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Abstract Lynch syndrome (LS) is caused by inherited
germline mutations in mismatch repair (MMR) genes. It is
one of the commonest forms of inherited predisposition to
colorectal cancer (CRC), accounting for 2-5% of all CRC.
LS is characterized by early age of onset, with a tendency
for multiplicity and an increased risk for extra-colonic
tumors at particular sites. In this study we have evaluated
the frequency of extra-colonic tumors in 60 unrelated LS
families fulfilling the Amsterdam criteria (ACI. ACII) from
the Oncotree database of the Hereditary Colorectal Cancer
Registry of the AC Camargo Hospital. All families’ pedi-
gree was extensively analyzed, varying from 2 to 6 gen-
erations with a total of 2,095 individuals evaluated. As
expected, colorectal cancer was the most frequent tumor in
the families (334 cases). We found 200 extracolonic tumors
among all individuals with a higher ratio in women (123
cases) than men (77 cases). By far, breast cancer (32 cases)
was the most frequent extracolonic manifestation in
women followed by endometrial (20 cases) and uterine
cervix cancer (20 cases). For man, prostate (16 cases) and
stomach (12 cases) cancer were the most frequent
extracolonic tumors. It is well know that establishing the
diagnosis is challenging and requires knowledge and
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surveillance. Thus, recognition of individuals and families
with hereditary predisposition to cancer according to clin-
ical and molecular features, combined with intensive sur-
veillance and management programs, can contribute
substantially to improve results related to the diagnosis and
characterization of LS.
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CRC Colorectal cancer
MMR Mismatch repair gene
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Introduction

Colorectal cancer (CRC) is one of the most common forms
of all familial cancers. Several studies indicate that familial
colorectal cancer accounts for about 30% of all CRC cases.
Worldwide, CRC mortality is just below lung and gastric
cancer. Inherited factors are a common risk factor for CRC
and first-degree relatives’ exhibit two to three fold
increased risk for large bowel cancer [1-5]. Additionally,
over the past century, familial aggregations of CRCs have
frequently been documented [6-9] leading to the charac-
terization of inherited colorectal syndromes, including
Lynch syndrome (LS) [10]. In Brazil, the number of CRC
new cases estimated for 2010 is 13,310 in men and 14,800
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in women, which represents an incidence rate of 13,73/
100,000 (men) and 14,80/100,000 (women) [11]. The
estimated base for the year 2010 is approximately 8,100
(30%) new cases with an inheritable factor for CRC.

Lynch syndrome, also known as Hereditary non-polyp-
osis colorectal cancer (HNPCC) is the most common form
of inherited predisposition to colorectal cancer, accounting
for 2-5% of all CRC [12]. Colorectal cancer in LS differs
from sporadic cases by an earlier age of diagnosis (mean
age approximately 44 years), a predominance of proxi-
mally-sited colon cancers (60-70%) and an increased
propensity to synchronous or metachronous CRCs (25%)
[13, 14]. 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 [15] as well as at
an increased risk for extra-colonic malignancies, including
gastric, small bowel, urological tract, ovary, pancreas and
brain cancer [16].

In 1991, Vasen et al. reported efforts by the International
Collaborative Group on Hereditary Nonpolyposis Colo-
rectal Cancer (ICG-HNPCC) to establish a set of selection
criteria for families with LS (Amsterdam Criteria I [AC-I]):
(1) at least three relatives must have histologically verified
CRC; (2) one must be a first-degree relative of the other
two; (3) at least two successive generations must be
affected; (4) at least one of the relatives with CRC must
have received the diagnosis before age 50; and (5) familial
adenomatous polyposis must have been excluded. Different
primary sites had been described in families with a possible
diagnostic of LS: endometrial, stomach, ovaries, small
bowel, ureter, renal pelvis, brain, and hepatobiliary tract
cancer. Among these tumors, endometrial, ureter, renal
pelvis, and small bowel cancers present the highest relative
risk, and are therefore the most specific for LS. At the 1998
meeting, an agreement was reached that these extracolonic
tumors should be included, and a set of new clinical criteria
was then proposed (Amsterdam Criteria II, ACII) [17, 18]
(Table 1).

LS is an autosomal dominant syndrome with high pen-
etrance (about 85%), due to mutations in the mismatch
repair genes (MMR) [19-22]. The main genes involved are
MSH2, MLHI, MSH6, PMS2 and PMSI [18, 23, 24]. In
different geographical areas the frequency and the types of
mutations are widely variable. Therefore, the frequency of
extra-colonic tumors associated with LS may be different
in different countries [25-27].

So far, relatively little information has became available
on the spectrum of tumors related to LS in South America.
Thus, this study aims to make an update from a previous
report [28] describing the frequency of malignant tumors in
larger group of Brazilian families with clinical HNPCC in
an Institutional Hereditary Colorectal Cancer Registry.
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Table 1 Amsterdam criteria I and II

Amsterdam criteria I

At least three relatives must have histologically verified
colorectal cancer (CRC)

One must be a first-degree relative of the other two
At least two successive generations must be affected

At least one of the relatives with CRC must have received the
diagnosis before age 50

Familial adenomatous polyposis must have been excluded
Amsterdam criteria II

At least three relatives must have a cancer associated with
hereditary nonpolyposis colorectal cancer (colorectal,
endometrial, stomach, ovary, ureter or renal-pelvis, brain, small
bowel, hepatobilliary tract, or skin [sebaceous tumors])

One must be first degree relative of the other two
At least two successive generations must be affected

At least one of the relatives with CRC must have received the
diagnosis before age 50

Familial adenomatous polyposis should have been excluded in
any relative with colorectal cancer

Tumors should be verified whenever possible

Materials and methods

In order to evaluate the frequency of CRC and extracolonic
tumors, the study used the Oncotree database of the
Hereditary Colorectal Cancer Registry of the Pelvic Sur-
gery Department of Hospital AC Camargo (Sao Paulo,
Brazil). The families analyzed were classified as LS
according to Amsterdam Criteria I or II and were registered
in the period between January 1998 and June 2009.

Patients and relatives were interviewed after informed
consent. The following data were evaluated in each family:
total number of members, number of patients with CRC,
number of patients with extra-colonic tumors, primary sites
of the extra-colonic tumors, age at diagnosis and number of
generations evaluated. The diagnosis of extra-colonic
tumor was based on verbal report and confirmed clinical or
pathological information, whenever possible. Cases with
uncertain information were not considered. When it was
not possible to identify the main organ of the primary
tumor, the site was classified as unknown.

Results

This study included 1,040 men and 1,055 women (2,095
total) from 60 LS families (53 Amsterdam I and 7
Amsterdam II). The number of individuals in LS families
ranged from 5 to 139 (mean 34.9; median 29.5), with
evaluation of 6 generations in 1 family (1.6%), 5 genera-
tions in 19 families (31.6%), 4 generations in 33 families
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Table 2 Distribution of families and types of tumors according to
Amsterdam criteria I and II

No. Families

Amsterdam 1 Amsterdam II

Families (N = 60) 53 7

Individuals Men Women Men Women
(N = 2,095) 905 939 135 116

Tumors
CRC (N = 361) 157 166 14 24
Extra-colonic (N = 200) 61 94%* 16 29*

* P < 0.05

(55%), 3 generations in 6 families (10%) and 2 generations
in 1 family (1.6%).

As expected, CRC was the most common tumor type in
these LS families. We identified 334 individuals with CRC
in all generations evaluated (2,095 individuals) that
revealed 361 CRC. In total, we identify 482 individuals
with cancer, showing 561 CRC and extra-colonic tumors
(Table 2).

In these 60 LS families, extra-colonic tumors were more
frequent in women (123 cases) than in men (77). Applying
the qui square test, women had significant difference for
the presence of extra-colonic tumors when compared with
men. The test was applied in both Amsterdam criteria and
was statistically significant between genders.

The age at diagnosis was documented in 76.3% (428/561)
of all cancers, and ranged from 9 to 93 years (mean age of the
first primary tumor was 34 and 46 years overall). 67 patients
had more than 1 tumor (53 patients had 2 tumors, 10 patients
had 3 tumors, and 4 patients had 4 tumors).

Fig. 1 Frequency of extra- 16/77

Figure 1 shows that the most frequent extra-colonic
tumors in men were prostate (16 cases), followed by gastric
(12 cases), hepatobiliary tract (4 cases), pancreas (4 cases),
lung (4 cases), skin (4 cases), brain (4 cases), oral (4 cases),
leukemia (4 cases), kidney (3 cases), bladder (3 cases),
renal pelvis/ureter (3 cases), small bowel (1 case) and other
sites including non-specific location tumors (10 cases).

In women, the most frequent primary site in these
families were breast (32 cases), followed by uterine cervix
(20 cases), endometrium (20 cases), stomach (12 cases),
ovary (4 cases), oral (4 cases), leukemia (4 cases), pelvis
renal (3 cases), small bowel (3 cases), brain (3 cases),
sebaceous (2 cases), skin (2 cases) and other sites including
non-specific location tumors (16 cases) (Fig. 2).

Table 3 shows the percentage of all extra-colonic
tumors in men and women in 60 LS families. Breast cancer
was, by far, the most frequent tumors in women with 32
cases, representing 26% of the cases. In men, the most
frequent primary site was the prostate, which represents
21% of the cases.

Discussion

In Brazil, the incidence rate for breast cancer is 49.27/
100.000 and for these LS families the rates would con-
siderably increase to 3,408/100.000 [11]. Moreover, the
median age of diagnosis was 42 (25-84) years old, which
is almost 20 years earlier than general population [29].
Although breast cancer is not considered part of the
tumor spectrum, several studies have found a higher
incidence of breast cancer among LS relatives [30-35]
and MMR defective breast cancer has been described in

colonic tumors in men 16

(60 HNPCC families)
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- Tumors not included in Amsterdam criteria

Tumors included in Amsterdam criteria
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Fig. 2 Frequency of extra- s
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Table 3 Number of extra-colonic tumors in men and women in 60
HNPCC families

Extra-colonic tumors HNPCC

Men Women

N % N %
Breast 1 1.5 32 26
Uterine - - 20 16
Endometrial - - 20 16
Ovary - - 4 35
Prostrate 16 21 - -
Stomach 12 15.5 10 8
Hepatobiliary tract 4 5 - -
Pancreas 4 5 1 1
Lung 4 5 1 1
Skin 4 5 2 2
Brain 4 5 3 2.5
Renal pelvis/ureter 3 4.4 3 2.5
Leukemia 4 5 4 35
Kidney 4 5 - -
Bladder 3 4.4 1 1
Oral 4 5 4 3.5
Sebaceous - - 2 2
Small bowel 1 1.5 3 2.5
Others 12 13 10.5
Total 77 123

Tumors included in Amsterdam criteria are italicised

a number of mutation carriers, pointing out its probable
involvement in LS spectrum of extra-colonic tumors
[28].
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Although studies on the role of MMR defects in breast
cancer have reached different conclusions about its possi-
ble link to HNPCC [31, 36-40], recently, Jensen et al.
studied 164 families in Denmark with disease-predisposing
MMR gene mutations and have identified 20 mutation
carriers affected with breast cancer at mean age of
51 years. They have found loss of MMR protein expression
in 43% of breast cancer patients (7/16), demonstrating that
MMR plays a role in a substantial proportion of cases.
According to the authors, lymphocytic reactions, a com-
mon feature of colorectal cancer [41], could represent a
potential marker for MMR defective breast cancer in
individuals with LS [42].

It is possible that the findings of this series may be due
to other syndromes of colorectal cancer predisposition.
MEIJERS-Heijboer et al. published a study on families
with colorectal cancer and breast cancer, which were tested
for mutation in BRCAI, BRCA2 and mismatch repair
genes. A set of non-mutation carries, but with phenotype of
breast-colon syndrome, had a significant increase in the
incidence of CHEK2 1100delC mutation (18.2%) com-
pared to families without breast-colon cancer. Their find-
ings may suggest an association between CHEK2
1100delC in breast-colon syndrome [43], nevertheless, our
study showed 21 Amsterdam families with cases of breast
cancer and no CHEK2 1100delC mutation was found (data
not published), suggesting that the CHEK?2 1100delC var-
iant is not relevant in Brazilian LS families with high rates
of breast cancer. Additionally, we can speculate the pos-
sibility of an overlapping between hereditary breast-ovary
cancer and HNPCC syndromes, due the fact that some
families fulfill both criteria, creating a confusion factor for
the correct interpretation.
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LS women have a 24-62% risk of developing endo-
metrial cancer [36, 44-47] and, indeed, ours results showed
high frequency of endometrial cancer,and also uterine
cervical cancer. Due to the fact that families’ pedigree, in
some cases, are filled based on verbal report of the index
patient, the difference between cervical uterine and endo-
metrial tumors can be a confounding factor, so that the
correct number of endometrial cancer among families can
be higher than we think. This high frequency of endome-
trial tumors can be supported by the recent study which
states that 1.6% of all endometrial cancers are related to
germline mutations in hMSH6 gene [48]. Germline MSH6
mutations are responsible for approximately 10% of Lynch
syndrome cases, [49] suggesting that the total of LS-related
endometrial cancers are underestimated and may be con-
siderably higher than the imagined.

The greater incidence rate of women affected by extra-
colonic tumors when compared to men, again, highlights
the significant proportion of endometrial cancer in LS
families. In addition, breast cancer was found with the
highest frequency among families, contributing to this
greater incidence of extra-colonic tumors.

Cervical cancer is the second most common type of
cancer in women worldwide. Several human papillomavi-
rus (HPV) genotypes, sexual behavior, and socioeconomic
profile represent major risk factors for the development of
this carcinoma.

Many studies found a direct association of HPV infec-
tion with number of sexual partners [50-52]. Generally, the
trend in many Western countries is that sexual behaviors
and attitudes have become more permissive over time.
Several studies have reported that earlier sexual debut or
shorter intervals between menarche and sexual debut are
risk factors for prevalent HPV infection. In addition,
numbers of new and recent sexual partners and likelihood
of detecting HPV in female is strong and consistent [53].
Cervical cancer is the second most common tumor in
Brazil which is characterized by great socioeconomic and
cultural discrepancies, making this type of tumor less likely
to be associated with Lynch syndrome.

Despite the fact that gastric cancer is the second most
common extra-colonic malignancy in LS [36, 54] and in
some populations is the most frequent extra-colonic man-
ifestation [55, 56], at present, it is not included in the
Amsterdam criteria.

It is known that the incidence of gastric cancer varies
widely in different geographic regions, being relatively
higher in eastern countries (Japan, Korea and China) and
Latin America. There are two main histologic variants of
gastric cancer, the intestinal type and diffuse type [57]. The
diffuse type has often been related to changes in the CDH1
gene [58-60], while the intestinal type is the most fre-
quently found in the general population and commonly

related to environmental exposures which include a diet
rich in meats, smoked foods, tobacco, alcohol consumption
and H. Pylori infection. However, Gylling et al. have
conducted a study with 13 HNPCC gastric cancer patients
demonstrating that the age of diagnosis of HNPCC gastric
cancer was 58 years against 76 years in sporadic gastric
cancer, 92% of the tumors had intestinal histology, MSI-
high, absence of the MMR protein, frequent APC-LOH as
typical of intestinal gastric cancer and a number of other
tumourigenic events typical of MMR deficiency; suggest-
ing that all these findings justify considering gastric cancer
as a true LS spectrum of malignancy [61].

The mean age of onset for gastric cancer in these 60
families was 53 years, and the estimated risk for 2010 in
Brazil for gastric cancer is 14:100.000 and 7:100.000 for
women. Evaluating these affected families the rates would
rise to 1,326/100.000 and 1,065/100.000, respectively.
Despite the elevated risk in these LS families, gastric
cancer is high frequent in the Brazilian general population,
making the specificity of the association with LS remains
poor and challenging, so that further analysis needs to be
set.

For prostate cancer, most of the cases, the age of diag-
nosis was over 70 years, and because of this, prostate
cancer is unlikely to be part of LS spectrum of tumors and
more likely to be associated with environmental exposure
as aforementioned for gastric cancer.

Genotype-phenotype correlation

Originally, HNPCC was described as a familial clustering
of colorectal cancer through the Amsterdam criteria which
is based only in personal and family histories of cancer
[62]. However, about 50% of HNPCC families fulfilling
the stringent AC-I do not have mutations in DNA repair, in
addition, families who do not meet the Amsterdam criteria,
less than 30% have mutations [63, 64].

Some of the possible explanations for the low rate of
mutation-positive on the Amsterdam criteria lies on the
accuracy of the reported family history, as the clinical
criteria for HNPCC diagnosis is only reliable if the diag-
nosis of family members is confirmed [65]. One limitation
of this study is the possibility of underreporting or mis-
reporting of cancers. Murff HJ et al. post that patient-
reported family cancer histories are accurate and valuable
for assessing the risk of breast cancer and colorectal can-
cer, but are less accurate for more rare types of cancer [66].
Efforts were made to verify reported cancers, but this was
not always feasible.

Detection of microsatellite Instability is one of the most
used techniques among colorectal cancer patients. Indi-
viduals with microsatellite instability indirectly show
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abnormalities in MMR genes that causes protein deficien-
cies and loss of repair. However, even among families that
meet the Amsterdam criteria and show microsatellite
instability (MSI) in tumor tissue, a third fails to display any
structural change in the MMR genes [67]. According to
Renkonen et al. these presumable patients are “hidden”
MMR gene mutation-carries that escape detection by
conventional techniques [68]. On the other hand, patients
who meet the Amsterdam criteria, but have no identifiable
mutations or microsatellite instability, have been reported
with a new entity called “familial colorectal cancer type
X” that can reach 40% of AC-I positive probands [69].

Immunohistochemistry has been very useful to com-
plement MSI testing. IHC is problably 95% sensitive for
MMR deficiency and has been used in hospitals either to
complement MSI testing or as a substitute [67]. In this
series, we evaluate the immunohistochemical expression of
MMR genes in 23 out of 60 colorectal cancer patients,
where 8 (35%) showed normal expression for all MMR
genes.

One of the main features of hereditary nonpolyposis
colorectal cancer is the proximal colonic cancer predilec-
tion, which can be found in approximately 70% of HNPCC
CRCs [70]. Indeed, In our series most patients had right-
side CRCs, but a considerable proportion of rectal cancer
was reported.

It has been postulated that the Amsterdam criteria have a
limited set of clinical characteristics that have failed to
diagnose HNPCC patients, whereas today there is clear
evidence that families that meet the Amsterdam criteria are
clinically heterogeneous. Currently, the use of these criteria
has became obsolete due the advances in the pathology of
HNPCC tumors and the emergence of microsatellite
instability and immunohistochemistry testing. However,
the Amsterdam criteria is not completely worthless, since it
is still very useful in the acquisition of a comprehensive
family history and more recently, in the identification of
another subset of possibly hereditary colorectal cancers,
which is currently referred to familial colorectal cancer
type X.

Even in the absence of typical clinical characterization,
there need to be criteria for directing the search for
inherited conditions. Hence, correct interpretation of the
spectrum of extra-colonic tumors in Lynch syndrome cases
acquires great importance. The frequent new molecular
findings have been of great importance for better defining
the genotype-phenotype correlation and thus the spectrum
of extra-colonic tumors for LS.

It is well known that establish the diagnosis is chal-
lenging and requires knowledge and surveillance. Due the
lack of sensitivity and specificity of clinical criteria,
occurrence of de novo mutations and the failure in identify
MMR genes mutations, the incidence of LS can be
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underdiagnosed. It is believed that LS is one of the most
common hereditary syndromes in humans, with incidence
ranging from 1:350 to 1:2000 [71, 72]. It is vital that
families at high risk should accomplish screening programs
and management protocols in order to prevent cancer.

Conclusions

We have shown an update of a previous report from Oli-
veira et al. [28] consolidating some important findings in
the spectrum of extra-colonic tumors in Brazil. In sum-
mary, we have reported a high incidence of breast and
gastric cancer with strong evidence of their role in LS
tumorigenesis, supported by previous findings that breast
and gastric cancer do arise through mismatch repair defects
in LS kindreds. On the other hand, there is a possible
involvement of other yet unknown genes due to the dif-
ferential diagnosis of the Amsterdam criteria associated
with immunohistochemistry and microsatellite instability
testing.

Diagnostics criteria for LS are controversial due to
variations in clinical phenotypes in different areas and
countries. Thus, recognition of individuals and families
with hereditary predisposition to cancer according to clin-
ical and molecular features, combined with intensive sur-
veillance and management programs, can contribute
substantially to improve results related to the diagnosis and
characterization of LS.
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