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Abstract
In the realm of cancer research and treatment, understanding the intricate interplay between genetic aberrations and personalized therapies is of paramount importance. This chapter delves into the intricate world of cancer, dissecting its diverse facets from genetic mutations to therapeutic advancements. It dissects the molecular drivers behind cancer initiation, progression, and metastasis, elucidating the role of tumor microenvironments. Focusing on treatment, the chapter explores established modalities, like chemotherapy, and highlights the transformative potential of targeted therapies, immunotherapies, and precision medicine. Through case studies and emerging trends, it underscores the evolution of cancer research and its translation into an innovative patient-centric approaches.

1 Introduction
Picture our body as a bustling city, where cells are the diligent citizens following a set of rules – regulated division, differentiation, and a sense of when it's time to gracefully step aside through apoptosis, a natural form of cell death. It's a symphony of growth, change, and renewal that keeps our body in harmony. But what happens when these once-obedient cells lose their way? That's where the story of cancer begins.
Amid the hustle and bustle of this cellular megacity, certain cells start to behave differently. They no longer listen to the familiar tune of regulated division, differentiation, and apoptosis. Instead, they go rogue, growing uncontrollably and refusing to fade away. This transformation marks the birth of tumor cells – a disruptive force that challenges the balance and harmony our body strives to maintain.
In this chapter, we embark on an illuminating journey to uncover the complications of this cellular revolution. From the genetic switches that go haywire to the molecular dances that fuel uncontrolled growth, we'll dissect the transformation from normalcy to tumorigenesis. But our exploration will not stop there. Researchers are also trying to discover the remarkable tools that science and medicine wield in the battle against these unruly cells.
Imagine a battlefield where precision is key – where treatments are tailored to the unique traits of each tumor. We'll delve into the arsenal of targeted therapies and groundbreaking technologies that stand as the modern weapons against cancer. Beyond the scientific frontier, we'll meet the heroes of this struggle – the patients, families, and healthcare warriors who face cancer with unwavering courage.
So, fasten your seatbelts as we journey into the realm of cancer. From the intricate dance of genes to the promise of personalized medicine, our exploration is guided by curiosity and fueled by hope. As we navigate the twists and turns of this cellular narrative, we march toward a future where the power of cancer is tamed and the light of healing shines ever brighter.
2 Definition
A normal cell undergoes controlled division, differentiation, and programmed cell death (apoptosis). When these normal cells have lost the customary regulation of their division, differentiation, and apoptosis, they transform into tumor cells [1]. These rogue cells, often forming masses known as tumors, disrupt the normal functions of tissues and organs. Cancer cells can invade nearby tissues and, in some cases, spread to other parts of the body through a process called metastasis. Metastasis stands out as the foremost life-threatening occurrence for individuals with cancer. This intricate process entails a series of sequential events that must transpire for tumor cells to accomplish successful metastasis—a phenomenon referred to as the metastatic cascade [2]. This process significantly adds to the intricate nature of cancer as a multifaceted ailment. Within the metastatic cascade, alterations in cell-cell and cell-matrix adhesion assume a position of paramount significance [3]. The intricate interplay of genetic mutations, environmental factors, and cellular dynamics contributes to the development of cancer, making it a multifaceted challenge that impacts millions of lives worldwide.

3 History
The existence of cancer predates the emergence of humans [4]. Fossil records and studies of ancient remains have revealed signs of cancer in various species that lived long before humans appeared on Earth. This evidence suggests that cancer is not exclusive to humans but has been a part of the natural world for a significant span of time [5]. The etymology of the term "cancer" can be traced back to the pioneering work of ancient Greek and Roman physicians. The Greek physician Hippocrates (460-370 BC), often referred to as the "Father of Medicine," is credited with coining the terms "carcinos" and "carcinoma” to describe tumors that do not ulcerate and those that do [4, 6]. The Latin word "cancer," which translates to "crab," was later applied by the Roman physician Celsus (25 BC - 50 AD) to capture the finger-like projections of cancerous growths that brought to mind the shape of a crab. Galen (130-200 AD), another prominent Greek physician, introduced the term "oncos" (Greek for swelling) to characterize tumors [7]. The enduring use of the crab analogy from the days of Hippocrates and Celsus to depict malignant tumors highlights their lasting impact on medical terminology. Furthermore, Galen's term "oncos" has found a contemporary resonance as an integral part of the word "oncologist," denoting specialists dedicated to the study and treatment of cancer. This etymological journey underscores the intricate evolution of medical language, reflecting the observations and insights of early medical practitioners.

4 Benign and Malignant Tumors
A tumor, also referred to as a neoplasm, is an abnormal mass of cells within the body [8]. This anomalous growth arises from cells dividing excessively or evading their natural cell death processes. Tumors can stem from various factors including genetic mutations and environmental triggers.
Tumors are broadly categorized as either benign or malignant.
4.1 Benign Tumors
Benign tumors are non-cancerous growths that usually do not extend to other parts of the body. Benign tumors are characterized by their tendency to remain localized in their original site, refraining from infiltrating other areas of the body [1, 9]. They lack the capacity to spread to adjacent structures or distant regions. Typically, benign tumors exhibit gradual growth patterns and well-defined boundaries.
Although benign tumors are generally non-disruptive (do not invade nearby tissues or spread to other parts of the body), they can expand significantly and exert pressure on nearby structures, leading to discomfort or medical complications. For instance, a sizable benign lung tumor could compress the trachea (windpipe), resulting in breathing difficulties. In such cases, prompt surgical intervention becomes essential. Importantly, the likelihood of recurrence after removal of benign tumors is low. Examples of benign tumors encompass fibroids within the uterus and lipomas in the skin.
Certain specific types of benign tumors carry the potential to transform into malignant tumors. Vigilant monitoring is crucial in these instances, and surgical removal may be recommended. For instance, colon polyps, which represent abnormal cell masses, hold the potential to evolve into malignancies. Consequently, they are typically subjected to surgical excision to pre-empt such a progression.
4.2 Malignant Tumors (Cancer)
Malignant tumors are characterized by their cells undergoing uncontrolled growth and exhibiting the ability to spread both within their local vicinity and to distant locations. These tumors are cancerous in nature, displaying the capacity to invade surrounding sites [1]. They utilize the bloodstream or the lymphatic system as pathways to disseminate to remote areas. This process of widespread dissemination is known as ‘metastasis’ [10]. Metastasis has the potential to manifest in any part of the body, with prevalent occurrences observed in organs such as the liver, lungs, brain, and bones. Malignant neoplastic cells often display anaplastic features (characterized by a deficiency in cellular differentiation, termed anaplasia) or are notably less differentiated than the healthy cells of the originating tissue [11]. Conversely, benign tumor cells exhibit well-differentiated characteristics and present an appearance of normalcy.
Table 1: Comparison between benign and malignant tumors.
	Characteristics
	Malignant Tumor
	Benign Tumor
	References

	Rate of Growth
	Rapid
	Slow 
	[9]

	Differentiation 
	Lacks Differentiation
	Well Differentiated 
	[12]

	Invasiveness 
	Present 
	Absent 
	[13]

	Metastasis 
	Present 
	Absent (Stay Localized)
	[9]

	Shape 
	Nodular / Stellate/ Irregular
	Smooth/ oval / lobulated/ regular.
	[14]

	Manner of Growth
	Infiltrative, non-encapsulated, destroys adjacent tissues.
	Expansile, often encapsulated, displaces nearby tissues.
	[15]




5 Classification and Origin
Benign and malignant tumors are categorized based on the specific cell lineage from which they originate. Tumor classification involves dividing them into four primary groups according to their cellular source: epithelial, mesenchymal, hematopoietic, and neuroectodermal. Within each broad category, numerous subgroups exist, further delineated by factors such as the tumor's distinct cellular type, its anatomical location within the body, and its microscopic characteristics.
5.1 Cancer of Epithelial Origin
Epithelial cancers also referred to as carcinomas, comprise approximately 90% of all cancer cases [1]. These cancers originate from cells that form the epithelial tissue, which lines various organs and surfaces of the body. Epithelial tissues play crucial roles in protection, absorption, and secretion.
Carcinomas can be further classified into subtypes based on the type of epithelial cell from which they originate. For example, adenocarcinomas arise from glandular epithelial cells that produce fluids or mucous, while squamous cell carcinomas develop from squamous epithelial cells that form the skin's outer layer and line certain internal organs [16].
The diverse locations where epithelial cancers can develop contribute to their varied clinical presentations and outcomes. Some common examples of epithelial cancers include lung adenocarcinoma, breast carcinoma, colon adenocarcinoma, and squamous cell carcinoma of the skin (Table 2).
5.2 Cancer of Mesenchymal origin
Cancers of mesenchymal origin, known as sarcomas, arise from cells that belong to the mesenchymal tissue [14, 17, 18]. Mesenchymal tissues include connective tissues such as bone, cartilage, muscle and blood vessels [18]. Sarcomas account for a smaller proportion of overall cancer cases compared to carcinomas (epithelial cancers), but they represent a diverse group of malignancies with unique characteristics [1].
Sarcomas can be further categorized into various subtypes based on the specific type of mesenchymal cell they originate from. For instance, osteosarcoma arises from bone-forming cells, chondrosarcoma from cartilage cells, and liposarcoma from fat cells [19]. (Table 2)
5.3 Cancer of Hematopoietic origin
Cancers of hematopoietic origin, commonly referred to as hematologic malignancies or blood cancers, arise from cells within the hematopoietic system, which is responsible for the formation of blood cells. These cancers affect the production and function of blood cells and can be broadly categorized into three main types:
· Leukemia: Leukemia are cancers that originate in the bone marrow and affect the production of white blood cells [20]. They can be acute (rapidly progressing) or chronic (slowly progressing) and are further classified based on the type of white blood cell affected—lymphoblastic or myeloid. Leukemia can crowd out normal blood cells, leading to anemia, infection, and bleeding [21].
· Lymphoma: Lymphomas are cancers that develop in the lymphatic system, which includes lymph nodes, lymphatic vessels, and organs like the spleen and thymus. They are broadly categorized into two main types: Hodgkin lymphoma and non-Hodgkin lymphoma [22]. Hodgkin Lymphoma is relatively rare, constituting around 10% of lymphoma cases. It is characterized by distinctive Reed-Sternberg cells and typically begins in a single lymph node or chain, often peaking in young and older adults. When these cells present as single-nucleated entities, they are referred to as Hodgkin cells. However, when they take on a multinucleated form, they are termed Reed-Sternberg cells. The presence and characteristics of Hodgkin and Reed-Sternberg cells play a pivotal role in diagnosing and understanding the disease's progression [23]. On the other hand, non-Hodgkin Lymphoma is more common and encompasses various lymphoma types originating from different lymphocytes. It can be indolent or aggressive, involve diverse tissues, and is linked to factors like age and immune health [24].
· Myeloma: Myeloma, also known as multiple myeloma, affects plasma cells—a type of white blood cell that produces antibodies. Myeloma cells accumulate in the bone marrow and can weaken bones, leading to fractures and other complications. It's a type of cancer that typically affects older adults [25].

5.4 Cancer of neuroectodermal origin
Cancers of neuroectodermal origin arise from cells that belong to the neuroectoderm, which is a layer of embryonic tissue that gives rise to the nervous system and certain other tissues. These cancers are often referred to as neuroectodermal tumors and can manifest in various parts of the body, including the central nervous system, peripheral nerves, and other tissues derived from the neuroectoderm.
One of the most well-known types of neuroectodermal tumors is neuroblastoma, which primarily affects young children and usually originates in the adrenal glands. Another example is medulloblastoma, a type of brain tumor that mainly affects children. These tumors can also arise in tissues such as the retina (retinoblastoma) or peripheral nerves (peripheral neuroectodermal tumors or PNETs) [26].
Table 2: Overview of different types of cancer with examples.
	CATEGORY
	TYPES
	EXAMPLES
	REFERENCES

	Carcinoma
	Squamous Cell Carcinoma
Adenocarcinoma
	Lungs, breast, colon, prostate, etc.
	[16]

	Sarcoma 
	Angiosarcoma
Osteosarcoma
Chondrosarcoma
Leiomyosarcoma
Rhabdomyosarcoma 
Liposarcoma 
Glioma
Mesenchymous sarcoma 
Fibrosarcoma  
	Blood Vessels
Bones
Cartilage 
Smooth Muscle
Skeletal muscle 
Adipose tissue
Neurogenic tissue in brain
Mixed connective tissue
Fibrous tissue
	[19]

	Leukemia 





Lymphoma 

Myeloma 
	Myelogenous or granulocytic
Polycythaemia vera
Lymphatic or lymphoblastic 

Non – Hodgkin lymphoma
Hodgkin lymphoma 
-
	Myeloid and Granulocyte

Blood cells
Lymphoid and lymphocytic

Brain, breast or stomach 

Plasma cells of bone marrow.
	[20, 21]





[22, 23, 24]

[25]

	Mixed Types 
	Adenosquamous carcinoma
Mixed mesodermal tumor carcinosarcoma
	Lungs, breast, colon, etc.
	[27]




6 Clonal Evolution of Cancer

6.1 Monoclonal theory of cancer origin
The monoclonal theory of cancer origin proposes that, in most cases, neoplasms or tumors arise from a single precursor cell. While certain factors might induce mutations in multiple cells simultaneously, the majority of tumor masses are derived from the descendants of a single cell or a very limited number of cells [28]. This theory underscores the concept that cancer development is a result of accumulated mutations in the genetic material of a single cell, causing it to progress from a normal state to a pre-malignant state, and eventually transforming it into a fully malignant cancer cell [29]. The accumulation of mutations ultimately results in the acquisition of the ten recognized hallmarks of cancer, which include traits like sustained proliferative signaling, evasion of growth suppressors, resistance to cell death, and induction of angiogenesis, among others. As these cells continue to divide and acquire additional mutations, they give rise to the diverse subpopulations of cancer cells that contribute to tumor heterogeneity. The monoclonal theory aligns with the concept of clonal evolution, wherein cancer cells continue to accumulate genetic alterations, leading to the emergence of more aggressive, treatment-resistant, and invasive subclones [30].

6.2 Cancer stem cells 
The term "cancer stem cell" refers to the initial malignant cell responsible for tumor formation [31, 32]. The cancer stem-cell hypothesis is founded on the recognition of the heterogeneity present in many tumors – the diversity in cell phenotype and function [32]. Research underscores the existence of a cellular hierarchy within tumors, particularly highlighting a small subset comprising approximately 0.2%–1% of cells that exhibit stem cell-like attributes [33]. These cancer stem cells possess distinctive qualities. They can give rise to various cell types within the tumor tissue, maintain self-renewal capabilities indefinitely, and, significantly, can generate new tumors upon transfer. This suggests that cancer stem cells are exclusively capable of initiating tumorigenesis. The hypothesis lends insight into phenomena like metastasis and remission, potentially elucidating their mechanisms.
Both the model that is the monoclonal model of cancer and the cancer stem-cell model are not mutually exclusive [34]. The emergence of a cancer stem cell arises via clonal evolution due to the selective advantage it holds within the neoplasm. Consequently, the tumor's heterogeneous nature can be attributed to two processes – clonal evolution and hierarchical cell differentiation governed by cancer stem cells. While all cancers result from somatic evolution, only a subset align with the cancer stem cell hypothesis.
The evolutionary process doesn't halt once a population of cancer stem cells develops in a tumor. Therapeutic drugs exert potent selective pressures on all tumor cells, including cancer stem cells, compelling them to evolve resistance. It's notable that cancer stem cells needn't always exhibit the highest resistance to therapy within the tumor. Surviving cells might be positioned within a specialized microenvironment that shields them from treatment's adverse effects [35].
A fundamental question remains regarding the origin of cancer stem cells. It's uncertain whether they arise from the transformation of adult stem cells, a halt in progenitor cell maturation, or even the dedifferentiation of mature cells. This ambiguity underscores the ongoing exploration into the complex biology of cancer stem cells and their pivotal role in tumor initiation and treatment resistance [33].

7 Properties of Cancer 
Cancer cells have several distinct properties that set them apart from normal cells. These properties contribute to the uncontrolled growth and spread of cancer. 
Some key properties of cancer cells are:
· Uncontrolled Growth: Unlike normal cells that follow a regulated pattern of growth and division, cancer cells divide rapidly and uncontrollably. This leads to the formation of tumors [1, 36].
· Immortality: Normal cells have a limited number of divisions they can undergo before entering a state of senescence or cell death. Cancer cells, however, can avoid this limit and continue dividing indefinitely, which contributes to tumor growth [37].
· Angiogenesis: Cancer cells can stimulate the growth of new blood vessels (angiogenesis) to supply nutrients and oxygen to the growing tumor. This helps the tumor establish a network of blood vessels to sustain its growth [38].
· Invasion and Metastasis: Cancer cells can invade surrounding tissues and organs, breaking through barriers that would normally contain normal cells. In some cases, cancer cells can detach from the primary tumor, travel through the bloodstream or lymphatic system, and establish secondary tumors in distant parts of the body (metastasis) [39].
· Resistance to Apoptosis: Apoptosis is programmed cell death, a natural process that eliminates damaged or unnecessary cells. Cancer cells often evade apoptosis, allowing them to survive and accumulate despite genetic abnormalities or harmful conditions [40].
· Altered Cellular Metabolism: Cancer cells change their metabolism to support their rapid growth. They often favour glycolysis, a process that breaks down glucose for energy even in the presence of oxygen (the Warburg effect), which is different from the energy production of normal cells [41].
· Genomic Instability: Cancer cells tend to have genetic mutations and instability. This can lead to a wide range of genetic changes that contribute to tumor development and progression [42, 43].
· Evading Immune Detection: Cancer cells can avoid recognition by the immune system, allowing them to grow without being attacked by the body's defense mechanisms. This involves mechanisms that suppress immune responses or hide from immune cells [44].
· Deregulated Signaling Pathways: Cancer cells often have altered signaling pathways that control cell growth, division, and other important processes. These alterations contribute to the uncontrolled growth of cancer cells [45].
· Heterogeneity: Within a single tumor, there can be a variety of cancer cells with different genetic and molecular characteristics. This heterogeneity can make treatment more challenging, as some cells might be more resistant to therapies than others [46].
These properties collectively enable cancer cells to grow uncontrollably, invade surrounding tissues, and spread to distant sites in the body, ultimately causing the harm associated with cancer.

8 Causes 
The vast majority of cancer cases, accounting for approximately 90-95% of instances, stem from genetic mutations prompted by environmental and lifestyle factors. The remaining 5-10% can be attributed to hereditary genetic predispositions. Cancer emerges through the transformation of normal cells into tumor cells, following a multi-stage progression from pre-cancerous lesions to full-blown malignant tumors. This complex process is a result of the interplay between an individual's genetic factors and three primary categories of external agents:
a) Physical Carcinogens: These agents include ultraviolet and ionizing radiation, both of which can damage cellular DNA and trigger mutations that contribute to cancer development [47, 48].
b) Chemical Carcinogens: According to WHO (World Health Organization) Substances like asbestos, components found in tobacco smoke, alcohol, aflatoxin (a contaminant in food), and arsenic (a contaminant in drinking water) fall into this category. They can disrupt cellular processes and instigate genetic mutations that promote cancer progression [47, 48].
c) [image: ][image: ][image: ]Biological Carcinogens: Infections caused by specific viruses, bacteria, or parasites are classified as biological carcinogens. These pathogens can alter cellular behaviour, disrupt immune responses, and generate chronic inflammation, all of which contribute to the transformation of normal cells into cancerous ones [48].
The International Agency for Research on Cancer (IARC), a branch of the World Health Organization (WHO) dedicated to cancer research, curates a thorough classification of agents recognized for their potential to induce cancer. This categorization significantly contributes to the comprehension of cancer-causing factors and the advancement of preventive endeavours.
As individuals age, the incidence of cancer experiences a sharp increase. This phenomenon can be attributed to the accumulation of risks associated with specific cancers that intensify with age [49]. This cumulative risk is compounded by the diminishing effectiveness of cellular repair mechanisms as the body matures.
In essence, the development of cancer is a complex interplay between genetic factors and exposure to external agents, including physical, chemical, and biological carcinogens. The aging process further exacerbates cancer risk due to the accumulation of mutational and environmental factors, coupled with reduced cellular repair capabilities.

9 [bookmark: _Hlk144122772]Molecular basis of Cancer
Cancer is a group of diseases characterized by the self-directed growth of neoplastic cells, showcasing an array of modifications, notably mutations and genetic instability, within their biological makeup. The molecular basis of cancer involves the intricate genetic and molecular changes that occur within cells, leading to the development and progression of cancer. These changes are driven by alterations in the DNA sequence, gene expression, and Signaling pathways that control cell growth, division, and survival [50].
Genes undergoing both genetic and epigenetic alterations, which collectively contribute to the initiation and progression of cancer, are referred to as cancer critical genes (or driver genes or cancer-related genes) [50]. These genes may involve in the processes such as cell cycle progression, differentiation, DNA repairing and cell death. These genes harbor mutations or alterations that directly contribute to the transformation of normal cells into cancer cells. Unlike passenger genes, which acquire mutations but don't significantly impact cancer development, driver genes have a direct influence on the cellular processes that underlie cancer formation.
Cancer critical genes can be grouped into two broad classes based on their functions and roles in cancer development:





9.1 Proto – oncogenes 
A proto-oncogene is a gene that is normally present within a cell. Numerous proto-oncogenes exist in the cellular environment [51, 52]. These genes play crucial roles in regulating normal cell growth, division, and differentiation. The proteins encoded by these genes encompass growth factors, growth factor receptors, transcription factors, and signal transducers. Their involvement in the transformation process stems from their ability to propel cell proliferation or diminish sensitivity to cell death. They also play major role in various cellular processes, including growth factor signaling, cell cycle control, DNA repair, and apoptosis (programmed cell death). 
A proto-oncogene has the potential to become an oncogene when it undergoes specific mutations or alterations. Various types of genetic and epigenetic alterations can transform proto-oncogenes into oncogenes, driving their abnormal activation and contributing to the development of cancer [53]. These alterations disrupt the normal regulatory mechanisms that control gene expression and cellular processes. Here are some ways in which proto-oncogenes can be converted into oncogenes or the mechanisms associated with proto-oncogene activation include the following [54]:
1. Point Mutations: A proto-oncogene has the potential to transform into an oncogene due to a single nucleotide alteration. This alteration could involve base deletion, insertion, or substitution. Irrespective of the mutation type or origin, it typically leads to modifications in the amino acid sequence of the encoded protein, thereby changing its function. A point mutation can either enhance or disrupt gene function. One instance illustrating the transformation from proto-oncogene to oncogene through a point mutation is observed in the RAS proto-oncogenes [54]. In human cells, the HRAS, KRAS, and NRAS genes are closely linked in the RAS gene family [55]. The RAS gene family (HRAS, KRAS, and NRAS) encodes proteins involved in cell signaling pathways that regulate cell growth and division. Mutations in these genes, particularly KRAS, are commonly found in various cancers, such as colorectal cancer and pancreatic cancer [56]. A specific point mutation, such as the KRAS G12D mutation, changes a single DNA base in the gene [57]. This mutation locks the protein in an active state, leading to persistent signaling for cell growth, even in the absence of normal stimuli. As a result, cells with this mutated KRAS gene can undergo uncontrolled proliferation and contribute to tumor formation.

2. Gene amplification: Gene amplification refers to the process by which the number of copies of a specific gene within a cell is increased, leading to higher expression levels of the encoded protein. In the context of proto-oncogenes, gene amplification can contribute to the development of cancer by increasing the activity of the encoded proteins involved in promoting cell growth, proliferation, and survival [58].
Proto-oncogenes that are subject to gene amplification can become hyperactive, driving abnormal cellular signaling and uncontrolled division. This process can be a crucial step in oncogenesis, as it can lead to an increased abundance of proteins that stimulate cell growth and inhibit apoptosis. An example of gene amplification in a proto-oncogene is the MYC Gene Amplification. The MYC proto-oncogene encodes a transcription factor that regulates the expression of genes involved in cell growth and proliferation. Amplification of the MYC gene is frequently observed in various cancers, including breast, lung, and ovarian cancers. Increased MYC gene copies lead to elevated levels of the MYC protein, which can drive excessive cell division and contribute to tumorigenesis [58].

3. Chromosomal Translocations: Chromosomal translocations are genetic mutations that involve the rearrangement of genetic material between two non-homologous chromosomes. This process occurs when a segment of one chromosome breaks and becomes attached to another chromosome. Chromosomal translocations can lead to changes in gene structure, expression, and function, which can have significant implications for cellular processes and disease, including cancer. Chromosomal translocations can lead to the activation of oncogenic pathways when they result in the fusion of a proto-oncogene with another gene [54]. This fusion event often places the proto-oncogene under the control of a highly active promoter, leading to it’s over expression and altered function. The resulting fusion protein can contribute to uncontrolled cell growth and cancer development. 
An example of a chromosomal translocation involving proto-oncogenes is BCR-ABL1 Fusion Gene in Chronic Myeloid Leukemia (CML). The BCR-ABL1 fusion gene in CML results from a translocation between chromosomes 9 and 22. The ABL1 gene on chromosome 9 fuses with the BCR gene on chromosome 22, generating the BCR-ABL1 fusion gene. This fusion gene encodes a constitutively active tyrosine kinase that drives the uncontrolled growth of white blood cells in CML [59].
Another example is of Burkitt’s lymphoma. It is driven by a chromosomal translocation that fuses the MYC proto-oncogene on chromosome 8 with immunoglobulin genes, often on chromosome 14. This translocation results in the relocation of the MYC gene under the control of strong immunoglobulin enhancers. As a consequence, the MYC gene becomes persistently overexpressed, leading to the excessive production of the MYC protein, a transcription factor that regulates genes related to cell growth, proliferation, and apoptosis. The aberrant expression of MYC disrupts normal cellular processes, fostering uncontrolled cell division and the aggressive growth characteristic of Burkitt lymphoma [60].

4. Insertional activation: Insertional activation refers to a genetic event in which the normal regulation of a gene is disrupted by its insertion into a different genomic location, often resulting in altered gene expression. This phenomenon can play a role in cancer development when proto-oncogenes, which are genes that regulate normal cell growth, become abnormally activated due to their insertion near strong regulatory elements, such as enhancers, in the genome. This enhanced expression of proto-oncogenes can lead to uncontrolled cell division and contribute to tumorigenesis. Insertional activation can occur through various mechanisms, such as retroviral integration, transposon activity, or other genomic rearrangements, and understanding its implications is crucial for unravelling the molecular basis of oncogenesis [61]. An example of insertional activation of a proto-oncogene is seen in certain cases of human T-cell Leukemia virus type 1 (HTLV-1)-associated Leukemia. HTLV-1 is a retrovirus that can infect T cells. In some individuals infected with HTLV-1, the virus integrates its genetic material into the host cell's genome. This integration can occasionally occur near strong enhancer elements that regulate gene expression [62].


Table 3: proto-oncogenes, their functions and the cancer associated with mutation in that gene.
	Proto -oncogene
	Gene location
	Protein function
	Cancer
Associated
	References 

	
ABL1
BRAF
SRC
FES
LCK
	
9q34
7q34
20q11.23
15q26.1
1p35-p34.3
	PROTEIN KINASE
Tyrosine kinase
Tyrosine kinase
Serine – threonine kinase
Tyrosine kinase
Lymphocyte Tyrosine kinase
	Colorectal and breast cancers, melanomas, ovarian cancers, gastric cancers, blood cancer.
	
[63, 64, 65, 66]


	

ErbB-1 (EGFR)
ErbB-2 (HER2)
	

7q11.2

17q12
	GROWTH FACTOR RECEPTORS
Receptor of epidermal growth factor (EGF)
Receptor tyrosine – protein kinase
	Breast cancer, pancreatic cancer, gastrointestinal stromal tumors. 
	[67,68]

	
SIS 

Int -2 
	
22q12.3-13.1

11q13
	GROWTH FACTOR
Platelet-Derived Growth Factor Beta (PDGFB)
Fibroblast growth factor (FGF)
	Breast carcinoma, glioblastoma, melanomas, fibrosarcomas.
	[69, 70]

	

H-RAS
K-RAS
N-RAS
	

11p15.5
12p12.1
1p13.2
	G-PROTEIN SIGNAL TRANSDUCERS
GTPase
GTPase
GTPase
	Thyroid tumors, adenocarcinomas of colon and pancreas, myeloid leukemia.
	[55, 56]

	

JUN
c-FOS
MYC
	

1q24.1
14q24.3
8q24.21
	TRANSCRIPTION FACTOR
Nuclear protein
Nuclear protein
Nuclear protein
	Retinoblastoma, malignant T-cell lymphomas, breast cancer, acute myeloid leukemia.
	[71]



9.2 Tumor Suppressor genes
Tumor suppressor genes (also called anti-oncogene) are a class of genes that play a critical role in regulating cell division, DNA damage repair, induction of apoptosis and prevent unregulated cell growth [1, 72].
Tumor suppressor genes are commonly categorized into two main types based on their mechanisms of action and the consequences of their inactivation. These are of two types are:
1. Gatekeeper Genes are those genes that directly control cell proliferation and prevent abnormal growth. These genes serve as key regulators of the cell cycle and apoptosis, and their dysfunction can lead to uncontrolled cell division and tumor formation. Tumor suppressor genes, as mentioned in the previous response, often function as gatekeeper genes. They act as barriers against the development of cancer by inhibiting cell growth and promoting cell death in response to DNA damage or other abnormalities. For instance, the TP53 (p53) gene is a classic gatekeeper gene. Mutations in p53 result in its loss of function, which can lead to the accumulation of DNA damage and increased survival of damaged cells, increasing the risk of cancer development [1, 73].
2. Caretaker genes, on the other hand, are genes that play a crucial role in maintaining the integrity of the genome. They are involved in processes such as DNA repair, replication, and chromosome stability. Caretaker genes do not directly control cell proliferation like gatekeeper genes, but they contribute to the overall stability of the genome. Mutations in caretaker genes can lead to an increased mutation rate and genomic instability, which can create an environment conducive to the development of cancer [73].
Caretaker genes are particularly important because they help prevent the accumulation of mutations that could affect gatekeeper genes and other critical cellular processes. A malfunctioning caretaker gene can result in an increased likelihood of mutations in other genes, including gatekeeper genes, contributing to the progression of cancer.
Tumor suppressor genes can be broadly categorized into several classes based on their functions and mechanisms of action. These categories help us understand the diverse ways in which these genes contribute to preventing the development and progression of cancer:
a) Cell Cycle Regulators: These tumor suppressor genes control the cell cycle and ensure that cells divide only when conditions are appropriate. They prevent cells from entering the cell cycle if DNA damage or other abnormalities are detected. Examples include:
· RB1 (Retinoblastoma gene): Regulates the G1/S checkpoint of the cell cycle.
· CDKN2A (p16INK4a): Inhibits cyclin-dependent kinases, slowing down the cell cycle.
· CDKN1A (p21Cip1): Induces cell cycle arrest in response to DNA damage [74].

b) Apoptosis Inducers: These genes promote programmed cell death (apoptosis) in cells that are irreparably damaged or abnormal. They prevent the survival and propagation of cells with genetic defects. Examples include:
· TP53 (p53): Activates apoptosis in response to DNA damage and other stress signals [75].
· BAX: Contributes to the initiation of apoptosis by promoting mitochondrial permeabilization [76].

c) DNA Repair Genes: These genes are involved in repairing DNA damage, maintaining genomic stability, and preventing the accumulation of mutations that could lead to cancer. Examples include:
· BRCA1 and BRCA2: Involved in homologous recombination repair of DNA double-strand breaks [77].
· MLH1, MSH2, MSH6, PMS2: Mismatch repair genes that correct errors in DNA replication [78].

d) Chromatin Regulators: These genes are responsible for maintaining proper chromatin structure and regulating gene expression. Disruption of these genes can lead to epigenetic changes that contribute to cancer. Examples include:
· ATRX: Involved in chromatin remodelling and regulation of telomeres.
· HDAC1, HDAC2: Histone deacetylases that influence gene expression through chromatin modification [79].

e) Cell Adhesion and Motility Regulators: These genes help maintain tissue structure and prevent cells from detaching and spreading uncontrollably (metastasis). Examples include:
· E-cadherin (CDH1): Regulates cell-cell adhesion [80].
· NF2 (Merlin): Links cell adhesion to the cytoskeleton and suppresses cell motility [81].

f) Signaling Pathway Regulators: These genes modulate various signaling pathways that control cell growth, survival, and proliferation. Mutations can lead to aberrant pathway activation. Examples include:
· PTEN: Regulates the PI3K-Akt pathway involved in cell survival and growth [82].
· APC: Controls the Wnt Signaling pathway, important for cell proliferation [83].
These categories are not always mutually exclusive, as many tumor suppressor genes have multifaceted roles that can span across several functions. However, understanding these general categories helps elucidate how tumor suppressor genes collectively act as safeguards against cancer development by regulating crucial cellular processes.
There are several well-studied tumor suppressor genes (TSGs) that have been extensively researched due to their significant roles in preventing the development of cancer. They are:
A. TP53(tumor protein 53): It often referred to as the "guardian of the genome," is one of the most extensively studied tumor suppressor genes due to its critical role in preventing the development of cancer.
Key Functions:
· Cell Cycle Arrest: When DNA damage is detected, p53 can halt the cell cycle at the G1/S or G2/M checkpoint [84]. 
· DNA Repair: p53 promotes DNA repair mechanisms, allowing cells to fix damaged DNA and maintain genomic stability [85].
· Apoptosis (Programmed Cell Death): If DNA damage is severe and cannot be repaired, p53 can induce apoptosis. This eliminates cells with irreparable damage, preventing their survival and potential transformation into cancer cells [75].

Inactivation and Cancer: Mutations in TP53 lead to loss of its tumor suppressor functions. Inactivating mutations can result in uncontrolled cell growth, accumulation of DNA damage, and resistance to apoptosis, promoting tumor development. Mutations in TP53 are found in a wide range of cancers, including lung, breast, colorectal, and ovarian cancers, among others. Some individuals inherit a mutated TP53 gene, leading to Li-Fraumeni syndrome, a rare hereditary disorder associated with a high risk of developing multiple types of cancers [86].
In summary, TP53 is a pivotal tumor suppressor gene that safeguards genomic integrity, regulates cell cycle progression, and promotes DNA repair and apoptosis. Its dysfunction through mutations contributes to cancer development by allowing cells with damaged DNA to survive and proliferate.

B. Retinoblastoma 1 (RB1 gene): It is another well-studied tumor suppressor gene with a critical role in regulating cell cycle progression and preventing the development of cancer.
Key Functions:
· Cell Cycle Regulation: In its active form, pRB (protein Retinoblastoma) binds to E2F transcription factors, preventing them from promoting the expression of genes required for cell cycle progression [87].
· G1 Arrest: By inhibiting E2F activity, pRB helps keep the cell in the G1 phase of the cell cycle, preventing entry into the S phase where DNA replication occurs [88].
· Differentiation Control: pRB also plays a role in promoting cellular differentiation, which is crucial for the development of specialized tissues [89].

Inactivation and Cancer:
Loss of functional RB1 leads to uncontrolled cell cycle progression, as E2F transcription factors are no longer properly regulated. Mutations or other mechanisms that disrupt pRB's inhibitory activity can contribute to the development of cancer. Retinoblastoma, a rare eye cancer that primarily affects children, is associated with RB1 mutations. It was the first cancer linked to a specific genetic mutation [96].
Two-Hit Hypothesis:
· The "two-hit" hypothesis, proposed by Alfred Knudson, explains the hereditary nature of retinoblastoma and other cancers related to RB1.
· According to this hypothesis, individuals inherit one mutated copy of RB1 from a parent (the first hit), and then a somatic mutation occurs in the other copy within a cell (the second hit), leading to loss of pRB's function and promoting cancer development [90].  

C. BRCA1 (BReast - CAncer susceptibility gene 1) and BRCA2 (BReast - CAncer susceptibility gene 2): BRCA1 and BRCA2 are two highly studied tumor suppressor genes that are associated with an increased risk of breast and ovarian cancers, among other cancer types [91]. 
a) BRCA1 (BReast - CAncer susceptibility gene 1):
· Function: BRCA1 is involved in multiple cellular processes, including DNA repair, maintenance of genomic stability, cell cycle regulation, and transcriptional control.
· DNA Repair: BRCA1 plays a key role in repairing DNA double-strand breaks through homologous recombination repair, a critical process for maintaining genomic integrity.
· Cell Cycle Regulation: BRCA1 helps control cell cycle progression and ensures that cells with DNA damage are repaired before proceeding to the next phase.
· Transcriptional Regulation: BRCA1 is involved in regulating the transcription of various genes related to DNA repair and other cellular processes [91, 92].

b) BRCA2 (BReast - CAncer susceptibility gene 2):
· Function: BRCA2 also plays a crucial role in DNA repair, specifically in homologous recombination repair of DNA double-strand breaks.
· DNA Repair Facilitator: BRCA2 helps load RAD51 onto single-stranded DNA, a key step in the homologous recombination process.
· Genomic Stability: By assisting in proper DNA repair, BRCA2 helps maintain genomic stability and prevent the accumulation of harmful mutations [91, 92].

Cancer Risk and Inactivation:
· Inherited mutations in BRCA1 and BRCA2 significantly increase the risk of developing breast, ovarian, and other cancers, often at a younger age than in the general population [93].
· Women with BRCA1 mutations have a lifetime risk of approximately 50-85% for breast cancer and a 20-40% risk for ovarian cancer [94].
Hereditary Breast and Ovarian Cancer (HBOC) Syndrome:
· BRCA1 and BRCA2 mutations are associated with hereditary breast and ovarian cancer syndrome, a condition characterized by an increased risk of these cancers.
· Genetic testing can identify individuals with BRCA1 or BRCA2 mutations, allowing for proactive medical management and risk reduction strategies [93].
Table: tumor- suppressor genes, their functions and the cancer associated with mutation in that gene.
	Tumor suppressor genes
	Gene location
	Function
	Cancer associated
	References 

	TP53
	17p13.1
	Transcription factor
	Lung, colorectal, breast, ovarian, and many others.
	[95]


	RB1
	13q14
	Cell cycle control
	Retinoblastoma (eye cancer), osteosarcoma.
	[96]

	DCC
	18q21.3
	Cell – cell adhesion
	Colorectal Cancer
	[97]

	NF1
	17q11.2
	Growth signal transduction
	Neurofibromatosis type 1 (NF1) syndrome, neurofibromas
	[98]

	APC
	5q21
	Cell – matrix adhesion
	Colorectal cancer, familial adenomatous polyposis (FAP).
	[83]

	MTS1
	9p21
	Cell cycle control 
	Melanoma, pancreatic cancer, thyroid carcinoma, endometrial cancer.
	[99, 100]

	MSH2
	2p22
	DNA repair
	Lynch syndrome-related cancers, primarily colorectal cancer, endometrial cancer.
	[100]

	VHL
	3p25-26
	Cellular response
	renal cell carcinoma, hemangioblastomas
	[101]

	MLH1
	3p21.3
	DNA repair
	Lynch syndrome-related cancers, primarily colorectal cancer, endometrial cancer.
	[100, 101]

	BRCA1
	17q21
	DNA repair
	Breast and ovarian cancers
	[101]

	BRCA2
	13q12.3
	DNA repair
	Breast and ovarian cancers
	[101]

	PTEN
	10q23.3
	Cell cycle regulation
	Breast, prostate, and brain cancers
	[82]



10 Metastasis 
Metastasis entails a multifaceted progression during which cancer cells disperse from the initial tumor location to distant areas within the body. This results in the formation of secondary tumors, also known as metastases. It is a hallmark of malignant cancer and is responsible for the majority of cancer-related deaths.
 The process of metastasis involves several distinct steps:
a) Local Invasion:
· Cancer cells at the primary tumor site acquire the ability to invade surrounding tissues.
· They break through the basement membrane and invade nearby blood vessels or lymphatic vessels [102].

b) Intravasation:
· Cancer cells enter the bloodstream or lymphatic system through blood vessels or lymphatic vessels.
· They can survive in the circulation despite the hostile environment [102, 103].

c) Circulation:
· Cancer cells are carried through the bloodstream or lymphatic system to distant organs or tissues.
· Most circulating cancer cells do not survive this journey due to various challenges, including immune responses and physical forces [103].

d) Arrest and Extravasation:
· Cancer cells that successfully reach distant organs encounter small blood vessels called capillaries.
· They arrest, or stop, in these capillaries, often in microvasculature of target organs.
· Cancer cells then squeeze out of the vessels and enter the surrounding tissue, a process called extravasation [103].

e) Formation of Micrometastases:
· Extravasated cancer cells form small clusters of cells in the new tissue, known as Micrometastases.
· Micrometastases may remain dormant for a period of time before initiating growth [103].

f) Angiogenesis and Macrometastases:
· Micrometastases can stimulate angiogenesis, the growth of new blood vessels, to supply nutrients and oxygen for sustained growth.
· This enables the formation of larger secondary tumors called macrometastases [103].
Metastasis is a complex and multifaceted process influenced by various factors, including the cancer type, genetic alterations in the cancer cells, interactions with the tumor microenvironment, and immune responses. The ability of cancer cells to metastasize often determines the severity and stage of cancer, as well as treatment strategies. Understanding the mechanisms of metastasis is crucial for developing targeted therapies that can inhibit or disrupt the various steps involved in the process. Researchers are actively working to identify key molecular pathways and cellular interactions involved in metastasis to develop more effective treatments and interventions that can prevent or limit the spread of cancer to distant sites in the body.

11 Cancer Microenvironment and Immune Response
The tumor microenvironment refers to the complex ecosystem of cells, molecules, and structures that surround a tumor within the body. This microenvironment plays a critical role in shaping the behaviour of the tumor, its growth, invasion, and response to therapies. It encompasses various cell types, such as immune cells, fibroblasts, endothelial cells, and tumor cells themselves, along with extracellular matrix components and signaling molecules [104]. The interactions between these components can influence the progression and treatment outcomes of cancer. The tumor microenvironment represents a vibrant field of study and a crucial focal point in devising impactful cancer treatments that consider the ever-changing interactions unfolding within and surrounding the tumor.
Components of the Tumor Microenvironment:
a) Tumor Cells: It is the central component of the microenvironment. Tumor cells drive the formation and progression of cancer [104, 105].
b) Stromal Cells:
· Fibroblasts: Cancer-associated fibroblasts (CAFs) are key players in tumor progression. They promote tissue remodelling, angiogenesis, and immune evasion.
· Endothelial Cells: Form blood vessels that supply nutrients and oxygen to the tumor (angiogenesis).
· Immune Cells: Tumor-infiltrating lymphocytes (TILs), including T cells, B cells, and natural killer cells, have complex interactions with tumor cells [104].
c) Extracellular Matrix (ECM): A network of proteins and carbohydrates that provides structural support to tissues. Altered ECM can affect cell behaviour and tumor invasion.
d) Immune Cells:
· T Cells: Some T cells recognize and attack tumor cells, while others, like regulatory T cells (Tregs), suppress immune responses.
· Dendritic Cells: Antigen-presenting cells that initiate immune responses by presenting tumor antigens to T cells.
· Myeloid-Derived Suppressor Cells (MDSCs): Suppress immune responses, promoting tumor growth [104, 105].
e) Cytokines and Chemokines: Signaling molecules that mediate communication between different cell types in the microenvironment [104].
f) Blood vessels: Angiogenesis, the formation of new blood vessels, is critical for delivering nutrients and oxygen to the tumor and facilitating metastasis [104].

Functions and Dynamics:
a) Immune Response and Immunomodulation:
Tumor cells can evade immune recognition by downregulating major histocompatibility complex (MHC) molecules. Immune checkpoint molecules like PD-1 and CTLA-4 can suppress T cell activity, promoting immune evasion. Some tumors exhibit an "immune desert" microenvironment with few immune cells, while others have an "inflamed" microenvironment with active immune responses [106].

b) Angiogenesis and Hypoxia:
Tumors release angiogenic factors that stimulate blood vessel growth, ensuring a blood supply. Rapid tumor growth can outpace blood vessel formation, leading to areas of low oxygen (hypoxia), nutrient deprivation. Hypoxia triggers the production of angiogenic factors, primarily vascular endothelial growth factor (VEGF), which stimulates the sprouting of new blood vessels from nearby existing ones. The newly formed blood vessels supply the tumor with oxygen and nutrients, enabling its continued growth and survival [38].

c) Matrix Remodelling and Metastasis:
The ECM influences tumor cell behaviour and invasion. Matrix metalloproteinases (MMPs) produced by tumor and stromal cells degrade the ECM, aiding tumor cell movement and metastasis [107].

d) Interaction with Therapies:
The microenvironment can influence how tumors respond to therapies like chemotherapy, radiation, and immunotherapy. Dense ECM can limit drug penetration, while immunosuppressive factors can hinder immunotherapy efficacy [108].

12 Diagnosis
The diagnosis of cancer represents a pivotal juncture in the management of this complex disease. Cancer detection initially hinges on evaluating an individual's clinical symptoms, physical examination findings, and occasionally outcomes from screening assessments. In some instances, fortuitously obtained X-rays for unrelated purposes, such as injury evaluations, may reveal anomalies suggesting cancer. Substantiating the presence of cancer necessitates additional evaluations, commonly referred to as diagnostic tests.
Subsequent to a cancer diagnosis, a crucial procedure known as staging ensues. Staging involves categorizing the cancer's progression, encompassing parameters like its dimensions and whether it has disseminated to adjacent tissues, lymph nodes, or more distant organs. This staging process facilitates informed therapeutic decisions and prognostication.
Various methods of diagnosis are:
12.1 Imaging tests
In the realm of cancer suspicion, medical practitioners frequently initiate the diagnostic journey with a preliminary step: employing various imaging studies to shed light on potential anomalies. These investigative techniques, encompassing X-rays, ultra-sonography, and computed tomography (CT), serve as the initial diagnostic guideposts. 

Types of Imaging Tests:
· X-rays: X-rays use a small amount of radiation to create images of bones and tissues. They can reveal tumors or abnormal growths within the body.
· Computed Tomography (CT) Scan: It provides detailed cross-sectional images of the body. They are used to visualize the size, shape, and location of tumors, as well as detect metastases.
· Magnetic Resonance Imaging (MRI): MRI uses strong magnets and radio waves to create detailed images of soft tissues. It's especially useful for evaluating brain, spinal, and musculoskeletal tumors [109].
· Ultrasound: Ultrasound uses sound waves to create real-time images of internal organs. It's often used to guide biopsies and assess the characteristics of tumors.

12.2 Biopsy 
A biopsy is a definitive diagnostic procedure in which a sample of tissue or cells is removed from a suspicious area and examined under a microscope to determine if cancer is present. Biopsies provide crucial information about the type of cancer, its aggressiveness, and potential treatment options.

Biopsy Process:
· A biopsy is often guided by imaging techniques such as ultrasound, CT, or MRI to precisely target the suspicious area.
· The collected tissue is sent to a pathologist, who examines it under a microscope to determine if cancer cells are present.
· The pathologist analyses the tissue's characteristics, including cell type, grade, and molecular markers.
· Various types of Biopsies are needle biopsy, surgical biopsy and endoscopic biopsy.
Biopsies offer a direct evaluation of tissue, enabling accurate diagnosis and guiding treatment decisions. Together, imaging tests and biopsies form a crucial diagnostic duo, providing comprehensive insights into the nature and extent of cancer.

12.3 Molecular diagnosis
Molecular diagnosis involves the analysis of genetic and molecular alterations within an individual's cells to understand disease processes, identify genetic mutations, and tailor treatment approaches. This advanced diagnostic approach delves into the molecular and genetic characteristics of diseases, including cancer. Here's what comes under molecular diagnosis:

A. Genetic testing
a) Mutation Analysis: Identifying specific mutations or alterations in genes associated with diseases, such as cancer-related mutations in BRCA1 and BRCA2 genes for breast cancer.
b) Genomic Sequencing: Analysing the entire DNA sequence of a genome to identify genetic variations linked to diseases.

B. Biomarker Analysis: Tumor markers
Tumor markers are substances produced by normal cells or cancer cells in the body that can be detected in blood, urine, or other bodily fluids. These substances are often proteins, enzymes, hormones, or other molecules that can provide information about the presence, characteristics, and behaviour of cancer [110]. Tumor markers are used as diagnostic tools to aid in the detection and management of cancer, as well as to monitor treatment responses and predict prognosis. Elevated levels of specific tumor markers may indicate the possibility of cancer, but they are not definitive proof of the disease and need to be interpreted in conjunction with other clinical and diagnostic information. Different types of cancer may be associated with different tumor markers, making them valuable tools in tailoring treatment approaches and guiding patient care.
Sometimes, these markers aren't in the blood but are on the surface of the tumor cells. To find these, doctors examine a tiny piece of tissue taken during a biopsy. Examples of these markers are HER2 and EGFR, and they help doctors understand the characteristics of the cancer cells.
Some examples of tumor marker are as follows:
a) Prostate-Specific Antigen (PSA)
· Associated with: Prostate cancer.
· Role: Elevated levels can suggest prostate cancer or other prostate conditions.
· Clinical Use: Used for prostate cancer screening and monitoring treatment effectiveness [111].

b) Carcinoembryonic Antigen (CEA)
· Associated with: Various cancers, including colorectal, pancreatic, and lung cancers.
· Role: Elevated levels can indicate the presence of certain cancers.
· Clinical Use: Used in monitoring treatment response and detecting cancer recurrence [112].

c) HER2 (Human Epidermal Growth Factor Receptor-2)
· Associated with: Breast and stomach cancers.
· Role: Over-expression indicates aggressive cancer and helps guide treatment decisions.
· Clinical Use: Used to guide targeted therapies in HER2-positive breast and stomach cancers [113].


C. Next Generation Sequencing
Next-Generation Sequencing (NGS) has revolutionized the study of cancer genomics by enabling comprehensive analyses of tumor DNA and RNA. This cutting-edge technology has unravelled the intricate genetic alterations driving cancer development, offering unprecedented insights into tumor biology, personalized treatment strategies, and the potential for targeted therapies [114].
· NGS allows for the simultaneous sequencing of thousands of genes, revealing mutations, copy number variations, and structural alterations that contribute to cancer initiation and progression. NGS helps distinguish driver mutations (contributing to cancer growth) from passenger mutations (non-functional alterations), aiding in identifying potential therapeutic targets. It unveils the heterogeneity within tumors, showing how different regions of a tumor can harbour distinct genetic alterations. This information informs treatment decisions and predicts treatment resistance.

D. Polymerase Chain Reaction (PCR)
Polymerase Chain Reaction (PCR) is a genetic powerhouse driving cancer research. By rapidly copying and amplifying specific DNA sequences, PCR empowers scientists to identify cancer-related mutations, markers, and expression patterns. This technique plays a vital role in diagnosing genetic mutations linked to cancers, assessing treatment responses, and tracking minimal residual disease. PCR variants like quantitative PCR (qPCR) and reverse transcription PCR (RT-PCR) expand its capabilities, allowing precise quantification of gene expression and analysis of RNA-based markers. As cancer care evolves, PCR remains an indispensable tool for deciphering the genetic intricacies of tumors, advancing precision medicine, and ultimately improving patient outcomes [115].

E. Fluorescence In-Situ Hybridization (FISH)
It is a game-changing technique reshaping cancer diagnostics. By applying fluorescent probes that specifically bind to target DNA sequences within cells, FISH brings genetic information into vivid view. This approach enables the detection of genetic anomalies, structural changes, and gene amplifications associated with cancer. FISH is pivotal in cancer subtyping, aiding in precise classification, prognosis prediction, and treatment planning. Notably, FISH's role in determining the HER2 status in breast cancer guides the selection of targeted therapies. Despite its challenges in interpretation and sample handling, FISH's potential remains vast, offering insights into treatment responses, monitoring minimal residual disease, and driving further advances in understanding cancer genetics. As technology advances, FISH's impact is set to expand. Its ability to identify fusion genes and provide insights into mechanisms of treatment resistance holds promise for the development of more effective therapies [116].

F. Microarray Analysis
Microarray analysis is a cutting-edge genomic technology that has revolutionized cancer research by enabling the simultaneous study of thousands of genes' activities. This technique offers a panoramic view of gene expression patterns, mutations, and alterations within cancer cells, shedding light on the intricate molecular landscape of tumors. Microarrays consist of tiny spots containing DNA probes that correspond to specific genes. When fluorescently labelled samples are applied to the microarray, they bind to their complementary DNA probes, producing a colourful pattern that reflects gene expression levels. This approach facilitates the identification of genes that are overexpressed or suppressed in cancer, aiding in cancer subtyping, prognosis prediction, and even the discovery of potential therapeutic targets [117].
Microarray analysis plays a pivotal role in deciphering the genetic underpinnings of cancer. It aids in classifying tumors based on distinct expression profiles, which can guide treatment decisions. Microarrays also contribute to identifying molecular signatures associated with drug responses, allowing tailored therapies. Moreover, this technology delves into the complexity of cancer progression by uncovering genes involved in metastasis, angiogenesis, and immune response. Despite challenges in data analysis and interpretation, microarray analysis stands as a beacon guiding us through the labyrinthine pathways of cancer genetics, offering valuable insights into the mechanisms driving this complex disease.

G. Circulating Tumor DNA (ctDNA) 
Circulating Tumor DNA (ctDNA) analysis is a groundbreaking method reshaping cancer diagnostics and monitoring. As tumors shed fragments of their DNA into the bloodstream, ctDNA provides a non-invasive liquid biopsy, capturing a snapshot of the tumor's genetic landscape. This approach enables the detection of genetic alterations that drive cancer growth, allowing oncologists to track treatment responses, detect disease recurrence, and guide personalized therapeutic strategies. ctDNA's significance lies in its potential for early cancer detection, as well as its ability to monitor minimal residual disease after treatment, which is pivotal for timely interventions.
ctDNA analysis revolutionizes cancer care by offering real-time genetic insights without the need for invasive procedures. However, challenges encompass ensuring the sensitivity and specificity of ctDNA detection methods, as well as standardizing interpretation across laboratories. As technology advances and methods mature, ctDNA analysis holds immense promise for transforming the landscape of cancer diagnosis, treatment, and monitoring [118].

13 Therapeutic Approaches and Treatment
Cancer treatment refers to the various methods and strategies used to manage, cure, or control the growth of cancer cells in the body. The approach to cancer treatment depends on the type and stage of cancer, as well as the patient's overall health and preferences. Cancer treatment can involve one or a combination of the following methods:

13.1 Surgery  
Surgery involves physically removing the cancerous tumor and, in some cases, nearby lymph nodes or other affected tissues. It is often used for localized tumors that have not spread to other parts of the body.

13.2 Chemotherapy
Chemotherapy encompasses the utilization of medications to eliminate or impede the proliferation of cancer cells. These drugs can be administered orally or intravenously and circulate throughout the body to target cancer cells. Chemotherapy is often used when cancer has spread or has a high risk of spreading. Chemotherapy is a cancer treatment that uses powerful drugs to target and destroy rapidly dividing cells, including cancer cells. It's one of the most common treatment options for various types of cancer. Chemotherapy drugs can be administered through different methods, such as intravenous (IV) infusion, oral pills, injections, or even directly into a specific area of the body.
Here's how chemotherapy works:
· Targeting Rapidly Dividing Cells: Cancer cells divide and grow at a faster rate than most normal cells. Chemotherapy takes advantage of this characteristic by attacking cells that are actively dividing. While cancer cells are the primary target, other rapidly dividing cells in the body can also be affected. This is why chemotherapy can lead to side effects, as normal cells like hair follicles, bone marrow cells, and cells lining the digestive tract are impacted [119].
· Disrupting Cell Division: Chemotherapy drugs work by interfering with various stages of the cell cycle, which is the process that cells go through to divide and grow. Different chemotherapy drugs target different parts of the cell cycle. For example, some drugs prevent DNA replication, which is necessary for cell division, while others inhibit cell division itself.
· Killing Cancer Cells: Chemotherapy drugs cause damage to the DNA inside cancer cells. When the cancer cells attempt to divide, the damaged DNA prevents proper cell division. This ultimately leads to the destruction of the malignant cells. However, not all cancer cells may be destroyed in a single treatment cycle, which is why chemotherapy is often given in cycles with rest periods in between.
· Combination Therapy: Sometimes, multiple chemotherapy drugs are used together in what's known as combination therapy. Each drug may target different aspects of the cancer cells' growth process, making the treatment more effective. Combination therapy can also reduce the risk of cancer cells developing resistance to a single drug [120].
· Specific Schedules: Chemotherapy is often administered in cycles. A cycle typically consists of a treatment phase followed by a rest period. This helps to give the body time to recover from the effects of the chemotherapy while allowing the cancer cells to be targeted during subsequent treatment sessions.
Few examples of chemotherapy drugs along with the types of cancers they are commonly used to treat:
· Doxorubicin (Adriamycin): This drug is used to treat a variety of cancers, including breast cancer, lung cancer, and Leukemia. It works by damaging DNA within cancer cells, which interferes with their ability to divide and grow [121].
· Cisplatin: It is often used to treat testicular, ovarian, bladder, and lung cancers. It works by forming crosslinks in DNA, preventing the DNA from being replicated and leading to cell death [122].
· Paclitaxel (Taxol): Paclitaxel is used to treat breast, ovarian, and lung cancers. It interferes with the normal breakdown of microtubules during cell division, disrupting the process and causing cell death [123].
· Fluorouracil (5-FU): This drug is commonly used for colorectal, breast, and pancreatic cancers. It interferes with the synthesis of DNA and RNA, preventing cell division and leading to cell death [124].
· Methotrexate: It is used to treat various cancers, including leukemia, lymphoma, and breast cancer. It interferes with the metabolism of folic acid, which is necessary for DNA synthesis and cell division [125].
· Trastuzumab (Herceptin): Trastuzumab is used to treat HER2-positive breast cancer. It targets a specific protein on the surface of cancer cells, inhibiting their growth [126].

13.3 Radiation therapy
Radiation therapy, also known as radiotherapy, is a common treatment for cancer that uses high doses of radiation to target and destroy cancer cells while minimizing damage to nearby healthy tissues. It is often used alongside surgery, chemotherapy, or other treatments to effectively manage or cure cancer. Radiation therapy works by damaging the DNA within cells, preventing them from dividing and growing.
Types of Radiation: There are two primary types of radiation therapy: external beam radiation and internal radiation (brachytherapy).
· External Beam Radiation: This is the most predominant form of radiation therapy. It entails administering radiation externally through a device known as a linear accelerator. The machine focuses radiation beams precisely on the tumor site while minimizing exposure to healthy tissues.
· Brachytherapy: In this approach, radioactive sources are placed directly inside or very close to the tumor. This allows for a high dose of radiation to be delivered directly to the cancer cells while sparing surrounding healthy tissue [127].

13.4 Immunotherapy 
Immunotherapy constitutes a category of cancer treatment that leverages the body's innate immune system to identify, focus on, and eliminate cancer cells. The immune system is a complex network of cells, tissues, and molecules that work together to defend the body against infections and abnormal cells, including cancer cells. Immunotherapy aims to enhance the immune response against cancer by either boosting its activity or removing barriers that prevent the immune system from recognizing and attacking cancer cells effectively.
The immune system operates as a vigilant guardian, inherently equipped to identify and eliminate aberrant cells, thereby pre-emptively inhibiting or retarding the advancement of numerous cancers. Notably, immune cells are frequently detected in the vicinity of tumors, an indication of the immune system's proactive engagement. These immune cells, referred to as tumor-infiltrating lymphocytes (TILs), symbolize the immune system's recognition of the tumor's presence and its commitment to counter it. Significantly, individuals with TILs within their tumors often exhibit more favourable outcomes compared to those whose tumors lack this orchestrated immune response.
While the immune system possesses the capacity to hinder or decelerate cancer progression, cancer cells have evolved strategies to evade annihilation by the immune system. For instance, cancer cells may employ the following tactics:
· Genetic Modifications: Cancer cells can undergo genetic mutations that render them inconspicuous to the immune system. These changes obscure their recognition, enabling them to elude the immune response.
· Inhibitory Surface Proteins: Some cancer cells showcase surface proteins that effectively deactivate immune cells, orchestrating an impediment to the immune system's vigilant activity. These proteins function as a kind of "off switch" for immune response.
· Manipulation of Surroundings: Cancer cells can manipulate neighbouring healthy cells, orchestrating an environment that hampers the immune system's ability to mount an effective response against the cancerous cells [128].
Immunotherapy, a formidable ally in the fight against cancer, seeks to fortify the immune system's efficacy. It achieves this by:
· Enhancing Recognition: Immunotherapy bolsters the immune system's capacity to identify cancer cells by pinpointing distinct molecules or antigens on their surfaces. This empowers the immune system to discern between healthy and malignant cells more accurately.
· Neutralizing Inhibitory Proteins: Certain immunotherapies, exemplified by checkpoint inhibitors, neutralize the very proteins that cancer cells exploit to suppress immune response. By doing so, they release the "brakes" on the immune system, allowing it to unleash a more robust assault on cancer cells.
· Stimulating Immune Vigilance: Immunotherapy amplifies the activity of immune cells like T cells and natural killer cells, the body's defense against cancer cells. This augmented immune response translates to a more effective suppression of cancer growth.
· Creating a Favourable Context: Specific immunotherapy approaches reshape the tumor microenvironment, fostering an atmosphere that encourages immune cells to assail cancer cells. This involves orchestrating a shift in the composition of immune cells within the tumor [129].
Through strategic leverage of the immune system's inherent prowess and countering cancer's evasive manoeuvres, immunotherapy emerges as a groundbreaking modality in cancer treatment. It holds the potential not only to invigorate the body's natural defenses against cancer but also to instigate enduring responses and improved prognoses across diverse cancer types.
Various types of immunotherapies are:
a) Checkpoint Inhibitors: These drugs block certain proteins on the surface of immune cells or cancer cells, such as PD-1 (programmed cell death protein 1) and CTLA-4 (cytotoxic T-lymphocyte-associated protein 4). By blocking these proteins, checkpoint inhibitors help prevent cancer cells from evading the immune system's detection, allowing immune cells to attack and destroy the cancer cells more effectively [130].

b) CAR-T Cell Therapy: CAR-T cell therapy, short for Chimeric Antigen Receptor T cell therapy, is a revolutionary form of immunotherapy designed to treat certain types of cancer. This innovative approach harnesses a patient's own immune cells to target and destroy cancer cells with remarkable precision. CAR-T cell therapy has shown remarkable success in treating certain blood cancers, particularly leukemia and lymphoma, where other treatments may not be as effective [131]. 

How CAR-T cell therapy works?
· Collecting T Cells: The process begins by collecting a patient's T cells, a type of white blood cell crucial for immune response, through a process called leukapheresis. These T cells are then isolated from the rest of the blood.
· Genetic Engineering: In the laboratory, the isolated T cells are genetically modified to express chimeric antigen receptors (CARs) on their surface. CARs are synthetic receptors designed to recognize specific antigens found on the surface of cancer cells.
· Recognition of Cancer Cells: The engineered CAR-T cells are now capable of recognizing and binding to the targeted antigen on cancer cells, much like a key fitting into a lock. This antigen specificity is crucial for the therapy's accuracy in distinguishing cancer cells from healthy cells.
· Cell Expansion: The modified CAR-T cells are cultured and allowed to multiply in large numbers. This process takes a few weeks, resulting in a significant population of CAR-T cells that carry the cancer-targeting receptor.
· Infusion: Once a sufficient quantity of CAR-T cells has been generated, they are infused back into the patient's bloodstream. This infusion is a one-time treatment and is often referred to as the "CAR-T cell infusion."
· Attack on Cancer Cells: The infused CAR-T cells circulate throughout the body and seek out cancer cells that express the target antigen. Once the CAR-T cells encounter cancer cells, they bind to the antigen and initiate a powerful immune response, leading to the destruction of the cancer cells.
· Cytokine Release Syndrome (CRS) Management: CAR-T cell therapy can trigger an immune response that results in the release of cytokines, causing flu-like symptoms and, in severe cases, a condition called cytokine release syndrome (CRS). 
· Long-Term Monitoring: After the CAR-T cell infusion, patients are monitored closely to assess the therapy's effectiveness and to manage any potential side effects. Follow-up visits and medical evaluations help ensure the ongoing success of the treatment [132].
CAR-T cell therapy has shown remarkable success in inducing remission and even cure in some patients with previously untreatable blood cancers. However, it's important to note that CAR-T cell therapy is complex and requires careful patient selection, monitoring, and management of potential side effects. Research is ongoing to expand the application of CAR-T cell therapy to other types of cancer and to refine the treatment process for broader use.

c) CAR-M and CAR-NK Therapy: CAR-M (Chimeric Antigen Receptor- Macrophages) cell therapy and CAR-NK (Chimeric Antigen Receptor- Natural killer) cell therapy, is a newly discovered immunotherapy and various researches are ongoing on this therapy. CAR-T has shown efficacy in haematological cancers, its effectiveness for solid tumors is more challenging due to limited tumor infiltration and an immunosuppressive tumor environment. To this CAR-M and CAR-NK have been introduced as alternative for CAR-T [133]. 
Both CAR-NK and CAR-M therapies offer intriguing advantages over traditional CAR-T therapy:
· Limited Toxicity: CAR-NK cells and CAR-M cells are being explored for their potential to have limited toxicity compared to CAR-T cells, which can cause severe cytokine release syndrome and neurotoxicity in some patients [134].
· Large-Scale Production: Generating CAR-NK cells in large quantities appears to be more feasible compared to CAR-T cells, which could lead to broader availability for patients.
· Phagocytosis and Antigen Presentation: CAR-M cells, with their phagocytic activity and antigen-presenting capabilities, hold promise for triggering a multifaceted immune response against cancer cells [134].

These alternative approaches signify the dynamic nature of cancer immunotherapy research. While there's still much to explore and understand about CAR-M and CAR-NK therapies, their potential to address the limitations of CAR-T therapy in treating solid tumors is encouraging. As research progresses and clinical trials continue, we may gain more insights into the effectiveness and safety of these therapies, ultimately expanding the toolkit of treatments available to patients with various types of cancers.

13.5 Targeted Therapy
Targeted therapy, also known as molecularly targeted therapy, is a type of cancer treatment that specifically targets certain molecules or pathways that are involved in the growth and spread of cancer cells. Unlike traditional chemotherapy, which aims to kill rapidly dividing cells (both cancerous and healthy), targeted therapy is designed to selectively inhibit the growth and survival of cancer cells while minimizing harm to normal cells. This approach takes advantage of the unique characteristics of cancer cells to achieve more precise and effective treatment [135].  
How targeted therapy works?
· Identifying Targets: Before starting targeted therapy, specific molecular targets that are present in the cancer cells need to be identified. These targets can include mutated genes, overexpressed proteins, or other molecules that contribute to cancer growth.
· Matching Patients to Treatment: Patients undergo genetic testing or molecular profiling to determine if they have the specific target that the targeted therapy is designed to address. Targeted therapies are often used in cases where the presence of the target is confirmed.
· Drug Selection: Once the target is identified, a targeted therapy drug is selected. These drugs are designed to interact with the specific target, disrupting the molecular pathways that are crucial for cancer cell growth.
· Mechanism of Action: Different targeted therapies work in various ways. Some inhibit the activity of specific proteins that are driving cancer growth, while others may prevent angiogenesis (formation of new blood vessels to supply the tumor) or disrupt other key processes that promote tumor survival and progression.
· Personalized Treatment: Targeted therapy is often considered a form of personalized medicine because it focuses on the individual characteristics of the patient's cancer. The choice of targeted therapy can be influenced by factors such as the specific genetic mutations present in the tumor and the patient's overall health.
· Combination with Other Treatments: Targeted therapy can be used alone or in combination with other treatment modalities such as chemotherapy, radiation therapy, or immunotherapy, depending on the type of cancer and the treatment plan.
· Monitoring and Adjustments: Patients undergoing targeted therapy are closely monitored for responses to treatment. If the cancer cells develop resistance or the treatment loses effectiveness over time, adjustments to the treatment plan may be made.
Targeted therapy has shown success in treating various types of cancer, including breast cancer, lung cancer, melanoma, and certain types of leukemia. However, like any treatment, it has potential side effects, and its efficacy can vary among individuals based on their specific molecular characteristics. Advances in understanding cancer biology and genetics continue to drive the development of new targeted therapies, offering more precise and tailored options for cancer treatment.

13.6 Hormone Therapy
It also known as endocrine therapy, is a type of cancer treatment that targets hormones or hormone receptors in order to slow down or inhibit the growth of hormone-sensitive cancers. Many cancers, such as breast cancer and prostate cancer, rely on hormones like estrogen, progesterone, or testosterone to fuel their growth. Hormone therapy disrupts this process by blocking the effects of hormones or reducing their production [136].
How hormone therapy works?

· Hormone-Sensitive Cancers: Some cancers have receptors on their cells that bind to specific hormones. These cancers are referred to as hormone-sensitive or hormone-receptor-positive cancers. Examples include estrogen receptor-positive (ER-positive) breast cancer and androgen receptor-positive prostate cancer.
· Blocking Hormone Receptors: Hormone therapy involves using drugs that either block hormone receptors on cancer cells or interfere with hormone production. For example, in breast cancer, drugs like tamoxifen or aromatase inhibitors are used to block the effects of estrogen on cancer cells.
· Reducing Hormone Levels: In some cases, hormone therapy aims to reduce the levels of hormones in the body. This can be done by surgically removing hormone-producing organs (such as ovaries or testicles) or by using medications to suppress hormone production. For instance, in prostate cancer, drugs like LHRH agonists lower testosterone levels.	
· Combination Therapy: Hormone therapy can be used alone or in combination with other treatments, such as surgery, chemotherapy, or radiation therapy, depending on the cancer's stage and characteristics.
Hormone therapy is particularly effective for hormone-sensitive cancers and can help slow down the progression of the disease, shrink tumors, and improve outcomes. However, its success can vary depending on factors like the type of cancer, the stage of the disease, and the individual patient's response. As with any cancer treatment, the decision to undergo hormone therapy is made based on thorough assessment and discussion with a medical oncologist.

13.7 Precision medicine
It is also known as personalized medicine, is an innovative approach to medical treatment and healthcare that takes into account individual differences in patients' genes, environments, and lifestyles. The goal of precision medicine is to tailor medical care and treatments to the unique characteristics of each patient, with the aim of improving treatment outcomes, reducing side effects, and enhancing overall patient care [136].

13.8 Stem Cell Transplant
A stem cell transplant, also known as a bone marrow transplant or hematopoietic stem cell transplant, is a medical procedure that involves replacing damaged or diseased bone marrow or blood-forming stem cells with healthy ones. This procedure is used to treat various conditions, including certain types of cancers, blood disorders, and immune system disorders [137].
How it works?
· Collection of Stem Cells: Healthy stem cells can be collected from different sources, including the patient (autologous transplant), a matched donor (allogeneic transplant), or a partially matched donor (haploidentical transplant). The stem cells can be obtained from bone marrow, peripheral blood, or umbilical cord blood.
· Conditioning: Before the transplant, the patient typically undergoes a preparatory regimen known as conditioning. This might encompass chemotherapy, radiation therapy, or a hybrid approach involving both modalities. The goal of conditioning is to suppress the recipient's immune system, eradicate cancer cells, and create space in the bone marrow for the new stem cells.
· Transplant: The collected healthy stem cells are infused into the patient's bloodstream, similar to a blood transfusion. The stem cells travel to the bone marrow, where they begin to establish new blood cell production.
· Engraftment: The transplanted stem cells gradually settle into the bone marrow and start producing new blood cells—red blood cells, white blood cells, and platelets. This process is known as engraftment.
· Recovery: During the recovery period, the patient is closely monitored for signs of engraftment, immune system recovery, and potential complications. Supportive care, such as blood transfusions and antibiotics, may be provided as needed [137, 138].
Stem cell transplants are commonly used to treat:
· Leukemia: Stem cell transplants are used to treat various forms of leukemia, including acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML), and chronic lymphocytic leukemia (CLL) [137].
· Lymphoma: Certain types of lymphomas, such as Hodgkin lymphoma and non-Hodgkin lymphoma, can be treated with stem cell transplants, especially when other treatments have not been successful.
· Multiple Myeloma: This is a cancer that affects plasma cells in the bone marrow. Stem cell transplants can be used as part of the treatment plan for multiple myeloma patients.
· Myelodysplastic Syndromes (MDS): MDS are a group of disorders characterized by abnormal blood cell production. Stem cell transplants can be considered for patients with high-risk MDS.
· Neuroblastoma: In some cases of high-risk neuroblastoma, stem cell transplants can be used as part of the treatment strategy.
· Germ Cell Tumors: Certain types of germ cell tumors, which arise from the cells that develop into sperm or eggs, can be treated with stem cell transplants in cases of disease relapse [137].

13.9 CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats-CRISPR-associated protein 9)
It is a revolutionary gene editing technology that has the potential to transform various fields, including cancer treatment. CRISPR-Cas9 allows scientists to precisely modify and edit genes, which opens up new avenues for understanding the genetic basis of cancer, developing targeted therapies, and even potentially modifying cancer cells to make them more susceptible to treatments.
Here are some ways CRISPR-Cas9 is being explored in cancer treatment:
· Gene Knockout and Functional Studies: Researchers are using CRISPR-Cas9 to deactivate or "knock out" specific genes in cancer cells to better understand their role in cancer development and progression. By studying the effects of these gene modifications, scientists can identify potential targets for therapies [139].
· Drug Resistance Reversal: CRISPR-Cas9 can be used to identify genes that contribute to drug resistance in cancer cells. By inactivating these genes, researchers aim to reverse drug resistance and make cancer cells more sensitive to treatments.
· Immune System Enhancement: CRISPR-Cas9 can be used to modify immune cells, such as T cells, to enhance their ability to recognize and attack cancer cells. This approach is being explored in the development of CAR-T cell therapies, where T cells are engineered to express chimeric antigen receptors that target cancer-specific antigens [139].
· Tumor Suppressor Activation: Some cancers result from the loss of function of tumor suppressor genes that normally help prevent the development of cancer. CRISPR-Cas9 can potentially restore the function of these genes, inhibiting cancer growth [139].
While the potential of CRISPR-Cas9 in cancer treatment is promising, it's important to note that there are challenges and ethical considerations associated with its clinical application. Ensuring accurate and specific gene editing, minimizing off-target effects, and addressing potential unintended consequences are areas of active research. CRISPR-Cas9 technology is a rapidly evolving field, and ongoing research is exploring its application in cancer treatment.

13.10 Nanotechnology in Cancer
 It is a cutting-edge field that involves the manipulation of matter at the nanoscale, typically at dimensions less than 100 nanometres. In cancer therapy, nanotechnology offers innovative approaches to diagnose, treat, and monitor cancer. Nanoparticles, which are tiny particles with unique properties at the nanoscale, can be engineered to target cancer cells specifically and deliver therapeutic agents with high precision. 
Some ways nanotechnology is being used in cancer therapy:
· Targeted Drug Delivery: Nanoparticles can be loaded with chemotherapy drugs, targeted therapies, or even genes. These nanoparticles can be designed to specifically target cancer cells while minimizing damage to healthy cells. This targeted drug delivery enhances the effectiveness of treatments and reduces side effects [140].
· Enhanced Permeability and Retention (EPR) Effect: Nanoparticles can take advantage of the EPR effect, which is a phenomenon that allows them to accumulate preferentially in tumor tissues due to the leaky blood vessels and impaired lymphatic drainage commonly found in tumors. This results in elevated drug concentrations at the tumor site.
· Photothermal Therapy (PTT): Some nanoparticles, such as gold nanoparticles, can absorb light and convert it into heat. By accumulating these nanoparticles in tumors and then irradiating them with light, the heat generated can selectively destroy cancer cells while sparing healthy tissue.
· Hyperthermia: Nanoparticles can be used to raise the temperature of tumor tissue slightly, which can enhance the effectiveness of radiation therapy and certain chemotherapy drugs.
· Gene Silencing and Editing: Nanoparticles can deliver genetic material, such as small interfering RNA (siRNA) or CRISPR-Cas9 components, to inhibit the expression of specific genes or edit them. This approach is particularly useful for targeting genes that drive cancer growth [141].
· Imaging and Diagnosis: Nanoparticles can be equipped with contrast agents that improve the visibility of tumors in imaging techniques like magnetic resonance imaging (MRI), computed tomography (CT), and positron emission tomography (PET). This contributes in early detection and accurate diagnosis.
· Theranostics: Some nanoparticles are designed for both therapy and diagnosis. They can carry therapeutic agents and imaging agents simultaneously, allowing for real-time monitoring of treatment effectiveness [142].
· Immunotherapy Enhancement: Nanoparticles can be engineered to enhance the delivery of immune checkpoint inhibitors and other immunotherapies to the tumor microenvironment, bolstering the immune response against cancer cells [142].
· Personalized Medicine: Nanoparticles can be tailored to individual patients' genetic and molecular profiles, optimizing treatment effectiveness.
Some specific examples of how nanotechnology is being used in cancer therapy:
· Doxil (Liposomal Doxorubicin): Liposomal doxorubicin is a nanoparticle-based drug delivery system. Doxorubicin, a chemotherapy drug, is encapsulated within liposomes (tiny lipid-based vesicles). Liposomal doxorubicin, marketed as Doxil, is used to treat various types of cancer, including ovarian cancer, multiple myeloma, and Kaposi's sarcoma. The liposomes protect the drug from being broken down too quickly in the body and improve its accumulation at the tumor site, reducing side effects on healthy tissues [143].
· Abraxane (Nanoparticle Albumin-Bound Paclitaxel): Abraxane is another nanoparticle-based chemotherapy drug. Paclitaxel, a common chemotherapy agent, is bound to albumin nanoparticles. This formulation improves the solubility of paclitaxel and enhances its delivery to tumors. Abraxane is used to treat breast cancer, pancreatic cancer, and lung cancer [144].
· Nanoparticle-Loaded Immune Checkpoint Inhibitors: Nanoparticles can encapsulate immune checkpoint inhibitors, enhancing their delivery to the tumor microenvironment. This can improve the effectiveness of immunotherapy by blocking immune checkpoint proteins that suppress the immune response [145].

13.11 Histotripsy
Histotripsy is an emerging non-invasive therapeutic technique that uses high-intensity focused ultrasound (HIFU) to precisely target and destroy tissue at the cellular level. While histotripsy is not commonly used as a primary treatment for cancer, it is being investigated for its potential application in cancer treatment and therapy in certain scenarios [146].
It's important to note that while histotripsy holds promise, its clinical use in cancer treatment is still in the experimental and research stages. Challenges include ensuring precise targeting, monitoring treatment effects, and assessing the long-term outcomes of histotripsy for cancer therapy. Clinical trials are being conducted to evaluate the safety, efficacy, and potential benefits of using histotripsy for cancer treatment.

14 Conclusion
In conclusion, this book chapter has taken a comprehensive journey through the intricate landscape of cancer, encompassing its origins, mechanisms, and the transformative advancements that have reshaped its diagnosis and treatment paradigms. The multifaceted nature of cancer arises from a combination of genetic mutations, environmental influences, and its ability to evade immune surveillance, resulting in uncontrolled proliferation and metastasis. Importantly, the chapter underscores the critical role of early detection facilitated by advanced imaging techniques, biomarker identification, and genetic profiling, all of which contribute to improved treatment outcomes. The evolution of therapeutic approaches from conventional methods to precision-targeted interventions reflects a fundamental shift in the way we combat the disease. Immunotherapy's ability to harness the body's immune response and the revolutionary potential of gene editing techniques exemplify the cutting-edge progress being made. Moreover, the concept of personalized medicine emerges as a central theme, tailoring treatments to individual genetic profiles, optimizing efficacy while mitigating adverse effects.
However, the chapter also acknowledges the challenges that persist, including treatment resistance, the intricate heterogeneity of cancers, and the imperative of ensuring equitable access to advanced therapies across diverse populations. The global pursuit of innovative research, intercontinental collaboration, and the development of novel technologies stand as crucial strategies to overcome these obstacles. Empowering individuals through education about risk factors, preventive strategies, and early symptom recognition serves as a cornerstone in the battle against cancer, equipping individuals with the knowledge needed to take proactive steps toward their own well-being.
Amid the scientific insights and advancements, the chapter celebrates the unwavering hope and resilience demonstrated by cancer survivors, the groundbreaking strides in research, and the unwavering dedication of healthcare professionals worldwide. Ultimately, this collaborative endeavour envisions a future where the impact of cancer is progressively reduced through the fusion of scientific prowess, compassionate care, and a united global effort, transforming the narrative from one of fear into a narrative of hope, triumph, and advancement.
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