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Abstract
Background  Sporadic nonampullary duodenal epithelial tumors (NADETs) are uncommon, and thus their clinicopathologi-
cal features have not been fully assessed.
Aims  In this study, we have analyzed a series of early sporadic NADETs, focusing on various immunohistological features.
Methods  We conducted a multicenter retrospective analysis of 68 patients with endoscopically resected sporadic NADETs. 
Associations between immunohistological features and clinicopathological features were statistically analyzed.
Results  The 68 patients consisted of 46 men (68%) and 22 women (32%) with a mean age of 60.7 ± 12.2 years (range 
37–85 years). The 68 tumors were composed of 39 adenomas (57%) and 29 early-stage adenocarcinomas (43%). Duodenal 
adenocarcinomas were larger in size than adenomas and had papillary architecture in their pathological diagnosis with 
statistical significance. Duodenal adenocarcinomas also demonstrated a significantly higher expression of gastric markers 
(MUC5AC and MUC6) and a higher MIB-1 index. Duodenal adenomas were contrastively apt to express intestinal markers 
(MUC2, CDX1 and CDX2). Of the 68 cases analyzed, there were only 3 tumors positive for p53 staining, all of which were 
adenocarcinoma. When 7 submucosal invasive cancers and 21 intramucosal cancers were compared, submucosal invasion 
was positively associated with expression of MUC5AC. Also, submucosal invasion showed strong association with double-
positivity of MUC5AC and MUC6.
Conclusions  Our results indicate that immunohistochemical evaluation is useful for predicting malignant potential of 
NADETs, especially focusing on the expression of gastrointestinal markers.
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Introduction

Small bowel cancers comprise less than 5% of gastro-
intestinal cancers [1]. Sporadic nonampullary duodenal 
adenocarcinomas (NADETs) are also uncommon, though 
duodenal cancers are the most frequent among small bowel 
cancers (55–82%) [2, 3]. However, it was recently reported 
that the incidence of duodenal adenocarcinoma has been 
increasing [4, 5]. According to the latest 2010 WHO clas-
sification for tumors of the digestive system, duodenal 
tumors are classified as tumors of the small intestine [6]. 
At present, there are no available specific guidelines for 
the diagnosis and treatment of duodenal tumors world-
wide. Though duodenal cancers have been conventionally 
managed by radical surgery or more conservative local 
surgical excision, no consensus has been established on the 
medical treatment policy in duodenal epithelial neoplasms.

Recently, endoscopic mucosal resection (EMR) and 
endoscopic submucosal dissection (ESD) have been per-
formed to treat epithelial tumors of the stomach, esopha-
gus and colorectum [7]. Since endoscopic mucosal resec-
tion (EMR) of duodenal neoplasm was first performed in 
1992 [8], a few studies concerning the endoscopic resec-
tion of duodenal neoplasms have been reported [9–12]. 
Even today, endoscopic treatment of duodenal epithelial 
tumors is very difficult because of narrow lumen of duo-
denum, thin muscle layer, the presence of Brunner’s gland 
in submucosal layer, exposure to bile and pancreatic fluid, 
and so on [13, 14]. Actually, patients undergoing endo-
scopic resection of duodenal lesions have a much higher 
complication rate compared to undergoing endoscopic 
resection of other gastrointestinal lesions [12, 15, 16]. In 
addition, it is difficult to pre-operatively diagnose whether 
the duodenal epithelial tumor is adenomatous or cancer-
ous [17, 18]. Endoscopic resection of NADETs is only 
performed at high-quality institutions worldwide.

Until today, there have been few studies which have 
clinicopathologically assessed early-stage duodenal adeno-
carcinoma and precancerous duodenal adenoma based on 
immunohistochemistry. In this study, we have analyzed a 
series of 68 cases of early sporadic nonampullary duode-
nal epithelial tumors, focusing on various immunohisto-
logical features.

Methods

Tumor Samples

Sixty-eight endoscopically resected NADETs between 
May 2003 and July 2013 were evaluated retrospectively. 

All patients underwent endoscopic mucosal resection 
(EMR) or endoscopic submucosal dissection (ESD) at 
either the University of Tokyo Hospital, NTT medical 
center Tokyo or Wakayama Medical University Hospi-
tal. In all 3 institutions, lesions with either a histologic 
or endoscopic diagnosis of intramucosal adenocarcinoma 
were considered as indications for EMR/ESD. All speci-
mens were aggregated in Fujita Health University school 
of Medicine. This study was approved by each of the insti-
tutional ethical review boards for human investigation in 
the above three hospitals in 2013.

Definitions

For age, all subjects were categorized into three groups 
(30–49, 50–69, and ≥ 70 years old), based on the histogram 
of ages. Lesion sizes were divided into two groups: ≥ 20 mm 
and < 20  mm, which is based on the absolute criteria 
of endoscopic submucosal dissection for gastric cancer 
(< 20 mm) [19]. Color and macroscopic appearance were 
classified according to the endoscopic images before treat-
ment. Judging from the color tone covered largest area in 
tumor, color was divided into three groups: whitish, normal, 
and erythematous [20]. Macroscopic appearance was cat-
egorized into three groups: depressed (0-IIc), elevated (0-I, 
0-IIa), and mixed (0-IIa + IIc, 0-I + IIc) [20]. Duodenum is 
anatomically divided into four sections (the first, second, 
third, and fourth part), but is also divided into the oral and 
anal side of the papilla [21]. We fixed the boundary between 
the oral side and the anal side of papilla in order to evaluate 
the characteristics of NADETs. We thought this boundary 
reflects the difference more correctly because of boundary 
of embryological development or the existence of Brunner’s 
gland.

Immunohistochemistry

All the specimens were embedded in paraffin wax and were 
then cut into slices 1–2 μm thick with glass knife. Serial 
sections were deparaffinized and stained with hematoxylin 
and eosin (H&E). The mucin expression profile of each case 
was evaluated by the following immunohistochemical stains: 
MUC2, MUC5AC, and MUC6. The protein expression 
profile of each case was evaluated by the following: p53, 
MIB-1, CDX1, and CDX2. The dilutions are described in 
Supplementary Table 1. Deparaffinization and endogenous 
peroxidase inactivation of clinical tissues were performed as 
described previously [22, 23].

Scoring System for Immunohistochemical Staining

All the immunohistochemical staining of tissue sec-
tions was evaluated by 3 evaluators including two expert 
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gastrointestinal pathologists. Immunohistochemical stain-
ing was performed on sections of all 68 lesions; then the 
areas of interest first were pointed out by the pathologists. 
Immunohistological expression of each lesion and periph-
eral normal mucosa were each manually evaluated at 400× 
magnification. MUC2, MUC5AC, MUC6, Ki-67, p53, 
CDX1, and CDX2 expression were defined as the propor-
tion of positively stained area in the lesion compared to the 
peripheral normal mucosa. The MIB-1 index was defined as 
the percentage of MIB-1 positive cells to at least 1000 cells 
[24, 25]. Cutoff values for each modality of immunohisto-
chemical staining were determined based on a comparison 
of histograms of adenomas and adenocarcinomas. Cutoff 
values for MIB-1, MUC2, MUC5AC, MUC6, CDX1 and 
CDX2 were set as 70, 5, 30, 30, 80 and 80%, respectively. 
Moreover, we defined the groups of MUC5AC positive 
cells ≥ 30% and MUC6 positive cells ≥ 30% as “MUC5AC/
MUC6 double-positive.” The “presence or absence of papil-
lary architecture (pap)” on the specimen was evaluated with 
hematoxylin and eosin (H&E) staining.

Statistical Analysis

In the univariate analyses, Chi-square test was used for eval-
uating differences between adenoma and adenocarcinoma. 
Fisher’s exact test was used when sample size was small. 
Cochran–Armitage test was used for statistical evaluation of 
age. All statistical analyses were performed using the JMP 
9.0 or SAS 9.1.3 software (SAS Institute Inc., Cary, NC, 
USA), and p value of < 0.05 was considered as statistically 
significant.

Results

Study Population

The 68 patients with sporadic nonampullary duodenal epi-
thelial tumor consisted of 46 men (68%) and 22 women 
(32%). Their mean age was 60.7 ± 12.2  years (range, 

Table 1   Comparisons of 
clinicopathological features 
between the patients with 
duodenal adenocarcinoma and 
duodenal adenoma

Cochran–Armitage test was used for statistical evaluation of age (‡). For the five factors (§), Chi-square 
test was used to evaluate the difference of association between duodenal adenocarcinoma and adenoma, 
respectively. Fisher’s exact test was used for statistical evaluation of macroscopic appearance (║). The level 
of significance in the univariate analyses was set at 0.05, and the significant factors (p < 0.05) were marked 
with asterisk (*). In addition, two possibly significant factors (0.05 ≤ p < 0.1) were marked with dagger (†)

Duodenal adenocar-
cinoma (n = 29)

Duodenal 
adenoma (n = 39)

p value Power (effect size)

Age (y. o.)
30–49 2 (7.0%) 11 (28%) 0.032*‡ 0.53 (0.28)
50–69 16 (55%) 19 (49%)
≥ 70 11 (38%) 9 (23%)
Sex
Male 16 (55%) 30 (77%) 0.058†§ 0.47 (0.23)
Female 13 (45%) 9 (23%)
Color
Whitish 11 (38%) 19 (49%) 0.67§ 0.11 (0.11)
Normal 6 (21%) 7 (18%)
Erythematous 12 (41%) 13 (33%)
Macroscopic appearance
Depressed 3 (10%) 5 (13%) 0.60║ 0.16 (0.14)
Elevated 25 (86%) 30 (77%)
Mixed 1 (4%) 4 (10%)
Lesion size
≥ 20 mm 14 (48%) 4 (10%) 0.00040*§ 0.94 (0.43)
< 20 mm 15 (52%) 35 (90%)
Location
Oral side of the papilla 19 (66%) 25 (66%) 0.98§ 0.060 (0.040)
Anal side of the papilla 10 (34%) 13 (34%)
Papillary architecture in the pathological diagnosis
Presence 10 (34%) 0 (0.0%) < 0.0001*§ 0.98 (0.48)
Absence 19 (66%) 39 (100%)
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37–85 years). The 68 lesions were comprised of 39 adeno-
mas (57%) and 29 adenocarcinomas (43%).

Associated Background Factors for Duodenal 
Adenocarcinoma

Univariate analyses were performed to evaluate association 
between the seven background factors and the histological 
diagnosis of duodenal epithelial tumors (adenoma or adeno-
carcinoma, Table 1). “Lesion size” and “the presence of pap-
illary architecture in pathological diagnosis” were positively 
associated with adenocarcinoma compared to adenoma. On 
the contrary, age, sex, color, macroscopic appearance and 
location did not show significant association with the histo-
logical type of duodenal epithelial tumor. Statistical power 
analysis showed that the sample sizes of the two significant 
factors (lesion size and papillary architecture in pathologi-
cal diagnosis) were large enough (both effect sizes > 0.3) to 
assert that their associations with duodenal adenocarcinoma 
were practically significant. On the contrary, effect sizes of 
age and sex (0.28 and 0.23) were rather too small to assert 
their non-significant association with the type of duodenal 
epithelial tumor.

Comparisons of Duodenal Adenoma 
and Adenocarcinoma Based 
on Immunohistochemical Properties

Using the 68 specimens, immunohistochemical analyses 
with seven antibodies were performed. Figure 1 shows typi-
cal cases of gastric-type markers being positive or negative 
for MUC5AC and MUC6 expression. Figure 2 shows typi-
cal cases of intestinal-type markers of positive or negative 
immunostaining for CDX2 antibodies and MUC2 expres-
sion. As shown in Supplementary Fig. 1, other results of 
immunohistochemistry

Table 2 provides association between the results of 
immunohistochemistry and the histological feature of duo-
denal epithelial tumors. Univariate analyses showed that 
intestinal types (expression of MUC2, CDX1 and CDX2) 
were positively correlated with adenomatous histology. 
In contrast, gastric mucin types (MUC5AC and MUC6) 
were positively correlated with histology of adenocarci-
noma. All the seven lesions positive for both MUC5AC 
and MUC6 (MUC5AC/MUC6 double-positive) were 
adenocarcinoma (Table 2). Such five factors as erythe-
matous appearance, oral-side location, adenocarcinoma, 

Fig. 1   Typical expression images of the gastric-type mucin in the 
duodenal epithelial tumors. Photomicrographs show typical exam-
ples of positive (a, b) and negative (c, d) cases for mucin expression. 
In all the specimens, nuclei were counterstained with hematoxylin. 
Scale bars indicate 50  μm in a–d. (a, c) In the MUC5AC-positive 
case, strong expression of MUC5AC was observed in the glands of 
the duodenal adenocarcinoma. In the MUC5AC-negative tumor case, 

only a small portion of superficial layer and some part of the glan-
dular epithelium (endocrine cells) were stained. (b, d) In the MUC6-
positive case, MUC6 immunoreactivity was seen in the cytoplasm of 
cancer cells. In the MUC6-negative case, few cells in the glandular 
epithelium of the tumor were stained. In contrast, Brunner’s glands 
were intensely stained
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the presence of papillary architecture, and submucosal 
invasion were significantly associated with the seven can-
cerous lesions showing double-positive for MUC5AC and 
MUC6 (data not shown). MIB-1 index was positively asso-
ciated with adenocarcinoma. Of the 68 duodenal epithelial 
tumors examined, only three lesions showed strong p53 
expression, all of which were malignant tumors.

All the immunohistochemical factors except for p53 
expression showed significant difference between the duo-
denal adenocarcinoma and adenoma, and most of their 
effect sizes were large enough to be considered as reliable 
(Table 2). About p53 expression, Fisher’s exact test showed 
no significant difference between duodenal adenoma and 
adenocarcinoma (p = 0.073), but the power and effect size 
were not large enough for practical evaluation.

Significant Background Factors Associated 
with the Depth of Duodenal Adenocarcinoma

In the 29 cases of adenocarcinomas, the depth of invasion 
could not be assessed in one case due to coagulation necrosis 
of the tissue. Of the 28 remaining lesions, 7 cases (25%) had 
submucosal invasion and 21 cases (75%) were intramucosal 
cancer (Table 3). When the seven background factors were 
analyzed, no factors showed significant association with the 
depth of duodenal adenocarcinoma. Of the analyzed seven 
factors, p value for the presence of papillary architecture was 
rather small (p = 0.063), and its power and effect size were 
not so high (0.62 and 0.43).

Correlation Between the Depth of Cancer Invasion 
and Immunohistochemical Characteristics 
of Duodenal Cancer

Table 4 summarizes the results of immunohistochemistry in 
the 28 duodenal adenocarcinoma cases. Expression of gas-
tric marker mucin (MUC5AC) was significantly associated 
with submucosal invasion of the cancer. Similar to the com-
parison between adenoma and adenocarcinoma (Table 2), 
double-positive feature for MUC5AC and MUC6 was the 
significant risk factor for submucosal invasion of duodenal 
adenocarcinoma. Though MUC6 did not show meaningful 
association with submucosal invasion, effect size was not so 
large (0.43) and therefore might have some influence on this 
result. Submucosal invasion was not associated with MUC2, 
CDX1, CDX2, MIB-1 index and p53 immunostaining.

Discussion

This study demonstrated clinicopathological features of 
68 sporadic NADETs in Japan. Through immunohisto-
logical evaluation of sporadic NADETs, significant asso-
ciation between malignant potential (tumor invasion) and 
expression of gastric markers (MUC5AC and MUC6) were 
demonstrated.

According to the recent studies describing the clini-
cal characteristics of duodenal tumors, age of the patients 
ranged from 54 to 67 years [2, 10, 11, 20, 26–29], men 
are more likely to have duodenal epithelial tumors [2, 

Fig. 2   Typical immunohisto-
chemical staining of CDX2 and 
MUC2 in the duodenal epithe-
lial tumors. Photomicrographs 
show typical examples of posi-
tive (a, b) and negative (C and 
D) cases for CDX2 and MUC2 
staining. In all the specimens, 
nuclei were counterstained 
with hematoxylin. Scale bars 
indicate 50 μm in a–d. (a, c) In 
the CDX2-positive case, almost 
all the nuclei of the tumor cells 
were stained intensely. In the 
CDX2-negative case, only a 
smart of cellular nuclei in the 
tumor were stained. (b, d) In the 
MUC2-positive case, epithelial 
cells in the tumor were sparsely 
stained from the basal layer to 
the upper layer. In the MUC2-
negative case, almost none of 
the intraductal cells in the tumor 
were stained
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10, 11, 20, 26–30], and the predilection site of the tumor 
is first or second portion of the duodenum [10, 26–28]. 
About the location of duodenal epithelial tumors, there 
must be a bias that oral-side lesions tend to be frequently 
included, because most studies analyzed the lesions endo-
scopically resected. Considering the studies of endoscopi-
cally resected lesions only, average sizes of the tumors are 
ranged from 10 to 27 mm [9–11, 20, 27, 31]. In our analy-
sis, a mean age of the study subjects is 61 ± 12 years, men 
(68%) are more likely to have duodenal epithelium tumors, 
and the mean size of lesions is 15 ± 10 mm (2–45 mm); all 
of these are consistent with the previous reports. All the 
68 lesions were located in the first or second portion of 
duodenum. Though not statistically significant, it should 
be noteworthy that 6 out of 7 lesions on the oral side of 
papilla are submucosal invasive adenocarcinomas (86%). 
It is interesting that proximal lesion tends to invade more 
deeply despite its accessibility by endoscopy. It may be 
due to the frequent breaks in the muscularis mucosae 
accompanied with Brunner’s glands.

The role of Brunner’s glands for duodenal tumorigen-
esis is barely elucidated, but it is well known that Brunner’s 
glands express not MUC5AC but MUC6 [32]. As shown in 
Tables 2 and 4, expression of MUC6 in duodenal epithelial 
tumors tends to be associated with more malignant property 
of duodenal tumors. There is a possibility that Brunner’s 
glands may become cancerous.

Ushiku et al. [28] recently reported the immunohisto-
chemical study of sporadic and malignant NADETs. They 
classified the 38 lesions based on morphologic features as 
follows: gastric type, intestinal type, pancreaticobiliary type 
and others. They reported that all gastric-type adenocarci-
nomas were located in the proximal duodenum, whereas 
other type lesions were located both in the proximal and 
distal duodenum. They also showed that intestinal type was 
associated with more favorable overall survival and disease-
free survival compared to other non-intestinal phenotypes. 
In our current study, we compared 39 cases of adenoma and 
29 cases of adenocarcinoma in the duodenum, all of which 
were endoscopically resected. We showed that expression 

Table 2   Comparisons of 
immunohistochemical 
characteristics between 
duodenal adenocarcinoma and 
duodenal adenoma

For the six immunohistochemical factors (§), Chi-square test was used to evaluate the difference of associa-
tion between duodenal adenocarcinoma and adenoma, respectively. Fisher’s exact test was used for statisti-
cal evaluation of MUC5AC/MUC6 double-positivity and p53 expression (║). The level of significance in 
the univariate analyses was set at 0.05, and the significant factors (p < 0.05) were marked with asterisk (*). 
In addition, a possibly significant factor (0.05 ≤ p < 0.1) was marked with dagger (†)

Duodenal adenocar-
cinoma (n = 29)

Duodenal ade-
noma (n = 39)

p value Power (effect size)

MUC2 expression
≥ 5% 12 (41%) 30 (77%) 0.0027*§ 0.85 (0.36)
< 5% 17 (59%) 9 (23%)
MUC5AC expression
≥ 30% 9 (31%) 3 (8.0%) 0.012*§ 0.70 (0.30)
< 30% 20 (69%) 36 (92%)
MUC6 expression
≥ 30% 10 (34%) 5 (13%) 0.033*§ 0.57 (0.26)
< 30% 19 (66%) 34 (87%)
MUC5AC/MUC6 double-positive
> 30% for both expression 7 (24%) 0 (0.0%) 0.0016 *║ 0.90 (0.39)
≤ 30% for either expression 22 (76%) 39 (100%)
MIB-1 index
≥ 70% 11 (38%) 4 (10%) 0.0063*§ 0.78 (0.33)
< 70% 18 (62%) 35 (90%)
p53 expression
Positive 3 (10%) 0 (0.0%) 0.073†║ 0.54 (0.25)
Negative 26 (90%) 39 (100%)
CDX1 expression
≥ 80% 9 (31%) 31 (80%) < 0.0001*§ 0.98 (0.49)
< 80% 20 (69%) 8 (20%)
CDX2 expression
≥ 80% 8 (28%) 33 (85%) < 0.0001*§ 1.0 (0.58)
< 80% 21 (72%) 6 (15%)
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of gastric markers is significantly associated with adenocar-
cinomas, and expression of intestinal markers is associated 
with adenomas (Table 2). We further found that invasion 
activity of duodenal adenocarcinoma is significantly associ-
ated with expression of gastric markers (Table 4). Consider-
ing Ushiku’s report together [28], it is indicated that higher 
grade of atypia and deeper invasive cancers tend to exhibit 
stronger expression of gastric markers. To put it the other 
way around, it is indicated that less malignant duodenal epi-
thelial tumors have a tendency to show stronger expression 
of intestinal markers.

Although our results suggested that MUC5AC, MUC6 
and MUC2 are useful immunohistochemical markers for 
duodenal adenoma/adenocarcinoma as well as gastric cancer 
[33], these mucin markers cannot be used for blood/plasma 
test. To search blood biomarkers for NADETs, we are plan-
ning to perform comprehensive gene expression analysis of 
duodenal adenoma/adenocarcinoma. One of our goals is to 
identify good blood markers which can reflect the difference 
in gene expression between duodenal tumor cells and normal 
adjacent cells.

Concerning the typical markers of malignancy, higher 
MIB-1 index and intense staining of p53 generally show 
significant correlation with adenocarcinoma [34, 35]. Our 
result expectedly showed these cancer-related markers would 
help to distinguish between adenoma and adenocarcinoma 
in duodenum.

Of the 29 early-stage duodenal adenocarcinomas, only 
3 tumors were positive for p53 staining. This suggests that 
p53-independent pathways should play an important role in 
the first step toward malignant transformation of duodenal 
tumors. However, we think that disordered p53 function also 
can lead to malignant property of duodenal tumors, since 
all the lesions with strong p53 expression were unexpect-
edly malignant. In addition to these, expression analyses of 
gastric and intestinal differentiation markers can contribute 
to not only predicting malignant potential of lesions but also 
deciding the treatment strategy against duodenal epithelial 
tumors.

Even today, little is known about the expression of 
gastric markers in NADETs. A few papers reported that 
duodenal epithelial tumors expressing gastric markers are 

Table 3   Comparisons of 
clinicopathological features 
between the patients with 
submucosal invasive duodenal 
adenocarcinoma (sm) and 
intramucosal duodenal 
adenocarcinoma (m)

Cochran–Armitage test was used for statistical evaluation of age (‡). For other six factors (║), Fisher’s exact 
test was used to evaluate the difference of association between “submucosal invasive adenocarcinoma” and 
“intramucosal adenocarcinoma.” The level of significance in the univariate analyses was set at 0.05, and 
the significant factors (p < 0.05) were marked with asterisk (*). A possibly significant factor (0.05 ≤ p < 0.1) 
was marked with dagger (†)

sm (n = 7) m (n = 21) p value Power (effect size)

Age (y. o.)
30–49 0 (0.0%) 2 (10%) 0.20‡ 0.21 (0.25)
50–69 3 (43%) 12 (57%)
≥ 70 4 (57%) 7 (33%)
Sex
Male 5 (71%) 10 (48%) 0.40║ 0.19 (0.21)
Female 2 (29%) 11 (52%)
Color
Whitish 1 (14%) 10 (48%) 0.32║ 0.28 (0.30)
Normal 2 (29%) 3 (14%)
Erythematous 4 (57%) 8 (38%)
Macroscopic appearance
Depressed 0 (0.0%) 3 (14%) 0.66║ 0.18 (0.24)
Elevated 7 (100%) 17 (81%)
Mixed 0 (0.0%) 1 (5.0%)
Lesion size
≥ 20 mm 2 (29%) 12 (57%) 0.38║ 0.26 (0.25)
< 20 mm 5 (71%) 9 (43%)
Location
Oral side of the papilla 6 (86%) 13 (62%) 0.37║ 0.22 (0.22)
Anal side of the papilla 1 (14%) 8 (38%)
Papillary architecture in pathological diagnosis
Presence 5 (71%) 5 (24%) 0.063†║ 0.62 (0.43)
Absence 2 (29%) 16 (76%)
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originated from Brunner’s gland or gastric metaplasia in 
duodenum [36–38]. It is well known that abnormal dif-
ferentiation sometimes increases the risk of cancer [22, 
23]. Similar to intestinal metaplasia in stomach [39] or 
Barrett’s dysplasia at the esophagogastric junction [40], 
ectopic expression of gastric markers obviously indi-
cates the unstable differentiation status of duodenum. We 
speculate that unstable differentiation status of duodenum 
between gastric and intestinal property must play an essen-
tial role of malignant transformation of duodenal epithelial 
cells.

The current study has several limitations that should 
be recognized. First, this study design is a retrospective 
cross-sectional study and the data were originated from 
institutions in Japan only. Second, due to rarity of the dis-
ease, the number of study subjects is small. Third, the 
mechanism of upregulated gastric marker expression in 
duodenal tumorigenesis has not been elucidated.
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