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Abstract
Colorectal cancer (CRC) is the third most common cancer in the world and is the second leading cause of cancer-related deaths.
Several mutations are involved in the development of CRC. The prognostic significance of the KRASmutation has been discussed in
many studies. We aimed to investigate the prognostic significance of the number of KRAS mutations in metastatic CRC (mCRC).
Patients with mutations in the KRAS gene were included in the study. They were divided into 2 groups as single mutation and

multiple mutations in the KRAS gene.
For the study, 425 CRC patients were screened. KRAS mutation was positive in 191 patients (45%). One hundred ninety-one

patients were included in the study, 171 patients (90%) had single mutations and 20 patients (10%) had multiple mutations. Median
progression-free survival was 12.8 months in patients with multiple mutations, while it was 8.8 months in patients with single
mutations (P: .05). The median overall survival of patients with multiple mutations was 40.7 months, while it was 22.7 months for
patients with single mutations (P= .01)
We found that the presence of multiple mutations in KRAS mutant patients was associated with better overall survival and

progression-free survival than a single mutation.

Abbreviations: BMI = body mass index, CEA = carcinoembryonic antigen, CR = complete response, CRC = colorectal cancer,
ECOG= Eastern Cooperative Oncology Group, OS = overall survival, PD= progressive disease, PFS = progression free survival, PR
= partial response, RAS = rat sarcoma, RECIST = Response Evaluation Criteria in Solid Tumors.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer in the
world and is the second leading cause of cancer-related deaths.[1]

Approximately 20% of CRC patients have metastatic disease at
the time of diagnosis.[2] The main goal of treatment in the
metastatic phase is to improve the quality of life and prolong
survival. Five-year overall survival (OS) is around 14% with
conventional chemotherapy agents and biological agents discov-
ered in the last 2 decades.[3]
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Several mutations are involved in the development of CRC. Rat
sarcoma (RAS) mutations are found in up to 50% of sporadic
CRCs and 50% of colonic adenomas larger than 1cm. They are
rarely seen in smaller adenomas.[4,5] The RAS genes encode a
group of GTPases that regulate cellular signal transduction by
acting as a switch for the transmission of extracellular growth
signals to the nucleus.[6] Activating RAS mutations cause the
deterioration of RAS protein activity; in this way GTPase activity
is decreased, the protein becomes resistant to GTP hydrolysis by
GTPase, resulting in a structurally active GTP-bound protein and
a continuous growth stimulus.[7,8] Therefore, oncogenic activity
occurs. These results suggest that a carcinogen, by mutating
the RAS proto-oncogene, activates its oncogenic potential and
initiates the tumor formation process. There are 3 members of the
RAS gene superfamily: KRAS, HRAS, and NRAS, and
approximately 40% of CRCs contain KRAS mutations.[9,10]

While KRAS exon 2 mutations constitute the majority of KRAS
mutations, exon 3 and exon 4 mutations constitute only 1% to
4% of CRCs.[11] Activating mutations in exons 2 and 3 have
similar effects on RAS GTPase activity, whereas exon 4
mutations increase GDP to GTP exchange.[12] KRAS point
mutations occur particularly in codon 12 and to a lesser extent in
codon 13 and 61.[13] KRAS codon 12 or 13 (exon 2) mutations
constitute about 90% of all mutations.[14–22] The prognostic
significance of KRAS mutations has been discussed in many
studies.[18,23–26] However, its prognostic role in metastatic CRC
(mCRC) remains controversial. There is insufficient information
in the literature on the prognostic status of mutation of the ras
gene and whether it is related to the number of mutations in this
gene. Therefore, since there is not enough information in the
literature on this subject, in this study we aimed to investigate the
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prognostic significance of the number of KRAS mutations in
mCRC.
2. Materials and methods

2.1. Patients

The data of patients who applied to our center with a diagnosis of
mCRC between 2008 and 2019 were reviewed retrospectively.
Patients with mutations in the KRAS gene were included in the
study. They were divided into 2 groups as single mutation and
multiple mutations in the KRAS gene and the data obtained were
analyzed.
Inclusion criteria: Patients older than 18 years of age with

KRAS mutation analysis, histologically proven CRC and
metastatic disease according to the Response Evaluation Criteria
in Solid Tumors (RECIST) criteria and who received at least 1
step of oxaliplatin or irinotecan-based chemotherapy regimen.
Patients with a second primary tumor, brain metastasis or NRAS
and BRAF mutation were excluded from the study.
Age, sex, family history, smoking history, Eastern Cooperative

Oncology Group (ECOG) performance status, body mass index,
carcinoembryonic antigen (CEA) level, presence of KRAS
mutation, tumor localization, histopathological subtype, num-
bers and localizations of metastatic regions, and systemic
treatments they received were recorded.
KRAS mutation analysis was evaluated with the “real time

PCR” method using DNA obtained from paraffin blocks
prepared from cancer tissue. With this method, codon 12/13
mutations in exon 2, codon 59/61 in exon 3 and codon 117/146
mutations in exon 4were detected. Tissue samples used for KRAS
mutation analysis were obtained from the primary tumor site by
colonoscopy in 153 patients (80%), and by tru-cut biopsy from
liver metastasis in 38 patients (20%).
The first-line treatment of patients was one of the following

regimens: modified FOLFOX6 or FOLFIRI. The FOLFOX
combination included oxaliplatin 85mg/m2 in 250mL of 5%
dextrose, concurrent with folinic acid (FA) 400mg/m2/d adminis-
tered as a 2-hour intravenous infusion, followed by a 10-minute
bolusof 5-fluorouracil (5-FU)400mg/m2, anda46-hour continuous
infusion of 5- FU 2400mg/m2. The FOLFIRI combination regimen
comprised irinotecan 180mg/m2, followed by FA 400mg/m2 in a
2-hour infusion, and then a 10-minute bolus of 5-FU 400mg/m2,
and a 46-hour continuous infusion of 5-FU 2400mg/m2. For
patients receiving anti-VEGF treatment, bevacizumab was adminis-
trated either with FOLFOX or FOLFIRI regimens at a dose of
5mg/kg. The cycles were repeated every 2 weeks.
Tumor response was evaluated every 12 weeks by computed

tomography or PET/CT according to RECIST version 1.1 criteria.
According to RECIST 1.1 criteria, complete response is disappear-
ance of all target lesions and reduction in the short axismeasurement
of all pathologic lymph nodes to �10mm, partial response (PR) is
defined as ≥30% decrease in tumor size, progressive disease is
definedas≥20%increase in tumor size, and for stablediseaseneither
PRnorprogressive disease criteria aremet.Objective response rate is
defined as the sum of complete response and PR.
2.2. Factors evaluated in univariate and multivariate
analysis

Based on previous studies, 15 variables were selected that may
have an impact on OS. Variables were divided into 2 categories:
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age (<65 years or ≥65 years), sex (male or female), ECOG
performance status (0–1 or 2), body mass index (<25kg/m2 or
≥25kg/m2), tumor localization (right or left), histological
subtype (adenocarcinoma or mucinous carcinoma), differentia-
tion (good-medium or bad), KRAS mutation number (single or
multiple), CEA level (<5mg/dl or ≥5mg/dl), metastasis status
(synchronous or metachronous), metastatic region number (1 or
≥2), liver metastasis (present or absent), lung metastasis (present
or absent), peritoneal metastasis (present or absent), chemother-
apy regimen used in first step treatment (oxaliplatin-based or
irinotecan-based), and the use of bevasizumab in the first step (yes
or no). Factors with P� .1 in univariate analysis were evaluated
by multivariate analysis.
2.3. Statistical analyses

The period from metastatic diagnosis to death was evaluated as
OS. The date of first-line treatment and the duration of disease
progression or death for any reason were calculated as
progression-free survival (PFS).
To evaluate the findings of the study, SPSS 22.0 (Statistical

Package for the Social Sciences) computer program was used for
statistical analysis. Differences of properties between 2 groups
were analyzed with Pearson chi-square and Fisher exact test.
Survival analysis was analyzed with the Kaplan-Meier method
using the Log-rank test. Survival times were within the 95% CI
(confidence interval) range. Cox regression test was used
for multivariate analysis. P< .05 was considered statistically
significant.
This study was approved by our Institutional Ethics Commit-

tee and was conducted according to the principles of the
Declaration of Helsinki. (Decision Date: 27.02.2020, Decision
No: E1-20-284).
3. Results

For the study, 425 CRC patients were screened. KRAS mutation
was positive in 191 patients (45%). One hundred ninety-one
patients were included in the study, 171 patients (90%) had single
mutations and 20 patients (10%) had multiple mutations. The
median age of all patients was 56 years (range; 19–85) and 54%
were male. When we divided patients with KRAS gene mutations
into single mutation and multiple mutations, there was no
difference in terms of basal features except for the number of
metastatic regions. Multiple metastases in patients with single
mutations were higher than those with multiple mutations (33%
vs 5%, respectively, P= .01). Baseline patient characteristics are
given in Table 1. There were exon 2 mutations in 158 (92%),
exon 3 mutations in 6 (4%) and exon 4 mutations in 7 (4%) of
171 patients with a single mutation. There were codon 12
mutations in 76% of patients with exon 2 mutations. While 16
(80%) of 20 patients with multiple mutations had more than 1
mutation in exon 2, 3 patients (15%) had exon 2 and 3
comutations, and 1 patient (5%) had exon 2 and 4 comutations.
While 19 of 20 patients with multiple mutations had 2mutations,
1 patient had 3 mutations and all had codon 12 mutations. The 3
most common amino acid mutations in the single mutation group
were G12D (n: 51,30%), G12V (n: 38,22%), and G13D (n:
33,19%), and in the multiple mutation group (since there were
multiple mutations, the total number exceeds 100%) were G12V
(n: 8,40%), G12D (n: 8,40%) and G12C (n: 7,35%). In
comparisons of amino acid mutations, OS was 22.8 months in



Table 1

Baseline characteristics.

Single
mutation (n:171)

Multiple
mutations (n:20) P-value

Age, median (range) 56 (19–85) 58 (41–73) .5
<65 yr 120 (70%) 15 (75%)
≥65 yr 51 (30%) 5 (25%)

Sex .1
Male 90 (53%) 14 (70%)
Female 81 (47%) 6 (30%)

Smoking .08
No 110 (65%) 9 (45%)
Yes 61 (35%) 11 (55%)

Family story .2
No 134 (78%) 13 (65%)
Yes 37 (22%) 7 (35%)

ECOG performance status .9
0–1 124 (73%) 15 (75%)
2 47 (27%) 5 (25%)

BMI .8
<25 kg/m2 74 (43%) 9 (45%)
≥25 kg/m2 97 (57%) 11 (55%)

Tumor localization .5
Rectum 63 (37%) 6 (30%)
Left colon 60 (35%) 9 (45%)
Right colon 48 (28%) 5 (25%)

Differentiation .9
Well-moderate 146 (85%) 17 (85%)
Poor 25 (15%) 3 (15%)

Histology .8
Adenocarcinoma 150 (88%) 17 (85%)
Mucinous carcinoma 21 (12%) 3 (15%)

Metastasis status .9
Synchronous 114 (67%) 13 (65%)
Metachronous 57 (33%) 7 (35%)

Number of metastatic sites .01
Single 115 (67%) 19 (95%)
Multiple 56 (33%) 1 (5%)

Liver metastasis .2
Yes 116 (68%) 11 (55%)
No 55 (32%) 9 (45%)

Lung metastasis .2
Yes 45 (26%) 3 (15%)
No 126 (74%) 17 (85%)

Peritoneal metastasis .2
Yes 46 (27%) 3 (15%)
No 125 (73%) 17 (85%)

CEA; mg/dl, median (range) 23 (0.2–7143) 42 (0.5–1389) .9
<5 mg/dl 58 (34%) 7 (35%)
≥5 mg/dl 113 (66%) 13 (65%)

First-line chemotherapy regimen .8
Oxaliplatin-based regimen 111 (65%) 14 (68%)
Irinotecan-based regimen 60 (35%) 6 (32%)

Bevacizumab use in first-line .7
Yes 86 (50%) 11 (55%)
No 85 (50%) 9 (45%)

BMI=Body Mass Index, CEA=Carcinoembryonic antigen, ECOG=Eastern Cooperative Oncology
Group.
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patients with a G13D mutation, 30.6 months in patients with a
G12V mutation, 23.3 months in patients with a G12D mutation,
and 28.4months in patients with aG12Cmutation. There was no
significant difference in terms of OS in amino acid mutation
comparisons (G13D vs G12V P= .7, G13D vs G12D P= .8,
3

G13D vs G12C P= .8, G12V vs G12D P= .4, G12V vs G12C
P= .7, G12D vs G12C P= .7).
There was no statistical difference in terms of chemotherapy

regimens and bevacizumab usage rates in patients with single and
multiple mutations in the first step treatment. 65% of patients
with a single mutation and 68% of those with multiple mutations
received an oxaliplatin-based chemotherapy regimen in the first
step. Bevacizumab usage rates were 50% and 55%, respectively.
The median follow-up period of our study was 21.0 months

(3–95 months). There was no difference in objective response
between patients with single and multiple mutations (51% vs
48%, P= .7, respectively). The median PFS of all patients was 9.3
months (95% CI 8.1–10.5). The median PFS was significantly
longer for patients with multiple mutations than for patients with
a single mutation. Median PFS was 12.8 months for patients with
multiple mutations, while it was 8.8 months for patients with
single mutations (P= .05). Survival curves are given in Figure 1. In
the univariate analysis for PFS, we detected 5 more variables with
P� .1. In multivariate analysis for PFS, multiple mutations were
found to be an independent prognostic factor associated with
good prognosis (HR: 0.55, 95% CI 0.32–0.93, P= .02). Apart
from the number of mutations, ECOG performance score of 0 to
1, CEA<5mg/dl, metachronous metastasis and absence of lung
metastasis were independent positive prognostic factors. Univar-
iate and multivariate analysis results for PFS are given in Table 2.
The median OS of all patients was 24.7 months (95%CI 21.5–

27.8). Median OS was significantly longer in patients with
multiple mutations than patients with a single mutation. The
median OS in patients with multiple mutations was 40.7 months,
while it was 22.7 months for patients with single mutations
(P= .01). Survival curves are given in Figure 2. In the univariate
analysis for OS, we found 8 more variables with P� .1. In the
multivariate analysis for OS, it was observed that multiple
mutations were independent prognostic factors associated with a
good prognosis (HR: 0.41, 95% CI 0.21–0.82, P= .01). Except
for the number of mutations, ECOG performance score of 0 to 1
and CEA<5mg/dl were found to be positive prognostic factors
independent of OS. Single andmultivariate analysis results forOS
are given in Table 3.

4. Discussion

To our knowledge, this is the first study that has investigated the
prognostic significance of the number of KRAS mutations in
patients with mCRC. In this study, we found the incidence of
KRAS mutations to be 45% and this result was similar to other
studies in Turkey.[27,28] A single KRAS mutation was determined
in 90% of patients, of which 92% had a mutation in exon 2, 4%
in exon 3 and 4% in exon 4. 10% of patients had multiple KRAS
mutations. 76% of exon 2 mutations were codon 12 mutations.
Eighty percent of patients with multiple mutations had these
mutations in exon 2. Ergun et al showed that 47% of patients
with mCRC had a KRAS mutation, of which 92% had a
mutation in exon 2, 5% in exon 3, 5% in exon 4, and 12% in
multiple exons or codon locations.[27] In another study with 353
Chinese CRC patients, a KRAS mutation was detected in 52.7%
of patients and about 80.1% of KRAS mutant patients had
mutations in exon 2, 4.3% in exon 3 and 15.5% in exon 4.[29] In
the same study, among exon 2 mutations, most of the patients
had single mutations in codon 12.[29] Different results between
studies may be related to ethnic and environmental factors.

http://www.md-journal.com


Figure 1. Kaplan-Meier curves for progression-free survival.

Table 2

Univariate and multivariate analysis for progression-free survival.
Univariate analysis Multivariate analysis

Variable Median PFS (months) P-value HR (95% CI) P-value

Age (yr) 9.4 vs 8.8 0.7
<65 vs ≥65
Sex 8.6 vs 9.2 0.5
Female vs Male

ECOG performance status 9.9 vs 6.3 0.01 0.68 (0.47–0.98) 0.04
0–1 vs 2

BMI (kg/m2) 9.5 vs 9.4 0.9
≥25 vs <25

Tumor localization 9.3 vs 9.2 0.9
Left vs Right

Histologycal subtype 9.6 vs 8.9 0.4
Adenocarcinoma vs Mucinous

Differantiation 9.9 vs 8.8 0.6
Well-moderate vs poor

Mutation number 8.8 vs 12.8 0.05 0.55 (0.32–0.93) 0.02
Single vs Multiple

CEA (mg/dl) 11.0 vs 8.0 0.001 0.59 (0.42–0.85) 0.004
<5 vs.≥5
Metastasis status 11.6 vs 7.8 0.01 0.54 (0.37–0.77) 0.001
Metachronous vs. Synchronous

Number of metastatic sites 9.6 vs 8.6 0.1 1.06 (0.71–1.58) 0.7
Single vs Multiple

Liver metastasis 8.8 vs 10.1 0.2
Yes vs No

Lung metastasis 8.6 vs 9.4 0.1 0.65 (0.43–0.98) 0.04
Yes vs No

Peritoneal metastasis 8.6 vs 9.7 0.5
Yes vs No

First-line regimen 9.3 vs 8.5 0.5
Oxaliplatin vs irinotecan

Use of anti-VEGF 9.4 vs 9.2 0.4
Yes vs No

PFS=Progression-free survival, ECOG=Eastern Cooperative Oncology Group, BMI=Body mass index, CEA=Carcinoembryonic Antigen.
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Figure 2. Kaplan-Meier curves for overall survival.
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Some of the previous studies have shown that the presence of a
KRAS mutation is associated with poor prognosis while others
showed no effect on prognosis.[20,30] In the mentioned studies,
patients with and without KRAS mutation were compared. In
this study, we examined the relationship between the number of
mutations and prognosis in KRAS mutant mCRC patients. The
median PFS and OS values were statistically higher in patients
with multiple mutations (8.8 vs 12.8 months, respectively) than
those with a single mutation (22.7 vs 40.7 months, respectively).
In analysis for PFS and OS, the presence of multiple mutations
was evaluated as an independent prognostic factor associated
with good cancer prognosis. To the best of our knowledge, in the
literature, we could not find any study investigating the
relationship between mutation count and survival in patients
with KRAS mutant CRC.
The multicenter RASCAL study[17] investigated the prognostic

significance of codon 12 and codon 13 mutations of exon 2, and
found that only codon 12 mutations were independently
associated with an increased risk of recurrence and death.
Another study showed that KRAS exon 3 mutations may provide
less aggressive biological behavior, because an exon 3 mutation
was found to be associated with a lower TNM stage and a
smaller/less invasive tumor.[29] In this study, KRAS mutant
patients were evaluated among themselves. In 80% of patients
with multiple mutations, in addition to the codon 12 mutation,
there were different mutations in exon 2. Twenty percent of our
5

patients withmultiple mutations had exon 3 or exon 4mutations.
The presence of more than 1 mutation may suppress the poor
prognostic effect of a single mutation. In addition, exon 3 and
exon 4 mutations may be less aggressive than exon 2 mutations.
In a meta-analysis of 5 large studies, G12C and G13D

mutations were reported to be associated with the worse OS.[18]

In another study, no difference was found between G12V, G12D,
and G13D mutations in terms of PFS and OS.[27] We cannot
currently explain whether the number of multiple mutations is
associated with good prognosis because spot mutations silence or
activate each other, or if some specific amino acid mutations
(such as G13D) are related to a worse prognosis.
Although there is no data on the prognostic significance of the

number of mutations in colon cancer, our findings can suggest
differences in tumor biology between single mutation and
multiple mutations in terms of tumor aggressiveness and
treatment sensitivity that might be interfered with by different
point of mutations in the KRAS gene.
This study had some limitations. The number of patients was

relatively small, and since a treatment comparison could not be
made, we could not analyze the predictive effect of multiple
mutations. In order to avoid confounding bias that may be caused
by mutations in the NRAS gene, we included only patients with
KRAS gene mutations. However, being the first study on this
subject and evaluating 15 different variables are the strengths of
our study.

http://www.md-journal.com


Table 3

Univariate and multivariate analysis for overall survival.

Univariate analysis Multivariate analysis

Variable Median OS (months) P-value HR (95% CI) P-value

Age (yr) 27.0 vs 22.5 0.06 0.71 (0.48–1.05) 0.09
<65 vs ≥65
Sex 24.0 vs 25.0 0.8
Female vs Male

ECOG performance status 28.4 vs 12.6 <0.001 0.30 (0.20–0.46) <0.001
0–1 vs 2

BMI (kg/m2) 27.5 vs 24.6 0.8
≥25 vs <25

Tumor localization 25.0 vs 24.0 0.5
Left vs Right

Histologycal subtype 24.8 vs 24.0 0.7
Adenocarcinoma vs. Mucinous

Differantiation 27.0 vs 13.2 0.2
Well-moderate vs poor

Mutation number 22.7 vs 40.7 0.01 0.41 (0.21–0.82) 0.01
Single vs Multiple

CEA (mg/dl) 38.7 vs 21.4 <0.001 0.33 (0.21–0.50) <0.001
<5 vs ≥5
Metastasis status 28.4 vs 22.5 0.08 1.44 (0.94–2.20) 0.9
Metachronous vs. Synchronous
Number of metastatic sites 26.2 vs 21.2 0.04 0.78 (0.41–1.48) 0.4
Single vs Multiple
Liver metastasis 21.6 vs 29.8 0.03 0.88 (0.51–1.50) 0.6
Yes vs No
Lung metastasis 21.9 vs 25.0 0.09 0.84 (0.46–1.55) 0.6
Yes vs No
Peritoneal metastasis 22.6 vs 30.2 0.05 0.67 (0.35–1.27) 0.2
Yes vs No
First-line regimen 28.4 vs 21.7 0.2
Oxaliplatin vs irinotecan
Use of anti-VEGF 25.0 vs 22.5 0.4
Yes vs No

BMI=body mass index, CEA= carcinoembryonic antigen, ECOG=Eastern Cooperative Oncology Group, OS=overall survival.

Ucar et al. Medicine (2020) 99:39 Medicine
In summary, we found that the presence of multiple mutations
in KRAS mutant patients was associated with better OS and
PFS than the presence of a single mutation. More mechanistic
studies with larger patient numbers are needed to support our
hypotheses.
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