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Abstract Received: 29/10/25
Colorectal cancer (CRC) remains a major public health issue. The identification of markers that affect CRC  Accepted: 27/01/26
prognosis is of great importance. KRAS mutations play a crucial role in carcinogenesis with a powerful — Published: 07/02/26
predictive value. The present study investigated the associations of KRAS mutation status with

clinicopathological variables and survival outcomes in Libyan patients with CRC. The clinicopathological

variables of 168 patients with CRC diagnosed at the National Cancer Institute in Misurata, Libya, between

2010 and 2018 were retrospectively investigated. Tumour tissue samples were analyzed at Biomnis, Lyon, — Copyright: Author (s)
France (LCD-Array kit). The results were categorized into two groups: KRAS wild-type (KRAS WT) and  2026. Distributed under
KRAS mutant-type (KRAS MT). The relationships between KRAS mutation status and clinicopathologic =~ Creative Commons CC-BY
variables and survival outcomes were analyzed using the Kaplan-Meier method, log-rank test, and Cox 4.0

regression test. KRAS wild-type (WT) was detected in 52.4% of patients, while KRAS mutant-type (MT)

was found in 47.6. KRAS MT was significantly associated with more indicators of a malignant phenotype,

including high-grade tumour, large tumour size, positive lymph nodes, advanced stage, distant metastasis,

surgically unresectable tumour, and high carcinoembryonic antigen (CEA) expression. Regarding survival,

patients with KRAS MT had shorter overall survival rates (P < 0.0001, log-rank) and lower disease-free

survival rates (p=0.001, log-rank). Multivariate analysis showed that KRAS MT (P<0.0001), advanced

stage (P<0.0001), and high CEA expression (P=0.018) were independent predictors of poor prognosis.

Tumours with KRAS MT were found in 47.6% of primary CRC in Libyans. Patients with KRAS MT were

significantly associated with a high grade of malignancy, with poorer prognosis, and with an increased rate

of recurrence.
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Introduction

Worldwide, Colorectal cancer (CRC) is the third most frequent cancer and the second in mortality rate [1]. In 2020, two
million new cases and one million deaths were attributed to CRC, according to the International Agency for Research
on Cancer (IARC). Standard treatments for CRC may include a combination of surgery, radiotherapy, chemotherapy,
immunotherapy, and targeted therapy [2]. The outcomes varied significantly between the patients, and survival rates
ranged from 5% to 90% depending on disease stage and other variables [3]. In a metastasis setting, cancer is usually not
curable, with management being directed towards improving quality of life and symptoms [2]. However, several
oncological guidelines suggest advanced treatment strategies such as cytoreductive surgery (CRS) with or without
hyperthermic intraperitoneal chemotherapy (HIPEC) as a valuable option for improving disease control in selected
patients [4]. Nevertheless, the risk of recurrence remains high, and further therapeutic strategies are needed [5]. CRC
is a group of heterogeneous diseases with different genetic and biological behaviours that explain diverse tumour
characteristics and prognosis [6].

Recently, biological molecular markers (KRAS, BRAF, microsatellite instability markers) have been evaluated to
improve prognostic stratification and personalized therapy of metastatic CRC [7]. The Kristen rat Sarcoma (KRAS) gene
is the most common proto-oncogene mutated in human cancers [8]. KRAS is an effector molecule that makes the signal
transduction from ligand-bound epidermal growth factor receptor (EGFR) to the nucleus [9]. KRAS has intrinsic GTPase
activity, and it binds to GTP to activate downstream pathways, such as RAS/RAF/MAPK and PI3K/AKT pathways, to
promote cell proliferation [10]. In healthy cells, the GTPase-activating proteins would enhance the GTPase activity of
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KRAS and transform the status of GTP-bound KRAS into a status of GDP-bound KRAS, terminating the downstream
signaling. However, KRAS mutation impairs the GAP binding to KRAS and leads to a continuous GTP-bound KRAS
status to promote the proliferation-related pathways and carcinogenesis [11]. The mutation of KRAS impaired the
efficacy of EGFR-targeted therapy [9]. KRAS mutations have been found in 30-40% of CRC patients, with most cases in
codons 12 and 13 [12]. So, the KRAS testing is recommended for CRC patients who would receive anti-EGFR therapy.
The anti-EGFR therapy is limited to KRAS wild-type (WT) CRC patients [13]. Although KRAS mutation status is an
important predictive marker, its prognostic significance remains controversial. Some studies showed that KRAS mutant
type (MT) patients had worse progression-free survival and/or overall survival than KRAS WT patients [14-15 and 16].
Moreover, Tanaka et al. observed that KRAS mutation was an independent factor associated with prognosis in a
multivariate analysis [17]. While other studies found no association between KRAS mutation status and survival
outcomes [18 and 19]. The aims of the study were to evaluate the association between KRAS mutation status and
survival outcomes of Libyan patients with CRC.

Patients And Methods

Study population

The study group consisted of 168 patients with CRC diagnosed between 2010 and 2018 at the National Cancer Institute
in Misurata, Libya. Tumour samples were obtained during surgery or biopsies. Tumour tissue samples were embedded
in paraffin and analyzed at Biomnis, Lyon, France (LCD-Array kit) [20]. The LCD-Array kit was used for the detection
of p.G12S, p.G12R, p.G12C, p.G12D, p.G12A, p.G12V, p.G13D, p.G13R, and p.G13C mutations within codons 12 and 13
of KRAS exon 2. The results of KRAS mutation status were categorized into two groups: KRAS wild-type (KRAS WT)
and KRAS mutant-type (KRAS MT). Complete demographic and clinicopathological data included age, gender, family
history, Tumour location and size, lymph node status, stage, histological type and grade, serum levels of
carcinoembryonic antigen (CEA), type of treatment, and follow-up data. These data were obtained from the patients'
records and are summarized in (Table I). The mean age of the patients was 49.31 years (range, 22-74 years). (Figure 1).
Tumour staging of CRC was evaluated according to the American Joint Committee on Cancer (AJCC), TNM
classification [21]. Pan-colonoscopy and radiological staging by Computed Tomography (CT) and/or Magnetic
Resonance Imaging (MRI) was performed in all patients to assess tumour extension. The extent of the tumour (local and
distant) at the time of diagnosis and/or follow-up was confirmed by imaging [CT, MRI, or Positron Emission
Tomography (PET)]. Blood samples from the patients were analyzed for CEA levels before treatment by
electrochemiluminescence immunoassay (double antibody sandwich ELISA). A CEA level equal to or more than 5
ng/ml was considered high expression [22].

Treatment and follow-up

Nearly 71 patients were treated by radical surgery, while palliative surgery was performed in fifty-seven patients, and
no surgery was performed in 36 patients who had metastases at the time of diagnosis. However, Colonoscopy and/or
sigmoidoscopy with biopsy were performed in these patients for histopathological diagnosis. In the National Cancer
Institute in Misurata, the following guidelines were established: Adjuvant combined chemotherapy based on FOLFOX
(folinic acid, fluorouracil, and oxaliplatin) and/or XELOX (oxaliplatin and capecitabine) was given to 72 patients, while
81 patients received palliative combined chemotherapy based on FOLFIRI (folinic acid, fluorouracil, and irinotecan)
with or without bevacizumab. In addition, 11 patients were not eligible for chemotherapy, so these patients did not
receive chemotherapy. Concurrent chemoradiotherapy was given to rectal cancer patients (n=19). Anti- epidermal
growth factor receptor therapy (cetuximab and/or panitumumab) was given to 37 KRAS WT CRC patients. Follow-up
of patients was carried out every 3 months for 2 years, 6 months for 5 years, and thereafter every 1 year. Disease
recurrence (local and distant) was confirmed by colonoscopy and imaging (CT, MRI, or PET) performed when clinical
symptoms suggestive of disease recurrence were present. Patient outcomes were considered as follows: overall survival
(OS), duration between the date of pathological diagnosis and the date of death and/or to the date of the end follow up
period; disease-free survival (DFS), duration between the date of pathological diagnosis and the date of diagnosis of
recurrence (local and/or distant) or death. Patients were followed up until death or to the end of the observation period
(until December 2023). The median follow-up duration was 36 months (range, 20-115 months). At the end of follow up
period, 129 patients (78.7%) had died of CRC.
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Table 1. Association of sociodemographic and clinicopathological variables with KRAS mutation status (KRAS

WT vs. KRAS MT)

KRAS WT group
Variables (n=86). KRAS MT group (n=78) p value
Number % Number %
<50 39 52.0 36 48.0
Age/years 0.521
>50 47 52.8 42 47.2
Male 52 62.7 31 37.3
Gend 0.006
neer Female 34 42.0 47 58.0
Positive 3 75.0 1 25.0
Family hi .34
amily fustory Negative 83 51.9 77 48.1 0348
Right 24 42.1 33 57.9
Site of tumour Left 29 58.0 21 42.0 0.153
Rectum 33 57.9 24 42.1
Adenocarcinoma 74 51.4 70 48.6
Histol 0.316
stology type Other types 12 60.0 8 40.0
1 10 83.3 2 16.7
Histology grade 2 48 55.2 39 44.8 0.022
3 28 43.1 37 56.9
T1 1 100.0 0 0.0
T2 80.0 1 20.0
T T3 45 66.2 23 33.8 0.008
T4 11 37.9 18 62.1
Tx 25 41.0 36 59.0
NO 21 84.0 4 16.0
N1 15 60.0 10 40.0
N N2 24 46.2 28 53.8 0.002
Nx 26 41.9 36 58.1
MO 46 64.8 25 35.2
M M1 40 43.0 53 57.0 0.004
Early (stage 1 and 2) 17 85.0 3 15.0
St 0.001
age Late (stage 3 and 4) 69 47.9 75 52.1
CEA <5 25 71.4 10 28.6 0.009
25 61 47.3 68 52.7
Radical 46 64.8 25 35.2
Surgical treatment Palliative 22 38.6 35 61.4 0.012
No 18 50.0 18 50.0
Adjuvant 47 65.3 25 34.7
Systemic therapy Palliative 35 43.2 46 56.8 0.012
No 4 36.4 7 63.6
Concurrent Yes 11 57.9 8 42.1
i 0.398
chemoradiotherapy No 75 51.7 70 48.3
. Yes 37 100.0 0 0.0%
Anti-EGFR therapy No 9 386 78 614 <0.0001

CEA: carcinoembryonic antigen, EGFR: epidermal growth factor receptor
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Figure 1. Age distribution of 168 patients with colorectal cancer in Libya (2010-2018)

Statistical analysis

The variables of the material were grouped into logical classes, and descriptive statistics were calculated for the
continuous variables using SPSS 26.0 for Windows (SPSS, Inc., Chicago, USA). Frequency tables were analysed using
the Chi-square test, with likelihood ratio (LR), to assess the significance of the correlation between the categorical
variables. For survival analysis, Kaplan- Meier curves were plotted, and differences between the curves were analyzed
using the log-rank test. Multivariate survival analysis for the outcome measure [overall survival (OS) and disease-free
survival (DFS)] was carried out using Cox's proportional hazards model in a backward stepwise manner with the log-
likelihood ratio (L-R) significance test, using the default values for enter and exclusion criteria. The assumption of
proportional hazards was controlled by log-minus-log (LML) survival plots. In all tests, the values P < 0.05 were
regarded as statistically significant.

Results

Study information

As shown in (Figure 2), A total of 168 CRC patients were included in this study; KRAS MT occurred in 78 patients
(47.6%) out of the 168 analyzed. The mean age in all the patients was 49.31 years (range, 22-77 years), (Figure 1). There
was no statistically significant difference in terms of age distribution between the two groups (p > 0.05), (Table 1).
Significant differences were found between KRAS WT and KRAS MT patients among variables of gender, histology
grade, tumour size, lymph nodes involvement, tumour stage, CEA expression, and surgical resectability (p < 0.05),
(Table 1). Moreover, compared with KRAS WT, the KRAS MT was significantly associated with female patients
(p=0.006), with poorly differentiated tumours (P=0.022), with large tumour size (P=0.008), with positive lymph nodes
(P=0.002), with advanced stage (P=0.001), with distant metastasis (P=0.004), with surgically unresectable tumour
(P=0.012) and with high expression of CEA (P=0.009) (Table 1).

KRAS WT, KRAS MT, and survival outcome

Univariate survival analysis (survival rates) with (KRAS WT vs. KRAS MT) is shown in (Table 2). The survival rate was
33.7% in patients with KRAS WT and 7.7% in patients with KRAS MT (p<0.0001). Kaplan-Meier survival curves showed
that shorter survival was associated with KRAS MT (P<0.0001, long rank), (Figure 3). On the other hand, patients with
KRAS WT were associated with a lower recurrence rate and therefore had longer disease-free survival (P=0.001, long
rank), (Figure 4).
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Figure 2. KRAS mutation status (KRAS WT vs. KRAS MT) in Libyan patients with colorectal cancer
(n=168)

Table 2. Univariate survival according to analysis of KRAS mutation status (KRAS WT vs. KRAS MT) in Libyan
patients with colorectal cancer (n=168)

Survival analysis
Variables Median time Mean time Survival rate
(months) (months) (present) p-value
Overall survival
All patients 36.04 40.90 21.3
KRAS WT group 41.67 ) 47.86 33.7
KRAS MT group 33.00 | 33.23 7.7 <0.0001
Disease-free survival
All patients 8.85 18.26 18.9
KRAS WT group 12.89 26.22 26.7
KRAS MT group 5.09 9.49 10.3 0.001

Multivariate Cox analysis

Multivariate survival analysis with KRAS WT and KRAS MT is shown in (Table 3). To assess the role of KRAS mutation
status as an independent predictor of OS and DFS, a multivariate Cox regression model was used containing the
following prognostic predictors: age, gender, tumour site, histological type, stage, and CEA expression. Multivariate
analysis confirmed that KRAS MT was an independent factor for poor prognosis (p< 0.0001), which was also
independently predicted by stage (p<0.0001), and high expression of CEA (P=0.018).
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Figure 3. Overall survival curves between KRAS WT and KRAS MT. Kaplan-Meier survival analysis shows a
significant statistical difference in 5-year survival between two group
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Figure 4. Disease free survival curves between KRAS WT and KRAS MT. Kaplan-Meier survival analysis shows
KRAS WT group had the best DFS with statistically significant

Table 3. Multivariate analysis (Cox proportional hazard model) of prognostic factors for 168 patients with colorectal

cancer
Variables Overall survival model Disease-free survival model
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value

Age (<50 years / 250 years) 0.804 (0.564-1.146) 0.227 0.842 (0.594-1.193) 0.333
Gender (male/female) 1.227  (0.852- 1.768) 0.275 1.064 (0.742- 1.526) 0.734
Tumour site (colon/rectum) 0913  (0.621-1.341) 0.641 0.945  (0.653-1.368) 0.765
Histology type (adenocarcinoma /others) 1.180  (0.677-2.056) 0.559 0.962  (0.548-1.689) 0.892
Clinical Stage (I+11/111+1V) 6.118 (2.415-15.493) | <0.0001 | 32.685 (4.498-237.499) 0.001
CEA (high expression / low expression) 1.796  (1.103-2.925) 0.018 1.607  (0.990-2.608) 0.055
KRAS WT | KRAS MT 2119  (1.450- 3.098) <0.0001 1.185 (0.826-1.700) 0.357
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Discussion

The presence of KRAS mutations in CRC carries significant clinical implications. KRAS mutations are detected in about
40% of CRC patients; these mutations promote persistent activation of oncogenic pathways such as MAPK/ERK and
PI3K/AKT, contributing to carcinogenesis, poor prognosis, and reduced responsiveness to anti-EGFR therapies [23 and
24]. KRAS mutations have been proven as important predictive markers, but their prognostic significance is under
evaluation [25 and 26]. The worst prognosis of KRAS-mutated CRC has been shown in several studies [27-29]. In this
study, we evaluate the association between KRAS mutation status and survival outcomes of Libyan patients with CRC.
168 patients with CRC diagnosed between 2010 and 2018 at the National Cancer Institute in Misurata, Libya were
retrospectively analyzed. Out of 168, CRC KRAS MT was detected in 78 patients (47.6%). The frequency of KRAS MT in
our study was higher than published Western data [30 and 31]. However, Libyan patients with CRC were associated
with a high grade of malignancy and lower survival rates than Western patients with CRC [32]. These variations may
be due to genetic and/or biological differences. Schneider et al suggested that CRC is a group of heterogeneous diseases
with different genetic and biological behaviour that explain diverse tumour characteristics and outcomes [33]. CRC was
considered a disease of the elderly. Anyhow, the incidence of early-onset CRC has markedly increased in several
countries over the past decade, mainly in European and Western countries [34]. Age was observed as a risk and
prognostic factor of CRC patients [ 35].

CRC patients under 50 years of age had a higher rate of recurrence and shorter survival time than older patients 250
years. [36]. Moreover, older KRAS MT patients might have better outcomes than younger patients [37]. In this study,
the mean age in all the patients was 49.31 years, and there was no statistically significant difference in terms of age
distribution between the two groups (p <0.05). These results are in agreement with other published data [38]. The
present study showed that the highly aggressive malignant phenotype of KRAS MT is manifested by poorly
differentiated tumours, large tumour size, positive lymph nodes, advanced stage, distant metastasis, and unresectable
tumour. This observation was in agreement with others. Dongjun et al. reported that compared with KRAS WT patients,
the KRAS MT patients had more high-grade tumours, larger tumour size, more positive lymph nodes, more advanced
stages, more distant metastasis, and less radical surgical intervention [38]. Significant differences were detected between
the KRAS mutation status and the initial serum CEA levels. Patients with KRAS MT had higher initial CEA levels
compared to patients with KRAS WT, as observed by Fatih et al. [39].

Our study confirms these results, and we showed that the KRAS MT was significantly associated with high expression
of CEA (P=0.009). The most important finding of the present study was undoubtedly the significant correlation of KRAS
mutation status and disease progression, especially overall survival and disease-free survival. The median follow-up
time of the cohort study was 36 months, and ~79% of patients had died of CRC at the end of the follow-up period.
Patients with KRAS WT had a lower recurrence rate and lived longer than their counterparts with KRAS MT. Analysis
using Kaplan-Meier curves also showed that short survival was more common in the group with KRAS MT, while the
group with KRAS WT had longer disease-free survival (P<0.0001 and P=0.001, respectively). This was a single-
institution retrospective study, with a small sample size, and only a single source of previously used data was available
for assessment. An extended multinational study with a larger cohort is needed to confirm these results. In conclusion,
tumours with KRAS MT were found in 47.6% of primary CRC in Libyans. Significantly, patients with KRAS MT were
associated with a high grade of malignancy, with poorer prognosis (P<0.0001), and with an increased rate of recurrence.
On the other hand, patients who had tumours with KRAS WT had a favorable prognosis and a low risk of recurrence
(P=0.001).
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