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Abstract Mismatch repair proficient hereditary non-pol-
yposis colorectal cancer (MSS-HNPCC) encloses a hetero-
geneous group of families consisting of different unknown
genetic syndromes and/or aggregations cases. The lack of
information about the hereditability of cancer risk in these
families makes it difficult to carry out an individualized
Genetic Counseling. Therefore, deep description of such
families becomes important for a better classification and
search for underlying susceptibility causes. The aim of this
study is to describe and compare the clinical, morphological
features, tumor KRAS status and overall survival in MSS-
HNPCC, Lynch and sporadic colorectal cancer. A total of 37
MSS-HNPCC families, 50 Lynch families and 612 sporadic
CRC were included. Clinical and morphological data were
evaluated by reviewing medical and pathology reports of 55,
69 and 102 tumors respectively. KRAS/BRAF status were
detected by allele specific real-time PCR. Standardized
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incidence ratios (SIR) were calculated among 602 MSS-
HNPCC relatives and 668 Lynch relatives. Main features
distinguishing MSS-HNPCC were diagnosis age
(55.1 &+ 12.6), preferential distal location (76 %), polyp
detection (45 %) and familial colorectal cancer incidence
(SIR = 6.6). In addition, we found increased incidences
rates for kidney, stomach and uterus tumors. KRAS mutation
rates were similar in the study populations (48.8 £ 5.8) but
higher than those described before by Sanger sequencing.
MSS-HNPCC overall survival was similar to Lynch in B
Dukes’ stage tumors and between Lynch and sporadic in C
stage tumors. Anatomical and morphological data of MSS-
HNPCC are consistent with other described populations.
Our studies disclose an increased HNPCC-extracolonic
tumors incidence and improved overall survival in MSS-
HNPCC families.
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Introduction

Hereditary nonpolyposis colorectal cancer (HNPCC) has
been defined as a familial syndrome with an increased
incidence of colorectal cancer (CRC) and/or other extra-
colonic tumors [1, 2]. Amsterdam I [3] and II [4] criteria
were initially developed to describe common clinical fea-
tures of HNPCC families. Approximately half of HNPCC
cases are caused by DNA mismatch repair (MMR) pathway
defects [5, 6]. Germline mutations in MMR genes (MLH ],
MSH2, MSH6, and PMS?2) are responsible for these cases
and they are commonly referred to as Lynch syndrome.
The other half of the Amsterdam families have no evidence
of MMR deficiency; CRC in affected members are
microsatellite stable (MSS) and MMR mutations are not
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found. This fact makes it difficult to carry out an individ-
ualized Genetic Counseling in all these families.

It has been 7 years since Lindor and collaborators pro-
posed the term “Familial Colorectal Cancer type X” to
define these MSS-HNPCC families which show an auto-
somal dominant pattern of inheritance (Amsterdam I cri-
teria) and proficient MMR tumors [7]. They established
this group (FCC-X) as a distinct entity from Lynch syn-
drome with a lower risk of colorectal cancer and an older
average age at diagnosis though still much younger than
sporadic cases [7]. Only a few studies have been published
later about strict FCC-X families or MSS-HNPCC with less
stringent criteria (Amsterdam II o Bethesda criteria). All of
them supporting the older age at CRC diagnosis and fur-
thermore, displaying a preferential distal location of colo-
rectal tumors and greater proportion of patients with polyp
detection at the time of CRC diagnosis [7-16]. A previous
study of our group showed that these families have dis-
tinctive molecular profiles [15]. Despite these features, all
authors agree that MSS-HNPCC is a heterogeneous group
of families consisting of different genetic syndromes and
some cancer aggregations. In fact, in our laboratory we
have attempted to explain the cancer susceptibility of these
families through the screening of genes involved in the
Base Excision Repair pathway and we found only a limited
number of families whose cancer risk could be explained
by gene variants in this pathway [17]. Therefore, deeper
description of such families in different populations
remains crucial for a better classification of this group and
search for underlying susceptibility causes.

Percentage of KRAS somatic mutation reported by
Sanger sequencing in CRC vary from 17 to 47 % in MSS-
HNPCC tumors, 27 to 40 % in Lynch and 30-40 % in
sporadic tumors [8-10, 15, 18]. BRAF mutations have been
found in 8-20 % of sporadic CRC [19-21] and almost
never in HNPCC families [8, 10, 22]. Recently they have
been developed new techniques for somatic mutation
detection based in different technologies. These high sen-
sitive methods can detect until 1 % of tumor cells and
about 50 % of colorectal cancer has shown KRAS exon 2
mutations by these methods [23-25]. Last year the food
and drug administration (FDA) approved the “Therascreen
KRAS RGQ PCR Kit”, recommended test to determine
whether or not patients with advanced colorectal cancer
have a wild-type KRAS gene, indicating eligibility for anti-
EGFR monoclonal antibody therapy [26]. Due to the sig-
nificance of both predictive biomarkers, KRAS and BRAF,
in the oncology clinical practice and the advancement of
the above technologies, we find it convenient to reanalyze
KRAS/BRAF mutations in our cohort of MSS-HNPCC by
high sensitive methodology.

The aim of this study is to describe and compare the
clinical, morphological features and tumor KRAS/BRAF
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status in MSS-HNPCC, Lynch syndrome and sporadic
colorectal cancer.

Methods
Study populations
MSS-HNPCC population

A total of 37 families out of 499 families were recruited at
the Genetic Counseling Unit of our Hospital from 1999 to
2010. All studied tumors from these families were MSS,
showed normal expression of MMR proteins and no path-
ogenic mutation was detected in none of the 4 MMR genes.
Seventeen families fulfilled Amsterdam I clinical criteria
[3], 9 fulfilled Amsterdam II criteria [4] and 11 families
fulfilled our own defined high-risk criteria (HRC). We
consider HRC families those fulfilling all Amsterdam I/II
criteria except for: (1) the earliest age of diagnosis is
allowed to be up to 55 years, (2) gastric cancer is included
in HNPCC extra-colonic associated tumors [17]. We
decided to include these new clinical criteria for the fol-
lowing reasons. First; several authors have previously
described delayed onset ages for CRC in MSS-HNPCC
families; ranging from 50 to 60 and placing the average
55 +£3.8 [7-9, 11, 12, 14-16]. Secondly, although
Amsterdam II criteria do not consider gastric cancer as
HNPCC extracolonic associated cancer, association of
gastric cancer and HNPCC has been described [27].
Finally, some of our Lynch families fall within these cri-
teria (see Table 1 and supplementary Table 1).

Table 1 Main features of MSS-HNPCC and Lynch populations

MSS-HNPCC n (%) LYNCH n (%)

Number of families 37 50

Clinical criteria
Amsterdam [ 17 (46 %) 16 (32 %)
Amsterdam 11 9 (24 %) 28 (56 %)
High risk 11 (30 %) 6 (12 %)
MSI TEST MSS MSI-H
IHC TEST Presence Absence
MLH1/PMS2 Yes 28 (56 %)
MSH2/MSH6 Yes 22 (44 %)

MMR GENES TEST* Negative Positive
MLHI1 0 28 (56 %)
MSH?2 0 18 (36 %)
MSH6 0 4 (8 %)

% All mutations detected in MMR genes were pathogenic and agree
with MSI and THQ results
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All families were included in the cancer risk analysis.
Fifty five colorectal tumors from 35 of these families were
recruited for the remaining studies; 25 from Amsterdam I
families, 13 from Amsterdam II and 17 from HRC families.
The average age at diagnosis was 55.1 £ 12.6 and 49 %
were females. Regarding to Duke’s Stage, 49 % were B
and 25 % C.

Lynch population

A total of 50 families were recruited at the Genetic
Counseling Unit of our Hospital from 1999 to 2010. All
studied tumors were microsatellite instable (MSI), showed
abnormal expression of MMR proteins and pathogenic
mutation in the corresponding gene was detected. Sixteen
families fulfilled Amsterdam I clinical criteria [3], 28 ful-
filled Amsterdam II criteria [4] and 6 families fulfilled
HRC criteria [17]. Summary of the main features of these
families is shown in Table 1 and supplementary Table 1.

All families were included in the cancer risk analysis.
Sixty nine colorectal tumors from 46 of these families were
recruited for the remaining studies; 20 from Amsterdam I
families, 37 from Amsterdam II and 12 from HRC families.
The average age at diagnosis was 45.1 £+ 12.9, and 44 %
were females. Regarding to Dukes’ Stage, 46 % were B
and 40 % C.

Sporadic CRC population

A total of 612 consecutive sporadic CRC tumors without
cancer family history were included in the molecular
testing of KRAS and BRAF. All of them treated at the
Oncology Unit of our Hospital during 1999 and 2011. We
were able to collect clinical and pathology reports and the
follow up of 102 tumors; the average age at diagnosis was
65.1 = 109 and 45 % of CRC affected were females,
12 % tumors were Dukes’ B staged and 39 % Dukes’ C.
This study was approved by the Institutional Review
Board of the Hospital Clinico San Carlos. Informed con-
sent was obtained from each participant. Cancer diagnoses,
tumor details and deaths were confirmed by reviewing
medical records, pathology reports, or death certificates.

DNA extraction

Peripheral-blood genomic DNA extraction was performed
according to the salting out procedure [28] or with Mag-
naPure Compact extractor (Roche) according to the man-
ufacturer’s recommended protocol. Tumor DNA was
obtained from paraffin embedded tissues with a tumor
content of more than 80 % as determined by an experi-
enced pathologist from hematoxylin/eosin stained sections.
Extractions were performed after digestion with proteinase

K and purification with phenol/chlorophorm as previously
described [29]. Genomic and tumor DNA quantity and
quality were assessed with Nanodrop (ND1000).

Microsatellite instability status

Microsatellite instability analysis was performed testing the
Bethesda panel of five microsatellite markers (BAT2S,
BAT26, D2S123, D5S346, and D17S250) [30] in paired
tumor-normal DNA samples. Amplification and visualization
of microsatellites were achieved as described previously [31].
Tumors were classified as MSS if all markers were stable.

Immunohistochemistry of MLH1, MSH2, MSH6
and PMS2

Immunohistochemistry analysis of MLH1, MSH2, PMS2
and MSH6 proteins was done as described previously [15].
The percentage of positive nuclei was evaluated by two
pathologists. Expression of MLH1, MSH2, MSH6 and
PMS2 were scored as positive when nuclear staining was
observed in at least some tumor cells and negative if the
staining was observed in the internal control but not in the
tumor cells.

Mutational screening of MLH1, MSH2, and MSH6

Mutation screening included the analysis of all coding
sequences and intron/exon boundaries of MLHI, MSH2,
and MSH6 by denaturing gradient gel electrophoresis as
previously reported [32, 33]. In addition, the presence of
genomic rearrangements at the MLHI, MSH2, MSH6, and
PMS2 loci was tested by multiplex ligation-dependent
probe amplification with POO3 and PO0O8 MRC-Kit (MRC-
Holland), according to the supplier’s instructions.

Mutational analysis in tumor DNA

The ¢.1799T>A (p.V600E) mutation in BRAF gene was
determined by the cobas® 4800 BRAF V600 Mutation test
(Roche) according to the manufacturer’s recommended
protocol.

Detection of mutations at codons 12 and 13 in KRAS
gene was achieved by the “Therascreen KRAS RGQ PCR
Kit” (QIAGEN) according to the manufacturer’s recom-
mended protocol. The method combines allele specific
PCR with Scorpion fluorescent probes to detect the most
commonly reported KRAS mutations; ¢.35G>A (p.G12D),
c.35G>C  (p.G12A), ¢34G>C (p.G12R), c.34G>T
(p.G12C), ¢.34G>A (p.G12S), ¢.35G>T (p.G12V) and
¢.38G>A (p.G13D) by real time PCR (RT-PCR) [34, 35].
Reactions and analysis were carried out in a Light-Cycler
480® real-time PCR (LC480) in combination with the
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Light-Cycler® Adapt Software v1.1 (Roche Diagnostics).
The mutation-detection limit is estimated to be 1 %,
according to the manufacturer‘s manual.

Statistical analysis

All categorical comparisons were done by Chi squared test.
Continuous variables were compared by t test. Overall
survival plots were calculated by Kaplan—Meier method
and significance by Breslow test. Hazard risk (HR) and
confidence intervals (CI) were estimated by Cox regres-
sion. For survival plots only B or C Dukes’ stages were
included. All statistics were done with SPSS v15 software.

Cancer incidence evaluation

In order to estimate the cancer incidence in MSS-HNPCC
and Lynch populations, reference triad members used for
the clinical ascertainment of each family were excluded
and only first and second degree relatives were considered.
In families with multiple possible triads, those that would
include the youngest affected members were selected. A
total of 602 relatives belonging to 37 MSS-HNPCC fami-
lies and 668 relatives belonging to 50 Lynch families were
included in the analysis.

Cancer incidences were compared between Lynch and
MSS-HNPCC by indirect standardization [36]. Standard-
ized incidence ratio (SIR) for each HNPCC cancer was
calculated as the ratio between the observed and the
expected number of cases in each population. The later one
was calculated by the sum of the products of the number of
person-years age/sex group and the corresponding age/sex
specific incidences rates for the Spanish population
according to the GLOBOCAN database [37]. Differences
in cancer incidences between both populations were tested
for statistical significance by the Chi squared test.

Results

We were able to collect clinical and pathology reports and
the follow up of 102 sporadic CRC, 55 MSS-HNPCC and

69 Lynch colorectal tumors. Main clinical-pathological
features are shown in Table 2.

Morphological analysis

Results about colon location, tumor differentiation degree,
presence of mucus and detection of polyps at the time of
diagnosis are displayed in Table 2.

Differences in the anatomical distribution of the tumors
were significant (p < 0.001) among all populations; MSS-
HNPCC tumors were preferably located in the left colon
(60.8 %), Lynch tumors were preferably located in the
right colon (58.3 %) and sporadic tumors were equally
distributed along the distal colon and rectum being less
frequent the proximal location (23.8 %).

Sporadic population showed slightly decreased fre-
quency of poorly differentiated tumors compared to the
other two populations (p = 0.059).

The percentage of mucinous tumors in MSS-HNPCC
population was not different from that of Lynch tumors and
they were greater than sporadic tumors (p = 0.008).

Regarding to the presence of polyps at the time of
diagnosis, almost half of MSS-HNPCC patients had pol-
yps, and it was significantly higher than the other two
populations (p = 0.027).

BRAF/KRAS analysis

We were able to collect 49, 42 and 612 DNA samples from
MSS-HNPCC, Lynch and sporadic tumors for subsequent
molecular analysis.

The ¢.1799T>A (p.V600E) mutation in BRAF was not
detected in MSS-HNPCC or in Lynch tumors. However, 4
out of 101 (4 %) sporadic tumors showed such mutation.

Regarding to KRAS somatic mutations, all populations
showed similar mutation rates (48.8 £ 5.8) (Fig. 1a). The
c.35G>A (p.G12D), ¢.38G>A (p.G13D) and c.35G>T
(p-G12V) mutations were the most prevalent in the three
study populations. However MSS-HNPCC tumors showed
greater heterogeneity in the distribution of mutations
according to the amino acid changes. The proportion of
c.34G>T (p.G12C) was similar in MSS-HNPCC and

Table 2 Summary of clinical-pathological features of MSS-HNPCC, Lynch and sporadic tumors

No. Dx age &= SD  Dukes’ stage (%) Location (%) Differentiation =~ Mucus (%)  Polyps (%)
: (% poor)
A B C D Left Right Rectum
MSS-HNPCC 55 551+ 126 75 49 245 19 608 235 15.7 11.1 31.1 45.5
LYNCH 69 451 £ 129 6 46 40 8 283 583 13.3 15.4 41.5 224
SP-CRC 102 65.1 £ 10.9 0 12 39 49 40.6 238 35.6 4.2 14.2 11.9

No number of tumors, SD standard deviation
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sporadic tumors but it was not present in Lynch tumors.
The percentage of ¢.35G>C (p.G12A) in MSS-HNPCC
was bigger than sporadic tumors and it was not present in
Lynch tumors (Fig. 1b). The base change distribution in
each population showed similar G>A and G>T rates
(66.4 &+ 5.6 and 28.2 £ 4.5 respectively). However G>C
mutation was not detected in any Lynch tumor and it was
significantly  increased in ~ MSS-HNPCC tumors
(p = 0.022) (Fig. 1c). KRAS mutation results are also
described in supplementary Table 1.

Survival analysis

Overall survival plots in patients with B and C Dukes’
staged CRC are depicted for each of the study populations
in Fig. 2. It should be noted the different survival behavior
of MSS-HNPCC at B and C Dukes’ stages; overall survival
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Fig. 1 KRAS somatic mutation spectrum in sporadic, MSS-HNPCC
and Lynch tumors. a KRAS somatic mutation rates; b amino acid
variation profile; ¢ nucleotide change profile

for B staged MSS-HNPCC is similar to Lynch and sig-
nificant different from sporadic CRC (p < 0.001), whereas
overall survival for C staged MSS-HNPCC is in between
Lynch and sporadic tumors.

Figure 3 shows overall survival for all tumors together
according to KRAS status. There is no difference between
KRAS mutated and wild type tumors at both Dukes’ stages.
Further survival analyses attending to the KRAS status and
KRAS base change were done in each population but none
of them showed statistical differences (data not shown).

Family comparison and cancer risk

The average age at CRC diagnosis was 65.1 £ 10.9;
55.1 + 12.6 and 45.1 & 12.9 years respectively (Table 2).
This result was consistent with previous data showing sta-
tistic significance between the 3 populations (p = 0.001).

Incidence analyses were done for the most recurrent
tumors. SIR calculations and confidence intervals (95 %)
for colorectal, endometrial, stomach, kidney, ovary and
breast tumors in MSS-HNPCC and Lynch relatives are
shown in Table 3. Incidences for colorectal and endome-
trial cancers were increased in MSS-HNPCC relatives
compared to the standard population but decreased when
they were compared to Lynch relatives (p < 0.0001).
Incidences for kidney and stomach tumors in MSS-HNPCC
relatives were increased compared to the standard popu-
lation but not different from those in Lynch relatives. All
kidney tumors were located in the kidney and most of them
were clear cell carcinomas.

Discussion

In order to better discuss our results with those previously
described in other MSS-HNPCC populations, it should be
noted the different selection criteria used in different
studies. Although most of them [9-14] included Amster-
dam I and Amsterdam II criteria for the selection of MSS-
HNPCC families, two studies [7, 16] are based on the most
strict Amsterdam I criteria (FCC-X) and conversely other
two [8, 15] include the Bethesda criteria [38].

After Lynch diagnosis in families coming from our
Genetic Counseling Unit, we found great representation of
Amsterdam I families, Amsterdam II, and also Amsterdam
like families (fulfilling our own defined HRC criteria) in
Lynch positive families. In order to better compare our
Lynch families with our MSS-HNPCC families, and to
avoid a sample selection bias, we used those three clinical
criteria represented in our Lynch positive group for the
selection of MSS-HNPCC families.

Despite differences in the selection clinical criteria used
in previous studies, there are some features concerning the
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Fig. 2 Overall survival for MSS-HNPCC, Lynch syndrome and sporadic colorectal cancer patients according to Duke’s Stage. a Overall
survival for Dukes’ B staged tumors; b overall survival for C staged tumors. HR hazard ratio, CI confidence interval, p Breslow p value
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Table 3 Standardized

incidence ratio (SIR) of main Tumour site LYNCH (n" = 668) MSS-HNPCC (n® = 602) p value
associated tumors in Lynch and No.P SIR (95 % CI) No.P SIR (95 % CI)
MSS-HNPCC first and second
relatives Colorectum 101 19.3 (15.7-23.5) 37 6.6 (4.6-9.1) <0.0001
Kidney 5 4.4 (1.4-10.4) 52 (1.9-11.4) ns
ns no statistic significance Stomach 16 10.5 (6-17) 49 (2.1-9.8) ns
3 1 number of 1st and 2nd Uterus 31 24.2 (16.5-34.5) 4(1.3-94) <0.0001
degree relatives excluding the Ovary 8 7.8 (3.3-15.5) 2 (0.2-7.5) 0.086
s . b .
reference triad members; "No.:  preag 10 1.2 (0.6-2.2) 13 1.6 (0.8-2.7) ns

number of tumors observed

age at CRC diagnosis and tumor morphology that match in
all studies including ours. All authors detect an early
diagnosis age in MSS-HNPCC compared to sporadic CRC
although delayed respect to Lynch syndrome. The CRC
diagnosis age ranges from 50 to 60 in different MSS-
HNPCC populations and our result (55.1) is in the average
(55 £ 3.8) (Table 2). Regarding to tumor characteristics,
our results are also consistent with previous ones; MSS-
HNPCC tumors show preferential distal location (76 %)
resembling sporadic tumors (76 %), there is no difference
in the tumor differentiation degree with the other two study
populations and they show the highest percentage of cases
with adenomas detection at the time of CRC detection
(45 %) (Table 2). The increase of polyp detection at time
of CRC diagnosis is also described in two previous studies
[14, 16]. One study explains difference in polyp detection
between Lynch and MSS-HNPCC by the “aggressive
adenoma theory” [39]. According to this theory, Lynch
tumors have an accelerated progression from adenoma to
carcinoma and the increased detection of polyps in MSS-
HNPCC tumors correspond to a slower progression [14].
In addition to these data, we wanted to investigate the
incidence of CRC and other extracolonic tumors in 1st and
2nd degree relatives. As expected, we observed high SIRs
for all HNPCC tumors in Lynch relatives, especially for
colorectal and endometrial cancer (Table 3). Furthermore
we also found increased rates for HNPCC tumors in MSS-
HNPCC relatives although in a lesser extent. There is only
one previous study analyzing the incidence of other tumors
in MSS-HNPCC relatives by SIR [7] in which the authors
describe a high incidence of CRC but not for extra-colonic
tumors. This divergence of results can be due to the
selection criteria used in both studies. Lindor and colleges
recruited MSS-HNPCC families fulfilling Amsterdam I
criteria (ie, families with inheritance pattern of CRC but
not of other extracolonic tumors), in our study we have
included Amsterdam I and Amsterdam II families implying
the presence of other associated extracolonic tumors. Other
studies analyzed the presence of tumors in MSS-HNPCC
relatives detecting increased percentages of CRC, endo-
metrial an even stomach [13, 14, 16] but they did not
standardized the data. Therefore, our data suggest an

increase of HNPPC extra-colonic tumors incidence when
Amsterdam II criteria is included in the selection criteria of
MSS-HNPCC.

Due to the increasing interest to BRAF/KRAS status in
CRC tumors as predictive biomarkers for anti-EGFR
therapy [40—43], it becomes important to accurately eval-
uate BRAF/KRAS mutation rates in different CRC
populations.

KRAS mutation rate in sporadic CRC has been estimated
around 3040 %. Recent detection methodologies, based in
allele specific amplifications and RT-PCR [34], have
increased the sensitivity of detection in tumor samples.
Precisely, the FDA just approved the “Therascreen KRAS
RGQ PCR Kit” to determine the KRAS status in metastatic
CRC tumors in order to improve the effectiveness of target
therapy [26]. In our laboratory, we have carried out the
comparison between Therascreen KRAS detection kit and
Sanger sequencing detection in a large series of sporadic
CRC and it was revealed an increase of 18 % (from 26 to
44 %) in the KRAS mutation rate when Therascreen was
used [44]. KRAS mutation rates in HNPCC population have
been estimated by direct sequencing ranging from 17 % to
47 % in MSS-HNPCC and from 27 to 40 % in Lynch
tumors [8—10, 15, 18]. All these rates are lower than those
revealed in the present study (55 % of KRAS mutation in
MSS-HNPCC and 48 % in Lynch tumors) (Fig. 1a). Our
rates are not statistically different between both HNPCC
populations and neither when they are compared with the
mutation rate in our sporadic population (44 %).

Regarding to the KRAS base mutation profile (Fig. 1c),
we observed similar G>T and G>A change rates in our 3
study populations which are consistent with those descri-
bed before in HNPCC and sporadic tumors [8, 9, 15, 18].
G>C changes are controversial in other MSS-HNPCC
populations [8, 9, 15]. In our study we did not detect any
G>C mutation in Lynch tumors whereas MSS-HNPCC
tumors showed the major proportion of G>C changes
(14 %). Two out of the seven mutation tested by Thera-
screen involve a G>C change [c.34G>C (p.G12R) and
¢.35G>C (p.G12A)]. The sum of the frequencies of both
mutations involves not more than 8 % of the KRAS somatic
mutations found in CRC (COSMIC database; http://cancer.
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sanger.ac.uk/cancergenome/projects/cosmic/). We  are
working with a relatively small tumor sample size (42 Lynch
tumors which 20 showed KRAS mutated) so the absence of
G>C mutations is not surprising. However is noteworthy the
high G>C rate in MSS-HNPCC (4 tumors out of 29) that
could suggest different KRAS mutation events. We could
explain the lack of detection of ¢.34G>T (p.G12C) KRAS
mutations in Lynch tumors for the same reason as above. In
addition, it is revealed a general increase of mutation
detection in the 3 study populations when a more sensitive
methodology is used instead direct sequencing technology.
So our results are the first updated KRAS mutation rates in
colorectal tumors from HNPCC families.

We also tested the presence of ¢.1799T>A (p.V600E)
BRAF mutation in the three study populations. We did not
detect this mutation in any Lynch or MSS-HNPCC tumor,
these results were expected since BRAF mutations are
strongly associated to the “CpG island methylator pheno-
type” (CIMP) in sporadic CRC [45, 46]. Two previous
studies describe certain percentage of BRAF mutation in
MSS-HNPCC tumors [8, 15], but ascertainment criteria use
in both studies includes Bethesda clinical criteria [38]
which are much less stringent than Amsterdam criteria and
this could increase the heterogeneity of the group allowing
the inclusion of non-familial cases. Two other studies
based on MSS-HNPCC families selected according to
Amsterdam I/II criteria did not observe BRAF mutations in
any of the tumors tested [10, 18] which is consistent with
our results and they dismiss the involvement of CIMP CRC
in our population.

Finally, we carried out overall survival analyses in
patients with B and C Dukes’ staged colorectal tumors
from study populations (Fig. 2). Data suggests a better
prognosis of MSS-HNPCC than sporadic tumors at both
Dukes’ stages studied. The most accepted hypothesis to
explain the known increased survival in Lynch tumors is
the ability to express frameshift peptides (FSPs) with
immunogenic properties leading to an immune response
against tumor cells [47]. This ability is due to the lack of
Mismatch Repair function in these tumors (MSI). One of
the main characteristics of MSS-HNPCC tumors is pre-
cisely the correct function of the mismatch repair system,
so no FSPs due to microsatellite instability are expressed
and the good prognosis in MSS-HNPCC tumors cannot be
explain by this hypothesis. Looking at survival plots, MSS-
HNPCC B staged tumors show a very similar survival to
Lynch whereas C staged tumors show an intermediate
survival between sporadic and Lynch C tumors. This could
suggest that the better prognosis in this group could be due
to different driver mutations involved in dissemination and
metastasis [48]. Anyway, this is the first evidence of good
prognosis of MSS-HNPCC tumors and further survival
analyses of largest populations are needed to confirm this.
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Further overall survival analyses were carried out
according to the KRAS status and no significant differences
were found when all tumors were analyzed together
according to Dukes’ stages B or C (Fig. 3). Neither dif-
ference was found when analyzing the 3 populations sep-
arately (data not shown). These results are not surprising
since KRAS role on CRC prognosis still remains contro-
versial [49, 50]. The RASCAL II study [51] was conducted
in 4,268 colorectal tumors to explore the role of KRAS
mutations related to Dukes’ stages. The analysis concluded
that, of all possible mutations on codons 12 and 13, only
the ¢.35G>T (p.G12V) transversion had a significant poor
failure-free and overall survival in Dukes’ C stage but not
in B. Our results do not support the role of KRAS as CRC
prognostic factor in any B or C Dukes’ stages when all
KRAS mutation types are taking in together. Anyway our
small sample size make impossible to conduct the analysis
by specific KRAS mutation classes. It would be desirable to
conduct the analysis by specific KRAS mutations classes;
however it has not been possible due to the scarcity of such
families.

Summarizing, our MSS-HNPCC population agrees with
other described MSS-HNPCC populations in early colo-
rectal cancer age at diagnosis, preferential distal tumor
location, frequent presence of polyps and increased CRC
incidence in relatives. Improved overall survival and
increased HNPCC extra-colonic tumors incidence are new
clinical features of MSS-HNPCC families. This fact could
help the genetic and medical counseling of these families.
Furthermore, updated and increased KRAS mutation rates
in MSS-HNPCC, Lynch and sporadic CRC are given for
the first time using high sensitive methodology. This is
important since resistance to anti EGFR therapies have
been described in tumors harboring KRAS mutations.

Conclusions

This study gives, for the first time, MSS-HNPCC overall
survival data suggesting a better prognosis than Sporadic
although lower than Lynch syndrome. Identification of
good prognosis of these families is relevant for clinicians
when making decisions.

Our incidence analysis shows a slight but significant
increase of extracolonic HNPCC tumors in first and second
degree relatives when Amsterdam II is included in the
selection criteria of MSS-HNPCC families. This fact
becomes important in the Genetic Counseling of these
families suggesting the need for more extensive medical
monitoring including the screening for other associated
cancers besides the CRC.

Furthermore, updated and increased KRAS mutation
rates in MSS-HNPCC, Lynch and sporadic CRC are given
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for the first time using high sensitive methodology. This is
important since resistance to anti EGFR therapies have
been described in tumors harboring KRAS mutations.

Nevertheless, our study is limited because it was a ret-

rospective study and had a small sample size. Therefore,
additional studies in different and larger population should
be achieved in order to confirm our findings.
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