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Abstract Colorectal cancer (CRC) is a heterogeneous disease
presenting with a wide spectrum of morphological and mo-
lecular characteristics sometimes even within the same pa-
tient. To understand the mechanisms of oscillations in the
KRAS status we evaluated the collective of CRC patients
tested using allele-specific PCR and Sanger-sequencing. Mu-
tant KRAS allele was observed in 43.3 % of cases. Repeated
analysis of KRAS status in recurrent tumors or metastases was
performed in 18/665 cases and a total of 6 cases with different
KRAS status was found. In three cases the histological pattern
of the tumor was identical. In one patient different histology
and molecular status was seen between the primary and the
recurrent tumor samples. In two further cases localization,
histological type and KRAS mutational status all supported
the occurrence of synchron/metachron colorectal tumors. In
conclusion, both the progression of the original disease but
also multiple tumor formation may contribute to mutation
status differences during the course of colorectal carcinoma.
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Introduction

Molecular testing of EGFR (Epidermal growth factor recep-
tor) and its downstream molecule, the KRAS (Kirsten rat
sarcoma viral oncogene homolog) genes are used as predictive
factors of TKI therapy. EGFR is a transmembrane tyrosine
kinase receptor triggering RAS-RAF-MAPK and PI3K-
PTEN-AKT signaling pathways [1]. By these signal
transductors the growth signal from EGFR molecule is trans-
duced to the nucleus stimulating cell proliferation and
inhibiting apoptosis. Oncogenic mutations of KRAS gene
are observed in 30–50 % of metastatic colorectal cancer [2,
3] comprising 86 % of all RAS family member mutations [4].
Tanaka et al. reported thatKRASmutation was an independent
factor associated with prognosis in a multivariate analysis [5].
In The Kirsten Ras In-Colorectal-Cancer Collaborative
Groups (RASCAL) multivariate analyses, the presence of
KRASmutation was significantly associated with poorer prog-
nosis [6]. Lievre et al. first reported the link between KRAS
gene mutation and decreased response to anti-EGFR agents
[7]. The analysis of the most frequent activating mutations in
exon 2 of the KRAS gene (codon 12 and 13 mutations)
became a routine procedure in colorectal cancer diagnostics
which was recently extendedwith the less frequent exon 3 and
4 as well as NRAS exon 2, 3 and 4 mutation testing. The
success of an anti-EGFR treatment necessitates the exclusion
of dominant RAS mutations which trigger the signaling path-
way independent from the EGFR tyrosin kinase activity
(Fig. 1). RAS mutation testing is done in the majority of
primary CRC cases from DNA isolated from the FFPE tumor
samples right after histology.

Despite of reports on the intratumoral mutational heteroge-
neity and potential changes in the KRAS status during the
course of the disease it is generally believed that KRAS
mutations occur early during the process of neoplastic trans-
formation and by that it is a constant genetic abnormality [8,
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9]. Primarily financial aspects can explain why serial reanal-
ysis of the KRAS mutation status in disease recurrence is
rarely done. During the routine testing of a large number of
colorectal carcinoma samples in the last 5 years we were
continuously interested in the reproducibility of the KRAS
status in recidive tumor samples obtained from the same
patient in different time points of the disease and we also
looked for potential biological explanations in the background
of the changes demonstrated. After the exclusion of technical
problems the role of mutational status heterogeneity and the
opportunities for multiple tumor development were addressed
in particular.

Patients and Methods

Patients and Samples

665 samples from 645 patients suffering from colorectal ade-
nocarcinomawere retrospectively evaluated for complete clin-
icopathologic characteristics including age, gender, tumor
localization, histological type, grade, TNM stage, KRAS mu-
tation status and KRAS genotypes. All patients had undergone
primary tumor surgery for diagnostic and therapeutic pur-
poses. The samples were fixed in neutral-buffered formalin
and embedded in paraffin as usual. Sections were stained with
H&E and examined by dedicated pathologists. Samples were
collected according to the rules and regulations of the Clinical
Center at University of Debrecen with the approval of the
local ethical committee (file number: RKEB/IKEB 3856–
2013).

DNA Isolation and KRAS Mutation Analysis

Samples with tumor area ~1 cm2 were selected for KRAS
mutation analysis. DNA isolation was carried out from a
1x5μm thick FFPE slides after xylene deparaffination using
a commercially available kit (Quick Gene DNA Tissue Kit,
KURABO, Japan) according to manufacturer’s instructions
(OD260/OD280=1.5–2.1).

KRAS exon 2 codon 12–13 mutation analysis was per-
formed by a PNA clamped RT-PCR assay based on the direct
blocking of the wild type allele of examined exons. For each
sample two PCR reactions (unclamped and PNA-clamped)
were run. For PCR clamping 600 nM PNAwas added to PCR
mixture. PCR was performed on a 7300 Real Time PCR
System for 45 cycles followed by a 10 min elongation step
at 72 °C. The samples were considered mutant when amplifi-
cation of the clamped reaction occurred as follows:
ΔCt(clamped-unclamped) <10 (e.g. 0.1 % mutant allele frequency)
and Ct(clamped) <40. ROC analysis of the diagnostic setup
showed that the chance for false positivity is the least when
ΔCt<5.26 (mutant allele frequency >2.6). Sanger sequencing
of PCR products was performed in all cases with ΔCt higher
than 5.26 on a 310 Genetic Analyzer (Applied Biosystem)
using the forward PCR primer and Big Dye Terminator
chemistry.

Statistical Analysis

Molecular results together with the clinicopathologic data
were statistically analyzed using median±SD, average, Stu-
dents t-test and compared with literature data.

Fig. 1 The influence of
mutational status of RAS on the
anti-EGFR treatment efficacy in
metastatic colorectal
adenocarcinoma
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Results

Clinicopathologic Characteristics of KRAS Tested Colorectal
Adenocarcinomas

Results of altogether 665 KRAS analyses were evaluated. 427
patients were males (64.2 %), the median age of patients was
60 years (range 19–86). Detailed clinicopathologic data in-
cluding primary tumor localization were available from 572
in-house cases. The vast majority of samples had origin from
the recto-sigmoid region (rectum: n=276, 48.3 %; sigma: n=
129, 22.5 %). 83.2 % of primary tumors were identified as
pT3-T4 (pT3: 63.8 %; pT4: 19.5 %). Nodal status was ob-
served as follows: pN0: 35.0%; pN1: 44.5%; pN2: 20.5%. In
75.6 % of the cases histological grade 1–2, in 24.4 % grade 3–
4 was described. Mutant KRAS allele was observed in 43.3 %
of the cases (42.1 % in males; 45.4 % in females). G12D,
G12Vand G13D were the most frequent genotypes.

Analysis of Cases With Multiple KRAS Examinations

In 18/665 cases multiple KRAS analyses were performed
from at least two sequential samples obtained at different
times from the same patient. In 6/18 cases different KRAS
status and/or genotype was observed. All samples were
reexamined for KRAS mutation including sequencing of the
exon 2 codon 12/13 region to exclude analytical problems.
Histological types were also revalidated and all histological
and molecular features were summarized (Table I). In order to
understand the nature of the observed molecular differences
all cases were individually analyzed and interpreted.

Patient 1 was a 61-year-old male with tubulovillous primary
tumor (Grade 2, Stage pT3 pN1 pM1) of the trans-
versal colon and wild type KRAS. 18 months after
1st line FOLFOX therapy hepatic metastases with
identical histology occurred showing a KRAS ex-
on 2 mutation at G12C with a mutation rate of
25 %. Repeated analysis of the primary lesion
excluded the presence of G12Cmutated subclones.
Mutant KRAS status indicated a second line
bevacizumab+FOLFIRI therapy.

Patient 2 was a 56-year-old female with a rectum tumor
presenting with a conventional tubular histology
(Grade 2, Stage pT2 pN0 pM1). The initial biopsy
repeatedly showed a wild type KRAS status, but
the surgically resected primary tumor showed a
G12Vmutant KRAS genotype (tumor cell content
– 90 %, mutation rate – 25 %) in the presence of
identical histological architecture. She received
bevacizumab as 1st line treatment and had a stable
disease for 23 months when a recurrent rectal
tumor with tubular architecture was observed. As

2nd line therapy she received the FOLFIRI proto-
col. After another 20 months stable disease pre-
dominantly tubulovillous metastases of the thy-
roid gland occurred which proved to be of colo-
rectal adenocarcinoma origin (CK20+, CDX2+,
TTF1-). The KRAS status of the thyroid metasta-
sis was mutant (G12V) that was identical with that
of the primary tumor resected 2.5 years before.

Patient 3 was a 66-year-old male diagnosed with a primary
tubular adenocarcinoma (Grade 4, Stage pT3 pN0
pM0) of the right colon (hepatic flexure) showing
mutant KRAS with G13D genotype (12 % muta-
tion rate). He received bevacizumab+FOLFIRI
first line therapy and 5FU as second line therapy.
After 9 months of stable disease a hepatic metas-
tasis was discovered. The biopsy presented with a
tubular histological type and with a wild type
KRAS status. Targeted anti-EGFR therapy was,
however, not applied due to the rapid progression
of the process.

Patient 4 was a 51-year-old male treated for Crohn’s disease
for 11 years before a primary tumor in the
rectosigmoid localization and tubular histology
(Grade 1, Stage pT1 pN0) was diagnosed. Molec-
ular testing resulted in a wild type KRAS status.
After 28 months following hemicolectomy and a
stable disease a tumor in the caecum – far from the
surgical resection line – was observed. Histologi-
cally it showed primarily tubulovillous pattern
(Grade 1, stage pTis pN0) and a mutant KRAS
status was stated with the G12C genotype. The
patient underwent a second surgery which was
followed by a combined bevacizumab+FOLFIRI
chemotherapy. After 13 months a tumor mass in
retroperitoneal space was discovered by the control
CT scan. The guided needle biopsy presented a
metastatic mucinous adenocarcinoma with colon
origin and a wild-type KRAS status was stated.
The examination of the surgically removed tumor
mass confirmed the mucinous histological type,
but molecular typing of this metastatic tumor sam-
ple revealed a different mutation at G12V (Fig. 2)

Patient 5 was a 59-year-old male with two synchronously
growing tumors, one in the sigmoid colon (Grade
2, Stage ypT3 ypNx) and one in the rectum (Grade
2, Stage ypT2 ypNx), both similarly showing tubu-
lar tissue architecture. However, the sigma tumor
proved to be KRAS mutant with G12C genotype
(mutation rate 12 %), while the rectal one was
KRAS wild type. Both tumors were dissected and
the patient was treated by first line FOLFIRI follow-
ed by second line FOLFOX and third line anti-
EGFR chemotherapy (panitumumab). 6 months
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after the detection of the double primary tumors a
hepatic metastasis with tubular histology occurred.
The metastasis showed a wild type KRAS status.

Patient 6 was a 52-year-old male presenting with a
tubular rectal tumor (Grade 4, Stage pT3
pN0) and with a mutant KRAS status
(G12D genotype, 12 % mutation rate). After
42 months of first line FOLFIRI and second line
FOLFOX therapy a second tumor of the rectum
was observed. The histological type proved to be
mucinous adenocarcinoma and a wild type KRAS
was demonstrated. Panitumumab monotherapy
for seven cycles was started which resulted in at
least 4.5 months stable disease. Treatment was
then intensified by the administration of
capecitabine.

Discussion

Our results also indicate that colorectal cancer is a
heterogeneous disease both in its histopathologic appear-
ance and in its molecular pathologic composition. How-
ever, internal variations of the genetic features remain

mostly uncovered for the routine oncological practice.
In our collection of almost 700 colorectal adenocarci-
nomas tested between 2008 and 2012 we identified six
cases with differences in the KRAS mutational status
during disease progression and serial testing. In the
frame of this study all samples were repeatedly evalu-
ated for exon 2 codon 12/13 mutations and carefully
evaluated to exclude technical artifacts. In addition,
detailed histological revision was also performed to
identify morphological specialities between samples ob-
tained at different time points. Following the summary
of all available data we concluded that differences in
KRAS status occured due to different biological
mechanisms.

Cases 1–3 showed different KRAS status in the pri-
mary and metastatic/recidive tumors while no definitive
change in the histological type during progression was
observed. The mutation rates determined by allele spe-
cific PCR amplification (Table 1.) suggested mutational
heterogeneity within the same tumor potentially en-
abling the persistence and dissemination of genotypical-
ly different tumor subclones during the progression of
the disease. In this model true tumor heterogeneity may
explain differences in the mutational status during the course
of the disease.

Fig. 2 Tubular histologic type and wild type KRAS PCR-result of the
primary adenocarcinoma of the sigma a compared to the mucinous
histologic pattern featuring mutant KRAS genotype of the retroperitoneal
metastatic tumor b from the same patient (case no. 4) (HE; 10×

magnification). The time span between the two tumor samples was
41 months. KRAS exon two mutant allele specific PCR was done from
the FFPE tumor material displayed in the figure
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An alternative mechanism could be suggested when
molecular heterogeneity is associated with significant dif-
ferences in the histological architecture. Moreover, distant
anatomical locations within the large intestine further in-
dicate to the coexistence of independent tumors. In cases
4–6 described here tissue changes occurred in a timely
and spatially separated manner. Case 4 presented with two
obviously independent colon cancers (rectum and cecum)
and a retroperitoneal metastasis which was difficult to
associate with any of the primaries due to phenotypic
and genotypic deviations. In case 5 a G3, pT3 pN0 stage
tumor was first observed which was followed by a histologi-
cally and genetically different second colon tumor occurring
42 months later. Finally, the synchronously growing colon
carcinomas and distant metastases demonstrated in case 6 also
proved to be different both at histological and at the molecular
level.

Current data about the molecular heterogeneity in colo-
rectal cancer are controversial. Oltedal and coworkers
demonstrated variable distribution of KRAS codon 12
and 13 mutations between primary tumor and correspond-
ing sentinel lymph node metastases in 20 % of cases [10].
Knijn and coworkers observed a high concordance
(96.4 %) between the KRAS mutation status of colorectal
cancers and their corresponding liver metastases, meaning

5.6 % discrepancies for any reason. Inspite of this, they
suggested that both primary tumors and liver metastases
could be used for KRAS mutation analysis [11]. Kimura
et al. described intratumoral heterogeneity in 7 % of CRC
representing different single mutations [12]. Losi et al.
observed intratumoral heterogeneity in 60 % of early
CRCs with no predominant KRAS mutant clones, howev-
er, advanced stages were found to become homogeneous
for KRAS in 80 % due to clonal progression [8]. Gash
et al. demonstrated considerable intra- and inter-patient
heterogeneity of EGFR expression and genetic alterations
in EGFR, KRAS, and PIK3CA, serving with explanation
for the variable response rates to EGFR inhibitors in
patients with CRC [13].

During the progression of malignancies new mutations are
acquired contributing to the development of a more aggressive
and metastatic phenotype through clonal evolution [14]. The-
se phenotypic and molecular characteristics enable the accu-
rate analysis of tumor development in individual cases. In the
light of the cited observations and also of our experience, the
significance of multiple tumor formation in CRC is
underestimated. Tziris and coworkers described synchronous
and metachronous adenocarcinomas of the large intestine in
12/268 (4.3 %) cases. Metachronous cancers were found to be
more frequent and more often localized in the rectum [15].

Table 1 Summary of cases showing differences in KRAS exon two
mutation status in sequentially obtained from follow-up tumor samples.
Histopathological and KRAS genotype differences between primary

tumors and their recidive/metastatic lesions were evaluated. M-male; F-
female; NA-data not available

Case # Gender
(age)

Anatomic site
of tumor

Time between
tumors (months)

Histologic type
(grade)

KRAS
genotype

Mutation
rate

Tumor cell
content

The same histologic type but different genotype of tumor

1 M (61) Colon transversum 18 Tubulovillous (G2) Wild type – 30 %

Liver met Tubulovillous G12C 25 % 10 %

Lung met Tubulovillous Mutant NA 50 %

2 F (56) Rectum biopsy 23 Tubular Wild type – 40 %

Rectum Tubular (G2) G12V 25 % 90 %

Rectum Tubular Wild type – NA

Tyroid gland 20 Villous G12V 75 % 10 %

3 M (66) Flexura hepatica 9 Villous (G4) G13D 12 % 75 %

Liver Tubular Wild type – 50 %

Differencies between synchronous/metachronous tumors and their metastase

4 M (51) Rectosigma 28 Tubular (G1) Wild type – 10 %

Caecum Tubulovillous (G1) G12C 20 % 40 %

Retroperitoneum biopsy Mucinous Wild type – 10 %

Retroperitoneum 13 Mucinous G12V 15 % 30 %

5 M (59) Sigma 0 Tubular (G2) G12D 12 % 5 %

Rectum Tubular (G2) Wild type – 5 %

Liver 6 Glandular Wild type – 5 %

6 M (52) Rectum 42 Tubular (G3) G12D 12 % 10 %

Rectum Mucinous Wild type – 20 %
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Although the occurrence of synchronous/metachronous colo-
rectal tumors is clinically relevant, a detailed and systemic
comparative analysis considering the KRAS status is still
missing.

The method based on PNA blocking of wild type allele and
PCR amplification of mutant sequences allows quantitative
determination of the mutant alleles within a tumor mass. In
general, mutations are allowed to be safely detected at a
concentration of 2 %, which could be also proven by direct
sequencing in all cases in our practice. However, the exact
nature and biological significance of activating mutations at
this low frequency is unclear. Due to some technological
limitations and the admixing of non-neoplastic component
true intratumoral heterogeneity mutation rates of 5 % or less
should be evaluated with caution. Heterogeneity on the other
hand may evolve for many biological reasons. It may occur
due to early clonal evolution, but passive biological mecha-
nisms, e.g. chromosomal aneusomies, allelic losses, etc. may
also significantly influence mutant allele density. The exact
intratumoral distribution of the proposed genotypic heteroge-
neity is neither really known nor understood. There might be
differences between well and poorly differentiated areas, but
also between the central and the peripherial/invasive zones of
the tumor. Routinely performed molecular analyses were de-
veloped to represent the mutational status in general but they
do not really focus on the KRAS mutational spectrum occur-
ring at the tissue or cellular level.

In summary, multiple biological reasons may contribute to
cause alterations in KRAS mutational status in colorectal
cancer when serially tested. The case can be even more
complex considering multiple clinically relevant mutations,
such as those of the extended RAS gene family. For the above
mentioned reasons it seems to be increasingly relevant to
perform molecular testing in any new lesions in colorectal
carcinoma, especially when obvious pathoanatomical differ-
ences are stated.
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