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Background: The occurrence of KRAS mutations and their association with prognosis in
metastatic colorectal cancer patients is not well documented in population-based studies.
Objectives: To examine the feasibility of identifying archived colorectal cancer specimens,
and through linkage with nationwide Danish population-based databases to investigate the
prevalence of KRAS mutations and their association with colorectal cancer survival.
Methods: We used the Danish Pathology Database to identify the physical location of primary
(or in some cases secondary) tumor specimens from selected metastatic colorectal cancer
patients referred to our hospital for palliative chemotherapy between November 1, 2008 and
September 30, 2009. Routinely stored paraffin tissue blocks were obtained from the pathology archives of the originating hospital. KRAS mutation tumor status was assessed for each
patient using the commercialized TheraScreen KRAS Mutation Kit. Using the unique identifier
number, we linked the patients to the Danish National Registry of Patients and the Danish Civil
Registration System to obtain data on date of first colorectal cancer diagnosis and follow-up
status. We estimated prevalence of KRAS mutations and the 1-, 2-, and 5-year survival after
colorectal cancer diagnosis using the Kaplan–Meier technique.
Results: We identified 106 metastatic colorectal cancer patients (64% males). All were
successfully linked to the registries, and archived tumor-tissue samples were obtained and
analyzed in each case. The overall prevalence of KRAS mutations was 55%, and 1-, 2-, and 5-year
overall survival after colorectal cancer diagnosis was 91%, 68%, and 25%, respectively.
Conclusion: It is feasible to use Danish population-based registries to obtain archived tissue
samples from metastatic colorectal cancer patients, and to estimate prevalence of KRAS mutation
and subsequently evaluate the association with colorectal cancer survival.
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Colorectal cancer (CRC) is among the most common cancers in the Westernized world,
and in Denmark more than 4000 new cases are diagnosed annually.1 Survival varies
with cancer stage at diagnosis, thus the 5-year survival of metastatic CRC (mCRC)
is 10%, while that of early stage carcinoma is over 90%.2 CRC with localized and
regional spread benefits significantly from surgery and treatment with conventional
chemotherapy.3 In contrast, treatment options for mCRC are still limited. Recent
efforts to improve outcomes among mCRC patients have focused on the combination
of standard chemotherapy with agents targeting biological pathways central to cancer
pathogenesis.4,5 In particular, epidermal growth factor receptor (EGFR) inhibitors
have been shown to improve overall and progression-free survival in these tumors.6–8
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Importantly, these agents seem only to improve prognosis in
mCRC patients with the wild-type guanosine triphosphatase
KRAS and not in patients with mCRC carrying KRAS
mutations.6 KRAS is one of the most frequently activated
oncogenes in several types of human cancer, and its mutations
lead to constitutive activation of KRAS-signaling pathways,
leading to increased and unregulated cellular proliferation
and malignant transformation.9
While abundant data on KRAS mutations in mCRC have
come from hospital-based studies and clinical trials, only
a few studies have reported on KRAS mutations in mCRC
occurring in population-based patient samples.10,11 Therefore,
much is still to be investigated regarding the association
between KRAS mutations and mCRC prognosis in the
population-based setting. In view of this, we conducted a
feasibility study to demonstrate ease of access to archived
tissue samples from mCRC patients in Denmark, and the
utility of a widely used commercial kit to test retrospectively
for KRAS status in such routinely processed tissue.
Furthermore, our study underlines the potential of the present
study design to be used for carrying out prognostic research
by linking to population-based Danish registries.

Materials and methods
Widespread health registration occurs in Denmark under
the auspices of the Danish National Health Service, which
provides what is essentially a monopoly service of free (taxfunded) medical care for all Danish residents. Information
can be efficiently linked through the unique ten-digit personal
identifier (CPR number) assigned to each Danish citizen at
birth or on immigration.12

Specimens from colorectal cancer
patients with metastatic disease
The Danish National Pathology Registry (and its underlying
national registration database, the Danish Pathology Data
Bank) has a complete record of all pathology specimens
examined in Denmark since January 1, 1997. The registry
is updated daily, and records the unique ID number of the
specimen and the examining pathology department, the
date of examination, the CPR number of the patient, and
the pathology diagnosis based on the Danish Systematized
Nomenclature of Medicine codes.13–15 Using this registry, it
is possible to identify all patients diagnosed with CRC (based
on tumor tissue) nationwide. Furthermore, for each patient,
it is possible to obtain a record of all pathology specimens
obtained over time, the date of their removal, and the exact
location of the archived samples.
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For this feasibility study, we only included mCRC
patients referred consecutively to our hospital for palliative
chemotherapy during the study period (between November 1,
2008 and September 30, 2009). We used this restricted
approach to minimize costs for this small feasibility study.
Using the local Danish Pathology Data Bank, we identified
for each patient the primary diagnostic CRC tissue specimen
and all subsequent primary and secondary CRC pathology
specimens. For each sample, the date and place of removal
and the physical location of the archived tissue specimens
were available. Primary CRC tissue blocks (or if these were
not sufficient for analysis, secondary tumor tissue blocks)
were obtained from the pathology archive at the originating
hospital. Submitting pathology departments were mostly
from the western part of Denmark, as this is the area primarily
served by our hospital as reference center, but also included
some pathology departments from across the country.

KRAS analysis
KRAS analyses were conducted at the Institute of Pathology,
Aarhus University Hospital, using routinely processed and
stored formalin-fixed paraffin-embedded CRC samples.
Analyses were performed on primary tumors, or if there was
insufficient primary tissue, on metastases. Both biopsy and
resection specimens were included. Before DNA extraction,
a pathologist confirmed the presence of adequate amounts
of tumor tissue in each slide from the study paraffin blocks.
If the percentage of tumor cells was below 10%, tumor-cell
enrichment was achieved by macrodissection of object-glass
mounted, unstained sections. Using a routinely stained
hematoxylin and eosin section as a guide, the major part of the
nonneoplastic tissue areas was removed by scraping, before
submitting the remaining tumor-rich areas for analysis.
For the KRAS analyses, we used the commercially available DxS TheraScreen KRAS Mutation Kit
(Qiagen, Copenhagen, Denmark). This is the standard
method used in our department for routine diagnostic
K RAS-mutation detection. The test is widely used for
site-specific analysis of the clinically most important
KRAS m utations. It is highly selective, sensitive, and
robust, using allele-specific amplification combined with
real-time polymerase chain reaction to detect seven key
mutations in codons 12 and 13 of the KRAS gene (Gly12Asp
[GGT . GAT], G ly12Ala [GGT . GCT], Gly12Val [GGT . GTT], Gly12Ser [GGT . AGT], Gly12Arg
[GGT . CGT], Gly12Cys [GGT . TGT], and Gly13Asp
[GGC . GAC]). By comparing control- and mutant-sample
reactions, the assay can detect 1% of mutant DNA in a
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b ackground of wild-type genomic DNA, provided that there
is enough DNA of sufficient quality.16
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Linkage to other registries
To test the feasibility of performing future prognostic studies,
we linked our patients to the Danish National Registry of
Patients. This registry covers a population of approximately
6 million in all Danish hospitals and contains information of
all nonpsychiatric hospitalization since 1977 and outpatient
contacts since 1995.17 Each record includes date of admission
and discharge, surgical procedures carried out, and up
to 20 discharge diagnoses coded by doctors according to
the International Classification of Diseases (ICD), eighth
revision, until the end of 1993, and according to the tenth
revision thereafter.17 For this feasibility study, we collected
the date of first diagnosis of CRC (ICD-10: C18–C20), the
overall annual number of new CRCs diagnosed in Denmark
for the period from which the specimens originated, and
information about chemotherapy administered after first
CRC diagnosis (cytostatic chemotherapy and/or treatment
with cetuximab or other monoclonal antibodies). In addition,
the registry could also be used to obtain information on, for
example, comorbid diseases and surgical procedures.
We followed the patients from date of first CRC diagnosis
until death, emigration, or January 1, 2011, whichever
came first. Data on the overall number of Danish residents,
death, or emigration were obtained by linkage to the Civil
Registration System, which is updated daily and tracks vital
status (dead or alive) and the residence of all Danish residents
since April 1, 1968.

Statistical analysis
We estimated the prevalence of KRAS mutant and wild
type by dividing the number of patients with mutant and
with wild-type KRAS status by the total number of patients.
Prevalence was estimated for all patients and stratified by
gender. We estimated median, 1‑, 2-, and 5-year survival and
corresponding 95% confidence intervals (CIs) after KRAS
analysis using the Kaplan–Meier technique. We stratified
survival estimates by gender and by KRAS status (wild type
vs mutations [all seven mutations combined]).

Results
We identified 106 mCRC (median age at CRC diagnosis:
61 years) patients; 64% were males. We were able to locate
archived paraffin-embedded cancer tissues from all patients,
and in each case to extract sufficient DNA for KRAS analysis.
Tissues used in this study originated from the period
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1998–2009. However, the majority of tissue blocks were
from the years 2005–2009, with only six (5.7%) samples
from before 2005. The underlying total number of new CRC
diagnoses in Denmark in the 1998–2009 period was 46,596,
reflecting an increase in the annual number of cases from
3645 in 1998 to 3921 in 2005 and 4289 in 2009. Furthermore,
the cancer cases arose from a population that increased from
5.30 million in 1998 to 5.51 million in 2009.
For all cases, successful linkage to other registries was
obtained. Thirty-three (31.1%) patients received only cytostatic treatment. The remaining 73 (68.9%) patients were
treated with cytostatic drugs in combination with cetuximab
(n = 22) or other monoclonal antibodies (n = 51). Overall,
the prevalence of KRAS mutations was 55% (Table 1).
The most prevalent mutations were Gly12Val (15.1%) and
Gly12Asp (14.1%).
One, 2, and 5 years after CRC diagnosis, the overall survival among mCRC patients was 91% (95% CI, 0.83–0.95),
68% (95% CI, 0.58–0.76), and 25% (95% CI, 0.16–0.35),
respectively (Table 2). Median survival after CRC diagnosis
among patients with wild-type and KRAS mutations was
3.7 years (95% CI, 2.2–4.9) and 2.6 years (95% CI, 2.0–3.4),
respectively.

Discussion
In this feasibility study, we have outlined a retrospective
study design that takes advantage of the nationwide Danish
population-based databases and comprehensive archives of
CRC specimens. This methodology seems appropriate for
evaluating the prevalence and potential prognostic impact of
KRAS mutation in mCRC patients. The study confirms that
it is feasible in a Danish population-based setting to obtain
archived paraffin-embedded CRC tissue samples, utilize
standardized KRAS-mutation analyses, and link to nationwide
Table 1 KRAS mutations in metastatic colorectal cancer patients
included in this study
Total number of patients
KRAS
Wild type
Mutations overall
Gly12Asp
Gly12Ala
Gly12Val
Gly12Ser
Gly12Arg
Gly12Cys
Gly13Asp
Gly12Ala/12Ser

Female (%)

Male (%)

All (%)

38 (35.9)

68 (64.2)

106 (100)

17 (44.7)
21 (55.3)
2 (5.3)
3 (7.9)
8 (21.1)
2 (5.3)
0 (0.0)
2 (5.3)
2 (5.3)
2 (5.3)

31 (45.6)
37 (54.4)
13 (19.1)
3 (4.4)
8 (11.8)
1 (1.5)
3 (4.4)
2 (2.9)
6 (8.8)
1 (1.5)

48 (45.3)
58 (54.7)
15 (14.1)
6 (5.7)
16 (15.1)
3 (2.8)
3 (2.8)
4 (3.8)
8 (7.6)
3 (2.8)
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Table 2 Median, 1-, 2-, and 5-year survival in metastatic colorectal cancer patients included in the study
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Survival (95% confidence interval)
All (n = 106)
Male (n = 68)
Female (n = 38)
KRAS wild type (n = 48)
KRAS mutated (n = 58)

1 year

2 years

5 years

2.88 (2.15–3.63)
3.44 (2.14–4.07)
2.55 (2.05–2.95)
3.73 (2.18–4.90)
2.55 (1.96–3.44)

0.91 (0.83–0.95)
0.90 (0.80–0.95)
0.92 (0.78–0.97)
0.92 (0.79–0.97)
0.90 (0.78–0.95)

0.68 (0.57–0.78)
0.66 (0.53–0.76)
0.71 (0.53–0.83)
0.73 (0.58–0.83)
0.63 (0.49–0.74)

0.25 (0.16–0.35)
0.29 (0.17–0.41)
0.07 (0.06–0.33)
0.32 (0.18–0.47)
0.19 (0.09–0.31)

registries to obtain information relevant for the study aim.
We estimated that the prevalence of KRAS mutations was
55%, and that these patients may have a slightly lower
survival than those with KRAS wild type.
Whereas the methodology of this study has proven
its suitability for use in future studies, the reported KRAS
prevalence and survival estimates need to be interpreted
with caution for different reasons. Firstly, we included a
relatively small nonrandom study sample, and therefore
our results were imprecise and might not be generalizable
to all mCRC patients. This may be the reason previous
studies have reported substantially lower KRAS-mutation
prevalence (approximately 20%–40% of CRC patients).18–22
Hence, in the Catalogue of Somatic Mutations in Cancer
database,23 somatic missense KRAS mutations were reported
in 35% of patients with colon adenocarcinoma. However,
a previous study reported a KRAS-mutation prevalence in
patients with CRC metastases of 48%, which is closer to
our findings, and even higher among CRC patients with
lung and brain metastases.24 Secondly, since we followed
patients from date of first CRC diagnosis, but only included
those who lived long enough to be eligible for KRAS testing,
we probably have overestimated survival as compared to
the general mCRC patients (immortal time bias). Finally,
previous studies used different criteria to identify the onset
of follow-up, thus some considered the date of EGFRinhibitor treatment,25,26 while others used the date of other
treatments22 or date of CRC diagnosis regardless of cancer
stage. 21 Nonetheless, a single-institution-based study
reported better survival after CRC surgery in patients with
at least one liver metastasis, comparing KRAS wild type
vs KRAS-mutated tumors. Hence, 2- and 4-year survivals
were 74% and 51%, respectively, in patients with KRAS
wild type and 60% and 20% in patients with KRAS-mutated
cancers.22 Although we included a relatively small sample,
our survival estimates are broadly in accordance with those
previously published, providing some validation to our
methodology.
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The methods used in our study could be elaborated and
refined in potential larger studies, which would include
a randomly selected sample of CRC patients to ensure
generalizability. The use of a population-based design
within a free tax-supported universal health-care system
with complete hospital history and follow-up would reduce
the risk of referral, diagnostic, and information bias.
Furthermore, linkage to other databases such as the Danish
Cancer Registry27 and the Danish Colorectal Cancer Group
Database28 could provide additional detailed information;
both registries have been shown to be highly complete and
valid.27,28 Thus, the Danish Cancer Registry has kept records
of all incident malignant neoplasms in Denmark since 1943,
and its data include, among other things, date of cancer
diagnosis, tumor spread at diagnosis (localized, regional,
metastasized, or unknown), and baseline treatments.27 The
Danish Colorectal Cancer Group Database was founded
in 1994. It collects information prospectively, including
follow-up details on all patients with a first-time diagnosis
of CRC at surgical departments in Denmark. This registry
has the advantage of providing detailed information on a
number of important factors, such as comorbidities, alcohol
and tobacco consumption, diagnostics, and even follow-up
treatments, and would therefore be a valuable source for
future studies.28
Another factor to take into consideration in future studies
is the choice of KRAS analysis. In this study, we used the
TheraScreen KRAS Mutation Kit for detecting the seven key
mutations. However, in future studies, additional mutations
could be of importance, necessitating a different analytical
approach.29 Moreover, further studies may investigate other
biomarkers besides KRAS, such as mismatch-repair proteins
and p53.19,30
In summary, this feasibility study has shown that it is
possible to use nationwide Danish population-based registries
to identify and obtain archived tissue samples from mCRC
patients and subsequently to estimate the prevalence of KRAS
tumor mutation. A similar approach may be used in the future

Clinical and Experimental Gastroenterology 2012:5

Dovepress

to facilitate studies of the association between KRAS mutation
and CRC prognosis.
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