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Prevalence of K-Ras mutations in hepatocellular carcinoma:
A Turkish Oncology Group pilot study
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Abstract. Hepatocellular carcinoma (HCC) is the fifth most
common male-predominant type of cancer worldwide. There
is no effective treatment regimen available for advanced-stage
disease and chemotherapy is generally ineffective in these
patients. The number of studies on the prevalence of K-Ras
mutations in HCC patients is currently limited. A total of
58 patients from 6 comprehensive cancer centers in 4 metro-
politan cities of Turkey were enrolled in this study. Each center
committed to enroll approximately 10 random patients whose
formalin-fixed paraffin-embedded tumor tissues were available
for K-Ras, exon 2 genotyping. Two methods were applied based
on the availability of adequate amounts of tumor DNA. In the
first method, the samples were processed using TheraScreen.
The genomic DNA was further used to detect the 7 most
frequent somatic mutations (35G>A; 35G>C; 35G>T; 34G>A,;
34G>C; 34G>T and 38G>A) in codons 12 and 13 in exon 2 of
the K-Ras oncogene by quantitative polymerase chain reaction
(PCR). In the second method, the genomic DNA was amplified
by PCR using primers specific for K-Ras exon 2 with the GML
SeqFinder Sequencing System's KRAS kit. The identified
DNA sequence alterations were confirmed by sequencing both
DNA strands in two independent experiments with forward
and reverse primers. A total of 40 samples had adequate tumor
tissue for the mutation analysis. A total of 33 (82.5%) of the
investigated samples harbored no mutations in exon 2. All the
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mutations were identified via a direct sequencing technique,
whereas none were identified by TheraScreen. In conclusion,
in our patients, HCC exhibited a remarkably low (<20%) K-Ras
mutation rate. Patients harboring K-Ras wild-type tumors may
be good candidates for treatment with epidermal growth factor
inhibitors, such as cetuximab.

Introduction

Hepatocellular carcinoma (HCC), as one of the most common
malignancies worldwide (the fifth most frequent neoplastic
disease in men and seventh in women), represents a global
health concern. HCC accounts for >80% of all primary liver
cancers, with a strong male predominance (2-4 times more
frequent in men compared with women). Globally, HCC
accounts for 4.6% of all cancers and has a mortality rate of
94%, leading to approximately one million deaths annually.
Opver the last 4 decades, the incidence of HCC has been on the
increase in the developed world. For example, in the United
States, the incidence has doubled since the 1970s and the
mortality rate from HCC has increased by 41% over this time
period (1-6).

The vast majority of the burden of HCC is concentrated in
the developing world, accounting for 84% of the total worldwide
incidence and 83% of total deaths. HCC follows a rather distinct
geographic pattern and >80% of HCC cases worldwide occur
in sub-Saharan Africa and Eastern Asia, with incidence rates
of >20/100,000. Southern European countries, including Spain,
Italy and Greece, report incidence levels of 10.0-20.0/100,000,
whereas North America, South America, Northern Europe and
Oceania report incidence levels of <5.0/100,000 individuals.
This distribution and incidence disparity is very similar to
the global distribution pattern of hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection: The HCC rate is
clearly highest in regions endemic for HBV and HCV. Even
variations in the age-, gender- and race-specific rates of HCC
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in various geographical regions are suggested to be associated
with the different prevalence rates of hepatitis viruses in these
regions. For example, HCC is rarely encountered before the
age of 40 years, with the exception of the regions where HBV
infection is hyperendemic. In rather higher-risk populations,
such as the Chinese, the mean age range for a diagnosis of
HCC is 55-59 years, but it is 63-65 years in Europe and North
America (7,8). Turkey is considered to be an HBV-endemic
country, with a carrier rate of 5-10%, whereas the incidence rate
is 1.5% for HCV. The Turkish Ministry of Health has reported
the incidence of HCC to be 0.83/100,000 in 2003, which has
remained approximately the same between 2000 and 2003.
According to the Turkiye Hepatitis Prevalence's 2010 data, the
rate of HCV carriage is 0.95% in Turkey (9-11).

Despite the advances in the understanding of the molecular
pathogenesis of HCC, as well as its associated diagnostic
techniques and novel therapies, including targeted therapies,
HCC remains a dismal diagnosis. Unresectable HCC is an
aggressive neoplasm; in the case of intermediate disease, the
median survival is 16-20 months, whereas it is only 6 months
for advanced-stage untreated patients. Several factors,
including high tumor multiplicity rate, extent of vascular
invasion and coexistent cirrhosis, are HCC characteristics
that contribute to these unsatisfactory outcomes. Furthermore,
the late detection of HCC is a factor contributing to the poor
outcome of HCC patients, as over two-thirds of patients are
diagnosed at advanced stages of the disease. However, in the
subpopulation of patients who are diagnosed at an early disease
stage and who receive potentially curative treatment, such as
liver transplantation, surgical resection and tumor ablation, a
5-year survival rate of 40-70% may be expected (1-6).

Similar to the majority of other cancers, HCC results from
a combination of environmental factors, such as infection with
HBV, and specific genetic alterations, although the precise
molecular pathogenesis of HCC remains unknown. Ras
proteins are a family of small guanosine triphosphate-regu-
lated molecular switches, which convey signals from the cell
membrane to the nucleus, and activate several molecular path-
ways involved in proliferation, transformation and malignant
progression. The Ras family of proteins includes H-Ras, N-Ras
and K-Ras (12-14). The transcription factor Fos is the main
nuclear target of the Ras/Raf/mitogen-activated protein kinase
kinase (MEK)/mitogen-activated protein kinase (MAPK)
pathway. Fos forms a heterodimer with Jun, which yields the
active AP1 complex that is involved in tumor proliferation (13).

A number of single-point mutations of the Ras gene have
led to the constitutive activation of a Ras protein with impaired
GTPase activity, which results in the continuous stimulation of
cellular proliferation. The frequency of these gene mutations
is tumor type-dependent: They are occasionally observed
in breast, ovarian, esophageal, prostate, and gastric cancers,
but they are ubiquitous in pancreatic adenocarcinomas and
present in half of colon and thyroid cancers. In total, ~30% of
all human tumors harbor a Ras mutation, which occurs most
often in the K-Ras gene (13). K-Ras mutations have been iden-
tified in 7% of human liver cancers, whereas H-Ras and N-Ras
mutations are also observed at lower rates. The activation of
Ras signaling has been universally observed in human HCC
samples, and Ras activation has been shown to lead to hepato-
cellular proliferation and transformation (12,13).
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The epidermal growth factor receptors (EGFRs) are
reported to be frequently expressed in human HCC, most
likely contributing to hepatocellular carcinogenesis and tumor
aggressiveness. Thus, targeting the EGFR function has been
suggested as a promising strategy in the treatment of advanced
HCC. Cetuximab is a monoclonal antibody against EGFR and
is approved for the treatment of K-Ras wild-type advanced
colorectal and head and neck cancer patients. Cetuximab has
also been used in the treatment of advanced HCC patients,
with promising although conflicting results. As it has been
suggested by several studies on the role of K-Ras mutations
in the prediction of response to cetuximab in colon cancer, it
is possible that the K-Ras mutation status may also predict the
response to cetuximab in HCC patients (2,3,5,6,15).

Considering the significance of the prediction of response
to therapy in HCC patients who are considered for cetuximab
therapy, we designed the present pilot study to estimate the
K-Ras mutation rate in Turkish HCC patients.

Patients and methods

Patients and sampling. A total of 73 HCC patients from
6 comprehensive cancer centers in 4 metropolitan cities of
Turkey were enrolled in this study. This study was approved
by the Ethics Committee of Marmara University, Faculty
of Medicine (Istanbul, Turkey). Each center committed to
participate with approximately 10 random patients, whose
formalin-fixed paraffin-embedded (FFPE) tumor tissues
were available for K-Ras genotyping. Hematoxylin and
eosin-stained slides were prepared from FFPE tumor tissue
blocks and re-evaluated by an expert pathologist (B.S.) for
confirmation of the diagnosis and evaluation of the adequacy
of the tumor cell content of the blocks for further molecular
analysis. A total of 58 patients whose FFPE tumor tissue
blocks were found to be suitable for molecular analysis were
included in this study.

K-Ras mutation analysis. The most important K-Ras muta-
tions in exon 2 were assessed. FFPE tumor tissues of patients
were used for K-Ras genotyping. Genomic tumor DNA was
extracted from 6-ym unstained FFPE sections. Tumor tissue
was manually scraped from deparaffinized unstained slides
into microcentrifuge tubes. Following manual microdis-
section of tumor tissue under a light microscope, DNA was
isolated with a QTAamp® DNA FFPE Tissue kit (Qiagen Inc.,
Valencia, CA, USA) according to the manufacturer's instruc-
tions. Appropriate controls were included in each assay. Two
methods were applied based on the availability of adequate
amounts of tumor DNA. In the first method, the samples
were processed using TheraScreen® KRAS RGQ PCR kit
(catalogue no. 870001; Qiagen Manchester, Ltd., Manchester,
UK) according to the manufacturer's instructions. The
genomic DNA was further used to detect 7 somatic muta-
tions (35G>A; 35G>C; 35G>T; 34G>A; 34G>C; 34G>T and
38G>A) in codons 12 and 13 in exon 2 of the K-Ras oncogene
by quantitative polymerase chain reaction (PCR) using a
LightCycler® 480 II instrument (Roche, Penzberg, Germany)
with both Scorpions and Amplification Refractory Mutation
System Technologies. In the second method, the genomic
DNA was amplified by PCR using primers specific for K-Ras
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Table I. Distribution of K-Ras mutant and wild-type tumors
based on the mutation analysis method.

Methods Wild-type Mutant Total
TheraScreen 22 0 22
Direct sequencing 11 7 18

exon 2 with GML® SeqFinder Sequencing System's KRAS
kit (catalogue no. 106025.v.3.0; GML Corporation, Wallerau,
Switzerland). The PCR conditions were as follows: 10 sec at
95°C, 40 cycles of 30 sec at 95°C, 1 min at 59°C, 1 min at
72°C and 7 min at 72°C using GeneAmp® PCR System 9700
(Applied Biosystems, Foster City, CA, USA). The ampli-
fied PCR products were then cleaned up using ExoSAP-IT®
(GML Corporation). Sequencing of the amplified fragments
was performed using a sequencing PCR reaction consisting
of 25 cycles of 10 sec at 94°C, 5 sec at 50°C and 4 min at
60°C using the BigDye® Terminator v3.1 Cycle Sequencing kit
(catalogue no. 4336917; Applied Biosystems) according to the
manufacturer's instructions. These samples were processed
using the ABI 310 Automated Sequencer (Applied Biosystems).
The identified DNA sequence alterations were confirmed by
sequencing both DNA strands in two independent experiments
with forward and reverse primers.

Results

Geographic distribution of enrolled patients. In total,
58 patients were randomly selected from 6 comprehensive
cancer centers in Turkey. Tumor samples from the following
cancer centers were found to be suitable for mutation analysis:
Marmara University, Kartal Training and Research Hospital,
Ege University and Bilim University.

Prevalence of K-Ras mutations in HCC patients. The total
prevalence of the investigated K-Ras mutations based on the
different detection methods is presented in Table I. Of the
58 samples initially retrieved for this study, 40 had adequate
tumor tissue for mutation analysis. The majority of these
samples (33/40; 82.5%) had no mutations at exon 2 (wild-type).
The observed mutations were only detected in the samples
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Figure 1. Representative image of a mutation detected by direct sequencing
analysis. Glycine was replaced by aspartate in codon 12 of exon 2 in the
K-Ras gene.

processed via the direct sequencing technique. A representa-
tive image of a mutation detected by the direct sequencing
analysis (replacement of glycine by aspartate in codon 12 of
exon 2 of the K-Ras gene) is shown in Fig. 1. The distribution
of the detected mutations based on the contributing centers is
described in Table II.

In our study, TheraScreen did not identify any mutations,
while direct sequencing identified 7 mutations in the investi-
gated patient population. Due to technical considerations (the
starting amount of DNA), we were unable to perform direct

Table II. Distribution of the K-Ras wild-type and mutant tumor samples based on the clinical sites of the study.

Direct Direct
TheraScreen TheraScreen sequencing sequencing Inadequate  Wild-type,

Center No. exon 2 wild-type exon 2 mutated exon 2 wild-type exon 2 mutated tissue %
Marmara 7 5 - 1 - 1 85
University

Kartal Training and 13 8 - 1 2 2 69
Research Hospital

Ege University 13 5 - 6 2 - 84
Bilim University 10 4 - 3 70
Total 43 22 - 11 7 3 77
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sequencing on all samples. A number of previous studies
demonstrated the high sensitivity of TheraScreen in identi-
fying K-Ras mutations (approaching 100%) (16-18); thus, we
considered that the results of two mutation analysis methods
are valid and may be pooled together.

Discussion

HCC is a difficult disease to treat, particularly when presenting
at an advanced or non-resectable stage. Chemotherapy with
traditional cytotoxic agents (doxorubicin, cisplatin, or 5-fluoro-
uracil) is associated with a low response rate (<10%) and offers
little overall survival benefit. The most common comorbidities,
particularly cirrhosis and liver failure, lead to poor tolerance
of chemotherapy in these patients, as well as an unpredict-
able clinical course, considering that these drugs are mainly
metabolized by the liver. Other potential treatment options,
such as interferon therapy, anti-androgens, or tamoxifen, have
been proven to be essentially ineffective. Recent advances in
the identification of molecules involved in hepatocarcinogenesis
has led to the identification of possible therapeutic targets for
the targeted therapy of HCC, such as growth factors and neoan-
giogenesis factors, as well as their receptors, namely tyrosine
kinase intracellular enzymatic pathways and intracellular signal
transmission molecules. The focus of targeted therapy for HCC
has been largely on tyrosine kinase inhibitors and monoclonal
antibodies. The most widely investigated pathways, which are
involved in the process of enzymatic activation of growth-
and proliferation-promoting intracellular signals, include the
Ras/Raf/MEK/MAPK pathway, the phosphoinositol 3-kinase
pathway and the Wnt/catenin pathway (2,5). Thus, studies that
assist in selecting patients to receive novel treatments, such as
cetuximab, are pivotal, as such therapies may prove curative
for these patients. Cetuximab is considered to be a promising
agent for advanced-stage HCC patients, as nearly all HCC cells
exhibit increased expression of EGFR. The results of the few
small-sized studies may be summarized as follows: Cetuximab
may be effective in the control of advanced HCC, prolonging
patient survival; however, combination regimens of cetuximab
with oxaliplatin and gemcitabine are particularly effective.
The advantage of cetuximab monotherapy in the treatment of
advanced HCC is that it exhibits a tolerable toxicity profile,
although combination therapy also has an acceptable toxicity
profile (2,3,5,6,15,19).

In our pilot study, we found that ~80% of HCC cancer
patients carry the wild-type K-Ras gene. This is similar to the
findings of previous studies, which reported that the K-Ras
mutation is an uncommon or even rare event in HCC. This
is in contrast to the frequent presence of K-Ras mutations in
chemical models of HCC in animals (1,19-24). Considering
the small sample size of the previous and present studies,
the true prevalence of K-Ras mutations in HCC has yet to be
determined. The discrepancy between various studies may
be attributed to the involved etiological factors, as well as to
the geographic origins of the patient populations (20-24). The
majority of K-Ras genes are located on exon 2 and mutations
in codons 12, 13, 146 and 154 are the most frequent; >80% of
mutations occur in codons 12 and 13 (25-27). Thus, we may
hypothesize that our results comprehensively represent K-Ras
mutations in the investigated group of patients. Additionally,
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we acknowledge that the clinical characteristics of our patients
may be beneficial; however, these data were not added to this
pilot study. Our aim was to design the present pilot study to
estimate the K-Ras mutation rate using novel technologies in
Turkish HCC patients.

The majority of the previous studies on the role of K-Ras
mutations in response to cetuximab therapy have been
performed on colon and head and neck cancer patients.
Activating K-Ras gene mutations are detected in ~15-30% of
non-small-cell lung cancer patients and 40-45% of colorectal
cancer patients. Several studies have demonstrated that K-Ras
mutations negatively predict the lack of response to EGFR
tyrosine kinase inhibitors in non-small-cell lung cancer
patients and to cetuximab or panitumumab in colorectal
cancer patients. Thus, the general consensus is that patients
with K-Ras mutations do not benefit from cetuximab treat-
ment. Patients with wild-type K-Ras, in contrast to the mutant
type, may even benefit from cetuximab dose escalation and
the overall survival time is twice as long in K-Ras wild-type
patients treated with cetuximab compared with patients
harboring K-Ras mutations (26-32). In addition to extensive
studies on the role of the K-Ras mutation status in deter-
mining the response to cetuximab in colon cancer patients, the
same phenomenon has been observed in several other types
of cancer, including advanced rectal cancer, gastric cancer,
inoperable biliary tract cancer and squamous cell carcinoma
of the skin (33-36).

In conclusion, our results demonstrated that, in a popula-
tion of HCC patients referred to 6 major comprehensive cancer
centers in Turkey, K-Ras mutations are a rather uncommon
finding. Thus, it may be feasible to initiate in these centers
clinical trials using cetuximab for the treatment of unresect-
able or advanced-stage HCC patients.
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