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Running title: Risk of recurrence for neuroendocrine tumors  

Synopsis: We developed a nomogram to predict the risk of recurrence for patients who 

underwent curative-intent resection of primary, non-metastatic, gastro-entero-pancreatic 

neuroendocrine tumors. 

Background: The risk of recurrence after resection of non-metastatic gastro-entero-pancreatic 

neuroendocrine tumors (GEP-NET) is poorly defined. We developed/validated a nomogram to 

predict risk of recurrence after curative-intent resection. 

Methods: A training set to develop the nomogram and test set for validation were identified. The 

predictive ability of the nomogram was assessed using c-indices. 

Results: Among 1,477 patients, 673 (46%) were included in the training set and 804 (54%) in 

the test set. On multivariable analysis, Ki-67, tumor size, nodal status, and invasion of adjacent 

organs were independent predictors of DFS. The risk of death increased by 8% for each 

percentage increase in the Ki-67 index (HR 1.08, 95% CI, 1.05-1.10; p<0.001). GEP-NET 

invading adjacent organs had a HR of 1.65 (95% CI, 1.03-2.65; p=0.038), similar to tumors ≥3 

cm (HR 1.67, 95% CI, 1.11-2.51; p=0.014). Patients with 1-3 positive nodes and patients with >3 

positive nodes had a HR of 1.81 (95% CI, 1.12-2.87; p=0.014) and 2.51 (95% CI, 1.50-4.24; 

p<0.001), respectively. The nomogram demonstrated good ability to predict risk of recurrence 

(c-index: training set, 0.739; test set, 0.718).  

Conclusion: The nomogram was able to predict the risk of recurrence and can be easily applied 

in the clinical setting. 

Keywords: Nomogram, recurrence, neuroendocrine tumors  
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INTRODUCTION 

Gastro-entero-pancreatic neuroendocrine tumors (GEP-NET) are a heterogeneous group 

of tumors that originate from the diffuse neuroendocrine cell system of the gastrointestinal tract 

and pancreas [1]. Even though GEP-NET have classically been considered rare neoplasia, recent 

data have suggested an exponential increase in the incidence of GEP-NET over the last several 

decades [2-5]. Specifically, the annual age-adjusted incidence of GEP-NET was 1.09 per 

100,000 persons in 1973 compared with 6.98 per 100,000 persons in 2012 – a six-fold increase 

[4]. The prevalence of GEP-NET is now higher than all other gastrointestinal cancers except for 

colorectal neoplasia [3]. GEP-NET tumors can present with a wide range of histologic features 

and clinical presentations, as well as variable biological behavior. Depending on the primary site 

and grade, GEP-NET can have an indolent or aggressive course that can be resistant to many 

types of treatment [6]. For patients with loco-regional disease, curative-intent surgical 

management of the primary tumor is first-line treatment. In contrast, for patients with more 

advanced metastatic disease, the goals of resection may include both symptom control, debulking 

to limit tumor progression, as well as attempts at complete surgical extirpation [7].  

While data on overall survival has more commonly been reported, the risk of recurrence 

following curative resection of primary NET has been less defined. Specifically, data on 

recurrence after resection, including incidence of recurrence, recurrence pattern and prognostic 

factors associated with recurrence, remain relatively scarce [4,8-11]. Data on recurrence is, 

however, important to inform patients about the likelihood of treatment success and the risk of 

recurrence following surgical intervention. In particular, accurate individual patient-based 

estimates of risk of recurrence may not only assist with patient counseling and inform decision-

making, but also help guide follow-up. While nomograms have been reported as useful tools to 
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discriminate the prognosis of patients for a number of different cancers, nomograms have not 

been widely applied to patients with GEP-NET [12]. Therefore, the objective of the current study 

was to identify factors associated with recurrence among patients who underwent curative intent 

resection of GEP-NET using a large multi-institutional database. Using these factors, we sought 

to develop and validate a nomogram to predict individual patient-specific risk of recurrence after 

curative-intent surgical resection of non-metastatic primary GEP-NET.  

 

PATIENTS AND METHODS 

Study population and data collection 

In this retrospective cohort study, a multi-institutional database was queried to identify 

patients who underwent surgery for histologically confirmed GEP-NET between 2000 and 2014 

at one of the eight centers participating of the US Neuroendocrine Tumor Study Group (US-

NETSG). US-NETSG included The Ohio State University Wexner Medical Center and James 

Comprehensive Cancer Center, Columbus, OH; Winship Cancer Institute, Emory University, 

Atlanta, GA; Stanford University, Palo Alto, CA; Virginia Mason Medical Center, Seattle, WA; 

University of Wisconsin, School of Medicine and Public Health, Madison, WI; Washington 

University, School of Medicine, St. Louis, MO; Vanderbilt University, Nashville, TN; 

University of Michigan, Ann Arbor, MI. The Institutional Review Board of the participating 

institutions approved the study. Only patients who underwent curative-intent surgery for primary 

GEP-NET without metastasis (M0) were included. Patients who underwent only non-surgical 

treatments (percutaneous ablation or intra-arterial therapy), debulking, and palliation were 

excluded. Standard patient demographic and clinico-pathologic characteristics were collected, 

including age, gender, American Society of Anesthesiologist (ASA) class of risk, number of 
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GEP-NET lesions, tumor size, invasion of adjacent organs, margin status, tumor grade, Ki-67 

index, and lymph node status.  

 

Statistical analysis 

Discrete variables were described as medians with interquartile range (IQR) and 

categorical variables were recorded as totals and frequencies. Imputation for missing data was 

performed using fully conditional specification (FCS) implemented by the multivariate 

imputation by chained equations (MICE) algorithm [13]. Univariable comparisons were assessed 

using the chi-squared test or fisher’s exact test as appropriate. The outcome for survival analyses 

was disease-free survival (DFS), defined as the time interval between the date of surgery and the 

date of recurrence. Time was censored at the date of the last follow-up assessment for patients 

without recurrence. Survival curves were estimated using the Kaplan-Meier method and 

differences between the curves were compared using the log-rank test. Variables that had a p-

value <0.1 on univariate analyses were included in the final multivariable model.  

A pseudo-randomization based on the day of birth was used to identify a training set 

(patients born within the first 16 days of the month of birth) to develop the model and a test set 

(patients born within the last 15 days of the month of birth) to validate the model [14]. 

Multivariable Cox proportional hazards models were used to evaluate associations between 

variables and DFS. A sensitivity analysis was performed on the un-imputed data to confirm the 

results of the multivariable analysis. Continuous variables were included in the nomogram using 

their original format or as categorical variables based on clinical considerations and comparison 

of the performance of the models with the continuous and categorical forms of the variables. The 

final multivariable model was used to develop the nomogram. Coefficients from the Cox models 
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were reported as hazard ratios (HR) with corresponding 95% confidence intervals (CI). A P-

value of <0.05 (two-tailed) was considered statistically significant. All analyses were performed 

using STATA version 12.0 (StataCorp LP, College Station, TX, USA) and R software for 

statistical computing, v. 3.0.2 34, with the additional packages: survival, mice, and Hmisc [13].  

 

RESULTS 

Baseline characteristics 

 Table 1 lists the baseline characteristics of the 1,477 patients in the cohort. There were 

723 (48.9%) men and 754 (51.1%) women with the majority of patients being under the age of 

65 years (n=1,039, 70.4%). Most patients were ASA class 2 (n=568, 41.3%) or 3 (n=714, 52%), 

while a smaller subset were class 1 (n=65, 4.7%) or 4 (n=27, 2%). While GEP-NET was not 

associated with a genetic syndrome in the overwhelming majority of patients (n=1,358, 91.9%), 

72 (5%) and 11(0.8%) patients were diagnosed with Multiple Endocrine Neoplasia type 1 (MEN 

1) and Von Hippel-Lindau (VHL) syndromes, respectively. Overall, 880 (60.4%) patients had a 

functional GEP-NET. The primary tumor site was pancreas in over one-half of cases (n=948, 

64.2%), followed by jejunum-ileum (n=198, 13.4%) or duodenum (n=101, 6.8%). Other sites 

such as the stomach, appendix, rectum, colon, ampulla, liver and gallbladder were less common 

(n=230, 15.6%). 

 On final pathology, primary tumor size was < 3 cm in 1,031 (69.8%) patients. The vast 

majority of tumors were well differentiated (n=1,101; 88.3%); 118 (9.5%) tumors were 

moderately differentiated tumor, while 2.2% (n=28) were poorly differentiated. Median Ki-67 

index was 2% (IQR 1-5). Most patients had no lymph node metastasis (n=704, 60.7%); 317 

(27.3%) patients had 1-3 lymph node metastasis and 139 (12.0%) had >3 nodal metastasis. 

Perivascular and perineural invasion were present in 36.2% (n=387) and 25.3% (n=25.3) of 
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tumors, respectively. Margin status was microscopically negative in 1,246 (84.9%) patients.  

Factors associated with disease-free survival 

The analytic cohort was divided into a training set (n= 754, 51.1%) used to identify 

factors associated with DFS to develop the nomogram; subsequently, 723 (48.9%) patients were 

included in the test set to validate the nomogram. The baseline characteristics of patients 

included in the training and test sets are reported in Table 1. Of note, there were no differences in 

the clinico-pathologic variables in the training versus test cohorts.  

In assessing the 754 patients in the training cohort, several factors were associated with 

DFS on univariable analysis (Table 2). Specifically, patients with a <3% Ki-67 index had a 5-

year DFS of 82.6% (95% CI, 71.05-89.7), while patients with tumors that had a 3-20% and 

>20% Ki-67 index had 5-year DFS of 69.7% (95% CI, 57.8-78.9) and 26.6% (95% CI, 7.3-51.1), 

respectively (p<0.001). In addition, 5-year DFS was 38.6% (95% CI, 13.4-63.6) among patients 

with poorly differentiated GEP-NET, versus 65.2% (95% CI, 44.2-79.9) and 83.4% (95% CI, 

78.6 -87.2) for patients with moderately and well-differentiated tumors, respectively (p<0.001). 

Tumor size was also associated with long-term outcomes. Specifically, patients with GEP-NET 

<3 cm had a 5-year DFS of 87.3% (95% CI, 82.5-90.8) versus 66.3% (95% CI, 57.8-73.5) for 

tumors ≥ 3 cm (p<0.001). In addition, 5-year DFS for patients with no lymph node metastasis 

was 84.6% (95% CI, 79.2-87.1) compared with 71.8% (95% CI, 64.7-78.2) for patients with 1-3 

metastatic lymph nodes and 56.9% (95% CI, 46.1-69.5) for patients with >3 metastatic lymph 

nodes (p<0.001). On multivariable analysis, Ki-67, tumor size, nodal status, and invasion of 

adjacent organs remained independent predictors associated with DFS. Of note, the risk of death 

increased by 8% for each percentage increase in the Ki-67 index (HR 1.08, 95% CI, 1.05-1.10; 

p<0.001). Patients with GEP-NET invading adjacent organs had a HR of 1.65 (95% CI, 1.03-
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2.65; p=0.038), which was similar to the increased hazard of death associated with tumor ≥3 cm 

in size (HR 1.67, 95% CI, 1.11-2.51; p=0.014). Furthermore, compared with patients who did 

not have nodal metastasis, patients who had 1-3 positive nodes had 1.8-fold increased risk of 

death (HR 1.81, 95% CI, 1.12-2.87; p=0.014), while patients with >3 lymph node metastasis had 

a 2.5-fold increased risk of death (HR 2.51, 95% CI, 1.50-4.24; p<0.001). A sensitivity analysis 

was performed on the un-imputed data, which confirmed the results of the initial multivariable 

analysis. Subsequently, the beta-coefficients from the final multivariable model were utilized to 

develop a nomogram (Figure 1).  

 

Prediction Ability of the Nomogram and External Validation 

The nomogram demonstrated a good ability to predict risk of recurrence in both the 

training set (c-index 0.739; standard error [se], 0.02) and the test set (c-index of 0.718; se, 0.03) 

(Supplemental Figure). When the performance of the nomogram was tested in the subgroups of 

patients characterized by different embryological origins of primary GEP-NET (foregut, midgut, 

and hindgut), the ability of the nomogram to predict the risk of recurrence was the same in all 

three groups (p>0.1). Particularly, the c-index was 0.767 (se, 0.03), 0.741 (se, 0.06), and 0.70 (se, 

0.12) in the foregut, midgut, and hindgut groups, respectively. In addition, while the Ki-67 index 

was included in the model as a continuous variable, lymph node status and tumor size were 

included as categorical variables. Subsequent analyses compared the performances of the models 

including either continuous or categorical forms of the variables to assess the risk of bias. These 

analyses demonstrated no difference in the ability to predict the risk of recurrence among the 

different models (all p>0.1). 

Based on the risk of recurrence predicted by the nomogram (PRisk), patient overall risk 
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of recurrence categorized into four distinct groups: group 1 (PRisk <20%), group 2 (PRisk 20-

40%), group 3 (PRisk 40-80%), and group 4 (PRisk >80%). Among the 1,477 patients analyzed, 

more than two third of patients (n=1,052, 71.2%) were in group 1 (PRisk <20%), while 295 

(20.0%), 112 (7.6%), and 18 (1.2%) patients were in groups 2 (PRisk 20-40%), 3 (PRisk 40-

80%), and 4 (PRisk >80%), respectively. Five-year DFS was 88.7% (95% IC, 85.7-91.2), 68.4% 

(95% IC, 60.8-74.9), and 45.3% (95% IC, 32.9-56.9) in group 1 (PRisk <20%), group 2 (PRisk 

20-40%), and group 3 (PRisk 40-80%), respectively. Of note, all patients in group 4 (PRisk 

>80%) had recurrence within 3 years following surgery (Figure 2).  

Among the 207 (14%) patients who relapsed, 98 (47.6%) patients had recurrence < 18 

months from surgery, 42 (20.4%) recurred within 18-36 months, while 66 (32.0%) had 

recurrence >36 months from surgery. Patients in group 1 (PRisk <20%) and group 2 (PRisk 20-

40%) had a higher incidence of recurrence >36 months from surgery (group 1, n=33, 41.3%; 

group 2, n=25, 34.7%), compared with recurrences within 18-36 months from surgery (group 1, 

n=15, 18.8%; group 2, n=10, 13.9%). Interestingly, patients in groups 3 (PRisk 40-80%), and 4 

(PRisk >80%) demonstrated a higher likelihood or recurrence < 18 months from the time of 

surgery (Figure 3a). Particularly, the incidence of recurrence < 18 months from the time of 

surgery was 48.9% (n=22) for patients in nomogram group 1 and 77.8% for patients in group 4.  

Among the 207 (14%) patients who relapsed, 63 (31.0%) patients had local recurrence, 

while 140 (69.0%) patients had a distant recurrence. Of note, the nomogram groupings were also 

associated with the pattern of recurrence. Specifically, patients in group 1 (n=37, 46.8%) and 

group 2 (n=17, 23.6%) were more likely to recur locally compared with patients in group 3 (n=7, 

16.3%) and group 4 (n=2, 22.2%)(p=0.0001)(Figure 3b). In contrast, the incidence of distant 

recurrence was only 11.9% (n=5) among patients in group 1 (PRisk <20%) versus 60.0% among 
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patients in group 4 (PRisk >80%)(p=0.008; Figure 3c). 

DISCUSSION 

Current recommendations for peri-operative management (i.e. analogues of somatostatin, 

neo-adjuvant and adjuvant chemotherapy) and post-operative surveillance of patients who 

undergo curative-intent surgery of primary GEP-NET are largely based on expert opinion and 

small retrospective studies focused on specific subtypes of neuroendocrine tumors [7,15-19]. 

Moreover, the optimal prognostic classification (i.e. nomogram and staging system) to stratify 

risk of recurrence for GEP-NET patients has not been defined. The American Joint Committee 

on Cancer (AJCC) TNM classification is one of the most common staging systems used in the 

clinical setting, which is based on classic pathological variables including tumor characteristics 

(T), lymph node status (N), and presence of distant metastases (M)[20]. In 2010, the World 

Health Organization (WHO) described the mitotic count and Ki-67 index as important 

parameters to effectively grade GEP-NET and included these two parameters in the WHO 

staging system [21]. Subsequently, the European Neuroendocrine Tumor Society (ENETS) 

combined the TNM classification with a grading system based on both mitotic count and Ki-67 

index [15,22,23]. Even though the ENETS staging system has demonstrated to be superior to the 

AJCC TNM classification, several other clinico-pathologic characteristics have been proposed as 

additional variables impacting the prognosis of GEP-NET patients, including gender, age at 

diagnosis, site of primary tumor, grade of differentiation and site of metastatic disease [24-26]. 

There is also no consensus on the optimal cut-off value for Ki-67 index that should be used to 

stratify patients’ prognosis [27,28]. Furthermore, these staging systems have exclusively focused 

on stratifying patients with regards to overall survival, rather than risk of recurrence. The aim of 

our study was to develop and validate a nomogram to accurately predict individual risk of 
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recurrence after curative resection of GEP-NET. Nomograms can be more accurate and clinically 

applicable tools to predict outcomes in the context of cancer than conventional staging systems 

[12]. Even though several previous nomograms have been proposed to predict prognosis, risk of 

lymph node metastasis, distant metastasis, and overall survival after resection of primary GEP-

NET, to the best of our knowledge, no nomograms or staging system predicting the risk of 

recurrence, independently of the anatomical site of primary GEP-NET, have been proposed 

[11,29-35]. Particularly, the impact of the organ site of primary GEP-NET on patients prognosis 

has not been completely clarified.[36] In the current analysis, site of primary GEP-NET was not 

associated with the risk of recurrence and the predictive ability of the nomogram was no 

different among subgroups of patients categorized by different embryological origins of primary 

GEP-NET (foregut, midgut, and hindgut). The current nomogram is important, therefore, as we 

developed and validated it using a large multi-institutional international database, including only 

patients with primary, non-metastatic, GEP-NET.  

Four variables (i.e. Ki-67 index as a continue variable, node status, tumor size, and 

invasion of adjacent organs) were strongly associated with risk of recurrence on multivariable 

analysis and were included in the proposed nomogram. Ki-67 index has been identified as an 

important biological variable for patients with GEP-NET [22,29,30,37-39]. Even though ENETs 

and WHO 2010 classifications defined three prognostic groups based on Ki-67 index cut-off 

values of 3% and 20%, we chose to include Ki-67 as a continuous variable in the nomogram, 

since Ellison et al. had previously noted that Ki-67 index had a linear relationship with survival 

[29]. While the updated WHO 2017 classification for neuroendocrine tumors proposed new cut-

off values, several authors have suggested a modification of the cut-off values for the Ki-67 

index to better stratify patient prognosis [28,40-42]. Roughly 60% of patients in our cohort had a 
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Ki-67 index <3%, 35% a Ki-67 index 3-20%, and 5% of patients a Ki-67 index >20%. The 5-

year DFS was 82.6 % for patients in the <3% Ki-67 group, 69.7 % for patients with Ki-67 3-

20%, and only 26.6% in the >20% Ki-67 group. In the proposed nomogram, Ki-67 index was, 

however, a stronger predictor of recurrence as a continuous variable versus a categorical 

variable. Interestingly, when Ki-67 index was considered a continue variable, the risk of 

recurrence increased by 8% for each additional percentage point of Ki-67. 

Tumor size was also a strong predictor of recurrence and was included in the nomogram 

as a categorical variable. Specifically, patients with tumors <3 cm had a 5-year DFS of 87% 

versus 66% for patients with tumors ≥3 cm. In fact, tumor size ≥ 3 cm conferred over a 1.5-fold 

increased risk of recurrence. Previous studies have similarly demonstrated that tumor size can 

impact prognosis of patients with GEP-NET. For example, Mosquera et al. reported that the risk 

of metastasis increased by 39% for each 1 cm increase in tumor size [35]. In a separate study, 

Fang et al. reported that patients with tumors 2-4 cm and >4cm had an increased hazard of death 

compared with patients with tumors smaller than 2 cm [11]. In addition, data from other studies 

have correlated tumor size with the risk of lymph node metastasis [43-45]. To this point, Sohn et 

al. reported that tumor grade combined with tumor size is an important predictive factor for 

lymph node metastasis and could serve as a prognostic factor for survival outcomes [46]. 

Collectively, the data strongly suggest that tumor size impacts prognosis of patients with GEP-

NET tumors. 

Even though lymph node status has been reported as an important predictor of survival 

among patients with GEP-NET, there are less data on the impact of metastatic nodal disease on 

the risk of recurrence. Analyzing clinico-pathologic factors associated with recurrence in 188 

patients who underwent surgery for GEP-NET, Slatger et al. reported that lymph node 
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involvement was an important independent risk factor for recurrence (HR 2.61; 95%CI, 1.17-

5.83)[39]. In a separate study, Dieckhoff et al. reported that lymph node ratio (LNR) was a more 

precise method to predict outcome rather than simple lymph node status [47]. In this analysis, 

patients with a LNR >0.2 had a 5-year DFS of 46% versus 76% for patients with a LNR ≤0.2 

[47]. Similarly, Martin et al. reported an increased risk of death of 1.5-, 2-, and 3-fold for 

patients with LNR ≤0.2 (HR, 1.5), LNR 0.2-0.5 (HR, 2.0), and LNR >0.5 (HR, 3.1), 

respectively, compared with patients without nodal metastasis [10]. In the current analysis, the 

number of metastatic nodes was also strongly associated with the risk of recurrence on both 

univariable and multivariable analyses. Particularly, patients with node negative disease had a 5-

year DFS of 85% versus 72% for patients with 1-3 nodal metastases and a DFS of 57% for 

patients with >3 nodal metastases. In fact, on multivariable analysis, compared with individuals 

who were node negative, patients with 1-3 and >3 nodal metastases had a 1.8- and 2.5-fold 

increased risk of recurrence. 

While prognostic factors associated with recurrence after resection of GEP-NET have 

been reported in the literature, data regarding patterns of recurrence are scarce [37,39,47-49]. 

Using the Surveillance, Epidemiology, and End Results (SEER) and Medicare databases, Shen et 

al. analyzed patterns of recurrence after surgical resection among 2,366 patients with non-

metastatic NETs. While 16% of patients developed metastatic disease within 5 years, only 1% of 

patients developed metastases between 5 and 10 years after surgery. Moreover, only 10% of 

patients with local disease had recurrence compared with 31% of patients with GEP-NET that 

invaded adjacent organs or had lymph node metastasis [50]. In a separate study, Strosberg et al. 

reported that the incidence of recurrence peaked approximately 2 years after surgery [51]. In the 

current study, the proposed nomogram demonstrated good ability to predict 3-, 5-, and 10-year 
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recurrence in both the training and test set. In addition, the nomogram groupings were associated 

with timing and patterns of recurrence. For example, patients in nomogram groups 1 and 2 were 

more likely to experience recurrence >36 months from surgery. In contrast, patients in 

nomogram groups 3 and 4 had a much higher high incidence of recurrence <18 months from 

surgery, with recurrence >36 months from surgery being less common. In addition to time of 

recurrence, the nomogram groupings were associated with the pattern of recurrence. Specifically, 

while the majority of patients in nomogram group 1 had a similar incidence of local (47%) 

versus distal recurrence (53%), patients in nomogram groups 3 and 4 were much more likely to 

experience a distant recurrence rather than a local recurrence. These data strongly suggest that a 

nomogram based on biological (Ki67, nodal status), as well as anatomical (tumor size, invasion 

of adjacent organs) factors can help identify which individual patients are at highest risk of 

recurrence.  

Several limitations should be considered when interpreting the results. Given the 

retrospective design and the multicenter nature of the study, selection bias was possible. While a 

pseudo-randomization was used to create two cohorts of patients for the development and 

validation of the nomogram, the nomogram will require further external validation in a separate 

cohort of patients. In addition, the study cohort included only patients who underwent surgery at 

one of eight specific academic centers in the United States. Therefore, the results from the 

current study may not be generalizable to non-academic, community centers or lower volume 

centers. 

 

CONCLUSION 

A nomogram based on four variables (i.e. Ki-67, tumor size, invasion of adjacent organs 

and lymph node status) was able to predict the risk of recurrence after surgery for GEP-NET. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

The nomogram groupings were also associated with different timing and patterns of recurrence. 

The nomogram demonstrated a good ability to identify patients at risk of recurrence (c-index: 

training set 0.739, test set 0.718) and can be easily applied in the clinical setting. While this 

nomogram will need to be further validated, nomograms such as the one proposed herein may be 

helpful clinical tools for providers to inform patients about the risk of recurrence, as well as 

personalize adjuvant treatment and surveillance strategies following surgery for patients with 

primary GEP-NET.  

References 

1. Sandvik OM, Søreide K, Gudlaugsson E, et al.: Epidemiology and classification of 

gastroenteropancreatic neuroendocrine neoplasms using current coding criteria. Br J Surg 

2016;103:226-232. 

2. Fraenkel M, Kim M, Faggiano A, et al.: Incidence of gastroenteropancreatic 

neuroendocrine tumours: a systematic review of the literature. Endocr Relat Cancer 

2014;21:R153-163. 

3. Yao JC, Hassan M, Phan A, et al.: One hundred years after "carcinoid": epidemiology of 

and prognostic factors for neuroendocrine tumors in 35,825 cases in the United States. J 

Clin Oncol 2008;26:3063-3072. 

4. Dasari A, Shen C, Halperin D, et al.: Trends in the Incidence, Prevalence, and Survival 

Outcomes in Patients With Neuroendocrine Tumors in the United States. JAMA Oncol 

2017. 

5. Hallet J, Law CH, Cukier M, et al.: Exploring the rising incidence of neuroendocrine 

tumors: a population-based analysis of epidemiology, metastatic presentation, and 

outcomes. Cancer 2015;121:589-597. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

6. Kim SJ, Kim JW, Oh DY, et al.: Clinical course of neuroendocrine tumors with different 

origins (the pancreas, gastrointestinal tract, and lung). Am J Clin Oncol 2012;35:549-556. 

7. Kunz PL, Reidy-Lagunes D, Anthony LB, et al.: Consensus guidelines for the 

management and treatment of neuroendocrine tumors. Pancreas 2013;42:557-577. 

8. Martin JA, Warner RR, Wisnivesky JP, Kim MK: Improving survival prognostication of 

gastroenteropancreatic neuroendocrine neoplasms: Revised staging criteria. Eur J Cancer 

2017;76:197-204. 

9. Mosquera C, Koutlas NJ, Fitzgerald TL: Localized high-grade gastroenteropancreatic 

neuroendocrine tumors: Defining prognostic and therapeutic factors for a disease of 

increasing clinical significance. Eur J Surg Oncol 2016;42:1471-1477. 

10. Martin JA, Warner RRP, Aronson A, et al.: Lymph Node Metastasis in the Prognosis of 

Gastroenteropancreatic Neuroendocrine Tumors. Pancreas 2017;46:1214-1218. 

11. Fang C, Wang W, Feng X, et al.: Nomogram individually predicts the overall survival of 

patients with gastroenteropancreatic neuroendocrine neoplasms. Br J Cancer 2017. 

12. Shariat SF, Karakiewicz PI, Suardi N, Kattan MW: Comparison of nomograms with 

other methods for predicting outcomes in prostate cancer: a critical analysis of the 

literature. Clin Cancer Res 2008;14:4400-4407. 

13. van Buuren S, Groothuis-Oudshoorn K: mice: Multivariate Imputation by Chained 

Equations in R. Journal of Statistical Software 2011;45:1-67. 

14. Kao LS, Tyson JE, Blakely ML, Lally KP: Clinical research methodology I: introduction 

to randomized trials. J Am Coll Surg 2008;206:361-369. 

15. Kulke MH, Shah MH, Benson AB, et al.: Neuroendocrine tumors, version 1.2015. J Natl 

Compr Canc Netw 2015;13:78-108. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

16. Garcia-Carbonero R, Sorbye H, Baudin E, et al.: ENETS Consensus Guidelines for High-

Grade Gastroenteropancreatic Neuroendocrine Tumors and Neuroendocrine Carcinomas. 

Neuroendocrinology 2016;103:186-194. 

17. Howe JR, Cardona K, Fraker DL, et al.: The Surgical Management of Small Bowel 

Neuroendocrine Tumors: Consensus Guidelines of the North American Neuroendocrine 

Tumor Society. Pancreas 2017;46:715-731. 

18. Strosberg JR, Halfdanarson TR, Bellizzi AM, et al.: The North American 

Neuroendocrine Tumor Society Consensus Guidelines for Surveillance and Medical 

Management of Midgut Neuroendocrine Tumors. Pancreas 2017;46:707-714. 

19. Singh S, Asa SL, Dey C, et al.: Diagnosis and management of gastrointestinal 

neuroendocrine tumors: An evidence-based Canadian consensus. Cancer Treat Rev 

2016;47:32-45. 

20. Edge SB, American Joint Committee on Cancer.: "AJCC cancer staging manual." New 

York: Springer, 2010. 

21. Bosman FT, World Health Organization., International Agency for Research on Cancer.: 

"WHO classification of tumours of the digestive system." Lyon: International Agency for 

Research on Cancer, 2010. 

22. Rindi G, Klöppel G, Alhman H, et al.: TNM staging of foregut (neuro)endocrine tumors: 

a consensus proposal including a grading system. Virchows Arch 2006;449:395-401. 

23. Rindi G, Klöppel G, Couvelard A, et al.: TNM staging of midgut and hindgut (neuro) 

endocrine tumors: a consensus proposal including a grading system. Virchows Arch 

2007;451:757-762. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

24. Greene FL, Sobin LH: The staging of cancer: a retrospective and prospective appraisal. 

CA Cancer J Clin 2008;58:180-190. 

25. Spolverato G, Bagante F, Aldrighetti L, et al.: Neuroendocrine Liver Metastasis: 

Prognostic Implications of Primary Tumor Site on Patients Undergoing Curative Intent 

Liver Surgery. J Gastrointest Surg 2017. 

26. Yang M, Zeng L, Zhang Y, et al.: TNM staging of pancreatic neuroendocrine tumors: an 

observational analysis and comparison by both AJCC and ENETS systems from 1 single 

institution. Medicine (Baltimore) 2015;94:e660. 

27. Kim JY, Hong SM, Ro JY: Recent updates on grading and classification of 

neuroendocrine tumors. Ann Diagn Pathol 2017;29:11-16. 

28. Kloppel G, Klimstra D, Hruban R, et al.: Pancreatic Neuroendocrine Tumors: Update on 

the New World Health Organization Classification. Ajsp-Reviews and Reports 

2017;22:233-239. 

29. Ellison TA, Wolfgang CL, Shi C, et al.: A single institution's 26-year experience with 

nonfunctional pancreatic neuroendocrine tumors: a validation of current staging systems 

and a new prognostic nomogram. Ann Surg 2014;259:204-212. 

30. Ye L, Ye H, Zhou Q, et al.: A retrospective cohort study of pancreatic neuroendocrine 

tumors at single institution over 15 years: New proposal for low- and high-grade groups, 

validation of a nomogram for prognosis, and novel follow-up strategy for liver 

metastases. Int J Surg 2016;29:108-117. 

31. Cao LL, Lu J, Lin JX, et al.: A novel predictive model based on preoperative blood 

neutrophil-to-lymphocyte ratio for survival prognosis in patients with gastric 

neuroendocrine neoplasms. Oncotarget 2016;7:42045-42058. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

32. Han X, Zhang C, Tang M, et al.: The value of serum chromogranin A as a predictor of 

tumor burden, therapeutic response, and nomogram-based survival in well-moderate 

nonfunctional pancreatic neuroendocrine tumors with liver metastases. Eur J 

Gastroenterol Hepatol 2015;27:527-535. 

33. Modlin IM, Gustafsson BI, Pavel M, et al.: A nomogram to assess small-intestinal 

neuroendocrine tumor ('carcinoid') survival. Neuroendocrinology 2010;92:143-157. 

34. Tong Z, Liu L, Zheng Y, et al.: Predictive value of preoperative peripheral blood 

neutrophil/lymphocyte ratio for lymph node metastasis in patients of resectable 

pancreatic neuroendocrine tumors: a nomogram-based study. World J Surg Oncol 

2017;15:108. 

35. Mosquera C, Fitzgerald TL, Vora H, Grzybowski M: Novel nomogram combining depth 

of invasion and size can accurately predict the risk for regional nodal metastases for 

appendiceal neuroendocrine tumors (A-NET). J Surg Oncol 2017. 

36. Russolillo N, Vigano L, Razzore P, et al.: Survival prognostic factors of gastro-enteric-

pancreatic neuroendocrine tumors after primary tumor resection in a single tertiary 

center: Comparison of gastro-enteric and pancreatic locations. Eur J Surg Oncol 

2015;41:751-757. 

37. Boninsegna L, Panzuto F, Partelli S, et al.: Malignant pancreatic neuroendocrine tumour: 

lymph node ratio and Ki67 are predictors of recurrence after curative resections. Eur J 

Cancer 2012;48:1608-1615. 

38. Coriat R, Walter T, Terris B, et al.: Gastroenteropancreatic Well-Differentiated Grade 3 

Neuroendocrine Tumors: Review and Position Statement. Oncologist 2016;21:1191-

1199. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

39. Slagter AE, Ryder D, Chakrabarty B, et al.: Prognostic factors for disease relapse in 

patients with neuroendocrine tumours who underwent curative surgery. Surg Oncol 

2016;25:223-228. 

40. Scarpa A, Mantovani W, Capelli P, et al.: Pancreatic endocrine tumors: improved TNM 

staging and histopathological grading permit a clinically efficient prognostic stratification 

of patients. Mod Pathol 2010;23:824-833. 

41. Pelosi G, Bresaola E, Bogina G, et al.: Endocrine tumors of the pancreas: Ki-67 

immunoreactivity on paraffin sections is an independent predictor for malignancy: a 

comparative study with proliferating-cell nuclear antigen and progesterone receptor 

protein immunostaining, mitotic index, and other clinicopathologic variables. Hum Pathol 

1996;27:1124-1134. 

42. Rindi G, Falconi M, Klersy C, et al.: TNM staging of neoplasms of the endocrine 

pancreas: results from a large international cohort study. J Natl Cancer Inst 

2012;104:764-777. 

43. Tsutsumi K, Ohtsuka T, Mori Y, et al.: Analysis of lymph node metastasis in pancreatic 

neuroendocrine tumors (PNETs) based on the tumor size and hormonal production. J 

Gastroenterol 2012;47:678-685. 

44. Al Natour RH, Saund MS, Sanchez VM, et al.: Tumor size and depth predict rate of 

lymph node metastasis in colon carcinoids and can be used to select patients for 

endoscopic resection. J Gastrointest Surg 2012;16:595-602. 

45. Saund MS, Al Natour RH, Sharma AM, et al.: Tumor size and depth predict rate of 

lymph node metastasis and utilization of lymph node sampling in surgically managed 

gastric carcinoids. Ann Surg Oncol 2011;18:2826-2832. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

46. Sohn B, Kwon Y, Ryoo SB, et al.: Predictive Factors for Lymph Node Metastasis and 

Prognostic Factors for Survival in Rectal Neuroendocrine Tumors. J Gastrointest Surg 

2017. 

47. Dieckhoff P, Runkel H, Daniel H, et al.: Well-differentiated neuroendocrine neoplasia: 

relapse-free survival and predictors of recurrence after curative intended resections. 

Digestion 2014;90:89-97. 

48. Baptiste GG, Postlewait LM, Ethun CG, et al.: Symptomatic presentation as a predictor 

of recurrence in gastroenteropancreatic neuroendocrine tumors: A single institution 

experience over 15 years. J Surg Oncol 2016;114:163-169. 

49. Ter-Minassian M, Chan JA, Hooshmand SM, et al.: Clinical presentation, recurrence, and 

survival in patients with neuroendocrine tumors: results from a prospective institutional 

database. Endocr Relat Cancer 2013;20:187-196. 

50. Shen C, Dasari A, Chu Y, et al.: Clinical, pathological, and demographic factors 

associated with development of recurrences after surgical resection in elderly patients 

with neuroendocrine tumors. Ann Oncol 2017;28:1582-1589. 

51. Strosberg JR, Cheema A, Weber JM, et al.: Relapse-free survival in patients with 

nonmetastatic, surgically resected pancreatic neuroendocrine tumors: an analysis of the 

AJCC and ENETS staging classifications. Ann Surg 2012;256:321-325. 

 

 

 

 

FIGURE LEGENDS 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

Figure 1. Nomogram Predicting the Risk of Recurrence at 3-, 5-, and 10-year after Surgery 

Figure 2. Kaplan Meier Curves for Disease-Free Survival Stratified on the base of the Risk of 

Recurrence predicted by our nomogram (PRisk): group 1 (PRisk <20%), group 2 (PRisk 20-

40%), group 3 (PRisk 40-80%), and group 4 (PRisk >80%). 

Figure 3. Comparison of the Incidence of Recurrence among the four PRisk groups identified: a) 

recurrence <18 months from surgery, recurrence within 18-36 months from surgery, and 

recurrence >36 months from surgery; b) local and distal recurrence; c) local plus distal 

recurrence and distant recurrence. 

Figure S1. Calibration plot comparing predicted and actuarial disease free survival at 5 years 

Table 1 - Baseline characteristics of the cohort (N= 1,477) 
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Variables N (%) Training Set Test Set p-value 
All patients 1,477 (100%) 754 (51.1%) 723 (48.9%) - 
Age 
  < 65 years 
  ≥ 65 years 

 
1,039 (70.4%) 
438 (29.6%) 

 
528 (70.4%) 
226 (29.6%) 

 
508 (70.5%) 
215 (29.5) 

0.98 

Gender  
  Male 
  Female 

 
723 (48.9%) 
754 (51.1%) 

 
375 (49.7%) 
379 (50.3%) 

 
348 (48.1%) 
375 (51.9%) 

0.54 

ASA Class 
  1 
  2 
  3 
  4 
  NA* 

 
65 (4.7%) 
568 (41.3%) 
714 (52.0%) 
27 (2.0%) 
103 

 
35 (4.9%) 
296 (41.2%) 
372 (51.7%) 
16 (2.2%) 
35 

 
30 (4.6%) 
272 (41.5%) 
342 (52.2%) 
11 (1.7%) 
68 

0.89 

Functional Status 
  Non- functional 
  Functional 
  NA* 

 
576 (39.6%) 
880 (60.4%) 
21 

 
305 (40.8%) 
443 (59.2%) 
6 

 
271 (38.3%) 
437 (61.7%) 
15 

0.33 

Genetic Syndrome 
  Not Syndromic 
  MEN 1 
  VHL 
  Neurofibromatosis 
  Tuberous Sclerosis 
  NA* 

 
1,358 (91.9%) 
72 (5.0%) 
11 (0.7%) 
5 (0.3%) 
2 (0.1%) 
29 

 
695 (93.6%) 
38 (5.1%) 
7 (0.9%) 
2 (0.3%) 
1 (0.1%) 
11 

 
663 (94.1%) 
34 (4.8%) 
4 (0.6%) 
3 (0.4%) 
1 (0.1%) 
18 

0.91 

Multifocal 
  No 
  Yes 
  NA*  

 
1,222 (93.6%) 
84 (6.4%) 
171 

 
615 (93.6%) 
42 (6.4%) 
97 

 
607 (93.5%) 
42 (6.5%) 
74 

0.95 

Primary 
  Ampulla 
  Appendix 
  Colon 
  Duodenum 
  Gallbladder 
  Liver 
  Pancreas 
  Rectum 
  Small Bowel 
  Stomach 

 
28 (1.9%) 
48 (3.3%) 
34 (2.3%) 
101 (6.8%) 
4 (0.3%) 
12 (0.8%) 
948 (64.2%) 
37 (2.5%) 
198 (13.4%) 
67 (4.5%) 

 
16 (2.1%) 
19 (2.5%) 
14 (1.9%) 
53 (7.0%) 
1 (0.1%) 
8 (1.1%) 
489 (64.9%) 
23 (3.1%) 
101 (13.4%) 
29 (3.9%) 

 
12 (1.7%) 
29 (4.0%) 
20 (2.8%) 
48 (6.6%) 
3 (0.4%) 
4 (0.6%) 
459 (63.5%) 
14 (1.9%) 
97 (13.4%) 
38 (5.1%) 

0.75 

Tumor Differentiation 
  Well differentiated 
  Moderately differentiated 
  Poorly differentiated 
  NA* 

 
1,101 (88.3%) 
118 (9.5%) 
28 (2.2%) 
230 

 
562 (88.2%) 
59 (9.3%) 
16 (2.5%) 
117 

 
539 (88.4%) 
59 (9.7%) 
12 (1.9%) 
113 

0.79 

Ki-67 Index, median (IQR) 2.0% (1-5) 2.6% (1-5) 2.0% (1-5) 0.87 
Lymphnodes Status 
  Negative 
  1-3 Positives 
  >3 Positives 
  NA* 

 
704 (60.7%) 
317 (27.3%) 
139 (12.0%) 
317 

 
368 (61.7%) 
156 (26.2%) 
72 (12.0%) 
158 

 
336 (59.6%) 
161 (28.5%) 
67 (11.9%) 
159 

0.79 

Tumor Size 
  < 3 cm 
  ≥ 3 cm 

 
1,031 (69.8%) 
446 (30.2%) 

 
521 (69.1%) 
233 (30.9%) 

 
510 (70.5%) 
213 (29.5%) 

0.55 

Final Margin Status 
  Negative 
  Positive 
  NA* 

 
1,246 (84.9%) 
222 (15.1%) 
9 

 
644 (85.9%) 
105 (14.1%) 
5 

 
602 (83.7%) 
117 (16.3%) 
4 

0.23 

Perivascular Invasion 
  Absent 
  Present 
  NA* 

 
683 (63.8%) 
387 (36.2%) 
407 

 
369 (66.3%) 
188 (33.7%) 
197 

 
314 (61.2%) 
199 (38.8%) 
210 

0.09 

Perineural Invasion    0.90 
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Table 2 - Univariate analysis, 5-year Disease-Free Survival 

Variables N (%) 5-year DFS 95% CI p-value 
All patients 754 (51.1%)   - 
Age 
  < 65 years 
  ≥ 65 years 

 
528 (70.4%) 
222 (29.6%) 

 
79.6% 
80.8% 

 
74.4-83.9 
71.9-87.1 

0.88 

Gender  
  Male 
  Female 

 
375 (49.7%) 
379 (50.3%) 

 
79.9% 
78.9% 

 
73.8-84.8 
73.4-84.9 

0.64 

ASA Class 
  1-2 
  3-4 

 
331 (46.0%) 
388 (54.0%) 

 
80.2% 
79.2% 

 
73.7-85.3 
72.5-84.4 

0.98 

Functional Status 
  Non- functional 
  Functional 

 
305 (40.8%) 
443 (59.2%) 

 
87.6% 
73.7% 

 
81.9-91.6 
67.2-79.2 

0.007 

Genetic Syndrome 
  Not Associated 
  Associated 

 
695 (93.0%) 
52 (7.0%) 

 
61.1% 
67.2% 

 
35.9-78.9 
58.6-74.4 

0.24 

Multifocal 
  No 
  Yes 

 
615 (93.6%) 
42 (6.4%) 

 
79.9% 
76.6% 

 
75.3-83.8 
45.8-91.3 

0.68 

Primary 
  Gastriontestinal 
  Pancreas 

 
265 (35.2%) 
489 (64.8%) 

 
71.9% 
67.7% 

 
61.5-80.0 
44.8-74.8 

0.93 

Tumor Differentiation 
  Well differentiated 
  Moderately differentiated 
  Poorly differentiated 

 
562 (88.2%) 
59 (9.3%) 
16 (2.5%) 

 
83.4% 
65.2% 
38.6% 

 
78.6-87.2 
44.2-79.9 
13.4-63.6 

<0.001 

Ki-67 Index Label 
  <3% 
  3-20% 
  >20% 

 
282 (60.3%) 
162 (34.6%) 
24 (5.1%) 

 
82.6% 
69.7% 
26.6% 

 
71.5-89.7 
57.8-78.9 
7.3-51.1 

<0.001 

Lymph node Status 
  Negative 
  1-3 Positives 
  >3 Positives 

 
368 (48.8%) 
156 (20.7%) 
72 (9.5%) 

 
84.6% 
71.8% 
56.9% 

 
79.2-87.1 
64.7-78.2 
46.1-69.5 

<0.001 

Tumor Size 
  < 3 cm 
  ≥ 3 cm 

 
521 (69.1%) 
233 (30.9%) 

 
87.3% 
66.3% 

 
82.5-90-8 
57.8-73.5 

<0.001 

Final Margin Status 
  Negative 
  Positive 

 
644 (85.9%) 
105 (14.0%) 

 
80.8% 
73.9% 

 
76.2-84.7 
59.4-83.9 

0.08 

Lymph-vascular Invasion 
  Absent 
  Present 

 
369 (66.3%) 
188 (33.8%) 

 
89.4% 
61.5% 

 
84.0-93.1 
50.9-70.6 

<0.001 

Perineural Invasion 
  Absent 
  Present  

 
366 (74.5%) 
125 (25.5%) 

 
85.9% 
62.1% 

 
80.1-90.2 
48.4-73.1 

<0.001 
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Table 3 - Multivariable survival analysis 

 

Variables HR 95% CI p-value 
Tumor Size 
  < 3 cm 
  ≥ 3 cm 

 
- 

1.67 

 
- 

1.11-2.51 

0.014 

Lymph node Status 
  Negative 
  1-3 positive nodes 
  >3 positive nodes 

 
- 

1.81 
2.51 

 
- 

1.12-2.87 
1.50-4.24 

 
- 

0.014 
0.001 

Ki-67 1.08 1.05-1.10 <0.001 
Invasion of Adjacent Organs 
  Absent 
  Present 

 
- 

1.65 

 
- 

1.03-2.65 

 
 

0.038 
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Figure 1 - Merath Bagante - NET nomogram - 2017 (1)  . 
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Figure 2 - Merath Bagante - NET nomogram - 2017 (1)  . 
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Figure 3 - Merath Bagante - NET nomogram - 2017  . 
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Figure S1 - Merath Bagante - NET nomogram - 2017 (1)  . 

 


