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Abstract

Introduction: Despite the important role of general KRAS mutational status in the selection of an adequate ther-
apeutic protocol in patients with colorectal cancer (CRC), studies that focus on its specific mutations and their
significance on progression of disease are scarce. This study aimed to determine the significance of specific KRAS
mutations in response to standard chemotherapy protocols with oxaliplatin-based (FOLFOX 4, OXFL) in the first-
line and irinotecan-based chemotherapy (FOLFIRI, IFL) in the second-line therapy, and to evaluate the correla-
tion between these mutations and clinicopathological characteristics of CRC patients. Methods: Genomic DNA
was extracted from the FFPE tumour tissue sections while the KRAS mutation test was performed by using PCR
methods. Results: Prevalence of KRAS gene mutations in CRC patients was 45%. Mutated KRAS was more fre-
quent in later stages of tumor infiltrations (P =0.0017), on the right side of the colon (P=0.0044), and in patients
who developed metastases in the first 6 months after CRC diagnosis than in patients who developed metastases
after 24 months (P=0.0083). In a group of patients with a poor therapeutic response to standard chemotherapy
the most frequent mutations in KRAS gene were G12D and G12V (63.88%), while in a group of patients with a
good response to therapeutic protocols the most prevalent mutation was G124 (66.66%). Conclusion: Our results
indicate that there was a significant difference in biological behaviour between tumours harboring different muta-
tions in KRAS gene. Overall, mutation G124 could be a novel prognostic biomarker for CRC patients treated with
standard chemotherapy.
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Introduction

Colorectal cancer (CRC) is a malignant epitheli-
al tumour of the colon which represents a health
problem worldwide. It is the third most com-
mon cancer in men, the second in women, and
the fourth most frequently diagnosed cancer in
the world [1]. Until recently, it was thought that
CRC occurs in older age, however, new studies
suggest that this disease is increasingly diag-
nosed in the younger population, as well [2,3].
Carcinogenesis of CRC is a gradual process
where the clonal accumulation of genetic chang-
es results in loss of control of the cell cycle [4].
Uncontrolled proliferation of mucosal epithe-
lial cells results in polyps which can gradually
grow even for 10 to 15 years before becoming
cancerous [5]. The initial event in this process is
the inactivation of the Adenomatous Polyposis
Coli (APC) gene, which first triggers malignant
mucosal transformation, while mutations in the
Kirsten rat sarcoma viral oncogene homolog
(KRAS) and TP53 genes later trigger the evolu-
tion of more aggressive subclones [6].

The KRAS gene encodes a small protein called
KRAS that catalyzes the hydrolysis of guano-
sine triphosphate which means that it possesses
GTPase activity. KRAS plays an important role
in signal transduction cascades, such as growth
factor receptor (EGFR)-activated signalling
pathways, responsible for the control of multiple
cellular functions including proliferation, motil-
ity, apoptosis, or survival [7,8]. In normal cells,
KRAS proteins are activated after the binding
of growth factors to tyrosine kinases receptors,
changing their conformation from RAS GDP
(inactive form) to RAS GTP (active form) [8].
Mutations in the KRAS gene occur early in the
development of many cancers and often lead
to the up-regulation of RAS proteins and their
downstream effector pathways [8].

Having in mind that over expression of EGFR
has been found in 80% of CRC and has been as-

sociated with the progression of the malignant
process and poor prognosis, it is no surprise
that targeted therapy based on the application of
monoclonal antibodies, such as cetuximab and
panitumumab that inhibit EGFR signalling, has
been shown to be very effective [9,10]. Name-
ly, the action of these monoclonal antibodies is
directed to the extracellular domain of EGFR
where they block binding of a ligand, which
results in a subsequent inhibition of the down-
stream RAS-RAF-MEK-ERK signalling path-
way.

In Serbia, anti-EGFR therapy was registered in
May 2009 as the third-line therapy for patients
with metastatic colorectal cancer (mCRC) who
had progression after therapy with irinotecan.
However, although the use of targeted therapy
with monoclonal antibodies has improved the
survival of patients with CRC, it is indicated
and effective only in a certain group of patients
[11]. Namely, clinical trials have shown that car-
riers of the KRAS gene mutation do not respond
to the targeted EGFR therapy, which results in
constitutive activation of the RAS-RAF-MEK-
ERK pathway [12]. Because of that, wild-type
(wt) status is pre necessary for the inclusion of
this type of therapy, while patients with KRAS
mutations are still being treated only by conven-
tional methods such as surgical lesion removal,
radiotherapy, and chemotherapy [13].

Despite the important role of general KRAS mu-
tational status in the selection of the adequate
therapeutic protocol in patients with CRC, stud-
ies that focus on its specific mutations and its
significance on the progression of the disease are
scarce.

The aim of this study was to determine the
significance of specific KRAS mutations in re-
sponse to standard chemotherapy protocols and
to evaluate the correlation between these muta-
tions and clinicopathological characteristics of
CRC patients in Southeastern Serbia.
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Materials and methods

Patient sample

This study investigated the formalin-fixed paraf-
fin-embedded (FFPE) sample tissues of 150 CRC
patients who were referred to the Laboratory for
Immunology and Genetics, The Center for Med-
ical and Clinical biochemistry, University Clin-
ical Center Ni$, Serbia, for KRAS testing during
2015-2020. KRAS mutational status testing is re-
quired when the patient develops distant metas-
tases after chemotherapy with oxaliplatin-based
(FOLFOX 4, OXFL) in the first-line therapy and
irinotecan-based chemotherapy (FOLFIRI, IFL)
in the second-line one, which qualifies him/her
as a potential candidate for anti-EGFR therapy.
All procedures were carried out in concordance
with the Declaration of Helsinki ethical guide-
lines and approved by the Ethics Committee of
the Clinical Center of Nis§, Serbia (Ethical Ap-
proval No 24722 /6).

All CRC patients were Caucasians. The follow-
ing clinical and morphological data were collect-
ed for each patient: sex, age, tumour location,
stage of tumour infiltration, nodal status and
the presence of distant metastases. According to
the location, the tumours were divided into the
left-colon cancer (LCC) and right-colon cancer
(RCC). LCC included splenic flexure, descend-
ing colon, sigmoid and rectum, while the RCC
included caecum, ascending colon, hepatic flex-
ure and transverse colon.

DNA isolation

Genomic DNA was extracted from the FFPE
tumour tissue sections using a QIAamp DNA
FFPE Tissue Kit (CE-IVD-marked; Qiagen,
Hilden, Germany), according to the manufac-
turers’ protocol. DNA quality was determined
with 260/280 optical density (OD) ratios in all
samples and stored at -20 °C until further use for
KRAS genotyping. Genotyping was done by us-
ing two diagnostic methods: PCR amplification
and hybridization and real-time PCR.

PCR amplification and hybridization

KRAS  StripAssay™ (ViennalLab Diagnostics,
Vienna, Austria) which detects the 10 most com-
mon mutations in codon 12 and13 (exon 2) was
used for this method. Mutation detection was
carried out following the manufacturer’s instruc-
tions. Briefly, the total volume of each reaction
sample was 25 pL and consisted of 15 pL of am-
plification mix, 5 uL of diluted Taqg DNA poly-
merase and 5 uL of DNA template (concentara-
tion: 5-8 ng/uL).

Amplification was performed on iCycler Ther-
mal Cycler (Bio-Rad, USA) starting with an
initial denaturation step at 94°C for 2 min, then
running 35 cycles of 94°C for 60 s, 70°C for
50 s, 56°C for 50 s and 60°C for 60 s, with a
final extension at 60°C for 3 min.

Following PCR, biotinylated amplification prod-
ucts were selectively hybridized to a test strip
containing allele-specific oligonucleotide probes
immobilized as an array of parallel lines, as
shown in Fig. 1A, B, C.

Bound biotinylated sequences were detected us-
ing streptavidin-alkaline phosphatase and color
substrates. For each polymorphic position, one
of the two possible patterns was obtained -the
presence or the absence of KRAS mutations
hybridization bands (Fig. 1A, B, C).

Real-time PCR

The analysis of the KRAS mutation was per-
formed using the “Easy® KRAS” Kit (Diatech
Pharmacogenetics, Italy) with a Rotor-Gene 6000
— Corbett RT-PCR device (Diatech Pharmacog-
enetics, Italy), where list detectable mutations
were: KRAS codon 12 — G12R (34G>C), G12S
(34G>A), GI2C (34G>T), GI12A (35G>0),
G12D (35G>A), G12V (35G>T); KRAS codon
13 — G13D (38G>A); KRAS codon 59 (not dis-
tinguishable between them) — A59T (175G>A),
AS9E (176C>A), AS9G (176C>G); KRAS co-
don 61 (not distinguishable between them)
— Q61K (181C>A), Q61IL (182A>T), Q61R
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Fig. 1. The detection of KRAS mutations with KRAS Strip Assay: (A) no mutation (wt KRAS sample),
(B) G12V mutated sample, (C) G12D mutated sample (top side). Amplification plot detected by “Easy®
KRAS” Kit: (D) no mutation (wt KRAS sample), (E) G12A mutated sample (bottom side).

(182A>G), Q61H (183A>C), Q61H (183A>T);
KRAS codon 117 (not distinguishable between
them)- KI117E(349A>G), K117R (350A>G),
K117N (351A>T), K117N (351A>C); KRAS
codon 146 (not distinguishable between them)
— A146T (436G>A), A146P (436G>C), A146V
(437C>T).

KRAS gene sequence was amplified using a
mixture of 10 pL Taq Premix, 4 puL water, 1 pL
KRAS ctrl mix(12) and either 5 pL of the DNA
sample or negative control or positive control.
KRAS gene sequence was amplified using the
following cycling conditions initial denaturation
step at 95°C for 2 min, then running 40 cycles of
95°C for 10 seconds / 58°C for 60 seconds.

The mutation analysis was carried out in rela-
tion to the amplification of positive and negative

control tests provided by the manufacturer and
according to the included protocol.

Statistical analyses

The association between KRAS mutations and
clinicopathological features of patients were de-
termined using Fisher’s exact test, with P<0.05
considered statistically significant. Statistical
analysis was performed using GraphPad Prism 5
(GraphPad Software, La Jolla California USA).

Results

Clinicopathological characteristics of CRC
patients

In the present study, we analyzed colorectal tis-
sue samples of 150 patients with histologically
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confirmed CRC. Male patients accounted for
more than half of the cases (n = 103, 68.6%).
The age of patients ranged from 35 to 83 years
old, where the mean age was 61. There was a
significantly higher frequency of LCC cancer
(n=113, 75.3%) than RCC (n= 37, 24.6%). Fur-
thermore, tumours in the T3 stage of infiltration
were more common (n= 102, 68%) compared to
T1/T2 and T4 stage. Clinico-pathological char-
acteristics for 150 patients are summarized in
Table 1.

Distribution of KRAS mutations

Of the total number of patients, KRAS mutations
were present in 67 cases (45%), while 83 (55%)
of the analyzed samples had wt KRAS (Fig. 2A).
The most common mutations among the patients
evaluated with KRAS mutations were found in
codon 12 (79.1%) and then in codon 13 (10.4%).
The glycine to aspartate in codon 12 (G12D) (Fig.
1C) was the most common mutation, accounting
for 23 (34.3%) of all the mutations identified.
Mutation of glycine to valine (G12V) (Fig. 1B)
was the second most common mutation with 16
cases (23.8%). Mutation from glycine to alanine
(G12A) (Fig. 1E) was identified in 11.9%. Other
identified mutations were mutation from glycine
to aspartate on codon 13 (G13D) in codon Q61,
glycine to cysteine (G12C) and glycine to ser-
ine (G12S) which constituted 10.4, 7.4, 5.9, and
2.9% of all cases, respectively. There was one

A B

404

KRAS status in
tested samples (%)

=

T
WT Mutated

Distribution of
detected KRAS mutation types (%)

Table 1. Clinicopathological parameters of CRC
patients enrolled in the study

Total (n =150)

Parameters n %
Sex Male 103 68.6
Female 47 314
<50 23 15.3
Age at 51-60 32 21.3
diagnosis 61-70 70 46.6
>71 25 16.6
Location Left-sided 113 75.3
Right-sided 37 24.6
Tumor T1/T2 21 14
infiltration 13 102 68
T4 27 18
NO 48 32
Is\i:iil N1 59 39.3
N2 43 28.6
Liver 79 52.6
Distant Lungs 22 14.6
metastasis Liver and lungs 37 24.6
Other 12 8

case with mutations in codon 117, codon 59 and
codon 146 (1.5%), as shown in Fig. 2B.

Clinicopathological characteristics of CRC
patients in relation to the KRAS mutational
status

Based on the mutational status of KRAS there
were no statistically significant differences in
patients’ gender, age, nodal status and distant

-
n
-
n

Codon 594,
Codon 1174,
Codon 146

Fig. 2. (A) Frequency of wt KRAS and mutated KRAS, (B) Distribution of detected KRAS mutation types.
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metastases. However, a significant difference
was found between RCC and LCC regarding
the KRAS status, with KRAS mutation in RCC
being 64.8% (24/37), and in LCC 38% (43/113)
(P=0.0044). Moreover, the prevalence of the
KRAS mutations was significantly lower in the
initial stages (T1/T2) than advanced tumour
infiltration (T3 and T4 stages) (P=0.0017), as
shown in Table 2.

Mutations in the KRAS gene and the time of
appearance of distant metastases

Most of the patients (43.3%, 65/150) developed
metastases in the first 6 months after the diagno-
sis, as shown in Table 3.

Since at the time of the testing for the presence
of mutations in the KRAS gene all the patients
included in this study, had already developed
distant metastases, we divided them into two
groups: those who developed metastases up to

6 months after diagnosis (poor therapeutic re-
sponse) and those who developed metastases 24
months after diagnosis of the disease (good ther-
apeutic response). The mutation rate of KRAS
was different between these two groups of pa-
tients. KRAS mutations were significantly more
common in patients who developed metastases
up to 6 months after diagnosis than in the second
group (36.7% vs. 9.2%, P=0.0083).

The most frequent KRAS mutations in a group
of patients who developed metastasis during
the first 6 months after the CRC diagnosis were
in codons G12D and G12V (63.8%), while the
most prevalent mutation in patients with metas-
tasis diagnosed after 24 months was in codon
G12A (66.6%), as shown in Fig. 3.

Discussion

In Serbia, CRC is the second most common carci-
noma, as well as the second most common cause

Table 2. Correlation between KRAS mutation status and clinicopathological parameters of CRC patients.

KRAS status (n=150)

Parameter Mutated WT P value*
n % n %
Male 43 41.7 60 58.3
Sex Female 24 51 23 49 0.287
<50 11 47.8 12 52.2
. . 51-60 15 46.9 17 53.1
Age at diagnosis 61-70 31 443 39 557 0.9442
>71 10 40 15 60
. Left-sided 43 38 70 62
Location Right-sided 24 64.8 13 352 0.0044
T1/T2 2 9.5 19 90.5
Tumor infiltration T3 53 52 49 48 0.0017
T4 12 44 .4 15 55.5
NO 19 39.6 29 60.4
Nodal status N1 28 47.5 31 52.5 0.6883
N2 20 46.5 23 53.5
Liver 38 48.1 41 51.9
. . Lungs 9 40.1 13 59.9
Distant metastasis 20 d Tungs 19 513 18 48.7 0.0535
Other 1 8.3 11 91.7

*Fisher’s exact test, P<0.05 statistically significant (bolded)
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Table 3. Association of KRAS mutations types with time from diagnosis of CRC to the development of

metastases.
M KRA T KRA
Time after CRC diagnosis (months) utated § w § P value*
% n %
<6 36 36.7 29 29.5
24< 9 9.2 24 24.5 0.0083

*Fisher’s exact test, P<0.05 statistically significant (bolded)

of cancer-related death, right after lung cancer in
men, and breast cancer in women [14]. In addi-
tion to that fact, recent data show that the number
of cases of CRC in Serbia was found to be on the
4% rise between the years 2014 and 2017 [15].
CRC is a very heterogencous disease both in
terms of its pathogenesis and in terms of molec-
ular genetic characteristics [16]. To date, more
than 3,000 KRAS mutation sites with different bi-
ological effects have been reported [17]. Although
KRAS mutational status is known to be a selective
marker for predicting responses to monoclonal
antibodies against EGFR, its precise prognostic
value remains controversial [18]. Therefore, pre-
cise identification and characterization of muta-
tional biomarkers with therapeutic and/or prog-
nostic value will be of crucial importance for a
personalized approach to people with CRC.

The results of this study showed that 45%
(67/150) of tested CRC patients had mutations
in the KRAS gene, and the rest of them (55%)

>
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(number of cases)
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Observed KRAS mutations
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Codon 117

had wt KRAS (Fig. 2A), which is in concor-
dance with previous studies [19,20,21]. Inter-
estingly, compared to the European and Latin
American population, the frequency of KRAS
mutations occurrence is much lower in Asian
patients (24%) [22]. This difference can be the
result of many factors such as environmental and
lifestyle conditions or epigenetic differences be-
tween those ethnic groups.

The most frequently observed KRAS mutations
in our study were located in codon 12 (79.1%)
and codon 13 (10.4%) of exon 2 (Fig. 2B) which
agrees with a previous study which found that
among all detected mutations in KRAS more
than 70% are located in codon 12 [23].

Among the mutations examined in KRAS, the
mutation rate of G12D was the highest (34.3%)
followed by G12V (23.8%). Additionally, sim-
ilar to the results of other authors [24,25] we
noticed that mutations G12D and G12V are the
most prevalent in the Serbian population.
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Fig. 3. Prevalence of KRAS mutations after the diagnosis of CRC. (A) in patients who developed metastasis
after 6 months, (B) in patients who developed metastasis after 24 months.
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We found that the frequency of mutations in
codons 59, 117 and 146 were 1.5%, which is in
concordance with the study of Awidi et al. [26]
while a higher prevalence of the mutation in co-
don 146 was observed in patients from Thailand,
where 8.3% of them had this mutation [27].
Many authors evaluated correlations between
mutations in KRAS, age and sex of patients with
clinicopathological characteristics of CRC and
some of the results indicate that both tumor lo-
cation and KRAS status play important roles in
the prognosis of CRC patients [19, 20, 28]. Pa-
tients with LCC and mutated KRAS have a poor-
er prognosis compared with wt KRAS, but RCC
patients with KRAS mutation has no significant
difference in overall survival rate compared with
patients with wt KRAS [28]. Also, patients with
RCC have a worse prognosis and higher mortali-
ty compared to patients with LCC [29]. Our data
indicate that the KRAS mutation is much more
common in the RCC than in the LCC (64.8% vs.
38%; P=0.0044) (Table 2) which is in favour of
being associated with a poorer prognosis of the
disease. The study of Baran et al. suggests that
the response to therapy is also completely dif-
ferent between these tumour entities, with LCC
patients benefiting more from adjuvant therapy
[30]. These differences can be explained by the
fact that the left and right colon have a different
embryonic origin, which may result in different
molecular carcinogenic characters including
KRAS mutations [28].

In our study, all subjects received oxalipla-
tin-based chemotherapy (FOLFOX 4, OXFL) as
first-line therapy. As the second-line one, they
received irinotecan-based chemotherapy (FOL-
FIRI, IFL), and by the time they were tested for
KRAS gene mutations, they had already devel-
oped the distant metastases.

One of the goals of our work was to determine
the significance of the mutational status of the
KRAS gene as a possible predictive biomarker of
response to applied chemotherapeutic protocols.

Our results showed that almost half of the pa-
tients included in the study developed metastasis
in the first 6 months since the diagnosis of CRC
(65/150, 43.3%), while 22% (33/150) developed
metastasis 24 months after the diagnosis. When
we compared the presence of KRAS gene muta-
tions only in patients who developed metastases
after 6 months and after 24 months, we noticed
that the presence of the mutation was significant-
ly more common in the first group of patients
(36.7% vs. 9.2%, P=0.0083).

Here, we provide additional evidence on the im-
pact of KRAS mutations on the progression of
colorectal carcinoma, which was confirmed re-
cently by different authors [19,31].

Although the prognostic value of specific point
mutations has not yet been fully clarified [32] this
study demonstrates that in the group of patients
where metastases appeared in up to 6 months, the
most common specific mutations were G12D and
G12V accounting together for 63.88% (23/36).
These results associate the G12D and G12V mu-
tations with poor therapeutic response in CRC pa-
tients who received oxaliplatin-based chemother-
apy (FOLFOX 4, OXFL) as the first-line therapy
and irinotecan-based chemotherapy (FOLFIRI,
IFL) as the second-line therapy. Several studies
explained that the aggressive behaviour of the
G12D and G12V mutation is due to the produc-
tion of proteins that behave differently than other
mutated KRAS proteins, with very high trans-
forming potential and a low GTP intrinsic and
GAP-mediated GTP hydrolysis [33,34].

We also found that in the group of patients where
metastases appeared after 24 months, mutation
G12A was the most prevalent 66.66% (6/9) and
also associated with good therapeutic response
in patients with CRC which received oxalipla-
tin-based chemotherapy FOLFOX 4 and irino-
tecan-based chemotherapy FOLFIRI. In contrast
to our data, the Fiala et al. study reported that
GI12A KRAS mutation is associated with poor
therapeutic response in patients with CRC re-
ceiving bevacizumab [35]. Since none of our
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patients received bevacizumab, our findings re-
veal new possibility for further investigations in
order to determine the connection of mutational
status, especially G12A KRAS mutation, and re-
sponse to different therapeutic protocols.

Conclusion

The prevalence of KRAS gene mutations in CRC
patients from Southern Serbia was relatively
high. In a group of patients with a poor therapeu-
tic response to oxaliplatin-based chemotherapy
(FOLFOX 4, OXFL) as first-line therapy and
irinotecan-based chemotherapy (FOLFIRI, IFL)
as second line therapy, the most frequent muta-
tions found in KRAS gene were G12D and D12V.
In a group of patients with a good response to
the aforementioned therapeutic protocols, the
most prevalent mutation was G12A. Also, we
showed that tumour location and specific KRAS
mutational status may be a significant prognostic
factor. However, the results of our study indicate
that there is a significant difference in biological
behaviour between tumours harbouring different
mutations in the KRAS gene and they also open
new possibilities for further investigations in or-
der to determine predictive biomarkers of patient
response to different therapeutic protocols.
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