
Introduction
It is well known that endoscopic resection (ER) for non-ampul-
lary duodenal epithelial tumors (NADETs) is difficult due to ana-
tomical reasons [1–4]. Recently, the efficacy of some ER meth-
ods, such as cold polypectomy [5] and underwater endoscopic
mucosal resection (UEMR) [6, 7], has been reported. In addi-

tion, methods for prevention of delayed adverse events (AEs)
after ER, such as line-assisted closure [8], endoscopic nasobili-
ary and pancreatic duct drainage (ENBPD) [9], and over-the-
scope clip closure [10, 11], have also been applied in several in-
stitutions. However, the strategy of ER for NADETs has not been
fully standardized to date.
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ABSTRACT

Background and study aims Some studies have reported

an association between clinicopathological features and

mucin phenotypes of non-ampullary duodenal epithelial tu-

mors (NADETs). However, the association between clinical

outcomes of endoscopic resection (ER) and mucin pheno-

types has not been elucidated. The aim of this retrospective

study was to analyze clinical outcomes of ER of NADETs with

reference to mucin phenotypes.

Patients and methods We retrospectively evaluated the

clinical outcomes of ER for NADETs performed from 2006

to 2019 and compared clinicopathological characteristics,

ER procedures, and outcomes, including adverse events

(AEs) among tumors classified by mucin phenotype. Mucin

phenotypes were classified as gastric, gastrointestinal, and

intestinal based on immunohistochemical examination.

Grade of dysplasia was determined according to the Vienna

classification (VCL).

Results The proportion of VCL 4/5 was higher in the gas-

tric type (50%) compared with that in the gastrointestinal

(39.1%, P=0.009) and intestinal types (5.4%, P=0.008),

respectively. With no statistical difference in tumor size

and ER method among the three groups, no significant dif-

ference was observed for ER outcomes, i. e., en bloc and R0

resection rates. In the gastrointestinal and intestinal types,

AEs occurred in four cases treated with ESD, but none de-

veloped in the gastric type.

Conclusions This study suggests that the mucin pheno-

type does not affect resection outcome. However, consid-

ering high malignant potential and tendency for low AE

rates, the gastric type NADETs may be more appropriate

for proactive ER than the others.
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Some studies have focused on the association between clin-
icopathological features and immunohistochemical mucin phe-
notypes of NADETs [12–18]. Those reports have shown that
NADETs of the gastric phenotype have a higher malignant po-
tential than those of the intestinal type. Recently, several
groups of investigators reported on long-term outcomes of ER
of NADETs [19–22]. However, the association between clinical
outcomes of ER and mucin phenotypes has not been elucidated
in detail. The aim of this study was to determine the practical
efficacy and safety of ER for NADETs with special reference to
the mucin phenotype of the tumor.

Patients and methods
Patients

Among 134 patients diagnosed with NADETs at Iwate Medical
University Hospital from February 2006 to September 2019,
we excluded patients with familial adenomatous polyposis,
those who were not treated by ER, and those who had prior his-
tory of ER for NADETs. Consequently, a total of 70 lesions found
in 70 patients treated by ER were enrolled in the present study.
The medical charts of the patients were reviewed to collect de-
mographic and clinical outcomes. Written informed consent
was obtained from all patients before ER. Informed consent for
study enrollment was obtained in the form of an opt-out button
on the website. The study protocol was approved by the institu-
tional review board of Iwate Medical University (No.MH2019–
154).

Histological and immunohistochemical
examinations

All of the lesions were graded histologically according to the
Vienna classification [23] (VCL) as either category 3 (C3, low-
grade adenoma/dysplasia) or category 4/5 (C4/5, mucosal
high-grade neoplasia/submucosal invasion by carcinoma).

Immunohistochemical examination was performed with an
auto-immunostaining system (Dako EnVision System, Den-
mark). On the basis of our previous report [14, 24], we per-
formed immunohistochemical staining using antibodies for
MUC2 (Ccp58; Novocastra Laboratories, Newcastle, UK, dilu-
tion 1:100), MUC5AC (CLH2; Novocastra Laboratories, Newcas-
tle, UK, dilution 1:100), MUC6 (CLH5; Novocastra Laboratories
Newcastle, UK, dilution 1:100), and CD10 (56C56; Novocastra
Laboratories, dilution 1:80) to determine tumor histological
phenotype. The gastric type was defined as a phenotype posi-
tive for only gastric markers (MUC5AC and MUC6). The intes-
tinal type was defined as a phenotype positive for only intes-
tinal markers (MUC2 and CD10). Tumors positive for both gas-
tric and intestinal phenotypes were regarded as having a gas-
trointestinal phenotype [25]. We defined the percentage of tu-
mor cells with positive expression >10% as positive expression
of the markers in the lesions [26].

Endoscopic resection of NADETs

The choice of either endoscopic mucosal resection (EMR) or
endoscopic submucosal dissection (ESD) was decided mainly
based on lesion size. EMR was selected for NADETs <20mm.

ESD was selected for tumors > 20mm or in cases in which severe
fibrosis is expected from previous biopsy before treatment.
EMR and ESD were performed principally with a therapeutic
endoscope (GIF-Q260 J, Olympus, Japan). We used double-bal-
loon endoscopy (EC450-BI5, Fujifilm Corp, Japan) for some le-
sions located distal to the papilla of Vater. EMR procedures con-
sisted of submucosal injection followed by mucosal resection
with a snare (Captivator II, Boston Scientific, United States). Ei-
ther a hook knife (KD-620QR, Olympus, Japan) or a combina-
tion of a hook knife and the SB Knife Jr (Sumitomo Bakelite, Ja-
pan) was applied to the ESD procedure. Post-ER ulcers were
closed principally by simple closure with clips to prevent de-
layed bleeding or perforation. The ulcer in a case of EMR was
closed with the over-the scope clip (Ovesco Endoscopy, Germa-
ny). If the ulcer was difficult to close completely, laparoscopic
closure was performed.

Intraoperative perforation was defined as a defect in the
muscle layer that was confirmed during the ER procedure. We
performed computed tomography (CT) only for cases suspect-
ed of perforation during or after ER. Retroperitoneal emphyse-
ma was defined as free air in only the retroperitoneum, as de-
tected by CT without peritoneal irritation symptoms and ab-
scess formation. Local recurrence was defined as endoscopic
or pathological confirmed recurrence after ER at the prior re-
section site.

Statistical analyses

Non-categorical variables are indicated as median, range, and
interquartile range (IQR). Categorical variables are indicated as
frequency and percent. The clinicopathological and ER out-
comes of the subjects were compared among the three mucin
phenotypes with the Kruskal-Wallis test. When there was a sta-
tistically significant difference among the three groups, any
two groups were compared with a chi-square test or Fisher’s
exact probability test. For multiple comparisons, probability
was adjusted by Bonferroni correction. P <0.05 was considered
to be statistically significant. All of the statistical analyses were
performed with SPSS version 25 software for MAC OS (SPSS Inc.,
Chicago, Illinois, United States).

Results
▶Table 1 shows the clinicopathological characteristics of the
study subjects. The median age was 67 years, with a predomi-
nance of males (65.7%). The most frequent location was the
second portion, and the median tumor size was 10mm. Fifty-
three lesions (75.7%) were the elevated type. Forty-four lesions
(62.9%) were treated by EMR, and 26 lesions (37.1%) were
treated by ESD. The median procedure duration of EMR and
ESD was 6 minutes and 56 minutes, respectively. Conventional
clips were used as the closing method in most cases. Only one
case was closed with an over-the scope clip, and two cases re-
quired laparoscopic closure because of incomplete closure by
conventional clips or intraoperative perforation.

Immunohistochemical examinations revealed that 10 le-
sions (14.3%) were the gastric type, 23 lesions (32.9%) were
the gastrointestinal type, and 37 lesions (52.9%) were the
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intestinal type. According to VCL, 54 lesions (77.1%) were re-
garded as category 3, and 16 lesions (22.9%) as category 4 or
5. The median follow-up period was 39.5 months, and local re-
currence was observed in two lesions (2.9%).

▶Table 2 shows the comparison of clinicopathological and
ER outcomes among the three groups classified by mucin phe-
notypes. Tumor location was significantly different among the
three mucin phenotypes. Lesions of the gastric type were
more frequently located in the bulbs than those of the gastro-
intestinal type (P <0.001) and the intestinal type (P<0.001). Tu-
mor size was not significantly different among the three mucin
phenotypes. The proportion of VCL 4/5 was significantly differ-
ent between the gastric and the intestinal types (P =0.009) and
between the gastrointestinal and the intestinal types (P=
0.008). Choice of ER method was not significantly different
among the three groups. No significant differences were ob-
served among the three mucin phenotypes with respect to en
bloc resection and R0 resection. The rate of AEs with ER was
not significantly different among the three mucin phenotypes.
However, there were no AEs with ER for lesions of the gastric
phenotype.

Clinicopathological characteristics of four cases with AEs are
summarized in ▶Table 3. All cases were treated by ESD, and ex-
cept for Case 1, tumor size was >20mm, with procedure dura-
tion over 180 minutes. The mucin phenotypes of the cases were
either the gastrointestinal or the intestinal types. Only a single
case was classified as VCL category 4. Intraoperative perfora-
tion and retroperitoneal emphysema were each observed in
two cases. Two of four cases required laparoscopic closure due
to incomplete closure for intraoperative perforation by conven-
tional clip. The remaining two cases were managed conserva-
tively after endoscopic closure with Endoclip.

Discussion
In the present investigation, we have shown an association be-
tween the clinical outcomes of ER and the mucin phenotype of
NADETs. According to the mucin phenotypes, location in bulbs
and VCL 4/5 were significantly more common with the gastric
phenotype. Finally, we found that no AEs occurred with ER for
lesions of the gastric phenotype. To our knowledge, this is the
first study to examine the association between clinical out-
comes of ER and mucin phenotypes of NADETs.

Our data showed that AEs occurred only during the ESD pro-
cedure. Recently, several studies have shown the clinical out-
comes of ER of NADETs [19–21, 27]. These reports showed
that EMR is more suitable and safer than ESD, especially for
small lesions. On the other hand, ESD can achieve complete re-
section, even for large lesions. However, several studies have
reported that ESD is associated with more AEs, such as bleeding
and perforation [1, 2, 27, 28]. Considering the much higher risk
of AEs with ESD, several endoscopic methods, such as line-as-
sisted closure [8], ENBPD [9] and over-the-scope clip closure
[10, 11] have been introduced for the prevention of AEs. More
recently, Kanaji et al reported the safety and feasibility of la-
paroscopic cooperative surgery for duodenal tumors (D-LECS)
[29]. In the present study, AEs occurred in four cases treated
by ESD. However, all of those cases were treated conservatively
after conventional clip closure or laparoscopic closure without
additional surgery, such as pancreatoduodenectomy. Further
evaluation in a prospective multicenter study is needed to de-

▶Table 1 Clinicopathological characteristics of 70 patients with
NADETs

Variables (n=70)

Age, years, median (range, IQR) 67 (44–82, 15)

Sex, n (%)

▪ Male 46 (65.7)

▪ Female 24 (34.3)

Tumor location, n (%)

▪ Bulbs 19 (27.1)

▪ Second portion 48 (68.6)

▪ Third portion  3 (4.3)

▪ Tumor size, mm, median (range, IQR) 10 (2–47, 9)

Macroscopic appearance, n (%)

▪ Elevated type 53 (75.7)

▪ Depressed type 17 (24.3)

Therapeutic method, n (%)

▪ EMR 44 (62.9)

▪ ESD 26 (37.1)

Procedure duration, min, median (range, IQR)

▪ EMR  6 (2–24, 8)

▪ ESD 56 (7–270, 99)

Closing method, n (%)

▪ Conventional clip 67 (95.7)

▪ Over-the-scope clip  1 (1.4)

▪ Laparoscopic closure  2 (2.9)

Mucin phenotype, n (%)

▪ Gastric type 10 (14.3)

▪ Gastrointestinal type 23 (32.9)

▪ Intestinal type 37 (52.9)

VCL, n (%)

▪ Category 3 54 (77.1)

▪ Category 4 /5 16 (22.9)

▪ Follow-up period, months, median (range,
IQR)

39.5 (2–170, 100)

Local recurrence, n (%)  2 (2.9)

NADET, non-ampullary duodenal epithelial tumor; IQR, interquartile range;
EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissec-
tion; VCL, Vienna classification.
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termine suitable methods for the prevention of AEs after ER of
NADETs, especially ESD.

Our data showed that there were no AEs, such as perforation
or bleeding, with the EMR procedure. However, conventional
EMR was reported to be accompanied by AEs, such as bleeding
(0% to 12%) and perforation (0% to 5%) [1–3, 19–21, 22, 27].
Accordingly, new methods, such as cold polypectomy and un-
derwater EMR, have been introduced recently. Maruoka et al re-
ported that there was no delayed bleeding or intraprocedural/
delayed perforation after cold polypectomy for small, sporadic,
non-ampullary duodenal adenomas [5]. Yamasaki et al showed
that underwater EMR achieved a high complete resection rate
without AEs [6]. These modified ER procedures may be more

frequently applied in the future because of their safety and con-
venience.

We have previously reported on correlations of the mucin
phenotypes of NADETs with tumor location, endoscopic find-
ings including magnifying endoscopy, and malignant potential
[14, 24]. Our data showed that the proportion of VCL 4/5 was
significantly higher in the gastric type than in the intestinal
type. We also reported previously that it was possible to predict
the mucin phenotype of NADETs by the site and the conven-
tional and magnifying endoscopic findings [14]. In the present
study, we could show that there were no AEs with ER for lesions
of the gastric phenotype. That may be a consequence of the lo-
cation of the lesions, because lesions of the gastric type were

▶Table 2 Comparison of clinicopathological characteristics and ER outcomes of three mucin phenotypes

Gastric type (n=10) Gastrointestinal type (n=23) Intestinal type (n =37) P value

Tumor location, n (%)

▪ Bulbs 10 (100)  6 (26.1)  3 (8.1) < 0.0011

▪ Second portion  0 (0) 17 (73.9) 31 (83.8)

▪ Third portion  0 (0)  0 (0)  3 (8.1)

Tumor size, mm, median (range, IQR) 12 (3–30, 12) 11 (4–40, 8)  8 (2–47, 11) 0.076

VCL, n (%)

▪ Category 4 /5  5 (50)  9 (39.1)  2 (5.4) 0.0012

Therapeutic method, n (%)

▪ EMR  4 (40) 13 (56.5) 27 (73) 0.15

▪ ESD  6 (60) 10 (43.5) 10 (27)

En bloc resection, n (%) 10 (100) 20 (87.0) 34 (91.9) 0.47

R0 resection, n (%) 90 (90) 18 (78.3) 24 (64.9) 0.23

Intraoperative perforation, n (%)  0 (0)  1 (4.3)  1 (2.7) 0.79

Retroperitoneal emphysema, n (%)  0 (0)  1 (4.3)  1 (2.7) 0.79

ER, endoscopic resection; VCL, Vienna classification; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection.
1 Statistically significant difference between the gastric type and the gastrointestinal type (P <0.001) and the gastric type and the intestinal type (P <0.001).
2 Statistically significant difference between the gastric type and the intestinal type (P =0.009) and the gastrointestinal type and the intestinal type (P=0.008).

▶Table 3 Clinicopathological characteristics of four cases with an adverse events

Case 1 Case 2 Case 3 Case 4

Therapeutic method ESD ESD ESD ESD

Tumor size, mm 4 24 33 40

Tumor location Second portion Second portion Third portion Second portion

Procedure time, min 76 189 270 246

Mucin phenotype Intestinal Gastrointestinal Intestinal Gastrointestinal

VCL Category 3 Category 4 Category 3 Category 3

Adverse event Intraoperative perforation Intraoperative perforation Retroperitoneal emphysema Retroperitoneal emphysema

Closing method Conventional clip Laparoscopic closure Conventional clip Laparoscopic closure

ESD, endoscopic submucosal dissection; VCL, Vienna classification.
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located predominantly in the duodenal bulbs. These results
may be explained by the fact that the bulbar location is less
prone to bile and pancreatic juice, thereby resulting in the safe-
ty of ER. It thus seems possible that mucin phenotype of NA-
DETs, together with the location, may be a hallmark for the pre-
diction of AEs after ER.

In the present study, the proportion of VCL 4/5 was signifi-
cantly higher in the gastric and gastrointestinal types than in
the intestinal type. However, we failed to show any clear differ-
ences in the clinicopathological characteristics and ER out-
comes between gastric and gastrointestinal phenotypes. Fur-
ther investigations with a larger number of cases are warranted
elucidate this issue.

The present study has several limitations. First, the retro-
spective nature of the study at a single center introduced selec-
tion bias. However, we believe our data to be representative of
the practical clinical situation in the management of NADETs.
Second, the sample size was too small to proceed with statisti-
cal analysis of the AEs of ER and for NADETs. A multicenter, pro-
spective study is warranted to validate our findings.

Conclusions
In conclusion, our study confirmed that ER outcomes such as en
bloc resection rate, R0 resection rate, and tumor size were not
significantly different among the three mucin phenotypes.
However, the AEs did not occur in the lesions with gastric phe-
notype. These findings suggest that the mucin phenotype
should not necessarily be included in the selection criteria for
ER in patients with NADETs. However, the gastric phenotype
may be appropriate candidates for ER in consideration of their
high malignant potential and low risk of AEs.
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