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Abstract: Colorectal cancer (CRC) requires a multifaceted strategy for optimal care because it
continues to be a worldwide health concern. An extensive summary of the roles of monoclonal
antibodies, conventional medications, and biomarkers in diagnosing and treating CRC is presented
herein. The methodology used for this review included searching articles indexed in PubMed, Google
Scholar, Wiley, and Scopus. Biomarkers are crucial for CRC because they aid in early identification,
prognosis, and treatment selection. With targeted and immunotherapeutic techniques, monoclonal
antibodies (mAbs) are a paradigm change in the treatment of CRC. Integrating biomarkers, traditional
medications, and monoclonal antibodies, healthcare providers can tailor treatment plans to individual
patients, enhancing both the precision and effectiveness of therapy. Biomarkers help identify specific
tumor characteristics, guiding the selection of appropriate medications, including traditional
chemotherapy and targeted therapies like monoclonal antibodies. This combination approach can
optimize treatment outcomes by leveraging the latest advancements in personalized medicine and
immunotherapy, ultimately improving patient care and prognosis.
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1. Introduction

Colorectal carcinogenesis is gaining increased recognition due to its widespread
occurrence and profound personal impact. Various genetic abnormalities have been identified
in colorectal malignancies, with distinct patterns observed between different regions of the
colon. Notably, distal colon cancer often exhibits specific chromosomal instability (CIN),
while proximal colon cancer is frequently associated with microsatellite instability (MSI). This
understanding of the genetic landscape informs both diagnosis and treatment strategies,
facilitating more targeted and effective approaches to managing colorectal cancer (CRC) [1].
The distinct characteristics of rectal cancer growth may be attributed to distinct embryological
development and physiological conditions. Environmental factors like diet and alcohol intake
also play arole in tumor development. Survival rates are higher when excluding rectal cancers,
emphasizing the different segments of CRC [1,2]. The colon and rectum make up the last
section of the human digestive tract. It measures approximately one yard in length and begins
at the ileocecal valve, which signifies the end of the small intestine, and concludes at the anus

[3].
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1.1. Epidemiology

One to two million new instances of CRC are identified each year, making it one of the
most prevalent diseases in the world. With 700,000 cancer-related fatalities a year, CRC ranks
third overall in terms of cancer incidence and is the fourth leading cause of cancer-related
mortality [4].

In affluent nations, CRC primarily affects the elderly population, while its occurrence
among younger people is on the rise despite the disease's general decline. On the other hand,
in India, a nation with low rates of CRC, the incidence is on the rise across all age categories,
even the younger ones. The review of the literature shows a higher proportion of patients under
40 years old with colon cancer in industrialized nations. However, there has been no significant
change in this proportion from 2014 to 2021. This age group (less than 40) accounts for nearly
three out of four cases, underscoring the need for early detection and appropriate treatment.
The survival rate depends on the stage of disease, with about 92% for stage | and nearly 10%
for stage 1V [5-9].

1.2. Prevalence of colorectal cancer

After China and the United States of America, India came in third. According to
GLOBOCAN's prediction, India's cancer case count is predicted to increase to 2.08 million,
representing a 57.5 percent increase from 2020 to 2040. Reported colon cancer cases in India
were 21595 in 2022 [10,11].

1.3. Gender differentiation

A retrospective cohort study of 3314 CRC patients (including 1999 men and 1315
women) found that age at diagnosis did not differ substantially between men and women. Males
were more likely to be diagnosed than females during check-ups (48.9% males and 42.0%
women, p <.001). The sex differences in CRC among both sexes can be due to biological and
behavioral variations [12].

1.4. Causes of CRC

CRC stems from genetic, environmental, and lifestyle factors. Genetic mutations,
whether inherited (like in familial adenomatous polyposis or Lynch syndrome) or acquired,
disrupt normal cell growth, leading to cancer [13]. Dietary elements, including elevated red
meat consumption and diminished fiber intake, coupled with lifestyle practices such as
smoking and inactivity, augment the risk of CRC. Chronic inflammation in illnesses such as
ulcerative colitis and Crohn's disease increases risk. Comprehending these aspects is essential
for the prevention and management of CRC [14,15].

1.5. Diagnosis of CRC by location.

37% of tumor localizations occur in the rectum, while less prevalent sites include the
hepatic angle (4%), splenic angle (2%), cecum (8%), ascending colon (9%), descending colon
(5%), transverse colon (4%), and sigmoidal tumors (31%). About 65% of colon cancers are
distal to the splenic angle and readily identifiable with sigmoidoscopy, whereas 35% of colon
cancers are proximal to the sigmoid and remain undiagnosed by flex sigmoidoscopy. Elevated
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blood levels of carcinoembryonic antigen (CEA) are associated with a recurrence of the illness
in 60—70% of cases; this is assumed to be a poor prognostic factor [16,17].

1.6. Risk factors associated with CRC.

Multiple factors have been associated with the onset of CRC. Research has
demonstrated that those with a history of cancer, colon polyps, inflammatory bowel diseases,
diabetes mellitus, or cholecystectomy, as well as those with familial connections to such
ailments, have an increased risk of getting CRC. Moreover, lifestyle factors significantly
influence development [18]. According to studies, unhealthy eating habits (a diet heavy in red
and processed meat and low in fruits, vegetables, fiber, calcium, and nutritious foods), alcohol
use, cigarette smoking, being overweight, and physical inactivity all raise the risk of CRC [19].
In addition, the risk of CRC is known to be influenced by the gut microbiome, age, gender,
race, and socioeconomic status [20,21].

2. Screening of CRC

In theory, removing premalignant colon adenomas could prevent the majority of colon
malignancies. Similarly, early colon cancer detection, when the disease is treatable with
surgical excision, is anticipated to yield significant benefits. These characteristics have led to
recommendations for mass screening, which start earlier for those at higher risk due to family
history or other predisposing factors, and around age 50 for the adult population at average risk
[22]. The available screening modalities include sigmoidoscopy, colonoscopy, and occult
blood testing. The sigmoidoscopy and colonoscopy have varying sensitivities for detecting
cancer (15-30%, 60%, and 90%, respectively). The costs of the operation and post-anesthesia
recovery for both the pre-test and post-test have limited the widespread adoption of
colonoscopic screening. Recently, the detection of colon cancer-specific mutated DNA in the
faces of colon cancer patients has paved the path for the advancement of molecularly based
screening [3,23].

2.1. Biomarkers to identify colon cancer

Indicators of pathogenic processes, normal biological processes, or reactions to an
exposure or intervention are commonly referred to as biomarkers. These measurable traits can
take various forms, derived from molecular, histologic, radiographic, or physiologic data.
Traditional screening methods such as colonoscopy, fecal occult blood tests, and imaging
techniques have been effective but may have limitations, including invasiveness, cost, and
patient discomfort. In recent years, there has been growing interest in identifying biomarkers
for colon cancer detection, prognosis, and treatment response. Biomarkers are measurable
indicators of biological processes, disease states, or treatment effects within the body [22,24].
They can be found in various bodily fluids, such as blood, urine, and stool, as well as in tissue
samples. Biomarker-based approaches offer the potential for non-invasive, cost-effective, and
precise detection methods, facilitating early diagnosis and personalized treatment strategies for
colon cancer patients [25]. Progress in molecular subtypes of colon cancer, DNA methylation,
and microRNA biogenesis has led to the identification of novel colorectal biomarkers that may
facilitate early diagnosis, tailored treatment selection, and CRC prognosis [26]. CRC, a slow-
developing cancer, can be detected early through regular health examinations. Colonoscopy
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improves detection but is expensive and inconvenient. Novel non-invasive biomarkers are
needed to detect CRC early. Advances in genomics and proteomics could lead to the discovery
of biomarkers useful for CRC [27]. This review aims to provide an overview of the current
landscape of biomarkers used to identify colon cancer. The types of biomarkers being
investigated, their potential utility in clinical practice, and the challenges associated with their
implementation are discussed in Figure 1. An overview of recent advancements in biomarker
research and their implications for improving the management of colon cancer is also provided.

Figure 1. Different biomarkers used to identify colorectal cancer: SPARC — Secreted Protein Acidic and Rich in
Cysteine, LRG1 — Leucine Rich alpha-2 Glycoprotein, FAP- Fibroblast Activating Protein, PVT1-
Plasmacytoma Variant Translocation, ctDNA- Circulating Tumor DNA.

Table 1 outlines various biomarkers utilized in the identification and assessment of
CRC. These biomarkers include SPARC and LRG1, which are found in serum-derived
extracellular vesicles and are associated with CRC metastasis. Aberrant Crypt Foci (ACF)
show promise as early indicators of CRC, sharing molecular defects with colon tumors.
Fusobacterium nucleatum, abundantly found in CRC patients' stool samples, plays a role in
tumor development. Fibroblast Activation Protein (FAP) in CRC stroma is linked to
angiogenesis and poor prognosis. PVT1, a IncRNA near the oncogene C-MYC, influences
cancer development and prognosis. Circulating tumor DNA (ctDNA) assays targeting SEPT9
methylation offer non-invasive CRC screening. Lastly, the SEPT9 methylated DNA assay is a
blood marker showing promise for early-stage CRC detection. These biomarkers have the
potential to improve CRC diagnosis, prognosis, and treatment strategies.
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Table 1. Biomarkers are used to identify colorectal cancer.

Biomarkers Inference Ref.
SPARC (Secreted
Protein Acidic and Serum-derived extracellular vesicles (EVs) from right-sided colon cancer (RCC)
Rich in Cysteine) exhibit distinct protein profiles compared to those from left-sided colon cancer
(LCC). Specifically, EVs from RCC patients may promote metastasis through the [28-30]
LRG1 (Leucine Rich| upregulation of extracellular matrix (ECM)-related proteins, notably SPARC and

alpha-2- LRG1.
Glycoprotein)

Experimental evidence strongly supports the hypothesis that aberrant crypt foci
(ACF) are relevant biomarkers for colon cancer. ACF exhibits histological

Aberrant Crypt similarities to colon adenomas and adenocarcinomas. However, evidence for ACF 31-33
Foci in people is more subjective, considering the limited ability to monitor their growth [31-33]
and alterations throughout the progression of cancer. The advent of cancer stem
cells holds the potential to replicate ACF formation from single stem cells, possibly
enabling monitoring of their growth as they form tumors.
Fusobacterium nucleatum is found abundantly in stool samples of individuals with
Fusobacterium adenomas and CRC and is linked to CRC development. It promotes inflammation, [34,35]
nucleatum modulates immune response, alters the gut microbiome, and directly interacts with '
tumor cells, fostering tumor growth and progression. This suggests its potential as a
diagnostic or therapeutic target for CRC.
In CRC, high levels of Fibroblast Activation Protein (FAP) in the tumor stroma
stimulate the growth of new blood vessels (angiogenesis), promoting tumor
. progression. Additionally, FAP overexpression leads to the breakdown of collagen
FAP (Fibroblast : . : . . -
A . in the stroma, increasing the risk of metastasis and disease recurrence. It also [36,37]
Activating Protein) - : - . M
weakens the immune system in the CRC microenvironment, contributing to poor
prognosis and overall survival for patients. Therefore, FAP serves as a key factor in
CRC aggressiveness and may be a potential therapeutic target.
PVT1, located near the oncogene C-MYC on chromosome 8q24.21, influences
cancer development through transcriptional regulation by p53, acting as a border
PVT1- R e
Plasmacytoma element for tumor-suppressor DNA, impacting cell deyelopmer)t and proliferation,
Variant promoting chemoresistance, and contributing to carcinogenesis. Elevated PVT1 [36,38]

expression correlates with decreased overall survival in cancer patients, indicating
its potential as a prognostic marker. Overall, targeting PVT1 may offer therapeutic
potential in cancer treatment.
Blood-based ctDNA assays, particularly those targeting SEPT9 methylation, show
promise for CRC screening and diagnosis. However, to improve their sensitivity
CtDNA- Circulating and specificity, larger sample sizes are needed for robust statistical analysis. This
allows for a better assessment of the assay's performance across different patient [39-41]
tumor DNA - - - -
demographics and disease stages, as well as addressing potential sources of
variability. Overall, optimizing ctDNA assays could offer non-invasive and accurate
CRC detection methods.

The SEPT9 methylated DNA assay is a prominent blood marker used for CRC
detection. It detects methylation of the SEPT9 promoter region in tumor-derived
DNA found in plasma. This method has shown detection rates ranging from 57% to [39,42,43

Sept 9 Methylation | 64% in individuals with CRC stages 0—I. Methylation of SEPT9 is hypothesized to N
be a specific biomarker for early-stage CRC. The SEPT9 methylated DNA assay ]
provides a non-invasive means of detecting CRC, particularly in its early stages, by
analyzing blood samples.

Translocation 1

3. Therapeutic Agents Used in Colorectal Cancer Treatment
3.1. Oxaliplatin.

Oxaliplatin (L-OHP) has significant therapeutic importance in colon cancer treatment
due to its broad-spectrum activity across various cancer cell lines and its lack of cross-
resistance with other platinum-based drugs, such as cisplatin. The antiproliferative efficacy of
oxaliplatin is enhanced when used in combination with 5-Fluorouracil (5-FU), thereby
improving the chemotherapy regimen [44]. Clinical data show that oxaliplatin is effective and
well-tolerated when used alone or with folinic acid and 5-FU in the treatment of metastatic
colorectal cancer (NCRC). Despite the possibility of peripheral sensory neuropathy, oxaliplatin
has a generally good safety profile with tolerable side effects. Its significance as an important
https://nanobioletters.com/ 50of16
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component of current treatment approaches for mCRC is highlighted by its capacity to
overcome resistance and offer significant therapeutic advantages [44,45].

3.2. Irinotecan.

Irinotecan hydrochloride is a topoisomerase | inhibitor used to treat multiple cancer types,
including mCRC. Itis a prodrug that is converted to its active metabolite (SN-38) in the body
by carboxylesterases. In clinical settings, irinotecan significantly improves survival,
particularly when combined with targeted therapy and other chemotherapeutic agents such as
oxaliplatin [46]. Despite its efficacy, irinotecan has the potential to cause serious toxicity,
which can occasionally lead to treatment failure. Due to a complex interplay of genetic,
environmental, and physiological factors, systemic exposure to SN-38 varies. However,
because of its ability to prolong life, especially when combined with 5-FU, oxaliplatin, and
targeted therapies, irinotecan is crucial in cancer therapy. Although irinotecan is predominantly
excreted via the liver, patients with significant renal impairment and UGT1A1 polymorphisms
may require dose modifications to reduce the risk of side effects. In conclusion, irinotecan's
adaptability and effectiveness make it a fundamental therapeutic agent in oncology,
notwithstanding the need for careful monitoring and dosage adjustments to enhance therapeutic
outcomes and reduce toxicity [46,47].

3.3. Capecitabine.

Capecitabine, a prodrug of 5-FU extensively studied in CRC treatment, was initially
granted FDA approval for adjuvant therapy in stage Il disease. However, the most
comprehensive data on the drug comes from the metastatic setting. Despite increasing off-label
use, particularly in adjuvant and neoadjuvant settings pending ongoing clinical investigations,
the efficacy of capecitabine in mCRC is well established [39,48]. Clinical findings demonstrate
that capecitabine, administered alone or in combination with oxaliplatin, is comparable to 5-
FU, a traditional chemotherapy medication for CRC. This suggests that capecitabine is as
effective as traditional chemotherapy regimens for treating mCRC, providing a viable
alternative. Posing convenience as an oral medication and a favorable side-effect profile further
enhance its attractiveness in clinical practice. Therefore, capecitabine's versatility and efficacy
make it a valuable option in the management of mCRC [49].

3.4. Oral fluoropyrimidine UFT (Tegafur-uracil) and leucovorin.

Phase Il studies have demonstrated the efficacy and tolerability of combining UFT (a
prodrug of 5-FU and LV (leucovorin) in the initial treatment of MCRC. Furthermore, two phase
I11 studies have shown comparable effectiveness and improved acceptability of UFT with LV
compared to intravenous bolus 5-FU, a standard chemotherapy regimen for mCRC [50].
Importantly, UFT with LV has been associated with low rates of hand-foot syndrome (HFS), a
common side effect of chemotherapy. Indirect comparisons between capecitabine, another oral
fluoropyrimidine, and UFT suggest similar survival rates. In both first- and second-line
therapies for individuals with mCRC, this data indicates that UFT is a suitable substitute for
intravenous 5-FU. Its efficacy, tolerability, and lower HFS incidence make UFT with LV an
attractive option for managing mCRC, providing patients with an oral alternative to intravenous
chemotherapy while maintaining comparable outcomes [51].
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3.5. KP13309.

The ruthenium complex sodium trans-[tetrachloridobis(1H-indazole)-ruthenate (111)]
(KP1339/IT-139) has demonstrated preclinical efficacy in various in vivo tumor models,
including those predictive of colon cancer [52]. Clinical investigations have shown disease
stabilization with minimal side effects. KP1339 induces cell death by disrupting endoplasmic
reticulum (ER) homeostasis through its inhibition of GRP78. This disruption leads to
immunogenic cell death (ICD), which is primarily dependent on the PERK/elF2a branch of the
ER. ICD is significant as it triggers an immune response against cancer cells, strengthening
long-lasting immunological effects. Metal-based chemotherapy agents like oxaliplatin also
induce ICD. In a three-dimensional colon cancer spheroid model, KP1339 therapy induced an
ICD signature characterized by increased mobility group release, ATP secretion, calreticulin
exposure, and PERK/eIF2a phosphorylation. This mechanism highlights the potential of
KP1339 as an effective and immunogenic treatment for colon cancer, offering a promising
avenue for further clinical exploration [53].

3.6. 5-Fluorouracil (standard drug).

5-FU is a cornerstone drug for various stages of CRC and is commonly used as an
adjuvant drug after surgery, particularly in stage Il colon cancer. Now, as a combination of
three drugs: folinic acid (leucovorin), 5-FU, and oxaliplatin, named as FOLFOX, is
administered as a standard regimen for advanced CRC [50, 55].

In mCRC, 5-FU is frequently used in combination with oxaliplatin or irinotecan, with
specific regimens such as FOLFIRI tailored to each patient's needs. Depending on treatment
regimen and patient characteristics, 5-FU can be administered as a bolus injection or a
continuous infusion [56]. Despite its efficacy, 5-FU can cause adverse effects such as
myelosuppression, nausea, vomiting, and diarrhea, which require close observation and control
during the course of treatment [57].

4. Drugs that potentiate the effect of 5-FU on colon cancer

4.1. Chloroquine.

Chloroquine (CQ), which was first administered as an anti-malarial drug, has drawn
interest due to its potential use in cancer treatment. It has demonstrated the ability to suppress
cell growth and induce cell death in a variety of cancer types, including CRC. Findings from
CRC studies have been encouraging when CQ is combined with the anti-cancer drug 5-FU.
This combination enhances the inhibitory effects on CRC cell proliferation, primarily by
inducing cell cycle arrest in the GO/G1 phase and promoting apoptosis. The downregulation of
CDK2 and the overexpression of p21Cipl and p27Kipl enhance the efficacy of 5-FU when
combined with CQ. CQ also enhances its anti-cancer effects by inhibiting the autophagy
induced by 5-FU in CRC cells. Chloroquine is readily accessible for further research into CRC
treatment plans, given its current therapeutic use in conditions such as rheumatoid arthritis and
lupus erythematosus. Therefore, managing CRC with a combination therapy of chloroquine
and 5-FU offers a potential strategy, as it could help patients in clinical settings [15].
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4.2. Acriflavine.

Acriflavine  (Acf), composed of 3,6-diamino-10-methylacridinium chloride
(trypaflavin) and 3,6-diaminoacridine (proflavine), has been used in medicine for a long time.
Recent research demonstrates that it has potential anticancer effects. Studies suggest it works
effectively against a number of cancers, such as breast cancer, osteosarcoma, and
hepatocellular carcinoma. Notably, Acf has shown inhibitory effects on hypoxia-inducible
factors, which hinder tumor growth and progression, particularly in murine CRC models.
Investigation into its combination with 5-FU revealed that simultaneous treatment with Acf did
not affect CRC cells' resistance to 5-FU. However, pre-treatment with ACF significantly
increased the sensitivity of CRC cells to the cytotoxic effects of 5-FU. Interestingly, ACF did
not influence levels of topoisomerase 2 or HIF-1o. mRNA. A novel finding: pre-treatment with
Acf, regardless of cell p53 status, significantly enhances the cytotoxicity of 5-FU in CRC cells.
These findings suggest promising synergistic potential between Acf and 5-FU in the treatment
of CRC, warranting further exploration and clinical investigation [58].

4.3. Disulfiram.

Disulfiram (DS), a clinically utilized anti-alcohol medication, has exhibited a robust
dose-dependent suppression of 5-FU-induced and constitutive NF-kB activity. Although it did
not affect 5-FU-induced IkBa degradation, DS reduced NF-kB nuclear translocation and DNA-
binding activity. When DS was combined with 5-FU, a synergistic increase in 5-FU
cytotoxicity was observed in both cell lines. Furthermore, this combination has been shown to
markedly increase the apoptotic effect of 5-FU on DLD-1 and RKOWT cell lines. In vitro
studies have also demonstrated that DS effectively eradicated 5-FU chemoresistance in the
H6305-FU cell line. Both 5-FU and DS independently exhibited the ability to induce apoptosis.
The combination of these two medications demonstrated a remarkable enhancement in
apoptotic impact. This suggests a promising synergistic potential between 5-FU and DS,
providing a potential avenue to improve 5-FU efficacy and overcome chemoresistance in
certain cell lines [59].

4.4. MS275.

MS275, an HDAC inhibitor, has attracted attention for its potential to induce apoptosis,
particularly in combination with 5-FU. Its proapoptotic effects vary depending on factors such
as incubation duration, dosage, and the cell type involved. Notably, the intrinsic apoptotic
pathway is activated, especially when MS275 is combined with 5-FU, possibly due to increased
reactive oxygen species (ROS) generation. MS275 induces a significant increase in ROS
formation at concentrations of 1 or 5 uM, consistent with the notion that oxidative stress-
induced mitochondrial dysfunction triggers apoptosis. This strongly suggests that MS275
enhances 5-FU cytotoxicity against CRC cells. The observed synergistic interaction between
MS275 and 5-FU presents a promising strategy to augment the efficacy of 5-FU in the
treatment of CRC, highlighting areas for further research and potential therapeutic use [60].
The mechanism of potentiating activity of 5-FU in different combinations when used to treat
colon cancer is illustrated in Figure 2.
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Figure 2. Illustration showing the mechanism of activity potentiation of 5-FU with various drug combinations.
5. Monoclonal antibody (mAb) therapy in cancer

In cancer treatment, monoclonal antibody-based immunotherapy has become a crucial
element that enhances more conventional approaches, including chemotherapy, radiation, and
surgery. These antibodies have important therapeutic implications and different mechanisms
of action [61]. Their capacity to target tumor cells precisely and promote the establishment of
long-lasting immune responses against tumors is noteworthy. Owing to this attribute,
antibodies block the major signaling pathway linked to the development of cancer or aid the
immune system in eliminating tumor cells through processes such as complement-dependent
cytotoxicity (CDC) or antibody-dependent cell-mediated cytotoxicity (ADCC). Furthermore,
monoclonal antibodies can minimize systemic toxicity by serving as carriers that deliver
radioisotopes or cytotoxic chemicals directly to cancer cells. Chimeric antigen receptor (CAR)
T-cell therapy and immune checkpoint inhibitors are two novel cancer therapies that have
transformed cancer care by leveraging the adaptability of antibodies as a therapeutic platform.
These advances have the potential to improve outcomes and quality of life for patients with a
variety of cancer types, as well as provide advanced or resistant cancer patients with additional
therapeutic options. Monoclonal antibody-based immunotherapy is set to become increasingly
important in the overall management of cancer as research continues to identify new targets
and improve therapeutic approaches, ushering in a new era in oncology where accuracy and
individualised treatment are crucial [62,63].

Monoclonal antibody-based adjuvant therapy has proven effective in the treatment of
CRC, and ongoing international trials continue to refine and expand its utility. One notable
advancement in this field is the emergence of new molecules, such as chimeric antibodies,
which offer enhanced targeting capabilities while simultaneously reducing toxicity. Chimeric
antibodies are engineered to combine specific regions from both human and non-human
antibodies, optimizing their ability to bind to tumor cells with high affinity. By leveraging this
increased targeting precision, chimeric antibodies can selectively recognize and neutralize
cancer cells while minimizing off-target effects on healthy tissues. This targeted approach not
only enhances the efficacy of adjuvant therapy but also mitigates the adverse side effects
commonly associated with traditional chemotherapy or radiation. As a result, chimeric
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antibodies represent a promising avenue for improving the safety and efficacy of adjuvant
therapy in CRC patients, ultimately leading to better clinical outcomes and quality of life for
those undergoing treatment [64].

5.1. Mechanism of monoclonal antibody

Monoclonal antibodies can be used to fight various diseases, including cancer,
autoimmune disorders, and infectious diseases. They work in different ways, such as binding
to antigens on cells or pathogens, blocking signaling pathways, activating the immune system,
and inducing cell death. They can also be engineered to deliver cytotoxic drugs or radioisotopes
to diseased cells while minimizing toxicity to healthy cells. These mechanisms demonstrate the
versatility and effectiveness of monoclonal antibodies in providing personalized therapeutic
interventions for patients with diverse diseases [65] (Figure 3).

: Dostarlimab S
ADCCand CDC (@)

; e,-,lesis and ﬁ
Angtd urvival

"""""" i tumour cell $

Panitumumab Signalling
Cetuximab

QW? © VEGF Signalling
—

Bevacizumab

Figure 3. Illustration showing mechanism of action of monoclonal antibodies in colon cancer treatment: EGFR-
epidermal growth factor, VEGF -vascular endothelial growth factor, ADCC-antibody-dependent cell-mediated
cytotoxicity, CDC- complement-dependent cytotoxicity.

Table 2 provides a comprehensive overview of antibodies utilized in the treatment of
CRC, highlighting their targets, indications, and mechanisms of action. Bevacizumab,
Panitumumab, and Cetuximab target VEGF and EGFR signaling pathways, respectively, to
inhibit tumor growth. EpMab 37 mG2a f and NEO-201 target EpCAM overexpression and
CEACAM-5/6, respectively, employing ADCC and CDC mechanisms to destroy tumor cells.
GRP94 antibody inhibits tumor angiogenesis by targeting GRP94-mediated pathways.
Dostarlimab, currently under clinical trial, activates T cells to combat CRC by reducing
angiogenesis and tumor cell survival. These antibodies represent diverse therapeutic strategies,
including targeting tumor-specific antigens, inhibiting signaling pathways, and modulating
immune responses, underscoring their significance in CRC treatment and emphasizing the
potential for improved patient outcomes.

Table 2. Different antibodies are used for CRC treatment, with their mechanism of action.
Antibody | Target | Mechanism of action | Reference

Bevacizumab (Avastin) o . .
Fumanized TeG1 VEGF ’ Inhibition of VEGF signaling [65,66]
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Antibody Target Mechanism of action Reference
P amt‘g‘gﬁ‘lbl(g\ée;tlb“) EGFR Inhibition of EGFR signaling [63,66,67]
Cetuximab (Erbitux)
Chimeric murine/murine EGFR Inhibition of EGFR signaling [65,66]
IgGl
EpMab-37-mG2a-f (mouse | EpCAM-overexpres EpCAM-overexpressing CHO-K1 antibody-
1eG1, kappa) sing CHO-K 1 dependent cellular cytotoxicity (_ADCC) and [68,69]
& PP complement-dependent cytotoxicity (CDC)
antibody-dependent cell-mediated cytotoxicity
I GIIIigt;lzfnlize d (C%;ipél\ﬁl)\f_ 6a nd (ADCC) and complement-dependent cytotoxicity [68,70,71]
(CDC), and enhance immune tumor-killing
GRPY%4 GRP94-mediated Inhibit endothelial cell tube formation via [72-74]
Human-specific tumor angiogenesis concomitant downregulation of GRP-94.
Dostarlimab
Under the Phase 2 clinical T cells Activation of T cells- decreased angiogenesis and [75]
trial tumor cell survival
End of trial in 2025

6. Conclusions

In summary, tailored and effective methods to treat colorectal cancer have been enabled
by the development of biomarkers, targeted drugs, and monoclonal antibodies. Tailored
therapy is guided by key indicators such as KRAS and BRAF mutations, and treatment options
are expanded to include regorafenib, oxaliplatin, irinotecan, capecitabine, and KP1339.
Monoclonal antibodies are useful for stimulating the immune system or specifically attacking
cancer cells. Despite obstacles such as resistance to therapy, research continues to identify
additional biomarkers to improve outcomes. By combining these developments, customized
treatment for colorectal cancer enters a new era, offering the promise of improved survival and
quality of life. It is anticipated that more studies will reveal developments in the knowledge
and management of this illness.
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