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Background: We retrospectively analyzed the prognostic value of the albumin-to- 
fibrinogen ratio (AFR)–neutrophil-to-lymphocyte ratio (NLR) score, comprising preopera-
tive AFR and NLR, in esophageal squamous cell carcinoma (ESCC) patients after radical 
resection.
Patients and Methods: Overall, 215 patients were included. The optimal cutoff value was 
determined using the receiver operating characteristic (ROC) curve. Based on a low AFR 
(<12.06) and high NLR (≥1.78), the AFR–NLR score was classified as 2 (both hematological 
abnormalities present), 1 (one abnormality present), or 0 (both abnormalities absent). 
Kaplan–Meier curves, Cox regression, and predicted nomogram were used to evaluate the 
prognostic value of the score.
Results: The prognostic value of the AFR–NLR score was better than that of AFR or NLR alone 
(P <0.05). Multivariate analysis showed that a high AFR–NLR score was an independent 
predictor of poor prognosis for overall survival (P <0.001). Additionally, in the nomogram 
including the AFR–NLR score, the net reclassification improvement index increased by 35.5% 
(P <0.001), and the integrated discrimination improvement index increased by 9.0% (P <0.001). 
The predictive accuracy of the established nomogram model was proved using Harrell’s con-
cordance index (0.811, 95% confidence interval: 0.765–0.856) and calibration curve. Notably, 
the decision analysis curve showed that the nomogram had a higher net benefit within most of the 
threshold probability range, indicating better clinical applicability.
Conclusion: The AFR–NLR score is a useful predictor of the prognosis of ESCC patients 
after radical resection, and the nomogram established on the basis of this score has a good 
prognostic value.
Keywords: esophageal squamous cell cancer, AFR–NLR score, prognosis, nomogram

Introduction
Esophageal cancer is one of the main diseases treated with thoracic surgery, and the 
number of diagnoses and deaths due to esophageal cancer rank seventh and sixth, 
respectively, among all cancers in the world.1 In China, esophageal squamous cell 
carcinoma (ESCC) is the main type of esophageal cancer with atypical clinical symptoms. 
Most patients are diagnosed with moderate and advanced disease with poor prognosis.2
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At present, the TNM stage is the main clinical indicator 
for evaluating the prognosis of ESCC patients. However, 
the prognosis of patients with the same stage receiving the 
same treatment is often individualized. Therefore, it is 
very important to identify economic and practical blood 
indicators that predict patient survival.

Since Virchow first discovered the relationship 
between inflammation and malignancy,3 there has 
been increasing evidence that tumor progression is 
not only related to the intrinsic properties of tumor 
cells but also depends on changes in the tumor 
microenvironment.4 Hyperfibrinogenemia is frequently 
observed in patients with malignant tumors and has 
been shown to be associated with tumor progression, 
invasion, and metastasis.5 The level of serum albumin, 
the main serum protein and an indicator of poor nutri-
tional status, has been confirmed to decrease in patients 
with malignant tumors and is related to poor 
prognosis.6,7 Inflammation associated with malignant 
tumors has been confirmed to play an important role 
in the pathogenesis and metastasis of the disease, while 
inflammation-related immune cells are biomarkers of 
systemic inflammation, and their levels can reflect the 
degree of chronic inflammation in patients.8,9 However, 
previous studies of these factors have only focused on 
the interaction of one or two blood indicators. 
Therefore, we hypothesized that a new scoring system 
constructed by taking into account changes in multiple 
blood indicators in the tumor microenvironment may 
have a higher prognostic value than that of a single 
blood indicator.

Methods
Patients
The medical records of 215 ESCC patients who under-
went radical resection at the Department of Thoracic 
Surgery at Fujian Medical University Union Hospital 
from January 2013 to December 2015 were examined. 
The inclusion criteria were as follows: no other related 
anti-tumor treatments were performed before surgery; 
no other tumors or distant metastases were found in 
preoperative inspections or intraoperative exploration; 
no obvious signs of infection before surgery; no vital 
organ dysfunction; and clinical case data and follow-up 
records were complete. The exclusion criteria were as 

follows: previous history of autoimmune disease, blood 
disease, or chronic inflammatory disease; patients 
receiving anticoagulant or hormone therapy within 1 
month before surgery; and severe complications or 
death during the perioperative period. The study was 
approved by the Ethics Committee of Fujian Medical 
University Union Hospital (2020KY064) and the 
related research activities strictly followed the 
Helsinki Declaration. All participants gave informed 
consent before being included in the study.

Clinical Data Collection
Sex, age, smoking history, drinking history, hypertension, 
diabetes, TNM stage, tumor site, tumor length, tumor 
differentiation degree, and postoperative adjuvant therapy 
were all obtained from medical records. Smoking history 
was defined as smoking more than 100 cigarettes in their 
lifetime.10 Drinking history was defined as long-term reg-
ular drinking of up to 20 g/day (140 g/week) and up to 
10 g/day (70 g/week) in men and women, respectively.11 

Peripheral venous blood samples of the patients were 
collected by a professional examiner within 1 week of 
admission and sent for examination. Routine blood tests 
were performed using the Sysmex XN series automatic 
modular blood fluid analyzer, routine biochemical exam-
ination was performed using the Roche Cobas-8000 auto-
matic biochemical analyzer, and blood coagulation 
function tests were performed using the Stago automatic 
blood coagulometer. All ESCC patients were diagnosed 
and confirmed by histopathological examination in accor-
dance with the 8th edition of the American Joint 
Committee on Cancer TNM staging system.12 

Postoperative adjuvant therapy starts within 2–6 weeks 
after surgery. The regimens of the adjuvant chemotherapy 
were platinum-based. As for radiation therapy, the patients 
received conventional radiotherapy at 45–60 Gy with the 
daily fraction being 1.8–2 Gy.

Calculation and Definition of Relevant 
Blood Indicators
Based on previous studies, the albumin-to-fibrinogen 
ratio (AFR) was calculated as the ratio of the absolute 
albumin and absolute fibrinogen values.13 The neutro-
phil-to-lymphocyte ratio (NLR) was calculated as the 
ratio of the absolute neutrophil count to the absolute 
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lymphocyte count.14 The platelet-to-lymphocyte ratio 
(PLR) was calculated as the ratio of the absolute plate-
let count to the absolute lymphocyte count.15 The lym-
phocyte-to-monocyte ratio (LMR) was calculated as the 
ratio of the absolute lymphocyte count to the absolute 
monocyte count.16 The prognostic nutrition index 
(PNI) was calculated as the 10-fold albumin 
level (g/dL) plus 0.005-times the total lymphocyte 
count (per mm3).17 The Youden index was calculated 
using receiver operating characteristic (ROC) analysis 
to determine an optimal cutoff value for AFR, NLR, 
PLR, LMR, and PNI in survival analysis. The follow-
ing optimal cutoff values were identified: AFR, 12.06 
(sensitivity: 74.6%, specificity: 53.5%, area under the 
curve: 0.656); NLR, 1.78 (sensitivity: 78.9%, specifi-
city: 50.0%, area under the curve: 0.652); PLR, 120.6 
(sensitivity: 60.6%, specificity: 61.8%, area under the 
curve: 0.589); LMR, 6.35 (sensitivity: 91.5%, specifi-
city: 25.7%, area under the curve: 0.571); and PNI, 
49.93 (sensitivity: 56.0%, specificity: 66.0%, area 
under the curve: 0.598).

The AFR–NLR score was defined as follows: a high 
NLR (≥1.78) and a low AFR (<12.06) were both given 
a score of 1; otherwise, they were scored 0. Individual 
scores were added to determine the AFR–NLR score 
(range: 0–2).

Follow-Up and Observation Indicators
Follow-up information was obtained mainly through 
telephone calls by medical staff or outpatient records 
(postoperative follow-up was conducted every 3 
months for 2 years, and every 6 months from the 
3rd year). The primary evaluation indicator was 
3-year overall survival (OS). OS was defined as the 
time between the date of surgery and death of the 
patient or the last follow-up.

Statistical Analysis
IBM SPSS 25.0 software, MedCalc 19.5 software and 
R 3.6.1 software were used for statistical analyses. 
Categorical variables were expressed as frequency and 
percentage. The optimal cutoff value was determined 
according to the ROC curve, and the conversion from 
continuous to categorical variables was performed. The 
area under the ROC curve was compared using the 
Z-test on MedCalc. Categorical variables were 

compared using the chi-square test or Fisher’s exact 
probability method. Survival curves were plotted using 
the Kaplan–Meier method and compared using the 
Log-rank test. Significant variables in univariate analy-
sis were included in the Cox proportional hazard 
regression model for multi-factor survival analysis. 
P < 0.05 was considered statistically significant. 
A predicted prognostic nomogram was constructed 
using the independent prognostic factors. The accuracy 
and effectiveness of the nomogram were verified by 
calculating the net reclassification improvement index, 
integrated discrimination improvement index, Harrell’s 
concordance index (C-index), and drawing calibration 
and decision analysis curves.

Results
Patient Characteristics
The baseline characteristics of the included 215 
patients are shown in Table 1. There were 154 men 
(71.6%) and 61 women (28.4%) with a median age of 
60 (range: 34–80) years. The TNM staging was as 
follows: stage I, 51 patients (24.7%); stage II, 70 
patients (32.1%); and stage III, 94 patients (43.2%). 
A total of 113 patients (52.6%) received postoperative 
adjuvant treatment (Table 1).

The median preoperative AFR, NLR, PLR, LMR, 
and PNI values were 11.54 (range: 5.61–22.96), 1.93 
(range: 0.63–4.36), 116.33 (range: 45.18–405.62), 4.44 
(range: 1.1–11.72), and 51.15 (range: 39.6–64.8), 
respectively. The number of patients with AFR–NLR 
scores of 0, 1, and 2 were 43 (22.3%), 96 (44.7%), and 
76 (33%), respectively.

Univariate and Multivariate Analyses
The median follow-up time was 44.7 (range: 1.6–73) 
months; 86 patients died due to disease progression during 
the follow-up period, with an average survival time of 
24.77 months. The 1-, 2-, and 3-year OS of all patients 
were 92.5%, 79.1%, and 67.0%, respectively. Univariate 
analysis indicated that TNM stage, AFR, NLR, PLR, 
LMR, PNI, and postoperative adjuvant therapy was prog-
nostic factors for OS. We performed a multivariate analy-
sis of the significant factors in univariate analysis 
(P <0.05). Multivariate analysis indicated that TNM 
stage (P < 0.001), postoperative adjuvant therapy (P < 
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Table 1 Relationships Between the AFR–NLR Score and Clinicopathological Characteristics

Characteristics Patients (N, %) AFR–NLR Score (N, %) P

0 (n=43) 1 (n=96) 2 (n=76)

Sex 0.886

Male 154 (71.6) 30 (69.8) 68 (70.8) 56 (73.7)
Female 61 (28.4) 13 (30.2) 28 (29.2) 20 (26.3)

Age 0.026
≤60 119 (55.3) 30 (69.8) 55 (57.3) 34 (44.7)

>60 96 (44.7) 13 (30.2) 41 (42.7) 42 (55.3)

Smoking history 0.794

Yes 107 (49.8) 20 (46.5) 50 (52.1) 37 (48.7)

No 108 (50.2) 23 (53.5) 46 (47.9) 39 (51.3)

Alcohol history 0.268

Yes 50 (23.3) 7 (16.3) 21 (21.9) 22 (28.9)
No 165 (76.7) 36 (83.7) 75 (78.1) 54 (71.1)

Hypertension 0.413
Yes 33 (15.3) 4 (9.3) 15 (15.6) 14 (18.4)

No 182 (84.7) 39 (90.7) 81 (84.4) 62 (81.6)

Diabetes 0.216

Yes 11 (5.1) 3 (7.0) 2 (2.1) 6 (7.9)
No 204 (94.9) 40 (93.0) 94 (97.9) 70 (92.1)

Tumor location 0.691
Upper 21 (9.8) 4 (9.3) 10 (10.4) 7 (9.2)

Middle 144 (67.0) 32 (74.4) 60 (62.5) 52 (68.4)

Lower 50 (23.2) 7 (16.3) 26 (27.1) 17 (22.4)

Tumor length (mm) 0.017*

<50 125 (58.1) 25 (58.1) 65 (67.7) 35 (46.1)
≥50 90 (41.9) 18 (41.9) 31 (32.3) 41 (53.9)

Degree of differentiation 0.439
Poor 27 (12.6) 4 (9.3) 13 (13.5) 10 (13.2)

Moderate 117 (54.4) 29 (67.4) 50 (52.1) 38 (50.0)

Well 71 (33.0) 10 (23.3) 33 (34.4) 28 (36.8)

TNM stage <0.001*

I 51 (23.7) 19 (44.2) 26 (27.1) 6 (7.9)
II 70 (32.5) 11 (25.6) 26 (27.1) 33 (43.4)

III 94 (43.8) 13 (30.2) 44 (45.8) 37 (48.7)

Postoperative adjuvant therapy 0.618

Yes 113 (52.6) 21 (48.8) 54 (56.2) 38 (50.0)

No 102 (47.4) 22 (51.2) 42 (43.8) 38 (50.0)

AFR <0.001*

≥12.06 95 (44.2) 43 (100) 52 (54.2) 0 (0)
<12.06 120 (55.8) 0 (0) 44 (45.8) 76 (100)

NLR <0.001*
<1.85 87 (40.5) 43 (100) 44 (45.8) 0 (0)

≥1.85 128 (59.5) 0 (0) 52 (54.2) 76 (100)

(Continued)
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0.001), AFR (P = 0.014), and NLR (P = 0.012) was 
independent risk factors for OS (Table 2).

Correlation Between AFR–NLR Score 
and Clinicopathological Characteristics
According to the area under the ROC curve and multi-
variate analysis results, we constructed the AFR–NLR 
score. AFR–NLR scores significantly correlated with age 
(P = 0.026), tumor length (P = 0.017), TNM stage (P < 
0.001), AFR (P < 0.001), NLR (P < 0.001), PLR (P < 
0.001), LMR (P < 0.001), and PNI (P < 0.001) (Table 1).

Diagnostic Efficacy and Prognostic Value 
of AFR–NLR Score
The ROC curves for AFR, NLR, PLR, LMR, PNI, and 
AFR–NLR score were plotted according to the optimal cut-
off values for the prediction of patients’ survival. The fol-
lowing areas under the ROC curve were found: AFR–NLR 
score, 0.712 (95% confidence interval [CI]: 0.646–0.771); 
AFR, 0.641 (95% CI: 0.573–0.705); NLR, 0.644 (95% CI: 
0.576–0.708); PLR, 0.612 (95% CI: 0.543–0.677); LMR, 
0.586 (95% CI: 0.517–0.653); and PNI, 0.612 (95% CI: 
0.543–0.677) (Figure 1A). We compared the area under the 
ROC curve for the AFR–NLR score with that for the AFR 
and NLR, and the results showed that the diagnostic value of 
the AFR–NLR score for the 3-year OS of patients with 
ESCC after radical resection was greater than that of 
a single indicator (P < 0.05) (Table 3).

The 3-year OS in patients with AFR–NLR scores of 0, 
1, and 2 was 90.7%, 73.9%, and 44.7%, respectively. We 
used the Kaplan–Meier method to plot the cumulative 
survival curve and compared them using the Log-rank 
test (Figure 1B). Univariate and multivariate analyses 
indicated that the AFR–NLR score was an independent 
predictor of OS (Table 4).

Construction and Calibration of 
Nomograms for OS
Independent predictive factors derived from a multivariate 
Cox risk regression model were used to establish 
a nomogram to predict OS in ESCC patients (Figure 2A). 
The survival probability of an individual can be calculated 
by adding the scores of the selected risk factors (Table 5).

The c-index for calculating the nomogram reached 
0.811 (95% CI: 0.765–0.856), and the prediction model 
calibration curve also showed a high degree of coincidence 
between the predicted survival rate and actual rate of the 
nomogram. Both results suggest that the nomogram had 
good predictive accuracy in the modeling group 
(Figure 2B).

Incremental Predictive Value of AFR–NLR 
Score on Nomogram
The prediction model including the AFR–NLR showed 
significantly improved predictive performance, with its 
net reclassification improvement index (NRI) increased 
by 35.5% (P < 0.001) and integrated discrimination 

Table 1 (Continued). 

Characteristics Patients (N, %) AFR–NLR Score (N, %) P

0 (n=43) 1 (n=96) 2 (n=76)

PLR <0.001*
<120.6 117 (54.4) 38 (88.4) 54 (56.2) 25 (32.9)

≥120.6 98 (45.6) 5 (11.6) 42 (43.8) 51 (67.1)

LMR <0.001*

≥6.35 43 (20.0) 17 (39.5) 21 (21.9) 5 (6.6)

<6.35 172 (80.0) 26 (60.5) 75 (78.1) 71 (93.4)

PNI <0.001*

≥49.93 126 (58.6) 40 (93.0) 64 (66.7) 22 (28.9)
<49.93 89 (41.4) 3 (7.0) 32 (33.3) 54 (71.1)

Note: *P<0.05 is considered significant. 
Abbreviations: AFR, albumin-to-fibrinogen ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, albumin-to-fibrinogen ratio; LMR, lymphocyte-to-monocyte ratio; PNI, 
prognostic nutrition index; AFR–NLR, composed of the preoperative AFR and NLR; TNM, tumor node metastasis.
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Table 2 Univariate and Multivariate Cox Regression Analyses of Overall Survival

Characteristics Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Sex 0.945
Male 1

Female 1.018 (0.607–1.708)

Age 0.116
≤60 1

>60 1.452 (0.912–2.314)

Smoking history 0.624
Yes 1

No 1.123 (0.705–1.790)

Alcohol history 0.785
Yes 1

No 1.080 (0.619–1.885)

Hypertension 0.207
Yes 1

No 0.686 (0.382–1.231)

Diabetes 0.586
Yes 1

No 0.756 (0.276–2.073)

Tumor location 0.699
Upper 1

Middle 1.052 (0.477–2.320)

Lower 0.814 (0.329–2.017)

Tumor length (mm) 0.056
<50 1

≥50 1.576 (0.989–2.510)

Degree of differentiation 0.800
Poor 1

Moderate 1.187 (0.703–2.004)

Well 1.045 (0.463–2.358)

TNM stage <0.001* <0.001*

I 1 1

II 6.441 (1.933–21.455) 7.842 (2.258–27.232)

III 11.219 (3.484–36.126) 20.212 (5.923–68.970)

Postoperative adjuvant therapy 0.020* <0.001*

Yes 1 1

No 1.750 (1.092–2.802) 4.097 (2.490–6.743)

AFR <0.001* 0.014*

≥12.06 1 1

<12.06 2.948 (1.726–5.036) 2.089 (1.164–3.749)

NLR <0.001* 0.012*

<1.85 1 1

≥1.85 3.225 (1.822–5.707) 2.314 (1.206–4.441)

(Continued)
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improvement index (IDI) increased by 9.0% 
(P < 0.001) (Table 6).

Clinical Application of Nomogram
The clinical validity of the nomogram was verified using 
decision curve analysis. The results showed that in most 
threshold probability ranges, the net benefit of the nomo-
gram was consistently higher than that of other prediction 
models, indicating that the nomogram was superior to the 
traditional TNM staging system in predicting the survival 
of ESCC patients and had good clinical applicability 
(Figure 3).

Discussion
In recent years, an increasing volume of evidence shows 
that tumor progression is not only related to the intrinsic 
properties of tumor cells but also depends on changes in 
the tumor microenvironment, which can be reflected by 
the changes in inflammatory cell counts and corresponding 
protein levels in serum.18–20

We collected data on relevant blood indicators of 
patients through the most widely used routine blood, rou-
tine biochemical, and coagulation function tests clinically. 
Based on previous relevant studies, the results were used 
to determine AFR, NLR, PLR, LMR, and PNI to explore 
the best indicators for predicting the prognosis of ESCC 
patients after radical resection.

According to previous studies, the cutoff values for rele-
vant blood values were selected differently.21,22 Since an ROC 
curve can take into account the sensitivity and specificity of 
the diagnosis, we plotted it to obtain the Youden index to 

determine the optimal cutoff value.23 The area under the 
ROC curve for AFR and NLR was higher than that for PLR, 
LMR and PNI, suggesting that the former were more effective 
in predicting the survival of ESCC patients.

Univariate analysis showed that TNM stage, post-
operative adjuvant therapy, AFR, NLR, PLR, LMR, 
and PNI were associated with prognosis. Multivariate 
analysis showed that TNM stage, postoperative adju-
vant therapy, AFR, and NLR were independent risk 
factors for the prognosis of ESCC patients after radical 
resection. In view of the results of the ROC curve and 
multivariate analysis, we constructed a new AFR–NLR 
score that can simultaneously take into account the 
patients’ blood coagulation, nutrition, inflammation, 
and immunity indicators. To explore the diagnostic 
efficacy of the AFR–NLR score, we compared the 
AFR–NLR score with AFR and NLR using the Z-test. 
The results showed that the predictive value of the 
AFR–NLR score for the 3-year OS of ESCC patients 
was greater than that of single index detection using 
either AFR (P = 0.0047) or NLR (P = 0.0102) alone.24 

In addition, we found that the AFR–NLR score signifi-
cantly correlated with the tumor stage and duration of 
ESCC, suggesting that the AFR–NLR score can predict 
disease progression and tumor burden.25 The results of 
univariate and multivariate analyses suggest that the 
AFR–NLR score (all P <0.001) is an independent pre-
dictive factor for the prognosis of ESCC patients.

Nomograms are simple and visual prognostic pre-
diction models that are gradually emerging in the cur-
rent medical research and clinical practice; they have 

Table 2 (Continued). 

Characteristics Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

PLR 0.001* 0.193

<120.6 1 1

≥120.6 2.202 (1.367–3.547) 1.410 (0.841–2.364)

LMR 0.007* 0.614

≥6.35 1 1

<6.35 3.160 (1.369–7.295) 1.262 (0.511–3.115)

PNI 0.001* 0.841

≥49.93 1 1

<49.93 2.174 (1.360–3.477) 1.058 (0.612–1.827)

Note: *P<0.05 is considered significant. 
Abbreviations: HR, hazard ratio; CI, confidence interval; AFR, albumin-to-fibrinogen ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, albumin-to-fibrinogen ratio; LMR, 
lymphocyte-to-monocyte ratio; PNI, prognostic nutrition index; TNM, tumor node metastasis.
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the advantages of simple use, easy operation, and high 
predictive accuracy. At present, nomograms are widely 
used in the prognostic assessment of many diseases, 

such as nasopharyngeal carcinoma and colorectal 
cancer.26,27 Since few nomogram prognostic models 
have been established for ESCC patients after radical 
resection, we constructed a corresponding model based 
on the results of the multivariate analysis in this study, 
which can directly reflect the degree of influence of 
different factors on the survival prediction for patients. 
Among them, TNM stage has the highest score in the 
model, suggesting that it contributed the most to the 
model. To explore the contribution of the AFR–NLR 
score to the model in this study, we calculated the NRI 
and IDI, respectively. The former is based on the 
quantification of the difference in classification change 
between two prediction models, while the latter is 
based on the quantification of the difference in prob-
ability between the two prediction models. NRI and 
IDI were used to calculate the increase in prediction 
probability for patients and decrease in prediction 
probability for controls.28,29 The results showed that 
NRI and IDI increased by 35.5% (P < 0.001) and 
9.0% (P < 0.001), respectively, in the prediction 
model including the AFR–NLR score, and the predic-
tion accuracy was significantly improved.

Note that the nomogram containing the AFR–NLR 
score showed sufficient discrimination in the primary 
cohort (C-index: 0.811).30 The established calibration 
curve also shows that the nomogram-predicted 3-year 

Table 3 Comparison of AFR–NLR Score with Z Test of AFR and 
NLR

Variables Z Statistics P

AFR–NLR score compared to AFR 2.824 0.0047*

AFR–NLR score compared to NLR 2.570 0.0102*

Note: *P<0.05 is considered significant. 
Abbreviations: AFR, albumin-to-fibrinogen ratio; NLR, neutrophil-to-lymphocyte 
ratio; AFR–NLR, composed of the preoperative AFR and NLR.

Figure 1 (A) Receiver operating characteristic curves comparing the area under 
the curve for AFR, NLR, PLR, LMR, PNI, and AFR–NLR score. (B) Kaplan–Meier 
overall survival curve according to the AFR–NLR score. 
Abbreviations: AFR, albumin-to-fibrinogen ratio; NLR, neutrophil-to-lymphocyte 
ratio; LMR, lymphocyte-to-monocyte ratio; PLR, albumin-to-fibrinogen ratio; PNI, 
prognostic nutrition index; AFR–NLR, composed of the preoperative AFR and 
NLR.

Table 4 Univariate and Multivariate Cox Regression Analysis of AFR–NLR Score

Characteristics Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

AFR–NLR score <0.001* <0.001*
0 1 1

1 3.031 (1.055–8.710) 2.949 (1.021–8.513)

2 9.195 (3.292–25.683) 6.984 (2.475–19.705)

Note: *P<0.05 is considered significant. 
Abbreviation: AFR–NLR, composed of the preoperative AFR and NLR.
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survival rate is highly consistent with the observed survi-
val rate.31 However, good prediction accuracy is not 
necessarily related to effectiveness in clinical practice. 

Therefore, we conducted a decision curve analysis on the 
prediction model to observe whether the analysis 
improved prognosis prediction. It is a new method to 

Figure 2 (A) Nomogram for predicting 3-year OS in patients with ESCC after radical resection. The covariates in each nomogram were evaluated, and the scores were 
assigned. The higher the total score, the higher the likelihood of poor clinical outcomes and the lower the expected survival rate. (B) Bootstrap calibrations of the 
nomograms. The vertical axis represents the actual survival rate, the horizontal axis represents the model predicted survival rate, and the 45° diagonal represents a perfect 
match. 
Abbreviations: ESCC, esophageal squamous cell carcinoma; OS, overall survival.
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determine which clinical decision has the greatest net 
benefit based on threshold probability. Based on the data 
in this study, we found that the constructed nomogram 
shows better performance, which indicates that the nomo-
gram is superior to the traditional TNM staging system in 
clinical prognosis prediction.32,33

In this study, we established a new AFR–NLR score by 
comprehensively considering the changes in various indica-
tors in the blood and explored its prognostic role in patients 
with ESCC after radical resection. The constructed nomo-
gram provides a convenient and effective tool for patients 
and doctors to choose appropriate treatments and accurately 
predict prognosis. Another important aim is to select patients 
who might benefit from further care or other additional 
interventions. However, there are still some limitations to 
this study. First, as a single-center retrospective study, selec-
tion bias and recall bias are inevitable due to the limitations 
of the data. Second, we excluded patients who had received 
preoperative chemotherapy and/or radiotherapy, which may 
have influenced our analysis. Third, the follow-up time of 
this study was relatively short, so the effect of the AFR–NLR 
score on disease recurrence or metastasis could not be further 

Table 6 Analysis of NRI and IDI on AFR–NLR Score

Variables Increase Value 95% CI P

IDI 0.090 0.036–0.185 <0.001*

NRI 0.355 0.129–0.488 <0.001*

Note: *P<0.05 is considered significant. 
Abbreviations: AFR–NLR, composed of the preoperative AFR and NLR; IDI, inte-
grated discrimination improvement index; NRI, net reclassification improvement index.

Table 5 Points for Categorical Variables in Nomogram

Variables Points

TNM stage

I 0

II 68

III 100

Postoperative adjuvant therapy

Yes (1) 0

No (0) 47

AFR–NLR score

0 0

1 35.5

2 64

Abbreviations: AFR–NLR, composed of the preoperative AFR and NLR; TNM, 
tumor node metastasis.

Figure 3 Comparison of decision analysis curves between the nomogram and other models. The black horizontal line represents the assumption that no patient events occurred 
within a specific time span. The red line represents the assumption that all patients have an event within the same time span. The blue line represents the net benefit predicted by the 
nomogram. The ordinate represents the net benefit predicted by the model. This means that within a specific time span, the net benefit of each patient in each prediction model is 
a function of the queue size with threshold probability (abscissa), which is calculated by weighting the benefit (true positive) and the harm (false positive). 
Abbreviations: AFR–NLR, composed of the preoperative AFR and NLR; TNM, tumor node metastasis; Adjuvant therapy, postoperative adjuvant therapy.
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explored. Finally, due to the lack of external data, our results 
were only validated internally. Therefore, a multicenter col-
laborative prospective study is needed to further confirm our 
results. In conclusion, this study proposes a nomogram 
including AFR–NLR score, which shows good performance 
in predicting OS of ESCC patients after radical resection, 
which is better than that of the traditional TNM staging 
system.
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