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Abstract

Activation of RAS, RAF, MEK, ERK, MAP pathways play an important role in colon cancer. The prevalence of colorectal cancer was generally in
the sigmoid and rectum, but the mutations studied were more likely to cause cancer in the cecum, upper colon, and transverse colon, indicating a
link between the tumor site and the type of mutation. To reduce the risk of colorectal cancer, KRAS and BRAF mutations and MSI status in precursor
lesions such as HPS, SA, and adenomas can be evaluated. Mutations in the MAPK signaling genes (NRAS, KRAS, BRAF, and PIK3CA) in pairs or triplets
will have a synergistic effect on CRC antitumor potency. Therefore, their identification using different methods such as PCR and NGS is important
because of these mutations on treatment choice and response. Direct sequencing technique is less sensitive in detecting KRAS and BRAF mutations.
Using higher sensitivity techniques such as COLD-PCR followed by HRM analysis, the sensitivity in detecting KRAS and BRAF mutations will be
significantly higher than conventional PCR methods. A combination of SERS and PCR, which has high sensitivity and low Detection Limit (DL), can
be used to detect these mutations in cfDNA.

The Idylla system can also be used to detect mutations in plasma. Which requires a larger volume of plasma and a suitable concentration of
cfDNA. Elevated levels of cfDNA in cancer patients are primarily of tumor origin, and analysis of KRAS and BRAF mutations in plasma could be
an alternative to tumor tissue analysis. Genotyping using exosomal serum mRNA can replace tissue samples in CRC patients who do not have the
possibility of repeated biopsies due to their non-invasive nature and high rate and reproducibility. CTC can also be used as a non-invasive method to
monitor and evaluate patients’ condition. BRAF and KRAS mutations are specific mutations that occur independently. These two mutations increase
FDG uptake and accumulation within tumor cells by increasing GLUT-1 expression. These mutations are associated with MSI-H type tumors and
lack of hMLH1 expression. Studies show a high degree of compatibility between KRAS/BRAF mutation status and MSI status in primary CRC and
corresponding peritoneal metastases. Therefore, the MSI status of cancer cells does not change as the disease progresses.

High serum levels of CA19-9 and CEA and the presence of KRAS and BRAF mutations worsen the patient prognosis in CRC. The V600E BRAF
gene mutation is a negative prognostic factor in CRC and causes a recurrence of the disease in a short time and can be mentioned as an independent
prognostic factor along with TNM and gender. Usually due to the mutually exclusive phenomenon, both KRAS and BRAF mutations do not occur
simultaneously, but if both mutations are combined, it causes worse and more aggressive clinical manifestations and leads to a shorter 0OS. BRAF
mutation is associated with proximal site, poor differentiation and mucinus, and tumor grade, of which tumor grade is an independent factor in
the prognosis of OS. Unlike KRAS and APC mutations, MLH1 hypermethylation is significantly associated with the occurrence of BRAF mutations.
Mutations in the BRAF gene can be implicated in dentate adenomas, which originate from hyperplastic polyps. BRAF mutations are also significantly
associated with dMMR tumors.

Most patients with BRAF mutation have right-sided tumors, so right-sided tumors are a contributing factor to the poor prognosis of the disease.
In patients with this mutation, involvement of colorectal and thoracic lymph nodes as well as renal metastasis is more common. LRRFS is also lower
in BRAF mutant patients, so the overall survival of patients with KRAS mutation is higher than that of BRAF mutation. In general, it can be said that
RAS family mutations are more present in the early stages of the tumor they give. Early stages of CRC with KRAS and PIK3CA double mutations, such
as Stage 4 tumors, are likely to metastasize to distant sites, and this may be associated with an increased risk of liver metastasis. KRAS mutations
occur following MGMT hypermethylation and their occurrence in stages is significantly associated with deeper invasion. These mutations are mostly
well and moderately differentiated and mucinous adenocarcinomas and can be effective in causing dysplasia in the intestinal villi. The presence of
KRAS mutations is likely to cause PDC formation in CRC.
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The presence of this mutation in tumors is associated with high serum levels of CA19-9 and CEA, as well as in female patients and those who have
not smoked. KRAS-mutant tumors are also significantly associated with pMMR status, so that the association of pMMR with its mutant type has a
high probability of recurrence. In terms of MMR status, the risk of recurrence of dAMMR is half that of pMMRs. NRAS mutations are also seen in tumors
with long-term metastasis, in rectal cancer, and in tumors with poor differentiation. These mutations can affect the effectiveness of EGFR inhibitors
in CRC. The risk of death and progression to wild-type tumors is lower than that of mutants, and only these individuals respond to treatments such
as anti-EGFR. People who carry the Wild Type allele for all genes have better RR and DCR than patients who carry each of the mutations. Mutations
in each of these three genes, BRAF, KRAS, and PIK3CA, prevent response to cetuximab therapy. KRAS, NRAS, and BRAF mutations are associated with
inadequacy of treatment with stoxybim and shorter OS and lower PFS.

Keywords: BRAF and KRAS, Colorectal Cancer, BRAF Mutation, KRAS Mutation, Prognosis, Colonoscopy, Stoxybim, NRAS, Mutations, Adenomas,
Morphological

Abbreviations: RAS: Rat sarcoma; RAF: Rapidly Accelerated Fibrosarcoma; MEK: Mitogen-activated protein kinase kinase; ERK: Extracellular
regulated kinase; MAP: Mitogen-activated protein; KRAS: Kirsten rat sarcoma viral oncogene homolog; BRAF: V-raf murine sarcoma viral oncogene
homolog; MSI: Microsatellite instability; HPS: Hyperplastic polyps; SA: Serrated adenoma; MAPK: Mitogen-activated protein kinase; NRAS: Neuro-
blastoma ras viral oncogene homolog; PIK3CA: Phosphatidylinositol 3-kinase catalytic a subunit; CRC: Colorectal cancer; PCR: Polymerase chain
reaction; NGS: Nest generation sequencing; COLD-PCR: Co-amplification at lower denaturation temperature PCR; HRM: High-Resolution Melting;
SERS: Surface enhanced roman spectroscopy; DL: Diagnosis limitation; CF DNA: Cell-free DNA; CTC: Circulation tumor cells; FDG: 18F-Fluorode-
oxyglucose; GLUT-1: Glucose transporter-1; MSI-H: Microsatellite Instability-high; HMLH1: Human mutL homolog 1; CA19-9: Cancer antigen 19-9;
CEA: Carcinoembryonic antigen; TNM: Tumor-node-metastasis; OS: Overall survival; APC: Adenomatous polyposis coli; MLH1: MutL homolog 1;
DMMR: Deficient mismatch repair; LRRFS: Locoregional recurrence-free survival; MGMT: 06-methylguanine DNA methyltransferase; PDC: Poorly
differentiated clusters; DMMR: Proficient mismatch repair; MMR: Mismatch repair; EGFR: Epidermal growth factor receptor; RR: Response rate;
DCR: Disease control rate; PFS: Progression Free Survival; PET/CT scan: Positron emission tomography/computed tomography scan; SUV max:
Maximum standardized uptake value; TLR: Tumor-to-liver ratio; HXK-II: Hexokinase type-1l; MCRC: Metastatic colorectal cancer; CIMP: CpG island
methylator phenotype; WT: Wild type; GI: gastrointestinal; tp53: Tumor suppressor gene 53; SMAD4: Mothers against decapentaplegic of human
cancer; FBXW?7: A critical tumor suppressor of human cancer; FAP: Familial adenomatous polyposis; T3: Tumor grade 3; Csc: Cancer stem cell; MSS:
Microsatellite stability; PTEN: Phosphatase and tensin homolog; RFS: Relapse free survival; WBC: White blood cells; DFS: Disease free survival;
TCGA: The Cancer Genome Atlas; CIN: Chromosomal instability; PERK: Proline-rich extension-like receptor kinases; ctDNA: Circulating Tumor DNA;
pmKRAS: Plasma mutant KRAS level; HRMA: High-Resolution Melting Analysis; CIMP: CpG island methylator phenotype; MLR: Multiple linear re-
gression; BEAM: Beads; emulsion; amplification; magnetics. DPCR: Digital polymerase chain reaction; FFPE: Formalin-fixed and paraffin embedded;
RFLP: Restriction fragment length polymorphism; LNA-clamp: Locked nucleic acid (LNA)-clamp Polymerase Chain Reaction (PCR); anti-EGFR-Moab:
Anti-Epidermal Growth Factor Receptor-Monoclonal Antibody; AREG: Amphiregulin; EREG: Epiregulin; TTP: Time to progression; ORR: Overall
response rate; OR: Objective response; CRS: Cytoreductive surgery; HIPEC: Hyperthermic intraperitoneal chemotherapy; mPFS: Median progression
free survival; DOD: Died disease; NM: Nodal micro metastases; G3: Poorly differentiated clusters-grade; LVI: Lympho vascular invasion; PTNM:
Pathological tumor-node-metastasis; TB: Tumor budding; HCT-116: Human colon cancer cell line; RKO: Human colon carcinoma cell line; MSP:
Methylation-specific PCR; CpG: In genetics; a site where Cytosine (c) lies next to Guanine (G) in the DNA sequence. (The p indicates that c and G are
connected by a phosphodiester bond). Methylation of DNA occurs at any CpG site; CDKN2A: Cyclin dependent kinase inhibitor 2A; AA: African Amer-
icans; MSH2: Muts Homolog2; SCRC: Sporadic colorectal cancer; SGC: Sporadic gastric cancer; HNPCC: Hereditary nonpolyposis colorectal cancer;
hMSH2: Human muts Homolog?2.
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Introduction

KRAS and BRAF mutations can be effective in the prognosis of
patients with colorectal cancer [1]. Considering the effect of these
mutations on treatment choice and response, it is important to
identify these mutations using various methods such as PCR and
examine them with methods such as kaplen major [2]. KRAS and
BRAF mutations and MSI status in precursor lesions such as HPS,
SA and Adenomas can also be examined. Adenomas were the most
common lesions isolated during colonoscopy. HPS lesions are
mainly located in the left colon and are less than 10nm. HPSs are
known as neoplastic lesions and may lead to cancer. SAs are usually
larger than 10 nm and are in the right colon. In a study of 103 lesions
removed by colonoscopy, none showed MSI-H phenotype. KRAS
mutation was not found in any of the SAs and BRAF mutation was
not found in any of the adenomas. To reduce the risk of colorectal

cancer, it is better to remove precursor lesions and examine them

for morphological, molecular, size and location characteristics [3].
KRAS mutations at codons 12 and 13 and BRAF mutations at codon
600 (v600e) are common mutation sequences. Mutations in the
KRAS gene have been seen more as a substitution of the aspartic
amino acid for glycine in exon 2 [4].

A study of 244 CRC samples found that BRAF and KRAS
mutations are specific mutations that occur independently.
These mutations are associated with MSI-H type tumors and lack
of hMLH1 expression, and except for one case, lack of hMLH1
expression is always associated with the MSI-H phenotype. In this
study, BRAF mutations all occurred in exon 15 and above in tumors
of the proximal colon [5]. In another study, 51 patients underwent
FDG-PET/CT scan before primary tumor resection and predicted
the presence of KRAS and BRAF mutations in CRC samples based
on the accumulation of FDG, SUVmax, and TLR. In general, all
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primary tumors had increased FDG accumulation, but were higher
in mutant variants, both BRAF, KRAS, SUVmax, and TLR, so that
at 13cut off for SUV, sensitivity and specificity were predicted to
predict mutation. KRAS and BRAF scores were 74% and 75%,
respectively, indicating the prognostic role of FDG-PET/CT scan.
Also, in terms of the expression of GLUT-1 and HXK-II receptors, in
tumors with high expression of GLUT-1, SUV and TLR were higher,
but the results were not the same for HXK-II. It didn’t have much.

Therefore, it can be concluded that these two mutations
increase the uptake and accumulation of FDG inside tumor cells
by increasing the expression of GLUT-1 [6]. In a study to estimate
treatment costs in 4 groups:

a) Treatment without anti-EGFR therapy

b) Treatment with anti-EGFR therapy but without examining
KRAS and BRAF mutations

c¢) Treatment with anti-EGFR therapy only by examining KRAS
mutation

d) Treatment with anti-EGFR therapy was performed along with
examination of both KRAS and BRAF mutations. In general, it
was found that the lowest cost is related to treatment without
anti-EGFR therapy and this method is about $20,000.

Costs are reduced, but if anti-EGFR therapy is to be considered,
it is best to check for both KRAS and BRAF mutations, as this will
reduce costs by more than $8,000, although BRAF measurement
reduces the potential for survival [7]. In a 4-year OS study of 2953
mCRC patients, the overall survival of patients with KRAS mutation
was higher than BRAF mutation [8].

Investigation of the relationship between gender, race,
and age with KRAS and BRAF mutations

Colorectal cancer is the fourth most common cancer in
Kazakhstan. Real-time PCR showed the most common mutations in
exons 2, 3 and 4 of the KRAS gene, codons 12, 13, 61 and 146 of the
NRAS and V600E genes in the BRAF gene. BRAF mutations were not
observed simultaneously with RAS mutations. The prevalence of
mutations in men and women was equal to and greater in the G12D
codon. No association was found between the type of mutation
and gender, although there were cases of increased mutations in
women. In examining the relationship between the type of mutation
and race of individuals, the results showed the predominance
of wild type in Asians, lineage and KRAS mutation in Europeans.
The study of the relationship between age and mutation showed a
higher incidence of wild-type mutations in individuals aged 59-55
years and RAS mutations in individuals aged 89-60 years [9]. But
in Iran, this disease is more valuable for screening in middle-aged
people [10].
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In another study, the status of BRAF and KRAS genes was
evaluated with paraffin and frozen mold samples from 581 patients.
These two mutations always happened separately. The KRAS
mutation was found to be unrelated to sex, age, tumor location, stage
of cancer, and venous invasion, but there was a slight association
between this type of mutation and lymphatic invasion. In contrast,
BRAF mutations were associated with gender, age, cancer stage,
and tumor location. In this population, no correlation was found
between KRAS status and patient and tumor characteristics, while
there was a clear association between BRAF status and patient and
tumor characteristics. Thus, unlike the BRAF, the KRAS mutation
status can be an independent predictor [11]. The presence of KRAS
mutations in tumors is associated with high serum levels of CA19-9
and CEA, as well as in female patients and non-smokers, so KRAS
mutations are less likely to occur in patients with CRC who have
no history of smoking. While smoking history was associated with
BRAF and CIMP mutations in CRC.

Hence, BRAF mutation can be considered as an alternative
marker for a group with high CIMP and sporadic dMMR. In addition
to high serum levels of CA19-9 and CEA, BRAF mutations are
associated with a lower rate of overweight compared to the WT
BRAF form. High serum levels of CA19-9 and CEA and the presence
of KRAS and BRAF mutations worsen the patient’s prognosis in CRC.
Alcohol consumption, diabetes mellitus, hypertension and chronic
GI status are not risk factors for KRAS and BRAF mutations [12]. In
another study on CRC patients in the Arab countries of the Persian
Gulf and the study of kras.braf.tp53.nras.apc gene mutations and
by analyzing the status of these mutations with NGS to optimize
treatment in patients with CRC, these results were obtained. In
these patients, tumors on the left such as rectum, sigmoid colon and
splenic flexure were about 3 times more than tumors on the right

such as cecum and transverse colon.

Comparing Western and Arab CRC patients it was observed
that the recurrence of KRAS, BRAF, NRAS, TP53, PIK3CA and APC
mutations in the population of Arab patients is almost like the
population of Western patients. However, in Arab patients, the
frequency of SMAD4 mutations was lower and the frequency of
FBXW7 mutations was higher than in Western patients, which could
be due to differences in other samples or different ethnicity and
geographical distribution. Apart from TP53, which is significantly
older than 50 years, and PIK3CA and TP53 mutations, which are
associated with the absence of mutations in the APC gene, other
clinicopathological factors such as family history, FAP, stage and
tumor location were also observed. Age was not significantly
associated with mutations in KRAS, BRAF, NRAS, TP53, PIK3CA and
APC genes, as well as the incidence of CRC [13]. In Indian society,
CRC is more common in men than in women in the colon compared
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to the rectum and in people younger than 60 years (mean age 53),
but the incidence of CRC in the proximal and distal colon is equal.

In Indian patients with CRC, the tumors were mostly with stage
I, more with the depth of T3 tumor invasion, and the most mutations
in the genes were TP53 mutations and the least mutations were
BRAF and NRAS. The results of the analysis of the relationship
between mutations and clinicopathological features using NGS
method are as follows: KRAS mutations were more seen in people
younger than 60 years and older in the proximal colon and most
KRAS mutations were in codons 12 and 13 of KRAS mutations. Was
PIK3CA mutations in exons 9 and 20 were more common in men in
stage [ and II tumors and in the proximal colon, but their presence
was not associated with lymph node involvement. NRAS mutations
were more common in women and in the distal and rectal clones.
APC mutations were more associated with the depth of T2-V600E
tumor invasion. BRAF mutations were more common in men and
the most common subtype of BRAF mutations was V600E, and
eventually TP53 mutations were more common in men and the
distal colon.

None of the patients studied always had mutations in all 5 or
6 genes, indicating the onset of CRC through different signaling
pathways. The KRAS and BRAF mutations, BRAF and NRAS, NRAS
and PIK3CA were mutually incompatible. Mutation of this system
in pairs or in groups will have a synergistic effect on the detoxifying
power of CRC [14]. Mutations can affect the effectiveness of EGFR
inhibitors in CRC, and this effect is more pronounced in women.
Also, although BRAF mutation was more common in women but
decreased csc in MSS tumors in men, it was not prognostic in
women which could be due to a lack of hormonal factors [15,16]. In
astudy on 69 Chinese patients, KRAS mutation in 43.9% of patients,
BRAF mutation in 25.4% and PIK3CA mutation in 8.2% of patients
were identified. Also, loss of PTEN expression was observed in
47.8% of patients.

Among KRAS mutations, the most common mutation was in
V14G and then G12D codons. Less common mutations such as
G13D and G13G were also detected in codon 13. BRAF mutations
were measured in various codons such as V600E, V600L, V600Q,
V600V, and the most common mutations were in codons V600E and
V600L. PIK3CA mutations were more commonly detected in exon
20 and codon H1047L, although KRAS mutations and loss of PTEN
expression were more common in women and KRAS, BRAF, and
PIK3CA mutations were more common in individuals with a history
of smoking or alcohol use [17]. The prevalence of colorectal cancer
was generally in the sigmoid and rectum, but the mutations studied
further caused cancer in the cecum, upper colon, and transverse
colon. Which indicates an association between tumor location and
type of mutation [18].
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The effect of KRAS and BRAF mutations on patient’s
prognosis and its relationship with clinical and
pathological features of the disease

Studies have shown that mutations in the MAPK signaling
genes (BRAF, NRAS, KRAS and PIK3CA) are associated with poor
prognosis in CRC [19]. And the KRAS and BRAF signals in samples
with CRC can be used as prognostic factors, and the BRAF gene can
be used independently for prognosis [20]. Simultaneous evaluation
of BRAF and KRAS mutations can also be used in prognosis, survival
evaluation and other clinical evaluations [21]. The presence of these
mutations is associated with a shorter OS but has no significant
effect on PFS [22]. Patients with CRC with MSS tumors containing
KRAS and BRAF mutations, who have undergone surgery for
treatment, have a poor prognosis [23]. It is more dangerous and
reduces patients’ OS [24]. And the rate of recurrence and mortality
is higher in BRAF gene mutations [25]. In another study of 132
patients with mCRC, BRAF mutations and PTEN deficiency were
independently associated with decreased overall survival [26] and
the prognostic value of BRAF in left MSS tumors [27].

In terms of MMR status, the risk of recurrence of dAMMR is half
that of pMMRs. dMMR tumors were more common in stage C and
in right-sided tumors of mid gut embryonic origin, and since they
were less common in stage Sh, it can be concluded that these tumors
are less likely to metastasize. BRAF mutations were significantly
associated with dMMR tumors and were more common in the
midgut. Wild type or mutant types of this mutation did not differ
much in recurrence. KRAS-mutant tumors are more likely to recur
than wild-type tumors and are significantly associated with pMMR
status, so that the association of pMMR with the wild-type KRAS
type has a moderate prognosis, and with the mutant type it has a
high probability of recurrence [28]. The results of a study on the
MMR value of BRAF and KRAS mutations in 2010 showed that 26%
of tumors were in the right colon, 3% in the left, and 1% in the anus
dMMR. Also, 17% of right bowel tumors, 2% of the left colon and
2% of anal tumors related to mutations in BRAF gene and tumors
resulting from mutations in KRAS gene 40% in the right side of the
intestine, 28% in the left side and 37% in the anus [29]. Therefore,
mutations in the KRAS gene are seen much more frequently in the
right colon than in the left colon [30].

KRAS mutations are more well and moderately differentiated
and mucinous adenocarcinomas [31]. RFS is considered significant
and the association of this mutation in N1sage tumors with invasion
of lymph nodes can affect the prognosis of OS [32]. Another study
of 170 patients with a mean age of 66 years with BRAF and KRAS
mutations who had stage 2 CRC cancer and underwent surgery
found that in 27% of cases tumors in the right colon, 3% in the
transverse colon 41% in the left colon and 29% in the rectum. The
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results show that mutation in BRAF V60OE gene, which is a negative
prognostic factor in CRC that causes recurrence of the disease in a
short time [33]. It should be noted that in rectal cancers, mutation
in BRAF gene (V600E) is not involved [34]. On the other hand,
considering P<0.05, it was found that KRAS mutation has little to
do with factors such as age, sex, tumor site, tumor grade, MSI status,
etc., but with a weaker RFS in stage 2 patients.

Also, since lymph node resection is performed carefully
in patients, in multivariate studies, KRAS is considered as an
independent and effective factor in the prognosis of recurrence
in 2-stage patients. This mutation was not related to OS. BRAF
mutations were associated with proximal site, poor differentiation,
and mucinous and tumor grade. Although MSI-H was more
common in proximal tumors, it was also seen in distal tumors
with BRAF mutations. Tumor grade was also an independent
factor in the prognosis of OS [35]. In 149 mCRC patients with the
aim of determining the role of KRAS, BRAF, NRAS and PIK3CA
mutations in the prognosis of patients, BRAF mutation with the
weakest prognosis and the lowest survival rate (7.6 months) and
with 3 times higher risk of death than the all-wild-type group Was
associated and most patients with this mutation had right-sided
tumor, so right-sided tumor is one of the factors contributing to the
poor prognosis of the disease. The KRAS mutation codon12,13 was
shown to be a factor in the poor prognosis of the disease with a
twice as high risk of death as the all-wild-type group.

Individuals with all-wild-type populations for all these
genes had better and higher prognosis and survival rates than
the other groups (27.7 months). Some clinical features are also
important in poor prognosis, such as no primary tumor removal,
less chemotherapy and generally fewer treatment lines, WBC
count>10000, and no treatment with bevacizumab. However, anti-
EGFR drugs have little to do with survival [36]. It was concluded
that the study of these mutations could play a role in the prognosis
of patients receiving anti-EGFR antibodies [37]. A study of 600
BRAF codon mutations and KRAS codon mutations 12 and 13 in
CRC patients in China found that KRAS mutations could be effective
in causing dysplasia of the intestinal villi, and that BRAF gene
mutations could also occur in dentate edema. It originates from
hyperplastic polyps [38]. In the case report, two patients with
colorectal cancer carrying both KRAS and BRAF mutations were
found to have both BRAF mutations in codons other than V600E,
and the association of non-V600E BRAF mutations with KRAS
mutations was better than that of mutant CRCs. BRAF V600E [39].

In another case report of a 50-year-old man with advanced
rectal adenocarcinoma at stage 4, T3N2M1, and hepatic metastasis,
both KRAS mutations were found in codon 12 exon 2 and BRAF
V600E. We usually do not expect to have both mutations in the
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patient at the same time, but the cause of this phenomenon can
be considered a tumor consisting of different clones with different
mutations and a high degree of heterogeneity, and the association
of both mutations together, worse clinical manifestations. It is more
aggressive [40]. Thus, BRAF V600E mutations occur in tumors with
KRAS-WT and their occurrence is significantly associated with the
original location of the tumor, colon tumors, and deterioration of
tumor differentiation. Unlike exon 20 mutations, PIK3CA is more
common in proximal tumors, such as the colon, than in distal sites
such as the rectum. The occurrence of KRAS mutations in stages is
significantly associated with deeper invasion [41]. The BRAF V600E
mutation is associated with distant and simultaneous metastases
and higher TNM, and has a weaker OS compared to WILD-TYPE
variants. Therefore, it can be mentioned as an independent

prognostic factor along with TNM and gender.

The KRAS mutation in codon 13 was associated with a weaker
0S compared to KRAS wt/BRAF wt, and in this regard, the mutation
in the G13D sequence can also be mentioned as an independent
prognostic factor. But codon 12 mutations did not show such an
effect [42]. Examination of the spectrum of KRAS mutations in
Serbian mCRC patients showed that the most frequent mutations
in KRAS in CRC were 7 different bp substitutions at codons 12 and
13, with different mutations having different effects, e.g.,, Increases
the risk of death to T [43]. In the study of the association of KRAS
and BRAF mutations with 3-year-old OS and DFS in patients with
colorectal cancer at TCGA and GSE39582, considering the TNM
rating scale, there was generally little association between these
mutations with OS and DFS; But in TCGA database, stage C patients
with BRAF mutation had shorter OS but not much difference in DFS.
In GSE39582 database, stage B patients with BRAF mutation had
higher DFS.

Also at this base, the KRAS mutation was associated with a
shorter 3-year OS and DFS, but this did not happen at TCGA. Usually
due to the mutually exclusive phenomenon, both KRAS and BRAF
mutations do not occur simultaneously, but at TCGA 9 patients had
these two mutations simultaneously, leading to a shorter OS but
not much difference in DFS [44]. Regardless of MSI status, KRAS
and BRAF mutations are associated with weaker OS and DFS. BRAF
mutations are commonly seen in tumors of the proximal colon, or
mucinus, and are associated with a weak OS in stage LU patients. A
patient with a male gender over the age of 65 and an advanced TNM
stage who also has the KRAS mutation will have a poor prognosis. If
we consider the effect of other variables and factors on prognosis,
KRAS is still associated with poor prognosis [45]. KRAS mutation
was associated with mucinous carcinoma pathology and tumor
type histology, and positive tumor deposit. In terms of OS, two

univariate and multivariate studies were performed.
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In both reviews in stage 4, the OS was shorter. In stage 3, a
shorter univariate study was performed, but in several variables,
this result was not obtained. dMMR was observed in younger
patients, large tumors, poor differentiation and usually in stage1,2,
and acts as a protective factor in stage3, leading to a longer OS.
NRAS was associated with a shorter OS in stage 1,2 [46]. A 2019
study of non-surgical advanced mucosal adenocarcinoma patients
found that the status of KRAS, BRAF, NRAS, and PIK3CA stimulus
mutations was associated with the spread of metastasis. NRAS
mutations and especially KRAS mutations of codons 12 and 13 in
metastatic tissues were significantly more than primary tissues. In
primary tumors, KRAS-stimulating mutations were more common
in the sigmoid colon, whereas BRAF and PIK3CA mutations were
found only in primary tumor tissue, and the PIK3CA mutation
in Stages Il and III CRC was slightly more than metastatic. There
was little difference between the incidence of these mutations in
colon and rectal cancer. However, in rectal cancer only one PIK3CA
mutation was found and no NRAS gene mutation was observed [47].

Investigation of KRAS and BRAF mutations in CTC, ctDNA,
cfDNA, plasma and CSC

DNA damage and alteration that occurs for a variety of reasons,
including aging and environmental factors such as radiation
exposure, can lead to mutations in DNA, which can cause tumors
and cancer. Diagnosis Analysis of CRC-related mutations can
lead to earlier diagnosis of cancer and reduction of mortality
and appropriate treatment. From 35 patients with CRC, with a
mean age of 60 years, before tumor resection surgery to analyze
genomic DNA in tumor samples, peripheral blood samples were
taken for exosomal mRNA analysis. It was observed that the repeat
mutations of codons 12, 13 and 61 of KRAS gene and codon 600 of
BRAF gene in serum exosome and tumor tissue are almost similar
and the sensitivity, specificity, and stability rate of detection of
these mutations in serum exosome are also high. Also, the most
common KRAS mutations were the same in tumor tissue and serum
exosome, and in both KRAS mutations, codon 12 of exon 2 doses
of students t-test were significantly associated with the patient’s
older age, while the occurrence of BRAF mutations was correlated.
Patients with no clinicopathological characteristics.

Genotyping using exosomal serum mRNA can replace tissue
samples in CRC patients who do not have the possibility of
repeated biopsies due to its non-invasive nature and high rate and
reproducibility [48]. In the study of KRAS/BRAF mutations in serum
and primary tumor among 115 patients, it was concluded that in
case of similarity, serum sample was used instead of tissue sample
to diagnose the mutation, but due to reasons and possibilities such
as possible KRAS/metastasis BRAF occurs, or the circulating DNA is
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not related to primary tumors. It was concluded that mutations in
serum and primary colorectal tumors do not match [49]. Analysis
of circulating cell-free DNA shows that this method shows 87%
for KRAS gene detection and 96% for tumor DNA matching, 7%
for BRAF gene and 100% matching [50]. Another study examined
mutations in the KRAS, NRAS, BRAF and PIK3CA genes in plasma
and colorectal cancer tumors. 175 cases of colorectal cancer (101
men and 74 women with an average age of 59 years) were studied
from 2016 to 2017. In these patients, tumor tissue is the best way
to diagnose the disease, but it is difficult to obtain this tissue, which
can be replaced by plasma. Used [51].

The percentage of KRAS and BRAF mutations observed in a
study performed by DNA flowmetric method was 39% and 4%
among 135 patients with CRC, respectively. In this study, P53 was
also investigated thatif itis associated with KRAS mutation, it seems
that in tumors with aneuploid DNA (which is based on asymmetric
chromosomal mechanisms) it can affect the mechanisms of
Chromosomal Instability (CIN). [52]. In 36 cases of CRC with BRAF
and KRAS mutations using Roche Cobas® and PCR kits, 13 cases
were without BRAF and KRAS mutations. The association between
these mutations and the activation of ERK signals was investigated.
In staining with PERK antibodies, there was no difference between
mutated and non-mutated cancer samples, and these mutations
may not necessarily be associated with the expression of the ERK
gene. There are in these mutations. In general, further studies and
other methods are needed to prove this relationship [53]. The
sensitivity and accuracy of real-time PCR detection for sampling
liquids is estimated between 0.1-0.5%.

Using plasma DNA-binding Magnetic Beads and selective
identification of mutations related to exons 2, 3 and 4 of RAS family
genes and exon 15 of BRAF gene, Circulatory Tumor Status (ctDNA)
of colorectal cancer patients was evaluated by qualitative real-time
PCR. According to the results of liquid biopsy, the prevalence of RAS
and BRAF mutations in patients was 26.5% and 10.2%, respectively.
Using Liquid Biopsy to evaluate BRAF and KRAS mutations is a good
clinical assessment for more information on disease prognosis.
Using this method along with Tissue Biopsy can provide better and
more complete information about mutations [54]. A study examined
the cfDNA of KRAS in 108 patients with mCRC between April 2005
and April 2008. Quantitative measurements of cfDNA and tumor
specific KRAS mutations in plasma are highly interdependent,
leading to the development of the theory that elevated cfDNA levels
in cancer patients are primarily of tumor origin. KRAS mutations in
tumors with an incidence rate of 78% and 91% concordance were
also seen in peripheral blood. For this reason, KRAS mutations that
can be detected in tissue analysis can also be seen in peripheral
blood.
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Also, high levels of mutated Plasma KRAS (pmKRAS) are
associated with deteriorating patient status [55]. Another study
examined the importance of third line CFDNA therapy with
Cetuximab and irinotecan in 108 colorectal cancer patients, most of
whom also detected KRAS mutations in tumor plasma (78%) and 2
out of 3 mutations. BRAF was found in tumor plasma. These results
suggest that analysis of KRAS and BRAF mutations in plasma
could be an alternative to tumor tissue analysis, the level of which
is strongly correlated with the results of the third line of mcrc
treatment [56]. Biomarkers are needed to evaluate the effectiveness
of EGFR inhibitors. The effect of CFDNA as a prognosis in patients
with CRC with KRAS and braf mutations has been investigated
[57]. To investigate the mutations of PIK3CA, KRAS NRAS, BRAF
in cfDNA, Mitella patients with colorectal cancer were monitored
and treated with cetaximab. From 15 patients with plasma mcRc,
8 patients were collected, and it was found that the mean level
of cfDNA in these patients was significantly higher than healthy
individuals. Leaving treatment with cetaximab for 2 months and

resuming treatment elicited a partial response.

Continuous monitoring of PIK3CA, KRAS NRAS, and BRAF
mutations in cfDNA is possible and helps in early detection of
drug resistance to cetaximab [58]. After CTCs were isolated from
patients’ blood using the Vortex platform, mutations detected in
CTC, ctDNA, and tumor tissue in mCRCs that metastasized to the
liver were examined and compared. In most cases, KRAS, BRAF, and
PIK3CA mutations in CTC were like tumor tissue, but in some cases,
due to intratumorally heterogeneity, additional mutations were
found in CTC that were not in tumor tissue. CTC as a non-invasive
method can be used to monitor and evaluate patients’ condition,
because in this study it was found that CTC and ctDNA levels can
determine the recurrence or progression of the disease, even
before the imaging and CT- scan to make a change, show. KRAS,
BRAF, and PIK3CA mutations were detected in some cases in CTC,
in some cases in ctDNA, and in some cases in both. Therefore, it
can be concluded that CTC and ctDNA are complementary and can
be used together to monitor patients and use their results to select
appropriate drugs [59].

KRAS and BRAF mutation detection methods in CRC
samples and its common sequences

Considering the role of KRAS and BRAF mutations in colorectal
cancer, identification, and familiarity with detection methods of
these mutations in CRC samples is of special importance. In CRC,
mutations occur with a 51% -30% probability in the KRAS gene,
and in about 10% of cases, mutations in the BRAF gene occur. One
of the methods for detecting the above mutations, HRMA method,
is a method for fast and very sensitive screening based on the

differentiation of DNA behavior when temperature increases. In
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a study of 116 CRC samples, variable dilution was performed on
two types of mutant and non-mutant DNA, and it was found that at
least 5% of mutated alleles can be detected by HRMA method [60].
In another study with a similar statistical population, KRAS, BRAF
and PIK3CA mutations were identified using HRMA method and the
results were evaluated by sequencing analysis using PCR. They both
detected a mutation in KRAS in-frame c.30_31insGGA, which results
in the addition of excess glycine to the sequence (p.10_11insG),
although this mutation had not been previously reported in CRC.

Two rare KRAS mutations, including Q22K mutation and L19F,
were also detected by HRMA. The BRAF V600E mutation was
also detected in exonl5 only. This study also showed that KRAS
and BRAF mutations occur mutually exclusive, so that no BRAF
mutation was observed in any of the samples containing KRAS
mutation. On the other hand, the association of PIK3CA mutation
with KRAS mutation was significant, so that out of 20 PIK3CA
mutations in the study population, all mutations in exon20 and
54% of exon9 mutations were associated with KRAS mutation.
Also, 10% of 9PIK3CA exon mutations were associated with BRAF
mutation [61]. In two other studies in Taiwan that used the HRMA
method to examine the above mutations, cases of PIK3CA mutations
with KRAS (wild-type or mutant) mutations were reported, but no
association of BRAF and KRAS mutations was observed [62,63].
PCR method can be used to identify KRAS and BRAF mutations and
their role in treatment selection and response [64,65].

Factors such as heterozygosity of mutations affecting cancer
cells, heterogeneity of clones and different mutation status in them,
as well as the presence of both normal and pathological cells in the
complex structure of cancers lead to limited mutation detection. In
biopsies, cancers include CRC. The direct sequencing technique is
less sensitive in detecting these mutations and may identify KRAS
and BRAF mutant forms in low frequency sequences, such as WT
BRAF and WT KRAS. By using more sensitive techniques such as
COLD-PCR and enriching the ratio of mutant alleles in sequences
with less frequency during PCR, more accurate mutations can be
achieved and thus therapies can be more targeted. Performing
COLD-PCR method followed by HRM analysis has shown that the
sensitivity in detecting KRAS mutations will be 8 times and in
detecting BRAF mutations will be 4 times higher than conventional
PCR methods. The difference in hypersensitivity for KRAS and BRAF
mutations is due to the implementation of different fast COLD-PCR
protocols for KRAS mutation and full COLD-PCR for BRAF [66].

Two cases of G12V and G13D mutations for the KRAS gene and
another V600E for the BRAF gene are more common than other
mutations in tumors [67]. Considering the possibility of mutations
in different codons and the effect of these mutations on non-

response to anti-EGFR therapies, it is better not to just ignore the
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common codons and do thorough research in this regard. In a study
to investigate advanced cell line and CRC samples using HRM, PCR,
reverse transcription-PCR, a new mutation in 117 KRAS codons in
C125 was identified in the cell line for the first time. Mutations in
T529A and N581Y were also detected for BRAF. All BRAF mutations
were heterozygous, but there were also homozygous cases among
KRAS mutations. There was also a close relationship between BRAF
and CIMP+, which is the promoter methylation of 3 genes or more.
Both KRAS and BRAF mutants T529A codon were also detected in
one cell. In advanced CRC samples, KRAS mutation was observed in
different codons on 12/13/61/146 [68].

Using a combination of SERS and PCR by adding mutation-
specific probes by PCR is another way to detect KRAS, BRAF and
PIK3CA mutations in the plasma of patients with CRC. This method
has high sensitivity and low Detection Limit (DL), which makes
the PCR-SERS method competent and efficient in detecting these
mutations in cfDNA. To design the probes used in SERS, you must
first identify the mutation sequence and then use the specific
mutation probes that have a color tag and are attached to the
target mutations. Multiple mutations in up to 3 genes are detected
simultaneously without the need for separate processes such
as electrophoresis, and then subsequent analyzes such as MLR
determine the presence of specific mutations [69]. DNA mutations
of the APC, TP53, KRAS, BRAF, and hypermethylation genes in the
promoter regions of the APC and MLH1 genes can also be detected in
plasma at different stages of the tumor, using the Denaturing High-
Performance Liquid Chromatography platform (DHPLC) Appeared.
Genetic and epigenetic studies by this method can help diagnose,
determine progress, and monitor the treatment process [70]. The
Idylla system can also be used to detect mutations in plasma.

This method is used to detect hotspot mutations in KRAS,
NRAS and BRAF genes with low allele frequency. The Idylla system
can detect these mutations at a lower cost and in less time than
methods such as BEAMing dPCR and NGS, but its detection limit is
higher, and its detection sensitivity is lower. In a study of 18 plasma
samples from mCRC patients, both the Idylla and BEAMing dPCR
systems were fully consistent in the detection of BRAF and NRAS
mutations, but the Idylla system in the detection of two 146 exon
4 KRAS codon mutations by BEAMing dPCR was detected, was
disabled. One of these two cases had low concentrations of cfDNA.
Also, in the detection of mutations in ctDNA, several factors prior to
analysis such as contact with the sample during the centrifugation
process or storage conditions of the sample can affect the quality
of the sample. Therefore, to detect mutations in samples with low
allele frequency in the Idylla system, we need a larger volume of
plasma and an appropriate concentration of cfDNA [71]. In the
Idylla system, instead of using FFPE tissue sections, the extracted
DNA is pipetged directly into the cartidage.
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Unlike NGS, Idylla does not require good quality DNA and can be
made with low quality DNA. Further investigation of tumor tissue
characteristics and identification of other appropriate treatment
options using NGS after Idylla is possible. Idylla also allows the
analysis of hotspot mutations in much less time than NGS and when
little tumor tissue samples are available, and the results are 100%
consistent with NGS results, despite the advantages mentioned.
In Idylla, LOD is 2.5ng for KRAS and NRAS and 5ng for BRAF DNA
input. Of course, NGS also has advantages, including the need for
less input DNA and DNA analysis of target points without significant
limitations [72]. Point mutations in KRAS, NRAS, and BRAF are
involved in the RAS/RAF/MEK/ERK carcinogenic pathways and
are used in the treatment of mCRC patients as prognostic markers.
KRAS/NRAS/BRAF Assays can detect 30-point mutations in FFPE-
extracted DNA on a fully automated Modaplex System. The primers
required for these assays to detect 13, 13, and 4 mutations in the
KRAS, NRAS, and BRAF genes, respectively, were fabricated using
proprietary technology. The sensitivity of the analysis of each
mutation can be assessed using proprietary Ultramer Oligos or

Horizon Dx Mockblock specimens.

Each assay requires 5 microliters of clinically extracted sample
containing 10 to 50 ng of DNA and a preparation time of 15 to 30
minutes. The total time for data preparation and processing is 4
hours. This kitincludes internal controls (to determine the mutation
status) and adjustment controls (to determine the amplitude).
Studies have shown that these assays have high sensitivity, accuracy,
selectivity, and specificity in detecting mutations. In a study of
about 110 samples, the results showed a 95% agreement between
this method and the pyrosequencing method, and these assays can
be used in clinical trials, although they cannot be used in clinical
diagnoses [73]. Other methods for investigating KRAS and BRAF
mutations include allele-specific single-base primer extension [74],
reverse hybridization strip assay and RFLP [75], a combination of
LNA-clamp PCR and allele specific hybridization using Among the
biological microchips [76], as well as three molecular methods
cobas, Thera screen assays, Digital PCR (Fluidigm). Among the last
3 methods mentioned, cobas and Digital PCR are better methods
for detecting mutations [77].

KRAS and BRAF mutations and response to treatment

The risk of death and progression in wild-type tumors is lower
than in mutants, and only these individuals respond to treatments
such as anti-EGFR [78]. Therefore, it is better in case of this type of
mutation, KRAS codon 12 & 13 mutations [79] and other RAS family
mutations and BRAF mutation [80] as well as PIK3CA mutation
[81] due to their poor response to anti-EGFR-moAb treatment. Be
checked before starting treatment and avoid this treatment if these
mutations are associated with Wild Type. Even if the tumor has the
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Wild Type allele for all the above mutations, there may still be no
complete response, indicating the influence of other factors such
as PTEN deficiency [82] or decreased AREG and EREG expression
[83]. One of the appropriate therapies could be the effect of adding
Cetuximab to the second line FOLFIRI [84]. This method only
improves the condition for Wild Type KRAS mutations, and the
presence of other mutations such as BRAF and PIK3CA causes
treatment resistance and non-response [85]. In the case of the
KRAS gene, mutations on codon 13 also have the highest response
to Cetuximab [86].

The same results are found in the elderly treated with first
line TEGAFOX+Cetuximab, and OS and RR are higher in wild-type
mutations than in mutants, and the prognosis is often determined
by the RAS family of genes, although BRAF and TP53 mutations also
play a small prognosticrole [87]. In treating these patients, the effect
of adding an anti-angiogenic to second-line chemotherapy can also
be used [88]. For example, the addition of Regorafenib to FOLFIRI
improves recovery in people with colorectal cancer with wild-type
BRAF and KRAS mutations [89]. This treatment is not responsive in
the presence of other mutations and despite improving PFS in Wild
Type patients, it does not make a difference in the presence of other
mutations and even worsens the OS condition in some BRAF V600E
patients [88]. BRAF and KRAS mutations can be considered as two
prognostic and predictive factors for the response of mCRC patients
undergoing chemotherapy based on Oxaliplatin, Irinotecan and
Fluoropyrimidines. Wild Type KRAS mutations are twice as good as
mutant KRAS mutations and have a clinical outcome [90]. Despite
the selective apoptosis of mutant cells (unlike wild type cells)
caused by the addition of vitamin C (in conditions of peripheral
glucose deficiency); Another prognostic role of BRAF and KRAS

genes has been demonstrated [91].

This prognostic role does not exist in monotherapy with
Irinotecan [92]. The type of mutation is very important in choosing
the appropriate treatment [93]. The most common mutations
reported in colorectal cancers are related to KRAS, BRAF and PIK3CA
genes, of which KRAS mutation is the most common (about 40% of
patients) [94]. In general, it can be said that RAS family mutations
are more in the early stages Tumors are present, and BRAF and
PIK3CA mutations occur more frequently as the tumor progresses
[84]. About 60% of Wild Type patients also have mutations in the
BRAF and PIK3CA genes and other genes in the RAS family [95] and
do not respond to anti-EGFR therapies because of these mutations
[96]. RR and DCR are better than patients carrying each of the
mutations, and screening of these individuals can be effective in
choosing the appropriate treatment [97]. Mutations outside this
group, including KRAS, NRAS, and BRAF mutations, are associated

with the inadequacy of treatment with stock oxime and shorter
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0S and lower PFS and require different approaches [98]. However,
the status of the PIK3CA mutation does not differ between the two
parameters [99]. In patients with moderate to severe skin rash, TTP
and OS are significantly higher [100].

The findings regarding combination therapy are as follows:
Using Cetuximab and LSN3074753 combination therapy can
increase DCR, ORR and PFS in KRAS and BRAF patients [101]
considering that PHA-665752 reduces cancer cell resistance
The colon is resistant to treatment with Cetuximab. Concomitant
use of PHA-665752 and Cetuximab for CRC treatment is more
effective than any other treatment and increases the lifespan of
both local tumors and metastatic tumors; [102]. Research shows
the combination therapy of Panitumumab and FOLFOX increases
the rate of OS in mCRC patients; [103,104]. Mutant and BRAF
gene mutations do not make a difference [106]. Given that the
best response to anti-EGFR therapies is seen in KRAS mutations
[107]. And the mean OS and PFS in patients with PIK3CA or BRAF
mutations treated with Cetuximab did not differ; [108] to save and
reduce treatment costs, these mutations should be identified, and
other appropriate treatment considered. Examining the status of
various genes, including KRAS and BRAF before starting anti-EGFR
treatment, can significantly reduce treatment costs (over $8,000)
[109].

New low-cost models and methods, including the Monte Carlo
Markov model [110]., have been discovered in recent years to detect
these mutations. Also, studies have shown a mutation status like
KRAS and BRAF genes in primary and metastatic tumor specimens,
sointhe absence of primary tumor specimens, metastatic specimens
can be used to examine genes [111]. BRAF and KRAS mutations are
often specific mutations, but a small percentage of patients have
double mutations, and this group does not respond to conventional
drug therapy and needs to consider new drugs to increase the life
expectancy and treatment of these patients [112]. Other effective
pathways in the treatment of mCRC patients besides EGFR include
Insulin Growth Factor-1 Receptor (IGF-1R) and Mammalian Target
of Rapamycin (mTOR) pathways.

These and other similar pathways need further study and
explanation to explore newer therapies [113]. Other effective but
less studied genes include the Thymidylate Synthase gene, which
lacks the 3’'UTR TYMS polymorphism of this gene, increasing the
chances of responding to treatment [114]. Other less studied
factors are environmental effects on the mutation status of cells.
For example, in the case of peripheral glucose deficiency, the cells
increase the expression of GLUT1, which in turn stimulates KRAS
and BRAF mutations. Addition of 3-bromopyruvate to the medium
can stop glycolysis and inhibit the growth of these cells [115]. All

these cases need further study.
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KRAS and BRAF mutations in metastatic colorectal
cancer

KRAS and BRAF mutations can occur at either primary or
secondary metastatic tumor sites, so they can be detected from
either site; Of course, it should be borne in mind that in some cases
mutations occur only at the primary site or only at the secondary
site. Also in the cohort study, patients carrying the wildtype allele
of the KRAS gene in the primary tumor showed a mutated form
of the gene in pancreatic or adrenal metastases rather than liver
metastases [116]. In mCRC patients undergoing liver resection
with curative intent for liver cancer, BRAF mutation was found to
be associated with a higher risk of recurrence and a more adverse
outcome, whereas KRAS mutation had no association. With RFS
after liver resection. The BRAF leak status can be a new warning
marker for post-Liver Research status [117]. OR TTP, and OS in
mCRC patients treated with first-line systemic chemotherapy in
combination with monoclonal antibodies will vary according to the
status of the KRAS and BRAF genes [118].

It is therefore important to determine the genetic profile to
determine the response to treatment. In cetuximab-treated mCRC
patients with grade 1 to 1 skin lesions carrying KRAS or BRAF
mutations with reduced AREG or EREG, TTP and OS expression
is extremely low [119,120]. In a study in which most patients
underwent XELIRI treatment/Bevacizumab or XELOX/ Cetuximab,
wild-type KRAS/wild-type BRAF patients and wild-type KRAS/
mutant BRAF patients had slight differences in OR and TTP but
significant differences in OS. The results of comparing codons
12 and 13 of KRAS showed a slight difference in OR and TTP, but
mutations in codon 13 showed less response and faster progression
than codon 12. BRAF mutant patients have a much worse prognosis
compared to wild-type BRAF patients with lower response rates
and faster progression during treatment [121]. In BRAF mutant
patients, colorectal and thoracic lymph node involvement as well
as renal metastasis are more common. Survival without regional
recurrence (LRRFS) is also lower for BRAF mutant patients [122].

Asstudy in Norway on mCRC patients with peritoneal metastases,
who underwent CRS and HIPEC between 2004 and 2015, showed
that those patients with BRAF mutation with MSI-H status, after
receiving these treatments, DFS and OS were significantly better,
but DFS was lower for BRAF mutant patients with MSS status or
KRAS mutant or double wildtype [123]. In evaluating the response
to cetuximab treatment in mCRC patients who did not receive
chemotherapy, patients with wild-type KRAS, RR, and mPFS had
better KRAS mutants. None of the patients with KRAS mutant
tumors had reduced tumor size, but toxicity profiles such as skin
toxicity, diarrhea, stomatitis, and hypomagnesia did not differ
between wild-type KRAS tumors and KRAS mutant tumors. Also,
patients with wild-type allele had all three BRAF, KRAS and PIK3CA,
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RR and PFS genes better than patients with KRAS-only wild-type
allele.

Mutations in each of these three genes prevent response to
cetuximab treatment. However, more than half of the patients still
do not respond to cetuximab treatment without any mutations
in these three genes, indicating the presence of other unknown
determinants [124]. The type of mutation is closely related to
the two parameters OS and PFS. The various exon 2 mutations in
the KRAS gene have different levels of OS and PFS. In the study
of 1239 patients, the highest OS was related to G12D and G12V
and the lowest OS was related to G12C, G13D and G12S. Tumors
without KRAS, NRAS and BRAF mutations had higher OS levels
[125]. In a study that classified mCRC samples according to Dukes’
staging criteria, 4 stages were Stage A (T1-2NOMO), Stage B (T3-
4NOMO), and Stage C (T1-4N1-3MO0). And Stage D (T1-4N0-3M1)
was defined, and it was found that the KRAS and PIK3CA mutations
were closely related to Dukes’ D staging, while the BRAF mutation
was not significantly associated. KRAS and PIK3CA mutations can
occur together, and this can be associated with an increased risk of
liver metastasis [126].

Another study examining the association between the status
of NRAS, BRAF, KRAS, and PIK3CA mutations with prognosis for
adjuvant or surgical treatment for CRC Stage I patients at high risk
of metastasis, dissemination, and progression. In general, KRAS
mutation was found to be more common in DOD patients, PIK3CA
mutation in patients with Nodal Micro-Metastasis (NM) and PDC
G3. Multiple mutations (PIK3CA with KRAS or multiple KRAS
mutations) were also more common in DOD patients, females,
tumors with poor prognosis, and patients with LVI. In case of
further metastasis in Stage I PDC with double or triple mutations,
it was observed that this group of tumors had higher PDC G3
and more NM, which indicates the spread and progression of the
disease; Therefore, these patients may need adjuvant treatment. It
is also possible that early CRC stages with double mutations KRAS
and PIK3CA, like Stage 4 tumors, can metastasize to distant sites. In
addition, the presence of a single KRAS mutation in Stage | PTNM
may not be related to PDC or TB [127].

Higher depth of invasion in the colorectal wall, tumor
germination and more group metastasis, higher PTNM and PDC-G
are the hallmarks of the CRC-listed mutations, and both PDC and
tumor germination probably indicate the same phenomenon.
Tumors with PDC-G3 were more common in CRCs with the KRAS
mutant form than in CRCs with the WT KRAS form. Therefore, it is
possible that the presence of KRAS mutations causes the formation
of PDC in CRC. Because cases in CRCs with the mutated form of
KRAS worsen the prognosis, the use of ras signaling/ras activation
inhibitors is recommended to reduce cell metastasis and invasion
in CRC. However, the high level of PDC in CRCs without the mutated
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form of KRAS indicates other factors in the formation of PDCs. CRC
is associated with the BRAF mutant form, high grade WHO and
high grade PDC. However, no correlation was found between the
status of the NRAS mutation and either [128]. Discovering more
information about the relationship between the type of mutation
and the type of treatment and the quality of the response can help
to choose the appropriate treatment for each patient and improve
the quality of the response [129].

KRAS and BRAF mutations and their relationship with
methylation of MGMT, CDKN2A MLH-1, APC, APC2, P16,
MSI, CIMP and MMR pathways

Studies showed a high degree of compatibility between
KRAS/BRAF mutation status and MSI status in primary CRC and
corresponding peritoneal metastases. The existence of this high
correlation between primary CRC and corresponding metastases
indicates that the MSI status of cancer cells does not change as the
disease progresses. MSI-H in CRC consists of 3 types, in 2 of which
(Lynch syndrome and MLH1 Promoter hypermethylation) there
is a high compatibility between primary CRC and corresponding
metastases [130]. In another study, the association between MSI
and other mutations, including BRAF and KRAS, was investigated
on 264 CRC tissue samples. Inhibitors of this protein are used in
treatment [131]. Activation of RAS, RAF, MEK, ERK, MAP pathways
also play an important role in colon cancer. In a study of more than
500 cases of colorectal cancer, 87 cases of MSI-H tumors were
found in it and the relationship between these 87 cases with BRAF,
KRAS gene mutations and the expression status of repair proteins
was examined. BRAF gene mutations in 10 cases (11.5%) and KRAS
were seen in 30 cases (34.5%).

Out of 10 cases of BRAF gene, 9 cases were related to V599E.
BRAF mutation was more common in cancers with loss of hMLH1
protein and rarely in Cancers with loss of hMLH6 and hMLH2 are
seen, but these relationships are not true for KRAS mutant cancers
[132]. BRAF mutation is seen in CIMP, MLH1 and MSI tumors. 17
blockade of colorectal polyps and FFPE 103 out of 103 patients
with CRC were examined. These three mutations are seen in
71% of colorectal cancers. Distinct types of colon polyps indicate
precancerous lesions of the gastrointestinal tract. BRAF mutants
have a mild oncogenic effect compared to KRAS and indicate
that BRAF mutant colorectal cells need to accumulate additional
epigenetic changes to achieve complete transformation. The results
show that these three mutations are associated with precancerous
lesions in early colorectal cancers [133]. In another study, 26% of
MSI-high patients had higher rates of colorectal tumors. Also, in
patients with BRAF, a higher proportion of MSI was seen compared
to WT type of BRAF gene. [134].

Copy@ Sayed Ali Hosseini Zavareh

Mutations in the KRAS, BRAF, and PIK3CA genes are more likely
to occur when the tumor is in the large intestine (98%) opposite
the rectum (2%). Mutations in the BRAF gene were also recurrent
in patients with stage Il CRC (n=7) compared with patients in
stage Il with recurrence (n=2). Patients with mutations in the
BRAF and stage III genes had higher survival than patients with
stage III without the BRAF mutation. In tumors with high MSI, the
frequency of BRAF mutations was 63% and KRAS was 1% [135].
KRAS mutations cause changes in CSC cells and thus affect tumor
progression. Various markers have been found for CSC, including
CD44 and CD133, where CD44 is strongly influenced by the KRAS
gene in HCT-116 cells. Also, reducing the expression of integrin a6
in SW480, HCT-116 and RKO cells influences inhibiting PIK3CA,
BRAF and KRAS genes. In general, integrin a6 acts as a mediator
of CRC cells induced by PIK3CA, BRAF, and KRAS [136]. In a
prospective cohort study, 734 Dutch patients with CRC (279 males
and 573 females aged 55-69 years) who were initially disease-free
were studied for 7.3 years, and MSP analysis was performed for 693
patients.

Were performed for MGMT promoter and for 686 of them for
MLH1 promoter. But regardless of whether mutations occur in
CpG or nonCpG dinucleoids, correlations with BRAF or A: T<G:
C mutations in APC are independent and probably occur before
MGMT hypermethylation. While the KRAS mutation occurs
following MGMT hypermethylation. On the other hand, MLH1
hypermethylation, unlike KRAS and APC mutations, has a significant
relationship with the occurrence of BRAF mutations, so in CRCs
without mutation in KRAS and APC10, MLH1 hypermethylation
and BRAF mutations occur more. Thus, MLH1 hypermethylation
develops from the MGMT methylator pathway. Unlike MLH1
hypermethylation, which occurs more frequently in proximal colon,
rectosigmoid, and rectal tumors and is more common in women,
the occurrence of MGMT hypermethylation is independent of tumor
location and sex. EXOGEN factors play an important role in the
development of CRCs that develop through the hypermethylation
pathway [137]. Another study examines mutations in KRAS, APC,
BRAF genes and analyzes of CDKN2A, MLH1, and MGMT expression

in colorectal cancer patients.

Examination of patients’ DNA showed mutations in the codon
1365 of the APC gene in 3 patients and mutations in the codon of
600 BRAF genes in one patient and mutations in the codon 12 of the
KRAS gene in one sample. In 80% of cases the expression of MLH1
and MGMT was undetectable and in the remaining 20% MLH1 was
decreased. CDKN2A was also undetectable in 100% of cases [138].
A study examines the BRAF, KRAS (V600E) mutations and colorectal
cancer in African Americans (AA). The rate of CRC and mortality in
the AA lineage is higher than the general population. A total of 222
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CRC tumors from AA individuals were examined for the expression
of repair genes MLH1 and MSH2. BRAF mutations were found only
in MSI-H tumors, while 64% of KRAS mutations were found in the
non-MSI-H group. 41% of MLH1 and 33% of MSH2 were found to
be inactive. Also, analysis with MSP showed high incidence of MLH1
(66%), APC (53%) and ACP2 (90%) [139].

To evaluate APC, APC2, MLH-1, P16 markers as well as BRAF
V600E and KRAS codon12,13 mutations and their role in CRC in
patients, to evaluate various genetic and epigenetic factors in 222
African American patients with CRC Who had their tumor removed
has been treated. BRAF mutations were all associated with MSI-H
status, and BRAF was associated with MLH-1 unmethylation,
suggesting that the MLH-1 methylation pathway and its effect
on CRC may be independent of the BRAF signaling pathway. In
general, the methylation of APC, APC2, MLH-1, P16 promoters had
no significant relationship with MSI-H status, but the association
of APC, APC2 methylation with MSI-H could be one of the causes
of worsening of the disease in African Americans. MSI-H tumors
were also associated with reduced or no expression of MLH-1 and
MSH2 proteins. In terms of the association of promoter methylation
with the tumor site, P16 was significantly higher in the right colon
but other methylations were similarly distributed at different sites
[140].

Phenotype
CpG Island Methylator (CIMP-high or CIMP1)

Adistinct phenotype is associated with Microsatellite Instability
and BRAF mutations in colorectal cancers. Recent studies indicate
another phenotype

CpG Island Methylator (CIMP-low or CIMP2)

[s associated with the KRAS mutation. Tumors were divided
into four groups: the first group with wild-type KRAS/wild-type
BRAF (n=440), the second group with mutant KRAS/wild-type
BRAF (n=308), the third group with wild-type KRAS/mutant
BRAF (n=107), the fourth group with KRAS/mutant BRAF mutants
(n=6). In this analysis, the correlation structures between CIMP,
Locus-Specific CpG Island Methylation and MSI were determined
according to KRAS and BRAF status. The mutation status of KRAS
and BRAF affects the correlation structures between Locus-Specific
CpG Island Methylation and CIMP status in colorectal cancer [141].
To evaluate RASSF1A methylation, 76 primary gastrointestinal
tumors with MSI, which included 31 MSI SCRC, 20 MSI CRC and 25
MSI SGC, were examined for repetition of RASSF1A methylation
stimulus.

Conclusion

RASSF1A methylation is associated with poor differentiation of

gastricand colontumorsand occursinall three types of MSlincluding

Copy@ Sayed Ali Hosseini Zavareh

SCRC, HNPCC and SGC, but its recurrence in MSI SCRC is more than
HNPCC CRC and NSI SGC. RASSF1A methylation is independent of
dMMR and the simultaneous occurrence of RASSF1A methylation
with KRAS and BRAF mutations in many MSI SCRC cases indicates
their synergistic effect at the beginning of SCRC with dAMMR. Several
HNPCCs with hMSH2 germline mutations have a combination of
RASSF1A methylation and KRAS mutations, whereas HNPCCs with
hMLH1 germline mutations lack this combination and only half of
HNPCCs have KRAS mutations. However, the frequency of RASSF1A
methylation is similar in h(MLH1 and hMSH2. Also, more than half of
MSI SGC tumors had RASSF1A methylation [142].
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