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ABSTRACT

D00

Colon cancer is relatively asymptomatic in the early stages, the
manifestations appearing and intensifying with the evolution of the disease,
especially when associated with local and/or systemic complications. In
such cases, surgical interventions are often emergency and involve more
extensive operations (on metabolically and immune-stressed organisms),
so that an early diagnosis (endoscopy, tumor markers, etc.) remains not
only desirable but even a priority, especially in predisposed patients
(genetic factors, lifestyle, etc.). As a consequence, the involvement of
tumor markers in colon neoplasms has become more and more investigated
in recent times. This review investigates the roles of serological and genetic
markers in the management of patients with colon cancer, focusing on
carcinoembryonic antigen, mismatch repair deficiency (dAMMR), as well as
KRAS and BRAF mutations. As a preliminary conclusion, tumor
biomarkers seem to have a significant contribution to the diagnosis,
decisions related to operative management, prognosis and postoperative
follow-up of colon cancer, both in the categories of patients from high-risk
groups and those without a clear predisposition to this condition.
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Introduction

Colon cancer is the third most common cancer
worldwide, responsible for approximately 800,000 deaths
annually [1]. In addition to this mortality rate, the condition
involves high costs due to the specific complementary
treatments during and after the surgical intervention,
without which the morbidity and mortality rates would be
even higher [2]. In 10-40% of cases, the first evaluation of
a patient by a doctor is an emergency procedure due to the
late presentation, which is usually manifested by
symptomatology often given by complications such as
perforation, occlusion or hemorrhage. The first two

complications are associated with lower survival rates both
in the perioperative period and in the medium and long
term [3]. Numerous researches have been carried out on the
topic of colon cancer, especially related to the
etiopathogenesis of the disease (at the cellular and
molecular level), the risk factors involved, which are the
most effective methods for early detection, as well as how
all this data can be monitored during oncological treatment.
(all this with the primary goal of increasing the survival and
quality of life of patients with complicated colon cancer)
[4]. Currently, many cellular pathways such as EGFR,
CIMP, BRAF, can be influenced by antitumor molecules,
while some mutant genes (which often appear in aberrant
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cell metabolism) can be used as positive or negative
prognostic factors (in terms of colon cancer complications,
response to treatment and also to predict long-term
survival) [2]. The objective of this review is to update the
knowledge related to the occurrence of colon cancer,
positive or negative prognostic factors, the main surgical
complications of colon cancer, as well as anatomical,
demographic, histopathological and genetic factors that
can generate and support the evolution of this condition.

Discussions

Pathogenesis

Regarding the pathogenesis of colon cancer, a number
of factors are being investigated as leading to its
appearance; thus, there are sporadic cases, familial cases
and those involving a complete genetic association [5].
Sporadic cases are the most common, representing up to
70% of cases and are considered to be largely a cumulative
action of environmental factors (low fiber intake, smoking,
obesity, etc.) [6]. The proportion of cases with a familial
component rarely reaches 25%, being characterized by
more than 2 individuals suffering from such cancer, while
those involving a certain genetic component usually do not
exceed 5% [5]. Among patients with colon cancer, it has
been observed that there are genetic and epigenetic changes
that cause the transformation of normal epithelium into
tumor-type epithelium. It will later progress with the
invasion of subepithelial structures, a process that takes
place in several stages. In all these stages, genetic changes
accumulate, which lead to the overexpression of
oncogenes, thus resulting in genetic instability at the cell
level [7].

Through genetic and functional analysis of colorectal
cancer cells, genetic instability was observed to affect
chromosomal instability (CIN), microsatellite instability
and CpG island phenotype (CIMP) pathways [8].
Chromosomal instability (CIN) is characterized by the
appearance or loss of a significant part of a chromosome
and is the most common genetic alteration in colorectal
cancer, accounting for over 85% of cases [9]. Secondarily,
a number of changes occur, such as activation of oncogenes
such as BRAF and KRAS, inactivation of APC and TP53,
occurrence of aneuploidy or loss of heterozygosity of the
long arm of chromosome 18 [5].

The sequence that can lead to the malignant
transformation of normal cells begins with the inactivation
of APC, followed by mutations of the KRAS gene that lead
to adenomatous growth, and subsequently (through the loss
of 18q and TP53 inactivation) the process of malignancy
takes place [10,11]. The transition to a specific
histopathological and clinical form of colorectal cancer
(adenocarcinoma/mucin-rich cell, etc.) occurs through the
alteration of other cell proliferation pathways, such as
TGF-B/PI13KCA, which are specific to adenocarcinoma

[12]. Genomic analysis of malignant cells of the colonic
mucosa identified significant karyotype changes, such as
loss of the short arm of chr. 1, 17, 20 [13,14], as well as the
addition of chromosomal fragments on the long arm of chr.
1, 8, 13, 20 [13-15], suppressing the activity of genes that
inhibit proliferation and thus favoring the initiation of
neoplastic processes [5,12-14].

The main changes that occur in chromosomal instability
involve alteration of the adenomatous polyposis coli (APC)
gene, the TP53 gene, and loss of heterozygosity of the long
arm of chromosome 18. The APC gene encodes a
multidomain protein that interacts with a variety of cellular
processes, including cell migration, apoptosis, adhesion,
proliferation, and differentiation. Mutations in APC occur
in most adenomatous structures in the colon, leading to the
development of familial adenomatous polyposis and
Turcot syndrome; these are premalignant conditions with
familial association and increased risk of developing
colorectal cancer at an early age [16]. The APC gene
inhibits the transition from the GO/G1 phase of the cell
cycle to the S phase, and through interaction with the Wnt-
Tcf pathway, stem cells are activated. If there is an
alteration of the APC protein, it also associates the
activation of the Wnt pathway, leading to the transcription
of oncogenes and thus to cell proliferation, differentiation
and invasion [17]. Other cell proliferation pathways can be
stimulated in the case of a mutated APC gene, such as
cyclin D1, which is significantly expressed in early stages
of colon cancer, or Myc, which promotes the transition
from G1 to S phase and controls cell apoptosis [5].

The TP53 gene is mutated or completely absent from the
genome of malignant cells in colorectal cancer, with a
variable proportion between 50-75%. Control of cell
proliferation is mediated by potent suppressors of cell
replication such as BubR1 and WAD-1 [18].
Phosphorylation of p53 by Adenosine monophosphate-
activated protein kinase (AMPK) leads to cell cycle arrest,
resulting in overexpression of cyclin-dependent kinase
inhibitor 1A (p21). A decrease in p21 activity and cyclin D1
has been observed in colorectal cancer, with negative
prognostic implications for survival rate [19].

Loss of heterozygosity in the 18q region may be involved
in the onset of colorectal cancer, being associated with a
poor prognosis. It leads to the appearance of altered genes
promoting malignancy such as DCC, SMAD2 and SMAD4,
the latter two also being implicated in lymphatic metastasis
[5].

Microsatellite instability (MSI) is a characteristic of
neoplastic diseases, where there is an instability loci due to
insertions or deletions of nucleotide bases, a fact described
in both non-hereditary and hereditary non-polypoid colon
cancer [5]. Loci such as MSH3, ActRIIB, TGF-BR2, Bax,
SEC63, AIM2, EBP1 can be affected by this process. The
poly-adenine subunit of TGF-BR2 is mutated in colorectal
cancer in about 85% cases, but other genes can also be
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affected (such as Bax), thus leading to an aberrant
proliferation pathway secondary to inhibition of cell
apoptosis [20]. In colorectal cancer without familial
aggregation, MSI  most commonly affects the
BRAFV600E gene compared to hereditary non-polypoid
colon cancer. In hereditary cases, the major occurrence of
cancer is through MMR with the appearance of Lynch
syndrome, in which cells from the colonic mucosa or
polyps involve several genes in oncogenesis, such as
MLH1, MSH2, MSH6, PMS2. The transition between
normal colon wall architecture and the appearance of
polyps is not driven or influenced by MMR mutations.
Conversely, in cases where such sessile/pedunculated
formation has occurred and one of the MLH1, MSH2,
MSH6, PMS2 genes is mutated, colorectal cancer usually
appears in less than 3 years [21].

The EGFR pathway stimulates cell growth,
proliferation, and survival by activating several
intracellular factors such as RAS/RAF/MEK/ERK,
PIBK/JAK/STATS3, being affected in distinct neoplastic
pathologies to different degrees [22]. For colorectal cancer,
activation of the RAS-RAF pathway via EGFR has been
observed, leading to the phosphorylation of mitogen-
activated protein kinase (MEK) and activation of
extracellular signal-related kinase (ERK) [23]. Proteins can
also be activated through the KRAS and BRAF pathways,
having the same effects in enhancing cancer cell survival.
The most frequent mutation in the KRAS pathway is that
of codon 12, which leads to the replacement of aspartate
with glycine, resulting in conformational changes of the
protein and its hyperactivation, evident in 58% of all colon
cancer cases [24].

The CIMP pathway is characterized by alterations in
gene expression, but without modifications in the sequence
of DNA bases in a specific DNA strand. In most cases,
processes of DNA methylation or histone modifications are
altered. Thus, methylation of a gene leads to its inactivation
and loss of function, with the development of alternative/
substitution mechanisms, but the quality of this alternative
path may be poorer than the substituted one [25]. In
colorectal cancer, APC and MLH1 can be affected by this
process [26].

Clinical Presentation Forms in Colon Cancer

Symptoms associated with colon cancer are initially
non-specific and usually become suggestive when
complications occur or when the tumors are large. As an
example, most often patients accuse changing of the bowel
habits, diffuse or localized abdominal pain, and pallor or
fatigue secondary to chronic neoplastic anemia [27].

Intestinal obstruction is the most frequent complication
of the colon cancer (especially for the left colon), being
associated with increased rates of mortality and morbidity
[28]. The clinical manifestations of the patient depend by
the degree of obstruction caused by the tumor, by

competency of the ileocecal valve, and the time elapsed
since the inability to pass through the stenotic area. Thus,
in the early stages of obstruction, patients present with
abdominal distension associated with acute constipation or
its worsening in the last months or weeks. Subsequently,
symptoms of dehydration appear, secondary to vomiting
and fluid migration into the interstitial space [29]. In the
advanced stage of an obstructive syndrome, peritoneal
irritation syndrome may occur (with or without fever) due
to bowel perforation, which may be located at the level of
the tumor or at the cecal level in the case of a competent
ileocecal valve. Both situations are associated with an
increased risk of perioperative mortality through sepsis.
Other consequences of intestinal obstruction are
represented by the occurrence of respiratory failure due to
distension of the intestines, the diaphragm thus having
limited movements. In addition, increased permeability of
the colonic mucosa to toxins and pathogens leads to a
marked  inflammatory-infectious  syndrome  [28].
Treatment for this life-threatening complication is an
emergency surgical procedure. Such procedures consist of
resection of the affected colonic segment (with/without
stoma formation), stoma formation upstream of the
stenotic area (without tumor removal), internal derivations,
or an endoscopic procedure (in selected cases) with the
placement of a metallic stent, which can only solve the
acute obstructive complication [30,31]. Medical treatment
aims to stabilize the patient in the pre- and postoperative
period, in order to correct various hydroelectrolytic,
hemodynamic and metabolic imbalances [28].

Perforation is another complication of colon cancer and
occurs as the first manifestation of the disease in about 2.6
and 10% of cases [32]. It most often occurs either at the
level of the sigmoid colon in 47.3% of cases (by tumor
necrosis), or at the level of the cecum (secondary to its
marked distension). It is considered that patients with such
a perforation have a higher ASA score compared to other
causes of perforation of the large intestine (such as acute
diverticulitis). In addition, mortality in such cases is higher
(between 8-33%), even in patients who benefit from
prompt medical and surgical treatment [33]. The location
of the perforation can determine outcomes in terms of
survival and local recurrence rate. If the perforation is
placed at a distance from the tumor, the patient usually
presents with diffuse fecaloid peritonitis and sepsis,
hemodynamic instability, alteration of the state of
consciousness, and a high risk of mortality in the first 24
hours [34]. When perforation occurs at the site of the
tumor, localized peritonitis most often occurs in
association with a mild inflammatory syndrome [35]. The
clinical manifestations of the perforated colon tumor
depend to a great extent on the patient. Manifestations can
thus vary from abdominal pain, fever, possible muscle
defense at the site of tumor perforation, to very serious
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manifestations due to multiple organ failure caused by
septicemia [32]. The management of such a patient differs
depending on the clinical manifestations and the location of
the perforation. For perforation at the tumor site, resection of
the tumor and formation of a stoma or anastomosis is
recommended. If there is diastatic perforation, either the
lesion and the site of perforation are resected simultaneously
(if the general condition of the patient allows), or a stoma is
formed at the site of the perforation [35].

Gastrointestinal bleeding secondary to colon cancer is
relatively common, but is often small and self-limiting,
rarely requiring surgery to stop the bleeding. Most often, it
takes the form of occult bleeding, associated with
symptoms of chronic anemic syndrome (asthenia, fatigue,
weight loss, loss of appetite) or changes in stool appearance
(fresh blood or melena), which alarm the patient to go to
the doctor [36]. The therapeutic management of these
patients consists of administration of blood products or
derivatives, rehydration, administration of electrolytes.
After the bleeding has stopped, the source of the bleeding
can be identified and treated, using endoscopic/
angiographic methods or surgical procedures [37]. Surgical
interventions can also be performed as an emergency if the
patient is hemodynamically unstable, needs more than 6
units of blood, or in case of failure of other treatment
procedures [38].

Prognostic and Predictive Markers in Colon Cancer

Tumor markers in colon cancer can have both predictive
roles on survival and in terms of choosing the best
therapeutic approach. Currently, available therapeutic
options include not only conventional surgical and
chemotherapy treatments, but also immunotherapy
represented by monoclonal antibodies, immune checkpoint
inhibitors, etc. Such biomarkers (MSI/MMR, KRAS,
BRAF and CEA) that offer individualized treatment
alternatives are associated with improved prognoses
compared to other populations of colon cancer patients
undergoing only conventional treatment [39]. The main
markers for choosing oncologic and/or immunotherapeutic
treatment include deficiency in mismatch repair (dMMR),
KRAS mutations, BRAF mutations, CEA levels, toxicity
determined by irinotecan or UGT1A1 [38-40].

Mismatch repair deficiency is used in stratifying the risk
of chemotherapy response, being a negative prognostic
marker for the patients with stage 11 and 111 colonic cancer
(whose treatment is mainly based on fluorouracil). Studies
have shown that patients with stable microsatellite cells
had a longer disease-free survival compared to the others
[40,41]. High microsatellite instability is a positive
prognostic factor in colon cancer that can be cured, unlike
stage IV that is associated with low survival rates and
resistance to 5-FU administration. These results are
explained by the high mutational capacity that determines
a marked antitumor response. Unfortunately, this

antitumor response is diminished by the local expression of
inhibitory messages (such as PD-1 or PD-L1), but which
can be targeted by immunotherapy [42].

KRAS is a gene from the RAS family that has mutations
in 40-50% of colon cancer cases (with various variants),
resulting in a poor response to anti-EGFR treatment (and
thus a negative impact on the patient's prognosis). The
presence of the native gene led to a better response to
cetuximab, while patients with mutated genes showed poor
therapeutic responses (having a median disease-free survival
of only 1.9 months compared to 3.7 in the group of patients
with the native gene) [43]. Metastatic disease does not
contraindicate  the  administration  of  anti-KRAS
immunotherapy. Panitumumab is a a monoclonal antibody
that led to an increase in survival without progression of the
disease in patients with the wild form compared to those
with the mutant form, thus being a treatment of choice in the
case of patients with metastatic disease but also for end-stage
diseases [39]. Anatomical location of colic tumors (right
vs. left) can be both a prognostic and predictive marker.
Groups of patients who have tumor formations on the
cecum, transverse or ascending colon generally have a
lower survival rate compared to those who have tumors
located in the left colon. In the latter, an increased response
to treatment with EGFR pathway inhibitors was observed.
In addition, in left colon tumors the KRAS mutation is less
frequent (both in the initial stages and in the metastatic
stage), having greater benefits after immunotherapy [44].

BRAF V600E mutation in colon cancer leads to a 50%
decrease in survival rate compared to patients with non-
mutant genes, especially in sporadic colon cancers with
high microsatellite instability [45,46]. The disease-free
period for patients with mutant form is 6.2 months,
compared to 7.7 months for the wild gene type [45].
Administration of anti-BRAF treatment in combination
with anti-EGFR and anti-mitogen-activated protein kinase
(MEK) therapy resulted in a response rate of 21% in
patients with metastatic colon cancer, in comparation with
the control lot where no anti-BRAF treatment was
administered [47].

Carcinoembryonic Antigen (CEA) has low sensitivity
and specificity in colon cancer, but it is useful in detecting
post-surgical and post-immunotherapeutic recurrences.
Serum levels above 5 ng/dL led to a significant decrease in
postoperative survival rate, as well as a higher risk of acute
presentation to emergency room for recurrence of colon
cancer and complications [48].

Irinotecan is a topoisomerase inhibitor used in the
treatment of metastatic colon cancer, either as first-line or
secondary therapy for 5-FU-refractory cases (but has
higher side effects, such as severe neutropenia and
diarrhea). Mutations in the UGT1Al gene, which
metabolizes irinotecan, lead to drug accumulation with
more frequent side effects and reduced overall survival in
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patients with metastatic cancer. The UGT1Al mutation
may be considered a useful marker to identify toxicity and
the risk of major hematological adverse reactions [39].

Other markers that can be used for prognosis and
prediction of survival for colon cancer patients include
CpG island methylator phenotype (CIMP), DNA
aneuploidy, presence of stem cell markers and circulating
DNA. CIMP is characterized by a process of gene
inactivation through hypermethylation, which can be
identified at the pathways that controls the cell
proliferation (CIMP-H) or other tumor-related metabolic
pathways (CIMP-L) [49]. Clinical and histopathological
analysis has shown that CIMP-H tumors mostly affect
women and the right colon, while microscopic examination
has shown predominance of mucinous type with poor cell
differentiation due to alterations in BRAF genes and
genetic repair deficiency. Colon cancer with CIMP-H is
associated with lower survival rate compared to CIMP-L
[39,50]. Analysis of CIMP/BRAF/MSI-positive cancer
leads to a better prognosis compared to CIMP/BRAF/MSI-
negative neoplasia (with greater impact on survival), being
largely related to the absence or presence of microsatellite
instability [50].

A new hypothesis suggests that a small population of
stem cells with malignancy characteristics are responsible
for dimensional growth, metastasis, and resistance to anti-
proliferative treatment, thus leading to recurrence [51]. For
colon cancer, several markers such as CD 44, BMI-1,
CD24, CD29, CD133, CD144, CD166 and cXCR4 have
been studied. CD 44 is a transmembrane protein with role
in cell interaction, adhesion, and migration. The isoforms
created by mRNA modifications, especially CD44v6, lead
to more aggressive disease with poorer prognosis. CD44v6
is involved in the migration of tumor cells and their adhesion
to the liver by interacting with hepatocyte growth factor,
leading to epithelial-mesenchymal transition with increased
cell motility and invasiveness. Accordingly, especially
CD44v6 but also CD44 can be used as prognostic markers
and treatment targets in colon cancer, especially in
metastatic disease [52].

The presence of circulating genetic material can be used
in diagnosis, as well as a marker of therapeutic efficacy and
prognosis in cancer patients. Circulating DNA can be used
to detect micrometastatic disease in surgically treated
patients. Related to the dosage of the circulating genetic
material, their short half-life (1-2 minutes) must be taken
into account, allowing detection only in real time of the
amount of neoplastic cells [53]. An increased quantity of
tumor genetic material is associated with lower recurrence-
free survival and overall survival [54]; the same data have
been observed for patients with advanced disease [39].

Sarcopenia is defined as muscle deficiency or
inefficiency, which can be confirmed by testing the muscle
strength, muscle quality, and overall physical performance.

In colon cancer, it is found that up to 50% of non-metastatic
cases are sarcopenic, while for the metastatic disease 70%
of patients are in this condition [55]. The presence of this
syndrome is a negative prognostic marker, leading to lower
rates of recurrence-free survival and overall survival,
compared to non-sarcopenic patients [56]. The negative
effects result from a higher incidence of postoperative
septic syndrome, the need for more transfusions, and a
higher risk of anastomotic fistula [55].

Influence of Biomarkers on Clinical Presentation

Several factors can be considered in predicting the risk of
emergency presentation secondary to complications for
colon cancer. These factors are represented by tumor
location, size, TNM stage, and anatomopathological features
(tumor type, degree of differentiation, lymphovascular and
perineural invasion, etc.) [57]. The anatomical characteristics
of the tumor can influence the appearance of various
complications, and can therefore be considered risk and
prognostic factors. Thus, a tumor with a diameter of more than
5 cm leads to an increased frequency of obstructive syndrome,
tumor perforation, or bleeding, regardless of whether it is
located in the right or left colon [58].

TNM staging may influence the possibility of emergency
presentation; the more advanced the stage, the higher the risk
of complications [59,60]. The appearance of obstructive
syndrome as the initial clinical presentation occurs for stages
I-111 in 7-29% of cases, reaching up to 40% for stage 1V,
especially if the tumor associates an aggressive histological
pattern [61]. Tumors exceeding stage T3 have a higher rate
of perforation, especially if the number of positive lymph
nodes on histopathological examination was at examination
greater than 4 [60].

Regarding histological markers influencing the mode of
surgical emergency presentation in colon cancer, factors
such as histological type, tumor circumference,
lymphovascular or perineural invasion, degree of
differentiation, and the presence or absence of necrosis
and/ or microperforation are largely involved [57]. The
most frequent histopathological type of colonic tumors
consists in adenocarcinoma (in more than 80% of cases),
while the rest forms are represented by mucinous or signet-
ring cell type [62].

Given the increased incidence of adenocarcinomas,
these are more frequently associated with emergency
presentation. For cases where the presence of mucinous
cells was observed, the clinical presentation was
predominantly as an acute obstruction/bleeding, while for
cells with a signet-ring appearance, it was associated
especially with perforation and obstruction [63].

Lymphovascular, arterial, venous, and neural invasion
are negative prognostic factors in colon cancer, being
associated with a poor prognosis. For patients whose
emergency room presentation was as a complicated form
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of colon cancer, these histopathological characteristics
were present in varying proportions. Thus, in patients
operated electively, the rate of perineural invasion reaches
21.8%, while for those operated on urgently, it reached
33.7%. Vascular invasion was also more common for those
treated emergently, with rates of 39.6% versus 29.1% for
those treated electively [64].

Other factors contributing to the emergency diagnosis of
colon cancer were represented by demographic and socio-
economic data. Thus, patients over the age of 79 are twice
as likely to undergo emergency surgery compared to those
aged 18-54, with women in particular at a 23% higher risk
[65]. This phenomenon can be explained by the decreased
immune capacity associated with aging, as well as due to
associated comorbidities [66]. Other socio-economic
factors, such as the distance from the patient's home to the
nearest hospital or diagnostic center, as well as the net
income/year may also influence the presentation of patients
with complicated colon cancer to emergency. Thus, the
greater the distance and the lower the income, the more
likely they are to present late and with severe forms (poor
diet, lack of information about the disease, limited access
to screening programs or early treatment, etc.). [67].

Conclusions

Colon cancer poses a significant health problem,
characterized by nonspecific symptomatology that often
becomes clinically relevant upon the occurrence of
complications or with the advancement of the disease.
Understanding the clinical presentation forms of colon
cancer is crucial for timely diagnosis and effective
management. A comprehensive understanding of the
interplay ~ between  clinical  presentation  forms,
complications, and biomarkers is essential for improving the
management and outcomes of patients with colon cancer.
Incorporating this knowledge into clinical practice enables
tailored approaches that address individual patient needs,
ultimately enhancing overall patient care and prognosis.
Further research and advancements in diagnostic and
therapeutic modalities are warranted to continue improving
outcomes in colon cancer management.
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