Journal of Biosciences and Medicines, 2021, 9, 81-93
https://www.scirp.org/journal/jbm

ISSN Online: 2327-509X

ISSN Print: 2327-5081

@,
‘0 S . t.f.
o2 Rocots

Code

Publishing

The Effect of KRAS and NRAS Variants on the
Prognosis of Colorectal Cancer among the
Western Saudi Population

Rami Nassir?*, Ghada Eshebal2

1Department of Pathology, School of Medicine, Umm Al-Qura University, Makkah, Saudi Arabia
*Department of Pathology, Faculty of Medicine, Tanta University, Tanta, Egypt

Email: *rmnassir@uqu.edu.sa

How to cite this paper: Nassir, R. and
Esheba, G. (2021) The Effect of KRAS and
NRAS Variants on the Prognosis of Colo-
rectal Cancer among the Western Saudi
Population. Journal of Biosciences and
Medicines, 9, 81-93.
https://doi.org/10.4236/jbm.2021.96008

Received: May 9, 2021
Accepted: June 15, 2021
Published: June 18, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Colorectal Cancer (CRC) is one of the most common cancer with high mor-
tality rate globally and the second leading cancer in Saudi Arabia. RAS onco-
genes play critical roles in the regulation of the cellular function and any mu-
tation in these genes leads to develop CRC. Therefore, we identified the most
common mutations in KRAS and NRAS genes by applying next generation
sequencing (NGS) then, we assessed the correlation between these mutations
and the clinicopathological features. KRAS-mutated carcinoma was signifi-
cantly associated in patients who were older than 60 years old (83.3% vs
16.7%, P = 0.039) and it was associated with female patients as well, (83.3% vs
30%, P = 0.039). Also, KRAS-mutated carcinoma was significantly associated
with mucinous differentiation (85.7% vs 14.3%; P = 0.012) and higher tumor
grade (P = 0.014). In addition, the number of KRAS mutations per case was
significantly associated with depth of the invasion (p = 0.049). The most
common mutation was a missense mutation and it was highly associated with
age and gender (both, p = 0.039). Also, it was highly associated with tumor
grade and with mucinous differentiation (p = 0.014, p = 0.012), respectively.
On the other hand, NRAS mutated carcinoma was associated only with dis-
tant metastasis however, this association was not significant (p = 0.064). For
overall survival, KRAS-mutated carcinomas had a significantly worse overall
survival (p = 0.025). While, no significant association was between NRAS
mutation and overall survival (p = 0.985). We believe that KRAS and NRAS
genes can be prognostic factors for CRC patients and the information ob-
tained may contribute for better diagnosis and therapeutic effect.
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1. Introduction

Colorectal Cancer (CRC) is the second leading cancer type of the estimated
number of new cancer cases in 2016 in Saudi Arabis (12.6%) (Saudi Cancer regi-
stry, 2016) for both genders. According to the American Cancer Society, CRC
remains one of the main causes of high rate of cancer related death in the world,
regardless of the significant improvement in the prevention, screening and
therapy. CRC arises due to the transformation of the normal colonic epithelium
as a result of the alteration in the genetics and the epigenetics of these cells
which promotes the tumor growth. The progression of the molecular level in the
tumor cells will cause genetic instability and genetics defect which leads to the
development of sporadic CRC. The incidence rate and the mortality of CRC dif-
fer based in etiological factors such as age, gender, genetic background and en-
vironmental factors [1] [2] [3] [4].

Approximately, 60% of CRC caries mutations in the RAS oncogene, either
KRAS, NRAS or both. KRAS and NRAS play an important role in regulating
many cellular functions including cellular proliferation, apoptosis, migrations
and differentiation [5] [6]. The most commonly reported mutation in the KRAS
gene is located on exon 2 and consequently changes the codons 12 and codon 13.
Also, another frequently reported mutation in codon 16 and 146 have been re-
ported, however, it has lower effect on the development of the tumor cells. On
the other hand, the most commonly reported mutation in the NRAS gene is lo-
cated in codon 61 and 12 [7] [8]. Activating mutations in the KRAS gene has
been found to be predictor of response to EGFR-targeted therapies, therefore,
examining the KRAS and NRAS mutations are an essential step in clinical diag-
nosis and proper treatment.

Most tumors are formed from clones that carry different mutations which are
called Tumor Heterogeneity. This heterogeneity has significant impact on cancer
development and the response to a treatment. Since next generation sequencing
becomes applicable, these genetic variations or tumor heterogeneity, can be
clearly identified. Also, it can reveal any co-existing mutations in different genes
[6] [9]. While defining the risk mutations and treatment approach, much needs
to be done to correlate these mutations with the clinicopathological outcomes.
There are discrepancies in the literature regarding prognosis of KRAS mutation
in colorectal cancer patients and the reports are contradictory.

To the best of our knowledge, no data has been published before concerning
the effect of KRAS and NRAS mutations and their correlations with the clinico-
pathological variables and overall survival in Saudi patients with colon cancer.

Therefore, and to address the major gap in our knowledge of the different
roles of these genetic variations and how they correlate with the pathological
findings clinically, we aimed to identify the risk molecular variants and correlate
them with the clinicopathological characteristics in Saudi patients with CRC. In
addition, we assessed the role of these correlations in determining the prognosis,

treatment personalization and overall survival.
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2. Material and Methods

2.1. Patients and Tissue Samples

The study included clinical and genotyped data for 16 patients diagnosed with
colorectal cancer form local hospital in the western region of Saudi Arabia be-
tween 2013 and 2016. This study was approved and conducted under the ethics
regulation by the ethical committee at the school of medicine at Umm Al-Qura
University. All tissue sections were evaluated after staining using hematox-
ylin/eosin (H&E) by a histopathologist. The inclusion criteria were: surgical co-
lectomy cases that were diagnosed as colon cancer provided that the clinical data
such as age, gender, tumor size, lymph node status and stage were present. Cases
with no available data were excluded from this study. Furthermore, any patient
who had undergone chemotherapy prior to surgery was also excluded from the
study. Evaluation of the histopathological features was performed. The histolog-
ical parameters assessed were tumor size, tumor grade, histological subtype, mu-
cinous histology, depth of invasion (pT), lymph node involvement/metastasis

(pN), and lymphovascular invasions.

2.2. Tumor Dissection and DNA Extraction

After evaluating the cases who were eligible for the current study, we included
16 cases qualified for molecular analysis. From each selected case, 10-nm
thick tissue section obtained from paraffin-embedded samples was collected
in the Eppendorf safe-lock tube to be prepared for DNA extraction. From
each selected case, 10-nm-thick tissue sections obtained from paraf-
fin-embedded samples were collected in the Eppendorf safe-lock tube to be
prepared for DNA extraction. The DNA was extracted from the tissue col-
lected using the QIAamp DNA FFPE Tissue C-KIT (Qiagen, Hilden, Germa-
ny) according to the protocol of the manufacture. The extracted DNA was
eluted into 40 nL of buffer, quantified using two methods: NanoDrop micro-
volume sample retention system (Thermo Fisher Scientific NanoDrop Prod-
ucts, Hanover Park, IL, USA). The second method of quantification was using
Qubit, DS (Thermo Fisher Scientific, Waltham, MA, USA) and stored at 4°C.
All the 16 cases were fulfilled the recommended DNA quality required for the

molecular analysis.

2.3. Next Generation Sequencing

For all 16 cases, 20ng of DNA extracted was prepared for sequencing. The as-
sessment of 15 genes (AK71, GNALl, NRAS, BRAF, GNAQ, PDGFRA, EGFR,
¢c-KIT, PIK3CA, ERBB2, KRAS, RET, FOXI2, c-MET and TP53) was applied
using TruSight Tumor 15 (Illumina, San Diego, CA, USA). The resulting pooled
libraries were quality controlled using The Qubit® dsDNA HS (High Sensitivity)
Assay c-KIT make DNA quantitation easy and accurate. Sequencing was per-

formed with paired-end reads on the MiSeq Platform (Illumina®).
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2.4. Detection of Variations

The sequenced reads were arranged and compared to the hgl9/GRCh37 refer-
ence sequence and analyzed using the MiSeq reporter (Illumina). To identify va-
riants in breast tissue samples, BaseSpcae Variant Interpreter (Illumina) was ap-
plied. The called variants were considered somatic malignant tumors of the
breast (SNOMEDCT) version 4.0.7.6. To reduce the false-positive rate, we set
the cutoff value as follows: read depth > 100, Indel repeat length < 8; allele fre-
quency of mutant reads > 1%, genotype quality > 30.

2.5. Statistical Analysis

Association between KRAS and NRAS gene polymorphism and the clinicopa-
thological parameters assessed by applying Chi-square statistical test and Pear-
son correlation. Survival analyses were estimated using the Kaplan-Meier plot
method and compared using the log-rank test. Cox proportional hazards model
was used to estimate the hazard ratio (HR) of each clinicopathological variables
for OS and DFS. All predictors with P-value < 0.05 in univariate Cox analyses
were used in multivariate analysis. P-values were 2-tailed and considered signif-
icant when < 0.05. Statistical analyses were carried out using IBM SPSS statistics
22.0 software (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Patients Characteristics

The details of clinicopathological features of the colon cancer cases who are in-
cluded in the present study are summarized in Table 1. Briefly, the mean age
was 61.37 + 12.96 years (range 41 - 87 years). Three patients (18.8%) developed
metastasis and four patients (25%) died by the end of the follow up. Five patients
(31.3%) had positive lymph nodes. Ten cases (62.5%) were in the right colon,

while the remaining 6 cases (37.5%) were in the left colon/rectum.

3.2. Mutation Profiles

While KRAS and NRAS mutations were identified 8/16 (50%) and 4/16 (25%)
respectively of the tumor, all the patients in this study group had mutation in
p53 gene (100%). Moreover, 5 patients were found to carry multiple mutations,
including patients with co-existence of KRAS and/or NRAS genes mutations.
One patient had a mutation in EGFR gene and another patient had a mutation
in the PIK3 CA gene. One of the patients had multiple mutations in the following
genes: AKT1, NRAS, PDGFRA, EGFR, c-KIT, ERBB2, c-METand TP53.

3.3. Correlation of KRAS and NRAS Mutations
with Clinicopathological Variables

The frequency and the association of clinicopathological features of patients who
harbored the mutant KRAS and NRAS tumors are shown in Table 2.

KRAS-mutated carcinomas were significantly more common in patients who
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are older than 60 years (83.3% vs 16.7%, P = 0.039). Female patients as well, were
found to be more likely to have KRAS mutation than male patients (83.3% vs
30%, P = 0.039). Also, KRAS-mutated carcinomas exhibited more mucinous
differentiation (85.7% vs 14.3%; P = 0.012). Furthermore, KRAS-mutated carci-
nomas were significantly associated with higher tumor grade (P = 0.014). On the

other hand, age, gender, location of the tumor, mucinous differentiation, depth

Table 1. Clinicopathological features of colorectal cancer patients included in the study.

N %
Less than 60 6 37.5%
Age
More than 60 10 62.5%
Male 10 62.5%
Gender
Female 6 37.5%
Less than 5 7 43.8%
Tumor Size
More than 5 9 56.3%
Proximal Colon 11 68.8%
Tumor Site
Distal/Rectum 5 31.3%
Well Differentiated 3 18.8%
Tumor Grade Moderately Differentiated 8 50.0%
Poorly Differentiated 5 31.3%
T1-T2 7 43.8%
Depth of Invasion (pT)
T3 -T4 9 56.3%
Negative 11 68.8%
Lymph Node Involvement (nT)
Positive 5 31.3%
No Metastasis 13 81.3%
Lymph Node Metastasis (pM)
Metastasis 3 18.8%
No metastasis 13 81.3%
Distant Detastasis

metastasis 3 18.8%
Stage 1 - 2 8 50.0%

TNM
Stage 3 - 4 8 50.0%
No 9 56.3%

Mucinous Histology

Yes 7 43.8%
Absent 13 81.3%

Lvr
Present 3 18.8%
Negative 8 50.0%

KRAS
Positive 8 50.0%
No Mutation 12 75.0%

NRAS
Mutation 4 25.0%

*LVI: lymphovascular invasion.
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Table 2. The association between KRAS and NRAS mutations and the clinicopathological features.

Less than 60
Age
More than 60
Male
Gender
Female
Less than 5
Tumor Size
More than 5
Proximal Colon
Tumor Site
Distal/Rectum
Well Differentiated
Moderately
Tumor Grade Differentiated
Poorly Differentiated
T1-T2
Depth of Invasion (pT)
T3 -T4
Lymph Node Negative
Involvement (nT) Positive

Distant
Metastasis (pM)

TNM

Mucinous Histology

LVI

No metastasis
Metastasis
Stage1-2
Stage 3 - 4

No
Yes
Absent
Present

Alive

KRAS

No mutation
N % N
5 83.3% 1
3 30.0% 7
7 70.0% 3
1 16.7% 5
2 28.6% 5
6 66.7% 3
4 36.4% 7
4 80.0% 1

3 100.0% 0

5 62.5% 3
0 0.0% 5
4 57.1% 3
4 44.4% 5

7 63.6% 4

1 20.0% 4
6 46.2% 7
2 66.7% 1

6 75.0% 2

2 25.0% 6

7 77.8% 2

1 14.3% 6

7 53.8% 6

1 33.3% 2

8 66.7% 4

Mutation

%

16.7%

70.0%

30.0%

83.3%

71.4%

33.3%

63.6%

20.0%

0.0%

37.5%

100.0%
42.9%
55.6%
36.4%
80.0%
53.8%
33.3%
25.0%
75.0%
22.2%
85.7%
46.2%
66.7%

33.3%

P-value

0.039

0.039

0.614

0.106

0.014

0.614

0.106

0.522

0.317

0.012

0.522

NRAS

No Mutation

N %
4 66.7%
8 80.0%
7 70.0%
5 83.3%
7 100.0%
5 55.6%
8 72.7%
4 80.0%
1 33.3%
7 87.5%
4 80.0%
6 85.7%
6 66.7%
8 72.7%
4 80.0%
11 84.6%
1 33.3%
6 75.0%
6 75.0%
6 66.7%
6 85.7%
10 76.9%
2 66.7%
9 75.0%

Mutation
N %
2 33.3%
2 20.0%
3 30.0%
1 16.7%
0 0.0%
4 44.4%
3 27.3%
1 20.0%
2 66.7%
1 12.5%
1 20.0%
1 14.3%
3 33.3%
3 27.3%
1 20.0%
2 15.4%
2 66.7%
2 25.0%
2 25.0%
3 33.3%
1 14.3%
3 23.1%
1 33.3%
3 25.0%

P-value

0.551

0.551

0.383

0.755

0.173

0.383

0.755

0.064

0.248

0.383

0.712

Tumor location: Proximal refers o right colon and transverse colon; while distal refers to left colon, sigmoid and rectum. Seventh edition if the AJCC/UICC
TNM staging system. (American Joint Committee on Cancer. Colon and Rectum. Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, et at, eds. AJCC
Cancer staging Manual. 8" ed. New York, NY: Springer; 2017). LVI: Lymphovascular Invasion.

of invasion, and lymph node invasion were not significant predictors for NRAS

mutational status.

We also noted that KRAS-mutated carcinomas were more common in the

proximal colon. However, this association was not statistically significantly
(63.6% vs 36.4%, P < 0.106). Besides that, NRAS mutations was found to be as-
sociated with distant metastasis but this association did not differ significantly
between NRAS-mutated and NRAS-wild type carcinomas. (p = 0.064).
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3.4. Type and Frequencies of KRAS and NRAS Gene Mutations

The type of the KRAS and NRAS gene mutations are presented in detail in Table
3. Eight cases were found to harbor at least one mutation in the KRAS gene. On
the other hand, three cases with at least one mutation in the NRAS gene were
detected. We found one case that had mutations in both KRAS and NRAS genes.
For the KRAS gene, the most common mutation in our study group was a mis-
sense mutation (87.5%) then synonymous mutation (12.5%). While, for the
NRAS gene, the most common mutation is missense mutation (75%) then

stop-gained mutation (25%).

3.5. Association of KRAS Polymorphisms with the
Clinicopathological Features in Colon Cancer Cases

To study the association of KRAS polymorphism on colon cancer, we applied
Pearson Chi-Square tests with different clinicopathological variables. The num-
ber of mutations per case was significantly associated with depth of the invasion
(p = 0.049). The most common mutation in our study group was a missense

mutation. A missense mutation was highly associated with age and gender (both,

Table 3. Distribution of KRAS and NRAS mutation types.

Amino Acids

Case Number Gene Chromosome Variant Substitution Consequence
G>G/T A/E Missense

1 KRAS 12 G>G/T G Synonymous
C>C/T G/D Missense
2 KRAS 12 C>C/A G/V Missense
G>G/T A/E Missense
3 KRAS 12 C>C/G G/A Missense
C>C/A G/C Missense
G>G/T A/E Missense
C>C/G G/A Missense

4 KRAS 12 G>G/T G Synonymous
C>C/T G/D Missense
C>C/A G/C Missense
KRAS 12 C>C/A G/V Missense

’ NRAS 1 C>C/A G/* Stop Gained
6 KRAS 12 C>C/T G/D Missense
7 KRAS 12 C>C/A G/V Missense
8 KRAS 12 C>C/A G/V Missense
9 NRAS 1 T>T/C Q/R Missense
10 NRAS 1 T>T/C Q/R Missense
11 NRAS 1 T>T/C Q/R Missense
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p = 0.039). In addition, it was highly associated with tumor grade and with mu-
cinous differentiation (p = 0.014, p = 0.012), respectively.

3.6. Correlation of Mutations with Overall Survival

The mean follow-up time was 48.9 + 16.3 months (19 - 60 months). KRAS-mutated
carcinomas had a significantly worse overall survival (p = 0.025) (Figure 1(a)).

Survival Functions
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Survival Functions
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Figure 1. Kaplan-Meier survival curves for overall survival according to the expression of

KRAS (a), (number of KRAS mutations/case) KRAS for different levels of number of
mutations, and for (b), and the expression of NRAS (c).

In addition, we found significant correlation between the number of mutations
in KRAS in each case and the overall survival. Cases with high number of KRAS
mutations had significantly the worst overall survival (p < 0.0001) (Figure 1(b)).
On the other hand, no significant association has been detected between NRAS

mutation and overall survival (p = 0.985) (Figure 1(c)) in our study group.

4. Discussion

In this study, we investigated 16 patients with CRC by applying next generation
sequencing in the population of the western region of the Saudi Arabia. Due to
the main aim of the study, we focused on both genes KRAS and NRAS as prog-
nostic factors. Furthermore, we assessed the association between these KRAS
and NRAS mutations with the clinicopathological features which showed signif-
icant correlations. It is worth noting that, all the cases were muted for the P53
gene. For the KRAS mutation, the frequency was 50% of our study group. Sever-
al reports, including reports from Saudi, showed that the incidence of KRAS
mutation ranged from 28.1% to 56% [10] [11] [12] [13]. This is consistent with
the frequency of the KRAS mutation in our study [12] [14]. For NRAS mutation,
the frequency in our study group was 25% of patients which was higher com-
paring the ranges of the previous reports (2.2% - 7%) [14] [15]. Regardless of the
small sample size in our study group, these finding are consistent due to the high
accuracy of the next generation sequencing.

In this study, we found that KRAS-mutated carcinoma was significantly more
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common in patients who are older than 60 years. Also, it is more common in
female patients than the males. These findings are similar to previous studies
reported that KRAS mutation was significantly correlated with old age and it is
more common in females [16] [17]. On the other hand and contradictory to our
results, different studies have shown that KRAS mutations are more common in
young patients, less than 50 years old, and the mutation occurrence was compa-
rable between male and female [18].

The correlation between KRAS mutations and tumor location remains debat-
able. In our study group, we observed that KRAS-mutated carcinomas were
more common in right colon than left colon. Numerous studies, similar to our
results, have found that tumors exhibiting KRAS mutations are more frequently
in the right colon area [11] [19] [20]. Others have shown the KRAS mutation
does not correlate with the location of the tumor, while others have reported that
KRAS mutation was significantly higher in the left-side of the colon, in disa-
greement with our study [12] [14].

Comparing the results of CRC patients who were non-mutated in the KRAS
gene with patients who had mutations in the KRAS gene, tumors exhibited the
later had significantly more mucinous differentiation and significantly asso-
ciated with higher tumor grade. This finding is consistent with other studies [21]
[22]. However, the correlations between KRAS mutation and Clinicopathologi-
cal characteristics are inconclusive. Some studies found an association between
KRAS mutation and tumor grade or stage however others did not [10] [11] [12]
[16]. The discrepancy between these studies may be due to lack of clinical and
histological data, as well as due to the retrospective observational methodology.

Several reports show similar clinicopathological features between patients
with KRAS and NRAS mutation [14] [23]. However, in our results, we could
only find that NRAS mutation was more commonly associated with distant me-
tastasis but this association did not differ significantly between NRAS-mutated
and non-mutated NRAS patients. Also, we did not find any significant difference
regarding age, gender, location of the tumor, mucinous differentiation, or grade
between NRAS-mutated and non-mutated patients.

Due to the tumor heterogeneity, we detected 5 patients who had more than 1
mutation, including patients with coexistence of KRAS and either NRAS or
PIK3CA genes mutations. This suggests that intratumor heterogeneity does oc-
cur in KRAS and NRAS mutant CRC and confirms that CRC is formed in clones
with different mutations [15] [24]. In addition, most of these mutations were
missense mutations for both KRAS and NRAS genes, except for two synonym-
ous mutations for the KRAS and one stop-gained mutation for the NRAS gene.
One interesting case in this study group had a poorly differentiated tumor, mu-
cinous histology, 5 positive lymph nodes and the patient developed lung metas-
tasis, eventually. This case had a high number of genetic variance and was posi-
tive for mutations in these genes: NRAS, TP53, EGFR, ERBB2, PDGFRA, KIT,
MET and AKT1. This high heterogeneity in this specific case with respect to
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these mutations might have a critical role in worsening the case scenario and it
may need implications in considering the therapeutic approaches.

Patient with mutated KRAS and with mutated NRAS respond poorly to an-
ti-EGFR treatment. De Roock ef a/ analyzed the role of the NRAS mutation in
patients treated with Cetuximab and chemotherapy and they found that only
one of the 13 patients responded to treatment and similar results were reported
by Au et al. Therefore, and due to the ineffectiveness of anti-EGFR treatment in
patients with NRAS mutation, the European Drug Agency does not recommend
the use of anti-EGFR drugs in such patients [23] [25].

Concerning prognosis, we found that KRAS-mutated carcinomas had a sig-
nificantly worse overall survival which is consistent with other published data
[13] [20] [26]. On the other hand, we could not detect any correlation between
NRAS mutation and overall survival.

The present study is believed to be the first to provide information on fre-
quency and types of KRAS, NRAS, and p53 mutations in Saudi patients with
CRC. However, it has some limitations although it is the first to examine the ef-
fect of the of KRAS, NRAS and P53 genes mutations on the clinicopathological
findings of CRC in Saud population. The small sample size may limit the find-
ings. This is due to the lack of funding. In addition, it is a retrospective research
and selection bias inevitably exists, as well as the limited access to the data for
prognosis. Given our limited sample size and data, we acknowledge that these
observations are speculative. Additional studies are required to understand the
correlation of the mutations in these three genes (KRAS, NRAS, and p53) with
the development of CRC for better diagnosis and improve the therapeutic effect.
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