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Objective: To study the value of Onodera’s prognostic nutrition index (PNI) in patients with gastric neuroendocrine cancer (G-NEC).

Methods: The clinical data on 148 cases of G-NEC presented between March 2010 and April 2022 were retrospectively analyzed. The relationship between the clinical characteristics of the patients and PNI was analyzed. Optimal PNI cutoff values for G-NEC prognosis prediction were calculated using the X-tile software. The survival curves were created using the Kaplan–Meier method. A Cox proportional hazards model was also established to identify independent prognostic factors that impact the prognosis of patients with G-NEC.

Results: The median overall survival (OS) rate was 30 months (range 6–127 months), and the OS rates at 1, 3 and 5 years were 89.2, 71.6 and 68.2%, respectively. The mean PNI of the 148 patients before the operation was 49.5 ± 8.0. The mean PNI of patients with anemia (p < 0.001) and abnormal carcinoembryonic antigen (p = 0.039) was significantly lower than that of patients without such comorbidities. The mean PNI of patients with Stage III tumors (p < 0.001) and postoperative complications was significantly lower (p = 0.005). PNI optimal cutoff values were 50 (p < 0.001). Based on the cut-off value of the PNI, these patients were divided into a PNI-high group (PNI ≥ 50.0, n = 77) and a PNI-low group (PNI < 50.0, n = 71). The PNI-high group had a significantly better 5-years OS rate compared with the PNI-low group (76.6% vs. 59.2%, χ2 = 14.7, p < 0. 001). Multivariate analysis demonstrated that PNI and pathological stage were independent prognostic factors for patients with G-NEC. In the subgroup analysis, OS rates were significantly lower in the PNI-low group than in the PNI-high group among patients with stage I and stage III of the disease.

Conclusion: The PNI is a simple and useful marker for predicting long-term outcomes in G-NEC patients regardless of tumor stage. Based on our results, we suggest that PNI should be included in routine assessments of patients with G-NEC.
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1. Introduction

Despite progress in early detection, surgical techniques, and adjuvant treatment of gastric neuroendocrine carcinoma (G-NEC), this disease is still a health problem worldwide (1). Surgery is the main method of treatment (2). Even after R0 resection has been achieved, certain G-NEC patients still experience postoperative recurrence. Currently, the prognosis of patients with G-NEC is usually determined based on the pTNM stage, but there are still certain defects (such as whether the operation and pathological examination were standardized) in using this method. Therefore, indicators with a higher accuracy rate are needed to determine the prognosis. G-NEC has complex clinical manifestations and its differentiation is closely associated with the endocrine system and metabolism (3). Therefore, these patients require comprehensive multidisciplinary management, with nutritional evaluation of importance for the evaluation and management of these patients (4).

Nutrition and immune status have also been reported to affect the long-term prognosis of patients with malignant tumors (5, 6). Since serum albumin expression is associated with nutritional status and lymphocyte count is associated with immune status, Onodera’s prognostic nutrition index (PNI) can be used to evaluate the nutritional and immune status of patients. Since the 2010s, Onodera’s PNI has been widely used as a predictor of survival in patients with various malignant tumors, including gastrointestinal (7–9) and non-gastrointestinal cancers (10, 11). However, to our knowledge, no study has been conducted to explore the clinical significance and prognostic value of PNI in G-NEC. Therefore, we retrospectively studied the relationship between PNI and clinicopathological factors, as well as the predictive value of PNI for overall survival (OS) in patients with G-NEC.



2. Patients and methods


2.1. Patients

We retrospectively collected clinical data on 148 patients who had undergone radical resection for G-NEC at the Department of Gastrointestinal Surgery of the First Affiliated Hospital of Air Force Military Medical University from March 2010 to April 2022. Inclusion criteria: a pathological diagnosis of G-NEC after surgery; complete clinical and follow-up data; complete radical operation. Exclusion criteria: previous or preoperative use of chemotherapy drugs; incomplete clinical data; poor compliance and treatment not completed as instructed by the doctor (Figure 1). This study was approved by the hospital’s ethics committee and written informed consent was obtained from all patients enrolled for the use of their data.
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FIGURE 1
 The flowchart of patient selection.




2.2. Data collection

The results of the preoperative blood test, which included the level of serum albumin and total lymphocyte count in peripheral blood, were obtained by reviewing the electronic medical record system of our hospital. The PNI was calculated based on serum albumin (g/L) +5 lymphocyte count (109/L). The basic characteristics of the patients, including age, body mass index (BMI), tumor location, method of operation, tumor depth, lymph node metastasis, postoperative adjuvant therapy, and tumor node metastasis classification (TNM) were also recorded. The incidence of postoperative complications also was evaluated in the present study. The severity of complications was defined according to the Clavien-Dindo classification. The stage of TNM was defined according to the American Joint Committee on Cancer 8th edition. The relationship in PNI, clinicopathological characteristics, postoperative complications, and prognosis was analyzed.



2.3. Follow-Up

After discharge, regular telephone interviews or outpatient follow-up visits began 1 month after the operation. In addition to physical examination, follow-up also includes gastroscopy, liver, and lung imaging examination, and serum alpha-fetoprotein (AFP).

Carbohydrate antigen 199 (CA199), carbohydrate antigen 125 (CA125), and carcinoembryonic antigen (CEA) monitoring to determine whether there is distant metastasis and local recurrence. Follow-up was conducted every three months within the first three years and every six months thereafter. Follow-up information on patients was collected from tumor registries and hospital records or was obtained from patients and family members. In our research study, we used OS and disease-free survival (DFS) as the endpoint of the study, as OS is considered the most suitable event for survival analysis. The DFS was defined as the time from the operation to tumor recurrence or death, whichever occurred first. The OS was defined as the time from the operation to death.



2.4. Statistical analysis

Count data were summarized using frequencies and percentages and processed using SPSS 22.0 statistical software (Version 22.0, IBM, New York). The appropriate cut-off points of PNI for the prediction of the prognosis of G-NEC were calculated using X-tile software. The PNI and clinicopathological characteristics were analyzed using the Chi-square test or Fisher’s exact test. The Kaplan–Meier method and the log-rank test were performed to compare OS between groups. Significant prognostic risk factors identified through a univariate analysis were further assessed through a multivariate analysis using Cox’s proportional hazards regression model. Hazard ratio (HR) and 95% confidence interval (95% CI) were used as correlation measurements in our research study. A value of p of <0.05 was considered to indicate statistical significance.




3. Results


3.1. Characteristics of the study population

A total of 148 patients were included in this study. The baseline characteristics of the enrolled patients are shown in Table 1. The mean age of the patients enrolled was 60.0 years and 84.5% of the patients were male. The average PNI of the patients before the operation was 49.5 ± 8.0, while the average PNI of patients ≥65 years old was 46.8 ± 8.0, and the average PNI of patients <65 years old was 50.9 ± 7.6. The difference between the two groups was statistically significant (p = 0.003). The mean PNI of patients with Stage III of the disease was significantly lower than that of Stage I and II patients (p = 0.046). The mean PNI of patients with anemia (p < 0.001) and abnormal CEA (p = 0.039) was significantly lower than those without such comorbidities. The mean PNI of patients with postoperative complications was lower than that of patients without postoperative complications (p = 0.005). In the subgroup analysis, patients with Clavien I-II complications (p = 0.001) and infectious (p = 0.001) had a lower mean PNI (Table 1).



TABLE 1 The relationship between the clinicopathological factors and the PNI values are expressed as means and standard deviations.
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3.2. Clinical characteristics of patients based on preoperative PNI

As shown in Figure 2, the optimal cut-off value of the PNI was 50.0, with sensitivity = 0.646, and specificity = 0.358, corresponding to the maximum Youden index (= 0.349) for the prediction of 5-years OS in the ROC analysis. Based on the cut-off value of the PNI, these patients were divided into a PNI-high group (PNI ≥ 50.0, n = 77) and a PNI-low group (PNI <50.0, n = 71). Unlike the PNI-low group, the PNI-high group had a significantly higher OS at 1, 3, and 5 years (83.1% vs. 94.8, 60.6% vs. 81.8 and 59.2% vs. 76.6%, respectively, p < 0.001) (Figure 3).

[image: Figure 2]

FIGURE 2
 ROC curve for determination of the cut-off value of PNI.
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FIGURE 3
 Kaplan–Meier estimates of the overall survival (OS) and disease-free survival (DFS) according to the PNI. (A) the OS rate of the PNI-low group was significantly lower than that of the PNI-high group (p<0.001). (B) the DFS rate of the PNI-low group was significantly lower than that of the PNI-high group (p = 0.004).


The average BMI of the high PNI group was (23.3 ± 2.7) and the low PNI group was (22.1 ± 3.2), with the difference between the two groups being statistically significant (p = 0.010). The average hemoglobin level of the high PNI group was (143.1 ± 19.0) and the low PNI group was (119.7 ± 26.1), with the difference between these two groups being statistically significant (p < 0.001). The incidence of postoperative complications in patients with high PNI was lower than that of patients with low PNI (p = 0.004), while the incidence of infections in patients with high PNI was lower than that of patients with low PNI, and showed a statistically significant difference (p = 0.002). The incidence of Clavien I-II events in the low PNI group was higher than that of the high PNI group (p = 0.007), while there was no significant difference according to adverse events. Meanwhile, the high PNI groups had tumors of a smaller size (p < 0.001), less blood loss (p = 0.032), and lower surgical costs (p = 0.031) (Table 2).



TABLE 2 Demographic and clinical characteristics of the enrolled patients according to preoperative prognostic nutritional index.
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3.3. Prognosis of patients based on preoperative PNI

The median OS rate was 30 months (range 6–127 months), and the OS rates at 1, 3, and 5 years were 89.2%, 71.6%, and 68.2%, respectively. The PNI-high group had a significantly better 5-years OS rate (70.5% vs. 42.1%, χ2 = 14.745, p < 0. 001), compared to the PNI-low group. The 5-year DFS rate was 69.2% in the PNI-high group and 49.0% in the PNI-low group (χ2 = 8.374, p = 0.004, Figure 3B). Our results showed that a low PNI was associated with a poor OS and DFS in G-NEC patients (Figure 3). Univariate analysis showed that patient age, BMI, anemia, PNI, and pathological stage were associated with prognosis (Table 3). However, only the pathological stage and PNI were independent prognostic predictors (Table 3). Then, we analyzed the predictive value of PNI in patients at different pathological stages. Low PNI was associated with the poor prognosis of patients with stage I and III G-NEC (Figure 4). However, PNI was not associated with a poor prognosis in stage II G-NEC patients (Figure 4).



TABLE 3 Univariate and multivariate Cox regression analysis for overall survival in patients with gastric neuroendocrine carcinoma.
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FIGURE 4
 Kaplan–Meier estimates of the overall survival (OS) and disease-free survival (DFS) according to the PNI among patients with stage I [(A) OS, p < 0.001; (B) DFS, p = 0.003], stage II [(C) OS, p = 0.139; (D) DFS, p = 0.669], stage III [(E) OS, p < 0.001; (F) DFS, p = 0.003].





4. Discussion

Studies have shown that, as an important function of the inflammatory response, immunity is closely associated with nutrition and the occurrence and metastasis of tumors (12, 13), and gastrointestinal tumors, in particular, can significantly affect the nutritional (14) and immune status (15) of patients. Therefore, an increasing number of studies have focused on the role of inflammation and nutrition in patients with gastrointestinal tumors. The PNI is calculated based on lymphocyte count and serum albumin level. Lymphocytes release TNF, interferon-γ, and other cytokines, which can inhibit the growth and metastasis of cancer cells. The reduction in its number leads to weakening of the immune function of the body, making cancer cells more prone to immune escape (16, 17), and leading to the poor prognosis of cancer patients (18). Serum albumin is an important nutritional index of the human body. However, in advanced gastrointestinal tumors, there is often insufficient intake and excessive loss, leading to a decrease in albumin levels and an increase in perioperative risk, further affects clinical outcomes (9). Therefore, many studies have found that PNI plays an important role in the development and prognosis of gastrointestinal tumors (19–22). However, no relevant studies have been conducted on G-NEC. At present, there is no unified definition scheme for PNI, but the differences in the data calculated using each different scheme are small, while PNI is obtained through ROC curve analysis (8, 10, 20, 22). The ROC curve analysis showed that 50.0 was the best cut-off point, and patients were accordingly divided into a PNI-high group (PNI ≥ 50) and a PNI-low group (PNI < 50). We found for the first time that PNI can predict the prognosis of patients with gastric neuroendocrine carcinoma and is an independent risk factor for OS of patients with gastric neuroendocrine carcinoma.

The results of our study showed that the mean PNI of patients with a higher pathological stage, as well as anemia and abnormal CEA, was lower than that of patients without such comorbidities. The results may be associated with an increase in tumor biochemical indicators and chronic blood loss when gastric tumors are at the advanced stage. This suggests the necessity of early prevention and supportive therapy (23).

The postoperative complications recorded in our study confirmed that a low immune status before G-NEC surgery was closely associated with postoperative complications. The PNI of patients with postoperative complications was significantly lower than that of patients without complications. At the same time, it was found that the incidence of infections was higher in the low PNI group, which may be associated with a low level of immunity and malnutrition. In the group with complications and Clavien grade I-II, the difference in PNI between the two groups was obvious, but there was no difference in complications in patients with Clavien grade IIIa or greater. This may be because infection-related complications were mostly mild infections, while more serious complications were mostly associated with surgery itself, which is similar to the results of our study.

Currently, several studies conducted on GC have suggested that there is a correlation between PNI and OS, but the mechanism by which it changes according to the stage of the disease is still unknown. Previous reports have found that a low PNI is a predictor of a poor prognosis in patients with stage I and III GC patients, but not at stage II and IV (9). Unlike previous studies, the study by Sakurai (22) found that low PNI could not predict the prognosis of patients at stage III and was a poor predictor of the prognosis of patients at stage I and II. Similarly, we also explored the prognostic value of PNI in patients with G-NEC at different stages. The results showed that in patients with G-NEC stages I and III, a low PNI was significantly associated with poor OS, but a similar result was not obtained for stage II. Since there may be many differences in disease progression between GC and G-NEC, in addition to PNI, the survival rate of patients with stage II G-NEC may also be affected by other clinicopathological factors. Some studies have shown that PNI is of the greatest prognostic value in patients with advanced GC (stage II and III) (21, 24), but it is unclear whether it has the same value in patients with G-NEC. Therefore, more large-scale studies are needed to confirm these results.

Currently, the mechanism of association between PNI and the survival of G-NEC patients is unclear. We speculate that cancer progression is affected by both cancer cells and the immune system. First, albumin can protect cells against tumorigenesis by helping stabilize cell growth and DNA replication (25) and is an independent prognostic factor in ESCC patients (26). Second, lymphocytes inhibit tumor cell proliferation and invasion through cytokine-mediated cytotoxicity (27), in which neutrophils can promote tumor angiogenesis and metastasis, and promote tumor progression by inhibiting T cells (28), with an increase in neutrophils associated with poor cancer prognosis (29). Finally, malnutrition and the immune system can interact with each other to promote tumor proliferation and reduce the treatment response (30) and may jointly affect the prognosis of patients with G-NEC.

Our study also has certain limitations. First, since the incidence rate of G-NEC is relatively low, the sample size included in this study is small and the study was retrospective. Therefore, multicenter and large sample clinical studies are needed in the future to obtain more accurate PNI values and better predict the prognosis of patients with G-NEC. Second, due to different sample sizes and patient selection criteria, the optimal PNI values varied between studies, resulting in research bias. Third, many of the G-NEC patients included in our study have just been diagnosed and an evaluation of relevant endocrine indicators was not included. There may be deviations caused by different treatment strategies. In summary, PNI is a simple, practical and effective biomarker, since it can be determined by performing simple blood and liver function tests in patients with G-NEC. For patients with lower PNI values, early intervention may help improve the prognosis and prolong the survival of patients with G-NEC.
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Yes 43(20.1) 511£79

Hypohemia <0.001
No 105 (70.9) 459469
1 122(824) 499:8.1

ASA score 0218
- 26(17.6) 478474
TLT2 33(223) 508465

Tumor depth 0316
T3, T4 115(77.7) 492483
Negative 57(38.5) 494567

Lymph node metastasis 1=-0223 0824
Positive 91(61.5) 497487
Stage LTI 105 (70.9) 504£7.5

Pathological stage 0,046
Stage 11l 43(20.1) 475488
Yes 24(16.2) 453478

Postoperative complications t=-2878 0.005
NO 124(83.8) 503477
Yes 15(10.1) 29£88

Infectious 1=-353 0.001
NO 133 (89.9) 503476
Yes 9(6.1) 477475

Surgical t=-0701 0.484
NO 139.(93.9) 497£80
Yes 16 (10.8) 436£89

Clavien I-11 0.001
NO 132(89.2) 503£7.6
Yes 8(5.4) 474580

Clavien Illa or greater 1=-0776 0439
NO 140 (94.6) 97£79

BMI, body mass index; ASA, American association of anesthesiologists; HR, hazard ratio; Cl, confidence interval; PN, prognostic nutritional index; CEA, carcinoembryonic antigen; WBC,
white blood cell count; AFP, alpha-fetoprotein; CA, carbohydrate antigen. (a: anemia s defined as male HB < 120g/L and female HB < 110g/L; b: hypoalbuminemia s defined as <35 g/L).
Abnormal: White blood cell count<4*109/L or >10¢109/L.
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BMI, body mass index; ASA, American association of anesthesiologists; HR, hazard ratio; Cl, confidence interval; PN, prognostic nutritional index; CEA, carcinoembryonic antigen; WBC,
white blood cell count; AFP, alpha-fetoprotein; CA, carbohydrate antigen.
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