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Abstract: Background: Colorectal cancer (CRC) is a significant healthcare burden worldwide and in the Middle East
(ME). KRAS mutation confers resistance to epidermal growth factor receptor (EGFR) inhibitors in the treatment of
advanced CRC. Data regarding the rate of KRAS mutation from the ME are scattered and scarce. We aim to collect and
review all sizable studies evaluating the frequency of KRAS mutations in CRC patients from the ME.

Method: A Pubmed and Google Scholar search was conducted using keywords including KRAS, K-ras, colorectal cancer
and Middle East, along with names of each ME country. Studies including over 90 patients were included in the review.

Result: Eleven studies containing more than 90 patients were identified. Among all eleven studies, KRAS mutation rate
ranged from 13 to 56%. Five studies reported KRAS mutation rate in M1 stage either exclusively or as part of subgroup
analysis. In these studies, mutations were found in 8-45% of cases. KRAS mutations were associated with female
gender, M1 stage and high CEA in 3, 2, and 1 studies respectively.

Conclusion: There is a broad range of variability in KRAS mutation rate reported in different studies from the ME. This
may have been due to small number of patients in the studies and lack of centralized testing for KRAS mutations. Larger

Mahrous?,

and more coordinated studies from the ME population are required to ascertain the accuracy of KRAS mutation rate.
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INTRODUCTION

Colorectal cancer (CRC) is the third and fourth most
common cancer in women and men worldwide,
respectively [1]. GLOBOCAN reports CRC to be the
second and fourth most common cancer in women and
men respectively in the Middle East (ME) and North
Africa area, representing 7.4% of all diagnosed cancer
cases [1].

The past 2 decades have seen improvement in the
outcome of patients with advanced CRC mostly due to
the introduction of both active new cytotoxic
chemotherapeutic agents [2] and novel targeted drugs
[3]. Cetuximab and Panitumumab are monoclonal
antibodies with high affinity for the epidermal growth
factor receptor (EGFR), which is over-expressed in up
to 80% of colorectal tumors [4, 5]. These antibodies
demonstrated the ability to overcome chemotherapy
resistance [6] and improve patients’ outcome when
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combined with fluoropyrimidine based chemotherapy in
the first line setting [7, 8]. Development of skin rash has
been shown to correlate with response and survival to
anti-EGFR treatment [6].

RAS oncogene mutations occur in about half of
colonic adenomatous and malignant colorectal tumours
[9]. The KRAS gene encodes the KRAS protein that
regulates downstream PI3K/AKT and RAF/MEK/ERK
signal transduction pathways. Thus influencing cell
proliferation, differentiation and apoptosis. Most
frequent KRAS mutations are in codons 12 and 13 of
exon 2. There is an established relation between wild
type (WT) KRAS gene status and clinical benefit from
anti-EGFR antibodies. In contrast, there lack of benefit
in patients with mutant type (MT) KRAS status [10]. For
this reason, only patients with tumors expressing WT
KRAS genotype are candidates for anti-EGFR therapy.

Most data on frequency and impact of KRAS status
is reported on Western populations [10]. Limited
available evidence suggests that the molecular
pathology of CRC in ME population may be different as
compared to Western patients [11].
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Studies investigating KRAS status in Asian and the
ME population are scarce, sporadic, and are extracted
from small samples. The aim of this report is to identify
and review some of these relevant studies to serve as
a reference for future studies from this region. We also
aim to review the correlation of KRAS mutation with
various clinical, pathologic and prognostic factors in ME
and Western patients.

METHODS

Extensive Pubmed and Google Scholar search was
conducted using different combinations of keywords
including KRAS, K-ras, colorectal cancer and Middle
East. The key words were also combined with the

name of each ME country. The primary targets were
studies with large enough sample size that would allow
reasonable interpretation. Pragmatically, this was
defined as studies including 90 patients or more.
Information on KRAS mutation and clinico-pathological
characteristics and clinical outcome were also
extracted. In addition, smaller studies were quoted and
discussed in this manuscript where relevant.

RESULTS

Eleven studies containing more than 90 patients
were identified. The findings of these studies are
summarized in Table 1. Six, 3 and 2 studies included
patients with different stages, unreported stage and
advanced (M1) stage respectively. Among all eleven

Table 1:
Ref Country Number MT Codons MT No association Survival
associated with: outcome
with:
Gumus M Turkey All: 1106 498 (45%) G12D: 64% NR Gender or NR
2013 ECO[12] (All M1) geographic
region
Zekri J 2013 Saudi All: 292 119 (41%) C12: 90% M1, high CEA Gender, age, Poor RFS
[13] Arabia MO: 77 C13: 10% site and grade and OS
M1: 223
Abubacker J Saudi Arabia All: 285 80 (28%) C12: 81% Right side Age, gender, Poor OS:
2009 [14] MO: 252 71 (28%) C13: 19% histology, stage 2.48 (1.41-
M1: 33 9 (27%) or grade 4.28)
Baskin Y 2014 Turkey All: 220 73 (33%) C12: 68% Females Age, site, grade NR
[15] MO: 108 35 (32%) C13: 18% or stage
M1: 112 38 (34%) Others: 14%
Bishehsari F Iran 182 68 (37%) C12: 66% Females HNPCC, NR
2006 [16] Stage:NR C13: 32% (Trend) sporadic MSI-H
or MSS
Selcukbiricik Turkey All: 172 77 (44%) C12: 78% Presence of Site No
2013 [17] (All M1) C13: 21% both lung & correlation
liver with PFS or
metastases 0os
Zahrani A Saudi Arabia All: 150 85 (56%) C12: 87% C12: Rectum, Gender, NR
2014 [18] MO: 100 C13: 13% sigmoid & geographic
. stage IVb region, age or
M1: 50 grade
Murtaza BN Pakistan All: 150 20 (13%) C12: 60% Females Age, histology NR
2014 [19] MO: 100 16 (16%) C13:35% or site
M1: 50 4 (8%) C31: 5%
Elbjeirami W Jordan All: 100 44 (44%) C12: 91% None Gender, age or NR
2012 [20] MO: 23 C13: 9% site
M1: 77
Mehdi | 2014 Oman 100 31 (31%) NR NR NR NR
[21] Stage:NR
Marchoudi N Morocco All: 92 22 (24%) C12: 82% None Age, gender or NR
2014 [22] Stage:NR C13: 18% site

HNPCC: Hereditary Non-Polyposis Colon Cancer; MSI: Microsatellite-Instable Tumours; MSS: Microsatellite-Stable Tumours.
All values are approximated to avoid decimals.
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studies, KRAS mutation rate ranged from 13 to 56%.
Five studies reported KRAS mutation rate in M1
patients either exclusively or as part of subgroup
analysis. In these studies, mutations were found in 8-
45% of cases. KRAS mutations were associated with
female gender, M1 stage and high CEA in 3, 2, and 1
studies respectively.

DISCUSSION

The KRAS mutation rate in studies done on western
populations is approximately 40% [10]. In a large
population based study that included 1989 cases with
all stages of CRC from western USA, KRAS mutations
were detected in 31% of cases [23]. A number of
retrospective studies have investigated KRAS mutation
rate in CRC patients in the ME. Only a few of these
studies have had a large enough sample size to allow
meaningful conclusions to be drawn.

Geographic Differences in KRAS Mutation Rates

The effect of geographic area on KRAS mutation
rate has been previously observed in a large trial
investigating the role of adding Cetuximab to
chemotherapy in patients with metastatic CRC [24]. In
this trial, patients recruited from Western Europe had
the highest frequency of mutation (44.7%) followed by
Eastern Europe (35.8%) while those from outside
Europe had the lowest (19.5%).

In our review, considering all stages, noticeably
lower frequencies of mutation have been reported in
Pakistan (13%) [19], Morocco (24%) [22] and one study
from Saudi Arabia (28%) [14], while higher frequencies
have been reported in other studies from Saudi Arabia
(56% & 41%) [13, 18], Turkey (33%, 44% & 45%) [12,
15, 17] and Jordan (44%) [20]. In Oman, a ME country
in the Gulf region, the frequency of mutation in 100
patients with unreported stage was 31% [21].

It is interesting to note that the two lowest reported
frequencies are from Pakistan, a country on the
eastern border of the ME, and Morocco, which is at the
western border of the ME. Other smaller studies also
suggest that rates of mutation are lower in patients
from areas further east of the ME region. For example
reported mutation frequencies are 22.6% in Indian
Kashmir [25] and 21.8% in Thailand [26].

Israel is a Middle Eastern state with majority Jewish
and minority Arab population. The rate of KRAS
mutation in Israel was reported at 44.8% in 419 tumour
samples [27]. Most mutations (82.4%) were identified

within codon 12. The paper was published in Hebrew
language precluding further interpretation.

Few other smaller studies have investigated the
frequency of KRAS mutation in ME population mostly
from Arabic ethnicity. In Iraq, the frequency of mutation
in 50 patients (with 96% patients having non metastatic
disease) was reported to be 48% [28]. In Egypt, KRAS
mutations were detected in 5/47 (11%) of patients with
stage II/1ll non metastatic CRC [29]. Two small studies
from 2 countries in the western part of the ME, namely,
Tunisia and Morocco, reported mutation frequencies of
16/51 (31.5%), and 24/47 (51%) respectively [30, 31].
All patients in the study from Morocco had metastatic
disease.

A comparative study of 247 patients with all stages
of CRC from 3 ME countries found that KRAS mutation
was less common in patients from Egypt (18.4%) than
in patients from Jordan (33.3%) and Turkey (34.2%)
[32].

Clinically, KRAS status mainly has a therapeutic
impact at the time of diagnosis of metastatic disease
(stage M1 or stage IV) requiring systemic therapy. For
this reason it is of practical importance to focus on the
KRAS status in patients with stage M1 or IV. As a
reference, large phase lll trials investigating anti-EGFR
antibodies in patients with metastatic disease represent
the richest and the most reliable source of data on
KRAS status. These trials recruited patients mostly
from Western countries (Europe and North America).
The rate of KRAS mutation was 40% reported in
combined analysis of 4 randomized studies
investigating the role of Cetuximab in 2,292 mostly
western patients [10]. In a similar population, the rate of
mutation was 40% (440/1096) and 45% (486/1083) in 2
randomized studies investigating the role of
Panitumumab in first and second line settings
respectively [8, 33]. Some of the studies in our review
investigated KRAS status in a mixed population with
different tumour stages while others did not report the
stage (Table 1). In this context, the largest Turkish
study (TURKRAS study), including 1106 patients,
stands out with all its population having metastatic
disease. The frequency of mutation in this study was
45%.

Although the available evidence hints at a possible
disparity in KRAS mutation status within different areas
of the ME, given the relatively small number of patients
in the studies and lack of centralized testing of mutation
status, along with non-availability of disease stage in



70 Journal of Analytical Oncology, 2016, Vol. 5, No. 2

Zekri et al.

most cases, a definite conclusion of the effect of
geography on KRAS mutation rates cannot be drawn.
Larger and more coordinated studies from this region
may help in clarifying and confirming this rather broad
range of reported KRAS mutation rate.

The reported codon site of mutation in studies from
the ME region show some variation with mutations in
codon 12 constituting 60% - 91% of all identified
mutations (Table 1). This may not reflect true variation
as much as an effect of small sample sizes in most of
these studies. The largest ME study (TURKRAS study)
did not report all codon 12 mutation but reported only
G12D mutations which were present in 64% of the
tumors. The second largest study sample was from
Saudi Arabia and reported codon 12 mutations in 90%
of tumors [13]. This is similar to what was reported in
the randomized phase Il study investigating the role of
cetuximab in 394 patients with metastatic CRC from
Canada and Australia where mutations were identified
in codons 12 and 13 in 86.6% and 13.5% respectively
[34]. This is also similar to what was reported in a large
series of 989 patients from Brazil with unreported stage
where 87% of mutations were in codon 12 and 13% in
codon 13 [35]. Brazil is the world's fifth largest country
both by geographical area and by population. Its
territories are extensive occupying about half of South
America and about 22% of the American continent. A
recently reported very large study of 8234 samples
from patients with metastatic CRC from Brazil reported
no significant difference in the codons affected by
mutation according to geographical regions [36]. The
above data suggest that the geographic factor may not
have a great impact on the codon site mutations.

KRAS Mutation and Correlation with Clinicopatho-
logic Characteristics

KRAS mutations were associated with female
gender, advanced stage and high CEA in 3, 2, and 1
studies in our review respectively (Table 1). Similar
association was reported in the large study of 8234
patients from Brazil. MT KRAS was detected in 34.8%
of females and in 32.5% of males (P=0.03). It seems
that this small but statistically significant difference was
detectable due to large sample size [36]. However, a
smaller Brazilian study of 989 patients showed
opposite association with MT KRAS more common in
males than females (41 versus 35%, p= 0.05) [35]. In a
much smaller sample of 46 patients, we found that
males are more likely to have mutant KRAS status than
females [37]. Association between mutations and male

gender was also reported in the Puerto Rican patient
population [38].

Elevated serum CEA at greater than 10 times the
normal value correlates with a poor prognosis [39].
Zekri et al reported an association between KRAS
mutations and high CEA at initial diagnosis in 292
patients from Saudi Arabia (Table 1). The results
showed that 44% of patients with MT tumors had
serum CEA level > 40 ug/L compared to 29% of
patients with WT tumors [13]. This association between
CEA and KRAS status is not widely reported. We found
only one other report published in 2013 investigating
this association in 215 patients with metastatic CRC.
The authors concluded that their findings demonstrate
for the first time that the presence of a KRAS mutation
correlated with high initial serum CEA levels [17].

The above mentioned study also reported an
association between KRAS mutation and younger age.
Data from ME do not indicate any association between
age and KRAS status (Table 1). Our group investigated
tumor characteristics and outcome of 116 young
patients (< 40 years) with CRC and found that 40.2%
had MT tumors [40]. Available data from the Far East
has also not shown any association between age and
mutation frequency. For example in one Chinese study,
KRAS mutation was detected in 42.1% of patients
presenting at young age <40 years and in 44.4% in
older patients (P=0.73) [41].

Correlation between KRAS Mutation Status and
Prognosis

Early clinical trials investigating the role of anti-
EGFR antibodies confirmed the clinical benefit of
combining these antibodies with chemotherapy in
patients with metastatic CRC. A meta-analysis of seven
randomized controlled clinical trials showed that
cetuximab and chemotherapy improves OS, PFS, and
response rates compared to chemotherapy alone.
However, in this meta-analysis cetuximab-related effect
was not adjusted for the K-ras tumor status [42].

The realization of role of KRAS mutation in
conferring resistance to anti-EGFR antibodies
prompted investigators to retrospectively assess the
clinical benefit of these antibodies using KRAS as a
predictive factors. Meta-analysis of these trials
confirmed that the clinical benefit was restricted to
patients with wild KRAS [10].

Subsequent clinical trial investigating anti-EGFR
antibodies included only patients with wild type KRAS
[43, 44].
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Despite specific side effects of anti-EGFR
antibodies (mostly rash and diarrhea), they do not
impact negatively on quality of life [45, 46].

The most common KRAS mutations in codons 12
and 13 are activation mutations, leading to continuous
activation of downstream pathways [47]. Results of
studies correlating KRAS mutation status with survival
have been conflicting. Among 1989 cases of mostly
eary CRC (only 12% had distant disease) from
Washington (USA), KRAS mutation was associated
with poorer disease specific survival [23]. Similar
association was also reported in 2478 patients with
BRAF WT and KRAS MT stage lll CRC in the phase Il
adjuvant cetuximab N0147 trial [48]. Among the KRAS
related studies in the ME, the largest study (TURKRAS
study) did not report survival outcome [12]. However,
the second and third largest studies reported worse
outcome in patients with MT compared to those with
WT KRAS tumors [13, 14]. The former study showed
that 64.4% of patients with MT KRAS were alive at 5
years compared to 78.2% of those with WT KRAS [14].
In the latter study, patients presenting with early stage
disease (stages I-1ll) and MT KRAS had higher relapse
rate (58% vs. 45%) and shorter median relapse free
survival (RFS) (22 vs. 29 months). Patients presenting
with advanced stage disease (stage IV) and MT KRAS
had higher mortality rate (34% vs. 18.5%) and shorter
median overall survival (OS) (23.5 months vs. not
reached). In addition, MT KRAS was an independent
risk factor for poor OS [13]. KRAS Mutations were
significantly associated with advanced Dukes' stage
and positive lymph node status in 53 patients from
India and 83 patients from Saudi Arabia [25].

Several reports from other geographical regions
also suggest that KRAS mutation may be associated
with poor prognosis and advanced disease. For
example KRAS mutations correlated with regional
lymph node metastasis and tumor stages in 88 patients
from Sweden and 99 patients from Japan [49]. In a
study of 501 Puerto Rican patients, mutation were
detected more frequently in patients with distant
metastases compared to those without (50% vs.
37.4%; P=0.020) [38]. Another series of 254 Japanese
patients also reported a significant association between
poor RFS and MT KRAS [50].

In contrast, KRAS status did not have a major
prognostic value on RFS or OS in 1404 patients from
the PETACC-3, EORTC 40993, SAKK 60-00 trial [51]
and in 508 patients from the CALGB 89803 [52]. The
mutation status of the KRAS was not significantly

associated with overall survival in the group of patients
receiving best supportive care (BSC) alone in a
randomized phase Il trial comparing cetuximab with
BSC [34].

The prognostic value of KRAS status remains
controversial. There is some data suggesting that
KRAS mutation status is a poor prognostic factor in
patients with early stage CRC but not in advanced
stage disease [23, 53]. Another plausible explanation to
these inconsistent results is that different mutations
within different codons can lead to variation in the
biological activity of KRAS proteins. Certainly, the large
RASCAL Il study investigated this notion in 3439
patients and found that among 12 possible mutations
on codons 12 and 13, only one mutation on codon 12
(glycine to valine) had a statistically significant impact
on RFS and OS. To sophisticate the issue, this
mutation appeared to have a greater impact on
outcome in Dukes' C than in Dukes' B tumors [54].

Mutations at codons 12 and 13 of exon 2 of KRAS
are predictive of lack of response to anti-EGFR therapy
in advanced stage disease [10]. Recently, KRAS
mutations at codons 59 and 61 of exon 3 and codons
117 and 146 of exon 4 have been identified in 6% and
9% of tumours from patients with advanced CRC
respectively. In addition, recently, mutations at exon 2,
3 and 4 have also been identified in 7, 5 and 1% of
these patients respectively. These additional KRAS
and NRAS mutations have also been found to confer
resistance to anti-EGFR therapy [55].

CONCLUSION

There seems to be modest variation in the
frequency of KRAS mutation between the ME and the
Western hemisphere. However, this interpretation may
be limited by the relatively scarce data from the ME.
Larger collaborative multi-centre studies from a wider
geographical areas in the ME investigating extended
RAS (KRAS and NRAS) status and other novel
markers are needed. This is best achieved by including
patients from the ME in large therapeutic international
trials with translational components to investigate
existing and novel biomarkers.

ACKNOWLEDGEMENTS

We (the authors) received no funds or grants for the
purpose of conducting this work, or to publish it as
Open Access.



72 Journal of Analytical Oncology, 2016, Vol. 5, No. 2

Zekri et al.

AUTHOR CONTRIBUTIONS

Jamal Zekri and Syed Karim conducted literature
review, data extraction from the literature and wrote the
manuscript. Ahmed Al-Shehri, Mervat Mahrous, Tarek
Darvish and Hani El-Taani reviewed the extracted data
and contributed to the final editing of the manuscript.

CONFLICTS OF INTEREST:

The authors declare no conflicts of interest.
REFERENCES

[1] Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer
statistics, 2002. CA: a cancer journal for clinicians 2005;
55(2): 74-108.
http://dx.doi.org/10.3322/canjclin.55.2.74

[2] Kopetz S, Chang GJ, Overman MJ, Eng C, Sargent DJ,
Larson DW, et al. Improved survival in metastatic colorectal
cancer is associated with adoption of hepatic resection and
improved chemotherapy. J Clin Oncol 2009; 27(22): 3677-83.
http://dx.doi.org/10.1200/JC0.2008.20.5278

[3] Chau I, Cunningham D. Treatment in advanced colorectal
cancer: what, when and how? British journal of cancer 2009;
100(11): 1704-19.
http://dx.doi.org/10.1038/s].bjc.6605061

[4] Slesak B, Harlozinska A, Porebska I, Bojarowski T, Lapinska
J, Rzeszutko M, et al. Expression of epidermal growth factor
receptor family proteins (EGFR, c-erbB-2 and c-erbB-3) in
gastric cancer and chronic gastritis. Anticancer Res 1998;
18(4A): 2727-32.
http://dx.doi.org/10.1016/1040-8428(94)00144-|

[5] Salomon DS, Brandt R, Ciardiello F, Normanno N. Epidermal
growth factor-related peptides and their receptors in human
malignancies. Crit Rev Oncol Hematol 1995; 19(3): 183-232.

[6] Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H,
Santoro A, et al. Cetuximab monotherapy and cetuximab
plus irinotecan in irinotecan-refractory metastatic colorectal
cancer. N Engl J Med 2004; 351(4): 337-45.
http://dx.doi.org/10.1056/NEJM0a033025

[7] Van Cutsem E, Kohne CH, Hitre E, Zaluski J, Chang Chien
CR, Makhson A, et al. Cetuximab and chemotherapy as
initial treatment for metastatic colorectal cancer. The New
England journal of medicine 2009; 360(14): 1408-17.
http://dx.doi.org/10.1056/NEJM0a0805019

[8] Douillard JY, Siena S, Cassidy J, Tabernero J, Burkes R,
Barugel M, et al. Randomized, phase Il trial of panitumumab
with infusional fluorouracil, leucovorin, and oxaliplatin
(FOLFOX4) versus FOLFOX4 alone as first-line treatment in
patients with previously untreated metastatic colorectal
cancer: the PRIME study. Journal of clinical oncology: official
journal of the American Society of Clinical Oncology 2010;
28(31): 4697-705.
http://dx.doi.org/10.1200/JC0.2009.27.4860

[9] Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger
AC, Leppert M, et al. Genetic alterations during colorectal-
tumor development. The New England journal of medicine
1988; 319(9): 525-32.
http://dx.doi.org/10.1056/NEJM198809013190901

[10] Ibrahim EM, Zekri JM, Bin Sadiq BM. Cetuximab-based
therapy for metastatic colorectal cancer: a meta-analysis of
the effect of K-ras mutations. Int J Colorectal Dis 2010; 25(6):
713-21.
http://dx.doi.org/10.1007/s00384-010-0927-4

(11]

(12]

(13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Soliman AS, Bondy ML, El-Badawy SA, Mokhtar N, Eissa S,
Bayoumy S, et al. Contrasting molecular pathology of
colorectal carcinoma in Egyptian and Western patients.
British journal of cancer 2001; 85(7): 1037-46.
http://dx.doi.org/10.1054/bjoc.2001.1838

Gumus M, Dane F, Karabulut B, Uygun K, Orhan B, Aydin K,
et al., editors. Interim results of observational study to
determine K-ras mutation rates in patients with metastatic
colorectal cancer in Turkey (TURKRAS study). European
Journal of Cancer; 2013: Elsevier Sci Ltd the Boulevard,
Langford Lane, Kidlington, Oxford OX5 1GB, OXON,
England.

Zekri J, Al-Shehri A, Mahrous M, Rizvi A, Al-Rehalily S,
Darwish T, et al., editors. K-ras status in colorectal cancer
tumors from 292 Saudi patients: Frequency, clinco-
pathological association and clinical outcome. European
Journal of Cancer; 2013: Elsevier Sci Ltd the Boulevard,
Langford Lane, Kidlington, Oxford OX5 1GB, OXON,
England.

Abubaker J, Bavi P, AlHagawi W, Sultana M, AlHarbi S,
Al-Sanea N, et al. Prognostic significance of alterations in
KRAS isoforms KRAS-4A/4B and KRAS mutations in
colorectal carcinoma. The Journal of pathology 2009; 219(4):
435-45.

http://dx.doi.org/10.1002/path.2625

Baskin Y, Calibasi G, Amirfallah A, Dagdeviren YK, Canda
AE, Sarioglu S, et al. KRAS and BRAF mutation frequencies
in a series of Turkish colorectal cancer patients 2014.

Bishehsari F, Mahdavinia M, Malekzadeh R, Verginelli F,
Catalano T, Sotoudeh M, et al. Patterns of K-ras mutation in
colorectal carcinomas from Iran and Italy (a Gruppo
Oncologico dell'ltalia Meridionale study): influence of
microsatellite instability status and country of origin. Annals
of oncology 2006; 17(suppl 7): vii91-vii6.

Selcukbiricik F, Bilici A, Tural D, Erdamar S, Soyluk O,
Buyukunal E, et al. Are high initial CEA and CA 19-9 levels
associated with the presence of K-ras mutation in patients
with metastatic colorectal cancer? Tumor Biology 2013;
34(4): 2233-9.

http://dx.doi.org/10.1007/s13277-013-0763-6

Zahrani A, Kandil M, Badar T, Abdelsalam M, Al-Faiar A,
Ismail A. Clinico-pathological study of K-ras mutations in
colorectal tumors in Saudi Arabia. Tumori 2013; 100(1): 75-9.

Murtaza B, Bibi A, Rashid M, Khan Y, Chaudri M, Shakoori
A. Spectrum of K ras mutations in Pakistani colorectal cancer
patients. Brazilian Journal of Medical and Biological
Research 2014; 47(1): 35-41.
http://dx.doi.org/10.1590/1414-431X20133046

Elbjeirami WM, Sughayer MA. KRAS mutations and
subtyping in colorectal cancer in Jordanian patients.
Oncology letters 2012; 4(4): 705-10.

Mehdi |, Abdulmonem E, Al Bahrani BJ, editors. KRAS
mutations: Does ethnicity play a role? Journal of Clinical
Oncology; 2014: Amer Soc Clinical Oncology 2318 Mill
Road, STE 800, Alexandria, VA 22314 USA.

Marchoudi N, Joutei HAH, Jouali F, Fekkak J, Rhaissi H.
Distribution of KRAS and BRAF mutations in Moroccan
patients with advanced colorectal cancer. Pathologie Biologie
2013; 61(6): 273-6.
http://dx.doi.org/10.1016/j.patbio.2013.05.004

Phipps Al, Buchanan DD, Makar KW, Win AK, Baron JA,
Lindor NM, et al. KRAS-mutation status in relation to
colorectal cancer survival: the joint impact of correlated
tumour markers. Br J Cancer 2013; 108(8): 1757-64.
http://dx.doi.org/10.1038/bjc.2013.118

Van Cutsem E, Kéhne C-H, Lang I, Folprecht G, Nowacki
MP, Cascinu S, et al. Cetuximab plus irinotecan, fluorouracil,
and leucovorin as first-line treatment for metastatic colorectal
cancer: updated analysis of overall survival according to




KRAS Mutation in the Middle East

Journal of Analytical Oncology, 2016, Vol. 5, No.2 73

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

tumor KRAS and BRAF mutation status. Journal of Clinical
Oncology 2011: JCO 2010.33. 5091.

Sameer AS, Chowdhri NA, Abdullah S, Shah ZA, Siddigi MA.
Mutation pattern of K-ras gene in colorectal cancer patients
of Kashmir: a report. Indian J Cancer 2009; 46(3): 219-25.
http://dx.doi.org/10.4103/0019-509X.52956

Chaiyapan W, Duangpakdee P, Boonpipattanapong T,
Kanngern S, Sangkhathat S. Somatic mutations of K-ras and
BRAF in Thai colorectal cancer and their prognostic value.
Asian Pac J Cancer Prev 2013; 14(1): 329-32.
http://dx.doi.org/10.7314/APJCP.2013.14.1.329

Segal G, Liebermann N, Klang S, Siegelmann-Daniel N, Beit-
Or A, Klien B, et al. [Identification of K-RAS mutations in
colorectal cancer patients in Israel]. Harefuah 2011; 150(5):
447-50, 91.

Al-Allawi N, Ismaeel A, Ahmed N, Merza N. The frequency
and spectrum of K-ras mutations among Iraqi patients with
sporadic colorectal carcinoma. Indian journal of cancer 2012;
49(1): 163.

http://dx.doi.org/10.4103/0019-509X.98943

Soliman A, Bondy M, El-Badawy S, Mokhtar N, Eissa S,
Bayoumy S, et al. Contrasting molecular pathology of
colorectal carcinoma in Egyptian and Western patients.
British journal of cancer 2001; 85(7): 1037.
http://dx.doi.org/10.1054/bjoc.2001.1838

Aissi S, Buisine M-P, Zerimech F, Kourda N, Moussa A,
Manai M, et al. KRAS mutations in colorectal cancer from
Tunisia: relationships with clinicopathologic variables and
data on TP53 mutations and microsatellite instability.
Molecular biology reports 2013; 40(11): 6107-12.
http://dx.doi.org/10.1007/s11033-013-2722-0

Jadda H, editor Mutation Analysis Of Kras And Braf Hotspots
In Moroccan Patients With Colorectal Cancer. Qatar
Foundation Annual Research Conference; 2013.

Chan AO, Soliman AS, Zhang Q, Rashid A, Bedeir A,
Houlihan PS, et al. Differing DNA methylation patterns and
gene mutation frequencies in colorectal carcinomas from
Middle Eastern countries. Clinical cancer research 2005;
11(23): 8281-7.
http://dx.doi.org/10.1158/1078-0432.CCR-05-1000

Peeters M, Price TJ, Cervantes A, Sobrero AF, Ducreux M,
Hotko Y, et al. Randomized phase Ill study of panitumumab
with  fluorouracil, leucovorin, and irinotecan (FOLFIRI)
compared with FOLFIRI alone as second-line treatment in
patients with metastatic colorectal cancer. Journal of Clinical
Oncology 2010: JCO 2009.27. 6055.

Karapetis CS, Khambata-Ford S, Jonker DJ, O'Callaghan
CJ, Tu D, Tebbutt NC, et al. K-ras mutations and benefit from
cetuximab in advanced colorectal cancer. New England
Journal of Medicine 2008; 359(17): 1757-65.
http://dx.doi.org/10.1056/NEJM0a0804385

Zalis M, Vieira F, Zalcberg-Renault I, Bonamino M, Ferreira
C, Oliveira S, editors. KRAS mutation profile in colorectal
cancer patients in Brazil: A cohort of 989 individuals. ASCO
Annual Meeting Proceedings; 2009.

Ferreira CG, Aran V, Zalcberg-Renault |, Victorino AP, Salem
JH, Bonamino MH, et al. KRAS mutations: variable
incidences in a Brazilian cohort of 8,234 metastatic colorectal
cancer patients. BMC gastroenterology 2014; 14(1): 73.
http://dx.doi.org/10.1186/1471-230X-14-73

Zekri J, Rizvi A, Al-Maghrabi J, bin Sadig B. K-ras in
colorectal cancer tumors from Saudi patients: frequency,
clinco-pathological association and clinical outcome. The
Open Colorectal Cancer Journal 2012; 5: 22-7.
http://dx.doi.org/10.2174/1876820201205010022
Ruiz-Candelaria Y, Miranda-Diaz C, Hunter-Mellado RF. K-
RAS mutation profile in Puerto Rican patients with colorectal
cancer: trends from April 2009 to January 2011. The
International journal of biological markers 2013; 28(4): e393.
http://dx.doi.org/10.5301/JBM.5000043

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Webb A, Scott-Mackie P, Cunningham D, Norman A,
Andreyev J, O'Brien M, et al. The prognostic value of CEA,
BHCG, AFP, CA125, CA19-9 and C-erb B-2,(BHCG
immunohistochemistry in advanced colorectal cancer. Annals
of oncology 1995; 6(6): 581-8.

Elsamany SA, Alzahrani AS, Mohamed MM, Elmorsy SA,
Zekri JE, Al-Shehri AS, et al. Clinico-pathological patterns
and survival outcome of colorectal cancer in young patients:
Western Saudi Arabia experience. Asian Pacific journal of
cancer prevention: APJCP 2013; 15(13): 5239-43.
http://dx.doi.org/10.7314/APJCP.2014.15.13.5239

Liang J, Huang K, Cheng A, Jeng Y, Wu M, Wang S.
Clinicopathological and molecular biological features of
colorectal cancer in patients less than 40 years of age.
British journal of surgery 2003; 90(2): 205-14.
http://dx.doi.org/10.1002/bjs.4015

Liu L, Cao Y, Tan A, Liao C, Mo Z, Gao F. Cetuximab-based
therapy vs noncetuximab therapy in advanced or metastatic
colorectal cancer: a meta-analysis of seven randomized
controlled trials. Colorectal disease: the official journal of the
Association of Coloproctology of Great Britain and Ireland
2010; 12(5): 399-406.
http://dx.doi.org/10.1111/j.1463-1318.2009.01916.x

Heinemann V, von Weikersthal LF, Decker T, Kiani A,
Vehling-Kaiser U, Al-Batran SE, et al. FOLFIRI plus
cetuximab versus FOLFIRI plus bevacizumab as first-line
treatment for patients with metastatic colorectal cancer
(FIRE-3): a randomised, open-label, phase 3 trial. Lancet
Oncology 2014; 15(10): 1065-75.
http://dx.doi.org/10.1016/S1470-2045(14)70330-4

Price TJ, Peeters M, Kim TW, Li J, Cascinu S, Ruff P, et al.
Panitumumab  versus cetuximab in patients  with
chemotherapy-refractory wild-type KRAS exon 2 metastatic
colorectal cancer (ASPECCT): a randomised, multicentre,
open-label, non-inferiority phase 3 study. Lancet Oncology
2014; 15(6): 569-79.
http://dx.doi.org/10.1016/S1470-2045(14)70118-4

Lang I, Kohne CH, Folprecht G, Rougier P, Curran D, Hitre
E, et al. Quality of life analysis in patients with KRAS wild-
type metastatic colorectal cancer treated first-line with
cetuximab plus irinotecan, fluorouracil and leucovorin. Eur J
Cancer 2013; 49(2): 439-48.
http://dx.doi.org/10.1016/j.ejca.2012.08.023

Yamaguchi K, Ando M, Ooki A, Beier F, Guenther S, Von
Hohnhorst P, et al. Quality of life analysis in patients with
RAS wild-type metastatic colorectal cancer treated with first-
line FOLFIRI plus cetuximab in the CRYSTAL study. Eur J
Cancer 2015; 51: S370-S1.
http://dx.doi.org/10.1016/S0959-8049(16)31042-5

Downward J. Targeting RAS signalling pathways in cancer
therapy. Nature Reviews Cancer 2003; 3(1): 11-22.
http://dx.doi.org/10.1038/nrc969

Yoon HH, Tougeron D, Shi Q, Alberts SR, Mahoney MR,
Nelson GD, et al. KRAS Codon 12 and 13 Mutations in
Relation to Disease-Free Survival in BRAF-Wild-Type Stage
Il Colon Cancers from an Adjuvant Chemotherapy Trial
(N0147 Alliance). Clinical cancer research 2014; 20(11):
3033-43.

http://dx.doi.org/10.1158/1078-0432.CCR-13-3140

Mannan A, Hahn-Stromberg V. Kras mutations are
correlated to lymph node metastasis and tumor stage, but
not to the growth pattern of colon carcinoma. Apmis 2012;
120(6): 459-68.
http://dx.doi.org/10.1111/j.1600-0463.2011.02852.x

Nakanishi R, Harada J, Tuul M, Zhao Y, Ando K, Saeki H, et
al. Prognostic relevance of KRAS and BRAF mutations in
Japanese patients with colorectal cancer. International
journal of clinical oncology 2013; 18(6): 1042-8.
http://dx.doi.org/10.1007/s10147-012-0501-x




74 Journal of Analytical Oncology, 2016, Vol. 5, No. 2

Zekri et al.

(51]

(52]

(53]

Roth AD, Tejpar S, Delorenzi M, Yan P, Fiocca R, Klingbiel
D, et al. Prognostic role of KRAS and BRAF in stage Il and IlI
resected colon cancer: results of the translational study on
the PETACC-3, EORTC 40993, SAKK 60-00 trial. Journal of
Clinical Oncology 2010; 28(3): 466-74.
http://dx.doi.org/10.1200/JC0.2009.23.3452

Ogino S, Meyerhardt JA, Irahara N, Niedzwiecki D, Hollis D,
Saltz LB, et al. KRAS mutation in stage Il colon cancer and
clinical outcome following intergroup trial CALGB 89803.
Clinical cancer research 2009; 15(23): 7322-9.
http://dx.doi.org/10.1158/1078-0432.CCR-09-1570

Inoue Y, Saigusa S, Ilwata T, Okugawa Y, Toiyama Y,
Tanaka K, et al. The prognostic value of KRAS mutations in

[54]

[55]

patients with colorectal cancer. Oncology reports 2012;
28(5): 1579-84.

http://dx.doi.org/10.3892/0r.2012.1974

Andreyev H, Norman A, Cunningham D, Oates J, Dix B,
lacopetta B, et al. Kirsten ras mutations in patients with
colorectal cancer: the ‘RASCAL II'study. British journal of
cancer 2001; 85(5): 692.
http://dx.doi.org/10.1054/bjoc.2001.1964

Douillard J-Y, Oliner KS, Siena S, Tabernero J, Burkes R,
Barugel M, et al. Panitumumab-FOLFOX4 treatment and
RAS mutations in colorectal cancer. New England Journal of
Medicine 2013; 369(11): 1023-34.
http://dx.doi.org/10.1056/NEJM0al305275

Received on 28-03-2016

http://dx.doi.org/10.6000/1927-7229.2016.05.02.4

© 2016 Zekri et al.; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 12-04-2016

Published on 06-05-2016



