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Abstract

Background Management strategies for primary non-am-

pullary duodenal adenocarcinoma (NADAC) in early stage

are not well established given its low incidence. This study

aimed to elucidate clinicopathological features of early

NADAC, including risk for lymph nodal metastasis

(LNM).

Methods In total, 166 patients with early NADAC under-

went initial treatment at our institution between 2006 and

2019, of whom 153 had intramucosal (M-) and 13 had

submucosal (SM-) NADAC. These endoscopic and

pathological features were retrospectively analyzed. Risk

factors for LNM were evaluated in 46 early NADAC

patients who underwent surgery with lymph node

dissection.

Results Compared with M-NADAC, SM-NADAC was

significantly more frequently located at the proximal side

of the papilla, with mixed elevated and depressed macro-

scopic type, histologically poorly differentiated tumor and

lymphovascular invasion (LVI) (85% vs. 47%, P = 0.009;

54% vs. 5%, P\ 0.001; 23% vs. 0%, P\ 0.001; and 46%

vs. 0%, P\ 0.001, respectively). The frequency of LNM

was significantly higher in SM-NADAC than in

M-NADAC (5/12, 42% vs. 0/34, 0%; P\ 0.001). In SM-

NADAC, the frequency of LNM was higher in poorly

differentiated than in well to moderately differentiated

tumors (3/3, 100% vs. 2/9, 22%) and higher in tumors with

LVI than in those without LVI (3/5, 60% vs. 2/7, 29%).

Regarding invasion depth, 2 of 4 patients with SM invasion

(400 B 9\ 500 lm) showed LNM. However, in this

study, no patients developed very shallow SM invasion

(0\9\ 400 lm).

Conclusions SM-NADAC showed high LNM risk. Surgi-

cal treatment with regional lymph node dissection is rec-

ommended as a treatment strategy for SM-NADAC.

Keywords Duodenum � Non-ampullary duodenal

adenocarcinoma � Submucosal invasive cancer � Lymph

node metastasis � Clinicopathological features

Introduction

The prevalence of non-ampullary duodenal epithelial

tumors is extremely low, as per autopsy studies

(0.02–0.5%) [1–3], and primary non-ampullary duodenal

adenocarcinoma (NADAC) accounts for only 0.5% of all

gastrointestinal malignancies [4]. Owing to the rarity of its

occurrence, information regarding NADAC is still lacking.

The number of treatment cases for NADAC has recently

increased owing to the widespread use of routine esopha-

gogastroduodenoscopy, which is usually performed on the

duodenum during regular medical check-ups. Early

NADAC is further classified into intramucosal NADAC

(M-NADAC; T1a) and submucosal invasive NADAC (SM-
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NADAC; T1b) based on the depth of tumor invasion, as per

the TNM classification of malignant tumors [5]. With

regard to the risk for lymph node metastasis (LNM), an

analysis of M-NADACs showed no incidence of LNM

[6, 7]. Therefore, M-NADACs can be treated with local

resection without lymph node dissection, with techniques

such as endoscopic resection (ER) and organ-preserving

surgical procedures such as transduodenal local excision

and wedge resection. In contrast, the incidence of LNM in

SM-NADAC has been reported only in small case series to

date [6, 8]. Therefore, at present, the standard treatment

method for SM-NADAC is radical surgery with regional

lymph node dissection, including pancreaticoduodenec-

tomy [9, 10]. Thus, it is crucial to diagnose early NADAC

invasion depth accurately in preoperative examinations to

select the suitable treatment method. However, the endo-

scopic characteristics of SM-NADAC have not been

investigated in detail, and the diagnostic criteria for SM

invasion have not been established. Furthermore, even

though there is an established consensus on the risk factor

for LNM in other SM invasive gastrointestinal tract cancers

such as gastric cancer (GC) [11–14] and colorectal cancer

(CRC) [15–17], no studies have investigated the risk for

LNM in SM-NADAC. Thus, this study aimed to clarify

endoscopic features in determining the invasion depth of

early NADAC and to evaluate risk factors for LNM.

Methods

Patients

At our institution, 166 patients with early NADAC,

including 153 and 13 patients with M-NADAC and SM-

NADAC, respectively, underwent initial treatment between

September 2006 and December 2019. Among all 166

patients, 46 (34, M-NADAC and 12, SM-NADAC)

received surgical resection with lymph node dissection, and

120 (119, M-NADAC; 1, SM-NADAC) received local

resection without lymph node dissection. The exclusion

criteria were tumors involving the papilla and tumors

arising in the setting of familial adenomatous polyps.

This single-institutional retrospective observational

study was conducted to analyze the following: (1) the

endoscopic and pathological features used in determining

the depth of invasion were analyzed in all 166 patients with

M-NADAC and SM-NADAC, (2) the LNM rate according

to the depth of invasion was analyzed in 46 patients with

early NADAC who underwent surgical resection with

lymph node dissection, including 34 and 12 patients with

M-NADAC and SM-NADAC, respectively, and (3) in a

subgroup analysis, the risk factors for LNM were analyzed

in 12 patients with SM-NADAC.

This study was approved by the Institutional Review

Board of the Cancer Institute Hospital of Japanese Foun-

dation for Cancer Research (IRB No. 2018-1114).

Clinical and endoscopic characteristics

Preoperative clinical data, including patient age, sex, and

endoscopic characteristics, such as tumor size, location,

macroscopic type, and color were obtained from medical

records. The macroscopic types of NADACs were cate-

gorized according to the Paris endoscopic classification

[18] into the following groups: elevated type (0-Ip, 0-Is,

and 0-IIa), flat type (0-IIb), depressed type (0-IIc), and

mixed elevated and depressed type (0-IIa ? IIc). The color

was described as reddish, whitish, or isochromatic based on

the color covering the largest area in the tumor. The

location was divided in two ways: (i) into three sections

(first, second, and third part) and (ii) into two areas

(proximal and distal sides of the papilla).

Histopathological evaluation

All ER specimens were sectioned at 2- to 3-mm intervals,

while surgical specimens were sectioned at 5-mm intervals.

Subsequently, they were embedded into paraffin blocks.

From each block, 4-lm-thick sections were stained with

hematoxylin and eosin, and the following were evaluated:

tumor size, tumor differentiation (histological grade),

tumor invasion depth, lymphovascular invasion (LVI), and

LNM. Based on tumor differentiation, NADACs were

categorized into the following groups according to the

WHO classification [19]: well differentiated (low grade),

moderately differentiated (intermediate grade), and poorly

differentiated (high grade). In SM (T1b) tumor, the extent

of the SM invasion was assessed by measuring the distance

from the muscularis mucosa to the invasive front, accord-

ing to the recommendation by the Japanese Gastric Cancer

Association [20]. For evaluating LNM, regional lymph

node dissections were performed according to the TNM

staging system of the Union for International Cancer

Control (UICC) 8th Edition [5], and patients were diag-

nosed as pathological N0 if all lymph nodes were negative

for cancer.

Immunohistochemistry

To determine the tumor immunophenotype, immunohisto-

chemical staining was performed on sections from all 12

SM-NADAC lesions using the following antibodies:

MUC5AC glycoprotein (MUC5AC; clone CLH2, Leica

Biosystems Nussloch GmbH, Nussloch, Germany, diluted

1: 500), MUC6 glycoprotein (MUC6; clone CLH5, Leica

Biosystems, diluted 1: 300), MUC2 glycoprotein (MUC2;
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clone Ccp58, Leica Biosystems, Bond ready to use

reagent), and CD10 protein (CD10; clone 56C6, Leica

Biosystems, diluted 1:100). The BOND III autostainer

(Leica Biosystems) was used according to the protocol

recommended by the manufacturer. In accordance with

previous publications, the tumor was defined as being

positive for each marker when[ 10% of the neoplastic

cells were stained [21, 22]. Immunophenotype features

were categorized into the following: gastric type (expres-

sion of gastric markers, MUC5AC and/or MUC6), intesti-

nal type (expression of intestinal markers, MUC2 and/or

CD10), mixed type (expression of both gastric and

intestinal markers), and null type (no expression of mark-

ers) [21, 23]. The immunohistochemical staining was

assessed by three evaluators, including an expert gas-

trointestinal pathologist.

Statistical analysis

Statistical analyses were performed using SPSS software

version 24.0 (SPSS, Chicago, IL). We compared categor-

ical parameters using the Wilcoxon signed-rank test and

the Chi squared test and continuous parameters using a

Mann–Whitney U test. P values\ 0.05 were considered

statistically significant.

Results

Comparison of clinicopathological features

between M-NADAC and SM-NADAC in all patients

A comparison of the clinicopathological features between

M-NADAC and SM-NADAC is shown in (Table 1).

Proximal side tumor location, mixed elevated and depres-

sed macroscopic type, histologically poorly differentiated

tumor, and the presence of LVI were significantly more

frequent in SM-NADAC than in M-NADAC (85% vs.

47%, P = 0.009; 54% vs. 5%, P\ 0.001; 23% vs. 0%,

P\ 0.001; and 46% vs. 0%, P\ 0.001, respectively). In

terms of the operative procedure, a large proportion of

M-NADAC cases had undergone ERs, while a large pro-

portion of SM-NADAC cases had undergone surgical

resections with lymph node dissection, and the difference

was significant (P = 0.001). No significant differences

were found in age, sex, tumor size, and color between the

two groups.

Clinicopathological profiles of SM-NADAC

The clinicopathological characteristics and endoscopic

features of the 13 patients with SM-NADAC are summa-

rized in (Table 2, Fig. 1). The median age was 67 (range:

49–83) years, and there were six male and seven female

patients. The median tumor size was 12.0 (range, 6–70)

mm; four patients (31%) had a small tumor size of B 10

mm. Moreover, 11 (85%) had tumors located in the prox-

imal side of the papilla. On assessing the macroscopic type,

all lesions were elevated or mixed elevated and depressed

type, such as 0-Is, 0-IIa, and 0-IIa ? IIc. A high proportion

of patients had reddish color lesions (9 patients, 69%).

With regard to the operative procedures, surgical treatment

and ER were performed in 11 and 2 patients, respectively.

Regarding tumor differentiation (Fig. 2), 5, 5, and 3

patients were classified has having well-, moderately, and

poorly differentiated tumors, respectively. Regarding

tumor immunophenotype (Fig. 3), the mixed immunophe-

notype was the most frequent (seven patients), followed by

gastric (five patients) and intestinal (1 patient) types; gas-

tric marker expression was identified in 12 patients (92%).

The median (range) SM invasion depth was 1100

(400–3000) lm. According to the UICC 8th edition of

TNM staging system [5], 8, 4, and 1 patient corresponded

to stages I, IIIA, and IIIB, respectively. Recurrence by

metachronous metastasis developed in three patients (23%)

during the 31 months (median) of postoperative observa-

tion period. Of the three patients with metastatic recur-

rence, one developed local and lymph node recurrence and

died of SM-NADAC at 11 months, and another patient

developed lung, bone, and brain metastasis and died of

SM-NADAC at 31 months. The remaining one patient

developed mesenteric lymph node recurrence and received

chemotherapy; this patient was alive at the last follow-up,

with an estimated survival period of 77 months.

Comparison of the frequency of LNM between M-

NADAC and SM-NADAC patients undergoing

surgical resection with lymph node dissection

The frequency of LNM in patients who underwent surgical

resection with lymph node dissection was significantly

higher in SM-NADAC than in M-NADAC (5/12, 42%,

95% CI: 15–72% vs. 0/34, 0%, 95% CI: 0–10%;

P\ 0.001). M-NADACs showed no incidence of LNM

(Table 3).

Risk for LNM in SM-NADAC

As LNM is found only in those with SM-NADAC, the risk

for LNM was evaluated for patients with SM-NADAC that

received surgical resection. The relationship between LNM

and histopathological factors in SM-NADAC is shown in

Table 4. LNM was more frequent in histologically poorly

differentiated tumors and in tumors with LVI than in well-

to moderately differentiated tumors and in tumors without

LVI, respectively. Regarding the invasion depth, none of

756 J Gastroenterol (2020) 55:754–762

123



the patients developed very shallow SM invasion

(0\9\ 400 lm). We found that two of four patients

developed LNM in the group with shallow SM invasion

(400 B 9\ 500 lm). One of these patients had a histo-

logically poorly differentiated tumor with LVI (case A,

Table 2), and the other patient had a histologically mod-

erately differentiated tumor without LVI (case G, Table 2).

LNM incidence according to the immunophenotype was 2

of 4, 3 of 7, and 0 of 1 in the gastric, mixed, and intestinal

phenotypes, respectively.

Discussion

This study analyzed the endoscopic and pathological fea-

tures in determining the depth of invasion of SM-NADAC

through comparisons with that in M-NADAC. The study

also evaluated the risk factors for LNM in SM-NADAC for

those who underwent surgical resection with regional

lymph node dissection. To the best of our knowledge, this

study is the first to report the clinicopathological features of

early NADAC in detail, including risk factors for LNM.

In this study, in contrast to the absence of LNM in

M-NADAC, SM-NADAC showed LNM in 42% of the

patients. Hence, local resection without lymph node dis-

section could be considered for those with M-NADAC,

while surgical treatment with regional lymph node dis-

section could be considered for those with SM-NADAC.

Owing to the differences between the standard treatment

choice for M-NADAC and SM-NADAC, a precise diag-

nosis of the invasion depth before treatment is important.

In this study, compared with M-NADAC, SM-NADAC is

found more frequently in proximal side tumors, with mixed

elevated and depressed macroscopic type such as 0-IIa ?

IIc, and histologically poorly differentiated tumors; these

could be an important ancillary feature for suspecting SM

invasion before treatment decision.

Niwa et al. [24] reported that in the case of NADAC,

tumors located at the proximal and distal sides of the

papilla had different pathogeneses. Studies demonstrated

Table 1 Comparisons of

clinicopathological features

between M-NADAC and SM-

NADAC in all patients

M-NADAC (n = 153) SM-NADAC (n = 13) P value

Age, median (range), years 64 (36–86) 67 (49–83) 0.19

Sex, n (%) 0.18

Male 99 (65) 6 (46)

Female 54 (35) 7 (54)

Location, n (%) 0.009

Proximal side of the papilla 72 (47) 11 (85)

Distal side of the papilla 81 (53) 2 (15)

Macroscopic type, n (%) \ 0.001

Elevated 116 (76) 6 (46)

Depressed 29 (19) 0 (0)

Mixed (elevated and depressed) 8 (5) 7 (54)

Color, n (%) 0.71

Reddish 98 (64) 9 (69)

Whitish or isochromatic 55 (36) 4 (31)

Tumor size, median (range), mm 18.0 (3.0–92.0) 12.0 (6.0–70.0) 0.40

Operative procedure, n (%) 0.001

Endoscopic resection 94 (61) 2 (15)

Surgical resection 59 (39) 11 (85)

Lymph node dissection, n (%) \ 0.001

Done 34 (22) 12 (92)

Not done 119 (78) 1 (8)

Tumor differentiation, n (%) \ 0.001

Well to moderately 153 (100) 10 (77)

Poorly 0 (0) 3 (23)

LVI, n (%) \ 0.001

Absent 153 (100) 7 (54)

Present 0 (0) 6 (46)

LVI lymphovascular invasion; M-NADAC intramucosal non-ampullary duodenal adenocarcinoma; SM-

NADAC submucosal invasive non-ampullary duodenal adenocarcinoma
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that NADACs with gastric marker expression in the

proximal side of the papilla originated from the gastric

metaplasia, Brunner’s gland, or ectopic gastric mucosa

[25, 26]. In addition, NADACs with gastric marker

expression was reported to occasionally correlate with a

higher grade of malignant potency [23, 27]. Ushiku et al.

a c d

hf g

b

i

lkj m

e

Fig. 1 Endoscopic features of 13 patients with submucosal invasive

non-ampullary duodenal adenocarcinoma. The median tumor size was

12.0 mm, and four cases (a, c, h and i) showed a small tumor size

of B 10 mm. The tumors were frequently located in the proximal side

of the papilla in 11 cases (a-i, k and m). Six (a, d, g, i, l, and m) were

macroscopically elevated type, such as 0-Is or 0-IIa, and seven (b, c,

e, f, h, j and k) were mixed elevated and depressed type, such as

0-IIa ? IIc. Nine (a–c, e, f, h, and j–l) were reddish and 4 (d, g, i, and

m) were isochromatic

Fig. 2 Representative

micrographs of each type of

tumor differentiation

(histological grade) of

submucosal invasive non-

ampullary duodenal

adenocarcinoma. a Well-

differentiated papillary

adenocarcinoma (low

histological grade). b Well-

differentiated tubular

adenocarcinoma (low

histological grade).

c Moderately differentiated

adenocarcinoma (intermediate

histological grade). d Poorly

differentiated adenocarcinoma

(high histological grade)
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[21] analyzed 38 cases of NADAC, including tumors of

various stages such as 14 T1, 3 T2, 11 T3, and 10 T4

tumors. They demonstrated that almost all NADACs with

the gastric phenotype developed in the proximal duode-

num, and the gastric phenotype was associated with poorer

overall survival than the intestinal phenotype [21]. In the

present study, the proportion of SM-NADAC with gastric

marker expression (gastric and mixed phenotypes) was

92% (12 of 13 patients), and 85% of those (11 of 13) were

located at the proximal side of the papilla, which is con-

sistent with previous reports [24]. Therefore, early

NADACs with gastric marker expression in the proximal

side of the papilla may have a higher malignancy potential

and should be prioritized for treatment.

In many other digestive tract cancers, there is an

established consensus on the risk factor for LNM. Conse-

quently, inclusion of the differentiated phenotype (lower

histologic grade) GC involving infiltration into the SM\
500 lm, measuring B 30 mm, and without LVI is cur-

rently widely accepted as an indication for ER in Japan

[14], thereby reflecting the negligible risk for LNM. In

addition, the inclusion of well- to moderately differentiated

CRC involving infiltration into the SM layer\ 1000 lm,

with neither LVI nor tumor budding, is also widely

accepted as an indication for ER [17]. In this study, the

analysis of SM invasion depth revealed that SM-NADAC,

even in cases with infiltration of only the relatively shallow

SM layer (400 B 9\ 500 lm), showed LNM in 50% (2

of 4) of patients. Therefore, at present, we believe that

conventional surgery with regional lymph node dissection

is suitable as the standard treatment method for SM-

NADAC. However, in this study, there was no case of very

shallow SM invasion (0\9\ 400 lm). Thus, whether

the indication criteria for local resection without lymph

node dissection can expand for SM-NADAC, in cases

MUC6MUC5AC MUC2 CD10

Gastric phenotype

Mixed phenotype 

Intestinal phenotype 

a b

hf

kji

e

d

g

l

c

Fig. 3 Representative examples of each tumor immunophenotype of

submucosal invasive non-ampullary duodenal adenocarcinoma. Gas-

tric phenotype: tumor cells are positive for MUC5AC (a) and MUC6

(b) but negative for MUC2 (c) and CD10 (d). Mixed phenotype:

tumor cells are positive for MUC5AC (e), MUC6 (f), and MUC2

(g) but negative for CD10 (h). Intestinal phenotype: tumor cells are

negative for MUC5AC (i) and MUC6 (j), but positive for MUC2

(k) and CD10 (l).

Table 3 Comparison of the frequency of LNM between M-NADAC

and SM-NADAC patients undergoing surgical resection with lymph

node dissection

Total LNM positive % 95% CI

M-NADAC 34 0 0* 0–10

SM-NADAC 12 5 42* 15–72

*P\ 0.001

CI confidence interval; LNM lymph node metastasis; M-NADAC

intramucosal non-ampullary duodenal adenocarcinoma; SM-NADAC

submucosal invasive non-ampullary duodenal adenocarcinoma
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where the infiltration is limited to very shallow invasion

(0\9\ 400 lm), is a topic to be investigated in the

future. The analyses of the risk for LNM in SM-NADAC

based on the histopathological features revealed that 22%

of the patients with histologically well- to moderately

differentiated tumors (low-intermediate histological grade)

showed LNM. Meanwhile, all patients with histologically

poorly differentiated tumors (high histological grade)

showed LNM; thus, higher histological grade may be a risk

factor for LNM. Gotoda et al. [12] reported that the rates of

LNM were higher in patients with poorly differentiated

early GC than in well to moderately differentiated early

GC; these findings may also extend to NADAC, because

histological and genetic similarities between gastric tumors

and duodenal tumors of the gastric phenotype have been

reported [28]. With regard to LVI, 60% of patients with

LVI showed LNM. The presence of LVI in other areas of

the gastrointestinal tract has been demonstrated to be a

strong independent risk factor for LNM [11–17]. There-

fore, in the duodenum, LVI positivity could be a risk factor

for LNM, although the results from our study may not have

enough statistical power owing to the small sample size.

We believe the results of our study will help establish

treatment strategies for early NADAC. For that purpose, an

adequate assessment of curability for endoscopic resection

in comparison with long-term surgical treatment outcomes

is necessary. Further studies with a larger number of

patients will be needed to reveal long-term outcomes of

early NADAC. In addition to these outcomes, by investi-

gating the surgical mortality rates, we will be able to

improve the treatment strategies for patients with early

NADAC. This current study may lay a foundation for this

needed process.

This study has several limitations. First, this was a ret-

rospective, single-center study. Second, given the rarity of

the disease, the sample size was small. Large-scale multi-

center trials and multivariate analyses to identify inde-

pendent risk factors for LNM are needed to evaluate the

clinicopathological features as well as the risk factors for

LNM in SM-NADAC and to provide further evidence.

Third, we analyzed only early NADAC cases. Future

research should focus on advanced NADAC invading the

muscularis propria or deeper to further clarify the risk for

LNM.

In conclusion, this study demonstrated that SM-NADAC

was significantly more frequently located at the proximal

side of the papilla, with mixed elevated and depressed

macroscopic type, and histologically poorly differentiated

tumors. Because of the high LNM rate (42%, 95% CI:

15–72%), especially in tumors with poorly differentiated

type and with LVI, surgical treatment with regional lymph

node dissection is recommended as a treatment strategy for

SM-NADAC.
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26. Kushima R, Rüthlein HJ, Stolte M, et al. ‘Pyloric gland-type

adenoma’ arising in heterotopic gastric mucosa of the duodenum,

with dysplastic progression of the gastric type. Virchows Arch.

1999;435:452–7.

27. Toba T, Inoshita N, Kaise M, et al. Clinicopathological features

of superficial non-ampurally duodenal epithelial tumor; gastric

phenotype of histology correlates to higher malignant potency.

J Gastroenterol. 2018;53:64–70.

28. Hida R, Yamamoto H, Hirahashi M, et al. Duodenal neoplasms of

gastric phenotype: an immunohistochemical and genetic study

with a practical approach to the classification. Am J Surg Pathol.

2017;41:343–53.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

762 J Gastroenterol (2020) 55:754–762

123


	Clinicopathological features and risk factors for lymph node metastasis in early-stage non-ampullary duodenal adenocarcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Clinical and endoscopic characteristics
	Histopathological evaluation
	Immunohistochemistry
	Statistical analysis

	Results
	Comparison of clinicopathological features between M-NADAC and SM-NADAC in all patients
	Clinicopathological profiles of SM-NADAC
	Comparison of the frequency of LNM between M-NADAC and SM-NADAC patients undergoing surgical resection with lymph node dissection
	Risk for LNM in SM-NADAC

	Discussion
	Author contributions
	Funding
	References




