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Background: This study evaluated the value of PNI to predicting relapse-free survival (RFS) and overall survival (OS) in patients 
with resectable gastroesophageal junction adenocarcinoma (AGE).
Methods: Between 2016 and 2020, there were 236 resectable AGE patients underwent a retrospective review via propensity score 
matched (PSM) analysis. The PNI values were computed for each patient prior to surgery [PNI= 10×albumin (gr/dL) + 0.005×total 
lymphocyte count (mm3)]. By using disease progression and mortality as the end points, a receiver operating characteristic(ROC) 
curve was plotted to identify the PNI cut-off value. Kaplan-Meier curves and Cox proportional hazard models were used for survival 
analysis.
Results: The ROC curve indicated that the ideal cutoff value was 45.60. After propensity score matching, there were 143 patients in 
our retrospective study, which included 58 patients in the low-PNI group and 85 patients in the high-PNI group. When compared to the 
low PNI group, the high PNI group substantially increased RFS and OS (p<0.001, p=0.003, respectively) according to the Kaplan- 
Meier analysis and Log rank test. Advanced pathological N stage (p=0.011) and poor PNI (p=0.004) were also significant risk factors 
for a shorter OS, according to a univariate analysis. Multivariate analysis revealed that the N0 plus N1 group had an endpoint mortality 
risk that was 0.39 times lower than the N2 plus N3 group’s (p=0.008). In comparison to the high PNI group, the hazard of endpoint 
mortality was 2.442 times greater in the low PNI group (p = 0.003).
Conclusion: PNI is a simplistic and practical predictive predictor of the RFS and OS time in patients with resectable AGE.
Keywords: prognostic nutritional index, resectable adenocarcinoma esophagogastric junction cancer, relapse-free survival, overall 
survival, prognosis

Introduction
Adenocarcinoma of the gastroesophageal junction (AGE) are those 5 cm above or below the gastroesophageal junction.1 

Multiple studies have shown a sharp increase in the incidence of AGE, especially in Western countries.2,3 From 2008 to 
2014, the annual incidence of AGE in East Asia was 0.6–1.7 per 100,000 population. However, the annual incidence of 
AGE in the United States was 2.0–2.2 per 100,000 population between 1991 and 2010.4 Despite improvements in AGE 
therapeutic intervention, surgical operation remains the primary option of treatment, although overall survival (OS) 
remains disappointing.5 Therefore, there is ongoing interest in finding a simplified and practical prognostic marker to 
identify the risks of disease progression and postoperative death in AGE patients.

The prognostic nutritional index(PNI), which was established by the Japanese researcher Onodera,6 is a nutritional 
evaluation index based on the levels of peripheral blood lymphocyte count and serum albumin. The PNI has recently 
been revealed to be a prognostic marker in a variety of gastrointestinal malignancies, including gastric cancer and 
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esophageal squamous cell carcinoma.7,8 So far, few studies have been conducted to investigate the function of PNI in 
predicting the prognosis of AGE undergoing surgical resection. Furthermore, multiple studies have found different 
optimal critical values of PNI for predicting cancer prognosis.9,10 Thus, the goal of this study was to determine the 
predictive value of PNI in patients with resectable AGE in terms of relapse-free survival (RFS) and overall survival (OS).

Materials and Methods
Patients
A cohort of 236 resectable AEJ patients conducted a retrospective study at Shantou University Medical College’s cancer 
hospital between 2016 and 2020. For the purpose of minimizing biases, we used propensity score matching. Patients who 
were included in the analysis fulfilled the following requirements: (1) AGE confirmed by histopathology; (2) surgery or 
preceded by adjuvant chemotherapy before surgery; (3) curative gastro-oesophageal resection with R0 resection (en bloc 
resection with histologically free margins); (4) carry out all necessary laboratory tests (such as routine blood tests, and 
routine biochemical tests) and (5) American Society of Anesthesiology (ASA) grade of 1–2.

Within one week prior of the surgery, a regular blood test was used to obtain albumin and lymphocyte counts. 
Medical records were used to obtain the clinical-pathological traits and pathological information for the patients.

Variable Definition
The following formula was used to determine the PNI and BMI: PNI = 10× albumin (gr/ dL) +0.005 ×total lymphocyte 
count (mm3). Body mass index (BMI) = body weight (kg)/height (m2).

The TNM stage was base on the AJCC eighth edition criteria. T1 indicates tumor invasion of the lamina propria, 
mucosal muscle layer or submucosa; T2 indicates tumor invasion of the intrinsic muscular layer; T3 indicates tumor 
invasion of fibrous membrane; T4 indicates tumor invasion of adjacent structures, such as pleura, pericardium, aorta, 
vertebral body, trachea, etc.

RFS refers to the interval between the conclusion of the initial course of therapy and the occurrence of a recurrent 
malignancy or the final assessment point during clinical follow-up.

Drawing the receiver operating characteristic curve(ROC)with disease progression and mortality as the endpoints 
allowed for the decision of the optimal PNI cut-off value. The Youden index=(sensitivity + specificity)-1 was then 
computed to get the optimal PNI cut-off value.

Follow Up
Following surgery, patients were followed on every 3 months for the first two years, every 12 months for the third to fifth 
years, and then once a year after that. The hematological examination (containing physical examination, blood routine, 
blood biochemistry) were part of the follow-up procedures or an optional chest CT scan, and the final cut follow-up time 
was December 2022. RFS and OS were the main endpoints.

Statistical Analysis
The IBM SPSS program, version 22, was used to perform the statistics. The measurement results were compared using 
a one-way ANOVA and an independent sample T-test. The chi-square test was used to compare data from an enumera-
tion. The prognostic connection between PNI and RSF or OS was examined using the multivariate Kaplan-Meier method 
and the Cox regression model. Statistics were considered significant at P < 0.05.

In our retrospective study, we used PSM on the low-PNI and high-PNI groups to adjust for differences in patient 
background and minimize selection bias. A logistic regression model containing the variables age, weight, BMI, tumor 
diameter, differentiation, pathological T stage, pathological N stage was used to determine the propensity score. A one-to 
-two match between the two groups was performed using the nearest-neighbor matching approach. The caliper size was 
0.20. Postoperative results were compared between the two groups after matching. The Mann–Whitney U-test was used 
to compare patient characteristics and postoperative results, and the Chi-square test was used to analyze categorical data.
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Results
The Result of ROC for the Best PNI Cut-off Value
The ability of the preoperative PNI to predict RFS and OS was evaluated using the area under the ROC curve (AUC) 
estimation method. The optimum cut-off value in this study was determined to be 45.6 when the Youden index reached 
its maximum (YI =0.390), based on disease progression and death (sensitivity: 86.1%; specificity: 52.9%; AUC: 0.775). 
Patients were divided into two groups based on their PNI values: low- PNI group (< 45.6) and high- PNI group (≥ 45.6). 
(Figure 1).

Relationship Between PNI and Clinicopathological Characteristics in Patients
Table 1 provides a summary of the relationships between the PNI and clinicopathological characteristics of the 236 
individuals with AGE before and after propensity score matching. Before propensity score matching, there were 171 men 
and 65 women. The age ranged from 33 to 72 years, with a mean of 43.68± 4.62.

There were 169 patients (71.61%) in the high PNI group and 67 patients (28.39%) in the low PNI group based on 
a PNI cut-off value of 45.6. Age (p<0.001), BMI (p =0.001), tumor diameter (p=0.001), pathological T stage (p=0.022), 
pathological N stage (p < 0.001) and pathological stage (p=0.006) were all strongly correlated with PNI values.

After propensity score matching, there were 143 patients in our retrospective study, which included 58 patients in the 
low-PNI and 85 patients in the high-PNI groups. There were no significant differences between the low and high PNI 
groups in terms of age (p=0.158), gender (p=0.699), BMI (p=0.762), tumor diameter (p=0.814), differentiation 

Figure 1 Receiver operating characteristic curve was plotted to determine the best cut-off value for the PNI.
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(p=0.183), pathological T stage (p=0.788), pathological N stage (p =0.935), and pathological stage (p=0.742). The PSM 
standard deviation distribution histogram was shown in Figure S1.

Survival Analysis in Propensity Score Matched Patients Stratified by PNI
Patients with high PNI had a considerably better RFS than those with low PNI, according to the Kaplan-Meier analysis 
and Log rank test (p<0.001) (Figure 2). When compared to patients with low PNI, those with high PNI had a significantly 
better OS (p=0.003)(Figure 3). The low PNI group had 5-year OS rates of 46.9%, while the high PNI group had 5-year 
OS rates of 71.30%.

Univariate and Multivariate Analyses of the AGE Prognostic Predictors After 
Propensity Score Matching
After propensity score matching, among 143 patients, univariate analysis revealed that advanced pathological N stage 
(p=0.011) and lower PNI (p=0.004) were significant predictors for shorter OS. Multivariate analysis showed the risk of 
endpoint mortality was 0.399 times lower in the N0 plus N1 group than in the N2 plus N3 group (p=0.008). In 
comparison to the high PNI group, the hazard of endpoint mortality was 2.442 times greater in the low PNI group 
(p = 0.003) (Table 2).

Table 1 Relationships Between PNI and Clinicopathological Before and After Propensity Score Matched

Characteristic All Patients (n=236) Propensity Matching Patients (n=143)

Total 
Patients

PNI <45.6 
(n=67)

PNI ≥45.6 
(n=169)

P Total 
Patients

PNI <45.6 
(n=58)

PNI ≥45.6 
(n=85)

P

Male 171 46 125 0.411 101 42 59 0.699
Female 65 21 44 42 16 26

Age (years) 41.94±2.76 44.37±5.02 <0.001 42.16±2.64 42.96±4.17 0.158

BMI 20.19±2.21 21.30±2.24 0.001 20.41±2.22 20.52±2.22 0.762
Tumor diameter(cm) 5.445±1.90 4.53+1.90 0.001 5.32±1.92 5.24±1.97 0.814

ECOG scale 0.651

0 161 46 115 0.928 104 41 63
1 75 21 54 39 17 22

Differentiation 0.105 0.183

Well 36 11 25 21 10 11
Moderate 106 23 83 60 19 41

Poor 94 33 61 62 29 33

Pathological T stage 0.022 0.788
T1 17 1 16 5 1 4

pT1 9 1 8 2 1 1

ypT1 8 0 8 3 0 3
T2 13 2 11 3 1 2

T3 49 10 39 23 9 14

T4 157 54 103 112 47 65
Pathological N stage <0.001 0.935

N0 77 9 68 20 8 12

N1 47 15 32 35 15 20
N2 58 19 39 41 15 26

N3 54 24 30 47 20 27
Pathological stage 0.006 0.742

I 48 7 41 21 7 14

II 53 11 42 25 11 14
III 135 49 86 97 40 57

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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Discussion
AGE has a high morbidity over the world, and treatment options include surgery, systemic treatment, and radiation.11 For 
patients with early operable AGE, surgery remains the preferred option. However, there is a significant risk of post-
operative recurrence.12 Although the tumor-node-metastasis (TNM) stage might assess the prognosis of AGE, the TNM 
classification only considers the extent of the tumor, regardless of its biological characteristics or the host’s anticancer 
response. It will consequently become more crucial to identify a simple, reliable, and repeatable factor that might 
accurately predict a patient’s prognosis for AGE.

According to recent research, preoperative malnutrition and an immunosuppressive state might contribute to poor 
survival in cancer patients.13,14 Among them, the PNI is a valuable indicator to reflect on the nutritional and immuno-
logical state of patients with various malignant tumor types.15,16 The PNI includes blood albumin and lymphocyte count 
values, both of which are frequently tested in clinical practice, particularly before surgical procedures. Hepatocytes 
generate the nutritional component albumin, which is controlled by proinflammatory cytokines including interleukin-1 
(IL-1) and IL-6 as well as tumor necrosis factor (TNF), both of which have a detrimental effect on catabolic metabolism. 
These inflammatory cytokines, which are produced by the tumor or the host, are crucial for the growth of new blood 
vessels, as well as for the development of carcinogenesis and the progression of disease.17 Lymphocytes are a crucial 
component of the immune system. Lymphocytes are essential components of cell-mediated immunity, with cytokine- 
mediated cytotoxicity inhibiting tumor cell proliferation and invasion.18 Low lymphocyte counts indicate a problem or 
poor immunity in the body, which affects the outcomes in patients.19

Figure 2 Kaplan-Meier curves of RFS based on PNI group in 143 patients with AGE.
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PNI was initially utilized to anticipate surgical hospitalization, delayed tissue repair, and anastomotic leakage.20 

However, the preoperative PNI may be a more reliable tool for assessing the physiological state of cancer patients 
recently, particularly in cases of gastroesophageal cancers.21–23 Nogueiro et al discovered that PNI was shown to 
considerably affect the OS and disease-free survival of patients with gastric cancer. PNI can be used to predict which 
patients are more likely to have postoperative morbidity and death.24 Little study has been conducted to date on the 

Figure 3 Kaplan-Meier curves of OS based on PNI group in 143 patients with AGE.

Table 2 Prognostic Factors for Overall Survival in Patients with AGE After Propensity Score Matching

Variables Patients  
(n = 143)

Category Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Gender 101/42 Male/Female 1.236 0.654–2.339 0.514
Age 101/42 <45/≥45 1.153 0.610–2.181 0.661

BMI 40/103 <20/≥20 0.849 0.461–1.564 0.600

Pathological T stage 31/112 T1,T2,T3/T4 0.813 0.394–1.679 0.576
Pathological stage 46/97 I, II/ III 1.126 0.623–2.035 0.694

Tumor diameter 55/88 <5cm/≥5cm 1.384 0.781–2.452 0.265

Pathological N stage 55/88 N0,N1/N2,N3 0.415 0.212–0.815 0.011 0.399 0.203–0.784 0.008
PNI 58/85 <45.6/≥45.6 2.334 1.307–4.203 0.004 2.442 1.356–4.395 0.003

Abbreviations: HR, hazard ratio; CI, confidence interval.
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association between PNI and OS or RFS in resectable AGE. As a result, our study used propensity score matching 
analyses to perform a retrospective analysis to assess the prognostic significance of PNI in resectable AGE.

In the current investigation, we discovered a correlation between PNI and pathological N stage and the prognosis of 
patients with resectable AGE. In patients with resectable AGE, multivariate analysis revealed that pathological N stage 
and PNI were independent prognostic variables. Comparing patients with high and low PNI, those with high PNI had 
considerably better RSF and OS. These results indicate that PNI, in patients undergoing gastric-esophagectomy surgery, 
is a straightforward and practical prognostic marker for the RSF and OS.

There is no universal cut-off value that applies to all patients, and there is ongoing discussion on the PNI’s ideal cut- 
off value for predicting postoperative survival in patients with malignant tumors.25–27 As a result, we attempted to 
evaluate the PNI’s prognostic importance and establish an ideal cutoff value that would better predict RFS and OS in 
AGE patients. An appropriate cutoff value for the preoperative PNI was found at 45.6 by the use of a ROC analysis based 
on RSF and OS. At this cut-off value, this investigation showed the presence of substantial correlations between a low 
PNI value and tumor-related parameters, such as a low BMI, a deeper tumor depth, lymph node metastases, and an 
advanced pTNM stage. Relationships between PNI and BMI before propensity score matching showed that in the low 
PNI group the BMI was 20.19±2.21 while in the high PNI group the BMI was 21.30±2.24 (P=0.001).

Previous research has shown that BMI can help predict survival outcomes in individuals with certain malignancies.28 

In addition, gastroesophageal junction adenocarcinoma is known to be associated with significant weight loss at 
presentation and has worse outcomes than other types of subside.29,30 Underweight patients may identify a group of 
individuals who could not actually accept therapeutic intervention or may identify a more aggressive cancer, leading to 
a poor prognosis.31 Additionally, PSM analysis was carried out to lessen bias resulting from differing distributions of 
covariables (age, BMI, tumor diameter, tumor size and Pathological T stage, Pathological N stage, and pathological 
stage) between patients in the low PNI and high PNI groups. Our findings support the idea that a low PNI value in those 
with more severe or advanced malignancies is an indication of ongoing inflammatory and nutrition.32

According to our knowledge, the current analysis is the first propensity score matching investigation to examine the 
predictive usefulness of the PNI in AGE with different primary tumor locations and other subgroups. However, the 
present study had a number of drawbacks. First, the study’s patient population was constrained because it was a single- 
center retrospective analysis. Furthermore, we emphasized on preoperative PNI values but did not analyze dynamic 
changes in PNI values along the course of the disease. Thirdly, PSM methods are widely acknowledged for their 
effectiveness in addressing causal inference issues. However, their utility is limited when it comes to predictive 
modeling, as the predictions generated may only be applicable to individuals resembling the propensity score matched 
group. Finally, the results of our study suggest that a preoperative PNI cutoff value of 45.6 is appropriate for predicting 
survival outcomes based on the use of a ROC analysis with RSF and OS. However, it is important to note that this study 
serves as an internal validation, and thus requires further validation with external cohorts possessing diverse demographic 
characteristics. In order to ensure the representativeness of our results within the wider population, it is crucial that future 
studies incorporate external cohorts to enhance the generalizability and replicability of our findings. This would enable 
the validation of our results within a broader range of populations and increase the reliability of our conclusions.

Conclusion
The PNI represents a convenient and effective prognostic predictor for both RFS and OS in patients diagnosed with 
resectable AGE. In light of its simplistic yet practical nature, the utilization of PNI could prove to be a valuable addition 
to the clinical evaluation and management of individuals with this condition.
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