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Background: Lynch syndrome (LS) diagnosis is underestimated, and most of the patients remain
undetected after colorectal resections. The study aims to assess the frequency of LS in patients undergoing
surgical treatment for colorectal cancer (CRC).

Methods: A total of 458 CRC patients were operated from January 2005 to December 2008. Positive CRC
family history (FH) was present in 118 (25.8%) patients. Histologic sections were reviewed for microsatellite
instability (MSI) criteria (Bethesda guidelines), immunohistochemical (IHC) analysis for MLH1, MSH2,
MSH6, PMS?2 proteins, through the avidin-biotin-peroxidase complex, MSI (BAT-25, BAT-26, NR-21, NR-
24 and MONO-27) and BRAF somatic mutation.

Results: Of the 118 patients with FH, 61 (51.69%) met at least one of the revised Bethesda criteria.
THC was abnormal in 8 (13.1%) and MSI in 12 patients (20%). BRAF was negative in all cases. MSI
histopathological included: intratumoral lymphocytes (47.5%), expansive tumors (29.5%) mucinous
component (27.8%) and Crohn’s like reaction in (14.7%). There was an association between the revised
Bethesda criteria with: sex, mucinous histology and Crohn’s like reaction; MSI and THC with PMS2 and
MLHI. Revised Bethesda criteria 4 had 10.6 increased chances to display positive MSI. We have proposed a
score to contribute as a practical tool in the diagnosis of LS.

Conclusions: The frequence of LS in resected CRC patients was 2.6%. The criterion 4 Revised Bethesda

was associated more strongly with the presence of MSL
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Introduction approximately 2-3% of all cases of colorectal cancer (CRC)

Lynch syndrome (LS), also called hereditary nonpolyposis patients (2,3). It is determined by germline mutations in

colorectal cancer (HNPCC) is an autosomal dominant DNA repair genes, including the most commonly affected
disorder with penetrance between 80% and 90%, vertical genes: human mutS homolog 2 (h(MSH2; chromosome 2p16)

transmission and no gender preference (1), affecting and human mutL. homolog 1 (hMLHI; chromosome 3p21),
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in about 90% of cases. The remaining 10% are caused
almost entirely by changes in MSHG6 and PMS2 genes (4-6).

The loss of function of DNA repair genes causes
accumulation of genetic mutations in the DNA of this
individual, a process called genomic instability, involving
areas of microsatellites (4-6).

The main clinical features of LS are: CRC at an early
age (below 45 years), predominantly in the right colon
(70%), higher incidence of synchronous tumors (3x) and
metachronous (5-7x) the rapid development of cancer,
originated from adenomas, increased risk of malignancies
of the endometrium, ovary, small intestine, kidney upper
tract, stomach, and biliary tract. It can be associated with
skin tumors—sebaceous adenomas, sebaceous carcinoma and
keratoacanthomas (also known as Muir-Torre syndrome) (4-9).

Amsterdam Criteria have been proposed to facilitate
clinical identification of those patients (7). Subsequently, the
Bethesda criteria were proposed to indicate the molecular
“tracking” of HNPCC [Test of microsatellite instability
(MSI) tumor, immunohistochemistry or gene sequencing].
However, a major challenge in the diagnosis of LS is the
low diagnostic accuracy of clinical criteria (10-12).

The diagnosis of LS is underestimated, and most of
the patients remain undetected after colorectal resections.
Preventive measures, intraoperative management changes,
adjuvant treatment, patient postoperative surveillance,
patient and familial genetic counseling, and prognosis may
be altered in this group of patients and families if they fulfill
the criteria for LS.

Thus, the objectives of this study were: (I) to assess the
frequency of LS in patients undergoing surgical treatment
for CRC; (II) to evaluate which clinical, histopathological,
immunohistochemical (IHC) criteria, and MSI would
be more informative in the diagnosis of LS in Brazilian
population; (III) to propose a score to facilitate the diagnosis
of LS.

Patients and methods

This study was approved by the Institutional Ethics
Committee with the number 0709/09, and all patients
signed an informed consent.

From January 2005 until December 2008, 458 cases of
CRC were operated at Coloproctology Service of the Hospital
das Clinicas-University of Sdo Paulo School of Medicine (HC-
FMUSP). Of those, 118 had a family history (FH) of CRC
or LS associated cancer. These patients were selected for
interview and a standardized questionnaire was applied, which
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include the Amsterdam criteria I, IT and revised Bethesda.
After the questionnaire, 61 patients presented at least one of
the revised Bethesda criteria or guidelines.

Patients with ulcerative colitis, Crohn’s disease,
chemotherapy and preoperative radiotherapy, and poliposis
adenomatosis familial were excluded.

Histopathological evaluation

All the histopathological sections were reviewed by
experienced pathologists and were analyzed according to
the criteria for MSI as defined by the revised Bethesda
Guidelines—(Intra-tumoral lymphocytes, Crohn’s disease
reaction, mucinous differentiation or signet ring cell tumor,
undifferentiated or medullary growth, and expansive
characteristics of the tumor) (13).

Immunobistochemistry

We used primary monoclonal antibodies anti-human
MLHI1 purified G168-15 clone, Becton Dickinson, cod.
550838 (RR-002-12155), Lot 83115; anti-hum domestic
MSH2, clone G2019-1129, Becton Dickinson, cod.556349
(RR-002-05885), Lot 23665; anti-MSH6 (GTBP) 150ug, Becton
Dickinson, clone 44/MSHS6, cod. 610 919 (RR-002-17297),
Lot 64559; and anti-PMS2 hum/domestic cam, A16-4 clone,
Becton Dickinson, cod. 556415 (RR-002-13805), Lot 76080.
The internal controls of the reactions were stained intra-tumoral

lymphocytes and/or stromal cells.

Microsatellite instability (MSI)

Samples of normal and tumor tissue fixed in buffered
formaldehyde and embedded in paraffin were used for DNA
extraction and the analysis of MSI, which included probes
(primers) fluorescently labeled amplification for seven
markers including five mononucleotide repeat markers
(BAT-25, BAT-26, NR-21, NR-24 and MONO-27) and two
repeated penta-nucleotides markers (Penta C and Penta D).
The mononucleotide markers were used to determine the
MSI and penta-nucleotides markers were used to control
the reaction. The PCR products were separated by capillary
electrophoresis.

BRAF analysis

DNA extraction
Formalin-fixed and paraffin-embedded tissue sections
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Table 1 Frequency of criteria for Lynch syndrome in 61 patients

with familial history of colorectal cancer

Criteria Number of cases (%)
Amsterdam | 9(14.7)
Bethesda 1 29 (47.5)
Bethesda 2 2(4.9)
Bethesda 3 24 (39.3)
Bethesda 4 14 (22.9)
Bethesda 5 43 (70.5)
Revised Bethesda

At least one revised Bethesda criterion 26 (42.6)

Two or more revised Bethesda criterion 35 (57.4)

were digested overnight at 37 °C with Proteinase K after
removing paraffin with xylene and ethanol. DNA was
isolated with QIAamp DNA Mini Kit (Qiagen, Hilden,

Germany) following manufacturer’s instructions.

DNA sequencing analysis

BRAF exon 15 was amplified by PCR using primers
designed by Lee et al. [2010] to detect codon 600 V > E
(T1799A) mutation. The PCR reaction contained 50 ng
templates DNA, 0.2 mM of each primer, 0.2 mM dNTPs,
1.5 mM MgCl,, 1U Taq DNA polymerase and reaction
buffer in a total volume of 25 pL. The initial denaturation
at 95 °C for 5 min was followed by 40 cycles of 95 °C for
40 s, 55 °C for 40 s, 72 °C for 1 min, and a final cycle of
72 °C for 10 min. PCR products were then submitted to
direct sequencing using the BigDye® Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA) and the ABI PRISM® 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA) (14).

Statistical analysis

Numeric variables were presented as mean = standard
deviation (SD). Fisher-exact test was utilized to determine
the association between variables. Student z-test
(quantitative)/Mann-Whitney were used to compare
the mean/median age among groups. Univariate Binary
Logistic Regression was performed to assess which factors
are predictors of positivity of the variables of interest
(MSH2, MLH1, MSH6, PMS2 and MSI), giving odds
ratios and confidence intervals of 95%. Multivariate Binary
Logistic Regression was used to verify the association with
immunohistochemistry and MSIL.
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Score

A simple logistic regression was performed. Factors that
had P values <0.20 were chosen to be evaluated in multiple
logistic regression and that the most important variables
were chosen by AIC criterion. The score was defined from
the linear predictor coefficients have been rescaled so that
the score was between 0 and 100. The cutoff point (43.63)
was found from the Receiver operating characteristic
curves (ROC), by maximizing Youden index. We calculated
sensitivity, specificity, positive predictive value and negative
predictive value. Finally, the optimism of internal validity
was assessed through bootstrap samples.

Results

Sixty-one cases fulfilled the revised Bethesda criteria.
Thirty-six were female (59%), and the aged varied from
22 to 87 years (mean, 53.18; SD =16.5). Nine patients
fulfilled Amsterdam criteria I. The criterion 5 of the revised
Bethesda was more common in this study, followed by
criteria 1, 3, 4 and 2. At least one revised Bethesda criteria
was present in 26 patients and two or more criteria, in
35 patients as seen in Zable 1. Ten tumors were located in
the right colon (16%) and 52 in the rest of the colon (84%).
One patient had synchronous tumors, one in the right colon
and the other in the left colon.

Immunohistochemistry was altered (no staining) in
13% of patients and no change (positive chromogen
staining) in 53 cases (87%). Five of the cases presented
altered for MSH2/MSHG6 dimers, whereas staining was
negative for MLH1/PMS2 dimer in three cases. Tables 1-4
show the main clinical, histopathological and molecular
characteristics of this study.

Histopathological characteristics related to LS were
present in 72% of cases. Intra-tumoral lymphocytes
(47.54%), mucinous component (27.87%) and expansive
characteristics of the tumor (29.51%) were the most
important findings in the histopathological evaluation of
these tumors (Tiables 2,3). There was no association between
immunohistochemistry and the presence of intra-tumoral
lymphocytes and mucinous component (Zzble 2). Only one
patient presented negative histopathological characteristic
for LS (12.5%) when immunohistochemistry was altered.
In 10/44 cases with histopathological criteria for LS tumors
occurred in the right colon. All the cases that did not have
these criteria were located on the left colon (P=0.051).
Among patients with only one revised Bethesda criterion,
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Immunohistochemistry

Variables P value*
Not altered (%) Altered (%)
Histopathologic characteristics: present 37 (69.81) 7 (87.5) 0.423
Mucinous component 12 (22.64) 5 (62.5) 0.032
Signet ring component 6(11.32) 2 (25.0) 0.280
Medular component 1(1.89) 0(0) 1.000
Intra-tumoral lymphocytes 22 (41.51) 7 (87.5) 0.022
Crohn’s-like reaction 6 (11.32) 3 (37.5) 0.087
Expansive 15 (28.30) 3 (37.5) 0.683
Localization: right colon 4 (8.16) 5(41.7) 0.013
Bethesda 1 24 (45.28) 5 (62.5) 0.460
Bethesda 2 2 (3.77) 1(12.5) 0.349
Bethesda 3 18 (33.96) 6 (75.0) 0.048
Bethesda 4 9 (16.98) 5 (62.5) 0.012
Bethesda 5 38 (71.70) 5 (62.5) 0.683
Bethesda >1 27 (50.94) 8 (100.0) 0.016
Amsterdam | 4 (7.55) 5 (62.5) 0.001
*, Fisher’s exact test.
Table 3 Distribution of 61 patients according to the findings of MSI and the clinico-pathological variables
Variables M P value®
Not altered (%) Altered (%)
Histopathologic characteristics: present 34 (69.39) 10 (83.33) 0.481
Mucinous component 12 (24.49) 5 (41.67) 0.287
Signet ring component 6 (12.24) 2 (16.67) 0.65
Medular component 0(0) 1(8.33) 0.197
Intra-tumoral lymphocytes 19 (38.78) 10 (83.33) 0.009
Crohn’s-like reaction 6 (12.24) 3 (25.00) 0.361
Expansive 13 (26.53) 5 (41.67) 0.313
Localization: right colon 5(9.43) 4 (50.00) 0.011
Bethesda 1 24 (48.98) 5 (41.67) 0.753
Bethesda 2 2 (4.08) 1(8.33) 0.488
Bethesda 3 18 (36.73) 6 (50.00) 0.513
Bethesda 4 7 (14.29) 7 (58.33) 0.003
Bethesda 5 34 (69.39) 9 (75.00) 1.000
Bethesda >1 25 (51.02) 10 (83.33) 0.001
Amsterdam | 3(6.12) 6 (50.00) 0.055

*, Fisher’s exact test. MSI, microsatellite instability.
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Table 4 Distribution of IHC, MSI and BRAF mutation in 12 patients with lynch syndrome

Cases BAT25 BAT26 NR21 NR24 Mono27 Penta C Penta D IHC BRAF

14 + + + + + + - Altered Negative
15 + + + + + + + Altered Negative
22 + + + + + - + Altered Negative
31 + - + + + + + Altered Negative
33 + - + + + + - Altered Negative
42 + + + + + - + Altered Negative
50 + + + + + + - Altered Negative
58 + + + + + - - Altered Negative
26 + + + + + - - Normal Negative
32 - - + - - + - Normal Negative
40 - + + - - + + Normal Negative
60 - + + + - - + Normal Negative

+, MSI positive; —, MSI negative. IHC, immunohistochemistry; MSI, microsatellite instability.

none had abnormal immunohistochemistry, while patients
with more than one revised Bethesda criterion, 22.86% had
changes in immunohistochemistry (P=0.016).

Three of the eight (37.5%) patients with altered
immunohistochemistry had tumor location in the right
colon, and 6/53 (12.8%) patients had not altered tumor
location in the right colon (P=0.013). MSI positive was
present in 12 (20%) cases, 4 cases with IHC not altered.
Of these, 3 were found in the left colon and 1 in the right
colon. Of the 12 MSI positive cases, 11 were classified
as MSI-H (2 or more unstable markers), and 1 MSI-L
(an unstable marker). Three patients presented four
histopathological criteria for the LS (25%), two with
three histopathological criteria for LS (16.7%), three with
two histopathological criteria for LS (25%), two with
one criterion for the LS (16.7%) and two with negative
histopathology (16.7%) (Tables 3,4).

Histopathological alterations were present in ten patients
(83%) with MSI positive, and absent in two cases (17%).
Negative immunohistochemistry was found in four patients
with age >50 years, who were positive for MSI. Of these
four cases, all patients were older than 60 years [63, 64, 69
and 70], three with tumors located elsewhere in the colon,
and one in the right colon.

BRAF somatic mutation analysis was carried out in
the 12 MSI altered cases to exclude hyper-methylation in
the promoter region of the MLHI gene that is found in
approximately 15% of sporadic cancers. In all cases of this
research the results were negative, confirming that they

© Journal of Gastrointestinal Oncology. All rights reserved.

were probable LS.

There was an association of the Amsterdam criteria with
MSI, and MLH1 with PMS2 in immunohistochemistry.
The revised Bethesda criteria were associated with age,
mucinous component, intra-tumor lymphocytes and
Crohn’s like reaction in histopathology. There was also
an association of these criteria with MLH1 and PMS2 in
immunohistochemistry and MSI. Using Univariate Binary
Regression, we found that patients who presented the
revised Bethesda criteria four (B4), had 8.4 higher chance of
having positive MSI (7able 5). Multiple Binary Regression
also confirmed that among all the revised Bethesda criteria,
the most informative about the MSI is B4, with a greater
chance of 10.59 times the individual who presents this
criterion have this MSI (Tuble 6).

Figures 1,2 show the ROC for IHC and MSI using all
the clinicopathological data. Tables 7,8 demonstrate the
sensitivity, specificity, predictive positive and negative values
of the proposed score (Figures 1,2; Tables 7,8).

Discussion

LS is the most common category of familial CRC, however,
the clinical diagnostic criteria are still flawed, as well as
the patient selection for performing genetic testing. In
these surgical series, we reported a 20% of FH patient
detection rate of histologic, immunohistochemistry and
molecular alterations compatible with LS, and 2.6% of total
group of operated patients. The lack of initial diagnosis
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Table 5 Simple binary regression of 62 patients with familial history of colorectal cancer

Variable Group OR 95% ClI P value
Gender Male 2.41 0.67-8.72 0.180
Bethesda 1 Present 0.74 0.21-2.67 0.650
Bethesda 2 Present 2.14 0.18-25.74 0.550
Bethesda 3 Present 1.72 0.48-6.15 0.402
Bethesda 4 Present 8.40 2.07-34.04 0.003
Bethesda 5 Present 1.32 0.31-5.59 0.703
Mucinous component Present 2.20 0.59-8.24 0.241
Signet ring cell component Present 1.43 0.25-8.19 0.685
Medular component Present - - 0.197
Intra-tumoral lymphocytes Present 7.89 1.56-40 0.013
Crohn’s like reaction Present 2.39 0.50-11.37 0.274
Expansive Present 1.98 0.53-7.34 0.308
Location Right colon 8.33 1.72-33.33 0.008
Amsterdam | Present 15.33 3.01-78.01 0.001
Revised Bethesda >1 4.80 0.95-24.24 0.057
Histopathologic component Positive 2.21 0.43-11.31 0.343
Histopathologic component 1 0.75 0.09-5.95 0.785
Histopathologic component >1 4.28 0.77-23.76 0.096

Table 6 Multivariate binary regression of 62 patients with familial

history of colorectal cancer

Variable OR 95% ClI P value
Bethesda 1 present 0.68 0.05-8.65 0.764
Bethesda 2 present 1.08 0.06-18.38 0.984
Bethesda 3 present 4.31 0.42-44.36 0.221
Bethesda 4 present 10.59 2.04-54.95 0.005
Bethesda 5 present 1.67 0.26-10.72 0.588

of LS in patients undergoing surgical treatment can lead
patients and their families to be neglected regarding correct
intraoperative management, adjuvant treatment, patient
postoperative surveillance, patient and familial genetic
counseling, and prognosis.

Few studies have evaluated the effectiveness of the
revised Bethesda criteria (10,11,15) in the diagnosis of LS.
Despite this, the revised Bethesda criteria are most often
used in the diagnosis of CRC before age 50 (16,17).

In this study, it was observed that the criterion four of
the revised Bethesda guidelines was the most informative on
the presence of MSI, thus, the individual who presents this
criterion has a greater chance of 10.6 of bearer LS (P>0.005;
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95% CI, 2.04-54.95).

A recent study (18) comparing the investigation
of patients with CRC using molecular testing for LS
and the revised Bethesda criteria, demonstrated that
routine molecular studies in patients with CRC using
immunohistochemistry or MSI has better sensitivity to
detect mutation carriers than the clinical revised Bethesda
criteria. Of 486 (23.2%) patients who had at least one
revised criteria Bethesda, only 180 patients (8.6%) showed
a loss of expression of the protein in mismatch repair genes
and/or MSI. Gene sequencing revealed that 14 patients
(0.7%) had mutations in the mismatch repair genes, of
which 12 met at least one of the revised Bethesda criteria
and 2 (14.3%) did not fulfill.

Serrano et al. (19) evaluated and compared the Bethesda
criteria with the revised Bethesda criteria for the detection
of MSI-H and subsequent identification of mutations in
mismatch repair genes. Of the 174 cases of CRC with an
indication for the analysis of MSI in accordance with the
criteria of Bethesda and revised Bethesda, 114 (65.5%) met
the criteria for Bethesda and all 174 revised Bethesda criteria.
MSI-H were detected in 37/114 (32.5%) and mutational
analysis in 14/37 (37.8%) of patients with Bethesda criteria
and in cases of revised Bethesda 49/174 (28.2%) and
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Figure 1 ROC curve for immunohistochemistry using
clinicopathological data of 61 patients with familial colorectal
cancer history. If the score is >49.4%, sensibility (Se) =88%
(47-100%); specificity (Sp) =89% (77-96%); predictive positive value
(PPV) =54% (33-98%); predictive negative value (NPV) =98%
(86-99%) for detection of LS. ROC, receiver operating characteristic
curves; LS, lynch syndrome.
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Figure 2 ROC curve for microsatellite instability using
clinicopathological data of 61 patients with familial colorectal
cancer history. If the score is >43.6%, sensibility (Se) =83%
(52-98%); specificity (Sp) =88% (75-95%); predictive positive value
(PPV) =62% (41-94%); predictive negative value (NPV) =96%
(82-98%) for detection of LS. ROC, receiver operating

characteristic curves; LS, lynch syndrome.
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Table 7 Proposed score for IHC for detection of LS (>49.4 points)

Variable Score (points)

Bethesda 4 present 14.75
Mucinous component present 22.41
Intratumoral lymphocytes present 15.25
Localization right colon 17.69
Amsterdam | present 29.88

IHC, immunohistochemistry; LS, lynch syndrome.

Table 8 Proposed score for MSI for detection of LS (>43.6 points)
Variable

Score (points)

Bethesda 4 present 20.95
Intratumoral lymphocytes present 22.68
Localization right colon 26.72
Amsterdam | present 29.64

MSI, microsatellite instability; LS, lynch syndrome.

the presence of mutations in mismatch repair genes in
16/49 (32.7%) patients. The authors concluded that
the Bethesda guideline showed similar total percentage
for detecting mutations and MSI-H when compared
to the revised Bethesda criteria. The revised Bethesda
criteria analysis resulted in more patients; however, they
contributed to increased detection of two cases of LS. This
difference has a significant impact on the establishment of
preventive measures and in all mutation carriers belonging
to these families.

In this series, Bethesda 4 criteria were more informative
as the presence of MSI. Similarly, Serrano et 4/. (19) found
that the first criterion of Bethesda (Individuals with cancer
in families that fulfill the Amsterdam criteria) and the
revised Bethesda 4 criteria (or tumor associated with LS,
diagnosed in one or more first degree relatives with one of
the cancers diagnosed below 50 years) as the most frequently
associated with the identification of MSI-H tumors.

Different studies show that CRC in LS differs in
location, histology, and natural history of those of the
sporadic type. Usually, show clinicopathological features
that are suggestive of MSI, including severe lymphocytic
infiltration, large areas with poorly differentiated tumors
and mucinous histology component (20-22). In this study
the histology was considered positive when one or more of
the histological features of MSI-H were present and that
occurred in 72% of cases.
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It has been suggested that histology could be useful
in selecting patients with CRC for molecular testing in
patients with LS (23,24). Histology limit molecular tests in
patients with pathologic features of MSI-H, thus reduce the
overhead of molecular testing in 60%, when compared to
test all patients who meet the revised Bethesda criteria. The
most important is that histology could help identify the LS
among patients with late onset and no FH of cancer (21).

A typical aspect of LS associated CRC is the predominance
of proximal cancers in 56-62% (25-27). In this series, 16%
of tumors were located in the right colon and 84% in the left
colon. Of the eight cases without loss of immunoreactivity of
repair proteins, i.e., immunohistochemistry not altered and
MSI stable, four were located in the right colon and four in
the left colon. This result may be explained by the fact that
there are sporadic tumors with familial aggregation would
present clinicopathologic features similar to LS, but with
mutations in genes not identified up to now.

Immunohistochemistry can identify only a loss of
proteins due to mutations in genes known to repair,
however, the analysis of MSI may indicate other repair
genes potentially pathogenic (28). In this study, four cases
with IHC not altered were older than 50 years, and were
positive for MSI.

The sensitivity for IHC repair proteins ranged from 77 %
to 83% (29-33). An analysis of 1,381 tumors in families
with LS revealed CRC as the most frequent malignancy and
78% of patients with mutations in MLH1 and MSH2 in
65%. There were large numbers of CRCs in the right colon
(60%), and the number of CRC was 21% in patients with
mutations in MLH1 and 20% in MSH2 (32).

"The reported sensitivity of MSI is 89% for MLH1/MSH2
and MSHG6 to 77% (34). The specificity of the MSI and IHC
test decreases from 90% to 87% to 83% for patients diagnosed
with CRC at ages of 50, 60 and 70 years, respectively (35).
This is the result of an increase in the prevalence of somatic
MLHI hypermethylation of which is associated with BRAF
mutations in the tumor DNA, and the vast majority of patients
over 70 years need not predictive tests.

Ferreira et al. (29) studying CRC detected MSI-H in 33/41
families (80%), the remaining families were MSI-S. In families
with suspected X syndrome it was recorded fewer cases of
CRC and lower frequency of extra-colonic tumors from LS
spectrum. MSI tumors predominated in the distal/rectum
had lower mucus production and decreased peri-tumoral
lymphocytic infiltration. In 70% of families with MSI-H,
mutations in DNA repair genes were identified compared
to none in the MSI-S. The authors concluded that families
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with stable Amsterdam criteria had particular characteristics,
reinforcing the existence of an entity other than the SL.

The study of somatic mutations for BRAF was valuable
to differentiate cases of promoter hyper-methylation in the
MLH] gene, which occurs in 15% of cases of sporadic CRC
type (28). In this series, all cases investigated were negative
for this mutation, emphasizing the possible presence of LS.

This study also shows that CRC patients with MSI
phenotype need to be better characterized as the presence
of other target genes not yet discovered and who might
be involved in the molecular pathway that determines
this syndrome. Or the existence of other routes or
subgroups of sporadic tumors similar to LS with clinical,
histopathological and phenotypic characteristics, but do not
share the same pathway in carcinogenesis.

Currently, several approaches are available to identify
individuals and families at risk for LS. The selection of
individuals is based on the fulfillment of the clinical criteria
and molecular analysis of tumors for evidence of MSI. The
Universal approach tests all cases of CRC patients with less
than or equal to 70 years old, while the targeted approach
(based on age or FH criteria), followed by genetic testing
for those considered at increased risk (12,13,33-36).

Although the universal strategy is cost-effective, it may
fail to identify mutations in mismatch repair genes that
disrupt its function, but results in MSI, as seen in the case of
mutations in MSHG6, or when the results of IHC are normal
despite of a nonfunctional protein (13).

Predictive models were developed to quantify the risk of
detecting a mutation based on personal and FH, helping to
decide who could be referred for further assessment and/or
genetic testing (36). Risk quantification based on predictive
models provides additional means to identify individuals at
high risk of carrying mutations if affected or not affected by
cancer.

In this research it is proposed a new score for risk
stratification based on the main clinicopathologic variables,
IHC and MSI presence. This score may be incorporated in
the clinical setting; however, it must be validated in other
Services and/or through the expansion of our sample. This
score also proved to be a good predictor for identifying
negative cases of the LS.

Moreover, cheaper, high accurate, and easy to perform
genetic tests will be incorporated in daily practice in short
period of time. The identification of new genes or other
epigenetic changes will promote better understanding of
the clinical course of LS patients and adequate therapeutic
guidance.
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Conclusions

The frequency of LS in patients undergoing resection for
cancer was 2.6%. The fourth criterion of revised Bethesda
(CRC in one or more first-degree relatives or tumor associated
with HNPCC, one of the tumors diagnosed before age 50)
was associated more strongly with the presence of MSI in the
studied population. The score developed in this study may
contribute as a practical tool in the diagnosis of LS.
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