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Abstract
Background  Duodenal neuroendocrine tumors (dNETs) are rare, and their management is not well-defined. National Com-
prehensive Cancer Network (NCCN) guidelines recommend surgical resection of large dNETs (> 2 cm) and endoscopic 
resection of small tumors (< 2 cm). We compared the survival outcomes between surgical and endoscopic resection in vari-
ous dNET sizes.
Methods  A retrospective cohort study was conducted using patient data from Surveillance, Epidemiology, and End Results 
Program (SEER) database. Variables analyzed included age, tumor size, grade, stage, and lymph node status. Disease-specific 
survival (DSS) was compared for endoscopic and surgical groups in dNET size strata: 0–0.5, 0.5–1, 1–2, 2–3, and > 3 cm. 
Kaplan–Meier and multivariable Cox proportional hazards models were used for survival analysis.
Results  The study included 465 patients, with 124 (26.7%) undergoing surgical resection. The average age was 61.9 years, 
and tumor sizes ranged from 0.1 to 10.5 cm. Endoscopic resection had 40.5% of tumors between 0 and 0.5 cm, while surgery 
had only 21% (p < 0.001). In the surgical cohort, 79.8% had grade 1 tumors compared to 88.3% in the endoscopy group 
(P = 0.024). Among surgically resected cases, 48.4% (60 patients) had lymph node involvement. Age, tumor size, grade, 
and stage did not significantly predict survival after surgical resection. Stratified by tumor size, no difference in DSS was 
observed between surgery and endoscopy groups.
Conclusions  Endoscopic resection demonstrated similar survival outcomes to surgical resection across dNET sizes in this 
national analysis. Given the risks and the lack of survival benefits for surgery, endoscopic resection may be beneficial for 
both small and large tumors. Further studies are warranted to validate the current NCCN guidelines.
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Introduction

Duodenal neuroendocrine tumors (dNETs) are rare masses 
that comprise less than 5% of all neuroendocrine tumors 
(NETs).1 In recent decades, widespread utilization of endo-
scopic screening methods enhanced our ability to identify 
dNETs, which seemingly increased the incidence of these 
tumors.1 In general, dNETs tend to have a good prognosis, 
have small sizes, and are less likely to metastasize; therefore, 

tumor resection is often curative for localized dNETs.2 
Endoscopic vs surgical resection of dNETs is often selected 
based on patient characteristics such as age, comorbid status, 
and surgical history, as well as tumor characteristics includ-
ing tumor size, grade, and stage.3–5

Tumor resection can be done through either a surgical or 
endoscopic approach. The National Comprehensive Cancer 
Network (NCCN) has a proposed set of guidelines for care 
and management of gastrointestinal NETs of different sizes 
and locations.6 Although there is robust evidence for clinical 
approach to gastric, ileal, and rectal NETs, due to the rar-
ity of dNETs and a paucity of data on treatment outcomes 
for these tumors, recommendations for dNETs manage-
ment are less clearly defined. NCCN recommends surgical 
resection for dNETs larger than 2 cm (cm) and endoscopic 
resection only for tumors smaller than 2 cm.6 European Neu-
roendocrine Tumor Society (ENETS) recommends surgical 
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resection for dNETs smaller than 1 cm if periampullary 
and for dNETs greater than 2 cm if the patient has positive 
nodal involvement, while it suggests endoscopic resection 
for dNETs smaller than 1 cm if not periampullary. However, 
ENETS makes no standardized recommendations for tumors 
between 1 and 2 cm.7

There is limited evidence in the literature regarding the 
optimal treatment approach for dNETs with regards to endo-
scopic vs surgical resection based on primary tumor size. 
Thus, in this study, we sought to understand the lack of 
standardization in resection of duodenal NETs by compar-
ing long-term survival outcomes of dNETS by resection type 
and by size using a large national dataset.

Materials and Methods

A retrospective cohort study was conducted using The Sur-
veillance, Epidemiology, and End Results Program (SEER) 
database to identify patients with dNETs. The SEER Pro-
gram is the largest publicly available cancer database, offer-
ing comprehensive data on cancer incidence, survival, and 
mortality. The program collects data from multiple popula-
tion-based cancer registries across different states, covering 
approximately 48% of the US population.

Data Acquisition

Data were extracted from SEER using SEER*Stat 8.4.0.1 
and International Classification of Diseases for Oncol-
ogy, Third Edition (ICD-O-3) codes. Inclusion criteria 
were “8240/3: Carcinoid tumor, NOS” histology type, and 
“C17.0-Duodenum” primary site. Exclusion criteria con-
sisted of patients with tumor types “neuroendocrine car-
cinoma” and “atypical carcinoid tumor,” unavailable sur-
vival information, patients with no intervention and tumor 
only found on autopsy, unknown tumor size, and unknown 
metastasis. We decided to only include patients with dNETs 
listed on SEER from 2010 to 2015 to allow for data matu-
rity and meaningful survival analysis. Demographic and 
tumor-related data were collected for each patient includ-
ing age, tumor primary site, histologic type, grade, stage, 
tumor size, number of nodes surgically resected, number of 
nodes positive for cancer, method of tumor removal includ-
ing endoscopic or surgical resection, disease-specific sur-
vival (DSS) in months, and vital status. The SEER database 
surgery codes were used based on the American College of 
Surgeons Commission on Cancer’s Facility Oncology Reg-
istry Data System, with supplementary annotations from 
the SEER Program Coding and Staging Manual.8 Patients 
not undergoing any procedures were excluded, and surgery 
codes were categorized as endoscopic resection or surgical 
resection. Furthermore, the status of lymph node resection 

was also considered when assessing the resection approach. 
Based on the AJCC TNM staging, N0 was defined as dNETs 
with no positive nodes detected, N1 as tumor with any nodal 
involvement, and Nx patients who had endoscopic tumor 
resection without node removal.9 In addition, M0 was 
defined as tumor with no metastasis, and M1 as tumor with 
distant metastasis.9

Statistical Analysis

Tumor sizes were stratified into 5 groups—(0–0.5), (0.5–1), 
(1–2), (2–3), and (> 3) centimeters (cm). In the surgery 
group, DSS of various tumor size groups was analyzed 
utilizing Kaplan–Meier (KM) curves through a log-rank 
method. In addition, to assess the relationship of tumor 
size with lymph node involvement in the surgery group, the 
rate of node positivity was calculated for each tumor size 
stratification as a percentage of patients with positive lymph 
nodes found on pathology. The impact of size on the rate of 
node positivity was assessed using chi-square. Univariate 
Cox analysis was used to identify the variables that may be 
associated with DSS in the surgical group. Multivariable 
Cox proportional hazards models were constructed using 
clinically significant variables to investigate their effect on 
DSS in the surgical group. Finally, Kaplan–Meier curves 
were utilized to compare DSS between the surgery group 
and endoscopic group through comparing N0, N1, and Nx. 
The p values below 0.05 were considered significant. Data 
analyses were conducted using IBM SPSS Version 26 (IBM 
Corp., Armonk, N.Y.).

This study is exempt from IRB approval.

Results

Baseline Characteristics of Patients and Duodenal 
NETs

Four hundred and sixty-five patients with dNETs listed on 
SEER from 2010 to 2015 were identified. The median (IQR) 
patient follow-up was 5.5 (4.3–7.5) years. The average age 
of the cohort was 61.9 years. Tumor sizes ranged from 0.1 
to 10.5 cm. A total of 124 (26.7%) of the patients underwent 
surgical tumor resection, and the remaining patients had endo-
scopic tumor resection. Compared to the endoscopic group, 
the surgery cohort had a higher percentage of tumors sized 
between 2 to 3 cm (p < 0.001) and tumors larger than 3 cm 
(p < 0.001), while the endoscopic cohort had a higher percent-
age of tumors smaller than 0.5 cm (p < 0.001) and between 0.5 
to 1 cm (p = 0.015). Among the surgery group, 60 (48.4%) 
had positive lymph nodes. Ninety-nine (79.8%) of the surgical 
cohort had histologically low-grade tumors, and 117 (94.4%) 
had no metastasis at the time of resection (Table 1).
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Survival Outcomes for Surgery Group

Among the patients who underwent surgical tumor resec-
tion, tumor size groups—(0–0.5), (0.5–1), (1–2), (2–3), 
(> 3)—were found to have similar DSS (Fig. 1). In the 

surgical group, the percentage of node positivity was not 
associated with size (Fig. 2).

On univariate analysis, age, histologically advanced 
tumor grade, and nodal involvement were not associated 
with DSS in patients who underwent surgery. At all size 
ranges of dNETs, patients had comparable survival after 

Table 1   Patient and tumor 
characteristics

Abbreviations: SD, standard deviation; IQR, interquartile range

Surgery cohort (n = 124) Endoscopy cohort (n = 341) Comparison

Disease-specific survival, median 
(IQR) months

55.0 (19.0–111.0) 69.0 (55.0–88.0)

  0 to 0.5 58.5 (29.0–111.8) 66.0 (54.0–86.0)
  0.5 to 1 76.0 (40.0–127.0) 70.0 (55.3–88.8)
  1 to 2 58.0 (19.0–127.3) 72.5 (55.8–91.0)
  2 to 3 36.0 (11.0–94.0) 87.0 (69.5–112.3)
  > 3 18.5 (5.3–63.5) 55.0 (50.0–79.0)

Age at procedure, mean (SD) years 60.7 (11.1) 62.8 (11.8) 0.289
Tumor size cm, n (%)

  0 to 0.5 26 (21.0) 138 (40.5)  < 0.001*
  0.5 to 1 31 (25.0) 128 (37.5) 0.015*
  1 to 2 30 (24.2) 56 (16.4) 0.060
  2 to 3 21 (16.9) 8 (2.3)  < 0.001*
  > 3 16 (12.9) 11 (3.2)  < 0.001*

Tumor grade, n (%)
  1 99 (79.8) 301 (88.3) 0.024*
  2 23 (18.5) 40 (11.7) 0.066
  3 2 (1.6) 0 0.071

Tumor stage, n (%)
  N0 64 (51.6) -
  N1 60 (48.4) -
  M0 117 (94.4) 341 (100.0)  < 0.001*
  M1 7 (5.6) 0  < 0.001*

Fig. 1   Kaplan–Meier survival 
curves comparing DSS among 
patients stratified by tumor size, 
who underwent surgical tumor 
resection: (0–0.5), (0.5–1), 
(1–2), (2–3), and (> 3) cm



2368	 Journal of Gastrointestinal Surgery (2023) 27:2365–2372

1 3

surgical resection regardless of nodal status, tumor grade, 
or tumor size (Table 2). The hazard ratio for tumor size 
groups—(0–0.5), (0.5–1), (1–2), (2–3), and (> 3)—and 
DSS was not statistically significant. In addition, tumor 
grades 1, 2, and 3, as well as nodal involvement, and 
distant metastasis did not have a significant hazard ratio 
with DSS.

Subsequently, to assess the predictive value of clini-
cally significant variables in determining survival after 
surgical tumor resection, a Cox multivariable regression 
model was constructed. In this model, age, tumor grade 
or level of differentiation, tumor size, and node positivity 
did not predict DSS after surgery (Table 3).

Comparison of Survival Outcomes in Surgery vs 
Endoscopy

At each size range, KM curves were made to compare 
survival for N1, N0, and Nx. At various size groups—
(0–0.5), (0.5–1), (1–2), (2–3), and (> 3)—DSS was similar 
between N1, N0, and Nx, indicating comparable survival 
outcomes between surgical and endoscopic tumor resec-
tion in this cohort (Fig. 3A–E). When assessing all tumor 
sizes combined, patients who underwent surgical tumor 
resection had a mean DSS of 67.3 months and median 
(IQR; interquartile) of 55.0 (19.0–111.0), which was lower 
than patients undergoing endoscopic resection with a mean 
DSS of 71.1 months and median of 69.0 (55.0–88.0). 
While the mean DSS difference was statistically significant 

Fig. 2   The percentage of node 
positivity for each size group

Table 2   Univariate analysis

HR (95%) p

Age 0.957 (0.909–1.008) 0.098
Tumor size (cm)

  0 to 0.5 0.390 (0.049–3.083) 0.372
  0.5 to 1 0.597 (0.126–2.822) 0.515
  1 to 2 1.206 (0.311–4.672) 0.787
  2 to 3 1.524 (0.323–7.200) 0.595
  > 3 2.902 (0.605–13.927) 0.183

Tumor grade
  1 0.553 (0.154–1.989) 0.364
  2 2.210 (0.620–7.880) 0.222
  3 - -

Tumor stage
  N1 5.807 (0.724–46.600) 0.098
  M1 0.045 (0–2707.24) 0.580

Table 3   Cox multivariate regression models predicting survival based 
on tumor size and nodal metastasis in surgery and endoscopy group

Abbreviations: HR, hazard ratio

Variables HR (95%) p

Age 0.951 (0.896–1.010) 0.104
Tumor size (cm)

  0 to 0.5 0.123 (0.010–1.450) 0.096
  0.5 to 1 0.174 (0.022–1.367) 0.096
  1 to 2 0.601 (0.090–4.002) 0.599
  2 to 3 0.476 (0.064–3.538) 0.469

Tumor grade
  2 1.938 (0.478–7.859) 0.354
  3 - -

Tumor stage
  N1 6.597 (0.775–56.125) 0.084
  M1 - -
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(p = 0.017), the 3.8 months survival advantage was not 
clinically significant (Fig. 3F).

Discussion

Duodenal NETs are rare masses of the gastrointestinal sys-
tem. Due to the low incidence and difficulty in diagnosis, 
dNETs have been studied to a lesser extent compared to 
other NETs.1 Therefore, while there are clear diagnostic rec-
ommendations and treatment guidelines for other types of 
NETs, the clinical approach to dNETs is not as well defined. 
In this study, we assessed the survival outcome of patients 
with various size dNETs undergoing endoscopic or surgical 
tumor resection. Our results indicated that, when controlling 
for confounding variables, at each tumor size, endoscopic 
resection had similar survival outcomes to surgical resection.

Factors Associated with Disease‑Specific Survival

Tumor size, grade, and stage, as well as LN positivity, are 
often utilized to determine disease severity, prognosis, and 
management plan. Previously, Untch et al. demonstrated 
that in dNETs, tumor size is associated with recurrence-free 
survival.4 In nonfunctional pancreatic NETs, tumors less or 
equal to 2 cm with histologic grades of I or II have a low 
probability of aggressive behavior.10 Kim et al. demonstrated 
that in small intestinal NETs, a higher LN positivity ratio 
was associated with worse NET cancer-specific survival.11

NCCN and ENETS make some recommendations regarding 
the management of dNETs; however, the role of novel endo-
scopic approaches in various dNET sizes is still a controversial 
topic.6,7 There is emerging evidence that endoscopic resection 
of dNETs is as effective in improving patient survival as sur-
gical resection methods.4,12–14 In 2021, Tran et al. examined 
dNETs of different sizes in their cohort (n = 104) and found 
that after adjusting for age, the method of resection had no 
significant association with survival.12 Similarly, Untch et al. 
(n = 75) and Margonis et al. (n = 146) suggested that patients 
undergoing local surgical resection of dNETs had similar sur-
vival rates to patients with endoscopic resection.4,13 Our find-
ings from a large US national database (n = 465) corroborated 
these recent studies demonstrating that patients undergoing 
both endoscopic and surgical resection had comparable DSS.

Lymph Node Positivity and Disease‑Specific Survival

Factors associated with lymph node metastasis in dNETs 
are a topic of debate. ENETS guidelines recommend surgi-
cal resection of dNETs larger than 2 cm, in the presence 
of nodal involvement. Some studies suggest that the size 
of neuroendocrine tumors may not reliably predict nodal 
metastasis.15 Furthermore, the role of nodal metastasis on 

survival has also been a controversial topic.16–18 While some 
older studies suggest a role for nodal metastasis on survival 
of NETs, recently there has been conflicting evidence that 
suggests otherwise.16–18 The result of our study is in con-
gruence with the recent data as it elucidated that nodal 
involvement did not predict worse DSS.

Some factors that could be considered regarding lymph 
node resection include tumor type. Resection of tumor-
draining lymph nodes is controversial, particularly in super-
ficial tumors, as extensive lymph node dissection can lead to 
significant morbidity.19 In dNETs, the removal of regional 
mesenteric lymph nodes has been associated with higher 
DSS. It is possible that patients would be under-staged if 
too few lymph nodes are resected, but removing a larger 
number of lymph nodes may allow for the identification of 
lymph node metastases that are not clinically detectable.19 A 
study investigated the association of lymph node metastasis 
on overall survival of dNET patients (n = 7613), and their 
results showed that there was no significant difference in 
survival between N0 and N1, and even diminished survival 
for patients who underwent radical lymph node resection 
compared to local resection.20

Limitations

This study had several limitations that warrant considera-
tion. The distribution of the sample size was such that it 
limited the granular analysis of tumors larger than 3 cm. 
However, since in general dNETs tend to be small, then this 
limitation may have low clinical implications. We collected 
the patient data from SEER, and due to the limited infor-
mation on this database, we were unable to account for the 
effect of other factors on survival such as patient comor-
bidities, readmissions, and further complications that may 
have partially explained the differences in survival between 
endoscopic and surgical cohorts. An important limitation is 
the lack of comparative analysis between endoscopic and 
surgical resection in terms of complications, such as the 
increased risk of perforation associated with larger sizes 
after endoscopic treatment; therefore, further studies are 
required to explore this aspect. In addition, the survival dif-
ference for surgical resection in larger tumor sizes may have 
been influenced by selection bias for healthier individuals 
to undergo endoscopy. Furthermore, an important limitation 
in the analysis of the endoscopic cohort is their unknown 
nodal status. Another limitation is the lack of data on SEER 
regarding the endoscopic cases that required later surgical 
resection as the database only provides information about 
the primary procedure. Despite these limitations, this study 
is clinically important as it investigates the validity of NCCN 
and ENETS guidelines, which are widely used in clinical 
practice.
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Clinical Implications

In our study, we found that endoscopic resection of dNETs 
has a comparable survival outcome to surgical resection at 
all tumor sizes. This is in contrast to NCCN and ENETS 
guidelines which do not recommend endoscopic resection 
for larger tumors. In addition, our results showed that nodal 
involvement does not significantly impact survival of dNETs 
of various sizes after surgical resection. Due to the rarity of 
dNETs, and the relative novelty of endoscopic approaches, 
there is limited data regarding this topic; however, proper 
selection of management may have a significant impact on 
patient care and quality of life. There is robust evidence in 
the literature that show a higher probability for complica-
tions following surgery compared to less invasive endo-
scopic methods.21,22 Because of this, it is pertinent to con-
sider endoscopic resection as a primary approach for dNETs 
irrespective of tumor size or node positivity, when possible. 
Further studies need to investigate the validity of current 
guidelines for dNETs. Additionally, since both endoscopic 
and surgical resection have similar survival outcomes when 
correcting for confounders, another important consideration 
for future studies is direct cost-effectiveness and resources 
allocation analyses in endoscopic tumor resection compared 
to a surgical approach.

Conclusion

When controlling for confounding factors, endoscopic 
resection of dNETS had similar survival to surgical resec-
tion irrespective of size and lymph node status. Given the 
inherent risk of surgery and lack of survival benefit, it may 
be beneficial to consider an endoscopic approach whenever 
technically feasible. Further studies are required to assess 
the validity of the current NCCN guidelines.

Data Availability  The data used in this study were collected from the 
SEER database available online.
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