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Abstract
Background: Lynch syndrome (LS) is the most common form of inherited predisposition to colorectal cancer
(CRC), accounting for 2-5% of all CRC. LS is an autosomal dominant disease characterized by mutations in the
mismatch repair genes mutL homolog 1 (MLH1), mutS homolog 2 (MSH2), postmeiotic segregation increased 1
(PMS1), post-meiotic segregation increased 2 (PMS2) and mutS homolog 6 (MSH6). Mutation risk prediction models
can be incorporated into clinical practice, facilitating the decision-making process and identifying individuals for
molecular investigation. This is extremely important in countries with limited economic resources. This study aims
to evaluate sensitivity and specificity of five predictive models for germline mutations in repair genes in a sample
of individuals with suspected Lynch syndrome.
Methods: Blood samples from 88 patients were analyzed through sequencing MLH1, MSH2 and MSH6 genes. The
probability of detecting a mutation was calculated using the PREMM, Barnetson, MMRpro, Wijnen and Myriad
models. To evaluate the sensitivity and specificity of the models, receiver operating characteristic curves were
constructed.
Results: Of the 88 patients included in this analysis, 31 mutations were identified: 16 were found in the MSH2
gene, 15 in the MLH1 gene and no pathogenic mutations were identified in the MSH6 gene. It was observed that
the AUC for the PREMM (0.846), Barnetson (0.850), MMRpro (0.821) and Wijnen (0.807) models did not present
significant statistical difference. The Myriad model presented lower AUC (0.704) than the four other models
evaluated. Considering thresholds of ≥ 5%, the models sensitivity varied between 1 (Myriad) and 0.87 (Wijnen) and
specificity ranged from 0 (Myriad) to 0.38 (Barnetson).
Conclusions: The Barnetson, PREMM, MMRpro and Wijnen models present similar AUC. The AUC of the Myriad
model is statistically inferior to the four other models.

Background
Lynch syndrome (LS) is the most common form of inherited predisposition to colorectal cancer (CRC), accounting for 2-5% of all CRC [1]. Colorectal cancer in LS
differs from sporadic cases by an earlier age of diagnosis
(mean age approximately 44 years), a predominance of
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proximally-sited colon cancers (60-70%) and an increased
propensity to synchronous or metachronous CRCs (25%)
[2,3]. Individuals with LS have an 80% probability of
developing CRC at 65 years, and they are at an elevated
risk of developing a second primary CRC [4] as well as at
an increased risk for extra-colonic malignancies, including endometrial, gastric, small bowel, urological tract,
ovary, pancreas and brain cancer [5].
Family history has been the primary method for identifying patients at risk. The Amsterdam criteria, the first
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formal guidelines for the clinical diagnosis of LS, is
based on the presence of: (a) three or more relatives
with CRC, one of whom is the first-degree relative of
the other two; (b) cancer in at least two generations of
the same family; and (c) at least one cancer case diagnosed before the age of 50 [6]. These criteria, later,
evolved to become the Amsterdam II criteria, which
included extracolonic malignancies, such as endometrial,
small bowel, renal pelvic and ureter cancers [7]. The
Amsterdam criteria I/II, although specific, showed little
sensitivity (probability that a test result will be positive
when a disease is present [8]), which led to the establishment of the Bethesda guidelines, which helped the
identification of individuals who should be considered at
risk and need further evaluation of microsatellite
instability (MSI) and genetic testing [9,10]. The Bethesda
criteria showed to be more sensitive, but its specificity
(probability that a test result will be negative when the
disease is not present [8]) decreased substantially.
LS is an autosomal dominant disease characterized by
mutations in the mismatch repair genes mutL homolog
1 (MLH1), mutS homolog 2 (MSH2), postmeiotic segregation increased 1 (PMS1), post-meiotic segregation
increased 2 (PMS2) and mutS homolog 6 (MSH6)
[7-11]. Germline abnormalities in MLH1 and MSH2
genes are found in more than 90% of LS mutation carriers [12].
The majority of MMR (mismatch repair) gene mutations in LS patients cause truncations and loss of function of the affected polypeptide [13-15]. To date, over
513 different DNA alterations have been reported, the
majority of which are represented by single nucleotide
substitutions, deletions or insertions [16]. However,
amino acid alterations comprise a significant proportion
of the mutations (~10% of MSH2 and ~30% of MLH1).
These types of alterations are better known as variants of
uncertain significance (VUS), often called unclassified
variants (UVs) [13-15]. Our ability to better select a nonsynonymous single-nucleotide polymorphism (nsSNP)
for an association study can be enhanced by first examining the potential impact an amino acid variant may have
on the function of the encoded protein with the use of
two innovative sequence homology-based programs, Sort
Intolerant from Tolerant (SIFT) and Polymorphism Phenotype (PolyPhen-2). SIFT uses sequence homology
among related genes and domains across species to predict the impact of all 20 possible amino acids at a given
position, allowing users to determine which nsSNPs
would be the most interesting to study. PolyPhen also
takes an evolutionary approach, but differs from SIFT in
that it predicts how damaging a particular variant may be
by using a set of empirical rules based on sequence, phylogenetic, and structural information [17].
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Regarding social aspects, both economic and ethical,
pre-test genetic counselling performed by specialized
professionals is crucial for the discussion of benefits and
limitations of genetic testing [18], particularly in countries with limited resources. Since the estimated probability of mutation is an important component of
genetic counselling, models predicting the risk of mutation can be incorporated into clinical practice, facilitating the decision-making process, and help to better
identify individuals for molecular investigation [19]. In
addition, prediction models can be used to identify individuals at high risk for cancer, who might benefit from
interventions, as well as to develop risk-benefit indexes
and to estimate the impact of the disease [19]. After the
first model published to evaluate the risk of chronic disease in 1976, numerous models related to the risk of
developing cancer have been created, and with the discovery of the genetic susceptibility to breast cancer,
models to assess the likelihood of an individual carrying
a germline mutation have been widely used.
According to Freedman et al. [19] models should have
high sensitivity since it is assumed that they should
identify all mutation carriers. However, high specificity
is also important, especially from the clinical and economical point of view, since it does not want to subject
individuals with a low likelihood to develop the disease
to the risks and costs of genetic testing.
Up until now, models predicting the risk of germline
mutations in patients with CRC were evaluated in consecutive samples [20-27] and in patients at high risk due to
the positive family history [28-30]. In these studies, samples from Latin American populations were always underrepresented. Therefore, it is important to assess the
accuracy of the models currently available in Latin America populations, since they may have direct implications in
the clinical practice and genetic counselling.
This study aims to evaluate the sensitivity (probability
that a test result will be positive when the disease is present) and specificity (probability that a test result will be
negative when the disease is not present) of five predictive
models for germline mutations in mismatch repair genes
in a sample of individuals with suspected Lynch syndrome.

Methods
Patient selection

The patients were recruited from two institutions in Sao
Paulo state, southeastern Brazil, who had participated in
a project that evaluated the Lynch syndrome profile in
South America. Eighty-eight individuals, whose clinical
information and heredogram were addressed, with colorectal cancer that fulfilled the Bethesda guidelines,
were included. This project was approved by the Institutional Review Board at A.C. Camargo Hospital. After
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genetic counseling and signature of informed consent,
peripheral blood samples of subjects were collected.
The patients’ demographic, clinical and mutation
characteristics are shown in Table 1. Ethnicity was classified according to the patient’s self-report, according to
the recommendations of the IBGE (Brazilian Institute of
Geography and Statistics) [31], most patients selfdeclared white (62.5%). Most patients were born in the
Southeast (76%). The average age at diagnosis of colorectal cancer was 42.37 years, and the mean age at diagnosis of endometrial cancer was 46.17 years. Of the
total, 21 individuals presented more that two primary
tumors.
Sequencing

Genomic DNA sequences of the MLH1, MSH2 and
MSH6 genes were obtained from the NCBI Nucleotide
database (NM_000249.2 NM_000251.1 and NM_000179,

Table 1 Demographic, clinical and mutation
characteristics of the sample
Characteristic

Category

N (%)

Age at CRC diagnosis

Under 30 yrs old

13 14.8

31-50 yrs old

54 61.4

Sex
Ethnicity (self-reported)

Place of Birth

Colorectal tumor

Extracolonic tumors in proband

Classification according to family
history
Patogenic mutations

Over 50 yrs old

21 23.9

Female

58 65.9

Male

30 34.1

White

55 62.5

“Pardo"*

31 35.2

Non-available
Southeast

2 2.3
67 76.1

Northeast

12 13.6

South

3

3.4

North

2

2.3

Midwest

2

2,3

Separate

78 88.6

Synchronous

9 10.2

Metachronous
Endometrial

1
6

1.1
6.8

Breast

3

3.4

Stomach

2

2.3

Small intestine

2

2.3

Hepatic

1

1.1

Pelvis renal and
ureter

1

1.1

Ovary

1

1.1

Bethesda Criteria

50 56.8

Amsterdam Criteria

38 43.2

None
MLH1

57 64.8
15 17.0

MSH2

16 18.2

*Those who declare with admixture or multiethnic origin

respectively). Sequencing was performed in a 3130xl
Genetic Analyzer (Applied Biosystems).
The mutations found were confirmed in a second
sample through another PCR reaction with the use of
Platinum® Taq DNA Polymerase High Fidelity (Invitrogen, São Paulo, Brazil), followed by sequencing.
For the interpretation and determination of the pathogenicity of mutations, the following databases were consulted: INSIGHT (International Society for Gastrointestinal
Hereditary Tumors); MMR Gene Unclassified Variants
Database; Mismatch Repair Genes Variant Database and
the Human Gene Database at the Institute of Medical
Genetics in Cardiff.
For the non-described variants: nonsense mutations,
small duplications, deletions and insertions have been
classified as pathogenic mutations, since they cause the
interruption of the protein reading frames; those mutations that affect donor splicesites have also been classified as pathogenic since they affect the mRNA splicing
process, consequently affecting the protein structure.
For the pathogenicity prediction of missense variants,
two complementary algorithms were used: PolyPhen 2
(Polymorphism Phenotyping) and SIFT (Sorting Intolerant
from Tolerant). SIFT values range from 0 to 1: scores
≤ 0.05 were considered intolerant or substitution of deleterious amino acid, while scores above 0.05 were considered as tolerant. Structural changes levels were
determined by applying PolyPhen-2. PolyPhen-2 values
range from 0 to 3.37: variants with scores ≥ 2 were considered as “probably damaging,” scores between 1.50 and 1.99
indicated a “possibly damaging,” variant and scores 0 to
1.49 were considered as benign variants.
From 88 unrelated patients, 31 patogenic mutations
were identified, 11 for the first time [5]. The most frequent mutation was c.2152 C > T; p.Gln718X in MSH2
that was observed in six subjects. All the other mutations were observed once. From 15 MLH1 mutations, 3
were missense, 6 nonsense, 3 splice site and 3 frameshift. From 16 MSH2 mutations, one was missense, 10
nonsense, 1 splice site, and 4 frameshift.
Calculation of risk models

We consulted clinical information from patients’ records
and pedigrees to fit the risk prediction models. The probability of identifying a mutation was calculated by five
models: PREMM (Prediction of Mutations in MLH1 and
MSH2) [23]; Barnetson [21]; MMRpro [20]; Wijnen [22];
and Myriad [24] were calculated using the CancerGene
software program (The University of Texas Southwestern
Medical Center, Dallas, USA).
The PREMM model was developed from a multiple
logistic regression model in a cohort of 898 individuals,
and subsequently was validated in 1016 patients. This
model accounts for: the presence of CRC in the proband,
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age at diagnosis and the presence of multiple tumors; the
occurrence of endometrial tumors and other Lynch syndrome-associated tumors in the proband; occurrence of
CRC in first-and second-degree relatives, the number of
affected relatives and the age at diagnosis of the youngest
individual; the presence of endometrial tumors and
Lynch syndrome-associated tumors in first-and seconddegree relatives [20].
The Barnetson model is based on the analysis of the
characteristics of 870 patients with less than 55 years of
age with CRC. This model enables the inclusion of
microsatellite instability and immunohistochemistry
(IHQ). The other variables included in this model are:
age at diagnosis of CRC; tumor location; occurrence of
synchronous and metachronous tumors; first-degree
relatives with CRC and endometrial cancer [21].
MMRpro uses a Bayesian method for calculating the
probability of mutation and also provides the risk of
CRC and endometrial cancer for non-affected individuals. Information used for the calculation of probability
includes: age of affected and non-affected relatives; age
at diagnosis of CRC; age at diagnose of endometrial cancer; result of microsatellite instability or IHQ if the
tumor is available; molecular diagnostic result if performed [20].
The Wijnen or Leiden model was developed from the
analysis of 184 families with colorectal cancer. Variables
of this model are: age at diagnosis of CRC; presence of
endometrial tumor in family; fulfilment of Amsterdam
criteria [22].
Myriad elaborated mutation prevalence tables from
the analysis of 3410 individuals. The occurrence of CRC,
endometrial cancer and other tumors related to Lynch
syndrome are considered [24].
Statistical analysis

To evaluate the sensibility and specificity of the models,
receiver operating characteristic (ROC) curves were constructed by choosing cutpoints and computing the sensitivity against specificity. The area under the ROC curve
describes the model discriminatory ability of distinguishing carriers from non-carriers. An AUC (area under the
curve) of 0.5 indicates the absence of discriminatory ability, and 1 indicates a perfect discrimination [32,33]. To
compare the models, the method described by DeLong et
al. was used [34]: where areas under correlated ROC
curves are compared through a non-parametric approach
that applied generalized U-statistics on the covariance
matrix estimation.
Taking into consideration that genetic counselling
guidelines recommended genetic testing for breast cancer patients if a risk prediction model estimates a probability to detect a mutation ranges from 10% to 20%
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[35], we calculate sensitivity and specificity for all models at 5%, 10%, 20% and 30%.
We also evaluated personal and family history characteristics in our data that could predict mutation status.
Chi-square test was used for categorical data and student-t test for numeric data in order to identify changes
in means of the subpopulations. Variables with a p-value
< 0.20 were selected for multiple analyses. Logistic
Regression Analysis was performed with calculation of
Odds Ratio (OR), considering the identification of pathogenic mutation as the outcome. The p-value of 0.05 was
considered statistically significant. All statistical analysis
was performed using MedCalc version 11 and SPSS for
Windows version 15.

Results
Of the 38 patients who fulfilled the Amsterdam criteria,
23 presented mutations; 8 patients with Bethesda Guidelines presented mutations in the MLH1 or MSH2 genes.
The sensitivity of the Amsterdam criteria was 0.74 and
the specificity was 0.73 the sensitivity and specificity of
Bethesda Criteria were not calculated since it was the
inclusion criteria for this study.
Figure 1 presents the ROC curve. Table 2 presents the
AUC of models for pathogenic mutation and Table 3
the Pairwise comparison of ROC curves for MMR germiline mutation. The AUC for the PREMM, Barnetson,
MMRpro and Wijnen models did not present significant
statistical difference. The Myriad model presented a
lower AUC than the four other models evaluated (p <
0.005) according to the method to compare ROC curves
described into Methods section.
Table 4 presents the sensitivity and specificity within 5%,
10%, 20% and 30% thresholds of the risk prediction models
for the MMR germiline mutations. Considering the ≥ 10%
the sensitivity among models ranges from 0.90 (MMRPredict) to 0.96 (MMRPro, Myriad, Wijnen) and the specificity
ranges from 0.08 (MMRPro) to 0.54 (PREMM).
Table 5 presents results from AUC for risk prediction
models for MLH1 mutation and Table 6 the Pairwise
comparison for MLH1 mutation. Table 7 and 8 presents, respectively, regarding AUC and Pairwise comparison for MSH2 mutation.
Table 9 presents the Logistic Regression Model for
identification of pathogenic mutation, considering those
personal and family history characteristics that were significant at univariate analysis (data not shown). The
model presents a determination coefficient of 0.450 and
was statistically significant.
Discussion
The identification of MMR mutation carriers is relevant,
as there are individuals at high risk of developing cancer
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Figure 1 ROC Curve of risk prediction models for MMR germline mutations.

and can benefit from follow-up recommendations for
the early detection of cancer. However, the cost of
mutation detection by DNA sequencing is high, which
creates the need for adopting strategies in order to
reduce cost but maintain effectiveness. Although microsatellite instability (MSI) and immunohistochemistry
have been incorporated into clinical practice (despite
the fact that MSI is not a test widely available in Brazil)
risk prediction models can be valuable tools that could
be integrated in clinical practice.
According to the literature, this study presents a significant sample of individuals from South America
[1,5,36-41]. The number of mutations identified in the
MSH2 gene was similar to the number of MLH1 mutations found. It was also observed that the most frequent
extracolonic tumor in probands was endometrial tumor
followed by breast cancer.
Weitzel et al. [42] have pointed out risk prediction
model applications that could be perfectly adapted in
this situation: risk prediction models could help in the
elaboration of reports to health insurance companies in
order to get approvals for genetic testing; to provide realistic expectations to the patient regarding a positive
result and to reinforce the absence of indication for
genetic testing when a low probability mutation
Table 2 AUC of risk prediction models, standard error
(SE) and 95% CI
Model

AUC

SE

95%CI

Sensitivity

Specificity

PREMM

0.846

0.0476

0.753-0.914

0.74

0.82

MMRPredict

0.850

0.0471

0.758-0.917

0.77

0.82

MMRpro

0.821

0.0506

0.725-0.895

0.74

0.82

Wijnen

0.807

0.0567

0.709-0.883

0.71

0.93

Myriad

0.704

0.0604

0.598-0.797

0.74

0.56

probability is calculated together with other screening
techniques, such as microsatellite instability. However,
for their use in the clinical practice, it is necessary that
accuracy and predictive ability is thoroughly evaluated,
since they may influence not only the adoption of a particular model but also its threshold.
In choosing the model for use in clinical practice three
main points should be considered: the availability of the
model; practical aspects in the management of the data;
and the model performance.
All models are available via the Internet or through
free software. When considering the advantages against
time, the PREMM and Barnetson models are the best
choice since they demand less time to be filled out.
Conversely, MMRpro and Wijnen are available at the
genetic counselling package CancerGene (CaGene) and
a family’s pedigree must be built, which is time consuming. In addition, the information available on CaGene
must be stored and retrieved if novel elements from
family history appear, demanding recalculations. As
such, the structure and availability of human resources
also influence the choice of the model.
Regarding the analysis of accuracy, all models used in
this series presented AUC superior to 0.5. The largest
AUC was from the Barnetson model, but this difference
was not significant when compared to PREMM, MMRpro
and Wijnen. Both Barnetson and MMRpro use information based on microsatellite instability and IHQ data,
which can increase accuracy. In this study, since tumor
samples of all subjects had not been taken, it was opted
not to include this information. The Myriad model presented an AUC inferior to the four other models, a result
also noticed by Monzon et al [28].
Since there is no consensus in the literature about which
threshold should be used in these models in order to
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Table 3 Pairwise comparison of ROC curves for MMR germiline mutation
Models
Models

MMRPro
Dif*

p

MMRPRo
MMRPredict

0.028

MMRPredict
Dif*
p

Myriad
Dif*

p

PREMM
Dif*

p

Wijnen
Dif*

0.028

0.117

0.017

0.024

0.479

0.014

0.762

0.145

0.039

0.003

0.885

0.042

0.401

0.141

0.005

0.103

0.134

0.038

0.356

0.524

0.524

Myriad

0.117

0.017

0.145

0.003

PREMM

0.024

0.479

0.003

0.885

0.141

0.005

Wijnen

0.014

0.769

0.042

0.401

0.103

0.134

0.038

p

0.356

*Dif Difference between areas

better indicate molecular investigation, sensitivity and specificity of the five models were calculated according to ≥
5%, ≥ 10%, ≥ 20% and ≥ 30% threshold. What is often
observed is a variation in sensitivity and specificity according to the threshold and model used, which suggests that
the use of a single threshold for all models (e.g., 10%)
implies the alteration of both sensitivity and specificity
which could lead to a different detection mutation rate.
With the same threshold and similar sensitivities, as it
occurs with a 10% threshold and 0.90 sensitivity by the
Barnetson and PREMM models, the specificities are 0.33
Table 4 Sensitivity and specificity within the ≥ 5%, ≥
10%, ≥ 20% and ≥ 30% thresholds of the risk prediction
models for the MMR germline mutation
Models and threshold

Sensitivity

Specificity

1.00
0.96

0.03
0.08

MMRpro
≥ 5%
≥ 10%
≥ 20%

0.90

0.38

≥ 30%

0.87

0.52

MMRPredict
≥ 5%

0.93

0.38

≥ 10%

0.90

0.33

≥ 20%

0.83

0.70

≥ 30%
Myriad

0.80

0.75

≥ 5%

1.00

0

≥ 10%

0.94

0.31

≥ 20%

0.74

0.56

≥ 30%

0.10

0.92

PREMM

and 0.58 respectively. When we consider threshold of 10%,
the best relationship between sensitivity and specificity
among models is regarding the PREMM model (sensitivity
90% specificity 54%).
As a consequence the healthcare professional must
consider the characteristics and the performance of each
model. The characteristics of each model should also be
discussed and considered prior implementation in a
genetic counselling practice.
The cost-effective analysis regarding Lynch Syndrome in
South America is a point of debate. These studies are still
at the initial stages. The evaluation of the costs will be of
crucial importance for the implementation of public policies for genetic testing and management of risk
individuals.
Considering the characteristics associated with a
pathogenic mutation in our sample, the histologic type
was the only that were not included in the models evaluated. It should be considered that this characteristic is
not always available at the time for genetic counselling,
therefore its inclusion could generate incomplete data.
The Brazilian population is extremely heterogeneous,
the result of five centuries of the integration of individuals from three continents: Europeans, Africans and
Amerindians [43,44]. After colonization by the Portuguese, Brazil received a significant number of Africans.
With the end of slavery, Brazil received European immigrant groups, which contributed to a strong European
influence in the genome of the Brazilian citizen. According to Pena and colleagues [43], genetic variation among
Brazilians is so broad, that it should not be considered
as a group but at the individual level.

≥ 5%

0.98

0.28

≥ 10%
≥ 20%

0.90
0.67

0.54
0.85

Table 5 AUC of risk prediction models for MLH1
mutation, standard error (SE) and 95% CI

≥ 30%

0.67

0.85

Model

AUC

SE

95%CI

PREMM

0.721

0.0587

≥ 5%

1.00

0

Barnetson

0.796

0.0562

≥ 10%

0.94

0.31

MMRpro

0.742

0.0642

Wijnen

Sensitivity

Specificity

0.599-0.843

1

36.1

0.696-0.874

0.87

0.61

0.641-0.832

0.81

0.58

≥ 20%

0.74

0.56

Wijnen

0.688

0.0892

0.533-0.741

0.56

0.76

≥ 30%

0.10

0.92

Myriad

0.688

0.0632

0.580-0.782

0.81

0.51
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Table 6 Pairwise comparison of ROC curves for MLH1 germiline mutation
Models
Models

MMRPro
Dif*

p

MMRPRo
MMRPredict

0.050

MMRPredict
Dif*
p

Myriad
Dif*

p

PREMM
Dif*

p

Wijnen
Dif*

0.050

0.056

0.402

0.009

0.844

0.103

0.119

0.108

0.104

0.003

0.885

0.042

0.401

0.066

0.318

0.154

0.014

0.112

0.052

0.423

0.423

Myriad

0.056

0.402

0.108

0.104

PREMM

0.009

0.844

0.003

0.885

0.066

0.318

Wijnen

0.103

0.119

0.042

0.401

0.154

0.014

0.112

p

0.052

*Dif Difference between areas

Table 7 AUC of risk prediction models for MSH2 mutation, standard error (SE) and 95% CI
Model

AUC

SE

95%CI

Sensitivity

Specificity

PREMM

0.794

0.0646

0.691-0.891

0.80

0.79

Barnetson

0.793

0.0764

0.650-0.839

0.80

0.69

MMRpro

0.794

0.0794

0.596-0.893

0.73

0.76

Wijnen
Myriad

0.846
0.632

0.0499
0.0733

0.754-0.914
0.522-0.732

0.93
0.93

0.78
0.26

Table 8 Pairwise comparison of ROC curves for MSH2 germiline mutation
Models
Models

MMRPro
Dif*

MMRPredict
p

MMRPRo
MMRPredict
Myriad

0.028
0.129

0.524
0.049

Myriad

PREMM

Wijnen

Dif*

p

Dif*

p

Dif*

p

Dif*

p

0.028

0.524

0.129

0.049

0.029

0.515

0.084

0.166

0.037
0.159

0.363
0.015

0.092
0.214

0.120
0.005

0.055

0.158

0.055

0.158

0.121

0.091

PREMM

0.029

0.515

0.037

0.363

0.159

0.015

Wijnen

0.084

0.166

0.092

0.120

0.214

0.005

*Dif Difference between areas

Table 9 Logistic regression model from personal and cancer family history characteristics associated with MLH1 or
MSH2 pathogenic mutation
Variable

Category

CRC location (proband)

Distal

CRC Histological Type

Tubular Adenocarcinoma

Proximal
Mucinous Adenocarcinoma
Number of CRCs*

95%CI

p-value

1.185-11.037

0.024

3.974

1.160-13.613

0.028

1.544

1.172-2.033

0.002

OR
1
3.616
1

*Based on family history, considered as discrete variable

Our study has limitations that should be considered.
The molecular investigation was limited to direct
sequencing, and other techniques were not used for
molecular evaluation, such as MLPA, which could have
increased the number of identified mutations.

Conclusion
The Barnetson, PREMM, MMRpro and Wijnen models present similar AUC. The AUC of the Myriad
model is statistically inferior to the four other models.
When considering a threshold of ≥ 5%, the models

sensitivity varied between 1 (Myriad) and 0.87 (Wijnen) and the specificity ranged from 0 (Myriad) to
0.38 (Barnetson). With the threshold of ≥ 10%, the
models sensitivity ranged from 0.83 (Wijnen) to 0.96
(MMRpro) and specificity from 0.08 (MMRpro) to
0.54 (PREMM).
Acknowledgements
This study was funding by FAPESP (Sao Paulo State Research Support
Foundation-funding number 05/05155-6) and CNPq (National Council of
Scientific and Technologic Development-number 408833/2006-8).

Monteiro Santos et al. BMC Cancer 2012, 12:64
http://www.biomedcentral.com/1471-2407/12/64

Author details
1
Graduation Program, AC Camargo Hospital, Sao Paulo, Brazil. 2International
Center of Research and Training (CIPE), AC Camargo Hospital, Sao Paulo,
Brazil. 3Hereditary Colorectal Cancer Registry, AC Camargo Hospital, Sao
Paulo, Brazil. 4Sao Paulo University, Department of Genetics, Medical School
of Ribeirao Preto, Ribeirao Preto, Brazil.
Authors’ contributions
EMMS conceived of the study, and participated in its design, recruited
patients, collected clinical data, performed the statistical analysis, and draft
the manuscript. MDV carried out the molecular genetic studies, assisted in
the writing of the manuscript. FC carried out the molecular genetic studies,
assisted in the writing of the manuscript. FOF participated in study design,
recruited patients, assisted in the writing of the manuscript. SAJ participated
in study design, recruited patients, assisted in the writing of the manuscript.
WTN participated in study design, recruited patients, assisted in the writing
of the manuscript. IG participated in study design, assisted in the writing of
the manuscript. VEFF participated in study design, assisted in the writing of
the manuscript. WASJ participated in study design, assisted in the writing of
the manuscript. DMC participated in study design, assisted in the writing of
the manuscript. BMR conceived of the study, and participated in its design,
recruited patients and draft the manuscript. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 30 July 2011 Accepted: 9 February 2012
Published: 9 February 2012
References
1. da Silva FC, de Oliveira LP, Santos EM, Nakagawa WT, Aguiar Junior S,
Valentin MD, Rossi BM, de Oliveira Ferreira F: Frequency of extracolonic
tumors in Brazilian families with Lynch syndrome: analysis of a
hereditary colorectal cancer institutional registry. Fam Cancer 2010,
9(4):563-70.
2. Lynch HT, Ens J, Lynch JF, Watson P: Tumor variation in three extended
Lynch syndrome II kindreds. Am J Gastroenterol 1988, 83(7):741-747.
3. Lynch HT, Lynch JF: The Lynch syndromes. Curr Opin Oncol 1993,
5(4):687-696.
4. Lin KM, Shashidharan M, Ternent CA, et al: Colorectal and extracolonic
cancer variations in MLH1/MSH2 hereditary non- polyposis colorectal
cancer kindreds and the general population. Dis Colon Rectum 1998,
41(4):428-433.
5. Valentin MD, Silva FC, Santos EM, Lisboa BG, de Oliveira LP, Ferreira FD,
Gomy I, Nakagawa WT, Aguiar Junior S, Redal M, Vaccaro C, Valle AD,
Sarroca C, Carraro DM, Rossi BM: Characterization of germline mutations
of MLH1 and MSH2 in unrelated south American suspected Lynch
syndrome individuals. Fam Cancer 2011.
6. Vasen HF, Mecklin JP, Khan PM, Lynch HT: The International Collaborative
Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC). Dis
Colon Rectum 1991, 34(5):424-5.
7. Vasen HF, Watson P, Mecklin JP, Lynch HT: New clinical criteria for
hereditary nonpolyposis colorectal cancer (HNPCC, Lynch syndrome)
proposed by the International Collaborative group on HNPCC.
Gastroenterology 1999, 116:1453-6.
8. Altman DG, Bland JM: Diagnotic tests 1: sensivity and specitivity. BMJ
1994, 308:1552.
9. Rodriguez-Bigas MA, Boland CR, Hamilton SR, et al: A National Cancer
Institute Workshop on Hereditary Nonpolyposis Colorectal Cancer
Syndrome: meeting highlights and Bethesda guidelines. J Natl Cancer
Inst 1997, 89:1758-62.
10. Umar A, Boland CR, Terdiman JP, et al: Revised Bethesda Guidelines for
hereditary nonpolyposis colorectal cancer (Lynch syndrome) and
microsatellite instability. J Natl Cancer Inst 2004, 96:261-8.
11. Peltomäki P, Vasen HF: Mutations predisposing to hereditary
nonpolyposis colorectal cancer: database and results of a collaborative
study. The International Collaborative Group on Hereditary Nonpolyposis
Colorectal Cancer. Gastroenterology. 1997;113(4):1146-58. de la Chapelle
A. The incidence of Lynch syndrome. Fam Cancer 2005, 4(3):233-7.

Page 8 of 9

12. de la Chapelle A: The incidence of Lynch syndrome. Fam Cancer 2005,
4(3):233-7.
13. Ou J, Niessen RC, Lützen A, et al: Functional analysis helps to clarify the
clinical importance of unclassified variants in DNA mismatch repair
genes. Hum Mutat 2007, 28:1047-54.
14. Ou J, Niessen RC, Vonk J, et al: A Database to support the interpretation
of human mismatch repair gene variants. Hum Mutat 2008, 29:1337-41.
15. Couch FJ, Rasmussen LJ, Hofstra R, et al: Assesment of functional effects
of unclassified genetic variants. Hum Mutat 2008, 29:1314-26.
16. Baudi F, Fersini G, Lavecchia A, et al: A novel missense germline mutation
in exon 2 of the hMSH2 gene in a HNPCC family from Southern Italy.
Cancer Lett 2005, 223:285-91.
17. Johnson MM, Houck J, Chen C: Screening for deleterious nonsynonymous
single-nucleotide polymorphisms in genes involved in steroid hormone
metabolism and response. Cancer Epidemiol Biomarkers Prev 2005, 14(5):1326-9.
18. Euhus D, Smith K, Robinson L, Stucky A, Olopade O, Cummings S, Garber J,
Chittenden A, Mills G, Rieger P, et al: Pretest prediction of BRCA1 or
BRCA2 mutation by risk counselors and the computer model BRCAPRO.
J Natl Cancer Inst 2002, 94(11):844-51.
19. Freedman AN, Seminara D, Gail MH, Hartge P, Colditz GA, Ballard-Barbash R,
Pfeiffer RM: Cancer risk prediction models: a workshop on development,
evaluation, and application. J Natl Cancer Inst 2005, 97(10):715-23.
20. Chen S, Wang W, Lee S, Nafa K, Lee J, Romans K, Watson P, Gruber S,
Euhus D, Kinzler K, et al: Prediction of germline mutations and cancer risk
in the Lynch syndrome. JAMA 2006, 296(12):1479-1487.
21. Barnetson R, Tenesa A, Farrington S, Nicholl I, Cetnarskyj R, Porteous M,
Campbell H, Dunlop M: Identification and survival of carriers of mutations in
DNA mismatch-repair genes in colon cancer. N Engl J Med 2006,
354(26):2751-2763, model available at http://hnpccpredict.hgu.mrc.ac.uk/.
22. Wijnen J, Vasen H, Khan P, Zwinderman A, van der Klift H, Mulder A,
Tops C, Møller P, Fodde R: Clinical findings with implications for genetic
testing in families with clustering of colorectal cancer. N Engl J Med 1998,
339(8):511-518.
23. Balmaña J, Stockwell D, Steyerberg E, Stoffel E, Deffenbaugh A, Reid J,
Ward B, Scholl T, Hendrickson B, Tazelaar J, et al: Prediction of MLH1 and
MSH2 mutations in Lynch syndrome. JAMA 2006, 296(12):1469-1478.
24. , Mutation Prevalence Tables Available at [http://www.myriadtests.com/
index.php?page_id=250&amp]. Accessed at 2010.
25. Green R, Parfrey P, Woods M, Younghusband H: Prediction of Lynch
syndrome in consecutive patients with colorectal cancer. J Natl Cancer
Inst 2009, 101(5):331-340.
26. Balaguer F, Balmaña J, Castellví-Bel S, Steyerberg E, Andreu M, Llor X,
Jover R, Syngal S, Castells A: Validation and extension of the PREMM1,2
model in a population-based cohort of colorectal cancer patients.
Gastroenterology 2008, 134(1):39-46.
27. Balmaña J, Balaguer F, Castellví-Bel S, Steyerberg E, Andreu M, Llor X,
Jover R, Castells A, Syngal S: Comparison of predictive models, clinical
criteria and molecular tumour screening for the identification of
patients with Lynch syndrome in a population-based cohort of
colorectal cancer patients. J Med Genet 2008, 45(9):557-563, model
available at http://www.dana-farber.org/pat/cancer/gastrointestinal/crccalculator/new-calculator.asp.
28. Monzon J, Cremin C, Armstrong L, Nuk J, Young S, Horsman D, Garbutt K,
Bajdik C, Gill S: Validation of predictive models for germline mutations in
DNA mismatch repair genes in colorectal cancer. Int J Cancer 2010,
126(4):930-939.
29. Ramsoekh D, van Leerdam M, Wagner A, Kuipers E, Steyerberg E: Mutation
prediction models in Lynch syndrome: evaluation in a clinical genetic
setting. J Med Genet 2009, 46(11):745-751.
30. Pouchet C, Wong N, Chong G, Sheehan M, Schneider G, Rosen-Sheidley B,
Foulkes W, Tischkowitz M: A comparison of models used to predict
MLH1, MSH2 and MSH6 mutation carriers. Ann Oncol 2009, 20(4):681-688.
31. BRAZIL. Brazillian Institute of Geography and Statistics. [Características
étnico-raciais da população: um estudo de categorias de cor e raça]. Rio
de Janeiro, IBGE 2008.
32. Fawcett T: An introduction to ROC analysis. Patt Recog Lett 2006, 27:861-874.
33. Hanley J, McNeil B: The meaning and use of the area under a Receiver
Operating Characteristic (ROC) curve. Radiology 1982, 143:29-36.
34. DeLong ER, DeLong DM, Clarke-Pearson DL: Comparing the areas under
two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1988, 44:837-45.

Monteiro Santos et al. BMC Cancer 2012, 12:64
http://www.biomedcentral.com/1471-2407/12/64

Page 9 of 9

35. BRAZIL. Ministry of Health. [Rede operacional de cancer familial]. Rio de
Janeiro, Instituto Nacional do Câncer 2009.
36. Koehler-Santos P, Izetti P, Abud J, Pitroski CE, Cossio SL, Camey SA, Tarta C,
Damin DC, Contu PC, Rosito MA, Ashton-Prolla P, Prolla JC: Identification of
patients at-risk for Lynch syndrome in a hospital-based colorectal
surgery clinic. World J Gastroenterol 2011, 17:766-73.
37. Alonso-Espinaco V, Giráldez MD, Trujillo C, van der Klift H, Muñoz J,
Balaguer F, Ocaña T, Madrigal I, Jones AM, Echeverry MM, Velez A,
Tomlinson I, Milà M, Wijnen J, Carvajal-Carmona L, Castells A, Castellví-Bel S:
Novel MLH1 duplication identified in Colombian families with Lynch
syndrome. Genet Med 2011, 13:155-60.
38. Alvarez K, Hurtado C, Hevia MA, Wielandt AM, de la Fuente M, Church J,
Carvallo P, López-Köstner F: Spectrum of MLH1 and MSH2 mutations in
Chilean families with suspected Lynch syndrome. Dis Colon Rectum 2010,
53:450-9.
39. Gomez LC, Marzese DM, Adi J, Bertani D, Ibarra J, Mol B, Vos IJ, De
Marchi G, Roqué M: MLPA mutation detection in Argentine HNPCC and
FAP families. Fam Cancer 2009, 8:67-73.
40. Vaccaro CA, Bonadeo F, Roverano AV, Peltomaki P, Bala S, Renkonen E,
Redal MA, Mocetti E, Mullen E, Ojea-Quintana G, Benati ML, Rivello HG,
Clark MB, Lynch JF, Lynch HT: Hereditary nonpolyposis colorectal cancer
(Lynch Syndrome) in Argentina: report from a referral hospital register.
Dis Colon Rectum 2007, 50:1604-11.
41. Giraldo A, Gómez A, Salguero G, García H, Aristizábal F, Gutiérrez O,
Angel LA, Padrón J, Martínez C, Martínez H, Malaver O, Flórez L, Barvo R:
MLH1 and MSH2 mutations in Colombian families with hereditary
nonpolyposis colorectal cancer (Lynch syndrome)-description of four
novel mutations. Fam Cancer 2005, 4:285-90.
42. Weitzel JN, Blazer KR, Macdonald DJ, Culver JO, Offit K, Genetics, genomics,
and cancer risk assessment: State of the Art and Future Directions in the
Era of Personalized Medicine. CA Cancer J Clin 2011, 61:327-59.
43. Pena SD, Bastos-Rodrigues L, Pimenta JR, Bydlowski SP: DNA tests probe
the genomic ancestry of Brazilians. Braz J Med Biol Res 2009, 42:870-6.
44. Lins TC, Vieira RG, Abreu BS, Grattapaglia D, Pereira RW: Genetic
composition of Brazilian population samples based on a set of twentyeight ancestry informative SNPs. Am J Hum Biol 2010, 22:187-92.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/12/64/prepub
doi:10.1186/1471-2407-12-64
Cite this article as: Monteiro Santos et al.: Predictive models for
mutations in mismatch repair genes: implication for genetic counseling
in developing countries. BMC Cancer 2012 12:64.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

