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Recent decades have witnessed remarkable advancements in the field of oncology, with innovations spanning from novel
immunotherapies to precision medicine approaches tailored to individual tumor profiles. This comprehensive literature
review explores emerging trends in oncology, encompassing diverse topics such as the genomic landscape of cancer,
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perspective on the evolving landscape of oncology, offering insights that may guide future research directions and
enhance patient care outcomes.
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B nocneaHue fecstunetus B 061acTu neyeHns OHKONOrMYeCcKUx 3a60NeBaHNt OTMEYAIOTCS 3HAYUTENbHbIE JOCTUXEHMS:
OT HOBbIX MMMYHOTEPANEeBTUYECKUX MOAXOAO0B A0 MPELU3UOHHOTO NeYeHus, UHANBUAYANU3UPOBAHHOTO MO OTHOWEHUIO
HEMNoOCPeACTBEHHO K reHoTUNy onyxonu. [aHHbiii 06WupHbIi 0630p nuTepaTypbl PacKpbiBaeT HOBbIE TEHAEHLMUM
B OHKOJIOTWM, OXBATbIBAs PAa3IUYHBIE TEMbI, TAKME KAK TEHOTUNMYECKUI NPOdUNbL 3N10KaYECTBEHHbIX ONYXOEH, NosiBNEHe
KUAKOCTHbIX OUONCUit A5 HEUHBA3UBHON AMATHOCTUKM, CTIOXKHOE B3aUMOAEHCTBME MEXAY 3/10KAYEeCTBEHHBIMU KNeTKaMu
1 MUKPOOKpYXeHWem onyxonu. Kpome Toro, B 0630pe nokasaH noTeHLMan UCKYCCTBEHHOTO MHTENNEKTA U MAWMHHOTO
00yYeHuUs B UCCNE[OBAHMSX 3/I0KAYeCTBEHHbIX HOBOOGPA30BaHMI U MPUHATUM KIMHUYECKUX PELIEHMNII; PAaCCMATPUBAIOTCS
BaXKHelLMe BONPOCHI, BKIIOYAS 3NUAEMUONOTUIO PaKa, HEPABEHCTBO B JOCTYNE K MESULMHCKON NOMOLM U CTpaTeruu
ONTUMU3ALMM KAYECTBA KU3HU W BbIKMBAEMOCTM NPU OHKONOrM4Yecknx 3abonesaHusx. 0600Las akTyanbHble UCcne[oBaHus
Y BbISENsS KNoYeBble pe3ynibTarbl, 0630p HanpasseH Ha To, YTOGbI NPeJOCTaBUTL LENOCTHYIO NePCNeKTUBY pasBuUBaloLLenCcs
ctepbl OHKONOTMM, Npeanaras U4eu, KOTOpble MOryT ONpefenuTh GyayliMe HanpaBaeHUs UCCAEROBAHUM, CNOCOBHbIX
YIYYLWNTb pPe3ynbTarhl NeyeHns nayueHTos.
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Introduction of cancer, positioning oncology as a dynamic and rapidly
Over the past several decades, significant strides have evolving field at the forefront of medical research and
been made in the understanding, diagnosis, and treatment clinical practice. The relentless pursuit of innovative
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approaches to cancer prevention, detection, and therapy
has resulted in a paradigm shift in oncological care, offering
new hope to patients worldwide.

Advancements in genomic technologies have revolutionized
our understanding of cancer biology, shedding light on the
complex interplay of genetic and epigenetic alterations
driving tumorigenesis [1]. The elucidation of the genomic
landscape of various cancer types has paved the way for the
development of targeted therapies aimed at disrupting
specific molecular pathways implicated in tumor growth
and progression [2]. Furthermore, the advent of precision
medicine approaches, which utilize genomic profiling
to tailor treatment strategies to the individual genetic
makeup of each patient’s tumor, holds immense promise
for improving therapeutic efficacy and minimizing
treatment-related toxicities [3].

In parallel, the emergence of immunotherapy as
a transformative treatment modality has revolutionized the
landscape of cancer therapy, harnessing the power of the
immune system to recognize and eradicate malignant cells
[4]. Immune checkpoint inhibitors, such as anti-PD-1 and
anti-CTLA-4 antibodies, have demonstrated remarkable
efficacy in a variety of cancer types, leading to durable
responses and prolonged survival in subsets of patients [5].
Moreover, adoptive cell therapies, including chimeric
antigen receptor (CAR) T-cell therapy, have emerged as
potent weapons in the arsenal against cancer, offering the
potential for long-term remission in patients with refractory
disease [6].

In addition to advances in therapeutic modalities, the
development of non-invasive diagnostic techniques, such
as liquid biopsies, has revolutionized the landscape of cancer
detection and monitoring [7]. Liquid biopsies, which entail the
analysis of circulating tumor DNA (ctDNA), circulating
tumor cells (CTCs), and other biomarkers present
in peripheral blood or other bodily fluids, offer a minimally
invasive means of interrogating the molecular characteristics
of tumors, enabling early detection of cancer recurrence
and monitoring of treatment response [8].

The integration of artificial intelligence (AI) and
machine learning algorithms into oncology research and
clinical practice represents another frontier in the fight
against cancer, offering the potential to accelerate the pace
of discovery and optimize patient care [9]. Al-powered tools
for image analysis, predictive modeling, and drug discovery
hold promise for enhancing diagnostic accuracy, predicting
treatment outcomes, and identifying novel therapeutic
targets [10].

However, despite these remarkable advancements,
significant challenges remain in the realm of oncology,
including disparities in cancer incidence, access to care,
and treatment outcomes [11]. Addressing these disparities
requires a multifaceted approach encompassing efforts
to promote health equity, increase access to screening and
treatment services, and implement culturally competent
care delivery models [12].

In light of these considerations, this literature review aims
to provide a comprehensive overview of recent developments
and emerging trends in the field of oncology. By synthesizing
the latest research findings and highlighting key advancements,
this review seeks to offer insights that may inform future
research directions, guide clinical decision-making, and
ultimately improve patient outcomes.

Immunotherapy advancements

In recent years, cancer immunotherapy has emerged as
a promising treatment modality revolutionizing the landscape
of oncology. Harnessing the power of the immune system
to recognize and eradicate cancer cells, immunotherapy
offers a novel approach to cancer treatment that
complements traditional modalities such as chemotherapy
and radiation therapy [4]. Key advancements in cancer
immunotherapy include the development and clinical
implementation of immune checkpoint inhibitors, chimeric
antigen receptor (CAR) T-cell therapy, and cancer vaccines.

Immune checkpoint inhibitors represent a groundbreaking
class of immunotherapeutic agents that have demonstrated
remarkable efficacy across various cancer types [5]. By
targeting inhibitory pathways such as programmed cell death
protein 1 (PD-1) and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), checkpoint inhibitors unleash the
antitumor immune response, leading to durable tumor
regression and prolonged survival in subsets of patients [13].
Notable examples include pembrolizumab and nivolumab,
which have been approved for the treatment of melanoma,
non-small cell lung cancer (NSCLC), and other
malignancies [14].

Another significant advancement in cancer
immunotherapy is CAR-T cell therapy, a form of adoptive
cell therapy that involves engineering patients’ T cells
to express chimeric antigen receptors targeting tumor-
specific antigens [6]. CAR-T cell therapy has demonstrated
remarkable efficacy in hematologic malignancies, particularly
in patients with relapsed or refractory B-cell acute
lymphoblastic leukemia (B-ALL) and diffuse large B-cell
lymphoma (DLBCL) [15]. Approved CAR-T cell therapies
such as axicabtagene ciloleucel and tisagenlecleucel have
ushered in a new era of personalized cancer treatment, offering
hope to patients with otherwise dire prognoses [16].

In addition to checkpoint inhibitors and CAR-T cell
therapy, cancer vaccines have emerged as a promising
strategy for stimulating antitumor immune responses and
preventing cancer recurrence [17]. Cancer vaccines work
by priming the immune system to recognize and target
tumor-associated antigens, thereby eliciting an adaptive
immune response against cancer cells [18]. While early
cancer vaccine trials showed limited efficacy, recent
advancements in vaccine design and delivery have
reinvigorated interest in this approach [19]. Notable
examples include the human papillomavirus (HPV)
vaccine, which has proven highly effective in preventing
HPV-related cervical and oropharyngeal cancers [20].
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Overall, the rapid pace of advancements in cancer
immunotherapy holds promise for transforming the
treatment landscape and improving outcomes for patients
with cancer. However, challenges remain, including
identifying predictive biomarkers of response, managing
immune-related adverse events, and overcoming mechanisms
of resistance [21]. Continued research efforts aimed at
elucidating the underlying mechanisms of immunotherapy
resistance and developing novel therapeutic strategies will
be crucial for realizing the full potential of immunotherapy
in oncology.

Precision medicine and targeted therapies

Precision oncology, also known as personalized or
stratified medicine, represents a paradigm shift in cancer
treatment that aims to tailor therapeutic interventions to the
individual genetic makeup of each patient’s tumor [3]. By
leveraging genomic technologies and molecular profiling
techniques, precision medicine offers the promise
of improved treatment outcomes and reduced treatment-
related toxicities [22]. Key advancements in precision
oncology include the identification of biomarkers predictive
of treatment response and the development of targeted
therapies directed against specific molecular targets.

Central to the concept of precision medicine is the
identification of predictive biomarkers that can inform
treatment selection and guide therapeutic decision-making
[23]. Biomarkers may include genetic mutations, gene
expression profiles, protein expression levels, or other
molecular features associated with tumor biology and
response to therapy [24]. Notable examples of predictive
biomarkers in oncology include mutations in the epidermal
growth factor receptor (EGFR) gene in non-small cell lung
cancer (NSCLC), which predict sensitivity to EGFR
tyrosine kinase inhibitors (TKIs) such as gefitinib and
erlotinib [25].

In addition to predictive biomarkers, the development
of targeted therapies directed against specific molecular
targets has revolutionized the treatment landscape
in oncology [26]. Targeted therapies exploit vulnerabilities
unique to cancer cells, such as aberrant signaling pathways
or overexpressed growth factor receptors, while sparing
normal cells from collateral damage [27]. Examples
of targeted therapies include small molecule inhibitors,
monoclonal antibodies, and antibody-drug conjugates,
which selectively target oncogenic drivers such as BRAF
mutations in melanoma or HER2 amplification in breast
cancer [28].

Furthermore, advances in high-throughput sequencing
technologies have enabled comprehensive genomic profiling
of tumors, facilitating the identification of actionable
alterations and the rational design of targeted treatment
strategies [29]. Multigene panel testing, whole-exome
sequencing, and whole-genome sequencing have become
increasingly accessible tools for characterizing the
mutational landscape of tumors and identifying potential

therapeutic targets [30]. Moreover, initiatives such as The
Cancer Genome Atlas (TCGA) have generated large-scale
genomic datasets that serve as valuable resources for
elucidating the molecular underpinnings of cancer and
identifying novel therapeutic targets [31].

Despite the remarkable progress in precision oncology,
challenges remain, including the need for improved biomarker
validation, the development of effective combination
therapies, and the emergence of resistance mechanisms
[32]. Additionally, access to comprehensive genomic
profiling and targeted therapies may be limited by factors
such as cost, insurance coverage, and geographic location
[33]. Addressing these challenges will be critical for realizing
the full potential of precision medicine in oncology and
optimizing outcomes for patients with cancer.

Genomic landscape of cancer

The genomic landscape of cancer is characterized by
a myriad of somatic alterations, including mutations, copy
number variations (CNVs), and chromosomal rearrangements,
which collectively contribute to the initiation, progression,
and therapeutic response of tumors [1]. Recent studies
leveraging high-throughput sequencing technologies have
provided unprecedented insights into the genomic
alterations associated with various types of cancer,
elucidating key driver events and signaling pathways
implicated in oncogenesis [2].

Mutational profiling of cancer genomes has revealed a
diverse array of somatic mutations affecting genes involved
in critical cellular processes such as cell proliferation,
apoptosis, and DNA repair [34]. Driver mutations, which
confer a selective growth advantage to tumor cells, often
target oncogenes or tumor suppressor genes, disrupting
their normal function and contributing to malignant
transformation [35]. For example, mutations in the TP53
tumor suppressor gene are commonly observed in a wide
range of cancer types and are associated with increased
genomic instability and resistance to therapy [36].

In addition to point mutations, cancer genomes frequently
harbor CNVs, encompassing amplifications, deletions, and
other structural alterations that affect the dosage of genes
critical for tumor growth and survival [37]. Amplifications
of oncogenes such as MYC and HER2 are frequently
observed in various cancer types and are associated with
increased proliferation and aggressive tumor behavior [38].
Conversely, deletions affecting tumor suppressor genes such
as PTEN and CDKN?2A are implicated in tumor initiation
and progression [39].

Chromosomal rearrangements, including translocations,
inversions, and fusions, represent another hallmark of cancer
genomes, often resulting in the dysregulation of key cellular
pathways and the generation of oncogenic fusion proteins
[40]. Notable examples include the BCR-ABL fusion gene
in chronic myeloid leukemia (CML) and the EML4-ALK
fusion gene in non-small cell lung cancer (NSCLC), which
serve as therapeutic targets for tyrosine kinase inhibitors [41].
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Furthermore, advances in genomic technologies, such
as next-generation sequencing (NGS) and single-cell
sequencing, have enabled comprehensive characterization
of intra-tumor heterogeneity and clonal evolution, shedding
light on the dynamic nature of cancer progression and
treatment resistance [42]. By elucidating the clonal
architecture of tumors and identifying subclonal
populations with distinct genetic profiles, these studies
provide valuable insights into therapeutic vulnerabilities and
potential strategies for overcoming resistance [43].

Liquid biopsies

Liquid biopsies have emerged as a revolutionary tool
in the field of oncology, offering a non-invasive and
minimally invasive approach for cancer diagnosis,
prognosis, and treatment monitoring. Unlike traditional
tissue biopsies, which require invasive procedures and may
not capture the heterogeneity of tumors, liquid biopsies
enable the analysis of tumor-derived biomarkers present
in bodily fluids such as blood, urine, and cerebrospinal
fluid. This approach holds immense promise for personalized
cancer care, providing clinicians with real-time insights into
tumor dynamics and guiding treatment decisions based on
the molecular profile of individual tumors.

At the forefront of liquid biopsies is the analysis
of circulating tumor DNA (ctDNA), which consists
of small fragments of tumor-derived DNA shed into the
bloodstream by apoptotic or necrotic tumor cells. ctDNA
carries genetic alterations characteristic of the parental
tumor, including point mutations, copy number variations
(CNVs), and chromosomal rearrangements. By analyzing
ctDNA, clinicians can obtain a comprehensive snapshot
of the genomic landscape of cancer, facilitating early
detection of cancer, monitoring of treatment response, and
detection of minimal residual disease (MRD) following
therapy. Recent studies have demonstrated the clinical
utility of ctDNA-based liquid biopsies across various cancer
types, including lung cancer, colorectal cancer, and breast
cancer. For example, in patients with non-small cell lung
cancer (NSCLC), detection of EGFR mutations in ctDNA
has been shown to correlate with treatment response
to EGFR tyrosine kinase inhibitors (TKIs) and predict the
emergence of resistance mutations [44].

In addition to ctDNA, liquid biopsies can capture
circulating tumor cells (CTCs), which are rare tumor cells
shed into the bloodstream from primary and metastatic
tumor sites. CTCs represent a heterogeneous population
of cells with varying phenotypic and molecular characteristics,
offering insights into tumor heterogeneity, metastatic
potential, and treatment response. The enumeration and
molecular characterization of CTCs have shown prognostic
value in various cancer types, with higher CTC counts
associated with poor clinical outcomes. Furthermore, CTCs
provide a unique opportunity for real-time monitoring
of treatment response and detection of therapeutic targets.
For instance, in patients with metastatic breast cancer,

HER2-positive CTCs have been identified as potential
biomarkers for guiding HER2-targeted therapy [45].

Moreover, liquid biopsies can capture exosomes, small
extracellular vesicles released by tumor cells that carry a
cargo of proteins, nucleic acids, and other molecules
reflective of the parental tumor. Exosomes play a critical
role in intercellular communication within the tumor
microenvironment and systemic dissemination of tumor-
derived material. The analysis of exosomal biomarkers holds
promise for non-invasive monitoring of disease progression,
assessment of treatment response, and identification
of therapeutic targets. Recent studies have demonstrated
the clinical relevance of exosomal biomarkers in various
cancer types, including prostate cancer, pancreatic cancer,
and melanoma. For example, in patients with pancreatic
cancer, exosomal microRNAs have been identified as
potential biomarkers for early detection and prognostic
evaluation [46].

In addition to their diagnostic and prognostic utility,
liquid biopsies offer valuable insights into the mechanisms
of cancer progression and treatment resistance. By
longitudinally monitoring the evolution of tumor-derived
biomarkers over the course of treatment, clinicians can
identify emerging resistance mechanisms and adapt
treatment strategies accordingly. For example, in patients
with metastatic colorectal cancer receiving anti-EGFR
therapy, the emergence of KRAS mutations in ctDNA has
been associated with acquired resistance to therapy and
disease progression [47]. Similarly, in patients with
hormone receptor-positive breast cancer receiving
endocrine therapy, the detection of ESR1 mutations
in ctDNA has been correlated with resistance to treatment
and disease recurrence [48].

Cancer metabolism

Cancer metabolism refers to the reprogramming
of metabolic pathways in cancer cells to sustain their rapid
proliferation, survival, and metastatic potential [30].
Mounting evidence suggests that alterations in cellular
metabolism are not just bystander effects of oncogenic
mutations but rather integral drivers of tumorigenesis and
tumor progression [49]. Understanding the metabolic
dependencies of cancer cells offers insights into novel
therapeutic strategies aimed at exploiting metabolic
vulnerabilities to selectively target malignant cells while
sparing normal tissues.

One of the hallmark features of cancer metabolism is
the preferential utilization of aerobic glycolysis, known as
the Warburg effect, wherein cancer cells metabolize glucose
to lactate even under normoxic conditions [50]. This
metabolic switch provides cancer cells with a rapid source
of energy and biomass precursors essential for sustaining
their increased proliferative capacity [51]. Moreover, aerobic
glycolysis generates metabolic byproducts that contribute
to the acidic tumor microenvironment, promoting tumor
invasion and metastasis [52].
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In addition to increased glycolytic flux, cancer cells
exhibit alterations in other metabolic pathways, including
amino acid metabolism, lipid metabolism, and nucleotide
metabolism [53]. For example, cancer cells often display
increased uptake and utilization of glutamine, an essential
amino acid that serves as a nitrogen donor for nucleotide
synthesis and a carbon source for anaplerotic reactions [54].
Furthermore, dysregulated lipid metabolism, characterized
by enhanced de novo lipogenesis and lipid uptake, provides
cancer cells with membrane building blocks and signaling
molecules critical for tumor growth and survival [55].

The rewiring of metabolic pathways in cancer cells not
only fulfills their bioenergetic and biosynthetic demands but
also confers metabolic vulnerabilities that can be targeted
therapeutically [56]. Several strategies for exploiting
metabolic dependencies in cancer cells have been explored,
including inhibition of key metabolic enzymes, disruption
of nutrient uptake and transport, and modulation
of signaling pathways involved in metabolic regulation [57].
Notable examples include targeting glycolysis with small
molecule inhibitors of hexokinase or pyruvate kinase,
inhibiting glutamine metabolism with glutaminase
inhibitors, and disrupting lipid metabolism with fatty acid
synthesis inhibitors [58].

Moreover, recent advances in precision medicine and
molecular profiling have enabled the identification
of metabolic vulnerabilities specific to individual cancer
subtypes or molecular subgroups [59]. By integrating
genomic, transcriptomic, and metabolomic data, researchers
can pinpoint aberrant metabolic pathways driving
tumorigenesis and identify druggable targets for therapeutic
intervention [60]. For instance, tumors harboring mutations
in genes involved in the tricarboxylic acid (TCA) cycle, such
as isocitrate dehydrogenase (IDH) or succinate
dehydrogenase (SDH) may be sensitive to inhibitors
targeting these metabolic pathways [61].

Tumor microenvironment

The tumor microenvironment (TME) is a complex
ecosystem comprised of cancer cells, stromal cells, immune
cells, and the extracellular matrix (ECM), all of which
interact dynamically to regulate tumor growth, metastasis,
and therapy response [62]. Emerging evidence suggests that
the TME plays a critical role in shaping the behavior
of cancer cells and influencing disease progression [63].
Understanding the intricate interplay between cancer cells
and their microenvironment is essential for developing
effective therapeutic strategies that target both malignant
cells and the surrounding stromal components.

One of the key components of the TME is the immune
infiltrate, which consists of various immune cell populations,
including T cells, B cells, natural killer (NK) cells,
macrophages, and dendritic cells [64]. The immune infiltrate
exerts dual roles in tumor progression, with certain immune
cell subsets promoting tumor growth and metastasis, while
others exert anti-tumor activities and suppress tumor

growth [65]. For example, tumor-associated macrophages
(TAMs) can exhibit pro-tumorigenic functions by promoting
angiogenesis, ECM remodeling, and immunosuppression,
thereby creating a permissive microenvironment for tumor
growth [66]. Conversely, cytotoxic T cells and NK cells play
a critical role in immune surveillance and tumor eradication
by recognizing and eliminating cancer cells [67].

In addition to immune cells, the TME is rich in stromal
cells, including cancer-associated fibroblasts (CAFs),
endothelial cells, and pericytes, which contribute to tumor
progression through various mechanisms [68].

CAFs are a major component of the tumor stroma and
play a critical role in ECM remodeling, angiogenesis, and
immune modulation [69]. By secreting growth factors,
cytokines, and ECM proteins, CAFs create a supportive
niche for tumor growth and metastasis [70]. Moreover,
endothelial cells and pericytes facilitate tumor angiogenesis
and vascularization, providing oxygen and nutrients
essential for tumor survival and dissemination [71].

Furthermore, the ECM, comprising structural proteins
such as collagen, fibronectin, and laminin, acts as a scaffold
that supports tumor growth and invasion [72]. Aberrant
ECM remodeling in the TME promotes tumor cell
proliferation, migration, and invasion, contributing to tumor
aggressiveness and metastatic spread [73]. Moreover, the
ECM serves as a reservoir for growth factors and cytokines
that regulate tumor-stromal interactions and modulate
immune responses [74].

The dynamic crosstalk between cancer cells and the
TME has profound implications for therapy response and
treatment resistance [75]. Tumor-stromal interactions can
confer resistance to conventional therapies, such as
chemotherapy and radiation therapy, by promoting tumor
cell survival and reducing drug penetration into the tumor
mass [76]. Moreover, immune evasion mechanisms employed
by cancer cells, such as upregulation of immune checkpoint
molecules (e. g., PD-L1), can impair anti-tumor immune
responses and limit the efficacy of immunotherapy [77].

Artificial intelligence and machine learning in oncology

Artificial intelligence (Al) and machine learning (ML)
have emerged as powerful tools in cancer research and
clinical practice, revolutionizing various aspects of oncology,
including image analysis, predictive modeling, and drug
discovery [9]. Leveraging large datasets and sophisticated
algorithms, Al and ML have the potential to enhance
diagnostic accuracy, improve treatment outcomes, and
accelerate the development of novel therapeutic strategies [78].

One of the most significant applications of Al and ML
in oncology is in medical imaging analysis, where
algorithms are trained to interpret radiological images and
identify patterns indicative of cancerous lesions [79]. Deep
learning techniques, such as convolutional neural networks
(CNNs), have shown remarkable performance in tasks such
as tumor detection, segmentation, and classification across
various imaging modalities, including magnetic resonance
imaging (MRI), computed tomography (CT), and positron
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emission tomography (PET) [80]. These Al-powered imaging
tools can aid radiologists in detecting and characterizing
tumors with greater accuracy and efficiency, leading to earlier
diagnosis and improved patient outcomes [81].

Furthermore, Al and ML algorithms are being utilized
to develop predictive models that stratify patients based on
their risk of cancer development, progression, and
treatment response [82]. By integrating clinical, genomic,
and imaging data, these models can identify prognostic
biomarkers, predict treatment outcomes, and guide
personalized treatment decisions [83]. For example,
predictive models based on gene expression profiles have
been developed to estimate the likelihood of recurrence
in patients with early-stage breast cancer, informing
adjuvant treatment strategies [84]. Similarly, machine
learning approaches have been applied to predict response
to immunotherapy in patients with advanced melanoma,
guiding patient selection and treatment planning [85].

Moreover, Al and ML are playing a pivotal role
in accelerating drug discovery and development in oncology
[86]. By analyzing large-scale genomic and pharmacological
datasets, ML algorithms can identify novel drug targets,
predict drug response, and optimize drug combinations
[87]. For instance, Al-driven drug screening platforms have
been used to identify repurposed drugs with anti-cancer
properties, expediting the translation of existing therapies
into new indications [88]. Additionally, ML algorithms have
been applied to design and optimize synthetic compounds
with enhanced potency and selectivity against specific
cancer targets, facilitating the development of next-
generation therapeutics [89].

Cancer epidemiology and risk factors

Cancer epidemiology aims to identify and characterize the
distribution and determinants of cancer incidence and
mortality in populations, providing valuable insights into the
etiology of cancer and informing preventive strategies [90].

Epidemiological studies have identified a diverse array
of risk factors associated with different types of cancer,
including environmental exposures, lifestyle factors, and
genetic predisposition [91]. Understanding the complex
interplay between these risk factors is essential for developing
effective cancer prevention and control measures.

Environmental exposures play a significant role
in cancer development, with numerous carcinogens present
in the air, water, food, and workplace contributing to cancer
risk [92]. For example, exposure to tobacco smoke is a well-
established risk factor for lung cancer, accounting for a
substantial proportion of cancer-related deaths worldwide
[93]. Similarly, occupational exposure to asbestos, benzene,
and ionizing radiation has been linked to an increased risk
of mesothelioma, leukemia, and other cancers [94].
Moreover, environmental pollution, including air pollution
and water contamination, has been associated with elevated
cancer risk, highlighting the importance of environmental
regulation and public health interventions [95].

Lifestyle factors, including diet, physical activity, and
alcohol consumption, also play a critical role in cancer
development [96]. Diets rich in fruits, vegetables, and whole
grains are associated with a reduced risk of certain cancers,
such as colorectal cancer, whereas diets high in processed
meats, saturated fats, and sugary beverages are associated
with an increased risk [97]. Furthermore, physical inactivity
and sedentary behavior have been linked to an elevated risk
of several cancers, including breast, colon, and endometrial
cancer [98]. Additionally, excessive alcohol consumption is
a well-established risk factor for various cancers, including
liver, esophageal, and breast cancer [99].

Genetic predisposition plays a significant role in cancer
susceptibility, with inherited genetic variants contributing
to the risk of certain cancers [100]. Hereditary cancer
syndromes, such as hereditary breast and ovarian cancer
syndrome (caused by mutations in BRCA1 and BRCA2 genes)
and Lynch syndrome (caused by mutations in DNA mismatch
repair genes), confer an increased risk of developing specific
types of cancer at a younger age [101]. Moreover, common
genetic variants identified through genome-wide association
studies (GWAS) have been associated with modest increases
in cancer risk, highlighting the polygenic nature of cancer
susceptibility [102]. Integrating genetic information into
cancer risk assessment and screening programs can enhance
risk stratification and inform personalized prevention
strategies [103].

Cancer survivorship and quality of life

Cancer survivorship refers to the period following the
completion of cancer treatment, during which individuals
continue to live with or beyond cancer, facing various
physical, emotional, and psychosocial challenges [104]. As
the number of cancer survivors continues to grow due to
advances in early detection and treatment, there is increasing
recognition of the importance of addressing survivorship issues
and promoting the quality of life (QoL) for cancer survivors
[105]. Interventions and strategies aimed at improving
survivorship outcomes encompass a multidisciplinary
approach, including survivorship care plans, psychosocial
support, and rehabilitation programs [106].

Survivorship care plans (SCPs) are comprehensive
documents that outline a summary of cancer diagnosis and
treatment, as well as recommendations for follow-up care and
surveillance [107]. SCPs facilitate communication between
healthcare providers and survivors, empowering survivors to take
an active role in their post-treatment care [108]. Moreover,
SCPs serve as valuable tools for addressing survivors’
informational needs, providing guidance on managing
treatment-related side effects, monitoring for cancer recurrence,
and promoting healthy lifestyle behaviors [109]. Evidence
suggests that the implementation of SCPs improves patient
satisfaction, adherence to surveillance recommendations, and
long-term QoL among cancer survivors [110].

Psychosocial support plays a crucial role in addressing
the emotional and psychosocial needs of cancer survivors,
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helping them cope with the psychological impact of cancer
diagnosis and treatment [111]. Psychosocial interventions,
such as individual counseling, support groups, and
cognitive-behavioral therapy, provide survivors with
opportunities to express their feelings, share experiences,
and learn coping strategies for managing anxiety, depression,
and distress [112]. Additionally, interventions aimed at
enhancing social support networks and addressing financial
concerns can further contribute to improving survivors’
QoL and overall well-being [113].

Rehabilitation programs are integral components
of survivorship care, focusing on restoring physical
function, mitigating treatment-related side effects, and
optimizing survivors’ functional independence and quality
of life [114]. Cancer rehabilitation services may include
physical therapy, occupational therapy, speech therapy, and
lymphedema management, tailored to meet the unique
needs and preferences of individual survivors [115]. By
addressing functional impairments, pain, fatigue, and other
treatment-related sequelae, rehabilitation programs help
survivors regain confidence, improve mobility, and enhance
their overall QoL [116].

Health equity and access to care

Health equity in cancer care refers to the principle that
all individuals, regardless of their race, ethnicity,
socioeconomic status, or geographic location, should have
equal opportunities to access high-quality cancer prevention,
diagnosis, treatment, and supportive care services [117].
However, disparities persist in cancer incidence, diagnosis,
and outcomes, with certain populations experiencing
disproportionate burden and poorer survival rates [11].
Addressing these disparities requires a multifaceted approach
that encompasses policy interventions, community
engagement, and healthcare delivery reforms to promote
health equity and ensure access to cancer care for all
populations [118].

One of the key determinants of health equity in cancer
care is socioeconomic status, which influences access
to preventive services, early detection, and timely treatment
[119]. Individuals from disadvantaged socioeconomic
backgrounds are more likely to experience barriers to cancer
screening and diagnosis, including lack of health insurance,
financial constraints, and limited access to healthcare
facilities [120]. Moreover, socioeconomic disparities
in cancer outcomes are compounded by structural
inequities, such as residential segregation, inadequate
transportation, and limited availability of healthcare
providers in underserved communities [121]. Efforts
to address socioeconomic disparities in cancer care require
comprehensive strategies that address social determinants

of health, expand access to health insurance coverage, and
invest in community-based interventions to improve
healthcare access and utilization [122].

Racial and ethnic disparities also contribute to inequities
in cancer care, with minority populations experiencing
higher rates of cancer incidence, late-stage diagnosis, and
mortality compared to non-Hispanic White populations
[123]. Factors such as cultural beliefs, language barriers,
and mistrust of the healthcare system can impede access
to cancer prevention and treatment services among racial
and ethnic minority groups [12]. Additionally, structural
racism and discrimination contribute to disparities
in healthcare access and quality of care, further exacerbating
health inequities [124]. Initiatives aimed at addressing racial
and ethnic disparities in cancer care include culturally
competent healthcare delivery, community outreach and
education, and targeted interventions to increase
participation in cancer screening and clinical trials among
minority populations [125].

Geographic disparities in cancer care also pose challenges
to health equity, with rural and remote communities facing
unique barriers to accessing cancer services [126]. Limited
availability of healthcare providers, long travel distances
to specialized cancer centers, and insufficient infrastructure
for telehealth services contribute to disparities in cancer
outcomes among rural populations [127]. Moreover,
disparities in cancer mortality rates between urban and rural
areas have been attributed to differences in socioeconomic
status, health behaviors, and healthcare access [126].
Strategies to address geographic disparities in cancer care
include expanding telemedicine services, implementing
mobile screening programs, and fostering collaboration
between urban and rural healthcare providers to improve
access to cancer prevention, diagnosis, and treatment
services in underserved areas [128].

Conclusion

In conclusion, this literature review article has provided
a comprehensive overview of key advancements and
challenges in the field of oncology. From immunotherapy
breakthroughs to precision medicine, genomic landscapes,
and innovations in cancer diagnosis and survivorship, the
diverse array of topics covered reflects the dynamic nature
of cancer research and clinical practice. Moreover, the
discussion on health equity and access to care underscores
the importance of addressing disparities to ensure equitable
cancer outcomes for all populations. Moving forward,
continued collaboration among researchers, healthcare
providers, policymakers, and communities will be essential
in advancing cancer care, promoting health equity, and
ultimately improving patient outcomes and quality of life.
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