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Abstract

Background—Management of duodenal neuroendocrine tumors (DNETs) is not standardized, 

with smaller lesions (<1-2 cm) generally treated by endoscopic mucosal resection (EMR) and 

larger DNETs by surgical resection (SR). This study reviewed how patients were selected for 

treatment and compared outcomes.

Methods—Patients with DNETs undergoing resection were identified through institutional 

databases, and clinicopathologic data recorded. Chi-squared and Wilcoxon tests compared 

variables. Survival was determined by Kaplan-Meier and Cox regression tested association with 

survival.

Results—In 104 patients, 64 underwent EMR and 40 had SR. Patients selected for SR had 

larger tumor size, younger age, and higher T, N, and M stage. There was no difference in 

progression-free (PFS) or overall survival (OS) between SR and EMR. In 1-2 cm DNETs, there 

was no difference in PFS between SR and EMR (median not reached [NR], P = 0.1); however, 

longer OS was seen in SR (median NR vs. 112 months, P = 0.03). In 1-2 cm DNETs, SR patients 

were more likely to be node-positive and younger. After adjustment for age, resection method 

did not correlate with survival. Comparison of surgically resected DNETs vs. jejunoileal NETs 

revealed longer PFS (median NR vs. 73 months, P < 0.001) and OS (median NR vs. 119 months, P 

= 0.004)
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Discussion—In 1-2 cm DNETs, there was no difference in survival between EMR and SR after 

adjustment for age. Recurrences could be salvaged, suggesting that EMR is a reasonable strategy. 

Compared to jejunoileal NETs, DNETs treated by SR had improved PFS and OS.

Introduction

Duodenal neuroendocrine tumors (DNETs) are rare neoplasms, comprising approximately 

2-4% of NETs from all sites.1-3 The incidence of DNETs is rising and increased from 0.027 

cases per 100,000 individuals in 1983 to 1.1 per 100,000 in 2010, likely due to increased 

use of cross-sectional imaging and upper endoscopy.3,4 DNETs are generally characterized 

by favorable survival outcomes and small size, with most DNETs <2 cm and a mean tumor 

size of 1.2-1.5 cm.5-10 The majority of patients have single tumors, with multiple tumors 

more likely to be found in patients with multiple endocrine neoplasia type 1 (MEN1).6 

Epidemiologic studies have found that 5-60% of patients with DNETs present with regional 

metastases and <10% present with distant disease.2,6,7

Resection offers the best option for clinical cure and may be possible in a substantial 

number of patients with DNETs given their tendency to present with single tumors, often 

small in size, and without distant metastases.11 Multiple options exist for resection, ranging 

from endoscopic techniques such as simple snaring12 or mucosal resection13,14 to surgical 

treatments, including transduodenal local excision or pancreaticoduodenectomy.15 Due to 

the morbidity of surgical duodenal resection and pancreaticoduodenectomy, the use of 

endoscopic resection has become the preferred treatment for smaller tumors <1 cm.16-18

Given the success of endoscopic resection for tumors <1 cm, the European Neuroendocrine 

Tumor Society (ENETS) recommends that patients with non-ampullary DNETs <1 

cm with no evidence of regional or distant disease undergo resection by endoscopic 

mucosal resection (EMR).11 They recommend that large DNETs (>2 cm) should 

undergo formal surgical resection (SR). Similarly, the National Comprehensive Cancer 

Network (NCCN) guidelines recommend endoscopic or local excision when possible, 

with pancreaticoduodenectomy reserved for ampullary tumors or DNETs not amenable 

to endoscopic or local excision.19 However, recommendations are not specific regarding 

management of 1-2 cm DNETs and the optimal management of these intermediate-sized 

DNETs is controversial,20,21 with limited data comparing EMR and SR in this subset of 

patients.

This study sought to compare how patients with DNETs were selected for EMR or SR and 

to compare outcomes between EMR and SR.

Methods

This was a single-institution, retrospective study. Patients with a diagnosis of DNET 

were identified through queries of pathology databases, an institutional NET registry, and 

a prospectively collected surgical NET database under an IRB-approved protocol. The 

pathology databases were queried using the following keywords: duodenum, duodenal, and 

neuroendocrine. The NET registry and surgical database were searched for patients with 

NET of duodenal primary. Patients with jejunoileal NETs were identified from the surgical 
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NET database. Clinicopathologic data and treatment details were obtained from patients’ 

medical records. Race and ethnicity data were not available from these databases and is 

not reported in this study. Charlson Deyo comorbidity indices were calculated based on 

pre-procedure comorbid conditions. Operative complications that occurred within 30 days of 

the procedure were scored using the Clavien-Dindo grading system.22

Statistical analyses were performed in R version 4.0.3 (The R Foundation). Wilcoxon tests 

compared continuous variables and chi-squared or Fisher exact tests compared categorical 

variables. The Kaplan-Meier method estimated and plotted survival probabilities23 and 

the reverse Kaplan-Meier method estimated median follow-up.24 Cox proportional hazards 

models tested variables for association with progression-free survival (PFS) and overall 

survival (OS). Estimated effects of predictors on survival are reported as hazard ratios (HRs) 

with 95% confidence intervals (CIs). All statistical tests were two-sided and tested for 

significance at the 5% level. Patients treated by EMR and subsequent SR were analyzed in 

the EMR treatment group.

Results

Queries identified 155 patients (Figure 1). Of these, 51 patients were excluded due to 

insufficient clinicopathologic information, no diagnosis of a duodenal NET, not undergoing 

resection, or where a duodenal NET was identified incidentally on surgical pathology after 

resection for another primary indication. Of the 104 patients remaining for analysis, 64 

(61.5%) had EMR and 40 (38.5%) SR. The median age at resection was 63.9 years (range 

28.5-87) and 48 patients (46.2%) were female. Most patients had a Charlson Deyo index of 

0 or 1 (31.3 and 37.4%, respectively). Grade 1 tumors were present in 66.1% of patients, 

grade 2 in 32.3%, and grade 3 in 1.6%. Most patients presented with T1 or T2 disease 

without nodal or distant metastases. The median tumor size was 11 mm (range 1-148). At a 

median follow-up of 95.7 months, 18 patients (18.2%) had progression and 24 (23.5%) died. 

The data were not sufficiently mature to determine median PFS or OS for the entire cohort 

of patients.

Comparison of characteristics and outcomes between EMR and SR

Characteristics of patients who underwent EMR and SR were compared (Table 1). Patients 

treated by EMR were more likely to be older (median age at resection 69.4 vs. 57.9, P 

<0.001) and to have more comorbidities than those treated by SR. The EMR group was 

more likely to have lower T stage, node-negative status (N0 rate 89.7 vs. 40%, P <0.001), 

and absence of distant metastases (M0 rate 98.2 vs. 71.1%, P <0.001). The EMR group had 

smaller tumors compared to the operative group (median tumor diameter 7 vs. 16 mm, P 

<0.001).

At a median follow-up of 95.7 months, SR was not associated with statistically significant 

differences in PFS (median PFS not reached, HR 1.23 [0.49-3.13], P = 0.64) or OS (median 

OS not reached vs. 141 months, HR 0.47 [0.19-1.19], P = 0.12) compared to EMR (Figure 

2). Factors associated with worse PFS included higher T stage (compared to T1, T2 HR 5.99 

[1.23-29.16], T3 HR 14.75 [1.17-186.53]), node-positivity (N1 vs. N0 HR 3.7 [1.4-9.79]), 

and distant metastases (M1 vs. M0 HR 7.57 [2.81-20.4]). Factors associated with worse 
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OS included older age at resection (HR 1.07 [1.03-1.11] per year), higher BMI (HR 1.06 

[1.01-1.11] for every 1 kg/m2), Charlson Deyo score of ≥3 (HR 5.72 [1.63-20.08] compared 

to score of 0), and presence of metastatic disease (M1 vs. M0 HR 3.03 [1.15-8.02]).

Thirty-five patients with 1-2 cm DNETs were further examined. At a median follow-up of 

55.6 months, there was no statistically significant difference in PFS between EMR (n = 20) 

and SR (n = 15). Median PFS not reached in either group (P = 0.1; Figure 3A). However, 

EMR was associated with worse OS compared to SR (median OS 112 months vs. not 

reached, P = 0.03; Figure 3B). Clinicopathologic characteristics were compared between the 

two treatment groups. The EMR group was significantly older than the SR group (median 

age at resection 72.6 vs. 59.2 years, P = 0.02) and more likely to be node-negative (N0 rate 

89.5 vs. 50%, P = 0.02; Table 2). In a bivariable Cox regression model, after adjusting for 

the effect of age at resection, method of resection was no longer an independent predictor 

of OS. Node status was not included in this model because of its correlation with method of 

resection.

To further characterize survival outcomes after EMR, patients who underwent EMR and 

subsequently recurred were qualitatively analyzed. Of the 64 patients who underwent EMR, 

10 recurred post-EMR (Figure 4). All recurrences were local and identified by surveillance 

endoscopy. After post-EMR recurrence, 4 patients underwent subsequent SR, 4 underwent 

repeat-EMR, and 2 did not receive any further resection. Those who had subsequent SR 

were noted to all have tumor sizes >1 cm (range 11 – 20 mm) and one patient was upstaged 

from N0 to N1 based on surgical pathology. Of the 4 patients who underwent subsequent 

EMR, 3 did not recur and were subsequently discharged from follow-up. One underwent a 

third EMR for recurrence and remains under surveillance.

Of the 40 patients who had SR, 8 developed new or progressive disease in the liver 

during follow-up, but none had local or nodal recurrences. Seven of these patients who 

progressed had nodal metastases and 7 had distant metastases at the time of the original 

operation. Pathology reports for the five patients with complete information revealed that 4 

had tumors ≥2 cm in size (median 2.5 cm). None of these 8 patients required subsequent 

local resections, but 2 patients had ablation of liver metastases, 4 had peptide receptor 

radionuclide therapy (PRRT), 1 had an increase in octreotide dose, and 1 was treated with 

chemotherapy.

Comparison of complications between EMR and SR

Specific surgical procedures and complication rates after EMR and SR were analyzed. Of 

the patients treated with SR, 18 (48.6%) had segmental duodenal resection, 13 (35.1%) 

local resection of tumor, 6 (16.2%) pancreaticoduodenectomy, and 3 had procedures 

at outside hospitals where operative reports could not be retrieved. Operative patients 

were more likely to experience post-procedural complications compared to EMR patients 

(complication rate of SR vs. EMR was 42.9 vs. 16.7%, P = 0.01). The majority of 

surgical complications (55.6%) were of Clavien-Dindo grade 1 or 2 and 44.4% were 

grade 3 or 4. Post-operative complications included urinary tract infection (3 patients), 

C. difficile infection (2), superficial wound infection (1), abscess requiring percutaneous 

drain (1), pancreatic fistula requiring percutaneous drain (1), failure to thrive (1), venous 
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thromboembolism (1), respiratory failure (1), myocardial infarction (1), gastrointestinal 

bleeding (1), bowel perforation or anastomotic leak requiring operative intervention (2). Of 

the 9 patients who experienced post-EMR complications, 5 experienced perforation treated 

with endoscopic clips and 3 of these patients were admitted for further monitoring. The 

other 4 patients experienced bleeding requiring endoscopic intervention (endoscopic clips 

or epinephrine injection), admission, and/or blood transfusion. There were no mortalities in 

either the EMR or SR group.

Comparison of duodenal and jejunoileal NETs

Survival outcomes were compared between patients with DNETs who had SR vs. jejunoileal 

NET patients (n = 277) who had SR (Figure 5). At a median follow-up of 49.6 months, 

patients with DNETs had significantly improved survival outcomes compared to patients 

with jejunoileal NETs. Duodenal NETs were associated with both longer PFS (median PFS 

not reached vs. 73.4 months, HR 3.77 [1.82-7.8], P < 0.001) and OS (median OS not 

reached vs. 119 months, HR 3.27 [1.4-7.61], P = 0.004). Compared to patients with DNETs, 

those with jejunoileal NETs had over a 3-fold risk of progression or death.

Discussion

This study found that in patients with DNETs who underwent resection, factors associated 

with worse PFS included higher tumor stage, node-positivity, and presence of metastasis. 

Factors associated with worse OS were higher BMI, Charlson Deyo score ≥3, and presence 

of distant metastases. In contrast, method of resection (EMR vs. SR) was not associated with 

differences in PFS or OS. Patients selected for SR had higher T stage, N stage, and M stage, 

and lower Charlson Deyo scores.

In patients with DNETs 1-2 cm who underwent resection, method of resection was not 

associated with differences in PFS, but EMR was associated with worse OS compared to 

SR. This is likely due to selection bias, as the EMR group was significantly older with a 

median age at resection >10 years older than the SR group. After adjusting for the effect 

of age, method of resection was no longer associated with OS on multivariable analysis. 

Qualitative analysis of the patients who underwent EMR and recurred demonstrated that 

most patients could be salvaged by SR or repeat EMR.

Expert guidelines have refrained from recommending a certain method of resection 

for DNETs 1-2 cm based on limited survival data comparing EMR and SR.11,19 

Emerging data suggest that endoscopic management of DNETs can be effective with 

good long-term outcomes.25,26 Gay-Chevallier et al. reported on outcomes of 28 patients 

with DNETs who underwent endoscopic resection, with a 5-year PFS of 89%.17 

Untch et al. found that patients who underwent EMR (n = 12), local resection 

(n = 34), or pancreaticoduodenectomy (n = 29) did not have differences in PFS. 

Similarly, in a comparison of patients who underwent endoscopic resection (n = 39), 

pancreaticoduodenectomy (n = 50), and local resection (n = 57), Margonis et al. did not 

find that method of resection was associated with PFS or OS.27 The group at the University 

of Pennsylvania also did not find differences in OS based on SR (n = 18) or endoscopic 

resection (n = 18).16,18
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Other studies have pointed out the limitations of EMR in the treatment of DNETs.28-30 

Nießen et al. found in a cohort of 24 patients with DNETs that 64% of tumors <2 cm 

and 60% of G1 tumors were associated with lymph node metastases.31 The authors felt 

endoscopic management of small or low grade DNETs may not be recommended given the 

high rate of occult nodal metastases. Gincul et al. reported on the substantial morbidity (38% 

complication rate), mortality (3% mortality rate), and difficulty in obtaining R0 resection 

(R0 resection rate 55%) associated with EMR for DNETs.32

Our findings suggest that EMR is a reasonable initial treatment strategy for patients with 

1-2 cm DNETs without evidence of regional or distant metastases on imaging, given the 

favorable survival outcomes after EMR and lack of differences in PFS and OS between 

EMR and SR. EMR was also associated with significantly lower complication rates and 

less morbid complications compared to SR. This study suggests that patients who undergo 

EMR and recur can still undergo repeat EMR or operative resection without compromising 

subsequent resection or survival outcomes. This does highlight the need for adequate 

post-EMR endoscopic surveillance. Appropriate follow-up recommendations for patients 

with resected DNETs are unclear, but ENETS has suggested follow-up after EMR with 

endoscopy, abdominal ultrasound, or CT at 6, 24, and 36 months post resection,11 which 

seems reasonable in patient with negative resection margins, especially since most of these 

are smaller tumors with lower risk of recurrence. For surgically resected DNETs, we would 

recommend following the NCCN guidelines (version 2.2020) for SBNETs, which suggest 

abdominopelvic CT or MRI annually for 10 years after resection.19 Repeat endoscopy at one 

year would also be reassuring to rule out local recurrence.

While recurrences were noted in both SR and EMR groups, recurrences after SR were 

distant disease and not local, and tended to occur in larger tumors with nodal or distant 

disease at the original operation. In patients with 1-2 cm DNETs, only 1 patient recurred 

after operative resection, and this was a liver metastasis. As per ENETS guidelines, 

surgery may be preferred for tumors larger than 2 cm or for patients with regional or 

distant disease.11 The North American Neuroendocrine Tumor Society (NANETS) has not 

published consensus guidelines for DNETs, and the NCCN recommends EMR or local 

excision when possible, reserving pancreaticoduodenectomy for ampullary tumors or those 

not amenable to EMR or local excision. The NCCN guidelines do not detail tumor size 

thresholds or tumor features that would suggest suitability for EMR or SR.19

The findings of this study also demonstrate that patients with DNETs treated surgically 

have more favorable survival than those with jejunoileal NETs, even though both arise 

from the small bowel. Other studies have confirmed improved survival of patients with 

DNETs compared to those with NETs from other sites.2,5,6 The reasons for why patients 

with DNETs treated with SR have significantly longer PFS and OS compared to those with 

jejunoileal NETs are multifaceted. DNETs may present at an earlier stage because they are 

within the reach of upper endoscopy and are more likely to be incidentally discovered or 

perhaps even give rise to subtle symptoms leading to endoscopy. It is also possible that 

DNETs have a more favorable tumor biology, although prognosis may also vary depending 

on whether tumors are functional or non-functional, and whether their location is ampullary 

vs. non-ampullary.7,33
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Limitations of this study include the small number of recurrences and deaths, which 

limits the ability to determine PFS and OS and to include more factors in multivariable 

Cox regression models. Nodal status should be interpreted with caution in patients 

who underwent EMR, as those patients will generally not have pathologic examination 

of regional nodes and may not have routine imaging performed. Another challenge 

to comparing the EMR and SR groups is the effect of selection bias, as evidenced 

by differences in baseline characteristics in the EMR and SR groups. A prospective, 

randomized trial to compare outcomes with EMR vs. SR could be revealing, especially 

for tumors 1-2 cm in size, but would be challenging given the rarity of the disease and 

patients’ reluctance to be randomized to SR.

In conclusion, the findings of the current study suggest that DNETs 1-2 cm can be 

managed by initial EMR. EMR in these patients is associated with limited morbidity and 

no statistically significant differences in survival outcomes compared to SR. Post-procedure 

surveillance can identify recurrence and subsequent endoscopic or SR is associated with 

good outcomes. These tumors are rare and can be challenging to resect both by EMR and 

SR, and therefore patients with larger tumors (>1-2 cm) may benefit from multidisciplinary 

care available at higher-volume centers.
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Synopsis

The optimal management of duodenal neuroendocrine tumors (DNETs) 1-2 cm is not 

known. In this study, after adjusting for the effect of age, there was no difference in 

survival between endoscopic mucosal resection and surgical resection for DNETs 1-2 cm.
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Figure 1. 
Study flowsheet of patients with possible diagnosis of duodenal NET identified through 

queries of institutional pathology databases, NET registry, and surgical database. Patients 

were excluded if they had insufficient clinicopathologic information, no diagnosis of a 

duodenal NET, no formal resection, or duodenal NET identified incidentally on pathology 

after surgical resection for other primary indication.

Abbreviations: NET – neuroendocrine tumor
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Figure 2. 
Kaplan-Meier survival curves for patients with DNETs who underwent EMR or surgical 

resection (SR). At a median follow-up of 95.7 months, method of resection was not 

associated with statistically significant differences in PFS (SR vs. EMR median PFS not 

reached, HR 1.23 [0.49-3.13], P = 0.64) or OS (SR vs. EMR median OS not reached vs. 141 

months, HR 0.47 [0.19-1.19], P = 0.12).

Abbreviations: DNET – duodenal neuroendocrine tumor, EMR – endoscopic mucosal 

resection, OS – overall survival, PFS – progression-free survival, SR – surgical resection
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Figure 3. 
Kaplan-Meier survival curves for patients with 1-2 cm DNETs who underwent EMR or 

surgical resection (SR). There was no statistically significant difference in PFS between SR 

and EMR (SR vs. EMR median PFS not reached, P = 0.1). SR was associated with improved 

OS compared to EMR (SR vs. EMR median OS not reached vs. 112 months, P = 0.03).

Abbreviations: DNET – duodenal neuroendocrine tumor, EMR – endoscopic mucosal 

resection, OS – overall survival, PFS – progression-free survival, SR – surgical resection
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Figure 4. 
Diagram of patients who underwent EMR and recurred.

EMR – endoscopic mucosal resection
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Figure 5. 
Kaplan-Meier survival curves for patients with DNETs or jejunoileal NETs who had surgical 

resection. At a median follow-up of 49.6 months, patients with DNETs had longer PFS 

(median not reached vs. 73.4 months, HR 3.77, P < 0.001) and OS (median not reached vs. 

119 months, HR 3.27, P = 0.004) compared to patients with jejunoileal NETs.

Abbreviations: DNET – duodenal neuroendocrine tumor, EMR – endoscopic mucosal 

resection, OS – overall survival, PFS – progression-free survival
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Table 1:

Clinical and pathologic information of patients with DNETs who underwent EMR or surgical resection

Category Level Total (%)
(n = 104)

EMR (%)
(n = 64)

SR (%)
(n = 40)

P value

Sex Female 48 (46.2%) 28 (43.8%) 20 (50%) 0.67

Male 56 (53.8%) 36 (56.3%) 20 (50%)

Age at resection, median (range) 63.9 (28.5-87) 69.4 (28.5-87) 57.9 (36.9-75.6) <0.001

BMI at diagnosis, median (range) 32.9 (18.7-65) 32.9 (19.7-65) 33 (18.7-47.9) 0.79

Charlson Deyo score 0 31 (31.3%) 20 (32.3%) 11 (29.7%) 0.04

1 37 (37.4%) 20 (32.3%) 17 (45.9%)

2 13 (13.1%) 6 (9.7%) 7 (18.9%)

≥ 3 18 (18.2%) 16 (25.8%) 2 (5.4%)

Grade 1 41 (66.1%) 27 (73%) 14 (56%) 0.21

2 20 (32.3%) 10 (27%) 10 (40%)

3 1 (1.6%) 0 (0%) 1 (4%)

T stage 1 31 (42.5%) 26 (61.9%) 5 (16.1%) <0.001

2 33 (45.2%) 14 (33.3%) 19 (61.3%)

3 6 (8.2%) 2 (4.8%) 4 (12.9%)

4 3 (4.1%) 0 (0%) 3 (9.7%)

N stage N0 70 (74.5%) 26 (89.7%) 14 (40%) <0.001

N1 24 (25.5%) 3 (10.3%) 21 (60%)

M stage M0 81 (87.1%) 54 (98.2%) 27 (71.1%) <0.001

M1 12 (12.9%) 1 (1.8%) 11 (28.9%)

Tumor size (mm), median (range) 11 (1-148) 7 (1-21) 16 (5-148) <0.001

Bold indicates statistical significance (P < 0.05). Percentages may not sum to 100 due to rounding. Abbreviations: DNET – duodenal 
neuroendocrine tumor, EMR – endoscopic mucosal resection, SR – surgical resection
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Table 2:

Clinical and pathologic information of patients with 1-2 cm DNETs who underwent EMR or surgical resection

Category Level Total (%)
(n = 35)

EMR (%)
(n = 20)

SR (%)
(n = 15)

P value

Sex Female 15 (42.9%) 8 (40%) 7 (46.7%) 0.96

Male 20 (57.1%) 12 (60%) 8 (53.3%)

Age at resection, median (range) 63.9 (31.2-85.5) 72.6 (31.2-85.5) 59.2 (37.3-70.9) 0.02

BMI at diagnosis, median (range) 33.1 (18.7-44.6) 32.1 (19.7-41.2) 33.3 (18.7-44.6) 0.84

Charlson Deyo score 0 11 (31.4%) 7 (35%) 4 (26.7%) 0.46

1 18 (51.4%) 10 (50%) 8 (53.3%)

2 2 (5.7%) 0 (0%) 2 (13.3%)

≥ 3 4 (11.4%) 3 (15%) 1 (6.7%)

Grade 1 14 (60.9%) 8 (61.5%) 6 (60%) 1

2 9 (39.1%) 5 (38.5%) 4 (40%)

3 0 (0%) 0 (0%) 0 (0%)

T stage 1 6 (22.2%) 3 (25%) 3 (20%) 1

2 18 (66.7%) 8 (66.7%) 10 (66.7%)

3 3 (11.1%) 1 (8.3%) 2 (13.3%)

4 0 (0%) 0 (0%) 0 (0%)

N stage N0 24 (72.7%) 17 (89.5%) 7 (50%) 0.02

N1 9 (27.3%) 2 (10.5%) 7 (50%)

M stage M0 31 (91.2%) 18 (94.7%) 13 (86.7%) 0.57

M1 3 (8.8%) 1 (5.3%) 2 (13.3%)

Tumor size (mm), median (range) 13 (10-18) 13 (10-16) 12 (10-18) 0.85

Bold indicates statistical significance (P < 0.05). Percentages may not sum to 100 due to rounding. Abbreviations: DNET – duodenal 
neuroendocrine tumor, EMR – endoscopic mucosal resection, SR – surgical resection

Ann Surg Oncol. Author manuscript; available in PMC 2023 January 01.


	Abstract
	Introduction
	Methods
	Results
	Comparison of characteristics and outcomes between EMR and SR
	Comparison of complications between EMR and SR
	Comparison of duodenal and jejunoileal NETs

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1:
	Table 2:

