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Abstract

Hereditary non-polyposis colorectal cancer (HNPCC) was
previously synonymous with Lynch syndrome; however,
identification of the role of germline mutations in the
DNA mismatch repair (MMR) genes has made it possible
to differentiate Lynch syndrome from other conditions
associated with familial colorectal cancer (CRC). Broadly,
HNPCC may be dichotomized into conditions that
demonstrate defective DNA MMR and microsatellite
instability (MSI) vs those conditions that demonstrate
intact DNA MMR. Conditions characterized by MMR
deficient CRCs include Lynch syndrome (germline MMR
mutation), Lynch-like syndrome (biallelic somatic MMR
mutations), constitutional MMR deficiency syndrome
(biallelic germline MMR mutations), and sporadic MSI
CRC (somatic biallelic methylation of MLH1). HNPCC
conditions with intact DNA MMR associated with familial
CRC include polymerase proofreading associated
polyposis and familial colorectal cancer type X. Although
next generation sequencing technologies have elucidated
the genetic cause for some HNPCC conditions, others
remain genetically undefined. Differentiating between
Lynch syndrome and the other HNPCC disorders has
profound implications for cancer risk assessment and
surveillance of affected patients and their at-risk relatives.
Clinical suspicion coupled with molecular tumor analysis
and testing for germline mutations can help differentiate
the clinical mimicry within HNPCC and facilitate diagnosis
and management.
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of patients and families with hereditary non-polyposis
colorectal cancer (HNPCC) do not adequately diff-
erentiate the several genetic diseases now classified
under HNPCC. Tumor analysis for microsatellite ins-
tability (MSI) can dichotomize for the clinician con-
ditions with MSI or without MSI, allowing a focused
differential diagnosis. Individual or panel germline
genetic testing can further differentiate HNPCC into its
genetically defined syndromes or its phenocopies.
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INTRODUCTION

About one-third of patients diagnosed with colorectal
cancer (CRC) have a family history of cancer, placing
them and other family members at elevated risk for
this disease. Only 5% of all patients with CRC have
identifiable causes for their cancer predisposition; most
of which are inherited mutations in genes that regulate
growth processes in colonic stem cells, and/or are
caretakers of the genome to ensure the fidelity of DNA
passed onto progeny cells. The most common of these
inherited CRC syndromes is Lynch syndrome, identified
and defined by heritable germline mutations of DNA
mismatch repair (MMR) genes™ . The term hereditary
non-polyposis colorectal cancer (HNPCC), previously
used interchangeably with Lynch syndrome, now refers
to a broader spectrum of familial CRC encompassing
disorders that can mimic some clinical features of Lynch
syndrome, but without germline mutations in MMR
genes characteristic of Lynch syndrome (Figure 1).
Distinguishing among the HNPCC disorders is
important clinically, as the approach to surveillance
for patients and their at-risk family members differs
according to risks for colonic and extracolonic
cancers associated with each syndrome™. Health
care providers should be observant for “red flags”
suggestive of genetic predisposition to CRC, such
as strong personal or family history of cancer,
diagnoses of colorectal neoplasia at young ages, and
histopathologic and molecular tumor features that
are characteristic of specific syndromes. Screening
of CRC tumors for microsatellite instability (MSI) and
expression of DNA MMR genes (Figure 1) is an effective
strategy to facilitate identification of patients at risk for
Lynch syndrome™’. Individuals whose personal and/or
family history raises suspicion for a hereditary cancer
syndrome should undergo clinical genetic evaluation,
which includes genetic counseling and evaluation of
patient health records™”). Even if a genetic mutation
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Figure 1 Hereditary non-polyposis colorectal cancer conditions can be
dichotomized via microsatellite instability testing and/or DNA mismatch
repair protein immunohistochemistry. When MSI [or loss of mismatch repair
(MMR) protein expression] is present in the colorectal cancer indicating loss
of functional DNA MMR, Lynch syndrome and Lynch-like syndrome remain in
the differential. Germline testing for DNA MMR gene mutation can differentiate
these two syndromes. When MSI is absent meaning DNA MMR remains intact
and functional, consideration for polymerase proofreading associated polyposis
and familial colorectal cancer type X should be undertaken. Performing
germline testing for POLE and POLDT mutations might help differentiate these
two syndromes. HNPCC: Hereditary non-polyposis colorectal cancer; MSI:
Microsatellite instability; CRC: Colorectal cancer.

is not identified, the outcome of the genetic evaluation
may help guide decision making regarding surveillance
and other interventions to reduce future cancer risk.

Here, we review several HNPCC conditions that
may mimic Lynch syndrome and present distinguishing
features and tests that can help differentiate among
them. Next generation sequencing approaches will
facilitate discovery of novel genetic events that will
define the clinical and molecular phenotypes of familial
CRC without germline MMR gene mutations.

FAMILIAL CRC WITH DEFECTIVE DNA

MISMATCH REPAIR

The DNA MMR system provides recognition of post-
DNA synthetic polymerase mistakes in the DNA
strand at single base mispairs, chemotherapy-induced
nucleotide alterations, and slippage mistakes at
repetitive sequences termed microsatellites™**'?, The
DNA MMR recognition complexes, MutSa and MutSg,
consists of heterodimers of the MMR proteins MSH2-
MSH6 and MSH2-MSH3, respectively, with MutSa
recognizing single base mispairs and short insertion/
deletion loops (I/D loops) of < 2 nucleotides, and
MutSB recognizing = 2 I/D loops!****. Once a mispair
or I/D loop is recognized, the execution complex MutLa
(heterodimer of the MMR proteins MLH1 and PMS2)
binds to MutSa or MutSp to signal other proteins for
excision and re-synthesis of the affected DNA, or
commits the cell to programmed cell death if repair is
futile! >4,

There are several mechanisms that can inactivate
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Figure 2 Loss of DNA mismatch repair forces polymerase slippage mistakes
to become permanent frameshift mutations at microsatellite sequences.
Depicted is a mononucleotide microsatellite of 10 adenines. During DNA
replication, occasional polymerase mistakes allow slippage at microsatellite
sequences, creating a heteroduplex structure often with one nucleotide as a
loop. With intact DNA mismatch repair (MMR), the deletion loop is recognized,
excised, and resynthesized correctly such that daughter cells will maintain
fidelity of the proper microsatellite length. In the absence of DNA MMR, the
deletion loop becomes a permanent frameshift in daughter cells. Frameshift
mutations can occur in non-coding as well as in coding microsatellites; coding
frameshifts cause the transcription and ultimate translation of truncated proteins
that can act as neoantigens to the immune system.

DNA MMR function**'**>2% Aprogation of DNA
MMR function generates a hypermutated tumor that
accumulates hundreds of random point mutations and
frameshifts in the cell's genome™, and transition from
an adenoma to CRC occurs at a rapid pace compared
to MMR-intact tumors (1-3 years vs 1-2 decades,
respectively)**, The biomarker assay that is used to
determine loss of MMR function clinically is microsatellite
instability (MSI)!*?32 which detects acquired new
frameshift length changes of microsatellites in neoplastic
tissue compared to non-neoplastic tissue when MMR
function is defective (Figure 2). Additionally, the use
of immunohistochemistry (IHC) to detect expression
of DNA MMR proteins in neoplastic tissue is highly
correlative to MMR function, with absence of MMR
proteins predictive of MSI within the tumor**4, The
finding of MSI and/or absence of DNA MMR protein
expression identifies that a tumor has lost DNA MMR
function, and is the basis for differentiating familial
CRC cases associated with Lynch syndrome from other
HNPCC conditions (Figure 1).

CRCs with defective DNA MMR comprise only
15% of all CRCs and are associated with specific
clinicopathologic features. MSI tumors are more
likely to be located in the colon proximal to the
splenic flexure, often exhibit poor differentiation and
mucinous features, possess sub-epithelial lymphoid
aggregates as response to neoantigens induced by
truncated proteins produced from frameshifted coding
microsatellite mutations (Figure 2), and demonstrate
better survival compared to same-staged patients
without MSI CRCs"****, Because intact DNA MMR can
recognize chemotherapy-induced nucleotide alterations
to trigger cell demise, and in particular incorporated
5-fluorodeoxyuracil as a result of 5-fluorouracil (5-FU)
therapy, loss of DNA MMR function renders the CRC
resistant to 5-FU, and 5-FU treatment does not
improve survival of patients with MSI CRCs!® #3421,
However, the MSI CRC somatic mutational load is
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high, making it more susceptible to immune Kkilling
when the immune checkpoint inhibitor to PD-1 is
administered to patients'*”. While the majority of MSI
CRCs represent sporadic tumors which develop as a
consequence of somatic events (BRAF mutation, MLH1
promoter hypermethylation), a minority develop as
a consequence of germline mutations in MMR genes
associated with Lynch syndrome.

Lynch syndrome

Lynch syndrome can be identified in 2%-3% of all CRC
patients, and approximately 2% of all endometrial
cancer patients, the two most common cancers
observed with this syndrome!*****!, Lifetime risk for
CRC approaches 80% and lifetime risk for endometrial
cancer in women approaches 50%™"!, Patients can
develop synchronous and metachronous cancers at
relatively young ages, and Lynch-associated CRCs
demonstrate accelerated neoplastic progression, with
reports of cancers developing within 3 years after
colonoscopy™®. While CRCs are the most common
tumors, risks for malignancies of the endometrium
and ovaries, gastrointestinal tract (stomach and small
intestine, pancreas, biliary tract), urinary tract, brain
(glioblastomas), and skin (keratoacanthomas and
sebaceous adenomas) are also increased™,

Lynch syndrome is associated with germline
mutations in one of the DNA MMR genes (MSH2,
MLH1, MSH6, PMS2, EPCAM) (Table 1), and is
transmitted in an autosomal dominant fashion®*,
Germline testing for mutations in the MMR genes is
the gold standard for characterizing Lynch syndrome,
and can be identified in > 80% of Lynch kindreds.
The two most commonly mutated genes, MSH2 and
MLH1, account for approximately 90% of mutations
found in Lynch kindreds, and can be point mutations,
deletions, or rearrangements. MSH2 and MLH1 are
critical components of the MMR recognition complexes
and MMR execution complexes, respectively. Germline
mutation of MSH6 and PMS2 are identified in < 10%
of Lynch kindreds, and deletion of EPCAM, upstream
of MSHZ2 on chromosome 2 that causes allele specific
methylation of the promoter of MSH2, is a relatively
rare cause for loss of MSH2 expression and Lynch
syndrome™®**, Germline MSH3 mutations have only
rarely been identified in any families with Lynch
syndrome!**"), Specific mutations of DNA MMR genes
are associated with differences in phenotype of Lynch
patients. For instance, MLH1 and MSH2 mutation
carriers present with cancers at younger ages (40-50
years) whereas MSH6 mutation carriers tend to be
older at CRC diagnosis (age 50-65 years) with higher
prevalence of endometrial cancer'**,

Family history-based clinical criteria, such as the
Amsterdam criteria (3 relatives with CRC, across
2 generations, with one case diagnosed at age <
50 years) and/or Bethesda guidelines, have limited
sensitivity and identify only a portion of MMR mutation
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Table 1 Germline and cancer-specific genetic and epigenetic features for hereditary non-polyposis colorectal cancer conditions

Lynch syndrome CMMRD Lynch-like Sporadic MSI CRC FCCTX PPAP HBOC
syndrome and sessile serrated
polyps
Germline One allele of a Both alleles of a None None RPS20, SEMA4A, POLE (L424V) BRCAT1 or BRCA2
mutation MMR gene: MSH2, MMR gene: MSH2, HNRNPAO, WIF1, POLD1 (5478N)
MLH1, MSH6, MLH1, MSHE, likely others (other exonuclease
PMS2, EPCAM PMS2, EPCAM domain mutations)
Somatic 2" allele of MMR None Both alleles of a BRAF Various 2™ allele of POLE, 2" allele of BRCA1
mutation gene MMR gene POLD1 and > 100 x or BRCA2
somatic mutations
(hypermutated)
compared with
other MSS tumors
Tumor MMR MMR deficient MMR deficient MMR deficient MMR deficient, MMR proficient MMR proficient MMR proficient
phenotype (MSI) (MSI) (MSI) (MSI) (MSS) (MSS) (MSs)
Epigenetic Germline deletion ~ None reported ~ None reported Somatic None reported None reported None reported
in 3" end of biallelic promoter
EPCAM leads to methylation for
Somatic Allele- MLH1
specific MSH2

methylation in
tissues

MSS: Microsatellite stable; CMMRD: Constitutional mismatch repair-deficiency; FCCTX: Familial colorectal cancer type X; PPAP: Polymerase proofreading
associated polyposis syndrome; HBOC: Hereditary breast and ovarian cancer syndrome; MSI: Microsatellite instability; CRC: Colorectal cancer.

carriers?**!. Given that intensive surveillance with

colonoscopy every 1-2 years has been shown to
decrease morbidity and mortality in families with Lynch
syndrome, universal testing of all CRC tumors for
MMR deficiency has been proposed as a cost-effective
strategy to screen for Lynch syndrome**®!. Tumors
associated with germline MMR gene mutations can be
differentiated from sporadic MSI CRCs on the basis of
the absence of somatic BRAF mutations and absence of
methylation of MLH1)"****, Loss of expression of MSH2
and/or MSH6 was previously thought to be diagnostic
of germline mutations in the MMR gene corresponding
to the absent protein, but recent data demonstrate that
absent expression of these MMR proteins can also be
observed in Lynch-like CRCs (Table 1).

Lynch-like syndrome

Lynch-like syndrome may account for as many as
60%-70% of cases in which Lynch syndrome is
clinically suspected, but genetic testing fails to identify a
germline MMR gene mutation™. Patients with Lynch-like
syndrome resemble those with Lynch syndrome in that
their tumors manifest MSI and immunohistochemical
absence of a DNA MMR protein. Patients with Lynch-
like syndrome present with cancer at younger ages,
similar to Lynch syndrome (53.7 years vs 48.5 years of
age), fueling the speculation that undiagnosed germline
mutations may be implicated in at least some of these
cases®?*?*1 However, analysis of cancers among
probands and families demonstrate heterogeneity in
risks, with standardized incidence ratio (SIR) for CRC
lower in Lynch-like (2.12) compared to Lynch syndrome
(6.04), and with SIR for extracolonic cancers also
lower in Lynch-like (1.69) vs Lynch syndrome (2.81)

Baishidenge ~ WJG | www.wjgnet.com

families™,

From a clinical perspective, the key feature dif-
ferentiating Lynch syndrome from Lynch-like syndrome
is that the former is associated with presence of
germline DNA MMR gene mutations, while the latter
lacks identifiable germline mutations. There are several
potential explanations for Lynch-like syndrome. First,
it is possible that some Lynch-like patients could
actually have Lynch syndrome, as there may be some
germline mutations in DNA MMR genes that are not
detectable by current testing, such as those occurring
in areas of intronic sequences and promoters,
However, an alternative explanation is that there are
other mechanisms that inactivate DNA MMR (aside
from germline mutation in MMR genes) which could
also result in tumor phenotype that closely resembles
Lynch syndrome. Unlike sporadic MSI-H CRCs, Lynch-
like CRCs do not show epigenetic inactivation of the
DNA MMR gene MLH1 or mutation in BRAF. However,
50%-60% of Lynch-like CRCs do exhibit the biallelic
somatic inactivation of DNA MMR genes within the
tumort?®#%4951 (Taple 1). Somatic mutation in any
one allele of the DNA MMR genes coupled with loss
of heterozygosity (LOH) of the other allele is the
most common pattern (with second most common
mechanism being two somatic sequence mutations).
Finally, it is also possible that patients with Lynch-like
syndrome may harbor germline mutations in genes
other than the DNA MMR genes known to be associated
with Lynch syndrome. Consequently, Lynch-like syn-
drome cases might represent a spectrum of HNPCC
conditions with heterogeneous etiologies; however until
we have more information regarding cancer risks and
rates of neoplastic progression, intensive surveillance
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for cancer similar to Lynch syndrome guidelines is
recommended.

Constitutional mismatch repair deficiency syndrome
Constitutional mismatch repair-deficiency (CMMRD) is
a rare condition in which biallelic germline mutations
in DNA MMR genes predispose to development of
multiple cancers, often at very early ages®®*” (Table
1). Affected individuals inherit a germline MMR
mutation from each parent, with PMS2 and MSH6
mutations most commonly implicated. Although initial
descriptions of CMMRD cases involved consanguineous
families, a significant proportion of cases involve
offspring of unrelated parents not previously diagnosed
with Lynch syndrome. CMMRD patients often present
in childhood, with brain tumors, colorectal and/or
other gastrointestinal cancers (including in some
cases multiple colonic adenomas), with hematological
malignancies such as leukemias and lymphomas
also commonly reported™”’. Other tumors such as
rhabdomyosarcoma, Wilms tumor, and neuroblastomas
have also been reported® %, The presentation can be
variable, but the scope of tumors and the extremely
young age at presentation can provide clues to the
diagnosis. Since nearly all CMMRD patients exhibit
cutaneous café-au-lait spots®”, there may be some
phenotypic overlap with other syndromes such as
neurofibromatosis type 1, Li-Fraumeni syndrome, and
familial adenomatous polyposis®®’=?.

The diagnosis of CMMRD is confirmed with detection
of biallelic germline mutations in MMR genes®” (Table
1); however the diagnosis is not always straightforward.
PMS2 in particular has approximately 20 pseudogenes
that make identifying one allele mutation, let alone both
alleles, challenging. Additionally, variants of uncertain
significances (VUSs) in one or both alleles of MSH6 or
PMS2 or any other MMR gene are found in over 30%
of suspected CMMRD patients, making the genetic
confirmation of this syndrome difficult'®>*",

Like tumors which develop in Lynch syndrome and
Lynch-like syndrome, CMMRD CRCs display MSI, and
immunohistochemistry will demonstrate absence of
staining of the mutated MMR protein. A differentiating
feature of CMMRD patients is that the surrounding
normal colon tissue may also demonstrate absence
of the MMR protein corresponding with the germline
mutation'”’, given that both alleles are inactivated in
every cell of the CMMRD patient’s body even before
cancer formation.

Sporadic microsatellite unstable CRC

Microsatellite unstable (MSI) is found in approximately
15% of all sporadic CRCs with MSI tumors more likely
to develop at older ages (= 70 years of age) and
more often in females™***, Most of these sporadic MSI
CRCs are associated with biallelic hypermethylation
of the promoter of the MLH1 gene (Table 1), which
prevents its transcription!**?), An additional common
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finding among sporadic MSI CRCs is the presence of
BRAF"*, an activating mutation that causes incessant
mitogenic pathway signaling!****! (Table 1). The older
presentation for CRC, lack of family history of cancer,
as well as the presence of BRAF*** and/or methylation
of MLH1 help distinguish patients with sporadic MSI
CRC from those with Lynch or Lynch-like syndrome.
Likewise, patients with sessile serrated polyps and
adenomas (SSAs) exhibit multiple methylated DNA
loci including that of the MLH1 promoter, and manifest
MSI and BRAF'*""3334  Although patients with SSAs
often present with proximal colon location of the
lesion similar to Lynch syndrome tumors, the MLH1
hypermethylation and presentation of BRAF""* show
that the SSA is not part of Lynch syndrome.

FAMILIAL CRC WITH INTACT DNA
MISMATCH REPAIR

Polymerase proofreading associated polyposis
syndrome

Polymerase proofreading associated polyposis
syndrome (PPAP) is a rare autosomal dominantly
inherited syndrome in which the exonuclease domain of
POLE (encoding DNA polymerase ¢) or POLD1 (encoding
DNA polymerase 51) is mutated in the germline®>>°.,
Two highly penetrant mutations are described (POLE
p.Leu424Val and POLD1 p.Ser478Asn)™*, but other
mutations in the exonucleoase domain could also be
causal™” (Table 1). Individuals with germline POLE
mutations exhibit colonic oligopolyposis (generally
between 5-70 adenomas) as early as 20 years of age,
CRCs, and duodenal adenomas and carcinomas™>>°..
POLD1 mutation carriers exhibit colonic oligopolyposis
(generally 3-50 adenomas) and CRC as young as 20
years of age as well, but in addition exhibit increased
risk for endometrial cancers and brain tumors!®!
which overlaps with the spectrum of tumors seen in
Lynch syndrome. Indeed, the clinical phenotype of
PPAP patients can be highly variable, ranging from an
attenuated polyposis picture resembling that seen in
association with germline mutations in APC or MYH to
oligopolyposis or non-polyposis resembling HNPCC and
Lynch syndrome™>*,

Interestingly, although CRCs from PPAP patients
are hypermuted or ultramutated (with 100-fold more
mutations than sporadic microsatellite stable tumors)
due to loss in polymerase function that then generates
multiple random mutations in the cancer cell genome,
these tumors are microsatellite stable and do not
exhibit loss of expression of DNA MMR proteins!*%>>=%]
(Table 1). The absence of MSI in these CRCs is a
distinguishing feature, and should raise the clinical
suspicion of PPAP in families with cancer histories
suggestive of Lynch syndrome.

Familial colorectal cancer type X syndrome
Familial colorectal cancer type X (FCCTX) is the
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designation for patients with family history of CRC
meeting Amsterdam Criteria for Lynch syndrome, but
whose tumors lack MSI and whose germline lacks DNA
MMR gene mutations™. Nearly half of Amsterdam
Criteria-positive CRC families fit the description of
FCCTX. Clinically, however, CRC risk among FCCTX
patients is increased approximately 2-fold over
the general population (compared to > 6-fold for
Lynch syndrome patients), and FCCTX families lack
extracolonic cancers®™”,

As the “type X" label implies, the genetic etiology
for FCCTX is largely unknown. Recent investigations
suggest that FCCTX may be a heterogeneous condition,
since gene finding studies have uncovered mutations in
several genes, each affecting only one or a few families.
Germline mutations in RPS20, encoding an rRNA
maturation protein®®”, as well as in SEMA4A, HNRNPAO
and WIF1, whose encoded proteins are involved in
the regulation of PI3 Kinases and MAPK/ERK signaling
and NAD biosynthesis, have been identified®®* (Table
1). There is potential for phenotypic overlap between
FCCTX and other known genetic conditions (such as
PPAP), and germline mutations in BMPR1A (associated
with juvenile polyposis) have been identified in some
individuals with the clinical diagnosis of FCCTX®®., Even
S0, genetic testing is clinically uninformative in the vast
majority of patients with MMR proficient tumors without
polyposis phenotypes.

Potential overlap with other hereditary cancer
syndromes: Hereditary breast and ovarian cancer
syndrome

CRCs are common, and thus may be seen in association
with other hereditary cancer syndromes not typically
associated with increased risk for colorectal neoplasia.
Patients with hereditary breast and ovarian cancer
syndrome (HBOC) possess a germline mutation in
BRCA1 or BRCA2, two genes involved in DNA double
strand break repair (Table 1). The spectrum of cancers
in kindreds with HBOC can include not only breast and
ovarian cancer, but also pancreatic cancer and prostate
cancer®. Additionally, some reports suggest that breast
and prostate cancers may also be overrepresented
in Lynch syndrome kindreds®®¥. Thus, there is
potential for phenotypic overlap between HBOC and
Lynch syndrome, especially with regard to ovarian
and pancreatic cancers®®”, with Lynch syndrome
potentially accounting for 13%-15% of hereditary
ovarian cancers®, The lifetime risk for ovarian cancer
in Lynch syndrome patients is approximately 8%,
Consequently, Lynch syndrome and HBOC should each
be considered in the differential diagnosis for kindreds
with ovarian and/or pancreatic cancers.

In evaluating suspected Lynch syndrome families,
gene panel testing covering 25 cancer-causing genes
yielded 9% of suspected families with germline
DNA MMR gene mutations”*). Surprisingly, another
1% demonstrated germline mutations in BRCA1 or
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BRCA2, with 93% of these patients meeting NCCN
guidelines for Lynch syndrome testing while only
33% meeting NCCN guidelines for BRCA1 or BRCA2
analysis”", This study demonstrates the phenotypic
overlap between HBOC and HNPCC. This study also
demonstrates that the use of broader panel testing can
be highly informative in differentiating these syndrome
genetically.

CONCLUSION

HNPCC encompasses a spectrum of conditions that
have significant phenotypic overlap, and making a
genetic diagnosis in familial CRC cases can be clinically
challenging. Since risks for CRC and extracolonic
cancers differ among the various conditions, genetic
confirmation of the diagnosis can help direct sur-
veillance recommendations for the patient and their
at-risk family members. As clinical criteria have
limited sensitivity and specificity, analysis of tumor
tissue for the presence or absence of MSI can be
effective for identifying individuals at risk for Lynch
syndrome. Genetic testing for germline mutations
in individual genes (or panels of genes) can further
differentiate HNPCC into specific, defined syndromes.
Even in the absence of an informative genetic test
result, clinical suspicion should remain high, and
specialized surveillance is justified for at-risk individuals
from families affected with HNPCC. Next generation
sequencing will likely uncover additional genetic defects
in HNPCC kindreds. Documentation of phenotypes
and cancer incidence through longitudinal studies will
provide valuable clinical information regarding the
natural history of disease which will help differentiate
the Lynch syndrome mimics and guide diagnosis
and management for the heterogeneous conditions
currently grouped under the category of familial CRC.
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