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Materials and Methods 

Definitions of endoscopic findings 

Reflux esophagitis was diagnosed and graded according to the Los Angeles classification 1. Barrett’s esophagus (BE) was 

defined as an esophagus in which any portion of the normal distal squamous epithelial lining was replaced by columnar epithelium 

that was clearly visible endoscopically (≥ 1 cm) above the gastro-esophageal junction, according to the British Society of 

Gastroenterology guidelines on the diagnosis and management of BE 2. An irregular Z-line that included a projection of columnar-

lined esophagus less than 1 cm was not diagnosed as BE 2. Histological diagnosis of BE was not performed as it is not believed to 

be cost-effective to conduct random biopsies for all individuals with columnar-lined esophagus in Japan, owing to the rare incidence 

of esophageal adenocarcinoma in this country. A fundic gland polyp (FGP) was defined as a small sessile polyp in the fundic gland 

area with a smooth surface. Open-type gastric mucosal atrophy was diagnosed when the atrophic border no longer existed on the 

lesser curvature but extended along the anterior and posterior walls of the stomach 3. C-II or C-III atrophy was diagnosed according 

to Kimura and Takemoto’s classification 3. This finding is highly associated with the presence of intestinal metaplasia caused by 

Helicobacter pylori infection 4. 

 

Definitions of lifestyle-related diseases 

Hypertension was defined as systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg, or current 

use of an antihypertensive drug for the treatment of hypertension. Diabetes mellitus was defined as a haemoglobin A1c (HbA1c) 

level > 6.5% or current use of an antidiabetic agent. Dyslipidemia was defined as serum low-density lipoprotein cholesterol (LDL-

C) > 140 mg/dL, high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL, fasting triglycerides > 150 mg/dL, or current use of a 

lipid-lowering agent. 

 

Histological evaluation 

Surgically or endoscopically resected specimens were fixed with formalin, embedded in paraffin, and stained with 

haematoxylin and eosin. Biopsy samples were used in cases of patients who did not undergo tumor resection in our hospital. The 

histological diagnostic accuracy of biopsy samples was 93% for superficial NADET5. Histological examination was performed 

according to the World Health Organisation (WHO) Classification 2010 of the Digestive System 6. Histological subtypes of 

adenocarcinoma were classified into the following four groups on the basis of morphology and according to a previous report: 

intestinal, gastric, pancreaticobiliary, and indeterminate type 7. 

 

Immunohistochemistry 

Immunohistochemical staining was performed using a BOND-MAX automated immunohistochemical staining machine 

(Leica Microsystems, Milton Keynes, UK). The primary antibodies used were as follows: anti-MUC5AC (clone: CLH2, 1:100; 

Novocastra Laboratories, Newcastle, UK), anti-MUC6 (clone: CLH5, 1:100; Novocastra Laboratories), anti-MUC2 (clone: Ccp58, 

1:100; Novocastra Laboratories), and anti-CD10 (clone: 56C6, 1:100; Novocastra Laboratories). In accordance with previous 

publications, the tumor was defined as positive for each marker when > 10% of the neoplastic cells were stained 7, 8. 

 

Statistical analysis 

Differences in characteristics between the two groups were evaluated using Student’s t-test for continuous variables and 

Fisher’s exact test for categorical variables. Factors that showed marginal differences (p < 0.1) in Student’s t-tests or Fisher’s exact 



tests were included in univariable logistic regression models. Marginally associated factors (p < 0.1) in univariable logistic 

regression analyses were included in multivariable logistic regression models with forward stepwise variable selection. Continuous 

variables measured were expressed as mean ± standard deviation. All tests for statistical significance were two-sided at p = 0.05. 

All statistical analyses were performed using IBM SPSS Statistics version 23 (IBM Japan, Tokyo, Japan). 
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Supplementary Table 1. Prevalence of previous history of extra-duodenal malignant diseases 

 Discovery set Validation set 

 NADET (-) 

(n = 314) 

NADET (+) 

(n = 157) 

NADET (+) 

(n = 292) 

Colorectal cancer 

Gastric cancer 

Bladder cancer 

Esophageal cancer 

Squamous cell carcinoma 

Adenocarcinoma 

Prostate cancer 

Breast cancer 

Lung cancer 

Hematologic cancer 

Renal cancer 

Skin cancer 

Laryngopharyngeal cancer 

Cervical cancer 

Hepatic cancer 

Thyroid cancer 

6 (1.9%) 

3 (1.0%) 

1 (0.3%) 

0 (0%) 

0 (0%) 

0 (0%) 

8 (2.5%) 

8 (2.5%) 

2 (0.6%) 

3 (1.0%) 

2 (0.6%) 

2 (0.6%) 

1 (0.3%) 

1 (0.3%) 

0 (0%) 

3 (1.0%) 

9 (5.7%) 

8 (5.1%) 

4 (2.5%) 

4 (2.5%) 

3 (1.9%) 

1 (0.6%) 

3 (1.9%) 

3 (1.9%) 

3 (1.9%) 

2 (1.3%) 

2 (1.3%) 

1 (0.6%) 

1 (0.6%) 

1 (0.6%) 

1 (0.6%) 

0 (0%) 

22 (7.5%) 

11 (3.8%) 

2 (0.7%) 

7 (2.4%) 

7 (2.4%) 

0 (0%) 

7 (2.4%) 

6 (2.1%) 

0 (0%) 

7 (2.4%) 

2 (0.7%) 

1 (0.3%) 

1 (0.3%) 

1 (0.3%) 

1 (0.3%) 

2 (0.7%) 

NADET, non-ampullary duodenal epithelial tumors  

  



Supplementary Table 2. Sub-analysis according to the location of NADET 

 D1 D2 

Univariable Multivariable† Univariable Multivariable† 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Current smoker 

SSBE 

Reflux esophagitis 

Fundic gland polyp 

Open-type gastric atrophy 

Dyslipidemia 

Diabetes  

Other malignant diseases 

2.54 

13.0 

0.37 

1.59 

1.76 

0.41 

0.61 

6.00 

(0.74–8.87) 

(1.40–120.7) 

(0.04–3.39) 

(0.32–7.90) 

(0.57–5.45) 

(0.10–1.67) 

(0.15–2.55) 

(1.53–23.5) 

 

18.3 

 

 

 

 

 

7.78 

 

(1.83–182.0) 

 

 

 

 

 

(1.84–32.9) 

1.99 

3.26 

1.83 

2.26 

0.54 

0.66 

0.62 

2.15 

(1.08–3.69) 

(1.76–6.04) 

(1.03–4.01) 

(1.38–3.72) 

(0.31–0.92) 

(0.39–1.12) 

(0.34–1.12) 

(1.26–3.67)  

2.28 

3.87 

 

2.60 

 

 

 

2.27 

(1.19–4.37) 

(2.03–7.36) 

 

(1.53–4.42) 

 

 

 

(1.29–4.01) 

Bold values, p < 0.05; ▲, p < 0.1; NADET, non-ampullary duodenal epithelial tumors; SSBE, short-segment Barrett’s esophagus; 

D1, duodenal bulb; D2, second part of the duodenum; OR, odds ratio; CI, confidence interval; 

†, logistic regression analysis adjusted for factors selected by stepwise method from marginally associated factors in univariable 

analyses (p < 0.1). 

  



Supplementary Table 3. Histological features of gastric-type duodenal adenocarcinoma 

Case Location Tumor size (mm) T stage N stage MUC5AC MUC6 MUC2 CD10 

#1 D1 30 T3 N1 100% 0% 0% 0% 

#2 D1 10 >T1 NX 100% 0% 5% 0% 

#3 D1 20 T1 N1 90% 90% 20% 0% 

#4 D2 30 Tis NX 50% 70% 5% 5% 

D1, duodenal bulb; D2, second part of the duodenum. 

 


