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	 Background:	 This study was designed to predict prognosis of patients with primary duodenal neuroendocrine neoplasms 
(D-NENs) by developing nomograms.

	 Material/Methods:	 Patients diagnosed with D-NENs between 1988 and 2015 were queried from the SEER database and a total of 
965 appropriate cases were randomly separated into the training and validation sets. Kaplan-Meier analysis 
was used to generated survival curves, and the difference among the groups was assessed by the log-rank test. 
Independent prognostic indicators were acquired by Cox regression analysis, and were used to develop predic-
tive overall survival (OS) and cancer-specific survival (CSS) nomograms. Harrell’s concordance index (C-index), 
area under the curve (AUC), calibration curves, and decision curve analysis (DCA) were used to assess the ef-
ficacy of nomograms. Tumor stage was regarded as a benchmark in predicting prognostic compared with the 
nomograms built in this study.

	 Results:	 The C-index was 0.739 (0.690–0.788) and 0.859 (0.802–0.916) for OS and CSS nomograms, respectively. 
Calibration curves exhibited obvious consistency between the nomograms and the actual observations. In ad-
dition, C-index, AUC, and DCA were better than tumor stage in the evaluative performance of nomograms.

	 Conclusions:	 The nomograms were able to predict the 1-, 5-, and 10-year OS and CSS for D-NENs patients. The good per-
formance of these nomograms suggest that they can be used for evaluating the prognosis of patients with 
D-NENs and can facilitate individualized treatment in clinical practice.
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Background

Duodenal neuroendocrine neoplasms (D-NENs) are rare and 
indolent, making up 3% of all primary duodenal malignancies 
and comprising about 2–3% of all gastrointestinal neuroen-
docrine neoplasms (GI-NENs) [1–3]. The incidence of D-NENs 
has been dramatically increasing in the United States, from 
0.027/100 000 in 1983 to 1.1/100 000 in 2010 [4,5]. Recent 
studies showed that the increased incidence of D-NENs re-
flects increased physician awareness and the widespread 
use of diagnostic endoscopy [6,7]. D-NENs have been ana-
tomically classified as ampullary and non-ampullary D-NENs 
(NADNENs). Previous reports have indicated that ampullary 
NENs have more aggressive clinical features and worse prog-
nosis than NADNENs [8–11]. Specifically, ampullary NENs tends 
to metastasize at a smaller size or at a lower mitotic rate than 
NADNENs. Additionally, the mortality rate of ampullary NENs 
is higher than that of NADNENs. In this study, we only focused 
on the NADNENs.

The American Joint Committee on Cancer (AJCC) staging sys-
tem is by far the most widely used prognostic tool for many 
neoplasms. The pathological variables of the tumor stage for 
D-NENs are tumor characteristics (T), lymph node status (N), 
and distant metastases (M) of neoplasms. However, many oth-
er vital clinicopathological features, such as age at diagnosis, 
tumor stage, surgery, sex, marital status, and tumor grade, can 
also influence the outcomes of individual D-NENs patients. 
Accordingly, research has focused on developing more effec-
tive prognostic models for D-NENs patients.

As a decision-making tool, nomograms can accurately and dis-
criminately predict the outcomes of patients with neoplasms 
in clinical practice [12]. To draw the best conclusion, the con-
struction of a nomogram not only considers the prognostic 
weight of each variable, but also integrates multiple indepen-
dent variables. There have been no reports on use of nomo-
grams for predicting the prognosis of D-NENs patients using 
population-based data. Therefore, this research aimed to con-
struct nomograms to predict overall survival (OS) and cancer-
specific survival (CSS) of D-NENs patients.

Material and Methods

Patients

Data on patients diagnosed with primary D-NENs between 1988 
and 2015 were retrieved from the Surveillance, Epidemiology 
and End Results (SEER) database using the SEER*Stat soft-
ware (version 8.3.5) and were categorized according to the 
third edition for histological type of International Classification 
of Diseases for Oncology (ICD-O-3) as 8153 gastrinoma, 

8240 carcinoid not otherwise specified (NOS), 8241 entero-
chromaffin, 8246 neuroendocrine carcinoma, and 8249 atyp-
ical carcinoid. The site code used was C17.0. Demographic 
and clinical variables were sex, marital status, age at diag-
nosis, tumor grade, race, tumor size, year of diagnosis, TNM 
stage, surgery, and tumor stage (AJCC 7th). Patients with mul-
tiple primary carcinomas, age <18 years old, no microscopic 
confirmation, diagnosis at autopsy or death certificate, sur-
vival times <1 month or unknown, and variables (race, tumor 
size, tumor grade, tumor stage, and cause of death) with in-
complete data were excluded (Figure 1). The cases were di-
vided into well-differentiated (G1); moderately differentiated 
(G2); poorly differentiated (G3), and undifferentiated (G4) by 
histologic grade information. G3 and G4 were combined into 
1 category for all analyses because of their limited sample 
sizes. In addition, the NX stage were restaged into N0 (lymph 
node-negative) or N1 (lymph node-positive) according to re-
gional nodes-positive status. The tumor stage of all eligible 
cases was converted into the AJCC 7th staging system for sub-
sequent analysis.

Definition

We mainly focused on 2 indicators – OS and CSS – in which 
OS is the time from diagnosis to death given any reason or the 
last day of survival information available in the SEER database, 
while CSS refers the time from diagnosis to death resulting 
from the D-NENs. Eligible patients were randomly assigned to 
either the validation cohort or the training cohort, with a ratio 
of 3: 7. The nomograms were drawn based on the results of 
the multivariate analyses in the training cohort and the pre-
diction model were validated by the internal validation cohort.

Statistical analysis

Categorical variables were transferred from continuous vari-
ables and are shown as numbers (percent). The survival curves 
were developed by Kaplan-Meier (KM) analysis and the differ-
ences among groups were compared by log-rank test. The in-
dependent predictive factors of OS and CSS are evaluated by 
Cox proportional hazards (PH) regression analyses. The out-
comes of the Cox analysis generated nomograms for 1-, 5-, 
and 10-year OS, as well as CSS. Harrell’s concordance index 
(C-index) was used for assessment of discrimination between 
observed and predicted outcomes [13]. Calibration plots were 
formulated based on the constancy between predicted survival 
and actual survival. The area under the receiver operator char-
acteristic (ROC) curve (AUC) shows the accuracy of the survival 
predictions. Evaluation of the clinical effectiveness to the con-
structed nomograms was assessed by decision curve analyses 
(DCA) [14]. R (version 3.6.1) was used to conduct data analy-
ses. Two-tailed p-value <0.05 signified statistical significance.
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Results

Patient characteristics

Among the 965 qualified patients with D-NENs, 677 patients 
were allocated to the OS training cohort and 288 patients were 
allocated to the validation cohort, while 593 patients were allo-
cated to the CSS training cohort and 252 patients were allocat-
ed to the validation cohort. The results showed that the median 
age at diagnosis was 63 (18–95) years and the median follow-up 
time was 40 (1–229) months. Histologic types for D-NENs were 
mainly carcinoid NOS (71.6%) and neuroendocrine carcinoma 
(25.6%), and less common types were gastrinoma and atypical 
carcinoid, with fewer than 20 patients per type. The majority of 
patients were white (67.3%) and had stage I disease (54.7%). 
The proportion of female patients (484 cases, 50.2%) was simi-
lar to that of male patients (481 cases, 49.8%). There were 818 
(84.8%) patients who underwent surgery and 801 (83%) patients 
had well-differentiated neoplasms. About 83% of patients had 
neoplasms £2 cm in size. Patients with D-NENs tended to have 
T1 (57.5%), T2 (30.9%), N0 (83.7%), and M0 disease (95.2%). 
Table 1 illustrated the baseline characteristics of D-NENs patients.

Prognosis of D-NENs patients

The 1-, 5-, and 10-year survival rates were 94.8%, 94.7%, and 
79.3% for OS, and 97.4%, 92.0%, and 89.1% for CSS, respec-
tively. Further, KM analysis by log-rank test showed that tu-
mor grade, age at diagnosis, marital status, tumor size, year 
of diagnosis, T stage, surgery, and tumor stage were associat-
ed with the prognosis of D-NENs patients, and this result was 
statistically significant. M stage and N stage were associated 
with CSS but not with OS (Figures 2, 3).

The results of Cox analyses revealed that clinicopathological 
factors, including surgery, marital status, year of diagnosis, 
age at diagnosis, tumor grade, and tumor size, were signifi-
cantly correlated with OS prognosis (Table 2). Factors of tumor 
grade, M stage, surgery, age at diagnosis, and year of diagnosis 
were independently correlated with CSS prognosis (Table 3).

Construction and validation of nomograms

All independent indicators by multivariate Cox analysis in the 
training group were involved in the nomograms for predicting OS 

Case of small intestine
neuroendocrine neoplasms

in SEER database 1988–2015)
(N=17659)

Excluded:
Primary site≠"C17.0 Duodenum"(N=13273)

Case of duodenal neuroendocrine
neoplasms in SEER database

1988–2015
ICD-0-3: 8153, 8240, 824, 8246, 8249

Primary site code: C17.0
(N=4386)

Excluded:
1. Age <18 years old (N=1)
2. No microscopic confirmation (N=20)
3. Diagnosis at autopsy or death certificate (N=21)
4. Survival time <1 month and unkonow (N=123)
5. Multiple primary carcinoma (N=922)
6. Unknown race, cause of death and tumor size (N=94)
7. Unknown grade (N=1780)
8. Incomplete staging data (N=460)

Training cohort (N=677)

Eligible cases with duodenal
neuroendocrine neoplasms for

further analysis (N=965)

Validation cohort (N=288) Training cohort (N=593) Validation cohort (N=252)

Alive or death to the cancer
(N=845)

Figure 1. �Flowchart of the enrolled patients according to inclusion and exclusion criteria.
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Characteristics

Overall survival Cancer-specific survival

N (%)
Patients

N (%)
Patients

Training Validation Training Validation

Total 965 677 288 845 593 252

Age <65 	 517	 (53.6) 	 364	 (53.8) 	 153	 (53.1) 	 484	 (57.3) 	 329	 (55.5) 	 155	 (61.5)

³65 	 488	 (46.4) 	 313	 (46.2) 	 135	 (46.9) 	 361	 (42.7) 	 246	 (44.5) 	 97	 (38.5)

Race White 	 649	 (67.3) 	 454	 (67.1) 	 195	 (67.7) 	 576	 (68.2) 	 398	 (67.1) 	 178	 (70.6)

Black 	 248	 (25.7) 	 168	 (24.8) 	 80	 (27.8) 	 208	 (24.6) 	 153	 (25.8) 	 55	 (21.8)

Other 	 68	 (7.0) 	 55	 (8.1) 	 13	 (4.5) 	 61	 (7.2) 	 42	 (7.1) 	 19	 (7.5)

Gender Female 	 484	 (50.2) 	 336	 (49.6) 	 148	 (51.4) 	 421	 (49.8) 	 305	 (51.4) 	 116	 (46.0)

Male 	 481	 (49.8) 	 341	 (50.4) 	 140	 (48.6) 	 424	 (50.2) 	 288	 (48.6) 	 136	 (54.0)

Marital 
status

Yes 	 531	 (55.0) 	 371	 (54.8) 	 160	 (55.6) 	 477	 (56.4) 	 327	 (55.1) 	 150	 (59.5)

No 	 383	 (39.7) 	 265	 (39.1) 	 118	 (41.0) 	 325	 (38.5) 	 232	 (39.1) 	 93	 (36.9)

Unknown 	 51	 (5.3) 	 41	 (6.1) 	 10	 (3.4) 	 43	 (5.1) 	 34	 (5.7) 	 9	 (3.6)

Year of 
diagnosis

1988–2009 	 219	 (22.7) 	 153	 (22.6) 	 66	 (22.9) 	 159	 (18.8) 	 111	 (18.7) 	 48	 (19.0)

2010–2015 	 746	 (77.3) 	 524	 (77.4) 	 222	 (77.1) 	 686	 (81.2) 	 482	 (81.3) 	 204	 (81.0)

Tumor 
grade

1 	 801	 (83.0) 	 556	 (82.1) 	 245	 (85.1) 	 697	 (82.5) 	 488	 (82.3) 	 209	 (82.9)

2 	 136	 (14.1) 	 97	 (14.3) 	 39	 (13.5) 	 122	 (14.4) 	 86	 (14.5) 	 36	 (14.3)

3/4 	 28	 (2.9) 	 24	 (3.5) 	 4	 (1.4) 	 26	 (3.1) 	 19	 (3.2) 	 7	 (2.8)

Tumor 
size

<1 cm 	 419	 (43.4) 	 310	 (45.8) 	 109	 (37.8) 	 365	 (43.2) 	 267	 (45.0) 	 98	 (38.9)

1–2 cm 	 380	 (39.4) 	 253	 (37.4) 	 127	 (44.1) 	 333	 (39.4) 	 233	 (39.3) 	 100	 (39.7)

>2 cm 	 166	 (17.2) 	 114	 (16.8) 	 52	 (18.1) 	 147	 (17.4) 	 93	 (15.7) 	 54	 (21.4)

T stage T1 	 555	 (57.5) 	 399	 (58.9) 	 156	 (54.2) 	 483	 (57.2) 	 349	 (58.8) 	 134	 (53.2)

T2 	 298	 (30.9) 	 202	 (29.8) 	 96	 (33.3) 	 260	 (30.8) 	 170	 (28.7) 	 90	 (35.7)

T3 	 72	 (7.5) 	 46	 (6.8) 	 26	 (9.0) 	 62	 (7.3) 	 45	 (7.6) 	 17	 (6.7)

T4 	 40	 (4.1) 	 30	 (4.4) 	 10	 (3.5) 	 40	 (4.7) 	 29	 (4.9) 	 11	 (4.4)

N stage N0 	 808	 (83.7) 	 564	 (83.3) 	 244	 (84.7) 	 703	 (83.2) 	 492	 (83.0) 	 211	 (83.7)

N1 	 157	 (16.3) 	 113	 (16.7) 	 44	 (15.3) 	 142	 (16.8) 	 101	 (17.0) 	 41	 (16.3)

M stage M0 	 919	 (95.2) 	 647	 (95.6) 	 272	 (94.4) 	 802	 (94.9) 	 567	 (95.6) 	 235	 (93.3)

M1 	 46	 (4.8) 	 30	 (4.4) 	 16	 (5.6) 	 43	 (5.1) 	 26	 (4.4) 	 17	 (6.7)

Stage I 	 528	 (54.7) 	 380	 (56.1) 	 148	 (51.4) 	 458	 (54.2) 	 326	 (55.0) 	 132	 (52.4)

II 	 247	 (25.6) 	 159	 (23.4) 	 88	 (30.6) 	 213	 (25.2) 	 148	 (25.0) 	 65	 (25.8)

III 	 143	 (14.8) 	 107	 (15.8) 	 36	 (12.5) 	 130	 (15.4) 	 92	 (15.5) 	 38	 (15.1)

IV 	 47	 (4.9) 	 31	 (4.5) 	 16	 (5.5) 	 44	 (5.2) 	 27	 (4.5) 	 17	 (6.7)

Surgery Yes 	 818	 (84.8) 	 580	 (85.7) 	 238	 (82.6) 	 728	 (86.2) 	 513	 (86.5) 	 215	 (85.3)

No 	 147	 (15.2) 	 97	 (14.3) 	 50	 (17.4) 	 117	 (13.8) 	 80	 (13.5) 	 37	 (14.7)

Table 1. Clinical features and demographics of patients with D-NENs.

D-NENs – primary duodenal neuroendocrine neoplasms; Race: Other – American Indian & AK Native & Asian & Pacific Islander; 
Marital status: Unmarried – Single & Separated & Divorced & Widowed & Unmarried or Domestic Partner.
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and CSS. In addition, although the parameter of tumor size was 
associated with CSS on univariate analysis, this finding did not 
exist in multivariate analysis. However, it was still incorporated 
into the construction of the nomogram as an essential clinical 
factor in our study (Figure 4). The calibration curves indicated 
the predicted values of OS and CSS agreed with the observed 
ones for 1, 5, and 10 years (Figure 5). The C-index of OS and 
CSS were 0.739 and 0.859 in the training group, respectively 
(Table 4). The AUC values of the nomogram were expected to 
be 0.740, 0.716, and 0.716, and 0.828, 0.836, and 0.819, for 1-, 
5-, and 10-year OS and CSS, respectively, which were all great-
er than those in the AJCC 7th staging system. The validation co-
hort and total cohort had similar results (Figure 6, Table 4). In 
addition, DCA showed that the nomogram performed better for 
D-NENs patients more for tumor stage (Figure 7). These results 
show that the nomogram is superior to tumor stage in terms 
of discriminatory capacity and accuracy of survival prediction.

Subgroup analysis

The result of multivariate Cox analysis illustrated that sur-
gery was a critical independent factor for the prognosis of OS 
and CSS, and the KM analysis also showed that surgery had 
a strong effect on OS and CSS of D-NENs patients. Therefore, 
we stratified the cohort according to different clinicopatho-
logic features to further analyze whether surgery could make 
any difference in patient prognosis.

KM analysis indicated that D-NENs patients with longer OS was 
associated with age (age at diagnosis <65 years, p<0.005; age 
at diagnosis ³65 years, p<0.001), sex (female, p<0.001; male, 
p<0.005), race (white, p<0.001; black, p<0.001), marital sta-
tus (married, p<0.001; unmarried, p<0.001), year of diagnosis 
(1988–2009, p<0.001; 2010–2015, p<0.001), tumor grade (G1, 
p<0.001), tumor size (<1 cm, p<0.05; 1–2 cm, p<0.001; >2 cm, 
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Figure 2. �Kaplan-Meier analysis of overall survival in primary duodenal neuroendocrine neoplasm patients stratified by (A) race, 
(B) age of diagnosis, (C) tumor grade, (D) M stage, (E) marital status, (F) N stage, (G) sex, (H) tumor stage, (I) surgery, 
(J) T stage, (K) tumor size, and (L) year of diagnosis.
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p<0.001), tumor stage (I, p<0.01; II, p<0.001; III, p<0.005; IV, 
p<0.005), and surgery (Figure 8). Longer CSS was associated 
with age (age at diagnosis ³65 years, p<0.001), sex (female, 
p<0.001), race (White, p<0.05; Black, p<0.005), marital status 
(married, p<0.001), year of diagnosis (1988–2009, p<0.05; 
2010–2015, p<0.001), tumor grade (G1, p<0.001), tumor size 
(>2 cm, p<0.001), tumor stage (III, p<0.001; IV, p<0.005), and 
surgery (Figure 9).

Discussion

D-NENs are rare neoplasms originating from cells of the neuro-
endocrine system [15]. Given the increasing burden and the 
heterogeneity of D-NENs, it is important to improve individ-
ualized predictions of survival risks and determine the opti-
mal individual therapies. In this study, we identified critical 

prognostic factors for D-NENs patients. Importantly, we con-
structed and authenticated nomograms to predict the prog-
nosis of D-NENs patients. This model has been assessed by 
different methods, and the results show that the model has 
good performance.

The results of KM analysis with log-rank test showed that age 
at diagnosis, marital status, year of diagnosis, tumor grade, 
tumor size, T stage, tumor stage, and surgery were strongly 
associated with the OS and CSS in D-NENs patients, while M 
stage and N stage were associated with CSS but not with OS. 
Multivariate Cox analyses indicated that age at diagnosis, year 
of diagnosis, tumor grade, and surgery were independent pre-
dictors for both CSS and OS when marital status and tumor 
size were incorporated into OS and M stage was incorporat-
ed into CSS. Similar to a previous study, sex and race were not 
associated with OS and CSS in D-NENs patients, and patients 
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Figure 3. �Kaplan-Meier analysis of cancer-specific survival in primary duodenal neuroendocrine neoplasms patients stratified by 
(A) race, (B) age of diagnosis, (C) tumor grade, (D) M stage, (E) marital status, (F) N stage, (G) sex, (H) tumor stage, (I) surgery, 
(J) T stage, (K) tumor size, and (L) year of diagnosis.
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who were older than 65 years tended to have shorter survival 
than younger patients, both in OS and CSS [5]. We found that 
tumor grade was an independent predictor of OS and CSS, 
while tumor grade across the full range of the point axis was 
a better predictor of OS and CSS more than were the other 
variables in the constructed nomograms.

Patients with malignancies show are likely to have psycholog-
ical distress, which can prolong the function of cortisol and 

disturb normal immune function. This phenomenon is more 
common in unmarried patients [16–18]. Compared with un-
married patients, married patients are more likely to feel cared 
for and encouraged and supported physically and spiritually, 
which contributes to a better prognosis [19]. Our study found 
that marital status had a statistically significant effect on OS, 
but not on CSS. Research in a larger cohort might help to ex-
plain this phenomenon.

Characteristics

Overall survival

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age <65 Ref Ref

³65 3.386 2.276–5.038 <0.001 3.626 2.379–5.527 <0.001

Race White Ref Ref

Black 1.084 0.723–1.625 0.698 1.076 0.703–1.647 0.736

Other 0.757 0.350–1.640 0.481 0.549 0.246–1.224 0.142

Gender Female Ref Ref

Male 0.980 0.686–1.401 0.913 1.057 0.721–1.548 0.778

Marital 
status

Married Ref Ref

Unmarried 1.640 1.135–2.368 <0.001 1.699 1.146–2.520 0.008

Unknown 1.513 0.688–3.329 0.304 1.674 0.749–3.743 0.210

Year of 
diagnosis

1988–2009 Ref Ref

2010–2015 0.578 0.388–0.861 0.007 0.502 0.331–0.761 0.001

Tumor 
grade

1 Ref

2 1.289 0.789–2.103 0.311 1.220 0.726–2.050 0.453

3/4 4.535 2.653–7.752 <0.001 3.894 2.054–7.382 <0.001

Tumor size <1 cm Ref Ref

1–2 cm 1.232 0.817–1.858 0.320 1.636 0.992–2.701 0.054

>2 cm 1.753 1.104–2.784 0.017 2.018 1.002–4.063 0.049

T stage T1 Ref Ref

T2 0.984 0.649–1.492 0.940 0.701 0.412–1.192 0.189

T3 1.193 0.628–2.268 0.589 0.683 0.263–1.776 0.434

T4 2.629 1.417–4.878 0.002 1.397 0.580–3.365 0.456

N stage N0 Ref Ref

N1 1.072 0.680–1.688 0.766 0.950 0.510–1.770 0.873

M stage M0 Ref Ref

M1 1.242 0.578–2.668 0.578 1.373 0.607–3.104 0.447

Surgery Yes Ref Ref

No/Unknown 2.330 1.512–3.591 <0.001 1.805 1.116–2.920 0.016

Table 2. Univariate and multivariate analyses of OS in patients with D-NENs.

D-NENs – primary duodenal neuroendocrine neoplasms; Race: Other – American Indian & AK Native & Asian & Pacific Islander; 
Marital status: Unmarried – Single & Separated & Divorced & Widowed & Unmarried or Domestic Partner.
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Multivariate Cox regression analyses showed that surgery is 
an independent predictor of OS and CSS. By stratifying the to-
tal cohort by different clinicopathological characteristics, we 
found improvements in OS and CSS in patients who under-
went surgical resection, regardless of race, G1, or year of di-
agnosis. Surgery also remarkably improved the OS in patients 
in different subgroups stratified by age at diagnosis, marital 
status, sex, and tumor stage, and CSS in patients with age at 
diagnosis ³65 years, female, married, and stage III and IV. Our 

study also revealed that patients with tumor size >2 cm who 
received surgery tended to have better CSS, similar to a pre-
vious study in which patients who received surgery had lon-
ger OS, regardless of tumor size [20].

The AJCC staging system, ENETS staging system, and WHO 
grading system are widely used in clinical practice to predict 
the prognosis of D-NENs patients. The nomograms present-
ed here performed better than the AJCC 7th staging system in 

Characteristics

Cancer-specific survival

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age <65 Ref Ref

³65 2.851 1.459–5.571 0.002 3.613 1.697–7.690 <0.001

Race White Ref Ref

Black 0.723 0.331–1.578 0.415 0.535 0.214–1.336 0.181

Other 0.328 0.045–2.408 0.273 0.347 0.043–2.772 0.318

Gender Female Ref Ref

Male 0.812 0.431–1.529 0.519 0.903 0.431–1.892 0.786

Marital 
status

Married Ref Ref

Unmarried 1.852 0.973–3.523 0.060 1.794 0.848–3.793 0.126

Unknown 0.697 0.093–5.245 0.726 0.598 0.075–4.748 0.627

Year of 
diagnosis

1988–2009 Ref Ref

2010–2015 0.414 0.209–0.822 0.012 0.323 0.149–0.702 0.004

Tumor 
grade

1 Ref Ref

2 1.166 0.440–3.089 0.758 1.161 0.417–3.237 0.775

3/4 17.507 8.625–35.537 <0.001 9.342 3.539–24.659 <0.001

Tumor size <1 cm Ref Ref

1–2 cm 1.883 0.740–4.788 0.184 1.586 0.508–4.945 0.427

>2 cm 7.948 3.357–18.815 <0.001 3.308 0.861–12.703 0.081

T stage T1 Ref Ref

T2 1.428 0.574–3.553 0.444 0.705 0.227–2.188 0.545

T3 5.400 2.169–13.446 <0.001 2.149 0.559–8.260 0.266

T4 12.925 5.675–29.436 <0.001 3.446 0.946–12.555 0.061

N stage N0 Ref Ref

N1 2.946 1.543–5.625 0.001 0.600 0.216–1.665 0.327

M stage M0 Ref Ref

M1 4.376 1.915–10.000 <0.001 3.586 1.299–9.899 0.014

Surgery Yes Ref Ref

No/Unknown 2.735 1.328–5.636 0.006 3.094 1.277–7.497 0.012

Table 3. Univariate and multivariate analyses of CSS in patients with D-NENs.

D-NENs – primary duodenal neuroendocrine neoplasms; Race: Other – American Indian & AK Native & Asian & Pacific Islander; 
Marital status: Unmarried – Single & Separated & Divorced & Widowed & Unmarried or Domestic Partner.
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Figure 4. �Nomograms predicting 1-, 5-, and 10-year overall survival (A) and cancer-specific survival (B) of patients with PGINHL.
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C-index (95% CI) Training cohort Validation cohort All cohort

Overall survival Nomogram 0.739 (0.690–0.788) 0.696 (0.618–0.774) 0.722 (0.679–0.765)

AJCC 7th staging system 0.534 (0.477–0.591) 0.604 (0.522–0.686) 0.561 (0.516–0.606)

Cancer-specific 
survival

Nomogram 0.859 (0.802–0.916) 0.781 (0.659–0.903) 0.801 (0.736–0.866)

AJCC 7th staging system 0.718 (0.626–0.810) 0.719 (0.590–0.848) 0.720 (0.646–0.794)

Table 4. The C-index for nomograms and the AJCC 7th staging system in patients with D-NENs.

AJCC – American Joint Committee on Cancer; D-NEN – duodenal neuroendocrine neoplasms.
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Figure 5. �Calibration plots for predicting patient overall survival (A–C) and cancer-specific survival (D–F) at 1, 5, and 10 years.

predicting patient prognosis, allowing physicians to more ac-
curately predict individual clinical outcomes and to provide 
personalized treatment.

The Ki-67 index or mitotic rate, a marker of cell division and 
measure of proliferation, has been shown to provide significant 
prognostic information for GEP-NENs [21–25]. Khan et al. con-
cluded that the Ki-67 index is a better prognostic marker than 
mitotic rate in metastatic pancreatic and ‘midgut’ NENs [25]. 

However, some investigators have questioned the Ki-67 index 
as an independent prognostic variable in GEP-NENs [26,27]. 
Previous studies demonstrated that WHO grade based on 
the Ki-67 index was independently correlated with the prog-
nosis of OS in D-NENs patients [28,29]. In another study, 
Alessandro et al. revealed that CSS of G1 versus G2 (with Ki-67 
index of 2% as threshold) was significantly different only in 
univariate analysis but not in multivariate analysis after ad-
justing for age and stage in D-NENs patients [30]. These results 
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Figure 6. �ROC curves of the nomograms and AJCC 7th staging system for 1-, 5-, and 10-year overall survival and cancer-specific survival 
prediction in the training cohort (A–D), validation cohort (E–H) and whole cohort (I–L).
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Figure 7. �Decision curve analysis of the nomograms and AJCC 7th staging system for predicting overall survival (A) and cancer-specific 
survival (B) in patients with primary duodenal neuroendocrine neoplasms.
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Figure 8. �(A–T) Kaplan-Meier analysis of overall survival in primary duodenal neuroendocrine neoplasms patients with or without 
surgery.
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Figure 9. �(A–T) Kaplan-Meier analysis of cancer-specific survival in primary duodenal neuroendocrine neoplasms patients with or 
without surgery.
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indicate that Ki-67 index or mitotic rate as an independent 
prognostic parameter in neuroendocrine neoplasms remains 
controversial. Therefore, it is necessary to further analyze the 
prognostic role of Ki-67 index and/or mitotic rate in patients 
with D-NENs.

Limitations exist in our study. First, we did not have important 
information on mitotic rate and Ki-67 index, as this informa-
tion is not available in the SEER database. Second, this was a 
retrospective study, which might have led to potential selec-
tion bias in the participants. Our results still need to be vali-
dated by larger randomized controlled studies.

Conclusions

We found that the nomograms are effective in predicting the 
prognosis of patients with D-NENs, and they have consistent 
reliability and wide clinical application.
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