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Introduction

Neuroendocrine tumors (NETs) are a heterogeneous group 
of neoplasms in terms of their anatomical location, clinical 
presentation and histological characteristics. Although 
duodenal neuroendocrine tumors (D-NETs) comprise only 
2–3 % of all gastrointestinal (GI) NETs, their incidence has 

increased in the past few decades, possibly as a result of the 
increasing use of GI endoscopy (1-3).

According to their anatomical location, D-NETs 
are categorized into ampullary duodenal NETs (AD-
NETs) and nonampullary duodenal NETs (NAD-NETs). 
Compared with AD-NETs, NAD-NETs are smaller in 
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volume, have a lower malignancy rate and are associated 
with a better prognosis at the time of diagnosis (4,5). 
Endoscopic resection (ER) techniques, such as endoscopic 
mucosal resection (EMR) and endoscopic submucosal 
dissection (ESD), are currently recommended by European 
Neuroendocrine Tumor Society guidelines for removing 
NAD-NETs smaller than 10 mm that do not penetrate 
the muscularis propria and without lymph node or distant 
metastasis (6). As endoscopic treatment technology 
improves, the number of reports on ER for NAD-NETs 
has increased (7-12). These less invasive, less expensive, 
and less traumatic therapies also offer the patient a better 
postoperative quality of life than conventional surgery 
(13,14). Since there are only a few published studies on a 
very small number of patients, the aim of our study was to 
assess the efficacy, safety and long-term prognosis of ER 
for NAD-NETs. We present this article in accordance with 
the STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-23-692/rc).

Methods

Patients and lesions

Between November 2011 and April 2021, EMR or ESD 
was performed on 12 lesions in 12 patients with NAD-

NETs at the Cancer Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Beijing, 
China. Patients were divided into two groups according 
to operation methods. Related data of the patients and 
lesions collected from our clinical and endoscopic databases 
were analyzed, as well as ongoing long-term follow-
up. The exclusion criteria were as follows: (I) missing 
or incomplete patient information; (II) tumors removed 
using biopsy forceps and simple polypectomy; Because it 
is hard to accurately evaluate the margin, invasion depth, 
and lymphovascular or perineural invasion of specimens 
removed by these two techniques; (III) tumors removed 
by radical surgery; and (IV) muscularis propria invasion 
or lymph node or distant metastasis confirmed before 
the endoscopic procedure. Endoscopic ultrasonography 
(EUS), abdominopelvic computed tomography (CT) or 
somatostatin receptor scintigraphy (SRS) was used to 
exclude muscularis invasion as well as lymph node or distant 
metastasis before the procedure. The choice of technique 
was made at the discretion of the attending endoscopist. 
All patients were informed of the risks and benefits of the 
endoscopic treatment, and all provided written informed 
consent to undergo EMR or ESD. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). This retrospective study was approved by 
our institutional review board (No. 24/171-4451). Because 
of the retrospective nature of the study, the requirement for 
informed consent for the publication of details relating to 
the patients was waived.

Endoscopic procedures

All NAD-NETs were detected using GI endoscopy. A 
conventional single-channel endoscope (GIF-Q260J, 
Olympus, Tokyo, Japan) was used to visualize the lesion. 
Marking dots were made on the circumference of the lesion by 
using an electrocautery hook knife (Olympus, Tokyo, Japan). A 
solution (normal saline, mixed with a small amount of indigo 
carmine) was injected into the submucosal layer to make a 
mucosal bleb. For EMR, an additional submucosal injection 
was carried out beneath the tumor, the adequately lifted lesion 
was ensnared and resected by using an electrosurgical current 
(Figures 1-4). For ESD, following solution injection, the lesion 
was incised (precut) along the outer border of the marking 
dots and then dissected along the submucosal plane under 
direct vision (Figures 5-8). The specimens were carefully 
evaluated histopathologically by experienced pathologist in 
slices collected at two mm intervals.

Highlight box

Key findings
• Our study found that for nonampullary duodenal neuroendocrine 

tumors (NAD-NETs) that measure ≤10 mm in size, are confined to 
the submucosal layer and have neither suspicious lymph nodes nor 
distant metastasis, endoscopic resection [ER; endoscopic mucosal 
resection (EMR), endoscopic submucosal dissection (ESD)] may 
be a safe, effective, and feasible endoscopic technique for removing 
them. This discovery can provide comprehensive guidance for 
clinical treatment decisions of NAT-NETs.

What is known and what is new? 
• ER (ESD and EMR) is recommended for NAD-NETs ≤10 mm in 

diameter without lymphovascular invasion. However, the efficacy 
and safety of ER for NAD-NETs remains unclear.

• In NAD-NETs treated by ER, the rates of en bloc, complete and 
pathologic complete resection were sufficiently high. Intraoperative 
perforation occurred in one case, but no emergency surgery was 
needed. ER is an efficacious and safe treatment for NAD-NETs.

What is the implication, and what should change now? 
• NAD-NET is a rare disease with malignant tendency and more 

exploration is needed.
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Histopathological evaluation and complications

Resected specimens, fixed with formalin, were serially 
sectioned at 2-mm intervals, and histopathologic type, 
depth of invasion, tumor involvement in the lateral and 
vertical margins, presence of lymphovascular invasion 
and perineural invasion was assessed. The classification of 
histological type was determined using the World Health 
Organization (WHO) 2019 classification of tumors of the 

digestive system (15). The Ki-67 index and mitotic rate 
was evaluated in all cases to classify tumors as G1, G2, 
or G3. En bloc resection was defined as the tumor being 
endoscopically resected entirely in one piece. Complete 
resection was defined as en bloc resection with no evidence 
of a tumor on both vertical and lateral margins upon 
histological examination. Pathological complete resection 
was defined as R0 resection with no lymphovascular 
invasion or perineural invasion. Complications related to 

Figure 1 A 5 mm nodular lesion was located at descending 
duodenum. EMR, endoscopic mucosal resection.

Figure 2 Endoscopic marking was performed and submucosal 
injection was performed from the oral side. EMR, endoscopic 
mucosal resection.

Figure 3 After submucosal injection, the lesion is sucked into 
the cap, as the snare is closed at the base of the lesion. EMR, 
endoscopic mucosal resection.

Figure 4 Use titanium clips to close the defect caused by 
endoscopic mucosal resection. EMR, endoscopic mucosal 
resection.
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the procedure included intraoperative perforation, delayed 
perforation, intraoperative bleeding and delayed bleeding. 
Intraoperative perforation was defined as a defect of the 
whole duodenal wall; the surrounding tissues or organs 
could be seen through the hole during the procedure 
(Sydney score IV or V) (16). Delayed perforation was 
diagnosed when patients experienced a sudden onset of 
high fever accompanied by the presence of peritoneal or 
retroperitoneal free air on CT scans during a month after 
surgery. This diagnosis was made in cases where there was 
no evidence of intraoperative perforation and no signs of free 
air on CT scans immediately following tumor removal (17).  

Intraoperative bleeding was defined as bleeding that 
resulted in the patient needing a blood transfusion or 
bleeding that could not be controlled under endoscopy 
and resulted in the patient needing to undergo surgery or 
vascular embolization. Delayed bleeding was defined as 
clinical evidence of bleeding during the month following 
the resection leading to transfusion, new hospitalization, or 
a second-look endoscopy for hemostasis.

Follow up

All patients were followed-up by an EGD three and six 

Figure 5 A 5 mm nodular lesion was located at duodenal bulb. 
Marking dots were made on the circumference of the lesion. ESD, 
endoscopic submucosal dissection.

Figure 7 Partial circumferential incision can maintain higher 
elevation of the submucosa. It is easy to cut the residual mucosa. 
ESD, endoscopic submucosal dissection.

Figure 6 Submucosal injection was performed from the oral side. 
Mucosal incision was made using DualKnifeJ. ESD, endoscopic 
submucosal dissection.

Figure 8 Endoscopic submucosal dissection (ESD) was completed 
without any complication. ESD, endoscopic submucosal dissection.
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months after surgery and an annual EGD or CT check for 
local recurrence, lymph node and distant metastases. Follow 
up was through outpatient or telephone visits. The starting 
point of follow-up was the end of surgical treatment for NAD-
NETs patients, and the last follow-up was in October 2022.

Statistical analysis

Statistical analyses were performed using a statistical 
software package (SPSS version 27.0; SPSS Inc., Chicago, 
IL, USA). Continuous variables were presented as medians 
and ranges, and categorical variables are presented as 
percentages. 

Results

During the study period, we treated 12 lesions using 
ER (EMR, 2; ESD, 10) and all of them were included in 

the study. The patients’ and tumors’ clinicopathological 
characteristics are summarized in Table 1. Ten of the twelve 
tumors (83.3%) were located in D1 (duodenal bulb), one 
was located in D2 (descending part of duodenum) (ESD 
group), and one was located in D1-D2 junction (EMR 
group). The sizes of the tumors were 6.0±1.0 mm (range, 
5–7 mm) and 6.4±0.7 mm (range, 3–10 mm) in the two 
groups. All tumors were confined to the submucosal layer. 
Two of the 12 tumors (16.7%) were in the G2 stage (both in 
the ESD group).

Table 2 shows the clinical outcomes of ER for NAD-NETs. 
The procedure time in the two groups was 44.0±10.0 min  
(range, 34–54 min) and 66.8±14.1 min (range, 32–182 min)  
respectively. The en bloc, complete and pathologic 

Table 1 Characteristics of patients and tumors

Characteristics EMR (n=2) ESD (n=10)

Age (years) 55.0±4.0 55.8±3.4

Sex

Male 0 (0.0) 6 (60.0)

Female 2 (100.0) 4 (40.0)

Tumor location

D1 1 (50.0) 9 (90.0)

D1–D2 junction 0 (0.0) 1 (10.0)

D2 1 (50.0) 0 (0.0)

Tumor size (mm) 6.0±1.0 [5–7] 6.4±0.7 [3–10]

≤10 2 (100.0) 10 (100.0)

>10 0 (0.0) 0 (0.0)

Invasion layer

Mucosal 0 (0.0) 0 (0.0)

Submucosal 2 (100.0) 10 (100.0)

Pathological type

G1 2 (100.0) 8 (80.0)

G2 0 (0.0) 2 (20.0)

Data are presented as n (%), mean ± SD or mean ± SD [range]. 
EMR, endoscopic mucosal resection; ESD, endoscopic 
submucosal dissection; SD, standard deviation; D1, duodenal 
bulb; D2, descending part of duodenum.

Table 2 Clinical outcomes of ER for NAD-NETs

Outcomes EMR (n=2) ESD (n=10)

Procedure time (min)

Mean ± SD 44.0±10.0 66.8±14.1

Range 34–54 32–182

Specimen size, mean ± SD (mm) 8.5±1.5 15.7±1.1

En bloc resection, n (%) 2 (100.0) 9 (90.0)

Complete resection, n (%) 1 (50.0) 8 (80.0)

Pathologic complete resection, n (%) 1 (50.0) 8 (80.0)

Lateral margin involvement 0 (0.0) 0 (0.0)

Vertical margin involvement 1 (50.0) 2 (20.0)

Lymphovascular invasion 0 (0.0) 0 (0.0)

Perineural invasion 0 (0.0) 0 (0.0)

Complication, n (%)

Intraoperative perforation 0 (0.0) 1 (10.0)

Delayed perforation 0 (0.0) 0 (0.0)

Intraoperative bleeding 0 (0.0) 0 (0.0)

Delayed bleeding 0 (0.0) 0 (0.0)

Follow-up duration (months)

Median 127 46

Range 123–131 18–88

Local recurrence 0 (0.0) 0 (0.0)

Distant metastatic lesions 0 (0.0) 0 (0.0)

ER, endoscopic resection; NAD-NETs, nonampullary duodenal 
neuroendocrine tumors; EMR, endoscopic mucosal resection; 
ESD, endoscopic submucosal dissection; SD, standard deviation.
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complete resection rates were 100.0%, 50.0%, and 50.0% 
in the EMR group and 90.0%, 80.0%, and 80.0% in 
the ESD group, respectively. Intraoperative perforation 
occurred in 1 patient during ESD treatment. Closure using 
endoscopic clips was performed immediately after removing 
the tumor, and emergency surgery was prevented. There 
was no intraoperative or delayed bleeding in either group.

Table 3 shows the details of patients with NAD-NETs 
who underwent ER. During the median follow-up period of 
127.0 months (range, 123–131 months) in the EMR group 
and 46 months (range, 18–88 months) in the ESD group, 
no remnant lesion, local recurrence or distant metastasis 
was found.

Discussion

In the early stage, NAD-NETs develop mainly in the 
submucosal layer and are often diagnosed using endoscopic 
biopsy when they are small and may not be related to the 
patient’s symptoms (18). Surgery has been the mainstream 
treatment of NAD-NETs for a long time. However, with 
continuous progress in endoscopic diagnosis and treatment 
technology, the endoscopic treatment of NAD-NETs has 

gradually gained increasing interest (1,19). Our research has 
indicated that ER for NAD-NETs can achieve significant 
therapeutic effects with low incidence of complications. 

When choosing the optimal treatment for NAD-
NETs, the presence of lymph node or distant metastasis 
is one of the most important considerations. Although 
no consensus has been reached, it has been reported that 
the risk factors for the metastasis of NAD-NETs are 
tumors >10 mm in diameter, muscular invasion, poorly 
differentiated neuroendocrine histology, and lymphovascular 
invasion (20,21). Nakao et al. found that a tumor size 
≥10 mm, positive lymphovascular invasion, and 0–Is 
morphology were significant risk factors for lymph node 
metastasis (22). A recent study assessing risk factors for 
metastases in nonampullary lesions <20 mm in size revealed 
lymphovascular invasion, tumor size >11 mm and WHO 
G2 as risk factors for metastatic disease (23). Therefore, 
patients with NAD-NETs smaller than 10 mm that do not 
penetrate into the muscularis propria and without lymph 
node or distant metastasis are candidates for ER (6,10,24). 
In this study, all included tumors met this condition, and 
the pathologic complete resection rate reached 75%. 
Even when the three patients with positive margins were 

Table 3 Clinicopathological characteristics of patients with NAD-NETs who underwent ER

No. sex/
age (years)

Tumor 
location/
size (mm)

Treatment 
technique

Tumor depth/
pathological 
morphology

En bloc 
resection

Margin 
involvement

Lymphovascular 
invasion or 
perineural 
invasion

Complication

Remnant lesion, 
recurrence 
or distant 

metastasis

Additional 
treatment

Follow-up 
duration 
(months)

#1. F/59 D1/7 EMR SM/G1 Yes LM(−)/VM(−) (−) No No No 131

#2. F/51 D1–D2/5 EMR SM/G1 Yes LM(−)/VM(+) (−) No No No 123

#3. M/50 D1/3 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 88

#4. M/68 D1/4 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 74

#5. F/60 D1/7 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 62

#6. F/40 D1/5 ESD SM/G2 Yes LM(−)/VM(−) (−) No No No 56

#7. M/75 D1/10 ESD SM/G2 Yes LM(−)/VM(+) (−) Intraoperative 
perforation

No No 50

#8. M/63 D1/8 ESD SM/G1 No LM(−)/VM(+) (−) No No No 42

#9. M/47 D1/9 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 34

#10. F/54 D1/7 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 22

#11. F/54 D2/5 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 20

#12. M/47 D1/6 ESD SM/G1 Yes LM(−)/VM(−) (−) No No No 18

NAD-NETs, nonampullary duodenal neuroendocrine tumors; ER, endoscopic resection; F, female; M, male; D1, duodenal bulb; D2, descending 
part of duodenum; D1–D2, D1–D2 junction; EMR, endoscopic mucosal resection; SM, submucosa; LM, lateral margin; VM, vertical margin; ESD, 
endoscopic submucosal dissection.
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included, no recurrence or metastasis was found during 
follow-up.

Complete resection is ideal for the ER of NAD-NETs. 
Different endoscopic treatment techniques, such as EMR 
and ESD, are used in the treatment of NAD-NETs, but 
there is no consensus on the treatment of choice. In the 
present study, we determined the efficacy of EMR and 
ESD for resecting NAD-NETs. Both groups achieved high 
rates of en bloc resection, with a success rate of 100% in 
the EMR group and 90% in the ESD group. However, the 
EMR group did not achieve perfect complete resection rate 
and pathological complete resection rate due to one case 
showing a positive vertical margin, whereas the ESD group 
had two such cases. Previous studies have also investigated 
similar topics. Lee et al. described 50 patients with 50 
D-NETs treated using EMR-D (n=19), EMR-L (n=16), 
EMR-C (n=6), EMR-P (n=5), or ESD (n=4). In their study, 
the en bloc resection rates in the EMR-D, EMR-L, EMR-C, 
EMR-P and ESD groups were 73.7%, 100%, 100%, 100% 
and 75%, respectively, while the complete resection rates 
were 84.2%, 93.8%, 100%, 100% and 100% (13). A study in 
Korea in 2014 also showed that ESD was superior to EMR, 
EMR-L or EMR-P, as evidenced by the en bloc resection 
rate or the complete resection rate (9). Other studies that 
focused on the efficacy of ESD also showed its effectiveness 
in treating NAD-NETs (8,10,12). Surprisingly, these results 
were more favorable than the previously reported results 
for NETs in other locations, such as the stomach or rectum 
(25-27). The reasons were as follows: the NETs were mostly 
located in the submucosal layer. Although submucosal 
injection is performed during EMR, the submucosal part 
of the tumor is unable to be seen in the visual field. The 
depth of resection cannot be guaranteed during resection, 
and the size of the resectable lesion is limited by the use of 
a snare or ligation device for snare resection of the whole 
lesion, resulting in a positive margin. Furthermore, too 
much pursuit of resection depth will increase the risk of 
perforation. In contrast, ESD enables us to complete the 
dissection of the submucosal part of the lesion under direct 
vision with clear vision and an appropriate resection depth.

We also assessed the complications occurring during ER 
for NAD-NETs. Only one patient (8.3%) treated with ESD 
in our study developed intraoperative perforation. However, 
because of their thin and rich vascular duodenal wall and 
difficult access, ER for D-NETs is challenging (28). Gincul 
et al. reported 32 D-NETs treated using EMR (11). The 
overall complication rate was 38%; bleeding occurred in 
nine patients, perforation occurred in in two patients, and 

procedure-related death occurred in one patient. Suzuki 
et al. reported the outcomes of ESD in three D-NET 
patients (12). The R0 resection rate was 98%, but the 
perforation rate of duodenal ESDs was 66%. While the 
use of therapeutic scope can enhance surgeons’ operating 
angles and provide clearer surgical perspectives to some 
extent, it is crucial to note that these procedures are 
primarily recommended for experienced endoscopists in 
high-volume centers with ample resources. Some relatively 
new devices or technologies are gradually playing an 
increasingly important role in the safe resection of duodenal 
tumors. A grasping forceps can be used in conjunction 
with a double-channel scope to provide counter traction 
during ESD. Another option is to utilize the outer sheath 
of an injection needle for counter traction. By pushing and 
lifting up the bottom of the dissected mucosal layer using 
the injection sheath, the submucosal layer is revealed and 
adequate counter traction of the cutting lines is ensured (29). 
The main advantage of the double-channel scope method 
is that it only requires a conventional grasping forceps or 
injection sheath. However, this method has a thicker size 
and longer radius of curvature, which can be considered 
as a disadvantage. Furthermore, it may sometimes be 
challenging to insert it into the submucosal layer, and its 
maneuverability is poorer compared to a thin therapeutic 
scope during ESD. Endoscopic full-thickness resection 
(EFTR) with a full-thickness resection devise for duodenal 
tumors has been successfully used in the resection of 
duodenal neoplasias. Although its effectiveness needs to 
be further confirmed, it seems to be an ideal resection tool 
for these tumors that originate deep within the submucosa, 
such as small NAD-NETs (30,31). The laparoscopic and 
endoscopic cooperative surgeries (LECS) concept has also 
been rapidly accepted for the treatment of GI tumors due 
to its effectiveness and safety (32,33), which have been 
indicated in several case reports (34-36). There is still room 
for improvement to lessen its technical difficulty. Advances 
in treatment techniques and skills can potentially reduce 
the complication rates in the future. However, a further 
understanding of these lesions and studies with a large 
cumulative number of patients are also required.

The final point to discuss is the prognostic value of ER 
for NAD-NETs. In the present study, there were three 
patients with positive vertical margins, one in whom we 
did not achieve en bloc resection. After explaining to 
the patient and their families the greater difficulty of the 
second endoscopic surgery, the higher risk of perforation, 
and the possible negative postoperative pathology, none of 
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the three patients chose to receive additional surgery, and 
no residual tumor, recurrence or distant metastasis were 
found in any of the 12 patients during the median follow-up 
period of 53.0 months. At present, the natural history and 
clinical ramifications of D-NETs are poorly understood. 
Some scholars believe that D-NETs have the characteristic 
of indolent growth, and their prognosis is much better than 
that of other small bowel NETs (37). Exarchou et al. also 
claimed that for localized, grade 1, nonfunctioning NAD-
NETs ≤10 mm in diameter, the ‘watch and wait’ strategy may 
be a safe alternative management strategy (38). Therefore, 
considering the independent biological behavior of NETs, 
we believe that margin involvement does not directly 
imply the presence of a residual tumor, and the presence 
of lymphovascular invasion and perineural invasion does 
not imply the need for additional surgery (39). Of course, 
continuous follow-up and monitoring are still essential and 
useful.

The purpose of this study was to clarify the efficacy 
and safety of ER for NAD-NETs. As for the single-center 
study, to our knowledge, we included the largest number 
of patients who underwent ESD for NAD-NETs, which 
increases the validity of the research. The limitations of our 
study include the following. First, this was a single-center 
retrospective study that included patients who were treated 
more than 10 years ago. Second, the number of patients in 
each group was small (only two patients in the EMR group), 
which would cause bias. Third, this was an observational 
study. Due to the rarity of D-NETs, multicenter studies 
and larger population-based datasets are needed to further 
validate these guidelines.

Conclusions

In conclusion, the results of our study suggest that ER 
(EMR and ESD) may be a safe, effective, and feasible 
endoscopic technique for removing NAD-NETs measuring 
≤10 mm in size confined to the submucosal layer. Lymph 
node metastasis and distant metastasis were not found on 
preoperative imaging examinations. ESD seems to have a 
higher complete resection rate and pathologic complete 
resection rate than EMR. Close follow-up can be selected 
depending on the situation rather than immediate radical 
secondary surgery when a lesion is not completely resected. 
Further large-scale, prospective, randomized, and well-
designed studies with long-term clinical outcomes are 
needed to validate our findings.
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