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Abstract: Colorectal cancer (CRC) was once thought to be a rare disease, but it has 
now become a common, ongoing, and life-threatening disorder. The cells of the colon 
and rectum have been tainted by this cancerous growth. Colorectal disease is on the 
rise in agricultural countries as a result of a number of factors, including an aging 
population, unfavorable western dietary patterns, and an increase in risk factors such 
as alcohol consumption, lack of physical activity, and corpulence. For both primary and 
metastatic colorectal malignant growth, new methodologies have emerged. We examine 
the epidermal growth factor receptor (EGFR) pathway, new cytotoxic specialties such 
as capecitabine and Tegafur, irinotecan, oxaliplatin, angiogenesis inhibitors, and the 
EGFR mutation. FOLFOX (5-fluorouracil [5-FU]/leucovorin [LV] plus oxaliplatin) and 
FOLFIRI (5-FU/LV plus irinotecan) have both been shown to be effective cytotoxic 
medications for metastatic CRC, with typical survival rates of around 2 years. Natural 
agents such as Bevacizumab (a monoclonal antibody that targets vascular endothelial 
development factor, a key regulator of angiogenesis) and Cetuximab/Panitumumab 
(monoclonal antibodies coordinated against the EGFR) were thought to be helpful 
for cytotoxic treatment. Patients with CRC should keep receiving foundational 
chemotherapy, which includes 5-FU/LV infusions. In this article, we focused on various 
pathways, such as the Wnt/β-catenin pathway, PTEN/PI3K/AKT pathway, RAS/Raf/
EGFR/mitogen-activated protein kinases pathway, and nuclear factor kappa B pathway 
and their importance’s in CRC treatment and management.
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1. Introduction
According to Colorectal Cancer (CRC) Statistics 2020, CRC is the third most commonly 
diagnosed and researched disease and is the third leading cause of problem and increased 
mortality in the United States[1,2]. According to CRC Statistics 2020, the threat of CRC is 
increasingly falling on young people. Nonetheless, as a result of these clinical advancements, 
mortality rates arise from communicable diseases have increased globally, and malignant 
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growth mortality has increased[3]. The critical reasons for 
malignancy-related mortality have also expanded as a result 
of advancements in infection prevalence, the availability of 
screening administrations, and logical turns of events. In 
1950, colorectal malignant growth was largely unknown, 
but it has since become a widespread disease in Western 
countries[4]. In non-industrial countries, CRC is on the 
rise, due to a combination of factors, including an aging 
population, unfavorable Western dietary patterns, and an 
increase in risk factors such as alcohol consumption, lack 
of physical activity, and weight increment. The rate of 
sickness has changed in some acquired disease conditions 
and inconsistent sickness rates[5]. New treatments have 
been developed for CRC that is both dominant and 
metastatic. This is beneficial because it gives patients 
more options, such as laparoscopic medical procedures for 
dominant illnesses, more aggressive metastatic infection 
resection (e.g, liver and pneumonic metastases), rectal 
malignant growth radiotherapy, and neoadjuvant and 
reassuring chemotherapies[5]. Treatment adequacy in the 
metastatic setting has improved since the introduction of 
specific substances. These include the 5-fluorouracil (5-
FU) prodrugs capecitabine and Tegafur, the topoisomerase 
I inhibitor irinotecan, the platinum-containing specialist 
oxaliplatin; bevacizumab, a vascular endothelial growth 
factor-A (VEGF-A) counteracting agent; and cetuximab and 
panitumumab, epidermal growth factor receptor (EGFR) 
immune response antagonists. In the management of 
patients with metastatic CRC, a foundational organization 
of cytotoxic medications is required[6].

2. Molecular basis of CRC
CRC is a malignant cancer that develops over time. It starts 
with an unpredictably developing tumor or tissue on the 
internal covering of the rectum or colon[7]. A polyp is the 
name for this strange growth. On the off chance that this 
polyp becomes destructive, a tumor may form on the colon 
or rectum mass[8]. This will spread into veins or lymph 
vessels, increasing the risk of metastasis to other parts of 
the body. Adenocarcinomas account for the vast majority 
of tumors that begin in the colorectal region (more than 
95%)[9]. These start in the organs that deliver bodily fluids 
to the colon and rectum. Carcinoid tumors (starting in the 
intestinal chemical-delivering cells), gastrointestinal (GI) 
stromal tumors (framing in specific colonic cells known 
as Cajal interstitial cells), lymphomas (malignancies of 
the immune system that develop in the colon or rectum), 
and sarcomas are some of the more uncommon colorectal 
diseases (normally beginning in blood vessels, muscle layers 
however regularly shaping in colorectal walls)[10]. CRCs 
are a very diverse group of diseases on a molecular level. 
CRC progression is aided by genomic and epigenomic 
instability. The most fundamental type of instability is 
chromosomal instability (CIN)[11]. Up to 85% of colorectal 
diseases have CIN. This type of uncertainty is established 

by the presence of aneuploid or polyploid DNA. These 
underlying changes in chromosomes can be investigated 
using techniques such as flow cytometry and complete 
exome sequencing. Microsatellites instability (MSI) in 
colorectal tumors, which accounts for nearly 15% of all 
CRCs[12]. The changes that occur in this type of colorectal 
malignant growth are different from those that occur 
in CIN colorectal diseases[13]. CRC can be caused by 
hypermethylation of gene loci containing CpG islands, just 
as it can be caused by worldwide DNA hypomethylation[14]. 
There is a subset of CRC that have a higher proportion 
of methylated CpG loci than other types of CRC. CRC 
is a disease caused by epithelial cells that line the colon 
or rectum of the GI tract and is most commonly caused 
by changes in the Wnt signaling pathway that improves 
signaling action[15,16]. The adenomatous polyposis coli 
(APC) gene, which produces the APC protein, is regularly 
altered in all colorectal diseases. The APC protein prevents 
β-catenin protein aggregation. Without APC, β-catenin 
accumulates to undeniable levels in the nucleus, joins DNA, 
and activates proto-oncogene transcription[17]. Despite the 
fact that APC is altered in most colon cancers, catenin 
has grown in some tumors due to β-catenin (CTNNB1) 
mutations that prevent it from being broken down or 
mutations in other APC-like genes such as axis inhibitor 1 
(AXIN1), axis inhibitor 2 (AXIN2), transcription factor 7 
like 2 (TCF7L2), or NKD1. Different changes must occur 
in the cell for it to become malignant, in addition to the 
deformities in the Wnt signaling pathway[18,19]. Normally, 
the p53 protein produced by the TP53 gene screens cell 
division and causes them to die in a modified manner if the 
Wnt pathway is disrupted[20]. A cell line acquires a TP53 gene 
mutation over time, transforming the tissue from a benign 
epithelial tumor cells to a potent epithelial malignancy. 
Rather than the p53 gene being altered on a regular basis, 
another cautious protein called BCL2 associated X (BAX) 
is altered[21]. Transforming growth factor-β (TGF-β) and 
DCC (deleted in CRC) are two proteins that are frequently 
deactivated in colorectal tumors and are responsible 
for modified cell death. TGF-β has a deactivating 
transformation in at least half of colorectal malignant 
growths[22]. TGF-β is rarely deactivated, but suppressor of 
mothers against decapentaplegic, a downstream protein, is 
frequently deactivated. DCC usually has a chromosome 
that has been erased in colorectal disease[23]. Ding et al. 
(2019) discovered that microRNA-143-3p (miR-143-3p) 
suppresses tumorigenesis by targeting catenin-δ1 in 
CRC[24]. Their findings revealed that miR-143-3p inhibited 
CRC tumor growth in vitro and in vivo by targeting 
catenin beta-1 (CTNND1), highlighting the importance 
of miR-143-3p and CTNND1 in CRC tumorigenesis 
and the potential value of miR-143-3p and CTNND1 in 
CRC prediction, diagnosis, and treatment[24,25]. According 
to Liu et al. (2018), the LIFR-AS1/miR-29a/TNFAIP3 
hub plays a useful role in colorectal disease resistance to 
photodynamic therapy (PDT)[26]. They used microarrays 
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to find unregulated long non coding ribonucleic acid 
(lncRNAs), micro ribonucleic acid (miRNAs), and 
messenger ribonucleic acid (mRNAs) in PDT-treated 
HCT116  cells, as well as the downstream mRNA target 
and molecular mechanism, to figure out the lncRNA-
miRNA cooperations linked to CRC resistance to PDT 
treatment[26,27]. LIFR-AS1 acts as a significant endogenous 
RNA (ceRNA) for micro ribonucleic acid-29a (miR-29a), 
repressing its expression and upregulating the expression 
of downstream target tumor necrosis factor alpha-induced 
protein 3 (TNFAIP3) and modulating CRC resistance 
to PDT[28]. Li et al. (2018) discovered the capability of 
collagen type VI alpha 3 chain (COL6A3) for colorectal 
malignant growth[29]. In CRC, COL6A3, which is expressed 
in cancer-related fibroblasts, is an independent prognostic 
factor. The ability of COL6A3 to expand and attacks CRC 
cells was confirmed through knockout experiments[30]. 
Eylem et al. (2020) subjected CRC-specific exosomes to 
an untargeted multi-omic analysis and demonstrated that 
in both clinical samples and cell culture, CRC pathways 
are linked together[31]. Zhu et al. (2018) discovered that 
chemokine receptor 6 (CCR6) promotes tumor angiogenesis 
through the AKT/nuclear factor kappa B (NF-κB)/VEGF 
pathway in CRC[32]. They discovered that inhibiting the 
multiplication and movement of human umbilical vein 
endothelial cells (HUVECs) silences CCR6, which can 
slow angiogenesis, whereas overexpression of CCR6 can 
speed up angiogenesis. They also looked into the molecular 
mechanisms, discovering that activation of the AKT/NF-
κB pathway promotes the release of VEGF-A, which may 
play a role in CCR6-interceded tumor angiogenesis. They 
concluded that CCR6 contributes to tumor angiogenesis in 
CRC through the AKT/NF-κB/VEGF pathway. Jiang and 
his collaborators (2019) reported that O-GlcNAcylation, a 
unique posttranslational modification (PTM) involved in 
cancer metabolic reprogramming, increased the metastatic 
capability of CRC through the miR-101-O-GlcNAc/EZH2 
regulatory feedback circuit[33].

2.1. Wnt/β-catenin pathway
The Wnt signaling pathway influences cell progression, 
division, connection, and extremity[34]. Wnt refers to a 
group of hereditary secretory glycoprotein markers. It 
was first used in 1991[35] and it is the most troublesome 
sign in irregular CRC[36]. Until now, 11 receptors from the 
Frizzled (Fz) family have been discovered in humans[37]. 
The receptors Fz1 to Fz10, Smo, and the two LRP 5 and 
6 co-receptors are all active in Wnt signaling[38]. For these 
receptors, 19 Wnt ligands that include Wnt1, 2, 2b, 3, 
3a, 4, 5a, 5b, 6, 7a, 7b, 8a, 8b, 9a, 9b, 10a, 10b, 11, and 
16 have been discovered[39]. The most well-known Wnt 
signaling pathway is the Wnt standard signaling pathway. 
In the absence of Wnt ligands, β-catenin is abundant 
at cell intersections. Even after this, a small amount of 
β-catenin remains in the cytoplasm, where it is linked to a 

complex that causes β-catenin proteasomal corruption[40]. 
During degradation, the Axin protein is responsible for 
obtaining essential components such as glycogen synthase 
kinase 3 (GSK3), casein kinase 1 (CK1), APC, and yes-
associated protein 1/transcriptional coactivator with 
PDZ-binding motif (YAP/TAZ). GSK3 phosphorylates 
β-catenin at the Ser33, Ser37, and Thr41 deposits, 
whereas CK1 phosphorylates it at the Ser45 buildup. 
APC also prevents PP2A phosphatase-mediated-catenin 
dephosphorylation[41]. The YAP/TAZ complex then works 
with β-catenin ubiquitination and progressive proteasomal 
degradation using the E3 ubiquitin ligase beta-transducing 
repeats-containing proteins (β-TrCP), which detects Ser/
Thr phosphorylation[42]. When a Wnt ligand binds to 
the Fz receptor and the LPR5/6 co-receptor, β-catenin 
delocalizes, causing it to collect in the cytoplasm and 
nucleus. When the Fz receptor dimers with the LRP5/6 co-
receptor, Disheveled (Dvl) protein is activated, and CK1 
phosphorylates LPR5/6 to enable Axin binding, causing 
the β-catenin degradation complex to be destroyed[43]. The 
accumulation and movement of β-catenin to the nucleus 
are taken into account in this system. Furthermore, 
the nuclear movement of FOXM1, a member of the 
Forkhead box (Fox) transcription factor family, is aided 
by its restriction to β-catenin. β-catenin binds to TCF/
LEF transcription factors in the nucleus, causing co-
repressors like Groucho/TLE to dissociate, allowing 
association with co-activators like cell cycle-related and 
expression elevated protein in tumor (CREPT), four and 
a half LIM domains protein 2 (FHL2), and cyclic AMP 
response element-binding protein (CBP/p300), as well as 
chromatin remodelers like brahma-related gene-1 (Brg-
1)[44]. Wnt signaling inhibits tumor cell multiplication 
and differentiation, but it also plays an important role in 
endothelial function. In addition, the previous findings 
showed that piperine suppresses the Wnt/β-catenin 
pathway and has anti-cancer properties in CRC cells[45,46]. 
Zhang et al. (2018) used whole-genome sequencing to 
discover CREPT gene amplification in CRC[47]. According 
to the researchers, CREPT significantly increased CRC 
cell proliferation and metastasis in vitro and in vivo[47,48]. 
By increasing the relationship between p300 and β-catenin, 
CREPT promoted p300-mediated β-catenin acetylation 
and stabilization. Furthermore, CREPT promotes the 
Wnt/β-catenin pathway by cooperating with p300, which 
plays a key oncogenic role in colorectal carcinogenesis[49]. 
On the other hand, Sun et al. (2019) reported that Tre2 
(USP6NL) promotes CRC cell proliferation through the 
Wnt/-catenin pathway. The ubiquitin-specific protease 
6 N-terminal-like protein (USP6NL), which is highly 
expressed in CRC tissues, regulates CRC cell proliferation 
through the Wnt/β-catenin pathway. The Wnt/β-catenin 
pathway was activated when USP6NL inhibited β-catenin 
ubiquitination. According to their findings, targeting 
USP6NL could be a novel therapeutic target in the 
treatment of CRC[50]. Neuronal pentraxin 2 (NPTX2), a 
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nervous system molecule, promotes CRC cell proliferation 
and metastasis by activating the Wnt/β-catenin pathway 
through direct interaction with Fz type receptor 6 FZD6[51]. 
Another study had demonstrated that activation of the 
Wnt/β-catenin pathway through ubiquitination of TLE3 
RNF6 promotes CRC[52]. Zeng et al. (2020) discovered 
that thymol, a natural product derived from Chinese herbal 
medicine, inhibited CRC cell proliferation and metastasis 
while also inducing cell apoptosis and cell-cycle arrest. 
According to their findings, thymol has these effects 
by blocking the Wnt/β-catenin signaling pathway[53]. 
Figure 1 depicts the Wnt signaling pathways in CRC.

2.2. PTEN/PI3K/AKT pathway
The PTEN/PI3K/AKT signaling pathway is involved 
in a number of natural processes, including cell death, 
digestion, multiplication, and development[54]. Phosphatase 
and tensin homolog deleted on chromosome 10 (PTEN) 
is a two-fold protein/lipid phosphatase with phosphatidyl-
inositol, 3,4,5 triphosphate as its primary substrate 
(PIP3)[55]. AKT is activated by other PIP3-subordinate 
kinases once it reaches the membrane, triggered by an 
increase in PIP3. The PI3K/AKT/PTEN pathway promotes 
cell development and prevents apoptosis in response to a 
variety of extracellular sources such as growth factors, 
cytokines, chemicals, heat and oxidative pressure, 
hypoxia, and hypoglycemia[56]. The receptor undergoes 
self-phosphorylation and actuation when a developmental 
factor binds to its receptor. PI3K is then enlisted and 
activated at the plasma layer level. Initiated PI3K 
converts phosphatidylinositol (4,5) bisphosphate (PIP2) 
to phosphatidylinositol. PIP3 binds to AKT and anchors it 
to the membrane, allowing phosphoinositide-subordinate 
kinase-1 to phosphorylate and activate it (PDK1)[57]. AKT 

controls digestion, translation, apoptosis, and the cell cycle 
by phosphorylating a number of target proteins such as 
BAD (BCL-2 antagonist of cell death), caspase-9, mTOR 
(mammalian target of rapamycin), GSK3, and β-catenin. Ye 
et al. (2017) reported that inhibiting microRNA 19a (miR-
19a) via the PTEN/PI3K/AKT pathway partially reversed 
CRC resistance to oxaliplatin[58]. Liu and his research 
teams (2019) showed that microRNA-543 (MiR-543) 
increased drug tolerance by suppressing the expression of 
phosphatase and tensin homolog (PTEN), a protein that 
inhibits protein kinase B (AKT) activation. MiR-543 could 
be a target for increasing CRC cell sensitivity to 5-FU 
via the PTEN/PI3K/AKT pathway[59]. Liu et al. (2019) 
reported that curcumol effectively inhibited CRC cell 
proliferation in vitro and in vivo by inhibiting the PTEN/
PI3K/Akt pathways and decreasing microRNA 21 (miR-
21) expression[60]. Alaaeddine et al. (2021) demonstrated
that deletion or inhibition of cyclooxygenase 2 (COX-2) 
or arachidonate 5-lipoxygenase (5-LOX) increased PTEN 
development and inhibited cell and adenoma progression 
through the PI3K/AKT pathway in CRC[61]. A study by Ma 
et al. (2019) showed that C-X-C motif chemokine ligand 12 
(CXCL12) and the tumor suppressor protein phosphatase 
and tensin homolog deleted on chromosome 10 (PTEN) 
possess the ability to control colon cancer metastatic and 
display an internal relationship between colon cancer and 
stromal cells[62]. Their findings show that the CXCL12/
CXCR4/PI3K/Akt pathway is required for colon cancer 
cells to spread. Modifying the CXCR4, PTEN, or PI3K 
features may be promising alternative therapeutic pathways 
to prevent colon cancer from spreading aggressively[62,63]. 
Besides, naringin stimulated apoptosis in CRC cells and 
blocked the activation of the PI3K/AKT/mTOR signaling 
pathway in a dose-dependent manner. The findings also 
suggested that naringin could be a potential therapeutic 

Figure 1. Wnt signaling pathways in colorectal cancer
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agent for CRC therapy because it inhibits CRC cell 
proliferation and induces apoptosis by inhibiting the PI3K/
AKT/mTOR signaling pathway[64]. The process of PTEN/
PI3K/AKT pathway is discussed in details in Figure 2.

2.3. RAS/Raf/EGFR/mitogen-activated protein 
kinases (MAPK) pathway
The three primary subfamilies of MAPK are the 
extracellular-signal-controlled kinases (ERK MAPK), 
the c-jun N-terminal kinase or stress-activated protein 
kinases (JNK or SAPK), and MAPK14 (MAPK)[65]. The 
ERK MAPK pathway is probably the most important for 
cell proliferation. Several of these pathways are found 
downstream of growth factor receptors, including the 
epidermal growth factor pathway[66]. MAPK signaling 
is required for the maintenance of typical physiological 
cycles such as multiplication and differentiation[67-70]. The 
intracellular MAPK signaling network is complex, with 
many intermediates. The RAS signaling pathway is an 
important part of this system[71]. The MAPK is required 
for normal physiological processes such as proliferation 
and differentiation to continue[72]. The intracellular MAPK 
signaling network is a complex signaling pathway with 
numerous intermediates. The RAS signaling pathway is a 
crucial component of this system. For the standard RAS 
pathway, the main mediators are RAS and RAF proteins, 
as well as intracellular signal kinases, mitogen extracellular 
kinase (MEK), and extracellular signal-related kinase 
(ERK). RAS is usually found in an inactive guanosine 
diphosphate (GDP)-bound state that can be triggered by 
external stimuli such as mitogens, cytokines, and growth 
factors[73,74]. Ligands bind to the receptor tyrosine kinases 

(RTKs), causing the receptor to dimerize. At that point, the 
triggered receptor binds to the growth factor receptor bound 
protein 2 (Grb2) protein, either directly or indirectly through 
other mediator proteins[75,76]. Following communication 
with Grb2, intracellular son of seven less (Sos) protein 
is selected for cell surface expression. Sos exhibits GEF 
(guanine nucleotide exchange factor) movement as part of 
the RTK-Grb2-Sos complex[77]. This complex then binds to 
RAS-GDP, causing GDP to be splited. RAS that has been 
liberated from nucleotides prefers to attach to guanosine 
triphosphate (GTP) to activate a downstream signaling 
pathway. RAS-GAPs (RAS-GTPase-activating proteins) 
are proteins that deactivate the RAS signaling pathway 
by removing GTP from the activated RAS molecule[78]. 
When RAS is activated and GTP-bound, it forms a direct 
association with RAF, a kinase that belongs to the kinase 
family. RAF proteins, unlike those in the RAS family, 
have the ability to dimerize[79]. When RAS-GTP is active, 
RAF molecules are recruited to the cell surface. When 
RAF binds to the RAS-GTP molecule, a cascade of 
phosphorylation events take place, releasing RAF’s 14-3-3 
hindrance[80]. When RAF is activated, the isomers of the 
protein form heterodimers. The active RAF heterodimer 
then recruits, binds, and activates kinase suppressor of 
Ras-1 (KSR1), a platform protein[81]. The KSR1 protein 
is bound to 14-3-3 in the cytoplasm and then left latent. 
When RAS/RAF is activated, KSR1’s restraint is broken, 
and it becomes activated to work with RAF heterodimers. 
MEK and ERK are RAS signaling pathway downstream 
substrates/activators that are both enlisted to connect 
with the KSR1 framework protein[82]. MEK is activated 
and phosphorylated by RAF, which then phosphorylates 
ERK[83]. After being phosphorylated, ERK is moved to 

Figure 2. PTEN/PI3K/AKT pathway
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the nucleus, where it initiates various proliferative and 
endurance signals[84]. The MAPK signaling pathway is 
responsible for maintaining cellular homeostasis. The 
signal mismatch is triggered by changes in pathway 
segments, which may lead to cancer development. 
Ubinuclein-2 (UBN2) is a nuclear protein that interacts 
with a number of transcription factors. Zhao et al. (2019) 
reported that UBN2 promotes tumor progression through 
the RAS/MAPK pathway and predicts a poor prognosis in 
CRC[85]. Through immunohistochemistry analysis, Tang 
et al. (2019) discovered that phosphoprotein enriched in 
astrocytes 15 kDa (PEA15) was highly expressed in CRC 
tissues and liver metastatic cancer tissues. The authors 
speculated that PEA15 could be a biomarker for CRC 
therapy-induced liver metastasis[86]. PEA15 also aided the 
growth of CRC liver metastasis through the ERK/MAPK 
signaling pathway[87]. Angius et al. (2019) reported that 
the activation of many downstream effectors, such as 
BRAF/RAS/MAPK, PI3K/AKT, RalGDS/p38MAPK, and 
others, is controlled by the KRAS oncogene, which will 
affect normal cell physiology, neoplastic cell biology, and 
therapeutic responses[88]. Ponsioen et al. (2021), through 
quantifying single-cell ERK dynamics in CRC organoids 
revealed that EGFR to be an amplifier of oncogenic MAPK 
pathway signaling[89]. Figure  3 discusses the RAS/Raf/
EGFR/MAPK pathway in details.

2.4. NF-κB pathway
Two important pathways for the formation of homo-  and 
heterodimeric complexes have been included[90]. The 
primary NF-κB actuation pathway, also known as 
the classical NF-κB actuation pathway, essentially 
influences RelA: p50 dimers, which are sequestered in 
the cytoplasm under non-invigorated conditions, thanks 
to the collaborations with inhibitory IB family proteins[91]. 
After stimulation with a variety of stimuli such as tumor 
necrosis factor-alpha (TNF-α) or interleukin-1, infections, 
genotoxic agents, or ionizing radiation, IB molecules 
are phosphorylated by the IB kinase complex (IKK) at 
specific serine deposits, prompting their ubiquitination and 
degradation by the proteasome pathway. RelA: p50 dimers 
are then released and allowed to move to the nucleus, where 
they activate transcription of a number of target genes[92]. 
The regulation of innate resistance and aggravation depends 
on this pathway. Three IKKs, IKK, and IKK, as well as 
NEMO (NF-B basic modulator) are included in the standard 
pathway[93]. Fewer TNF superfamily cytokines (such as 
B-cell activating factor receptor [BAFF], CD40L, and 
lymphotoxin [LT]) activate the subsequent pathway, known 
as the alternative NF-κB signaling pathway. The upstream 
kinase NF-κB  -inciting kinase (NIK) activates IKK, 
causing p100, the key RelB inhibitor, to be phosphorylated 
and handled by the proteasome, allowing RelB:  p52 and 
RelB:  p50 to translocate and bind to DNA. The NF-κB 
pathway is activated by the IKK complex and its subunits 

indelibly phosphorylating IB inhibitory proteins (IB for the 
classical pathway and p100 for the alternative pathway)[94]. 
Kannathasan et al. (2020) reported that using miR-4454 as 
a microRNA-based therapeutic approach to silence guanine 
nucleotide-binding protein-like 3-like protein (GNL3L) 
could significantly reduce oncogenic cell survival that relies 

Figure 3. RAS/Raf/EGFR/MAPK pathway
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on GNL3L/NF-κB signaling, potentially making miR-4454 
a treatment for metastatic human CRC[95]. Liu et al. (2018) 
highlighted that double curtain like kinase 1 (DCLK1) 
plays a key role in epithelial-mesenchymal transition 
(EMT) in human CRC[96]. DCLK1 appears to act as a potent 
oncogene in CRC cells, driving their extremely malignant 
EMT character in an NF-κB  -dependent manner[97]. They 
discovered that silencing DCLK1 expression stopped 
CRC cells from invading and spreading in vivo. Their 
findings revealed that DCLK1 regulates an EMT axis 
in CRC, suggesting that DCLK1 could be a therapeutic 
target for CRC metastasis[98]. Chun et al. (2019) found that 
activating the AKT/NF-κB/FOXD1/VEGF-A pathway in 
a CXCR2-dependent manner improved tube formation, 
proliferation, and migration in HUVECs using recombinant 
human CXCL5 (rhCXCL5)[99]. Inhibiting the AKT and 
NF-κB pathways or silencing CXCR2 and FOXD1 in 
rhCXCL5-stimulated HUVECs in vitro, on the other hand, 
could reduce tube forming capacity, proliferation, and 
migration[99]. CXCL5 promotes tumor angiogenesis in CRC 
by upregulating FOXD1 expression through the AKT/NF-
κB pathway. Wang and colleagues (2018) discovered a rise 
in tripartite motif containing 31 protein coding (TRIM31) 
expression in CRC cells as well as a link between TRIM31 
and CRC malignancy[100]. They concluded that TRIM31 
promoted CRC invasion and metastasis by mediating 
chronic inflammation via the NF-κB pathway. Huang et 
al. (2015) showed that the circular RNA GLIS2, which 
may act as an oncogene, uses the miR-671 sponge system 
to maintain the abnormal activation state of the NF-
κB signaling pathway in CRC cells[101]. Lin et al. (2012) 
discovered that after inhibiting AKT and activating GSK3, 
gilteritinib, a highly potent, and highly selective oral 
inhibitor of Fms-like tyrosine kinase 3 (FLT3)/Axl(tyrosine 
kinase TAM family) (FLT3/AXL), induces p53 upregulated 
modulator of apoptosis (PUMA) in CRC cells through 
the NF-κB pathway[102]. Figure 4 illustrates the processes 
involved in NF-κB pathway.

3. Treatment of CRC
3.1. Fluoropyrimidines
3.1.1. Intravenous fluorouracil

CRC, also known as colon cancer, is one of the most 
commonly studied malignancies in the world[103]. Over 
1,000,000 new cases of colorectal malignant growth 
are analyzed every year around the world, with a large 
portion of approximately 1,000,000 people succumbed 
to the disease[104]. According to American Cancer Society, 
CRC is one of the leading causes of cancer-related death 
in the United States. Several factors contribute to the 
development of colon cancer. Almost all colon tumors 
begin in the organs of the colon’s coating, and vast majority 
begin as noncancerous (benign) polyps that eventually 
progress to cancer. Early detection, on the other hand, will 
result in a complete recovery through a combination of 
medical procedures, medication regimens (chemotherapy), 
and radiation therapy[105]. Heidelberger was fascinated by 
tumor biosynthesis of nucleic acids and the development 
of drugs that could prevent cancer from spreading as a side 
effect of chemotherapy. He hypothesized that by tinkering 
with the combination of DNA and RNA in a series of 
mouse trials, he could prevent the development of specific 
tumors by incorporating a fluorine molecule into the design 
of a pyrimidine known as uracil[106]. Heidelberger sought 
the help of Robert Duschinsky at Hoffman-LaRoche, a 
pharmaceutical company, to complete the synthesis of the 
new substance known as 5-FU so that tests on its tumor-
fighting properties could be expanded[107]. After clinical 
preliminaries at the McArdle Laboratory that revealed 
the new medication’s solid guarantee, fluorouracil was 
approved for chemotherapeutic therapy of a few human 
malignancies, particularly colon disease. 5-FU therapy 
has been shown to prolong survival rate in a variety 
of cancers. The drug most notable effect has been in 
the treatment of CRC. Dynamic metabolites of 5-FU 
disrupt DNA and RNA amalgamation through a cycle 
that includes the folate metabolic pathway. During the 
S phase of the cell cycle, 5-FU inhibits DNA synthesis 
by limiting the supply of thymidylate[108]. Thymidine 
phosphorylase (TP) is also necessary for the development 
of the dynamic metabolite 5-FU. 5-FU inhibits thymidylate 
synthetase through its metabolite 5-fluorodeoxyuridine 
monophosphate (FdUMP). FdUMP forms a covalent 
ternary complex with thymidylate synthetase and 
5,10-methylenetetrahydrofolate. The complex relationship 
with folinic acid improves its stability. 5-FU has the ability to 
suppress RNA amalgamation, production, and capacity[109]. 
The specific tumor gathering of fluorouracil-based 
medications inside tumor tissues improves resiliency, but 
side effects can occur. Symptoms of 5-FU treatment include 
leukopenia, loose bowels, stomatitis, and queasiness. The 
main site of action appears to be thymidylate synthase 
when 5-FU is combined with 5-formyltetrahydrofolate Figure 4. NF-κB pathway
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(folinic acid and leucovorin [LV]), resulting in a marked 
and sustained inhibition of DNA synthesis. N5, N10-
methylenetetrahydrofolate, a reduced folate cofactor, 
stabilizes FdUMP binding to thymidylate synthase, 
resulting in this reaction[110]. As a result, LV boosts 5-FU’s 
anti-cancer properties. In another study, an investigation 
on how dysbiosis in the gut microbiota affected the efficacy 
of 5-FU therapy for CRC had been carried out. ABX (an 
antibiotic contains mixture of antibiotics) administration 
reduced the antitumor potency of 5-FU in mice, which 
were discovered using the CRC mouse model and high-
throughput sequencing[111]. Supplementation of 5-FU with 
probiotics did not significantly improve the efficacy of 5-FU 
therapy. Ndreshkjana et al. (2019) examined the effects of 
novel 5-FU/Thymoquinone (TQ) hybrids in CRC cells 
in vitro and in vivo. They discovered new targets for single-
drug therapy that go beyond the established mechanisms of 
action of 5-FU and TQ. Both hybrid strategies were found 
to be highly effective against CD133+ cancer stem cells 
(CSC) populations in CRC, simultaneously inhibiting the 
WNT/β-catenin and PI3K/AKT signaling pathways[112]. As 
a result, their findings support the hypothesis of combining 
the clinical drug 5-FU with the plant-derived compound 
TQ, and suggested the usage of hybridization concept to 
develop new CRC drug candidates against CRC.

3.1.2. Oral fluoropyrimidines

Fluoropyrimidines were initially ineffective when taken 
orally. Intravenous fluorouracil was found superior to 
oral fluorouracil in terms of tumor reaction rate and 
mean length of tumor reaction in a randomized study of 
patients with metastatic CRC[113]. The rate-limiting catalyst 
dihydropyrimidine dehydrogenase (DPD), which is 
mostly concentrated in the liver, catabolized 5-FU almost 
immediately after application. Oral fluoropyrimidines 
come in two varieties: those that contain a DPD inhibitor 
and those that do not[114]. Capecitabine (Xeloda®) is a non-
DPD 5-FU oral prodrug that passes through the GI mucosa 
undamaged until it is converted to fluorouracil in three-step 
enzymatic processes. It only becomes cytotoxic after being 
transformed to 5-FU[115]. Following oral administration, 
capecitabine is metabolized in the liver by carboxylesterase 
into 5-deoxy-5-fluorocytidine and cytidine deaminase into 
5-deoxy-5-fluorouridine. The final phase of transformation 
is carried out by pyrimidine phosphorylase, which has 
been shown to be present in higher concentrations in 
tumors than in normal tissue, implying that it may have 
greater tumor selectivity. The most common side effect 
of this medication is hand-foot disorder, which is similar 
to that of fluorouracil infusion. Capecitabine was shown 
to be therapeutically equivalent to bolus fluorouracil and 
LV in metastatic CRC preliminaries, with no significant 
differences in median time to tumor progression or median 
overall endurance[116]. Tegafur is a prodrug that is converted 
to 5-FU by hepatic cytochrome P450 enzymes and are 
fundamental dissolvable compounds. As a byproduct 

of this reaction, 5-FU is produced. Uracil is added at a 
molar concentration of 1:4. (5-FU:  uracil) to increase 
the concentration of 5-FU and to prevent it from being 
degraded by DPD[116]. In preclinical models, this molar 
combination has been shown to be the most effective. 
Chan et al. (2018) investigated the link between serum 
folate levels and capecitabine toxicity in CRC patients 
receiving capecitabine treatment[117]. They concluded that 
serum folate levels, but not red cell folate, were associated 
with a higher risk of Grade 2 toxicity during capecitabine 
treatment. Excessive folate intake should be avoided before 
and after capecitabine-based chemotherapy.

3.2. Irinotecan
Irinotecan hydrochloride is a camptothecin analog that 
has a higher aqueous solubility than camptothecin, which 
is derived from Chinese tree, Camptotheca acuminata[118]. 
Irinotecan is a prodrug that is converted to 7-ethyl-10-
hydroxycamptothecin in the body (SN-38). Irinotecan has 
a broad range of antitumor activity in vitro and in vivo, 
and its toxicity is more consistent and clinically acceptable 
than the isolated structure. After clinical trials, irinotecan 
was cost-effective for treating breast, cervical, and ovarian 
malignant growths in Japan in 1994. Irinotecan was first 
approved in the United States in 1996 for the treatment of 
metastatic CRC resistant to 5-FU, and later as the mainline 
treatment of metastatic CRC in combination with 5-FU/
LV. Through carboxylesterases, it is converted to SN-38. 
Irinotecan inhibits topoisomerase I, a nuclear enzyme 
involved in unwinding DNA during transcription. Irinotecan 
has shown promising antitumor activity against metastatic 
colorectal malignant growth when used alone as a first-
line treatment or as a second-line therapy after fluorouracil 
treatment failure[119]. By inhibiting topoisomerase I, an 
enzyme that catalyzes the breakage and rejoining of DNA 
strands during DNA replication, SN-38 causes DNA 
discontinuity, and modified cell death. SN-38 is primarily 
used in the liver, where it is glucuronidated and then 
excreted through the biliary system. A polymorphism in the 
uridine diphosphate glucuronosyltransferase isoform 1A1 
(UGTA1A) gene, which is responsible for glucuronidation 
of SN-38, has been discovered and it allows for a reduction 
in SN-38 inactivation, resulting in increased treatment-
related toxicity[120]. Raised serum bilirubin levels have 
also been linked to an abundance of irinotecan-interceded 
toxicity, so this medication is usually avoided in patients 
with hyperbilirubinemia. The most common side effects 
of irinotecan are diarrhea, myelosuppression, and 
alopecia. The levels of soluble human leukocyte antigen 
G (HLA-G) expression and the HLA-G/irinotecan 
relationship in metastatic CRC patients treated with an 
irinotecan-based approach were investigated by Scarabel 
et al. (2020)[121]. The findings revealed a link between 
HLA-G levels and irinotecan (CPT-11) pharmacokinetics, 
implying that sHLA-G and camptothecin-11 (CPT-11) may 
have a molecular relationship. The relationship between 
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HLA-G polymorphs and CPT-11 was investigated using 
computational modeling, which supported the hypothesis 
that CPT-11 could attack the peptide-binding cleft of the 
most common HLA-G polymorphs.

3.3. Oxaliplatin
Oxaliplatin is a platinum compound used to treat cancer 
that has a DACH (1,2-diaminocyclohexane) moiety[122]. 
Oxaliplatin is a drug that binds to plasma proteins and spreads 
throughout the body. It is a platinum analog that has been used 
in France as a first-line therapy for metastatic CRC since 1997. 
The MOSAIQ® Plaza for Medical Oncology” preliminary 
findings led to the development of an oxaliplatinum-based 
adjuvant treatment. Because of the oxaliplatin-based 
protocols, FOLFOX4 and FOLFOX6 protocols were 
developed, followed by FOLFOX7 protocol. Oxaliplatinum 
forms DNA adducts, preventing DNA replication and 
resulting in cell death. Single-agent oxaliplatin has been 
shown to reduce viability in patients with metastatic colon 
cancer. Because of the synergistic collaboration with 5-FU, 
which is likely due to oxaliplatin-induced “down-guideline” 
of thymidylate synthetase, clinical benefit has been linked 
to the combination of oxaliplatin and 5-FU and LV. In two 
randomized clinical trials in patients with metastatic CRC, 
the addition of oxaliplatin to infusional fluorouracil and LV 
(FOLFOX) improved tumor response rates and disease-free 
survival, with a trend toward an improvement in overall 
survival (OS). Acute neuropathy (muscle spasms, difficulty 
breathing, or swallowing) as well as chronic, cumulative 
peripheral sensory neurotoxicity (paresthesias and/or 
dysesthesias of the hand, foot, and mouth) are possible side 
effects of oxaliplatin. The cumulative dose of oxaliplatin is 
linked to chronic neurotoxicity, with symptoms typically 
appear after a dose of >600 – 800 mg/m2. Despite the fact 
that paraneoplastic neurological syndromes is thought to 
be reversible, it will persist for a long time once oxaliplatin 
is stopped. Asadzadeh et al. (2019) investigated the effects 
of using oxaliplatin to suppress prominin1 (CD133) in 
CRC treatment[123]. They concluded that suppression of 
CD133 in combination with oxaliplatin therapy could be 
a promising treatment option for CRC. Meanwhile, Wang 
et al. (2020) suggested that increasing tri-methylation of 
lysine 27 on histone H3 protein (H3K27me3) levels in CRC 
patients could improve oxaliplatin sensitivity[124]. Madigan 
et al. (2020) suggested a new cellular target for improving 
chemotherapeutic drug efficacy in CRC by revealing a critical 
cellular function for glucosylceramide synthase, a ceramide-
metabolizing enzyme, in oxaliplatin chemosensitivity[125]. 
The authors discovered that CD4 T cells in CRC target 
antigens were upregulated by oxaliplatin[125].

3.4. Angiogenesis inhibitors
Angiogenesis is the process by which new blood vessels 
are formed[126]. During this cycle, endothelial cells, 
which line the inside walls of vessels, relocate, extend, 

and differentiate. Angiogenesis plays a crucial role in 
cancer development because strong tumors require a 
blood supply to grow larger than a few millimeters[127]. 
Tumors may be able to stimulate the growth of this blood 
supply by emitting signals that promote angiogenesis. 
Tumors can also cause angiogenesis signaling molecules 
to develop in surrounding normal cells. The new blood 
vessels fuel growing tumors with oxygen and nutrients, 
causing the tumor to spread and malignant growth cells 
to penetrate surrounding tissue and travel throughout the 
body, and form new cancer cell settlements known as 
metastases. Angiogenesis inhibitors have been developed 
to prevent tumors from growing beyond a certain size or 
proliferating without a blood supply. The growth factor 
VEGF aids in the proliferation, survival, and migration of 
endothelial cells. Because it is possibly one of the main 
proteins that tumor cells frequently communicate with, 
VEGF is a successful target of anticancer therapy[128,129]. 
Bevacizumab (Avastin®) is an anti-VEGF monoclonal 
counter-acting agent that is antagonistic to VEGF 
monoclonal IgG1 immunizer[130]. It has been approved for 
use in the treatment of advanced colorectal disease (CRC), 
non-small cell lung cancer, metastatic breast cancer, 
and progressed renal cell disease when combined with 
chemotherapy. It has been approved by the US Food and 
Drug Administration as a single agent for the treatment of 
advanced glioblastoma multiforme. Bevacizumab prevents 
VEGF from binding to its cell surface receptors as it 
travels through the body. This restriction prevents tumor 
vessels from becoming microvascular, limiting blood 
flow to tumor tissues. These effects also reduce tissue 
interstitial pressing factor, increase vascular penetrability 
and chemotherapeutic drug delivery, and promote tumor 
endothelial cell apoptosis. Bevacizumab can cause 
hypertension, asymptomatic proteinuria, thromboembolic 
events, GI perforation, and wound healing complications. 
At higher bevacizumab doses (10 – 15 mg/kg), some side 
effects, such as thromboembolism, are more common. 
Depending on the severity of the side effects, bevacizumab 
should be discontinued temporarily or permanently. Shen 
et al. (2020) discovered that reducing liver metastasis 
stiffness improves bevacizumab response in metastatic 
CRC[131]. Artaç, et al. (2020) discovered that the efficacy of 
bevacizumab may be reduced in obese patients[132]. Patients 
who are obese and have Kras wild-type left-sided tumors 
treated with bevacizumab-based regimens may have a 
worse prognosis than non-obese patients.

3.5. EGFR inhibitors
The EGFR is a transmembrane glycoprotein that affects 
cell development, expansion, and modified cell death 
through signaling pathways[133]. It can be found in a variety 
of cancers, including those of the colon, lung, breast, and 
head and neck. The expression of EGFR on the surface of 
tumor cells has been found in up to 80% of CRC tumors, 



Thaman S and Bhattacharya S�

� Cancer Plus | 2021, Volume 3, Issue 4

and tumors that express EGFR have a worse prognosis[134]. 
Antibodies targeting the extracellular space of EGFR and 
small molecular inhibitors of the intracellular tyrosine 
kinase domain have been developed to limit the capacity 
of this transmembrane receptor. Until now, only anti-
EGFR monoclonal antibodies cetuximab (Erbitux®) and 
panitumumab (Vectibix®) have been shown to be effective in 
colorectal disease[135]. In patients with CRC, small molecule 
inhibitors of EGFR’s intracellular tyrosine kinase domain, 
such as erlotinib (Tarceva®), appear to be insufficient[136]. 
Cetuximab is a monoclonal anti-EGFR IgG1 antibody[137]. 
Cetuximab monotherapy is effective in irinotecan-resistant 
patients. The most common side effects of cetuximab 
treatment are acneiform rash, hypomagnesemia, and 
infusion reactions, with approximately 3% of patients 
experiencing serious hypersensitivity reactions to 
cetuximab infusion[138]. When cetuximab is added to 
oxaliplatin-fluoropyrimidine combinations, it improves 
grade  3/4 toxicities such as GI toxicity, skin rash, 
and lethargy in general. Capecitabine and other drugs 
cause more GI toxicity but less neutropenia when used 
together. Fortunately, FOLFOX has shown no signs of 
hypersensitivity so far (with or without cetuximab)  [139]. 
Panitumumab is a monoclonal antibody made entirely 
of human IgG2 that targets the EGFR. Many trials have 
looked into its efficacy in pretreated metastatic CRC. 
Sabra, et al. (2019) successfully developed cetuximab-
conjugated engineered citrus pectin-chitosan nanoparticles 
for selective delivery of curcumin (Cet-MCPCNPs) for 
the treatment of CRC[140]. According to the Kopetz et al. 
(2019), the combination of encorafenib, cetuximab, and 
binimetinib resulted in slightly longer average survival 
and a higher response rate than conventional treatment 
in patients with metastatic CRC with the v-raf murine 
sarcoma viral oncogene homolog B1 (BRAF V600E) 
mutation[141]. Price et al. (2014) showed that patients with 
baseline circulating tumor DNA (ctDNA) RAS mutations 
had worse outcomes than those who were wild type (WT) 
Ras proteins before starting therapy, but the emergence 
ctDNA RAS mutations were not linked to worse patient 
outcomes in panitumumab-treated patients[142].

4. Adjuvant treatment of CRC
Rectal and colon cancer are sensitive to radiation 
therapy, chemotherapeutic agents, and target-oriented 
medications[143]. Because of the anatomic structure of 
the pelvis and the close proximity of the organs, the 
circumferential margin distance is limited when a rectal 
tumor is surgically excised[144]. To reduce the risk of local 
recurrence, current treatment guidelines recommended 
complete mesorectal excision as the best surgical approach 
and chemoradiation therapy in patients with Stages II 
and III tumors. The depths of tumor extension across the 
bowel wall, as well as the presence or absence of nodal 
involvement, all affect the chances of local recurrence. 

Patients with Stage III cancer require adjuvant therapy 
(lymph node involvement). Patients with Stage II, T3N0 
disease require more evidence on which subgroup of 
patients will likely benefit from adjuvant care, with the 
exception of those with unfavorable factors already listed 
for colon cancer. Patients with stage II T4N0 rectal tumors 
are good candidates for neoadjuvant chemoradiation.

5. Stage III colon cancer
A large number of patients with Stage III colon cancer and 
a small number of patients with Stage II disease can benefit 
from adjuvant chemotherapy. According to the findings of 
the Multicenter International Study of Oxaliplatin/5-FU/LV 
in the Adjuvant Treatment of Colon Cancer (MOSAIC) 
and the National Surgical Adjuvant Breast and Bowel 
Project C-07 trials, combination regimens that include 
fluoropyrimidine and oxaliplatin are the current standard 
of care[143]. Adjuvant care approaches for patients with 
rectal cancer (Stages II and III) now require preoperative 
chemoradiotherapy, according to a Phase III comparison 
of pre-operative versus post-operative chemoradiotherapy 
performed in Germany. For many years, fluorouracil was 
thought to be ineffective as a colon cancer adjuvant therapy 
with a meta-analysis of randomized trials conducted before 
1987 found only a slight, statistically insignificant benefit. 
In retrospect, these clinical studies were hampered by 
heterogeneous patient samples, small sample sizes, and 
poor treatment adherence[145]. Bolus 5-FU and LV post-
operative adjuvant chemotherapy were given to patients 
with high-risk colon cancer, and it improves patient 
outcomes and became the standard of care early 1990s. 
Capecitabine is an oral fluoropyrimidine preferentially 
converted to 5-FU by TP at the tumor site, where TP 
activity is significantly higher than in healthy tissue, in 
which it could replace infusional 5-FU in colon cancer 
adjuvant therapy. Capecitabine was approved in the United 
States and Europe in 2005 for the adjuvant treatment of 
Stage III colon cancer based on the results of the Xeloda 
in Adjuvant Colon Cancer Therapy trial. According to the 
findings, capecitabine was found to be at least as effective 
as IV bolus 5-FU/LV with a lower toxicity profile. Another 
drug that can be used instead of 5-FU in colon cancer 
adjuvant therapy is tegafur and uracil (UFT). Despite the 
fact that the majority of colon cancer patients are 65 or 
older, they are underrepresented in clinical trials and less 
likely to receive adjuvant treatment. According to pooled 
data comparisons and population-based trials, adjuvant 
therapy has consistently demonstrated a consistent and 
comparable survival advantage in all age groups, with 
no increase in treatment-related toxicity in older patients. 
African-American patients have a higher CRC  -specific 
mortality rate than Caucasian patients, as disease rates 
are measured by race. Differences in comorbid disease, 
socio-demographic causes, stage at diagnosis, tumor 
biology, and drug reception have all been investigated as 
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causes of variation in outcomes. 5-FU-based combination 
regimens containing irinotecan or oxaliplatin have been 
shown to benefit patients with metastatic disease. These 
combinations have been studied as adjuvants as well. The 
safety and efficacy of 5-FU plus irinotecan in the adjuvant 
treatment of colon cancer were investigated in two major 
trials. Adding irinotecan to weekly bolus 5-FU/LV did 
not improve disease free survival (DFS) or OS in Stage 
III disease, but it did raise the risk of lethal and nonlethal 
toxicities. A  French Phase III trial found no significant 
DFS benefit for FOLFIRI when compared to bolus plus 
CI 5-FU/LV. As a result of these findings, irinotecan is 
no longer used in the adjuvant treatment of patients with 
CRC. Combinations of oxaliplatin have shown to be more 
effective[143].

6. Stage II colon cancer
Adjuvant fluorouracil-based therapy has a lesser effect 
in patients with Stage II colon cancer[146]. On several 
occasions, subset reviews of studies involving patients 
with Stages II and III illness have failed to show a 
clinically significant survival advantage for Stage II 
patients receiving adjuvant treatment. According to a 
pooled analysis of seven trials, patients who received 
fluorouracil-based adjuvant treatment had an average 
5-year survival rate of 81%, compared to 80 percent 
in patients who underwent surgery alone (P = 0.11). In 
trials of adjuvant treatment for colon cancer, patients 
with Stage IIIA disease had slightly better survival rates 
than patients with Stage IIB disease. Although growing 
evidence suggests that adjuvant therapy may improve 
the prognosis of a subset of patients with high-risk 
Stage II disease, such as medically fit patients with T4 
tumors, poorly differentiated histology, bowel perforation 
at presentation, or <12 lymph nodes sampled, adjuvant 
therapy in Stage II disease remains a complicated and 
daunting issue. In surveys, patients’ willingness to 
undergo adjuvant treatment in exchange for these minor 
benefits was confirmed. Other prognostic indicators for 
Stages II and III colon cancer that have not yet been 
identified for clinical practice decisions include allelic 
loss at chromosome 18q and MSI, the latter of which 
confers a better prognosis. The availability of monoclonal 
antibodies that target the EGFR, such as cetuximab, or the 
VEGF, such as bevacizumab, has increased[147,148]. Anti-
VEGF agents can prevent tumor growth and metastasis 
by inhibiting angiogenesis and improving anticancer 
therapy delivery to the tumor, resulting in increased tumor 
cell death[149]. Finally, anti-VEGF therapy can disrupt 
the tumor’s established blood supply, resulting in even 
more tumor cell death. In addition to promoting tumor 
cell survival and development, EGFR has been shown 
to affect tumor-associated angiogenesis. Capecitabine 
is now being used in combination with selective agents, 
either with or without oxaliplatin, in the treatment of 
cancer.

7. Stage II and stage III rectal cancer
According to some clinical trials conducted in the 1980s, adding 
systemic chemotherapy to post-operative radiation reduced 
the risk of local recurrence and increased OS after resection 
of Stage II and Stage III rectal cancers[150]. In a subsequent 
study, infusional fluorouracil with radiotherapy was found to 
be more effective than equivalent radiotherapy with parallel 
bolus fluorouracil. Pre-operative chemoradiotherapy using 
a bolus 5-FU/LV protocol increased patient compliance, 
reduced toxicity, and improved local control when compared 
to a post-operative procedure. There were no differences 
in disease-free or OS between the pre-operative and post-
operative therapy arms. As a result, for Stages II and III rectal 
cancer, pre-operative combination modality treatment with 
radiation and chemotherapy, followed by surgical resection 
with TME, is usually considered standard of care[151].

8. Conclusion
Long-haul endurance for people with rectal disease was 
once uncommon, even after undergoing a complex medical 
procedure. CRC-targeted drugs are currently being updated 
for improved medicine safety, fewer adverse events, and 
more individualized administration plans, following a long 
period of research and development. The discovery of 
5-FU, the development of decreased folate LV as a helpful 
potentiator of 5-FU cytotoxicity, and the introduction of new 
cytotoxic and natural agents have all aided chemotherapy 
progress for CRC patients. As we move into a time of altered 
malignant growth medication, essential chemotherapy using 
infusional 5-FU/LV remains the standard of care for patients 
with CRC, but there is a need for observational preliminaries 
that examine how existing treatment regimens can be 
customized for individual patients. The fact is that today’s 
CRC patients have a wide range of medications to choose 
from, all of which have the potential to be beneficial in the 
long run. More individualized medicines with a significantly 
longer lifespan and fewer side effects are also possible.
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