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Abstract

The special AT-rich sequence binding protein 2 (SATB2) is a sensitive and specific diagnostic marker for colorectal
adenocarcinoma and reduced expression of SATB2 is associated with a poor prognosis. Colitis-associated colorectal
adenocarcinoma often shows distinct morphologic and molecular phenotypes compared to sporadic cases. However, the
SATB2 expression profile in colitis-associated carcinoma has not been defined. We performed immunohistochemistry for
SATB2 as well as CDX2, MUC5AC, MUC6 and mismatch repair proteins on 60 consecutive colitis-associated carcinomas
from 58 inflammatory bowel disease patients and compared the expression profile to a control group of 32 sporadic
colorectal carcinomas. Only 26 (43%) colitis-associated carcinomas expressed SATB2, compared to 29 (91%) sporadic
colorectal carcinomas (p <0.0001). MUCS5AC expression was more frequently observed in colitis-associated carcinomas
than sporadic colorectal caracinomas (52% and 25% respectively; p =0.013). Eight (13%) cases of colitis-associated
carcinoma showed loss of CDX2 expression, which was retained in all of the sporadic controls (p =0.047). In colitis-
associated carcinoma, 50% of SATB2 negative cases had lymph node metastasis compared to only 15% of SATB2 positive
cases (p =0.007). Loss of SATB2 was particularly frequent in mucinous-type tumors, occurring in 83% of these cases.
There was no significant association between SATB2 expression and mismatch repair protein status. These data show that
the immunoprofile of colitis-associated carcinoma is different than that seen in sporadic cases. In particular, SATB2 is
significantly less sensitive in colitis-associated carcinoma and it should be interpreted cautiously as a marker of colorectal
origin in colitis patients. The association between loss of SATB2 and lymph node metastasis suggests that it may have
similar prognostic value in the setting of inflammatory bowel disease as in sporadic cases.

Introduction

Patients with inflammatory bowel disease have an increased
risk of colorectal adenocarcinoma that is proportional to
disease duration [1], extent [2], and severity [3]. One meta-
analysis estimated that the risk of colitis-associated carci-
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Fig. 1 Colitis-associated
adenocarcinomas were
morphologically classified as
follows: conventional type,
showing typical features of
sporadic colitis-associated
carcinoma (a), mucinous type,
showing >50% mucin
production (b), serrated type,
showing eosinophilic glands
with serrated architecture
infiltrating into the stroma

(c), and low grade
tubuloglandular type, showing
very well-differentiated glands
infiltrating into the stroma (d)

osteoblast differentiation and craniofacial patterning in
humans [6, 7]. SATB2 is normally expressed in the large
intestinal epithelium and has diagnostic utility as a rela-
tively specific immunohistochemical marker for colorectal
adenocarcinoma [8—10]. Loss of SATB2 expression is
associated with poor prognosis in colorectal adenocarci-
noma [11, 12].

Given the unique genetic underpinnings of colitis-
associated carcinoma, it follows that the immunoprofile of
these tumors may not precisely mirror their sporadic
counterparts, which could have important diagnostic (and
potentially prognostic) consequences. Although prior
studies have suggested that colitis-associated intestinal
carcinomas tend to express the gastric-phenotype mucins
MUCSAC and MUC6 at a higher rate than sporadic
controls [13, 14], the larger of these series focused on
small intestinal cancers and the number of colitis-
associated carcinoma cases was relatively limited. To
our knowledge, a large series comparing the immuno-
profile of colitis-associated carcinoma to sporadic color-
ectal adenocarcinoma, and in particular the rate of SATB2
expression, has not been performed. Here, a series of
consecutive colitis-associated carcinoma cases was com-
pared with sporadic colorectal adenocarcinoma for histo-
morphologic features and the expression of SATB2,

CDX2, gastric phenotype mucins MUC5AC and MUC6,
and mismatch repair proteins (MLHI1, PMS2, MSH?2,
and MSH6).

Methods

Study approval was obtained from the Research Ethics
Board at Mount Sinai Hospital.

Sixty consecutive cases of surgically resected colitis-
associated primary colorectal adenocarcinoma from 58
patients between 2010 and 2018 were retrieved from the
surgical pathology archives at Mount Sinai Hospital. Thirty-
two cases of surgically resected primary colorectal adeno-
carcinoma from patients without inflammatory bowel
disease or any known hereditary cancer syndrome, here-
forth termed sporadic colorectal carcinoma, were identified
as a control group. H&E sections were reviewed at a mul-
tiheaded microscope by four gastrointestinal pathologists
(MI, HO, RR, and JC) and each invasive carcinoma was
subclassified by consensus into one of five morphologic
subtypes: conventional, mucinous, serrated, low grade
tubuloglandular and others (Fig. 1).

At least one representative paraffin block of tumor was
selected in each case for immunohistochemistry; if there
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Fig. 2 Immunohistochemical
scoring of SATB2 expression.
Examples of tumors scored as
absent (a), weak (b), moderate
(c), and strong (d) nuclear
expression are shown

was significant morphologic heterogeneity in a given case,
multiple tumor blocks were selected as needed to ade-
quately represent the entire tumor. Immunohistochemical
staining was performed using commercially available anti-
bodies with the immuno-enzyme polymer method
(Histofine Simple Stain MAX PO Multi, Nichirei Bios-
ciences, Tokyo, Japan or Envision+System-HRP Labeled
Polymer Anti-Rabbit, DAKO, Carpinteria, CA) with 3, 3~
diaminobenzidone as the chromogen. The following pri-
mary antibodies were used in accordance with the manu-
facturers’ instructions: SATB2 (clone: EPNCIR130A,
abcam, Cambridge, UK), CDX2 (clone: CDX2-88, Bio-
Genex, San Ramon, CA), MUCS5AC antibody cocktail of
two antibodies (CLH2, Novocastra, Newcastle-upon-Tyne,
UK and 45M1, Novocastra), and MUC6 (clone: CLHS,
Novocastra). Immunostaining was performed manually for
all sporadic colorectal adenocarcinoma cases and 47 cases
of CAC. Thirteen additional CAC cases were stained on an
automated slide preparation system (SATB2, MUCS5AC,
MUC6: Dako Autostainer Plus; Agilent, Santa Clara, CA),
(CDX2: Benchmark ULTRA; Ventana Medical Systems,
Tucson, AZ).

Microsatellite-instability testing by immunohistochem-
istry for mismatch repair proteins (MLHI1(clone: E505,
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Novocastra), MSH2 (clone: FE11, Dako, Carpinteria, CA),
MSH6(SP93, Cell Marque), and PMS2(clone MRQ-28,
Cell Marque, Rocklin, CA) was conducted on an automated
slide preparation system for 40 CAC cases. In 20 cases,
immunohistochemistry was manually performed (MLHI1
(clone: E505, BD Biosciences, Franklin Lakes, NJ), MSH2
(clone: FE11, Merck KGaA, Darmstadt, Germany), MSH6
(EP49, Agilent), and PMS2 (EP51, Agilent).

The extent of staining for SATB2, CDX2, MUC5AC and
MUC6 was scored semiquantitatively (0 = no staining; 1 <
5%; 2=5-25%; 3=26-50%; 4=51-75%; 5=
76-100%), and the maximum intensity was graded as
negative [0], weak [1], moderate [2], or strong [3]. For
binary analyses, cases with 5% or more tumor cells showing
moderate or strong intensity were considered positive
(Fig. 2). For MLH1, MSH2, MSH6, and PMS2, retained
expression was defined as nuclear staining of any intensity
within tumor cells, using infiltrating lymphocytes as a
positive internal control. Deficient mismatch repair protein
expression was defined as complete loss of expression of at
least one of the 4 mismatch repair proteins.

Four of the authors (MI, HO, RR, and JC) reviewed the
immunohistochemical stains at a multiheaded microscope
and reached a consensus score for each case.
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Statistics

Chi-square test or Fisher exact tests were used to char-
acterize the relationship between categorical variables. The
Mann—Whitney U-test was used for comparisons between
mean extent and intensity scores. Differences were con-
sidered to be significant at p <0.05. Statistical analyses
were performed using StatFlex (Artech Co., Osaka, Japan).

Results
Study group characteristics

The 58 patients with colitis-associated carcinoma included
38 with ulcerative colitis and 20 with Crohn’s disease. Two
patients with ulcerative colitis had synchronous carcinomas
for a total of 60 tumors evaluated. A summary of the clin-
icopathologic features of the colitis-associated carcinoma
cohort and sporadic controls is presented in Table 1. The
mean age at time of resection for patients with colitis-
associated carcinoma was 50 years (range 24-76), sig-
nificantly younger than sporadic cases (mean age 69 years;
range 24-95; p <0.0001). There was no significant differ-
ence in tumor location, pT stage, or pN stage between the
colitis-associated carcinoma and sporadic carcinoma
cohorts.

Pathologic features and immunohistochemistry

Colitis-associated carcinomas had a wider spectrum of
tumor morphologies compared to sporadic colorectal ade-
nocarcinomas. Only thirty-five of 60 (58%) colitis-
associated carcinomas had conventional morphology
compared to 94% of sporadic cases (p <0.001). Mucinous
histology was significantly more frequent in colitis-
associated carcinoma (20% compared to 3%, p = 0.029).
Although it was not statistically significant, 6 colitis-
associated carcinomas (10%) were subclassified into low
grade tubuloglandular; none of the sporadic cases were of
this subtype (p = 0.088). Of the two colitis-associated car-
cinoma cases subclassified as “other,” one showed fetal
enteric and hepatoid differentiation and another case
showed mixed low grade tubuloglandular and serrated
morphology in approximately equal proportions. Thirty-two
percent of colitis-associated carcinomas were classified as
overall high-grade compared to 6% of sporadic cases (p =
0.007; Table 1).

Only twenty-six of 60 (43%) colitis associated carcino-
mas expressed SATB2 while, in contrast, expression was
retained in 29 of 32 (91%) sporadic colorectal adenocarci-
nomas (p<0.0001; Fig. 3). The significant difference in
SATB2 expression was retained in a subgroup analysis

Table 1 Clinicopathologic features of study group patients

Clinical and Colitis-associated ~ Sporadic colorectal p

pathologic colorectal adenocarcinomas
features adenocarcinomas (N [%])

(N [%D
No. of cases 60 32
Sex, male/ 33/27 22/10 0.201
female
Mean age 50 (24-76) 69 (24-95) <0.0001
(range) (years)
Location
Right 28 (47) 15 (47) 0.136
Left 13 (22) 12 (38)
Rectum 19 (32) 5 (16)
pT stage
1 16 (27) 2 (6) 0.062
2 8(3) 9 (28)
3 25 (42) 16 (50)
4 11 (18) 5 (16)
PN stage
0 39 (65) 17 (53) 0.263
1or2 21 (35) 15 (47)
Cancer subtypes
Conventional 35 (58) 30 (94) <0.001
Mucinous 12 (20) 13) 0.029
Serrated 5(8) 13 0.661
Low grade 6 (10) 0 (0) 0.088
tubuloglandular
Other 23) 0 (0) 0.541
Tumor grade
High 19 (32) 2 (6) 0.007
Low 41 (68) 30 (94)
Immunohistochemistry
SATB 2 26 (43) 29 91) <0.0001
CDX 2 52 (87) 32 (100) 0.047
MUC 5AC 31 (52) 8 (25) 0.013
MUC 6 11 (18) 4 (13) 0.564
comparing only colitis-associated carcinomas with

conventional-type morphology to sporadic cases.

Among the 26 colitis-associated carcinomas that
expressed SATB2, there was a significantly lower mean
intensity score compared to positive sporadic cases (scores
2.58 and 2.86, respectively; p =0.018). Mean extent of
staining in the positive colitis-associated carcinomas was
also lower, but this did not reach statistical significance
(scores 4.42 and 4.83; p=0.097). Within the colitis-
associated carcinoma group, the number of mucinous and
serrated cases that expressed SATB2 was too small for
meaningful statistical analysis between multiple individual
morphologic types. However, in a comparison between
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Fig. 3 Colitis-associated carcinoma with loss of SATB2 expression.
Low grade tubuloglandular adenocarcinoma (a) with strong CDX2
expression (b), loss of SATB2 expression (retained in non-dysplastic
colonic mucosa (c¢), and diffuse MUCSAC expression (d). Mucinous

conventional-type colitis associated carcinomas and all
other morphologies, there was no significant difference in
mean intensity score (2.61 and 2.50, respectively; p =
0.674) or mean extent score (4.28 and 4.78; p = 0.562).
The gastric foveolar-type mucin MUCSAC was expres-
sed in thirty-one of 60 (52%) colitis-associated carcinomas,
which was significantly more frequent than in sporadic
cases (25%; p=0.013; Fig. 3). 8 (13%) cases of colitis-
associated carcinoma showed loss of CDX2, whereas all
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adenocarcinoma (e), with CDX2 expression (f), loss of SATB2
expression (g), and MUCSAC expression (h). Serrated adenocarci-
noma (i), with loss of CDX2 expression (j), loss of SATB2 expression
(k) and diffuse MUCSAC expression (1)

sporadic colorectal adenocarcinomas retained nuclear
expression (p =0.047). No significant difference in MUC6
expression was identified. Seven cases of colitis-associated
carcinoma were mismatch repair protein deficient and of
these 2 were SATB2 negative. All 7 mismatch repair defi-
cient cases had conventional-type morphology and retained
CDX2 expression.

Although some degree of morphologic heterogeneity
within lesions was common, two tumors had notably
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Table 2 Clinicopathologic features of ulcerative colitis and Crohn’s
disease-associated carcinomas

Table 3 Clinicopathologic features of colitis-associated carcinomas
with and without SATB2 expression

Clinical and Ulcerative colitis- Crohn’s disease- p
pathologic associated associated
features colorectal colorectal

adenocarcinoma adenocarcinoma

(N [%]) (N [%])
No. of Cases 40 20
Sex, male/female 25/ 15 8/12 0.099
Mean age 50 (24-70) 50 (24-76) 0.544
(range) (years)
Location
Right 20 (50) 7 (35) 0.287
Left 10 (25) 4 (20)
Rectum 10 (25) 9 (45)
pT stage
1 13 (33) 3 (15) 0.089
2 6 (15) 2 (10)
3 16 (40) 7 (35)
4 5(13) 8 (40)
PN stage
0 25 (63) 14 (70) 0.566
lor2 15 (38) 6 (30)
Cancer subtypes
Conventional 27 (68) 8 (40) 0.042
Mucinous 5(13) 7 (35) 0.040
Serrated 4 (10) 1(5) 0.656
Low grade 3(8) 3 (15) 0.653
tubuloglandular
Others 1(3) 15 1.00
Immunohistochemistry
SATB2 19 (48) 7 (35) 0.357
CDX 2 35 (88) 17 (85) 1.00
MUC 5AC 21 (53) 10 (50) 0.855
MUC 6 8 (20) 2 (10) 0.471
Mismatch repair 4 (10) 3 (15) 0.676
deficient

discrete transitions in morphology in different sections and
stains were performed on multiple blocks. One of these
lesions was a mucinous carcinoma that transitioned abruptly
from low to high-grade and the other had a conventional
component and a separate mucinous component. In both
cases, the immunohistochemical profile in the different
tumor areas was identical.

Crohn’s disease-associated colorectal adenocarcinoma
had a higher rate of mucinous histology compared to
ulcerative colitis-associated carcinoma (35% vs. 13%, p =
0.040) and ulcerative colitis-associated colorectal adeno-
carcinoma more frequently showed conventional morphol-
ogy compared to Crohn’s disease-associated colorectal
adenocarcinoma (68% vs. 40%, p =0.041). There was no

Clinical and SATB2 negative SATB2 positive p

pathologic features colitis-associated colitis-associated
carcinoma (N [%]) carcinoma (N [%])

No. of cases 34 26

Sex, male/female 20/14 13/13 0.496

Mean age (range) 50 (24-76) 50 (24-70) 0.875

(years)

Background

Ulcerative colitis 21 (62) 19 (73) 0.357

Crohn’s disease 13 (38) 7 (27)

Location

Right 13 (38) 15 (58) 0.176

Left 7 (21) 6 (23)

Rectum 14 (41) 5(19)

pT stage

1 6 (18) 10 (38) 0.109

2 309 5(19)

3 17 (50) 8 (31)

4 8 (24) 3 (12)

PN stage

0 17 (50) 22 (85) 0.007

lor2 17 (50) 4 (15)

Cancer subtypes

Conventional 17 (50) 18 (69) 0.134

Mucinous 10 (29) 2 (8) 0.052

Serrated 4 (12) 14 0.377

Low grade 2 (6) 4 (15) 0.388

tubuloglandular

Others 13 14) 1

Tumor grade

High 13 (38) 6 (23) 0.211

Low 21 (62) 20 (77)

Immunohistochemistry

CDX 2 27 (79) 25 (96) 0.121

MUC 5AC 20 (59) 11 (42) 0.205

MUC 6 7 (21) 4 (15) 0.742

Mismatch repair 2 (6) 5(19) 0.222

deficient

significant difference in the clinical features or immuno-
profile between ulcerative colitis-associated and Crohn’s
disease-associated colorectal adenocarcinoma (Table 2).

Association between SATB2 expression and
clinicopathologic features in colitis associated
carcinoma

A summary of the clinicopathologic features of colitis-
associated carcinoma cases is presented in Table 3. 17 of 34
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(50%) SATB2 negative colitis-associated carcinomas had
lymph node metastasis compared to 4 of 26 (15%) SATB2
positive cases (p =0.007). SATB2 loss was particularly
frequent in mucinous colitis-associated carcinoma, occur-
ring in 10 of 12 (83%) cases (Fig. 3). There was no sig-
nificant association between SATB2 expression and
histologic grade. Loss of CDX2 expression was strongly
associated with concurrent SATB2 loss: of the 8 colitis-
associated carcinomas that were negative for CDX2, 7
(88%) were also negative for SATB2. In contrast, most
(79%) SATB2 negative colitis-associated carcinomas
retained CDX2 expression (Fig. 3).

Although colitis-associated carcinoma showed sig-
nificantly more MUCSAC staining than sporadic colorectal
adenocarcinoma, there was no significant difference in
either MUCS5AC or MUC6 expression between SATB2
negative colitis-associated carcinoma and SATB2 positive
colitis-associated carcinoma (Table 3).

Discussion

SATB2 has been established as a diagnostically useful
marker of colorectal (and appendiceal) origin in primary
and metastatic carcinoma. While its sensitivity is compar-
able to CDX2, it is much more specific, with very limited
staining in upper gastrointestinal tract, pancreaticobiliary,
and ovarian intestinal-type carcinomas [8—-10, 15].

Based on the accumulated evidence, at least 80% of
colorectal adenocarcinomas are SATB2 positive. Magnus-
son et al reported that SATB2 is expressed in 85% of pri-
mary colorectal adenocarcinomas and 81% of metastatic
colorectal adenocarcinomas (in addition to non-neoplastic
colonic mucosa) [9]. Similarly, Ma et al. found positive
SATB?2 staining in 84% of colorectal adenocarcinomas. We
found a similar rate of 91% in our sporadic colorectal
adenocarcinoma control group. In contrast, however, there
was a statistically and clinically significant lower rate of
expression in colitis-associated carcinoma of only 43%.
These data have implications for workup of carcinoma of
unknown primary origin in patients with a history of
colitis. Absence of SATB2 immunoreactivity cannot reli-
ably exclude colorectal origin in this group. One situation
in which this consideration may be particularly relevant
is in patients with primary sclerosing cholangitis-associated
inflammatory bowel disease. In the presence of known
cholangiocarcinoma, or, more commonly, radiographically
indeterminate  strictures, CDX2 expression without
concurrent SATB2 staining should not be used to
favor biliary over colorectal origin. What’s more, 21% of
SATB2 negative colitis-associated carcinomas in our study
also lost expression of CDX2. Accordingly, SATB2 and
CDX2 dual negative carcinomas should not entirely exclude
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colorectal origin in patients with inflammatory bowel
disease.

There are some data suggesting that sporadic colorectal
adenocarcinoma cases that exhibit loss of SATB2 expres-
sion are more likely to have lymph node metastasis and
poorer overall prognosis [11, 12]. Eberhard et al reported
that retained expression of SATB2 is an independent pre-
dictor of favorable outcome in colon cancer. Moreover, in
curatively treated patients with stage III-IV disease, SATB2
expression is a predictor of response to adjuvant che-
motherapy [11]. In our cohort, 50% of SATB2 negative
colitis-associated carcinoma cases had lymph node metas-
tasis compared to only 15% of cases with retained expres-
sion. Although interpretation of our results is limited by the
unavailability of clinical follow-up data, given the fre-
quency of SATB2 loss in colitis-associated carcinoma
relative to sporadic colorectal adenocarcinoma, this could
be a particularly useful prognostic marker for inflammatory
bowel disease patients. Further study to include clinical
outcomes is warranted to test this hypothesis.

This study also contributes an additional 58 cases to the
published literature on clinicopathologic features of
inflammatory bowel disease-associated carcinomas. Prior
studies have shown that colitis associated carcinoma tends
to affect younger patients [16], with average ages of 50-60
years in the setting of inflammatory bowel disease [3, 17],
compared with colorectal adenocarcinoma in the general
population, and has an increased frequency of mucinous
histology [18]. Our cohort had similar findings, with a
significantly younger mean patient age in colitis associated
carcinoma and more frequent mucinous histology. Inter-
estingly, some prior data have shown that mucinous his-
tology is particularly frequent in Crohn’s disease-associated
colorectal adenocarcinoma [19] and in our study, a muci-
nous phenotype was significantly more common in Crohn’s
disease than ulcerative colitis, with the latter tending to have
more conventional morphology. This is in contrast to one of
the few studies directly comparing histological features of
colorectal carcinoma in Crohn’s disease and ulcerative
colitis, which reported no significant histological difference
between the two [20]. We found no differences between
Crohn’s disease and ulcerative colitis in pT stage, pN stage,
or immunoprofile. Colitis-associated carcinoma cases with
conventional morphology lost SATB2 expression at a rate
similar to all colitis-associated carcinomas, and significantly
more frequently than sporadic colorectal adenocarcinoma.
This finding suggests that conventional morphology in
colitis-associated carcinoma does not necessarily imply
biologic overlap with sporadic colorectal adenocarcinoma.

Our data also support prior studies from smaller cohorts
showing increased expression of gastric phenotype mucins
in IBD associated adenocarcinoma [13, 14]. Such patterns
have also been reported in non-neoplastic mucosa from
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inflammatory bowel disease patients, and have been sug-
gested to arise from changes associated with regeneration of
injured intestinal epithelium [21]. We found a significantly
higher frequency of MUCSAC expression in colitis-
associated carcinoma compared to sporadic colorectal ade-
nocarcinoma, corroborating these data.

Our immunohistochemical data provide support at the
protein expression level to recent studies demonstrating that
most colitis-associated carcinoma cases do not arise through
the conventional APC pathway [4, 22]. Walsh et al. reported
that mucin producing colorectal adenocarcinomas, with
increased expression of MUC2, MUCSAC, and MUCS6,
along with loss of CDX2 expression, were associated with
the serrated pathway of carcinogenesis. Loss of CDX2
expression is also strongly linked to CIMP-high, MLH1
methylation, and BRAF mutations, as well as MSI-high
pathways [23]. Some studies have also described loss of
CDX2 expression in MSI-high colorectal adenocarcinoma
[24, 25]. In addition, Ma et al. [15] recently reported that
loss of SATB2 expression in colorectal adenocarcinoma is
associated with mismatch repair protein deficiency.

In spite of the higher frequency of mucinous and serrated
morphology, significantly higher frequency of loss of
SATB2 (and to a lesser degree CDX2) expression, and
increased MUCS5AC staining in our cohort of colitis-
associated carcinoma, only 7 cases (12%) were mismatch
repair protein deficient, all of which had conventional
morphology and retained CDX2 expression. SATB2
expression was not predictive of mismatch repair proteins
status. Thus, while the precise molecular mechanism for the
high frequency loss of SATB2 expression in colitis-
associated carcinoma remains undefined, it appears to
involve separate pathways from those previously reported to
be associated with this finding in sporadic cases.

In conclusion, we demonstrate that, unlike sporadic
colorectal carcinoma, loss of SATB2 expression is frequent
in colitis-associated carcinoma, occurring in over 50% of
cases. Additional features of colitis-associated carcinoma
compared to sporadic controls include more frequent loss of
CDX2 expression, mucinous histology, and MUCS5SAC
immunoreactivity. Loss of SATB2 was particularly com-
mon in colitis-associated carcinoma with mucinous features,
occurring in approximately 80% of these tumors, although
there was no significant correlation with MUCSAC
expression. In the setting of metastatic carcinoma from
patients with inflammatory bowel disease, absence of
SATB2 and CDX2 expression cannot exclude colorectal
primary origin and should be interpreted cautiously. As in
sporadic cases [11, 12], loss of SATB2 expression in colitis-
associated carcinoma is associated with a higher rate of
lymph node metastasis. While the specific molecular
mechanisms underlying these findings are not understood,
they demonstrate that the unique genetic underpinnings of

colitis-associated carcinoma translate to differences at the
histologic and immunohistochemical levels.
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