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BACKGROUND: Rectal neuroendocrine tumors are 
often found incidentally. Local excision alone has been 
advocated for lesions ≤2 cm; however, the evidence base 
for this approach is limited.

OBJECTIVE: Associations among tumor size, degree of 
differentiation, and presence of distant metastatic disease 
were examined.

DESIGN: This was a retrospective cohort study.

SETTINGS: This study was conducted using a nationwide 
cohort.

PATIENTS: A total of 4893 patients with rectal 
neuroendocrine tumors were identified in the National 
Cancer Database (2006–2015).

MAIN OUTCOME MEASURES: Logistic regression analyses 
were used to evaluate associations among tumor size, 
degree of differentiation, and presence of regional 
and distant metastatic disease. Cut point analysis was 
performed to identify an optimal size threshold predictive 
of distant metastatic disease.

RESULTS: Of patients included for analysis, 3880 (79.3%) 
had well-differentiated tumors, 540 (11.0%) had moderately 
differentiated tumors, and 473 (9.7%) had poorly 

differentiated tumors. On logistic regression, increasing size 
was associated with a higher likelihood of pathologically 
confirmed lymph node involvement (among patients 
undergoing proctectomy), and both size and degree of 
differentiation were independently associated with a higher 
likelihood of distant metastatic disease. The association 
between tumor size and distant metastatic disease was 
stronger for well-differentiated and moderately differentiated 
tumors (OR = 1.4; p < 0.001 for both) than for poorly 
differentiated tumors (OR = 1.1; p = 0.010). For well-
differentiated tumors, the optimal cut point for the presence 
of distant metastatic disease was 1.15 cm (area under the 
curve = 0.88; 88% sensitive and 88% specific). Tumors 
≥1.15 cm in diameter were associated with a substantially 
increased incidence of distant metastatic disease (72/449 
(13.8%)). For moderately differentiated tumors, the optimal 
cut point was also 1.15 cm (area under the curve = 0.87, 
100% sensitive and 75% specific).

LIMITATIONS: This study was limited by its retrospective 
design.

CONCLUSIONS: Tumor size and degree of differentiation 
are predictive of regional and distant metastatic disease 
in rectal neuroendocrine tumors. Patients with tumors 
>1.15 cm are at substantial risk of distant metastasis and 
should be staged and managed accordingly. See Video 
Abstract at http://links.lww.com/DCR/A778.

KEY WORDS: Differentiation; Metastasis; 
Neuroendocrine; Proctectomy; Rectal.

Rectal neuroendocrine tumors (rNETs) account for 
between 14% and 55% of all neuroendocrine tumors 
and are increasing in incidence.1,2 In contrast to other 

GI neuroendocrine tumors, rNETs do not typically present 
with symptoms of carcinoid syndrome, and many lesions are 
asymptomatic at the time of diagnosis.3 The rising incidence 
of rNETs is, at least partially attributable to an increasing use 
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of screening colonoscopy, leading to the discovery of asymp-
tomatic lesions.4,5 Small lesions, particularly those <2 cm, 
are commonly endoscopically resected.6 Transabdominal or 
transperitoneal resection has been advocated for lesions >2 cm 
because of a perceived increase in the risk of regional nodal 
metastasis at this size cut point.7 Evidence supporting this ap-
proach, however, is limited to small institutional series.8,9

The risk of metastasis and survival has been correlated 
with tumor size and depth of invasion. This is reflected 
in the American Joint Cancer Commission TNM staging 
guidelines for colon and rNETs, with tumor size and depth 
of invasion influencing T stage.7 Although overall 5-year 
survival in rNETs is high, from 62% to 88%, it is mark-
edly worse (24%–33%) when regional or distant metastatic 
disease is present.2,5,7,10,11 Several groups have previously 
sought to identify patients who should be more extensively 
staged and followed for distant spread after a diagnosis 
of rNET. Increasing tumor grade, signified by Ki67, lym-
phovascular invasion, and depth of invasion beyond the 
muscularis layer, predict poorer survival.2,7,10,12,13 However, 
despite data supporting patient- and tumor-specific factors 
impacting local and distant spread, a clear understanding 
of which patients are at highest risk for disseminated dis-
ease is elusive. The aim of this study was to identify predic-
tors of regional lymph node and distant metastatic spread 
in patients with rNETs in a large national cohort.

PATIENTS AND METHODS

Data Source
After institutional review board approval, data from 2006 
to 2015 were identified in the rectal participant use file 
of the National Cancer Data Base (NCDB), a joint effort 
between the American Cancer Society and the American 
College of Surgeons Commission on Cancer. Established 
in 1989, the NCDB is a nationwide, facility-based, com-
prehensive clinical surveillance resource oncology data set 
that currently captures 70% of all newly diagnosed malig-
nancies in the United States annually.14

Patient Selection
Patients diagnosed with rNETs from 2006 to 2015 were se-
lected, as defined by the International Classification of Diseases 
for Oncology, 3rd Revision.15 Patients with incomplete informa-
tion data regarding tumor size and tumor differentiation were 
excluded. Of note, survival analysis included only patients 
for which ≥6 months of follow-up data was available. For the 
analysis related to lymph node metastasis, only patients who 
had lymph nodes sampled at the time of surgical resection 
and without distant metastases were included (Fig. 1).

Variables
Demographic, cancer-specific, and facility-related vari-
ables available in the NCDB have been defined previously, 

and include age, sex, race, Charlson–Dayo comorbidity 
score, tumor histology, tumor size, tumor differentiation, 
American Joint Committee on Cancer tumor stage, sur-
gery type, and lymph nodes status.14 Patients were classi-
fied as having a surgical resection (segmental colectomy, 
low anterior resection, abdominoperineal resection, total 
proctectomy, or proctocolectomy), a local excision, or no 
surgery.

Statistical Methods
Descriptive statistics are displayed as frequencies for cate-
gorical variables and medians with interquartile ranges for 
continuous variables. Univariate analysis was performed 
using the χ2 test or Student t test. Multivariable logistic 
regression was then performed to assess the association 
between demographic/clinical factors and surgical proce-
dure performed, as well as the presence of lymph node me-
tastasis or distant metastasis at the time of diagnosis. For 
the multivariable model, size was divided into <1.00 cm, 
1.01 to 1.99 cm, and >2.00 cm. Continuous variables were 
dichotomized at the optimal cut point, which was deter-
mined using the Liu method, which optimizes the product 
of sensitivity and specificity for a given test.16

The Kaplan–Meier method was used to estimate the 
overall survival function. Overall survival was defined as 
time from diagnosis to death, with patients alive at time 
of last follow-up censored. Cut point analysis identified a 
discriminatory difference above and below 1.15 cm; how-
ever, for survival analysis, this was rounded to the more 
clinically appropriate value of 1.00 cm. A p value of <0.05 
was considered statistically significant. All of the statistics 
were formed with STATA MP (StataCorp LLC, College 
Station, TX).

RESULTS

Descriptive Statistics
A total of 4893 patients were identified as meeting study 
criteria and were included for analysis. The median age 
was 55 years (interquartile range, 50–63 y), and a majority 
of patients were male (52.4%) and white (52.7%). Most 
of the tumors were well differentiated (79.3%) and ≤1 cm 
(75.7%); median tumor size was 0.6 cm (interquartile 
range, 0.4–1.0 cm). A subset of patients had distant meta-
static disease at time of presentation (8.0%; Table 1).

Determinants of Procedure Type
The majority of patients, 3569 (86.0%), underwent local 
excision, and 582 (14.0%) underwent proctectomy. No 
significant differences in patient race, sex, Charleson–Dayo 
score, geographic location, or facility type (academic or 
nonacademic facility) were observed in the local excision 
and proctectomy groups. On univariate analysis, age, pri-
vate insurance type, increasing tumor size, and worsening 
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differentiation were associated with performance of proc-
tectomy. On multivariable analysis, factors that remained 
significantly associated with performance of proctectomy 
were increasing tumor size 1.01 to 1.99 cm (OR = 3.2 (95% 
CI, 2.4–4.3); p < 0.001), >2.00 cm (OR = 11.5 (95% CI, 
8.7–15.1); p < 0.001), moderate differentiation (OR = 1.8 
(95% CI, 1.4–2.4); p < 0.001), and poor differentiation 
(OR = 9.6 (95% CI, 6.0–15.4); p < 0.001). Uninsured (OR 
= 0.4 (95% CI, 0.2–0.7); p < 0.01) and Medicaid patients 
(OR = 0.6 (95% CI, 0.4–0.9); p < 0.05) were more likely 

to undergo local excision, with Medicare nonpredictive of 
procedure type (Table 2).

Predictors of Lymph Node Metastasis
To determine predictors of lymph node metastasis, a 
subset analysis was performed including the cohort of 
patients who underwent curative-intent resection of clini-
cally localized tumors, with lymph nodes sampled, and 
who did not have distant metastatic disease. Among 341 
patients, 187 (54.8%) had positive lymph nodes. On uni-
variate analysis, both increasing tumor size (p < 0.0001) 
and poorer differentiation (p < 0.005) were associated 
with increased rate of lymph node positivity. On multi-
variate analysis, size was the only predictor of lymph node 
metastasis; tumor size of 1.00 to 1.99 cm (OR = 5.1 (95% 
CI, 2.4–11.0); p < 0.005) and ≥2.00 cm (OR = 4.9 (95% CI, 
2.6–9.1); p < 0.005) were both predictive (Table 3). Cut 
point analysis identified an increased risk of lymph node 
metastasis for tumors >1.5 cm (sensitivity = 82%, specific-
ity = 51%), with 29.7% of patients below this size having 
positive lymph nodes, and 67.0% of patients with positive 
lymph nodes above this cut point.

Predictors of Distant Metastasis
Examining the entire cohort of patients, univariate analysis 
identified associations among patient age, male sex, tumor 
size, worsening differentiation, and distant metastatic dis-
ease at time of diagnosis. On multivariable analysis, male sex 
(OR = 1.4 (95% CI, 1.1–1.8); p < 0.05), size 1.01 to 1.99 cm 
(OR = 16.6 (95% CI, 8.9–30.9); p < 0.005), size >2.00 cm 
(OR = 77.7 (95% CI, 45.1–133.9); p < 0.005), moderate dif-
ferentiation (OR = 2.05 (95% CI, 1.4–3.1); p < 0.005), and 
poor differentiation (OR = 5.0 (95% CI, 3.6–7.0); p < 0.005) 
were associated with distant metastatic disease (Table 4).

Evidence of effect modification of tumor differentiation 
on the impact of tumor size on the presence of metastasis 
was identified (p < 0.001); the association between tumor 
size and distant metastatic disease was stronger for well-
differentiated and moderately differentiated tumors (size 

5222 rNETs identified in the
NCDB PUF from 2006-2015

4983 patients
(392 M1, 4590 M0)

4151 patients
(3569 local excision, 582 proctectomy)

341 patients

241 excluded for unknown tumor size
90 excluded for unknown M-status

241 excluded for unknown LN status
3569 excluded for nonproctectomy

693 excluded for unknown procedure type

139 excluded for M1-status

FIGURE 1. Flow chart of cohort. rNET = rectal neuroendocrine tumor; NCDB = National Cancer Data Base; PUF = Participant User File; LN = 
lymph node.

TABLE 1.   Demographic and clinical characteristics of the overall 
cohort

Parameter Data

Age, median (IQR), y 55 (55–63)
Sex, n (%)  
    Men 2562 (52.4)
    Women 2331 (47.6)
Race, n (%)  
    White 2576 (52.7)
    Black 1390 (28.4)
    Hispanic 388 (7.9)
    Other/unknown 539 (12.0)
Charlson–Dayo score, n (%)  
    0 4038 (82.5)
    1 680 (13.9)
    >2 175 (3.5)
Tumor size, n (%), cm  
    ≤1.00 3706 (75.7)
    1.01–1.99 393 (8.0)
    ≥2.00 794 (16.2)
Tumor differentiation, n (%)  
    Well differentiated 3880 (79.3)
    Moderately differentiated 540 (11.0)
    Poorly/undifferentiated 473 (9.7)
Metastatic disease at diagnosis, present 392 (8.0)
Procedure type, n (%)  
    No surgery 589 (12.0)
    Local excision 3605 (73.7)
    Proctectomy (LAR, APR, etc) 685 (14.0)
    Unknown 14 (0.3)

IQR = interquartile range; LAR = low anterior resection; APR = abdominoperineal 
resection.
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treated as a continuous variable in centimeters; OR = 1.4,  
p < 0.001, for both) than for poorly differentiated tumors 
(OR = 1.1; p = 0.010). For well-differentiated tumors, the 
optimal cut point was 1.15 cm, which had good discrimina-
tive capacity in predicting distant metastatic disease (area 
under the curve = 0.88; 88% sensitive and 88% specific). 

Above this cut point, 79 (15.4%) of 514 patients had distant 
metastatic disease, with 10 (0.3%) of 3366 patients <1.15 cm 
having distant metastatic disease at the time of diagnosis. 
For moderately differentiated tumors, the optimal cut point 
was 1.15 cm as well (area under the curve = 0.87; 100% sen-
sitive, 75% specific). Above this cut point, 53 (30.5%) of 174 

TABLE 2.   Determinants of local excision versus proctectomy among the subset of patients who had a procedure performed

Parameter Local excision, n (%) Proctectomy, n (%) Univariate p

Multivariate

OR (95% CI) p

Age, median (IQR), y 54 (50–62) 56 (50–66) <0.001 1.0 (1.0–1.0) 0.64
Men 1651 (53.7) 285 (49.0) 0.22   
Race      
    White 1822 (51.1) 328 (56.4) 0.13   
    Black 1033 (28.9) 143 (24.6)    
    Hispanic 290 (8.1) 50 (8.6)    
    Other 365 (10.2) 53 (9.1)    
Charlson–Dayo score      
    0 2984 (83.6) 477 (82.0) 0.48   
    1 476 (13.3) 85 (14.6)    
    2 73 (2.1) 16 (2.8)    
    ≥3 36 (1.0) 4 (0.7)    
Facility location      
    Northeast 760 (23.3) 138 (15.1) 0.08   
    South 1061 (32.4) 231 (17.8)    
    Midwest 889 (27.1) 163 (15.4)    
    West 567 (17.3) 106 (15.5)    
Facility type      
    Academic 1408 (43.0) 232 (42.9) 0.97   
    Nonacademic 1869 (57.0) 309 (57.1)    
Insurance type   0.005   
    Private 2288 (64.1) 351 (60.3)    
    Medicare 751 (21.0) 153 (26.3)  0.9 (0.6–1.2) 0.30
    Medicaid 305 (8.6) 41 (7.0)  0.6 (0.4–0.9) 0.015
    Uninsured 115 (3.2) 11 (1.9)  0.4 (0.2–0.7) 0.006
    Unknown 110 (3.1) 26 (4.5)  1.7 (1.0–2.7) 0.040
Tumor differentiation   <0.001   
    Well differentiated 3174 (88.9) 362 (62.2)    
    Moderately differentiated 365 (10.2) 96 (16.5)  1.8 (1.4–2.4) <0.001
    Poorly differentiated 30 (0.8) 124 (21.3)  9.6 (6.0–15.4) <0.001
Tumor size, cm   <0.001   
    <1.00 3170 (88.8) 277 (47.6)    
    1.00–1.99 263 (7.4) 79 (13.6)  3.2 (2.4–4.3) <0.001
    >2.00 136 (3.8) 226 (38.8)  11.5 (8.7–15.1) <0.001

IQR = interquartile range.

TABLE 3.   Predictors of lymph node metastasis in the cohort of patients who underwent resection procedure

Parameter Lymph node negative Lymph node positive Univariate p

Multivariate

OR (95% CI) p

Age, median (IQR), y 60 (50–69) 57 (50–67) 0.06 0.97 (0.95–0.99) 0.002
Men, n (%) 72 (46.8) 94 (50.3) 0.52   
Size, median (IQR), cm 1.35 (0.6–3.1) 3 (1.5–4.5) <0.005   
    1.00–1.99    5.1 (2.4–11.0) <0.005
    >2.00    4.9 (2.6–9.1) <0.005
Differentiation, n (%)      
    Well differentiated 86 (52.8) 77 (47.2) <0.01   
    Moderately differentiated 30 (46.2) 35 (53.9)  0.96 (0.50–1.8) 0.90
    Poorly differentiated 38 (33.6) 75 (66.4)  1.66 (0.89–3.11) 0.11

IQR = interquartile range.
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patients had distant metastatic disease, with 0 (0%) of 366 
patients <1.15 cm having distant metastatic disease at the 
time of diagnosis. For poorly differentiated tumors, no op-
timal cut point was identified (area under the curve = 0.53).

Tumor Size and Differentiation Predict Overall Survival
Overall 5- and 10-year survival rates for patients with 
nonmetastatic rNETs were 89.2% (95% CI, 87.8%–90.4%) 
and 77.8% (95% CI, 73.6%–81.2%). In contrast, the pres-
ence of distant metastatic disease resulted in a very poor 
5- and 10-year survival, at 15.4% (95% CI, 10.8%–20.6%) 
and 12.6% (95% CI, 8.2%–18.0%; Fig. 2).

When accounting for differentiation, the nonmeta-
static well-differentiated patients had the best 5- and 
10-year overall survival rates at 93.6% (95% CI, 92.4%–
94.7%) and 83.0% (95% CI, 78.5%–86.7%), followed 
by moderately differentiated patients at 88.7% (95% 
CI, 83.5%–92.3%) and 69.9% (95% CI, 52.6%–81.8%). 
Poorly differentiated patients had the poorest 5- and  

10- year survival rates, at 28.6% (95% CI, 21.9%–35.5%) 
and 21.3% (95% CI, 14.6%–28.8%).

Among patients with nonmetastatic well- and mod-
erately differentiated tumors, a 1-cm size cutoff correlated 
with overall survival. Well-differentiated tumors <1 cm 
had a 5-year survival of 94.5% (95% CI, 93.1%–95.5%). In 
patients with tumors ≥1 cm, this decreased to 89.0% (95% 
CI, 84.1%–92.5%). Among patients with moderately dif-
ferentiated tumors <1 cm, 5-year survival was 93.7% (95% 
CI, 88.1%–96. 7%). In patients with tumors ≥1 cm, this 
decreased to 78.4% (95% CI, 66.7%–86.4%; Fig. 3).

DISCUSSION

The present study, from a large national cohort, affirms 
that tumors >1.5 cm are more likely to metastasize to re-
gional nodes, and less-differentiated and larger tumors are 
more likely to be associated with distant metastatic disease. 
Notably, the notion that 2 cm is a meaningful threshold 

TABLE 4.   Predictors of distant metastasis in the entire cohort

Parameter Nonmetastatic Metastatic Univariate p

Multivariate

OR (95% CI) p

Age, median (IQR), y 55 (50–63) 59 (50–70) <0.005 1.0 (1.0-1.0) 0.077
Men 2018 (90.4) 223 (9.6) <0.005 1.4 (1.1–1.8) 0.02
Size, median (IQR), cm 0.6 (0.4–0.9) 4.45 (2.9–6.5) <0.005   
    1.00–1.99    16.6 (8.9–30.9) <0.005
    >2.00    77.7 (45.1–133.9) <0.005
Differentiation, n (%)      
    Well differentiated 3791 (97.7) 89 (2.3) <0.005   
    Moderately differentiated 487 (90.2) 53 (9.8)  2.1 (1.4–3.1) <0.005
    Poorly differentiated 223 (47.2) 250 (52.9)  5.0 (3.6–7.0) <0.005

IQR = interquartile range.

1.00

0.75

0.50

0.25

0 12 24 36 48 60 72

Months of follow-up

Overall survival by M stage and grade

84 96 108 120 132 144

Well differentiated, M0
Pooly differentiated, M0
Moderately differentiated, M1

Well differentiated, M1
Pooly differentiated, M1

Moderately differentiated, M0

FIGURE 2. Kaplan–Meier survival analysis of metastatic (n = 392) and nonmetastatic disease (n = 4501) demonstrates extremely poor survival 
in the subset of metastatic patients.
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above which risk of distant metastatic disease is substan-
tial is not corroborated; a 1.15-cm cut point appears to be 
more relevant.

There are conflicting data and guidelines regard-
ing the management of well-differentiated tumors. The 
North American Neuroendocrine Tumors Society guide-
lines conclude that tumors <2 cm and confined to the 
mucosa or submucosa are associated with very little risk 
of local and metastatic spread, and metastatic screen-
ing or follow-up are not recommended after local resec-
tion.7 In contrast, the National Comprehensive Cancer 
Network guidelines suggest that all patients be screened 
with colonoscopy plus either abdominal/pelvic CT/MRI 
and endorectal ultrasound or endoscopic ultrasound. In 
addition, for lesions ≤2 cm, the National Comprehensive 
Cancer Network suggests transanal excision if possible, 
with no follow-up for lesions <1 cm, and follow-up at 6 
and 12 months for local recurrence with rectal MRI or en-
doscopic ultrasound for lesions between 1 and 2 cm.17 In 
practice, most lesions <2 cm are endoscopically resected 
without lymph node harvest.18

Although the North American societies suggest 
that patients with well-differentiated tumors between 
1.0 and 2.0 cm are at low risk of metastasis, several ret-
rospective North American studies have suggested a 
substantial risk of regional or distant metastatic disease 
with tumors between 1.1 and 1.9 cm.18,19 In addition, 
literature from Japan suggests that such patients are at 
high risk of regional and distant spread and should be 
treated more aggressively. One large series demonstrat-
ed a 30% risk of lymph node metastasis for tumors 1 to 
2 cm.20 This prompted Fujimoto et al21 to advocate for 
mesorectal excision in all patients with tumors >1 cm, 
ultimately reporting positive lymph node  metastasis 

in 8 of 9 patients in a small series. These findings 
may reflect a difference in biology, however, because 
Mani et al22 reported a 10% to 15% rate of lymphatic 
spread with tumors between 1.0 and 1.9 cm in a series 
of American patients. Both Japanese and American 
series demonstrate excellent survival in patients with 
tumors <1 cm after proctectomy, with 5-year survival 
approaching 100%.23

Importantly, tumor differentiation or grade also has 
a substantial impact on risk of progression, as acknowl-
edged in the World Health Organization classification 
scheme for staging of rNET,7 as well as a risk stratifi-
cation score developed by Konishi et al.24 The present 
series affirms the predictive capacity of tumor differ-
entiation, both for regional and distant dissemination; 
it is a univariate predictor of lymph node metastasis 
and part of a multivariate predictive model of distant 
metastatic disease. Size cut points for the prediction of 
distant metastatic disease appear to be most relevant 
with well-differentiated and moderately differentiated 
tumors but do not have a discriminatory capacity for 
poorly differentiated tumors. In patients with poorly 
differentiated tumors, no receiver operator curve could 
be identified creating a clinical useful cut point, with 
acceptable sensitivity and specificity, reflecting the ex-
tremely high rates of locoregional spread (75/113) and 
distant spread (250/473).

There are several important limitations of the present 
study that bear emphasis. In 2010 the World Health Orga-
nization classification shifted from tumor differentiation, 
which was a more subjective measure reflecting cell mor-
phology, growth patterns, and tumor circumscription, to 
tumor grade, based on Ki-67 and mitoses per high-pow-
ered field.25 The NCDB only reports the differentiation of 

1.00

0.75

0.50

0.25

0 12 24 36 48 60 72

Months of follow-up

Overall survival among M0 tumors

84 96 108 120 132 144

Well differentiated, <1 cm
Well differentiated, ≥1 cm Moderately differentiated, ≥1 cm

Moderately differentiated, <1 cm

FIGURE 3. Kaplan–Meier survival analysis of well- and moderately differentiated tumors above and below 1 cm, demonstrating significantly 
decreased survival for both groups in larger tumors (p < 0.001).
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tumors, not the Ki-67 or mitotic indices, and the present 
analyses, which depend on differentiation, may be less 
reproducible or generalizable. In addition, the NCDB, as 
designed, captures malignancies only at Commission on 
Cancer–accredited facilities. As such, the patients in this 
database are a selected population, possibly with more 
aggressive tumors, justifying referral to a center with ex-
pertise. Risk of regional and distant metastasis for small-
er-sized tumors may, therefore, be overestimated. The 
potential for referral bias may be greatest in analyses of 
patients referred for proctectomy where uncaptured clini-
cal factors may have suggested aggressive tumor biology 
and driven the surgical approach.

Several more general limitations inherent to ret-
rospective database analyses may have influenced the 
findings of this study as well. Despite efforts to ensure 
data quality and accuracy, retrospective registry data 
is subject to omitted entries and coding inconsistency. 
Disease-specific survival could not be ascertained, and 
overall survival is an imperfect surrogate. In addition, al-
though collected, the NCDB does not report information 
regarding the development of local or distant metastatic 
disease after the time of diagnosis, limiting conclusions 
regarding the ultimate risk of metastatic disease in at-
risk individuals. In particular, this limited the ability to 
investigate the risk of developing locoregional disease, 
because only lymph node metastasis at the time of diag-
nosis in patients selected to undergo resection procedure 
could be ascertained.

Despite these limitations, the present study indicates 
that well- and moderately differentiated tumors >1.15 cm 
in diameter are associated with an increased risk of distant 
metastatic disease. More extensive staging is likely justified 
in patients with such tumors. Use of 68-Gallium Dotatate 
scans, which have high sensitivity for metastatic disease, 
and other emerging imaging techniques in neuroendo-
crine tumors may be of value in this setting.26,27 Additional 
studies are needed to determine whether patients with 
1- to 2-cm tumors benefit from more aggressive surgical 
approaches.
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