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Oncológico “Clara Campal,” Hospital Universitario Madrid

Sanchinarro, Universidad San Pablo-CEU, Madrid, Spain

KRAS mutation testing has become a standard proce-
dure in the management of patients with carcinomas.
The most frequently used method for KRAS testing is
direct sequencing of PCR products. The development
of commercial real-time quantitative PCR kits offers a
useful alternative since they are in theory much more
sensitive than direct sequencing and they avoid post-
PCR handling. We present our experience as a refer-
ence center for the study of KRAS mutations, compar-
ing direct sequencing and the use of a commercial
real-time quantitative PCR kit, as well as determining
the sensitivity of both procedures in clinical practice.
The TheraScreen K-RAS Mutation Kit identified muta-
tions in 75 (44%) of the 170 tumors. Three cases were
tested positive using TheraScreen K-RAS Mutation Kit
and negative by direct sequencing. We then compared
the sensitivity of the kit and that of direct sequencing
using 74 mutant tumors. The kit was able to detect the
presence of a mutation in a 1% dilution of the total
DNA in 13.5% of the tumors and, in 84%, KRAS mu-
tation was identified at a dilution of 5%. Sequencing
was able to detect KRAS mutations when the mutant
DNA represented 10% of the total DNA in 20/74 (27%)
of the tumors. When the mutant DNA represented
30% of the total DNA, sequencing could detect muta-
tions in 56/74 (76%). (J Mol Diagn 2010, 12:292–299; DOI:
10.2353/jmoldx.2010.090139)

KRAS mutation testing has become a standard proce-
dure in the management of patients with carcinomas.
Patients with colorectal carcinoma (CRC) that carry mu-
tations in KRAS gene do not benefit from the administra-
tion of anti-epidermal growth factor receptor (anti-EGFR)

monoclonal antibodies, as a primary, secondary or third
line treatment.1 Therefore, testing KRAS gene mutations
should be taken into account before therapy selection for
all patients with CRC in the near future.1 Likewise, there is
also an increasing need to study the mutations in the
KRAS gene in patients with pulmonary adenocarcinomas,
as this is a primary marker of resistance to tyrosine kinase
inhibitors of EGFR.2

This necessity is creating some important logistical
problems worldwide, since there is not currently a stan-
dardized test approved by the U.S. Food and Drug Ad-
ministration.1 In accordance with a recent review, two
CE-marked KRAS mutation test kits currently exist in
Europe for diagnostic use: TheraScreen (DxS Ltd.) and
KRAS LightMix (by TIB MolBiol).3

At present, the most frequently used method to test
KRAS mutation is the direct sequencing of PCR prod-
ucts.1,4,5 This method has two key disadvantages: its low
sensitivity (20 to 50%) and the important risk of contam-
ination when handling the products of the PCR reaction.6

The development of commercial real-time quantitative
PCR kits may offer a useful alternative since they are in
theory much more sensitive than direct sequencing and
they avoid the post-PCR handling.7 Interestingly, one of
these assays was used in one of the metastatic CRC
phase III trial, which led to the approval of panitumumab
in patients with wild-type KRAS tumors by the European
Medicines Agency.8 Indeed, using this kit in the context
of a clinical trial was so successful it has received public
recognition in a high-impact journal.9

The development of biomarker-assessing kits opens a
new era, not only in CRC, but also in the future approval
of other drugs, and/or indications. However, despite this
approval of a drug associated to a biomarker which was
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studied by a specific method, it is noteworthy that the
same approach has not been universally accepted in
clinical practice.4

In this article we present our experience as a reference
center for the study of KRAS mutations, comparing direct
sequencing and the use of a commercial real-time PCR
kit, as well as determining the true sensitivity of both
procedures by serial dilution.

Materials and Methods

As a reference laboratory for the centralized determina-
tion of KRAS mutation, we collected 170 formalin-fixed,
paraffin embedded (FFPE) tumors from patients diag-
nosed with metastatic colorectal cancer from 15 hospitals
throughout Spain in the context of a clinical trial. Informed
consent was obtained from each patient. The material
available for two of these tumors was unstained slides,
while for the remaining 168 tumors, tissue blocks were
available. Of all of the samples analyzed, 21 were endo-
scopic biopsies and 149 was tissue from surgical resec-
tions. Before DNA extraction, representative sections
from tissues were stained with H&E and tumors were
reviewed by two pathologists (E.G.-G. and F.L.-R.) to
assess the percentage of tumor cells; and then, whether
there was a relevant amount of extracellular mucin in the
tumors (�50% of the tumor) or lymphocyte inflammation
(more than 10% of lymphocytes at �20 magnification). In
the samples with a small proportion of tumor tissue, rel-
evant lymphocyte inflammation or extracellular mucin,
macrodissection of the tumor from the paraffin block was
performed to enrich the final amount of tumor DNA and at
the same time to eliminate the nonmutated DNA coming
from the nonneoplastic cells, to avoid competition in the
amplification of the final PCR product. The macrodissec-
tion procedure consisted of melting the paraffin block at
65°C for one hour to liberate the tissue from the surround-
ing paraffin and then to facilitate the separation of the
tumor tissue from the nontumor area with a scalpel, fol-
lowed by reconstruction in two different paraffin blocks,
one with the tumor area, from which DNA was extracted,
and a second block with the nonneoplastic tissue. To
determine how to make the macrodissection, it was ab-
solutely necessary to have an H&E-stained section along-
side which had the tumor area previously marked with a
permanent marker by a pathologist.

The DNA extraction was performed in duplicate. Fif-
teen freshly cut sections of FFPE tissue were collected
from each tumor in two separate tubes, each with a
thickness up to 15 �m for surgical samples, or 15 to 20
�m for diagnostic biopsies. To prevent cross-contamina-
tion, disposable microtome blades were used. Moreover,
the microtome was cleaned with bleach (10%) and eth-
anol (70%) after the sections from each sample were
collected, and the technician changed gloves after each
cut. Before proceeding to the extraction, tissue sections
were deparaffinized using two washes with xylol and a
final wash in absolute ethanol. The sections were washed
with 1 ml of xylol or ethanol, vortexed and centrifuged at
maximum speed for 10 minutes, and the supernatant was

then removed. Samples were incubated in 180 �l ATL
buffer and 20 �l proteinase K at 56°C with shaking and
left overnight to ensure that they were completely lysed.
DNA extraction was performed with the QIAamp DNA
FFPE Tissue kit and automated on the QIAcube robot
(QIAGEN, Valencia, CA) following the manufacturer’s in-
structions. The elution volume was 50 �l to ensure that
highly concentrated DNA was obtained. That way, a min-
imal concentration of 25 ng/�L was obtained.

A small aliquot of DNA (1 �l) was separated for quan-
tification in a NanoDrop spectrophotometer. A260/A280

and A260/A230 ratios were recorded to assess the purity
and quality of the extracted DNA, with ratios of A260/A280

�1.8 and A260/A230 �2 as reference values to accept the
sample. Extracted DNA was stored at �20°C.

A detailed description of the pre-analytic phase of the
procedure can be found elsewhere.10

The presence of KRAS mutations was determined by
two methods. One method used the TheraScreen K-RAS
Mutation Kit (CE-IVD) (DxS Ltd, Manchester, UK), which
combines two technologies (Amplification Refractory Mu-
tation System, Astrazeneca, and Scorpions, DxS) to de-
tect the most commonly reported KRAS mutations (G12D,
G12A, G12R, G12C, G12S, G12V, and G13D) by real-
time quantitative PCR.11–13 Allele specific amplification
was achieved with the Amplification Refractory Mutation
System and Scorpions technology was used as a fluo-
rescent signaling system to detect the PCR products. The
analysis was performed in duplicate according to the
manufacturer’s instructions using an ABI PRISM 7300
(Applied Biosystems Inc, Foster City, CA). In addition,
mutation screening of exon 2 of the KRAS gene was
performed using PCR and automatic direct sequencing
as previously described.14,15 Exon 2 of the KRAS gene
was amplified in duplicate and all variants were con-
firmed by resequencing independent PCR products.

Using all KRAS positive tumors, we assessed the sen-
sitivity of the TheraScreen K-RAS Mutation Kit to detect
KRAS mutations in a routine diagnostic laboratory. For
this purpose, we selected pairs of mutant and wild-type
tumors that had a similar percentage of tumor cells and
that were equivalent in terms of the quantity and quality of
the DNA extracted. Dilutions for the sensitivity study were
performed by mixing DNA extracted from a mutant tumor
into DNA extracted from a wild-type tumor. Each mixture
contained a final proportion of mutant DNA relative to wild-
type DNA of 1% (the limit for detection of the TheraScreen
K-RAS Mutation Kit provided by the manufacturer), 2%,
3%, 4%, and 5%. Following the same approach, we
tested the sensitivity of PCR and direct sequencing to
detect KRAS mutations, taking into account that tradi-
tional Sanger sequencing can detect 10 to 25% mutant
DNA in a background of wild-type DNA. When the KRAS
mutation was detected in the presence of 10% mutant
DNA, we also tested a proportion of 5%. On the other
hand, in cases where a proportion of 25% was not
enough to detect the KRAS mutation, a proportion of 30%
was assessed.

Finally, we wanted to determine whether the mutational
status of the KRAS gene was associated with any of the
histological parameters evaluated (presence of extracel-

KRAS Mutation Sensitivity Study 293
JMD May 2010, Vol. 12, No. 3



lular mucin or lymphocyte inflammation, as defined pre-
viously), and if any of these histological characteristics
influenced the experimental study of sensitivity. Accord-
ingly, comparisons were made using the parametric �2

test or the Fisher’s exact test depending on the number of
occurrences in each category of analysis (Fisher’s exact
test for cases with less than five occurrences). The level
of statistical significance was established at 5%.

Results

To ensure an appropriate ratio of tumor cell DNA to
nontumor cell DNA, macrodissection was performed on
107 of the 170 tumors analyzed (63%). All macrodis-
sected tumors were surgical specimens. The median
tumor cell percentage was 48% (range, 10 to 80%) for
nonmacrodissected samples and 70% (range, 10 to
95%) for macrodissected cases.

After digestion, at least 100 ng/�L of DNA was ob-
tained from 90% of the samples and the 10% of samples
that yielded a lower concentration of DNA were all de-
rived from endoscopic biopsies. We obtained sufficient
DNA to perform a mutational analysis from all samples
(mean values of approximately 8 �g for the biopsies and
of 23 �g for the surgically resected material).

KRAS mutations were successfully analyzed in each of
the 170 tumors by real-time quantitative PCR. Two of
these tumors could not be evaluated by direct sequenc-
ing of the PCR product. Although the absorbance ratios
were adequate, it is possible that the extracted DNA from
these FFPE tumors was fully fragmented, so adequate
PCR products were not obtained for direct sequencing. It
is tempting to speculate that the product amplified by the
kit may be smaller (product size not provided by the
manufacturer) than that amplified by conventional PCR
(product size of 164 bp according to our protocol14,15).
Interestingly, it should be noted that of the two cases that
were uninformative by direct sequencing one also per-
formed poorly in the subsequent sensitivity analysis with
TheraScreen K-RAS Mutation test kit (5%); interestingly,
this tumor was characterized by a relevant lymphocyte
inflammation and that probably influenced the sensitivity
analysis (see below).

The TheraScreen K-RAS Mutation Kit identified muta-
tions in 75 (44%) of the 170 tumors, an incidence of KRAS
mutations in colorectal cancer consistent with previous
studies. The frequencies of the different types of KRAS
mutations were as follows: 23/75 (30.7%) G12D, 16/75

(21.3%) G12V, 13/75 (17.3%) G13D, 12/75 (16%) G12S,
6/75 (8%) G12C, and 5/75 (6.7%) G12A. We observed a
clear prevalence of the G�A transition characteristic of
colorectal cancer. No G12R mutations were detected in
this study. In another series analyzed in our laboratory,
we found a frequency of 5.9% (11/187) for this mutation
(data not shown).

Several significant findings were evident when the de-
tection of KRAS mutations with the TheraScreen K-RAS
Mutation Kit was compared with those identified by direct
sequencing. Three cases were tested positive using
TheraScreen K-RAS Mutation Kit and negative by direct
sequencing. One of these tumors corresponded to the
sample with unstained slides as material available and all
three samples had relevant lymphocyte inflammation. For
two samples, the sequence analysis was not clear and
experience in sequence interpretation was required to
interpret the data. One of these two cases had 10% tumor
cells. Overall, direct sequencing could have produced a
false negative result in 1.8% (3/168) of the tumors ana-
lyzed. Direct sequencing did not identify any mutation not
targeted by the TheraScreen K-RAS Mutation Kit.

We then compared the sensitivity of the kit and of
direct sequencing using the 74 mutant tumors for which
adequate DNA quality and quantity was available (Table 1).
The kit was able to detect the presence of a KRAS mu-
tation in a 1% dilution of the total DNA in 10/74 (13.5%) of
the tumors analyzed and, in most cases (almost 84%),
KRAS mutation was identified at a dilution of 5% (Figure 1).
However, it is important to note that we could not estab-
lish the limit of detection with the kit for 12 cases when
mutant DNA relative to wild-type DNA represented �5%
of the tested DNA. Among these 12 cases, it is notewor-
thy that one was the tumor that was analyzed from un-
stained slides; in one case macrodissection was not per-
formed due to an error in the work-flow, and in three
cases the contribution of the tumor cells was relatively
low (10%, 20%, and 40%), below the median percentage
of tumor cells for both macrodissected and nonmacro-
dissected cases.

For direct sequencing analysis, we commenced with
proportions of mutant DNA relative to wild-type DNA of
10% and 20%, given the general accepted sensitivity of
this method (Table 1). Sequencing was able to detect
KRAS mutations when the mutant DNA represented 10%
of the total tested DNA in 20/74 (27%) of the tumors
analyzed. When the mutant DNA represented 20% of the
total DNA, sequencing could detect mutations in 41/74

Table 1. Sensitivity of KRAS Mutation Testing: A Comparison of Two Methods Using Serial Dilutions

% mutant DNA relative
to wild-type DNA

TheraScreen KRAS mutation
Kit (n � 74)

% mutant DNA relative
to wild-type DNA

Direct sequencing
(n � 74)

1% 10/74 (13.5%) �5% 14/74 (18.9%)
2% 19/74 (26%) 10% 20/74 (27%)
3% 31/74 (41.9%) 20% 41/74 (55.4%)
4% 49/74 (66.2%) 25% 52/74 (70.3%)
5% 62/74 (83.8%) 30% 56/74 (75.7%)
N.D. 12/74 (16.2%) N.D. 18/74 (24.3%)

N.D., not determined.
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(55.4%) of the clinical samples. Moreover, when the mu-
tant DNA comprised 30% of the total DNA, sequencing
could detect mutations in 56/74 (76%) of the clinical
samples (Figure 1). We could not establish the sensitivity
for direct sequencing when mutant DNA represented
�30% of the total DNA mixture in 18 cases. Interestingly,
10 of these were also samples that performed poorly
when the mutations were detected with the kit.

If we consider the results of the sensitivity study in
function of the type of mutation, it is important to note that
for detecting the G12A alteration a greater proportion of
mutant DNA relative to wild-type DNA was required in
both the procedures used. None of the G12A mutations
was detected at a dilution �4% of the total DNA with the
kit, and at a dilution of �20% of the total DNA with direct
sequencing.

Finally, a relevant presence of lymphocytes (Figure 2),
as defined in the Materials and Methods, was associated
with the presence of mutations in KRAS (P � 0.0207,
Table 2). Moreover, we also found evidence that this
histological parameter influenced the sensitivity study we

performed, significantly diminishing the number of sam-
ples with relevant lymphocyte inflammation for which
KRAS mutation could be detected at 3% by real-time
quantitative PCR (P � 0.0481) or at 20% by direct se-
quencing (P � 0.0122) (Table 3). The small number of
samples may explain the lack of statistical significance
(P � 0.05) observed in some categories (1% and 2%, for
real-time quantitative PCR, and 5% and 10%, for direct
sequencing). The presence of extracellular mucin (Table
3) also appeared to affect the sensitivity of direct se-
quencing (P � 0.0297 at 30% dilution).

Discussion

The need to know the mutational status of an increasing
number of genes (KIT, EGFR, BRAF, KRAS, PI3KCA, etc.)
in patients with solid tumors to determine their response
to a given treatment is already a clinical reality.16 –20

However, despite the clinical importance of these predic-

Figure 1. The sensitivity of the TheraScreen K-RAS Mutation Kit in comparison with direct sequencing. Mixtures of DNA from KRAS mutant and wild-type FFPE
tumors were used to compare the sensitivity of the two methods. A: For sample P08-274, the TheraScreen K-RAS Mutation Kit was able to detect the KRASmutation
G12V when the DNA from a mutant tumor represented 5% of the total DNA. The 1%�Ct value is the cut-off level provided by the manufacturer to detect the
presence of a G12V KRAS mutation and it is derived from cell lines and synthetic constructs. B: For the same sample, sequencing was unable to detect the KRAS
mutation G12V when mutant DNA was present as �30% of the total DNA. Percentages indicate the proportion of DNA from a mutant tumor relative to DNA from
a wild-type tumor.
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tive markers of response, there are two issues that must
be addressed.

First, there is a lack of standardization and quality
control when assaying the mutational status of a gene,
especially when compared with the molecular diagnosis
of hematological or infectious diseases.21–23 For exam-
ple, 5 years after having shown the importance of deter-
mining the mutational status of EGFR in lung cancer,
there is still no standardized method to perform the mu-
tational analysis. At present, there are a variety of labo-
ratory developed tests and direct sequencing is still con-
sidered the gold standard for gene mutation analysis,
despite its low sensitivity. These methods are subject to
great inter- and intralaboratory variability and are not
always prone to adequate Quality Control schemes that
ensure reproducibility of results.24 If we compared the
current situation of the standardization of the DNA-based
assays with that of fluorescence in situ hybridization, it
would be as if we were still using laboratory-developed
bacterial artificial chromosome clones to diagnose the
amplification of HER2 gene.

Second, there are a large number of methods that
could be used to study somatic mutations, but there are
few comparative studies and analyses of the sensitivity of
these assays in the clinical setting. Paradoxically, given
the low sensitivity of direct sequencing, none of these
methods has replaced it as the gold standard for the char-
acterization of somatic mutations in tumors.4,8,19,25,26 This
is particularly relevant if we bear in mind the events

associated with the methods to determine other predic-
tive markers. For example, 20 years after the discovery of
HER2 in breast carcinomas, the best way to select the
patients that might benefit from trastuzumab therapy is
still under debate. Indeed, fluorescence in situ hybridiza-
tion was recently proposed as the best alternative, con-
sidering that immunohistochemistry is not sufficiently
reproducible.27,28

On the basis of the above, we proposed to perform a
study of KRAS mutations, comparing the true sensitivity of
direct sequencing and a commercial kit in a clinical set-
ting. The prevalence of KRAS mutations we found was in
agreement with previous studies.1,5 Interestingly, we
found an association between relevant inflammatory infil-
tration and the existence of KRAS mutations, two features
that have been etiologically linked in mouse pancreatic
ductal adenocarcinoma.29

The experimental sensitivity of the TheraScreen K-RAS
Mutation Kit was 5% for the majority of the samples
(84%), as long as strict morphological control of the
procedure was maintained. As we have demonstrated,
this sensitivity is much higher than that obtained by direct
sequencing (76% of the mutations were detected when
DNA from a mutant tumor reached a proportion of 30%
relative to wild-type DNA). In the similar experimental
studies that we are aware of, the serial dilution studies
were performed using DNA extracted from cell lines.19,30

However, we believe that our procedure is closer to the
clinical situation as the sensitivity was tested in a series of
mutated tumors performing mixing experiments with DNA
from mutant and wild-type tumors.

To the best of our knowledge, there are few studies
that have compared different methods to study the mu-
tational status of KRAS. An unpublished analysis that
compared five different KRAS tests, four of which are
commercially available, concluded that the DxS kit and
the Allele-Specific PCR supplied by the Genzyme Corpo-
ration yielded the best performance.7 Another poster pre-
sentation compared direct sequencing, pyrosequencing
and the DxS kit, with the latter showing the highest sen-
sitivity.30 However, despite the higher sensitivity of the
TheraScreen K-RAS Mutation Kit, it is important to note
one of its limitations. This kit is only able to detect muta-
tions targeted by the designed primers. Although the
frequency of mutations not targeted by the TheraScreen
K-RAS Mutation Kit is relatively low (1.6% in another
series studied in our laboratory, data not shown), the kit
would provide a false negative result in these situations.
For direct sequencing, the false negative rate identified in

Figure 2. Morphological parameters that might interfere in the sensitivity of
the KRAS mutational study. The samples were evaluated to establish the
percentage of relevant lymphocytes (�10% in a �20 field), (A) versus no
lymphocytes (B); and relevant extracellular mucin (�50% of the tumor) (C)
versus no mucin (D).

Table 2. Association Between Certain Histological Parameters and KRAS Mutation Status

% of extracellular mucin
in the tumor

KRAS

% of lymphocytes
in the tumor

KRAS

WT
(n � 95)

MUT
(n � 75)

WT
(n � 95)

MUT
(n � 75)

�50% 83 (87.4%) 57 (76%) �10%* 14 (14.7%) 22 (29.3%)
�50% 12 (12.6%) 18 (24%) �10%* 81 (85.3%) 53 (70.7%)

(P � 0.1932) (P � 0.0207)

WT: wild-type; MUT: mutant.
*Percentage of lymphocyte inflammation was defined in a �20 field.
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a recent publication was very similar to that identified
here (1.8%) and, although a study of sensitivity using
serial dilutions was not performed, these authors indi-
cated that mutations in KRAS might not be detected if the
proportion of tumor tissue is below 30%.31 In our series,
the principal reason for the failure of direct sequencing to
identify mutants detected with the TheraScreen K-RAS
Mutation Kit was the presence of relevant lymphocyte
inflammation, followed by difficulties in the postanalytical
phase (interpretation). Application of co-amplification-at-
lower denaturation-temperature PCR (COLD-PCR) may
improve the detection sensitivity of sequencing without
additional costs.32

Practically all of the mutational analyses in CRC are
performed on paraffin-embedded tissue samples. As
such, there are two main types of samples: small biopsies
and surgical specimens. Our study demonstrates that it is
possible to obtain DNA of sufficient quality to perform
mutational studies of the KRAS gene, even when the
parameters used to process the samples are unknown.
However, it must be recognized that less DNA was re-
covered from endoscopic biopsies. It is important to note
that, although the most popular fixative in most countries
is 10% neutral buffered formalin, the results obtained
could vary when other fixatives are used, eg, alcoholic
fixatives, mercury based fixatives, etc.33

In light of the above, it is evident that a collaborative
effort between clinicians and pathologists is critical to
ensure the quality of KRAS testing, even when the DNA
extraction and the analysis (PCR) are to be performed in
another Department. Although important advances in this
field are being made with the increasing use of CE
marked kits on platforms that should ensure the quality of
the analytical and postanalytical phases of the process,
we must not forget that the pre-analytical part should be
standardized.10

All of the tissue that is to be subjected to mutational
analysis must be examined by a pathologist to select the
appropriate area from which the DNA should be ex-
tracted, and to determine the proportion of tumor cells.
As shown, the minimum percentage of mutant DNA
should be �30% if direct sequencing is to be used, and
�5% when using real-time quantitative PCR. Thus, to
ensure sufficient sensitivity of the mutational analysis,
macrodissection of the tissue should be performed, a
precaution that is not often followed.34 In our series, it
was necessary to perform macrodissection in 63% of the
samples (107/170), and we must emphasize that this is a
procedure that is not time-consuming and that does not
interfere with the work-flow of a surgical pathology labo-
ratory. If the sample available is a surgical specimen, the
pathologist responsible for selecting the block should
choose one that has the greatest percentage of neoplas-
tic cells, avoiding the zones with many lymphocytes or
extracellular mucin. All these situations, as well as pro-
viding cut slides rather than the original block, can dimin-
ish the sensitivity of the technique, above all if direct
sequencing is used.34 In fact, all of the cases considered
positive with the kit but that were identified as wild-type
by direct sequencing had a relevant number of lympho-
cytes. As we demonstrated in our study of sensitivity, this
histological parameter affects the detection of mutations,
even when real-time quantitative PCR is used. The sig-
nificant presence of extracellular mucin can also interfere
with the study of KRAS mutations by direct sequencing.
This scenario is not relevant for in-house cases, but it
could be critical for referral cases or in a clinical trial
setting. As such, it is important to specify how the tissue
should be selected when designing a clinical trial, not
only focusing on the collection of the tissue (which is
usually the case).

Table 3. Influence of Certain Histological Parameters on Sensitivity when Studied by Serial Dilutions, either Using the
TheraScreen KRAS Mutation Kit or by Direct Sequencing

TheraScreen K-RAS mutation test kit

Dilution

% of extracellular mucin in the tumor % of lymphocytes in the tumor

�50%
(n � 13)

�50%
(n � 61) P value

�10%*
(n � 24)

�10%*
(n � 50) P value

1% 0 10 0.1928 2 8 0.4836
2% 4 15 0.7292 4 15 0.2664
3% 7 24 0.3683 6 25 0.0481
4% 10 39 0.5227 14 35 0.4316
5% 11 51 1.0000 20 42 1.0000

Direct sequencing

Dilution

% of extracellular mucin in the tumor % of lymphocytes in the tumor

�50%
(n � 13)

�50%
(n � 61) P value

�10%*
(n � 24)

�10%*
(n � 50) P value

�5% 3 11 0.7020 2 12 0.1270
10% 5 15 0.3194 3 17 0.0572
20% 10 31 0.1255 8 33 0.0122
25% 12 40 0.0920 16 36 0.7865
30% 13 43 0.0297 17 39 0.5676

*Percentage of lymphocyte inflammation was defined in a �20 field. Statistically significant results are shown in bold.
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In summary, we have presented a comparison and a
study of the sensitivity of KRAS testing using direct se-
quencing and an ingenious commercial real-time quan-
titative PCR platform. The conclusions could also be valid
for the study of other mutations in CRC or in other solid
tumors (ie, for the mutational study of KRAS in lung ade-
nocarcinomas where specimens are often very small).
The publication of consensus guidelines, the determina-
tion of the sensitivity and the limitations of the tests and
their quality control are all issues that we should consider
to be urgent when carrying out mutational studies for
predictive oncology. Otherwise, we may have the right
drug and the right biomarker, but without the adequate
method we will not target the right patient.
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