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Abstract This consensus statement, conceived as a joint
initiative of the Spanish Society of Pathology and the
Spanish Society of Medical Oncology, makes diagnostic
and treatment recommendations for the management of
patients with hereditary, localised and advanced CRC
based on the current scientific evidence on biomarker use.
This consensus statement thus provides an opportunity to
improve healthcare efficiency and resource use, which will
benefit these patients. Based on the currently available data
on this subject, this expert group recommends testing for
microsatellite instability (MSI) in patients with localised
CRC, as this is a strong predictive factor for deciding on
adjuvant treatment. However, although the ColoPrint® and
Oncotype Dx® gene expression signatures have been
shown to have prognostic value, no consensus yet exists
concerning their use in clinical practice. For advanced
CRC, it is essential to test for KRAS mutation status before

P. Garcia-Alfonso ()

Medical Oncology Service, Universitary Hospital Gregorio
Marafion, Madrid, Spain

e-mail: pgarcaalfonso@gmail.com

P. Garcia-Alfonso
Servicio de Oncologia Médica, Hospital General Universitario
Gregorio Maraiioén, C/Doctor Esquerdo, 46, 28007 Madrid, Spain

R. Salazar
Medical Oncology Service, ICO Hospital Duran i Reynals,
Hospitalet de Llobregat, Spain

J. Garcia-Foncillas
Medical Oncology Service and Genetics Clinical Unit,
Clinic of Navarra University, Pamplona, Spain

E. Musulén

Anatomic Pathology Service, Hospital Universitari Germans
Trias i Pujol, Badalona, Spain

@ Springer

administering an anti-EGFR treatment, such as cetuximab
or panitumumab. However, testing for other biomarkers,
such as BRAF, EGFR, PI3K and PTEN mutations, should
not be done routinely, because this does not influence
treatment planning at the present time. Other important
issues addressed include organisational requirements and
the quality controls needed for proper testing of these
biomarkers as well as the legal implications to be borne in
mind when testing some biomarkers.
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Introduction

Recently, the health sector has encouraged the writing of
clinical practice guidelines, which has resulted in more
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effective oncological intervention based on scientific evi-
dence levels and professional consensus. In this respect, no
specific clinical guidelines exist on the use of biomarkers in
colorectal cancer (CRC).

The high incidence of CRC, and its impact on public
health mean that consensus protocols need to be drawn up
by the multidisciplinary teams involved in designing the
various treatment strategies. In order to work together with
the basic aim of curing patients, or at least improving their
survival and quality of life, oncologists and pathologists
must communicate with each other fluently and consis-
tently. On the other hand, using these consensus protocols
will be financially advantageous, as it will optimise
administration of the most appropriate treatments in each
case.

One of the revolutions in treatment currently taking
place relies on understanding the biomarkers involved in
molecular pathways in cancer cells. Drugs designed to
block some of these have been incorporated into the ther-
apeutic arsenal available. Other biomarkers, such as genes
involved in the deoxyribonucleic acid (DNA) repair path-
way or the APC gene, are already routinely tested to
determine the subject’s susceptibility to hereditary CRC.
These new treatment strategies require oncologists and
pathologists to work together, to ensure that the necessary
specimen is available to enable these markers to be tested
in the relevant laboratories.

Although in most cases material from surgically resec-
ted CRC provides a guaranteed source of sufficient sample,
it must be remembered that under certain circumstances
this material may be limited and in short supply. This is
especially true when only endoscopic biopsies or needle
biopsies of metastatic disease are available, or even when
only minimal residual tumour remains after neoadjuvant
treatment. For all these reasons, the pathologist must take
responsibility for optimising the use of specimens, and
their traceability in the event that biomarker tests take
place in different laboratories.

One key issue covered in these guidelines is the opti-
misation and standardisation of methodology used for
biomarker testing. Also, in order to ensure the effectiveness
and specificity of the results, internal or external quality
controls must be applied, such as those implemented by
scientific associations such as the Spanish Society of
Medical Oncology (SEOM) and the Spanish Society of
Pathology (SEAP).

Another important subject addressed in these guidelines
concerns the legal implications and bioethical issues sur-
rounding the management of cancer patients. Observation
of the new Biomedical Research Act requires ethical
aspects to be considered, such as obtaining informed con-
sent and regulations about storing surplus specimens in
various biobanks. Obtaining informed consent is crucial, as

some genetic tests, such as microsatellite instability (MSI),
may provide information that has repercussions for the
patient’s family, so the patient may refuse to have them
done.

These guidelines demonstrate the degree of consensus
that exists between pathologists and oncologists, and aim to
establish clearly and concisely when tests need to be done
for the various markers of hereditary susceptibility to CRC,
as well as other prognostic and predictive biomarkers.
These guidelines may also be revised from time to time, to
incorporate further biomarkers when the level of scientific
evidence makes their use advisable, either in the context of
clinical trials or in future treatment strategies.

Clinical issues
Markers of susceptibility to hereditary CRC

About 26,000 cases of CRC are diagnosed every year in
Spain, of which 5-10 % display a clearly hereditary pattern
and up to 25 % have a familial pattern. Identifying these
cases is enormously important in order to increase the rate
of early diagnosis. The fact that early diagnosis of CRC can
achieve cure rates of up to 90 %, similar to rates obtained
with breast screening, speaks for itself.

Patients with hereditary forms of CRC can be divided
into those with Lynch syndrome, also called hereditary
nonpolyposis colon cancer, and those with polyposis syn-
drome. These in turn are subdivided into patients with
adenomatous and non-adenomatous forms.

Lynch syndrome

When a patient with Lynch syndrome is identified by
means of the Amsterdam I and Amsterdam II clinical
suspicion criteria [1, 2], he or she should be offered the
chance to be tested for mutations in the mismatch repair
(MMR) gene family, basically MLHI, MSH2, MSH6 and
PMS2, as part of appropriate genetic counselling [3]. This
should be done by following a clear, concise action algo-
rithm, agreed between the groups working in this field,
such as the one shown in Fig. 1. Thus, the first step in a
patient who meets the clinical criteria for suspicion should
be to test for MSI or non-expression of the protein products
of these genes, by means of immunohistochemistry (IHC).
Depending on the presence or absence of mutations in the
MMR genes, more specific guidance can be given regarding
the risk of carriers developing one of the cancers associated
with Lynch syndrome, as well as how best to monitor them
in terms of tests, regularity and age of onset [3].
Microsatellite instability testing may also be recom-
mended in some cases of non-familial CRC, as up to 10 %
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Meets clinical criteria

Patient Healthy subject
Tumour Tumour Known familial Unknown familial
available not available mutation mutation
MSI + IHC MMR genesa® Test mfember Affected person Affectec_d person | |
at risk not available available
Negative Positive Positive Negative Negative Positive tGepet;cc
esting®
No gelnetlc High risk Indw@uapsed Gener_a\l High risk
testing monitoring population

Fig. 1  Action algorithm to detect Lynch syndrome. “Assess
individually. "When no tumour is available, but the Amsterdam
criteria are met and there are major implications for the family, the
option of directly testing for germ-line mutations in MMR genes
should be considered. “When there are no affected individuals alive or

of these CRCs may express it [4]. Moreover, it has recently
been suggested that the indications for this type of testing
should be extended to any CRC or endometrial cancer, as it
has proved cost-effective, at least in CRC. Finally, there are
mathematical models that can help determine the likelihood
of a family having a mutation in the MMR genes [5].

Polyposis syndromes

Table 1 lists the genes associated with both polyposis and
nonpolyposis syndromes. To date, no molecular markers
exist to enable identification of polyposis cases. Families
are, therefore, initially selected by exclusively clinical
criteria and the genes implicated in each are subsequently
tested for germ-line mutations. It must be remembered that
up to 30 % of cases of familial adenomatous polyposis
involve only the index case, with no other family history.
In any event, this fact should make no difference when it
comes to suggesting a genetic study.

Based on the above, this expert panel recommends that:

e To detect markers of susceptibility to hereditary CRC,
relatives of patients with CRC should be pre-screened,
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available, germ-line testing in a healthy subject should be considered,
provided there are major repercussions for management of the family.
IHC immunohistochemistry, MMR post-replication mismatch repair
genes, MSI microsatellite instability

bearing in mind the Amsterdam and Bethesda clinical
suspicion criteria (Level of Evidence Ila).

e If there is no MSI, and no loss of expression of any
repair protein, genetic testing of the patient should
proceed no further, as a pathogenic mutation in the
repair genes is unlikely to be identified (Level of
Evidence IIa).

Molecular markers of localised CRC

CRC tumorigenesis is driven by the accumulation of a
limited number of genetic alterations in oncogenes and
tumour suppressor genes. These are well understood, but
applying them clinically has proved elusive until recently.
A lack of standardised validation procedures for new
prognostic and predictive molecular biomarkers may partly
explain this slow transition into the clinic.

18q loss of heterozygosity

There are studies suggesting that 18q loss of heterozygosity
(LOH) is a prognostic biomarker [6], loss of expression of
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Table 1 Hereditary CRC syndromes and associated genes

Syndrome Gene
Lynch syndrome MLHI1
MSH?2
MSH6
PMS2
EPCAM
Familial adenomatous polyposis APC
MYH
Juvenile polyposis SMAD4
BMP*
Cowden syndrome PTEN
Peutz—Jeghers syndrome STK11

CRC colorectal cancer

These genetic abnormalities are determined at the germ-line level

DCC and SMAD4 being the putative molecular targets
involved [7, 8]. However, data obtained in the most robust
study to address this question within the randomised, pro-
spective PETACC-3 trial failed to validate this prognostic
biomarker when the analysis was controlled by MSI status,
either at stage II or at stage III [9]. Similarly, a study
conducted on a cohort of 555 microsatellite stable tumours,
including stages I-IV, ruled out any prognostic value for
18q LOH [10].

MSI

In contrast, the prognostic value of MSI, initially also sug-
gested by a meta-analysis of retrospective and heterogeneous
studies [11], has been validated in various analyses associ-
ated with large prospective phase III trials [9, 12—14]. Results
from the PETACC-3 study validate this effect at stage II but
not at stage III [hazard ratio (HR) 0.28; 95 % confidence
interval (CI) 0.1-0.72; p = 0.0089) [9]. In ancillary analysis
in the QUASAR study, MSI evaluated by repair protein IHC
was the strongest prognostic risk factor for recurrence (HR
0.53; 95 % CI 0.40-0.70; p < 0.001) [13].

Consequently, although the potential of MSI as a neg-
ative predictive marker of benefit from adjuvant chemo-
therapy is controversial [15], MSI is the only prognostic
biomarker that has been sufficiently validated in indepen-
dent and prospective studies, in multivariate analysis
including other relevant clinicopathological risk factors.

Gene expression signatures
Genetic changes detected in CRC can lead to global

changes in the transcriptome that have been extensively
confirmed by high-throughput techniques.

Several studies have examined the prognostic value of
expression profiles, yielding promising results [16-24].
However, these studies have important limitations,
because: (1) a small number of samples are used to gen-
erate the gene expression signatures; (2) there is no inde-
pendent external cohort of samples to validate the findings
obtained; and (3) no comparisons are available between
these molecular classifiers and standard clinicopathological
factors used in clinical practice.

Nevertheless, two commercial platforms have overcome
these limitations. One of these, the Oncotype Dx® colon
cancer assay, is already commercially available in the
United States. It was initially developed by randomly
testing 761 candidate genes from samples obtained from
patients with stage II and III colon cancer enrolled in the
clinical trials NSABP C-01/C-02/C-04/C-06 and CCF,
using reverse transcription-polymerase chain reaction (RT-
PCR) techniques [25]. In this way, two sets of seven and
six genes were selected for validation as prognostic and
predictive signatures, respectively. This was done by pro-
spectively testing 1,200 samples from patients included in
the QUASAR trial and correlating the results with patient
outcomes. This enabled the prognostic value of the gene
signature to be validated, establishing three risk categories
(high, intermediate and low) with relapse rates at 3 years of
22, 18 and 12 % (p = 0.046), respectively. However, the
predictive value of the gene signature could not be vali-
dated, which compromises the clinical usefulness of this
test [26].

The other commercial platform, ColoPrint®, was
developed as a prognostic assay on 44K Agilent multigene
microarrays of complementary deoxyribonucleic acid
(cDNA), using fresh tumour samples and an initial agnostic
approach. The most robust 18-gene expression signature
thus created classifies patients as having a low versus high
risk of relapse, independently of clinicopathological factors
[27]. This platform was recently validated in an indepen-
dent series, in which multivariate analysis demonstrated
that ColoPrint® has prognostic value for relapse-free sur-
vival (RFS) (HR 2.69; 95 % CI 1.41-5.14; p = 0.003),
especially in stage II patients (HR 3.34; p = 0.017) [28].
Another independent series has reproduced similar results
[29], while the prospective confirmatory study PARSC
(Prospective Study for the Assessment of Recurrence Risk
in Stage II Colon Cancer Patients Using ColoPrint™
NCTO00903565 http://165.112.8.96/ct2/show/results/NCTO
0903565) is ongoing. Therefore, although results with
ColoPrint® are encouraging, with an almost 20 % differ-
ence in relapse risk survival, they need to be validated in
independent prospective studies before it can be recom-
mended for use in clinical practice.

Finally, the gene signature developed by Almac Diag-
nostics in formalin-fixed paraffin-embedded (FFPE)
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tumour specimens has recently been validated in an inde-
pendent retrospective patient series. However, the study
does not describe MSI status. This is a major concern, as it
is impossible to estimate the relative contribution of this
marker to the performance of this new gene signature [30].
In summary, although many individual molecular bio-
markers have been developed for localised CRC, and gene
expression signatures have yielded promising results, at the
present time only the prognostic value of MSI is suffi-
ciently validated for it to be used in clinical practice.
Based on the above, this expert panel recommends that:

e Patients with stage II CRC and MSI should not be
candidates for adjuvant chemotherapy, because they
have a low risk of relapse and there is no scientific
evidence that this treatment will benefit them (Level of
Evidence Ila).

Molecular markers of metastatic CRC

Downstream of the epidermal growth factor receptor
(EGFR), once this has been activated, signal transmission
can follow three main intracellular signalling pathways: (1)
via RAS-BRAF-MAPK activation; (2) via PI3K-AKT-
PTEN-mTOR activation; and (3) via the signal transducer
and activator of transcription 3 (STAT3) pathway. Various
drivers of the proliferative signal thus exist, such as KRAS,
BRAF, EGFR, PI3K and PTEN.

KRAS

Three members of the RAS gene family are known:
H-RAS, N-RAS and KRAS, the latter being most often
mutated in CRC. Under normal conditions, these genes
encode a set of RAS proteins, which transmit signalling
produced by the activation of membrane receptors. The
inactive RAS protein is bound to guanosine diphosphate
(GDP) and, when stimulated, a guanine nucleotide
exchange factor (GEF) promotes formation of the guano-
sine triphosphate complex (GTP)-RAS, which is the active
form of the protein. In short, that GTP is hydrolysed to GDP
by the activity of a GTPase intrinsic to the RAS proteins,
inactivating it. However, when mutations exist in KRAS,
GTPase activity is blocked and the RAS protein remains
constitutively activated and bound to GTP. These mutations
tend to occur in codons 12 and 13 and, much less often, in
codon 61.

It is important to note that, although KRAS status has not
been shown to have prognostic value in patients with stage
I and IIT CRC, as concluded from examining a total of
1,564 samples obtained from 3,278 patients recruited to
various clinical trials with adjuvant chemotherapy (PE-
TACC-3, EORTC 40993 and SAKK 60-00) [31], in patients
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with metastatic CRC KRAS status has a decisive influence
when it comes to planning the patient’s treatment.

The CRYSTAL trial evaluates the benefit of adding
cetuximab to the FOLFIRI regimen (folinic acid, fluoro-
uracil and irinotecan) as first-line treatment in patients with
metastatic CRC. In this study, the percentage of patients
subjected to KRAS analysis was 89 %, of whom 37 % had
KRAS mutations. In the KRAS wild-type patient group,
addition of cetuximab significantly increased progression-
free survival (PFS) (9.9 vs. 8.4 months; HR 0.696;
p = 0.0012), overall survival (OS) (23.5 vs. 20.0 months;
HR 0.796; p = 0.0093) and overall response rate (ORR)
(57.3 vs. 39.7 %; HR 2.069; p < 0.001) [32, 33].

The OPUS (Oxaliplatin and Cetuximab in First-Line
Treatment of Metastatic Colorectal Cancer) randomised
phase II clinical trial evaluated KRAS status in 315 sam-
ples, representing 93 % of patients recruited. In 179 (57 %)
of them it was not mutated. In these patients, it was
observed that adding cetuximab to the FOLFOX-4 regimen
(fluorouracil, leucovorin and oxaliplatin) as first-line
treatment for metastatic CRC only benefited patients with
wild-type KRAS, significantly increasing PFS (8.3 vs.
7.2 months; HR 0.567; p = 0.0064) and ORR (57.3 vs.
34.0 %; HR 2.551; p = 0.0027) compared with patients
treated with FOLFOX-4 alone. However, the increase seen
in OS did not attain statistical significance in these patients
(22.8 vs. 18.5 months; HR 0.855; p = 0.39) [34, 35].

The CELIM trial included 114 patients at 17 sites in
Germany and Austria who were randomised to receive ce-
tuximab plus FOLFOX-6 (56 patients) or cetuximab plus
FOLFIRI (55 patients) [36]. The primary endpoint was
ORR assessed by response evaluation criteria in solid
tumours (RECIST). Partial or complete response was con-
firmed in 68 % of patients in Group A and 57 % in Group B,
with a difference of 11 % between groups (95 % CI —8 to
30; HR 1.62, 0.74-3.59; p = 0.23). RO resection was
achieved in 20 % of Group A and 30 % of Group B. The
ORR in the KRAS wild-type group was 70 versus 41 % in
KRAS-mutated patients (HR 3.42, 1.35-8.66; p = 0.0080).

The COIN randomised clinical trial compared three
regimens as first-line treatments in patients with metastatic
CRC [37]. Arm A was given oxaliplatin plus fluoropyr-
imidines (capecitabine or 5-fluorouracil infusion plus leu-
covorin); Arm B had the same regimen plus cetuximab;
and Arm C received intermittent chemotherapy. Compari-
son of the results obtained in Arms A and B showed that in
1,316 patients (81 %) tested for KRAS, 565 (43 %) had
mutated KRAS. In patients with wild-type KRAS, no dif-
ferences in PFS were seen between Arm A [8.6 months;
interquartile range (IQR) 5.0-12.5] and Arm B with ce-
tuximab (8.6 months; IQR 5.1-13.8; HR 0.96; 95 % CI
0.82-1.12; p = 0.60). No differences were seen in OS
either, with a median of 17.9 months (IQR 10.3-29.2) in
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Arm A and 17.0 months (IQR 9.4-30.1) in Arm B (HR
1.04; 95 % CI 0.87-1.23; p = 0.67). In contrast, ORR did
show a significant increase (p = 0.049) in the cetuximab
arm (64 %), compared against the arm treated with che-
motherapy only (57 %).

A consortium of eleven hospitals in seven European
countries managed to collect 1,022 specimens (949 in par-
affin blocks and 73 fresh-frozen tissue samples) from
patients treated with cetuximab between 2001 and 2008
[38]. Forty per cent of the tumours (299 out of 747 samples
tested) were found to carry KRAS mutations. The ORR was
35.8 % in patients with KRAS wild-type tumours, compared
with 6.7 % in patients with KRAS-mutated tumours (HR
0.13; 95 % CI 0.07-0.22; p < 0.0001). The median PFS
was 24 versus 12 weeks (HR 1.98; 95 % CI 1.66-2.36;
p < 0.0001) and the median OS favoured patients without
a KRAS mutation (50 vs. 32 weeks; HR 1.75; 95 % CI
1.47-2.09; p < 0.0001).

Based on patients enrolled in the CO.17, BOND,
MABEL, EMR202600, EVEREST, BABEL and SAL-
VAGE trials, KRAS mutations were evaluated to see if they
all had the same prognostic impact [39]. Patients with the
G13D mutation were found to show significantly better
PES than those with the rest of the mutations (4.0 months;
95 % CI 1.9-6.2 vs. 1.9 months; 95 % CI 1.8-2.8) with an
adjusted HR of 0.51 (95 % CI 0.32-0.81; p = 0.004), as
well as a significant OS benefit of 7.6 months (95 % CI
5.7-20.5) versus 5.7 months (95 % CI 4.9-6.8) with an
adjusted HR of 0.50 (95 % CI 0.31-0.81; p = 0.005).
Studies in cell lines and animal models show that lines
carrying the G12V mutation are insensitive to cetuximab,
whereas those with G13D show sensitivity similar to that
of wild-type cell lines.

Finally, the phase III clinical trial PRIME (Panitumumab
Randomised Trial in Combination with Chemotherapy for
Metastatic Colorectal Cancer to Determine Efficacy) dem-
onstrated, in patients with KRAS wild-type tumours, a sta-
tistically significant benefit in PFS for the group treated
with panitumumab and FOLFOX-4 (10.0 months; 95 % CI
9.3-11.4) compared with the group treated with FOLFOX-4
alone (8.6 months; 95 % CI 7.5-9.5; HR 0.80; 95 % CI

7.5-9.5; p = 0.009) [40]. The ORR also reflected a sig-
nificant increase in the group treated with panitumumab,
with 57 % (95 % CI 51-63) versus 48 % (95 % CI 42-53)
observed in the control group (HR 1.47;95 % CI 1.07-2.04;
p = 0.018). In terms of OS, no significant differences
were seen in favour of panitumumab compared with the
control arm (23.9 vs. 19.7; HR 0.83; 95 % CI 0.67-1.02;
p = 0.072). Nevertheless, a re-evaluation of the OS results,
applying sensitivity analysis by the Branson—Whitehead
approach, was presented at the 2011 meeting of the
American Society of Clinical Oncology (ASCO) [41]. This
showed a HR value of 0.74 (95 % CI1 0.61-0.90; p = 0.003)
for KRAS wild-type cases. Results obtained in phase III
studies conducted in patients with KRAS-mutated metastatic
CRC are summarised in Table 2.

BRAF

The BRAF gene, which encodes one of the main intra-
cellular effectors of KRAS, is mutated in 5-10 % of
patients with CRC [38]. The most common mutation
(~90 %) is the V60OE substitution, located in the kinase
domain of the protein (exon 15). BRAF mutations and
KRAS mutations are mutually exclusive, so the former are
never found in KRAS-mutated tumours and vice versa.
They are associated with the presence of high microsat-
ellite instability (MSI-H) induced by acquired defects in
MMR enzyme function [13, 31]. In other contexts, par-
ticularly in advanced disease, the presence of BRAF
mutations is associated with a worse prognosis [13, 31,
33, 34, 38, 42, 43].

However, its role as a predictive factor for response to
anti-EGFR therapies is more controversial. Although it
has been consistently observed in uncontrolled studies
that patients with KRAS wild type, BRAF-mutated tumours
treated with anti-EGFR have lower ORR (8.3 vs. 38 %;
HR 0.15; p = 0.0012), PFS (8 vs. 26 weeks; HR 3.74;
p <0.0001) and OS (26 vs. 54 weeks, HR 3.03;
p < 0.0001) than patients with BRAF wild-type tumours
[38], the small amount of data available from randomised
trials suggests that these worse outcomes are independent of

Table 2 Impact of anti-EGFR
antibody treatment in patients
with KRAS wild-type metastatic

ORR

AB + CT vs. CT

PFS (o
AB + CT vs. CT AB + CT vs. CT

CRC CRYSTAL [33]

OPUS [34] 57.3 vs. 34.0 %;
HR 2.551; p = 0.0027
AB antibody, CT chemotherapy, COIN [37] 64 vs. 57 %;
HR hazard ratio, ORR overall p = 0.049
response rate, OS overall PRIME [40] 57 vs. 48 %:

survival, PFS progression-free
survival

57.3 vs. 39.7 %;
HR 2.069; p < 0.001

HR 1.47; p = 0.018

9.9 vs. 8.4 months;
HR 0.696; p = 0.0012

8.3 vs. 7.2 months;

HR 0.567; p = 0.0064
8.6 vs. 8.6 months;

HR 0.96; p = 0.60

10.0 vs. 8.6 months;
HR 0.80; p = 0.009

23.5 vs. 20.0 months;
HR 0.796; p = 0.0093
22.8 vs. 18.5 months;
HR 0.855; p = 0.39
17.9 vs. 17.0 months;
HR 1.04; p = 0.67
23.9 vs. 19.7 months;
HR 0.88; p = 0.072
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the treatment received [33, 34, 42]. In the CRYSTAL study,
in which patients with metastatic CRC were randomly
assigned FOLFIRI = cetuximab, ORR, PFS and OS
increased significantly when cetuximab was added to con-
ventional chemotherapy in KRAS and BRAF wild-type
patients (n = 566) [33]. However, a similar but smaller
trend, which did not attain statistical significance, was seen
in KRAS wild-type, BRAF-mutated patients (n = 59) (ORR
19.2 vs. 15.2 %; PFES 8.0 vs. 5.6 months; and OS 14.1 vs.
10.3 months in patients treated with FOLFIRI + cetux-
imab, respectively). Although the small sample size pre-
vents any definite conclusions being drawn, the presence of
BRAF mutations appears to be of more prognostic than
predictive value. Similar results were seen in the CAIRO2
study, in which the presence of BRAF mutations was sig-
nificantly associated with PFS and OS, both in patients
treated with cetuximab and in those not given that antibody
[42].

EGFR

Initially, anti-EGFR therapies were developed exclusively
in tumours expressing EGFR on the cell surface, as
detected by IHC techniques (85 % of CRCs). It was sub-
sequently observed, however, that there was no good cor-
relation between EGFR protein expression and response to
these drugs. In fact, ORRs of up to 25 % have been doc-
umented in EGFR-negative tumours. On the other hand,
unlike with other cancers, the existence of EGFR-activat-
ing mutations is rare in CRC.

Other factors that have been suggested as potential
predictive biomarkers of response to anti-EGFR therapies
include over-expression of the receptor’s natural ligands,
such as epiregulin and amphiregulin [44], certain ligand
polymorphisms (EGF61A/G vs. EGF61A/A or EGF61G/
G) [45], amplification of the EGFR gene or chromosome
7 polysomy (both of which are associated with increased
copy number of the gene) [46]. Likewise, polymorphisms
in the Fc gamma receptors (FcyR) of immune effector
cells (FcyRIla-131H/H and/or FcyRIlla-158V/V) have
also been found to be associated with a better response to
cetuximab-based treatment, even in tumours harbouring
KRAS mutations. This seems to support the hypothesis
that antibody-dependent cellular cytotoxicity (ADCC)
might play an important role in this context. However,
much of this data comes from small retrospective series,
without proper controls, so no definite conclusions can be
drawn concerning their clinical usefulness.

Other mutations

The PI3K-AKT-mTOR pathway is another major intra-
cellular signalling effector pathway activated by EGFR
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stimulation. PIK3CA-activating mutations have been
described in approximately 15 % of colon carcinomas,
mainly in exon 9 (69 %) and exon 20 (20 %) [38]. Only
mutations in exon 20 seem to be associated with worse
clinical outcomes in uncontrolled series of patients treated
with cetuximab, with ORR of 0 versus 37 %, PFS of 11.5
versus 24 weeks and OS of 34 versus 51 weeks in patients
with mutated (exon 20) versus wild-type PIK3CA, respec-
tively [38]. However, these data should be confirmed by
means of prospective studies properly designed for that
purpose.

On the other hand, PTEN is a tumour suppressor gene
that inhibits the PI3K/AKT signalling pathway. Loss of
PTEN function due to mutations, deletions or epigenetic
silencing leads to activation of this pathway. Some studies
have noted a significant association between loss of PTEN
expression and less response to anti-EGFR treatments
[47, 48]. However, other authors have obtained contradictory
conclusions. These inconsistent results may be due either to a
lack of standardisation of the PTEN detection technique used,
or to the complexity of intracellular interactions with other
pathways capable of modulating this response.

Based on the above, this expert panel recommends that:

e All patients with metastatic CRC being considered for
anti-EGFR therapy should be tested for KRAS status, as
this therapy should only be given when no mutations
exist in this gene (Level of Evidence Ia).

e These patients should not be tested routinely for BRAF,
EGFR, PI3K and PTEN status, as this is not necessary
for therapeutic decision-making (Level of Evidence IIb
for BRAF; Level of Evidence Illc for EGFR, PI3K and
PTEN).

Pathology issues
Referral centres

The study of biomarkers of susceptibility to hereditary
CRC, and biological factors influencing the predicted
response to therapy given or the choice of a specific
treatment design, requires the participation of laboratories
of recognised experience accredited by external and
internal quality controls.

Ideally, the same pathology laboratory responsible for
safekeeping of the specimen would perform the relevant
THC or molecular techniques. If this is not feasible, the
existence of molecular biology laboratories attached to the
hospital’s own foundations, oncology departments or cen-
tral laboratory might offer another solution [49]. After that,
the results of the molecular studies will require to be
integrated into the final diagnosis of the patient, together
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with the appropriate morphological, immunohistochemical
and molecular tests.

Accurate histological diagnosis as the first biomarker

The first histological diagnosis of a CRC comes from
examining endoscopic biopsies obtained by colonoscopy,
whereas the established diagnosis is based on examination
of the surgical resection specimen. In order to guarantee
histological diagnosis of CRC with the endoscopic mate-
rial, it is essential for the tumour to be sampled properly,
and for there to be at least three representative tumour
samples. Very superficial biopsies of the lesion enable
observation of cytological atypia and the complexity of
glandular architecture, which is enough to recognise a
malignant epithelial tumour. However, in order for a
diagnosis of infiltrating adenocarcinoma to be made, the
presence of cancerous glands within a desmoplastic stroma
has to be seen, which requires biopsies of adequate size.
Also, it is sometimes advisable to do molecular tests on
endoscopic tumour material, which is another reason for
obtaining a suitable minimum amount of biopsied tumour.

Finally, it must be remembered that CRC is not a single
entity. As well as conventional adenocarcinoma, there is a
whole range of primary malignancies of assorted lineages
(epithelial, stromal or neuroendocrine) that must be inclu-
ded in the differential diagnosis according to the World
Health Organisation (WHO) classification. In these cases,
the use of IHC techniques can reveal the tumor’s cell type,
offering the chance to make an established diagnosis,
provided enough endoscopic material is available [50].

From the time a tumour tissue specimen arrives in the
pathology department until the results are reported, all the
processes carried out can be divided into three phases,
namely: (1) the pre-test phase, which includes fixing and
processing the specimen, but also establishing whether a
mutation study is indicated; (2) the test phase, which
includes selecting the sample and the most suitable
molecular technique with its corresponding controls; and
(3) the post-test phase, involving interpretation of the
results and issuing a molecular diagnostics report.

All these stages are essential, and problems arising in any
of them can interfere with the quality of the test. The labo-
ratory carrying out the test should be in control of all those
processes and, if possible, conduct it in an integrated manner.

Pre-test phase

Once taken, endoscopic specimens should be fixed in 10 %
buffered formaldehyde, for not more than 24 h, before
being embedded in paraffin (Table 3).

It is advisable for tumour colectomy specimens to be sent
fresh to the pathology department as soon as possible after

Table 3 Description of pre-test phase

Specimen fixation

Rapid (within 1 h of it being obtained)

Use 10 % neutral buffered formalin for <24 h:
6 to 12 h for endoscopic biopsy specimens
8 to 24 h for surgical specimens

Avoid fixatives based on alcohol (B5®, PEN-FIX®) or containing
mercury (BOUIN®, ZENKER®) or microwave-based rapid
fixing methods

Specimen processing

The specimen is processed following the standard protocol

removal, preferably within 30 min. This ensures the integ-
rity of nucleic acids, preventing their degradation by ribo-
nuclease (RNase) enzymes. Tumour and non-tumour tissue
should then be cryopreserved for inclusion in the tumour
bank and to enable the necessary molecular studies to be
done, ensuring correct handling of the surgical specimen at
all times. The tumour is fixed in 10 % buffered formalde-
hyde for 24-48 h, then cut into representative sections and
embedded in paraffin. It is also advisable for a sample of
healthy colonic mucosa to be preserved in paraffin, as this
allows histological diagnosis of precursor lesions, and
means that paraffin-embedded non-tumour tissue material is
available from the patient. The representative tumour sec-
tions should also contain adjacent healthy mucosa, to enable
detection of any pre-existing polyp on which the carcinoma
may have developed, as well as tissue from the zone of
maximum local tumour infiltration.

Carcinomas are unique lesions and any material not
preserved, by being frozen or embedded in paraffin, will be
lost. It is, therefore, worth remembering this and trying to
preserve not less than five blocks of tumour and, if possi-
ble, allocate a sample of tumour tissue and one of healthy
tissue in paraffin to the tumour bank. It is also important for
healthy mucosa not near the tumour to be inspected for
lesions. The detection and histological examination of tiny
polypoid lesions can provide clues for diagnosis of a
hereditary polyposis syndrome. On the other hand,
mucinous and medullary histological types, and the pres-
ence of a heavy intra- or peritumoral lymphocytic inflam-
matory infiltrate, are typical features of CRCs associated
with Lynch syndrome. In these cases, the IHC expression
of DNA repair gene proteins (MLH1, MSH2, MSH6 and
PMS2) should be examined, or the polymerase chain
reaction (PCR) should be used to study MSI. Finally, a
thorough search for lymph nodes buried in the pericolic
adipose tissue, although a tedious task, allows correct
staging of the tumour. The latest edition of the international
TNM classification recommends that 12 or more lymph
nodes be assessed histologically.
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Finally, in order for the results of molecular biology
techniques to be considered valid, it is essential for the
tumour sample to be chosen correctly, which requires
involvement of the pathologist. In any case, a number of
essential requirements must be borne in mind, such as: (1)
it is better for tumour DNA to be extracted from the
resection specimen than from the endoscopic biopsy; (2)
necrotic and heavily inflamed areas should be avoided; (3)
efforts should be made to manually microdissect the largest
possible piece of tumour, containing as little healthy tissue
as possible, to ensure that most of the DNA extracted
comes from tumour cells. In the case of synchronous
tumours, it must be remembered that both neoplasms
should be examined as independent tumours [51].

Although there is good correlation between KRAS
mutation results obtained with the primary tumour and
metastases, it is recommended that molecular tests should
also be done on metastatic tissue, as de novo mutations can
arise in that tissue [52-54].

Test phase

It is currently only considered useful to know KRAS
mutation status in order to select an anti-EGFR monoclonal
antibody treatment. However, only a third of KRAS wild-
type patients respond to treatment. Major efforts are,
therefore, being made to discover new therapeutic targets
offering treatment options to the non-responder patient
subgroup. The signalling pathways in which most bio-
markers are being studied are EGFR/Ras/Raf/Mek/Erk
(MAP kinase) and PTEN/PI3K/AKT.

MSI testing

MMR pathway testing is mainly used to identify patients
with Lynch syndrome. This is characterised by germ-line
mutations in MLHI, MSH2, MSHG6 and, less often, PMS?2 or
EPCAM. Also, patients with MMR-positive tumours have a
better prognosis.

It is thus advisable for the MMR pathway to be tested in
all patients with CRC. This should be done by first testing
all patients by IHC. If expression is inconclusive, and there
are defined clinical or pathological criteria highly sugges-
tive of familial CRC, MSI testing should also be done.

IHC tests for MLH1, MSH2, MSH6 and PMS2 can
identify which gene is likely to be impaired by looking at
the proteins encoded. A tumour shows ‘conserved expres-
sion’ if nuclear staining is observed in the tumour cells;
‘loss of expression’ if an absence of nuclear staining is
observed in the tumour cells, in the presence of a positive
internal control (lymphocytes within the tumour, stromal
cells, non-cancerous mucosa); and is deemed ‘non-evalu-
able’ when lack of expression is not accompanied by a
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positive internal control. Thus, if there is loss of MLHI
expression, other complementary markers may exist, such
as the BRAF-V600E mutation or methylation of the MLH1
promoter. Almost all cases in which MLH1 promoter hy-
permethylation is observed are sporadic. Very rarely,
germ-line methylations have also been described.

In contrast, MSI testing is done on tumour DNA. The
current trend is to use a panel of five mononucleotide
markers, commercially available in assay form, as this
provides a more sensitive test than the Bethesda panel and
does not require comparison with constitutional DNA. A
tumour is deemed to exhibit instability if it has at least two
altered markers.

When interpreting the results, the following points
should be borne in mind:

— In90 % of cases, loss of MLH1 and PMS2 expression is
considered a sporadic event. In order to identify it as such,
BRAF and MLH1 methylation tests can also be done.

— Loss of MSH6 expression is a secondary event, because
MSHS6 has a microsatellite sequence in the coding region.

— Loss of expression of MSH2 and MSH6, MSH6 alone,
PMS?2 alone or a tumour with instability but no loss of
expression by IHC is often associated with the
existence of Lynch syndrome.

— If a stable tumour displays loss of expression by IHC,
the DNA extraction and THC tests should be repeated to
confirm the inconsistency.

— Patterns other than those described above are very rare
and should be treated on an individual basis.

KRAS testing

The indication for KRAS testing may come either from
the medical oncologist or from multidisciplinary groups
that draw up action algorithms. When that indication
exists, the pathologist should do the mutation study either
when the patient has advanced disease, or even when the
initial histopathological diagnosis of the tumour is being
performed.

Determining KRAS mutation status is important
because: (1) it helps to optimise the choice of candidates
for specific inhibitor-based therapies, although it must be
borne in mind that signalling pathways contain other fac-
tors that may also be altered, inducing cell proliferation; (2)
KRAS mutations associated with constitutive activation
confer resistance to anti-EGFR monoclonal antibody
treatments; and (3) both the US Food and Drug Adminis-
tration (FDA) and the European Medicines Agency (EMA)
currently require KRAS mutation tests in CRC before anti-
EGFR monoclonal antibodies are administered.

In any case, there are some situations in which KRAS
mutation testing in CRC patients may be unacceptable,
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including: (1) if there is no histological confirmation of
infiltrating carcinoma by a pathologist; (2) if the sample does
not reach the recommended quality requirements in terms of
pre-fixing, fixing, tumour content of the sample, DNA qual-
ity, etc.; (3) if the required quality is not achieved during test
and post-test phases (e.g. because of unsatisfactory internal
control results, etc.); and (4) if negative results are obtained
with insufficient or poor samples, i.e., below the threshold of
sensitivity required by the technique used.

In order to test for KRAS mutation status, it is important
to bear in mind the existing recommendations [55], for both
the pre-test and test phases, as well as the methods used in
each of them. In the test phase, for examining KRAS
mutations and other molecular abnormalities, the first
important issue is the choice of sample. In the case of KRAS,
given the high level of agreement between mutations in the
primary tumour and mutations in metastases, the most
representative tumour sample can be chosen, although de
novo mutations can arise in metastatic tissue [52-54]. That
sample can come either from the surgical specimen, or from
an endoscopic biopsy or a cytological preparation obtained
by fine-needle aspiration (FNA) of metastatic lesions. One
important unresolved issue is the percentage tumour content
a sample must have to be tested by molecular techniques.
With constant progress being made in molecular diagnostic
protocols, providing ever-increasing diagnostic sensitivity,
the proportion of tumour cells needed for molecular diag-
nosis is decreasing all the time. Nevertheless, it is recom-
mended that the diagnosis be made on representative
blocks, with at least six to ten sections of about 5 microns
each. In this respect, it is advisable to select the block with
the highest percentage tumour content and/or use a marker
pen to indicate the areas of highest concentration of viable
tumour, reflect the percentage necrosis observed in the
chosen sample and then, if necessary, perform a macro-
dissection of the whole sections with a histological needle
and/or scalpel or a microdissection if they are minimal
lesions with a very low percentage of tumour cells.

The molecular methods and techniques used to test for
KRAS mutations are the same as for any molecular
pathology study. Direct sequencing methods, such as the
Sanger method, with its inherent limitations, can thus be
used. This is a method of high specificity but low sensi-
tivity. In order to use it, a greater amount of mutated tumour
DNA is usually required, with a sensitivity of about 25 %.
In line with direct sequencing methods, pyrosequencing is
now being implemented. This requires a pyrosequencer, but
has higher sensitivity, of around 5-10 % mutated DNA.
However, the methods most often used are real-time
quantitative PCR methods, for which various protocols and
methodological approaches exist. First, the TagMan PCR
technique is an ideal method for detecting specific muta-
tions, and has high sensitivity, at around 5-10 %. Also

based on real-time quantitative PCR, the Scorpions ARMS
method only detects specific mutations, with high sensi-
tivity, even below 1 % mutated DNA.

If mutated allele enrichment techniques are needed,
these methods and techniques require greater technical
training and experience in the laboratories that perform
them. Thus, PCR enrichment techniques exist [55], such as
PNA-LNA PCR clamp, which has sensitivity of up to
0.1 % mutated DNA, or COLD-PCR, with sensitivity of
even less than 0.1 %.

Finally, other methods based on mutations generating
changes in restriction enzymes could be used, such as those
that rely on high-performance liquid chromatography
(HPLC) or high-resolution melting (HRM) analysis.
Although at an early stage of development, this method is
thought to offer great potential in the short to medium term.

BRAF testing

The V600OE mutation is the most common change in the
BRAF gene in CRC and can be studied simply by sequencing.

EGFR testing

For THC tests on EGFR expression, various antibodies
recognising different epitopes on the receptor are com-
mercially available, and there is no unanimity or consensus
about using them, which protocol the technique should
follow, or how to assess the results. Perhaps for this reason,
data in the literature are contradictory and it is hard to draw
any conclusions. Tumour expression of EGFR as detected
by IHC is heterogeneous and stronger at the deep invasion
front of the tumour [56], although some authors correlate
maximum staining intensity (3+) with gene amplification
by means of chromogenic in situ hybridisation (CISH)
techniques [57]. IHC detection of the phosphorylated or
activated protein does not provide any better results than
detection of EGFR expression [58].

IHC testing for EGFR is not currently used to select
patients with metastatic CRC eligible for cetuximab treat-
ment [59].

Testing for other mutations

Lack of PTEN expression by IHC techniques has been
correlated with failure to respond to cetuximab [60-62].
However, other authors regard loss of PTEN expression as
an indicator of poor prognosis [47, 63, 64]. The inconsis-
tency of results is partly due to problems with the IHC
technique, patterns of positivity (cytoplasmic vs. nuclear)
and the different antibodies used [65].

As regards testing for PI3K mutations, according to a
recent meta-analysis, mutations in exon 20, rather than
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exon 9, may be a marker of resistance to anti-EGFR
monoclonal antibody treatment in KRAS wild-type
advanced CRC [66].

Finally, various antibodies for detecting p-AKT by IHC
are commercially available, and there is no unanimity or
consensus about how to use them [67].

Post-test phase

The reports issued must contain the necessary pathology
information for TNM staging of the tumour and provide the
molecular data that influence treatment. Consensus proto-
cols drawn up by various pathologists’ associations regu-
larly review the information to be contained in pathology
reports, and are updated in line with changes made to the
TNM classification [68, 69]. Notable new features in the
seventh edition of the TNM classification of malignant
tumours are as follows [70]:

— Tumour invasion of vascular structures, whether
lymphatic vessels or veins, is described under a single
category of angiolymphatic invasion.

— Satellite tumour deposits are nodules or groups of cancer
cells found in adipose tissue, where the regional lymph
nodes draining the primary carcinoma are located.

— If the tumour deposit has a rounded margin it should be
considered as a lymph node completely infiltrated by
the tumour. If examination under the microscope
detects remnants of the lymph node, a metastatic
lymph node should also be deemed to exist. In either
situation, these lesions must be added to the final
calculation of metastatic nodes making up the pN score.

— However, if the tumour deposit is unevenly shaped and
there is no evidence of any remnants of a lymph node,
it should be regarded as satellite growth of the primary
tumour or venous invasion with extravascular infiltra-
tion. In either situation, and whether one or several
exist, it should be reported as a tumour deposit in
category pNlc in those carcinomas without metastatic
lymph nodes with pT1 or pT2.

— The presence of tumour in the peritoneum should be
regarded as metastasis (M1b).

It is recommended that the report should include the
results of IHC tests for protein expression from DNA repair
genes (MLHI, MSH2, MSH6 and PMS2), molecular
markers of MSI and KRAS and BRAF gene mutations [68].

Internal and external quality controls
It is advisable for laboratories conducting either IHC or

molecular biomarker tests to take part in quality control
programs, such as the one set up by SEAP.
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It should be up to the health authority in each self-governing
region to set the requirements for laboratory accreditation and
certification. If it is agreed that these techniques should be
carried out at certain referral centres according to their level of
accreditation and certification, enough time should be allowed
to enable those sites interested in doing so to achieve the
requisite accreditation and certification.

Common issues
Recommended and acceptable timescales

How quickly the results are delivered depends on: (1) the
time taken to obtain the sample after it has been requested;
(2) how long it takes for the sample to be sent to the
laboratory conducting the tests; (3) the time taken for the
result to be obtained and issued once the laboratory has
received the sample; and (4) how soon the result sent out is
received by the doctor who ordered it. Given the com-
plexity of the procedures and the involvement of various
different health professionals, a work flow must be estab-
lished at each site to optimise the test process.

Considering the importance of KRAS mutation status to
decision-making in patients with metastatic CRC, the total
time taken to obtain this test result should be about seven
working days.

Legal implications

Handling genetic information has major repercussions from
the therapeutic and prognostic point of view. However, it
also has legal and ethical implications, which must be
understood. The aim of these is for patients’ confidentiality
and autonomy to be respected.

In this respect, among other applicable laws, the Bio-
medical Research Act of 3 July 2007 and the Royal Decree
1716/2011 released on December 2011, and that will be
effective on June 2012, deals with how to handle this type of
information [71]. This law addresses some highly practical
issues worth noting in this consensus statement, especially
in such a sensitive area as hereditary cancer. As mentioned
above, some molecular analyses, such as MSI tests or pro-
tein expression from some repair genes, can help to identify
which CRC patients have a hereditary pattern.

From a legal point of view, patients due to undergo this
type of test should be told that a positive result might mean an
increased risk of developing not just CRC but some other
tumour associated with Lynch syndrome, such as endometrial
cancer. On the other hand, this genetic information affects
other members of the family, so they may get involved in the
process. For all these reasons, patients must sign an informed
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consent giving permission for germ-line genetic tests to be
done. They must also be offered the opportunity of appro-
priate genetic counselling depending on the result.

Points covered in the informed consent for this sort of
study must include: (1) the aim of the study; (2) where it is
to be done and what will happen to the biological sample at
the end of it; (3) who will have access to the result; (4) a
warning about the possibility of unexpected findings; (5)
potential implications for family members; and (6) an
undertaking to provide genetic counselling. If the ideal
patient for tests of this type has already died, they can still
be done, providing this is not expressly forbidden and
might potentially benefit his or her biological relatives
(with their prior permission, obviously).

It must be remembered that, even though the patient
gave informed consent in advance, it can be withdrawn
whenever the subject so wishes. However, when this
information is necessary to prevent serious harm to the
health of biological relatives, the affected individuals or
the legally authorised representative can be informed.

Test results should be kept for at least 5 years. In the
absence of any request from the person concerned, data
should be kept for as long as necessary to preserve the
health of the subject or related third parties.

Finally, whenever a genetic study is done for health
purposes, the person concerned must be guaranteed
appropriate genetic counselling. This should address issues
concerning the risk of developing cancer, for both the
person concerned and his or her offspring, as well as ways
of controlling that risk, reproductive matters and psycho-
logical management.

Conclusions

CRC is an ideal model for studying the molecular patho-
genesis of cancer, because of the ease of obtaining a
tumour biopsy and the specific genetic changes that occur
at each stage of its development. This has led to the
identification of prognostic and predictive biomarkers that
help with the clinical management of this condition, in both
the diagnostic and the therapeutic phase.

The need for appropriate biomarker testing at each
clinical phase of CRC (genetic counselling, localised CRC
subjected to radical surgery and metastatic CRC) led to the
production of these guidelines, which review the level of
evidence for tests on each of these biomarkers. Other
important issues addressed in this consensus statement are
evaluation of the organisational requirements and quality
controls needed for testing these biomarkers, which par-
ticularly affect the pathology department, so that a rigorous
diagnosis can be reached as quickly as possible, as well as
the legal implications of testing certain biomarkers.

As regards genetic counselling, most colorectal cancers
are caused by inactivation of the APC gene, by either
sporadic or germ-line mutation, and involve no MSI. For
this reason, patients at high risk of developing CRC can be
identified by doing genetic tests to detect specific germ-line
mutations.

In localised CRC, MSI is a marker of susceptibility to
hereditary CRC, but it is also a strong predictive factor for
deciding on adjuvant treatment in patients with stage II
disease. It is well established that its presence confers a
better prognosis. However, predictive value for 5-FU resis-
tance is more controversial. On the other hand, although the
ColoPrint® and Oncotype Dx® gene expression signatures
have been shown to have prognostic value, no consensus yet
exists concerning their use in clinical practice.

As regards metastatic CRC, testing for mutation status
of the KRAS oncogene, which is present in 40 % of patients
with CRC, is obligatory before administering anti-EGFR
treatment, such as cetuximab and panitumumab, given its
negative predictive value for response.

The recommendations laid down in this consensus
statement are confined to clinical healthcare practice,
although other biomarkers that may shortly enter the clin-
ical routine, if their predictive value is confirmed, are also
evaluated, such as mutations in BRAF, EGFR, PI3K, PTEN
and AKT. This document is the result of oncologists
and pathologists working together in a multidisciplinary
fashion to achieve a consensus on the rational use of
biomarkers in CRC, and methods for testing them. It lays
the foundation for major developments and increasing
complexity envisaged in the future, which may lead to
individually tailored treatment for the patient, with more
effective therapies.

Acknowledgments Editorial assistance for the development of this
manuscript was provided by Dr. Beatriz Gil-Alberdi from HealthCo
(Madrid, Spain). The members of the Working Group on Biomarkers
SEOM-SEAP are R Colomer, P Garcia-Alfonso, P Garrido, A Ariza,
E de Alava and J Palacios.

Conflict of interest SEOM and SEAP acknowledge the financial
support for this project of unrestricted grants from Amgen S.A;
Merck S.L.; Roche Farma of Spain and Sanofi.

References

1. American Gastroenterological Association (2001) American Gastroenterologi-
cal Association medical position statement: hereditary colorectal cancer and
genetic testing. Gastroenterology 121:195-197

2. Vasen HF, Watson P, Mecklin JP et al (1999) New clinical criteria for hereditary
nonpolyposis colorectal cancer (HNPCC, Lynch syndrome) proposed by the
International Collaborative group on HNPCC. Gastroenterology 116:1453-1456

3. Lynch HT, de la Chapelle A (2003) Hereditary colorectal cancer. N Engl J Med
348:919-932

4. Umar A, Boland CR, Terdiman JP et al (2004) Revised Bethesda Guidelines for
hereditary nonpolyposis colorectal cancer (Lynch syndrome) and microsatellite
instability. J Natl Cancer Inst 96:261-268

@ Springer



738

Clin Transl Oncol (2012) 14:726-739

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Balmana J, Stockwell DH, Steyerberg EW et al (2006) Prediction of MLH1 and

MSH2 mutations in Lynch syndrome. JAMA 296:1469-1478

. Popat S, Houlston RS (2005) A systematic review and meta-analysis of the

relationship between chromosome 18q genotype, DCC status and colorectal
cancer prognosis. Eur J Cancer 41:2060-2070

. Shibata D, Reale MA, Lavin P et al (1996) The DCC protein and prognosis in

colorectal cancer. N Engl J Med 335:1727-1732

. Alazzouzi H, Alhopuro P, Salovaara R et al (2005) SMAD4 as a prognostic

marker in colorectal cancer. Clin Cancer Res 11:2606-2611

. Roth AD, Tejpar S, Yan P et al (2009) Stage-specific prognostic value of

molecular markers in colon cancer: results of the translational study on the PE-
TACC 3-EORTC 40993-SAKK 60-00 trial. ASCO Meeting Abstracts 27:4002

. Ogino S, Nosho K, Kirkner GJ et al (2009) PIK3CA mutation is associated with

poor prognosis among patients with curatively resected colon cancer. J Clin
Oncol 27:1477-1484

. Popat S, Hubner R, Houlston RS (2005) Systematic review of microsatellite

instability and colorectal cancer prognosis. J Clin Oncol 23:609-618

. Sargent DJ, Marsoni S, Monges G et al (2010) Defective mismatch repair as a

predictive marker for lack of efficacy of fluorouracil-based adjuvant therapy in
colon cancer. J Clin Oncol 28:3219-3226

. Hutchins G, Southward K, Handley K et al (2011) Value of mismatch repair,

KRAS, and BRAF mutations in predicting recurrence and benefits from che-
motherapy in colorectal cancer. J Clin Oncol 29:1261-1270

. Sinicrope FA, Foster NR, Thibodeau SN et al (2011) DNA mismatch repair

status and colon cancer recurrence and survival in clinical trials of 5-fluoro-
uracil-based adjuvant therapy. J Natl Cancer Inst 103:863-875

. Tejpar S, Saridaki Z, Delorenzi M et al (2011) Microsatellite instability,

prognosis and drug sensitivity of stage II and III colorectal cancer: more
complexity to the puzzle. J Natl Cancer Inst 103:841-844

. Bertucci F, Salas S, Eysteries S et al (2004) Gene expression profiling of colon

cancer by DNA microarrays and correlation with histoclinical parameters.
Oncogene 23:1377-1391

. Wang Y, Jatkoe T, Zhang Y et al (2004) Gene expression profiles and molecular

markers to predict recurrence of Dukes’ B colon cancer. J Clin Oncol
22:1564-1571

. Komuro K, Tada M, Tamoto E et al (2005) Right- and left-sided colorectal

cancers display distinct expression profiles and the anatomical stratification
allows a high accuracy prediction of lymph node metastasis. J Surg Res
124:216-224

. Eschrich S, Yang I, Bloom G et al (2005) Molecular staging for survival pre-

diction of colorectal cancer patients. J Clin Oncol 23:3526-3535

Croner RS, Peters A, Brueckl WM et al (2005) Microarray versus conventional
prediction of lymph node metastasis in colorectal carcinoma. Cancer
104:395-404

Barrier A, Boelle PY, Roser F et al (2006) Stage II colon cancer prognosis
prediction by tumor gene expression profiling. J Clin Oncol 24:4685-4691
Barrier A, Roser F, Boelle PY et al (2007) Prognosis of stage II colon cancer by
non-neoplastic mucosa gene expression profiling. Oncogene 26:2642-2648
Lin YH, Friederichs J, Black MA et al (2007) Multiple gene expression clas-
sifiers from different array platforms predict poor prognosis of colorectal cancer.
Clin Cancer Res 13:498-507

Vendrell E, Ribas M, Valls J et al (2007) Genomic and transcriptomic prog-
nostic factors in RO Dukes B and C colorectal cancer patients. Int J Oncol
30:1099-1107

O’Connell MJ, Lavery I, Yothers G et al (2010) Relationship between tumor
gene expression and recurrence in four independent studies of patients with
stage II/IIT colon cancer treated with surgery alone or surgery plus adjuvant
fluorouracil plus leucovorin. J Clin Oncol 28:3937-3944

Gray RG, Quirke P, Handley K et al (2011) Validation study of a quantitative
multigene reverse transcriptase-polymerase chain reaction assay for assessment
of recurrence risk in patients with stage II colon cancer. J Clin Oncol
29:4611-4619

Glas AM, Roepman P, Salazar R et al (2009) Development and validation of a
robust prognostic and predictive signature for colorectal cancer (CRC) patients.
ASCO Meet Abstr 27:4036

Salazar R, Roepman P, Capella G et al (2011) Gene expression signature to
improve prognosis prediction of stage I and III colorectal cancer. J Clin Oncol
29:17-24

Rosenberg R, Maak M, Simon [ et al Independent validation of a prognostic
genomic profile (ColoPrint) for stage II colon cancer (CC) patients. ASCO
Meeting Abstracts 29:358

Kennedy RD, Bylesjo M, Kerr P et al (2011) Development and independent
validation of a prognostic assay for stage ii colon cancer using formalin-fixed
paraffin-embedded tissue. J Clin Oncol 29:4620-4626

Roth AD, Tejpar S, Delorenzi M et al (2010) Prognostic role of KRAS and
BRAF in stage II and III resected colon cancer: results of the translational study
on the PETACC-3, EORTC 40993, SAKK 60-00 trial. J Clin Oncol 28:466-474
Van Cutsem E, Kohne CH, Hitre E et al (2009) Cetuximab and chemotherapy as
initial treatment for metastatic colorectal cancer. N Engl J Med 360:1408-1417

. Van Cutsem E, Kohne CH, Lang I et al (2011) Cetuximab plus irinotecan,

fluorouracil, and leucovorin as first-line treatment for metastatic colorectal

Springer

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

54.

55.

56.

57.

cancer: updated analysis of overall survival according to tumor KRAS and
BRAF mutation status. J Clin Oncol 29:2011-2019

Bokemeyer C, Bondarenko I, Hartmann JT et al (2011) Efficacy according to
biomarker status of cetuximab plus FOLFOX-4 as first-line treatment for met-
astatic colorectal cancer: the OPUS study. Ann Oncol 22:1535-1546
Bokemeyer C, Bondarenko I, Makhson A et al (2009) Fluorouracil, leucovorin,
and oxaliplatin with and without cetuximab in the first-line treatment of meta-
static colorectal cancer. J Clin Oncol 27:663-671

Folprecht G, Gruenberger T, Bechstein WO et al (2010) Tumour response and
secondary resectability of colorectal liver metastases following neoadjuvant
chemotherapy with cetuximab: the CELIM randomised phase 2 trial. Lancet
Oncol 11:38-47

Maughan TS, Adams RA, Smith CG et al (2011) Addition of cetuximab to
oxaliplatin-based first-line combination chemotherapy for treatment of advanced
colorectal cancer: results of the randomised phase 3 MRC COIN trial. Lancet
377:2103-2114

De Roock W, Claes B, Bernasconi D et al (2010) Effects of KRAS, BRAF,
NRAS, and PIK3CA mutations on the efficacy of cetuximab plus chemotherapy
in chemotherapy-refractory metastatic colorectal cancer: a retrospective con-
sortium analysis. Lancet Oncol 11:753-762

De Roock W, Jonker DJ, Di Nicolantonio F et al (2010) Association of KRAS
p-G13D mutation with outcome in patients with chemotherapy-refractory met-
astatic colorectal cancer treated with cetuximab. JAMA 304:1812-1820
Douillard JY, Siena S, Cassidy J et al (2010) Randomized, phase III trial
of panitumumab with infusional fluorouracil, leucovorin, and oxaliplatin
(FOLFOX4) versus FOLFOX4 alone as first-line treatment in patients with
previously untreated metastatic colorectal cancer: the PRIME study. J Clin
Oncol 28:4697-4705

Douillard J, Siena S, Cassidy J et al (2011) Final results from PRIME: Ran-
domized phase III study of panitumumab (pmab) with FOLFOX4 for first line
metastatic colorectal cancer (nCRC). ASCO Meet Abstr 29:3510

Knijn N, Mekenkamp LJ, Klomp M et al (2011) KRAS mutation analysis: a
comparison between primary tumours and matched liver metastases in 305
colorectal cancer patients. Br J Cancer 104:1020-1026

Richman SD, Seymour MT, Chambers P et al (2009) KRAS and BRAF
mutations in advanced colorectal cancer are associated with poor prognosis but
do not preclude benefit from oxaliplatin or irinotecan: results from the MRC
FOCUS trial. J Clin Oncol 27:5931-5937

Khambata-Ford S, Garrett CR, Meropol NJ et al (2007) Expression of epi-
regulin and amphiregulin and K-ras mutation status predict disease control in
metastatic colorectal cancer patients treated with cetuximab. J Clin Oncol
25:3230-3237

Spindler KL, Andersen RF, Jensen LH et al (2010) EGF61A>G polymorphism
as predictive marker of clinical outcome to first-line capecitabine and oxaliplatin
in metastatic colorectal cancer. Ann Oncol 21:535-539

Moroni M, Veronese S, Benvenuti S et al (2005) Gene copy number for epi-
dermal growth factor receptor (EGFR) and clinical response to antiEGFR
treatment in colorectal cancer: a cohort study. Lancet Oncol 6:279-286
Laurent-Puig P, Cayre A, Manceau G et al (2009) Analysis of PTEN, BRAF,
and EGFR status in determining benefit from cetuximab therapy in wild-type
KRAS metastatic colon cancer. J Clin Oncol 27:5924-5930

Negri FV, Bozzetti C, Lagrasta CA et al (2010) PTEN status in advanced
colorectal cancer treated with cetuximab. Br J Cancer 102:162-164

(2009) Libro Blanco de la Anatomia Patoldgica en Espaiia. Recursos, calidad e
impacto de la Patologia en Espaifia., 2nd edn. ISBN 13:978-84-692-1562-3
Bosman FT, Organization WH, Cancer IAfRo (2010) WHO classification of
tumours of the digestive system. In: Fred T, Bosman et al. (eds) 4th edn. JARC
Press, Lyon

Balschun K, Haag J, Wenke AK et al (2011) KRAS, NRAS, PIK3CA
exon 20, and BRAF genotypes in synchronous and metachronous primary
colorectal cancers diagnostic and therapeutic implications. J Mol Diagn
13:436-445

Bouchahda M, Karaboue A, Saffroy R et al (2010) Acquired KRAS mutations
during progression of colorectal cancer metastases: possible implications for
therapy and prognosis. Cancer Chemother Pharmacol 66:605-609

. Italiano A, Hostein I, Soubeyran I et al (2010) KRAS and BRAF mutational

status in primary colorectal tumors and related metastatic sites: biological and
clinical implications. Ann Surg Oncol 17:1429-1434

Mariani P, Lae M, Degeorges A et al (2010) Concordant analysis of KRAS
status in primary colon carcinoma and matched metastasis. Anticancer Res
30:4229-4235

Hernandez-Losa J, Sanz J, Landolfi S et al (2012) Recomendaciones para la
determinacion de mutaciones de K-RAS en cancer de colon. Rev Esp Patol (In
press)

Goldstein NS, Armin M (2001) Epidermal growth factor receptor immunohis-
tochemical reactivity in patients with American Joint Committee on Cancer
Stage I'V colon adenocarcinoma: implications for a standardized scoring system.
Cancer 92:1331-1346

Hemmings C, Broomfield A, Bean E et al (2009) Immunohistochemical
expression of EGFR in colorectal carcinoma correlates with high but not low
level gene amplification, as demonstrated by CISH. Pathology 41:356-360



Clin Transl Oncol (2012) 14:726-739

739

58.

59.

60.

61.

62.

64.

Rego RL, Foster NR, Smyrk TC et al (2010) Prognostic effect of activated
EGFR expression in human colon carcinomas: comparison with EGFR status.
Br J Cancer 102:165-172

de Castro-Carpeno J, Belda-Iniesta C, Casado Saenz E et al (2008) EGFR and
colon cancer: a clinical view. Clin Transl Oncol 10:6-13

Frattini M, Saletti P, Romagnani E et al (2007) PTEN loss of expression predicts
cetuximab efficacy in metastatic colorectal cancer patients. Br J Cancer
97:1139-1145

Jhawer M, Goel S, Wilson AJ et al (2008) PIK3CA mutation/PTEN expression
status predicts response of colon cancer cells to the epidermal growth factor
receptor inhibitor cetuximab. Cancer Res 68:1953-1961

Perrone F, Lampis A, Orsenigo M et al (2009) PI3KCA/PTEN deregulation
contributes to impaired responses to cetuximab in metastatic colorectal cancer
patients. Ann Oncol 20:84-90

. Jang KS, Song YS, Jang SH et al (2010) Clinicopathological significance of

nuclear PTEN expression in colorectal adenocarcinoma. Histopathology
56:229-239

Hsu CP, Kao TY, Chang WL et al (2011) Clinical significance of tumor sup-
pressor PTEN in colorectal carcinoma. Eur J Surg Oncol 37:140-147

65.

66.

67.

68.

69.

70.

71.

Sangale Z, Prass C, Carlson A et al (2011) A robust immunohistochemical assay
for detecting PTEN expression in human tumors. Appl Immunohistochem Mol
Morphol 19:173-183

Mao C, Yang ZY, Hu XF et al (2011) PIK3CA exon 20 mutations as a potential
biomarker for resistance to anti-EGFR monoclonal antibodies in KRAS wild-
type metastatic colorectal cancer: a systematic review and meta-analysis. Ann
Oncol 23(6):1518-1525

Shtilbans V, Wu M, Burstein DE (2008) Current overview of the role of Akt in
cancer studies via applied immunohistochemistry. Ann Diagn Pathol
12:153-160

Washington MK, Berlin J, Branton P et al (2009) Protocol for the examination
of specimens from patients with primary carcinoma of the colon and rectum.
Arch Pathol Lab Med 133:1539-1551

Sanjuan X, Salas A, Lloreta J et al (2010) Colorectal Cancer OncoGuia: surgical
pathology report guidelines. Clin Transl Oncol 12:211-213

Sobin LH GMaWC (2009) TNM classification of malignant tumours. 7th edn.
Wiley, New York

Ley 14/2007, de 3 de Julio, de Investigacién Biomédica. http://www.boe.es/boe/
dias/2007/07/04/pdfs/A28826-28848.pdf

@ Springer


http://www.boe.es/boe/dias/2007/07/04/pdfs/A28826-28848.pdf
http://www.boe.es/boe/dias/2007/07/04/pdfs/A28826-28848.pdf

	Guidelines for biomarker testing in colorectal carcinoma (CRC): a national consensus of the Spanish Society of Pathology (SEAP) and the Spanish Society of Medical Oncology (SEOM)
	Abstract
	Introduction
	Clinical issues
	Markers of susceptibility to hereditary CRC
	Lynch syndrome
	Polyposis syndromes

	Molecular markers of localised CRC
	18q loss of heterozygosity
	MSI
	Gene expression signatures

	Molecular markers of metastatic CRC
	KRAS
	BRAF
	EGFR
	Other mutations


	Pathology issues
	Referral centres
	Accurate histological diagnosis as the first biomarker
	Pre-test phase
	Test phase
	MSI testing
	KRAS testing
	BRAF testing
	EGFR testing
	Testing for other mutations

	Post-test phase
	Internal and external quality controls

	Common issues
	Recommended and acceptable timescales
	Legal implications

	Conclusions
	Acknowledgments
	References


