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Introduction: Colorectal cancer is recognized as the third most common malignant neoplasm worldwide. In Ecuador, it ranks fourth
in incidence and third in mortality. The KRAS gene mutation has been associated with a poorer prognosis due to its contribution to
resistance against anti-EGFR monoclonal antibody therapies. The aim of this study was to determine the prevalence and clinical
characteristics associated with the KRAS gene mutation in Ecuadorian patients with colorectal cancer.

Methods: A retrospective cross-sectional study was conducted, including patients diagnosed with colorectal cancer between 2018 and
2022 at a specialized cancer center, and the KRAS gene mutation status was evaluated. The relationship between KRAS mutation
status and clinicopathological characteristics was analyzed.

Results: A total of 152 patients were included in the study. Of these, 52% were women, with a mean age of 62.01 years, and 78.3%
were over 50 years old. The prevalence of the KRAS mutation was found to be 44.7%. The most frequent cancer stage was IV
A (18.4%), and the majority of primary tumors were located in the rectum (34.9%). An association between KRAS mutation status and
the location of the primary tumor was identified (p=0.030). However, no association was observed between mutation status and other
sociodemographic or clinical variables.

Conclusion: Approximately 4 out of 10 Ecuadorian patients with colorectal cancer were found to have the KRAS gene mutation. This
mutation was associated with tumor location, particularly in the descending colon. However, no associations were identified with other
sociodemographic or clinical variables.

Keywords: colorectal neoplasms, human KRAS protein, prevalence, patient outcome assessment, ecuador

Introduction

Colorectal cancer (CRC) is recognized as one of the most common malignant neoplasms worldwide, with approximately
1.4 million new cases diagnosed annually, representing the second leading cause of cancer-related mortality globally.'~
In Ecuador, according to data collected by the Global Cancer Observatory (GLOBOCAN), this type of cancer ranked
fourth in incidence and third in mortality in 2022.% Therefore, CRC is considered a disease of public health interest both
globally and within Ecuador.

Given its epidemiology, CRC imposes a significant disease burden on the Ecuadorian population. Beyond the study of
traditional risk factors in community health, recent interest has emerged in exploring its genetic and epigenetic complex-
ity, alongside the potential development of technology and innovation aimed at personalized medicine to enhance
therapeutic sensitivity and reduce mortality.

In the study of CRC, particular attention has been given to the KRAS oncogene (Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog), which is commonly altered in various human neoplasms, including CRC. Mutations in KRAS activate
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critical cellular signaling pathways and have been associated with resistance to targeted therapies, such as monoclonal
antibodies that inhibit the Epidermal Growth Factor Receptor (EGFR),** widely used in the treatment of CRC.

Mutations in the KRAS gene have been identified in over 35% of CRC cases.” These mutations are pivotal in
predicting tumor response to specific treatments, particularly EGFR inhibitors.” The identification of specific KRAS
mutations, such as G12V, has shown relevance in disease prognosis, as associations between such mutations and certain
clinical characteristics, including tumor location or progression, improve precision in clinical and surgical management.”
However, despite the clinical significance, no published data exist on the prevalence of KRAS mutations in the
Ecuadorian population with CRC. The absence of this information limits understanding of the genetic characteristics
of this disease in Ecuador and its potential therapeutic relevance for personalized decision-making in clinical oncology.

Based on this context, the aim of this study was to determine the prevalence and clinical characteristics associated
with the KRAS gene mutation in Ecuadorian patients with CRC.

This study was reported according to STROBE guidelines.’

Methods

Study Design and Patient Selection

A retrospective cross-sectional study was conducted, including patients diagnosed with CRC who received care at
a tertiary cancer-specialized center from 2018 to 2022. This private center forms part of the complementary health
network in Ecuador and provides oncology services encompassing prevention, diagnosis, treatment, and palliative care to
populations from the southern provinces of the country.

The study population consisted of all patients diagnosed with CRC at the specialized cancer center who underwent KRAS
mutation testing. Patients meeting the following criteria were included: 1) those diagnosed with colorectal cancer and 2) those
who underwent genetic testing for KRAS gene mutation. Patients were excluded if they met any of the following criteria: 1)
unavailability of medical records for review in the anonymized database, 2) incomplete data records, or 3) prior surgical
treatment for CRC at healthcare facilities other than the reference center, resulting in the absence of KRAS mutation test
results within the institution.

Variables
The variables analyzed included sociodemographic factors (age, sex, place of origin, and residence), genetic factors
(KRAS mutation), and clinical factors (tumor stage and location).

The analysis of the KRAS mutation considered only its presence or absence, as identified using real-time polymerase
chain reaction (PCR) techniques.” KRAS testing was ordered as part of routine molecular profiling for patients with
histologically confirmed CRC, particularly in advanced or metastatic cases.

KRAS genotyping was performed on formalin-fixed, paraffin-embedded tumor tissue using a real-time PCR allelic
discrimination assay. The assay targeted hotspot mutations in codons 12 and 13 of exon 2, following the manufacturer’s
instructions. Positive and negative controls were included in each run, and all samples were processed in duplicate. Assay
sensitivity was >1% mutant allele in a wild-type background, and specificity exceeded 99% according to the manufac-
turer’s validation data.

Tumor staging and location were determined based on the TNM staging system documented in the medical records
and the anatomical division of the colon into its respective segments, including the rectum.®® Tumor staging was
classified according to the TNM 8™ edition and confirmed by attending oncologists. Anatomical tumor location was
assigned according to surgical or pathology reports, with final classification reviewed by a certified pathologist.

Data Sources

Data extraction from anonymized clinical records was performed independently by two trained researchers. Missing data
were flagged, and a predefined protocol was applied to resolve inconsistencies or exclude incomplete records. The
variables of interest were documented in a Microsoft Excel database. Access to the clinical records was conducted in
person by the researchers under the supervision of a hospital-appointed mentor.
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Quantitative Variables

Whether the variables followed the normal distribution was evaluated using the Kolmogorov—Smirnov test. Measures of
central tendency, such as the mean or median, were calculated depending on whether the variables were symmetric or
asymmetric. Measures of dispersion, such as the standard deviation and the interquartile range, were also calculated.

Statistical Analysis

A descriptive analysis was performed, which included the mean and standard deviation for the quantitative variable (age)
and absolute frequencies and percentages for the qualitative variables (sex, place of origin, residence, KRAS mutation,
tumor stage, and tumor location). The quantitative variable (age) was categorized and also analyzed as a qualitative
variable as described. The results were presented in frequency distribution tables. Group prevalence was compared with
the population parameter using the chi-square goodness-of-fit test.

A bivariate analysis was subsequently conducted, applying the chi-square test and Fisher’s exact test for qualitative
variables, considering a p-value of less than 0.05 as statistically significant. For the quantitative variable (age), a one-way
ANOVA test was applied. Finally, a multivariate analysis was performed using binary logistic regression, with the KRAS
mutation as the dependent variable. The multivariate model included age, sex, and clinical stage as covariates, given their
clinical relevance. Adjusting for these variables reduced residual confounding and revealed a significant association
between descending colon location and KRAS mutation status.

For patients with multiple simultaneous tumor sites, the primary site recorded in the medical chart at initial diagnosis
was used for regression analyses. Additional tumor sites were summarized descriptively but were not treated as
independent entries.

Data analysis was carried out using IBM-SPSS statistical software (IBM Corp. Released 2023. IBM SPSS Statistics
for Windows, Version 29.0.2.0, Armonk, NY: IBM Corp).

Ethical Statements

This study was executed in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. The
ethics committee exempted the collection of informed consent, due to the retrospective nature of the study and the
minimal risk. The Ethics Committee of the Faculty of Medical Sciences at the Universidad de Cuenca, under registration
number 2023-078EO-M, approved this study through official letter No. CEISH-UC-2023-527.

Results

A total of 152 patients were included in the study following the application of inclusion and exclusion criteria (Figure 1).
The mean age of the patients was 62.01 + 16.49 years, with the youngest being 18 years old and the oldest 92 years old.
Most cases involved patients over the age of 50 (78.3%). The sex distribution was balanced, with 52% (n=79) of patients
being women and 48% being men. The majority of patients reported Azuay as their province of origin (63.2%) and
residence (70.4%), followed by the provinces of Cafiar and El Oro (Table 1).

The clinical-pathological stage of the tumor was most frequently classified as stage IV A (18.4%, n=28), while stage 0
was the least frequent (n=1) (Table 2). Among the total population (n=152), 16 individuals exhibited more than one
tumor site, resulting in 170 recorded tumor locations. Tumors in the rectum were identified in 34.9% of patients, making
it the most common site, followed by tumors in the sigmoid colon, which were observed in 30.3% of patients. The least
common tumor site was the descending colon, identified in 5.3% of cases (Table 3).

KRAS mutations were identified in 68 of 152 patients, corresponding to a prevalence of 44.7%. Using a reference
prevalence of 41.4% for KRAS mutations in CRC patients reported in the literature for South America,’ a chi-square
goodness-of-fit test was performed to compare this population parameter with the group prevalence observed in this
study (44.7%). The test yielded a p-value of 0.404. Therefore, the prevalence of KRAS mutations in this group of
patients from Ecuador does not differ significantly from that reported for South America.

A one-way ANOVA was conducted to assess the association between the quantitative variable age and KRAS
mutation status as the dependent variable. The analysis resulted in an F-value of 0.954 and a p-value of 0.572, indicating
no statistically significant relationship between age and the presence of KRAS mutations in this patient group (Table 4).
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465 patients diagnosed
with CRC

302 patients without
KRAS genetic testing

11 patients with
incomplete medical
records

152 patients included

Figure | Patient selection and inclusion flowchart.
Abbreviation: CRC, Colorectal Cancer.

When age was categorized, a higher frequency of KRAS mutations was observed among patients over 50 years old,
accounting for 80.9% of all cases with the mutation. In this group, the prevalence of mutations was 46.2%, compared to
39.4% in patients aged 50 years or younger. However, this difference did not reach statistical significance (Table 4).
Among patients with KRAS mutations, 41 were women (60.3%), and 27 were men (39.7%). A chi-square test was
performed to explore the association between sex and the presence of KRAS mutations, yielding a two-tailed p-value of

Table | Sample Sociodemographic
Characteristics (N=152)

Variable n %
Age
Over 50 years 119 | 783
50 years or younger | 33 | 21.7
Gender
Female 79 52
Male 73 48
Place of origin
Azuay 96 | 63.2
Canar 22 | 145
El Oro 9 59
Loja 7 4.6
Chimborazo 6 39
Other regions 12 79
(Continued)
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Table 1 (Continued).

Variable n %

Place of residence

Azuay 107 | 704
Cafiar 20 | 132
El Oro 10 | 66
Other regions 15 9.8

Table 2 Clinical-Pathological
Stage of Tumors in Patients
with CRC (N=152)

Tumor Stage | n %
0 | 0.7
| 18 | I1.8
A 17 1 11.2
B 25 | 164
Ic 6 | 39
A 5| 33
B 13| 86
nc 17 1 11.2
VA 28 | 184
VB 10 | 6.6
IvC 121 79

Table 3 Anatomical
Patients with CRC (N=170)

Tumor Location in

Tumor Location | n % Patients (%)
(n=152)
Cecum 19 | 112 12.5
Ascending colon 33 | 194 21.7
Transverse colon I | 65 72
Descending colon 8 | 47 5.3
Sigmoid colon 46 | 27.1 303
Rectum 53 | 31.2 349

0.065, aligned with the hypothesis that sought associations in either direction. This result suggests no statistically significant

differences in KRAS mutation prevalence between men and women in the analyzed sample. However, a chi-square test

produced a p-value of 0.046, indicating a statistically significant higher frequency of KRAS mutations in women.
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Table 4 Association Between Sociodemographic and Clinical Characteristics and KRAS
Gene Status in Patients with CRC (N=152)

Variable n (%) p-value

Mutation Present (n=68) | Mutation Absent (n=84)

Age

Over 50 years 55 (80.9) 64 (76.2) 0.485
50 years or younger 13 (19.1) 20 (23.8)

Gender

Female 41 (60.3) 38 (45.2) 0.065
Male 27 (39.7) 46 (54.8)

Tumor stage

0 0 1(12) 0.590
| 7 (103) 1 (13.1)
A 6 (88) 1 (13.1)
B 1 (16.2) 14 (16.7)
Inc 3 (44) 3 (3.6)
A 3 (4.4) 2 (24)
ne 8 (11.8) 5 (6.0)
nc 6 (88) 1 (13.1)
VA 15 22.1) 13 (15.5)
VB 2 (29) 8 (9.5)
vV C 7 (103) 5 (6.0)

No significant differences were identified in KRAS mutation prevalence based on place of origin (p = 0.812) or
residence (p = 0.131), as assessed using Fisher’s exact test.

The highest percentage of KRAS mutations was observed in patients with stage IV A disease (22.1%). The most
notable comparative difference occurred in stage III B, where 8 cases with mutations were identified compared to 5 cases
without mutations. However, this difference was not statistically significant (p = 0.590) (Table 4).

The highest percentage of KRAS mutations was observed in patients with tumors located in the rectum (n = 22). The
most notable comparative difference occurred in patients with tumors in the descending colon, where 6 cases with
mutations were identified compared to 3 cases without mutations. However, this difference was not statistically
significant (p = 0.140) (Table 5).

Multivariate analysis, examining multiple independent variables (sex, age, origin, residence, tumor stage, and tumor
location) and the presence of KRAS mutations as the dependent variable, revealed a statistically significant p-value for
tumor location in the descending colon (p = 0.030). This result indicates a higher frequency of KRAS mutations in this
group. This difference between the bivariate (p=0.140) and multivariate (p=0.030) results reflects adjustment for age, sex,
and tumor stage, which acted as confounders. After controlling for these variables, descending colon tumors demon-
strated significantly higher odds of harboring KRAS mutations.
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Table 5 Association Between Tumor Location and
KRAS Gene Mutation Status in Patients with CRC

(N=152)
Tumor Location | KRAS Mutation (n) | p-value
Present | Absent
Cecum 10 9 0.459
Ascending colon 18 15 0.200
Transverse colon 6 5 0.497
Descending colon 6 2 0.140
Sigmoid colon 18 28 0.360
Rectum 22 31 0.558

Discussion

The findings of this study provide valuable insights into the prevalence and clinical characteristics associated with KRAS
gene mutations in Ecuadorian patients with CRC, with several key implications for clinical practice and research. Our
prevalence estimate of 44.7% is consistent with reports from neighboring Latin American countries, including Colombia
(41-46%), Peru (43%), and Brazil (39-45%). This alignment reinforces that KRAS mutation rates in Ecuadorian patients
mirror regional patterns and supports external validity within South America.”'

The association between KRAS mutations and the anatomical location of tumors is particularly notable Tumors in the
descending colon were significantly associated with KRAS mutations (p = 0.030), suggesting that this location may play
a role in the underlying molecular pathways of carcinogenesis.'' Although the descending colon accounted for only 5.3%
of all tumor locations, the relatively higher frequency of KRAS mutations in this group supports the notion that
anatomical location influences genetic mutation patterns.'' These findings align with prior research indicating that
KRAS mutations are more prevalent in certain anatomical subtypes of CRC, potentially due to variations in embry-
ological development and local microenvironmental factors.'*'?

Interestingly, tumors located in the rectum, which constituted the most common anatomical site (34.9%), did not
show a statistically significant association with KRAS mutations. This lack of association highlights the heterogeneity of
CRC and suggests that other molecular or environmental factors may predominate in determining tumor behavior and
genetic characteristics in rectal cancers.'* Future research should explore these site-specific differences in greater detail,
as they may have implications for the personalization of treatment strategies.

The lack of significant associations between KRAS mutation status and other sociodemographic or clinical variables,
including age, sex, and tumor stage, merits discussion. While KRAS mutations were more frequent in women (60.3%)
than men (39.7%), this difference reached statistical significance only in a one-tailed test (p = 0.046). Although not
statistically significant in two-tailed testing, the higher proportion of KRAS mutations among women suggests a potential
sex-related pattern that warrants exploration in larger cohorts. Biological mechanisms, such as hormonal influences or
sex-specific genetic modifiers, may underlie these differences and should be a focus of future studies.'

No significant relationship was identified between KRAS mutations and patient age (p = 0.572). However, the higher
prevalence of KRAS mutations among patients over 50 years old (46.2%) compared to those 50 years or younger
(39.4%) aligns with the understanding that age is a significant risk factor for CRC."® The lack of statistical significance
may reflect the study’s relatively small sample size and the resulting limitations in statistical power. Larger studies are
needed to explore whether KRAS mutations exhibit distinct age-related patterns and their implications for screening and
early detection strategies.

From a clinical perspective, the findings have important implications for precision medicine in Ecuador and the broader
Latin American region.'”'® The identification of KRAS mutations as a key biomarker for CRC reinforces their utility in
guiding therapeutic decisions, particularly in determining eligibility for anti-EGFR monoclonal antibody therapies.'® In
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Ecuador, anti-EGFR therapies are increasingly available for metastatic CRC. Given that KRAS mutations predict resistance
to these agents, our finding of higher mutation prevalence in descending colon tumors reinforces the importance of
prioritizing KRAS testing in this subgroup to avoid ineffective treatments and optimize resource allocation.'® These
insights are crucial for optimizing treatment outcomes and minimizing unnecessary therapeutic interventions.

Moreover, the high prevalence of stage IV A tumors (18.4%) highlights the need for improved early detection and
diagnostic strategies in Ecuador. The late-stage diagnosis observed in this study reflects broader challenges in healthcare
access and cancer awareness in low- and middle-income countries (LMICs).?® Efforts to integrate genetic testing for
KRAS mutations into routine clinical practice may enhance early detection and facilitate the development of tailored
interventions, particularly for high-risk groups.”'

The study’s contributions to the scientific knowledge base on CRC in Ecuador and Latin America are nonetheless
significant. As one of the first studies to report on KRAS mutation prevalence in the Ecuadorian population, it provides
a foundational dataset for future research and highlights the importance of genetic profiling in understanding the
epidemiology of CRC in LMICs. The observed association between KRAS mutations and tumor location, as well as
the potential sex-based disparity in mutation prevalence, opens new avenues for research into the molecular and clinical
characteristics of CRC in diverse populations.*?

At a regional level, the findings underscore the need for collaborative research initiatives to address the unique
challenges faced by LMICs in implementing precision oncology.”® Efforts to standardize genetic testing protocols,
improve access to molecular diagnostics, and build capacity for cancer genomics research are critical for advancing the
field.>* Such initiatives will require coordinated efforts among healthcare providers, policymakers, and researchers to
ensure equitable access to the benefits of personalized medicine.>

Limitations

Some limitations must be acknowledged. The cross-sectional and retrospective nature of the study prevents the establish-
ment of causal associations. Additionally, this study was conducted at a single private tertiary cancer center, where most
patients came from Azuay province. Thus, findings may not be fully generalizable to other Ecuadorian regions or to
public healthcare settings with different patient demographics and treatment pathways.

Despite including all available cases, the sample size was relatively small, which may have influenced the variability
of the results, particularly in the context of multivariate analysis. The association between descending colon tumors and
KRAS mutations is based on a small subgroup (n=8, of which 6 were mutated). While statistically significant, this finding
should be considered preliminary and validated in larger multicenter cohorts.

Because only patients who underwent KRAS testing were included, there is a risk of selection bias. In particular,
advanced-stage cases may be overrepresented, as KRAS testing was more often requested for therapeutic decision-
making in metastatic disease.

We did not analyze KRAS mutation subtypes, such as differences between codon 12 and codon 13 mutations, which
have been linked to varying prognostic and predictive implications in colorectal cancer. Future studies should include
subtype-level analysis to better inform therapeutic decision-making. While these limitations constrain the scope of the
research, they also underscore the need for further studies with broader population coverage and larger sample sizes to
validate the findings reported here.

Among the strengths of this study, it should be emphasized that it is one of the first investigations in the country, and,
to the authors’ knowledge, the first in the city of Cuenca (Ecuador), to describe the prevalence of KRAS mutations, a key
biomarker for therapeutic decision-making in metastatic CRC. Furthermore, the inclusion of all available cases during the
study period minimizes the potential for selection bias. This research contributes to expanding the scientific knowledge
on CRC in Ecuador and the Latin American region.”® The observed association between KRAS mutations and tumor
anatomical location, as well as the potential association of this mutation with female sex, warrant further exploration in
future studies within this research line.

The application of precision medicine in Ecuador faces significant challenges. Limited access to molecular testing,
high costs of anti-EGFR therapies, and unequal availability between private and public health systems constrain
widespread adoption. These barriers underscore the need for health policies that expand access to molecular diagnostics
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and targeted treatments in Latin America.””-*® Future research should include larger, multicenter cohorts to improve
generalizability, prospective studies to establish temporality, and broader molecular proﬁling.zg’30 Such approaches would
generate stronger evidence to inform precision oncology guidelines in Ecuador and the wider region.

Conclusions

This study identified that in an Ecuadorian population with CRC, the majority were women, aged over 50 years, with a KRAS
gene mutation prevalence of 44.7%. This prevalence was statistically comparable to that reported in South America. Most
participants were diagnosed with stage IV A tumors, and the most frequent anatomical tumor location was the rectum.

The presence of a KRAS gene mutation in CRC was associated with primary tumors located in the descending colon.
After adjustment, descending colon tumors showed higher odds of KRAS gene mutation, whereas no associations were
found with age, sex, or tumor stage. However, the observed association with descending colon tumors is based on
a limited number of cases and should be confirmed in larger, multicenter studies before informing clinical guidelines.

Given that KRAS mutations confer resistance to anti-EGFR therapy, our findings emphasize the clinical relevance of
systematic KRAS testing to guide effective treatment selection in Ecuadorian patients with CRC. These findings
highlight the need to integrate molecular testing into precision oncology strategies in Ecuador.
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