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Abstract:
Colorectal cancer (CRC) remains one of the leading causes of cancer-related mortality worldwide despite
remarkable advances in its diagnosis and treatment. Current therapeutic approaches, including surgery,
chemotherapy, radiotherapy, targeted therapy, and immunotherapy, have significantly improved survival in both
localized and advanced disease. However, metastatic CRC continues to be associated with poor long-term
outcomes due to delayed diagnosis, tumor heterogeneity, therapeutic resistance, treatment-related toxicity, and
high healthcare costs. Consequently, there is an increasing need for reliable biomarkers that can facilitate early
detection, accurate prognosis, prediction of therapeutic response, and personalized treatment strategies. Recent
developments in genomics, epigenomics, transcriptomics, and molecular pathology have accelerated the
discovery of novel biomarkers for colorectal cancer. Among the clinically established biomarkers, alterations in
KRAS, NRAS, BRAF, and microsatellite instability (MSI) status have become integral to treatment selection
and precision oncology. Nevertheless, relatively few biomarkers have achieved routine clinical implementation,
emphasizing the need for continued biomarker discovery and rigorous clinical validation. Emerging evidence
suggests that non-coding RNAs, particularly long non-coding RNAs (IncRNAS), play critical roles in colorectal
cancer initiation, progression, metastasis, and therapeutic resistance. This review comprehensively summarizes
the literature published up to Feb 2023 on established and emerging protein-, DNA-, RNA-, and liquid biopsy-
based biomarkers for colorectal cancer. Particular emphasis is placed on plasmacytoma variant translocation 1
(PVTL), an oncogenic IncRNA that has demonstrated significant potential as a diagnostic, prognostic, and
predictive biomarker. The molecular mechanisms through which PVT1 regulates colorectal cancer progression,
metastasis, and chemoresistance are critically discussed, together with its potential as a therapeutic target.
Furthermore, this review highlights current challenges, research gaps, and future perspectives in biomarker-
guided precision medicine, providing a comprehensive reference for researchers and clinicians working toward
improved diagnosis, individualized therapy, and better clinical outcomes in colorectal cancer.
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[ Biomarkers in Colorectal Cancer: Focus on MicroRNAs, Long Non-Coding RNAs and PVTO
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Current Therapeutic Strategies, and Chemoresistance in
Colorectal Cancer

Colorectal cancer (CRC) is one of the most common
malignancies and remains a major public health concern
worldwide. It ranks as the fourth most frequently diagnosed
cancer and contributes nearly 9.7% of the global cancer burden
[1-5]. Globally, CRC affects approximately 746,000 men and
614,000 women, accounting for around 10% and 9.2% of all
newly diagnosed cancers in males and females, respectively.
More than half of all reported cases occur in developed
countries, reflecting regional differences in lifestyle,
healthcare access, and population demographics [3,6].

In the United Kingdom, nearly 42,300 new CRC cases are
diagnosed annually, making it the fourth most common cancer
overall and the third most frequently diagnosed cancer in both
men and women [5]. The incidence of CRC increased steadily
between 1991 and 2016, largely due to population ageing,
unhealthy dietary habits, obesity, physical inactivity, and other
environmental and lifestyle-related risk factors [7,8].
Although the UK has experienced a modest decline in bowel
cancer incidence over the past decade, many modifiable risk
factors continue to contribute to disease development.

The global burden of colorectal cancer is projected to rise
substantially, with an estimated 2.2 million new cases and 1.1
million deaths expected by 2030 [9]. Despite improvements in
diagnosis and treatment, CRC continues to pose significant
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approximately 58.4%, which remains lower than the reported
survival rate of 60 to 65% in the United States [10,11].
Furthermore, survival outcomes in the United States remained
relatively unchanged between 1996 and 2014, indicating the
need for further advances in disease management [10,11].
The increasing proportion of elderly individuals further
contributes to the growing burden of CRC. Patients aged over
75 years account for nearly 44% of newly diagnosed cases,
while approximately 20 to 25% of patients present with
metastatic disease at diagnosis. An additional one-quarter of
patients subsequently develop distant metastases during the
course of their illness [5,13]. Consequently, colorectal cancer
is responsible for approximately 8.5% of all cancer-related
deaths worldwide. In the United Kingdom alone, it causes
nearly 16,300 deaths each year, making it the second leading
cause of cancer-related mortality [5].

Patient survival is strongly associated with the stage at
diagnosis. The five-year survival rate exceeds 90% for patients
diagnosed at stage | but declines to nearly 10% in those with
stage IV disease. Improvements in survival among individuals
aged 60 to 69 years have been largely attributed to the
implementation of organized screening programs, which
facilitate earlier detection and timely treatment [5]. Therefore,
strengthening early diagnosis, expanding screening coverage,
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and improving risk-based prevention strategies remain
essential for reducing the global burden of colorectal cancer.
Advances in Colorectal Cancer Screening

Colorectal cancer (CRC) screening has played a significant
role in reducing disease-related mortality by enabling early
detection and timely treatment [14-17]. Population-based
screening programs have improved survival outcomes by
identifying precancerous lesions and early-stage cancers
before the onset of clinical symptoms. In the United Kingdom,
the national CRC screening program primarily utilizes the
fecal occult blood test (FOBT), followed by colonoscopy for
individuals with positive test results. This approach has
contributed to an approximately 16% reduction in CRC-
related mortality, although its impact on overall disease
incidence has been limited [18]. Despite its widespread use,
FOBT has relatively low sensitivity for detecting advanced
adenomas and early colorectal cancer. To improve diagnostic
performance, fecal immunochemical testing (FIT) has been
introduced as a more sensitive alternative for identifying
occult blood in stool samples [19,20]. In the UK, FIT-based
screening is routinely offered every two years to individuals
aged 60 to 74 years, with an additional one-time screening
invitation at 55 years of age [5]. Individuals with abnormal
screening results are referred for colonoscopy, which remains

the gold standard for detecting and confirming premalignant
and malignant colorectal lesions. Flexible sigmoidoscopy has
also demonstrated substantial clinical benefits as a primary
screening method. Large randomized clinical trials have
reported reductions of up to 23% in CRC incidence and nearly
31% in disease-specific mortality among screened populations
[21]. However, because the procedure is invasive, requires
specialized equipment and trained personnel, and demands
considerable healthcare resources, its routine implementation
remains challenging in many settings. Currently, no
universally accepted screening strategy exists for the early
detection  of  colorectal cancer, and  screening
recommendations continue to differ among healthcare
systems. Consequently, a significant proportion of patients are
still diagnosed after the development of symptoms, with nearly
70% presenting at an advanced stage of disease [22]. These
findings highlight the importance of expanding effective
screening programs to facilitate the detection of premalignant
lesions and stage | or 1l colorectal cancer, thereby improving
survival rates, reducing disease recurrence, and enhancing
patients' quality of life. In addition to conventional screening
methods, increasing attention has been directed toward
molecular biomarkers for colorectal cancer. Diagnostic,
prognostic, and predictive biomarkers have the potential to
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Table 1. Clinically Established and Emerging Biomarkers in Colorectal Cancer

Biomarker Type Sample Application Clinical Significance Status
KRAS Somatic mutation | Tumor/ctDNA Predictive Anti-EGFR response Routine
NRAS Somatic mutation | Tumor/ctDNA Predictive Anti-EGFR selection Routine

BRAF V600E | Somatic mutation | Tumor/ctDNA Prog./Pred. Poor progqr;?zlps);/ targeted Routine
MSI/dMMR Genomic Tumor Diag./Pred./Prog. | Immunotherapy response Routine
CEA Protein Serum Surveillance Recurrence monitoring Routine
CA19-9 Protein Serum Prognostic Advanced disease Limited
SEPT(“.) DNA Plasma Diagnostic Non-invasive screening Available
methylation
APC Mutation Blood/Tissue Diagnostic FAP risk Clinical
Tﬂl_sﬁ%//,\gl\sﬂl—slgl Mutation Blood/Tissue Diagnostic Lynch syndrome Clinical
DPYD Pharmacogenomic Blood Predictive 5-FU toxicity Clinical
UGT1Al Pharmacogenomic Blood Predictive Irinotecan toxicity Clinical
TYMS Pharmacogenomic Blood Predictive 5-FU response Investigational
MTHFR Pharmacogenomic Blood Predictive Fluoropyrimidine toxicity | Investigational
PIK3CA Somatic Tumor Prognostic Aspirin benefit Emerging
PTEN Tumor suppressor Tissue Prognostic Metastatic risk Investigational
CIMP Epigenetic Tissue Prognostic Poor survival Investigational
CtDNA Liquid biopsy Plasma Diag./Prog./Pred. MRD, recurrence Emerging
cfDNA Liquid biopsy Plasma Prognostic Tumor burden Emerging
LGR5 Stem cell Tissue Prognostic Recurrence Experimental
BMI-1 Stem cell Tissue Prognostic Aggressive disease Experimental
miR-21 mMiRNA Plasma/Stool Diag./Prog. Overexpressed Emerging
miR-29a mMiRNA Plasma Diagnostic Advanced adenoma Emerging
miR-92a mMiRNA Plasma Diagnostic Early CRC Emerging
miR-141 mMiRNA Plasma Prognostic Metastatic CRC Emerging
MALAT1 INcRNA Tissue Prognostic Metastasis Experimental
HOTAIR InNcCRNA Tissue Prognostic Poor prognosis Experimental
NEAT1 InNcCRNA Tissue Prognostic Tumor progression Experimental
lincRNA-p21 InNcCRNA Tissue Predictive Radiosensitivity Experimental
PVT1 IncRNA Tissue/Plasma | Diag./Prog./Pred. Prollferqtlon, Promising
chemoresistance

Abbreviations: ctDNA, circulating tumor DNA; cfDNA, cell-free DNA; MSI, microsatellite instability; dMMR,
mismatch repair deficiency; CEA, carcinoembryonic antigen; CIMP, CpG island methylator phenotype.

Table 2. MicroRNA Biomarkers in Colorectal Cancer

mMiRNA Expression Sample Clinical Role | Major Target/Association Evidence

miR-21 Up Plasma/Tissue Diagnostic, Tumor progression, poor Emerging
Prognostic prognosis

miR-29a Up Plasma Diagnostic Advanced adenoma, liver Emerging
metastasis

miR-92a Up Plasma Diagnostic Early CRC detection Emerging

miR-125b Up Plasma/Tissue Diagnostic Early CRC Emerging

miR-141 Up Plasma Prognostic Stage IV/metastasis Emerging

miR-221 Up Plasma/Tissue Prognostic Poor survival, p53 Emerging
association

miR-203 Up Tissue/Plasma Prognostic Lymph node & distant Emerging
metastasis
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miR-19a Up Tumor Predictive FOLFOX resistance Experimental
miR-204-5p Up Tumor Predictive 5-FU sensitivity (RAB22A) | Experimental
miR-126 Variable Plasma Predictive Bevacizumab response Experimental
miR-155-5p Up after Plasma Treatment Improved bevacizumab Experimental
therapy monitoring outcome
miR-20a,130, Down Tumor Predictive Oxaliplatin resistance Experimental
145,216,372
miR-760 Down Plasma Diagnostic Advanced adenoma Experimental
miR-601 Down Plasma Diagnostic Advanced adenoma Experimental
Abbreviations: CRC, colorectal cancer; 5-FU, 5-fluorouracil.
Table 3. Long Non-coding RNA (IncRNA) Biomarkers in Colorectal Cancer
INcCRNA Expression Sample Clinical Role Major Function/ Clinical Status
Association
PVT1 Upregulated Tissue/Plasma/ | Diagnostic, Proliferation, metastasis, Highly
Exosomes Prognostic, Predictive | chemoresistance, C-MYC promising
regulation
MALATL1 | Upregulated Tissue Prognostic Migration, invasion, metastasis | Experimental
HOTAIR | Upregulated Tissue Prognostic Tumor progression, Experimental
radioresistance
NEAT1 Upregulated Tissue Prognostic Paraspeckle formation, poor Experimental
prognosis
lincRNA- | Downregulated | Tissue Predictive p53 signaling, radiosensitivity | Experimental
p21
LED Downregulated | Tissue Tumor suppressor p53-regulated enhancer Experimental
activation
DINO Downregulated | Tissue Tumor suppressor DNA damage response Experimental
HOTTIP | Upregulated Tissue/Plasma | Diagnostic Lymph node metastasis Emerging
UCAlL Upregulated Plasma/Tissue | Diagnostic Metastasis, biomarker panel Emerging
Abbreviations: InNcRNA, long non-coding RNA; C-MYC, MYC proto-oncogene.
Table 4. PVT1-Mediated Molecular Mechanisms in Colorectal Cancer
PVT1 Mechanism Target Biological Effect Clinical Significance Evidence
Molecule/Pathway
ceRNA activity miR-26b Promotes proliferation Poor prognosis Cell and clinical
and invasion studies
Oncogene regulation C-MYC Enhances tumor Aggressive phenotype Experimental
growth

Cell proliferation

EZH2, FUBP1, NPM1

Increased proliferation

Tumor progression

Experimental

Apoptosis inhibition

BCL-2 pathway

Reduced apoptosis

Chemoresistance

Experimental

Drug resistance MRP1 5-FU and cisplatin Predictive biomarker Experimental
resistance
Cell migration EMT-related pathways | Enhanced invasion and Poor survival Experimental
metastasis
Cancer stemness PVT1-214 splice Stem cell-like Disease recurrence Experimental
variant phenotype
Extracellular vesicles Exosomal PVT1 Intercellular signaling Liquid biopsy Emerging
candidate
Signaling pathway WNT/B-catenin Tumor progression Potential therapeutic Emerging
target
Signaling pathway TGF-B Migration and EMT Aggressive disease Emerging
Tumor suppressor p53 Cell cycle regulation Therapeutic target Emerging
interaction
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Table 5. Current FDA-Approved and Emerging Biomarkers for Colorectal Cancer

Biomarker Category Clinical Utility FDA/Guideline Limitations
Status
KRAS Gene mutation Anti-EGFR therapy FDA Not prognostic
selection approved/Routine
NRAS Gene mutation Anti-EGFR therapy Guideline Limited predictive
selection recommended scope
BRAF V600E Gene mutation Prognosis; targeted FDA approved Low prevalence
therapy
MSI/dMMR Genomic marker Immunotherapy; FDA approved Subset of patients
Lynch syndrome
DPYD Pharmacogenomic 5-FU toxicity Guideline Variant-dependent
prediction recommended
UGT1A1 Pharmacogenomic Irinotecan toxicity Guideline Population variability
recommended
CEA Protein Recurrence Routine clinical use Low sensitivity for
monitoring early CRC
SEPT9 methylation DNA methylation Blood-based FDA approved test Lower sensitivity for
screening adenomas
CtDNA Liquid biopsy MRD, recurrence, Emerging Needs
therapy monitoring standardization
cfDNA Liquid biopsy Tumor burden Emerging Limited specificity
assessment
miRNA panels Non-coding RNA Diagnosis and Emerging Validation required
prognosis
IncRNA (PVTL, Non-coding RNA | Diagnosis, prognosis, Experimental No clinical validation
MALAT1, HOTAIR) drug response
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Figure 2. Sources, biogenesis and regulatory mechanisms of PVT1 in CRC; Figure 3. Clinical
significance of PVT1 in CRC; Figure 4. Functional roles of PVVT1 in CRC progression; Figure 5. PVT1
as a biomarker and therapeutic target in CRC

@

elSSN1303-5150 1160

www.neuroquantology.com


http://www.neuroquantology.com/

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

complement existing screening approaches by enabling

earlier diagnosis, more accurate risk stratification, and

individualized therapeutic decision-making. The integration

of biomarker-based screening into clinical practice may

further improve treatment outcomes while minimizing

unnecessary toxicity associated with ineffective therapies

[10,22].

Current Therapeutic Strategies and Clinical Outcomes in
Colorectal Cancer: The management of colorectal cancer
(CRC) is primarily determined by the stage of the disease
based on the TNM classification, the patient's overall health
status, and whether the treatment goal is curative or palliative
[12,23-25]. Standard treatment approaches include surgery,
chemotherapy, targeted therapy, immunotherapy, and, in
selected cases, radiotherapy. The selection of adjuvant therapy
is guided by several clinicopathological factors, including
tumor stage, circumferential resection margin,
lymphovascular invasion, perineural invasion, and the
molecular profile of the tumor [26,27]. Fluorouracil (5-FU), a
fluoropyrimidine-based chemotherapeutic agent, remains a
cornerstone of systemic treatment for CRC. It is commonly
administered as part of combination regimens such as
FOLFOX (5-FU, folinic acid, and oxaliplatin) and FOLFIRI
(5-FU, folinic acid, and irinotecan). These regimens have
significantly improved disease-free survival, progression-free
survival, and overall survival in patients with advanced and
metastatic colorectal cancer [24,27-29]. Despite these
benefits, the clinical use of 5-FU is limited by treatment-
related toxicity and variable therapeutic responses. Patients
with microsatellite instability (MSI) and those carrying
dihydropyrimidine dehydrogenase (DPYD) deficiency often
experience reduced efficacy or severe adverse effects during
treatment  [30-34].  Although adjuvant 5-FU-based
chemotherapy provides a survival advantage in stage Il CRC,
the overall improvement in five-year disease-free survival
remains modest, ranging from approximately 2% to 4% [35].
Furthermore, clinical studies have reported recurrence rates of
nearly 20% to 25% among patients with treated stage 11, lymph
node-negative colon cancer within five years after surgery,
highlighting the need for more effective treatment strategies
and reliable prognostic markers [36,37]. The introduction of
targeted therapies has substantially improved the management
of metastatic CRC. Monoclonal antibodies targeting the
epidermal growth factor receptor (EGFR), such as cetuximab,
and vascular endothelial growth factor (VEGF), such as
bevacizumab, have demonstrated improved clinical outcomes
in selected patient populations. However, the effectiveness of
anti-EGFR therapy is largely restricted to patients with wild-
type KRAS tumors, whereas those harboring KRAS mutations
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generally show limited therapeutic benefit [38,39].
Consequently, KRAS mutation testing has become an
essential component of treatment planning in clinical practice.
Recent advances in immunotherapy have further expanded
treatment options for metastatic CRC. Immune checkpoint
inhibitors targeting programmed cell death protein-1 (PD-1),
including nivolumab and ipilimumab, have demonstrated
durable clinical responses in patients with microsatellite
instability-high  (MSI-H) or mismatch repair-deficient
(dMMR) tumors. These agents are now approved for patients
whose disease has progressed following first-line
chemotherapy [40]. Several novel therapeutic agents are also
under investigation to overcome treatment resistance and
improve patient outcomes. Regorafenib, an oral multikinase
inhibitor with anti-angiogenic activity, has shown clinical
benefit in refractory metastatic CRC by prolonging
progression-free survival in selected patients. Its therapeutic
efficacy appears to be influenced by molecular alterations,
including activation of the AKT signaling pathway and KRAS
mutation status [41,42]. Overall, advances in molecular
profiling have transformed the treatment landscape of
colorectal cancer by supporting more personalized therapeutic
approaches. Integrating clinic pathological characteristics with
genomic and molecular biomarkers enables clinicians to
optimize treatment selection, minimize unnecessary toxicity,
overcome chemoresistance, and improve long-term clinical
outcomes.

Why Are Biomarkers Needed? The Importance of
Biomarkers in the Early Detection of Colorectal Cancer:
Biomarkers are measurable biological molecules that provide
valuable information for the diagnosis, prognosis, and
treatment of colorectal cancer (CRC). They play a central role
in precision medicine by enabling early disease detection,
predicting clinical outcomes, and guiding personalized
therapeutic strategies [30,43,44]. Based on their clinical
applications, biomarkers are broadly classified as diagnostic,
prognostic, and predictive biomarkers. Together, these
molecular indicators assist clinicians in identifying disease at
an early stage, assessing the likelihood of recurrence or
progression, and selecting the most appropriate treatment for
individual patients. One of the primary objectives of CRC
screening is the early detection of asymptomatic disease and
precancerous lesions, such as advanced adenomas and high-
risk colorectal polyps. Early diagnosis significantly improves
treatment success and long-term survival. However, currently
available non-invasive screening methods have important
limitations. For example, fecal immunochemical testing (FIT)
demonstrates a sensitivity of approximately 73.8% for
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detecting colorectal cancer, whereas stool-based DNA testing,
which analyzes KRAS mutations together with abnormal
methylation of genes such as NDRG4 and BMP3, achieves a
substantially higher sensitivity of about 92.3% [19]. Similar
improvements have been observed in the detection of
advanced precancerous lesions, where stool DNA testing
demonstrates greater sensitivity than FIT (42.4% versus
23.8%) [19]. Stool DNA assays also outperform FIT in
identifying lesions with a high risk of malignant
transformation. The detection rate for polyps with high-grade
dysplasia is approximately 69.2% using stool DNA testing
compared with 46.2% using FIT. Likewise, large sessile
serrated polyps measuring more than 1 cm are detected in
approximately 42.4% of cases with stool DNA analysis but
only 5.1% with FIT [19]. These findings indicate that
conventional stool-based screening methods may fail to
identify a considerable proportion of early-stage colorectal
cancers and precancerous lesions. Consequently, colonoscopy
remains the definitive diagnostic procedure, particularly for
individuals with suspicious clinical findings or positive
screening results. Nevertheless, the development of more
sensitive molecular biomarkers is essential to improve non-
invasive screening and facilitate earlier diagnosis. Prognostic
biomarkers provide additional clinical value by estimating
disease progression, recurrence risk, and patient survival
[10,44]. Among the most extensively studied prognostic
biomarkers is the KRAS oncogene, a member of the RAS
family of GTP-binding proteins involved in regulating cellular
proliferation and signaling pathways [45]. Mutations in KRAS
have been associated with an increased likelihood of tumor
recurrence after curative surgery and poorer survival outcomes
in patients with metastatic colorectal cancer undergoing
hepatic metastasectomy [46,47]. Similarly, mutations in the
BRAF proto-oncogene, particularly the BRAF V600E variant,
activate the RAS-RAF-MEK-ERK signaling pathway and are
strongly associated with aggressive tumor behavior, shorter
progression-free survival, and markedly reduced overall
survival compared with BRAF wild-type tumors [48-52].
Recent advances in radiogenomics have further expanded the
role of prognostic biomarkers by integrating imaging
characteristics with genomic information. This combined
approach has shown promise in improving prognostic
accuracy beyond the use of radiological or molecular markers
alone, thereby supporting more individualized patient
management [53,54]. Carcinoembryonic antigen (CEA), a
high-molecular-weight glycoprotein, remains one of the most
commonly used serum biomarkers in colorectal cancer.
Although its sensitivity and specificity are relatively limited,
CEA is routinely used during postoperative surveillance to
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detect disease recurrence and monitor treatment response
[55,56]. The integration of prognostic biomarkers into routine
clinical practice enables clinicians to identify patients at high
risk of relapse, optimize follow-up strategies, and determine
which individuals may benefit from more intensive
therapeutic interventions. Predictive biomarkers are equally
important because they help identify patients who are most
likely to respond to specific therapies. Molecular
characterization of tumors has become an essential component
of treatment planning in colorectal cancer. For example,
activating mutations in KRAS are well-established predictors
of resistance to anti-EGFR monoclonal antibodies such as
cetuximab and panitumumab [57,58]. Clinical studies have
demonstrated that patients with wild-type KRAS tumors
experience significantly better response rates when treated
with cetuximab in combination with FOLFIRI chemotherapy,
whereas patients harboring KRAS mutations derive little or no
benefit. Since approximately 40% of colorectal cancers
contain KRAS mutations, routine molecular testing prevents
unnecessary exposure to ineffective and costly targeted
therapies. Pharmacogenomic biomarkers also contribute to
treatment optimization by predicting drug toxicity. Irinotecan,
a key component of the FOLFIRI regimen, is metabolized by
the enzyme uridine diphosphate glucuronosyltransferase 1A1
(UGT1AL). Individuals carrying the homozygous UGT1A128
genotype are at significantly higher risk of severe treatment-
related toxicity than those with the wild-type UGT1All
genotype [59]. Likewise, more than 80% of administered 5-
fluorouracil is metabolized by the enzyme dihydropyrimidine
dehydrogenase (DPD). Genetic variants such as DPYD2A and
DPYD13 reduce enzyme activity, resulting in excessive drug
accumulation and severe toxicity. Clinical evidence indicates
that reducing the 5-FU dose by approximately 25-50% in
patients carrying these variants substantially lowers the risk of
adverse events while maintaining therapeutic benefit [60].
Overall, biomarkers improve multiple aspects of colorectal
cancer management, including early diagnosis, prognosis,
treatment selection, and toxicity prediction. Despite
considerable progress in molecular oncology, only a limited
number of biomarkers, including KRAS, NRAS, BRAF, and
microsatellite instability (MSI) status, are currently
recommended in national and international clinical guidelines
for therapeutic decision-making in colorectal cancer [61].
Ongoing research into emerging protein, DNA, RNA,
epigenetic, and circulating biomarkers is expected to expand
the repertoire of clinically useful biomarkers and further
advance precision medicine in colorectal cancer.
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Advances in Molecular Classification of Colorectal Cancer
for Personalized Therapeutic Strategies: Advances in
molecular biology have significantly improved the
understanding of colorectal cancer (CRC) heterogeneity,
leading to the identification of distinct molecular subtypes
with unique genetic and epigenetic characteristics. These
molecular classifications have accelerated the development of
precision medicine by enabling patient-specific therapeutic
strategies and improving clinical outcomes. Several categories
of molecular biomarkers have emerged from these studies,
including somatic mutations, germline pharmacogenomic
markers, cancer stem cell markers, microRNAs (miRNAs),
and long non-coding RNAs (IncRNASs). Together, these
biomarkers provide valuable information for disease
diagnosis, prognosis, treatment selection, and prediction of
therapeutic response [10,56,62,63].

Somatic Mutations in CRC: Somatic mutations represent one
of the most extensively investigated classes of molecular
biomarkers in colorectal cancer. These genetic alterations arise
during tumor development and frequently affect signaling
pathways that regulate cell proliferation, differentiation,
apoptosis, and metastasis. Identification of these mutations has
improved the understanding of CRC pathogenesis and
facilitated the development of targeted therapies. One of the
most important therapeutic targets is the RAS/RAF/MEK/ERK
signaling pathway. Clinical studies have demonstrated that
combined inhibition of multiple components of this pathway
produces superior outcomes in patients with BRAF V600E-
mutated metastatic colorectal cancer. In particular, the
combination of the MEK inhibitor binimetinib, the BRAF
inhibitor encorafenib, and the EGFR inhibitor cetuximab
achieved an overall response rate of approximately 48% and
prolonged progression-free survival to nearly eight months,
compared with only two months in patients receiving
conventional therapy after disease progression [64]. These
findings support the importance of molecular profiling for
selecting targeted treatment strategies. Resistance to MEK
inhibitors remains a major challenge in CRC therapy.
Experimental studies have shown that MEK inhibitor-resistant
colorectal cancer cells frequently exhibit activation of the
WNT/B-catenin signaling pathway. Combined inhibition of
both pathways using selumetinib together with cyclosporin A
has demonstrated enhanced antitumor activity in preclinical
models, suggesting a potential strategy to overcome acquired
drug resistance [65,66]. However, current evidence does not
support MEK mutation status as an independent prognostic
biomarker or a reliable predictor of treatment response in
KRAS-mutant tumors. Additional clinical studies are required
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before routine implementation. Amplification of the human
epidermal growth factor receptor-2 (HER2) gene occurs in
approximately 3% of colorectal cancer cases and represents
another promising therapeutic target [67]. The HERACLES
clinical trial demonstrated that dual HER2 blockade using
trastuzumab and lapatinib produced meaningful clinical benefit
in patients with HER2-amplified and KRAS wild-type
metastatic colorectal cancer who had failed previous
treatments. Approximately 70% of patients experienced disease
control, while an objective response rate of 30.3% was
observed, highlighting the value of HER2-directed therapy in
this molecular subgroup [68]. Alterations within the
phosphatidylinositol-3-kinase (PI3K)/AKT/mTOR signaling
pathway are also frequently detected in colorectal cancer.
Mutations in the PIK3CA gene, particularly within exons 9 and
20, occur in approximately 10-15% of CRC patients and have
been associated with tumor progression and therapeutic
response [69]. Evidence from the VICTOR randomized clinical
trial suggested that regular aspirin therapy may influence
recurrence-free survival in patients carrying PIK3CA
mutations, indicating that molecular profiling may help identify
patients likely to benefit from adjuvant aspirin therapy [69].
The tumor suppressor gene PTEN, another critical regulator of
the PISBK/AKT/mTOR pathway, has also been investigated as a
prognostic biomarker. Loss or mutation of PTEN has been
associated with poor survival and an increased risk of metastatic
disease [70,71]. Some studies have reported improved
responses to cetuximab among patients with intact PTEN
expression, although subsequent investigations have produced
inconsistent findings, and the prognostic significance of PTEN
remains uncertain [70,72]. Epigenetic alterations have emerged
as another important component of molecular subtyping. The
CpG island methylator phenotype (CIMP) is characterized by
extensive promoter hypermethylation of tumor suppressor and
cancer-related genes and is generally classified as either CIMP-
high or CIMP-low [73,74]. Patients with CIMP-positive tumors
often experience poorer overall survival and shorter disease-
free survival. In addition, these tumors may exhibit altered
sensitivity to commonly used chemotherapeutic agents such as
5-fluorouracil and irinotecan [75]. Nevertheless, interpretation
of CIMP as an independent prognostic marker remains
challenging because these tumors frequently harbor concurrent
BRAF mutations or microsatellite instability (MSI), making it
difficult to distinguish the individual contribution of each
molecular alteration [76]. DNA methylation biomarkers have
also attracted considerable attention for the non-invasive
detection of colorectal cancer. Hypermethylation of the SEPT9
gene in circulating cell-free DNA has demonstrated sensitivity
ranging from 51% to 90% and specificity between 73% and
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96% for colorectal cancer detection [77]. However, its
sensitivity for identifying advanced adenomas is only about
9.6%, limiting its usefulness as a screening biomarker for
premalignant disease. Additional methylation markers
involving genes such as CDKN2A, LINE-1, MLH1, and APC
have shown promising preliminary results, although none has
yet achieved sufficient clinical validation for routine
application. Chromosomal instability also contributes
significantly to colorectal carcinogenesis. DNA aneuploidy, a
marker of chromosomal instability, has been associated with
poor overall survival and an increased risk of early recurrence
in patients with stage Il and Il colorectal cancer [78,79].
Similarly, deletion of chromosome 18q, resulting in loss of
tumor suppressor genes including DCC, SMAD2, SMAD4, and
CABLES], has consistently been linked with unfavorable
clinical outcomes [80]. Meta-analyses have demonstrated
markedly reduced survival among patients with chromosome
18q loss compared with those retaining normal chromosomal
status. Among apoptosis-related biomarkers, increased
expression of the anti-apoptotic protein BCL-2 has
unexpectedly been associated with improved overall survival
and longer disease-free survival in colorectal cancer, suggesting
its potential utility as a prognostic indicator despite its
established biological role in inhibiting apoptosis [81].
Additional biomarkers under investigation include tumor-
infiltrating lymphocytes (TILs) and mutations in the POLE
gene encoding DNA polymerase epsilon. Early evidence
suggests that high TIL density and POLE mutations may be
associated with favorable prognosis and prolonged disease-free
survival, although further large-scale prospective studies are
necessary before these biomarkers can be incorporated into
routine clinical practice [56]. Advances in somatic mutation
profiling have substantially improved the molecular
classification of colorectal cancer and have accelerated the
transition toward precision oncology. Continued integration of
genomic, epigenetic, and immunological biomarkers is
expected to refine patient stratification, optimize targeted
therapy selection, and improve long-term clinical outcomes.

Germline Genetic Biomarkers for Personalized Therapy:
Germline pharmacogenomic biomarkers represent another
important class of molecular markers that support risk
assessment and individualized treatment in colorectal cancer
(CRC) [56]. Unlike somatic mutations, these inherited genetic
variations are present in all cells of the body and can influence
both cancer susceptibility and patient response to anticancer
therapies. The identification of germline mutations has
therefore become increasingly important in precision
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oncology, enabling clinicians to predict disease risk, optimize
treatment strategies, and reduce therapy-related toxicity.

Among the best-characterized hereditary risk factors
is the adenomatous polyposis coli (APC) gene. Pathogenic
mutations in APC are responsible for familial adenomatous
polyposis (FAP), an inherited syndrome characterized by the
development of hundreds to thousands of colorectal
adenomas. If left untreated, affected individuals have an
almost 100% lifetime risk of developing colorectal cancer,
emphasizing the importance of early genetic screening and
prophylactic intervention. Similarly, inherited mutations in the
DNA mismatch repair genes MLH1 and MSH2 are the
primary genetic abnormalities associated with Lynch
syndrome, the most common hereditary form of colorectal
cancer. Individuals with Lynch syndrome have a substantially
increased lifetime risk of CRC as well as several other
malignancies, making genetic testing essential for early
diagnosis, surveillance, and preventive management [82].

Several germline polymorphisms have also been
investigated for their influence on chemotherapy efficacy and
toxicity. One of the most extensively studied is the
thymidylate synthase (TYMS) gene, which encodes the
primary intracellular target of 5-fluorouracil (5-FU).
Variations in the TYMS promoter region, particularly the
2R/3R polymorphism, have been associated with altered
enzyme expression and an increased risk of treatment-related
toxicity. Findings from the QUASAR2 study suggested that
patients carrying specific TYMS genotypes may experience
greater adverse effects during 5-FU-based chemotherapy [56].

Another clinically relevant pharmacogenomic marker is
methylenetetrahydrofolate reductase (MTHFR), an enzyme
involved in folate metabolism and DNA synthesis. Reduced
MTHFR activity leads to the accumulation of 5,10-
methylenetetrahydrofolate, which enhances the formation of
the inhibitory complex between fluorodeoxyuridine
monophosphate (FAUMP), a metabolite of 5-FU, and
thymidylate synthase. This mechanism may increase the
cytotoxic effects of 5-FU and contribute to treatment-related
toxicity [56,83]. Clinical studies have reported that patients
carrying the MTHFR 1298A>C and 677C>T polymorphisms
are more likely to develop severe toxicity during 5-FU-based
chemoradiotherapy for rectal cancer [84].

Genetic variations within the vascular endothelial growth
factor A (VEGFA) gene have also attracted attention as
potential predictive and prognostic biomarkers. In particular,

1164

www.neuroquantology.com


http://www.neuroquantology.com/

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

the rs833061 polymorphism, specifically the TC and TT
genotypes, has been associated with improved progression-
free survival in patients receiving FOLFIRI chemotherapy
combined with bevacizumab [85]. Because VEGFA plays a
central role in tumor angiogenesis and lymphatic
dissemination, these polymorphisms may also influence tumor
progression and metastatic potential, although further
validation is required.

Other inherited genetic variants have been explored for their
potential clinical significance. The TOSCA trial investigated
polymorphisms in several nucleotide excision repair (NER)
genes to determine their association with treatment efficacy
and chemotherapy-related toxicity. However, no significant
relationship was identified between these polymorphisms and
clinical outcomes, suggesting that their current clinical utility
remains limited [86].

Overall, germline pharmacogenomic biomarkers have
considerable potential to improve personalized colorectal
cancer management by identifying individuals at increased
genetic risk, predicting therapeutic efficacy, and minimizing
treatment-related adverse effects. Nevertheless, despite
encouraging findings, most pharmacogenomic biomarkers still
require validation through large prospective clinical trials
before they can be routinely incorporated into standard clinical
practice.

Cancer Stem Cell-Associated Biomarkers in Colorectal
Cancer: Cancer stem cells (CSCs) have emerged as a
promising area of research in colorectal cancer (CRC) because
of their critical role in tumor initiation, progression,
metastasis, therapeutic resistance, and disease recurrence.
Although several CSC-associated biomarkers have been
identified, most remain in the experimental stage and require
further clinical validation before routine application [87].

Among the proposed stem cell markers, B-cell-specific
Moloney murine leukemia virus integration site-1 (BMI-1) has
attracted considerable attention. BMI-1 is an oncogenic
protein involved in the regulation of stem cell self-renewal,
cellular proliferation, and differentiation. Elevated BMI-1
expression has been consistently associated with poor
prognosis and aggressive tumor behavior in colorectal cancer.
In addition, experimental evidence suggests that tumors with
increased BMI-1 expression may exhibit enhanced sensitivity
to the chemotherapeutic agent paclitaxel, indicating its
potential role as both a prognostic and predictive biomarker

[87,88].
&
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Other stem cell markers, including leucine-rich repeat-
containing G-protein-coupled receptor 5 (LGR5) and EPH
receptor B2 (EPHB2), are also highly expressed in colorectal
cancer tissues compared with normal colonic mucosa.
Increased expression of these proteins has been correlated with
tumor progression, a greater likelihood of disease recurrence,
and poorer clinical outcomes [89]. Despite these promising
observations, none of the currently identified cancer stem cell
markers has demonstrated sufficient clinical evidence to
support routine use in patient management.

Another rapidly developing area of biomarker research
involves circulating tumor DNA (ctDNA) and cell-free DNA
(cfDNA). These circulating nucleic acids provide a minimally
invasive alternative to tissue biopsy and offer valuable
opportunities for monitoring disease progression, treatment
response, and recurrence. Residual circulating tumor DNA
detected after curative treatment may indicate the presence of
minimal residual disease, allowing earlier identification of
patients at high risk of relapse. Similar applications have been
reported in several malignancies, including breast cancer,
where circulating DNA has been investigated for detecting
BRCAL and BRCA2 mutations and predicting progression-
free survival [90-94].

In colorectal cancer, elevated levels of circulating cell-free
DNA have been associated with reduced recurrence-free
survival and poorer overall survival, particularly in patients
with metastatic disease [95]. Serial measurement of ctDNA
may therefore serve as an effective tool for evaluating
therapeutic response and detecting disease recurrence before
conventional imaging methods identify clinical progression.
Although these applications are highly promising, additional
prospective studies are required to establish standardized
protocols and validate their clinical utility.

Liquid biopsy has also demonstrated considerable potential for
molecular profiling. Circulating DNA can accurately identify
clinically relevant mutations, including KRAS and BRAF,
thereby reducing the need for repeated invasive tissue
biopsies. The ColoBEAM study reported an approximately
89.3% concordance between blood-based and tissue-based
analyses for determining RAS and BRAF mutation status,
highlighting the feasibility of liquid biopsy as a reliable
alternative for molecular testing [96].

Overall, cancer stem cell markers and circulating nucleic acid
biomarkers represent promising advances in precision
oncology. However, most candidate biomarkers remain
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insufficiently validated for routine clinical implementation.
Biomarker analysis can be performed using tissue samples as
well as easily accessible biological specimens, including
blood, urine, and feces. Advances in technologies capable of
detecting DNA, RNA, and protein biomarkers from these non-
invasive samples are expected to improve colorectal cancer
screening, diagnosis, prognosis, and treatment monitoring.
Furthermore, combining multiple complementary biomarkers
into integrated diagnostic panels may provide greater
sensitivity and specificity than individual biomarkers alone,
thereby enhancing their overall clinical value.

MicroRNAs and Long Non-Coding RNAs in Colorectal
Cancer: Recent Progress in Biomarker Development:
Recent advances in molecular oncology have identified non-
coding RNAs as promising biomarkers for the diagnosis,
prognosis, and treatment of colorectal cancer (CRC). Among
these, microRNAs (miRNAs) and long non-coding RNAs
(IncRNAs) have attracted considerable attention because of
their ability to regulate multiple cellular processes involved in
tumor initiation, progression, metastasis, and therapeutic
response. Their remarkable stability in body fluids and tissue
samples makes them attractive candidates for non-invasive
cancer detection and personalized medicine [10,56,62,63].

MicroRNAs and Colorectal Adenoma Biomarker
Development: MicroRNAs (miRNAs) are small endogenous
non-coding RNA molecules consisting of approximately 18-
25 nucleotides. They regulate gene expression by binding to
complementary sequences within the 3’ untranslated region
(3-UTR) of messenger RNA (mRNA), resulting in
translational repression or degradation of the target transcript
[97]. Through this post-transcriptional regulation, miRNASs
influence numerous biological processes, including cell
proliferation, differentiation, apoptosis, and cellular
homeostasis.

Aberrant miRNA expression has been implicated in the
development and progression of colorectal cancer. Depending
on their target genes, miRNAs may function either as
oncogenes (oncomiRs) or tumor suppressors. They regulate
multiple signaling pathways involved in epithelial-to-
mesenchymal transition (EMT), angiogenesis, immune
evasion, cell migration, invasion, and metastatic
dissemination, thereby contributing to colorectal tumor
progression [98-100].

One of the major advantages of miRNAs as biomarkers is their
remarkable stability in biological specimens. Unlike many
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RNA molecules, miRNAs are relatively resistant to
degradation by endogenous RNases and can be detected in
plasma, serum, stool, urine, saliva, and tissue samples [101].
Their stability and accessibility have encouraged extensive
investigation into their potential applications as diagnostic,
prognostic, and predictive biomarkers for colorectal cancer.

MicroRNAs in  Colorectal Cancer  Biomarker
Development: Numerous studies have demonstrated altered
expression of specific miRNAs during different stages of
colorectal carcinogenesis. Several circulating miRNAs are
capable of distinguishing advanced adenomas and early
colorectal cancer from healthy individuals, highlighting their
potential role in non-invasive screening.

Among the most extensively investigated biomarkers,
elevated plasma expression of miR-92a and miR-29a has been
associated with advanced colorectal adenomas. Reported
diagnostic sensitivities are approximately 64.9% and 62.2%,
respectively, with corresponding specificities exceeding 80%
[102]. Importantly, combining these biomarkers improves
diagnostic accuracy compared with either marker alone.

Additional miRNAs have also demonstrated diagnostic
potential. Reduced expression of miR-760 and miR-601 has
been observed in advanced adenomas, while a panel consisting
of miR-532-3p, miR-195, miR-331, miR-17, miR-142-3p,
miR-15b, miR-532, and miR-652 has achieved approximately
88% sensitivity and 64% specificity for detecting advanced
adenomatous lesions [103]. Likewise, increased expression of
miR-21, miR-29a, and miR-125b has been reported in patients
with early-stage colorectal cancer and has also been useful in
distinguishing advanced disease from non-advanced tumors
[104]. Elevated levels of these miRNAs have additionally
been identified in high-grade intraepithelial neoplasia and
tubular adenomas, suggesting their involvement during the
earliest stages of colorectal carcinogenesis.

Several miRNAs have demonstrated prognostic significance in
colorectal cancer. Increased expression of miR-141 has been
associated with stage IV disease and differentiates advanced
tumors from stage 1-11 colorectal cancer with relatively high
diagnostic accuracy [105]. Elevated miR-29a has also been
linked to the early detection of liver metastasis, while
overexpression of miR-221 correlates with poor overall
survival and altered p53 signaling [106,107]. Similarly,
increased miR-203 expression has been associated with
advanced TNM stage, lymph node involvement, distant
metastasis, and reduced patient survival [108]. Collectively,
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these findings suggest that individual miRNAs or combinations
of multiple miRNAs may provide valuable prognostic
information.

MicroRNAs have also emerged as promising predictive
biomarkers for treatment response. Elevated miR-19a
expression has been associated with resistance to the FOLFOX
chemotherapy regimen [109]. In contrast, increased miR-204-
5p expression enhances sensitivity to 5-fluorouracil through
downregulation of RAB22A, a member of the RAS oncogene
family [110]. Furthermore, reduced expression of miR-20a,
miR-130, miR-145, miR-216, and miR-372 has been reported
in patients resistant to oxaliplatin-based chemotherapy,
achieving approximately 92% sensitivity and 88% specificity
for identifying treatment resistance [111].

Targeted therapy response has also been linked to miRNA
expression. Elevated miR-126 levels have been associated
with poor response to bevacizumab therapy, whereas
decreasing miR-126 expression following treatment correlates
with improved patient survival [112]. Interestingly, an
increase of more than 30% in miR-155-5p expression after one
month of bevacizumab treatment has been associated with
prolonged progression-free and overall survival in patients
with advanced colorectal cancer [113]. These findings indicate
that circulating miRNAs may serve not only as predictive
biomarkers before treatment but also as dynamic indicators for
monitoring therapeutic response.

Despite these encouraging observations, most mMiRNA
biomarkers remain at the research stage. Differences in patient
populations, sample processing methods, analytical
techniques, and study design have resulted in inconsistent
findings among published studies. Large multicenter
prospective investigations and standardized analytical
protocols are therefore required before miRNA-based
biomarkers can be incorporated into routine clinical practice.

Long Non-Coding RNAs Biomarker Development in CRC:
Long non-coding RNAs (IncRNAs) are RNA transcripts
longer than 200 nucleotides that lack protein-coding potential
and account for a substantial proportion of the human
transcriptome [114]. Although they do not encode proteins,
IncRNAs participate in numerous biological processes,
including transcriptional regulation, post-transcriptional gene
regulation, chromatin remodeling, maintenance of protein
stability, subcellular organization, and epigenetic modification
[62,63,115]. Through these mechanisms, INncCRNASs regulate
cell proliferation, apoptosis, migration, invasion, and cellular
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differentiation, making them important contributors to cancer
development and progression.

Many IncRNAs function as tumor suppressors by interacting
with the p53 signaling pathway. The IncRNA activator of
enhancer domains (LED) is transcriptionally activated by p53,
and reduced LED expression has been observed in colorectal,
breast, and androgen-sensitive prostate cancers [116,117].
Another well-characterized tumor suppressor, lincRNA-p21,
acts as a downstream mediator of p53 signaling. Reduced
expression of lincRNA-p21 promotes cellular proliferation,
whereas increased expression suppresses tumor growth and
has been associated with improved progression-free and
disease-free survival in several malignancies [118]. In
colorectal cancer, elevated lincRNA-p21 expression enhances
radiosensitivity and promotes apoptosis, while reduced
expression contributes to tumor progression and treatment
resistance [119].

The IncRNA DINO also participates in the p53-dependent
DNA damage response and is expressed at relatively low
levels in colorectal cancer cell lines, suggesting a potential
tumor-suppressive function [120]. Another important p53-
regulated IncRNA, NEATL, is involved in the formation of
paraspeckle nuclear bodies during cellular stress and has been
associated with unfavorable prognosis in colorectal cancer
[117].

Conversely, several IncRNAs function as oncogenes and
promote colorectal tumor progression. Increased expression of
MALAT1 has been strongly associated with enhanced tumor
proliferation, metastasis, and poor clinical prognosis
[121,122]. Similarly, HOTAIR contributes to colorectal
cancer progression by regulating multiple oncogenic signaling
pathways, while suppression of HOTAIR expression has been
shown to increase radiosensitivity and inhibit tumor growth
[123].

Overall, long non-coding RNAs represent a rapidly expanding
class of molecular biomarkers with significant potential for
colorectal cancer diagnosis, prognosis, and targeted therapy.
Although numerous IncRNAs have demonstrated promising
biological and clinical significance, further validation through
well-designed prospective studies is required before these
biomarkers can be routinely implemented in personalized
colorectal cancer management.

Role of PVT1 in the Diagnosis, Prognosis, and Treatment
of Colorectal Cancer
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Plasmacytoma Variant Translocation 1 (PVT1) is a long non-
coding RNA (IncRNA) located on chromosome 8qg24.21,
adjacent to the well-known oncogene C-MYC, and its
transcription is partially regulated through the p53 signaling
pathway [124,125]. The PVT1 gene spans approximately
1,957 base pairs and contains 9 to 12 exons, which undergo
alternative splicing to produce multiple transcript variants. In
addition, the PVT1 locus gives rise to several microRNAs,
including miR-1204, miR-1205, miR-1206, miR-1207-3p,
miR-1207-5p, and miR-1208, which participate in the
regulation of numerous cellular signaling pathways involved
in cancer development [124,126].

To date, at least 14 alternatively spliced PVT1 transcripts have
been identified, with 11 transcripts detected in both normal
gastrointestinal mucosa and colorectal adenocarcinoma tissues
[115]. PVT1 expression varies among different populations
and exhibits tissue-specific expression patterns. The highest
expression levels have been reported in the ovaries, lymph
nodes, and bone marrow, whereas moderate expression is
observed in normal colonic tissue [127,128]. Among the
identified transcripts, PVT1-217 is considered the
predominant isoform expressed in gastrointestinal mucosa
[115].

Accumulating evidence indicates that PVT1 is overexpressed
in multiple human malignancies, including colorectal, lung,
prostate, cervical, gastric, breast, and liver cancers [129-132].
The biological functions of PVT1 are mediated through
several molecular mechanisms, including regulation of
microRNAs, functioning as a competing endogenous RNA
(ceRNA), modulation of chromatin architecture, and
interaction with the neighboring C-MYC oncogene
[115,125,133]. By acting as a molecular sponge for tumor-
suppressive microRNAs and enhancing C-MYC signaling,
PVT1 promotes cellular proliferation, migration, invasion, and
resistance to apoptosis. Interestingly, PVT1 has also been
proposed to function as a chromatin boundary element that
competes with the C-MYC promoter for shared enhancer
regions, thereby influencing oncogene expression [133].
Collectively, these mechanisms contribute to colorectal
carcinogenesis, tumor  progression, metastasis, and
chemotherapy resistance [134].

PVTL1 as a Prognostic Biomarker IN Colorectal Cancer:
Several experimental and clinical investigations have
demonstrated that elevated PVT1 expression is associated
with poor prognosis in colorectal cancer [135]. In one of the
earliest studies, Takahashi and colleagues analyzed tumor
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samples from 164 patients with colorectal cancer and reported
significantly increased PVT1 expression in tumor tissues
compared with adjacent normal tissues. Higher PVT1 levels
were strongly associated with reduced overall survival.
Furthermore, silencing PVT1 using small interfering RNA
(siRNA) significantly increased apoptosis while reducing
tumor cell proliferation, migration, and invasive capacity,
suggesting that PVT1 actively promotes tumor progression
[136].

Alternative splice variants of PVT1 may also possess distinct
biological functions. For example, increased expression of the
PVT1-214 transcript has been associated with poor patient
survival and acquisition of cancer stem cell-like
characteristics, including enhanced invasion, migration, and
self-renewal capacity [137]. Downstream regulatory
molecules, particularly miR-26b, have also been identified as
important mediators of PVTL1 activity and may serve as
complementary  biomarkers reflecting PVT1-associated
oncogenic signaling [128].

Subsequent investigations have consistently confirmed the
association between elevated PVT1 expression and aggressive
clinic pathological characteristics, including increased tumor
proliferation, invasion, metastasis, and shorter overall survival
[138]. In extracellular vesicles isolated from colorectal cancer
cell lines SW480 and SW620, PVT1 expression was markedly
higher in the highly metastatic SW620 cells. Increased PVT1
levels were accompanied by co-amplification of C-MYC and
several C-MYC-regulated genes, including FUBP1, EZH2,
and NPM1. Functional inhibition of PVT1 using siRNA
reduced cell proliferation and significantly increased
apoptosis, highlighting its potential as a therapeutic target
[139].

Clinical evidence further supports these observations.
Analysis of tumor specimens from 210 colorectal cancer
patients demonstrated that PVT1 expression was
approximately 51.4% higher in malignant tissues than in
adjacent normal mucosa. Elevated PVT1 expression
correlated significantly with poor tumor differentiation,
deeper local invasion, advanced TNM stage, lymph node
metastasis, and reduced overall and disease-free survival
[140]. However, not all colorectal cancer cell lines exhibit
identical biological behavior. For example, the HCT116 cell
line did not demonstrate significantly increased invasiveness
attributable to PVT1 overexpression, suggesting that the
oncogenic effects of PVT1 may vary according to tumor
genotype and cellular context [141].
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The prognostic significance of PVT1 has been further
confirmed by a comprehensive meta-analysis of 39 independent
studies, which consistently demonstrated that high PVT1
expression predicts unfavorable survival outcomes across
several cancer types, including colorectal cancer [142]. In
addition to expression analysis, inherited genetic variations
within the PVTL1 locus have also been investigated. The
rs1252200336 polymorphism has been associated with a 2.71-
fold increased risk of colorectal cancer among individuals
carrying the 1D genotype compared with the Il genotype in the
Han Chinese population, while also predicting poorer patient
survival [143]. These findings suggest that both PVT1
expression and genetic polymorphisms may serve as valuable
prognostic biomarkers in colorectal cancer.

Despite these encouraging observations, much of the available
evidence has been generated using cell culture experiments and
retrospective clinical studies. Therefore, large prospective
multicenter studies are required before PVVT1 can be routinely
implemented as a prognostic biomarker in clinical practice.

PVT1 as a Predictive Biomarker and Therapeutic Target:
Beyond its prognostic significance, PVT1 has emerged as a
promising predictive biomarker for chemotherapy response.
Multiple studies have demonstrated that overexpression of
PVT1 contributes to resistance against commonly used
anticancer agents, including cisplatin and 5-fluorouracil (5-
FU).

Comparative analyses of cisplatin-sensitive and cisplatin-
resistant colorectal cancer cells revealed significantly higher
PVT1 expression in resistant tumors [144,145].
Mechanistically, PVT1 promoted drug resistance through
upregulation of multidrug resistance protein-1 (MRP1) and
suppression of the intrinsic apoptotic pathway, thereby
reducing treatment-induced cancer cell death. Importantly,
targeted silencing of PVT1 using siRNA restored cisplatin
sensitivity by decreasing MRP1 expression and reactivating
apoptotic signaling pathways.

Similar findings have been reported for 5-fluorouracil
resistance. The HCT116 colorectal cancer cell line resistant to
5-FU exhibited markedly elevated PVT1 expression together
with increased MRP1 levels [141,146]. Suppression of PVT1
significantly reduced tumor cell viability, enhanced apoptosis,
and restored sensitivity to chemotherapy [146]. Comparable
mechanisms have also been described in gastric cancer and
glioma models, where elevated PVT1 expression contributes
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to resistance against 5-FU and other cytotoxic agents
[135,147,148].

These findings indicate that measuring PVT1 expression
before treatment may help identify patients at high risk of
chemoresistance and facilitate individualized treatment
selection. Furthermore, direct inhibition of PVT1 represents
an attractive therapeutic strategy for overcoming drug
resistance and improving treatment efficacy in colorectal
cancer [144].

PVT1 as a Diagnostic Biomarker in CRC: The diagnostic
potential of PVT1 remains less extensively investigated than
its prognostic and predictive roles. Nevertheless, preliminary
evidence suggests that PVT1 may contribute to the
development of non-invasive diagnostic assays for colorectal
cancer.

One clinical study evaluated PVT1 expression as a biomarker
for lymph node metastasis and found that its diagnostic
performance improved substantially when combined with
other long non-coding RNAs, including HOTTIP and UCAL.
This multi-marker panel demonstrated greater diagnostic
accuracy than PVT1 alone, suggesting that combinations of
complementary biomarkers may provide superior clinical
performance [149].

At present, evidence supporting the use of PVT1 for the early
detection of colorectal cancer remains limited. Most available
studies have focused on advanced disease, and little is known
regarding temporal changes in PVT1 expression during
adenoma formation or early tumorigenesis. Additional in vivo
studies and large prospective clinical investigations are
therefore required to determine whether PVT1 can serve as an
effective screening biomarker for early-stage colorectal
cancer.

Overall, current evidence identifies PVT1 as one of the most
promising long non-coding RNA biomarkers in colorectal
cancer. Its strong association with tumor progression,
metastasis, patient survival, and chemotherapy resistance
highlights its potential applications in diagnosis, prognosis,
therapeutic decision-making, and targeted treatment. Future
multicenter validation studies and standardized detection
methods will be essential before PVT1 can be incorporated
into routine precision oncology for colorectal cancer.
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Here is a completely rewritten version in a more natural
academic style, preserving the scientific meaning while
avoiding close similarity to the original.

Discussion and Future Perspectives: Colorectal cancer
(CRC) continues to represent a major global health challenge
because of its high incidence and mortality. Although
considerable progress has been achieved in screening,
molecular diagnostics, and targeted therapies, many patients
are still diagnosed at advanced stages when treatment options
are limited and survival outcomes are poor. Therefore,
improving early detection remains one of the most effective
strategies for reducing disease-related mortality, minimizing
recurrence, and increasing long-term survival.

Biomarkers have become fundamental components of modern
colorectal cancer management. They provide valuable
information for disease detection, risk stratification,
prognosis, treatment selection, and monitoring of therapeutic
response. Currently available biomarkers, including KRAS,
NRAS, BRAF, and microsatellite instability (MSI) status,
have significantly improved personalized treatment strategies.
Nevertheless, these biomarkers are insufficient to accurately
predict tumor invasion, lymph node involvement, metastatic
potential, recurrence, or resistance to chemotherapy in all
patients. Consequently, there remains a strong need to identify
additional molecular markers with greater sensitivity and
specificity.

Among emerging biomarkers, the long non-coding RNA
PVT1 has attracted increasing interest because of its consistent
overexpression in colorectal cancer and several other
malignancies. Numerous experimental studies have
demonstrated that elevated PVT1 expression is associated
with aggressive tumor characteristics, including enhanced
cellular proliferation, invasion, metastasis, advanced TNM
stage, and poor patient survival. In addition, increasing
evidence indicates that PVT1 contributes to resistance against
commonly used chemotherapeutic agents, suggesting that it
may serve as both a prognostic and predictive biomarker.

An important advantage of PVTL is its relative stability
compared with many other RNA molecules, making it a
suitable candidate for molecular diagnostic assays. However,
several challenges must be addressed before PVTL1 can be
routinely incorporated into clinical practice. The temporal
changes in PVT1 expression throughout colorectal cancer
progression remain poorly understood, and standardized
methods for measuring its expression have not yet been
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established. Furthermore, its diagnostic accuracy in early-
stage disease and precancerous lesions requires evaluation
through large prospective clinical studies.

The rapid development of liquid biopsy technology offers
exciting opportunities for future biomarker research.
Detection of circulating tumor DNA (ctDNA), circulating
RNA, exosomal RNA, and other molecular markers from
blood samples provides a minimally invasive approach for
monitoring tumor burden, identifying minimal residual
disease, evaluating treatment response, detecting emerging
drug resistance, and predicting disease recurrence or
metastatic spread. Liquid biopsy also enables repeated
sampling throughout the course of treatment, thereby reducing
the need for repeated tissue biopsies and improving patient
comfort. Previous studies have demonstrated that methylation-
based gene panels detected in circulating cell-free DNA can
predict both overall survival and progression-free survival in
patients with colorectal cancer. Likewise, circulating tumor
DNA analysis has shown considerable promise for monitoring
therapeutic response and disease progression in clinical
practice [157,158].

Future investigations should focus on developing integrated
biomarker panels rather than relying on individual molecular
markers. Combining genomic, transcriptomic, epigenetic,
proteomic, and metabolomic biomarkers is likely to improve
diagnostic accuracy and provide more reliable prediction of
treatment response than any single biomarker alone.
Integrating multiple biomarkers with established molecular
indicators may significantly enhance the sensitivity and
specificity required for routine clinical implementation.

Although PVT1 has demonstrated substantial clinical
potential, several biological questions remain unresolved.
Most published studies have evaluated total PVT1 expression
without distinguishing between its numerous alternatively
spliced transcript variants. Since different splice variants may
possess distinct biological functions and regulate separate
signaling pathways, future research should investigate the
individual contribution of each transcript. Such studies may
clarify their roles in tumor progression, metastasis, and
chemotherapy resistance while facilitating the development of
transcript-specific therapeutic strategies.

Further mechanistic investigations are also needed to define
the molecular networks regulated by PVT1. Evidence suggests
that PVT1 interacts with several oncogenic pathways,
including WNT/B-catenin, TGF-B, p53, and C-MYC
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signaling. A better understanding of these interactions could
identify additional therapeutic targets and improve the
development of biomarker-based diagnostic assays. Finally,
extensive in vivo studies and well-designed multicenter
clinical trials are essential to determine whether PVT1
expression can reliably predict responses to different
chemotherapeutic and targeted agents. The development of
appropriate animal models and prospective validation studies
will be critical for translating these findings into clinical
practice.

Conclusion: The management of colorectal cancer has
advanced considerably over the past two decades owing to
improved understanding of tumor biology, molecular genetics,
and precision oncology. Molecular biomarkers such as KRAS,
NRAS, BRAF, and microsatellite instability (MSI) status have
become integral components of clinical decision-making,
particularly for selecting targeted therapies in patients with
advanced or metastatic disease. Despite these advances, there
remains an unmet need for reliable biomarkers capable of
supporting early diagnosis, accurate prognosis, prediction of
therapeutic response, and long-term disease surveillance.

Among the emerging molecular biomarkers, PVT1 has shown
considerable promise because of its involvement in colorectal
cancer initiation, progression, metastasis, and resistance to
chemotherapy. Current evidence indicates that elevated PVT1
expression is closely associated with aggressive tumor
behavior and unfavorable clinical outcomes, suggesting that it
could serve as a valuable diagnostic, prognostic, and
predictive biomarker. Furthermore, targeting PVT1 may
represent a novel therapeutic strategy for overcoming
treatment resistance and improving patient outcomes.

However, before PVT1 can be incorporated into routine
clinical practice, its biological functions and clinical
significance must be validated through large, multicenter
prospective studies using standardized analytical methods.
Future progress in precision medicine will depend on
integrating genomic, transcriptomic, epigenetic, proteomic,
and metabolomic information to establish comprehensive
biomarker panels with high diagnostic accuracy and clinical
utility. Such integrated molecular approaches have the
potential to transform colorectal cancer management by
enabling earlier diagnosis, individualized treatment selection,
more effective disease monitoring, and ultimately improved
patient survival and quality of life.

elSSN1303-5150

@

Author Contributions:

All authors contributed intellectually to manuscript content.

All authors have read and agreed to the published version of

the manuscript.

Acknowledgments:

The authors acknowledge support from the all co-author at

every steps.

Conflicts of Interest:

The authors have no conflicts of interest regarding this

article.

Reference

1. George, A.T.; Aggarwal, S.; Dharmavaram, S.; Menon,
A.; Dube, M.; Vogler, M.; Foden, P.; Field, A. Regional
variations in UK colorectal cancer screening and
mortality. Lancet 2020, 392, 277-278. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /30064645

2. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics,
2019. CA Cancer J. Clin. 2019, 69, 7-34.

3. Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.;
Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.;
Bray, F. Cancer incidence and mortality worldwide:
Sources, methods and major patterns in GLOBOCAN
2012. Int. J. Cancer 2015, 136, E359-E386.

4. Ferlay, J.; Colombet, M.; Soerjomataram, |.; Dyba, T.;
Randi, G.; Bettio, M.; Gavin, A.; Visser, O.; Bray, F.
Cancer Incidence and Mortality Patterns in Europe:
Estimates for 40 Countries and 25 Major Cancers in
2018. Eur. J. Cancer 2018, 103, 356 387.

5. CRUK. Cancer Research UK. Bowel Cancer Statistics.
2015-2017. Available online: https://ww.
cancerresearchuk.org/health profession

6. Ferlay, J.; Colombet,M.; Soerjomataram, I.; Mathers, C.;
Parkin, D.M.; Pifieros,M.; Znaor, A.; Bray, F. Estimating
the global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods. Int. J. Cancer 2019,
144, 1941-1953.

7. ang, T.;Li, X.; Montazeri, Z.; Little, J.; Farrington, S.M.;
loannidis, J.P.A.; Dunlop, M.G.; Campbell, H.;
Timofeeva, M.; Theodoratou, E. Gene environment
interactions and colorectal cancer risk: An umbrella
review of systematic reviews and meta-analyses of
observational studies. Int. J. Cancer 2019, 145, 2315
2329. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /30536881

8. Hughes, L.A.E.; Simons, C.C.J.M.; van den Brandt,
P.A.; van Engeland, M.; Weijenberg, M.P. Lifestyle,
Diet, and Colorectal Cancer Risk According to
(Epi)genetic Instability: Current Evidence and Future
Directions of Molecular Pathological Epidemiology.
Curr. Colorectal Cancer Rep. 2017, 13, 455-469.

1171

www.neuroquantology.com


http://www.neuroquantology.com/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

elSSN1303-5150

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

Arnold, M.; Sierra, M.S.; Laversanne, M.
Soerjomataram, 1.; Jemal, A.; Bray, F. Global patterns
and trends in colorectal cancer incidence and mortality.
Gut 2017, 66, 683-691. Available online:
http://www.ncbi.nlm. nih.gov/pubmed/26818619

Patel, J.N.; Fong, M.K.; Jagosky, M. Colorectal cancer
biomarkers in the era of personalized medicine. J. Pers.
Med. 2019, 9, 3.

Cancer Stat Facts: Colorectal. 2020. Available online:
https://seer.cancer.gov/statfacts/html /colorect.html
Chong, R.C.; Ong, M.W.; Tan, K.Y. Managing elderly
with colorectal cancer. J. Gastrointest. Oncol. 2019, 10,
1266-1273. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /31949947
Malvezzi, M.; Bertuccio, P.; Levi, F.; La Vecchia, C,;
Negri, E. European cancer mortality predictions for the
year 2011. Ann. Oncol. 2011, 22, 947-956. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/24759568

McGeoch, L.; Saunders, C.L.; Griffin, S.J.; Emery, J.D.;
Walter, F.M.; Thompson, D.J.; Antoniou, A.C.; Usher
Smith, J.C. Risk prediction models for colorectal cancer
incorporating common genetic variants: A systematic
review. Cancer Epidemiol. Biomark. Prev. 2019, 28,
1580-1593.

Brenner, H.; Stock, C.; Hoffmeister, M. Effect of
screening sigmoidoscopy and screening colonoscopy on
colorectal cancer incidence and mortality: Systematic
review and meta-analysis of randomised controlled trials
and observational studies. BMJ 2014, 9, 348.
Hardcastle, J.D.; Chamberlain, J.O.; Robinson, M.H.E.;
Moss, S.M.; Amar, S.S.; Balfour, T.W.; James, P.D;
Mangham, C.M. Randomised controlled trial of faecal-
occult-blood screening for colorectal cancer. Lancet
1996, 348, 1472-1477.

Lindholm, E.; Brevinge, H.; Haglind, E. Survival benefit
in a randomized clinical trial of faecal occult blood
screening for colorectal cancer. Br. J. Surg. 2008, 95,
1029-1036.

Hewitson, P.; Glasziou, P.; Watson, E.; Towler, B.;
Irwig, L. Cochrane systematic review of colorectal
cancer screening using the fecal occult blood test
(Hemoccult): An update. Am. J. Gastroenterol. 2008,
103, 1541-1549. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /18479499
Imperiale, T.F.; Ransohoff, D.F.; ltzkowitz, S.H.; Levin,
T.R.; Lavin, P.; Lidgard, G.P.; Ahlquist, D.A.; Berger,
B.M. Multitarget stool DNA testing for colorectal-
cancer screening. N. Engl. J. Med. 2014, 370, 1287—

@

20.

21.

22.

23.

24.

25.

26.

217.

28.

1297. Available
http://www.ncbi.nlm.nih.gov/pubmed /24645800
Okada, T.; Tanaka, K.; Kawachi, H.; Ito, T.; Nishikage,
T.; Odagaki, T.; Zarate, AJ.; Kronberg, U.; Ldpez-
Kostner, F.; Karelovic, S.; et al. International
collaboration between Japan and Chile to improve
detection rates in colorectal cancer screening. Cancer
20186, 122, 71-77. Auvailable online:
https://pubmed.ncbi. nIm.nih.gov/26445309/
Schreuders, E.H.; Ruco, A.; Rabeneck, L.; Schoen, R.E.;
Sung, J.J.Y.; Young, G.P.; Kuipers, E.J. Colorectal
cancer screening: A global overview of existing
programmes. Gut 2015, 64, 1637-1649. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/26041752.

Maida, M.; Macaluso, F.S.; laniro, G.; Mangiola, F.;
Sinagra, E.; Hold, G.; Maida, C.; Cammarota, G.;
Gasbarrini, A.; Scarpulla, G. Screening of colorectal
cancer: Present and future. Expert Rev. Anticancer Ther.
2017, 17, 1131-1146. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /29022408.
Akagi, T.; Inomata, M. Essential Updates 2018/2019:
Essential advances in surgical and adjuvant therapies for
colorectal cancer. Ann. Gastroenterol. Surg. 2020, 4, 39—
46. Available online: http://www.ncbi.nlm.nih.gov/
pubmed/32021957.

Keller, D.S.; Berho, M.; Perez, R.O.; Wexner, S.D.;
Chand, M. The multidisciplinary management of rectal
cancer. Nature Reviews Gastroenterology and
Hepatology. Nat. Res. 2020. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /32203400

Xie, Y.H.; Chen, Y.X.; Fang, J.Y. Comprehensive
review of targeted therapy for colorectal cancer. Signal
Transduct. Target. Ther. 2020, 5, 22. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /32219002
Figueredo, A.; Coombes, M.E.; Mukherjee, S. Adjuvant
therapy for completely resected stage Il colon cancer.
Cochrane Database Syst. Rev. 2008.

Bender, U.; Rho, Y.S.; Barrera, I.; Aghajanyan, S.;
Acoba, J.; Kavan, P. Adjuvant therapy for stages Il and
111 colon cancer: Risk stratification, treatment duration,
and future directions. Curr. Oncol. 2019, 26, S43 S52.
Benson, A.B.; Schrag, D.; Somerfield, M.R.; Cohen,
A.M.; Figueredo, A.T.; Flynn, P.J.; Krzyzanowska,
M.K.; Maroun, J.; McAllister, P.; Van Cutsem, E.; et al.
American Society of Clinical Oncology
Recommendations on Adjuvant Chemotherapy for Stage
Il Colon Cancer. J. Clin. Oncol. 2004, 22, 3408-3419.

online:

1172

www.neuroquantology.com


http://www.neuroquantology.com/

30.

31.

32.

33.

34.

35.

36.

elSSN1303-5150

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

Available online: http://ascopubs.org/doi/10.1200/JCO.
2004.05.063

29. Venook, A.P.; Niedzwiecki, D.; Lenz, H.J.;
Innocenti, F.; Fruth, B.; Meyerhardt, J.A.; Schrag, D.;
Greene, C.; O’Neil, B.H.; Atkins, J.N.; et al. Effect of
first-line chemotherapy combined with cetuximab or
bevacizumab on overall survival in patients with KRAS
wild-type advanced or metastatic colorectal cancer a
randomized clinical trial. JAMA J. Am. Med. Assoc.
2017, 317, 2392-2401. Available online:
http://jama.jamanetwork.com/
article.aspx?doi=10.1001/jama.2017.7 105

Patel, J.N. Application of genotype guided cancer
therapy in solid tumors. Pharmacogenomics 2014, 15,
79-93. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /24329193

Gill, S.; Loprinzi, C.L.; Sargent, D.J.; Thomé, S.D;
Alberts, S.R.; Haller, D.G.; Benedetti, J.; Francini, G.;
Shepherd, L.; Seitz, J.F.; et al. Pooled analysis of
fluorouracil-based adjuvant therapy for stage Il and 11
colon cancer: Who benefits and by how much? J. Clin.
Oncol. 2004, 22, 1797-1806.

Zaanan, A.; Taieb, J. Predictive and prognostic value of
MSI phenotype in adjuvant colon cancer: Who and how
to treat? Bull. Cancer 2019, 106, 129 136.

Zaanan, A.; Cuilliere-Dartigues, P.; Guilloux, A.; Parc,
Y.; Louvet, C.; de Gramont, A.; Tiret, E.; Dumont, S.;
Gayet, B.; Validire, P.; et al. Impact of p53 expression
and microsatellite instability on stage 11l colon cancer
disease-free survival in patients treated by 5-fluorouracil
and leucovorin  with or without oxaliplatin—
ScienceDirect. Ann. Oncol. 2010, 772-780. Available
online: https://www.sciencedirect.com/
science/article/pii/S0923753419389367

Bertagnolli, M.M.; Niedzwiecki, D.; Compton, C.C;
Hahn, H.P.; Hall, M.; Damas, B.; Jewell, S.D.; Mayer,
R.J.; Goldberg, R.M.; Saltz, L.B.; et al. Microsatellite
instability predicts improved response to adjuvant
therapy with irinotecan, fluorouracil, and leucovorin in
stage 1l colon cancer: Cancer and leukemia group B
protocol 89803. J. Clin. Oncol. 2009, 10, 1814-1821.
Reimers, M.S.; Zeestraten, E.C.M.; Kuppen, P.J.K,;
Liefers, G.J.; van de Velde, C.J.H. Biomarkers in
precision therapy in colorectal cancer. Gastroenterol.
Rep. 2013, 1, 166-183.

Chen, S.L.; Bilchik, A.J. More extensive nodal
dissection improves survival for stages | to 111 of colon
cancer: A population-based study. Ann. Surg. 2006, 244,

@

37.

38.

39.

40.

41.

42.

43.

44,

602-610. Available
http://www.ncbi.nIm.nih.gov/ pubmed/16998369
Davies, M.; Arumugam, P.J.; Shah, V.l.; Watkins, A,;
Morgan, A.R.; Carr, N.D.; Beynon, J. The clinical
significance of lymph node micrometastasis in stage |
and stage Il colorectal cancer. Clin. Transl. Oncol. 2008,
10, 175-179.

Hurwitz, H.1.; Yi, J.; Ince, W.; Novotny, W.F.; Rosen,
O. The Clinical Benefit of Bevacizumab in Metastatic
Colorectal Cancer Is Independent of K- ras Mutation
Status: Analysis of a Phase Il Study of Bevacizumab
with Chemotherapy in Previously Untreated Metastatic
Colorectal Cancer. Oncologist 2009, 14, 22—28.

Lievre, A.; Bachet, J.B.; Le Corre, D.; Boige, V.; Landi,
B.; Emile, J.F.; Co6té, J.F.; Tomasic, G.; Penna, C,;
Ducreux, M.; et al. KRAS mutation status is predictive
of response to cetuximab therapy in colorectal cancer.
Cancer Res. 2006, 66, 3992-3995. Available online:
www.aacrjournals.org

Overman, M.J.; Lonardi, S.; Wong, K.Y.M.; Lenz, H.J.;
Gelsomino, F.; Aglietta, M.; Morse, M.A.; Van Cutsem,
E.; McDermott, R.; Hill, A.; et al. Durable clinical
benefit with nivolumab plus ipilimumab in DNA
mismatch repair deficient/microsatellite instability-high
metastatic colorectal cancer. J. Clin. Oncol. 2018, 36,
773-779.

Wong, A.L.A.; Lim, J.S.J.; Sinha, A.; Gopinathan, A.;
Lim, R.,; Tan, C.S.; Soh, T.; Venkatesh, S.; Titin, C.;
Sapari, S.S.; et al. Tumour pharmacodynamics and
circulating cell free DNA in patients with refractory
colorectal carcinoma treated with regorafenib. J. Transl.
Med. 2015, 13, 1-9. Int. J. Mol. Sci. 2020, 21, 5311 13
of 20 42.

Adenis, A.; de la Fouchardiere, C.; Paule, B.; Burtin, P.;
Tougeron, D.; Wallet, J.; Dourthe, L.M.; Etienne, P.L.;
Mineur, L.; Clisant, S.; et al. Survival, safety, and
prognostic factors for outcome with Regorafenib in
patients with metastatic colorectal cancer refractory to
standard therapies: Results from a multicenter study
(REBACCA) nested within a compassionate use
program. BMC Cancer 2016, 16, 1-8.

Museum, N. Proceedings of the china united kingdom
cancer (cukc) conference 2015 17-18. Anticancer Res.
2016, 36, 1093-1338.

Pellino, G.; Gallo, G.; Pallante, P.; Capasso, R.; De
Stefano, A.; Maretto, I.; Malapelle, U.; Qiu, S.;
Nikolaou, S.; Barina, A.; et al. Noninvasive biomarkers
of colorectal cancer: Role in diagnosis and personalised

online:

1173

www.neuroquantology.com


http://www.neuroquantology.com/

45.

46.

47,

48.

49,

50.

51.

52.

elSSN1303-5150

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

treatment perspectives. Gastroenterol. Res. Pract. 2018,
2018.

Tsuchida, N.; Murugan, A.K.; Grieco, M. Kirsten Ras*
oncogene: Significance of its discovery in human cancer
research. Oncotarget 2016, 7, 46717 46733. Available
online: http://www.ncbi.nIm.nih.gov/pubmed
/27102293

Margonis, G.A.; Spolverato, G.; Kim, Y.; Karagkounis,
G.; Choti, M.A.; Pawlik, T.M. Effect of KRAS Mutation
on Long Term Outcomes of Patients Undergoing
Hepatic Resection for Colorectal Liver Metastases. Ann.
Surg. Oncol. 2015, 22, 4158-4165.

Tie, J.; Lipton, L.; Desai, J.; Gibbs, P.; Jorissen, R.N;
Christie, M.; Drummond, K.J.; Thomson, B.N.J;
Usatoff, V.; Evans, P.M.; et al. KRAS mutation is
associated with lung metastasis in patients with
curatively resected colorectal cancer. Clin. Cancer Res.
2011, 17, 1122-1130. Available online:
http://www.ncbi.nlm.nih.gov/ pubmed/21239505

Guo, X.; Xu, Y.; Zhao, Z. In-depth genomic data
analyses revealed complex transcriptional and epigenetic
dysregulations of BRAFV600E in melanoma. Mol.
Cancer 2015, 14, 60.

Venderbosch, S.; Nagtegaal, 1.D.; Maughan, T.S.;
Smith, C.G.; Cheadle, J.P.; Fisher, D.; Kaplan, R.;
Quirke, P.; Seymour, M.T.; Richman, S.D.; et al.
Mismatch repair status and BRAF mutation status in
metastatic colorectal cancer patients: A pooled analysis
of the CAIRO, CAIRO2, COIN, and FOCUS studies.
Clin. Cancer Res. 2014, 20, 5322-5330. Available

online: http://www.ncbi.nIm.nih.gov/pubmed
/25139339
Yokota, T. Are KRAS/BRAF Mutations Potent

Prognostic and/or Predictive Biomarkers in Colorectal
Cancers? Anticancer Agents Med. Chem. 2012, 12, 163—
171

Yokota, T.; Ura, T.; Shibata, N.; Takahari, D.; Shitara,
K.; Nomura, M.; Kondo, C.; Mizota, A.; Utsunomiya, S.;
Muro, K.; et al. BRAF mutation is a powerful prognostic
factor in advanced and recurrent colorectal cancer. Br. J.
Cancer 2011, 104, 856 862.

Van Cutsem, E.; Kbéhne, C.H.; Lang, I.; Folprecht, G.;
Nowacki, M.P.; Cascinu, S.; Shchepotin, I.; Maurel, J.;
Cunningham, D.; Tejpar, S.; et al. Cetuximab plus
irinotecan, fluorouracil, and leucovorin as first line
treatment for metastatic colorectal cancer: Updated
analysis of overall survival according to tumor KRAS
and BRAF mutation status. J. Clin. Oncol. 2011, 29,

2011-2019.

53.

54.

55.

56.

57.

58.

59.

60.

Badic, B.; Hatt, M.; Durand, S.; Jossic Corcos CLe
Simon, B.; Visvikis, D.; Corcos, L. Radiogenomics-
based cancer prognosis in colorectal cancer. Sci. Rep.
2019, 9, 1-7.

Horvat, N.; Veeraraghavan, H.; Pelossof, R.A,;
Fernandes, M.C.; Arora, A.; Khan, M.; Marco, M,;
Cheng, C.T.; Gonen, M.; Golia Pernicka, J.S.; et al.
Radiogenomics of rectal adenocarcinoma in the era of
precision medicine: A pilot study of associations
between qualitative and quantitative MRI imaging
features and genetic mutations. Eur. J. Radiol. 2019, 113,
174-181.

Chao, M.; Gibbs, P. Caution is required before
recommending routine carcinoembryonic antigen and
imaging follow-up for patients with early-stage colon
cancer. J. Clin. Oncol. 2009, 27, e279-e280. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/19901127

Koulis, C.; Yap, R.; Engel, R.; Jardé, T.; Wilkins, S,;
Solon, G.; Shapiro, J.D.; Abud, H.; McMurrick, P.
Personalized  Medicine—Current and  Emerging
Predictive and Prognostic Biomarkers in Colorectal
Cancer. Cancers 2020, 12, 812. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /32231042
Karapetis, C.S.; Khambata-Ford, S.; Jonker, D.J;
O’Callaghan, C.J.; Tu, D.; Tebbutt, N.C.; Simes, J.R,;
Chalchal, H.; Shapiro, J.D.; Robitaille, S.; et al. K-ras
mutations and benefit from cetuximab in advanced
colorectal cancer. N. Engl. J. Med. 2008, 359, 1757—
1765.

Amado, R.G.; Wolf, M.; Peeters, M.; Van Cutsem, E.;
Siena, S.; Freeman, D.J.; Juan, T.; Sikorski, R.; Suggs,
S.; Radinsky, R.; et al. Wild-type KRAS is required for
panitumumab efficacy in patients with metastatic
colorectal cancer. J. Clin. Oncol. 2008, 26, 1626 1634.
Available online: http://www.ncbhi.nlm.nih.gov/pubmed
/18316791

Palomaki, G.E.; Bradley, L.A.; Douglas, M.P.; Kolor,
K.; Dotson, W.D. Can UCT1ALl genotyping reduce
morbidity and mortality in patients with metastatic
colorectal cancer treated with irinotecan? An evidence-
based review. Genet. Med. 2009, 11, 21-34. Available
online: http://www.ncbi.nlm.nih.gov/
pubmed/19125129

Amstutz, U.; Henricks, L.M.; Offer, S.M.; Barbarino, J.;
Schellens, J.H.M.; Swen, J.J.; Klein, T.E.; McLeod,
H.L.; Caudle, K.E.; Diasio, R.B.; et al. Clinical
Pharmacogenetics Implementation Consortium (CPIC)
Guideline for Dihydropyrimidine Dehydrogenase

1174

www.neuroquantology.com


http://www.neuroquantology.com/

61.

62.

63.

64.

65.

66.

67.

68.

elSSN1303-5150

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

Genotype and Fluoropyrimidine Dosing: 2017 Update.
Clin. Pharmacol. Ther. 2018, 103, 210-216.

Shinagawa, T.; Tanaka, T.; Nozawa, H.; Emoto, S;
Murono, K.; Kaneko, M.; Sasaki, K.; Otani, K;
Nishikawa, T.; Hata, K.; et al. Comparison of the
guidelines for colorectal cancer in Japan, the USA and
Europe. Ann. Gastroenterol. Surg. 2018, 2, 6-12.
Available online: https://www.ncbi.nlm.nih.gov/pmc/ar
ticles/ PMC5881304/?report=abstract

Sanchez Calle, A.; Kawamura, Y.; Yamamoto, Y.;
Takeshita, F.; Ochiya, T. Emerging roles of long non-
coding RNA in cancer. Cancer Sci. 2018, 109, 2093—
2100.

Huarte, M. The emerging role of IncRNAs in cancer.
Nat. Med. 2015, 21, 1253-1261. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /26540387

Van Cutsem, E.; Cuyle, P.; Huijberts, S.; Schellens, J.;
Elez, E.; Yaeger, R.; Fakih, M.; Montagut, C.; Peeters,
M.; Desali, J.; et al. BEACON CRC study safety lead-in:
Assessment of the BRAF inhibitor encorafenib + MEK
inhibitor binimetinib + anti-epidermal growth factor
receptor antibody cetuximab for BRAFV600E
metastatic colorectal cancer. Ann. Oncol. 2018, 29,
v1009.

Spreafico, A.; Tentler, J.J.; Pitts, T.M.; Tan, A.C,;
Gregory, M.A.; Arcaroli, J.J.; Klauck, P.J.; McManus,
M.C.; Hansen, R.J.; Kim, J.; et al. Rational combination
of a MEK inhibitor, selumetinib, and the Wnt/calcium
pathway modulator, cyclosporin A, in preclinical models
of colorectal cancer. Clin. Cancer Res. 2013, 19, 4149
4162. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /23757356
Tentler, J.J.; Nallapareddy, S.; Tan, A.C.; Spreafico, A.;
Pitts, T.M.; Morelli, M.P.; Selby, H.M.; Kachaeva, M.1.;
Flanigan, S.A.; Kulikowski, G.N.; et al. Identification of
predictive markers of response to the MEK1/2 inhibitor
selumetinib (AZD6244) in K-ras Mutated colorectal
cancer. Mol. Cancer Ther. 2010, 9, 3351-3362.

Ingold Heppner, B.; Behrens, H.M.; Balschun, K.; Haag,
J.; Krilger, S.; Becker, T.; Récken, C. HER2/neu testing
in primary colorectal carcinoma. Br. J. Cancer 2014,
111, 1977-1984.

Sartore-Bianchi, A.; Trusolino, L.; Martino, C.;
Bencardino, K.; Lonardi, S.; Bergamo, F.; Zagonel, V.;
Leone, F.; Depetris, I.; Martinelli, E.; et al. Dual targeted
therapy with trastuzumab and lapatinib in treatment-
refractory, KRAS codon 12/13 wild-type, HER2 positive
metastatic colorectal cancer (HERACLES): A proof-of-

@

69.

70.

71.

72.

73.

74,

75.

76.

concept, multicentre, open-label, phase 2 trial. Lancet
Oncol. 2016, 17, 738-746.

Domingo, E.; Church, D.N.; Sieber, O.; Ramamoorthy,
R.; Yanagisawa, Y.; Johnstone, E.; Davidson, B.; Kerr,
D.J.; Tomlinson, 1.P.M.; Midgley, R. Evaluation of
PIK3CA mutation as a predictor of benefit from
nonsteroidal anti-inflammatory drug therapy in
colorectal cancer. J. Clin. Oncol. 2013, 31, 4297-4305.
Available online: http://www.ncbi.nIm.nih.gov/pubmed
124062397

Shen, Y.; Yang, J.; Xu, Z.; Gu, D.-Y.; Chen, J.-F.
Phosphatase and tensin homolog expression related to
cetuximab effects in colorectal cancer patients: A meta-
analysis. World J. Gastroenterol. 2012, 18, 2712-2718.
Available online: http://www.ncbi.nlm.nih.gov/pubmed
/22690082

Stokoe, D. PTEN. Curr. Biol. 2001, 11, R502.

EKIof, V.; Wikberg, M.L.; Edin, S.; Dahlin, A.M.;
Jonsson, B.A.; Oberg, A.; Rutegard, J.; Palmqvist, R.
The prognostic role of KRAS, BRAF, PIK3CA and
PTEN in colorectal cancer. Br. J. Cancer 2013, 108,
2153-2163.

Toyota, M.; Ahuja, N.; Ohe-Toyota, M.; Herman, J.G.;
Baylin, S.B.; lIssa, J.P.J. CpG island methylator
phenotype in colorectal cancer. Proc. Natl. Acad. Sci.
USA 1999, 96, 8681-8686. Int. J. Mol. Sci. 2020, 21,
5311 15 of 20

Weisenberger, D.J.; Siegmund, K.D.; Campan, M.;
Young, J.; Long, T.l.; Faasse, M.A.; Kang, G.H.;
Widschwendter, M.; Weener, D.; Buchanan, D.; et al.
CpG island methylator phenotype underlies sporadic
microsatellite instability and is tightly associated with
BRAF mutation in colorectal cancer. Nat. Genet. 2006,
38, 787-793. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /16804544
Shiovitz, S.; Bertagnolli, M.M.; Renfro, L.A.; Nam, E.;
Foster, N.R.; Dzieciatkowski, S.; Luo, Y.; Lao, V.V
Monnat, R.J.; Emond, M.J.; et al. CpG island methylator
phenotype is associated with response to adjuvant
irinotecan-based therapy for stage Ill colon cancer.
Gastroenterology 2014, 147, 637-645. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /24859205

Juo, Y.Y.; Johnston, F.M.; Zhang, D.Y.; Juo, H.H,;
Wang, H.; Pappou, E.P.; Yu, T.; Easwaran, H.; Baylin,
S.; van Engeland, M.; et al. Prognostic value of CpG
island methylator phenotype among colorectal cancer
patients: A systematic review and meta-analysis. Ann.
Oncol. 2014, 25, 2314-2327. Available online:

1175

www.neuroquantology.com


http://www.neuroquantology.com/

77.

78.

79.

80.

81.

82.

83.

84.

85.

elSSN1303-5150

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

https://www.ncbi.nlm.nih.gov/pmc/ar
ticless/PMC4239805/

Dong, L.; Ren, H. Blood-based DNA Methylation
Biomarkers for Early Detection of Colorectal Cancer. J.
Proteom. Bioinform. 2018, 11. Available online:
https://pubmed.ncbi.nIm.nih.gov/300 34186/

Walther, A.; Houlston, R.; Tomlinson, I. Association
between chromosomal instability and prognosis in
colorectal cancer: A meta-analysis. Gut 2008, 57, 941—
950. Awvailable online: http://www.ncbi.nlm.nih.gov/
pubmed/18364437

Araujo, S.E.A.; Bernardo, W.M.; Habr Gama, A.; Kiss,
D.R.; Cecconello, I. DNA ploidy status and prognosis in
colorectal cancer: A meta-analysis of published data.
Dis. Colon. Rectum. 2007, 50, 1800-1810. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/17874166

Popat, S.; Houlston, R.S. A systematic review and meta-
analysis of the relationship between chromosome 18q
genotype, DCC status and colorectal cancer prognosis.
Eur. J. Cancer 2005, 41, 2060-2070.

Huang, Q.; Li, S.; Cheng, P.; Deng, M.; He, X.; Wang,
Z.; Yang, C.H.; Zhao, X.Y.; Huang, J. High expression
of antiapoptotic protein Bcl-2 is a good prognostic factor
in colorectal cancer: Result of a meta-analysis. World J.
Gastroenterol. 2017, 23, 5018-5033.

Markowitz, S.D.; Bertagnolli, M.M. Molecular basis of
colorectal cancer. N. Engl. J. Med. 2009, 361, 2449.
Available online: https://www.ncbi.nlm.nih.gov/pmc/ar
ticles/PMC2843693/

Sharma, R.; Hoskins, J.M.; Rivory, L.P.; Zucknick, M.;
London, R.; Liddle, C.; Clarke, S.J. Thymidylate
synthase and methylenetetrahydrofolate reductase gene
polymorphisms and toxicity to capecitabine in advanced
colorectal cancer patients. Clin. Cancer Res. 2008, 14,
817-825. Available online:
http://www.ncbi.nlm.nih.gov/ pubmed/18245544.
Thomas, F.; Motsinger-Reif, A.A.; Hoskins, J.M.;
Dvorak, A.; Roy, S.; Alyasiri, A.; Myerson, R.J.;

Fleshman, JW.; Tan, B.R.; McLeod, H.L.
Methylenetetrahydrofolate reductase genetic
polymorphisms and  toxicity to  5-FU-based

chemoradiation in rectal cancer. Br. J. Cancer 2011, 105,
1654 1662. Available online: http:
/lwww.ncbi.nlm.nih.gov/pubmed/220 45187

Cui, W.; Li, F.; Yuan, Q.; Chen, G.; Chen, C.; Yu, B.
Role of VEGFA gene polymorphisms in colorectal
cancer patients who treated with bevacizumab.

@

86.

87.

88.

89.

90.

91.

92.

Oncotarget 2017, 8, 105472-105478. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /29285265.
Ruzzo, A.; Graziano, F.; Galli, F.; Giacomini, E.;
Floriani, I.; Galli, F.; Rulli, E.; Lonardi, S.; Ronzoni, M.;
Massidda, B.; et al. Genetic markers for toxicity of
adjuvant oxaliplatin and fluoropyrimidines in the phase
I11 TOSCA trial in high-risk colon cancer patients. Sci.
Rep. 2014, 4, 6828. Available online: http:
[iwww.ncbi.nlm.nih.gov/pubmed/253 70899.

Siddique, H.R.; Saleem, M. Role of BMI1, a stem cell
factor, in cancer recurrence and chemoresistance:
Preclinical and clinical evidences. Stem Cells. 2012, 30,
372-378. Awvailable online: http://www.ncbi.nIm.nih.
gov/pubmed/22252887.

Tsai, H.-L.; Pang, S.-Y.; Wang, H.-C.; Luo, C.-W.; Li,
Q.-L.; Chen, T.-Y.; Fang, S.-Y.; Wang, J.-Y.; Pan, M.-
R. Impact of BMI1 expression on the apoptotic effect of
paclitaxel in colorectal cancer. Am. J. Cancer Res. 2019,
9, 2544-2553. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /31815052 Int. J.
Mol. Sci. 2020, 21, 5311 16 of 20

Merlos-Suérez, A.; Barriga, F.M.; Jung, P.; Iglesias, M.;
Céspedes, M.V.; Rossell, D.; Sevillano, M.; Hernando
Momblona, X.; Da Silva-Diz, V.; Mufioz, P.; et al. The
intestinal stem cell signature identifies colorectal cancer
stem cells and predicts disease relapse. Cell Stem Cell.
2011, 8,511 524.

Hardingham, J.E.; Grover, P.; Winter, M.; Hewett, P.J.;
Price, T.J.; Thierry, B. Detection and Clinical
Significance of Circulating Tumor Cells in Colorectal
Cancer—20 Years of Progress. Mol. Med. 2015, 21
(Suppl. 1), S25-S31. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /26605644
Hrebien, S.; Citi, V.; Garcia-Murillas, I.; Cutts, R.;
Fenwick, K.; Kozarewa, |.; McEwen, R.; Ratnayake, J.;
Maudsley, R.; Carr, T.H.; et al. Early ctDNA dynamics
as a surrogate for progression-free survival in advanced
breast cancer in the BEECH trial. Ann. Oncol. Off. J.
Eur. Soc. Med. Oncol. 2019, 30, 945-952. Available

online: http://www.nchi.nlm.nih.gov/pubmed
/30860573
Douvdevani, A.; Bernstein-Molho, R.; Asraf, K.;

Doolman, R.; Laitman, Y.; Friedman, E. Circulating
cell-free DNA (cfDNA) levels in BRCAL and BRCA2
mutation carriers: A preliminary study. Cancer Biomark.
2020, 2020, 1-5. Auvailable online:
https://www.medra.org/servlet/aliasR
esolver?alias=iospress&doi=10.3233/C BM190718

1176

www.neuroquantology.com


http://www.neuroquantology.com/

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

93. De Mattos-Arruda, L.; Caldas, C. Cell free circulating
tumour DNA as a liquid biopsy in breast cancer. Mol.
Oncol. 2016, 10, 10-74. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /26776681

94. Wang, R.; Li, X.; Zhang, H.; Wang, K.; He, J. Cell-free
circulating tumor DNA analysis for breast cancer and its
clinical utilization as a biomarker. Oncotarget 2017, 8,
75742-75755.

95. Osumi, H.; Shinozaki, E.; Yamaguchi, K.; Zembutsu, H.
Clinical utility of circulating tumor DNA for colorectal
cancer. Cancer Sci. 2019, 110, 1148 1155.

96. Harle, A.; Gavoille, C.; Bouche, O.; Ben Abdelghani,
M.; Plaza, J.E.; Lambert, A.; Spaeth, D.; Boudrant, A.;
Ghiringhelli, F.; Villing, A.-L.; et al. cfDNA for accurate
determination of RAS and BRAF mutations using
OncoBEAM liquid biopsy in metastatic colorectal
cancer patients: Results of the real-world multicentric
ColoBEAM study. J. Clin. Oncol. 2019, 37 (Suppl. 15),
3542.

97. Lin, S.; Gregory, R.I. MicroRNA biogenesis pathways
in cancer. Nat. Rev. Cancer. 2015, 15, 321-333.
Available online: http://www.ncbi.nlm.nih.gov/pubmed
/25998712

98. Detassis, S.; Grasso, M.; Del Vescovo, V.; Denti, M.A.
microRNAs make the call in cancer personalized
medicine. Front. Cell Dev. Biol. 2017, 5, 86.

99. Suzuki, H.1.; Katsura, A.; Matsuyama, H.; Miyazono, K.
MicroRNA regulons in tumor microenvironment.
Oncogene 2015, 34, 3085-3094. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /25132266

100.Cekaite, L.; Eide, P.W.; Lind, G.E.; Skotheim, R.l;
Lothe, R.A. MicroRNAs as growth regulators, their
function and biomarker status in colorectal cancer.
Oncotarget 2016, 7, 6476 6505. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /26623728

101.Rapado-Gonzalez, O.; Alvarez-Castro, A.; LOpez-
Lopez, R.; Iglesias-Canle, J.; Suarez-Cunqueiro, M.M.;
Muinelo Romay, L. Circulating microRNAs as
promising biomarkers in colorectal cancer. Cancers
2019, 11, 898.

102.Huang, Z.; Huang, D.; Ni, S.; Peng, Z.; Sheng, W.; Du,
X. Plasma microRNAs are promising novel biomarkers
for early detection of colorectal cancer. Int. J. Cancer
2010, 127, 118-126.

103.Kanaan, Z.; Roberts, H.; Eichenberger, M.R.; Billeter,
A.; Ocheretner, G.; Pan, J.; Rai, S.N.; Jorden, J;
Williford, A.; Galandiuk, S. A plasma MicroRNA panel
for detection of colorectal adenomas: A step toward
more precise screening for colorectal cancer. Ann. Surg.

elSSN1303-5150 @

2013, 400-406. Available online: http:
[iwww.ncbi.nlm.nih.gov/pubmed/240 22433
104.Yamada, A.; Horimatsu, T.; Okugawa, Y.; Nishida, N.;
Honjo, H.; Ida, H.; Kou, T.; Kusaka, T.; Sasaki, Y.; Yagi,
M.; et al. Serum MIR-21, MIR-29a, and MIR 125b are
promising biomarkers for the early detection of
colorectal neoplasia. Clin. Cancer Res. 2015, 21, 4234~
4242, Available online: http://www.ncbi.nlm.nih.gov/
pubmed/26038573
105.Cheng, H.; Zhang, L.; Cogdell, D.E.; Zheng, H,;
Schetter, A.J.; Nykter, M.; Harris, C.C.; Chen, K,
Hamilton, S.R.; Zhang, W. Circulating plasma MiR-141
is a novel biomarker for metastatic colon cancer and
predicts poor prognosis. PLoS ONE 2011, 6, e17745.
Available online: http://www.ncbi.nlm.nih.gov/pubmed
/21445232 Int. J. Mol. Sci. 2020, 21, 5311 17 of 20
106.Wang, L.-G.; Gu, J. Serum microRNA 29a is a
promising novel marker for early detection of colorectal
liver metastasis. Cancer Epidemiol. 2012, 36, e61—e67.
Available online: http://www.ncbi.nIm.nih.gov/pubmed
/22018950
107.Pu, X.; Huang, G.; Guo, H.; Guo, C.; Li, H.; Ye, S.; Ling,
S.; Jiang, L.; Tian, Y.; Lin, T.-Y. Circulating miR-221
directly amplified from plasma is a potential diagnostic
and prognostic marker of colorectal cancer and is
correlated with p53 expression. J. Gastroenterol.
Hepatol. 2010, 25, 1674-1680. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /20880178
108.Hur, K.; Toiyama, Y.; Okugawa, Y.; Ide, S.; Imaoka, H.;
Boland, C.R.; Goel, A. Circulating microRNA-203
predicts prognosis and metastasis in human colorectal
cancer. Gut 2017, 66, 654 665. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /26701878
109.Chen, Q.; Xia, HW.; Ge, X.J.; Zhang, Y.C.; Tang, Q.L.;
Bi, F. Serum miR-19a predicts resistance to FOLFOX
chemotherapy in advanced colorectal cancer cases.
Asian Pac. J. Cancer Prev. 2013, 14, 7421-7426.
110.Yin, Y.; Zhang, B.; Wang, W.; Fei, B.; Quan, C.; Zhang,
J.; Song, M.; Bian, Z.; Wang, Q.; Ni, S.; et al. MiR-204-
5p inhibits proliferation and invasion and enhances
chemotherapeutic sensitivity of colorectal cancer cells
by downregulating RAB22A. Clin. Cancer Res. 2014,
20, 6187-6699. Auvailable online: http:
/lwww.ncbi.nlm.nih.gov/pubmed/252 94901
111.Zhang, J.; Zhang, K.; Bi, M.; Jiao, X.; Zhang, D.; Dong,
Q. Circulating microRNA expressions in colorectal
cancer as predictors of response to chemotherapy.
Anticancer Drugs 2014, 25, 346-352. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /24304648

www.neuroquantology.com 1177


http://www.neuroquantology.com/

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

112.Hansen, T.F.; Carlsen, A.L.; Heegaard, N.H.H;
Sgrensen, F.B.; Jakobsen, A. Changes in circulating
microRNA-126 during treatment with chemotherapy and
bevacizumab predicts treatment response in patients
with metastatic colorectal cancer. Br. J. Cancer 2015,
112, 624-629.

113.Ulivi, P.; Canale, M.; Passardi, A.; Marisi, G.; Valgiusti,
M.; Frassineti, G.L.; Calistri, D.; Amadori, D.; Scarpi, E.
Circulating Plasma Levels of miR-20b, miR-29b and
miR-155 as Predictors of Bevacizumab Efficacy in
Patients with Metastatic Colorectal Cancer. Int. J. Mol.
Sci. 2018, 19, 307. Available online:
http://www.ncbi.nIm.nih.gov/pubmed /29361687

114.1yer, M.K.; Niknafs, Y.S.; Malik, R.; Singhal, U.; Sahu,
A.; Hosono, Y.; Barrette, T.R.; Presner, J.R.; Evans,
J.R.; Zhao, S.; et al. The landscape of long noncoding
RNAs in the human transcriptome. Nat. Genet. 2015, 47,
199-208.

115.Martinez-Barriocanal, A.; Arango, D.; Dopeso, H. PVT1
Long Non-coding RNA in Gastrointestinal Cancer.
Front. Oncol. 2020, 10, 38.

116.Léveillé, N.; Melo, C.A.; Rooijers, K.; Diaz-Lagares, A.;
Melo, S.A.; Korkmaz, G.; Lopes, R.; Mogadam, F.A;;
Maia, A.R.; Wijchers, P.J.; et al. Genome wide profiling
of p53-regulated enhancer RNAs uncovers a subset of
enhancers controlled by a IncRNA. Nat. Commun. 2015,
6, 6520. Available online: http:
/lwww.ncbi.nlm.nih.gov/pubmed/258 13522

117.Zhao, H.; Kim, Y.; Wang, P.; Lapointe, J.; Tibshirani,
R.; Pollack, J.R.; Brooks, J.D. Genome-wide
characterization of gene expression variations and DNA
copy number changes in prostate cancer cell lines.
Prostate 2005, 63, 187-197. Awvailable online:
http://www.ncbi.nlm.nih.gov/pubmed /15486987

118.Peng, W.; Wu, J.; Feng, J. LincRNA-p21 predicts
favorable clinical outcome and impairs tumorigenesis in
diffuse large B cell lymphoma patients treated with R-
CHOP chemotherapy. Clin. Exp. Med. 2017, 17, 1-8.
Available online: http://www.ncbi.nlm.nih.gov/pubmed
/26475621

119.Wang, G.; Li, Z.; Zhao, Q.; Zhu, Y.; Zhao, C.; Li, X;
Ma, Z.; Li, X.; Zhang, Y. LincRNA-p21 enhances the
sensitivity of radiotherapy for human colorectal cancer
by targeting the Wnt/B-catenin signaling pathway.
Oncol. Rep. 2014, 31, 1839-1845. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /24573322

120.Schmitt, A.M.; Garcia, J.T.; Hung, T.; Flynn, R.A;;
Shen, Y.; Qu, K.; Payumo, A.Y.; Peres-da-Silva, A.;
Broz, D.K.; Baum, R.; et al. An inducible long

elSSN1303-5150 @

noncoding RNA amplifies DNA damage signaling. Nat.
Genet. 2016, 48, 1370 1376. Awvailable online:
http://www.ncbi.nIm.nih.gov/pubmed /27668660

121.Li, Y.; Li, Y.; Chen, W.; He, F.; Tan, Z.; Zheng, J.;
Wang, W.; Zhao, Q.; Li, J. NEAT expression is
associated with tumor recurrence and unfavorable
prognosis in colorectal cancer. Oncotarget 2015, 6,
27641-27650. Auvailable online:
http://www.ncbi.nlm.nih.gov/pubmed /26314847

122.Ji, Q.; Zhang, L.; Liu, X.; Zhou, L.; Wang, W.; Han, Z.;
Sui, H.; Tang, Y.; Wang, Y.; Liu, N.; et al. Long non-
coding RNA MALAT1 promotes tumour growth and
metastasis in colorectal cancer through binding to SFPQ
and releasing oncogene PTBP2 from SFPQ/PTBP2
complex. Br. J. Cancer 2014, 111, 736 748.

123.Yang, X.D.; Xu, H.T.; Xu, X.H.; Ru, G.; Liu, W.; Zhu,
J.J.; Wu, Y.Y.; Zhao, K.; Wu, Y.; Xing, C.G.; et al.
Knockdown of long non-coding RNA HOTAIR inhibits
proliferation and invasiveness and  improves
radiosensitivity in colorectal cancer. Oncol. Rep. 2016,
35, 479-487.

124.Barsotti, A.M.; Beckerman, R.; Laptenko, O.; Huppi, K.;
Caplen, N.J.; Prives, C. p53-dependent induction of
PVT1 and miR-1204. J. Biol. Chem. 2012, 287, 2509—
2519. Available online: http://www.ncbi.nlm.nih.gov/
pubmed/22110125

125.Jin, K.; Wang, S.; Zhang, Y.; Xia, M.; Mo, Y.; Li, X.; Li,
G.; Zeng, Z.; Xiong, W.; He, Y. Long non-coding RNA
PVT1 interacts with MY C and its downstream molecules
to synergistically promote tumorigenesis. Cell. Mol. Life
Sci. 2019, 76, 4275 4289. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /31309249

126.1lboudo, A.; Chouhan, J.; McNeil, B.K.; Osborne, J.R.;
Ogunwobi, 0.0. PVT1 Exon 9: A Potential Biomarker
of Aggressive Prostate Cancer? Int. J. Environ. Res.
Public Health 2015, 13, ijerph13010012. Available
online: http://mww.ncbi.nlm.nih.gov/pubmed
/26703666

127.Pan, X.; Zheng, G.; Gao, C. LncRNA PVT1: A Novel
Therapeutic Target for Cancers. Clin. Lab. 2018, 64,
655-662. Available online:  http://www.clin-lab
publications.com/article/2724

128.Pal, G.; Ogunwobi, O.0. Copy number based
quantification assay for non invasive detection of PVT1-
derived transcripts. PLoS ONE 2019, 14, e0226620.
Available online: http://www.ncbi.nIm.nih.gov/pubmed
/31877167

129.Li, H.; Chen, S.; Liu, J.; Guo, X.; Xiang, X.; Dong, T.;
Ran, P.; Li, Q.; Zhu, B.; Xhang, X.; et al. Long non-

www.neuroquantology.com 1178


http://www.neuroquantology.com/

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

coding RNA PVT1-5 promotes cell proliferation by
regulating miR-126/SLC7A5 axis in lung cancer.
Biochem. Biophys. Res. Commun. 2018, 495, 2350-
2355.

130.Pal, G.; Huaman, J.; Levine, F.; Orunmuyi, A,
Oluwabunmi Olapade Olaopa, E.; Onagoruwa, O.T.;
Ogunwobi, O.0. Long noncoding RNA from PVT1 exon
9 is overexpressed in prostate cancer and induces
malignant transformation and castration resistance in
prostate epithelial cells. Genes 2019, 10, 964. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/31766781

131.Gao, Y.-L.; Zhao, Z.-S.; Zhang, M.-Y.; Han, L.-J.; Dong,
Y.-J.; Xu, B. Long Noncoding RNA PVT1 Facilitates
Cervical Cancer Progression via Negative Regulating of
miR-424. Oncol. Res. 2017, 25, 1391-1398. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/28276314

132.Zhang, R.; Li, J.; Yan, X.; Jin, K.; Li, W.; Liu, X.; Zhao,
J.,; Shang, W.; Liu, Y. Long noncoding RNA
plasmacytoma variant translocation 1 (PVT1) promotes
colon cancer progression via endogenous sponging miR-
26b. Med. Sci. Monit. 2018, 24, 8685—-8692.

133.Cho, S.W.; Xu, J.; Sun, R.; Mumbach, M.R.; Carter,
A.C.; Chen, Y.G.; Yost, K.E.; Kim, J.; He, J.; Nevins,
S.A,; et al. Promoter of IncRNA Gene PVT1 Is a Tumor-
Suppressor DNA Boundary Element. Cell 2018, 173,
1398 1412.e22. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /29731168

134.Derderian, C.; Orunmuyi, A.T.; Oluwabunmi Olapade-
Olaopa, E.; Ogunwobi, O.0. PVT1 signaling is a
mediator of cancer progression. Front. Oncol. 2019, 9,
1-8.

135.Song, T.; Yan, L.; Cai, K.; Zhao, T.; Xu, M.
Downregulation of long noncoding RNA PVT1
attenuates paclitaxel resistance in glioma cells. Cancer
Biomark. 2018, 23, 447-453. Available online:
http://www.ncbi.nlm.nih.gov/ pubmed/30347597

136.Takahashi, Y.; Sawada, G.; Kurashige, J.; Uchi, R.;
Matsumura, T.; Ueo, H.; Takano, Y.; Eguchi, H.; Sudo,
T.; Sugimachi, K.; et al. Amplification of PVT-1 is
involved in poor prognosis via apoptosis inhibition in
colorectal cancers. Br. J. Cancer 2014, 110, 164 171.

137.He, F.; Song, Z.; Chen, H.; Chen, Z.; Yang, P.; Li, W.;
Yang, Z.; Zhang, T.; Wang, F.; Wei, J.; et al. Long
noncoding RNA PVT1-214 promotes proliferation and
invasion of colorectal cancer by stabilizing Lin28 and
interacting with miR-128. Oncogene 2019, 38, 164-179.

elSSN1303-5150 @

138.Wang, C.; Zhu, X.; Pu, C.; Song, X. Upregulated
plasmacytoma variant translocation 1 promotes cell
proliferation, invasion and metastasis in colorectal
cancer. Mol. Med. Rep. 2018, 17, 6598-6604.

139.Guo, K.; Yao, J.; Yu, Q.; Li, Z.; Huang, H.; Cheng, J.;
Wang, Z.; Zhu, Y. The expression pattern of long non-
coding RNA PVT1 in tumor tissues and in extracellular
vesicles of colorectal cancer correlates with cancer
progression. Tumor Biol. 2017, 39, 1010428317699122.
Available online: http://www.ncbi.nIm.nih.gov/pubmed
/28381186

140. Fan, H.; Zhu, J.-H.; Yao, X.-Q. Long non coding RNA
PVT1 as a novel potential biomarker for predicting the
prognosis of colorectal cancer. Int. J. Biol. Markers
2018, 33, 1724600818777242. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /29888675

141.Chen, Z.; Cai, X.; Chang, L.; Xia, Y.; Wang, L.; Hou,
Y.; Li, L.; Pan, D.; Li, F.; Liu, S.; et al. LINC00152 is a
potential biomarker involved in the modulation of
biological characteristics of residual colorectal cancer
cells following chemoradiotherapy. Oncol. Lett. 2018,
15, 4177-4184.

142.Zou, B.; Wang, D.; Xu, K.; Liu, J.-L.; Yuan, D.-Y.;
Meng, Z.; Zhang, B. Prognostic value of long non-
coding RNA plasmacytoma variant translocationl in
human solid tumors: A meta-analysis. Medicine 2019,
98, e16087. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /31277104

143.Zhang, L.; Mao, J. Long-Chain Noncoding RNA PVT1
Gene Polymorphisms Are Associated with the Risk and
Prognosis of Colorectal Cancer in the Han Chinese
Population. Genet. Test Mol. Biomark. 2019, 23, 728-
736. Available online:
https://pubmed.ncbi.nlm.nih.gov/315 09024/

144.Ping, G.; Xiong, W.; Zhang, L.; Li, Y.; Zhang, Y.; Zhao,
Y. Silencing long noncoding RNA PVT1 inhibits
tumorigenesis and cisplatin resistance of colorectal
cancer. Am. J. Transl. Res. 2018, 10, 138-149. Available
online: http://www.nchi.nlm.nih.gov/pubmed
/29423000

145.Chen, D.-L.; Xu, R.-H. The emerging role of long non-
coding RNAs in the drug resistance of colorectal cancer.
Int. J. Clin. Exp. Pathol. 2018, 11, 4735-4743.

146.Fan, H.; Zhu, J.H.; Yao, X.Q. Knockdown of long non-
coding RNA PVTL1 reverses Multidrug resistance in
colorectal cancer cells. Mol. Med. Rep. 2018, 17, 8309—
8315.

147.Du, P.; Hu, C.; Qin, Y.; Zhao, J.; Patel, R.; Fu, Y.; Zhu,
M.; Zhang, W.; Huang, G. LncRNA PVT1 Mediates

www.neuroquantology.com 1179


http://www.neuroquantology.com/

NeuroQuantology| | June 2023 | Volume 21 | Issue 6 |Page 1155-1180| doi: 10.48047/nq.2023.21.6.NQ23120
Gulam Muheyuddeen et al/Biomarkers in Colorectal Cancer: Recent Investigation and Future Prospective

Antiapoptosis and 5-Fluorouracil Resistance via
Increasing Bcl2 Expression in Gastric Cancer. J. Oncol.
2019, 2019, 9325407. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /31205469

148.Zhang, X.W.; Liu, L.; Zhang, X.Z.; Bo, P. Kanglaite
inhibits the expression of drug resistance genes through
suppressing PVT1 in cisplatin-resistant gastric cancer
cells. Exp. Ther. Med. 2017, 14, 1789-1794. Available
online: http://www.ncbi.nlm.nih.gov/pubmed
/28810651

149.Gharib, E.; Anaraki, F.; Baghdar, K.; Ghavidel, P.;
Sadeghi, H.; Nasrabadi, P.N.; Peyravian, N.; Aghdaei,
H.A.; Zali, M.R.; Mojarad, E.N. Investigating the
diagnostic performance of HOTTIP, PVTL, and UCAL
long noncoding RNAs as a predictive panel for the
screening of colorectal cancer patients with lymph node
metastasis. J. Cell Biochem. 2019, 120, 14780-14790.
Available online: http://www.ncbi.nlm.nih.gov/pubmed
/30993787

150.Zhang, W.; Xiao, J.; Lu, X.; Liu, T.; Jin, X.; Xiao, Y.;
He, X. PVT1 (rs13281615) and miR-146a (rs2910164)
polymorphisms affect the prognosis of colon cancer by
regulating COX2 expression and cell apoptosis. J. Cell
Physiol. 2019, 234, 17538-17548. Available online:
https://pubmed.ncbi.nlm.nih.gov/308 20968/

151.Zeng, X.; Liu, Y.; Zhu, H.; Chen, D.; Hu, W.
Downregulation of miR-216a-5p by long noncoding
RNA PVT1 suppresses colorectal cancer progression via
modulation of YBX1 expression. Cancer Manag. Res.
2019, 11, 6981 6993. Available online:
https://pubmed.ncbi.nIm.nih.gov/314 40087/

152.Chai, J.; Guo, D.; Ma, W.; Han, D.; Dong, W.; Guo, H.;
Zhang, Y. A feedback loop consisting of
RUNX2/LncRNA-PVT1/miR-455 is involved in the
progression of colorectal cancer. Am. J. Cancer Res.
2018, 8, 538-550. Available online:
http://www.ncbi.nlm.nih.gov/pubmed /29637007

153.Shang, A.Q.; Wang, W.W.; Yang, Y.B.; Gu, C.Z,; Ji, P.;
Chen, C.; Zeng, B.J.; Wu, J.L.; Lu, W.Y.; Sun, Z.J.; et
al. Knockdown of long noncoding RNA PVT1
suppresses cell proliferation and invasion of colorectal
cancer via upregulation of microRNA-214-3p. Am. J.
Physiol. Gastrointest Liver Physiol. 2019, 317, G222-
G232. Available online:
https://pubmed.ncbi.nIm.nih.gov/311 25260/

154.Yu, X.; Zhao, J.; He, Y. Long non-coding RNA PVT1
functions as an oncogene in hu-man colon cancer
through miR 30d-5p/RUNX2 axis. JBUON 2018, 23,
48-54.

elSSN1303-5150 @

155.Wang, Z.; Su, M.; Xiang, B.; Zhao, K.; Qin, B. Circular
RNA PVT1 promotes metastasis via miR-145 sponging
in CRC. Biochem. Biophys. Res. Commun. 2019, 512,
716-722. Auvailable online:
https://pubmed.ncbi.nIm.nih. gov/30922567/

156.Wu, H.; Wei, M.; Jiang, X.; Tan, J.; Xu, W.; Fan, X.;
Zhang, R.; Ding, C.; Zhao, F.; Shao, X.; et al. IncRNA
PVT1 Promotes Tumorigenesis of Colorectal Cancer by
Stabilizing miR-16-5p and Interacting with the
VEGFA/VEGFR1/AKT Axis. Mol. Ther. Nucleic Acids
2020, 20, 438-450. Available online:
https://pubmed.ncbi.nIm.nih.gov/322 76209/

157.Barault, L.; Amatu, A.; Siravegna, G.; Ponzetti, A;
Moran, S.; Cassingena, A.; Mussolin, B.; Falcomata, C.;
Binder, A.M.; Cristiano, C.; et al. Discovery of
methylated  circulating DNA  biomarkers  for
comprehensive non invasive monitoring of treatment
response in metastatic colorectal cancer. Gut 2018, 67,
1995-2005. Available online:
https://gut.bmj.com/content/67/11/1 995.abstract

158.Siravegna, G.; Mussolin, B.; Buscarino, M. Medicine
GC-N, 2015 U. Clonal Evolution and Resistance to
EGFR Blockade in the Blood of Colorectal Cancer

Patients. Available online:
https://www.nature.com/nm/journal/
v21/n7/abs/nm.3870.

www.neuroquantology.com 1180


http://www.neuroquantology.com/

