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Abstract

BACKGROUND
There is currently a shortage of accurate, efficient, and precise predictive instruments for rectal neuroendocrine
neoplasms (NENSs).

AIM
To develop a predictive model for individuals with rectal NENs (R-NENSs) using data from a large cohort.

METHODS

Data from patients with primary R-NENs were retrospectively collected from 17 large-scale referral medical centers
in China. Random forest and Cox proportional hazard models were used to identify the risk factors for overall
survival and progression-free survival, and two nomograms were constructed.

RESULTS

A total of 1408 patients with R-NENs were included. Tumor grade, T stage, tumor size, age, and a prognostic
nutritional index were important risk factors for prognosis. The GATIS score was calculated based on these five
indicators. For overall survival prediction, the respective C-indexes in the training set were 0.915 (95% confidence
interval: 0.866-0.964) for overall survival prediction and 0.908 (95% confidence interval: 0.872-0.944) for
progression-free survival prediction. According to decision curve analysis, net benefit of the GATIS score was
higher than that of a single factor. The time-dependent area under the receiver operating characteristic curve
showed that the predictive power of the GATIS score was higher than that of the TNM stage and pathological
grade at all time periods.

CONCLUSION
The GATIS score had a good predictive effect on the prognosis of patients with R-NENs, with efficacy superior to
that of the World Health Organization grade and TNM stage.

Key Words: Rectal neuroendocrine neoplasm; Nomogram; Random forest; Prognosis; Overall survival, Progression-free
survival

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We utilized the data of 1408 patients with rectal neuroendocrine neoplasms from a large multicenter database of 17
large-scale Chinese medical centers. We found that tumor grade, T stage, tumor size, age, and a prognostic nutritional index
were independent predictors of prognosis in patients with rectal neuroendocrine neoplasms. In addition, we constructed the
GATIS score for overall survival and progression-free survival in these patients, which had a C-index of 0.915 for overall
survival and 0.908 for progression-free survival; moreover, it showed a better predictive power than that of the TNM stage
and pathological grade.

Citation: Zeng XY, Zhong M, Lin GL, Li CG, Jiang WZ, Zhang W, Xia LJ, Di MJ, Wu HX, Liao XF, Sun YM, Yu MH, Tao KX, Li
Y, Zhang R, Zhang P. GATIS score for predicting the prognosis of rectal neuroendocrine neoplasms: A Chinese multicenter study of
12-year experience. World J Gastroenterol 2024; 30(28): 3403-3417

URL: https://www.wjgnet.com/1007-9327/full/v30/i28/3403.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i28.3403

INTRODUCTION

Neuroendocrine neoplasms (NENSs) are rare tumors that originate from embryonic neuroendocrine cells and are charac-
terized by neuroendocrine markers[1,2]. They can occur in various organs throughout the body, with the rectum being a
common site of incidence (1.04 per 100000 people)[1,2]. Depending on the presence of hormone-related symptoms, NENs
can be divided into functional and non-functional types. Rectal NENs (R-NENs) are mostly non-functional[3]. The overall
prognosis of R-NENSs is favorable, with a 5-year survival rate as high as 90%[4].
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Currently, World Health Organization (WHO) classification and TNM staging are the two most commonly used
criteria for the prognosis of NENs|[5,6]. According to the morphology and malignant potential of the tumor cells, the
WHO 2010 criteria classify R-NENs as G1, G2, or G3. G1 and G2 are neuroendocrine tumors (NETs) with low malignant
potential, whereas G3 is usually a neuroendocrine carcinoma (NEC) or mixed adenoneuroendocrine carcinoma (MANEC)
with high malignant potential[5]. In recent years, the WHO 2019 classification has also classified some NETs with high
malignant potential as G3 to better stratify the prognosis; however, the evaluation criteria remain controversial[7].
Additionally, the WHO classification criteria are not effective in predicting the prognosis of patients with R-NENSs][8,9].
TNM staging has a distinct grading system for NET, whereas NEC/MANEC suggests the utilization of colorectal cancer
criteria, which are complex in classification and have limited predictive power for patient prognosis. Consequently,
developing an effective and precise prognostic assessment tool to guide the clinical diagnosis and treatment of R-NENSs is
essential.

Nomogram models based on multivariate regression analysis and integrating multiple predictors are useful for the
prognostic evaluation of various malignant tumors[10-12]. However, due to the low incidence of R-NENs, a nomogram
model with a large sample size is lacking. In this study, we retrospectively collected R-NENs data from 17 large referral
hospitals in China and constructed a prognostic model using the Cox proportional hazard model and random forest
method. Internal and external validations were conducted to assist in prognosis prediction, diagnosis, and treatment of
patients with R-NENSs.

MATERIALS AND METHODS

Patient inclusion

Data of patients with R-NENs admitted to 17 major referral hospitals in China between January 2010 and April 2022 were
retrospectively collected. The inclusion criterion was a pathological diagnosis of R-NENs, while the exclusion criterion
was simultaneous or metachronous malignancies at other sites (Figure 1). Patient data were collected and analyzed, and
the following patients were also excluded during the nomogram construction phase: (1) Patients with metastases at first
diagnosis; (2) Patients undergoing neoadjuvant therapy; and (3) Patients with incomplete clinicopathological and follow-
up information (Figure 1).

Rectal NENs
(n = 1459)
Combined with other malignancies (7 = 51)
Whole group —>: Analysis for overall clinicopathological features :
(n = 1408) ! i
Insufficient tumor size information (7 = 74)
Insufficient tumor grade information (7 = 16)
Insufficient follow-up information (77 = 90)
Neoadjuvant therapy (n = 23)
Distant metastasis (n = 22)
Model group i Prognostic analysis, model establishment, model E
(n=1183) 1 validation, and model comparison !

Figure 1 Patient selection flowchart. NENs: Neuroendocrine neoplasms.

Data collection and definition

The clinicopathological characteristics of the patients, including sex, age, preoperative hematologic examination, surgical
information, postoperative complications, and pathological conditions were collected. Preoperative hematologic
examination indicators were collected from patients at the initial diagnosis or within seven days before surgery. The
prognostic nutritional index (PNI) was calculated as serum albumin plus five times the peripheral blood lymphocyte
count. The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were determined as the ratios of
peripheral blood neutrophils and platelets-to-lymphocytes, respectively. The WHO 2010 standard was used to classify R-
NENSs, while the American Joint Committee on Cancer 8" TNM staging criteria was used for NET, NEC, and MANEC
staging|[5,6]. Each center conducted individual follow-ups, with the last follow-up in July 2022. The primary outcome
measures were overall survival (OS) and progression-free survival (PFS), defined as the time from initial diagnosis to
death from any cause or final follow-up, and the time from initial diagnosis to disease progression, patient death
(whichever occurred earlier), or final follow-up.

Statistical analysis
SPSS version 25.0 (IBM, Armonk, New York, United States) was used for statistical analysis. Normally distributed data
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are expressed as mean + SD, whereas non-normally distributed data are expressed as median and interquartile range. The
t-test was used to compare normally distributed data, and the Mann-Whitney U-test was used to determine non-normally
distributed data. Truncated values, such as PNI, NLR, and PLR, were determined using the X-tile software. Kaplan-Meier
and Log-rank tests were employed to map and compare prognostic differences in patients. The Cox proportional hazards
model was used to identify independent risk factors for OS and PFS, and the random forest model was used to assess the
correlation between each factor and prognosis. Both the random forest and nomogram models were constructed using R
4.0.0. Statistical significance was set at P < 0.05 (two-tailed). The statistical methods used in this study were reviewed by
Yong Gan from the Huazhong University of Science and Technology.

RESULTS

Patient status

According to the inclusion-exclusion criteria, a total of 1408 patients with R-NENs were included in this study, of whom
591 (42.0%) were female and 817 (58.0%) were male, with a mean age of 51.9 + 12.1 years. Twenty-three (1.6%) patients
received neoadjuvant therapy and 1360 (96.6%) patients underwent complete tumor resection, of which 650 (47.8%)
underwent surgery and 710 (52.2%) underwent endoscopic resection. The mean tumor size was 1.3 + 1.2 cm. The
pathological classification was NET in 1307 (92.8%), NEC in 71 (5.0%), MANEC in 14 (1.0%), and unknown in 16 (1.1%)
patients. In total, 1149 (81.6%) were classified as G1, 158 (11.2%) as G2, 85 (6.0%) as G3, and 16 (1.1%) as unknown. Of the
total group, 1150 (81.7%) had T1, 140 (9.9%) had T2, 82 (5.8%) had T3, and 36 (2.6%) had T4 disease. A total of 103 patients
(7.3%) had lymph node metastases, and 61 (4.3%) had lymphovascular invasion. Ninety patients (6.4%) received
postoperative adjuvant therapy. Table 1 summarizes the demographic and clinicopathological characteristics of the
patients.

Nomogram construction and validation for OS prediction

Patients who did not receive neoadjuvant therapy, did not have distant metastases at diagnosis, or had complete data
were screened for nomogram construction (Figure 1). A total of 1183 patients with R-NENs were included in this study.
The median follow-up time for the entire group was 34 months, and 44 patients (3.7%) died during the follow-up period.
The 1-year, 3-year, and 5-year OS rates were 98.9%, 96.2%, and 94.7%, respectively. The patients were randomly divided
into a training dataset (819 cases, 69.2%) and a validation set (364 cases, 30.8%) in a 7:3 ratio. The clinicopathological
characteristics of the two groups of patients are shown in Table 2. There was no significant difference at baseline.

The median follow-up time of patients in the training dataset was 34 months, and the 1-year, 3-year, and 5-year OS
rates were 98.5%, 95.4%, and 94.2%, respectively. The optimal cut-off values of the PLR, NLR, and PNI hematologic
indicators for prognosis according to X-tile were 128.00, 1.45, and 46.57, respectively. A univariate analysis suggested that
age, PNI, tumor size, pathological type and grade, T stage, lymph node metastasis, TNM stage, lymphovascular invasion,
CgA staining, and adjuvant therapy were associated with prognosis. In the multivariate analysis, considering the colli-
nearity of the TNM stage with the T stage and LNM, TNM stage was not included. The multivariate analysis showed that
PNI [hazard ratio (HR) = 0.233, 95% confidence interval (CI): 0.109-0.499, P < 0.001], tumor size (1-2 cm, HR = 1.706,
95%Cl: 0.538-5.413, P = 0.364; > 2 cm, HR = 3.349, 95%ClI: 1.314-8.533, P = 0.011) and pathological grade (G2, HR = 4.211,
95%ClI: 1.603-11.059, P = 0.004; G3, HR = 30.681, 95%CI: 10.821-86.988, P < 0.001) were independent factors for OS. The
results of the log-rank test and Cox proportional hazards regression analysis for OS are shown in Table 3.

The random forest model was used for further screening and 1000 random trees were used. The model tended to
stabilize when the size of the training tree reached approximately 100. The importance of each clinicopathological factor
was assessed and ranked. The five indicators of minimal depth were tumor grade, T stage, tumor size, patient age, and
PNI. After considering the screening results of the two models, the five indicators, namely, tumor grade, T stage, tumor
size, age, and PNI, were included in the construction of the prognostic nomogram for OS in patients (Figure 2A).

Bootstrap resampling (1000 iterations) was used to verify the accuracy of the GATIS score; the C-index of OS in the
training set was 0.915 (95%Cl: 0.866-0.964), while the C-index in the validation set was 0.812 (0.702-0.923). The similarity
between the actual and predicted survival rates based on the GATIS scores was verified using a calibration plot. The
predicted 3-year and 5-year OS rates were consistent with the actual survival rates within a 10% error range indicated by
the dotted line. Similar results were obtained for the validation set (Figure 3A-D). The decision curve analysis of the
training dataset showed that the net benefit of the GATIS score was greater than that of a single factor (Figure 3E). The
time-dependent area under the receiver operating characteristic curve (TD-AUC) showed that the predictive power of the
GATIS score for OS was higher than that of the TNM stage and pathological grade at all time points (Figure 3F).

Nomogram construction and validation for PFS prediction

A univariate analysis suggested that age, NLR, PNI, tumor size, pathological type and grade, T stage, lymph node
metastasis, TNM stage, lymphovascular invasion, and adjuvant therapy were associated with PFS. In the multivariate
analysis, considering the collinearity of the TNM stage with T stage and LNM, TNM stage was not included. A
multivariate analysis showed that PNI (HR = 0.365, 95%CI: 0.135-0.583, P = 0.010), pathological grade (G2, HR = 2.937,
95%Cl: 1.011-8.535, P = 0.048; G3, HR = 7.126, 95%Cl: 2.685-18.913, P < 0.001) and T stage (T2, HR = 2.136, 95%CI: 1.236-
5.362, P = 0.025; T3, HR = 6.653, 95%ClI: 2.368-15.362, P = 0.001; T4, HR = 8.365, 95%CI: 3.325-13.325, P < 0.001) were
independent factors for PFS. The results of the log-rank test and Cox proportional hazards regression analysis for PFS are
shown in Table 3.
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Table 1 Clinicopathological data of patients with rectal neuroendocrine neoplasms, n (%)

All (n = 1408) n
Sex 1408
Female 591 (42.0)
Male 817 (58.0)
Age, year 51.9 (12.1) 1408
Size (cm) 1408
<1 872 (61.9)
1-2 291 (20.7)
>2 171 (12.1)
NA 74 (5.3)
Size (cm) 13 (1.2) 1334
Neoadjuvant therapy 1408
No 1385 (98.4)
Yes 23 (1.6)
Complete resection
No 48 (3.4)
Yes 1360 (96.6)
Pathological type 1408
NET 1307 (92.8)
NEC 71 (5.0)
MANEC 14 (1.0)
NA 16 (1.1)
Pathological grade, 1408
G1 1149 (81.6)
G2 158 (11.2)
G3 85 (6.0)
NA 16 (1.1)
T stage 1408
T1 1150 (81.7)
T2 140 (9.9)
T3 82 (5.8)
T4 36 (2.6)
Lymphatic metastasis 1408
No 1305 (92.7)
Yes 103 (7.3)
TNM stage 1408
I 1133 (80.5)
II 130 (9.2)
111 92 (6.5)
v 53 (3.8)
Lymph vascular invasion 1408
No 1347 (95.7)
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Yes
CgA
Negative
Positive
Syn
Negative
Positive
Adjuvant therapy
No

Yes

61 (4.3)

1046 (74.3)

362 (25.7)

381 (27.1)

1027 (72.9)

1318 (93.6)

90 (6.4)

1408

1408

1408

NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine carcinoma; CgA: Chromogranin A; Syn:

Synaptophysin.
A 0 10 20 40 50 70 80 90 100
POIntS | AT ST W T ST S W [ S | IR T | PO [T ST S T [ ST WA S NN TN SN S |
1~2cm
Tumor size T L !
<icm >2cm
Tumor grade r L 1
Gl G2 < 46.57 G3
PNI T !
> 46.57
Age -
<60 >60 T,2 T4
I 1
T stage T N
Total points T T N RSN UM
pol 0 20 40 60 100 120 60 180 200 220 240
I 1 1
1-year 05 0.95 0.6 03
T 1
3-year OS 0.8 03
T T
5-year OS 0.95 0.8 0.6
B 0 10 20 40 50 70 80 90 100
Points L 1 1 1 1 1 1 1 J
< 46.57
PNI , ;
> 46.57
Tumor grade " .
Gl G3
Agev r
g <60
T2 T4
T stage ; . !
T1
1~2cm
Tumor size ' * 1
<ilcm >2cm
Total points o =0 150 200 250 300 350
1-year PFS — T T
0.95 0.85 0.8 0.7 0.6 0504
3-year PFS T T T —T— T
085 0.8 0.7 0.6 0504 0.3
>-year PFS 0.85 0.8 0.7 0.6 0.50.4 0.3 0.2

Figure 2 The GATIS score. A: Nomogram for overall survival prediction; B: Nomogram for progression free survival prediction. PNI: Prognostic nutritional index;

OS: Overall survival; PFS: Progression free survival.
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Table 2 Characteristics of patients with rectal neuroendocrine neoplasms from training database and validation set (2010-2022), n (%)

All Training set Validation set
P value
n=1183 n=819 n =364
Sex 0.402
Female 504 (42.6) 356 (43.5) 148 (40.7)
Male 679 (57.4) 463 (56.5) 216 (59.3)
Age, year 51.7 (12.0) 51.5 (12.0) 52.3 (12.0) 0.291
Size, year 1.1 (1.0 1.1 (1.0) 12(1.2) 0.187
Size (cm) 0.300
<1 819 (69.2) 568 (69.4) 251 (69.0)
1-2 246 (20.8) 176 (21.5) 70 (19.2)
>2 118 (10.0) 75(9.2) 43 (11.8)
PLR 126.1 (52.3) 126.6 (54.3) 124.9 (47.6) 0.588
NLR 23 (5.1) 2.2 (2.5) 25(84) 0.559
PNI 54.1 (6.8) 54.2 (6.9) 53.9 (6.5) 0.455
Pathological type 0.824
NET 1134 (95.9) 786 (96.0) 348 (95.6)
NEC 44 (3.7) 29 (3.5) 15 (4.1)
MANEC 5(0.4) 4 (0.5) 1(0.3)
Pathological grade 0.876
Gl 1020 (86.2) 705 (86.1) 315 (86.5)
G2 114 (9.6) 81(9.9) 33 (9.1)
G3 49 (4.1) 33 (4.0) 16 (4.4)
T stage 0.358
T1 1010 (85.4) 707 (86.3) 303 (83.2)
T2 111 (9.4) 74 (9.0) 37 (10.2)
T3 45 (3.8) 29 (3.5) 16 (4.4)
T4 17 (1.4) 9(1.1) 822
Lymphatic metastasis 0.290
No 1107 (93.6) 771 (94.1) 336 (92.3)
Yes 76 (6.4) 48 (5.9) 28 (7.7)
TNM stage 0.227
I 996 (84.2) 699 (85.3) 297 (81.6)
I 108 (9.1) 71(8.7) 37 (10.2)
111 79 (6.7) 49 (6.0) 30 (8.2)
Lymph vascular invasion 0.252
No 1149 (97.1) 799 (97.6) 350 (96.2)
Yes 34 (2.9) 20 (2.4) 14 (3.8)
CgA 0.100
Negative 871 (73.6) 615 (75.1) 256 (70.3)
Positive 312 (26.4) 204 (24.9) 108 (29.7)
Syn 0.393
Negative 297 (25.1) 212 (25.9) 85 (23.4)
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Positive
Adjuvant therapy
No

Yes

886 (74.9) 607 (74.1)
1125 (95.1) 783 (95.6)
58 (4.9) 36 (4.4)

279 (76.6)

0.286

342 (94.0)

22 (6.0)

PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PNI: Prognostic nutritional index; NET: Neuroendocrine tumor; NEC:

Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine carcinoma; CgA: Chromogranin A; Syn: Synaptophysin.

Table 3 Univariate and multivariate analysis of clinicopathologic variables in relation to overall survival and progression free survival in

patients with rectal neuroendocrine neoplasms

Univariate analysis' Multivariate analysis' Univariate analysis’ Multivariate analysis’
HR (95%Cl) Pvalue  HR (95%Cl) Pvalue  HR (95%ClI) Pvalue  HR (95%Cl) P value
Sex (male) 1.148 (0.588- 0.686 1.168 (0.648- 0.605
2.243) 2.106)
Age (> 60) 2194 (1.115- 0.023 2.875 (1.505- <0.001
4317) 5.495)
PLR (> 128.00) 1.592 (0.818- 0.171 1.313 (0.668- 0.402
3.100) 2577)
NLR (> 1.45) 1.629 (0.740- 0.226 2.322 (1.106- 0.007
3.585) 4.874)
PNI (> 46.57) 0.144 (0.071- 0.023 0.233 (0.109- <0.001 0.130 (0.043- <0.001 0.365 (0.135- 0.010
0.295) 0.499) 0.392) 0.583)
Size (cm)
<1 - Ref. - Ref. - Ref.
1-2 6.190 (2.591- <0.001 1.706 (0.538- 0.364 4.960 (1.956- 0.001
14.790) 5.413) 12.580)
>2 13.439 (5.563- <0.001 3.349 (1.314- 0.011 10.240 (5.200- <0.001
32.468) 8.533) 25.200)
Pathological type
NET - Ref. - Ref.
NEC 31.177 (14.961- <0.001 15.121 (5.590- <0.001
64.968) 59.102)
MANEC 27.899 (6.399- <0.001 26.252 (6.203- <0.001
121.627) 85.32)
Pathological grade
Gl - Ref. - Ref. - Ref. - Ref.
G2 6.380 (2.582- 0.001 4.211 (1.603- 0.004 8.680 (2.830- <0.001 2.937 (1.011- 0.048
15.768) 11.059) 20.602) 8.535)
G3 48.175 (21.495- <0.001 30.681 (10.821- <0.001 25.362 (6.362- <0.001 7.126 (2.685- <0.001
107.969) 86.988) 62.325) 18.913)
T stage
T1 - Ref. - Ref. - Ref.
T2 3.234 (1.169- 0.024 13.370 (3.794- <0.001 2.136 (1.236- 0.025
8.945) 47.086) 5.362)
T3 17.473 (7.846- <0.001 12.630 (2.635- <0.001 6.653 (2.368- 0.001
38.915) 18.354) 15.362)
T4 23.081 (8.328- <0.001 26.368 (5.364- <0.001 8.365 (3.325- <0.001
63.964) 53.258) 13.325)
Lymph node 11.387 (5.786- <0.001 12440 (4172-  <0.001
metastasis (yes) 22.409) 37.112)
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TNM stage
I - Ref. - Ref.
II 3.280 (1.188- 0.022 6.839 (1.692- 0.006
9.056) 27.650)
I 14.524 (7.080- <0.001 17.792 (5.982- <0.001
29.797) 52.932)
Lymph vascular 5.753 (2.013- 0.001 5.899 (1.213- <0.001
invasion (yes) 16.447) 28.703)
CgA (positive) 1.992 (1.012- 0.046 1.188 (0.608- 0.512
3.919) 2.322)
Syn (positive) 1.161 (0.541- 0.702 0.960 (0.483- 0.919
2.492) 1.908)
Adjuvant therapy 10.775 (5.161- <0.001 13.110 (3.737- <0.001
(yes) 22.499) 45.962)

'Overall survival.

ZProgress free survival.

PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PNI: Prognostic nutritional index; NET: Neuroendocrine tumor; NEC:
Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine carcinoma; CgA: Chromogranin A; Syn: Synaptophysin; HR: Hazard ratio; CI:

confidence interval.

The random forest model was used for further screening and 1000 random trees were used. The model tended to
stabilize when the size of the training tree reached approximately 100. The importance of each clinicopathological factor
was assessed and ranked. The five indicators of minimal depth were tumor grade, T stage, tumor size, patient age, and
PNI. After considering the screening results of the two models, the five indicators of tumor grade, T stage, tumor size,
age, and PNI were included in the construction of the prognostic nomogram of PFS for R-NENs patients (Figure 2B).

Bootstrap resampling (1000 iterations) was used to verify the accuracy of the GATIS score; the C-index of PFS in the
training set was 0.908 (95%ClI: 0.872-0.944), while the C-index in the validation set was 0.865 (0.756-0.909). The similarity
between the actual and predicted survival rates based on the GATIS scores was verified using a calibration plot. The
predicted 3-year and 5-year PFS rates were consistent with the actual survival rates within the 10% error range indicated
by the dotted line. Similar results were obtained for the validation set (Figure 4A-D). The decision curve analysis curve of
the training dataset showed that the net benefit of the GATIS score was greater than that of a single factor (Figure 4E).
The TD-AUC results showed that the predictive power of the GATIS score for PFS was higher than that of the TNM stage
and pathological grade at all time points (Figure 4F).

DISCUSSION

Rectal NETs are rare and more common in the elderly, with a poorer prognosis in younger individuals[13,14]. There is no
evidence of sex or familial aggregation. Generally, R-NENs have a small diameter, and most patients are classified as G1,
with a good prognosis[13,14]. The 5-year survival rate can reach 90%[4]. In this study, the average tumor size was 1.3 cm,
and 81.6% of the patients had a pathological grade of G1. The 5-year OS rate was 94.7%, which is consistent with that in
previous reports.

Due to their rarity and limited sample size, the prognostic factors of R-NENSs, particularly the preoperative
hematologic factors, have not been fully elucidated. In this study, we found that the PNI was an independent prognostic
factor in patients with R-NENs. PNI, a nutrition-related indicator, has been confirmed to be inversely correlated with
patient prognosis in various tumors[15,16]. Our findings suggest that individuals with an elevated preoperative PNI,
indicating adequate nutritional status, exhibit a reduced risk of mortality. This finding suggests that preoperative
nutritional improvement in patients with R-NENs can help improve their prognosis. Additionally, we found that a large
tumor diameter and a high pathological grade were poor prognostic factors, which is consistent with previous studies[17,
18].

A random forest is an ensemble algorithm composed of decision trees belonging to the bagging (Bootstrap
Aggregation) method of ensemble learning. It is composed of numerous decision trees with no correlation between them.
When a new input sample is presented for classification, each decision tree in the forest is judged and classified
separately, and the most frequent result is considered the final result. A random forest can assess feature importance,
interactions between features, and balance errors; however, it may overfit noisy classification or regression problems. It
has been used for the prediction and model construction of various tumors with satisfactory results[19-21]. To the best of
our knowledge, this is the first randomized forest study on patients with R-NENs. We analyzed the correlation between
clinicopathological factors and patient’ prognoses and determined the importance of these factors. Five representative
indicators were identified: Tumor grade, T stage, tumor size, age, and PNL
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Figure 3 Nomogram validation for overall survival prediction. A: Calibration plot of 3-year overall survival (OS) for the training set; B: Calibration plot of 5-
year OS for the training set; C: Calibration plot of 3-year OS for the validation set; D: Calibration plot of 5-year OS for the validation set; E: The decision curve
analysis for OS; F: Time-dependent area under the receiver operating characteristic curve analysis for OS. OS: Overall survival; PNI: Prognostic nutritional index;
AUC: Area under the receiver operating characteristic curve.

WHO classification and TNM staging are currently the most commonly used prognostic evaluation systems for NENs;
however, several studies have shown that their predictive efficacy for R-NENSs is limited. Predictive models, including
scoring models and nomograms, have been widely studied and applied in the clinical practice for NENs; however, there
are few studies on nomogram models for R-NENs, most of which have small sample sizes and do not consider
preoperative hematologic factors[8,9,22,23]. In this study, we combined the results of the Cox proportional hazard and
random forest models and constructed a prognostic nomogram model for OS and PFS in R-NENs patients according to
the five screened variables. Good prediction performance was achieved in both the training and validation sets, and the
calibration analysis showed that there was a good fit between the predicted and actual survival rates. In addition, we
compared the predictive effect of the GATIS score with that of the WHO and TNM stages. The TD-AUC results showed
that the predictive efficacy of the GATIS score was better than that of the WHO and TNM stages at multiple follow-up
time points, suggesting that the GATIS scoring tool may provide a more accurate assessment of the prognosis of R-NENs
patients.

This study had some limitations. First, the follow-up time of this study was still short, and a longer follow-up is needed
to verify the validity of the GATIS score. Second, with the advancement of molecular and gene detection technologies,
more prognostic factors (e.g., genes or biological markers) may be identified. These variables were not included in the
GATIS score, and further research is required to identify them. Nevertheless, our study provides a useful tool for the
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Figure 4 Nomogram validation for progression free survival prediction. A: Calibration plot of 3-year progression free survival (PFS) for the training set;
B: Calibration plot of 5-year PFS for the training set; C: Calibration plot of 3-year PFS for the validation set; D: Calibration plot of 5-year PFS for the validation set; E:
The decision curve analysis for PFS; F: Time-dependent area under the receiver operating characteristic curve analysis for PFS. PFS: Progression free survival; PNI:
Prognostic nutritional index; AUC: Area under the receiver operating characteristic curve.

prognostic assessment of R-NENs after complete resection, offering a reference for diagnosis and treatment based on a
large sample size of patients with R-NENS.

CONCLUSION

In conclusion, our study showed that the overall prognosis of patients with R-NENs was favorable, and that tumor size,
tumor pathological grade, age, T stage, and preoperative PNI were important factors affecting the prognosis of patients.
The GATIS score based on the Cox HR model and random forest had a good predictive effect on the prognosis of patients
with R-NENSs, and its efficacy was superior than that of the WHO grade and TNM stage. The GATIS score can be used to
guide individualized treatment strategies and predict the individualized survival outcomes of patients with R-NENS, to
help improve the prognostic evaluation, strengthen patient stratification in clinical trials, and make prognosis-based
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decisions for patients with R-NENSs.
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