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Abstract

Purpose To determine how small bowel neuroendocrine neoplasms (SBNEN’s) are diagnosed and examine the effect of CT
enterography (CTE) on diagnosis and rates of disease-free survival.

Methods Histopathologically-confirmed SBNEN’s diagnosed at our institution between 1996 and 2016 were identified.
Clinical presentation, radiology, endoscopy, surgery, and pathology reports were reviewed and compared between consecu-
tive 5-year periods.

Results Of the 178 SBNEN initially diagnosed at our institution, the incidence increased 12-fold from 9 (during 1996-2000)
to 114 (during 2011-2016). Comparing the first 5 to the last 5 years, GI bleeding and abdominal pain increased significantly
as indications (with both increasing from 0 to > 25%, p <0.023). Initial diagnosis by radiology increased 2-fold [from 33%
(n=3) to 66% (n=75); p=0.263]. Detection of a small bowel mass and the suggestion that SBNEN was present varied
significantly between imaging modalities (p <0.0001; CTE — 95% (52/55) and 91% (50/55) vs. abdominal CT 45% (37/85)
and 35% (29/85), respectively). Recurrence rates increased with SBNEN size (p=0.012; e.g., of SBNEN diagnosed by
endoscopy, 18% of SBNEN measuring 0.6+0.3 cm recurred vs. 75% measuring 3.7+ 1.0 cm). Rates of disease-free survival,
and the incidence of local and liver metastases were decreased when tumors were first identified by CTE rather than other
CT/MR imaging modalities (p =0.0034, 0.0475, and 0.0032, respectively).

Conclusion There has been a dramatic increase in SBNENSs detected by CTE and endoscopy over the last 20 years. SBNEN’s
detected by CTE and small tumors detected at endoscopy have longer disease-free survival after surgical resection.
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Introduction

Neuroendocrine neoplasms have now replaced adenocar-
cinoma as the most common small bowel neoplasm [1].
Although they only account for 1.2-1.5% of all gastrointesti-
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bowel bleeding, there has been a dramatic increase in the
use of CTE [3]. Compared to modalities such as the routine
abdominopelvic CT (APCT) or video capsule endoscopy
(VCE), CTE has been found to be more effective in identify-
ing small bowel tumors as a cause of small bowel bleeding
[3-5], and can be useful when these tests are negative or
inconclusive [6]. Beginning in 2006, our institution began
to use multiphase CTE (mpCTE) as a routine diagnostic test
for patients with suspected small bowel bleeding.
Vasconcelos et al. recently found that since the introduc-
tion of mpCTE for GI bleeding at their institution, the inci-
dence of small bowel gastrointestinal stromal tumors (GIST)
has risen dramatically [7]. In their retrospective observa-
tional study, they found that the large majority of GISTs
were diagnosed after the introduction of mpCTE and were
smaller in size and lower in biologic aggressiveness.
Given improved cross-sectional imaging and increased
use of CTE for suspected small bowel bleeding, we con-
ducted a retrospective, observational review of small bowel
neuroendocrine neoplasms to determine the (1) incidence
of SBNEN first diagnosed at our institution over the last
20 years by various imaging modalities, (2) the impact of
CTE and endoscopy on the diagnosis of SBNEN, and (3) the
impact of CTE and endoscopy on the rates of disease-free
survival and incidence of liver and local metastases.

Methods

Following approval by the Institutional Review Board,
patients with histologically proven SBNEN from January
1996 to February 2016 were retrospectively identified via
search of our institution’s surgical pathology database. The
patient inclusion criteria were as follows: (1) age> 18 years,
(2) histopathological proof of SBNEN, (3) initial diagnosis
of SBNEN at our institution, and (4) record of consent to
retrospective evaluation of medical records for research pur-
poses. We excluded patients with neuroendocrine neoplasms
at locations other than the small bowel (e.g., pancreas),
SBNEN with histological findings suggestive of mixed pan-
creatic origin, and those without pathologic confirmation of
SBNEN.

Individual medical records were reviewed to collect
information from clinical, radiology, pathology, and surgi-
cal reports. The patient’s sex, age, and MEN-1 status were
recorded. Presenting signs and symptoms, recorded in a
non-exclusive fashion, included GI bleeding, small bowel
obstruction, nausea/vomiting, abdominal pain, diarrhea, and
when appropriate, asymptomatic. The date of diagnosis was
defined in this study as the date the pathologic specimen
was obtained. Patients referred with a pre-existing diagnosis
of SBNEN were excluded to eliminate the bias potentially
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introduced by including patients referred to our institutions
for treatment of more advanced disease and to ensure absence
of prior treatment.

The procedure or imaging modality used to diagnose
SBNEN at our institution was recorded as endoscopy (EGD
and/or colonoscopy), surgery, or radiologic imaging. Radio-
logic imaging modalities were further categorized as CT enter-
ography, multiphase CT enterography, MR enterography, rou-
tine abdominopelvic CT, and CT angiography. No oral contrast
was used for all CT angiography studies. For routine abdomin-
opelvic CT studies, either two bottles of water or two bottles of
water with dilute iodine solution (approximately 1000 cc) was
administered per protocol for gastrointestinal tract distension.
For MR or CT enterography exams, patients ingested approxi-
mately 1350 cc of a neutral (for CT) or biphase (for MR) oral
contrast agent followed by ingestion of 500 cc water over one
hour prior to imaging, as has been previously described [5].
All clinical and imaging reports were reviewed to confirm if
the interpreting physician/radiologist identified imaging abnor-
malities reflecting SBNEN at the time of diagnosis.

Characteristics of the primary SBNEN tumor and extent
of disease at the time of diagnosis was based on all available
imaging prior to surgical resection, as well as surgical and
endoscopic reports. Distribution of the primary and metastatic
SBNEN was categorized as limited to the small bowel (soli-
tary or multifocal), small bowel involvement and mesenteric
nodal metastases, small bowel involvement and liver metasta-
ses (with or without mesenteric nodal metastases), and small
bowel involvement and non-liver visceral metastases (with
or without mesenteric nodal metastases). All clinical follow-
up after resection was reviewed and recorded. Data relating
to diagnosis and follow-up were compared between patients
diagnosed in consecutive 5-year time periods over the course
of the study.

Statistical analysis

Patient demographics including age and sex were abstracted.
All statistical tests of association, including for tumor location,
year of diagnosis, clinical presentation, method of initial diag-
nosis, imaging modality, tumor size, disease location/spread
and follow-up status, were completed by Kruskal-Wallis test
or chi-square test, as appropriate. Diagnosis year was grouped
into 5-year intervals. Tumor size was grouped into quartiles.
All statistical analysis was performed using SAS software ver-
sion 9.4 (SAS Institute Inc, Cary, NC).

Results

From 1996 to 2016, there were 294 histologically proven
SBNEN that underwent endoscopic or radiologic imaging at
our institution. Of these, 178 patients were diagnosed with a
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SBNEN at our institution, and this cohort serves as the basis
for our subsequent retrospective observational evaluation.
The mean patient age was 62 (SD 13 years) and 48% (n=286)
were female. Over the 20 years examined, the number of
SBNEN increased over 12- fold from 9 (between 1996 and
2000) to 114 (between 2011 and 2016; Fig. 1). Addition-
ally, the incidence in the initial diagnosis of a SBNEN as
a function of all SBNEN’s seen at our institution increased
significantly over time: 9/15 (60%) patients between 1996
and 2000; 26/52 (50%) between 2001 and 2005; 29/58 (50%)
between 2006 and 2010; and 114/168 (68%) between 2011
and 2016 (p=0.031).

Diagnosis of SBNEN

Abdominal pain was the most common presenting symptom,
occurring in approximately one-third of patients (Table 1).

Modalities of Initial diagnosis in Small Bowel Neuroendocrine

Neoplasms
120

# of Patients with SBNEN

0 — . .

1996-2000 2001-2005 2006-2010 2011-2015
N=9 N=26 N=29 N=114

M Endoscopy M Radiology Surgery M Unknown

Fig. 1 Modalities detecting small bowel neuroendocrine neoplasm
from 1996 to 2015

Over the 20 years of the study, GI bleeding significantly
increased as a presenting symptom (0% (0/9) in 1996-2000
to 25.4% (29/114) in 2011-2016, p =0.023) as did abdomi-
nal pain (0% (0/0) in 1996-2000 to 26.3% (30/114) in
2011-2016, p=0.0026). Diarrhea decreased slightly but
significantly (from 33 to 22%, p=0.009). The remaining
presenting symptoms did not significantly change over time.
While the number of SBNEN diagnosed by endoscopy
increased in each 5 year increment, the proportion first diag-
nosed with endoscopy tended to decrease over time (33.3%
in 1996-2000, 23.7% in 2011-2016) while the proportion
initially diagnosed by cross-sectional radiologic imaging
increased nearly two-fold (33.3% (3/9) in 1996-2000 to
65.8% (75/114) in 2011-2016, p=0.263) (Table 1, Figs. 2,
3).

To determine whether the use of certain cross-sec-
tional imaging modalities were associated with different
size SBNEN lesions, a comparison of the largest detected
lesion size per patient between mpCTE/CTE imaging
modalities and routine APCT imaging was performed.
In the patients undergoing CTE/mpCTE, the average
largest lesion was 1.8 cm (SD =0.8; 25th/75th percen-
tile: 1.2 cm/2.2 cm). These results are nearly identical
to the 85 patients who underwent routine APCT imag-
ing (mean size 1.8 cm (SD =1.2); 25th/75th percentile:
1.2 cm/2.4 cm). Despite these similarities in size, detec-
tion of a small bowel mass and suggestion that it was a
SBNEN varied significantly between imaging modali-
ties (p <0.0001; Table 2). Most importantly, however, of
the 178 patients, 55 received CT enterography (CTE) or
multiphase-CTE (mpCTE) imaging, with 94.5% (n=52)
of these imaging reports identifying a small bowel mass
and 90.9% (n=50) specifically mentioning SBNEN as
the diagnosis. In contrast, 85 of these patients underwent

Table 1 Clinical presentations

BT . 1996-2000  2001-2005 20062010  2011-2016  Total

and methods of initial diagnosis N=9 N=26 N=29 N=114 N=178

for small bowel neuroendocrine

neol?laspls .initially diagnosed at Clinical presentation

our institution GI bleeding 0 (0.0%) 1 (3.8%) 4(13.8%)  29(254%)  34(19.1%)
SB obstruction 0 (0.0%) 0 (0.0%) 2 (6.9%) 5 (4.4%) 7 (3.9%)
Nausea/vomiting 1 (11.1%) 3(11.5%) 4 (13.8%) 9 (7.9%) 17 (9.6%)
Abdominal pain 0 (0.0%) 15 (57.7%) 8 (27.6%) 30 (26.3%) 63 (36.2%)
Diarrhea 3(33.3%) 10 (38.5%) 10 (34.5%) 16 (14.0%) 39 (21.9%)
MEN 1 1 (11.1%) 1 (3.8%) 1 (3.4%) 5 (4.4%) 8 (4.5%)
Asymptomatic 3(33.3%) 3(11.5%) 4 (13.8%) 26 (22.8%) 36 (20.2%)
Other 1 (11.1%) 1 (3.8%) 0 (0.0%) 21 (18.4%) 23 (12.9%)
First modality of diagnosis
Endoscopy 3(33.3%) 7 (26.9%) 9 (31.0%) 27 (23.7%) 46 (25.8%)
Radiology 3(33.3%) 16 (61.5%) 17 (58.6%) 75 (65.8%) 111 (62.4%)
Surgery 3(33.3%) 3 (11.5%) 3(10.3%) 11 (9.6%) 20 (11.2%)
Unknown 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(0.9%) 1 (0.6%)
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Fig.2 Endoscopic image of 6 mm incidentally discovered Grade I
duodenal neuroendocrine tumor discovered as part of workup for
bariatric surgery. After biopsy, a CT demonstrated absence of pancre-
atic or duodenal mass and no suspicious lymph nodes. Transduodenal
submucosal excision demonstrated 2 mm of residual tumor. Patient
was free of disease over subsequent 2 years and 8§ months of clinical
follow-up

routine abdominopelvic CT, with only 44.6% (n=37)
of these clinical reports identifying a small bowel mass
and 34.9% (n=29) specifying that SBNEN as a potential
diagnosis (Table 2). Endoscopy identified more duodenal

lesions (58.2%; 23/55) than other diagnostic modalities
(p<0.0001; Figs. 2, 3).

Initial characteristics of SBNEN at time of diagnosis

There were differences in stage of disease between the
modalities used to identify SBNEN (p =0.02). When
lesions were first identified with endoscopy, 56.8% (n=25)
of patients had a single neuroendocrine neoplasm confined
exclusively to the small bowel, and only 15.9% (7/46) had
metastatic disease. When lesions were first detected by
imaging or surgery, only 31.1% of small bowel neoplasms
were confined to the small bowel (41/132), with another
41.7% (55/132) having small bowel and mesenteric nodal
involvement, and the remainder (25%; 33/132) having extra
nodal metastatic disease. The stage of disease was not sig-
nificantly different between alternative diagnostic modalities
when lesions were detected by CTE, non-CTE imaging, or
surgery. Table 3 shows the overall stage of disease at presen-
tation by presence of symptoms and GI bleeding, as well as
location within the small bowel. While the majority of SBN-
ENs were associated with symptoms (80%; 142/178), no
one symptom correlated with initial staging. Asymptomatic
patients had similar rates of local and distant spread when
compared to other presentations. When patients presented
with suspected small bowel bleeding (n=34), there tended
to be a lower proportion of patients with distant metastases

Table 2 Detection of small bowel neuroendocrine neoplasms by imaging modality

Imaging Modality CTE MRE Routine APCT CTA Other Total

N=55 N=3 N=85 N=1 N=24 N=178
Radiology report identifies tumor 52 (94.5%) 2 (66.7%) 37 (44.6%) 0(0%) 10 (55.6%) 101 (62.7%)
Radiology report suggests SBNEN as 50 (90.9%) 2 (66.7%) 29 (34.9%) 0 (0%) 8 (44.4%) 89 (55.3%)

diagnosis

The imaging modality includes all imaging studies conducted at time of diagnosis; This is not specific to SBNEN first diagnosed by radiology

(vs. endoscopy/surgery)

CTECT enterography; MREMR enterography; APCT abdominopelvic CT; CTA CT angiography; other

Fig.3 57-year-old male
underwent upper endoscopy

for surveillance of esophageal
varices with duodenal polyp
detected incidentally in the duo-
denal bulb. Polyp was examined
endosonographically prior to
submucosal injection of meth-
ylene blue using endoscopic
ultrasound guidance followed
by snare mucosal resection. His-
topathology demonstrated grade
1 neuroendocrine neoplasm.
Patient was negative during
endoscopic surveillance of over
3 years
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Table 3 Clinical presentation of small bowel neuroendocrine neoplasm versus location and spread of disease at time of initial diagnosis
Initial presentation: asymptomatic vs. symptomatic Asymptomatic Symptomatic Total
N=36 N=142 N=178
Neoplasm characterization & spread
Lesion isolated to SB 15 (41.7%) 54 (38%) 69 (38.8%)
SB lesion + nodal/mesenteric metastases 12 (33.3%) 55 (39.3%) 67 (38.1%)
SB lesion + liver metastases + nodal/mesenteric metastases 7 (19.4%) 26 (18.6%) 33 (18.8%)
SB lesion +non-liver visceral organ metastases + liver/nodal/mesen- 2 (5.6%) 5(3.6%) 7 (4.0%)
teric metastases
SB location
Duodenum 7 (19.4%) 48 (33.8%) 55 (30.9%)
Jejunum 2 (5.6%) 15 (10.6%) 17 (9.6%)
Ileum 21 (58.3%) 64 (45.1%) 85 (47.8%)
Tleocecal junction/Valve 2 (5.6%) 32.1%) 5(2.8%)
Unspecified 4(11.1%) 13 (9.2%) 17 (9.6%)
Initial presentation: GI bleed vs. non bleeding GI bleeding NonBleeding Total
N=34 N=144 N=178
Neoplasm characterization & spread
Lesion isolated to SB 14 (41.2%) 55 (38.2%) 69 (38.8%)
SB lesion + nodal/mesenteric metastases 15 (44.1%) 52 (36.6%) 67 (38.1%)
SB lesion + liver metastases + nodal/mesenteric metastases 3 (8.8%) 30 (21.1%) 33 (18.8%)
SB lesion + non-liver visceral organ metastases =+ liver/nodal/mesenteric 2(5.9%) 5(3.5%) 7 (4.0%)
metastases
SB location
Duodenum 5 (14.7%) 50 (34.7%) 55 (30.9%)
Jejunum 7 (20.6%) 10 (6.9%) 17 (9.6%)
Tleum 19 (55.9%) 66 (45.8%) 85 (47.8%)
Tleocecal junction/valve 1(2.9%) 4.(2.8%) 5(2.8%)
Unspecified 2 (5.9%) 15 (10.4%) 17 (9.6%)

(14.7% (5/34) vs. 24.5% (35/144); p=0.4223). About half
of these patients had ileal primary tumors, and just under
one-third had duodenal tumors (Table 3; Fig. 4). Of the 34
patients presenting with small bowel bleeding, 5 (15%) had a
SBNEN in the duodenum compared to 19 (55%) in the ileum
(p=0.023), with 9% of the duodenal SBNEN’s presenting
with small bowel bleeding and 22% of ileal SBNEN’s having
small bowel bleeding (Fig. 5).

Follow-up of small bowel neuroendocrine
neoplasms

Of the 178 SBNEN patients, 150 had clinical follow-up.
The mean and median number of days between initial diag-
nosis and last clinical follow-up were 969 (+982) days and
662 days, respectively. At the last clinical follow-up, 32.7%
(n=49) had recurrence (at any site after surgery), 12.7%
(n=19) had nodal/mesenteric metastases, 16.7% (n=25)
had liver metastases, and 10.7% (n=16) had metastases to
non-liver visceral organs.

Fig.4 45-year-old male presenting with GI bleed with multiple nega-
tive prior exams including MR enterography, small bowel capsule
endoscopy, and anterograde double balloon endoscopy. An enhanc-
ing 1.5 cm ileal mass was identified via triple phase CT enterography
with the radiologic report suggesting small bowel neuroendocrine
neoplasm, with intermediate (Grade 2) neuroendocrine neoplasm
confirmed at surgery
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Fig.5 79-year-old male with suspected small bowel bleeding under-
went multiphase CT enterography, which identified two enhancing
ileal polyps and regional mesenteric lymphadenopathy typical for

In order to ascertain if the size of SBNEN affected the
likelihood of recurrence, the sizes of the different primary
SBNEN’s at presentation were separated into quartiles
(specifically, 0.3-1.1 cm, 1.2-1.5 cm, 1.6-2.2 cm, and
2.3-7.0 cm). There was an increase in the likelihood for
recurrence as tumor size increased (26.5%, n=9 in the Ist
quartile [0.3-1.1 cm] vs. 59.3%, n=16 in the 4th quartile
[2.3 cm and greater in size]; p=0.012; Table 4). In a sub-
cohort analysis of the 39 SBNEN patients initially diag-
nosed with endoscopy, the size of the primary tumor was
only available for 25 patients, with 11/25 (44%) being small
and in the first quartile (1.1 cm and smaller). Recurrence at
follow-up was 75% (n=3) in the 4th quartile [2.3 cm and
greater in size] compared to only 18.2% (n=2) of the 1st
quartile [1.1 cm and less in size] (p =0.20).

multifocal ileal neuroendocrine neoplasm with regional mesenteric
metastases. Surgery and histopathology confirmed an intermediate
grade well-differentiated neuroendocrine tumor at these locations

Of the 96 SBNEN patients initially diagnosed by imag-
ing, 41 were diagnosed by mpCTE/CTE imaging, and 54
were diagnosed by other CT or MR imaging modalities. At
follow-up, patients initially diagnosed by mpCTE/CTE were
less likely to recur (14.6% vs. 42.6%; p=0.0034), or develop
nodal/mesenteric metastases (4.9% vs. 18.5%; p=0.0475),
or liver metastases (2.4% vs. 24.1%; p=0.0032) compared
to patients initially diagnosed by other imaging modalities
(Table 5). There was not a significant difference between
patients without recurrence based on symptoms of initial
presentation; GI bleed or other symptoms (77.4% vs. 64.7%,
respectively, p=0.179). However, only 6.5% (n=2) patients
with GI bleed had liver metastases at follow-up, compared
to the 19.3% (n=23) in patients who presented with other
symptoms (p =0.087).

Table 4 Size of small bowel neuroendocrine tumor at diagnosis versus presence of local or distant recurrence

Lesion size by quartile Ist quartile  2nd quartile  3rd quartile ~ 4th quartile =~ Missing  Total p-value
N=34 N=29 N=29 N=27 N=31 N=150
Size of the largest lesion
N 34 29 29 27 0 119 <0.0001
Mean size (SD) in cm 0.8 (0.3) 1.3 (0.1) 1.9 (0.2) 3.3(1.0) 1.8 (1.1)
Median size in cm 0.8 1.3 1.9 3.1 1.5
0, 03 0.6, 1.0 12,14 1.7,2.1 2.6,3.8 1.1,2.2
Range of tumor size for each quartile (cm)  0.3-1.1 1.2-1.5 1.6-2.2 2.3-7.0 0.3-7.0
Final follow-up
Recurrence 9 (26.5%) 6 (20.7%) 9 (31.0%) 16 (59.3%) 9 40 (33.6%) 0.0118
Nodal/mesenteric metastases 3 (8.8%) 2 (6.9%) 2 (6.9%) 7 (25.9%) 5 14 (11.8%) 0.0777
Liver metastases 6 (17.6%) 3 (10.3%) 4 (13.8%) 7 (25.9%) 5 20 (16.8%) 0.4441
Non-liver visceral organ metastases 2 (5.9%) 3 (10.3%) 4 (13.8%) 5 (18.5%) 2 14 (11.8%) 0.4769
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Table 5 Recurrence.: of small SBNEN first diagnosed by radiology
bowel neuroendocrine neoplasm
by radiologic imaging modality Imaging modality mpCTE/CTE Other Missing  Total N=95  P-value
at first diagnosis N=41 N=54 N=1
Period of clinical follow-up (days)
25th and 75th percentiles 225.0,930.0 356.0,1456.0 42.0,42.0 245.0,1018.0 0.3015
Final follow-up
Recurrence 6 (14.6%) 23 (42.6%) 1 29 (30.5%) 0.0034
Nodal/mesenteric metastases 2 (4.9%) 10 (18.5%) 0 12 (12.6%) 0.0475
Liver metastases 1(2.4%) 13 (24.1%) 1 14 (14.7%) 0.0032
Non-liver visceral organ metastases 3 (7.3%) 7 (13.0%) 0 10 (10.5%) 0.3745

Discussion

Our study found a dramatic increase in the incidence of
SBNEN initially diagnosed at our institution over the two
decades of our retrospective observational study—a greater
than twelve-fold increase when comparing patients diag-
nosed in the first versus last five years. When comparing the
procedure or imaging modality used for the initial diagnosis
of SBNEN over this same time interval, we found that the
proportion of SBNEN’s initially identified by cross-sectional
imaging increased from 33% to 66%, while those identified
at endoscopy decreased slightly. Of the imaging modali-
ties, CTE detected and correctly identified more tumors
as SBNEN than routine abdominal CT. Importantly, when
SBNEN’s were diagnosed with CTE, they were less likely
to have recurrence or nodal or hepatic metastases. Similar
findings were observed for small SBNENs diagnosed at
endoscopy.

The increased detection of SBNEN in our study mirrors
the increasing incidence reported in the general population.
The Surveillance, Epidemiology, and End Results (SEER)
program of the National Cancer Institute reported that in a
series of 35,618 tumors, the age-adjusted incidence of SBN-
ENs increased from 1.09/100,000 in 1973 to 5.25/100,000
in 2004 [2]. The increased detection of SBNEN in our
study correlated with routine use of CTE for small bowel
imaging and the routine use of mpCTE for suspected small
bowel bleeding at our institution. The increased detection
of SBNEN at our institution may also result from increased
incidence of SBNEN in our tertiary care population.

CTE is specifically designed to evaluate the small bowel
wall and has been proven effective for detection of a variety
of bowel pathologies, including small bowel masses [5, 8].
Our study found that CTE and mpCTE detected and cor-
rectly identified more SBNEN than routine abdominal CT.
The 44.6% rate of diagnosis of SBNEN by routine abdomi-
nal CT identified in our study mirrors a previous study
conducted by Dahdaleh et al, which found that a primary
SBNEN within the small bowel was found in 27/56 (48%)
of cases using routine CT with positive oral contrast [9].

This difference between CTE/mpCTE and routine abdomi-
nal CT may be secondary to a combination of both imag-
ing technique and imaging interpretation. At our institution,
abdominal CT studies are read by the general pool of radi-
ologists, while the majority of CTE and mpCTE studies are
read by dedicated radiologists specialized in gastrointestinal
radiology.

The proportion of SBNEN’s diagnosed by endoscopy
decreased slightly over the course of our study, but neverthe-
less increased substantially during each 5-year time period.
The endoscopic examinations in our study included routine
EGD and colonoscopy, which can only evaluate a small frac-
tion of the small bowel. Evaluation of the entire small bowel
is important as the SEER program found that the incidence
of duodenal SBNEN was 0.19/100,000 and the incidence
of jejunal/ileal SBNEN was 0.67/100,000 [2]. Importantly,
our study found that the majority of duodenal SBNEN’s are
diagnosed with endoscopy. Small duodenal SBNEN’s may
represent a unique subset of SBNEN’s with decreased risk
and potential for safe endoscopic removal [10]. When a duo-
denal SBNEN is detected at endoscopy, multiphasic imaging
of the pancreas is required to insure the endoscopic mass
does not represent a pancreatic neuroendocrine neoplasm
invading the duodenum.

Newer endoscopy techniques such as video capsule
endoscopy (VCE) and double balloon endoscopy (DBE)
also have the potential to evaluate the entire small bowel.
VCE is effective for identifying a variety of small bowel
pathologies and is considered a complementary study to
CTE for evaluation of suspected small bowel bleeding [11,
12]. CTE is typically faster and easier to perform than VCE,
and it may have an advantage in detection of small bowel
masses, many of which can be submucosal, including small
bowel neuroendocrine neoplasms and gastrointestinal stro-
mal tumors [5]. DBE is considered the gold standard for
evaluation of the small bowel [13]. A study conducted by
Manguso et al demonstrated that DBE is significantly better
at identifying primary SBNEN than routine abdominal CT
(not specifically CTE) or MRI [14]. DBE may be limited due
to local expertise and availability; due to its invasive nature,
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DBE should only be utilized to evaluate clinically signifi-
cant indeterminate abnormalities by imaging or to evaluate
symptomatic patients without an identifiable primary tumor
by imaging [13, 14].

Epidemiologic study using the SEER database has shown
that there is a general trend towards diagnosing neuroendo-
crine tumors at earlier disease stages and with lower grades
[15]. Patients with lower stage and grade of disease have
better overall survival [15]. The increased incidence of
detecting low grade disease is thought to be due to improved
ability to detect early and asymptomatic disease, as well
as increased awareness of the appearance of primary small
bowel tumors on imaging. For example, patients diagnosed
with SBNEN by CTE/mpCTE had better prognosis (suggest-
ing lower disease stage and grade) at follow-up compared to
individuals diagnosed by other imaging modalities. MpCTE
is frequently used to evaluate patients with suspected small
bowel bleeding at our institution, and these two factors are
likely inter-related in their association with an improved
prognosis. Moreover, mpCTE/CTE modalities at our insti-
tution are specifically read by gastrointestinal radiologists
who are more familiar with the imaging manifestations of
small bowel pathology, which likely further contributes to
improved diagnosis.

In a retrospective review of 75 patients with duodenal
SBNEN, Untch et al found that only tumor size and tumor
grade were significantly associated with recurrence [16].
When comparing the size of the primary SBNEN lesions in
our study, we also found that regardless of diagnostic modal-
ity, patients diagnosed with smaller lesions have longer dis-
ease-free survival. When separating SBNEN size by quar-
tiles, there was a significant increase in the recurrence rate
once the primary tumor exceeds 2.3 cm in size. This finding
emphasizes the need to develop CTE protocols designed to
detect small bowel masses of this size and smaller. It also
raises the possibility that smaller SBNEN’s have less malig-
nant potential and may require a less aggressive approach
to management, particularly for patients with significant
comorbidities or contraindications to surgery.

Recently, the diagnosis and management of NEN’s has
witnessed a paradigm shift with the USFDA approval of a
%8Ga-labeled somatostatin analogue, DOTATATE [DOTA-
Tyr3-octreotate]), in June 2016. PET imaging with %®Ga-
DOTATATE is based on over-expression of somatostatin
receptors) by NENs. In general, well-differentiated NENs
tend to have high expression of SSTRs and poorly differ-
entiated neuroendocrine carcinomas tend to have lower
expression. ®®Ga-DOTATATE PET is considered com-
plementary to cross-sectional imaging with CT or MR.
It is indicated for noninvasive confirmation of diagnosis
in equivocal cases or for masses that are not amenable to
biopsy [17]. Given the higher staging accuracy of **Ga-
DOTATATE PET compared to cross-sectional imaging
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[18, 19], %8 Ga-DOTATATE PET has become the reference
standard for staging of SBNENs detected by cross-sec-
tional imaging, especially prior to surgery. This imaging
modality is particularly helpful, as SBNEN is not infre-
quently multifocal, and ®®Ga-DOTATATE PET could help
identify unsuspected synchronous tumors. The increas-
ing utilization ®Ga-DOTATATE PET is likely to further
increase the detection of SBNEN in practice. This study
will serve as a useful baseline to track increased diagnosis
of SBNEN over time with this new modality.

Our study has limitations, with the principal limitation
being that it is a retrospective observational study. Further-
more, although all pathology reports confirmed an immu-
nohistochemical diagnosis of SBNEN, not all pathology
reports provided a specific grade for each SBNEN. Some
of the SBNEN diagnoses included in this study were based
on sub-centimeter endoscopic samples. There may be over-
estimation of the relative performance of CTE compared to
routine abdominopelvic CT as CTE exams were interpreted
by subspecialized GI radiologists. The data regarding the
type of oral contrast (water or dilute iodine solution) used
in routine abdominopelvic CT studies were not collected in
our study.

Conclusions

In the last two decades, there has been a dramatic increase
(over 12-fold) in the diagnosis of SBNENS diagnosed at our
institution, especially by CTE/mpCTE in patients with sus-
pected small bowel bleeding. SBNEN detection and correct
identification are more frequent with CTE/mpCTE com-
pared to routine abdominopelvic CT. Patients with smaller
SBNEN, and with SBNEN detected at either endoscopy or
CTE/mpCTE, have longer periods of disease-free survival.
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