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The genetic alterations in colorectal cancer progres-
sion are determined by one of two separate and
distinct underlying pathways of genomic instability.
The first pathway, chromosomal instability, is char-
acterized by allelic losses and aneuploidy. The sec-
ond pathway, microsatellite instability, is character-
ized by an abundance of subtle DNA mutations and
diploidy. Although the genes causing chromosomal
instability remain unknown, microsatellite instabil-
ity is caused by inactivation of a DNA mismatch
repair gene (predominantly MLH1 or MSH2). Mic-
rosatellite instability is present in 15% of colorectal
cancers, and is diagnosed by analysis of tumor DNA
from paraffin blocks and by demonstration of loss
of mismatch repair protein expression in cancers.
In addition to the unique profile of genetic alter-
ations, colorectal cancers with microsatellite insta-
bility have distinct pathologic features and im-
proved survival. Finally, cancers from most patients
with hereditary non-polyposis colorectal cancer (or
Lynch syndrome) have microsatellite instability due
to germline mutations in the DNA mismatch repair
genes. Identification of the microsatellite instability
pathway has enormous implications for the clinical
investigation and management of colorectal cancer
patients.
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Genetic Model of Colorectal Cancer
The past 15 years have been witness to the re-

markable evolution of the genetic model of human

cancer development and progression. It is now gen-
erally accepted that cancer is in large part a genetic
disease. This includes both inherited genetic factors
that influence predisposition to cancer, and the
genetic targets of neoplastic progression that confer
altered growth capacity to neoplastic cells.

It is no coincidence that colorectal cancer has
evolved as the paradigm on which many of our
current theories of cancer genetics are based. This
has occurred for a number of different reasons.
First, colorectal cancer is the second most frequent
malignancy in North America. Second, most colo-
rectal cancers are preceded by a clearly identifiable
precursor lesion, the adenoma. Third, colorectal
neoplasms are readily available for research inves-
tigations because surgical therapy is the mainstay
of treatment and mucosal-based tumors are simply
dissected for analysis. And fourth, inherited colo-
rectal cancer is comprised of a number of distinct
genetic syndromes, many of which have recently
been well-characterized.

Most pathologists are familiar with the genetic
model of colorectal cancer progression as pro-
posed by Vogelstein’s group as well as a number
of other investigators (1, 2). These studies have
carefully delineated that there are a number of
different alterations in genes controlling cell
growth, and that these accumulate across a spec-
trum of neoplasms with increasingly abnormal
morphology and phenotypic features (such as
mutations in APC, KRAS, and p53, as well as sub-
chromosomal deletions or sites of loss of het-
erozygosity) (reviewed in Ref. 3).

Recently, a number of morphologic observations
have led to some new molecular genetic insights
into colorectal neoplasia. In turn, these new find-
ings have important implications to the practicing
surgical pathologist. This review will describe these
recent advances and highlight their importance,
both in terms of understanding the biology of this
disease, as well as the possible use of these findings
in diagnosis and classification of sporadic and he-
reditary colorectal cancer syndromes.
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Gatekeepers and Caretakers in Colorectal
Neoplasia

Conceptually, a gatekeeper in human neoplasia
refers to a gene that controls the initiation (or is
rate-limiting) of a neoplasm in a specific tissue (4).
That is to say, the development of an early neo-
plasm in this tissue is almost universally associated
with (and possibly requires) alteration of this target
gene. Mutation and subsequent inactivation of the
adenomatous polyposis coli (APC) tumor suppressor
gene in colorectal neoplasia perhaps best exempli-
fies the gatekeeper model (5). In contrast, a care-
taker refers to a gene that controls the rate of ac-
cumulation of genetic alterations (or mutations)
during neoplastic progression. The DNA mismatch
repair genes serve as the prototypic model of care-
taker genes in human neoplasia, and are discussed
below.

APC was originally identified as the tumor sup-
pressor gene that causes familial adenomatous pol-
yposis coli (FAP) (6, 7). Although APC has a number
of putative functions, most ascribe the role in neo-
plasia to controlling the WNT signaling pathway via
regulation of beta-catenin levels (APC reviewed in
Ref. 8, beta-catenin reviewed in Ref. 9). APC inacti-
vation in tumors leads to beta-catenin stabilization,
activation of the TCF transcription factor, and sub-
sequent up-regulation of c-MYC, Cyclin-D1, and
other genes (10, 11). Individuals affected by FAP
usually have germ line APC mutations that predict

protein truncation and loss of function (5–7). These
mutations are directly associated with the develop-
ment of thousands of colonic adenomas at a very
young age. Small intestinal adenomas, gastric ade-
nomas, desmoid tumors, and thyroid neoplasms
also may occur; however, there is a relative absence
of neoplasia at most other organ sites. Following
the model of several other human tumor suppres-
sor genes, APC mutations were subsequently iden-
tified in most colorectal cancers, confirming the
critical role of this alteration in colorectal neoplasia
in general (3, 5).

The critical evidence supporting the possible
gatekeeper role of APC in colorectal neoplasia came
from studies of the timing of inactivation during
neoplastic development. Even when very small tu-
bular adenomas are examined, there is evidence for
inactivation of both APC alleles, supporting the
early occurrence of these alterations. This was sub-
sequently confirmed by studies of the earliest dis-
sectable neoplasms, aberrant crypt foci (ACF) (Fig.
1). ACF are collections of 3 to 20 or more adjacent
crypts that share morphologic abnormalities when
examined in methylene blue stained mucosal
sheets by dissecting microscope (reviewed in Refs.
12 and 13). This preparation allows visualization
into the crypt lumen (which has no staining) and is
contrasted by staining of the crypt epithelial nuclei
(giving the appearance of tightly packed together
blue donuts with central white holes). Typically,

FIGURE 1. Aberrant Crypt Foci. Left, methylene blue stained colonic mucosal sheet viewed under dissecting microscope. Crypt lumens are viewed
on end, and appear as white spots. Aberrant crypt foci (arrows) have dilated diameters, increased staining, and slit-like lumens. Right, histologic
examination of these aberrant crypt foci reveals dysplasia. These tiny microscopic adenomas are associated with bi-allelic inactivation of the APC
gene.
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ACF have dilated crypt diameters, and increased
nuclear staining, with either serrated or slit-like
(rather than rounded) lumens. Most histopatho-
logic studies have confirmed two types of ACF, ei-
ther hyperplastic (akin to tiny hyperplastic polyps)
or dysplastic (akin to tiny adenomas). Dysplastic
ACF are analogous to the microadenomas or unic-
ryptal adenomas that all pathologists are familiar
with in the grossly normal colons of patients with
familial adenomatous polyposis. Remarkably, dys-
plastic ACF are almost universally accompanied by
APC mutations whereas similar mutations have
never been conclusively identified in hyperplastic
ACF, suggesting that APC mutations are the molec-
ular determinant of dysplasia (14).

The final evidence comes from the observation
that mice with heterozygous inactivation of the
mouse homologue of APC develop multiple intesti-
nal neoplasms (accounting for the gene name Min)
(15). Analogous to humans with FAP, both copies of
the Min gene are mutated in even the very tiniest
neoplasms from these mice (16).

In recent years, there have been colorectal neo-
plasms identified that do not harbor APC muta-
tions. Interestingly, these tumors often have muta-
tions in the beta-catenin gene, a WNT signaling
pathway component located downstream of APC,
suggesting that the importance lies in up-regulation
of this signaling pathway, not necessarily in alter-
ation of APC itself (9, 17).

Although it is not yet clear whether all human
tissues will have a gatekeeper gene, this function
has been ascribed to the VHL gene for renal cell
carcinoma and to the PTCH gene for basal cell
carcinomas. Critical translocations may have simi-
lar roles in some hematologic neoplasms and soft
tissue tumors.

Attenuated Forms of Familial Adenomatous
Polyposis

In individuals with familial adenomatous polyp-
osis, APC mutations are usually identified in the
middle third of the gene (8). Although 100 adeno-
mas are required by definition, most of these pa-
tients have thousands of adenomas. Separate from
classic familial adenomatous polyposis, a different
subset of patients and families exist that have in-
herited predisposition toward the development of
20 to 100 adenomas. Termed attenuated familial
adenomatous polyposis, these individuals usually
have APC mutations at the extreme 5' or 3' ends of
the gene (18, 19). Although the exact mechanisms
are not understood, these mutations presumably
exert less functional significance. Importantly, at-
tenuated familial adenomatous polyposis is a less
well recognized clinical entity, and is often first
identified by the pathologist at the time of exami-

nation of a resection specimen for a cancer or large
adenoma. Correct identification requires histologic
examination of all available synchronous polyps to
differentiate adenomas and hyperplastic polyps. At
our institution, these are examined by submitting
multiple polyp “decapitations” (which are easily
removed with scissors) in a single cassette. Future
genetic work-up and risk stratification is dependent
on explicitly delineating the numbers of adenomas
and hyperplastic polyps. Finally, the existence of
attenuated familial adenomatous polyposis raises
the possibility that other weakly penetrant alleles
could contribute to the occurrence of less distinct
multiple adenoma syndromes.

APC I1307K Allele in the Ashkenazim
Originally identified in a young patient with mul-

tiple adenomas, the APC I1307K allele is a recurrent
substitution polymorphism present in about 7% of
individuals of Ashkenazic Jewish ancestry (20). Al-
though the isoleucine to lysine substitution is not
thought to be of functional significance, the nucle-
otide alteration results in the creation of a novel
mononucleotide tract ({GAAATAAAAG{to{GAAA-
AAAAAG{). Mononucleotide tracts are known to be
unstable during DNA replication (due to strand
slippage), and thus the I1307K is effectively hyper-
mutable compared with the wild type sequence.
This renders the APC gatekeeper more susceptible
to mutation and inactivation, and carriers of this
allele are about 1.7 times more likely to develop
colorectal cancer (20, 21). Consistent with this gate-
keeper susceptibility, carriers of the I1307K allele
are significantly more likely to develop multiple
adenomas, usually between 3 to 20 adenomas in
total (22). This finding also supports the notion that
all patients with multiple adenomas may have sig-
nificant genetic determinants, again emphasizing
the role of the pathologist in carefully documenting
all polyps and interacting directly with hereditary
cancer clinics.

Mutator Phenotype and Genomic Instability
Many investigations have demonstrated that the

spontaneous basal mutation rate in normal human
cells is not high enough to account for the number
of mutations that accumulate in cancer cells. This
led to the hypothesis that neoplastic cells must
acquire a mutator phenotype, wherein mutations
are acquired (and tolerated) faster than the basal
rates in normal cells (23, 24). Failure of any of the
cellular caretakers involved in maintaining replica-
tion fidelity will result in a mutator phenotype (also
known as genome instability) (4). This includes al-
terations in DNA replication machinery (not known
to be common in cancer), alterations in DNA dam-
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age sensors and regulators (such as cell cycle check
point genes; of increasing importance in cancer—
see Ref. 25) and inactivation of DNA mismatch re-
pair (the best characterized form of genome insta-
bility—see below).

Hereditary Non-Polyposis Colorectal Cancer
(HNPCC) and Familial Colorectal Cancer

The role of DNA mismatch repair in human can-
cer was primarily identified from the study of fam-
ilies with HNPCC. HNPCC is a highly penetrant
hereditary cancer syndrome originally described by
a pathologist (reviewed in Refs. 26 and 27). Some
HNPCC families have only colorectal cancers (pre-
viously known as Lynch I), whereas others have a
number of extracolonic cancers (including endo-
metrial, gastric, ureter, brain, and bile duct; previ-
ously known as Lynch II). In addition, Muir-Torre
syndrome (visceral, predominantly colorectal ma-
lignancies, and skin tumors, particularly sebaceous
neoplasms and keratoacanthomas) is also recog-
nized as a component of HNPCC. Interestingly, the
same genetic defects seem to underlie all three
variants of HNPCC.

To assist in the recognition and management of
HNPCC patients, a number of family history criteria
have been proposed. The Amsterdam criteria are
the most widely used, although a number of other
less stringent criteria have also been developed
(26 –28). Similarly, estimates of the proportion of
colorectal cancer due to HNPCC have also varied
widely, in part due to non-uniform application of
criteria and biases inherent in hospital-based se-
ries. Most recent population-based studies indicate
that about 2 to 3% of all colorectal cancer is due to
HNPCC (26, 27). In past, because HNPCC cancers
were identifiable by family history, pathologists
have not played a significant role in diagnosis and
management.

Finally, about 10220% of colorectal cancer exhib-
its lesser degrees of familial clustering, and is
broadly categorized as intermediate risk. Although
a component of these may contain the same ge-
netic defects as HNPCC, the genetic basis of most
remains largely unknown at the present time.

DNA Mismatch Repair Deficiency in Colorectal
Cancer

The tumors from about three quarters of HNPCC
families display a DNA alteration termed high fre-
quency microsatellite instability (MSI-H). This was
independently identified by three different labora-
tories, and originally referred to as ubiquitous so-
matic mutation, replication error, and microsatel-
lite instability (29 –31). Recognized to be the result
of DNA mismatch repair deficiency, MSI-H is de-

fined by the presence of altered sizes of repetitive
DNA sequences due to dramatic increases in spon-
taneous mutation rates. DNA mismatch repair is a
multi-protein complex involved in correcting 1 to 3
base mismatches that occur during replication (re-
viewed in Refs. 32 and 33). Germ line mutations in
one of several DNA mismatch genes (including
MLH1, MSH2, PMS2, and MSH6) are usually found
in HNPCC patients whose tumors have MSI-H.
These mutations usually predict truncated protein
products, and result in inactivation of DNA mis-
match repair (reviewed in Ref. 34).

Interestingly, MSI-H is also present in about
10220% of sporadic colorectal cancers, as well as an
approximately similar proportion of endometrial
and gastric cancers. In the sporadic cancers, DNA
mismatch repair deficiency is usually the result of
MLH1 inactivation due to methylation suppression
of the MLH1 promoter region (35–37).

Microsatellite Instability Testing
As in many other emerging fields, early investi-

gations of microsatellite instability were difficult to
interpret and compare due to differences in defini-
tions and criteria for testing and classifying. Two
NIH-sponsored conferences led to the develop-
ment of standardized criteria for genetic loci for
testing and interpreting the results of microsatellite
instability (38). Essentially, tumor DNA is compared
with normal DNA at five loci (microsatellites). If no
alterations are identified, the tumor is considered
to be microsatellite stable (MSS). If size alterations
or shifts are identified at two or more loci, the
tumor is classified as MSI-H. If only one locus is
altered, five additional loci are tested. If only one to
three loci (of 10 total tested) have shifts, the tumor
is considered to have low frequency MSI (MSI-L). If
four or more loci have shifts, the tumor is MSI-H.
DNA mismatch repair inactivation is almost univer-
sally associated with tumors that are MSI-H. Al-
though some MSI-L tumors have inactivation of
MSH6, the exact genetic basis of most of these
tumors is not clearly defined.

There are a number of different methods avail-
able to perform MSI testing. Gel electrophoresis of
radioactively labeled PCR products is the most
widely used approach. Many larger genetics labs
with higher throughput are utilizing fluorescent la-
beled PCR reactions and analysis of fragment sizes
by automated sequencers. Finally, the mononu-
clotide loci (BAT25, BAT26, and BAT40) have more
than 90% sensitivity by themselves, and are readily
analyzed on high resolution agarose gels with rou-
tine staining methods as well as by SSCP.

Carcinogenesis in the GI Tract (M. Redston) 239



DNA Mismatch Repair Immunohistochemistry
Most DNA mismatch repair gene mutations as-

sociated with MSI-H cancers predict protein trun-
cations. These are usually associated with absent
protein expression in the tumor, due to either mes-
sage or protein instability and degradation. As a
result, immunohistochemical identification of ab-
sent MLH1 or MSH2 protein expression is a valu-
able adjunct to characterizing mismatch repair de-
ficiency (Fig. 2). In our experience, absence of
protein expression has a 100% correlation with
truncating mutations in either of these genes (39).
The immunohistochemical findings in tumors as-
sociated with substitution mutations in mismatch
repair genes are not as well characterized. Further-
more, about 20 to 30% of MSI-H tumors have intact
MLH1 and MSH2, and are presumably due to subtle
alterations, or mutations in other mismatch repair
or related genes. Immunohistochemistry for MSH6
has also been reported, but MSH6 mutation and
inactivation is a common downstream target in
about 40% of MSI-H tumors, and is therefore of less
utility for characterizing underlying defects (40).

Germ Line Testing for DNA Mismatch Repair
Gene Mutations

Following identification of MSI-H and mismatch
repair gene deficiency in the tumors of appropriate
high-risk families, there are a number of different
approaches that can be taken to further character-
ize the underlying mutation (19). Identification of
truncated protein products utilizing the in vitro
synthesized protein assay or protein truncation test
are commonly used initial screening methods.
Many labs follow this with SSCP or direct sequenc-
ing if no truncations are identified, although some
labs begin with sequencing-based approaches ini-
tially. Most genetic labs currently test for mutations
in MLH1 and MSH2, and screening for mutations in
other genes is usually only performed in a research
setting. Finally, Southern blot analysis to detect
deletions and rearrangements is performed at some
labs for high-risk families with MSI-H cancers in
which no mutations can be identified. Overall, mu-
tations are split primarily between MLH1 and
MSH2, and are less frequently identified in MSH6
and PMS2 (19, 26 –28, 34, 41).

FIGURE 2. Mismatch Repair Gene Localization. Both MLH1 and MSH2 are normally expressed in crypt epithelial nuclei (to left of each field),
which is utilized as an internal control for positive staining. The cancer in the upper panels has intact MLH1 staining (upper left) and absent MSH2
staining (upper right), whereas the cancer in the lower panels has absent MLH1 staining (lower left) and intact MSH2 staining (lower right).
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Hereditary Colorectal Cancer Testing Algorithms
Following the identification of the genetic basis

of HNPCC, there has been a rapid expansion in
management of hereditary colorectal cancer in the
past 3 to 5 years (19, 26, 27). The investigation of
high-risk families is fairly uniform, and variations
are due primarily to slight differences in methods
available or favored by different labs. Most clinics
have expanded high risk to include Amsterdam cri-
teria as well as modifications that include extraco-
lonic cancers. MSI testing is usually the first step.
MSI-H cancers proceed to MLH1 and MSH2 immu-
nohistochemistry, with subsequent germ line test-
ing guided by these results. If immunohistochem-
istry is not available, germ line testing is initiated
for both MLH1 and MSH2. Patients whose colorec-
tal cancers are MSI-L and MSS do not undergo
further testing in most labs. Investigation of inter-
mediate risk families is more variable, and more
often funded by research protocols. In general MSI
testing is still the first step, followed by immuno-
histochemistry. However, MLH1-deficient cancers
are tested for methylation of the MLH1 promoter
region before germ line testing. The yield of germ
line mismatch repair gene mutations in intermedi-
ate risk families is significantly lower than in high-
risk families (less than 20% versus 50 to 75% posi-
tive, respectively). In addition, MSH6 testing is
ongoing at some centers, and may be undertaken
on MSI-H, MSI-L, and MSS colorectal cancers of
either high or intermediate risk.

There are several different purposes for a genetic
testing program. The motivating factor for most
affected probands is to provide information to un-
affected at-risk family members so that they may
undergo predictive testing with appropriate subse-
quent screening and management depending on
carrier status.

Genomic Instability Pathways and Genetic
Progression in Colorectal Cancer

The identification of the microsatellite instability
pathway indicates that there are at least two dis-
tinct pathways to colorectal cancer development
(42; reviewed in Ref. 43). MSS cancers are typically
aneuploid and characterized by widespread sub-
chromosomal deletions (loss of heterozygosity),
and, to a lesser extent, amplifications and translo-
cations (often referred to as chromosomal instabil-
ity). MSI-H cancers, on the other hand, are diploid,
usually with no significant gross chromosomal
changes, but with widespread subtle sequence al-
terations throughout the genome, particularly at
sites of repetitive DNA. In addition, APC mutations,
KRAS mutations, and p53 mutations are all more
frequent in MSS cancers, whereas widespread
methylation abnormalities and gene silencing are

more common in MSI-H cancers (particularly spo-
radic tumors due to MLH1 methylation suppres-
sion) (5, 44 – 47).

In addition to differences in the frequency of
alteration of targets known to be involved in colo-
rectal cancer, MSI-H cancers also harbor mutations
in a number of genetic targets that are relatively
unique to this pathway. These target genes can be
predicted from the observed hypermutability of
mononucleotide tracts in yeast with DNA mismatch
repair deficiency (48, 49). The inactivating muta-
tions in MSI-H colorectal cancers cluster to similar
hypermutable repetitive DNA sequences present in
the coding regions of genes important to cell
growth and cell survival, such as TGFbRII, IGFIIR,
E2F-4, BAX, Caspase-5 and MBD4 (50 –55). All of
these genes contain coding sequence mononucle-
otide tracts of 8 to 10 bases that are mutated in 30
to 80% of MSI-H colorectal cancers. In addition,
whereas APC mutations may be less common, mu-
tations in a downstream gene, beta-catenin, are
significantly more common, supporting the impor-
tance of this pathway in colorectal neoplasia (17,
56).

Biologic Significance of Genomic Instability
Pathways

There has been much promise in the past 10
years that advances in our molecular understand-
ing of human cancer will translate into new ap-
proaches to diagnosis and management. Although
there have been significant inroads into hereditary
cancers, practical applications to sporadic neopla-
sia have not yet had major impact. In colorectal
neoplasia, most research has focused on attempts
to find associations between individual markers
(such as aneuploidy, p53 mutations, KRAS muta-
tions, Bcl-2 expression etc) and prognosis (reviewed
in Ref. 3). To date, the molecular marker with the
greatest possible predictive power has been loss of
18q genes (including DCC and others) (57). Al-
though these latter markers are predictive of de-
creased survival, they have not moved into wide-
spread clinical use.

Identification of the microsatellite instability
pathway, on the other hand, has much greater po-
tential as a likely molecular marker. Rather than
being a measure of a single gene alteration, MSI
identifies an entire pathway of genetic abnormali-
ties. In fact, the pathogenesis of MSS and MSI-H
colorectal cancers are so different, it may be rea-
sonable to consider them as representing two dif-
ferent diseases. Interestingly, some of the previ-
ously studied molecular markers that have revealed
promise as clinical predictors, may do so because
they are surrogate markers of the MSS pathway. For
instance, aneuploidy, 18q loss of heterozygosity,
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and (to a lesser extent) p53 mutations are almost
exclusively present in MSS tumors (42, 45, 58).

Pathologic Characteristics of Colorectal Cancers
with Microsatellite Instability

Some of the most definitive evidence of the likely
biologic importance of the MSI pathway is present
in studies clearly demonstrating the unique patho-
logic attributes of these cancers (see Refs. 59 – 61 for
subsequent discussion). A number of earlier inves-
tigations of colorectal cancers from Amsterdam cri-
teria HNPCC patients suggested significant differ-

ences in clinical pathologic features and improved
overall patient survival. The advent of MSI testing
has allowed the definitive identification of a distinct
subset of mismatch repair deficient tumors that can
be readily analyzed. Although there are some sug-
gestions of slight differences between sporadic and
hereditary MSI-H cancers, most studies have con-
sidered these together. Although only colorectal
cancers will be considered in this review, there are
suggestions of unique associations with both endo-
metrial and gastric cancers.

Overall, MSI-H cancers are more likely to be
found in younger aged patients. Although this is
most striking for HNPCC patients, there is also sug-
gestion of a downward trend in age for sporadic
MSI-H cancers. Patients with one MSI-H colorectal
cancer are also more likely to have synchronous or
metachronous cancers as well as extracolonic can-
cers (typically HNPCC-related). Grossly, MSI-H
colorectal cancers are much more likely to be lo-
cated in the right colon, and are typically bulky,
polypoid or exophytic, and associated with abun-
dant necrosis.

Microscopically, expanding rather than infiltrat-
ing margins of invasion are more common in
MSI-H colorectal cancers (Fig. 3). MSI-H colorectal
cancers are also more likely to be poorly differen-
tiated and necrotic, and extracellular mucinous tu-
mors, signet ring cell tumors, and undifferentiated
and microglandular components are all over-

FIGURE 3. Colorectal Cancer with Microsatellite Instability. Low
magnification of this MSI-H colon cancer reveals a pushing or
expanding margin of invasion, poor differentiation, and a prominent
Crohn’s-like lymphoid reaction, characterized by peritumoral lymphoid
aggregates, some with germinal centers.

FIGURE 4. Microglandular Architecture and Necrosis in MSI-H Colorectal Cancer. Left, this MSI-H cancer has sheet-like morphology with multiple
microlumina and anastomosing cords of cells, often referred to as a microglandular or cribriform morphology. Right, MSI-H cancer with extensive
areas of geographic necrosis.
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represented (Fig. 4), although there is significant
variability in the degree of these findings between
different studies. Finally, a variety of different host
immune responses, including peritumoral lympho-
cytes, peritumoral lymphocytes with lymphoid ag-
gregates (Crohn’s-like lymphoid reaction), and tu-
mor infiltrating lymphocytes are all more frequent
in colorectal cancers with MSI-H (Fig. 5).

Some attempts have been made to look at the
sensitivity and specificity of various criteria in pre-
dicting MSI-H, as well as development of a hierar-
chical decision tree for classification. In general,
although criteria have not yet been developed for
definitive classification, right-sided location, undif-
ferentiated or microglandular component (Fig. 7),
and tumor infiltrating lymphocytes have the high-
est degrees of specificity (60).

Clinical Behavior of Colorectal Cancers with
Microsatellite Instability

Beginning with older studies of colorectal cancers
occurring in patients with HNPCC, there are now
several investigations clearly demonstrating that
MSI-H colorectal cancers are associated with an
improvement in overall survival (61– 63). In a recent
multivariate analysis of more than 600 patients,
MSI-H (in addition to AJCC Stage, histologic grade
and extramural venous invasion) was found to be
an independent predictor of outcome (hazard ratio
0.45, P , .001) (61). Furthermore, MSI-H cancers

were significantly less likely to have metastasized
for any given T stage (for instance 6/7 T4 N0 can-
cers were MSI-H), again highlighting the important
differences in biologic behavior.

Several important questions remain. What is the
response of MSI-H colorectal cancers to chemo-
therapy? In vitro studies suggest that MSI-H cell
lines are more resistant to alkylating agents (64),
although at least one clinical study suggests that
MSI-H colon cancers are more chemosensitive (65).
Is there a survival advantage associated with stan-
dard chemotherapy in MSI-H colorectal cancer?
Can specific chemotherapies be developed to target
and take advantage of DNA mismatch repair defi-
ciency in tumor cells? What is the mechanism of the
improved survival? Does the severity of the
genomic instability render the cells more sensitive
to apoptosis? Are invasion and metastasis genes
less likely to be targeted? Does the prominent host
immune reaction play a pathophysiologic role in
the survival advantage? Answers to these and other
questions in the coming years will likely yield ad-
ditional important insights into this deadly disease.

CONCLUSION

The most significant recent advances in our un-
derstanding of colorectal neoplasia, and in possible
new clinical applications, have arisen from the mar-
riage of pathology, clinical oncology, genetics and

FIGURE 5. Tumor Infiltrating Lymphocytes in MSI-H Colorectal Cancer. Left, undifferentiated MSI-H colon cancer with a dense infiltrate of
tumor-infiltrating lymphocytes. Right, same cancer stained with anti-CD3 antibodies highlights the infiltrating lymphocytes, and reveals that they are
mostly T-cells.
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basic science. In a back-and-forth exchange of
ideas, observations by pathologists have been crit-
ical in delineating the stepwise genetic model of
neoplastic progression and in identifying and char-
acterizing genetic factors in cancer predisposition.
Furthermore, application of the basic science ad-
vances back into clinical pathology and oncology
provide the most compelling evidence that genetic
factors can be used to define new disease subtypes.
The pathologist sits in a unique position at the
crossroads of these disciplines, and is a central
player in the investigation, diagnosis, and manage-
ment of hereditary cancers, as well as in the devel-
opment of new tumor classification schemes. The
rapid development of new technologies and the
completion of the human genome project will pro-
vide pathologists with the opportunities to redefine
their practice with unprecedented power compared
with research developments over the past two
centuries.
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