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Background

The treatment strategies and prognosis for gastroenteropancreatic neuroendocrine tumors were associated with tumor grade. Preoperative predictive grading could be of great benefit in the selection of treatment options for patients. However, there is still a lack of effective non-invasive strategies to detect gastrointestinal neuroendocrine tumors (GI-NETs) grading preoperatively.



Methods

The data on 147 consecutive GI-NETs patients was retrospectively collected from January 1, 2012, to December 31, 2019. Logistic regression was used to construct a predictive model of gastrointestinal neuroendocrine tumor grading using preoperative laboratory and imaging parameters.The validity of the model was assessed by area under the receiver operating characteristic curve (AUC), calibration curve, and decision curve analysis (DCA).



Results

The factors associated with GI-NETs grading were age, tumor size, lymph nodes, neuron-specific enolase (NSE), hemoglobin (HGB) and sex, and two models were constructed by logistic regression for prediction. Combining these 6 factors, the nomogram was constructed for model 1 to distinguish between G3 and G1/2, achieving a good AUC of 0.921 (95% CI: 0.884-0.965), and the sensitivity, specificity, accuracy were 0.9167, 0.8256, 0.8630, respectively. The model 2 was to distinguish between G1 and G2/3, and the variables were age, tumor size, lymph nodes, NSE, with an AUC of 0.847 (95% CI: 0.799-0.915), and the sensitivity, specificity, accuracy were 0.7882, 0.8710, 0.8231, respectively. Two online web servers were established on the basis of the proposed nomogram to facilitate clinical use. Both models showed an excellent calibration curve through 1000 times bootstrapped dataset and the clinical usefulness were confirmed using decision curve analysis.



Conclusion

The model served as a valuable non-invasive tool for differentiating between different grades of GI-NETs, personalizing the calculation which can lead to a rational treatment choice.
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Introduction

Neuroendocrine tumors (NETs) are heterogeneous tumors arising in the secretory cells of the diffuse neuroendocrine system. About two-thirds of NETs which originate in the gastrointestinal system or pancreas (1, 2). Over the past few decades, the incidence of gastroenteropancreatic neuroendocrine tumors is increasing (3, 4), among which gastrointestinal neuroendocrine tumors (GI-NETs) have been the second most common GI malignant tumor (5, 6). Surgery resection is frequent options treatment modality for gastroenteropancreatic neuroendocrine tumors even with limited metastatic, which allows very high rates of definitive cure (7). A United States National Cancer Database study on 14,510 patients with gastroenteropancreatic neuroendocrine tumors revealed that resection of primary tumor and Grade 1 and 2 tumors was associated with prolonged survival (p< 0.001) (8). For small tumors and certain selected patients with metastatic disease, surgery remains the only curative modality (9–11). However, given the natural history and prognosis, the balance between the benefits and risks of surgery should be carefully evaluated (7). Treatment options for advanced gastroenteropancreatic neuroendocrine tumors include surgical, medical, interventional radiology and nuclear medicine strategies (12).

Grading of GI-NETs by histopathology is based on postoperative specimens.To facilitate the management of gastroenteropancreatic neuroendocrine tumors, the World Health Organization (WHO) has developed a classification system that can grade tumors based on the markers of cell proliferation in the biopsy specimens (13). An accurate gastroenteropancreatic neuroendocrine tumors graded preoperative evaluation can help choose the appropriate surgical modality to assess the patient’s risk-benefit profile. When gastroenteropancreatic neuroendocrine tumors are graded as G1 or G2, surgical/endoscopic resection may be the preferred treatment of choice (14). Therefore, it is important to grade the patient preoperatively to help make individualized treatment decisions.

Superficial GI-NETs with small tumor size are usually treated by endoscopic removal by mucosal resection (EMR) or submucosal dissection (ESD), which has demonstrated its advantages in treatment (15–18). The outcomes and prognosis often depend on the endoscopists’ clinical experience while monitoring for tumor metastasis or recurrence after surgery (19–21). However, There is an increased risk of tumor recurrence in patients with resected G2 or G3 GI-NETs with high risk features (size >2 cm, or positive lymph nodes) (21, 22).

Imaging helps confirm the location of the primary gastroenteropancreatic neuroendocrine tumors and also determines the presence of metastatic disease. In a retrospective study on 138 pancreatic NETs (pNETs) patients (104 in training and 34 in validation cohorts) with fusion radiological features and tumor margins, Gu et al. developed a radiomics nomogram to differentiate between G1 and G2/3 grades. The nomogram showed a strong discrimination with AUC of 0.974 (95%CI: 0.950-0.998) in the training and 0.902 (95%CI:0.798-1.000) in the validation cohort with good calibration (23). Feng et al. found that CT can be useful in the differentiaon of G1/2 grades to G3 gastroenteric NETs (24). However, due to the difficulty of data extraction and computational complexity, both radiologists and clinicians should be familiar with the indications and interpretations of imaging modalitie (25). Therefore, it is necessary to construct models that could be graded by a combination of routine imaging and routine blood tests for clinical convenience use. Serum biomarkers are being widely used in the diagnosis, follow-up and prognosis of malignanies because they are non-invasive, easy to obtain, and economical. However, gastroenteropancreatic neuroendocrine tumors are highly heterogeneous tumors, and the role of a single serum biomarker is still unclear (26, 27). Therefore, we have combined the imaging and serum biomarker characteristics of GI-NETs to develop two nomogram models for preoperative estimation of the histological grades.



Methods


Material and methods

This analysis was reported according to the TRIPOD (Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis) guidelines (28).



Study design and participants

The imaging and laboratory data of the 147 consecutively diagnosed GI-NETs patients from January 1, 2012, and December 31, 2019, were retrospectively collected from the First Affiliated Hospital of Nanjing Medical University. This study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki and approved by the Ethics Committee of The First Affiliated Hospital of Nanjing Medical University (Nanjing, China) (Ethical approval No. 2020-SR- 012).

The inclusion criteria were: (1) histopathologically confirmed GI-NETs; (2) documentation of histologic grade (G1/2/3); (3) availbility of complete imaging, laboratory data and endoscopy results. Patients who had incomplete clinical data, underwent treatments before the consultation or had unsatisfactory test samples were excluded. All clinical data were used to develop the models.



Clinical characteristics of the patients

All potential predictors were selected based on the detailed literature reviews and published clinical evidence. All risk factors previously reported to contribute to a higher grade of GI-NETs were used within the confines of data availability. The data on routine diagnostic tests, including laboratory and imaging tests, were extracted from the medical records of each patient.

The collected clinical variables are reported in Table 1. The serum biomarkers included hemoglobin (HGB), albumin (ALB), lactate dehydrogenase (LDH), and the tumor marker sets, including alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), cancer antigen 19-9 (CA19-9), cancer antigen 72-4 (CA72-4), cytokeratin 19 fragment 21-1 (Cyfra21-1) and neuron-specific enolase (NSE). The imaging features of the tumor included mucosa (normal or abnormal), boundary (clear or unclear), ulceration (absent or present), and morphology (regular or irregular), areas of growth pattern (node/knub or no-node/knub), lymph node (no or yes), degree of enhancement (unmarked or marked), and distant organ metastases (no or yes), and the tumor size(<2 or ≥2). Distant organ metastasis was defined as metastases found in organs other than the primary lesion (e.g., liver, lungs, and bone). All preoperative imaging data was carried out independently by two experienced radiologists.


Table 1 | Characteristics of patients with GI-NETs in the G1, G2 and 3 groups.



The histologic grade was an immunohistochemical analysis of postoperative specimens according to 2010 WHO standards for NETs. Tumor grade was defined numerically, in which low-grade (G1) tumors had a mitotic rate from 0 to 1 per 10 high power fields (HPF) or a Ki-67 index from 0% to 2%, intermediate-grade (G2) tumors have a mitotic rate from 2 to 20 per 10 HPF or a Ki-67 index from 3% to 20%, and high grade (G3) tumors have a mitotic rate greater than 20 per 10 HPF or a Ki-67 index greater than 20% (1). Two experienced pathologists independently evaluated all specimens. The mutual discussion settled any controversies in the findings between the pathologists, and a final standard histopathological report on each patient was generated.



Statistical analysis

Unpaired two-tailed t-tests or Mann-Whitney tests were used for continuous variables. Categorical variables were compared using the χ2 test or Fisher’s exact test. All patients with GI-NETs were included for variable selection and the model development. The significance of each variable in the dataset was assessed by logistic regression analysis to investigate the independent risk factors of the presence of G3 or G1. With 5-6 variables potentially associated with G1 or G3 with GI-NETs the minimum sample size required approximately 50-60 G1 or G3 to avoid violating the principle of approximately ten outcome events per variable in the regression (29).

A nomogram was developed based on the results of multivariate logistic regression analysis. Based on the nomogram of tumor pathologic grade classifier determined, an online Calculator automatically calculating the individual risk of the pathologic grade was also generated. An internal validation procedure was performed using bootstrap method to estimate the potential performance of the model based on calibration and identification, which was chosen to optimize the number of available cases while minimizing the risk of overfitting (30). A decision curve analysis was performed to assess the clinical usefulness and the net benefits of nomogram-assisted decision.

The Youden Index was used to determine the best threshold in the ROC analysis. Accuracy of the optimal cutoff value was assessed by the sensitivity, specificity, predictive values, and likelihood ratios. All analyses were performed using R, version 3.6.1 (http://www.r-project.org/). In all analyses, P<0.05 was considered to indicate statistical significance.




Results


Patients’ characteristics

The patients’ data are presented as median and interquartile range for continuous variables and frequencies(percentages) for categorical variables. All variables used in this analysis were based on data obtained prior to treatment. The dataset consisted of 147 patients with GI-NETs, with a median age of 58 years and 86 (58.50%) male patients. The clinical characteristics of the patients with GI-NETs including clinical laboratory data and clinical imaging features are listed in Table 1. In the dataset, histopathologically identified G1, G2, and G3 GI-NETs were found in 62, 24, and 61 patients, respectively.



Development and validation of a nomogram to differentiate G3 from G1/2 in GI-NETs

Considering the potential impact of each patient’s clinical characteristics, univariate and multivariate logistic regression analyses were applied (Table 2). The multivariate analysis of the final model was reported as an odds ratio (OR, 95%CI). The tumor size (2.56 [1.53-4.56]), lymph node (4.06 [1.28-13.96]), serum NSE (3.98 [1.18-18.30]), HGB (0.96[0.90-0.99]), age (1.10 [1.05-1.17]) and sex (3.51 [1.10-12.10]) were independently associated with G3 grade (Table 3). These independently associated risk factors were used to form a G3 and G1/2 estimation model. The nomogram and online risk calculator were built based on the diagnostic model. The nomogram was based on the conversion of each regression coefficient in multiple logistic regression to a ratio of 0 to 100 points. The effect of the variable with the highest β coefficient (absolute value) was assigned 100 points. The points were added to the independent variables to get the total points, which were converted to predicted probabilities. The online risk calculator used each parameter to personalize the calculation of the probability of being G3 for the patient.


Table 2 | Univariate and Multifactor Logistic Regression Model for Predicting in 147 Patients.




Table 3 | Multivariable Logistic Regression Model for Predicting G3 vs G1/2 and G1 vs G2/3.



The differentiated nomogram of G3 and G1/2 in GI-NETs and an online risk calculator were constructed based on the full model (Figures 1A, B). Due to the wide range (9.7-370) ng/mL, the NSE values were converted to natural logarithms and written as lnNSE to mitigate the skewness and achieve a better fit. The AUC of the prediction model for G3 and G1/2 reached 0.921 (95% CI: 0.884-0.965) (Figure 1C). The calibration curves showed accuracy in the nomogram predicted pathological tumor grade G3 and G1/2 (Figure 1D). DCA was used to demonstrate the clinical decision utility of this nomogram. The area under the decision curve shows the clinical utility of the corresponding strategy. The decision curve showed that the nomogram to inform clinical decisions was better than the scenarios when all the patients received the treatment or when none of the patients were treated (Figure 1E). The red in DCA shows more area than the treat all or no treatment strategies.




Figure 1 | Nomogram for Preoperative Estimation of G3 Risk and Its Predictive Performance. (A), Nomogram to estimate the risk of G3 presence in GI-NETs. (B), corresponding online calculators to predict the risk of G3. Online tools are available at http://ginet.shiny.io/dynnomapp/. (C), Receiver operating characteristic ROC. (D), the calibration curve and (E), the decision curve.





Development and validation of a nomogram to differentiate G1 from G2/3 in GI-NETs

Comprehensively considering the results in the model of univariate and multivariate logistic regression analyses, age, lymph node, and tumor size with significant difference (p < 0.05). Based on the previous studies, NSE (p=0.066) was included in the model as a variable. The tumor size (2.07 [1.38-3.19]), lymph node (8.80 [2.24-58.79]), lnNSE (3.98 [0.94-19.34]]), age (1.04 [1.00-1.08]), were independently associated with G1 (Table 3). These independently associated risk factors were used to form a G1 and G2/3 estimation nomogram. The differentiated nomogram of G1 and G2/3 in GI-NETs and an online risk calculator were constructed based on the full model (Figures 2A, B). The nomogram was used by adding up the points identified on the points scale for each variable, and the online risk calculator used each parameter to personalize the calculation of the probability of being G1 for the patient. The AUC of the prediction model for G1 and G2/3 reached 0.847 (95% CI: 0.799-0.915) (Figure 2C). The calibration curves and DCA showed accuracy in the nomogram predicted pathological tumor grade G1 and G2/3 (Figures 2D, E).




Figure 2 | Nomogram for Preoperative Estimation of G1 Risk and Its Predictive Performance. (A), Nomogram to estimate the risk of G1 presence in GI-NETs. (B), corresponding online calculators to predict the risk of G1. Online tools are available at http://ginet.shiny.io/dynnomapp1/. (C), Receiver operating characteristic ROC. (D), the calibration curve and (E), the decision curve.





Model setting and internal validation in the model development set

To validate the model performance of the nomogram, 1000 bootstrap calibrations were performedfor each of these two models using the dataset of 147 patients. The bootstrap-full scales showed the goodness of fit of the regression models. (Figure 1D) is for G3 and G1/2, (Figure 2D) for G1 and G2/3.



Diagnostic value according to the nomogram cutoff for tumor pathologic grade classifier

The Youden index using optimal threshold maximization receiver operating characteristic curve analysis (ROC) was used to calculate the optimal cutoff value to assess the optimal threshold value predicting GI-NETs pathologic grade classifier of the model by sensitivity, specificity, and accuracy, as summarized in Table 4. This result demonstrated the high accuracy of the developed radiomics signature for the classification of G3 and G1/2 GI-NETs.


Table 4 | Diagnostic performance of the model for grade status of GI-NET.






Discussion

In recent years, nomograms are increasingly being used to construct the prediction models in the clinical practice because of its friendly visual graphical interface (31). Our study suggests that combining imaging and laboratory tests prior to endoscopy yielded a useful nomogram to predict tumor grade classification of GI-NETs. The model could stratify patients into G3 and G1/2 with an AUC of 0.921 (95% CI: 0.884-0.965), G1 and G2/3 with an AUC of 0.847 (95% CI: 0.799-0.915), which had good discrimination and goodness-of-fit.

Since the treatment strategies and prognosis for gastroenteropancreatic neuroendocrine tumors were associated with tumor grade, pre-treatment grading is valuable. Imaging studies on the grading of pNET showed that a combination of multiple imaging findings could distinguish G1 from G2/3 (32–34), and a multicenter study showed the same results (23). Liang and his colleagues developed a nomogram with the use of a combination of contrast-enhanced CT scan and clinical characteristics to differentiate the preoperative histologic grade of patients with pNETs, which well distinguished between G1 and G2/3 (35). Based on CT radiological scoring, tumor size in pNET patients were difference between grade 1 and grade 2, tending to be grade 1 when the size was less than 2 cm. Especially for pNET patients with tumor size less than 2 cm, the risk of G2/3 was low (36). This is consistent with our findings that patients with tumor size less than 2 cm are more likely to be in the G1 group.

The treatment strategies between neuroendocrine tumors (NET) and neuroendocrine carcinoma (NEC) are not the same, chemotherapy or radiotherapy is usually adopted for G3 tumors. It would be much more valuable in clinician selection of treatment modalities to show a model in the differentiation between G3 and G1/G2 (37). By using imaging features findings, grade 3 could also be differentiated from grade 1/2 (38–40). Using dynamic computed tomography, Horiguchi S et al. found that the proportion of the quantification value in the tumor to the pancreatic parenchyma in arterial phase could predict pathological grade 3 disease (41). However, the difficulty of data extraction and computational complexity requires experienced radiologists and limit the clinical application of imaging features in the prediction model of NET pathology grading (42). Therefore, we developed simple new models for easy clinical use, in which tumor size and lymph nodes were entered into the final model after performing logistic regression from 10 imaging features. The serum biomarkers added to this model could be well-differentiated G3 and G1/G2 with an AUC of 0.921 (95% CI: 0.884-0.965), sensitivities and specificities of 0.9167 and 0.8256, respectively.

Many serum biomarkers are available for the diagnosis of gastroenteropancreatic neuroendocrine tumors, but their specific diagnostic value is limited (26). NSE is mainly expressed in poorly differentiated tumors rather than in well-differentiated gastroenteropancreatic neuroendocrine tumors. Gut et al. found that NSE values were significantly higher among patients with NETs midgut type tumor with liver involvement. The progression of the disease was significantly higher in G2 than G1 group (p = 0.003) (43). In our study, the NSE could be directly entered into the G3 model. However, in the G1 model, NSE was put into the model based on the previous research experience (p =0.066) (44). NSE can be expressed in tumors other than NETs too. Mjønes et al. performed a retrospective study on 178 tumors (carcinomas and NETs) from the breast, lungs, stomach, and kidney and found that NSE was expressed in 78% of all the tumors. They found that NSE expression was positively associated with other additional neuroendocrine markers such as chromogranin A and synaptophysin. Moreover, it was concluded that the tumors of neuroendocrine origin have higher NSEstaining intensity and positive cells number (45). In another retrospective study on 592 sporadic stage IV gastroenteropancreatic neuroendocrine tumors, it was found that higher serum NSE level at the time of the first consultation was associated with a more aggressive disease course which could be used for prognostic use (46). A study of esophageal neuroendocrine carcinoma by Sohda M et al. found that patients with high serum NSE values had a significantly worse prognosis than those with normal NSE values and substantially fewer complete response cases in the high NSE group receiving chemotherapy (47). A study showed that the median NSE of G1, G2, and G3 non-functional p-NETs were 12.9, 14.9 and 16.5 μg/L respectively, showing statistical significance to differentiate different grades (48). Consistent with the results we found, NSE levels were significantly different between G1, G2 and G3, and it could be entered as a variable in the nomogram.The role of neuron-specific enolase may have been underestimated as a marker in NETs (45).

Studies on cancer have shown that low hemoglobin levels are associated with an increased risk of gastrointestinal bleeding, which has predictive value in patients with GI cancers, especially in advanced tumors (49–51). Our results showed that HGB appeared only in the G3 model with a high sensitivity of 0.9167 and a low specificity of 0.2791. And Hemoglobin levels have been shown to be directly linked to survival and tumor development in studies (52). Caro et al. showed that anemia is associated with shorter survival times for patients (53). This is consistent with our results. After performing stepwise regression, HGB was entered in models G3 and G1/2, but not in models G1 and G2/3. Therefore, the serum level of HGB can be a very useful clinical aid for evaluating the presence of malignant tumors at the time of diagnosis.

Based on the embryonic derivation, GI-NETs are classified from foregut (gastro-duodenal), midgut (jejunal, ileal, and cecal), and hindgut (distal colic and rectal) tumors (1). The clinical invasiveness of GI-NETs may vary depending on the primary site. The clinical and biological features of GI-NETs vary widely depending on its location, and the preferred surgical treatment varies depending on the site and size of the tumor (54). In contrast, the gastric and rectal NETs often have an indolent course, but they can progress rapidly once metastasized (1). Therefore, GI-NETs’ size thresholds recommended are different in different intestinalparts, according to the European Neuroendocrine Tumor Society (ENETS) (55). Here, we took the GI tract as a whole and tried to combine the results of imaging and laboratory tests in order to find a common method to perform the preliminary grading before endoscopy. Based on the two models for differentiating between grade 1 and grade 3 gastrointestinal neuroendocrine tumorscorrelate significantly with GI-NETs garde and provide a potentially valuable non-invasive tool for differentiating between different grades of GI-NETs. It provides physicians with a graded predictive tool prior to endoscopic treatment to select a personalized treatment strategy for patients with GI-NETs.

Some limitations of this study should be noted. First, possible data collection bias from retrospective studies might have occurred, and some patients were lost due to incomplete information. Secondly, this study is a single-center experience, and the results need to be validated in a multicenter study. Validation of big data could provide more basis for this study to eliminate this bias. In addition, a prospective study should be done to validate the role of NSE in GI-NETs.



Conclusions

By retrospectively investigating the patients with GI-NETs in our datasets the results of imaging, serological data, sex, and age, we constructed two diagnostic models. The models could be used as preoperative tools for distinguishing grade 1/2 from 3 and grade 1 from 2/3 in patients with GI-NETs separately.
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