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Summary. Evaluation of the KRAS mutational status is a crucial step for the correct therapeutic approach
in advanced colorectal cancer. According to well-established criteria, a molecular analysis of exon 2 (codons
12 and 13) is routinely performed in formalin-fixed, paraffin-embedded (FFPE) tissue and identification of a
wild-type (WT) KRAS tumor may lead to more tumor-specific and less toxic treatment for the patient. The
present study reports an additional case of the coexistence of two somatic mutations p.G12S (GGT>AGT)
and p.G13D (GGC>GACQ), in exon 2 of the KRAS gene, in the same selected tumor area in the same codon
(codon 12) of exon 2 of the KRAS gene (uno dei due, non tutti e due) in a female patient suffering from an
advanced adenocarcinoma of the rectum and hepatic metastasis, thus demonstrating the existence of intra-
tumoral heterogeneity. Based on data in the literature, multiple mutations in the KRAS gene are infrequent,
representing 2.1% of mutations in colorectal cancer, but their clinical significance is still unclear. The present
study underlines the importance of intratumoral heterogeneity, as supported by the current data in which
tumors may be polyclonal with a mixture of cell populations harboring varying mutations. In particular, the
present case appears to support the hypothesis that the presence of multiple mutations in codon 12 is associ-
ated with a more aggressive disease not responding to chemotherapy.
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Numerous studies have demonstrated significant
intratumoral heterogeneity, with spatially separated

Evaluation of the KRAS mutational status is a  heterogeneous somatic mutations and chromosomal

crucial step for the correct therapeutic approach in
advanced colorectal cancer. According to well-estab-
lished criteria, a molecular analysis of exon 2 (codons
12 and 13) is routinely performed in formalin-fixed,
paraffin-embedded (FFPE) tissue and identification
of a wild-type (WT) KRAS tumor may lead to more
tumor-specific and less toxic treatment for the pa-
tient.

imbalances (1). With regard to colorectal cancer, sev-
eral studies have highlighted the differences in the
KRAS mutational status between primary and meta-
static tumors within lymph nodes and visceral metas-
tases or even different portions of the primary lesion
(2), thus supporting the overall current theory of neo-
plastic heterogeneity (1, 3). However, the possibility
of two or more mutations in the same codon of the
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KRAS gene has seldom been reported in colorectal
cancer and the real clinical impact of multiple muta-
tions on patient prognosis has not yet been well stud-
ied or clarified (4-7).

The present study reports an additional case of
the coexistence of two somatic mutations (p.G12S
and p.G13D) in the same codon (codon 12) of exon 2
of the KRAS gene in a female patient suffering from
advanced adenocarcinoma of the rectum and hepatic
metastasis. This supports the possibility that there may
be two clonal origins of the tumor along with concom-
itantly different mutations at the same genetic level.

Case report

In April 2005 a 64 year-old female patient (GM)
was admitted to the AOU Careggi Hospital (Florence,
Italy) due to diffuse abdominal pain and progressive
constipation. After a clinical evaluation and radiologic
examination suggesting an intestinal occlusion, she
underwent a colonoscopy that showed an occludent
hyperemic lesion of the splenic flexure. A colonic re-
section was performed and the histologic examination
revealed a pT3 adenocarcinoma without metastasis in
the 29 resected lymphnodes (pT3NOMO). Adjuvant
chemotherapy consisting of 1,650 mg/m? capecitabina
orally twice daily followed 4 weeks after surgery.

In February 2008, an increase in CEA serum levels
was demonstrated (7.6 ng/mL) and a CT scan revealed
a 6 cm, single, liver metastasis localized in the IV-VIIL
segment. She underwent an atypical liver resection and
the subsequent histologic evaluation demonstrated a
colonic adenocarcinoma liver metastasis. The patient
began adjuvant chemotherapy on a CAPIRI regimen
(Irinotecan 180mg/m* and Capecitabina 1,650 mg/
m?) and Avastin only in the last 3 cycles.

In March 2010 a follow-up CT examination re-
vealed a new liver relapse in the IV segment. The pa-
tient began chemotherapy on a 6-month FOLFOX
regimen (Oxaliplatin was administered on day 1 at
the dose of 85 mg/m* as a 2 h infusion, concurrently
with Leucovorin 200 mg/m?/day, followed by bolus
5-Fluouracil (5-FU) 400 mg/m? and a 22 h infusion
of 5-FU 600 mg/m? for two consecutive days), crossed

with stereotaxic radiotherapy (RT) and Cyberknife
treatment in November 2010, though without com-
plete relief. In March 2012 a new relapse was dem-
onstrated by CT scan and RT treatment was again
performed. In February 2013 another progression was
revealed and the patient began chemotherapy (FOL-
FOX). In October 2015 the patient is still alive and

treatment is ongoing.

Materials and methods

Prior to the mutation analysis, the patient pro-
vided informed written consent. A tissue sample from
the primary tumor was obtained from the archives of
ASOD Istologia Patologica e Diagnostica Molecolare
Careggi Hospital. A section of this specimen, stained
with hematoxylin and eosin (Fig. 1), was observed by
a pathologist to evaluate the percentage of cancer cells
prior to performing a manual dissection of the tumor
area. DNA extraction was performed using a QIAamp®
DNA Mini kit (Qjagen, Hilden, Germany), and exon 2
(codons 12 and 13) of the KRAS gene was amplified by
polymerase chain reaction (PCR) using the following
designed primers: forward, 5-GGTGGAGTATTT-
GATAGTGTAT-3’ and reverse, 5-AGAATGGTC-
CTGCACCAGTAA-3. PCR was performed in a
final volume of 25 wl under the following conditions:
1X buffer, 3 mmol/l magnesium chloride, 200 umol/l
deoxyribonucleotide phosphates (all from Applied
Biosystems, manufactured by Roche, Branchburg, NJ,
USA), 12.5 pmol of each primer (Sigma Aldrich, St.
Louis, MO, USA), 200 ng/ul DNA and 1.5 U Taq
DNA polymerase (Applied Biosystems manufactured
by Roche). After being subjected to an initial melting
temperature of 94°C for 2 min, the reaction mixture
underwent 35 cycles of 94°C for 30 sec, 56°C for 30 sec
and 65°C for 30 sec, followed by a final 72°C extension
step for 2 min. Prior to sequencing, the PCR products
were stained with ethidium bromide and visualized on
a UV transilluminator following 2% gel electrophore-
sis. The PCR products were then sequenced using the
BigDye Terminator v.1.1 sequencing kit and an ABI
Prism 310 genetic analyzer (both from Applied Bio-
Systems, Foster City, CA, USA) (8).
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Results

The percentage of sample tumor cells was eval-
uated by the pathologist and estimated to be ~60%.
The DNA quality was evaluated by spectrophotom-
eter analysis and the A260/A280 ratio was 1.8. The
coexistence of two mutations, p.G12D and p.G12V,
in the same codon (codon 12) of the KRAS gene was
observed by molecular biologists in two independent
PCR products and demonstrated by sense and an-
ti-sense sequence analysis of the fragments. The DNA
amplified sequence of the KRAS gene was compared
with the wild-type KRAS sequence.

Discussion

Colorectal cancer is the third most commonly di-
agnosed type of cancer and the third leading cause of
cancer mortality in men and women. With the devel-
opment of drugs, including irinotecan and oxaliplatin,
and targeted therapies, including cetuximab and beva-
cizumab therapy, the median survival has increased to
>20 months. Several studies have shown that KRAS

mutations in primary tumors predict resistance to

anti-EGFR antibodies (9-11), and thus only patients
with wild-type KRAS tumors (~60% of patients) are
eligible for anti-EGFR therapy.

Although the results of the KRAS mutational
analysis of the primary tumor usually match the me-
tastases, in a minority of cases (5-10%), the KRAS
mutational status is heterogeneous between the pri-
mary tumor and metastases (2,12-15). These observa-
tions may reflect the increased genetic instability in
cells that progressively acquire mutations or the pres-
ence of a heterogeneous group of neoplastic cells in-
side the tumor (16,17). In addition, few studies have
observed the coexistence of more than one mutation in
the KRAS gene within the same colorectal tumor, cor-
relating this type of alteration with clinical and mor-
phological features (4-7).

The present study reports a case of the coexist-
ence of two mutations - p.G12S (GGT>AGT) and
p-G13D (GGC>GACQ), in exon 2 of the KRAS gene
- in the same selected tumor area, thus demonstrat-
ing the existence of intratumoral heterogeneity. Data
in the literature suggest that multiple mutations in
the KRAS gene are infrequent, representing 2.1% of
mutations in colorectal cancer (18). The majority of
co-mutations in the KRAS gene affect only one codon

Figure 1. Section of the specimen,
stained with hematoxylin and eo-
sin.
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(59%), mainly codon 12, although co-mutations may
affect codons 12 and 13 simultaneously (18). The most
frequently altered amino acid sequences involved in
these co-mutations are GAT (in codon 12) and GAC
(in codon 13) (18).

Due to the scarcity of data in the literature, the
clinical implications and prognostic significance of
multiple KRAS mutations remain unknown, although
associations with advanced clinical stage and aggres-
sive clinical course have been reported (4-7, 19). The
present case was characterized by an aggressive clinical
course with the development of early liver metastases
despite the administration of neoadjuvant chemo-ra-
diotherapy. Whether this aggressiveness was due to
the coexistence of multiple mutations or a specific sin-
gle mutation is a matter for debate.

It has been shown that not all KRAS mutations
have the same prognostic relevance. A meta-analysis
demonstrated that a p.G12S mutation at codon 12
in the KRAS gene increases the risk of recurrence or
mortality in patients with colorectal cancer (17,20-21),
unlike other KRAS mutations that have only a mod-
erate, non-significant effect on overall survival (22).
These data are consistent with experimental evidence
showing that valine mutations produce proteins with
different behavior than other mutated KRAS proteins
(12). The lower affinity of GTP to p.G12D allows
p-G12D to escape from the oncogenic GTP-bound
state, whereas GTP that is tightly bound to p.G12V
generates a more persistent, potentially oncogenic sig-
nal. Furthermore, differences in the effector region of
p-G12D and p.G12V may modify interactions with
downstream signaling molecules (12).

In the present case the coexistence of these two
mutations, p.G12S and p.G13D, may have had an al-
most (omettere?) different clinical relevance to patient
prognosis (20,22). The effect of various KRAS muta-
tions on overall survival may be explained by the fact
that the heterogeneity of the various KRAS mutations
in colorectal cancer may differ in carcinogenic poten-
tial. This may account for the selection of a new clone
with a p.G12S mutation and more aggressive behavior,
alongside the pre-existing p.G13D clone.

Hence, the great challenge is to detect all muta-
tions present in tumors. It has been suggested that a
DNA tumoral mix obtained from different tumor ar-

eas may increase the detection rate of mutations, in-
cluding multiple mutations (2, 23). This is consistent
with the current theory that tumors show significant
intratumoral heterogeneity, characterized by separate
heterogeneous somatic mutations and chromosomal
aberrations (1). Such genetic heterogeneity may also
cause heterogeneity in terms of radiosensitivity (24),
which will greatly affect the choice of the most appro-
priate treatment option when the disease is treatable
with radiotherapy alone or combined with chemother-
apy or biological drugs (25, 26).

In conclusion, the present study underlines the
importance of intratumoral heterogeneity, as support-
ed by the current data (1, 2) in which tumors may be
polyclonal with a mixture of cell populations harboring
varying mutations. The coexistence of distinct clones
within a tumor may have profound clinical implica-
tions for disease progression and therapeutic response.
In particular, the present case appears to support the
hypothesis that the presence of multiple mutations in
codon 12 is associated with a more aggressive disease
not responding to chemotherapy.
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