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Abstract

olorectal cancer, a known form of cancer poses a global health threat. Ongoing studies are actively

investigating perspectives and evolving treatments. This review explores the developments in cancer

research covering topics such as profiling, microbiome interactions, immunotherapy, precision
medicine, tumor environment analysis, liquid biopsies, metabolic changes, artificial intelligence applications
and patient centric care. Molecular subtyping advancements have greatly improved our understanding of the
nature of cancer and how different individuals respond to therapies. The significant link between gut
microbiome composition, inflammation levels and immune responses underscores the importance of
interventions targeting the microbiome and innovative immunotherapy strategies. Precision medicine
initiatives are leveraging biomarkers and molecular signals to inform treatment decisions and optimize
outcomes. This thorough examination highlights the impact of evolving trends in cancer research and
treatment strategies while offering insights into directions for improving patient care and results.
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Introduction

Cancer of the colon and rectum (CRC) is a concern
causing a high number of deaths and placing a heavy
burden, on healthcare systems and societies globally
[1]. It is a form of cancer in developed countries leading
to numerous cancer related fatalities. The rise in CRC
cases in developing nations due to lifestyle changes
and aging populations adds to the urgency for research
and innovation to reduce its impact on individuals and
communities [2].

In light of this situation, this review aims to explore
perspectives and emerging trends in CRC research with
the goal of addressing gaps in understanding and
treatment approaches. By examining the developments
in aspects of CRC biology, diagnosis and treatment this
study seeks to identify promising pathways for
enhancing patient outcomes and lessening the societal
burden of CRC. Through an exploration, we explore
areas such as genomic analysis, immunotherapy,
precision medicine and artificial intelligence
applications. By synthesizing the knowledge generated
in these fields, our objective is to offer an overview of
current CRC research status while highlighting areas
with potential, for progress and innovation.

In today’s age of precision medicine and personalized
oncology having a grasp of the foundations underlying
CRC has become crucial.

The detailed analysis of changes that trigger the
onset, advancement and reaction, to treatment in CRC
has been uncovered through genomic profiling [3].
Additionally progress in classification has made it
easier to group CRC into molecular categories each
with unique biological traits and medical implications.
Utilizing this information offers potential for
customizing treatment plans for patients enhancing
treatment effectiveness and reducing unnecessary side
effects [4]. The field of immunotherapy has brought
about a transformation in cancer treatment methods
providing a ray of hope for individuals with CRC. By
utilizing the systems capabilities to target and
eradicate cancer cells immunotherapy strategies like
checkpoint inhibitors have shown promising outcomes
in specific groups of CRC patients especially those with
MSI H (high microsatellite instability) or dMMR
(deficient mismatch repair) tumors. Challenges persist
in pinpointing markers and overcoming resistance
mechanisms to optimize the effectiveness of
immunotherapy for CRC. In addition to targeted
treatments understanding the interactions within the
tumor microenvironment and stromal cells is shaping
our comprehension of CRC biology and resistance
mechanisms to treatments. The interrelationship
among tumor cells, immune cells and stromal elements
within the tumor environment plays a role in cancer
progression and response to therapy. Grasping the

communication between these components is vital for
devising treatment approaches that can combat
resistance issues and enhance patient outcomes.

The rise of biopsies and the integration of
intelligence and computational methods are set to
transform the diagnosis, monitoring and treatment
decisions, for CRC. Liquid biopsies provide an invasive
way to detect tumor biomarkers in the bloodstream
allowing for real time tracking of disease progression
and response to treatment [5]. At the time AI (Artificial
Intelligence) algorithms are being designed to analyze
datasets, such as genomic information and medical
images in order to identify patterns and predictive
indicators that can guide clinical decision making and
improve patient care.

Overall, this analysis highlights the need for research
and creativity in the realm of CRC. By delving into
insights and emerging developments our goal is to pave
the path for efficient prevention, diagnosis and
treatment approaches that can ultimately lessen the
impact of CRC on individuals and society. Through
disciplinary cooperation and translating scientific
breakthroughs into clinical applications we can work
towards a future where CRC is not just treatable but
preventable as well — leading to better outcomes and
quality of life, for patients grappling with this
devastating illness.

Methods

Literature search and selection criteria

Google Scholar, PubMed, SciFinder and Google Web
were utilized to gather information, for this review
article. Different keywords were employed to access the
data from research and review articles. The papers
referenced in this review were sourced from the period,
between 2018 and 2024.

Discussion

Genomics and molecular subtyping of CRC

The recent progress in studying the profiles and
subcategories of tumors represents a major step
forward in our understanding of colorectal cancer and
its clinical impact. These advancements have been
made possible by the introduction of sequencing
technologies allowing for an examination of CRCs
genetic makeup [6]. Through initiatives like The Cancer
Genome Atlas (TCGA) and collaborative research
efforts scientists have identified subcategories of CRC
distinguished by unique genetic changes gene activity
patterns and biological pathways [7]. One notable
classification system that has emerged from these
studies is the Consensus Molecular Subtypes (CMS)
which divides CRC into four categories; CMSI1
(immune, CMS2 (standard) CMS3 (metabolic) and
CMS4 (connective tissue) [8]. Each subtype displays
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characteristics, environmental attributes and medical
outcomes. For example, CMS1 tumors are marked by
immune system activation with increased levels of cell
presence and heightened activity in immune related
pathways [9]. On the other hand, CMS4 tumors show
tissue activation with noticeable signs of cellular
transformation and blood vessel formation.
Recognizing how molecular subtypes impact prognosis
treatment response and targeted therapy selection is
vital, for tailoring approaches in CRC [10].

Many research studies have shown the importance of
categorizing tumors based on their characteristics with
CMS4 tumors linked to poorer outcomes compared to
other types. Molecular subtyping also helps predict
how well certain treatments will work and identifies
targets for therapy [11, 12]. For instance, CMS1 tumors,
those with high microsatellite instability (MSI H) are
more likely to respond to checkpoint inhibitors because
of their immune system triggering features. On the
other hand, CMS2 tumors, known for signaling
pathways like WNT and MYC, may benefit from
treatments targeting these pathways. Understanding
subtypes gives us insights into how colorectal cancer
progresses and becomes resistant to treatment. For
example, CMS4 tumors are rich in processes related to
interactions between the tumor and its surrounding
tissue changes in the matrix and resistance to
chemotherapy drugs [13]. In contrast, CMS1 tumors
show signs of avoiding detection by the system and
activating checkpoints suggesting that immunotherapy
could be effective [14]. Despite advances in subtyping
research there are still challenges such as tumor
differences within and between patients and the need,
for classification systems. It's crucial to refine our
approach to subtyping by combining data from sources
and confirming our findings in different groups of
patients so we can apply these discoveries effectively in
medical practice.

Furthermore, exploring the characteristics of cancer
not only helps in understanding the diversity within
tumors but also guides the creation of new treatment
approaches and the identification of indicators that can
predict outcomes. By investigating the makeup of CRC
scientists have pinpointed targets and pathways that
can be targeted for therapy. For instance, CMS4
tumors, known for their content and mesenchymal
traits might respond well to treatments that focus on
modifying the tumor environment or anti angiogenic
therapies [15]. A study aimed to refine how CRCs are
categorized by recognizing five subgroups, including
those that posed challenges using existing
classifications [16]. This method uncovered a
population, with genetic mutations and expression
patterns separate from established classifications.
Notably patients grouped under the CMS4 category in

stage III CRCs showed signs of disease indicated by
levels of carcinoembryonic antigen (CEA) in their
blood. Interestingly analyzing gene expressions and
pathways in both tumor and tumor tissues revealed a
specific immune profile in this subgroup with high CEA
levels. The findings suggested that combining profiling
techniques with traditional tumor markers like CEA
could improve clinical decision making and potentially
enhance treatment choices for colorectal cancer
patients. Furthermore, molecular subtyping plays a
role, in shaping drug development strategies and
designing trials [17]. By categorizing patients based on
subtypes scientists can enhance the groups
participating in clinical trials with individuals who are
more likely to respond well to specific treatments. This
approach helps in making clinical trials more effective
and increasing the chances of achieving results.
Additionally, identifying subtypes enables the
discovery of biomarkers that can act as indicators, for
how a treatment is working simplifying the evaluation
of treatment effectiveness in clinical trials.

In general, recent progress in analyzing profiles and
molecular subtypes has provided insights into the
genetic makeup of colorectal cancer. By distinguishing
subtypes with unique biological traits and clinical
behaviours molecular subtyping presents opportunities
for tailoring treatment plans to predict outcomes and
fostering innovation in treatments. Looking ahead,
ongoing research efforts aimed at refining subtyping
methods understanding biological processes better and
applying discoveries in real world healthcare settings
will be crucial, for enhancing outcomes and promoting
precision medicine in managing colorectal cancer.

Role of microbiome and gut health in colorectal cancer
development and progression

The community of microorganisms living in the gut
known as the gut microbiome plays a role in the
development and advancement of CRC. Research
indicates that changes in the structure and function of
the gut microbiome, called dysbiosis are linked to the
beginning, growth and spread of CRC [18] (Table 1).
Dysbiosis involves alterations in variety, quantity and
metabolic processes that can result in the creation of
substances, chronic inflammation and disruption of the
intestinal barrier [19]. The relationship between
microbiota, inflammation and immune response is a
factor in how CRC develops. Changes in the gut
microbiome due to dysbiosis can trigger reactions by
activating toll receptors (TLRs) and producing
inflammatory molecules like interleukin 6 (IL 6) and
tumor necrosis factor alpha (TNF a) [20]. Persistent
inflammation sets up an environment that promotes
tumor growth characterized by stress, DNA harm and
tissue restructuring which helps benign adenomas
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progress into carcinomas. Moreover, inflammation
caused by dysbiosis can influence how immune cells
interact with tumors within the intestines such, as
macrophages, dendritic cells. T lymphocytes affecting
surveillance and tolerance [21].

The imbalance, in gut bacteria can disrupt the system
affecting the body’s ability to fight tumors and
enabling cancer cells to evade detection. Certain types
of bacteria play a role in either promoting or protecting
against CRC development. For instance, bacteria like
Fusobacterium nucleatum and Enterococcus faecalis
are linked to CRC progression by releasing substances
and triggering inflammation [22]. On the other hand,
friendly bacteria like Bifidobacterium and Lactobacillus
can help combat tumors by influencing responses
strengthening the gut barrier and producing anti-
inflammatory compounds [23].

Progress, in sequencing and the analysis of 16S rRNA
have enhanced our knowledge of how the gut
microbiome influences cancer. These methods aid in
pinpointing the types of communities in the gut and
their functions. By using probiotics and prebiotics to
adjust the composition of the gut microbiome there is a
potential to lower the risk of CRC or improve responses
to treatment. For example, certain strains of bacteria
such as Faecalibacterium prausnitzii have been
researched for their inflammatory properties and
possible protective effects against CRC. [24]. This
underscores the significance of integrating microbiome
focused approaches, into precision oncology practices.

Immunotherapy and Immunogenomics concept
The recent advancements in immunotherapy for CRC
have led to progress in treatment options through the
use of immune checkpoint inhibitors and adoptive cell
therapies. Immune checkpoint inhibitors like
pembrolizumab and nivolumab target pathways that
inhibit the immune response, such as PD 1 and CTLA 4.
By blocking these checkpoints immune checkpoint
inhibitors enable the system to identify and combat
cancer cells resulting in lasting anti tumor effects in
some CRC patients [25, 26]. Additionally, adoptive cell
therapies such as CAR T cell therapy and TIL therapy
offer promising strategies to mobilize the system
against CRC [27, 28]. CAR T cell therapy involves
modifying patient derived T cells to express receptors
that target tumor antigens while TIL therapy entails
isolating and expanding tumor infiltrating lymphocytes
with strong anti tumor capabilities before
reintroducing them into the patient. These approaches
provide targeted treatments for CRC offering long term
remission outcomes even, in challenging cases.

The idea of immunogenomics, which combines
genetic and immune profiling information shows a lot
of potential for customizing immunotherapy

treatments in CRC [29]. Immunogenomics aims to
understand the relationship between tumor genetics,
tumor immunity and the body’s immune response to
identify markers and treatment targets for
immunotherapy. By studying the tumors environment
and decoding immune related changes like tumor
mutational burden (TMB) and microsatellite instability
(MSI) immunogenomics can classify patients based on
their chances of responding to immunotherapy and
help in making treatment choices.

T}ipe Of. Role in CRC Development &
Microbiome Progression Examples
/Gut Health
e Increased abundance
of Fusobacterium
nucleatum
L. Altered composition of gut e Presence of
Composition . . . . -
of Cut mlcrf)bl.ota. charac?erlzed 'by Bactergldesfragl[ls.
Microbiota dysbiosis is associated with e Reduction in
CRC development. beneficial  bacteria
(e-g.,
Bifidobacterium,
lactobacillus)

e Production of metabolites
by gut microbiota, such as
short-chain fatty acids
(SCFAs) and secondary
bile acids, can influence
CRC risk and progression.

e SCFAs (e.g., acetate,
propionate, butyrate).
e Secondary bile acids

Microbial (e.g., deoxycholic

Metabolites . X acid).
) . e Dysbiosis, characterized . .
Microbial R P ) e Reduced  microbial
- by imbalance in microbial . )
Dysbiosis . diversity.
community structure, e Shift towards Dro-
promotes inflammation, inflammato, p
epithelial barrier bacteria R
dysfunction, and tumor :
development.
Intestinal epithelial barrier
integrity is crucial = for . . .
Mucosal preventing microbial | * I:llrsl?:lp; :;n of - tight
Barrier translocation and chronic J . .
. . . . e Impaired mucin
Integrity inflammation, which are roduction
implicated in CRC p
development.
Gut microbiota influence | ¢  Modulation of
Immune local and systemic immune regulatory T cells
. responses, playing a key role (Tregs)
Modulation L ! L
in immune surveillance and | e  Activation of toll-
anti-tumor immunity. like receptors (TLRs)
Microbiome-derived
e Release of
products, such as inflammato
Microbiome- lipopolysaccharides (LPS) and cytokines (ery -6
Mediated peptidoglycans, trigger TNF-a) 8 ’
Inflammation | inflammation, which .

. Activation of NF-«B

contributes to CRC initiation R .
signaling pathway

and progression.
Diet and lifestyle factors

Impact of modulate gut microbiota | e High-fat diets
Diet and composition and function, | e Low-fiber diets
Lifestyle influencing CRC risk and | e Sedentary lifestyle

progression.
Table 1: Types and roles of microbiome and gut health in
colorectal cancer development and progression.

In a study at one center, involving 60 diagnosed
patients with colorectal cancer researchers looked at
how common MSI was the number of mutations
present and actionable changes in genes [30]. The study
revealed a range in tumor mutational burden TMB
levels varying from 5.08 to 2391 mutations per
megabase. Interestingly 60% of patients had TMB
levels with sided cancers showing higher rates
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compared to left sided ones (100%, vs. 47%).
Furthermore, most patients showed changes with APC,
TP53 and BRCA2 gene mutations being the frequent
ones observed.

It's interesting to note that gene fusion was not
observed in any of the patients and mutations, in the
type KRAS/NRAS genes were detected in all cases of
cancer at the stage. However, there wasn't a link found
between mutations and demographic or histological
factors like age, gender, tumor type or tumor grade.
The study emphasized the importance of identification
of mutations and how tailoring targeted treatment
based on these mutations could be beneficial.
Specifically focusing on changes such as APC, TP53 and
RAS mutations could potentially enhance outcomes for
individuals with colorectal cancer. These results
underscore the significance of genomic profiling in
shaping treatment plans and exploring innovative
therapeutic strategies for managing colorectal cancer.
Moreover, immunogenomics plays a role in developing
combinations of therapies that work together with
immunotherapy to boost immune responses against
tumors and combat resistance mechanisms. For
instance, targeting pathways that suppress the system
like the adenosine pathway or myeloid derived
suppressor cells (MDSCs) along with immune
checkpoint inhibitors might enhance treatment
effectiveness. Extend the benefits of immunotherapy to
a wider range of patients [31, 32]. Overall
advancements in immunotherapy, for CRC including
checkpoint inhibitors and adoptive cell therapies show
promise in enhancing patient outcomes.
Immunogenomics is about tailoring immunotherapy to
individuals making it possible to uncover biomarkers
that can predict outcomes and develop combination
treatments. By leveraging the body’s system in the
fight against CRC immunotherapy has the capacity to
transform how we treat cancer and introduce a more
precise approach, to oncology.

Precision Medicine and Biomarkers

The field of medicine in the treatment of cancer is
rapidly progressing, thanks to advancements in
genetics, molecular biology and targeted treatments.
Personalized medicine aims to customize treatment
plans for each patient based on their makeup in order
to maximize treatment effectiveness and reduce side
effects. One important aspect of medicine in cancer
treatment is the growing use of techniques to analyze
tumors at a molecular level through genome profiling.
Technologies like next generation sequencing (NGS)
and whole exome sequencing (WES) allow for an
examination of tumor genomes helping identify
specific genetic changes that promote tumor growth
and progression. For instance, memorial sloan

kettering-integrated mutation profiling of actionable
cancer targets assay (MSK-IMPACT assay) is a targeted
NGS panel that is used to identify the actionable
mutations in cancer patients [33]. This molecular
analysis offers insights into the biology of cancer and
helps doctors choose targeted therapies that are likely
to work best based on the tumors genetic profile.

Apart from profiling new biomarkers are being
discovered for categorizing patients predicting
treatment responses and detecting cancer early. For
instance, markers like MSI and dMMR have been
identified as indicators of how a patient might respond
to immunotherapy in cancer [34]. Patients with MSI
dMMR tumors have active immune responses against
tumors and are more likely to benefit from drugs like
pembrolizumab and nivolumab that enhance immune
responses. These biomarkers have transformed the way
we treat cancer by offering novel treatment options, for
patients with stages of the disease.

In a study, researchers examined forty-two patients,
with cancer and dMMR who were treated with
neoadjuvant programmed cell death protein 1 (PD 1)
blockade [35]. Their goal was to find markers that could
predict how well patients would respond to this
treatment. The study took an approach by analyzing
transcriptomic  profiles using next generation
sequencing, as well as looking at immune cell density
through multiplex immunofluorescence (mIF) staining.
They also delved into single cell RNA sequencing data
from studies and public datasets to better understand
the tumor microenvironments impact on treatment
response. The findings showed that the number of
mutations in tumor tissue and plasma samples was
similar in both groups of patients - those who
responded completely to treatment and those who did
not. However, the levels of HLA DQA1 and HLA DQB1
expression were notably higher in the group that
responded well to treatment. Analysis of gene
signatures revealed that pathways related to T cell
receptors and antigen presentation were more active in
the group. Additionally, a higher presence of CD8+ T
cells before treatment was linked to a response. Further
examination indicated that CD8+ T cells, with levels of
programmed cell death protein 1Expressing (PD 1llo
CD8+ T cells) with levels of TRGC2, CD160 and KLRBI,
along with low levels of genes related to proliferation
and exhaustion showed a strong connection to
achieving a pathologic complete response (pCR). The
research illustrated that immune related characteristics
in CD8+ T cells played a key role in the pCR response to
immune checkpoint inhibitor (ICI) treatment in
colorectal cancer with dMMR. The diversity in the
tumor microenvironment among dMMR cancer
patients could help distinguish those to respond
completely to neoadjuvant ICI therapy. These findings
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underscore the importance of immune related markers
in predicting treatment outcomes and guiding
decisions for cancer. Moreover, various molecular
markers like mutations in RAS and BRAF genes have
been recognized as indicators for targeted treatments
in cancer [36, 37]. Patients with RAS wild type tumors
are candidates for EGFR therapy while individuals
carrying BRAF V600E mutations might benefit from
BRAF inhibitors combined with other targeted
medications [38]. Additionally circulating biomarkers
such as circulating tumor DNA (ctDNA) and circulating
tumor cells (CTCs) show potential, for monitoring
treatment responses anticipating disease relapse and
early detection of cancer [39, 40].

Furthermore, advancements in imaging technologies
like positron emission tomography (PET) with
radiotracers that target specific molecular pathways
provide chances for a non-invasive evaluation of tumor
biology and treatment response in colorectal cancer
[41, 42]. The use of c-Met targeting PET probes in
cancer diagnosis and therapy monitoring is a subject of
discussion in literature. Although there is data on these
probes, they offer benefits such as combining
anatomical and functional imaging for tumor removal
and guided biopsies. However, there are disadvantages
like radiation exposure and limited sensitivity for early-
stage breast cancer diagnosis. PET imaging, PET/CT
and PET/MRI improves the detection of metastases and
assists in predicting how well treatments will work [43].
Yet challenges still exist including restrictions related
to excretion lived radioactive elements and dependence
on specific targets. Despite these challenges
integrating imaging radiotracers with PET holds the
promise of providing invasive real time diagnosis,
personalized medicine and enhanced therapy
monitoring which can usher in the era of
radiotheranostics. Another research looked into the
potential of immune PET is an invasive method for
characterizing immune responses, to cancer while
guiding anti-cancer treatments [44]. Immune PET has
the potential to identify characteristics that can help
with treatment choices tailored to individual patients.

The importance of markers, in the field of
immunotherapy has been underscored. Immune PET
shows potential in predicting how patients will respond
to treatments like checkpoint inhibitors and CAR T cell
therapy. Moreover, Immune PET could help monitor
treatment progress leading to discontinuation of
therapies and reducing financial burdens and health
risks. The research highlighted the impact Immune PET
could have on advancing our understanding of cancer
immunobiology and streamlining trial design and
regulatory processes. In general, the changing
landscape of precision medicine, in cancer treatment
involves incorporating profiling technologies and

identifying key biomarkers for patient grouping
predicting treatment responses and detecting cancer
early. These advancements are reshaping how we
manage cancer by allowing for treatment plans based
on each patient’s tumor characteristics.

Tumor Microenvironment and Stromal Interactions
Tumor cells, stromal components and the
microenvironment play a role, in CRC development and
treatment response. The CRC microenvironment
consists of cells like cancer associated fibroblasts
(CAFs) immune cells, endothelial cells and ECM
elements [45]. These interactions impact aspects of
tumor biology.

The communication between tumor cells and stromal
components involves signaling pathways through
factors, cell interactions and ECM changes. Tumor cells
release growth factors and cytokines to attract cells
that then produce proteins affecting tumor behaviour
such as growth, invasion and spread. Immune cells
present in the tumor environment can inhibit
tumorigenesis based on their interactions with tumors
and stroma. This interplay between tumors and
surrounding tissues greatly influences resistance to
therapy in CRC. Stromal elements like CAFs and ECM
proteins can create obstacles that hinder drug
effectiveness by limiting penetration [46]. Moreover,
these stromal cells release substances that help tumors
survive form blood vessels and evade the system — all
contributing to resistance, against chemotherapy,
targeted treatments and immunotherapy.

The surrounding environment, on a scale may trigger
changes in the characteristics of cancer cells, such as
transitioning from epithelial to mesenchymal forms
and acquiring stem cell properties. These changes are
linked to resistance to treatment and recurrence of the
disease.

A potential approach in cancer treatment involves
targeting cells around the tumor, such as cancer
associated fibroblasts (CAFs) mesenchymal stem cells
(MSCs) cancer related fat cells (CAAs) tumor blood
vessel cells (TECs) and pericytes (PCs) [47]. These cells
impact tumor behaviour through signaling between
neighbouring cells or direct interactions. While some
initially hinder tumor growth they can eventually adopt
traits that promote tumor growth under the influence
of cells. Targeting these cells aims to prevent their
recruitment reprogram them or disrupt their
communication with tumor cells. Despite promising
findings in studies, efforts to target cells in clinical
trials have been constrained by a lack of specific
identifying characteristics. Recent advancements in
analyzing individual cell RNA sequences provide
insights into subtypes of cells which can guide
treatments tailored to specific subtypes. New
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therapeutic approaches focusing on disrupting
communication between tumors and surrounding
stroma in cancer are being investigated as ways to
combat resistance to therapy and enhance treatment
outcomes. Research is delving into interactions among
the immune system tissues within the gut and
colorectal cancer using advanced 'omics techniques to
pinpoint targets, for therapies [48]. Understanding the
cellular mechanisms, such, as changes in the Wnt
signaling pathway, tumor budding and oncogenic
characteristics within the tissue structure could pave
the way for treatments and targeted therapies.

Challenges like oxygen levels (hypoxia) and
resistance to drugs call for innovative strategies, such
as addressing hypoxia directly and utilizing
nanocarriers for delivering medications. The concept of
the 'Seed and Soil' theory emphasizes the importance
of disrupting both cells and their surrounding
environment to impede metastasis. Immunotherapy
approaches like checkpoint inhibitors and CAR T cell
therapy offer hope especially when combined with
immunotherapy to transform the tissue environment
from exclusionary to immune infiltrated. Further
investigation is essential to maximize these strategies
potential explore immunotherapies and comprehend
resistance mechanisms for developing combination
therapies that boost effectiveness.

Innovative methods are designed to interrupt
signaling pathways involved in tumor stroma
interactions regulate the surroundings at a microscopic
level and improve drug delivery specifically to cancer
cells. For example, inhibitors that target the stromal
derived factor 1 (SDF 1)/C-X-C chemokine receptor
type 4 (CXCR4) pathway have shown results in
laboratory models of cancer by hindering
communication between tumors and their surrounding
tissue while enhancing sensitivity to chemotherapy and
immunotherapy [49, 50].

Utilizing nanoparticle-based systems for drug
delivery along, with combination treatments that
target components of the tumor microenvironment
offer hope in overcoming challenges related to
resistance [51]. Key obstacles involve enhancing the
characteristics of nanocarriers such, as dimensions,
morphology, surface charge and composition to target
tumors. Tactics like altering surfaces and combining
nanostructures can enhance durability and the rate of
drug release. It is crucial to address worries about the
toxicity of nanocarriers based on oxide (GO) through
thorough research for their successful use in clinical
settings. Several aspects, such as utilizing nanoscale
drug delivery systems, for administering medications
targeting tumors and activating drugs for tumors have
been investigated [52].

Liquid Biopsies and Circulating Biomarkers

Liquid biopsies and circulating biomarkers show
promise as invasive methods, for monitoring colorectal
cancer (Table 2). They analyze samples from blood,
stool or urine to provide up to date information on
tumor behaviour genetic diversity and response to
treatment. Circulating tumor DNA (ctDNA) is a
biomarker that offers insights into factors like tumor
size, residual disease presence after treatment and how
well treatments are working. This information can
guide treatment plans such as targeted therapies and
immunotherapies. Recent research emphasizes that
detectable ctDNA after treatment indicates a chance of
cancer recurrence. Improvements in ctDNA testing
could help identify patients at risk of recurrence
potentially sparing them from chemotherapy [53]. In
addition to ctDNA, circulating tumor RNA (ctRNA) and
exosomes offer details on gene activity patterns and
different molecular types of CRC [54]. A particular
liquid biopsy assay, Guardant360 test, is used to
identify actionable mutations in advanced CRC aiding
in treatment decisions [55]. These insights further
improve the accuracy of diagnosing the disease
predicting its progression and determining how well
treatments will work.

Compared to tissue biopsies, liquid biopsies have
advantages like being less invasive and providing real
time monitoring capabilities. However, they also face
challenges related to sensitivity and limitations in
detection capabilities. Current methods such as PCR
and NGS often fall short in terms of sensitivity levels.
Require resources for analysis. New technologies, like
CRISPR/Cas based approaches and nanotechnology
driven point of care tests show promise in detection of
CRC offering comprehensive analysis of its molecular
characteristics [56]. However, no single biomarker
alone can accurately predict outcomes for cancer. This
underscores the importance of using a combination of
biopsy techniques to improve effectiveness.

Droplet microfluidics shows promise in addressing
the challenges of biopsies by enhancing the detection
of biomarkers at the level of cells and supporting
studies on tumor variability [57, 58]. It offers benefits
such as sample usage and high sensitivity by combining
isolation and preparation processes on a chip to
minimize contamination. Despite facing obstacles, like
background interference and limited encapsulation
efficiency droplet-based microfluidics, when coupled
with Al for data analysis shows potential in advancing
cancer management. The integration of biopsy
methods is becoming increasingly crucial for a
comprehensive evaluation of cancer leading to
enhanced diagnostic capabilities monitoring
procedures and personalized treatment approaches.
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Application Description

Detection of circulating tumor DNA (ctDNA),
methylated DNA, or exosomal RNA in blood samples for
early-stage CRC or precancerous lesions.

Early Detection

Liquid biopsies allow for real-time monitoring of disease
progression, recurrence, and response to treatment,
providing valuable insights into tumor dynamics.

Disease Monitoring

Analysis of circulating biomarkers such as ctDNA or CEA

Prognostic . . .
sn levels can predict patient outcomes, such as survival,
Assessment
recurrence, and treatment response.
Identification of specific molecular alterations in liquid
L biopsies such as RAS mutations or MSI status can
Predictive redict response to targeted therapies, chemotherapy, or
Biomarkers p P 8 PIes, P

immunotherapy targeting immune checkpoints (e.g.,
PD-1/PD-L1).

Detection of minimal residual disease (MRD) using
liquid biopsies such as ctDNA can identify residual
tumor cells after surgery or treatment, guiding adjuvant
therapy decisions.

Minimal  Residual
Disease Detection

Liquid biopsies enable regular surveillance of CRC

Surveillance patients’ post-treatment, allowing for early detection of
recurrence and timely intervention.
. Liquid biopsies facilitate monitoring of treatment
Therapeutic . . .
R response and resistance mechanisms, guiding
Monitoring

adjustments in therapy to optimize patient outcomes.

Table 2: Utility of Liquid Biopsies and Circulating Biomarkers for
CRC Monitoring.

Metabolic Reprogramming and Metabolomics
Metabolic changes are crucial, in the advancement of
CRC and its resistance to treatment helping tumor cells
adapt to their surroundings and withstand therapy
related stress [59, 60]. In cancer, cells undergo shifts in
metabolic pathways to meet the energy demands for
growth, invasion and spread in challenging
environments  with  limited nutrients. These
adaptations allow tumor cells to survive in oxygen
deprived conditions commonly found within tumors. A
key change in CRC metabolism is the transition to
glycolysis, known as the Warburg effect [61, 62]. This
process enables tumor cells to produce energy and
metabolic compounds when oxygen is available. This
shift involves increased glucose intake, lactate
production and changes in glycolytic enzyme levels like
hexokinase and lactate dehydrogenase, CRC cells
experience altered lipid metabolism characterized by
increased lipid production, fatty acid absorption and
lipid storage to support cell membrane formation and
signaling important for tumor development [63, 64].
Moreover, modifications in amino acid metabolism—
especially involving glutamine—play a role, in CRC
advancement and resistance to treatment. Glutamine
plays a role, as a provider of carbon and nitrogen for
CRC cells supporting essential processes like the TCA
cycle, nucleotide production and protection against
oxidative stress. The increased use of glutamine is
connected to the growth of tumors their spread to parts
of the body and their resistance to chemotherapy and
targeted treatments in CRC [65]. A study introduced a
risk signature made up of five AAMRGs (ENOPHI,
ACATI1, ALDH4A1, FAS and ASPG) where higher scores
indicate survival outcomes in CRC. The effectiveness of
this signature in predicting outcomes was confirmed

[66]. Moreover, an analysis related to immunity showed
connections between AAMRGs and the immune
environment within tumors suggesting that patients
with lower risk scores might have responses to immune
based therapies. Additionally studying gene functions
provided insights into the mechanisms involved and
potential avenues for targeting amino acid metabolism
therapy specifically for CRC.

The field of metabolomics shows promise in

identifying metabolic weaknesses and developing
targeted treatments for CRC as an area for exploration
in research. Metabolomics involves an examination of
molecule metabolites present, in biological samples; it
sheds light on the overall metabolic landscape of CRC
while pinpointing disrupted metabolic pathways that
fuel tumor advancement and resistance to therapies.
By studying the metabolites linked to metabolic
processes, like glycolysis, lipid metabolism and amino
acid metabolism metabolomics research can pinpoint
markers for diagnosing, predicting outcomes and
gauging responses to treatment in CRC. Additionally
using metabolomics methods shows potential for
uncovering treatment targets and creating therapies
that take advantage of metabolic weaknesses in CRC
[67]. For instance, drugs that target enzymes in
glycolysis (such as hexokinase) lipid metabolism (like
fatty acid synthase) and glutamine metabolism (such as
glutaminase) have demonstrated effectiveness in
laboratory models of CRC. Are currently under
assessment in clinical trials [68]. Furthermore,
combining treatments that target metabolic pathways
or pairing metabolic inhibitors with chemotherapy or
immunotherapy presents encouraging tactics for
overcoming resistance to therapy and enhancing
results for individuals, with CRC.

Artificial Intelligence and Computational Approaches
Artificial intelligence (AI) and machine learning (ML)
have become tools, in the field of CRC research and
clinical practice transforming how diagnoses are made
prognoses are determined and treatments are
optimized [69, 70]. These computational methods
utilize datasets and sophisticated algorithms to
uncover insights from complex biological and clinical
information leading to more precise and personalized
care for patients with CRC. Al and ML algorithms have
demonstrated performance in analyzing medical
imaging data from CT scans, MRIs and colonoscopies
[71]. They help clinicians identify lesions like polyps
and tumors with accuracy. Additionally, Al driven
systems can automate the analysis of images assisting
pathologists in recognizing tissue characteristics and
predicting tumor behavior based on visual features.
When it comes to prognosis, Al and ML models can
analyze types of data - including genomic,
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transcriptomic and proteomic profiles - to classify CRC
patients into different molecular categories that carry
prognostic importance [72]. These models can forecast
outcomes like survival rates. Recurrence risks while
pinpointing biomarkers linked to how patients respond
to treatment or develop resistance. By integrating both
information and molecular data AI powered prognostic
tools enable precise risk evaluation and personalized
treatment strategies for individuals with CRC.
Furthermore, Al techniques play a role in optimizing
treatment plans, for CRC patients [73].

These methods can analyze sets of clinical data to
find predictive markers, for how well someone
responds to treatment and their resistance to
chemotherapy targeted therapy and immunotherapy.
By considering patient traits and molecular profiles Al
powered treatment plans can suggest personalized
therapies based on each person’s biology and disease
progression. Recent research has shown the value of
using computer-based methods in studying CRC from
analyzing images to discovering drugs. For instance,
advanced algorithms have been created using learning
to study colonoscopy images and identify polyps and
early-stage tumors with accuracy reducing the chances
of missed diagnoses and unnecessary biopsies. A study
introduced the idea of automated colonoscopy as an
improvement over examination [74]. Manual
colonoscopy is time consuming, subject to biases and
affected by examiner fatigue. On the hand automated
colonoscopy uses technology to aid in the examination
process with the goal of improving accuracy and
efficiency. The method discussed in the text focuses on
achieving precision in both identifying polyps from
surrounding tissue (polyp segmentation) and
determining their type or nature (polyp classification).
This precision is crucial, for enabling colonoscopy
where the system can conduct examinations effectively
without human involvement. The statement indicates
that by showcasing the effectiveness of the proposed
system, in an environment it could potentially become
a tool in hospitals for colon care. Furthermore, it hints
at the possibility of expanding this technology to detect
polyps during procedures like gastroscopy thus
widening its use and influence, in healthcare settings.
Moreover, Al powered models have been leveraged to
combine genomic and drug response information to
pinpoint targets and repurpose current medications for
treating CRC thereby speeding up drug discovery and
development endeavours [75].

Patient-Centered Care and Survivorship

Patient focused care and programs, for survivors play a
role in managing CRC catering to the needs of patients
from diagnosis to survivorship. These programs stress
the importance of care taking into account emotional,

social and dietary aspects to improve overall wellbeing
and quality of life. They prioritize involving patients in
decision making processes empowering them to engage
in their treatment plans. Survivorship programs offer
support to patients after treatment by addressing
symptoms, emotional challenges, dietary issues and
long-term effects [76]. They provide monitoring, follow
up care, encourage healthy lifestyle choices. Research
underscores the importance of care from various
disciplines and regular monitoring for -effectively
managing survivorship issues. Approaches include
therapy sessions, support networks, nutritional advice,
physical exercise recommendations, personalized care
strategies and symptom control to enhance quality of
life and lower the risk of cancer recurrence, among CRC
survivors.

Cancer Vaccines
Several cancer vaccines are currently being studied in
trials showing potential, for treating types of cancer.
For example, there are mRNA vaccines like Moderna’s
mRNA 4157 and mRNA 5671 that target neoantigens
and KRAS mutations found in cancer [77]. In trials,
combining mRNA 4157 with pembrolizumab an
immune checkpoint inhibitor has produced promising
outcomes in treating solid tumors, including colorectal
cancer. Peptide vaccines such as SurVaxM and IMA950
have also shown results in targeting survivin and
multiple tumors associated peptides [78]. SurVaxM has
exhibited survival benefits in glioblastoma trials while
IMA950 has shown immunogenicity and some clinical
advantages in studies for glioblastoma and other
cancers. Dendritic cell vaccines like DCVAC/OvCa
(SOTIO) have demonstrated progression survival when
used with chemotherapy, in ovarian cancer phase II
trials [79]. Similar strategies are being explored for
cancer with trials suggesting potential immune
responses and clinical benefits DNA vaccines, such, as
VGX 3100 from Inovio Pharmaceuticals were initially
created to target HPV related cancers. Are now being
explored for applications [80]. Early-stage research is
underway to adapt these vaccines for cancer (CRC) with
results seen in preclinical studies regarding their ability
to trigger immune responses. Personalized neoantigen
vaccines like NEO PV 01 by Neon Therapeutics are
designed to target neoantigens to each patient
identified through genetic sequencing [81]. Another
approach involves oncolytic virus vaccines like
Talimogene laherparepvec (T VEC, Imlygic) which has
been approved for treating melanoma [82]. Clinical
trials are investigating its potential when combined
with treatments for CRC showing signs of positive
synergistic effects.

While many of these vaccines are still in testing
phases there is optimism, about their ability to
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stimulate immune responses and enhance outcomes for
CRC patients. Success rates vary based on the type of
vaccine cancer being treated and the characteristics of
the population. Ongoing research and efforts to
combine these vaccines with immunotherapies aim to
improve their effectiveness.

Conclusion

This review summarizes the progress, in research and
treatment for CRC emphasizing the complexity of the
disease. It discusses profiling, interactions with the
microbiome, immunotherapy, personalized medicine,
tumor environment, liquid biopsies, metabolic
changes, artificial intelligence and patient centered
care. Understanding subtypes has enhanced our
understanding of CRC diversity. Enabled personalized
treatment approaches. The role of the gut microbiome
and immune system in CRC development suggests
interventions targeting these areas. Precision medicine
utilizing biomarkers provides tailored treatments while
insights into tumor interactions with surrounding
tissue address challenges in treatment resistance.
Liquid biopsies offer invasive monitoring and early
detection supported by Al for informed decision
making in drug development. Prioritizing patient
centered care ensures an approach to managing CRC
that improves quality of life and survivorship. These
advancements present opportunities to translate
research findings into practice to enhance prevention,
diagnosis and treatment strategies, for CRC.

Acknowledgment

The author is thankful to the Deanship of Graduate
Studies and Scientific Research at University of Bisha
for supporting this work through the Fast-Track
Research Support Program.

Conflict of Interest

The author declare that there is no conflict of interest
regarding the publication of this paper.

References

1. Biller LH, Schrag DJJ. Diagnosis and treatment of metastatic
colorectal cancer: a review. JAMA, (2021); 325(7): 669-85.

2. Xi Y, Xu PJTo. Global colorectal cancer burden in 2020 and
projections to 2040. Translational Oncology, (2021);
14(10):101174.

3. KimJC, Bodmer WF]JJocr, oncology c. Genomic landscape of
colorectal carcinogenesis. Journal of Cancer Research and
Clinical Oncology, (2022); 148 (3):533-45.

4. Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J,
Segal NH, et al. Immunotherapy in colorectal cancer:
rationale, challenges and potential. (2019); 16 (6):361-75.

5. Rompianesi G, Pegoraro F, Ceresa CD, Montalti R, Troisi
RIJWJoG. Artificial intelligence in the diagnosis and
management of colorectal cancer liver metastases. World
Journal of Gastroenterology, (2022); 28(1):108.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Zhao Q, Wang F, Chen Y-X, Chen S, Yao YC, Zeng ZL, et al.
Comprehensive profiling of 1015 patients’ exomes reveals
genomic-clinical associations in colorectal cancer. Nature
Communication, (2022); 13(1):2342.

Nunez SKK, Young CD, Griffen TaL, Ohandjo AQ, McKinney
LP, Kopetz S, et al. Identification of Gene Co-Expression
Networks Associated with Consensus Molecular Subtype-1
of Colorectal Cancer. Cancers, (2021);13(22):5824.

Rejali L, Seifollahi Asl R, Sanjabi F, Fatemi N, Asadzadeh
Aghdaei H, Saeedi Niasar M, et al. Principles of Molecular
Utility for CMS Classification in Colorectal Cancer
Management. Cancers, (2023); 15 (10):2746.

Hu F, Wang ], Zhang M, Wang S, Zhao L, Yang H, et al.
Comprehensive analysis of subtype-specific molecular
characteristics of colon cancer: Specific genes, driver genes,
signaling pathways, and immunotherapy responses.
Frontiers in Cell and Developmental Biology, (2021);
9:758776.

Di Franco S, Bianca P, Sardina DS, Turdo A, Gaggianesi M,
Veschi V, et al. Adipose stem cell niche reprograms the
colorectal cancer stem cell metastatic machinery. Nature
Communication, (2021); 12(1): 5006.

Purcell RV, Schmeier S, Lau YC, Pearson JF, Frizelle FAJBc.
Molecular subtyping improves prognostication of Stage 2
colorectal cancer. BMC Cancer, 2019; 19(1):1-9.

Ten Hoorn S, de Back TR, Sommeijer DW, Vermeulen
LJJJotNCI. Clinical value of consensus molecular subtypes
in colorectal cancer: a systematic review and meta-analysis.
Journal of the National Cancer Institute, (2022); 114(4):503-
16.

Bittoni A, Sotte V, Meletani T, Cantini L, Giampieri R,
Berardi RJJCMT. Immunotherapy in colorectal cancer
treatment: actual landscape and future perspectives.
Journal of Cancer Metastasis and Treatment, (2018); 4 (55).
Al Zein M, Boukhdoud M, Shammaa H, Mouslem H, El
Ayoubi LM, Iratni R, et al. Immunotherapy and
immunoevasion of colorectal cancer. Drug Discovery Today,
(2023):103669.

Baghy K, Ladanyi A, Reszegi A, Kovalszky IJIJoMS. Insights
into the Tumor Microenvironment—Components,
Functions and Therapeutics. International Journal of
Molecular Sciences, (2023); 24 (24):17536.

Kagawa H, Hatakeyama K, Shiomi A, Hino H, Manabe S,
Yamaoka Y, et al. Consensus molecular subtyping improves
the clinical usefulness of canonical tumor markers for
colorectal cancer. Biomedical Research, (2022); 43 (6):201-
9.

Honkala A, Malhotra SV, Kummar S, Junttila MRJNRDD.
Harnessing the predictive power of preclinical models for
oncology drug development. Nature Reviews Drug
Discovery, (2022); 21(2):99-114.

Li J, Zhang A-h, Wu F-f, Wang X-jJFiO. Alterations in the
gut microbiota and their metabolites in colorectal cancer:
recent progress and future prospects. Frontiers in Oncology,
(2022); 12: 841552.

Rath E, Haller DJMI. Intestinal epithelial cell metabolism at
the interface of microbial dysbiosis and tissue injury.
Mucosal Immunology, (2022); 15 (4):595-604.
Mahdavi-Roshan M, Salari A, Kheirkhah J, Ghorbani ZJH,
Lung, Circulation. The effects of probiotics on
inflammation, endothelial dysfunction, and atherosclerosis
progression: a mechanistic overview. Heart, Lung and
Circulation, (2022); 31 (5):e45-e71.

Campbell K, Cawley NX, Luke R, Scott KE, Johnson N,
Farhat NY, et al. Identification of cerebral spinal fluid
protein biomarkers in Niemann-Pick disease, type Cl.
Biomarker Research, (2023); 11(1):14.

Quaglio AEV, Grillo TG, De Oliveira ECS, Di Stasi LC,
Sassaki LYJWjog. Gut microbiota, inflammatory bowel
disease and colorectal cancer. World Journal of
Gastroenterology, (2022);28(30):4053.

Advancements in Life Sciences | www.als-journal.com | November 2024 | Volume 11 | Issue 4 723



Advancing Frontiers and Novel Insights in Colorectal Cancer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Aghamajidi A, Maleki Vareki SJC. The effect of the gut
microbiota on systemic and anti-tumor immunity and
response to systemic therapy against cancer. Cancers,
(2022);14(15):3563.

Pandey H, Tang DW, Wong SH, Lal DJC. Gut microbiota in
colorectal cancer: biological role and therapeutic
opportunities. Cancers, (2023);15(3):866.

Pandey P, Khan F, Qari HA, Upadhyay TK, Alkhateeb AF,
Oves MJP. Revolutionization in cancer therapeutics via
targeting major immune checkpoints PD-1, PD-L1 and
CTLA-4. Pharmaceuticals, (2022); 15(3):335.

Gaikwad S, Agrawal MY, Kaushik I, Ramachandran S,
Srivastava SK, editors. Immune checkpoint proteins:
Signaling mechanisms and molecular interactions in cancer
immunotherapy. Seminars in Cancer Biology, (2022):
86(3):137-150.

Folsom TD, Moriarity BS, Starr TK, Lou E, Webber
BRJNCICIS, Challenges. Tumor-infiltrating lymphocytes:
Prognostic considerations and current trials as adoptive cell
therapy. Elsevier, (2023):403-26.

Zheng Z, Wieder T, Mauerer B, Schifer L, Kesselring R,
Braumiiller HJIJoMS. T Cells in Colorectal Cancer:
Unravelling the Function of Different T Cell Subsets in the
Tumor Microenvironment. International Journal of
Molecular Sciences, (2023); 24(14):11673.

Andrei P, Battuello P, Grasso G, Rovera E, Tesio N, Bardelli
A, editors. Integrated approaches for precision oncology in
colorectal cancer: The more you know, the better. Seminars
in Cancer Biology, (2022): 84:199-213.

Sud R, Mujeeb VR. Incidence of microsatellite instability,
mutational burden, and actionable alterations in genes of
patients with metastatic colorectal carcinoma: A Study
from a Tertiary Care Hospital in India. Asian Pacific Journal
of Cancer Care, (2022); 7(1):91-100.

Kurt FGO, Lasser S, Arkhypov I, Utikal ], Umansky VJTJoCI.
Enhancing immunotherapy response in melanoma:
myeloid-derived suppressor cells as a therapeutic target.
Journal of Clinical Investigation, (2023); 133(13):e170762.
Barnestein R, Galland L, Kalfeist L, Ghiringhelli F, Ladoire
S, Limagne EJO. Immunosuppressive tumor
microenvironment modulation by chemotherapies and
targeted  therapies to  enhance immunotherapy
effectiveness. Oncoimmunology, (2022);11(1):2120676.
Satam H, Joshi K, Mangrolia U, Waghoo S, Zaidi G, Rawool
S, et al. Next-generation sequencing technology: Current
trends and advancements. Biology, 2023;12(7):997.

Manca P, Corti F, Intini R, Mazzoli G, Miceli R, Germani
MM, et al. Tumour mutational burden as a biomarker in
patients with mismatch repair deficient/microsatellite
instability-high metastatic colorectal cancer treated with
immune checkpoint inhibitors. European Journal of Cancer,
(2023); 187:15-24.

Li J, Hu H, Qin G, Bai F, Wu X, Ke H, et al. Biomarkers of
pathologic complete response to neoadjuvant
immunotherapy in mismatch repair-deficient colorectal
cancer. Clinical Cancer Research, (2024); 30(2):368-78.
Chung CJJoOPP. Predictive and prognostic biomarkers with
therapeutic targets in colorectal cancer: A 2021 update on
current development, evidence, and recommendation.
Journal of Oncology Pharmacy Practice, 2022; 28(4):850-69.
Martelli V, Pastorino A, Sobrero AFJP, Therapeutics.
Prognostic and predictive molecular biomarkers in
advanced colorectal cancer. Pharmacology & Therapeutics,
(2022):108239.

Ooi Z-S, Pang S-W, Teow S-YJTMJoP. RAS and BRAF genes
as biomarkers and target for personalised colorectal cancer
therapy: An update. Malaysian Journal of Pathology, (2022);
44(3):415-28.

Patelli G, Mauri G, Tosi F, Amatu A, Bencardino K,
Bonazzina E, et al. Circulating tumor DNA to drive

Advancements in Life Sciences | www.als-journal.com |

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

treatment in metastatic colorectal cancer. Clinical Cancer
Research, (2023); 29(22):4530-9.

Pourali G, Khalili-Tanha G, Nazari E, Maftooh M, Nassiri M,
Hassanian SM, et al. Circulating Tumor Cells and Cell-free
Nucleic Acids as Biomarkers in Colorectal Cancer. Current
Pharmaceutical Design, (2023); 29(10):748-65.

Schwenck J, Sonanini D, Cotton JM, Rammensee H-G, la
Fougeére C, Zender L, et al. Advances in PET imaging of
cancer. Nature Reviews Cancer, (2023); (7):474-490

Bai J-W, Qiu S-Q, Zhang G-JJST, Therapy T. Molecular and
functional imaging in cancer-targeted therapy: Current
applications and future directions. Signal Transduction and
Targeted Therapy, (2023); 8(1):89.

Floresta G, Abbate VJMRR. Recent progress in the imaging
of c-Met aberrant cancers with positron emission
tomography. Medicinal Research Reviews, (2022);
42(4):1588-606.

Hegi-Johnson F, Rudd S, Hicks RJ, De Ruysscher D, Trapani
JA, John T, et al. Imaging immunity in patients with cancer
using positron emission tomography. npj Precision
Oncology, (2022);6(1):24.

Zafari N, Khosravi F, Rezaee Z, Esfandyari S, Bahiraei M,
Bahramy A, et al. The role of the tumor microenvironment
in colorectal cancer and the potential therapeutic
approaches. Journal of Clinical Laboratory Analysis, (2022);
36(8):e24585.

Li S, Sampson C, Liu C, Piao H-1, Liu H-XJCC, Signaling.
Integrin signaling in cancer: bidirectional mechanisms and
therapeutic opportunities. Cell Communication and
Signaling, (2023); 21(1):266.

Zhao Y, Shen M, Wu L, Yang H, Yao Y, Yang Q, et al.
Stromal cells in the tumor microenvironment: accomplices
of tumor progression? Cell Death and Disease, (2023);
14(9):587.

Shakhpazyan N, Mikhaleva L, Bedzhanyan A, Gioeva Z,
Sadykhov N, Mikhalev A, et al. Cellular and Molecular
Mechanisms of the Tumor Stroma in Colorectal Cancer:
Insights into Disease Progression and Therapeutic Targets.
Biomedicines, (2023); 11(9):2361.

Jiang Q, Huang K, Lu F, Deng S, Yang Z, Hu SJGT, et al.
Modifying strategies for SDF-1/CXCR4 interaction during
mesenchymal stem cell transplantation. General Thoracic
and Cardiovascular Surgery, (2022): 70 (1): 1-10.

Sadri F, Rezaei Z, Fereidouni MJMbr. The significance of the
SDF-1/CXCR4  signaling pathway in the normal
development. Molecular Biology Reports, (2022);
49(4):3307-20.

Krasteva N, Georgieva MJP. Promising therapeutic
strategies for colorectal cancer treatment based on
nanomaterials. Pharmaceutics, (2022); 14(6):1213.

Pan Q, Fan X, Xie L, Wu D, Liu R, Gao W, et al. Nano-
enabled colorectal cancer therapy. Journal of Controlled
Release, (2023); 362:548-64.

Lone SN, Nisar S, Masoodi T, Singh M, Rizwan A, Hashem S,
et al. Liquid biopsy: A step closer to transform diagnosis,
prognosis and future of cancer treatments. Molecular
Cancer, (2022); 21(1):79.

Heidrich I, Deitert B, Werner S, Pantel KJC, Reviews M.
Liquid biopsy for monitoring of tumor dormancy and early
detection of disease recurrence in solid tumors. Cancer and
Metastasis Reviews, (2023); 42(1):161-82.

Sanchez-Herrero E, Serna-Blasco R, Robado de Lope L,
Gonzéalez-Rumayor V, Romero A, Provencio MJFiO.
Circulating tumor DNA as a Cancer biomarker: an overview
of biological features and factors that may impact on ctDNA
analysis. Frontiers in Oncology, (2022); 12:943253.

Mojtaba Mousavi S, Alireza Hashemi S, Yari Kalashgrani M,
Rahmanian V, Riazi M, Omidifar N, et al. Recent Progress in
Prompt Molecular Detection of Exosomes Using
CRISPR/Cas and Microfluidic-Assisted Approaches Toward

November 2024 | Volume 11 | Issue 4 724



Advancing Frontiers and Novel Insights in Colorectal Cancer

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Smart Cancer Diagnosis and Analysis. ChemMedChem,
(2024); 19(1):€202300359.

Shi J, Zhang Y, Fan Y, Liu Y, Yang MJD. Recent advances in
droplet-based microfluidics in liquid biopsy for cancer
diagnosis. Droplet, (2024); 3(1):e92.

Li K, Wu JJTTiAC. Recent advances in microfluidic
platforms for single particle analysis. TrAC Trends in
Analytical Chemistry, (2023):117139.

Yin Q, Poudel N, Liu Z]JTO. Metabolic reprogramming and
cancer progression. Translational Oncology, (2023); 28.
Nong S, Han X, Xiang Y, Qian Y, Wei Y, Zhang T, et al.
Metabolic reprogramming in cancer: Mechanisms and
therapeutics. MedComm, (2023); 4(2):e218.

Zhong X, He X, Wang Y, Hu Z, Huang H, Zhao S, et al.
Warburg effect in colorectal cancer: The emerging roles in
tumor microenvironment and therapeutic implications.
Journal of Hematology & Oncology, (2022); 15(1):160.

Chu Y-D, Cheng L-C, Lim S-N, Lai M-W, Yeh C-T, Lin W-
RJCD, et al. Aldolase B-driven lactagenesis and CEACAM6
activation promote cell renewal and chemoresistance in
colorectal cancer through the Warburg effect. Cell Death
and Disease (2023); 14(10):660.

Coleman O, Ecker M, Haller DJCOiG. Dysregulated lipid
metabolism in colorectal cancer. Current Opinion in
Gastroenterology, 2022; 38(2):162-7.

Krauf§ D, Fari O, Sibilia MJM. Lipid Metabolism Interplay in
CRC-An Update. Metabolite, (2022); 12(3):213.

Dai W, Mo W, Xu W, Han D, Xu XJA. Systematic analysis of
glutamine metabolism family genes and exploration of the
biological role of GPT in colorectal cancer. Aging, (2023);
15(21):11811.

Peng X, Zheng T, Guo Y, Zhu YJFiMB. Amino acid
metabolism genes associated with immunotherapy
responses and clinical prognosis of colorectal cancer.
Frontiers in Molecular Biosciences, (2022); 9:955705.

Ullah I, Yang L, Yin F-T, Sun Y, Li X-H, Li J, et al. Multi-
omics approaches in colorectal cancer screening and
diagnosis, recent updates and future perspectives. Cancers,
(2022); 14(22):5545.

Pal S, Sharma A, Mathew SP, Jaganathan BGJFil. Targeting
cancer-specific metabolic pathways for developing novel
cancer therapeutics. Frontiers in Immunology, (2022);
13:955476.

Qiu H, Ding S, Liu ], Wang L, Wang XJCO. Applications of
artificial intelligence in screening, diagnosis, treatment,
and prognosis of colorectal cancer. Current Oncology,
(2022); 29(3):1773-95.

70.

71.

72.

73.

74.

75.

76.

77.

Waljee AK, Weinheimer-Haus EM, Abubakar A, Ngugi AK,
Siwo GH, Kwakye G, et al. Artificial intelligence and
machine learning for early detection and diagnosis of
colorectal cancer in sub-Saharan Africa. Gut, (2022);
71(7):1259-65.

Agarwal S, Yadav AS, Dinesh V, Vatsav KSS, Prakash KSS,
Jaiswal SJMTP. By artificial intelligence algorithms and
machine learning models to diagnosis cancer. Materials
Today Proceedings, (2023); 80:2969-75.

Wei L, Niraula D, Gates ED, Fu J, Luo Y, Nyflot MJ, et al.
Artificial intelligence (AI) and machine learning (ML) in
precision oncology: a review on enhancing discoverability
through multiomics integration. The British Journal of
Radiology, (2023); 96(1150):20230211.

Volovat S-R, Augustin I, Zob D, Boboc D, Amurariti F,
Volovat C, et al. Use of Personalized Biomarkers in
Metastatic Colorectal Cancer and the Impact of Al Cancers,
(2022); 14(19):4834.

Hossain MS, Rahman MM, Syeed MM, Uddin MF, Hasan M,
Hossain MA, et al. Deeppoly: deep learning based polyps

segmentation and classification for autonomous
colonoscopy examination. IEEE Acces, (2023).

Tippur ~ AJDP.  Al-Powered  Precision  Oncology:
Computational Insights Redefining Therapeutic

Landscapes. DHR Proceeding, (2023); 3(S1):1-10.

Cripe LD, Vater LB, Lilly JA, Larimer A, Hoffmann ML,
Frankel RMJPE, et al. Goals of care communication and
higher-value care for patients with advanced-stage cancer:
A systematic review of the evidence. Patient Education and
Counseling, (2022); 105(5):1138-51.

Husebg ALM, Sgreide JA, Kgrner H, Storm M, Wathne HB,
Richardson A, et al. eHealth interventions to support
colorectal cancer patients’ self-management after discharge
from surgery-an integrative literature review. Supportive
Care in Cancer, (2024); 32(1):11.

This work is licensed under a Creative
Commons  Attribution-NonCommercial 4.0
International License. To read the copy of this

license please visit:  https:/creativecommons.org/licenses/by-

nc/4.0/

Advancements in Life Sciences | www.als-journal.com | November 2024 | Volume 11 | Issue 4 725


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

