziandreou et al., 2015). 

Modifying the kinase domain of EGFR activating elicits ligand-independent tyrosine kinase 

activation, resulting in the hyperactivation of downstream antiapoptotic signaling pathways. 

EGFR mutations are more prevalent in adenocarcinomas with lepidic characteristics in never-

smoking females. The high response rates (55–78%) to treatment with EGFR tyrosine kinase 

inhibitors (TKIs), such as gefitinib, erlotinib, and afatinib, in patients with EGFR-mutant 

tumors, and the significantly longer progression-free survival (PFS) of these patients, have 

made EGFR TKIs the standard treatment for patients with these mutations. However, the 

majority of these patients acquire resistance and relapse rapidly due to the emergence of a 

novel mutation (T790 M) in exon 20 of the EGFR kinase domain (50 percent), amplification 

of the MET oncogene (21 percent), or mutations in PI3KCA. The majority of EGFR 

mutations are detected using gene sequencing techniques and true polymerase chain reaction 

(PCR)-based tests. It has been shown that both approaches detect these mutations in formalin-

fixed and paraffin-embedded tissues with great performance and sensitivity. It has been 

attempted to detect EGFR mutations using an IHC-based technique with specific antibodies 

against mutant proteins. However, the sensitivity and variability of these investigations have 

been inconsistent (Fujimoto & Wistuba, 2014). 
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Position 34 on chromosome 7's long arm is linked to the B-RAF proto-oncogene, also known 

as the serine/threonine kinase (BRAF) oncogene. Serine/threonine kinase, a component of the 

RAS/RAF/MEK/ERK signaling cascade, is what it encodes. BRAF phosphorylates MEK and 

stimulates cell growth, multiplication, and survival when oncogenic mutations activate it. 

Malignant melanoma (27%–70%), papillary thyroid cancer, colorectal cancer, and serous 

ovarian cancer have the greatest rates of BRAF mutation (Planchard et al., 2016). 

Compared to melanoma, only half of the BRAF mutations in NSCLC are the V600 E 

variants. BRAF mutations have also been documented in 1% to 3% of NSCLCs.  There have 

also been reports of the non-V600 E mutations in NSCLC. The mutations of EGFR, KRAS, 

and ALK, as well as all BRAF mutations, are mutually exclusive. According to reports, 

adenocarcinoma makes up the majority of BRAF-mutated NSCLC. Unlike patients with 

EGFR mutations or ALK rearrangements, who are typically never smokers, patients with 

BRAF mutations are primarily current or former smokers. Despite this, patients with NSCLC 

and BRAF V600 E mutations have an inferior prognosis and lack of response to platinum-

based treatment than those with wild-type BRAF. BRAF inhibitors have been beneficial for 

these patients, with response rates ranging from 33% to 42%. BRAF inhibitors like 

vemurafenib and dabrafenib exhibit significant and selective action against the V600E-

mutant BRAF kinase. Clinical trials actively evaluate BRAF and MEK inhibitors targeting 

BRAF mutation-positive NSCLC, for example: selumetinib, trametinib and dasatinib among 

others (Hyman et al., 2015). 

EB Biomarkers Growing data suggest that EB, specifically EB condensate (EBC), can be 

used to diagnose malignancy. It is possible that EGFR-resistant clones can be found with the 

use of EBC, which consists of cells and DNA fragments (Seijo et al., 2019). Predictive 

Biomarkers for Lung Cancer Screening in 2019 7 EB volatile fragments are sensitive 
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indicators for lung cancer. Gas chromatography/mass spectrometry, nanosensors, 

colorimetric sensors, and other technologies can all be used to detect and evaluate volatile 

organic molecules. Breath samples from 1404 people were utilized to identify 17 different 

diseases with an 86% accuracy using an artificially intelligent nanoarray sensor. In addition 

to predicting response to therapy and recurrence, some research suggests that this array can 

distinguish benign from malignant pulmonary nodules. Additionally, it may differentiate 

histological type or predict molecular analysis outcomes. And interestingly, it may be able to 

tell the difference between certain cancers (breast, lung, prostate and colorectal) (Walcher et 

al., 2020). 

The growing use of chest computed tomography (CT) images for both LCS and diagnostic 

purposes has resulted in a surge in the detection of pulmonary nodules. Although some of 

these nodules are initially classified as high or low risk of lung cancer based on imaging 

features, many are classified as intermediate risk (Sawada et al., 2017). Subsolid nodules 

carry a greater risk of malignancy than solid nodules, but they often exhibit a more placid 

disposition. As a result, they can be monitored radiologically for the formation of a solid 

component, at which point surgical resection is the chosen treatment option. A biomarker 

capable of distinguishing benign from malignant nodules measuring 8 to 30 mm in diameter 

might be useful for solid, noncalcified nodules. Several lung nodule risk calculators have 

been created to assess the risk of these intermediate-risk nodules, with utility varying 

depending on the cohort. Malignancy risk, as assessed by nodule risk calculators or physician 

estimation, is then utilized to stratify early care methods into very low (10%), intermediate 

(w11%-64%), and high risk (>65%), with cutoffs, varying depending on patient preference 

and contraindications (Gould et al., 2015). 
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Typically, extremely low-risk nodules are treated with close radiologic monitoring. High-risk 

nodules are treated with decisive therapy (surgical resection or stereotactic radiotherapy) 

(Gould et al., 2015).Intermediate-risk nodules necessitate extra assessment, such as additional 

imaging (e.g., PET) or a biopsy (percutaneous or bronchoscopic). Despite its high sensitivity 

(w90%), PET paired with CT has a lower specificity (61%–77%), which is significantly 

lower in regions with a high prevalence of endemic mycoses. Percutaneous nodule biopsies 

offer a good diagnostic yield but are associated with a risk of complications, including 

pneumothorax, especially in this patient group, who may have tobacco-related emphysema. 

Despite having a decreased risk of pneumothorax, bronchoscopy biopsy is conducted on a 

subset of patients based on the nodule's characteristics. It has varying diagnostic results, even 

when performed by highly trained treatment specialists. These intermediate-risk nodules 

would benefit the most from additional risk classification using a pulmonary nodule 

biomarker (Katki et al., 2016; Gould et al., 2013). 

A nodule management biomarker's clinical utility requires two objectives. First, lung cancers 

are diagnosed earlier without significantly increasing procedures performed on benign 

nodules. Second, fewer procedures are performed on benign nodules without a clinically 

significant delay in diagnosing lung cancer in those with malignant pulmonary nodules. Even 

if these conditions are met, a lung nodule biomarker may be of limited clinical usefulness. If 

a lung nodule biomarker properly identifies a patient's tumor as malignant, the patient may 

have unnecessary surgery or other intervention to treat a cancer that would otherwise stay 

indolent (i.e., never cause the patient's death). A false negative biomarker result on a very 

small, early lung cancer followed by close radiologic surveillance, on the other hand, may 

result in a delay in diagnosis that is not related with an increase in mortality. Therefore, it is 

critical that these biomarkers are applied to the desired group and that clinical utility trials are 

planned keeping these specific objectives in mind (Mazzone et al., 2017). 
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3.4 Available Treatment Options for Lung Cancer 

3.4.1 Chemotherapy 

Chemotherapy is a cytotoxic therapy that interferes with fundamental cellular functions like 

maintenance, proliferation, metastasis, angiogenesis, and apoptosis in all cells, not only those 

with oncogenic drivers (Sawant et al., n.d.). It is effective because cancer cells are more 

dependent on these activities than healthy cells. They may also have a diminished capacity to 

survive cytotoxic stress compared to normal cells. In reality, all chemotherapies are targeted 

agents; yet, we lack a comprehensive understanding of their targets in normal and cancerous 

cells (Thomas et al., 2013). 

Recent studies have revealed that specific chemotherapies routinely used to treat lung 

malignancies, such as paclitaxel, cisplatin, and gemcitabine, can enhance the immune 

system's response to cancer. Paclitaxel plus cisplatin made tumor cells more susceptible to 

destruction by tumor-specific cytotoxic T lymphocytes in mice (Hellmann et al., 2014). 

Gemcitabine can boost T cell responses to malignancies by preferentially diminishing 

immunosuppressive cells in the tumor microenvironment (such as myeloid-derived 

suppressor cells and regulatory T cells) and augmenting effector T cells, according to another 

research. Two clinical studies have assessed the efficacy of combining cytotoxic 

chemotherapy with T-cell checkpoint inhibitors in lung cancer patients. 204 patients with 

advanced lung malignancies were randomly given carboplatin and paclitaxel with or without 

ipilimumab. Ipilimumab was administered either simultaneously with chemotherapy or 

progressively, beginning after two cycles of chemotherapy. Median progression-free survival 

was significantly longer in the phased group compared with chemotherapy alone (5.6 vs. 4.6 

months, HR (Hazard ratio) = 0.72, p= 0.05); although, progression-free survival was 

numerically longer in the contemporaneous treatment arm (5.5 vs. 4.6 months, HR= 0.81, p= 



20 
  

0.13). In a second research, platinum-based chemotherapies were coupled with nivolumab 

(anti-PD-1). The overall response rate was between 30% and 40%, which was not 

significantly higher than the response rates observed in previous studies of the first 

treatment—awaiting long-term follow-up data to see whether the inclusion of nivolumab 

increases the duration of response or survival relative to chemotherapy by itself (Kris et al., 

2019). 

In recent years, metronomic chemotherapy has drawn significant interest. In Japanese 

patients with sensitive recurrent SCLC, a metronomic chemotherapy regimen of cisplatin, 

etoposide, and irinotecan was compared to single-agent topotecan (Goto et al., 2016). A total 

of 180 participants were randomly assigned to either a metronomic or a control group. 

Patients receiving the three-drug metronomic regimen had a considerably longer OS than 

those receiving topotecan alone (18.2 vs. 12.5 months, HR = 0.67, P = 0.0079). This result 

marks a significant advancement in the second-line treatment for SCLC. However, it is 

impossible to disregard the toxicity of the three-drug metronomic regimen. It has to be 

determined and examined in additional patient groups whether metronomic chemotherapy 

could be a future second-line therapeutic option (Yang et al., 2019). 

Compared to non-targeted areas, localized chemotherapy can deliver anticancer medicines to 

afflicted tumor tissues in higher concentrations. Numerous forms of cancer, including 

colorectal and ovarian tumors, have been shown to respond favorably to chemotherapy when 

administered locally (Liyanage et al., 2019). The administration of inhaled medications 

enables the direct delivery of pharmaceuticals to the lungs via nasal or oral inhalation. The 

effectiveness of inhalation chemotherapy for lung cancer has been established. Compared to 

parenteral administration, inhalation can affect the biodistribution of medicines and increase 

their very high fraction accumulation in the lungs. Additionally, lung cancers that have 
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spread to the lungs benefit greatly from inhaled chemotherapy because the lungs are distant 

from the body's main blood vessels yet still get their supply of oxygenated blood through 

these channels. While inhalational chemotherapy has significant pharmacokinetic advantages 

over systemic delivery and oral, drug deposition in the local tumor remains a daunting 

challenge. The clinical effectiveness of inhalation chemotherapy is dependent on a variety of 

variables, including patient condition, disease stage, tumor size, drug penetration into the 

tumor, local side effects, and the physicochemical features of the medicines (Mangal et al., 

2017). 

The manufacturing of nanocarrier-based medication delivery devices has increased 

dramatically over the past decade. Researchers created highly stable, sustainable, and 

efficient nanocarrier systems for very sensitive and selective imaging as well as better 

therapeutic applications (Ahmad et al., 2015). Furthermore, nanocarriers have the potential 

for surface functionalization with targeting ligands, allowing them to efficiently deliver their 

loaded therapeutic material to malignancies. This translates to more selective drug 

accumulation, resulting in improved chemotherapeutic effects and fewer negative off-target 

side effects (Senapati et al., 2018). Similarly, nanocarriers can be constructed to release their 

laden contents in a regulated manner, preserving the therapeutic amount of pharmaceuticals 

at the target areas for a longer period of time. As a result, the clinical effectiveness of 

medications at low doses increases, as does patient satisfaction (Patra et al., 2018). 

There are various concerns with nanocarriers used to treat lung cancer, including biological 

obstacles caused by the physiology and anatomy of the lungs and incorrect physicochemical 

qualities of the particles. In clinical practice, drug delivery methods based on nanocarriers 

present significant challenges, such as increased circulatory clearance, immunological 

response, and reduced targeting effectiveness (Ahmad et al., 2015). To achieve the most 
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effective drug delivery, a thorough understanding of the biological function of nanocarriers is 

required. Like many other malignant tissues, the inadequate lymphatic flow and development 

of delicate blood vasculature in the lungs promote the enhanced permeation and retention 

(EPR) effect, boosting nanocarrier entrance into tumors. On the other hand, NPS (nanopulse 

stimulation) smaller than 50 nm are less likely to persist in tumor tissue for an extended 

period. Active targeting entails altering the surface of the nanocarrier with specific ligands to 

promote contact with overexpressed receptors on tumor cells. Different ways are employed to 

optimize the size of nanocarriers, but the ultimate result is a skewed explosion of 

encapsulated medicines. As a result, sustaining the size up to 200 nm in the production 

process is difficult. Surface charge is critical in determining nanocarrier destiny in vivo; the 

nanocomposites' zeta potential mostly determines particle contact and aggregation. Even so, 

it causes hemolysis and presents the issue of safe delivery (Lee et al., 2015). 

3.4.2 Radiation Therapy 

The treatment of lung cancer is typically multimodal involving; surgery, radiotherapy, 

systemic therapies (chemotherapy, immunotherapy, and targeted medicines), interventional 

radiology, and palliative care. Radiotherapy is the only treatment modality with indications in 

all disease stages and across all patient performance status categories (Delaney & Barton, 

2015). Modeling demonstrates that 77% of lung cancer patients have an evidence-based 

rationale for radiotherapy at some stage during their cancer journey. Nonetheless, radiation is 

underutilized in many regions of the world. At the population level, optimal radiation 

utilization might result in a 5-year local control increase of 8.3% and a 4% survival gain. 

Recent advancements in radiotherapy have improved lung cancer treatment outcomes (Vinod, 

2015). 
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Radiotherapy technology is continually advancing, resulting in more precise, faster, and less 

harmful treatments. Imaging is a crucial aspect of the precision of radiotherapy delivery. 

Using four-dimensional computed tomography (4DCT) is now commonplace for 

radiotherapy planning. It permits the assessment of patient-specific tumor movement, which 

can be included in radiotherapy planning to ensure that the required dose is provided to the 

tumor regardless of its position. The usual configuration of cone beam computed tomography 

on linear accelerators also permits tumor position verification before treatment. The 

introduction of these imaging technologies, coupled with enhanced patient immobilization 

techniques, has facilitated the delivery of stereotactic ablative body radiation (SABR) (Shafiq 

et al., 2016). SABR is the delivery of substantial ablative doses of radiation with geometric 

precision and accuracy in fewer fractions. For traditional radiotherapy, enhanced imaging has 

reduced the hitherto broad margins given to account for tumor movements and uncertainty, 

hence reducing the accidental dose to adjacent normal tissues and, consequently, radiotherapy 

toxicity. Intensity-modulated radiation (IMRT), in which numerous beams of non-uniform 

intensity are focused on the tumor, also permits increased conformity of treatment and 

decreased doses to normal tissue. Respiratory gating is an alternate approach to account for 

tumor migration in which the radiation beam is only activated when the tumor is in a 

specified place. It may be effective for tumors with significant respiratory excursion, such as 

those in the lower lobes. In order to achieve gating, breath-hold techniques can be utilized. In 

this technique, the patient temporarily stops breathing at a predetermined point in the 

respiratory cycle, and therapy is only delivered while the patient is in the breath-hold 

position. However, this can be difficult for those suffering from underlying pulmonary 

illness. In addition to detecting tumor mobility, gating can be achieved by activating 

treatment only when the tumor is in a predetermined position. Typically, this requires the 

installation of fiducial markers or specialized tracking technology. These technologies have 
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increased the effectiveness of current radiation across all lung cancer stages (Vinod & Hau, 

2020). 

Patients with stage I–IIA NSCLC who are either unable to undergo surgery or refuse surgery 

are now routinely offered SABR as the primary treatment option. This method is superior to 

conventional radiation in two randomized clinical trials (Nyman et al., 2016). Most patients 

in both studies were older than the median age of 70 years for patients with NSCLC and had 

comorbidities. The SPACE trial demonstrated a reduction in toxicity and an improvement in 

health-related quality of life, with comparable survival rates between groups. The CHISEL 

trial was the first to demonstrate better overall survival (OS) in patients treated with SABR 

(2-year OS: 77% vs. 59%, P = 0.027), with comparable adverse effects and quality of life. 

The differences in survival outcomes between trials may be attributable to the lower rate of 

pathological confirmation, positron emission tomography (PET) staging, and 4DCT in the 

SPACE trial, as well as the different radiotherapy doses selected for the conventional arms. 

SABR has revolutionized the radiation treatment of stage I-IIA NSCLC since the schedule is 

significantly more accommodating, particularly for elderly patients with comorbidities. 

According to a Dutch population-based analysis, the introduction of SABR was associated 

with a 16% rise in radiation use, a comparable drop in the number of untreated elderly 

patients, and an improvement in mortality (Boldrini et al., 2019). 

Moreover, in patients with operable disease, a pooled analysis of two randomized controlled 

trials, STARS (NCT00840749) and ROSEL (NCT00687986), suggests that SABR may be an 

option given the surgical mortality rate of 4% and the grade 3–4 post-operative complication 

rate of 44%. However, additional research is necessary before this becomes the standard of 

care. For centrally positioned tumors, toxicity, including treatment-related death (3.7–8.5%), 

is higher than for peripherally located tumors; however, a comprehensive evaluation of 563 
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tumors in 315 individuals revealed a treatment-related mortality rate of 2.7% (Bezjak et al., 

2019). The Radiation Therapy Oncology Group (RTOG) 0813 dose escalation trial 

demonstrated that with a five-fraction regimen, it is possible to give 12 Gray (Gy) per 

fraction with a dose-limiting toxicity rate of 7.2% and outcomes equivalent to peripheral 

tumors. Conventionally, fractionated radiation is still the primary potential treatment for 

inoperable patients who are not candidates for stereotactic body radiation therapy (SABR) 

due to the position of the tumor or the existence of lymph node metastases. Normal dosing is 

60 Gy in 30 fractions, but hypo-fractionated regimens (e.g., 55 Gy in 20 fractions) may be an 

acceptable alternative, particularly for patients receiving radiation alone (Senthi et al., 2013). 

Over the past two decades, radiotherapy technology has grown significantly, resulting in 

increased treatment eligibility, decreased toxicity, and improved survival results. The MRI-

linac is a promising new technology that allows for the viewing of tumors during treatment, 

allowing for the real-time customization of treatment in response to changes in tumor or 

normal tissue. In SABR, adaptive MRI-based radiation for peripheral and ultra-central tumors 

has been evaluated. It improves the therapeutic ratio for central tumors by ensuring adequate 

radiation dose coverage of the tumor while adhering to dose restrictions for adjacent 

mediastinal tissues. It may lessen the severe toxicity observed with SABR when conventional 

linear accelerators are used to treat central tumors (Finazzi et al., 2020). 

3.4.3 Targeted Therapy 

Several definitions have been developed for the treatment known as targeted therapy. Sledge 

provided the following synopsis of targeted therapy: A targeted therapy should address a 

biologically significant process (typically, though not necessarily a single molecule), 

preferably one central to a characteristic of malignancy. During its time, 5-fluorouracil (5-

FU) was considered a targeted therapy. Heidelberger et al. referred to 5-FU as a targeted 
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therapy since this medication disrupts metabolic pathways that are unique to a tumor. The 

definition of "targeted therapy" has changed throughout time and even within different 

sections of the same resource. In the lexicon published by the National Cancer Institute (NCI) 

in 2012, targeted therapy was defined as "a treatment that uses medications to attack specific 

cancer cells." However, the definition published in 2019 includes similar but additional 

explanations: few variations help the immune system to kill cancer cells and other variations 

assist the immune system in killing cancer cells, however the majority of targeted drugs are 

either small-molecule drugs or monoclonal antibodies (Frigerio et al., 2019). 

A medicine like 5-FU has a molecular weight of 131, whereas gemcitabine weighs 266, 

methotrexate weighs 454, doxorubicin weighs 543, and imatinib has a weight of 494. It is 

essential to recognize that the term "small molecule" is incredibly vague. The National 

Cancer Institute provides the following synopsis of the key distinctions between targeted 

therapies and conventional chemotherapy in its definition of the terms: Targeted therapies act 

on specific molecular targets, are designed to interact with their target, and often block 

proliferation; standard conventional chemotherapy is designed to kill rapidly dividing tumour 

cells, may also affect dividing normal cells, and is cytotoxic. On the other hand, targeted 

therapies act on specific molecular targets designed to interact with their target and often 

block proliferation (kill tumour cells). In practice, these distinctions are not as clear-cut as 

they may seem, given that it is now common knowledge that most TKI-based targeted 

therapies can affect normal cells, which can result in toxicity that is often fatal (Peters, 2019). 

The general mechanism of tyrosine kinases receptor is that it must be activated by a particular 

ligand, which binds to the RTK on the exterior of the cell membrane. This usually results in 

autophosphorylation of the intracellular TK domain, which initiates a cascade of activation of 

RTKs, which can range from one to multiple TKs and frequently involve parallel pathways. 
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In the end, this results in activating an effector, which is typically a transcription factor. This 

eventually causes TKIs to be classified as DNA-targeted medicines. When one of the RTKs 

is triggered in a tumour cell, this frequently results in the tumour cell developing an 

"addiction" to the activated route (Van Der Steen et al., 2019). As a result of this addiction, 

the tumour cells become desirable targets for RTK-targeted medicines, such as erlotinib and 

gefitinib for amplified or mutated (activation mutations) EGFR-TK and crizotinib for 

amplified or mutated c-MET receptors. Patients with NSCLC activating mutations in the 

EGFR gene (such as the in-frame deletion in exon 19, delE746-A750 and the missense point 

mutation L858R) respond well to treatment with first and second generation EGFR-targeted 

drugs. However, these patients must not have mutations in intracellular pathways such as 

KRAS, PTEN, or AKT. Nearly all patients diagnosed with NSCLC will acquire resistance to 

erlotinib or gefitinib treatment within one year. This is typically the result of a mutation in the 

active kinase domain known as the T790M mutation. Several specific inhibitors were 

developed based on the three-dimensional structure of the mutated TK domain (Avan et al., 

2013). These inhibitors include the third-generation agents. rociletinib and osimertinib. 

Osimertinib was initially registered for second-line therapy of patients with the T790M 

mutation, but it is now indicated for first-line treatment. Osimertinib is an example of a new, 

genuinely targeted TKI because of its particular activity against the mutant RTK domain, 

which makes it a promising choice for cancer treatment (Péron et al., 2019). 

However, treatment with third-generation TKIs still leads to resistance, either in the kinase 

target itself, which is typically a C797 mutation or by activating other pathways such as the 

NF-kB pathway or c-MET. Inhibitors that are targeted specifically at C797 are currently 

under development. Because c-MET amplification is present, one can combine erlotinib or 

osimertinib with the c-MET inhibitor crizotinib. Crizotinib and the analogues produced from 

these are the other illustrations of the successful creation of a truly targeted TKI. Crizotinib 
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works by inhibiting the c-MET receptor, and a protein is turned on when hepatocyte growth 

factor is present. This increases cell proliferation, transformation, migration, and 

tubulogenesis. Because of this, the c-MET receptor is an appealing target, particularly in 

cancers with an amplified or mutant c-MET receptor. An overexpression of c-MET was 

discovered in a few cases of pancreatic ductal adenoma cancer. Orthotopic patient-derived 

xenografts were responsive to crizotinib, and the combination of crizotinib and gemcitabine 

was synergistic (Péron et al., 2019). It increases the amount of the active gemcitabine 

metabolite dFdCTP and the amount of crizotinib accumulated in the tumour. This is a great 

illustration of how a TKI and the traditional chemotherapy medication gemcitabine can work 

together to produce a synergistic effect on cancer treatment (Giovannetti et al., 2017). 

3.4.4 Surgery 

In 1933, Graham performed the very first effective one-stage pneumonectomy for bronchial 

carcinoma, which marked the beginning of surgical treatment for lung cancer. 

Pneumonectomy became the usual treatment for lung cancer throughout the next two 

decades. Since Ochsner's findings, regional lymph nodes throughout the bronchial tree have 

been known to be easily implicated by lung cancer. Koletsky's 100 autopsies revealed the 

features of lung cancer cells (Goldstraw et al., 2015). On the basis of these findings, the 

authors defined pneumonectomy with hilar and mediastinal lymph node dissection as radical 

pneumonectomy and pneumonectomy without lymph node dissection as simple 

pneumonectomy. A 1960 publication also defined radical lobectomy as a technique in which 

lobe units are removed along with their regional hilar and mediastinal lymphatics. This 

seminal paper unquestionably marked a watershed moment in the history of lung cancer 

surgery. Radical lobectomy has been the standard operation for more than half a century 

despite the lack of convincing evidence for lobectomy's superiority over pneumonectomy. 
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Meanwhile, in 1973, lung cancer surgery adopted the segmental excision of a smaller portion 

of the lobe that was established for benign lung illnesses (Cancer, 2015). 

Wedge resection, segmentectomy, lobectomy, and pneumonectomy are all types of surgery 

that can be performed to treat lung cancer. Both wedge resection and segmentectomy can be 

performed with minimally invasive methods, such as video-assisted thoracoscopic surgery 

(VATS) or robotic-assisted thoracoscopic surgery (RATS). The instrument is held by the 

surgeon during VATS, whereas with RATS, the instrument is held by the robot. This is the 

primary distinction between the two surgical techniques. Both of these approaches are 

considered less invasive, and patients who undergo them experience fewer adverse effects 

due to the surgical procedure. From the research of many years surgery has shown the highest 

promise for curing early-stage lung cancer and is the treatment of choice (Hoy et al., 2019). 

Wide-wedge resection is characterized as non-anatomically minor lung parenchymal 

excision. This operation is performed without confirming the bronchial and pulmonary 

vascular architecture, and the effectiveness of lung cancer treatment largely depends on the 

tumor's surgical margin and histological grade. Along the bronchovascular bundle and 

lymphatics, cancer cells spread towards the hilum of the lung lobe. Even when a tumor 

appears to be local and minor, lymph node involvement is frequently present (Yoshida et al., 

2015). In approximately 20% of patients, solid nodules devoid of ground-glass opacity 

(GGO) are known to be associated with lymph node metastases or lymphatic penetration to 

more central locations via lymphatics. Despite wedge resection for these tumors, it is likely 

that local recurrence will occur. In retrospective studies, researchers have reported on the 

efficacy of wedge resection for peripheral small lung carcinoma. However, wedge resection 

for small lung cancer should only be performed on patients with cardiopulmonary 

impairment. Even after R0 resection, the late recurrence occurred following wedge resection 
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of pulmonary ground-glass nodules. According to these findings, wedge resection is 

insufficient for healthy patients with lung cancer, even if the tumors are minor and peripheral 

(Speicher et al., 2015). 

In most cases, patients with stage I to stage II (and even stage III) non-small cell lung cancer 

are eligible for surgical treatment options for lung cancer; individuals with stage SCLC very 

seldom qualify. The role of surgical intervention in non-small cell lung cancer (NSCLC) N2 

disease, defined as metastases in ipsilateral mediastinal or subcarinal nodes, is still debatable. 

The risks of complications following surgery for lung cancer are comparable to those 

following other types of thoracic operations. To facilitate a deeper level of comprehension, 

these difficulties can be broken down into two broad categories: thoracic and nonthoracic. 

Atelectasis, pulmonary edema, pneumonia, and respiratory failure are some of the most 

common issues in the chest. It's vital to remember that nursing care, which includes 

movement and careful airway clearance, can have a big impact on all of these potential issues 

(Howington et al., 2013). 

Injury to the phrenic nerve and postpneumonectomy syndrome are two additional thoracic 

complications following lung cancer surgery. An early complication that can arise after 

thoracotomy is an injury to the phrenic nerve, which can be brought on by the use of cold 

packs or by direct mechanical stress. This damage can make it more difficult to wean patients 

off mechanical ventilation and contribute to decreased coughing and secretion clearance. This 

can make transitioning patients off artificial ventilation more complex. Postpneumonectomy 

syndrome is a late postsurgical complication resulting from a mediastinal shift toward the 

side of the damaged lung following surgical resection. This shift occurs as a result of the 

resection of the lung. After lung resection surgery, a high index of suspicion for post 

pneumonectomy syndrome should be kept throughout the recovery process. Damage to the 
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vocal cords and cardiac herniation are two examples of nonthoracic issues that are distinct 

from the venous thromboembolism and pulmonary embolism. (Hoy et al., 2019). 

It is anticipated that the robotic surgical system would mitigate the disadvantages of 

traditional endoscopic surgery. Surgical techniques for thoracic disorders have developed 

from thoracotomy to endoscopic surgery, such as video-assisted thoracoscopic surgery 

(VATS) and, more recently, robotic-assisted thoracoscopic surgery due to technology 

improvements (RATS). In 2009, the da Vinci® robotic surgical system (Intuitive Surgical, 

Sunnyvale, California, United States) was introduced globally, but mostly in the United 

States. Subsequently, permission was granted based on the Pharmaceutical Affairs Law in 

Japan, and it is primarily employed in university hospitals (Brooks, 2015). In 2012, Japan's 

national health insurance began to cover robot-assisted complete prostatectomy procedures. 

Since 2018, the national health insurance has covered RATS for malignant lung tumors, 

benign mediastinal tumors, and malignant mediastinal tumors; thus, the number of domestic 

robotic surgical procedures has increased. In addition to being minimally invasive, the da 

Vinci® surgical system has additional benefits, such as allowing surgeons to use instinctive 

maneuvers, providing wide visibility through high-quality three-dimensional (3D) images, 

and allowing complex operations to be performed using delicate instruments. The da Vinci® 

surgical system gives surgeons better tool dexterity and a higher range of motion than VATS, 

which uses long, straight instruments. Several studies have utilized stereoscopic endoscopic 

video to obtain higher-quality images than monocular video. Even though traditional VATS 

refers to a two-dimensional (2D) image on display, thoracic surgeons derive three-

dimensional (3D) structures from their experience. In the da Vinci® surgical system, a 3D 

high-vision camera can capture clear 3D image data. Under a 3D-visual field, operational 

movements become clearer and easier, the surgical learning curve is shortened, and 

straightforward surgeries may be accomplished reasonably quickly (Moore et al., 2015). 
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Chapter 4 

Targeted Therapies for Lung Cancer 

4.1 Targeted Therapy by Small Molecules 

Epidermal growth factor receptor: 

EGFR belongs to the family of receptor tyrosine kinases, which also contains ERBB3/HER3, 

ERBB2/HER2, and HER4/ERBB4. Activation of effector transcription factors, including 

MAPK-RAS, STAT, and AKT-PI3K, is caused by the binding of ligands to EGFR, which 

includes EGF (Roskoski, 2014). The discovery that EGFR is overexpressed in some lung 

malignancies stimulated interest in molecularly targeting the protein. Gefitinib, a small-

molecule inhibitor of the EGFR, was studied in drug testing; nevertheless, the results 

suggested that it had only a moderate effect on patients with advanced NSCLC. However, 

this led to the expedited approval of gefitinib by the FDA for those who had advanced 

NSCLC and had previously been treated with standard chemotherapy but not been successful. 

Patients who had been unsuccessfully treated with chemotherapeutic drugs. Nonetheless, 

detailed analysis of these studies found that certain individuals with genetic mutations in the 

EGFR gene respond better to EGFR inhibitors. This was only a small percentage of patients, 

though (Paz-Ares et al., 2017). 

This promoted the adoption of biomarker-driven targeted therapies for lung cancer. In 

addition, it justifies directing efforts toward identifying the larger genetic landscape of lung 

tumors to identify more lung cancer therapeutic targets (Mok et al., 2017). EGFR gene 

mutations are found in 10–15 percent of lung cancer patients, the majority of whom are 

young people who have never smoked. The breakthrough IPASS (Iressa Pan-Asia Trial) 
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study that was conducted in East Asia offered significant support for the adoption of gefitinib 

as the first-line treatment for EGFR mutant lung adenocarcinomas. This study found that 

individuals with treatment-naive NSCLC who had activating EGFR mutations had 

significantly longer PFC or progression-free survival when they were treated with gefitinib 

rather to paclitaxel/carboplatin (Collisson et al., 2014). 

As a consequence of this, the EGFR mutational status was discovered to be a predictive 

biomarker for response to EGFR inhibitors like gefitinib during the IPASS study. The first-

generation EGFR inhibitors were unable to elicit a response that was long-lasting, despite the 

fact that they were more effective than conventional cytotoxic treatment. Over fifty percent of 

patients who had relapsed were found to have the EGFR gatekeeper mutant T790M, which 

was found to be the cause of EGFR antagonist therapy resistance. In order to inhibit EGFR 

signaling in a manner that is more efficient, second-generation EGFR inhibitors that are more 

powerful and irreversible, like afatinib. During the LUX-Lung 3 and 6 studies, the 

administration of afatinib was found to improve patient mortality for patients who had the 

EGFR del 19 mutation, however this was not the case for those who had the EGFR L858R 

mutation. Accordingly, despite the fact that both the EGFR exon 19 deletion and the EGFR 

L858R mutations are EGFR activating mutations, differences in their ability to activate 

signaling pathway may lead to different responses to targeted therapy. This is something that 

has been recommended by these and other studies. When treating EGFR-mutation-positive, 

the LUX-Lung7 research found no significant differences in prognostic factors between 

afatinib and gefitinib (Sullivan & Planchard, 2016). 

In contrast, the second-generation EGFR inhibitor, dacomitinib indicated better response than 

gefitinib in progression-free survival (14.7 vs. 9.2) but not in overall response rate (75% vs. 

72%) in treatment-naive patients with advanced NSCLC who had EGFR-activating 
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mutations. The trial was called ARCHER 1050. The fundamental impetus behind the 

development of these drugs was the finding, through preclinical research, that second-

generation EGFR inhibitors are effective against T790M mutant protein. However, the 

therapeutic applicability of these inhibitors is restricted because of the toxicity that is caused 

by the irreversible suppression of wild-type EGFR. In order to solve these problems, the 

EGFR inhibitor osimertinib, which is a wild-type sparing, irrevocable, third-generation drug, 

was developed. Osimertinib showed significant performance in phase I (ORR 61%) and 

phase II (ORR 66%) of the AURA study in EGFR mutant NSCLC patients, leading to rapid 

Food and drug administration approval for the treatment of EGFR T790M-positive patients 

who had progressed on EGFR-TKI therapy (Greig, 2016; Paz-Ares et al., 2017). 

ALK: 

In 2007, it was shown that oncogenic drivers in non-small cell lung cancer include ALK 

translocations, which encode fusion proteins of the ALK kinase domain with 5' partners such 

as NPM, EML4, and TFG. The ALK protein becomes overactive as a result of the formation 

of these fusion proteins. ALK fusions are expressed in roughly 3–7 percent of NSCLC 

patients. The vast majority of patients who have this type of fusion are young and have never 

smoked. The medicine crizotinib, which had first been developed to target c-MET but was 

later revealed also to target ALK, was reprocessed and attempted in medical studies to seek 

treatment with ALK-positive lung cancer shortly after the discovery of the EML4-ALK 

fusions (Lehmann-horn et al., 2014). 

After crizotinib quickly demonstrated promising success, the FDA swiftly granted it approval 

as a treatment for ALK-positive locally advanced or metastatic NSCLC. This success 

included an objective response rate (ORR) in 61percent in terms of the 149 heavily pretreated 

ALK-positive patients who participated in the trial and a median progression-free survival 
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(PFS) of 10 months. For the purpose of comparing crizotinib to conventional chemotherapy 

as a first-line treatment, the median progression-free survival (PFS) was determined to be 

10.9 months, and the overall response rate (ORR) was calculated to be 74%. On-target 

mechanisms such as the C1156Y substitution, the solvent-exposed mutation G1202R, the 

gatekeeper mutation L1196M, and the ALK copy number were identified as the cause of 

crizotinib drug resistance. In addition to this, there was a lack of penetration of crizotinib 

across the blood-brain barrier, which led to the development of brain metastases. As a direct 

consequence of this, research into the development of ALK inhibitors that are more efficient 

continued (Dagogo-Jack & Shaw, 2016). 

The first-generation ALK inhibitor crizotinib is less effective than the second-generation 

inhibitors ceritinib and alectinib. They have the capability of inhibiting on-target resistance 

pathways to crizotinib.  In addition to this, these ALK inhibitors of the second generation are 

more able to pass across the blood-brain barrier. Patients with metastatic ALK-positive 

NSCLC who are unable to tolerate crizotinib or whose disease progressed after treatment 

with crizotinib were qualified for expedited FDA approval of ceritinib. Patients must also 

have a high risk of developing a resistance to crizotinib. Patients who satisfied both of these 

requirements were eligible to receive this approval. This approval was prompted by the 

encouraging results from the ASCEND-1 trial, which demonstrated an impartial response rate 

(ORR) of 72percent of total (60 of 83) and a median progression-free survival (PFS) of 18.4 

months in ALK inhibitor-naive patients treated with ceritinib, and an ORR of 56% (92 of 

163) and a median PFS of 6.9 months in ALK inhibitor-pretreated patients treated to 

ceritinib. These results were encouraging enough to This approval was a direct result of one 

of the most exciting developments to emerge from the ASCO meeting this year, which was 

the astounding success of alectinib (Kim et al., 2016). Alectinib was shown to have 

exceptional efficacy over crizotinib in the ALEX clinical trials, which compared the efficacy 
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of crizotinib with alectinib in advanced stage, crizotinib-naive ALK-fusion positive patients. 

This resulted in a lengthening of the median progression-free survival to 25.7 months. After 

demonstrating remarkable performance in crizotinib-resistant ALK-positive NSCLC patients, 

the FDA granted permission to brigatinib, a second-generation ALK inhibitor. In order for 

the FDA to make its determination, they needed this information. With toxicity levels that 

were acceptable, the higher dose regimen of brigatinib obtained an objective response rate of 

54% and a median progression-free survival of 12.9 months correspondingly. Patients who 

had brain metastases also demonstrated a considerable response, and their overall response 

rate was 67%. Patients' overall response rate.  ALK inhibitors of the second generation, on 

the other hand, are ineffective when utilized to address the G1202R substitution seen in ALK. 

ALK inhibitor of the third generation lorlatinib is capable of not only targeting the ALK 

mutant G1202R but also blocking a number of additional ALK mutations that give resistance 

to existing ALK inhibitors. In addition to this, its capability of penetrating the blood-brain 

barrier has been considerably improved. The ALK substitution L1198F, on the other hand, 

can confer resistance to lorlatinib while making the patient responsive to crizotinib and 

increasing the binding of crizotinib to ALK (Thress et al., 2016). 

lorlatinib is a drug that inhibits the activity of a protein called ALK. It is possible to create an 

efficient sequential therapy by making use of the fact that lorlatinib and crizotinib do not 

share any on-target resistance mechanisms in common with one another. This was 

demonstrated in a patient who was already being treated with various ALK inhibitors before 

enrolling in the clinical trial investigating the effectiveness of lorlatinib (NCT01970865). 

Lorlatinib was able to help overcome acquired resistance to crizotini (Hrustanovic et al., 

2015). A therapeutic advantage may be achieved with lorlatinib in ALK-positive NSCLC 

patients who have previously been treated with one or more ALK inhibitors, according to the 

preliminary findings of clinical trials (ASCO 2017, Abstract 9006) (Kim et al., 2017). 
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ROS1: 

ROS1 is a protein that belongs to the family of proteins that are known as insulin receptor 

tyrosine kinases. As part of a study that looked at tyrosine kinase signaling in NSCLC cell 

lines and over 150 NSCLC tumors, ROS1 fusions with SLC34A2 or CD74 were found in 

2007 in an NSCLC cell line called HCC78 as well as in a patient's tumor. This discovery was 

made over the course of the investigation. The AKT-PI3K, STAT3, and MAPK-RAS 

pathways are activated when there is carcinogenic activity involving ROS1. ROS1 fusions 

are detected in 1% to 2% of NSCLC patients, the majority of which are younger people who 

have never smoked. The CD74-ROS1 fusion is by far the most common type of ROS1 

fusion. In addition to SLC34A2 and CD74, several other 5' fusion partners of ROS1 have 

been discovered in NSCLC. These partners include FIG, CDC4, EZR, and CCDC6. 

Crizotinib and ceritinib are examples of ALK inhibitors, and both of these drugs have been 

shown to reduce ROS production. Crizotinib showed promise as an anti-tumor agent in a 

clinical trial that investigated the effects of the drug on patients with ROS1 fusion-positive 

NSCLC. The overall response rate that was seen was 72%, and the median PFS was 19.2 

months. As a result of this achievement, the FDA granted crizotinib approval in 2016 for the 

treatment of patients whose advanced-stage NSCLC tumors were positive for ROS1 fusion. It 

has been shown that resistance to crizotinib can be conferred by a mutation in the CD74-

ROS1 G2032R gene that occurs in the solvent front residue. A CD74-ROS1 positive NSCLC 

patient who had relapsed 13 months after receiving crizotinib treatment was treated with 

ceritinib, an ALK inhibitor that was shown to block the crizotinib-resistant gatekeeper 

mutation L2026M. It was claimed that ceritinib provided therapeutic benefit to the patient 

(Zou et al., 2015). A drug called cabozantinib, which is more selective for ROS1 than ALK 

and has shown efficacy in inhibiting the clinically-reported crizotinib-resistant CD74-ROS1 

G2032R protein as well as preclinically demonstrated crizotinib-refractory ROS1 
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substitutions such as the solvent front L1951R substitution and the gatekeeper mutation 

L2026M, is currently being tested on ROS1 fusion-positive NSC On the basis of the 

remarkable efficacy of lorlatinib in pre-clinical investigations against CD74-ROS1 mutations 

FIG-ROS1, L2026M, and G2032R, clinical trials are currently being conducted to investigate 

the efficacy of the third generation ALK inhibitor prolactin in ROS1-fusion-positive 

advanced NSCLC patients. In addition, the ROS1 inhibitor entrectinib has demonstrated anti-

tumorogenic advantages in patients diagnosed with ROS1-positive non-small cell lung cancer 

(Drilon et al., 2017). 

RET: 

RET proteins are discovered in just 1% to 2% of NSCLC patients, and they are most 

prevalent in people who are young and have never smoked. It has been determined that 

NCO4, KIF5B, EML4, CCDC, and TRIM are the 5' fusion partners of RET in NSCLC 

(Gautschi et al., 2017). 165 RET-fusion positive patients participated in a global clinical trial 

that evaluated the effectiveness of multi-kinase inhibitors which have been approved by the 

EDA or FDA. These inhibitors included cabozantinib (21 patients), vandetanib (11 patients), 

sunitinib (10 patients), sorafenib (2 patients), alectinib (2 patients), lenvatinib (2 patients), 

nintedanib (2 patients), ponatinib (1 patient). This trial showed that the targeted therapy had 

limited efficacy in treating lung cancer when compared to other targeted therapies. The 

median progression-free survival was 2.3 months, and the median overall survival was 6.8 

months. It is speculated that the absence of a robust response is caused by the toxicities 

created by the off-target effects of these kinase inhibitors, which result in the suboptimal dose 

and, as a result, insufficient RET inhibition or the effect of 5' fusion partners on the degree of 

inhibition (Li et al., n.d.,2018). 
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NTRK: 

Chromosomal translocations in the genes that code for neurotrophic tyrosine kinase (NTRK) 

have been discovered in a variety of solid malignancies, including lung cancer, where the 

incidence is believed to be somewhere between two and three percent. The tropomyosin-

related kinase (Trk) proteins TrkA, TrkB, and TrkC are each encoded by their respective 

NTRK1, 2, and 3 genes (Passiglia et al., 2016). Lung cancer patients have been shown to 

have NTRK1 and NTRK2 translocations with 5' fusion partners such as CD74, and SQSTM1. 

An NSCLC patient who had a fusion of SQSTM1 and NTRK1 had a significant response to 

the anti-tumor effects of entrectinib, which is a pan-Trk inhibitor with actions that inhibit 

ROS1 and ALK. Three clinical trials (NCT02122913, n=8 adults; NCT02637687, n=12 

pediatric patients; and NCT02576431, n=35 adult/adolescent patients) are currently being 

conducted to investigate the efficacy of the pan-TRK inhibitor larotrectinib (LOXO-101) on 

NTRK fusion in a variety of malignancies in adult and pediatric patients. These trials are 

looking at the effectiveness of larotrectin in this particular study, there are a total of five lung 

cancer patients. The results of the ongoing trial were revealed at the ASCO convention in 

2017. The overall response rate (ORR) of 88% in the individuals who were studied provides 

cause for optimism. On the other hand, the response in four patients has been reduced due to 

resistance caused by solvent front mutations. On the other hand, LOXO-195, a Trk inhibitor 

of the second generation, has shown promise in such situations, albeit in an early and 

preliminary stage of clinical testing (Amatu et al., 2016). 

KRAS: 

KRAS mutations are found in around 30% of lung cancer patients, most of whom are 

smokers. Although KRAS mutant adenocarcinomas have hyperactivated the RAS-MAPK 

pathway, medicines that inhibit the downstream protein, such as selumetinib and trametinib, 
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have been generally unsuccessful in them. In patients with previously treated advanced-stage 

KRAS-mutant NSCLC, drug trials evaluating the effectiveness of trametinib/selumetinib with 

docetaxel combined with docetaxel alone failed to demonstrate the advantage of the 

combinations over docetaxel alone. These trials compared the efficacy of trametinib or 

selumetinib with docetaxel combined with docetaxel alone. In studies conducted before 

clinical trials, the drug ARS853 was shown to have an effective activity against KRAS G12C 

by sequestering the protein in its GDP-bound inactive state. Research into therapeutic 

applications of such direct KRAS inhibitors is warranted (Janne et al., 2017; Lito et al., 

2016). 

4.2 Immunotherapy 

Monoclonal Antibodies 

The dynamic between genetic and molecular features of cancer cells, especially their 

interaction with the immune system, plays a crucial role in the start and progression of lung 

cancer. Vaccines have been the customary focus of immunotherapy for lung cancer patients. 

However, these treatments have often failed due to insufficient immune activation. Different 

ligands and receptors damping or heightening the immunological synapse have been the 

focus of immunotherapy's various techniques. The most important targets for immunotherapy 

are the checkpoint inhibitors generated upon T-cell activation, such as CTLA-4-B7, which 

regulates the immunological synapse between T cells and dendritic cells in lymph nodes and 

suppresses T-cell activation, or PD-1-programmed death-ligand (PD-L2, PD-L1) which 

inhibits immune rejection or the effector phase. Antibody-directed therapies targeting these 

checkpoints are already playing a crucial role in the management of advanced lung cancer 

and other tumors. They have demonstrated amazing early success in many different types of 

cancer. Numerous monoclonal antibodies targeting the programmed death 1 (PD-1) receptor 
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or its ligand PD-L1 (durvalumab, atezolizumab, avelumab) have entered clinical use, and 

others are in the early stages of research and development (Postow et al., 2015).  

Patients with advanced NSCLC who had not been treated previously showed quick and 

persistent responses in early clinical studies with these medicines.  Importantly, survival 

outcomes are outstanding even though progression-free survival rates are not impressive 

(median 2-4 months; progression-free survival at one year 20%) (Brahmer et al., 2015). Two-

year survival was 24% in the overall population, and 42% in the subset of patients treated at 

the dose selected for further development (3 mg/kg every two weeks) in a study of patients 

with NSCLC who received nivolumab and were followed for 27 months; three-year survival 

was 18% in the overall population and 27% in the development dose subset of patients. While 

clinical effectiveness seems independent of histology, in most trials, smokers and patients 

with PD-L1-positive expression experienced better improvement. Only 10% of patients 

experience serious (grades III-IV) side effects; hence these drugs have a rather benign toxic 

profile. Asthenia, lethargy, loss of appetite, nausea, and diarrhea were the most common side 

effects (Fehrenbacher et al., 2016).  

Rash, colitis, transaminitis, pneumonitis, and endocrinopathies were all immune-related 

adverse effects in fewer than 10% of patients. Four randomized studies indicate the clinical 

efficacy and safety of anti-PD-1 or anti-PD-L1 medicines. CheckMate 017, a Phase III study 

compared nivolumab to docetaxel in patients with SCC who had advanced on platinum-based 

chemotherapy and compared nivolumab to docetaxel in patients with non-SCC NSCLC, 

respectively. In patients with SCC, nivolumab enhanced survival (median 9.2 vs. 6.0 months, 

HR 0.59), and the degree of the survival benefit was associated with PD-L1 expression (HR 

of 0.53) and PD-L1 percentage (HR of 0.53). If tumor cells express PD-L1 at a frequency of 

at least 50%, regardless of histology, the FDA has approved pembrolizumab for use in the 

second or subsequent lines of treatment. Even though studies comparing immune therapy and 



42 
  

chemotherapy as the first-line treatment for advanced NSCLC are still pending (Fehrenbacher 

et al., 2016).  

Atezolizumab fared much better than docetaxel in a randomized phase 2 trial in patient 

groups with non-small cell lung cancer of any histology subtype. Evidence suggests that PD-

1 inhibitors are superior to regular chemotherapy as a second-line treatment for SCC and, at 

the very least, for PD-L1-positive non-SCC of the lung. However, the most accurate way to 

define PD-L1 expression for benefit prediction is still unclear. Yet, these medications are not 

helpful for all individuals with PD-L1-positive non-small cell lung cancer; however, 

particular malignancies react to them even though they exhibit low amounts of PD-L1 or 

even when they are PD-L1-negative. Current research compares PD-L1 assays on a 

standardized group of NSCLC tumors to better understand their similarities and differences. 

Early trials with anti-PD-1 or anti-PD-L1 inhibitors have shown promising results in 

previously untreated patients, with 1-year survival exceeding 70% in PD-L1-positive tumors. 

These medicines are currently being tested in several clinical trials that compare them to 

platinum combination regimens used as first-line therapy. Early data are positive in other 

thoracic malignancies, such as small-cell lung cancer (SCLC) and mesothelioma, and trials 

are also ongoing in earlier disease settings (stage III, post-surgery) (Kerr & Hirsch, 2016).  

Cancer Vaccines 

A form of immunotherapy known as cancer vaccines aims to treat conditions that are specific 

to malignancies or that are associated with tumors. This encourages the microenvironment to 

fight these entities by enhancing the antitumor response that is mediated by T cells or B cells. 

Both autologous and allogeneic forms of tumor cell vaccines are possible. Autologous 

vaccinations are made from the patient's own tumor cells, whereas allogeneic vaccines are 

obtained from human tumor cell lines. These vaccines are separated into a variety of 
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categories, such as genetic vaccines (also known as DNA vaccines), cell-based vaccines (also 

known as whole tumor vaccines), protein vaccines, small molecule vaccines, bacteria 

vaccines and DC-based vaccines. The target entity determines which category the vaccine 

belongs to (Weir et al., 2014).  

Coly was the first person to suggest the idea of cancer vaccinations. He did this by 

administering intra tumoral injections of inactive versions of the bacteria Streptococcus 

pyogenes and Serratia marcescens to patients who were suffering from sarcoma. Because of 

the inflammatory response that the bacteria provoked, the sarcomas were able to become 

smaller in size. Later on, tumor vaccines that were made up of melanoma-associated antigen-

A3 (MAGE-A3) were used in a large scale phase III clinical trial as an adjuvant to surgery 

for the treatment of early stage MAGE-A3+ NSCLC patients. According to the results of the 

trial, there was no difference in survival rates between patients who were given the vaccine 

and those who were given a placebo. Tecemotide, which is an analog of mucin-1 and a 

glycoprotein that was discovered to be overexpressed in NSCLC, was another vaccination 

that was tested. Patients who received the Tecemotide tumor vaccine following chemotherapy 

and radiation therapy had the same survival rates as patients who acted as controls (Oliveres 

et al., 2018). Antibodies that have been modified to identify particular cancer cell antigens 

are referred to as targeted antibodies. In addition to the use of cancer-specific monoclonal 

antibodies, also known as mAb, two potent customizations known as antibody-drug 

conjugates (ADCs) and bi-specific T cell-engaging antibodies (BiTEs) are currently being 

tested as anti-cancer immunotherapies (LaRocca & Warner, 2018). Several immunotherapies 

have already been approved, primarily for treating hematological malignancies. ADCs are 

highly potent constructions of tumor-specific mAbs that are loaded with anti-cancer 

medicines that are effective once a tumor cell has been taken in the ADC and processed (Yu 

& Liu, 2019).  
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Adoptive Cell Therapy 

Adoptive cell therapy (ACT) is a method of immunotherapy that involves expanding patient-

derived lymphocytes ex vivo before reinfusing them back into the patient. This practice is 

founded on the hypothesis that the expansion of tumor-reactive lymphocytes is made possible 

when carried away from the suppressive effects of the TME. Patients with various 

malignancies that had progressed past the point where traditional treatment was effective 

participated in the earliest trial ever conducted in this sector (Garofalo et al., 2018). The so-

called lymphokine-activated cells, were generated by the experts by culturing lymphocytes 

taken from the peripheral blood of patients with IL2. After then, several doses of IL-2 

coupled with LAK cells were administered to the patients. Only one patient with melanoma 

exhibited a complete response, although 11 out of 25 subjects with LUAD, renal cancer, 

colorectal cancer, or melanoma showed at least some degree of remission. The findings 

provided support for the use of immunotherapies that are based on ACT in the treatment of 

metastatic tumors and opened the door to the investigation of additional forms of 

immunotherapy. According to research, the ACT is capable of making use of a specific 

subset of immune cells known as tumor-infiltrating lymphocytes (TILs) (Corraliza-Gorjón et 

al. 2017).  

They are a subset of lymphocytes that are more likely to recognize cancer antigens and react 

by secreting pro-inflammatory cytokines, which allow them to penetrate the tumor micro-

environment. TILs were obtained from tumors that had been surgically excised and cultured 

outside of the patient's body before being rapidly developed and administered back into the 

patient. The administration of chemotherapy prior to TIL infusion led to an increase in the 

quantities of the homeostatic cytokines IL-21, IL-15, and maybe IL-17, while simultaneously 

leading to a decrease in immune cells that mediate tolerance. This resulted in an improvement 

in TILs' capacity to produce tumor regression. Additionally, it was demonstrated that this 
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technique reduced myeloid-derived suppressor cells and T regulatory cells, two elements of 

the TME's anti-tumor immunity (van Belzen & Kesmir, 2019).  

The high mutation rates seen in carcinoma provide tumor-specific antigens, or neo-antigens, 

that are readily identified by TILs; this observation led researchers to conclude that adoptive 

call treatment was mostly limited to patients with carcinoma. The potential for adoptively 

transferring TILs that have been genetically altered to react to mutational epitopes present 

only in malignancies has therefore been investigated. Next, highly altered cancers like 

melanoma and lung cancer were targeted by engineering peripheral T cells to express TCRs 

that target particular neo-antigens seen in tumors. Clinical results for several tumor types 

have been encouraging after adoptive transfer of genetically modified lymphocytes targeting 

specific NY-ESO1 epitopes. One of the most well-known cancer-testis antigens is called NY-

ESO1. As a component of the modified T cell treatment being researched and conducted in 

clinical trials for lung cancers such as NSCLC. Due to the MHC-down regulating nature of 

some cancers, it was discovered through in-depth research of TCR engineered TILs' 

mechanism of action that the need for MHC recognition is a severe constraint (Kimura et al., 

2015).  

Combination Therapy 

The vast majority of patients who were treated with a single-agent immune checkpoint 

blockade (ICB) showed durable disease control. Despite this, these patients were unable to 

activate an antitumor immune response, which usually led to patient recurrence and tumor 

tolerance to the ICB. As a result, the option of combining the two or more immunotherapies 

in the goal of generating synergistic interactions became intriguing (Shi et al., 2019).This is 

because the survival benefits of combination therapy are known to be greater than those of 

monotherapy in the treatment of some types of cancer. In recent years, the focus of clinical 
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trials has evolved away from sequential monotherapies and toward evidence-based analyses 

of the potential of integrating multiple treatments that have non-redundant anticancer activity. 

In point of fact, the two types of ICBs that have been researched the most, anti-CTLA-4 and 

anti-PD-1 mAbs, generate antitumor responses that are distinct from one another while 

simultaneously complementing one another, all while having a suppressive effect on T cells. 

The proliferation of T cells can be controlled by CTLA-4, which does this by suppressing 

auto-reactive T cells. This is particularly effective in lymph nodes and during the early 

priming stages of immune system activation. PD-1, on the other hand, is expressed on a wider 

variety of cell types than CTLA-4 and inhibits T cell activation during the late effector phase 

as well as in peripheral regions (Buchbinder & Desai, 2016). Research on dual ICB was 

prompted by the fact that the mechanisms of the blockers are complimentary to one another. 

Nivolumab with ipilimumab concurrent therapy demonstrated clinical benefits, including 

progression-free survival, lower toxicity, a better objective response rate, a steady 

improvement in survival benefit when compared to nivolumab alone. Although a high TMB 

and an improved response were substantially related in the dual ICB group, it appeared that 

the enhanced response to dual ICB outweighed the requirement for abundant PD-L1 

expression found in monotherapy. It was also found that combination immunotherapies could 

not increase survival in NSCLC patients with low TMB, which is in accordance with results 

from gastrointestinal cancers. While some drug combinations were shown to be less 

hazardous than the individual medications they were combined with, other immune-related 

adverse effects were discovered. These side effects might be remedied if the necessary 

measures were taken (LaRocca & Warner, 2018). 
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4.3 Gene Editing Techniques 

To combat cancer, scientists have proposed using genome editing engineering to introduce 

knock-in and knock-out variants in specific genes. Transcription activator-like effector 

nucleases (TALENs) and zinc finger nucleases (ZFNs) are two examples of the DNA domain 

binding conventional techniques that have had a major impact on molecular biology by 

facilitating the development of animal and cellular cancer models and therapeutic research. 

However, widespread adoption has been hampered by complexity and prolonged processes 

associated with these approaches (Kregel et al., 2020). 

In molecular biology, the process of editing the genome is typically carried out by fusing the 

pattern of a specific DNA binding domain with the sequence of a non-specific binding 

domain. This allows for the facilitation of targeted mutations within a gene of interest 

through the use of DNA double-strand breaks (DSBs), which in turn activates the DNA repair 

process. There is substantial evidence that programmable nucleases, which have been used to 

fix defects in diseases such as cancer, SCID (severe combined immunodeficiency), sickle cell 

disease and hemophilia, have increased the effectiveness of genome editing. These diseases 

include sickle cell disease and SCID (severe combined immunodeficiency). Both 

transcription activator-like effector nucleases (also known as TALENs) and zinc-finger 

nucleases (also known as ZFNs) are examples of genome editing techniques that have been 

utilized extensively in the past for the purpose of DNA repair via gene targeting. Specificity 

and affinity of nucleases are key to the success of these methods. Several oncogenes, 

including human Papillomavirus oncogenes, have been the traditional targets of TALEN and 

ZFN editing technologies. Based on a study, Compo-Zr ZFNs substantially impacted the E6 

gene in HPV-16 cell cultures with editing activity of 50%, while they exhibited decreased 

effectiveness in SiHa and CaSki cervical cell lines. To give just one illustration, TALENs 
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were able to effectively change the E7 genome in SiHa cells but were incapable of doing so 

in plenty of other cell lines. Recent research has shown that ZFNs may effectively eliminate 

HIV-1 pro-viral DNA, providing renewed optimism for single- or dual-targeting 

(TALEN/ZFN) of other viral genomes. Despite the fact that these genome editing methods 

have shown somewhat better outcomes, they are both extremely time-consuming and less 

efficient, and they both exert off-target effects (Chen et al., 2020). 

To compensate for the inadequacies of earlier methods, a new, more effective, and precise 

strategy was required. CRISPR is an improvement over other conventional genome editing 

methods like TALENs and ZFNs, which are just now beginning to make a name for 

themselves in the molecular field. In comparison to more traditional methods (ZFNs, 

TALENs, and RNAi), CRISPR-use Cas9's of brief sequence of sg-RNA that is 

complementary to the target DNA was shown to be not only more effective but also less 

expensive. Evidence suggests that the adaptive immune system of prokaryotes (Escherichia 

coli) was responsible for discovering CRISPR/Cas9. This system is highly effective against 

phages and viruses (Fu et al., 2014). Evidence is mounting that the CRISPR/Cas9 tool is 

superior to RNAi for genome editing due to its ability to selectively target DNA and hence 

temporarily or permanently silence genes (Cheung et al., 2018). The multi-stage mutational 

development of cancer necessitates the creation of a novel, multi-purpose therapeutic 

medicine or technology. However, due to CRISPR and Cas9's ability to edit multiple genes at 

the same time, it is seen as a parallel and straightforward target and is widely acknowledged 

as an appropriate analytical focus tool against cancer-associated somatic mutations in vitro 

and in vivo investigations. In addition, it is a target that is seen as a direct and parallel target 

(Cheung et al., 2018; Ng et al., 2020). 
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Patients' genetic material is modified by means of gene therapy. Directly targeting certain 

defective genes allows for the introduction of therapeutic genes into target cells of patients 

for the goal of curing disease. Antisense gene therapy, tumor-suppressor gene therapy, drug 

sensitive gene therapy, drug-resistant gene therapy and immunological gene therapy are other 

methods that make up the field of tumor gene therapy (Jiang et al., 2019). RAS, MYC, ROS1, 

ERBB2, ERBB1, RAF1, FOS, SRC, and JUN are just some of the oncogenes linked to this 

particular cancer. Genes including RB, TP53, APH, CDKN2A, NM23, MCC, and APC 

function as tumor suppressors in lung cancer. Both overexpression of oncogenes and 

mutations in tumor-suppressor genes were associated with this cancer in a study of people 

with the disease. In vitro testing of gene-editing therapies for treating cancer has progressed 

in recent years. In addition, there has been some success with lung cancer treatment for the 

use of gene editing technology (Zhang et al., 2017). 

Oncogenes subvert regular regulatory mechanisms and aid in a cell's malignant development. 

Eukaryotic cells can develop uncontrollably as a result of oncogene products, as seen in 

cancer cells. Theoretically, using Cas9/CRISPR technology in cancer treatment is based on 

the concept of slowing or stopping of tumor cell development that results from the removal of 

a solitary oncogenic cancerous cells. The rapid application of Cas9/CRISPR gene editing 

technology has allowed for the accurate recognition of overexpressed or overactivated genes. 

This method offers fresh suggestions for the treatment of malignancies. The elimination of 

target tumor genesis that are either abundantly expressed, mutated, or over activated may be 

beneficial to the therapy of cancer. (Wu & Cao, 2019). In the context of Cas9 and CRISPR 

gene editing, oncogenes such as the EGFR receptor FAK, NESTIN, CTNND2, RSF1, and 

IGF1R have been the subject of research in recent years for the lung cancer therapy. These 

genes, which have been investigated through methods such as mutation or overexpression, 
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serve as oncogenes that aid in the growth of lung cancer and improve the capacity of lung 

cancer cells to infiltrate or spread (Bu et al., 2018).    

The CRISPR/Cas9 approach has the potential to play a significant part in the screening of 

therapeutic targets. It is possible to swiftly screen potential target genes throughout the entire 

genome by combining small guide RNA found in the CRISPR library. Since the development 

of new tools in the field of molecular biology, conventional chemotherapy has been 

supplanted as the preferred treatment for advanced non-small cell lung cancer by molecular 

targeted medicines that are driven by genotyping (Lu et al., 2020). EGFR-TKIs are one 

example that sees widespread use. In spite of this, EGFR-TKI resistance has garnered an 

increasing amount of interest over the past few years. A subsequent mutation in the EGFR 

gene, change in tissue phenotype, amplification of the target gene, activation of the bypass 

pathway and low expression  or detection of anti-oncogenes are the primary causes of 

resistance. Numerous research published in recent years have shed light on the factors behind 

patients' susceptibility to targeted therapy for lung cancer. The combination of erlotinib 

hydrochloride and THZI have been demonstrated to decrease drug resistance in EGFR-

dependent PC9 cells in the past. Erlotinib and THZ1 have a synergistic impact, which can be 

enhanced by inhibiting numerous genes associated to the MED1, EP300, and CREBBP 

transcription factor complex. On the basis of these findings, genes have been identified that 

selectively increase or reduce the effectiveness of transcription inhibition in cells that are 

resistant to a medication. Using the CRISPR/Cas9 technology, a number of experiments have 

been conducted to investigate genes in lung cancer that are connected to resistance to targeted 

therapies such as erlotinib and temozolomide. In the human NSCLC cell line HCC827, 

silencing the IGF1R gene through a technique known as knockout could considerably lower 

the level of treatment resistance to erlotinib (Xu et al., 2017). 
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In addition, some progress has been made in the investigation of genes linked to lung 

cancer inhibitors, such as EGFR, BRAF, ALK, MET, and MEK, through the application of 

Cas9 and CRISPR technology, which has shown some promise. This research has shown 

some promise in the fight against lung cancer (Maddalo et al., 2014). In one piece of 

research, the KEAP1 gene was silenced in lung cancer cell lines HCC364, NCI-H1299, 

HCC827, and NCI-H1975. These cell lines were used to analyze the disease. According to 

the findings of this study, inhibiting KEAP1 caused lung cancer cells to become less sensitive 

to the effects of inhibitors for NRAS, BRAF, EGFR, ALK, and KRAS mutations, which 

promoted the survival of the cell. In investigations on MET and MEK1 inhibitors in lung 

cancer cells, the deletion of gene editing of MET might lower cell activity, render the cells 

sensitive to inhibitors, inhibit colony formation of the cell, and inhibit cell growth. These 

effects were seen in the studies (Zhan et al., 2019). 

Therefore, gene editing with CRISPR/Cas9 is able to also validate and suppress the 

therapeutic efficacy of targeted medications in lung cancer. During the process of 

carcinogenesis, the deactivation of genes that suppress cancer also plays a critical role (Lu et 

al., 2020). The products of expression of tumor-suppressor genes have the potential to 

promote cell differentiation, block cell migration and decrease cell proliferation in addition to 

having a detrimental impact on the progression of tumors. Oncogenes are activated when 

tumor-suppressor genes lose their function, undergo mutation, or are deleted, which 

ultimately leads to carcinogenesis. Researchers have identified mutated tumor-suppressor 

genes that are present in a wide variety of cancers and are expressed at low levels. These 

genes that inhibit the growth of tumors are essential treatment targets for the Cas9/CRISPR 

gene editing process. Through the use of the Cas9/CRISPR technology, tumor-suppressor 

genes can be targeted for their function, correction and activity can be restored in order to 

reduce the risk of developing cancer. It is possible that the Cas9/CRISPR technology for 
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targeted regeneration of tumor-suppressor genes that have been inactivated will play an 

important and beneficial part in the treatment of lung cancer as well (Togashi et al., 2015). 
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Chapter 5 

Challenges and Future Directions 

The advanced stage of small cell lung cancer (SCLC) is notoriously difficult to treat due to 

the unique patient and tumor features that are associated with this illness. As a consequence 

of these characteristics, patients have fewer treatment alternatives open to them; hence, 

patients typically do not acquire systemic therapy, despite the recommendations of clinical 

practice guidelines. Due to the interaction of all of these factors, the prognosis for people 

afflicted with advanced SqCLC is not good. In addition, individuals who have advanced 

SqCLC want information that is disease-specific in order to better comprehend the many 

therapy options available to them. Although there is a wealth of knowledge available on 

adenocarcinoma, information that is explicitly focused on small cell lung cancer has just 

become available very lately. The newly approved treatments nivolumab, pembrolizumab, 

atezolizumab, necitumumab, ramucirumab, and afatinib have obtained important survival 

benefits for patients with SqCLC when compared to previous treatments. These recent 

treatments also represent the first major updates to the treatment armament for advanced 

SqCLC in over a decade (Socinski et al., 2018). 

Future preventive efforts and research needs to prioritize non–tobacco-related modifiable risk 

factors and provide more clarity with regard to modern exposures, such as non-cigarette 

tobacco smoking products. There is likely benefit to maintaining a healthy body weight, 

increased physical activity, and healthy eating with a diet rich in whole grains, fruit, and 

vegetables. From a population health perspective, continued measures to promote tobacco 

smoking avoidance or cessation, protect workers from known inhaled carcinogens, and 

maintain clean air are needed to facilitate a decreased risk of lung cancer. The challenge in 
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the future will be to modify the impact of all risk factors while continuing to expand our 

knowledge of the genetic and molecular basis of carcinogenesis (Bade & Dela Cruz, 2020). 

Even though there have been many improvements, the way cancer is treated now is still 

overly simplistic. Good clinical responses have been achieved by targeting single molecular 

abnormalities or cancer pathways, which has had a moderate impact on patients' chances of 

survival in various cancers. We hypothesize that in the not-too-distant future, a potentially 

fruitful therapeutic approach to treating cancer could involve the use of medication 

combinations that target many molecular changes or cancer biomarkers, in a manner that is 

analogous to how we have approached the treatment of HIV. The encouraging effectiveness 

of immunotherapy, in particular checkpoint inhibitors, suggests that PD-1/L1 blockage could 

become an essential component of these combos. Combining immunotherapies with either 

one another (for example, using two checkpoint inhibitors together or using one checkpoint 

inhibitor in conjunction with an immune-stimulatory antibody) or with other anticancer 

medicines is a possibility (including targeted agents in oncogene driven cancers). When 

putting these combination tactics into practice in the clinic, toxicity will be one of the primary 

limiting variables, and the timely recognition and control of adverse effects will undoubtedly 

be an essential component for the treatment's overall effectiveness. One of the primary 

challenges and enticing strategies in the future will be personalized combination strategies 

according to pathways or key aspects that specifically drive each patient's tumor biology 

within next generation precision oncology initiatives (Zugazagoitia et al., 2016). 

The vast majority of the easily available procedures and approaches that are currently being 

applied are only capable of detecting cancer in its severe forms, which is when therapy and a 

remedy may no longer be useful in controlling the condition. The primary diagnostic tools for 

lung cancer are the bronchoscope and biopsy. It would appear that the level of experience had 
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by the bronchoscopist is absolutely necessary for making a precise diagnosis when it comes 

to bronchoscopy. Patients may suffer some discomfort during the bronchoscopy operation, 

despite the fact that it is a minimally invasive approach. However, difficulties are possible, 

and this is especially true if biopsies are taken from the area that is in issue. Screening for the 

initial development of lung cancer is required in order to initiate therapy at an early stage in 

order to improve the prognosis of the disease. The search for biomarkers in human fluids has 

become an appealing method in recent years and has made significant headway in the right 

direction. This development occurred during the past several years. The vast majority of the 

published biomarkers are detectable by employing technologies such as metabolomics, 

polymerase chain reaction (PCR).  In addition, the experiment on urine samples has 

demonstrated that the procedure can be completed in a couple of hours and successful result 

can be achieved. This discovery was made possible by the fact that people with lung cancer 

have an increased frequency of urination. The development of more reliable tests for the early 

diagnosis of lung cancer should be a priority so that the appropriate targeted treatment can be 

provided at the early stage of cancer (Nooreldeen & Bach, 2021). 
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Chapter 6 

Conclusion 

In order to properly diagnose, categorize, and treat lung cancer, a multidisciplinary approach 

is required. This is because lung cancer is a disease that is both complex and diverse. For 

cancer treatment to be more individualized and effective in the future, the key focus needs to 

be on the creation of targeted therapy as well as large-scale molecular analysis. Targeted 

therapy, nonetheless, would help save patients and clinics from expensive personnel, 

emotional, and pharmaceutical expenditures when factoring in the costs for therapies, 

including resection and medication techniques, as well as the patient's afflictions due to a re-

emerged full-blown malignancy. Even though, this cancer still is a major cause of death. The 

future is hopeful if lung cancer screening is implemented on a massive scale. Because of the 

broad clinical presentation, doctors should investigate the diagnosis of any past or current 

smoker presenting troubling symptoms. There are currently several minimally invasive 

diagnostic and staging technologies available, and there has been significant progress made in 

the comprehension of the biology of lung cancer, resulting in numerous new therapeutic 

options. 
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