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Background: An everyday clinical practice dilemma in the 20–30% of metastatic colorectal cancer (CRC) patients that have not
been operated on their primary tumour, is, under which specific histopathology and molecular circumstances, an endoscopic
biopsy could be considered adequate to provide a representative RAS/BRAF molecular status to guide treatment.

Methods: A consecutive series of 193 paired biopsy and primary CRC tumour samples between August 2008 and 2010 available in
the Department of Pathology archives, University Hospitals, KU Leuven were retrieved. For a pair to be included, in the
endoscopic biopsy, 20% of invasive adenocarcinoma cells should be present and enough slides to yield an extracted DNA
concentration of X5 ngml� 1, and no o2 ngml� 1 should be available for cutting. Exons 2–4 KRAS/NRAS, BRAF, PIK3CA molecular
evaluation was performed with RT–PCR and Sequenom.

Results: From 165 deemed adequate by the pathologist pairs, 85 (51.5%) were concordantly mutated in at least one of the tested
genes, 70 (42.5%) were wt and 10 (6%) were discordant, harbouring a mutation in the primary and not in the endoscopic biopsy. In
the re-evaluation, when more slides were cut per discordant pair, mutational status changed in two of the six discordantly KRAS-
mutated pairs. A strong strength of agreement for both runs was observed (Cohen’s kappa, k¼ 0.877, Po0.001 and k¼ 0.901,
Po0.001, respectively) between the surgically acquired and the endoscopic biopsy specimens’ evaluation.

Conclusions: Based on our results, an endoscopic biopsy could provide an accurate mutational profile and become a justified
alternative to a surgically removed primary tumour specimen, as long as specific histopathology criteria are met.

Molecular diagnostics is a key element in the upfront management
of metastatic colorectal cancer (mCRC). The use of the two
monoclonal antibodies targeting the epidermal growth factor
receptor (anti-EGFR moAbs), cetuximab and panitumumab, is
since 2013 restricted to patients whose tumours do not harbour a

mutation in exons 2–4 of the KRAS and the NRAS genes
(Cunningham et al, 2004; Saltz et al, 2004; Van Cutsem et al,
2007; De Roock et al, 2008, 2010, 2011; Allegra et al, 2009;
Loupakis et al, 2009; Janakiraman et al, 2010; Peeters et al, 2013;
Vakiani and Solit, 2011). Furthermore, mounting evidence from
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retrospective studies suggest that the BRAF V600E mutation
confers resistant to anti-EGFR moAbs (Di Nicolantonio et al, 2008;
Laurent-Puig et al, 2009; Souglakos et al, 2009; De Roock et al,
2010; Saridaki et al, 2010, 2011, 2013). In addition, PIK3CA
mutations have been shown to confer resistance to anti-EGFR
moAbs and have been shown to co-exist with the KRAS and the
BRAF mutations (De Roock et al, 2010).

Besides RAS and BRAF, there is a fast growing list of molecular
alterations, such as HER2 and CMET amplifications, which we
may soon need to base treatment decisions upon (Cancer Genome
Atlas Network, 2012). The correct assessment of all the above-
mentioned molecular alterations remains challenging in archival
pathology material, as is the quality and amount of DNA extracted,
the choice of the analytical method to be used and its sensitivity
and specificity (van Krieken et al, 2008, 2013; Bellon et al, 2011;
Cree et al, 2014). Of outmost relevance for the clinician is to get for
every cancer patient where this is needed, a correct result, from a
reliable molecular test, performed in a reliable, quality assured
laboratory in a short turnaround time, to determine his or her
eligibility for treatment with specific, targeted and often very
expensive drugs (van Krieken et al, 2013; Cree et al, 2014).

Approximately 20–30% of mCRC patients have not undergone
resection of their primary tumour because of synchronous
inoperable metastatic disease. Furthermore, some patients are in
no shape to undergo major surgery owing to bad performance
status. Nevertheless, in these patients also, the molecular
characterisation of their tumour is ‘key’ for their clinical manage-
ment, and to obtain tissue two options exist; either revert to a
biopsy of a metastatic site or get endoscopic biopsies of the primary
tumour, the latter being more often available as a usual first step of
the diagnostic work-up. In daily clinical routine, we very often have
to decide whether this endoscopic material can be used for correct
molecular definition of a tumour or invasive procedures need to be
planned. In a simplified hypothetical version, endoscopic biopsies
could be considered adequate, as long as pathology assessment
verifies that they contain adenocarcinoma cells. The question is if
key molecular elements, such as mutations in RAS or BRAF, are
homogenously distributed in all tumour cells. Regarding primary
and metastatic site comparisons, it has been shown that mutations
are detected concordantly in most pairs, if large pieces of tumour
are used, suggesting tumour homogeneity (Vakiani et al, 2012).
Nevertheless, doubt arises towards that, through the recent
published work by Misale et al (2012), Gerlinger et al (2012) and
Diaz et al (2012) who suggest that clinically relevant minor
subclones may exist in the tumour and can be detected, of course
with the use of extremely sophisticated and high-throughput
techniques, not fitting for massive everyday usage. However,
increasing documentation of tumour heterogeneity even for key
oncogenic mutations cast doubt on the representativity of a small
tumour surface area, as found in endoscopic biopsies, compared
with a more comprehensive assessment that can be obtained by
using a whole slide from a surgically resected tumour.

Since its incorporation into clinical practice guidelines, KRAS
mutational testing has become routine in many centers; however,
there is no clear consensus yet as to how such testing should be
performed and which analytical method should be used (Cree et al,
2014). Needless to note, that such matters have only just started to
be discussed in a more official manner in the international
literature for some of the other previously mentioned mutations
(van Krieken et al, 2013). KRAS optimal testing procedures,
though, are not the only issue; optimal tissue material is as well a
matter of debate and discussion. Based on current knowledge, the
most appropriate material for KRAS mutation testing is the
primary tumour tissue (van Krieken et al, 2008). Van Krieken et al
(2008) concluded that this is because usually this type of material
contains a sufficient amount of invasive carcinoma cells and is
commonly archived, thus, is easily accessible. The central leading

role in this procedure towards a specimen’s molecular character-
isation is played by the pathologist. Even before the actual
molecular testing, the pathologist is the one who is obliged to select
the most appropriate tissue block and evaluate the tumour content
and density, which preferably should exceed 70% of invasive
carcinoma cells. If only an endoscopic biopsy exists, van Krieken
et al (2008) conclude that the pathologist should ensure that
malignant cells are present in the biopsy and indicate the most
appropriate blocks and slides to be used, but no actual guidelines
for selection are described (van Krieken et al, 2008).

Endoscopic biopsy, in our case colonoscopy, provides the first
source of tissue for the vast majority of CRC cases, and thus,
potentially is a very important reservoir of cancerous material
suitable for molecular testing. Furthermore, in some cases, for
example, the B20% of newly diagnosed already metastatic
patients, or those with a poor performance status who cannot
undergo surgery, or those with symptomatic and life-threatening
disease in need of immediate systemic treatment, an endoscopic
biopsy could be the sole tissue source.

Having in mind the above-mentioned every day, clinical
practice dilemmas and the lack of published documentation and
concrete guidelines we sought to address whether the molecular
analyses, for a number of ‘hot clinically relevant’ genes and
mutations, of specimens from an endoscopic biopsy would yield
results similar to those from a surgically removed primary CRC
tumour, and thus, could provide us with an acceptable justified
alternative.

MATERIALS AND METHODS

Sample and patient selection. A consecutive series of patients
with histologically confirmed CRC, diagnosed according to the
WHO criteria, who had an endoscopic biopsy and a surgical
resection specimen of the primary tumour available in the
Department of Pathology between August 2008 and August 2010
were selected from the database of the University Hospital
Gasthuisberg, Leuven. This corresponded to a series of 193
selected paired biopsy and primary CRC tumour samples,
documented by paraffin-embedded material, which were retrieved
from the archives of the Department of Pathology of the University
Hospitals of KU Leuven, Leuven, Belgium. For an endoscopic
biopsy sample to be retrieved and subsequently evaluated, at least
one fragment should have been recorded to be available in the
pathology report.

Patients’ and tumors’ characteristics’ variables were obtained
from the same database and included where available: age at
diagnosis, gender, primary tumour location, TNM status, grade
differentiation, mucinous elements representation, obstruction
existence, number of fragments determination in each endoscopic
biopsy and percentage of invasive tumour cells in the endoscopic
biopsy. The project was approved by the ethical committee of the
University Hospitals Leuven.

Pathologic review. For 193 pairs, all hematoxylin and eosin
(H&E) slides were reviewed by an expert digestive pathologist (XS).
For a pair to be included, diagnosis of an invasive adenocarcinoma
would have to be confirmed according to the histopathological
criteria as defined by the WHO. Furthermore, the bioptic tissue
would have no artefact damage, the endoscopic biopsy material
would have an adequate percentage (20%) of invasive adenocarci-
noma cells in the endoscopic biopsy, and, at least four slides of
5-mm-thick sections would be available from the endoscopic biopsy
to fulfill the goal of having an extracted DNA concentration of
ideally 45 ng ml� 1 and clearly no o2 ml� 1.

Based on the above-mentioned inclusion criteria, of the 193
paired cases, 28 were omitted from molecular testing (Figure 1).
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One pair was omitted because of artefact damage of the endoscopic
biopsy, one pair because not enough slides (o4) were available for
the endoscopic biopsy and 26 because of the presence of a limited

amount of invasive cancer cells in the endoscopic biopsy (o20% of
cancer cells) that would not give the amount of DNA needed for
mutational analysis. The remaining 165 paired specimens were

A consecutive series of
one hundred and ninety-three
paired endoscopy and surgery

specimens selected from
the electronic database of the

University Hospital Gasthuisberg,
Leuven between 8/2008 and 8/2010

One pair omitted due to artefact
damage of the bioptic tissue

Twenty-six pairs omitted due to the
presence of <20% of invasive

adenocarcinoma cells per marked
area per H&E slide of the

endoscopic biopsies

One pair omitted due to a
limited number of slides

available to be cut
(< 4 slides) for endoscopic

biopsies

165 pairs (1st run)

4 slides for endoscopy
and 2 slides for surgery

specimens

�5ng/µ| of extracted DNA
massARRAY system

≥2ng/µl but <5ng/µl of
extracted DNA real
time taqman PCR

155 pairs with concordant
status

(85 concordantly mutated
and 70 pairs wt)

10 pairs with discordant
mutational status

(2nd run)
8 slides for endoscopy
and 3 slides for surgery

specimens

Real-time taqman PCR
 and the sequenom

MassARRAY system

Two pairs changed status
 and became concordantly

mutated

Eight pairs remained
discordantly mutated

Figure 1. Consort diagram of the matched endoscopic biopsy and primary tumour specimen pairs included in the analyses.
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considered adequate by the pathologist, based on the above-
mentioned criteria, to be subsequently forwarded to molecular
testing (Supplementary Table S1).

After discussions and careful considerations of the usual
practice in most Pathology Laboratories (Cree et al, 2014) we
decided, that for initial molecular testing, from the endoscopic
biopsies’ specimens, four 5mm thickness’ slides, and, for surgical
resections’ specimens, two 5 mm thickness’ slides would be used.
After the first round of analysis and in case discordances were
observed, in those pairs, a re-evaluation by the pathologist would
be performed. H&E-stained slides would again be assessed, and for
the endoscopic biopsies additional slides would be cut, this time
eight of a 5-mm-thick section, whereas, for the primary tumours,
additional blocks would be obtained, to exclude heterogeneity
within tumour, and, three of a 5-mm-thick section additional slides
would be cut, as well.

Mutational analyses. Exon 2–4 KRAS and NRAS mutations and
BRAF mutations were considered for our analyses as clinically
relevant and influencing treatment decision making (De Roock
et al, 2010; Douillard et al, 2013; Peeters et al, 2013; Saridaki et al,
2013). As the role of PIK3CA mutations regarding sensitivity to
anti-EGFR moAbs treatment (Jacobs et al, 2009; Jhawer et al, 2008;
Laurent-Puig et al, 2009; Ogino et al, 2009; Perrone et al, 2009;
Sartore-Bianchi et al, 2009; De Roock et al, 2010; Saridaki et al,
2011) is not clear yet, in our series PIK3CA gene mutation status
was purely exploratory.

The primary tumour specimen’s molecular status was set as the
gold standard to test the endoscopic biopsies’ performance. In all
cases, the pathologist demarcated the tumour area on every H&E
slides, avoiding as much as possible, necrotic and haemorrhagic
areas, stromal infiltration and extracellular mucous aggregates. The
marked areas of the slides were subsequently macrodissected with a
scalpel from de-paraffinized sections and molecular testing was
performed in the Laboratory of Digestive Oncology, Department of
Human Genetics at the University of Leuven. After macrodissec-
tion, DNA was extracted according to manufacturer’s protocol
from the FFPE tissue slides using the QIAamp DNA FFPE Tissue
Kit from Qiagen (Valencia, CA, USA; Cat. No. 56404). DNA
concentration was measured using the Quant-iT PicoGreen
dsDNA Reagent Kit from Invitrogen (Carlsbad, CA, USA; Cat.
No. P11496).

For our study, two techniques were used, the Real Time Taqman
PCR and the Sequenom MassARRAY System. Initially, for the first
round, samples with a DNA concentration of X5 ngml� 1 were
analysed by Sequenom; samples with lower than acceptable for
Sequenom analysis concentrations (as low as 2 ngml� 1) were
analysed using Real Time Taqman PCR. With Sequenom, the
mutational status of KRAS, NRAS, BRAF and PIK3CA genes was
analysed (De Roock et al, 2010). With Real Time Taqman PCR
specific primers were used to analyse the seven major KRAS
mutation KRAS c.34G4T (p.G12C), KRAS c.34G4A (p.G12S),
KRAS c.34G4C (p.G12R), KRAS c.35G4A (p.G12D), KRAS
c.35G4T (p.G12V), KRAS c.35G4C (p.G12A), KRAS c.38G4T
(p.G13D) and the major BRAF mutation BRAF c.1799T4A
(p.V600E) (Gulley et al, 2007; Ogino et al, 2007; 2010; De Roock
et al, 2010). For the second round of analyses, where only the
discordant paired cases were included, both techniques were used
for mutational re-evaluation. In this 2nd round, where applicable,
no discordance between the two techniques was observed.

Statistical considerations. There was no predetermined sample
size estimation in this study because of its observational nature. The
primary end point of the study was to evaluate mutational
concordance and discordance between tissues obtained from
endoscopic biopsy and surgically removed primary tumours.
Analysis included contingency tables and quantitative factors that
were compared with the use of Continuity correction test or Fisher’s

exact test. The agreement between categorical variables was measured
with the use of Cohen’s Kappa statistical method. All P-values o0.05
were considered statistically significant for all comparisons. Data
were analysed using the SPSS program (version 22.0).

RESULTS

KRAS, NRAS and BRAF genes. In the first run, from 165 paired
cases, 85 (52%) were found to be concordantly mutated in at least
one of all the tested (KRAS, NRAS, BRAF, PIK3CA) genes, 70
(43%) were found to be wt and 10 (6%) were found to be
discordant, harbouring a mutation in the primary tumour’s
surgical specimen but not in the endoscopic biopsy specimen.
Eleven pairs harboured simultaneous mutations in two genes. The
specific types of mutations can be seen in Supplementary Table S1.

Considering only the clinically relevant mutations, in the first
run, 47 pairs (29%) harboured the same KRAS, 4 (3%) the same
NRAS and 24 (15%) the same BRAF mutation in the endoscopic
biopsy and the surgically acquired specimens. From the 10
discordantly detected mutations in the first run, 6 were in KRAS
and 2 in BRAF (being clinically relevant), whereas the other 2 were
in PIK3CA gene.

For the discordant cases a subsequent second run, with more
slides cut per pair (three of 5-mm thickness from the primary
tumour specimens and eight of 5mm thickness from the
endoscopic biopsies) and with the use of both Real Time Taqman
PCR and Sequenom MassARRAY System, was performed. Every
specimen was re-examined by the expert pathologist to check again
for intratumoral hetereogeneity, and all samples with discordant
pairs were found to be composed of a monomorphic pattern. The
‘discordant mutation status’ was changed in two of the six
discordantly KRAS-mutated pairs, which were then found to
harbour the same KRAS mutation in both biopsy and surgery
specimens.

Correlations between concordantly and discordantly mutated
pairs. Regarding the concordance of the surgically acquired and
the endoscopic biopsy specimens in the first and second runs,
Cohen’s kappa was run to determine whether there was agreement
between the two methods. According to the result, there is an
almost perfect agreement between the two methods in both the
first and second run, k¼ 0.877, Po0.001 and 0.901, Po0.001,
respectively.

For all pairs, the average number of fragment in the endoscopy
was six and the average percentage of adenocarcinoma cells present
in endoscopy was 57%. For all concordantly mutated pairs and for
all KRAS and BRAF concordant pairs, the average number of
fragment was 6.3 and the average percentage of adenocarcinoma
cells present in endoscopy was 60% in both cases. For all
discordantly mutated pairs, the average number of fragment was
4.5 and the average percentage of adenocarcinoma cells was 53%,
whereas for the KRAS and BRAF discordant pairs, the respective
numbers were 3.5 and 53%.

Numbers are small in the discordant group, but nevertheless, no
statistically significant differences were found between the pairs
with concordant status (concordantly mutated and wt) and those
with discordant status in relation to median age, gender, primary
tumour location, T status, number of fragments and percentage of
invasive tumour cells in the endoscopic biopsy, as well as tumour
grade. However, a small trend (P¼ 0.071, by continuity correction
test), towards more tumours with poor differentiation grade being
in the discordant group, was observed (Table 1).

PIK3CA gene. From the 85 concordantly mutated pairs 20
harboured a PIK3CA mutation. In 11 of these cases, the PIK3CA
co-existed with a KRAS, an NRAS or a BRAF mutation. From the
10 discordantly mutated pairs, 2 were in the PIK3CA gene and the
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mutational status was not changed in the second run, where more
slides were cut for each specimen (Supplementary Table S1).

DISCUSSION

Almost the sum of published data in the international literature
imply that patients with KRAS-, NRAS-, BRAF-mutant CRC
tumours derive no or little benefit from treatment with anti-EGFR
moAbs. In the era of inhibitors development of RAS and its key
downstream effectors (BRAF and MEK inhibitors) it seems logical
that a priori screening of mCRC tumours for the above-mentioned
mutations would help stratify patients likely to benefit from such
treatments (Souglakos et al, 2009; De Roock et al, 2010; Vakiani
and Solit, 2011; Douillard et al, 2013; Saridaki et al, 2013). For this
step of outmost importance to be realized though, and besides the
need of prospectively collected information, additional elements of
molecular analysis testing should be addressed.

In the process of the collection of our series of paired
endoscopic and primary tumour specimens, the expert patholo-
gists’ role was crucial. As far as primary tumours were concerned,
to evaluate tumour content and of course prior to slides cutting,
the pathologist selected the most appropriate paraffin block of the
surgical specimen by assessing the corresponding H&E-stained
sections of the tissue areas. The H&E section of the chosen paraffin
block was then subjected to specific evaluation of the fixation
characteristics, tumour content and tumour cell viability and was
subsequently marked for macrodissection. As per existing guide-
lines, the tumour density of the tissue area was 470% of invasive
carcinoma cells (van Krieken et al, 2008). For the endoscopic
specimens, first, the pathologist had to be certain that malignant
cells were present in the biopsy material. The pathologist’s opinion

regarding adequacy of the biopsy to be submitted to molecular
testing was then based on a number of elements, such as fixation
characteristics, the quality of the biopsy, the viable tumour volume
in the FFPE block (the latter being based on tumour surface on the
H&E slide and the percentage of viable invasive carcinoma cells
within the marked tumour area on that same H&E slide), as well
slides to be cut availability. A minimum of 20% of invasive tumour
cells per marked area per H&E slide was considered by the
pathologist the lower limit of adequacy.

After the re-evaluation of discordantly mutated cases, where
new slides were cut, and instead of four, from the endoscopic
biopsy as in the first round, eight were cut in the second, we
witnessed a clinically relevant discordant mutation status change in
two out of the six KRAS discordant cases (33%) (or out of eight
(25%), if we add the BRAF discordant ones). Noting that we used
both techniques (sequenom and taqman) for this re-evaluation and
the produced results were comparable, the above-mentioned
genotyping alteration highlights the importance of the quantity
of tumour DNA entering the analysis (more relative for the
endoscopic biopsy specimens but applicable for the primary
tumour ones, in line with the saying ‘the more the better’) but also
of the representation of the more possible areas from the primary
tumour in an attempt to minimise tumour heterogeneity. Indeed,
in all discordant cases, of note also in the ‘unchanged’ ones, the
pathologist concluded that the tumours that he re-evaluated were
composed of a monomorphic pattern. This, of course does not
mean that heterogeneity and other intratumoral clones could not
be present in parts of the tumour that were not biopsied during
endoscopy.

In a somewhat ‘older’ publication by Zauber et al (2003), the
detection of KRAS gene mutations was assessed between colonic
carcinomas and adenomas from the same 42 patients and it was
found concordant in only 17 of the paired samples. This finding

Table 1. Patient and tumour’s characteristics comparative representation

Surgery–biopsy Endoscopic–biopsy Both methods

Mut (%) WT (%) P-value Mut (%) WT (%) P-value Mut (%) WT (%) P-value
No. of patients 99 66 91 74 157 8

Age 73 68 0.029 73 69 0.032 71 75 0.984

Median (min–max) 25–90 36–92 36–90 25–92 36–92 25–83

Gender

Male 45 (46) 43 (65) 0.013 41 (45) 47 (63) 0.018 84 (53) 4 (50) 1.000

Female 54 (54) 23 (35) 50 (55) 27 (37) 73 (47) 4 (50)

Tumour size (n¼122)
Tis 1–2 19 (26) 7 (14) 0.121 18 (27) 8 (15) 0.118 25 (21) 1 (20) 1.000

T 3–4 54 (74) 42 (86) 50 (73) 46 (85) 92 (79) 4 (80)

Location (n¼164)
Left 29 (30) 45 (68) 27 (30) 47 (64) 72 (46) 2 (29)

Right 63 (64) 17 (26) 59 (65) 21 (29) 76 (48) 4 (57)

Transversum 4 (4) 2 (3) 4 (4) 2 (3) 6 (4) -

Rectum 2 (2) 2 (3) 1 (1) 3 (4) 3 (2) 1 (14)

Grade (n¼162)
Good/moderate 71 (74) 55 (83) 0.158 68 (76) 58 (80) 0.642 123 (79) 3 (43) 0.071

Poor 25 (26) 11 (17) 21 (24) 15 (21) 32 (20) 4 (57)

No. of fragments
o6 42 (42) 28 (42) 1.000 36 (40) 34 (46) 0.409 64 (41) 6 (75) 0.122

X6 57 (58) 38 (58) 55 (60) 40 (54) 93 (59) 2 25)

% of tumour cells in the endoscopic biopsy (n¼163)
o57 — — 34 (37) 36 (49) 0.145 66 (42) 4 (50) 0.723

457 — — 57 (63) 38 (51) 91 (58) 4 (50)
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made the authors discuss that KRAS gene mutations may not
necessarily be a consistent pancolonic or lesional feature (Zauber
et al, 2003). In a much newer publication, Zauber et al (2013)
analysed 134 adenomas, 84 in situ carcinomas and 171 carcinomas
and concluded that tubulovillous and villous adenomas, as well as
both the benign and malignant parts of in situ carcinomas, are
statistically more likely to contain a somatic KRAS gene mutation
than colorectal carcinomas (Zauber et al, 2013).

As we were able to show that the concordance of the surgically
acquired and the endoscopic biopsy specimens’ evaluation in both
runs was in strong agreement (Cohen’s kappa, k¼ 0.877, Po0.001
and k¼ 0.901, Po0.001, respectively) and taking into considera-
tion all our other observations regarding the level of detected
mutational discordance in our series, we believe that it is safe to
conclude that both endoscopic biopsy and primary tumour
neoplastic material can be used for mutational analysis, as long
as the laboratory performing the analysis is experienced and the
standards of expert pathologists regarding the handling of a
specimen are met (van Krieken et al, 2008, 2013; Cree et al, 2014).
This includes, for the surgically removed primary tumour speci-
men, the already validated adequate tumour density of the tissue
area (existence of 470% of invasive carcinoma cells) and for the
endoscopic biopsy specimen, more than the usual quantity of
5-mm-thick section slides (at least eight), cutting deeper into
tumour cell populations, and with at least 20% of invasive
carcinoma cells present per marked area per slide. A pragmatic
suggestion to surpass potential mutational discordances could be to
use multiple endoscopic biopsies (with 46 fragments) to increase
the chance of detecting a mutation. An approach that would need
the endoscopist’s cooperation would be to take 10 biopsies
(fragments) and fix them separately into two blocks, one for
diagnosis and one for molecular studies (preferably with at least
six). Furthermore, pathologists and medical oncologists could have
in mind that in poorly differentiated tumours the endoscopy
specimens may not be representative of the whole tumours’
mutational status, and if no surgicaly removed primary tumour is
available an increased number of slides from the endoscopic biopsy
could be needed.

Based on our results, mutational analysis of both endoscopic
and primary tumour specimens from the same patient is neither
justified, nor required. Probably in the future, liquid biopsies might
emerge as a useful, non-invasive alternative to tissue biopsy for the
molecular characterisation of a tumour. But for now, an
endoscopic biopsy’s tumour material, given the circumstances,
could be used as the means of providing an accurate and acceptable
mutational tumour profile and become a justified alternative of a
primary tumour specimen.
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