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Cancer with high levels of microsatellite instability
(MSI-H) is the hallmark of hereditary nonpolyposis
colorectal cancer syndrome, and MSI-H occurs in
;15% of sporadic colorectal carcinomas that have
improved prognosis. We examined the utility of his-
topathology for the identification of MSI-H cancers by
evaluating the features of 323 sporadic carcinomas
using specified criteria and comparing the results to
MSI-H status. Coded hematoxylin and eosin sections
were evaluated for tumor features (signet ring cells;
mucinous histology; cribriforming, poor differentia-
tion, and medullary-type pattern; sponge-like muci-
nous growth; pushing invasive margin) and features
of host immune response (Crohn’s-like lymphoid re-
action, intratumoral lymphocytic infiltrate, and in-
traepithelial T cells by immunohistochemistry for
CD3 with morphometry). Interobserver variation
among five pathologists was determined. Subjective
interpretation of histopathology as an indication for
MSI testing was recorded. We found that medullary
carcinoma, intraepithelial lymphocytosis, and poor
differentiation were the best discriminators between
MSI-H and microsatellite-stable cancers (odds ratio:
37.8, 9.8, and 4.0, respectively; P 5 0.000003 to
<0.000001) with high specificity (99 to 87%). The
sensitivities, however, were very low (14 to 38%),
and interobserver agreement was good only for eval-
uation of poor differentiation (kappa, 0.69). Muci-
nous histopathological type and presence of signet
ring cells had low odds ratios of 3.3 and 2.7 (P 5 0.005
and P 5 0.02) with specificities of 95% but sensitivi-
ties of only 15 and 13%. Subjective interpretation of
the overall histopathology as suggesting MSI-H per-
formed better than any individual feature; the odds
ratio was 7.5 (P < 0.000001) with sensitivity of 49%,
specificity of 89%, and moderate interobserver agree-
ment (kappa, 0.52). Forty intraepithelial CD3-positive

lymphocytes/0.94 mm2, as established by receiver op-
erating characteristic curve analysis, resulted in an
odds ratio of 6.0 (P < 0.000001) with sensitivity of
75% and specificity of 67%. Our findings indicate that
histopathological evaluation can be used to prioritize
sporadic colon cancers for MSI studies, but morpho-
logical prediction of MSI-H has low sensitivity, requir-
ing molecular analysis for therapeutic decisions.
(Am J Pathol 2001, 158:527–535)

Molecular studies have identified 10 to 15% of colorectal
cancers in which a primary genetic abnormality is defec-
tive DNA nucleotide mismatch repair. This abnormality
results in extensive instability in repeated nucleotide se-
quences called microsatellites that is termed microsatel-
lite instability (MSI; also termed DNA replication errors,
RER, or ubiquitous somatic mutation).1–3 MSI2,4–7 is
caused by inactivation of one of a group of genes re-
sponsible for nucleotide mismatch repair, including
hMSH2, hMLH1, PMS1, PMS2, hMSH6/GTBP, and
hMSH3.8–14 Hereditary nonpolyposis colorectal cancer
syndrome (HNPCC) is usually the result of a germline
mutation in hMSH2 or hMLH1.9–11,13–16 High levels of
MSI (MSI-H) resulting from somatic inactivation of the
other wild-type allele are the molecular hallmark of can-
cers in patients with HNPCC. Sporadic MSI-H colon can-
cers2,17–20 are much more common than colon cancers
occurring in HNPCC, which accounts for only 3 to 5% of
all colorectal carcinomas. Sporadic MSI-H tumors usually
occur because of transcriptional silencing by methylation
of the promoter of the hMLH1 gene.21,22 Calculations
based on the frequency of MSI-H among colorectal can-
cers and the annual incidence suggest that ;20,000 to
26,000 MSI-H colorectal cancers occur each year in the
United States.

A workshop sponsored by the National Cancer Insti-
tute developed criteria for distinction of MSI colorectal
cancers from the much more common microsatellite-sta-
ble (MSS) type and for classification of MSI into high and
low levels (MSI-H and MSI-L, respectively).19 Microsatel-
lite alterations that have accumulated in the clonal tumor
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cell population are identified by comparison of polymer-
ase chain reaction amplification products from tumor
DNA and non-neoplastic DNA (adjacent tissue or periph-
eral blood).19,23 Alternatively, tumor DNA alone can be
studied for changes in lengths of microsatellites that
rarely show polymorphism, such as the 10-bp polyade-
nine repeat within the transforming growth factor-b1-type
II receptor gene (TGF-b1-RII) or BAT-26 within an intron
of hMSH2.24–28 Mutation in the TGF-b1-RII gene is
present in the vast majority of MSI-H colorectal can-
cers.27,29,30

Identification of MSI-H cancers has clinical implica-
tions for recognition of HNPCC and for management and
prognosis of patients with colorectal carcinoma. Clinico-
pathological criteria have been developed to identify
those patients for whom MSI analysis should be per-
formed to increase recognition of HNPCC probands.31

These “Bethesda criteria” include familial, individual, and
tumor characteristics.32 Emerging issues such as seg-
mental versus total colectomy as primary surgery for
HNPCC patients with cancer require timely prediction of
the molecular subtype for patient management.33 In ad-
dition, patients with inherited or sporadic MSI-H colon
cancers have inherently better stage-specific survival af-
ter surgical and adjuvant therapies.2,7,18,34–43

Molecular analysis of tumors for MSI is currently time-
consuming and expensive to perform, presenting obsta-
cles to thorough molecular study of all colon cancers
before decisions about therapy. HNPCC cohort analysis
suggests a preponderance of poorly differentiated and
mucinous colonic carcinomas,15 which subsequent stud-
ies of sporadic MSI-H colon cancer have reiterated.18,44

Pronounced features of host-tumor interaction, such as
lymphoid reaction,17,45 either Crohn’s-like with lymphoid
nodules including germinal centers46,47 or more diffuse
with increased intraepithelial lymphocytes,48 have also
been described. If recognizable morphology is charac-
teristic of MSI-H colon cancer,20,49 histopathology could
be used to identify cases. However, the clinical applica-
bility of these morphological features has not been stud-
ied in detail. We therefore applied histopathological cri-
teria to a cohort of sporadic colon cancer that had been
subjected previously to comprehensive MSI analysis, to
test the ability of histopathology to select for MSI-H colon
carcinoma.

Materials and Methods

Tumor Specimens

The tumors were derived from a previous study of prog-
nostic/predictive markers, reported in detail elsewhere, in
an Eastern Cooperative Oncology Group cohort.50 The
520 coded specimens were stage II or stage III sporadic
colon carcinomas from patients initially accrued to two
clinical trials of postoperative adjuvant chemotherapy.
E2284 (INT 0035) compared postoperative 5-fluorouracil
(5-FU)/levamisole with postoperative levamisole or sur-
gery alone in resectable Dukes’ B or C adenocarcinoma
of the colon; E2288 (INT 0089) compared low-dose leucovorin/

5-FU, high-dose leucovorin/5-FU, levamisole/5-FU, and low-
dose leucovorin/levamisole/5-FU after curative resection
of Dukes’ B or C colon cancer. One formalin-fixed paraf-
fin-embedded block of tumor from the pre-adjuvant re-
section specimen of each patient was obtained through
the Eastern Cooperative Oncology Group Pathology Co-
ordinating Office at Evanston Hospital in Evanston, IL,
with the approval of the Coordinating Center of the East-
ern Cooperative Oncology Group in Brookline, MA. Spec-
imens remained coded for the entire molecular and his-
topathological evaluation.

Molecular Analysis for MSI Status

Laboratory analysis of molecular markers in the coded
specimens was done previously in the Division of Gas-
trointestinal-Liver Pathology of The Johns Hopkins Uni-
versity School of Medicine, Baltimore, MD, as reported in
detail elsewhere.50 Eight dinucleotide repeats (D18S55,
D18S58, D18S61, D18S64, D18S69, D17S1176, D17S520,
and TP53) and two mononucleotide repeats in polyadenine
tracts of TGF-b1-RII or BAT-26 were amplified by poly-
merase chain reaction. Three hundred six cases had MSI
status determined by both dinucleotide and mononucle-
otide markers, of which 22% (67 of 306) were MSI-H,
based on shifts of allele size in at least two markers
representing 30% or more of evaluable markers.19,50 The
number of shifted markers ranged from 2 to 10 with an
average of 5.5 shifted markers. Cases with a shift in only
one dinucleotide marker representing ,30% of evaluable
markers were classified as MSI-L and were included with
MSS tumors for analysis, because of the reported simi-
larity between cases with low levels of MSI and
MSS17,18,51 and the small number of MSI-L cases in our
series that precluded meaningful subset analysis. Our
molecular data showed that all tumors with TGF-b1-RII or
BAT-26 mutations also had shifts in dinucleotide repeats.
Therefore, the remaining 214 cases for which control
genomic DNA was not retrievable by microdissection
were amplified for TGF-b1-RII and BAT-26 mutations,
revealing an additional 31 cases classifiable as MSI-
H.27–30 The remainder of the cases (n 5 183) were clas-
sified as indeterminate for MSI status and excluded. Of
the 98 MSI-H cancers, 92 were available for histopatho-
logical evaluation, and 231 of the 239 MSS tumors were
available as morphological controls, producing a study
group total of 323 cases with prevalence of MSI-H of 28%
(92 of 323). The mean age of the MSI-H group was 61
years with a median of 63 years; 45% were women. The
MSS cases had a mean age of 64 years and median of 65
years; 40% were women. The differences in age and
gender were not statistically significant. No attempt was
made to distinguish HNPCC and sporadic MSI-H cases.

Histopathological Features

Coded hematoxylin and eosin (H&E) slides (n 5 323),
one representative of each case, were examined individ-
ually by five pathologists without access to clinical data.
Each section was cut from the same block used for DNA
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retrieval in the previous molecular study.50 Histopatho-
logical evaluation of tumor features and host response
was performed using the following criteria.

Tumor Features

Signet Ring Cells: The presence of tumor cells with an
intracytoplasmic mucin-filled vacuole causing lateral
compression of the nucleus, whether within extracellular
mucin lakes or infiltrating directly in stroma.

Mucinous (Colloid) Histology: Extracellular mucin accu-
mulation bounded either by neoplastic epithelium or by
host stroma. Semiquantitative assessment characterized
two subgroups, .50% of tumor area involved and 10 to
50% of tumor area involved.52

Cribriforming Growth Pattern: Invasive tumor epithelial
islands showing punched-out, gland-like spaces with
sharp margins, rounded or ovoid in shape. Tumors were
semiquantitatively subgrouped into .50% involvement of
the tumor area or 10 to 50% involvement.

Poor Differentiation: Solid or sheet-like epithelial growth
in .70% of the tumor area, with ,30% of tumor showing

gland formation.2 This feature was assessed away from
the invasive edge.

Medullary Pattern (Figure 1): Rare subtype of poor dif-
ferentiation consisting of nests, trabecula, and sheets of
small- to medium-sized cells with scant to abundant eo-
sinophilic cytoplasm,53,54 frequent mitotic figures and a
distinct stromal population of small lymphocytes. Two
subgroups were defined, .70% of area55 and 10 to 70%
of area.

Mixed Growth Patterns: Distinct and different growth
patterns as described above, identified adjacent to each
other in the same histological section. For example, mu-
cinous and medullary pattern with poor differentiation
produced a mosaic appearance in some carcinomas,
with no dominant growth pattern.

Sponge-Like Architecture: Finger-like extensions of mu-
cin extending radially from the tumor, in association with
strips of neoplastic epithelium, producing a net-like or
sponge-like low-power architecture.

Pushing Margin: The presence of an expansile appear-
ance to the advancing tumor margin when viewed at low
power. This characteristic was only assessable if the
slide included the infiltrating edge of the tumor and ad-
jacent stroma.

Figure 1. Histopathology of medullary carcinoma of the colorectum, a tu-
mor-type characteristic of MSI-H. The malignant cells are large with abundant
pink cytoplasm and vesicular nuclei with prominent nucleoli. Numerous
lymphocytes are evident in the malignant epithelium.

Figure 2. Immunohistochemistry for CD3 pan-T cell marker with methyl
green counterstain. Numerous T lymphocytes are present in the neoplastic
epithelium of this MSI-H colon carcinoma as well as in the surrounding
nonneoplastic stroma. (Same specimen as Figure 1.)
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Extensive Necrosis: More than 50% of the tumor area
occupied by necrotic material. Although the presence of
‘dirty’ necrosis is a common finding in colorectal carci-
nomas, widespread necrosis was the feature sought.

Host Immune Response Features

Crohn’s-Like Peritumoral Reaction: Pronounced lymphoid
reaction to the tumor, composed of lymphoid follicles with
germinal centers at the tumor edge, not associated with
either mucosa (eg, diverticular origin) or pre-existing lymph
node. Two or more large lymphoid aggregates in a section
were required for the presence of this feature.46,47

Intratumoral Lymphocytic Infiltrate (Figure 1): The pres-
ence of small round lymphocytes within the tumor epithe-
lium using H&E staining, often seen in association with a
peritumoral, stromal lymphocytic, or inflammatory infiltrate.

Quantitation of Intratumoral T cell Infiltrate (Figure 2): An
available section from 169 cases (52 MSI-H, 117 MSS)
was stained immunohistochemically using anti-CD3
pan-T cell antibody (DAKO, Carpinteria, CA), with diami-
nobenzidine as the chromogen in the TechMate 1000
automated system (Ventana, BioTek Solutions, Tucson,
AZ). The number of T cells within the tumor epithelium
was assessed by counting within the area of five high-
power fields (Olympus D-Plan 340 objective, total area of
five fields 0.94 mm2).

Study of Interobserver Variation

One set of slides was circulated among the five patholo-
gists. Checklist case-sheets with definitions for each feature
were provided. Each observer was also asked to indicate

whether, based on the histopathological features identified,
each case should be tested for MSI (MSI test request).

In light of interobserver variation, final classification of
the histopathological features present in each slide was
based on a weighted consensus score, with two points
assigned for each of two pathologists experienced with
MSI-H tumors and one point for the other three patholo-
gists. A feature was classified as present if the score was
$4. All data were entered on to True Epistat statistical
software (Richardson, TX) and analyzed for agreement us-
ing the kappa statistic. Fisher’s exact test for a two-tailed P
value for differences in histologies, odds ratio with 95%
confidence limits, sensitivity, specificity, and Mann-Whitney
U test for skewed distribution with reference to the molec-
ular subgroups were used. A receiver operating character-
istic curve56 was derived for the continuous variable of
intraepithelial T lymphocyte counts as compared with di-
chotomous MSI-H/MSS molecular status.

Results

The results are tabulated in Table 1.

Tumor Features

Signet ring cells were reproducibly identified by the five
observers (kappa value, 0.66), but were found in only
13% of MSI-H (12 of 92) and 5% of MSS (12 of 231)
tumors (P 5 0.02; odds ratio, 2.7). Furthermore, only
three cases contained signet ring cells in the absence of
mucinous differentiation, and all three were MSS cancers.

Table 1. Histopathological Associations with MSI Status

Histopathology
(n5323)

MSI-H
(n 5 92),

n

Prevalence &
sensitivity for

MSI-H, %
MSS

(n 5 231), n
Prevalence
in MSS, %

Specificity
for MSI-

H, %
Exact P
value

Odds ratio
for MSI-H

95%
Confidence

limits
Kappa
statistic

Signet ring cells 12 13 12 5 95 0.02 2.7 1.1, 6.8 0.66
Mucinous

carcinoma
14 15 12 5 95 0.005 3.3 1.4, 7.9 —

Mucinous type
.10%

20 22 16 7 93 0.0003 3.7 1.7, 8.0 0.54

Cribriforming
pattern

12 13 65 28 72 0.004 0.4 0.2, 0.8 0.36

Poor differentiation 35 38 31 13 87 0.000003 4.0 2.2, 7.3 0.69
Medullary-type

carcinoma
13 14 1 0.4 99 ,.000001 37.8 5.0, 139.9 —

Medullary type
.10%

23 25 6 3 97 ,.000001 12.5 4.6, 35.9 0.32

Mixed patterns 6 6 9 4 96 0.38 1.7 0.5, 5.5 0.20
Sponge-like pattern 6 6 7 3 97 0.11 2.6 0.7, 9.5 0.29
Lymphocytosis 19 21 7 3 97 ,.000001 9.8 3.5, 28.5 0.27
No. of slides

showing invasive
margin

68 168

Pushing margin 10 15 13 8 92 0.14 2.1 0.8, 5.3 —
No. of slides with

peripheral stroma
71 133

Crohn’s-like
reaction in
stroma

35 49 48 36 64 0.07 1.7 0.9, 3.2 0.45

MSI test request by
a majority of
observers

45 49 26 11 89 ,.000001 7.5 4.1, 14.0 0.52

530 Alexander et al
AJP February 2001, Vol. 158, No. 2



Mucinous carcinoma with .50% of the tumor having
mucinous histology was identified in 15% of the MSI-H
tumors (14 of 92) and 5% of MSS tumors (12 of 231; P 5
0.005; odds ratio, 3.3). Mucinous histology involving .10%
of the tumor was moderately reproducible (kappa value,
0.54). There was a highly significant difference in the fre-
quency of mucinous component between the MSI-H group
and the MSS group (P 5 0.0003; odd ratio, 3.7), but sen-
sitivity for identification of MSI-H cases was low (22%).

Focal cribriforming growth pattern was common (24%,
77 of 323), although it was rarely dominant (1%, five of
323). Identification was poorly reproducible (kappa
value, 0.36), and this feature was more frequent in MSS
than MSI-H cases (P 5 0.004).

The reproducibility for identification of poor differenti-
ation was good (kappa value, 0.69) and was the highest
among the histopathological characteristics studied.
Poorly differentiated cancers in the cohort (20%, 66 of
323) included the medullary-type cancers as a subgroup
and were associated strongly with MSI-H (38% of MSI-H
cases compared to 13% of MSS cases; P 5 0.000003;
odds ratio, 4.0). Medullary-type carcinoma showed high
specificity for MSI-H status (99%; P , 0.000001; odds
ratio, 37.8), but the low frequency of this tumor type (prev-
alence of only 4%, 14 of 323) resulted in low sensitivity of
only 14%. Areas of medullary-type, poorly differentiated
growth were seen in 29 cases, including those categorized
as medullary type (25% of MSI-H tumors and 3% of MSS
tumors; P , 0.000001; odds ratio, 12.5). Reproducibility for
this feature was low (kappa value, 0.32).

Mixed or variegated histopathological patterns were
recognized in only 15 tumors, without a significant differ-
ence between molecular subtypes. Sponge-like architec-
ture was also uncommon, identified in only six tumors
from each molecular group. Pushing margin was assess-
able in 236 tumors; 15% (10 of 68) of MSI-H tumors
showed a pushing margin as compared to 8% (13 of 168)
of MSS tumors, but the difference was not statistically
significant (P 5 0.14). Each of these features was poorly
reproducible and infrequently applied by observers.

Host Response Features

A conspicuous Crohn’s-like reaction was common, with
most cases including some lymphoid aggregates but
many lacking germinal centers. Peripheral stroma was
present for evaluation in 204 sections. Among assess-
able MSI-H cases with peripheral stroma, 49% (35 of 71)
showed a Crohn’s-like reaction, versus 36% (48 of 133) of
assessable MSS cases (P 5 0.07; odds ratio, 1.7). Inter-
observer agreement was moderate (kappa value, 0.45).

Intraepithelial lymphocytosis by H&E stain was vari-
able, being marked in 21% (19 of 92) of MSI-H tumors but
in only 3% (six of 231) of MSS tumors (P , 0.000001;
odds ratio, 9.8). However, this feature showed one of the
lowest reproducibility statistics among the five observers
(kappa value, 0.27).

With intraepithelial lymphocyte morphometry using the
CD3 immunohistochemical marker for T cells applied to
166 cases, the median count of T cells/0.94 mm2 for

MSI-H cases was 120 and for MSS cases 18 T cells/0.94
mm2, with overall median of 26 T cells/0.94 mm2 (Figure
3). The distributions of lymphocyte counts for the MSI-H
and MSS tumors were skewed and significantly different
(Mann-Whitney U test, one-tailed, P 5 0.000001). A re-
ceiver operating characteristic curve (Figure 4) was used
to examine the ability of the CD31 lymphocyte count to
predict the molecular classification of cancer as MSI-H or

Figure 3. Scattergram of tumor-infiltrating T cell counts for MSI-H and
microsatellite-stable colon carcinomas. The median (single-headed arrow)
for the MSI-H cancers was 120 T cells/0.94 mm2, and the median for the
microsatellite-stable cancers was 18 T cells/0.94 mm2. An intermediate cut-
point (double-headed arrow) of 40 T cells/0.94 mm2 was selected using a
receiver operating characteristic curve (see Figure 4).

Figure 4. Receiver operating characteristic curve for tumor-infiltrating T cell
counts. The curve was constructed to evaluate the continuous variable in
separating MSI-H from MSS colonic carcinomas. As the area under the curve
is 0.73 (.0.5), the T cell count shows sensitivity in discriminating MSI-H
colon cancer, and with a cut-point count of 40 T cells/0.94 mm2, this
sensitivity was 75% with specificity of 67%.
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MSS. A cut-point of 40 T cells/0.94 mm2 was found and
was between the medians of the distributions for the
molecular subtypes. Seventy-five percent of MSI-H tu-
mors had counts .40 T cells/0.94 mm2 versus 33% of
MSS tumors (P , 0.000001; odds ratio, 6.0). The sensi-
tivity of .40 CD31 cells per 0.94 mm2 to select MSI-H
tumors was 75% with specificity of 67%.

Combinations of Features

Histopathological features that discriminated between
MSI-H tumors and MSS tumors were used in combination
to attempt to increase the sensitivity of identification of
MSI-H while maintaining specificity. Use of marked intra-
epithelial lymphocytosis in the H&E-stained section, fol-
lowed by use of areas of mucinous histology in the re-
maining cases, was both sensitive (74%) and specific
(83%) at discriminating MSI-H tumors from MSS tumors.
Analysis of the possible combinations suggested that the
major determinant for identifying the MSI-H group from
the cohort of sporadic colon carcinomas was tumor in-
traepithelial lymphocytosis, but this feature would consis-
tently fail to permit recognition of the 10% of MSI-H tu-
mors in which a marked lymphocytic infiltrate was absent
on H&E staining.

Subjective interpretation of the overall histopathologi-
cal appearance as indicating the need for molecular
analysis (MSI test result request in Table 1) performed
better than any single H&E feature at discrimination of
MSI-H cancers when used between observers (P ,
0.000001; odds ratio, 7.5). However, this assessment
selected only 49% (45 of 92) of MSI-H tumors, with mod-
erate interobserver agreement (kappa value, 0.52). Of
note, no subjective test request by any observer was
entered for 33% (30 of 92) of the MSI-H tumors.

The minimum threshold for identification of each fea-
ture that discriminated MSI-H (at least one of five observ-
ers identified one feature among signet cells; mucinous,
poor, medullary, or mixed differentiation; sponge-like pat-
tern or marked intratumoral lymphocytic infiltration) and
combination of the responses were also used to examine
possible algorithms for detecting MSI-H cancer by mor-
phology. Six percent (five of 92) of the MSI-H cancer
group had none of the discriminating features identified
by any of the five observers. Four of these cases also had
a CD3 stain performed for counting intraepithelial lym-
phocytes, and in only one was the lymphocyte count
more than the 40 T cells/0.94 mm2 cut-point (one CD3
count of 67 T cells/0.94 mm2; three remaining cases ,8
T cells/0.94 mm2).

Discussion

Histopathological recognition of phenotypic subtypes
that correlate with molecular subclassification links clas-
sical surgical pathology with new techniques of molecu-
lar analysis.57 The importance of this linkage depends on
the clinical relevance of molecular analysis in patient
management. Our study demonstrates that MSI-H colo-

rectal carcinomas that are characteristic of HNPCC and
of patients with more favorable prognosis and survival
after adjuvant therapy50 can be recognized on the basis
of histopathology. We also provide data on observer
variability in applying histopathological criteria.

We found that MSI-H in a group of apparently sporadic
colon carcinomas was significantly associated with a
distinct, reproducibly recognized pattern of extracellular
mucin production that may be focal and with poor differ-
entiation. Our findings also emphasize the mosaic low-
power patterns in MSI-H tumors with mucinous growth
abutting conventional gland-forming cancer, and the
need to recognize areas of sheet-like growth. In addition,
MSI-H cancers often evoke a host immune response that
results in migration of activated T cells into the malignant
epithelium of the tumor.17 This feature was independent
of mucinous histopathological type in our study and
could be used with that feature to discriminate sensitively
and specifically between most MSI-H tumors and MSS
tumors. In cases without obvious lymphocytic infiltration
on H&E stain, we found that CD3 immunostaining with
morphometric analysis was helpful to highlight otherwise
subtle intraepithelial lymphocyte populations.

Infiltrating T lymphocytes hold promise for future ther-
apeutic strategies in elimination of circulating or seeded
metastatic cells from colorectal carcinoma. The immune
system recognizes neoplasia poorly, but in MSI-H colon
cancer with infiltrating lymphocytes, it has been shown
that mechanisms of T cell cytotoxicity are activated.58

The cells in the epithelial compartment of the tumors are
predominantly CD81 TCR ab1 cells,58 and the intraepi-
thelial lymphocytes, rather than the mixed peritumoral or
stromal lymphocytic infiltrates, were the feature of value
in our study. Whether intratumoral lymphocytosis repre-
sents an epiphenomenon or a genuine marker of host-
tumor interaction is uncertain, but the lymphocytes do
express perforin, a molecule participating in one mech-
anism of cell killing,58 which would be unusual in reca-
pitulation of the normal mucosa-associated lymphoid
population. Whether the improved prognosis of MSI-H
colon cancer is related to up-regulated immune response
to prevent the establishment or emergence of metastatic
deposits is not known. Intratumoral lymphocyte popula-
tions have been of interest for a number of years48 and
have been independently associated with improved sur-
vival after curative rectal cancer surgery.45 Vaccines
have been used in clinical trials in patients with colorectal
carcinoma, and adjuvant immunotherapy to eliminate re-
sidual subclinical disease after curative resection re-
mains a rational avenue for investigation.

We found that the presence of peritumoral Crohn’s-like
lymphoid reaction was an insensitive marker for MSI-H
tumors. This feature has been identified previously as an
independent prognostic variable.46,47 In a comprehen-
sive study of 344 right-sided colonic adenocarcinomas,
this feature was shown to predict improved 5-year sur-
vival in the 27% (96 of 344) of patients in which it was
conspicuous.47 The frequency of a distinct Crohn’s-like
reaction among the cases in our study (40%) did not
seem to be limited by examination of one slide per case,
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versus a mean of four slides interpreted per case in the
previous study.

Similarities exist between MSI carcinomas arising in
other organs and the sporadic MSI-H group of colon
cancers. Medullary-type, poorly differentiated pancreatic
adenocarcinoma is specifically associated with MSI-
H.59,60 Medullary-type carcinoma has been described in
the stomach,61 and a similar pattern of poorly differenti-
ated growth in the breast has been identified.55

Evaluation of interobserver variation in the identifica-
tion of morphological features can be criticized for ex-
trapolating good results beyond the study participants,
who are often expert in the field, to the usual practice of
the surgical pathologist. Our study of interobserver repro-
ducibility, however, was conducted without previous con-
sensus meetings or pilot studies to establish a generally
applicable baseline. We found interobserver agreement
to be lower than we expected, indicating that refinement
of these criteria is needed before they can be used
effectively for histopathological classification affecting
clinical management.

Our study indicates that the identification of MSI-H by
conventional histopathology can be used as a screening
tool for rapid selection of sporadic colorectal cancers for
molecular testing, with the potential to recover a majority
of MSI-H cases. This approach can facilitate studies in-
volving the molecular mining of archival material, to ease
acquisition of uncommon cases for research. Clinical
data may add to the utility of histopathology. For exam-
ple, knowledge of early age of onset, multiple colorectal
or other HNPCC-associated tumors, or positive family
history points toward HNPCC.15 Suspicion about spo-
radic MSI-H colon cancer is raised by older age of onset,
right-sided location, and less advanced stage.17 How-
ever, in our study histopathology alone failed to discrim-
inate reliably MSI-H tumors in that minority of specimens
that displayed no major difference in morphology from
the usual MSS cancer. Approximately 40% of MSI-H can-
cers were not detected reliably in our study, and 6% were
never detected by histopathology. In combination, the
two features of mucinous differentiation and intraepithe-
lial T cell infiltrate showed reasonable sensitivity and
specificity for selecting MSI-H cancer from the total pop-
ulation of colon cancer, and the rare medullary-type pat-
tern of poorly differentiated carcinoma is highly charac-
teristic. Our results suggest that morphological
evaluation of colorectal carcinoma for molecular subclas-
sification is insufficient for decisions about patient man-
agement, which that require MSI testing.
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