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Abstract
Background and Aim: The risk factors for lymph node metastasis (LNM) of duode-
nal neuroendocrine tumors (DNETs) are not well identified, and a definitive standard
of treatment for DNETs has not been established. In this study, we aimed to identify
the risk factors for LNM and establish the indication of local resection for DNETs.
Methods: We retrospectively reviewed 55 patients with 60 non-ampullary and non-
functional DNETs. We evaluated the risk factors for LNM and compared the out-
comes between endoscopic resection (ER) for DNETs <5 mm and laparoscopy and
endoscopy cooperative surgery (LECS) for DNETs ≥5 mm.
Results: LNM was present in four (8.7%) patients. Univariate analysis revealed that
tumor size ≥10 mm, positive lymphovascular invasion (LVI), and 0-Is morphology
were significantly associated with LNM (P = 0.008, P = 0.037, and P = 0.045,
respectively). ER and LECS were performed for 18 and 11 DNETs, respectively. All
lesions treated with ER or LECS were confined to the submucosal layer. The median
tumor size was 3 mm in ER and 6 mm in LECS. Although there was no significant
difference in the R0 (no residual tumor) resection rate, R0 resection was completely
achieved in the LECS. No significant differences were observed in terms of complica-
tion rates. No recurrence was observed in any of the groups.
Conclusions: Tumor size ≥10 mm, positive LVI, and 0-Is morphology were signifi-
cant risk factors for LNM. We demonstrated that ER is feasible and could be safely
applied for DNETs <5 mm, and LECS could be applied for DNETs 5–10 mm in size.

Introduction
Duodenal neuroendocrine tumors (DNETs) are observed less fre-
quently than rectal and gastric neuroendocrine tumors and
account for only 16.7% of all gastrointestinal neuroendocrine
tumors in Japan.1 Their prevalence is much lower in the
United States, accounting for only 2–3%.2,3 While the likelihood
of detecting small DNETs is higher than for other tumors due to

the development of high-resolution imaging and screening gas-
trointestinal endoscopy,4 these tumors remain rare.

The therapeutic approach for DNETs is determined by the
tumor size, location, histopathological grade, and stage. In addi-
tion, the risk factors for lymph node metastasis (LNM) should be
considered in the selection of treatment methods. However, a
definitive treatment standard for DNETs has not yet been
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established. According to the European Neuroendocrine Tumor
Society (ENETS) guidelines, endoscopic resection (ER) is rec-
ommended for patients with DNETs <10 mm in size and limited to
the submucosal layer.5 However, the application of ER for DNETs
is not clearly described in the National Comprehensive Cancer Net-
work (NCCN) guidelines6 or the Japan Neuroendocrine Tumor
Society (JNETS) guidelines7 due to the lack of evidence.

Recently, the efficacy of ER for duodenal tumors has been
reported.8,9 In addition to ER, laparoscopy and endoscopy coop-
erative surgery (LECS) has been applied for the treatment of
duodenal tumors for the purposes of safety and complete en bloc
resection.10,11 These less invasive treatments are considered ade-
quate for DNETs <10 mm in size and limited to the submucosal
layer with a low frequency of LNM and distant metastasis. How-
ever, there are only a few published studies investigating the effi-
cacy of these local resections for DNETs,12–14 and no definitive
criteria are available to discern whether ER or LECS is indicated
for the local resection of DNETs.

In this work, we aimed to investigate the clinicopathologi-
cal features of DNETs with a relatively large number of cases
and identify the risk factors for LNM. In addition, we wanted to
compare the short- and long-term outcomes of ER and LECS to
establish the application of local resection for DNETs.

Methods

Study design. Fifty-five patients with 60 DNETs diagnosed
at the Japanese Foundation for Cancer Research between January
2000 and December 2020 were enrolled. Ampullary and func-
tional DNETs were excluded from the study. All lesions were

histopathologically diagnosed by endoscopic biopsies or re-
section based on the findings from hematoxylin and eosin
(HE) staining and immunohistochemical staining for
chromogranin A and synaptophysin. The treatment methods for
DNETs in this study were classified as surgery with lymph node
dissection and local resection. The indications for local re-
section were as follows for lesions: <10 mm, limited to the sub-
mucosal layer based on endoscopic ultrasound (EUS), and
without LNM or distant metastasis based on computed tomogra-
phy (CT) findings. DNETs <5 mm were treated with ER and
those of 5–10 mm were treated with LECS. If the lesion was
completely removed by biopsy, it was defined as removal biopsy.
Segmental resection was performed as a method of partial re-
section of the duodenum with regional lymph node dissection.
Clinicopathological information was retrospectively collected
from the hospital database, including the patients’ backgrounds,
tumor characteristics, and treatment outcomes. The short-term
outcomes of local resection were evaluated as follows: proce-
dural time, R0 (the classification of no remaining tumor) re-
section rate, complication rate, time to first oral intake, and
length of stay. The long-term outcome of local resection was
evaluated by the recurrence rate. Tumor size was assessed by his-
topathological findings in surgically or endoscopically resected
cases and by endoscopic findings in cases that underwent biopsy.
The morphology of DNETs was classified according to the Paris
classification15 based on endoscopic findings. Lymphovascular
invasion (LVI) was evaluated for all lesions based on the finding
of HE staining, and of those invaded submucosal layer or deeper
were additionally examined with D2-40 immunohistochemistry
and elastic fiber staining. The World Health Organization

Figure 1 Laparoscopy and endoscopy cooperative surgery. (a) A duodenal neuroendocrine tumor with 6 mmdiameter was observed at the superior duo-
denal angle. Circumferential marking was performed. (b) A circumferential incisionwas performed around the tumor with a dual knife. (c) The seromuscular
layer was resected along the incision line using a laparoscopic approach to complete the full thickness resection. (d) The duodenal wall defect was closed
using the laparoscopic suturing technique. (e) Intraluminal endoscopy confirmed that the duodenal wall defectwas completely closed.
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(WHO) 2019 classification of tumors16 was used for the classifi-
cation of histopathological grading assessed by the Ki-67 index.
Clavien–Dindo Grade17 was applied to evaluate perioperative
complications, and those higher than grade II were defined as
clinically significant complications. Endoscopic examinations
with or without CT were performed at 6 or 12 months after treat-
ment, and every year thereafter, to check for local recurrence,
LNM, and distant metastasis.

This study protocol was approved by the institutional
review board of the Japanese Foundation for Cancer Research
(IRB number: 2020-1112).

Endoscopic resection. Each ER was performed using one
of the three methods: endoscopic mucosal resection (EMR),
EMR with ligation device (EMR-L), and EMR with a cap
(EMR-C). All these procedures were performed under intrave-
nous conscious sedation (midazolam and/or petidine) with a
single-channel endoscope (GIF-Q260J, Olympus, Japan) in the
endoscopy room. Hyaluronichyaluronic acid (MucoUp, Boston
Scientific, USA) or glycerin was injected to thicken the submu-
cosal layer before each ER. For EMR, the lesion was resected
using a snare. EMR-L was performed by aspiration of the lesion
into a ligation device, followed by placement of a ligation band.
In addition to EMR-L, EMR-C was performed by aspirating the
lesion into the attachment. After these procedures, the lesion was
resected using a snare. An ESG-100 (Olympus) or a VIO300D
(ERBE, Germany) was used as the electrosurgical unit. The pro-
cedural time for ER was defined as the time from the start of sub-
mucosal injection to the completion of suturing mucosal defect.

Laparoscopy and endoscopy cooperative surgery.
LECS was performed under general anesthesia in the operating
room. Full thickness resection (FTR) was performed for complete
tumor resection using the following procedure. First, endo-
scopists made a circumferential incision around the tumor with
an IT Knife-2 (Olympus) or a dual knife (Olympus) following
submucosal injection using hyaluronic acid or glycerin. Then, a
needle knife was used to perforate the seromuscular layer before
the layer was resected along the incision line using a laparo-
scopic or endoscopic approach with the IT Knife-2 to complete
the FTR. EMR-C was also performed as an FTR method. When
performing EMR-C, the lesion was fully aspirated to achieve
FTR. Finally, the remaining duodenal wall defect was closed
using the laparoscopic suturing technique with the assistance of
intraluminal endoscopy. The procedural time for LECS was
defined as the operation time. The details of the LECS are shown
in Figure 1.

Assessment of LNM. Forty-six patients with DNETs who
were followed up for at least 12 months were included in the
assessment of LNM. In cases treated by surgical resection with
lymph node dissection, LNM was assessed by histopathology
and radiology during the follow-up period. Other cases were
assessed using radiology before and after treatment.

Statistical analysis. All statistical analyses were performed
with EZR,18 a modified version of the R commander software
designed to add statistical functions that are frequently used in
biostatistics. Statistical comparisons between both groups were

conducted using the Fisher’s exact test and the Mann–Whitney U
test. The threshold for significance was set at P < 0.05.

Results

Clinicopathological characteristics of patients
with DNETs. Table 1 shows the clinicopathological charac-
teristics of the patients with DNETs. Thirty-one of the
55 patients were men. The median age was 63 (range: 38–81)
years. Among the patients, 23 underwent surgery and 27 under-
went local resection; the remaining 5 had their lesion
completely removed by biopsy. LNM was present in four
patients, and no distant metastasis was observed. Liver metas-
tasis recurrence occurred in one patient at the follow-up period
of 39.8 months. The details of the patient with liver metastasis
recurrence are shown in Table 3.

The median tumor size was 6 mm (range: 2–24 mm). Of
the 60 tumors, 54 were located in the duodenal bulb and 6 were
located in the descending part. All tumors were protruding type

Table 1 Clinicopathological characteristics of patients with DNETs

Patient characteristics (n = 55)

Male:Female 31:24
Age, median (range), years 63 (38–81)
Treatment methods, n (%)

Surgery 23 (42)
DG 12 (22)
Segmental resection 8 (15)
PD 3 (5)

ER 18 (33)
LECS 9 (16)
Removal biopsy 5 (9)

Lymph node metastasis, n (%) 4 (7)
Distant metastasis, n (%) 0 (0)
Recurrence, n (%) 1 (2)
Follow-up period, median (range), months 39.8 (1.2–186)

Tumor characteristics (n = 60)

Size, median (range), mm 6 (2–24)
Location, n (%)

Bulb 54 (90)
Descending part 6 (10)

Morphology, n (%)
0-Is 27 (45)
0-IIa 33 (55)

Invasion depth, n (%)
Mucosa 8 (13)
Submucosa 43 (72)
Muscularis propria 6 (10)
Subserosa 3 (5)

WHO classification, n (%)
G1 54 (90)
G2 6 (10)

Lymphovascular invasion, n (%) 11 (18)
Lymphatic invasion 8 (13)
Venous invasion 6 (10)

DG, distal gastrectomy; ER, endoscopic resection; LECS, laparoscopy
and endoscopy cooperative surgery; PD, pancreatoduodenectomy.
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(0-Is) or superficial elevated type (0-IIa). Tumors were confined
to the mucosa in 8 patients and to the submucosa in 43; they
were extended to the muscularis propria in 6 and to the subserosa
in 3. Fifty-four tumors were classified as WHO G1, and six

tumors were classified as WHO G2. LVI was observed in
11 tumors; lymphatic invasion was present in 8, and venous
invasion was present in 6.

Risk factors for LNM. LNM was observed in 4 (8.7%) of
the 46 patients who met the LNM assessment criteria. A compar-
ison between the LNM-positive and LNM-negative groups is
shown in Table 2. In univariate analysis, the factors that were
significantly associated with LNM were tumor size ≥10 mm, pos-
itive LVI, and 0-Is morphology (P = 0.008, P = 0.037, and
P = 0.045, respectively). The summary of the patients with
LNM is shown in Table 3. The tumor size of all patients with
LNM was ≥10 mm, and LVI was present in three of them. All
tumors with LNM showed a 0-Is appearance. Of the four tumors
with LNM, two were confined to the submucosa and the other
two were extended to the muscularis propria and subserosa.

Clinicopathological characteristics of patients
with DNETs treated by local resection. Table 4 shows
the comparison of the clinicopathological characteristics of
patients with DNETs treated by local resection. ER was per-
formed for 18 patients with 18 DNETs between 2000 and 2020,
and LECS was performed for 9 patients with 11 DNETs between
2005 and 2020. There were no differences between the two
groups in terms of age and sex. The median tumor size was
3 mm in the ER group and 6 mm in the LECS group. No differ-
ences were identified between the two groups in terms of tumor
location, tumor morphology, invasion depth, WHO classification,
and LVI.

Short-term and long-term outcomes of local
resection. The short- and long-term outcomes of local re-
section of DNETs are shown in Table 5. The procedural time
was significantly longer in the LECS group than in the ER group.
Although there was no significant difference in the R0 re-
section rate, R0 resection was completely achieved in the LECS
group. No significant differences were observed in terms of com-
plication rates. Two patients in the ER group experienced

Table 3 Summary of patients with lymph node metastasis and patients with liver metastasis recurrence

Patients with lymph node metastasis

Case
Age,
year Sex Location

Size,
mm Morphology

Invasion
depth

WHO
classification

Lymphovascular
invasion

Treatment
method

1 72 Female Descending 10 0-Is SM G1 Negative Segmental
resection

2 36 Male Descending 15 0-Is SM G1 Positive (ly+/v�) PD
3 68 Male Bulb 18 0-Is MP G1 Positive (ly+/v�) DG
4 57 Male Bulb 24 0-Is SS G2 Positive (ly�/v+) DG

Patients with liver metastasis recurrence

Case
Age,
year Sex Location

Size,
mm Morphology

Invasion
depth

WHO
classification

Lympho vascular
invasion

Treatment
method

1 48 Male Bulb 16 0-Is MP G2 Positive (ly+/v+) DG

DG, distal gastrectomy; ly, lymphatic invasion; MP, muscularis propria; PD, pancreatoduodenectomy; SM, submucosa; SS, subserosa; v, venous
invasion.

Table 2 Risk factors for lymph node metastasis

Lymph node metastasis

Negative
(n = 42)

Positive
(n = 4) P-value

Age 1
<60 years 17 2
≥60 years 25 2

Sex 0.62
Male 23 3
Female 19 1

Location 0.053
Bulb 39 2
Non-bulb 3 2

Morphology 0.045
0-Is 18 4
0-IIa 24 0

Size 0.008
<10 mm 31 0
≥10 mm 11 4

Invasion depth 0.10
Mucosa or submucosa 37 2
Muscularis propria or

deeper
5 2

WHO classification 0.44
G1 37 3
G2 5 1

Lymphovascular invasion 0.037
Positive 8 3
Negative 34 1

ER, endoscopic resection; LECS, laparoscopy and endoscopy coopera-
tive surgery.
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complications. Two patients experienced intraoperative perfora-
tion, which was successfully managed using endoscopic clipping.
An abdominal abscess was observed in one patient in the LECS
group after treatment. The time to first oral intake and length of
hospital stay were significantly shorter in the ER group. No
recurrence was observed in any of the groups.

Discussion
In this study, we retrospectively reviewed 55 patients with
60 DNETs, which is a relatively large number of cases consider-
ing that DNETs are rare tumors, and showed the clinicopatholog-
ical features of DNETs except for ampullary or functional
DNETs. To establish the application of local resection for
DNETs, we evaluated the risk factors for LNM. Subsequently,
we evaluated the safety and feasibility of ER and LECS for
DNETs to establish an appropriate treatment method for the local
resection of DNETs.

Consistent with a previous study,3 DNETs were found to
be more frequent in males and the mean age of the patients was
63 years. Most DNETs were located in the bulb (90%), and all
DNETs presented the appearance of submucosal tumors with
either a 0-Is (45%) or 0-IIa (55%) morphology. The majority of
DNETs were limited to the mucosa or submucosa (85%) and
classified as WHO G1 (90%). These findings are consistent with
those of previous studies.3,19 The LNM rate (7%) was also com-
parable with that in a previous study (11%),20 which excluded
ampullary DNETs. However, the LNM rate in this study could
be underestimated as a result of the exclusion of ampullary and
functional DNETs, which have a higher rate of metastasis.21,22

On the other hand, the positive LVI rate (18%) was slightly
higher.20 One reason could be that LVI was comprehensively
evaluated using immunohistochemistry with D2-40 antibody and
special staining for elastic fiber. These staining procedures were
routinely used to evaluate LVI when the tumor extended to the
submucosal layer, especially on the locally resected specimens.

Table 4 Clinicopathological characteristics of patients with DNETs treated by local resection

Patient characteristics ER (n = 18) LECS (n = 9) Total (n = 27) P-value

Gender, n (%)
Male 10 (56) 5 (56) 15 (56) 1
Female 8 (44) 4 (44) 12 (44)

Age, median (range), years 66 (38–81) 66 (57–76) 66 (38–81) 0.99

Tumor characteristics ER (n = 18) LECS (n = 11) Total (n = 29) P-value

Size, median (range), mm 3 (2–6) 6 (4–7) 5 (2–7) <0.001
Location, n (%)
Bulb 18 (100) 11 (100) 29 (100) 1

Morphology, n (%)
0-Is 2 (11) 3 (27) 5 (17) 0.34
0-IIa 16 (89) 8 (73) 24 (83)

Invasion depth, n (%)
Mucosa or submucosa 18 (100) 11 (100) 29 (100) 1

WHO classification, n (%)
G1 15 (83) 11 (100) 26 (90) 0.51
G2 3 (17) 0 (0) 3 (10)

Lymphovascular invasion, n (%)
Positive 0 2 (18) 2 (7) 0.14
Negative 18 (100) 9 (82) 27 (93)

ER, endoscopic resection; LECS, laparoscopy and endoscopy cooperative surgery.

Table 5 Short- and long-term outcomes of local resection

Outcome ER (n = 18) LECS (n = 9) Total (n = 27) P-value

Procedural time, median (range), min 15 (5–111) 150 (122–227) 33 (5–227) <0.001
R0 resection, n (%) 16 (89) 9 (100) 25 (93) 0.54
Complication, n (%) 2 (11) 1 (11) 3 (11) 1
Intraoperative perforation 2 (11) 0 (0) 2 (7) 0.54
Abdominal abscess 0 (0) 1 (11) 1 (4) 0.33

Time to first oral intake, median (range), POD 2 (1–5) 3 (1–4) 2 (1–5) 0.035
Length of stay, median (range), POD 6 (3–9) 8 (6–29) 6 (3–29) 0.001
Follow-up period, median (range), month 21 (1–186) 60 (2–122) 30 (1–186) 0.30
Recurrence, n (%) 0 (0) 0 (0) 0 (0) NA

ER, endoscopic resection; LECS, laparoscopy and endoscopy cooperative surgery; POD, postoperative.
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Another reason could be that the specimens resected by ER or
LECS were examined more closely than those resected by sur-
gery. LVI evaluation of surgical specimens was performed using
5-mm slices, as compared to that of ER specimens using 2-mm
slices or LECS specimens using 2–3-mm slices, and hence could
have been underestimated.

For the selection of treatment methods for DNETs, the
most important consideration is the possibility of metastasis.
There are a few studies that have investigated the risk factors for
LNM in DNETs.20,23 Park et al. demonstrated that the risk fac-
tors for LNM in DNETs include non-bulb location, tumor size
>10 mm, invasion beyond the submucosa, WHO grade G2, and
positive LVI.20 Hatta et al. reported that tumor size >10 mm,
WHO classification G2, multiple lesions, and positive LVI were
risk factors for metastasis in a multicenter, retrospective study.23

In the current study, tumor size ≥10 mm, positive LVI, and 0-Is
morphology were risk factors of LNM (P = 0.008, P = 0.037,
and I = 0.045, respectively); non-bulb location was close to sig-
nificance (P = 0.053). The LNM rate of DNETs ≥10 mm, which
was the most significant risk factor, was 27%, which was compa-
rable to that found in a previous study (36%).20 In addition, no
LNM was observed in DNETs <10 mm. Based on these findings,
local resection without lymph node dissection can be applied for
DNETs <10 mm after investigating invasion depth and metasta-
ses by CT and EUS. Although there could be some discrepancy
in the presence of LVI among pathologists, positive LVI has
been reported to be a risk factor for LNM both in previous stud-
ies20,23 and in this study. Additional surgery with lymph node
dissection should be considered when a positive LVI is revealed
after local resection. Tumor morphology was thought to be
related to LNM; most DNETs show a subepithelial tumor-like
appearance, which indicates a correlation between their morphol-
ogy and the tumor volume underlying the deep range of the
mucosa. However, our findings suggested that it could contribute
to the decision making for the treatment only to some extent, and
that the treatment method cannot be determined solely by mor-
phology, since this is relatively subjective and can result in inter-
observer differences among endoscopists.

In the JNETS guideline, treatment by surgery for DNETs
>10 mm is recommended, but the application of ER for DNETs
is not clearly mentioned.7 In the NCCN guidelines, ER is rec-
ommended for localized DNETs if feasible, but no definite
criteria for the application of ER are described.6 According to the
ENETS guidelines, DNETs >20 mm or DNETs of any size with
LNM should be treated by surgical resection, and DNETs
<10 mm in non-ampullary locations and without metastases or
functional hormonal syndromes can be treated by endoscopic
techniques.5 At present, there are some discrepancies in the
application of ER between these guidelines. Since EMR for
DNETs is considered to have a high rate of positive margins,13

endoscopic submucosal dissection (ESD) has been applied
recently for the treatment of DNETs to overcome such prob-
lems.12 While ESD of DNETs can achieve complete en bloc
resection,14 it is associated with a higher rate of perioperative
complications than EMR, such as bleeding and perforation.24,25

Recently, several studies have reported that LECS is effective for
duodenal tumors10,11 and could be an ideal alternative to ESD in
terms of safety and feasibility.26 However, no study has evalu-
ated the efficacy of LECS limited to DNETs. In the present

study, we mainly applied ER for DNETs <5 mm and LECS for
DNETs 5–10 mm. While the R0 resection rate of ER for DNETs
has been reported as approximately 40–60%,13,14 it was found to
be more promising in our study (89%). This could be attributed
to the therapeutic strategy in which the ER was adapted for in
this study, namely DNETs <5 mm. The complication rate of ER
for DNETs was 11%, which was comparable with those reported
in previous studies (5–9%).13,14 LECS achieved R0 resection in
all cases, and the complication rate was very low. ER was con-
sidered appropriate for the treatment of DNETs <5 mm.
Although the procedural time, time to first oral intake, and length
of hospital stay were longer than ER, LECS was suggested to be
a safe and feasible treatment option for DNETs 5–10 mm.

This study has several limitations. First, this was a single-
center retrospective study that investigated the outcomes of local
resection for DNETs and the risk factors for LNM. There were
potential biases when selecting the treatment methods and retro-
spectively assessing the outcomes. Second, the required follow-
up period for assessing LNM was at least 12 months, and LNM
in the locally resected cases without lymph node dissection was
assessed using only CT. This could lead to an underestimation of
LNM because CT is not the most appropriate modality for
assessing LNM, and 12 months is too short to appropriately con-
firm the absence of LNM. Third, the number of LNM-positive
cases was small, which made it difficult to conduct a multivariate
analysis. Therefore, a multicenter study involving a larger num-
ber of patients with a sufficient follow-up period is needed.
Despite these limitations, this study is valuable for the evaluation
of treatment methods for DNETs based on the risk factors for
LNM and the outcomes of local resection.

In conclusion, we found the significant risk factors for
LNM of DNETs to be tumor size >10 mm, positive LVI, and
0-Is morphology. Our study demonstrated that ER could serve as
a safe and feasible treatment option for DNETs <5 mm and
LECS for DNETs 5–10 mm.
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