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Abstract 

Introduction: Colorectal cancer (CRC) is the third common cancer among human and the fourth common reason of 

mortalities caused by cancers around the world. During recent years, EGFR-related molecular pathways are known as 

an important therapeutic pathway. High frequency of mutations of RAS family such as KRAS and NRAS and their 

rapid incidence in colon cancer indicates their high potential as a biomarker for early detection. 

Materials and Methods: In this cross sectional retrograde study, patients with colorectal cancer referring to Golestan 

Razi and Poursina Hospitals in Iran were evaluated during years 2009-2018. The rates of KRAS and NRAS factors 

were evaluated on paraffinized pathology samples of patients with metastatic colon cancer. Then, the correlation 

between mutation in these two factors with other clinicopathological findings of patients such as age, gender, tumor 

grade, location of primary lesion, time to progression (TTP), family history and presence or absence of lymphovascular 

invasion was investigated. 

Results: There was no significant correlation observed between occurrence of NRAS and KRAS with age group, 

family history and gender in the present study. But there was a significant statistical correlation between the rate of 

NRAS gene incidence with location of primary lesion and tumor grade. Finally, there was found a significant 

correlation between both KRAS and NRAS genes with TTP, so that TTP of patients reported less than patients without 

mutations in both groups. 

Conclusion: The present study showed that presence of both mutations in KRAS and NRAS makes the prognosis of 

disease worth such a way the location of primary lesion and tumor grade are two effective factors in incidence of NRAS 

gene and lymphovascular invasion is the effective factor on KRAS gene incidence. also, TTP is lower among patients 

with mutations in both KRAS and NRAS genes.  
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Introduction 

Colorectal cancer  (CRC)  is a  neoplastic  complex  and  

multifactorial disease that as a  result of a series  of 

genetic changes, chromosomal abnormalities  ,

mutations  ,genetic and epigenetic changes and  it has 

the ability to convert  the natural  epithelium  of the 

colon  to  adenocarcinoma (1, 2).  CRC  is the third most 

common cancer in the world  ,accounting for  more than  

10% of all new cancers worldwide (3). Approximately, 

millions  of  the new  colorectal  cancer  identify  around 

the  world every year and  nearly  half a  million  people  

die due to  this  disease. The  risk of  colorectal cancer  has 

different changes in  the  world, as according to  studies  

carried out  in  the  worldwide,  the range has been 

variable  between  13  to  66  percent and by comparing to 

developing areas, it is estimated that the chance of 

getting infected is more in developed areas (4, 5).   

Changes in the cellular genome are affected by the 

expression or function of genes controlling cell growth 

and differentiation. Molecular study of cancer helps 

gene identification that varies in different types of 

tumors and it helps to explain the role of these genes in 

carcinogenesis.  One  of the  different genetically 

changes is receiving the factor  of  epidermal growth 

factor receptor (EGFR) that is important  in the  

molecule’s  target for  treating  colorectal  cancer(6, 7). 

KRAS  (Kirsten rat sarcoma)  and  NRAS 

(Neuroblastoma RAS) are the most important 

downstream molecules of the epidermal growth factor 

receptor signaling pathway.Three  RAS  human  genes  

HRAS, KRAS and  NRAS are known to be small GTP-

GDP binding proteins and act as functional switches by 

coupling growth receptors to intracellular signaling 

pathways (6, 8, 9). KRAS  and  NRAS proto-oncogene  

encodes a  binding protein  to  a  guanosine  tri  phosphate  

/  guanosine  di    - phosphate  that it is located in 

intracellular  membrane  and  plays important role in 

mitogenic  transmission  signal  and  cellular response  

adjustment to the  extracellular stimulus such as  growth 

factors ,cytokines and hormones (10, 11).  

Researches has shown that  mutations in KRAS and  

NRAS  causing loss of GTPase activity  from  30  to  50  

percent of  patients with colorectal cancer (12). High 

frequency of this  mutation  and its rapid onset of colon 

cancer showed  the its high potential  as a biomarker for 

the early detection (13). Currently, anti-EGFR antibody 

has been shown to be an effective therapeutic factor in 

CRC patients. However, patients with mutations in 

KRAS  and  NRAS  do not show  an appropriate 

therapeutic response to EGFR antibody. Hence, from 

the KRAS and NRAS status  used as biomarkers to 

identify patients with mutations (14). 

In this study due to increased prevalence  CRC  and also 

the impact of the role of gene mutations, especially 

mutations in RAS genes in the onset of the disease, we 

decided to investigate the relationship  between the  

KRAS  and  NRAS  factors with the  findings  of  

clinicopathologic  in  patients  with the  metastatic colon  

cancer.  

Materials and Methods 

In this cross-sectional  study retrospectively, patients 

with colorectal cancer referred to Razi and Poursina 

hospital Gilan, Iran, during  2009  to  2018  were studied. 

Inclusion criteria includes all patients  with  metastatic 

colon  cancer which was confirmed by CT scan or 

enhanced Carcinoembryonic antigen (CEA).Exclusion 

criteria also was  the lack of  willingness of  the patient  

to  follow  the treatment.  Before  reviewing patients’ 

cases, all  stages of the  study were  explained and  a 

consent letter were taken from all subjects.  In this 

study, no money was received from patients and the 

laboratory foundation was responsible for the costs. 

Accordingly, 67 patients with colorectal cancer were 

included in the study and the amount of  KRAS  and  

NRAS  factors were evaluated  on a paraffin embedded 

pathologic specimens of patients with metastatic colon 

cancer under the supervision of an oncologist by PCR. 

The samples  from  the  primary location of the lesion,  in 

case of  metastases,  was provided from  the metastasis 

location again. Patients  in  relation  to  each  gene were  

divided  in  two  categories: 1)  Wild type KRAS (no  

mutation)  and  none-wild type KRAS (Contains  

mutation), 2)  Wild type NRAS (no  mutation)  and  none-

wild type NRAS  (Contains  mutation).  The  relationship  

between  the  mutations  in  these  two  factors  with  other  

findings  to  clinicopathologic  patients  include  age  ,sex  ,

grade  of tumor  ,the  lesion  of  primary  ,TTP (Time to 

progression),  family history and  existence  or  non  -  

existence Lymph vascular invasion was analyzed.   

Statistical analyses 
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In this study, the collected data were coded and entered 

into SPSS 22 software.  By the  use  of  descriptive 

statistic,  for the  qualitative variable (frequency  or  

percentage), normal mean quantitative variable,  

standard deviation, abnormal  median  and  quadratic 

range  was  reported. In inferential  experiments, for  

normal mean quantitative variable  T  -  independent, 

otherwise  nonparametric  equivalent  Man Whitney  

were used  and for quantitative variable chi square  or  

fisher exact test  carried  out. Significant level  test  was 

p<0.05. 

Results 

In this study, 67 patients with metastatic colon cancer 

were investigated. From these 67 samples, in terms of 

both KRAS  and NRAS, 16 cases (23.9%) were not 

wild-type. Also  10 cases in terms of both KRAS  and 

NRAS were not wild-type either. The average age of 

individuals in the study were 58.6710.17 with range 

of 31 to 78 years of age. According to table 1, a higher 

percentage of patients  (61.2%)  were male and also in 

terms of the location of the primary lesion, more than 

half of the people (55.2%) rectosigmoid were reported. 

As results of this study showed that in terms of the 

tumor grade, more than half of the samples  tested 

(56.7%) high grade were reported. Also, the average of 

TTP in  patients were 10.134.58  months, 10  months 

median, 13   –  7 =IQR  and the range of TTP  was 2 to 25 

months. According to the results, in the terms of family 

history, 26 of the 67 cases examined  (38.8%) were 

positive and a higher percentage of cases  (61.2%) were 

negative. In terms of lymph vascular invasion also 

evaluated in patients, 36 cases  (53.7%) Lymph vascular 

invasion was found. 

Table 1. Demographic and tumor characteristics in patients. 

% N Variable 

49.3 33 30-60 

Age 
50.7 34 >60 

61.2 41 Male 
Sex 

38.8 26 Female 

10.45 7 Ascending colon 

Primary lesion 

location 
20.9 14 Descending colon 

13.43 9 Transverse colon 

55.22 37 Rectosigmoid 

19.4 13 low 

GRID Tumor 23.88 16 intermediate 

56.72 38 high 

59.7 40 
Less than 10 

months 
TTP 

40.3 27 
More than 10 

months 

 

In this study, the relationship between the gene 

expression of NRAS and KRAS with age group, 

gender, lymph vascular invasion, tumor grade, family 

history, the location of primary lesion and TTP were 

analyzed. On the basis of the relationship between gene 

expression of NRAS and KRAS with age group using 

Chi -square, no significant correlation was found and it 

is found that more than half of the patients by age 

distribution , NRAS and KRAS genes were reported as 

wild-type (Table 2). There was no significant 

relationship between NRAS and KRAS gene 

expression and sex with chi-square test and overall, 

more than half of the patients (male and female) were 

wild-type in terms of NRAS and KRAS genes (Table 

2). 

Table 2. Investigation of the relationship between KRAS and NRAS gene expression with demographic. 

KRAS NRAS 

Variable 
 Total Wild None wild Total Wild None wild 

33 26 7 33 22 11 N 
30-60 

Age 100 78.8 21.2 100 66.7 33.3 % 

34 25 9 34 29 5 N >60 

368 



H. Saeidi Saedi, et al.                                                              Journal of Current Oncology and Medical Sciences 

 

100 73.5 26.5 100 85.3 14.7 % 

67 51 16 67 51 16 N 
total 

100 76.1 23.9 100 76.1 23.9 % 

0.614 0.074 p-value* 

41 

 

100 

29 

 

70.74 

12 41 28 13 N 

Male 

Sex 

29.26 100 68.3 31.7 % 

26 

 

100 

22 

 

84.6 

4 26 23 3 N 
Female 

15.4 100 88.5 11.5 % 

67 51 16 67 51 16 N 
Total 

100 76.1 23.9 100 76.1 23.9 % 

0.194 0.059 p-value* 

 

The correlation between KRAS gene expression and 

the primary lesion location with Fisher test was not 

significant. However, the association between NRAS 

gene expression and the primary lesion location was 

significant (p<0.05). So that, in 57.1% of patients with 

primary lesion location in the descending colon, NRAS 

was mutated and reported as non-wild-type (Table 3). 

Also according to Table 3, no significant relationship 

was found between NRAS and KRAS gene expression 

with family history using chi-square test. The incidence 

of KRAS gene with a family history was similar to the 

NRAS results. 

Table 3. The relationship between KRAS and NRAS gene expression with Primary lesion location and Family history. 

KRAS NRAS 
 

Total Wild None wild Total Wild None wild 

7 

 

100 

4 

 

57.1 

3 

 

42.9 

7 4 3 N Ascending 

colon 

Primary 

lesion 

location 

100 57.1 42.9 % 

14 

 

100 

9 

 

64.3 

5 

 

35.7 

14 6 8 N 
Descending 

colon 100 42.9 57.1 % 

9 

 

100 

6 

 

66.7 

3 

 

33.3 

9 6 3 N 
Transverse 

colon 100 66.7 33.3 % 

37 

 

100 

32 

 

86.5 

5 

 

13.5 

37 35 2 N 

Rectosigmoid 
100 94.6 5.4 % 

67 

 

100 

51 

 

76.1 

16 

 

23.9 

67 51 16 N 

total 
100 76.1 23.9 % 

0.113 0.059 p-value 

41 34 7 41 34 7 N 
Positive 

Family 

history 

100 82.9 17.1 100 82.9 17.1 % 

26 17 9 26 17 9 N 
Negative 

100 65.4 34.6 100 65.4 34.6 % 

67 51 16 67 51 16 N 
Total 

100 76.1 23.9 100 76.1 23.9 % 

0.101 0.101 p-value 
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In the relationship between the gene expression  of 

NRAS  and Lymph vascular invasion using  chi -square 

test, a significant relationship did not observe (p>0.05). 

According to Table  4, from 51 patients that in the terms 

of genes expression  of NRAS were wild-type,  24 cases  

(47.1%)  without Lymph vascular invasion  and 27  

(52.9%)  had lymphovascular invasion. While there was 

a significant relationship between KRAS gene 

expression and lymphovascular invasion using chi-

square test (p< 0.05).So that the highest rate of 

lymphovascular invasion in patients with mutations 

were observed  in the gene KRAS. 

In the study of gene expression  NRAS and tumor grade, 

a  significant relationship was found by using Fisher's 

test (p<0.05)  and more than half of the patients who in 

terms of genes NRAS had mutations, in terms of tumor  

grade were in high stage. However, there was no 

significant relationship between KRAS gene 

expression and tumor grade using Fisher test (Table 4). 

 

Table 4. The relationship between the expression of KRAS and NRAS genes with Lymphovascular invasion and tumor grade. 

P 
Tumor Grade 

P 
Lymphovascular invasion Variable 

 Total low intermediate high Total neg pos 

0.022 

51 12 15 24 

0.817 

51 24 27 N 
Wild 

NRAS 

100 23.5 29.4 47.1 100 47.1 52.9 % 

16 1 1 14 16 7 9 N None 

wild 100 6.3 6.3 87.5 100 43.8 56.2 % 

67 13 16 38 67 31 36 N 
Total 

100 19.4 23.9 56.7 100 46.3 53.7 % 

0.264 

51 11 14 26 

0.011 

51 28 23 N 
Wild 

KRAS 

100 21.6 27.4 51 100 54.9 45.1 % 

16 2 2 12 16 3 13 N None 

wild 100 12.5 12.5 75 100 18.8 81.2 % 

67 13 16 38 67 31 36 N 
Total 

100 19.4 23.9 56.7 100 46.3 53.7 % 

 

In comparing  the TTP  with the amount of NRAS  and  

KRAS  mutations, the results showed significant 

relationship of the TTP  variables  in both groups  

(p<0.05). Mean and standard deviation in wild and  non-

wild groups, in terms of NRAS  genes were reported  

10.84.7 and 83.2, while theses values  for the gene 

KRAS  were reported 10.764.3 and 8.135.0 

respectively (Table 5). 

 

Table 5. Investigation of the relationship between expression of KRAS and NRAS genes with TTP. 

TTP 

Variable 
P-value Mean  Std Median Minimum Maximum N 

0.021 

10.8 ±4.767 10 2 25 51 Wild 

NRAS 8±3.204 8 3 14 16 
None-

wild 

10.13±4.582 10 2 25 67 Total 

0.009 

10.76±4.302 10 2 25 51 Wild 

KRAS 8.13 ±5.005 7.5 3 24 16 
None-

wild 

10.13±4.582 10 2 25 67 Total 
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 Discussion 

KRAS and NRAS mutations are important in the 

carcinogenesis of CRC and play a certain role in the 

efficacy of anti-EGFR therapy (15, 16). Among the 

RAS family, mutations in KRAS account for about 

85%  and NRAS for about 15% of all RAS mutations 

in human tumors (17). NRAS is identical to KRAS in 

the first 85 amino acids . However, unlike KRAS, 

NRAS is not activated by specific cytokines or growth 

factors (18). 

In this study evaluation of 67 patients infected with 

CRC  showed that in  terms  of  both KRAS  and  NRAS, 

23.9%  of patients,  were not wild-type. The average  age 

of  patients   was 58.67 10.17 and in terms of  gender 

distribution , 61.2% of the individual were men. 

In the study  of Palomba and et al that were performed 

on  1284  patients, the mean age of  people was reported 

64  years, and about  60% of them were male. Mutation 

in KRAS  gene was 35.6% and in NRAS  was 4.1% of 

patients that it was different from the values obtained 

in our study.Also, 35.1% of individuals were under 60  

years old and 64.9% were over 60 (19). In the study of 

Kadowaki et al that were performed on  813  patients, 

mutation in KRAS  gene were 38% of patients. Mean 

age of individuals in the mutation group for KRAS 

were reported 64.7 and in those without mutation were 

reported 63.5. In their study,  53% of the mutations 

were male and 47%  were female (20). Also  in the study 

Velho et al (21), 35.3%  of  patients had mutations  in 

KRAS oncogene, Brink et al (2)  also  collectively 

reported the frequency of mutations in KRAS 

oncogene that took on  737  samples of patients  with 

colorectal cancer (diagnosis  age between 57 and  76 

years old), 37%  were reported. In the study  of Kawazoe 

et al that carried out between 2013 to  2014  on  264  

patients with metastatic colorectal cancer, mutations  in 

KRAS  ,NRAS, BRAF  and  PIK3CA  genes were 

examined. KRAS  gene mutation in 37.9% and NRAS 

gene mutation in 2.4%  of patients were found. 64%  of 

patients with a mutation  in the  RAS gene  were men 

(22) . 

In the current stud,   in terms of the location of the 

primary lesion, in more than half of the samples  

(55.2%) rectosigmoid were reported that was almost 

similar to Kavazai study  (54.3). While in the study  of 

Palomba,  the highest rate  of sample (40 %) were related 

to  the ascending colon. But in their study, the incidence 

of RAS mutations was not significantly different in 

each colon(19).  In the study  of Isnaldi  etal   also had 

involved in descending colon (69%) (23). 

In the investigation of the relationship between genes 

expression in  the NRAS and  KRAS  with age group, 

gender, lymphovascular invasion, tumor grade, family 

history, the location of primary lesion and  TTP, no 

significant relationship were observed between 

incidence rate of  NRAS  and  KRAS  with age, family 

records and gender. But between gene expression rates 

of NRAS,  there was a significant statistical relationship 

with the location of primary lesion. As in  57.1% of 

patients with the location of primary lesion in the 

descending colon, NRAS  contained mutations and 

were reported not wild-type. Also, about expression of 

KRAS  gene, significant relationship was found with 

lymph vascular invasion and tumor grade. The amount 

of lymphovascular invasion in patients with mutant 

KRAS and wild-type KRAS was 81.3% and 45.1% 

respectively and the highest rate of lymphovascular 

invasion has been observed in patients with mutations 

in the KRAS  gene. According to our results, 87.5% of 

patients with the NRAS  gene had mutations and in 

terms of tumors  grade, they were at high stage.  It 

should be noted that there was a significant relationship 

between the expression of both KRAS and NRAS 

genes with TTP. 

In the study  of Palomba et al (19) on  1284  patients with 

metastatic colon cancer, there was no statistically 

significant relationship between the mutation in the 

KRAS  and  NRAS  genes  and age, sex, location  of the  

primary lesion, tumor grade variables. Whilst no  

significant relationship was found between the amount 

of mutations  in NRAS  and  KRAS  with  overall survival  

and  Time to progression. Along with our study, 

Zhang et al  found that there is no significant 

relationship between mutations  RAS  and family history 

(24). About the relationship between lymphovascular 

invasion with gene mutation  RAS, Sayagués  et al stated 

that there was a significant relationship 

between    KRAS mutations  and  right side colon tumor 

location  and  absence of lymph vascular invasion (25). 

ChangM.D et al also in their study of RAS family gene 

in CRC  cancer  stated that between three KRAS  ,NRAS  

and  HRAS genes, only mutation in KRAS  gene  with  
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lymphovascular invasion  have significant relationship 

(26).  

In parallel to our results, it was shown that in the 

Kawadawaki et al study that carried on 813 patients 

with colon cancer in Japan, it was reported that over 65  

years  of  age  ,male gender, and the existence of 

mutations in KRAS gene  causes the worst prognosis 

and less  survival. So that in the mutated state compared 

to no mutation, 5 years  DFS (Disease free survival) 

were reported 71% versus 77% respectively and 5 years 

OS (overall survival) were reported 80% versus 84% 

respectively.  But between KRAS  genes and variables 

such as age and tumor stage, lymph node metastasis  no 

statistically significant relationship was reported(20). 

Also in the study of Palomba et al examined the linked 

mutations in KRAS, NRAS, BRAF, and PIK3CA 

genes  with  sex, age at diagnosis, anatomical location of 

primary CRC, tumor grading variables,  and reported 

that there was no significant relationship between the 

mentioned variables and the mutation in these  4  

genes(19). In the study  of Kawazoe that mutation  in 

KRAS,  NRAS, BRAF  and  PIK3CA were analyzed,  

although the mutation in the RAS  genes in male sex, 

location of primary rectum tumor and well  

differentiation  degree was more but no  significant 

statistical relationship found.  In their study was 

reported that mutations in any of the genes mentioned  

in PFS  (Progression free survival)  mutation group have  

less period (1.2-9.5 months) compared to those without 

the mutation (4.6-8.7months). While the OS  (Overall 

Survival)  disease in each of mutation  group has  less 

period than those without mutations (3.6-8.6 months vs 

1.34-1.3 months) (22). 

In the study  of Jouini et al also the relationship between 

mutations in the RAS  genes  and variables such as age, 

gender  ,age groups  and perineural invasion, metastasis, 

vascular emboli and degree  of  differentiation was 

analyzed. In their study, mutations in the RAS  genes 

have significant relationship with the degree  of  

differentiation. 82% well differentiation patients have 

mutation in the RAS  gene (14).  In a meta-analysis by 

Therkildsen  et al that carried on in  2014, was reported 

that mutations of both KRAS  and  NRAS  genes with  

overall survival (OS)  and  progression-free survival 

(PFS) have  less common disease and the existence of 

these mutations make them resistant to anti-EGFR 

drugs (27). Rebersek et al also stated in a study that 

median time to recurrence of the disease in patients 

after primary treatment of operable disease with a non-

mutated KRAS gene was shorter than in patients with 

mutated KRAS gene (20 vs. 21 months), but the 

difference was not significant(28). In another study, 

Gasparini et al. express that the patients with wild-type 

tumors had a statistically significant better TTP as 

compared to those with RAS mutated disease with 

7.4 ± .85 weeks versus 5.2 ± .91 weeks (29). 

In general, there  appears to be a  mutation in the KRAS  

and  NRAS  gene can  be used  as a suitable biomarker for 

assessing response to targeted treatment.  One  of the 

limitations of this study was the expensive cost of the 

test and lack of samples despite of the analyze in a ten-

year study due to the death and errors in  patient records. 

It is thought that an increase  in the sample size might 

affect the results and if the study carried on broad  

samples, better results can be achieved. 

Conclusions 

Our study showed that the incidence rate of NRAS and 

KRAS have no relationship with age group, family 

history and gender, but patients whose primary lesion 

location was located in descending colon, the NRAS 

gene had a mutation. In addition, in more than half of 

the patients with NRAS mutations, the tumor grade was 

high. Also, the rate of lymphovascular invasion in 

patients without KRAS mutation, much less patients 

with mutation were reported. TTP was also lower in 

both KRAS and NRAS genes in patients with 

mutations than in non-mutated patients. 

Author contribution 

HSS and MMA supervised and managed the 

project and also edited and revised the manuscript.  

FN and KM collected the data and wrote the 

primary draft of the manuscript.  

Conflict of interest 

No potential conflict of interest was reported by the 

authors. 

References  

1. Choudry A, Masood S, Ahmed S. Feasibility 

and safety of transabdominal chorionic villus sampling. 

372 

https://translate.google.com/translate?hl=en&prev=_t&sl=auto&tl=en&u=https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-1053-z%23auth-1#auth-1


H. Saeidi Saedi, et al.                                                              Journal of Current Oncology and Medical Sciences 

 

Journal of Ayub Medical College Abbottabad. 

2012;24(1):38-43. 

2. Brink M, de Goeij AF, Weijenberg MP, 

Roemen GM, Lentjes MH, Pachen MM, et al. K-ras 

oncogene mutations in sporadic colorectal cancer in 

The Netherlands Cohort Study. Carcinogenesis. 

2003;24(4):703-10. 

3. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, 

Meester RG, Barzi A, et al. Colorectal cancer statistics, 

2017. CA: a cancer journal for clinicians. 

2017;67(3):177-93. 

4. Ansari R, Amjadi H, Norozbeigi N, Zamani F, 

Mir-Nasseri S, Khaleghnejad A, et al. Survival analysis 

of colorectal cancer in patients underwent surgical 

operation in Shariati and Mehr Hospital-Tehran, in a 

retrospective study. Govaresh. 2007;12(1):7-15. 

5. Bebington B, Singh E, Fabian J, Jan Kruger C, 

Prodehl L, Surridge D, et al. Design and methodology 

of a study on colorectal cancer in Johannesburg, South 

Africa. JGH Open. 2018;2(4):139-43. 

6. Richman SD, Seymour MT, Chambers P, 

Elliott F, Daly CL, Meade AM, et al. KRAS and BRAF 

mutations in advanced colorectal cancer are associated 

with poor prognosis but do not preclude benefit from 

oxaliplatin or irinotecan: results from the MRC 

FOCUS trial. Journal of Clinical Oncology. 

2009;27(35):5931-7. 

7. Diagaradjane P, Orenstein-Cardona JM, 

Colón-Casasnovas NE, Deorukhkar A, Shentu S, Kuno 

N, et al. Imaging epidermal growth factor receptor 

expression in vivo: pharmacokinetic and 

biodistribution characterization of a bioconjugated 

quantum dot nanoprobe. Clinical Cancer Research. 

2008;14(3):731-41. 

8. Van Cutsem E, Köhne C-H, Hitre E, Zaluski J, 

Chang Chien C-R, Makhson A, et al. Cetuximab and 

chemotherapy as initial treatment for metastatic 

colorectal cancer. New England Journal of Medicine. 

2009;360(14):1408-17. 

9. Tejpar S, Popovici V, Delorenzi M, Budinska 

E, Estrella H, Mao M, et al. Mutant KRAS and BRAF 

gene expression profiles in colorectal cancer: Results 

of the translational study on the PETACC 3-EORTC 

40993-SAKK 60-00 trial. Journal of Clinical 

Oncology. 2010;28(15_suppl):3505-. 

10. Tartaglia M, Gelb BD. Disorders of 

dysregulated signal traffic through the RAS-MAPK 

pathway: phenotypic spectrum and molecular 

mechanisms. Annals of the New York Academy of 

Sciences. 2010;1214:99. 

11. Kolodecik T, Shugrue C, Ashat M, Thrower 

EC. Risk factors for pancreatic cancer: underlying 

mechanisms and potential targets. Frontiers in 

physiology. 2014;4:415. 

12. Irahara N, Baba Y, Nosho K, Shima K, Yan L, 

Dias-Santagata D, et al. NRAS mutations are rare in 

colorectal cancer. Diagnostic molecular pathology: the 

American journal of surgical pathology, part B. 

2010;19(3):157. 

13. Porru M, Pompili L, Caruso C, Biroccio A, 

Leonetti C. Targeting KRAS in metastatic colorectal 

cancer: current strategies and emerging opportunities. 

Journal of Experimental & Clinical Cancer Research. 

2018;37(1):57. 

14. Jouini R, Ferchichi M, BenBrahim E, Ayari I, 

Khanchel F, Koubaa W, et al. KRAS and NRAS 

pyrosequencing screening in Tunisian colorectal 

cancer patients in 2015. Heliyon. 2019;5(3):e01330. 

15. Li W, Qiu T, Zhi W, Shi S, Zou S, Ling Y, et 

al. Colorectal carcinomas with KRAS codon 12 

mutation are associated with more advanced tumor 

stages. BMC cancer. 2015;15(1):340. 

16. Bazan V, Migliavacca M, Zanna I, Tubiolo C, 

Grassi N, Latteri M, et al. Specific codon 13 K-ras 

mutations are predictive of clinical outcome in 

colorectal cancer patients, whereas codon 12 K-ras 

mutations are associated with mucinous histotype. 

Annals of Oncology. 2002;13(9):1438-46. 

17. Momenzadeh H, Mirzai M, Jowkar Z, 

Geramizadeh B. Frequency of NRAS Gene Mutation in 

Wild Type KRAS and BRAF Colorectal Cancers; a 

Single Center Study. Middle East journal of digestive 

diseases. 2018;10(1):18. 

18. Malumbres M, Barbacid M. RAS oncogenes: 

the first 30 years. Nature Reviews Cancer. 

2003;3(6):459. 

19. Palomba G, Doneddu V, Cossu A, Paliogiannis 

P, Manca A, Casula M, et al. Prognostic impact of 

KRAS, NRAS, BRAF, and PIK3CA mutations in 

primary colorectal carcinomas: a population-based 

study. Journal of translational medicine. 

2016;14(1):292. 

20. Kadowaki S, Kakuta M, Takahashi S, 

Takahashi A, Arai Y, Nishimura Y, et al. Prognostic 

value of KRAS and BRAF mutations in curatively 

373 



H. Saeidi Saedi, et al.                                                              Journal of Current Oncology and Medical Sciences 

 

resected colorectal cancer. World Journal of 

Gastroenterology: WJG. 2015;21(4):1275. 

21. Velho S, Moutinho C, Cirnes L, Albuquerque 

C, Hamelin R, Schmitt F, et al. BRAF, KRAS and 

PIK3CA mutations in colorectal serrated polyps and 

cancer: primary or secondary genetic events in 

colorectal carcinogenesis? BMC cancer. 

2008;8(1):255. 

22. Kawazoe A, Shitara K, Fukuoka S, Kuboki Y, 

Bando H, Okamoto W, et al. A retrospective 

observational study of clinicopathological features of 

KRAS, NRAS, BRAF and PIK3CA mutations in 

Japanese patients with metastatic colorectal cancer. 

BMC cancer. 2015;15(1):258. 

23. Isnaldi E, Garuti A, Cirmena G, Scabini S, 

Rimini E, Ferrando L, et al. Clinico-pathological 

associations and concomitant mutations of the 

RAS/RAF pathway in metastatic colorectal cancer. 

Journal of translational medicine. 2019;17(1):137. 

24. Zhang X, Ran W, Wu J, Li H, Liu H, Wang L, 

et al. Deficient mismatch repair and RAS mutation in 

colorectal carcinoma patients: a retrospective study in 

Eastern China. PeerJ. 2018;6:e4341. 

25. Sayagués JM, Del Carmen S, Abad MDM, 

Corchete LA, Bengoechea O, Anduaga MF, et al. 

Combined assessment of the TNM stage and BRAF 

mutational status at diagnosis in sporadic colorectal 

cancer patients. Oncotarget. 2018;9(35):24081. 

26. Chang Y-Y, Lin P-C, Lin H-H, Lin J-K, Chen 

W-S, Jiang J-K, et al. Mutation spectra of RAS gene 

family in colorectal cancer. The American Journal of 

Surgery. 2016;212(3):537-44. e3. 

27. Therkildsen C, Bergmann TK, Henrichsen-

Schnack T, Ladelund S, Nilbert M. The predictive 

value of KRAS, NRAS, BRAF, PIK3CA and PTEN for 

anti-EGFR treatment in metastatic colorectal cancer: A 

systematic review and meta-analysis. Acta oncologica. 

2014;53(7):852-64. 

28. Rebersek M, Mesti T, Boc M, Ocvirk APJ. 

Molecular biomarkers and histological parameters 

impact on survival and response to first-line systemic 

therapy of metastatic colorectal cancer patients. 

Radiology and oncology. 2019;53(1):85. 

29. Gasparini G, Buttitta F, D'Andrea MR, Tumolo 

S, Buonadonna A, Pavese I, et al. Optimizing single 

agent panitumumab therapy in pre-treated advanced 

colorectal cancer. Neoplasia. 2014;16(9):751-6. 

 

 

 

374 


