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Abstract 

     We conducted a study investigating the mutational profiles of KRAS, NRAS, and BRAF 

biomarkers in metastatic colorectal cancer (mCRC) patients and their correlation with 

clinicopathologic characteristics. Our study aimed to identify the primary cause of acquired 

resistance to anti-EGFR treatment in mCRC patients and to investigate the frequency and 

distribution of KRAS, NRAS, and BRAF mutations in mCRC patients. 
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We employed real-time PCR and direct sequencing for molecular biology analysis and 

immunohistochemistry to determine Micro Satellite Instability (MSI) status. Using XLSTAT 

software (version 2016.02.28451), we evaluated statistical tests. We found that KRAS, NRAS, 

and BRAF mutations were present in 48.7%, 5.54%, and 7.19% of the cases, respectively, 

with G12D, G12V, and G13D being the most common KRAS mutation subtypes identified. 

KRAS and BRAF mutations were more frequent in elderly patients and the left colon 

(p=0.004 vs. p=0.04 and p=0.001 vs. p>0.0001, respectively) and were significantly 

associated with a well-differentiated histological type (p=0.001 vs. p=0.02). However, we 

could not establish a significant relationship between NRAS mutation, MSIs, and patient-

specific characteristics. Our study revealed that mutations in KRAS occurred more frequently 

outside of exon 2, and the left colon was the predominant location for mutations in both 

KRAS and BRAF. 

Our findings could help oncologists identify prognostic and predictive biomarkers for 

selecting appropriate targeted patient therapies. Colorectal cancer is prevalent worldwide, 

and molecular epidemiology is increasingly crucial in personalized medicine. 

Keywords: colorectal cancer, immunohistochemistry, real-time PCR, sequencing, CRC, KRAS, 

NRAS, BRAF, MSI. 
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Introduction 

Colorectal cancer (CRC) is the second deadliest and third most common malignancy worldwide. 

In 2020, 1.9 million new cases of CRC and 935,173 deaths were reported, representing nearly 

10% of new cancer cases and deaths worldwide [1]. Algeria recorded almost 6,500 new cases of 

CRC, including 3,500 cases in men and 3,000 cases in women, according to the cancer registries 

of the National Institute of Public Health. This cancer ranks second among all types of cancer in 

Algeria, first in men, then lung cancer, and second in women after breast cancer  [2]. 

Thanks to the development of primary and adjuvant therapies, the survival of patients with 

metastatic disease has improved significantly. Generally, complete tumor eradication remains the 

ideal treatment, mainly requiring surgery [3]. However, despite the emergence of many screening 

programs to reduce the incidence of CRC, nearly a quarter of CRC cases are diagnosed at a late 

stage with metastases, and 20% of cases can develop metachronous metastases, leading to 

difficulties in curative surgical control and subsequent cancer deaths [4]; [5]. The prognosis for 

patients with metastatic colorectal cancer (mCRC) remains bleak despite the impressive 

improvement observed in the last 20 years due to the introduction of active chemotherapy 

drugs [6]; [7] and targeted drugs, particularly agents that block the epidermal growth factor 

receptor (EGFR), such as the anti-EGFR monoclonal antibodies cetuximab or panitumumab, 

which present an effective therapeutic option  [8]; [9].   
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Activation of EGFR triggers various downstream signaling pathways, RAS-RAF-BRAF-MAPK 

and phosphatidylinositol 3-kinase (PI3K)-AKT, which are involved in cell proliferation or 

metabolism and play a vital role in the initiation and progression of colorectal cancer [10]; [11]; 

[12]; [13]. RAS proteins are proto-oncogenes frequently mutated in human cancers. Three genes 

encode them expressed ubiquitously HRAS, KRAS, and NRAS. GTPases are proteins 

functioning as molecular switches regulating cell proliferation and survival pathways. Aberrant 

KRAS and NRAS function is associated with hyperproliferative developmental disorders and 

cancer. KRAS is the most frequently mutated isoform, detected in 22% of all cancers analyzed. 

NRAS and HRAS are found in 8% and 3% of cancers, respectively [14]. Mutation of the B-type 

proto-oncogene RAF (BRAF) is a new biomarker gaining interest due to its association with poor 

prognosis. However, it currently has no clear predictive role in guiding therapeutic decisions. 

This BRAF mutation, although rare, is detected in 5 to 10% of metastatic CRCs [15]; [16].   

Distant metastases pose a significant problem in CRC patients after surgery as they are associated 

characteristics, including traditional clinicopathological characteristics such as TNM stage, 

degree of histopathological differentiation, invasion of surrounding tissues, and the number of 

lymph node metastases, as well as microsatellite instability (MSI). The DNA-MMR system 

comprises four MMR genes and their encoded proteins (MLH1, MSH2, MSH6, and PMS2). 

Deficiency in MMR leads to the production of a non-functional truncated protein or loss of a 

protein that causes MSI [17].   

Molecular pathological epidemiology can be a powerful tool to decipher treatment outcomes 

based on molecular alteration patterns. Optimization of initial treatment and continuous 

exposure therapies have achieved maximum effectiveness. However, a paradigm shift is underway 

towards precision medicine and personalized therapies based on the specific molecular 

characteristics of the disease. In this context, improving our understanding of the biology and 

genetics of colorectal cancer would enable researchers to define better predictive biomarkers that 

would help oncologists select the most appropriate new targeted strategies and therapies for 

patients. This work focuses on the molecular profiles of some of the most promising biomarkers 

in daily practice, particularly KRAS, NRAS, BRAF, and microsatellite instability, as prognostic 

and predictive response factors to targeted therapies in metastatic colorectal cancer in Algerian 

patients. 

Material and methods 

Sample 

Our study focused on a prospective series of 946 cases from CRC patients collected at the CHU 

Mustapha Department of Pathological Anatomy and Cytology (Algiers). They were evaluated 

between (2017-2021) after the approval of the Ethics Committee of Mustafa Bacha University 
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Hospital, Algiers, Algeria, and all patients provided written informed consent before enrollment. 

Clinicopathological characteristics recorded and analyzed included age, sex, primary tumor 

location, histological type, tumor size, and stage. All formalin-fixed paraffin-embedded (FFPE) 

tissue sections were tested in tumor areas with at least 10% tumor cells but without significant 

necrosis or inflammation, as determined by a pathologist onward. 946 patients were enrolled for 

genetic detection of KRAS, 595 NRAS, 556 BRAF, and 110 MSI due to treatment strategy and 

availability of specific kits.   

Molecular analysis 

Molecular biology research focuses on cases of metastatic colorectal cancer (mCRC). It consists 

of assessing the status of mutations (KRAS, NRAS, and BRAF) using real-time PCR (Idylla and 

Sacace platforms) and 130 cases were tested in London, UK by a semi-conductor based on next-

generation high-throughput sequencing of the PGM Ion Torrent (due to missing Idylla machine 

cartridges at that time). The Idylla KRAS and NRAS mutation test (Biocartis, Mechelen, 

Belgium), carries the CE-IVD mark and allows the characterization of 23 RAS mutation 

hotspots in exons 2, 3, and 4, namely G12D, G12A, G12C, G13D, G12S, G12 V, and G12R, 

Mutation Test uses multiple PCR reactions and allows amplification of exon 600 of the BRAF 

oncogene. This Idylla testing does not require prior deparaffinization, DNA quantification, or 

genomic DNA isolation because these steps and all PCR reactions are fully automated and 

performed in a single-use cartridge. FFPE tissue sections of 5-10 µm thick, selected by the 

pathologist, should be cut and placed directly into the Idylla cartridge. After two hours, the 

results were obtained. 

For the routine RT-PCR search for mutations (KRAS, NRAS, and BRAF), genomic DNA was 

on, 

-Cycler 96 Real-Time PCR 

system. The reactions were carried out in 30μl of the Entrogen s colorectal Cancer Mutation 

amplification and specific detection of each of the mutations to be tested. The reactions were 

heated at 95°C for 12 minutes, then cycled 40 times for 15 seconds. Finally, the reactions were 

kept at 60°C for 40 seconds. 

Immunohistochemical analysis 

We performed immunohistochemical analysis on tissue samples collected from 110 patients with 

colorectal cancer. We established the tumor mismatch repair status (MSS or MSI) by using 

immunohistochemistry (IHC) to detect intact expression or loss of MMR proteins (MLH1, 

MSH2, MSH6, and PMS2). We evaluated the IHC study on 4 µm thick formalin-fixed 
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paraffin-embedded (FFPE) tumor tissue sections. We incubated, deparaffinized, rehydrated, and 

washed the slides. To unmask the antigen, we immersed the slides in a preheated TRS buffer 

room temperature for 20 min, and rinsed them with distilled water. We blocked non-specific 

antigenic sites by using hydrogen peroxide H2O2 at room temperature for 20 min, then rinsing 

with distilled water and PBS for 5 min (each). We sufficiently applied the primary antibodies and 

incubated the slides at room temperature for 55 min, then rinsed them with PBS for 5 min 

(twice). 

We added the secondary antibodies to the slides for 20 min at room temperature, then rinsed 

them with PBS for 5 min (twice). We revealed the sections using the DAB detection kit for 5 to 

water. We used primary mouse monoclonal antibodies against MMR, including anti-MLH1 

((G168-728), Cell Marque), anti-MSH2 ((G219-1129), Cell Marque), anti-MSH6 (SP93, Cell 

Marque), anti-PMS2 (EPR3947, Cell Marque), and Leica, to identify the MSI status. 

Statistical analysis 

We performed statistical analysis using XLSTAT software (version 2016.02.28451). We 

compared qualitative variables using the Chi-squar

correlations between mutational status and clinicopathological characteristics using the Chi-

square test. We considered all p-values less than 0.05 as statistically significant. 

Results 

Clinicopathologic characteristics of patients 

The mean age of colorectal cancer patients is 57.9 years, with extreme values between (15 and 

93) years, and a slight male predominance has been observed. The majority of tumor lesions 

(57.4 %) are well-differentiated adenocarcinomas. Primary tumors were found in the left colon 

in 47.6 % of cases (450/946) and were diagnosed as stage III in 73.4 % of cases (Table 1).   

Table 1: Clinicopathological characteristics of patients  

Characteristics N (%) 

Gender  

Men 515 (54.4%) 

Women 431 (45.6%) 

Age (y)  
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WDA: well differentiated 

adenocarcinoma; MDA: moderately 

differentiated adenocarcinoma; 

PDA: poorly differentiated adenocarcinoma; MC: mucinous carcinoma. NI: Not indicated. 

<50 236 (24.9%) 

 710 (75.1%) 

Tumor site  

Right Colon 188 (19.9%) 

Left Colon 450 (47.6%) 

Rectum 246 (26%) 

Metastasis 62 (6.5%) 

Histological type  

WDA 543 (57.4%) 

MDA 264 (27.9%) 

PDA 70 (7.4%) 

MC  69 (7.3%) 

Tumor size  

<5cm 132 (49.8%) 

 133 (50.2%) 

NI (biopsy) 681 

Pathological stage  

I 3 (1%) 

II 16 (5.3%) 

III 224 (73.4%) 

IV 62 (20.3%) 

NI 641 
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Tumor genotyping and correlations of mutations with clinicopathological characteristics of 

patients 

Among the 946 tested CRC samples, the KRAS gene was mutated in 48.7% (461) cases. The 

most frequent hotspots were in exon 2 (83.3%), exon 3 (6.5%), and exon 4 (10.2%). The 

primary mutations were G12D, found in 24.1% (101) of samples, followed by G12V, found in 

19.9% (92) of mutated cases, and G13D, found in 13% (60) of mutated cases (Table 2).  

The presence of KRAS mutations was not associated with sex (p=0.692). The frequency of KRAS 

mutated KRAS group were more frequently located in the left colon (p=0.001) and were of well-

differentiated histological type (p=0.001) (Table 3). 

Table 2: Frequency and distribution of KRAS, NRAS and BRAF mutations.  

A: Gene KRAS 

Exon Nucleotide substitution 
Codon 

substitution 

Amino acid 

substitution 
Number % 

2 

c.35G>A GGT>AGT p.G12D 101 24.1% 

c.35G>T GGT>GTT p.G12V 92 19.9% 

c.34G>T GGT>TGT p.G12C 35 7.6% 

c.35G>C GGT>GCT p.G12A 25 5.4% 

c.34G>C GGT>CGT p.G12R 11 2.4% 

c.34 G> A GGT>AGC p.G12S 10 2.2% 

c.38 G>A GGC>GAC p.G13D 60 13% 

N.I N.I p.G12* or G13* 50 10.8% 

3 

c.175G>A/ c.176C>A/ 

c.176C>G 

p.Ala59Thr/ 

p.Ala59Glu/ 

p.Ala59Gly 

A59T/E/G 6 1.3% 

c.183A>C CAA>GCT p. Q61H 12 2.6% 

c.182A>G CAA> CGT p.Q61R 1 0.2% 

c.182A>T/ c.182A>G/ 

c.183A>C 

CAA>CTA/ 

CAA>CTA 
p.Q61L/R/H 10 2.2% 
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N.I N.I p. A59*/ p.Q61* 1 0.2% 

4 

c.351A>T AAA>AAT p.K117N 5 1.8% 

c.436G>C GCA>ACA p.A146T 9 1.9% 

c.436G>A/ c.436G>C/ 

c.437C>T 

GCA>ACC/ 

GCA>ACA/ 

GCA>GTA 

p.A146P/T/V 33 7.2% 

B: Gene NRAS 

Exon Nucleotide substitution 
Codon 

substitution 

Amino acid 

substitution 
Number % 

2 

c.34G>T GGT>TGT p.G12C 2 6.1% 

c.35G>A GGT>AGT p.G12D 1 3% 

c.35G>T GGT>GTT p.G12V 1 3% 

c.35G>C GGT>GCT p.G12A 1 3% 

c.38G>A GGC>GAC p.G13D 3 9% 

c.37G>C GGC>CGC p.G13R 1 3% 

N.I N.I p.G12*/G13* 1 3% 

3 

c.182A>G CAA> CGA p.Q61R 10 30.3% 

c.181C>A CAA>AAA p.Q61K 2 6.1% 

c.182A>T CAA>CTA p.Q61L 2 6.1% 

c.183A>C CAA>GCT p.Q61H 2 6.1% 

c.182A>T/ c.182A>G/ 

c.183A>C 

CAA>CTA/ 

CAA>CGA/ 

CAA>CTA 

p.Q61L/R/H 6 18.2% 

4 c.351A>T AAA>AAT p.K117N 1 3% 

C: Gene BRAF 

Exon Nucleotide substitution 
Codon 

substitution 

Amino acid 

substitution 
Number % 
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11 
c.1396G > A GGA> GAA p.G466E 1 2.5% 

c.1405G>A GGA>CGA p.G469R 1 2.5% 

15 

c.1799T>A (GTG>GAG) p.V600E 3 7.5% 

c.1799T>A / 

c.1799_1800delinsAT 

GTG>GAG/ 

GTG>AGT 
p.V600E /p.V600D 34 85% 

N.I N.I p.W604C 1 2.5% 

In 62.9% (595/946) of the samples, we analyzed the NRAS mutation status and found that only 

5.54% (33/595) of patients carried NRAS mutations. The most common mutation was Q61R, 

present in 30.3% of mutated cases. When analyzing clinicopathological data, no significant 

correlation was found between NRAS-mutated status and specific patient characteristics (Table 

3). 

We detected the BRAF mutation status in 58.7% (556/946) of cases and found that 7.19% 

(40/556) of patients had BRAF mutations, with 92.5% (37/40) of cases occurring in exon 15 

and 7.5% (3/40) of cases in exon 11. The most frequent BRAF mutation subtypes were 

V600E/p.V600D, found in 85% of mutated cases. The researchers found that BRAF mutation 

was frequently observed in 

colon (p>0.0001). Tumors with BRAF mutations were statistically associated with the well-

differentiated adenocarcinoma histological subtype (p=0.02). However, no significant 

associations existed with other clinicopathological characteristics, such as sex and tumor size 

(Table 3). 

Table 3: Correlation of RAS and BRAF mutations with clinicopathological characteristics 

of patients. 

Features 
KRAS Wild-

Type(WT) 
KRAS Mutant NRAS WT NRAS M 

BRAF 
BRAF 

M  

WT 

Gender P = 0.6 P = 0.9 P = 0.1 

Men 

261 254 310 18 291 18 
       

-53.80% -55.10% -55.20% -54.50% -56.40% -45% 

Women 

224 207 252 15 225 22 
       

-46.20% -44.90% -44.80% -45.50% -43.40% -55% 

Total 485 461 562 33 516 40 
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Age (y) P = 0.004 P = 0.9 P = 0.04 

<50 

140 96 157 9 153 6 
       

-28.90% -20.80% -27.90% -27.30% -29.70% -15% 

 

345 365 405 24 363 34 
       

-71.10% -79.20% -72.10% -72.70% -70.30% -85% 

Total 485 461 562 33 516 40 

Tumor site P = 0.018 P = 0.2 P < 0.001 

Right 

Colon 

83 105 107 4 84 20 
       

-17.10% -22.80% -19% -1.10% -16.30% -50% 

Left Colon 

224 226 256 18 236 15 
       

-46.20% -49.00% -45.60% -54.60% -75.70% (37.5% 

Rectum 

139 107 155 11 157 3 
       

-28.60% -23.20% -27.60% -33.30% -30.40% -3.50% 

Metastasis 

39 23 44 

0 

39 2 
      

(8,0%) -5% -7.80% -7.60% -5% 

Total 485 461 562 33 516 40 

Histologic-

al Type 
P = 0.001 P = 0.6 P = 0.1 

WDA 

266 277 312 17 292 16 
       

-54.80% -60.10% -55.50% -51.50% -56.60% -40% 

MDA 

131 133 154 12 139 13 
       

-27% -28.80% -27.40% -36.40% -26.90% 
-
32.50% 

PDA 

52 18 56 3 52 6 
       

-10.70% -3.90% -10% -9.10% -10.10% -15% 

MC 

36 33 40 1 33 5 
       

-7.40% -7.20% -7.10% -3% -6.40% 
-
12.50% 
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Total 485 461 562 33 516 40 

Tumor 

Size 
P = 0.8 P = 0.1 P = 0.4 

>5cm 

65 67 81 2 70 10 
       

-50.80% -48.90% -52.9 -25% -51.10% 
-
62.50% 

 

63 70 

  

72 6 

  

67 6 
       

-49.20% -51.10% -47.10% -75% -48.90% 
-

37.50% 

NI (biopsy) 

357 324 

  

409 25 

  

379 24 
       

0% 0% 0% 0% 0% 0% 

Total 485 461 562 33 516 40 

Pathologic
-al stage 

P = 0.9 P = 0.8 P = 0.02 

I 

2 1 2 

0 0 

1 
     

-1.30% -0.70% -1.10% -6.30% 

II 

8 8 8 

0 

4 

0     

-5.20% -5.30% -4.40% -2.50% 

III 

115 109 136 9 126 11 
       

-74.20% -72.70% -76.40% -81.80% -78.70% -68.7 

IV 

30 32 34 2 30 4 
       

-19.30% -21.30% -19.1 -18.20% -18.80% -25% 

NI 

330 311 384 20 356 24 
       

0% 0% 0% 0% 0% 0% 

Total 485 461 562 33 516 40 

WT: wild-type; M:mutant. 

Correlations were tested by the Chi-square test (Chi²). P values less than 0.05 were considered 

statistically significant. 

We analyzed 110 tumors and found that 8.18% (9/110) of patients had microsatellite instability, 

with 6.36% (7/110) of patients having an MSI-H phenotype and 1.81% (2/110) of patients 
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having an MSI-L phenotype (see Figure 2). Most cases were MSS, accounting for 91.81% 

(101/110) (see Figure 1). We did not observe any significant correlations between the 

clinicopathological characteristics of patients and the different KRAS, NRAS, and BRAF 

mutations and MSI-H status (Table 4). 

 

Figure 01: (X10) The immunohistochemical profile shows that proteins MLH1(A), MSH2(B), 

MSH6(C) and PMS2 have lost their nuclear expression (D). The arrow represents a positive 

internal control. 
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Figure 02: (x10) The immunohistochemical profile shows that the proteins MLH1(A), 

MSH2(B), MSH6(C), and PMS2 (D) are highly expressed in the nucleus. The arrow represents 

positive internal control. 

Table 4: Correlation of MSI with clinicopathological characteristics of patients and different 

mutations. 

Features MSS/MSI-L MSI-H Total P-value 

Gender   0.9 

Men 62 (60.2%) 4 (57.1%) 66  

Women 41 (39.8%) 3(42.9%) 44  

Total 103 7 110  

Age (y)   0.1 

< 50 29 (28.2%) 4 (57.1%) 33  

 74 (71.8%) 3 (42.9%) 77  

Total 103 7 110  

Tumor site   0.2 

RC 33 (32%) 5 (71.4%) 38  
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LC 50 (48.6%) 2 (28.6%) 52  

R 16 (15.5%) 0 16  

M 4 (3.9%) 0 4  

Total 103 7 110  

Histological type   0.8 

WDA 52 (50.5%) 4 (57.1%) 56  

MDA 34 (33%) 2 (28.6%) 36  

PDA 9 (8.7%) 0 9  

MC 8 (7.8%) 1 (14.3%) 9  

Total 103 7 110  

Tumor size   0.3 

< 5cm 11 (21.6%) 2 (40%) 13  

 40 (78.4%) 3 (60%) 43 
 

NI 52 (0%) 2 (0%) 54 

Total 103 7 110  

Pathological stage   0.9 

I 1 (1.8%) 0 1  

II 5 (8,.%) 0 5  

III 40 (71.4%) 4 (80%) 44  

IV 10 (17.9%) 1 (20%) 11 
 

NI 47 (0%) 2 (0%) 49 

Total 103 7 110  

KRAS   0.9 

KRAS WT 59 (57.3%) 3 (42.9%) 62  

KRAS M 44 (42.7%) 4 (57.1%) 48  
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Total 103 7 110  

NRAS   0.4 

NRAS WT 74 (90.2%) 6 (100%) 80  

NRAS M 8 (9.8%) 0 8  

Total 82 6 88  

BRAF   0.3 

BRAF WT 58 6 64  

BRAF M 10 0 10  

Total 68 6 74  

RC: right Colon; LR: left Colon; R: rectum; M: metastasis. 

Discussion 

Colorectal cancer accounts for a significant proportion of cancer cases globally and is a leading 

cause of cancer-related deaths. While the incidence of CRC in the Western world is low before 

age 50, it increases with age. In our study, patients had a mean age of 57.9 years (range: 15-93). 

This age is younger than that reported in a European study [18] but similar to Arab and African 

studies, where the mean age was 55.56 years in Morocco [19], 40 years in Egypt [20], and 46.7 

years in Togo [21]. The literature, both nationally and internationally, usually reports a male 

predominance [18]; [22]; [23]; [24]. 

Our study found that well-differentiated adenocarcinomas were the most common histological 

type, accounting for 57.39% of cases. The proportions of moderately and poorly differentiated 

(35.90%) and mucinous (7.29%) adenocarcinomas were similar to those reported in the 

literature, with 27.5% and 7.8%, respectively [25]. Most of our patients had histological features 

associated with a good prognosis. However, the diagnosis of CRC was made late in most cases, 

patients were diagnosed at stage III-IV, of whom 36.6% had metastases at diagnosis (stage 

IV) [26].  

Nowadays, selecting patients with metastatic colorectal cancer for anti-EGFR targeted therapy 

commonly involves genetically analyzing hotspots of somatic mutations in the KRAS, NRAS, 

and BRAF genes [27]. KRAS gene mutations occur in 33-48% of tumors in colorectal 

cancer [28]. We found that the frequency of KRAS mutations in our series was 48.7% 

(461/946), which is similar to frequencies identified in Arab, European, Asian, and Latin 

American studies at 43% [29], (48.42%) [30], 42.9% [31], 48.9% [32], 43.4% [33] and 
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48.1% [34] respectively. KRAS mutations in exon 2 (codons 12 and 13) accounted for 83.3% of 

mutated cases, which is comparable to those reported in other studies from Jordan, Denmark, 

Morocco, and China at 84%, 86.1%, 88.3%, and 90%, respectively [30]; [19]; [35]; [36]. 

16.7% of patients had KRAS mutations outside exon 2, with 30 (6.51%) having mutations in 

KRAS exon 3 and 47 (10.2%) in KRAS exon 4. Likely explained by the increased sensitivity of 

the tests used to determine KRAS mutational status. The rate of KRAS mutations in exon 4 

(10.2%) is higher than those found in other preliminary studies at 1.9%  [37], ~0.1% [38], 4.1% 

[39] . Guo et al. [39] recently found that patients with KRAS mutations in exon 3 predict a poor 

prognosis, while patients with mutations in exon 4 predict a better prognosis. 

E21.9% of cases had the most frequent KRAS mutations, which were c.35>A (p.G12D), 

19.95% of cases had c.35G>T (p.G12V), 7.59% of cases had c.34G>T (p.G12C), and 13% of 

cases had C.38G>A (p.G13D), which accounted for 62.44% of all mutated cases. In a recent 

Moroccan series [19], they identified these mutations in 75.4% of mutated cases. 

Yuan (2021)  [40] and Hayama (2019) [41] reported that the most common mutation subtypes 

in Europe and Asia are G12D, G12V, and G13D, which is consistent with our findings of 

G12D (32.19%), G12V (17.96%), and G13D (17.59%). Additionally, according to Agy (2021) 

[19] and Araujo (2021) [34] , the most frequent mutation subtypes at codon 12 were G12D 

(14.9%) and G12V (10.7%), followed by G12C (3.4%) in 167 samples. 

The objective of somatic genetic analysis and epidemiology of KRAS alleles is to determine how 

the choice of KRAS allele affects the clinicopathological aspects of a given cancer. Researchers 

have extensively studied the prognostic value of KRAS mutations in various cancer contexts. For 

example, in colorectal cancer, KRAS-G12D, the most common allele, and KRAS-G12V 

mutations have been linked to poor overall survival compared to wild-type (WT) KRAS cancers 

patients, while codon 13 mutations are not [42]; [41]; [43]; [44]. In our series, we found that the 

prevalence of the KRAS-G12D point mutation was 23.9% of mutated cases. 

ASP2453, a new KRAS G12C inhibitor, powerfully and selectively inhibited KRAS-G12C-

induced tumor growth, making KRAS-G12C a promising target for new targeted therapies in 

solid tumors [45]. Researchers first reported the development of a selective KRAS-G12C 

inhibitor in 2013. Initially designed to bind to the Cys 12 residue in the switch II pocket, 

selective KRAS-G12C inhibitors block KRAS-G12C in an inactive GDP-bound state since 

KRAS is a GTPase. AMG510 and MRTX849 act similarly by binding in the switch II pocket 

[46] [47]. The prevalence of the KRAS-G12C mutation was 7.6% of KRAS-mutated cases in 

this study, suggesting that many patients could benefit from these targeted therapies. Although 

the frequency of the KRAS-G12C mutation in our series was lower than that reported in an 

Italian publication (12%) [47], it remained slightly higher than the frequency reported in a 

Taiwanese study (5.7%) [48]. Differences in mutation rates may be due to sample size variations. 
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Clinicians can better select patients for a given treatment by studying prognostic factors. Our 

study observed a higher p  [49]. 

However, an American study reported that KRAS mutations occur more frequently in younger 

subjects (<40) [50]. Agy et al. [19] identified that the left colon harbors more KRAS mutations, 

also observed in our series (p=0.001). Nevertheless, other studies have shown that KRAS 

mutations are frequent in the right colon [51]; [52]. Well-differentiated tumors were 

significantly associated with KRAS mutations, which was also confirmed in other studies [19]; 

[37].  Although no significant association was found between KRAS and TNM stage in our 

analysis [36] ], other studies have shown a correlation between KRAS mutations and advanced 

TNM stage [19]; [53].   

A distinct subgroup of mCRC patients with clinical and molecular differences are those with 

NRAS mutations, with 3 to 5% of CRCs presenting mutations in NRAS exon 2, 3, or 4. NRAS 

gene mutations were detected in 5.54% of cases in our analysis, consistent with studies published 

in the literature [30]; [48] but relatively high compared to that reported in another Chinese 

study (3.4%) [36]. However, an Iranian research group found a higher rate of NRAS mutations 

(14%) [54]. Our study found no significant correlation between NRAS mutation and different 

clinicopathological parameters, similar to results in French patients reported by Rimbert and 

colleagues [55].   

The BRAF mutation plays a significant role in colorectal cancer (CRC). Recently, BRAF 

inhibitors, such as vemurafenib and dabrafenib, have revolutionized the treatment of metastatic 

melanoma. Researchers are currently studying their potential efficacy in treating metastatic CRC 

(mCRC). The scientific community is still debating the predictive value of BRAF mutation 

regarding chemoresistance. Identifying BRAF mutation as a predictive marker is difficult due to 

its low prevalence. BRAF mutations appear in 8% of all tumors and 5-12% of mCRCs  [56]; 

[37]; [57]. We found that 7.19% of tested mCRC cases showed BRAF mutation status, 

consistent with Hernández-Sandoval et al. rate  [58] in Latin American and Caribbean 

populations and lower than that reported in a Chinese population of 14.9% [59]. Interestingly, 

we discovered three BRAF mutations outside of exon 15.   

Our study identified the clinicopathological characteristics of BRAF-mutated mCRC. Recent 

studies suggest that patients with BRAF mutation are more likely to be older [60]; [59]. Right-

sided colon cancer has more BRAF mutations than left-sided colon cancer, which could lead to 

resistance to anti-EGFR targeted therapy [61] and worsen the prognosis [62]. We observed that 

BRAF mutations mainly localize in the left colon, contrary to several studies [54]; [60]; [63] . 

These BRAF-mutated tumors are also more frequently observed at an advanced stage [64].  

It is recommended to analyze the MSI status of all resected colorectal cancers to identify MSI 

patients, including those with Lynch syndrome. High MSI (MSI-H) status is associated with a 

better prognosis in early-stage CRC and a lack of benefit from adjuvant 5-fluorouracil treatment 
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in stage II disease. MSI status has become a predictive biomarker for sensitivity to 

immunotherapy-based treatments, and checkpoint inhibitors have shown success in metastatic 

MMR-D CRC  [65]. MSI-H CRCs have unique molecular and clinicopathological features, and 

research efforts are increasing [17]. The MSI phenotype was identified in 8.18% of patients, of 

whom 6.36% had MSI-H phenotype. This rate is lower than that reported in previous studies 

 [66].  MSI tumors develop through a different mutational pathway than MSS tumors and 

exhibit distinctive pathological characteristics. However, no correlation was found between MSI 

status, clinicopathological characteristics, or other mutations. 

Conclusion 

an overview of the molecular profile of KRAS, NRAS, and BRAF mutations and their 

clinicopathological features in Algerian patients with metastatic colorectal cancer. Our findings 

indicate a higher rate of KRAS mutations outside of exon 2 than reported in other studies. 

Furthermore, we identified G12D, G12V, G13D, and G12C as the most common KRAS 

mutation subtypes. KRAS and BRAF mutations were more prevalent in elderly patients; in 

contrast to several previous studies, we found that they mainly occur in the left colon. 

Our study is the first to analyze the frequency of KRAS, NRAS, and BRAF gene mutation 

subtypes in Algeria. By better understanding the genetic analysis of colorectal cancer, we can 

identify prognostic and predictive biomarkers, which would aid oncologists in selecting the most 

appropriate targeted therapies for their patients. Our findings suggest that the presence of 

mutations in KRAS (exons 2, 3, and 4), NRAS (exons 2, 3, and 4), and BRAF (exons 11 and 15) 

are associated with resistance to monoclonal antibodies against the epidermal growth factor 

receptor. Additionally, KRAS-G12C has emerged as a promising target for new targeted 

treatments in solid tumors. Furthermore, patients with advanced colorectal cancers carrying 

MSI-H may benefit from immunotherapy. 
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