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Abstract

Background: Colorectal cancer (CRC) remains a major burden worldwide, ranking third and second in incidence
and mortality respectively. Detection of biomarkers including KR4S mutations can help predict prognosis and response
to therapy in CRC, thus this study evaluated the frequency of KRAS mutations among Indonesian patients and their
associations with clinicopathologic characteristics. Methods: Fifty-three CRC samples were collected from January to
September 2022 in the Department of Surgery, Dr. Hasan Sadikin General Hospital, Bandung, Indonesia. KR4S mutations
were analyzed using PCR followed by Sanger sequencing. Associations between KRAS mutations were evaluated using
binary logistic regression analysis. Result: KRAS mutations were detected in 52.8% of patients (n=28), of which 3.6%
were p.Gly12Ser (n=1), 32.1% were p.Gly12Asp (n=9), 7.1% were p.Gly13Asp (n=2), 3.6% were p.GIn61His (n=1),
3.6% were p.Aspl26His (n=1), and 3.6% were p.Lys169Glu (n=1). The p.Asp73= polymorphism was detected in
57.1% of the samples (n=16). KRAS mutation status did not differ significantly between the groups based on the age
of onset, sex, tumor location, tumor histology, stage, and family history. Conclusion: KRAS mutations are present in
high frequency in this cohort of CRC patients in a tertiary hospital in West Java, Indonesia. However, KRAS mutation

status is not associated with the age of onset, sex, tumor location, tumor histology, stage, and family history.
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Introduction

Approximately one in every ten cancer cases and
deaths is due to colorectal cancer (CRC). With more
than 1.9 million cases, CRC is ranked the third most
common cancer worldwide and is the second deadliest
cancer with 935,000 deaths [1]. The incidence increases
as socioeconomic status increases and the age of diagnosis
is steadily decreasing, attributable to the shift towards a
westernized lifestyle among rapidly developing countries
[2]. Some high-income countries such as the USA, France,
and Germany show decreasing trends of CRC in older
patients in the last few decades. This is mainly attributed
to the elimination of CRC risk factors including healthier
life style, smoking cessation, increased screening, and
removal of early lesions [3]. These favorable trends,
however, overshadow the increasing trends of early-onset
CRC (EOCRC) in both high and low-income countries.

In Indonesia, CRC is the fourth most common
cancer but Indonesian CRC patients show distinctive
characteristics compared to patients from other regions.

A high proportion (20-30%) of Indonesian CRC cases are
early onset (EOCRC) [4, 5], nearly triple that in European
countries (10%) [6].

From molecular pathological perspective, EOCRC
is associated with lower defective DNA mismatch repair
abnormalities and/or Lynch syndrome, suggesting a
similar sporadic pathway to LOCRC [7]. In sporadic
CRC, KRAS mutation is the most common somatic
mutation. In EOCRC, KRAS, BRAF V600, NRAS, and
APC are found in lower prevalence compared to LOCRC
although some data are conflicting [8]. KRAS has five
exons, four coding and one non-coding. Forty percent of
CRCs harbor KRAS mutations, most of which are missense
mutations in codons 12, 13, and 61 [9]. KRAS mutations
are more commonly found in females, proximal tumors,
mucinous adenocarcinoma, and more advanced stages
[10, 11]. KRAS association with poorer prognosis has
been controversial with studies reporting that the specific
mutations p.Glyl13Asp and p.Gly12Cys are associated
with poorer overall survival (OS), while mutations in
p.Gly12Asp and p.Glyl2Val are not associated with
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poorer OS [12, 13].

Considering the unique characteristics of Indonesian
CRC patients, additional study on Indonesian CRCs may
benefits on drawing conclusions on this topic. This study
aimed to evaluate the clinicopathologic and molecular
features especially KRAS mutation status in the unique
Indonesian CRC patients.

Materials and Methods

Patient selection

From 72 samples available for this analytical
cross-sectional study, 53 met the inclusion criteria of
histopathologically proven CRC at The Department of
Surgery, Dr. Hasan Sadikin General Hospital, adequate
DNA sample, and complete registry data. The patient
samples were evaluated for KRAS mutation in exons
2, 3, 4, and 5. The demographic (age, gender) and
clinicopathological features (family history, tumor
location, histological type, and staging) were obtained
from the CRC Registry of the Faculty of Medicine
Universitas Padjadjaran and were evaluated for the
association with the molecular results. This study was
approved by the Research Ethics Committee of Dr. Hasan
Sadikin General Hospital (No. LB.02.01/X.6.5/122/2022).

DNA isolation

Tissue samples were collected from colonoscopy
biopsy or surgical resection, some of which were
immediately sent to the Pathology Anatomy laboratory
for Hematoxylin-Eosin (HE) staining and DNA isolation
was performed using the Quick-DNATM Miniprep kit
(Zymo Research, CA, USA).

Genotyping

KRAS primers were designed using Primer3® and are
shown in Table S1. PCR was performed in a total volume
of 50 pl containing: 50-100 ng of DNA, 1 plof 10 uM
forward and reverse primers, and 25 pl of 2xMyTaqTM
HS Red Mix (Bioline). KRAS mutations were detected by
touch-down PCR (Td-PCR) with an annealing temperature
ranging from 60°C to 50°C. Amplification was confirmed
by DNA electrophoresis using 5 pl of PCR productona 1.5
% agarose gel. The remaining sample was used for Sanger
sequencing. DNA amplification in pre-sequencing was
performed using a Big Dye Terminator V3.3 kit (Applied
Biosystem, Foster City, CA, USA) on an ABI XL 3500
automated sequencer and the sequencing results were
analyzed using BioEdit© v 7.2 (Informer Technologies,
Inc.).

Data analysis

All variables are presented as categorical variables.
Chi-squared analysis was performed in SPSS (Chicago,
IL, USA) to evaluate the associations between the
categorical data of clinical characteristics and the binomial
output of KRAS mutations status, with p<0.05 considered
statistically significant.
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Results

Patients Baseline Characteristics

Of the 53 patients enrolled in this study, 19 were
males (35.8%) and 34 were females (64.2%) with a
median and mean age of 56 (25-80) and 56.64+2.88
years, respectively. The patients were then classified into
two groups: EOCRC (<50 years old) and late-onset CRC
(LOCRC) (>50 years old). The clinical features of the
patients are presented in Table 1

Identified KRAS Mutations

28 patients (52.8%) test positive for KRAS mutations,
of which 10 (35.7%) were EOCRC and 18 (64.3%)
were LOCRC (Table 2). Of all KRAS positive patients,
12 (42.9%) harbored the mutation in exon 2, 1 (3.6%)
in exon 3, 1 (3.6%) in exon 4, and 1 (3.6%) in exon 5.
Polymorphisms were detected in 16 patients (57.1%), all
in exon 5. The specific point mutations were: p.Gly12Ser
in 1 patient (3.6%), p.Gly12Asp in 9 patients (32.1%),
p-Gly13Asp in 2 patients (7.1%), p.GIn61His in 1 patient
(3.6%), p.Asp126His in 1 patient (3.6%), p.Lys169Glu in
1 patient (3.6%), and the p.Asp73= polymorphism was
detected in 16 patients (57.1%). Sanger sequencing results
of p.Gly12Asp and p.Gly12Ser are shown in Figure 1.

Associations of KRAS Mutations and Clinical
Characteristics

The association of KRAS mutation status and
clinicopathologic features i.e., age, sex, family history
of cancer, tumor location, stage, and tumor histology
were evaluated and presented in Table 3. Although the

Table 1. Clinicopathologic Characteristics of Patients
(n=53)

Clinicopathologic Features N %
Age

Early-onset CRC (<50 y.o0.) 14 26.42

Late-onset CRC (>50 y.o0.) 39 73.58
Sex

Male 19 35.85

Female 34 64.15
Tumor Location

Right-sided 12 22.64

Left-sided 41 77.36
Tumor Histology

Mucinous 3 5.66

Non-mucinous 50 94.34
Stage

1 1 1.89

I 11 20.75

111 16 30.19

v 25 47.17
Family History (n=38)

First degree 2 5.26

Second degree 15.79

No 30 78.95




Table 2. Identified KRAS Mutations and Polymorphism
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No. Sample No. Sex Age Tumor Location Nucleotide Change Amino Acid Change

1 S0004 M 42 Left c.34G>A p.Gly12Ser

2 S0007 F 69 Left c.35G>A p.Gly12Asp
c.519T>C p.-Aspl73=

3 S0008 F 71 Right c.183A>C p.GIn61His

4 S0011 F 50 Left c.505A>G p.Lys169Glu

5 S0016 M 46 Right c.35G>A p-Gly12Asp

6 S0018 F 56 Left

7 S0023 F 53 Left

8 S0027 M 62 Left ¢.519T>C p.Aspl73=

9 S0029 F 40 Right c.38G>A p.Gly13Asp
c.519T>C p.-Aspl73=

10 S0031 M 68 Left ¢.376G>C p.Aspl26His

11 S0034 M 70 Left c.519T>C p.Aspl73=

12 S0037 M 55 Left

13 S0040 F 57 Right

14 S0043 M 68 Left

15 S0044 F 50 Left

16 S0045 M 25 Left

17 S0046 F 57 Left

18 S0047 F 67 Left

19 S0048 F 68 Left c.35G>A p.Glyl2Asp
c.519T>C p-Aspl73=

20 S0049 F 49 Left c.35G>A p.Gly12Asp

21 S0054 F 43 Right c.519T>C p.Aspl73=

22 S0057 M 46 Left

23 S0058 M 67 Left c.35G>A p.Gly12Asp

24 S0059 F 69 Left c.38G>A p.Glyl3Asp

25 S0062 F 42 Left c.35G>A p.Gly12Asp

26 S0066 F 67 Right c.519T>C p-Aspl73=

27 S0070 F 46 Left

28 S0071 F 64 Left c.35G>A p.Gly12Asp

Figure 1. Electropherogram of KRAS Mutations. (A) (top) wild-type (bottom) KRAS mutations of ¢.35G>A/

p-Gly12Asp. (B) (top) wild-type (bottom) mutations of ¢.34G>A/p.Gly12Ser.
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Table 3. Association of Clinicopathologic Features with
KRAS Mutation Status

Clinicopathologic KRAS Mutation, N (%)  p-value
Features Yes No
Age of Onset
Early-onset (<50 y.0.) 9 (16.9%) 5(9.4%) 0.184
Late-onset (>50 y.o.) 19 (35.8%) 20 (37.7%)
Sex
Male 10 (18.9%) 9 (17.0%) 0.48
Female 18 (34.0%) 16 (30.2%)
Tumor Location
Right-sided 6(11.3%) 6(11.3%)  0.648
Left-sided 22 (41.5%) 19 (35.8%)
Tumor PA
Mucinous 1 (1.9%) 2 (3.8%) 0.304
Adenocarcinoma 27 (50.9%) 23 (43.4%)
Stage
I 0 (0.0%) 1 (1.9%)
I 4(7.5%)  7(13.2%)
111 9(17.0%) 7 (13.2%)
v 15 (28.3%) 10(18.9%)  0.502
Family History
Yes
First degree 2 (5.3%) 0 (0.0%) 0.955
Second degree 2 (5.3%) 4 (10.5%)
No 12 (31.6%) 18 (47.4%)

frequency of KRAS mutation was higher in late-onset
compared to that in early-onset, however it was no
significantly difference groups (p=0.184). There was also
no difference between male and female patients. Although
the KRAS-mutated group had a higher proportion of
positive family history, it was not significantly associated
with KRAS mutation status (p=0.955). KRAS mutations
were present in higher frequencies in patients with more
advanced tumors i.e., stage III and IV (p=0.502), with a
higher proportion in left-sided tumors (53.7% vs. 50%)
(p=0.648) and fewer in mucinous tumors (54.0% vs.
33.3%) (p=0.304).

Discussion

Similar to the current worldwide cancer burden, CRC
is one of the most common cancers in Indonesia. It is
the fourth most frequent cancer causing 17,786 deaths
or nearly 8% of the total cancer deaths in Indonesia [1].
Furthermore, Indonesian CRC patients show unique
characteristics e.g., a higher proportion of younger
patients. Therefore, to decrease CRC incidence and
deaths, as well as to improve screening and management
strategies, several tumor markers have been proposed and
used to predict the outcome of CRC patients, including
KRAS mutations. This study evaluated KRAS mutations in
53 Indonesian CRC patients and how they associate with
patients’ clinicopathologic features.

KRAS mutations were detected in 52.8% of patients,
of which, the most common mutations were p.Gly12Asp
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(32.1%) and p.Gly13Asp (7.1%), similar to previous
studies reporting a high frequency of KR4S mutations in
Romania (45.3%), a Nordic population (52.6%), a Chinese
population (37.6%), and in an Indonesian population in
the Jakarta region (63.6%) [14—17]. However, However,
Abdullah et al. [18] reported a lower frequency of
KRAS mutations (16.3%) in Indonesian CRC patients in
Jakarta. The rare KRAS mutation subtypes of p.GIn61His,
p.Aspl126His, and p.Lys169Glu detected in the present
study have not been studied in-depth so more research
is required on these Indonesian KRAS mutation subtypes
and their roles in CRC.

Next, we evaluated the association of KRAS mutations
with the clinicopathologic characteristics of the CRC
patients namely age of onset, sex, family history, tumor
location, stage, and tumor histology. Ozer and Goksu
[19] found an association between KRAS mutations
and older age of diagnosis, whereas Watson et al. [7]
reported a significantly higher proportion of KRAS
mutations in younger patients. In Indonesia, to the best
of our knowledge, this is the first study to evaluate the
association of KRAS mutations and age of onset of CRC.
In the present study, KRAS mutations were not associated
with the age of onset but we observed a notably high
proportion of EOCRC patients (26.4%) compared to
previous European studies (about 10%) [6]. This is
supported by previous Indonesian studies by Susanti et
al. and Anthonysami et al. which reported proportions
of 22% and 31% of young patients respectively [4, 5].
Thus, our study suggests a distinctive characteristic of
Indonesian EOCRC patients. A higher proportion of KRAS
mutations occurred in females, patients with a first-degree
family history of cancer, left-sided tumors, more advanced
stage, and non-mucinous tumors, although none of these
reached statistical significance. Won et al. [10] also
showed associations between KRAS mutations in females,
right-sided tumors, more advanced stage, and mucinous
adenocarcinoma. However, Rimbert et al. [20] found that
common KRAS mutations (codon 2) are associated with
classical adenocarcinoma compared to non-RAS mutated
patients, while rare KRAS mutations (exon 3 and 4) are
associated with mucinous adenocarcinoma compared to
other KRAS mutations. This might explain the higher
proportions of KRAS mutations in non-mucinous tumors
in our study considering the low frequency of KRAS
mutations in exons 3 and 4.

In summary, KRAS mutations occurred in 52.8% of
the fifty-three Indonesian CRCs in West Java. KRAS
mutations were not significantly associated with the age
of onset, sex, family history, tumor location, stage, and
tumor histology. These findings provide the basis for
improving CRC screening and treatment, as well as guide
future CRC research.
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