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The clinicopathological and prognostic significance of CDX2 and mucin expression have not been

comprehensively evaluated in small intestinal adenocarcinoma. Immunohistochemical microarray analyses

of CDX2, MUC1, MUC5AC, and MUC6 protein expressions in 189 surgically resected small intestinal

adenocarcinoma cases were examined and compared with various clinicopathologic variables, including

survival. CDX2, MUC1, MUC5AC, and MUC6 expressions were observed in 43.4% (82 patients), 37.6% (71), 31.7%

(60), and 21.7% (41) of patients, respectively. Whereas CDX2 expression was found to be associated with low-

grade tumors (P¼ 0.034), fewer nodal metastases (P¼ 0.019), and less perineural invasion (P¼ 0.049) in small

intestinal adenocarcinoma patients, patients expressing MUC1 tended to demonstrate high-grade (P¼ 0.021)

and nodular or infiltrative (P¼ 0.020) tumors. On the basis of the combined CDX2, MUC1, MUC5AC, and

MUC6 expression patterns, small intestinal adenocarcinoma patients were further classified as intestinal

(CDX2þ /MUC1� ; 29.6%), pancreatobiliary (CDX2� /MUC1þ ; 23.8%), mixed (CDX2þ /MUC1þ ; 13.8%), gastric

(CDX2� /MUC1� /MUC5ACþ or MUC6þ ; 13.8%), or null (CDX2� /MUC1� /MUC5AC� /MUC6� ; 19.0%).

Among these immunophenotypes, intestinal-type patients demonstrated more frequent distal (jejunal or ileal;

P¼ 0.033), tubular (P¼ 0.039), and low-grade tumors (P¼ 0.004) and significantly better survival according to

univariate (Po0.0001) and multivariate (P¼ 0.001) analyses. In summary, intestinal immunophenotype

adenocarcinomas are associated with distal (jejunal or ileal), tubular, and low-grade tumors and better survival

outcomes. Hence, CDX2 and mucin immunohistochemical staining may provide better estimations of survival

after surgical resection and intestinal immunophenotype could therefore be used as a better prognostic

indicator of small intestinal adenocarcinoma.
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Primary small intestinal adenocarcinomas account
for only 5% of malignant neoplasms in the gastro-
intestinal tract despite the long length of the small
intestine and the significant mucosal coverage
over the entire gastrointestinal tract.1 In 2013, it is
estimated that 8810 Americans will be diagnosed

with small intestinal adenocarcinoma.1 Despite
recent improvements in the detection of the small
intestinal adenocarcinomas, including improved
imaging techniques and endoscopic modalities, the
diagnosis of small intestinal adenocarcinomas is
usually made at an advanced clinical stage and
the 5-year survival rate is only 41.2%.2 Several
clinicopathologic factors, including lymph node
metastasis and the distal locations of these tumors
(jejunum and ileum), are known as the most impor-
tant independent prognostic factors.2 Although
several molecular alterations, including KRAS,
TP53, and DPC4/SMAD4 mutations and the over-
expression of cyclinD1, are known to be involved in
small intestinal adenocarcinoma carcinogenesis,3–6
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only a few of these, such as b-catenin and
e-cadherin, demonstrate prognostic implications
for small intestinal adenocarcinoma patients.7

Mucins are large filamentous glycoproteins that
heavily glycosylate many of the oligosaccharide
side chains that are linked to the protein back-
bone called apomucin.8 To date, Z19 mucins
have been identified and divided into two distinct
classes according to their structure and function:
(1) membrane-associated types (MUC-1, -3A, -3B, -4,
-12, -13, -15, -16, -17, and -20); and (2) secreted
types (MUC-2, -5AC, -5B, -6, -7, -8, -9, and -19).9

Membrane-associated mucins are involved in
epithelial cell–cell interactions, whereas secreted
mucins comprise the major macromolecular compo-
nent of mucus.10 The expression patterns appear to
be relatively cell, tissue, and organ specific, espe-
cially those of secreted mucins.9 Among mucin
proteins, MUC1, MUC5AC, and MUC6 have been
investigated in various gastrointestinal organs.11

In the normal mucosa of the gastrointestinal tract,
MUC1 (also known as epithelial membrane antigen),
which is located on chromosome 7q22, is mainly
expressed in the pancreatic ducts and super-
ficial foveolar epithelium.12 MUC5AC and MUC6,
which are located on chromosome 11p15, demon-
strate considerably similar overall homologies.12

MUC5AC is predominantly expressed in gastric
foveolar epithelial cells and is considered to be a
major gastric mucin. MUC6 is also expressed in the
gastric pyloric glands. Mucin proteins have also
been extensively studied to determine their clinical
and prognostic significance in gastrointestinal
tract cancers.13–19 A previous study reported that
MUC5AC and MUC6 coexpression is associated
with better survival in patients with ampullary
adenocarcinomas, especially among patients with
tumors expressing or lacking both CK20 and
MUC1.13 Several other studies reported that MUC1
expression is associated with worse survival in
stomach cancer patients compared with patients
without MUC1 expression.16,17,19 However, no
previous study has compared the overall mucin
expression status and its clinical and prognostic
significance in small intestinal adenocarcinoma
patients. Hence, further studies are needed to
evaluate the implications of the mucin expression
status in small intestinal adenocarcinomas.

CDX2 is a Drosophila caudal-related homeobox
transcription factor responsible for early intestinal
differentiation.20 CDX2 is normally present through-
out embryonic and postnatal life within the nuclei
of the intestinal epithelial cells in the proximal
duodenum through the distal rectum.21 CDX2
stimulates intestinal proliferation and differen-
tiation through the transcriptional activation of
intestine-specific proteins, including MUC2.22

Several previous reports have suggested a tumor-
suppressive role for CDX2 in human colorectal and
gastric carcinogenesis.23 CDX2 expression is associ-
ated with not only intestinal mucin phenotypes,14,24

but also an early tumor stage24–30 and improved
prognosis in patients with gastric cancer.29–32

A previous study reported that CDX2 expression is
also correlated with an improved prognosis in
patients with ampullary adenocarcinomas.33

Several previous studies have compared the
protein expression profiles of gastric and colonic
carcinomas and small intestinal adenocarcinomas
because of the anatomical proximity and similarities
between these cancers. Although a few studies have
reported the expression patterns of CDX2 and mucin
proteins in small intestinal adenocarcinomas and
ampullary carcinomas, most of these analyses were
performed on a small number of small intestinal
adenocarcinoma patients.11,13,21,33–38 Moreover, to
the best of our knowledge, no previous studies have
investigated the prognostic significance of CDX2
and mucin expression in small intestinal adeno-
carcinomas.

In our present study, we analyze the expression of
CDX2, MUC1, MUC5AC, and MUC6 proteins in
small intestinal adenocarcinomas and evaluate the
immunophenotypic subtypes of these lesions in
accordance with the combined expression patterns
of these proteins. We further evaluate any correla-
tions between clinicopathologic and prognostic
significance, the combined expression patterns of
CDX2 and mucins, and the defined immunopheno-
types of the small intestinal adenocarcinomas.

Materials and methods

Tissue Samples

After receiving approvals from the institutional
review boards of each participating institution, a
total cohort of 197 surgically resected primary small
intestinal adenocarcinomas were collected from the
surgical pathology archives of 22 South Korean
institutions by the Korean Small Intestinal Cancer
Study Group, as previously reported.2 Carcinomas
originating from the mucosa of the small intestines,
including the duodenum, jejunum, and ileum, were
included in our present study. Carcinomas
extending from the surrounding gastrointestinal
tract organs, such as the stomach, ampulla of Vater,
pancreas, cecum, or appendix, into the small
intestines were excluded from the analysis.

Clinical and pathologic data that were collected
as part of our previous study were used again in
our current study.2 Clinical data included patient
sex, age, tumor location, operation date, TNM stage,
most recent follow-up examination, survival status,
presence of synchronous or metachronous malig-
nancies, and presence or absence of predisposing
conditions of small intestinal adenocarcinomas,
including Crohn’s disease, familial adenomatous
polyposis, Lynch syndrome, Peutz-Jeghers syndrome,
Gardner’s syndrome, gluten-sensitive enteropathy,
intestinal duplication, Meckel’s diverticulum, or
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ectopic pancreas. Pathological data obtained from the
gross examination included tumor size and growth
pattern. Macroscopic growth pattern of small
intestinal adenocarcinomas were divided into three
groups, including polypoid pattern, exophytic with
predominantly intraluminal growth; nodular pattern,
endophytic/ulcerative with intramural growth; and
infiltrative pattern, annular with circumferential
involvement or diffusely infiltrative.39 The micro-
scopic characteristics included histologic subtype,
tumor grade, depth of invasion, peritoneal seeding,
pancreatic and other intestinal loop invasions, nodal
metastasis, and perineural and lymphovascular
invasion.

Histologic types were classified according to the
fouth edition of the WHO classification.39 Tumor
grading was classified as low-grade (well (495%
with gland formation) and moderately differentiated
(50–95% with gland formation) adenocarcinomas)
and high-grade (poorly differentiated (1–49% with
gland formation) and undifferentiated (no gland
formation)) carcinomas following criteria for
histological grading of colorectal adenocarcinoma,
which was described in 2010 WHO classification.39

Tissue Microarray

Tissue microarrays were constructed from the
archived formalin-fixed and paraffin-embedded tis-
sue blocks, as previously described.7,40 Briefly, areas
with invasive adenocarcinomas were identified on
the corresponding hematoxylin and eosin-stained
slides, and sections were indicated as a represen-
tative tumor or as normal small intestinal mucosa.
Three cores from each tumor and 1 matched core
from the normal small intestinal mucosal samples
were sampled using a 1.0-mm punch. Tissue micro-
arrays were constructed using a manual tissue arrayer
(Beecher Instruments, Sun Prairie, WI, USA). Four-
mm-thick slides were cut from the tissue microarray
blocks for immunohistochemical staining.

Immunohistochemistry

Immunohistochemical staining was performed
using primary mouse monoclonal antibodies
(Table 1). Staining was conducted on a Ventana
BenchMark XT automated slide stainer (Ventana
Medical Systems, Tucson, AZ, USA) using a high-
pH CC1 buffer and the heat-induced epitope
retrieval method. Staining was visualized using the
ultraView DAB Universal Detection Kit (Ventana),
which used a hydrogen peroxide substrate and
3,3’-diaminobenzidine chromogen solution. The
slides were subsequently counterstained with hema-
toxylin. Immunoreactivity was interpreted by
light microscopic examination and independently
evaluated by two pathologists who authored this
study (S-YJ and S-MH) and who were blind to the
clinicopathological information. CDX2 was found to

be expressed in the nuclei of the tumor cells
(Figure 1a), and MUC1 was expressed in a cyto-
plasmic pattern with membranous accentuation
(Figure 1b). MUC5AC and MUC6 were both found
to be expressed in the cytoplasm (Figure 1c and d).
Immunostained slides were scored in accordance
with the percentage of unequivocally positive
epithelial cells as follows: 0, staining in r5% of
tumor cells; 1þ , staining in 6–25% of tumor cells;
2þ , staining in 26–50% of tumor cells; 3þ , staining
in 51–75% of tumor cells; and 4þ , staining
in Z76% of tumor cells. Immunostaining scores
were independently evaluated in each tumor core.
Only sections demonstrating 45% positively
stained tumor cells were considered positive,
as previously described.16,24,28,30,31,36 We selected
CDX2-immunostained slides and evaluated 189
cases for immunopositivity, the k value for inter-
observer agreement of two pathologists (S-YJ and
S-MH) was 0.85, which indicated almost perfect
agreement. Discrepancies were resolved by simul-
taneous reevaluation and discussion.

Immunophenotypic Classification of Small Intestinal
Adenocarcinomas

We classified small intestinal adenocarcinomas
according to their combined CDX2 and mucin
immunophenotypes (Figure 2). On the basis of
the combined CDX2 and MUC1 expression patterns,
cases were classified as intestinal (CDX2þ /
MUC1� ), pancreatobiliary (CDX2� /MUC1þ ), or
mixed (CDX2þ /MUC1þ ). Within the CDX2� /
MUC1� group, small intestinal adenocarcinomas
exhibiting either MUC5ACþ or MUC6þ immuno-
reactivity were categorized as gastric. The remaining
type (CDX2� /MUC1� /MUC5AC� /MUC6� ) was
classified as null.

Statistical Analysis

Statistical analyses were performed using SPSS
software (version 17.0; SPSS, Chicago, IL, USA).
Means were compared using the unpaired student
t-test. The w2 and Fisher exact tests were used to
examine associations between categorical variables.
Overall patient survival was defined as the time
from surgical resection to death or the last follow-up
examination. The survival rate was calculated using
the Kaplan–Meier method. Associations between

Table 1 Antibodies used in this study

Antibody Clone Dilution Supplier

CDX2 Cdx2-88 1:200 BioGenex
MUC1 Ma695 Prediluted Novocastra
MUC5AC CLH2 1:200 Novocastra
MUC6 CLH5 1:200 Novocastra
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survival rates and various clinicopathologic factors
were assessed using the log-rank test. We also
investigated the significance of any prognostic
factors using Cox proportional hazards modeling.
In this study, P values o0.05 were considered to
denote statistical significance.

Results

Patient Characteristics

Out of a total of 197 patients, 189 patients with
interpretable immunohistochemical CDX2 and
mucin expression results were included in our
study cohort. Eight cases were not successfully
immunostained in our subsequent analysis due to
tissue loss during sectioning or to the staining
process. Patient ages ranged between 23 and 86
years (mean, 59.0 years; standard deviation (s.d.),
14.0 years). The male:female ratio was 1.7. The
follow-up period after surgical resection ranged

Figure 1 Expression profile of CDX2 and various mucins. (a) CDX2 is expressed in the nuclei of tumor cells; (b) MUC1 is expressed in a
cytoplasmic pattern with membranous accentuation; and (c) MUC5AC and (d) MUC6 are expressed in the cytoplasm.

Figure 2 Immunophenotypic classification of small intestinal
adenocarcinomas according to the expression patterns of CDX2
and various mucins. Small intestinal adenocarcinomas were
classified as intestinal (CDX2þ /MUC1� ), pancreatobiliary
(CDX2� /MUC1þ ), mixed (CDX2þ /MUC1þ ), or null (CDX2� /
MUC1� /MUC5AC� /MUC6� ). Within the CDX2� /MUC1�
group, cases exhibiting either MUC5AC or MUC6 immuno-
positivity were classified as gastric.
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between 0.3 and 158.2 months (mean, 37.1 months;
median, 28.1 months). Several predisposing condi-
tions were observed in 23 cases (12.2%), including
17 cases with sporadic adenomas, 3 cases of Peutz-
Jeghers syndrome, 2 cases with Meckel’s diverticu-
lum, and 1 case with Crohn’s disease. On the basis of
clinical definition of revised Bethesda criteria,41

there were 13 patients of suspected Lynch syn-
drome who had metachronous colorectal cancers.
There was no patient with familial adenomatous
polyposis, Gardner syndrome, gluten-sensitive
enteropathy, intestinal duplication, and ectopic
pancreas.

Expression Levels of CDX2 and Mucin

CDX2, MUC1, MUC5AC, and MUC6 expression
levels were observed in 43.4% (82 patients),
37.6% (71), 31.7% (60), and 21.7% (41) of patients,
respectively. CDX2 expression in small intestinal
adenocarcinomas was found to be associated with
low-grade tumors (P¼ 0.034), less nodal metastasis
(P¼ 0.019), and less perineural invasion (P¼ 0.049).
Patients with positive MUC1 expression tended
to demonstrate high-grade tumors (P¼ 0.021)
and nodular or infiltrative tumors (P¼ 0.020).
MUC5ACþ and MUC6þ adenocarcinomas fre-
quently developed in the proximal (duodenal) loca-
tion (P¼ 0.001 and Po0.0001, respectively) and
tended to demonstrate pancreatic invasion
(P¼ 0.047 and P¼ 0.035, respectively). MUC5ACþ
adenocarcinomas were typically low-grade tumors
(P¼ 0.010). MUC6þ adenocarcinoma patients were
predominantly male (P¼ 0.020), tended to develop
tumors with a low T classification (P¼ 0.015), and
presented less frequently with lymphovascular
invasion (P¼ 0.005; Table 2).

Tumor cells were positive for CDX2 and negative
for all mucin proteins in one case with Crohn’s
disease. In the small intestinal adenocarcinomas of
suspected Lynch syndrome patients, tumor cells
were frequently negative for MUC1 (8/13 cases),
MUC5A (12/13), and MUC6 (11/13) and positive for
CDX2 (7/13) (Table 2). CDX2, MUC1, MUC5AC, and
MUC6 expressions were not significantly different
according to the histologic subtypes of small
intestinal adenocarcinomas (Table 2). Five micro-
papillary carcinoma cases contained various degrees
(20–60% of total tumor volume) of micropapillary
carcinoma component, which were not correlated
with CDX2 or mucin expression (Table 2).

Immunophenotypic Classification

The immunophenotypic classifications and clinico-
pathologic factors of the small intestinal adenocar-
cinoma cohort are summarized in Table 3. On the
basis of the combined expression patterns of CDX2
and mucins, the small intestinal adenocarcinomas
in our current study were classified as intestinal (56

Table 2 Correlation between clinicopathological factors and
CDX2, MUC1, MUC5AC, and MUC6 expression in the small
intestinal adenocarcinoma study cohort

No. of positive patients

Clinicopathologic factors n CDX2 MUC1 MUC5AC MUC6

Sex
Male 118 51 (43%) 50 (42%) 39 (33%) 32 (27%)
Female 71 31 (44%) 21 (30%) 21 (30%) 9 (13%)
P 0.953 0.079 0.619 0.020a

Growth patternb

Polypoid 34 13 (38%) 6 (18%) 8 (24%) 9 (27%)
Nodular 12 8 (67%) 6 (50%) 4 (33%) 2 (17%)
Infiltrative 135 59 (44%) 56 (42%) 45 (33%) 26 (19%)
P 0.228 0.020a 0.539 0.614

Location
Proximal (duodenum) 101 39 (39%) 42 (42%) 43 (43%) 33 (33%)
Distal (jejunum, ileum) 88 43 (49%) 29 (33%) 17 (19%) 8 (9%)
P 0.156 0.222 0.001a o0.0001a

Histological subtype
Tubular 169 75 (44%) 61 (36%) 57 (34%) 38 (23%)
Mucinous 8 3 (38%) 2 (25%) 1 (13%) 2 (25%)
Micropapillary 5 2 (40%) 3 (60%) 1 (20%) 1 (20%)
Signet ring cell 3 2 (67%) 2 (67%) 1 (33%) 0
Undifferentiated 4 0 3 (75%) 0 0
P 0.463 0.245 0.529 0.948

Grade
Low 145 69 (48%) 48 (33%) 53 (37%) 35 (24%)
High 44 13 (30%) 23 (52%) 7 (16%) 6 (14%)
P 0.034a 0.021a 0.010a 0.139

pT classificationc

pT1þpT2 16 8 (50%) 5 (31%) 8 (50%) 8 (50%)
pT3 61 31 (51%) 19 (31%) 19 (31%) 9 (15%)
pT4 109 41 (38%) 47 (43%) 33 (30%) 24 (22%)
P 0.209 0.255 0.281 0.015a

pN classificationb

pN0 83 45 (54%) 28 (34%) 29 (35%) 21 (25%)
pN1 88 32 (36%) 36 (41%) 29 (33%) 18 (21%)
P 0.019a 0.333 0.784 0.450

Pancreatic invasion
No 123 58 (47%) 41 (33%) 33 (27%) 21 (17%)
Yes 66 24 (36%) 30 (46%) 27 (41%) 20 (30%)
P 0.154 0.101 0.047a 0.035a

Other loop invasion
No 184 80 (44%) 68 (37%) 59 (32%) 40 (22%)
Yes 5 2 (40%) 3 (60%) 1 (20%) 1 (20%)
P 1.000 0.366 1.000 1.000

Retroperitoneal seeding
No 175 76 (43%) 65 (37%) 56 (32%) 37 (21%)
Yes 14 6 (43%) 6 (43%) 4 (29%) 4 (29%)
P 0.967 0.671 1.000 0.508

Perineural invasion
No 126 61 (48%) 43 (34%) 43 (34%) 31 (25%)
Yes 63 21 (33%) 28 (44%) 17 (27%) 10 (16%)
P 0.049a 0.167 0.320 0.170

Lymphovascular invasion
No 91 45 (50%) 30 (33%) 33 (36%) 28 (31%)
Yes 98 37 (38%) 41 (42%) 27 (28%) 13 (13%)
P 0.109 0.231 0.214 0.005a

Suspected Lynch syndrome
No 176 75 (43%) 66 (38%) 59 (34%) 39 (22%)
Yes 13 7 (54%) 5 (39%) 1 (8%) 2 (15%)
P 0.430 1.000 0.065 0.737

aStatistically significant (Po0.05).
bCalculated using only patients with sufficient available data.
cExcluded patients with pTis.
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patients; 29.6%), pancreatobiliary (45 patients;
23.8%), gastric (26 patients; 13.8%), mixed
(26 patients; 13.8%), or null (36 patients; 19.0%).
The immunophenotypic classification was found to
closely correlate with the tumor location, histologi-
cal subtype, and tumor grade. Intestinal immuno-
phenotypic adenocarcinomas were more frequently
observed in the distal section (jejunum or ileum;
P¼ 0.033), presenting as low-grade (P¼ 0.004) or
tubular (P¼ 0.039) tumors, whereas pancreatobili-
ary-type carcinomas were more commonly observed
in the duodenum (P¼ 0.033) and presenting as high-
grade (P¼ 0.004) tumors. Undifferentiated and
micropapillary carcinomas were most commonly
observed in pancreatobiliary type (P¼ 0.039).
Gastric-type adenocarcinomas were more frequently
located in the duodenum (P¼ 0.033), but null
tumors were more commonly observed in the distal
sections of the intestines (P¼ 0.033). Of 13 patients
with suspected Lynch syndrome, 4 had intestinal, 2

pancreatobiliary, 1 gastric, 3 mixed, and 3 null
immunophenotypes of small intestinal adenocarci-
nomas.

Survival Analysis

Small intestinal adenocarcinoma patients with
CDX2 positivity (median survival time¼ 71.2
months) demonstrated significantly better survival
outcomes than patients without CDX2 expression
(21.5 months; Po0.0001; Figure 3a). However,
mucin expression was found not to be associated
with patient survival (Figure 3b–d). When survival
differences were compared with the immunopheno-
typic adenocarcinoma classifications of combined
CDX2 and mucin expression, significant sur-
vival differences were observed between the five
subgroups in our cohort (Po0.0001; Figure 4a).
The median survival times for small intestinal

Table 3 Correlation between immunophenotypic classification and clinicopathologic factors in the small intestinal adenocarcinoma
study cohort

No. of patients

Clinicopathologic factors n Intestinal Pancreatobiliary Gastric Mixed Null P-value

Growth patterna 0.172
Polypoid 34 13 (38%) 6 (18%) 5 (15%) 0 10 (29%)
Nodular 12 4 (33%) 2 (17%) 1 (8%) 4 (33%) 1 (8%)
Infiltrative 135 37 (27%) 34 (25%) 18 (13%) 22 (16%) 24 (18%)

Location 0.033b

Proximal (duodenum) 101 26 (26%) 29 (29%) 19 (19%) 13 (13%) 14 (14%)
Distal (jejunum, ileum) 88 30 (34%) 16 (18%) 7 (8%) 13 (15%) 22 (25%)

Histological subtype 0.039b

Tubular 169 54 (32%) 40 (24%) 25 (15%) 21 (12%) 29 (17%)
Mucinous 8 1 (13%) 0 1 (13%) 2 (25%) 4 (50%)
Micropapillary 5 1 (20%) 2 (40%) 0 1 (20%) 1 (20%)
Signet ring cell 3 0 0 0 2 (67%) 1 (33%)
Undifferentiated 4 0 3 (75%) 0 0 1 (25%)

Tumor grade 0.004b

Low 145 51 (35%) 30 (21%) 23 (16%) 18 (12%) 23 (16%)
High 44 5 (11%) 15 (34%) 3 (7%) 8 (18%) 13 (30%)

pTc 0.211
pT1þpT2 16 7 (44%) 4 (25%) 4 (25%) 1 (6%) 0
pT3 61 21 (34%) 9 (15%) 9 (15%) 10 (16%) 12 (20%)
pT4 109 26 (24%) 32 (29%) 13 (12%) 15 (14%) 23 (21%)

pNa 0.141
pN0 83 30 (36%) 13 (16%) 12 (15%) 15 (18%) 13 (16%)
pN1 88 21 (24%) 25 (28%) 12 (14%) 11 (13%) 19 (22%)

Pancreatic invasion 66 16 (24%) 22 (33%) 10 (15%) 8 (12%) 10 (15%) 0.199
Other loop invasion 5 0 1 (20%) 0 2 (40%) 2 (40%) 0.126
Retroperitoneal seeding 14 3 (21%) 3 (21%) 3 (21%) 3 (21%) 2 (14%) 0.726
Perineural invasion 63 13 (21%) 20 (32%) 8 (13%) 8 (13%) 14 (22%) 0.220
Lymphovascular invasion 98 24 (25%) 28 (29%) 10 (10%) 13 (13%) 23 (24%) 0.102
Suspected Lynch syndrome 13 4 (31%) 2 (15%) 1 (8%) 3 (23%) 3 (23%) 0.781

aCalculated using only patients with enough available data.
bStatistically significant (Po0.05).
cExcluded patients with pTis.
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adenocarcinoma patients with the intestinal, pan-
creatobiliary, mixed, gastric, and null types were
80.8 months, 18.7 months, 26.3 months, 36.5
months, and 13.9 months, respectively. Intestinal-
type adenocarcinomas demonstrated significantly
better survival outcomes than all other types in our
cohort (Po0.0001; Figure 4b). When pair-wise
comparisons were performed, patients with intest-
inal-type adenocarcinomas demonstrated signi-
ficantly better survival than patients with pan-
creatobiliary- (Po0.0001), gastric- (P¼ 0.009),
mixed- (P¼ 0.03), or null-type adenocarcinomas
(Po0.0001). Gastric-type adenocarcinoma patients
demonstrated better survival than patients with
mixed- (P¼ 0.04) or null-type tumors (P¼ 0.07).
However, there were no significant survival differ-
ences between the pancreatobiliary and gastric
types, pancreatobiliary and mixed types, or pan-
creatobiliary and null types.

Association between Survival and Other
Clinicopathological Factors

Clinicopathological characteristics of the small
intestinal adenocarcinomas examined in our current
study, including location (P¼ 0.03), pT classifica-
tion (P¼ 0.01), lymph node metastasis (Po0.0001),
other intestinal loop invasion (P¼ 0.03), retroper-
itoneal seeding (Po0.0001), and lymphovascular
(Po0.0001) and perineural (P¼ 0.01) invasion, were
also found to be significantly associated with patient
survival.

Multivariate Analysis of Clinicopathological Factors

The independent prognostic significance of the
immunophenotype and other clinicopathological
factors, which were considered significant by uni-
variate analysis, was further evaluated using Cox
proportional hazards modeling (Table 4). According
to this multivariate analysis, intestinal immuno-
phenotype (P¼ 0.001), the absence of lymph node
metastasis (P¼ 0.020), the absence of retroperitoneal
seeding (P¼ 0.011), and the absence of lympho-
vascular invasion (P¼ 0.028) are good independent
prognostic predictors of overall survival in small
intestinal adenocarcinoma patients.

Discussion

To identify the clinicopathological and prognostic
significance of CDX2 and mucin expression in small
intestinal adenocarcinomas, we performed CDX2
and mucin protein immunohistochemical staining
on a large number of patients (n¼ 189) in our
present study. In these analyses, CDX2 expressing
adenocarcinoma patients tended to demonstrate
low-grade tumors, less lymph node metastasis, and
less perineural invasion. Only a few previously
reported studies have undertaken CDX2 and/or
mucin protein expression analysis on small intest-
inal adenocarcinomas.11,21,34,35 However, due to the
small number of patients who were evaluated in
these earlier reports, insufficient data were available
to determine the prognostic significance of the

Figure 3 Expression of CDX2 and mucins with survival analysis. (a) Patients with CDX2þ adenocarcinomas demonstrated better
survival rates than those with CDX2� tumors (Po0.0001). (b–d) The expression levels of (b) MUC1, (c) MUC5AC, and (d) MUC6 are not
associated with patient survival.
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findings. Similar to CDX2 expression in other
gastrointestinal cancers, including gastric and
ampullary cancers,29,30,32,33,42 we found in our
present study that small intestinal adenocarcinoma
patients expressing CDX2 demonstrated better
survival outcomes.

Small intestinal adenocarcinoma patients expres-
sing MUC1 demonstrated nodular or infiltrative
growth patterns and high-grade cancers. Previously,
Zhang et al35 reported that poorly differentiated
small intestinal adenocarcinomas more frequently
express MUC1. The results of our current study
concur with those of Zhang et al. Several other
studies have reported that gastric cancers expressing
MUC1 are associated with poorer patient survival
rates.16,17,19 However, no significant survival differ-
ences were observed in our current small intestinal
adenocarcinoma cohort in terms of MUC1 protein
expression, which is different from the findings in
gastric cancer. Lee et al11 have previously reported
that duodenal cancers more frequently demonstrate
MUC1 protein expression (10 of 14 cases; 71%) than
jejunal and ileal cancers (2 of 9 cases; 22%), but they

did not report any differences in terms of MUC5AC or
MUC6 expression. In contrast to this previous study,
we did not find any differences in MUC1 protein
expression in terms of small intestinal adenocarci-
noma location in our current analyses; however,
we observed MUC5AC and MUC6 expression more
frequently in duodenal cancers than in distal (jejunal
and ileal) cancers. These differences could be due to
the different sample sizes in previous studies.

Histological and immunohistochemical distinc-
tion between intestinal and pancreatobiliary cancers
is well described for ampullary carcinomas.43 Intes-
tinal adenocarcinomas consist of simple or cribri-
form tubular glands that are lined by tall columnar
cells with pseudostratified nuclei (similar to colonic
adenocarcinomas), whereas pancreatobiliary adeno-
carcinomas are composed of simple or branching
glands that are lined by a single layer of cuboidal or
columnar cells with abundant desmoplastic stroma.
Similar observations have been reported for pan-
creatic ductal adenocarcinomas and extrahepatic
cholangiocarcinomas.44–46 Immunohistochemically,
intestinal ampullary tumors express various markers

Figure 4 Small intestinal adenocarcinoma immunophenotype and survival analysis. (a) Survival differences were observed between the
five small intestinal adenocarcinoma patient groups classified according to their CDX2 and mucin immunophenotype (Po0.0001).
(b) Patients with intestinal immunophenotype carcinomas demonstrated significantly better survival outcomes than those with
non-intestinal-type tumors (Po0.0001).

Table 4 Multivariate analysis of the small intestinal adenocarcinoma patients

95% confidence interval

Variable Relative risk Lower Upper P-value

Intestinal immunophenotype (intestinal vs non-intestinal) 0.424 0.257 0.699 0.001a

Proximal (duodenum) vs distal (jejunum, ileum) 1.487 0.946 2.337 0.086

pT classification 0.621
pT1þpT2 — — — 0.153
pT3 2.434 0.818 7.243 0.110
pT4 0.733 0.462 1.163 0.187

pN classification 1.740 1.090 2.778 0.020a

Other loop invasion 1.432 0.342 6.002 0.623
Retroperitoneal seeding 2.661 1.255 5.643 0.011a

Perineural invasion 1.225 0.781 1.923 0.377
Lymphovascular invasion 1.713 1.059 2.774 0.028a

aStatistically significant (Po0.05).
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of intestinal differentiation, including CDX2 and
MUC2 but not MUC1. Pancreatobiliary ampullary
tumors express MUC1 but not MUC2 or CDX2.44,45

To our knowledge, there have been no previous
reports of small intestinal adenocarcinomas that
were classified as intestinal or pancreatobiliary
according to their morphologic and/or immunohis-
tochemical characteristics. We here report that
intestinal immunophenotypic cancers demonstrate
significantly better survival outcomes than lesions
of other immunophenotypes found in the small
intestine. Interestingly, location of small intestinal
adenocarcinoma is closely related to its immuno-
phenotype. Duodenal cancers were more frequently
gastric-type tumors, whereas distal (jejunal or ileal)
tumors were more commonly intestinal-type can-
cers. It is plausible to explain that both stomach and
proximal half of duodenum are foregut origin.
Hence, the mucin protein expression patterns of
duodenal cancers are similar to those of gastric
cancers.

In our present study cohort, intestinal- and
gastric-type tumors were more commonly low grade,
whereas pancreatobiliary- and null-type cancers
were typically high grade. Similar results have been
noted for intraductal papillary mucinous neoplasms
of the pancreas. One previous study has reported
that gastric- and intestinal-type intraductal papillary
mucinous neoplasms demonstrate less malig-
nant potential than pancreatobiliary-type intraduc-
tal papillary mucinous neoplasms.47 Distler et al48

have reported that pancreatobiliary-type intraductal
papillary mucinous neoplasm is strongly associ-
ated with advanced tumor stage in comparison with
intestinal-type intraductal papillary mucinous
neoplasm. Moreover, pancreatobiliary-type intra-
ductal papillary mucinous neoplasm demonstrates
higher local recurrence and metastatic rates com-
pared with other histological subtypes of intraductal
papillary mucinous neoplasm, including intestinal,
gastric, and oncocytic types. In ampullary carci-
noma, the pancreatobiliary type also demonstrates
significantly deeper tumor invasion (that is, pT
classification) and more frequent lymph nodal,
perineural, duodenal, and pancreatic invasion than
intestinal ampullary carcinomas.13,49 In addition,
intestinal type tumors demonstrate significantly
better patient survival than pancreatobiliary type
neoplasms from various gastrointestinal tract
tumors, including intraductal papillary mucinous
neoplasm48 and ampullary49 and gastric50 carcin-
omas. In concordance with the results of previous
studies on the prognostic implications of the morpho-
logic and immunophenotypic classifications of other
gastrointestinal tumors, the intestinal immunopheno-
type adenocarcinomas we examined in our present
study were associated with significantly better patient
survival outcomes than small intestinal adeno-
carcinomas of other immunophenotypes.

On the basis of our observations, non-intestinal
immunophenotype small intestinal adenocarcino-

mas can be used as worse prognostic indicators with
lymph node metastasis, retroperitoneal seeding, and
lymphovascular invasion. However, T classification
was not included as a prognostic factor in this
model. Because the current study is a retrospective
study, further prospective studies with large number
of cases are needed for solid conclusion.

In conclusion, we here investigated the expres-
sion of CDX2 and various mucins in 189 small
intestinal adenocarcinoma patients. On the basis of
their CDX2 and mucin expression patterns, adeno-
carcinomas were classified as intestinal, pancreato-
biliary, gastric, mixed, or null. On the basis of the
results of univariate and multivariate analyses, the
patients with intestinal immunophenotype adeno-
carcinomas demonstrated significantly better survi-
val outcomes than those harboring adenocarcinomas
of other immunophenotypes. Hence, immunohisto-
chemical staining for CDX2 and mucin proteins
has prognostic value in surgically resected small
intestinal adenocarcinoma patients.
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