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A Paradigm Shift in the Treatment of Advanced-Stage Lung Cancer

Abstract 
Even though lung cancer is one of the most prevalent diseases, with an increasing incidence as well as the continued occurrence of morbidity and death, our clinical practice needs to consider a wide range of factors when determining the most appropriate treatment option for patients. The advanced stage of lung cancer is the most prevalent type of lung cancer, and it has already spread to other parts of the body, including distant and regional locations. This is especially true in developing nations like Indonesia. In addition to the fact that surgery is a curative option for these cancers, the advanced stage has a limited reaction whenever we perform a surgical procedure; there are still many opportunities for the tumour to spread and metastasise. This review aims to explore the evolving treatment landscape of advanced-stage lung cancer, focusing on molecular targeted therapy approaches and overcoming resistance mechanisms.
When it comes to these advanced instances, our current perspective is that chemotherapy and radiotherapy have already been announced for several years with unfavourable clinical outcomes, regardless of whether the follow-up is for a short period of time or for a longer period of time. A significant advancement in the field of lung cancer treatment methods has been achieved with the implementation of molecular targeted therapy approaches. The use of these strategies has the potential to substantially raise the rate of progression-free survival as well as the overall response rate of the first-line drugs that are administered to patients who have been diagnosed with lung cancer. Nonetheless, the persistent problem of the development of resistance to molecular targeted therapy is something that must be taken into consideration when treating patients with advanced lung cancer. In order to circumvent this issue, it is necessary to either find new pharmacological targets or to use drug delivery systems that combine multiple agents.
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Introduction 
Cancer of the lungs, which is one of the most common diseases in the world, is associated with a high mortality and morbidity rate. Small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) are the two basic categories that can be used to classify lung cancer13. These categories are developed on the basis of the histology of the cancer cells. Non-small cell lung cancer (NSCLC) is the most common subtype of lung cancer, accounting for 85–90% of all forms of lung cancer.1 
There are a number of histological subtypes that are included in the category of non-small cell lung cancer (NSCLC)14. These subtypes include lung adenocarcinoma (LUAD), lung squamous carcinoma, and large-cell lung cancer15,16. For patients with stage I or stage II non-small cell lung cancer, the treatment consists of adjuvant therapy in conjunction with surgical excision of the entire tumour.2 Chemotherapy and radiation therapy, on the other hand, are utilised as therapies when the disease has progressed to stages III or IV. However, practically all traditional chemotherapeutic drugs have the same limitations, which reduce their efficiency in treating cancer 17,18. These problems include non-specific targeting, poor absorption, and the development of drug resistance. 
One of the most important therapeutic approaches for non-small cell lung cancer is molecular targeted therapy19. For patients with advanced-stage NSCLC and a preserved functional status, the standard therapy is double-agent platinum-based therapy, although nonplatinum-based doublets are an acceptable alternative (Stinchcombe & Socinski, 2009). Numerous receptor tyrosine kinases, such as anaplastic lymphoma kinase (ALK), hepatocyte growth factor receptor (c-Met), and epidermal growth factor receptor (EGFR), are essential targets for molecular targeted therapy20. This is due to the fact that these kinases play a role in the development and survival of cells. In spite of the fact that the molecular targeted therapy strategy was initially successful, acquired drug resistance is typically the result of tumour heterogeneity and epigenetic change. This greatly affects the therapeutic efficacy in non-small cell lung cancer that is treated with this approach.1,3 
The use of immunotherapy approaches, such as checkpoint inhibitors, is not only safe and effective, but it also has the potential to offer patients with non-small cell lung cancer alternative treatment options. It is possible that immunotherapy will be advised in particular circumstances when it is combined with other treatments or medications 2,3.            It is possible that immunotherapy will be advised in particular circumstances when it is combined with other treatments or medications.

Evolution in Non-Small Cell Lung Cancer Treatment
The high rate of morbidity and mortality that is associated with lung cancer makes it one of the most prevalent types of cancer in the world. When the histology of cancer cells is taken into consideration, it is possible to divide lung cancer into two primary categories: small cell cancer, also known as SCLC, and non-small cell cancer, also known as NSCLC. Non-small cell lung cancer (NSCLC) is the most prevalent subtype of lung cancer, accounting for 85–90% of all lung cancer diagnoses.5
Non-small cell lung cancer (NSCLC) comprises of a number of different histological subtypes, such as lung squamous cell carcinoma, lung adenocarcinoma (LUAD), and large-cell lung cancer. Surgical excision of the tumour, in conjunction with adjuvant therapy, is the recommended course of treatment for stage I or II non-small cell lung cancer. However, if the disease progresses to stage III or IV, the treatment options that are considered are radiotherapy and chemotherapy. Nevertheless, due to the fact that virtually all of the chemotherapeutic medications that have been traditionally used possess the same restrictions, such as non-specific targeting, limited bioavailability, and the emergence of drug resistance, which restricts the effectiveness of these drugs in the treatment of cancer.3,4
The nanodrug delivery system is able to encapsulate treatment chemicals in order to prevent their degradation. This allows for the precise administration of anticancer medications to locations where tumours are present, and it also lowers the amount of non-specific damage that occurs to the tissue that is being targeted. As a result, the efficacy of anticancer treatments is increased. This is all due to the fact that the nanodrug delivery system has a number of distinctive qualities. There are the following advantages associated with nanocarrier-based medication delivery, which is an innovative method for treating lung cancer. These impacts include the higher bioavailability of medications in the body, the increased safety that is provided by the delivery of anticancer treatments in a site-specific manner, and the ability to provide drugs in a sustained and regulated release during targeted drug delivery, which ultimately leads to an improvement in the therapeutic effects on lung cancer. The classical treatment of chemotherapy has many adverse effects, but the nanomedicine delivery system offers an alternative to this treatment. As a result, it is a promising therapeutic method that should be investigated in the area of lung cancer therapy.6
In the treatment of non-small cell lung cancer (NSCLC), molecular targeted therapy has become a very important treatment option. Epidermal growth factor receptor (EGFR), hepatocyte growth factor receptor (c-Met), and anaplastic lymphoma kinase (ALK) are a few examples of the several receptor tyrosine kinases that are involved in the processes of cell development and survival. The latter kinase is an important target for molecular targeted therapy. Tyrosine kinase inhibitors, such as erlotinib and gefitinib, have been created in order to target epidermal growth factor receptor mutations, with the therapeutic target being the EGFR mutation. Furthermore, there are currently investigations being conducted on inhibitors that are aimed at other targets as well. Acquired drug resistance is frequently unavoidable in non-small cell lung cancer (NSCLC) as a result of the alteration of the epigenetic profile and heterogeneity of the tumour. This is a consequence of the fact that, despite the fact that the strategy of molecular targeted therapies is initially beneficial, it severely restricts the therapeutic efficacy of NSCLC.7,8
As a result, the development of new molecular targets for therapy is of utmost significance. For the treatment of non-small cell lung cancer (NSCLC), immunotherapy techniques, such as the utilisation of checkpoint inhibitors, are considered to be safe and efficient, and they may offer alternative therapeutic choices. It may be preferable in certain situations to combine numerous medications or treatment techniques with immunotherapy. Despite the fact that there is a wide variety of medicines available for lung cancer, the treatment of the disease continues to be fraught with significant difficulties. As a result, the development of innovative and efficacious treatments for the treatment of lung cancer is of the utmost importance.5,7
Over the course of the past ten years, the paradigm for the treatment of non-small cell lung cancer has been subjected to a number of significant modifications, especially with the introduction of molecular targeted therapy, which has become an essential approach to the treatment of lung cancer. There are a number of molecularly targeted pharmaceuticals that have been developed for the treatment of lung cancer. In addition, a number of clinical trials have been done in clinics with the purpose of assessing the effectiveness and safety of molecular targeted medicines for lung cancer. One of these experiments involved the use of a schematic diagram of molecular targeting in lung cancer. The molecular targets for therapeutic treatment of lung cancer that were discussed in this review include the following: the epidermal growth factor receptor, anaplastic lymphoma kinase, mesenchymal-epithelial transition factor, kirsten rat sarcoma viral oncogene homolog (KRAS), human epidermal growth factor receptor 2, programmed death-ligand-1, and fibroblast growth factor receptor 1.9
Immunotherapy has made it possible to deploy a revolutionary method of combating lung cancer. The discussion included a variety of techniques, including cancer vaccines, immune checkpoint inhibitors (ICIs), and cellular immunotherapies, among others. The objective of all of these approaches was to increase or establish the effectiveness of immune system responses in the battle against cancerous growths. It is important to point out that, when it is compared to chemotherapy, immunotherapy has been shown to have fewer side effects. Moreover, research has shown that it not only increases the amount of time that patients are able to survive but also improves their overall quality of life. Not only did immunotherapy prove to be effective, but it also showed that it was safe to use, and it revealed a potential approach for the treatment of lung cancer.9

Treatment 
In comparison to small cell treatments, the chemotherapy that is used for non-small cell lung cancer has undergone a transformation over the past few years, and it is becoming increasingly more specific and uniquely customised for each individual patient in accordance with the discovery of driver genetic alterations. These alterations include the epidermal growth factor receptor (EGFR), the epidermal growth factor receptor threonine 790 methionine (EGFR T790M), the anaplastic lymphoma kinase (ALK), and the ROS proto-oncogene 1 (ROS-1), which is a gene. This has made it progressively more essential, even more so than it was in the past, to obtain a histology diagnosis for people who are in a healthy enough physical state to undergo therapy. This is especially true given the fact that these more contemporary medications are tolerated more readily by patients than the chemotherapy that is regarded as standard.
The idea of creating individualised treatment regimens for those who have been diagnosed with lung cancer.8
The first time that the histological subtype was observed was in cases involving people who had.  When compared to the chemotherapy regimen of cisplatin/gemcitabine, the chemotherapy regimen of cisplatin/pemetrexed was found to be more effective in terms of survival rates for patients with adenocarcinoma. However, the converse was found to be true for patients with the histological subtype of squamous cells.
The first treatment for non-small cell lung cancer (NSCLC) that was targeted based on genetics was gefitinib.4

This is a type of therapy that has an effect on the EGFR and is administered through the mouth.  By the inhibition of tyrosine kinase the protein that is located on the surface of cells and is known as the epidermal growth factor receptor (EGFR) is a protein.
The particular protein located on the surface that is activated as a result of the binding process of the epidermis is known as the binding process. Once accomplished, it leads to the emergence of a domain of intracellular tyrosine kinase. This occurrence gives rise to a chain reaction of events, the most notable of which are the synthesis of DNA and cellular activity.  There is a rise in the number of cases of NSCLC that can be managed in approximately 15 per cent of those who are impacted.5,6
Due to a mutation, the tyrosine kinase domain of the epidermal growth factor receptor (EGFR) has been reduced in size.  As a result, the epidermal growth factor receptor (EGFR) gene experiences an upsurge in cell multiplication that is left unmonitored. During the period in which gefitinib, which was originally recommended to every individual who had non-small-cell lung cancer (NSCLC), was discovered to have a reaction in a certain subgroup of patients, mostly Asian women who have adenocarcinomas and have never smoked in their lives, Researchers were motivated by this specific event to search for mutations in the epidermal growth factor receptor (EGFR).
A gene that has been demonstrated to be overexpressed in individuals who reacted to the medication gefitinib. A later randomised control experiment, which was undertaken by Maemondo et al., played a vital role in the treatment of patients who had NSCLC and also had EGFR.4,5
Gefitinib and conventional chemotherapy, which comprises of paclitaxel and carboplatin, were both randomly given to the mutants. The group that was provided with gefitinib had a progression-free survival that was much longer, at 10.8 months, compared to the group receiving chemotherapy, which had a progression-free survival of 6.4 months. There are currently a variety of therapeutic alternatives that have received the approval of the National Institute for Health and Care Excellence (NICE) and are indicated for patients who have an EGFR mutation, as determined by NICE.
Erlotinib, afatinib, and gefitinib are medications for non-small cell lung cancer that have shown good results in terms of prognosis. A few additional particular 
The National Institute for Health and Care Excellence (NICE) has authorised the use of crizotinib for the following conditions:  Osimertinib is recommended for the treatment of epidermal growth factor receptor (EGFR), and non-small cell lung cancer (NSCLC) that tests positive for both the ROS-1 and ALK mutations 2,3,5
During the course of the last ten years, there have been significant shifts in the therapeutic paradigm for non-small cell lung cancer (NSCLC). This is especially true in light of the introduction of molecular targeted therapy as a key treatment strategy for lung cancer. When it comes to the treatment of lung cancer, there are a number of distinct molecularly targeted drugs that have been created.4 
There have been a substantial number of clinical trials conducted in clinics to examine the efficacy and safety of molecular targeted therapies for lung cancer. These trials have been carried out in order to determine whether or not these therapies are effective.5 
Immunotherapy was a revolutionary technique for treating lung cancer, and is considered to be one of the most inventive methods now available. This strategy featured a number of different approaches, some of which were cancer vaccines, immunocheckpoint inhibitors (ICIs), and cellular immunotherapies. Developing or enhancing immune responses that were effective against tumours was the overriding objective of these various techniques. The fact that immunotherapy was discovered to be related to fewer side effects in comparison to chemotherapy is a finding that is particularly notable. Not only has it been proven to improve the patients' quality of life, but it has also been shown to raise the patients' chances of survival. Immunotherapy served as a realistic way for the treatment of lung cancer. Not only was it effective, but it was also safe, and it demonstrated a promising approach.4,6 
Molecularly targeted therapy techniques have been introduced, which represent a significant breakthrough in the history of lung cancer treatment. These techniques have resulted in a significant improvement in both the progression-free survival rate and the overall response rate of first-line treatments for patients with lung cancer. On the other hand, the development of drug resistance to molecularly targeted therapy is a challenge that will continue to exist for a considerable amount of time for patients with advanced lung cancer. Either the utilisation of combination medication delivery methods or the identification of fresh pharmacological targets is absolutely required in order to overcome this impediment.7
The application of such strategies will make it possible to design the most effective treatment plans, support the development of personalised lung cancer treatment, and ultimately lead to an improvement in the survival rates of patients who have already been diagnosed with lung cancer.5,8
The therapeutic options for non-small cell lung cancer that can be surgically removed have experienced some degree of development over the course of the previous two decades.
The introduction of molecular profiling has constituted a major breakthrough in the management of non-small cell lung cancer (NSCLC), since it has altered the approach to diagnosis, prognosis, and the administration of personalised treatments. The development of next-generation sequencing (NGS) has led to the emergence of new molecular testing methods, which in turn have made it feasible to identify crucial genetic alterations and mutations that act as drivers. These mutations include, but are not limited to, EGFR, ALK, ROS1, BRAF, MET, RET, NTRK, NRG, KRAS, and ERBB2, and they are of the utmost relevance when it comes to the selection of targeted medications.
Immune checkpoint inhibitors (ICIs), either on their own or in combination with chemotherapy, have emerged as the principal treatment choice for patients who have metastatic non-small cell lung cancer. This is the case whether the treatments are administered alone or in combination. In recent years, their clinical development has shifted to the neoadjuvant and adjuvant settings. In these contexts, they have demonstrated outstanding efficacy, which has led to improved clinical results. Recent events have brought about this change. As a result of the positive results that were seen in phase III clinical studies, ICIs have emerged as a potential therapeutic option in neoadjuvant and adjuvant settings. This is because of the fact that they have been shown to be effective in treating cancer. The Food and Drug Administration (FDA) gave its permission for the use of atezolizumab as an adjuvant treatment after surgery and platinum-based chemotherapy in October 2021. This medication is intended for patients who have been diagnosed with non-small cell lung cancer (NSCLC) and whose tumours express PD-L1 at a level of 1% or higher.9

With respect to the evaluation of pathological responses to neoadjuvant immunotherapy in non-small cell lung cancer, the most effective duration of neoadjuvant or adjuvant therapy, the function of adjuvant treatment after neoadjuvant methods, the identification of plasma or tissue biomarkers in order to select patients who could benefit more from ICIs, and the effectiveness of targeting PD-1 or PD-L1 in patients who carry targetable molecular changes, including EGFR mutations, HER2 mutations, and EML4-ALK, ROS1, NTRK, or RET rearrangements, there are still questions that have not been answered regarding the scoring methods that will be implemented in clinical practice. It is imperative that a diagnostic method be created that would yield data that is reproducible and clinically relevant.6,8
PD-L1 is the only biomarker that has been confirmed to be effective in determining which type of immunotherapy will be administered to patients who have metastatic non-small cell lung cancer (NSCLC). The relevance of PD-L1 expression has not been well established, as evidenced by the conflicting results of clinical trials carried out in the early stages of the disease with immune checkpoint inhibitors (ICIs). The efficacy of chemoimmunotherapy was discovered to be stronger in patients who had a PD-L1 of 1% or higher in the CheckMate 816 study. However, in other instances, the PD-L1 status did not have an impact on the efficacy.9  There were discrepancies in the criteria for inclusion in the many studies that were conducted. For instance, there were certain instances in which patients who had a mutation in the epidermal growth factor receptor or who had a rearrangement of the EML4-ALK gene were not allowed to participate in the study, while there were other situations in which patients who did not smoke were also not permitted to take part in the research. Having said that, it was not required for the participants to undergo a molecular characterisation before taking part in the trial.
Even though there is not a lot of molecular data that can be accessed, it was generally agreed upon that ICIs are not particularly helpful for people who have mutations of STK11.10,11,12.
Nivolumab is a human immunoglobulin G4 anti-programmed cell death 1 (PD1) antibody that has been recommended as a second-line monotherapy for the treatment of advanced NSCLC (Aref et al., 2022). At the time that it was delivered in March of 2022, the combination of nivolumab and platinum-doublet chemotherapy was given the green light for usage in the neoadjuvant context for adult patients who had resectable non-small cell lung cancer.13,14

The Role of Supportive Care
In order to improve the outcomes for patients, a considerable amount of work has been put into maximising the use of specialised palliative care in the treatment of lung cancer. Temel and their colleagues undertook a study to investigate the ways in which the provision of early specialised palliative care assistance in ambulatory patients with metastatic non-small cell lung cancer (NSCLC) who were sent to the medical oncology outpatient department compared to conventional care.13,15,16  They found that the two groups differed significantly from one another when it came to the median survival rate. More specifically, the median survival time for the group that received early supportive treatment was 11.6 months, while the median survival time for the group that received conventional care was 8.9 months.11,17,18
Additionally, these patients reported a higher quality of life, had fewer signs of depression, and were less likely to need aggressive end-of-life care support, according to the findings of the questionnaire.19,20 The results of an additional experiment that was performed have indicated that they correspond to the conclusions that were reached in this investigation. It has been demonstrated by this additional trial that patients who were administered early supportive care exhibit an improvement in the rate of survival over a period of one year.12,21,22

Conclusion 
Despite the progress that has been made in medical science, the death rate and prevalence of lung cancer continue to be frighteningly high across the world. It is true that screening and early detection are effective methods for lowering the mortality rate associated with lung cancer.23
Despite the fact that our knowledge of the molecular biology and clinical characteristics of lung cancer patients has increased over the course of the last few decades, a treatment that is one hundred per cent effective has not yet been discovered.24,25 As a result of the numerous restrictions that are associated with conventional chemotherapy regimens for lung cancer, this presents a continuing challenge to the profession of medicine. Furthermore, there is an immediate requirement for therapeutic techniques that are both more effective and better tolerated for the treatment of lung cancer.26
The adoption of molecular targeted therapy strategies represents a pivotal moment in the development of methods for treating lung cancer. The progression-free survival rate and the overall response rate of the first-line medications that are prescribed to patients with lung cancer could be significantly increased by using these tactics.27,28 However, the continued development of resistance to molecular targeted therapy is a persistent issue that needs to be addressed when dealing with advanced lung cancer. It is necessary to use drug delivery systems that combine multiple agents or to find new pharmacological targets in order to circumvent this issue.29,20,31
In the evaluation, the use of these types of methods will make it feasible to develop effective treatment plans, promote the development of personalised lung cancer medications, and ultimately improve the outlook for those who have been diagnosed with lung cancer.32
Immunotherapy has been shown to be a safe, successful, and universally applicable treatment method.33 Despite the fact that immune checkpoint inhibitors have resulted in patients' survival rates being increased in comparison to normal chemotherapy medications, resistance to medications at the primary and secondary levels remains a prevalent issue.34  The identification of biomarkers that have the ability to make predictions about both the outcome and prognosis of immunotherapy is an absolutely necessary step in the process of finding a remedy. It is anticipated that we will be able to verify the existence of encouraging prognostic and predictive biomarkers as a result of the ongoing progression of research initiatives.35,36 The use of genome sequencing methodologies, the utilisation of molecular biology, and the immunological microenvironment will all contribute to the attainment of this goal. Consequently, the number of individuals who have been diagnosed with lung cancer and who will be able to take advantage of these results is expected to increase.37,38,39
Because of the continuous and innovative advancements that are being made in the development of new biological technologies and novel therapies, and because of the increasing intersection and integration of disciplines such as medicine, pharmacology, biology, and materials science with one another, we believe that there will be important breakthroughs in the treatment of lung cancer in the future. Individuals who are afflicted with lung cancer will experience more benefits as a result of these advancements.40-43
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