
Article Not peer-reviewed version

A Novel Colorectal Cancer Profile in a

Large Population of Romania: The

Coexistence of MSI Status with KRAS or

NRAS Mutations in Patients with

Colorectal Cancer

Ramona Abrudan * , Luca Abrudan , Andreea Cămărășan * , Ovidiu Cămărășan , Ovidiu Burtă , Ovidiu Pop

Posted Date: 17 February 2025

doi: 10.20944/preprints202502.1103.v1

Keywords: colorectal cancer, MSI/MMR status, KRAS, NRAS, mutations.

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4231052
https://sciprofiles.com/profile/4020237
https://sciprofiles.com/profile/1385961


 

 

Article 

A Novel Colorectal Cancer Profile in a Large 

Population of Romania: The Coexistence of MSI 

Status with KRAS or NRAS Mutations in Patients 

with Colorectal Cancer 

Ramona Abrudan 1,*, Luca Abrudan 2 ,Andreea Cămărășan 3,*, Ovidiu Cămărășan 4,  

Ovidiu Burtă 5 and Ovidiu Pop 3 

1 Student Doctorand, Școala Doctorală de Științe Biomedicale, Universitatea din Oradea, Romania 

2 Radiation Oncology, Radiotherapy Laboratory, County Clinical Emergency Hospital Bihor, Romania 

3 Department of Morphological Disciplines, Medicine and Pharmacy Faculty, University of Oradea, Romania 

4 Prof. Dr. Ioan Pușcaș Hospital Șimleu Silvaniei, Sălaj County, Romania 

5 Department of Internal Medicine and Pathophisyologie, Medicine and Pharmacy Faculty, University of 

Oradea 

* Correspondence: ramona.negrea92@yahoo.com (R.A); andreutza_2000@yahoo.com (A.C.) 

Abstract: Background/Objectives: Colorectal cancer is one of the most prevalent malignancies 

worldwide, ranking third globally and second in Romania. This study aimed to investigate the 

coexistence of microsatellite instability (MSI) status with KRAS and NRAS mutations in colorectal 

cancer patients. Methods: We analyzed clinicopathological characteristics in 120 patients diagnosed 

with colorectal cancer. PCR techniques were used to assess MSI status and detect KRAS and NRAS 

mutations. Results: Among the 120 patients, KRAS mutations were detected in 86.7%, while NRAS 

mutations were identified in 12.5% of cases. Mismatch repair-proficient (pMMR)/microsatellite stable 

(MSS) status was observed in 95% of cases, coexisting with KRAS or NRAS mutations. A significant 

association was found between tumor localization and the presence of KRAS or NRAS mutations in 

MSS cases, with a predisposition for rectal cancer (p = 0.015). Given the high frequency of KRAS 

mutations and the predominance of MSS status, we evaluated their statistical association, yielding a 

highly significant result (p = 0.0001). Conclusions: These findings suggest that KRAS mutations, in 

combination with pMMR status, may define a distinct molecular subtype of colorectal cancer with 

unique clinicopathological features. Further research is essential to understand its impact on tumor 

biology, therapeutic response, and survival outcomes. 
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1. Introduction 

Colorectal cancer ranks as one of the most prevalent cancers worldwide, holding the third 

position globally and second in Romania. According to WHO (World Health Organization), more 

than 1.9 million new cases were recorded worldwide in 2020, with Romania reporting 12,968 new 

cases [1]. Globally, colorectal cancer is the second leading cause of cancer-related mortality. 

Therefore, a more accurate analysis of its pathogenesis, particularly the molecular profile of this 

disease, is essential [1–5]. 

The incidence of colorectal cancer is higher in men than in women and occurs more frequently 

after the age of 50. However, elderly individuals have a significantly higher predisposition to 

developing this disease [4,6–9]. 

In 1990, Bufill first described two distinct categories of colorectal tumors: right-sided and left-

sided tumors, each with different molecular and clinical characteristics. These hypotheses have been 
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further supported by numerous contemporary studies, which have provided clearer distinctions in 

the molecular behavior of colorectal tumors. The most plausible explanation for this difference lies in 

the distinct embryological origins of the colon, with the right colon deriving from the midgut and the 

left colon from the hindgut and also in the blood supply [10,11]. Based on this classification, the right 

colon includes the cecum, ascending colon, and the first two-thirds of the transverse colon, whereas 

the left colon consists of the distal third of the transverse colon, descending colon, and sigmoid colon 

[10–12]. 

Colorectal cancer is an oncological pathology that arises from various alterations, which may be 

the consequence to external factors (such as diet, tobacco use, and alcohol consumption) as well as 

internal factors, either hereditary or resulting from changes in intracellular signaling pathways 

causes by genetic and epigenetic alterations [6,13]. 

Significant differences in the molecular profiles of colorectal cancer patients have been 

identified, influencing tumor development. Women are more likely to develop tumors in the right 

colon, while men more frequently present with tumors in the left colon [10,14,15]. Clinically, right-

sided colon tumors tend to be larger and are often associated with anemia and rapid weight loss. In 

contrast, left-sided colon tumors are typically more infiltrative, commonly leading to rectal bleeding 

and bowel obstruction [10,14–16]. Building on Bufill’s study, recent research has further 

demonstrated that right-sided colon tumors exhibit higher activation of the MAPK and mTOR 

pathways, microsatellite instability, and the CpG island methylator phenotype. In contrast, left-sided 

colon tumors show activation of the EGFR/Wnt pathway and chromosomal instability.[10,14,15]. 

The most significant signaling pathways involved in the development of colorectal cancer are 

the RAS/RAF/MAPK pathway and the PI3K/PTEN/AKT/mTOR pathway, both of which are activated 

by a ligand binding to the epidermal growth factor receptor (EGFR) [6,17–20]. Their activation leads 

to uncontrolled cell proliferation, increased cellular motility, and resistance to programmed cell 

death. Key proto-oncogenes associated with these pathways include members of the RAS family 

(KRAS, NRAS, HRAS) and PIK3CA [6,17–20]. 

In colorectal cancer, the most frequent mutations are observed in KRAS gene (Kirsten rat 

sarcoma viral oncogene homolog), found in approximately 45% of cases, followed by the NRAS gene 

(neuroblastoma rat sarcoma viral oncogene homolog), in about 5% cases, and PIK3CA gene, in 10% 

of the cases [6,17–20]. 

Mutations in the proto-oncogenes KRAS and NRAS are commonly located in exon 2 (codons 12 

and 13), exon 3 (codons 59 and 61), and exon 4 (codons 117 and 146) [6,17]. 

Microsatellites are small repeating stretches of DNA scattered throughout the genome, making 

them particularly susceptible to mutational changes. The DNA mismatch repair (MMR) system is a 

crucial mechanism responsible for correcting errors that occur during DNA replication. Microsatellite 

instability (MSI) refers to mutations in mismatch repair genes, leading to alterations to the DNA 

sequence [18,21–24]. 

This MMR system consists of the following genes mutL homolog 1 (MLH1), mutS homolog 2 

(MSH2), mutS homolog 6 (MSH6), postmeiotic segregation increased 2 (PMS2). Depending on the 

number of affected genes, microsatellite instability is classified as follows: MSI-H (Microsatellite 

Instability-High): When two or more genes are mutated, MSI-L (Microsatellite Instability-Low): 

When only one gene is affected, MSS (Microsatellite Stable): When no genes are affected [18,21–24]. 

Microsatellite instability is identified in approximately 15% of colorectal cancer (CRC) cases, 

with its prevalence varying by disease stage. In stage II CRC, around 20% of patients exhibit deficient 

mismatch repair (dMMR)/MSI-high (MSI-H). This proportion decreases to approximately 12% in 

stage III and further declines to around 4% in stage IV, where MSI is least common [21,24,25]. 

Aim and Scope 

Considering recent advancements in oncology, particularly in genetic mutations and targeted 

therapies, investigating novel biomarkers in relation to clinicopathological data has become essential. 
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Such biomarkers could aid in the earlier detection of colorectal cancer and provide valuable insights 

into its molecular profile. 

This study aims to analyze the clinicopathological characteristics of colorectal cancer, focusing 

on the correlation between KRAS and NRAS mutations and MSI/MMR status in a cohort of patients 

from Romania. 

2. Materials and Methods 

2.1. Case Selection 

Between January and June 2024, we selected all patients with a histopathologically confirmed 

diagnosis of colorectal cancer who presented to a pathology laboratory with extensive experience in 

this field. The Resident Laboratory serves a broad geographical area of Romania and conducts 

analyses for Full RAS, NTRK mutations, and MMR status. A cohort of 262 patients were included in 

our study; however, among these, only 120 patients exhibited KRAS and NRAS mutations as well as 

alterations in MMR status. 

All tissue samples were obtained from hospitals where patients had undergone diagnostic 

investigations and received a confirmed diagnosis of colorectal cancer. Informed written consent was 

obtained from all patients. All the specimens were transported under proper conditions and 

processed at the Resident Laboratory. 

This study was conducted in full accordance with the ethical principles outlined in the 

Declaration of Helsinki and was approved by the Local Ethics Commission for Clinical and Research 

Developmental Studies (Approval No. 11/20.12.2024). 

2.2. Method 

The samples were processed by a team of highly trained technicians and assistants and 

subsequently examined by experienced pathologists specializing in this field. 

Tissue samples (biopsies, or surgical tumoral resections) collected from patients with colorectal 

malignancies were fixed in 10% formalin and embedded in paraffin. 

To detect KRAS/NRAS mutations, NTRK alterations, and MSI status, the Real-Time Polymerase 

Chain Reaction (PCR) system was employed using the Verti™ 96-Well Thermal Cycler, following the 

instructions outlined in the protocol . Steps of real-time PCR for the qualitative detection: 

 Denaturation: The reaction mixture is heated to 94 degrees Celsius, where the DNA is denatured 

into two strands (26) 

 Primer Annealing: The temperature is lowered to 50-70 degrees Celsius, during which the 

primers bind to complementary sequences at the ends of the two strands (26). 

 DNA Elongation: At a temperature of 72 degrees Celsius, the thermostable polymerase 

synthesizes the DNA amplicon [26]. 

2.3. Statistical Analysis 

All data were introduced in Microsoft Office Excel 2016, and the results were analyzed using the 

Statistical Package for the Social Sciences (SPSS), Version 26 (SPSS 26). The data were organized into 

ordinal or nominal variables. The obtained results were evaluated using chi-square tests, Pearson 

coefficients, and Eta coefficients. A p-value of less than 0.005 was considered statistically significant, 

with a 95% confidence interval. 
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3. Results 

3.1. Clinico-Pathological Aspects of Patients with Colorectal Cancer 

We analyzed a cohort of 120 patients, from western, northwestern, and central regions of 

Romania, with sporadic cases from other areas of the country. The prevalence of colorectal cancer 

was higher among males, accounting 66.7% cases, compared to females, who represented 33.3% 

(Tabel 1). Regarding the age of onset, the majority of cases were observed in the 71–80-year age group 

(35%), closely followed by the 61–70-year age group (Tabel I). Rectal tumors were the most frequently 

encountered, 42.5%, followed by tumors in the right colon (cecum, ascending colon, hepatic flexure, 

transverse colon) and left colon (splenic flexure, descending colon, sigmoid colon) which were 

equally distributed (27.5%) (Tabel I). Histologically, all cases were adenocarcinomas. In terms of 

tumor grading, the majority were moderately differentiated (G2), representing more than three-

quarters of all cases (80.8%). Another important parameter assessed was the disease stage (Tabel I). 

Unfortunately, the majority of cases were stage IV, representing almost two-thirds of all included 

patients. 

Table 1. Clinico-pathological aspects of the patients with CRC. 

Clinico-pathological aspects of patients with 

CRC 
Number (percentage %) 

Gender: 

Male 

Female 

 

80 (66.7%) 

40 (33.3%) 

Age by decade: 

30-40 

41-50 

51-60 

61-70 

71-80 

81-90 

 

4 (3.3%) 

11 (9.2%) 

17 (14.2%) 

39 (32.5%) 

42(35%) 

7 (5.8%) 

Localization: 

Right colon 

Left colon 

Rectum 

Metastasis (with occult primary tumor) 

 

33 (27.5%) 

33 (27.5%) 

51 (42.5%) 

3 (2.5%) 

Tumor grading: 

G1 

G2 

G3 

G4 

 

7 (5.8%) 

97 (80.8%) 

15 (12.5%) 

1 (0.8%) 

Stage: 

I 

II 

III 

IV 

 

0 

4 (3.3%) 

40 (33.3%) 

76 (63.3%) 

3.2. KRAS, NRAS Mutations and MMR Status in the Studied Patient Cohort 

Among the 120 patients studied, the majority (86.7%) had KRAS mutations, whereas NRAS 

mutations were identified in only 12.5% from the cases. Additionally, one patient exhibited two 

KRAS mutations (Figure 1). The most common KRAS activating mutation was c.35G>A (Gly12Asp), 

observed in 29.2% of cases and exon 2 was the most affected, in 75% of cases (Tables 2 and 3). For the 

NRAS gene, the c.181C>A (Gln61Lys) mutation was observed in 3.3% of patients with exon 3 being 

the most commonly affected in 6.7% of cases (Tables 2 and 3). As for gender distribution, KRAS 
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mutations were more prevalent in males (59.2%) compared to females (27.5%). In contrast NRAS 

mutations showed a nearly equal gender distribution, with 6.7% male and 5.8% female (Table 4). 

KRAS mutations were most frequently observed in the 71–80 age group, while NRAS mutations were 

most common in the 61–70 age group. Rectal cancer was the most prevalent tumor location associated 

with KRAS mutations in 34.17% and NRAS mutations in 8.3%. Stage IV disease was the most 

prevalent, occurring in 52.6% of patients with KRAS mutations and 10% of those with NRAS 

mutations. Moderately differentiated (G2) tumors were the most common, accounting for 69.2% of 

cases in patients with KRAS mutations and 10.8% in patients with NRAS mutations (Table 4). 

Regarding MMR/MSI status, pMMR/MSS was observed in 95% of all cases, coexisting with 

KRAS or NRAS mutations. In contrast, only 2.5% exhibited dMMR/MSI-H, while in another 2.5% 

MSI status could not be determined (Table 4). Among patients with MSS status, male patients 

accounted for 62.5% compared to 32.5% for female patients. The 71–80 age group had the highest 

incidence, (Table 4). Regarding tumor localization, rectal tumors were most frequently associated 

with stable MSI status, identified in more than one-third of all cases. At the time of MSS assessment, 

the disease was predominantly stage IV, followed by stage III. Moderately differentiated tumors were 

the most commonly observed 75.8% (Table 4). 

For deficient MMR/MSI-H status, all cases were observed in male patients (2.5%). Regarding age 

distribution, the majority (1.7%) were in the 51–60-year age group (Table 4). In terms of tumor 

localization, one case each was identified in the right colon, left colon, and with an occult primary 

site. All dMMR/MSI-H cases were diagnosed in stage IV (2.5%) and all tumors were moderately 

differentiated (G2, 2.5%) (Table 4). 

 

Figure 1. - Types of mutatios. 

Table 2. Activating mutations. 

Mutation 
Number of mutation 

Percent of mutation 
KRAS NRAS 2 KRAS MUTATIONS 

c.34 G>T Gly12Cys 
Count 5 0 0 

% of Total 4.2% 0.0% 0.0% 

c.34gG>C Gly12Arg 
Count 2 0 0 

% of Total 1.7% 0.0% 0.0% 

c.34G>A Gly12Ser 
Count 5 0 0 

% of Total 4.2% 0.0% 0.0% 

c.35G>C Gly12Ala Count 2 2 0 
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% of Total 1.7% 1.7% 0.0% 

c.35G>TGly12Val 
Count 17 1 0 

% of Total 14.2% 0.8% 0.0% 

C.37G>TGly13Cys 
Count 2 0 0 

% of Total 1.7% 0.0% 0.0% 

c.35G>A Gly12Asp 
Count 35 3 0 

% of Total 29.2% 2.5% 0.0% 

c.38G>A Gly13Asp 
Count 21 1 0 

% of Total 17.5% 0.8% 0.0% 

C.34_35GG>TTGLY

12PHE 

Count 1 0 0 

% of Total 0.8% 0.0% 0.0% 

c.175G>A Ala59Thr 
Count 1 0 0 

% of Total 0.8% 0.0% 0.0% 

c.182A>T Gln61Leu 
Count 1 1 0 

% of Total 0.8% 0.8% 0.0% 

c.183A>C Gln61His 
Count 2 1 0 

% of Total 1.7% 0.8% 0.0% 

c.181C>A Gln61Lys 
Count 0 4 0 

% of Total 0.0% 3.3% 0.0% 

c.182A>Gln61Arg 
Count 0 2 0 

% of Total 0.0% 1.7% 0.0% 

c.436G>A Ala146Thr 
Count 9 0 0 

% of Total 7.5% 0.0% 0.0% 

c.436gG>A 

Ala146Pro 

Count 1 0 0 

% of Total 0.8% 0.0% 0.0% 

2 Mutations  
Count 0 0 1 

% of Total 0.0% 0.0% 0.8% 

P value= 0.0001 

Table 3. Activating exons. 

Exon 

 
KRAS NRAS 2KRAS Mutations 

Exon 2 90 (75%) 7 (5.8%) 1 (0.8%) 

Exon 3 4 (3.3%) 8 (6.7%) 0 (0%) 

Exon 4 10 (8.3%) 0 (0%) 0 (0%) 

P value= 0.0001 
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Figure 2. MSI status. 

Table 4. Correlation between clinic-pathological elements with KRAS-NRAS mutations and MSI status. 

Characteri

stics: 

KRAS NRAS  MSI status 

Mutati

on-  

The 

numbe

r of 

cases 

Mutant-  

The 

proporti

on of 

cases 

p-value 

Mutati

on- 

The 

number 

of cases 

Mutatio

n- The 

proporti

on of 

cases 

p-value 

MSI-H- 

The 

number 

and 

proporti

on of 

cases 

MSS- 

The 

number 

and 

proportio

n of 

cases  

Uninterp

retable 

MSI 

status 

p-value 

Age 

30-40 

41-50 

51-60 

61-70 

71-80 

81-90 

 

4 

11 

16 

31 

35 

7 

 

3.3% 

9.2% 

13.3% 

25.8% 

29.2% 

5.8% 

P=0.613 

 

0 

0 

1 

8 

6 

0 

 

0% 

0% 

0.8% 

6.7% 

5% 

0% 

P=0.613 

 

0 (0%) 

0 (0%) 

2 (1.7%) 

1 (0.8%) 

0 (0%0 

0 (0%) 

 

 

4 (3.3%) 

11 (9.2%) 

15 

(12.5%) 

37 

(30.8%) 

40 

(33.3%) 

7 (5.8%) 

 

0 (0%) 

0 (0%) 

0 (0%) 

1 (0.8%) 

2 (1.7%) 

0 (0%) 

P=0.493 

Sex: 

Male 

Female 

 

71 

33 

 

59.2% 

27.5% 

P=0.402 

 

8 

7 

 

6.7% 

5.8% 

P=0.402 

 

3 (2.5%) 

0 (0%) 

 

75 

(62.5%) 

39 

(32.5%) 

 

2 (1.7%) 

1 (0.8%) 

P=0.463 

Localizatio

n: 

Right colon 

Left colon 

Rect 

Metastasis 

with occult 

 

31 

29 

41 

3 

 

25.8% 

24.17% 

34.17% 

2.5% 

P=0.323 

 

2 

3 

10 

0 

 

1.7% 

2.5% 

8.3% 

0% 

P=0.323 

 

1 (0.8%) 

1 (0.8%) 

0 (0%) 

1 (0.8%) 

 

32 

(26.6%) 

30 

(24.98%) 

50 

(41.62%) 

2 (1,66%) 

 

0 (0%) 

2 (1.7%) 

1 (0.8%) 

0 (0%) 

P=0.015 
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primary 

tumor 

Stage: 

II 

III 

IV 

 

4 

37 

63 

 

3.3% 

34.1% 

52.6% 

P=0.613 

 

0 

3 

12 

 

0% 

2.5% 

10% 

 

 

0 (0%) 

0 (0%) 

3 (2.5%) 

 

4 (3.3%) 

39 

(32.5%) 

71 

(59.2%) 

 

0 (0%) 

1 (0.8%) 

2 (1.7%) 

 

P=0.754 

Grading: 

G1 

G2 

G3 

G4 

 

7  

83  

13  

1  

 

(5.8%) 

(69.2%) 

(10.8%) 

(0.8%) 

P=0.960 

 

0 

13 

2 

0 

 

0% 

10.8% 

1.7% 

0% 

P=0.960 

 

0 (0%) 

3 (2.5%) 

0 (0%) 

0 (0%) 

 

7 (5.8%) 

91 

(75.8%) 

15 

(12.5%) 

1 (0.8%) 

 

 

0 (0%) 

3 (2.5%) 

0 (0%) 

0 (0%) 

P=0.960 

KRAS 

 
- - - - - - 3 (2.5%) 

99 

(82.5%) 
2 (1.7%) 

P=0.000

1 

2 KRAS 

MUTATIO

NS 

- - - - - - 0(0%) 0 (0%) 1 (0.8%) 
P=0.000

1 

NRAS - - - - - - 
0 

(0%) 

15 

(12.5%) 
0 (0%) 

P=0.000

1 

MSI: 

MSI-H 

MSS 

 

3  

99  

 

2.5% 

82.5% 

P=0.0001 

 

0 

15 

 

0% 

12.5% 

P=0.000

1 
- - - - 

4. Discussion 

Colorectal cancer is a heterogeneous oncological pathology, with a very high distribution among 

population in our country as well as worldwide. The diverse mechanisms underlying the disease’s 

development, particularly genetic alterations, have led to the identification of biomarkers with 

diagnostic and prognostic significance, including KRAS, NRAS mutations and MSI status [18,27–29]. 

All 262 patients included in our study were diagnosed by the pathologists with adenocarcinoma. 

Of these, 39.7% patients had KRAS mutation, 5.7% of patients had NRAS mutations and 0.4% had a 

dual KRAS mutation. Comparing our findings to the specialized literature shows agreement 

regarding the proportion of KRAS and NRAS mutations. KRAS mutations are reported in 35–45% of 

colorectal cancer cases, while NRAS mutations occur in 1–6% of cases [6,17,19,27,29,30]. Of the 262 

patients, 251 individuals (95.8%) exhibited an MSI-stable/MSS/pMMR status and deficient MMR 

status was identified in 11 individuals (4.2%). This prevalence is notably lower compared to data 

reported in the literature, where deficient MMR occurs more frequently, especially in European 

population (5–24%), Caucasian Americans of European descent (8–20%), African Americans (12–

45%), and Egyptians (37%). In contrast, populations from Asian countries, particularly China and 

Japan, show lower incidence rates, ranging from 3.8% to 10% [18,29,31,32]. Considering the 

dMMR/MSS distribution among our patients, we observed a notably lower incidence compared to 

other European countries. However, it remains relatively similar to the incidence reported in Asian 

populations. This suggests significant ethnic diversity and genetic variability within our population, 

influenced by lifestyle and dietary factors. Additionally, variations in detection methodologies, 

including equipment and technical protocols, may contribute to differences in determining MMR 

status. 
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This research is the first of its kind in Romania to examine the association between the 

morphopathological characteristics of colorectal cancers and KRAS or NRAS mutations, in 

combination with MSI status. 

4.1. Colorectal Cancer and KRAS Mutation 

Regarding the activating mutation within the KRAS gene, the most frequently observed variant 

was c.35G>A (Gly12Asp), identified in 29.2%, followed by c.38G>A (Gly13Asp), detected in 17.5%. 

Both mutations were located within exon 2. These findings are consistent with the data reported in 

the literature, where studies from both European and Asian populations have confirmed the same 

mutation localization [6,29,31,33]. This consistency suggests that the global distribution of 

populations does not significantly influence this characteristic. 

Our research revealed a clear male predominance among colorectal cancers with KRAS 

mutations, with 59.2% of cases in males compared to 27.5% in females. This aligns with the well-

established observation that colorectal cancer incidence is higher in males [1,5,8]. 

While colorectal cancer is known to be more prevalent after the age of 50, with many studies 

across Europe, Asia, and even Africa reporting a median age of onset around 65 years, our study 

noted an older age distribution [18,29,31,34,35]. The largest group of patients (29.2%) was in the 71–

80 year age range, followed closely by the 61–70 year group, which represented 25.8% of patients. 

When analyzing tumor localization, our findings revealed a higher prevalence of rectal cancers 

associated with KRAS mutations, compared to left-sided colon cancers and right-sided colon cancers. 

Existing studies show variability. For example, Kawazoe et al. reported a notable association between 

KRAS mutations and rectal cancers, El Agy et al. documented KRAS mutations in left-sided colon 

cancers, while Zhang et al. highlighted their presence in right-sided colon cancers [36–38]. These 

findings reflect the heterogeneous nature of KRAS-associated colorectal cancer localization patterns. 

More than a half of all patients included in this study were identified with stage IV 

adenocarcinoma. Previous studies have not demonstrated a statistically significant correlation, only 

one study did highlight that older patients are more frequently diagnosed with stage IV [18]. 

Moderately differentiated colorectal cancer (G2) was the most frequently observed tumor grade 

in our study population (69.2%). While many studies have not shown a statistically significant 

correlation, Bisht et al. found that G2 tumors are associated with KRAS mutation [27]. 

4.2. Colorectal Cancer and NRAS Mutation 

Mutations in the NRAS gene are extremely rare, and limited data are available in the scientific 

literature [34,38–41]. In our study, the most frequent activating mutation identified was c.181C>A 

Gln61Lys in exon 3, observed in 3.3% of patients. While the study conducted by Jauhri et al. noted a 

higher prevalence of this mutation in females, our cohort showed minimal difference between the 

sexes, with males slightly more affected (6.7%) compared to females (5.8%) [41]. 

Our study reveals that the most of the malignancies occurred in the colorectal region, with NRAS 

mutation observed in 8.3% of rectal cancers, 2.5% in left colon cancers, and 1.7% in right colon cancers. 

The findings from Jauhri et al. report a similar distribution of NRAS mutations across tumor sites, 

with the activating mutation located at codon 61 (41). 

The majority of patients with NRAS mutation in our study were in 61–70 age group, (6.7%), 

followed by 71–80 age group, (5%.) This suggests that NRAS mutations may occur at an earlier age 

compared to KRAS mutations. 

4.3. Colorectal Cancer with KRAS or NRAS Mutation and MSI Status 

Regarding MSI status associated with either KRAS or NRAS mutations, our cohort included 

43.5% of patients with MSS/pMMR, 1.15% of patients with dMMR/MSI-H , and 1.15% of patients with 

an uninterpretable MSI/MMR status. All patients were diagnosed by the pathologists with colorectal 

adenocarcinoma. 
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Age distribution among patients with MSI-S status showed that the majority were in the 71–80 

years age group (33.3%,) followed by 61–70 years age group, (30.8%). In contrast, the MSI-H 

mutations were observed most frequently in 51–60-year age group (7%). Only 0.8% of cases exhibited 

this MSI-H status in the 61–70-year age group. The study conducted by Wang et al. found a higher 

incidence of MSI-H in younger patients compared to those with MSS, while Niu et al. reported a 

higher prevalence of MSI-H in older patients, though their analysis which was limited to individuals 

with stage III colorectal cancer [22,42]. 

In our analysis, we identified that among patients with pMMR status, almost two-thirds (62.5%) 

were male and less than one third females. Conversely, alterations in dMMR status were observed 

exclusively in male patients, represent 2.5%. Existing studies have generally reported a higher 

incidence of dMMR status among female patients, regardless of geographic region, including studies 

conducted in Africa and Asia, though statistical significance has not always been demonstrated 

[18,22,42]. Furthermore, there is limited information in the literature regarding the relationship 

between KRAS mutations and dMMR status in colorectal cancer. 

Regarding the localization of colorectal tumors with KRAS or NRAS mutations and MSI status, 

a significant proportion were identified as rectal cancers, (41.62%), followed by right-sided colon 

cancers (26.6%), left-sided colon cancers (24.98%), and occult tumors among patients with MSS 

(1.66%). In contrast, among patients with MSI-H status, right-sided colon cancer, left-sided colon 

cancer, and occult tumors were each observed in equal percentages (0.8%), with no cases of rectal 

cancer reported. The significant statistical result (p = 0.015), suggests a potential predisposition for 

rectal cancers with KRAS or NRAS mutations in the context of MSS status. Our findings indicate that 

MSI-H status is more frequently associated with colon tumors. However, studies examining the 

coexistence of KRAS or NRAS mutations with MSI status in colorectal cancer remain limited. 

Available evidence suggests that MSI-H status is predominantly associated with right-sided colon 

cancers, while MSS is more prevalent in left-sided colon and rectal cancers as observed in the study 

by Niu et al [22]. Moreover, Kaseem et al. identified three cases of rectal cancer with KRAS mutations 

and MSI-H status in their investigation of the Egyptian population, although these findings did not 

reach statistical significance [18]. 

The majority of cases in our MSI-H group were diagnosed with stage IV (59.2%), followed by 

stage III (32.5%) and stage II (3.3%) All cases in the MSI-H group were classified as stage IV disease. 

These findings align with existing literature, which suggests that MSI-H status is correlate with 

advanced stages of the disease [18,42,43]. However, it is important to note that the number of MSI-H 

patients included in our study is relatively small, limiting these observations. Nonetheless, research 

conducted by Formica et al. highlights the increased aggressiveness of tumors with MSI-H status, 

which can be observed from early-stage disease to advanced metastatic progression [40,44]. 

Although literature often correlates MSI-H status with poorly differentiated tumor grading, all 

cases in our cohort were classified as moderately differentiated (G2). Similarly, most MSS tumors 

were also moderately differentiated, representing 75.8% of cases [22]. 

Giving the high frequency of KRAS mutations and the substantial number of MSS cases, we 

evaluated the potential statistical relevance between these two factors. Our statistical analysis yielded 

a significant result (p=0.0001). Despite this, studies supporting this association remain scarce and 

typically lack statistical significance [18,45]. A meta-analysis by Ashktorab et al., showed a higher 

incidence of colorectal cancers with MSS status and KRAS mutation in the African-American 

population compared to the Caucasian population [43]. However, other investigations suggest that 

the combination of KRAS mutations and MSS status is linked to greater tumor aggressiveness, poorer 

prognosis, and lower overall survival rates compared to MSS tumors without KRAS mutations 

[30,44,46,47]. This observation supports the hypothesis that KRAS mutations in conjunction with 

pMMR/MSS status may represent a distinct molecular subtype of colorectal cancer with unique 

clinical and pathological features [30]. In their study, Li et al. demonstrated that KRAS activation 

plays a key role in tumor cell invasion and metastasis in pMMR/MSS tumors [48]. 
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The limitations of our study include the inability to track the prognosis and survival outcomes 

of patients from various hospitals, cities, counties, and regions across the country. Additionally, 

another limitation is the relatively small number of colorectal cancer cases with KRAS or NRAS 

mutations in association with MSI-H status. 

5. Conclusions 

Our study, the only one conducted in Romania and among the few globally, provides a 

comprehensive analysis of the association between rectal malignancies and the presence of KRAS 

mutations alongside pMMR/MSS status. This finding supports the hypothesis that KRAS mutations, 

in combination with pMMR status, may define a distinct molecular subtype of colorectal cancer with 

unique clinical and pathological characteristics. Further research into the relationship between KRAS 

mutations and pMMR status is essential to better understand its potential impact on tumor biology, 

therapeutic response, and survival outcomes. 
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