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Abstract

Background
Controlling nutritional status (CONUT), prognostic nutritional index (PNI), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
systemic immune-in�ammation index (SII) are new parameters that re�ect the immune-nutritional status in some cancers.

Purpose
To investigate the relationship between preoperative nutritional status and systemic in�ammatory indexes on the clinicopathological prognosis of patients
with stage I-IV esophageal cancer and to clarify the predictive value of nutritional status and in�ammatory indexes on tumor recurrence, metastasis and long-
term survival after radical resection.

Methods
The clinical data of 381 patients who underwent radical esophagectomy at the First A�liated Hospital of Zhengzhou University from August 5, 2013, to
August 1, 2021, were analyzed retrospectively. The preoperative clinical characteristics and hematological examination results were collected, the data on
nutritional and immune status were analyzed, tumor recurrence and survival were evaluated by telephone follow-up, and overall survival (OS) and progression-
free survival (PFS) were calculated. Nutritional data and the immune status, clinical data and survival information were also analyzed.

Results
Analysis of the clinical data of 381 patients with esophageal cancer undergoing radical esophagectomy revealed that preoperative nutritional status was
related to preoperative complications, neoadjuvant therapy, TNM stage, tumor location, pathological type, vascular invasion, nerve invasion and regional
lymph node metastasis, and the indexes of systemic in�ammation were related to neoadjuvant therapy, TNM stage, tumor location, pathological type and
nerve invasion. In univariate analysis, vascular invasion, preoperative CONUT, PNI and SII were identi�ed as important factors affecting prognosis. In
multivariate analysis, vascular invasion, preoperative CONUT, PNI, and SII were identi�ed as important factors showing an independent correlation with
survival time. A nomogram was developed, and the statistically signi�cant in�uencing factors from the multivariate Cox regression model were included to
predict the 2-, 3- and 5-year overall survival rates of patients with lung metastasis from gastric cancer.

Conclusion
CONUT, PNI and SII are independent risk factors for predicting overall survival and recurrence-free survival after radical resection of esophageal cancer. The
proposed nomogram prediction model can aid in individualized analysis of the prognosis of these patients.

Introduction
Esophageal cancer (EC) is currently the �fth most common malignant tumor in China and the fourth leading cause of cancer-related death [12]. Esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) are the two main histological types of esophageal cancer. ESCC is the most
common histological type in Chinese patients, accounting for 90% of all cases; EAC occurs in many western countries [13]. Radical esophagectomy combined
with neoadjuvant therapy has become a standard treatment for resectable esophageal malignant tumors[4,5].

An increasing number of studies have shown that the nutritional status of patients is an important factor in determining the success or failure of cancer
treatment [3]. Systemic nutritional status is an important part of the tumor microenvironment and plays an important role in tumor growth, progression and
metastasis [2]. As the �rst step of nutritional status screening, the prognostic nutritional index (PNI) and controlled nutritional status (CONUT) are particularly
important to evaluate the nutritional status of tumor patients [1]. CONUT has many advantages over SGA and comprehensive nutritional assessment. It is easy
to use and understand [7] and has acceptable individual variability in patient physique [11].

Patients with malignant tumors are often malnourished due to poor appetite, the consumption of nutrients by the tumor, adverse treatment reactions and other
reasons [55,56]. Malnutrition further reduces the tolerance to treatment and ultimately affects recurrence and survival, leading to death [57,58]. In addition,
malnutrition can affect the quality of life of patients with malignant tumors [59]. Therefore, strategies to improve the nutritional status of patients with
malignant tumors are urgently needed.

Increasing evidence shows that the interaction between cancer cells, the immune system and in�ammation plays a crucial role in the occurrence and
development of tumors [60]. In recent years, with the application of immunotherapy targeting programmed death 1 (PD1) and programmed death ligand 1 (PD-
L1), tumor immunotherapy has been widely applied and has become an important part of comprehensive tumor therapy [61].

Recent studies have shown that the preoperative in�ammatory response may be related to tumor progression and metastasis and has important predictive
and prognostic value for various types of cancer [14,15,16]. It has been increasingly recognized that the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) are two markers of systemic in�ammation, and an increase in these two ratios may indicate a poor prognosis for patients with various
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solid tumors, including ESCC [17,18,19]. However, these two in�ammatory factors integrate only two cell types. The systemic immune-in�ammation index (SII) is
based on peripheral neutrophil, platelet and lymphocyte counts and has recently been studied as a new prognostic marker [20,21,22].

Materials And Methods
Clinical data

The medical records of 381 patients who underwent radical esophagectomy in the First A�liated Hospital of Zhengzhou University from August 5, 2013, to
August 1, 2021, were collected, follow-up was conducted, and the information of these patients was systematically analyzed. The inclusion criteria were as
follows:   esophageal cancer patients with a primary tumor located in the esophagus by preoperative gastroscopy and pathological examination,   TNM stage
determined according to the 8th edition of TNM stage of the International Alliance for Cancer Control,  radical surgery (RO),   available data from blood tests,
including albumin concentration, total cholesterol, platelet count, lymphocyte count and neutrophil count collected before operation,   no prior radiotherapy,
and   complete medical records. The exclusion criteria were as follows:   perioperative death,   lost to follow-up,   no available data on the preoperative blood
cell count,   concurrent infection, autoimmune diseases and blood system-related diseases,   other malignant tumors within 5 years, and   emergency surgery.
This study conforms to the principles of the Declaration of Helsinki and relevant ethical requirements.

Methods

Relevant patients were selected according to the inclusion and exclusion criteria. All included patients underwent three routine examinations before the
operation: liver and kidney function, blood biochemistry, CT or MRI and gastroscopy. Pathological staging was classi�ed according to the 8th edition of TNM
staging of the International Union for Cancer Control [8], and tumor classi�cation was based on WHO classi�cation guidelines. Tumor size was de�ned as the
maximum diameter of postoperative gross pathology. R0 resection was de�ned as complete resection with a negative margin under a microscope.

Follow-up

All patients were followed according to the standard schedule after esophageal cancer operation. The patients were followed up every 3-4 months for 2 years,
including chest CT, routine blood tests and tumor marker analysis. The patients were followed up every 6 months after 2 years until 5 years after the
operation. Enhanced CT and gastroscopy of the chest, abdomen and pelvis were performed once a year. The last follow-up time was January 1, 2022.

Overall survival and relapse-free survival

Overall survival (OS) was de�ned as the time interval from the date of operation to the date of death from any cause, and progression-free
survival (PFS) was de�ned as the time interval from the date of operation to the date when disease progression or death occurred from any cause, whichever
occurred �rst. The last follow-up was January 1, 2022. Among the 381 patients with esophageal cancer included in this study, the 1-, 3-, and 5-year survival
rates were 81.89% (312/381), 25.20% (96/381), and 10.76% (41/381), respectively.

Calculation of CONUT, PNI, NLR, PLR and SII

Since the half-life of albumin is approximately 21 days, the half-life of lymphocytes is more than 2 weeks and the half-life of platelets is approximately 7-9
days, blood samples were obtained within 1 week before radical esophageal surgery. The following calculations were performed: PNI=10 × Albumin
concentration (g/L) + 0.005 × Lymphocyte count (/mm3), (1) albumin concentrations (g/dL) ≥ 3.5, 3.0-3.49, 2.5-2.99 and < 2.5 g/dL were scored as 0, 2, 4 and
6 points, respectively, (2) the total number of lymphocytes ≥ 1600, 1200-1599, 800-1199 and < 800/mm3 were scored as 0, 1, 2 and 3, respectively, (3) total
cholesterol concentration (mg/dL) ≥ 180, 140-179, 100-139 and < 100 mg/dL were scored as 0, 1, 2 and 3, respectively. The CONUT score was calculated
according to the sum of (1), (2) and (3), NLR = neutrophil count/lymphocyte count. In addition, PLR = platelet count/lymphocyte count, and SII = platelet count
× neutrophil count/lymphocyte count.

Statistical analysis:

SPSS 26.0 software was used for data analysis. Combined with the receiver operating characteristic (ROC) curve, the best cutoff values of CONUT, PNI, NLR,
PLR and SII were selected to produce the maximum sensitivity and speci�city. According to the best cutoff value, patients were divided into high and low
groups according to their CONUT, PNI, NLR, PLR and SII scores. Categorical variable data were analyzed by the chi square test. A Cox regression model was
used for single-factor analysis and multivariate survival analysis. The nomogram prediction model was established by using the "rms" package in R software.
The risk ratio (HR) of the 95% con�dence interval (CI) was used to quantify the correlation strength between predictors and survival rate, and the difference
was statistically signi�cant (P < 0.05). In OS and PFS analysis, the Kaplan–Meier method was used to draw survival curves and statistical recurrence rate
curves.

Results
Selection of the best cutoff value

Combined with the receiver operating characteristic (ROC) curve Figure 1 , the best cutoff values of CONUT, PNI, NLR, PLR and SII were selected. According to
the best cutoff value, the patients were divided into the high CONUT group (CONUT≥ 2, 184 cases, 48.29%, AUC = 0.764, 95% CI: 0.710-0.819, P < 0.001) and
low CONUT group (CONIT < 2, 197 cases, 51.71%), high PNI group (PNI ≥ 48, 196 cases, 51.44%, AUC = 0.774, 95% CI: 0.721-0.827, P < 0.001) and low PNI
group (PNI < 48, 185 cases, 48.56%), high NLR group (NLR ≥ 2, 201 cases, 52.76%, AUC = 0.725, 95% CI: 0.661-0.788, P < 0.001) and low NLR group (NLR < 2,
180 cases, 47.24%), high PLR group (PLR ≥ 103, 211 cases, 27.03%, AUC = 0.769, 95% CI: 0.712-0.827, P < 0.001) and low PLR group (PLR < 103, 170 cases,
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44.62%), and high SII group (SII ≥ 361, 209 cases, 54.86%, AUC = 0.741, 95% CI: 0.682-0.799, P < 0.001) and low SII group (SII < 361, 172 cases, 45.14%)(Table
1).

Relationship between CONUT, PNI, NLR, PLR, SII and clinical characteristics

The preoperative nutritional status and clinical characteristics of the 381 patients after radical resection of esophageal cancer are shown in Table 2 and Table
3. Through the correlation analysis between clinical characteristics and preoperative PNI, CONUT, NLR, PLR and SII scores, it can be seen that the CONUT score
before the operation is related to different preoperative complications (P = 0.021) and neoadjuvant therapy (P < 0.001), TNM stage (P = 0.015), tumor location
(P = 0.001), pathological type (P < 0.001), vascular invasion (P = 0.005), nerve invasion (P < 0.001) and regional lymph node metastasis (P= 0.020). The
preoperative PNI was correlated with different preoperative complications (P = 0.008), neoadjuvant therapy (P < 0.001), TNM stage (P = 0.006), tumor location
(P = 0.007), pathological type (P < 0.001), vascular invasion (P = 0.013), nerve invasion (P = 0.001) and regional lymph node metastasis (P= 0.014). The
preoperative NLR was correlated with different neoadjuvant therapies (P < 0.001), TNM stage (P = 0.026), tumor location (P = 0.044), pathological type (P =
0.008) and nerve invasion (P = 0.038). The preoperative PLR was correlated with different neoadjuvant therapies (P < 0.001), TNM stage (P = 0.044), tumor
location (P = 0.007), pathological type (P = 0.005), nerve invasion (P = 0.005) and regional lymph node metastasis (P = 0.022). The preoperative SII was
correlated with different preoperative complications (P = 0.040), neoadjuvant therapy (P < 0.001), TNM stage (P = 0.029), tumor location (P = 0.042),
pathological type (P = 0.005) and nerve invasion (P = 0.004).

Analysis of risk factors between CONUT, PNI , NLR, PLR, SII and clinical characteristics

Univariate analysis showed that CONUT≥ 2 (HR = 2.316, 95% CI: 1.141-4.700, P = 0.020) and SII ≥ 361 (HR = 1.698, 95% CI: 1.025-2.815, P = 0.040) were
important risk factors for poor prognosis. No vascular invasion (HR = 0.567, 95% CI: 0.425-0.758, P < 0.001) and PNI ≥ 48 (HR = 0.031, 95% CI: 0.011-0.090, P
< 0.001) were important factors for good prognosis (Table 4). In multivariate analysis, CONUT ≥ 2 (HR = 2.316, 95% CI: 1.141-4.700, P = 0.020) and SII ≥ 361
(HR = 1.657, 95% CI: 1.117-2.458, P = 0.012) were independently correlated with poor survival time. Vascular invasion (HR = 0.594, 95% CI: 0.470-0.751, P <
0.001) and PNI ≥ 48 (HR = 0.025, 95% CI: 0.009-0.071, P < 0.001) were not independently correlated with good survival (Table 4).

Analysis of CONUT, PNI , NLR, PLR, SII and recurrence and survival parameters

High CONUT (log rank P < 0.001), low PNI (P < 0.001), high NLR (P < 0.001), high PLR (P < 0.001), and high SII (P < 0.001) scores were independent prognostic
factors for shorter OS and PFS times, and the difference was statistically signi�cant (Figure 2). The median OS duration was 22 months, and the median PFS
duration was 13 months. In the patient group with a high CONUT score, OS (15 months vs. 35 months) and PFS (8 months vs. 18 months) were shorter than
those with a low CONUT score (Figure 2.AB). In the group of patients with high PNI scores, OS (35 months vs. 15 months) and PFS (18 months vs. 7 months)
were higher than those with low PNI scores (Figure 2.CD). In the group of patients with high NLR scores, OS (16 months vs. 33 months) and PFS (8 months vs.
17 months) were shorter than those with low NLR scores (Figure 2.EF). In the group of patients with high PLR scores, OS (16 months vs. 35 months) and PFS
(8 months vs. 18 months) were shorter than those with low PLR scores (Figure 2.GH). In patients with high SII scores, OS (16 months vs. 36 months) and PFS
(8 months vs. 19 months) were shorter than those with low SII scores (Figure 2.IJ).

Nomogram prediction of OS at 2, 3 and 5 years

According to the analysis of the multivariate Cox regression model, we found that vascular invasion, preoperative CONUT, PNI and SII had a signi�cant impact
on OS, so we used these variables to build a nomogram. This nomogram was then used to assess the risk of recurrence at 2, 3 and 5 years after esophageal
cancer surgery (Figure 3). By using the correction curve method, the correction curve shows that there is only a limited deviation from the ideal prediction
model (Figure 4), indicating that the predicted value obtained from the nomogram prediction model can well represent the actual value. With this nomogram,
the higher the total score is, the greater the risk of recurrence.

Discussion
Increasing evidence shows that the prognosis of cancer is not only related to tumor factors but also related to the patient's systemic state, including their
nutritional and immune status [40]. Malnutrition in cancer patients will adversely affect the immune defense system, destroy the natural immune barrier,
change cellular and humoral immunity, and hinder the function of macrophages. This in turn leads to susceptibility and intolerance to infection and even
resistance to treatment [41]. Therefore, accurate assessment of nutritional status and in�ammatory immune status can improve the survival rate of cancer
patients [42].

Recently, it has been reported that the CONUT score and PNI are prognostic factors for the survival of patients with different types of cancer, including
colorectal cancer [43,44], gastric cancer [45,46,47], esophageal cancer [47,48,49], hepatocellular carcinoma [50], intrahepatic cholangiocarcinoma [51] and lung cancer
[52]. It is not surprising that CONUT and PNI can be used as prognostic factors of OS for various types of cancer because their components re�ect the tumor
progression. First, serum albumin is a marker of nutritional status and is reported to be associated with tumor necrosis because proin�ammatory cytokines
reduce albumin synthesis [53]. Second, total cholesterol concentration is associated with tumor progression because tumor tissue reduces plasma cholesterol
concentration and calorie intake. Third, the total number of lymphocytes re�ects the immune state. Due to the insu�cient immune response of the host to
cancer cells, a low peripheral blood lymphocyte count is related to poor prognosis in several cancers [54]. However, the relationship between the CONUT score
and postoperative complications in cancer patients is still controversial [43,45,48,51]. On the other hand, it can be seen from the de�nitions of CONUT and PNI
that CONUT is more comprehensive and systematic than PNI. In fact, relevant studies have con�rmed that CONUT has greater prognostic value than PNI [62].
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Studies have found that systemic in�ammatory factors such as NLR, PLR and SII are independent markers of the prognosis of a variety of cancers, including
ESCC [23,24,25,26,27]. Feng J F [24] found that preoperative NLR and PLR are important predictors of OS in ESCC patients, and PLR is a better prognostic index
than NLR. Nakamura K [25] and Yutong H [26] believe that an increased NLR is associated with tumor progression and low survival in EC patients. A meta-
analysis by Zhao L [28] showed that a higher PLR may be an important predictive biomarker for EC patients. In addition, SII based on neutrophil, platelet and
lymphocyte counts has been proven to be an independent prognostic index for patients with hepatocellular carcinoma, lung cancer, colorectal cancer, kidney
cancer, prostate cancer and gastric cancer [19][20][29][30][31]. Among them, some potential theories can be used to explain the prognostic value of NLR, PLR and
SII. First, the number of neutrophils increases in both the tumor microenvironment and the whole body, which is usually associated with a poor prognosis in
patients with solid cancer [32]. As an in�ammatory response, it can not only inhibit the immune system by inhibiting the cytolytic activity of immune cells (such
as lymphocytes, activated T cells and natural killer cells) [34,35] but also activate endothelial cells and parenchymal cells to enhance the adhesion of circulating
tumor cells and promote distant metastasis [33]. Second, platelets can act as a protective "cloak" for circulating tumor cells (CTCs), protecting them from
immune damage. Platelet and endothelial cell adhesion proteins may also promote metastasis by increasing tumor cell extravasation [36]. Third, lymphocytes
can secrete a variety of cytokines, such as IFN-γ and TNF-α, to prevent tumor growth and improve the prognosis of cancer patients [37]. In conclusion, SII
should be a more objective indicator than all other systemic in�ammatory indicators (such as NLR and PLR), which can re�ect the balance between host
in�ammation and the immune response.

In this study, the critical values of CONUT, PNI, NLR, PLR and SII were determined to be 2, 48, 2, 103 and 361, respectively. In univariate and multivariate
analyses, CONUT, PNI and SII were signi�cant for OS. As independent prognostic factors, NLR and PLR were not signi�cant in multivariate analysis. It was
found that high CONUT, low PNI, high SII, high NLR and high PLR were poor prognostic indicators, and the survival, recurrence and metastasis times of these
patients were signi�cantly shortened. In addition, the AUCs of CONUT, PNI, and NLR were calculated. The highest AUCs of PLR and SII were 0.764, 0.226,
0.725, 0.769 and 0.741, respectively, indicating their superiority as markers of nutrition and in�ammation.

In this study, a nomogram was constructed according to the independent prognostic factors screened by the Cox regression model, and the prognosis of
patients with esophageal cancer was predicted and evaluated by the nomogram. The nomogram provides speci�c scores for each in�uencing factor, and the
occurrence probability of the �nal outcome can be inferred by adding the scores of each factor. Additionally, the nomogram transforms a complex regression
equation into a simple visual graph, which makes the results more readable. Medical staff can predict the prognosis of patients with esophageal cancer more
quickly and conveniently using this nomogram, which is conducive to the prevention of disease progression and has high clinical application value.

Our study has several limitations. First, this study was a small sample retrospective study, which only included two nutritional indexes and three in�ammatory
indexes. We did not further explore the pathway and molecular mechanism through which the nutritional and in�ammatory factors mediated by peripheral
blood CONUT, PNI, NLR, PLR and SII participate in the occurrence and development of esophageal cancer, and we did not explore how to organically combine
the �ve indexes CONUT, PNI, NLR, PLR and SII to obtain the maximum prognostic value. Second, a large sample prospective study is needed for further
exploration and veri�cation. Third, although our �ndings are consistent with previous observations, it is not easy to verify our conclusions in another
independent cohort due to the lack of standardized cutoff values of CONUT, PNI, NLR, PLR and SII. In similar studies, the cutoff values of CONUT, PNI, NLR,
PLR and SII were different[38,39].Therefore, we need to conduct prospective research to �nd an appropriate threshold.

In conclusion, CONUT, PNI and SII can be used as independent in�uencing factors to evaluate the nutritional and immune status of patients with esophageal
cancer as well as their prognosis. These indexes are easy to obtain and suitable for clinical application. In addition, nomograms have high clinical application
value and can intuitively predict the prognosis of patients with esophageal cancer, which can help clinicians better formulate or adjust the diagnosis and
treatment plans of these patients.
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Tables
Table 1 The cut-off values for the parameters.

Parameters

 

CONUT PNI NLR PLR SII

Cutoff values

 

2 48 1 103 361

Sensitivity

 

53.8% 45.9% 51.2% 60.8% 60.2%

Speci�city

 

100% 54.1% 92.3% 92.3% 92.3%

AUC

 

0.764 0.774 0.725 0.769 0.741

Controlling Nutritional Status (CONUT) ,Prognostic nutritional index(PNI), Neutrophil-to-lymphocyte ratio(NLR), Platelet-to-lymphocyte ratio(PLR), Systemic
immune-in�ammation index(SII) , Area of under curve(AUC). 

Table 2  Comparison of baseline clinical characteristics based on CONUT and PNI 
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Variables

 

Case(n) 

 

CONUT PNI

CONUT 2

n=197

CONUT≥2

n=184

X2 P value PNI 48

n=185

PNI≥48

n=196

X2 P value

Age y       0.261 0.609     0.045 0.833

65 206 109 97     99 107    

≥65 175 88 87     86 89    

Gender       0.604 0.437     0.002 0.967

Female 117 57 60     57 60    

Male 264 140 124     128 136    

Comorbidity       5.362 0.021     7.083 0.008

Yes 141 62 79     81 60    

No 240 135 105     104 136    

Neoadjuvant therapy       15.154 0.001     20.521 0.001

Yes 281 162 119     117 164    

No 100 35 65     68 32    

Treatment mode       0.991 0.609     0.531 0.767

No 41 24 17     18 23    

Chemotherapy 233 117 116     116 117    

Combination therapy 107 56 51     51 56    

Grading       2.609 0.271     2.462 0.292

I 63 38 25     25 38    

II 219 112 107     109 110    

III 99 47 99     51 99    

TNM stage       5.911 0.015     7.631 0.006

III+IV 225 128 97     96 129    

0+I+II 156 69 87     89 67    

Tumor location       15.149 0.001     9.925 0.007

Upper 62 46 16     19 43    

Middle 140 68 72     70 70    

Lower 179 83 96     96 83    

Pathological type       16.668 0.001     16.438 0.001

squamous cell carcinoma 354 193 161     162 192    

Adenocarcinoma 20 4 16     16 4    

Signet ring cell carcinoma 7 0 7     7 0    

Vascular invasion       7.746 0.005     6.210 0.013

Yes 115 47 68     67 48    

No 266 150 116     118 148    

Nerve invasion       13.906 0.001     11.728 0.001

Yes 81 27 54     53 28    

No 300 170 130     132 168    

Lymph node metastasis       5.434 0.020     6.012 0.014

Yes 222 126 96     96 126    

No 159 71 88     89 70    

Tumor size       2.913 0.088     3.189 0.074
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cm

≥3 143 82 61     61 82    

3 238 115 123     124 114    

Controlling Nutritional Status (CONUT) , Prognostic nutritional index(PNI).

Table 3 Comparison of baseline clinical characteristics based on NLR, PLR and SII 
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Variables

 

Case(n) 

 

NLR PLR SII

  NLR 2

n=180

NLR≥2

n=201

X2 P
value

PLR
103

n=170

PLR≥103

n=211

X2 P
value

SII 361

n=172

SII≥361

n=209

X2 P
va

Age y       0.468 0.494     0.186 0.666     0.043 0.8

65 206 94 112     94 112     94 112    

≥65 175 86 89     76 99     78 97    

Gender       0.004 0.951     0.002 0.964     0.069 0.7

Female 117 55 62     52 65     54 63    

Male 264 125 139     118 146     118 146    

Comorbidity       2.619 0.106     1.593 0.207     4.237 0.0

Yes 141 59 82     57 84     54 87    

No 240 121 119     113 127     118 122    

Neoadjuvant        26.917 0.001     15.155 0.001     18.025 0

Yes 281 155 126     142 139     145 136    

No 100 25 75     28 72     27 73    

Treatment mode       2.351 0.309     0.811 0.667     0.812 0.6

No 41 24 17     21 20     21 20    

Chemotherapy 233 107 126     102 131     105 128    

Combination  107 49 58     47 60     46 61    

Grading       0.104 0.949     0.192 0.909     0.040 0.9

I 63 29 34     28 35     29 34    

II 219 105 114     96 123     99 120    

III 99 46 53     46 53     44 55    

TNM stage       4.987 0.026     4.054 0.044     4.764 0.0

III+IV 225 117 108     110 115     112 113    

0+I+II 156 63 93     60 96     60 96    

Tumor location       6.229 0.044     10.030 0.007     6.345 0.0

Upper 62 38 24     39 23     37 25    

Middle 140 65 75     57 83     60 80    

Lower 179 77 102     74 105     75 104    

Pathological
type

      9.689 0.008     10.448 0.005     10.795 0.0

squamous cell
carcinoma

354 175 179     166 188     168 186    

Adenocarcinoma 20 4 16     3 17     3 17    

Signet ring cell
carcinoma

7 1 6     1 6     1 6    

Vascular
invasion

      0.088 0.766     2.695 0.101     3.152 0.0

Yes 115 53 62     44 71     44 71    

No 266 127 139     126 140     128 138    

Nerve invasion       4.300 0.038     7.877 0.005     8.471 0.0

Yes 81 30 51     25 56     25 56    

No 300 150 150     145 155     147 153    
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Lymph node
metastasis

      2.194 0.139     5.233 0.022     3.360 0.0

Yes 222 112 110     110 112     109 113    

No 159 68 91     60 99     63 96    

Tumor size

cm

      0.886 0.347     2.345 0.126     0.893 0.3

≥3 143 72 71     71 72     69 74    

3 238 108 130     99 139     103 135    

Neutrophil-to-lymphocyte ratio(NLR), Platelet-to-lymphocyte ratio(PLR), Systemic immune-in�ammation index(SII).

 

Table 4 Univariate analysis and multivariate analysis of factors correlated with OS 
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Variables

 

Case(n) 

 

Univariate analysis multivariate analysis

HR 95.0% CI  P value HR 95.0% CI f  P value

Age y              

65 206 1          

≥65 175 0.972 0.778-1.215 0.806      

Gender              

Female 117 1          

Male 264 1.102 0.864-1.406 0.433      

Comorbidity              

Yes 141 1          

No 240 0.825 0.646-1.054 0.124      

Neoadjuvant              

Yes 281 1          

No 100 1.261 0.970-1.640 0.083      

Treatment mode              

No 41 1          

Chemotherapy 233 0.901 0.614-1.320 0.591      

Combination 107 0.980 0.647-1.486 0.925      

Grading              

I 63 1          

II 219 1.224 0.884-1.696 0.223      

III 99 1.410 0.968-2.054 0.074      

TNM stage              

III+IV 225 1          

0+I+II 156 0.789 0.535-1.164 0.233      

Tumor location              

Upper 62 1          

Middle 140 1.046 0.747-1.464 0.794      

Lower 179 1.086 0.774-1.522 0.634      

Pathological type              

squamous cell carcinoma 354 1          

Adenocarcinoma 20 0.763 0.453-1.285 0.309      

Signet ring cell carcinoma 7 1.577 0.699-3.561 0.273      

Vascular invasion              

Yes 115 1     1    

No 266 0.567 0.425-0.758 0.001 0.594 0.470-0.751 0.001

Nerve invasion              

Yes 81 1          

No 300 0.828 0.612-1.120 0.221      

Lymph node metastasis              

Yes 222 1          

No 159 0.973 0.668-1.418 0.889      

Tumor size

cm
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≥3 143 1          

3 238 0.973 0.766-1.236 0.822      

CONUT              

2 197 1     1    

≥2 184 2.316 1.141-4.700 0.020 2.277 1.132-4.582 0.021

PNI              

48 185 1     1    

≥48 196 0.031 0.011-0.090 0.001 0.025 0.009-0.071 0.001

NLR              

2 180 1          

≥2 201 0.972 0.692-1.364 0.869      

PLR              

103 170 1          

≥103 211 1.223 0.779-1.921 0.382      

SII              

361 172 1     1    

≥361 209 1.698 1.025-2.815 0.040 1.657 1.117-2.458 0.012

Controlling Nutritional Status (CONUT) , Prognostic nutritional index(PNI), Neutrophil-to-lymphocyte ratio(NLR), Platelet-to-lymphocyte ratio(PLR), Systemic
immune-in�ammation index(SII).

Figures

Figure 1

ROC analysis and AUC for sensitivity and speci�city of parameters. Receiver operating characteristic(ROC), Area of under curve(AUC) , Controlling Nutritional
Status (CONUT), Prognostic nutritional index(PNI), Neutrophil-to-lymphocyte ratio(NLR), Platelet-to-lymphocyte ratio(PLR), Systemic immune-in�ammation
index(SII). 
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Figure 2

Kaplan-Meier plots of OS according to CONUT PNI NLR PLR SII. The number at risk was shown below. (A) The CONUT- high group showed a signi�cantly
shorter OS compared with the CONUT-low group (14.500VS34.933, log rank P < 0.001). (B) The CONUT-high group showed a signi�cantly shorter PFS
compared with the CONUT-low group (8.270VS 18.300, log rank P < 0.001). (C) The PNI-low group showed a signi�cantly shorter OS compared with the PNI-
high group (14.500VS 34.933, log rank P < 0.001). (D) The PNI-low group showed a signi�cantly shorter OS compared with the PNI- high group (7.400VS
18.300, log rank P < 0.001). (E) The NLR- high group showed a signi�cantly shorter OS compared with the NLR - low group (15.833VS 32.567, log rank P <
0.001). (F) The NLR - high group showed a signi�cantly shorter PFS compared with the NLR - low group (8.270VS 17.470, log rank P < 0.001). (G) The PLR-
high group showed a signi�cantly shorter OS compared with the PLR - low group (15.500VS 34.933, log rank P < 0.001). (H) The PLR - high group showed a
signi�cantly shorter PFS compared with the PLR - low group (8.270VS 18.300, log rank P < 0.001). (I) The SII- high group showed a signi�cantly shorter OS
compared with the SII - low group (15.500VS 35.800, log rank P < 0.001). (J) The SII - high group showed a signi�cantly shorter PFS compared with the SII -
low group (8.430VS 18.630, log rank P < 0.001).
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Figure 3

Nomogram predicting recurrence-free survival in patients with esophageal cancer.

Figure 4

Calibration curves for internal validation of estimating recurrence-free survival in patients with esophageal cancer ,(A)2-year outcome;(B)3-year outcome;(C)5-
year outcome.


