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Purpose: Transarterial chemoembolization (TACE) was commonly applied in hepatocellular carcinoma (HCC) patients across BCLC 
A-C stages with heterogeneous outcomes in real-world practice. We aimed to develop a neutrophil-to-lymphocyte ratio (NLR) and 
sarcopenia-based prognostic nomogram to estimate the prognosis of HCC patients after TACE treatment.
Patients and Methods: Between June 2013 and December 2019, a total of 364 HCC patients who underwent TACE were included 
and randomly assigned to the training (n=255) and the validation cohort (n=109). Sarcopenia was diagnosed based on the third lumbar 
vertebra skeletal muscle mass index (L3-SMI). The multivariate Cox proportional risk model was used to generate a nomogram.
Results: NLR ≥4.0, sarcopenia, alpha-fetoprotein (AFP) ≥200 ng/mL, albumin-bilirubin (ALBI) grade 2 or 3, number of lesions (≥2), 
and maximum size of the lesion (≥5 cm) were independent predictors for overall survival (OS) (P < 0.05). The calibration curve shows 
that the predicted results agree well with the observed results. The time-dependent areas under the receiver-operating characteristic 
curves for OS at 1, 2, and 3 years predicted by the nomogram were 0.818/0.827, 0.742/0.823, and 0.748/0.836 in both training and 
validation cohorts. Nomogram can divide patients into low-, medium- and high-risk groups based on predictor factors. The C-indexes 
of the nomogram for OS were 0.782/0.728 in the training and validation cohorts, outperforming other currently available models.
Conclusion: A novel nomogram based on NLR and sarcopenia may be useful to predict the prognosis of HCC patients who 
underwent TACE across BCLC A-C stage patients.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, neutrophil-to-lymphocyte ratio, sarcopenia, albumin-bilirubin, 
nomogram

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause of cancer-related death in 
2020 worldwide.1,2 According to the recommendation of the Barcelona Clinical Liver Cancer (BCLC) staging system, 
transarterial chemoembolization (TACE) is the first choice for the treatment of intermediate-stage HCC.3 The BRIDGE 
study based on real-world data found that the first treatment of HCC patients across all stages was most frequently 
transarterial chemoembolization in North America, Europe, China, and South Korea4. Meanwhile, because the nature of 
HCC is highly heterogeneous, not all HCC patients can benefit from TACE. Therefore, predictor tools of overall survival 
(OS) can be helpful in clinical decision-making.4,5 So far, various prognostic models have been developed to predict 
survival after TACE, including the HAP score,6 ALBI-TAE score,7 and six-and-twelve score.8 These models were based 
on routinely available parameters, including tumor factors (tumor number and maximum size), alpha-fetoprotein (AFP) 
level, and bilirubin. However, most of these models were built to predict prognosis after TACE in BCLC A or B stage 
patients, while BCLC-C stage patients were excluded.
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Recently, increasing evidence showed that systemic inflammation plays a vital role in tumor progression and the 
long-term prognosis of patients with established cancers.9 The neutrophil-to-lymphocyte ratio (NLR) is a readily 
available systemic inflammatory marker associated with cancer progression. High NLR has been proven to be 
related to poor prognosis of cancer, including hepatocellular carcinoma.10–12 Systemic inflammation can also 
accelerate metabolism and make patients’ nutritional status worse.13 As a reflection of nutritional status, sarcopenia 
is a progressive and generalized skeletal muscle disorder characterized by accelerated loss of muscle mass and 
function. It is a common syndrome in aging patients with chronic disorders. Sarcopenia increases the risk of falls 
and fractures, causes an impaired ability to perform activities of daily living, and leads to a lower quality of life, 
even death.14,15 Patients with chronic diseases showed higher prevalence rates of sarcopenia: 29.7% in 
cardioVascular disease, 24% in chronic obstructive pulmonary disease, and 48.1% in liver cirrhosis.16 In recent 
years, sarcopenia has been considered an independent prognostic factor for the outcome of HCC patients who 
accepted TACE or hepatectomy.17–19

As far as we know, no previous study has explored the influence of both NLR and sarcopenia on the outcome of HCC 
patients undergoing TACE. We aimed to develop a novel prognostic model based on NLR and sarcopenia to predict the 
prognosis of BCLC A-C HCC patients after TACE in real-world practice and compared the prognostic utility of the new 
model with those of conventional models.

Materials and Methods
Study Design
Electronic data of patients with HCC treated by TACE from June 2013 to December 2019 at the authors’ Hospital was 
queried and analyzed. All patients were diagnosed as HCC by diagnostic criteria20 and treated with a conventional TACE 
regimen. Relevant data were collected, including demographic data (age, sex, history of hepatitis B, hepatitis C), 
cirrhosis (diagnosed through histopathologic examination or a combination of clinical, laboratory, and imaging 
findings),21 and portal hypertension, laboratory data (alanine aminotransferase ALT, aspartate aminotransferase AST, 
total bilirubin TBIL, serum albumin ALB, neutrophil count, lymphocyte count), tumor characteristics (tumor number, 
tumor size), tumor biomarkers (alpha-fetoprotein AFP, carcinoembryonic antigen CEA, carbohydrate antigen 19–9 CA 
19–9), liver function grade (Child-Pugh class, ALBI grade) and abdominal CT imaging data. The inclusion criteria 
included 1) TACE as the first recorded treatment; 2) Child-Pugh class A or B grade; 3) blood sample and abdominal CT 
examination were performed within 7 days before TACE treatment. Patients were excluded based on the following 
criteria: 1) complicated with primary tumors of other organs; 2) with systemic inflammatory reaction; 3) incomplete 
clinical data. The protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Each patient gave 
written informed consent prior to treatment.

TACE Procedure
Femoral artery puncture was performed by the Seldinger technique. After the puncture, the catheter was selected 
into the blood supply branch of the liver tumor under fluoroscopic guidance. Angiographic images were analyzed 
to confirm the location, size, number of lesions, and all the tumor-feeding arteries. According to tumor volume, 
liver function, and tumor condition, the appropriate amount of ethiodized oil (Lipiodol Ultra-Fluide; Guerbet, 
Roissy, France) and doxorubicin (Adriamycin; Shenzhen Main Luck Pharmaceuticals Inc, Shenzhen, China) were 
perfused. Then, 300–500 μm Gelfoam particles (Hangzhou ALICON Pharm SCI&TEC CO. LTD) were injected to 
embolize the tumor-feeding artery until the arterial blood flow slowed. After embolization, confirmatory angio-
graphy was performed to embolize the tumor-related blood supply artery to achieve the de-vascularization effect 
of the target tumor.22 After first TACE treatment, patients were followed every 6–8 weeks with measurement of 
serum AFP, liver function, CT or MRI. In cases of viable tumors or intrahepatic recurrences, subsequent TACE 
was arranged if general condition acceptable All TACE procedures were performed by doctors with at least 10 
years of experience.
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Assessment of Sarcopenia and NLR
The third lumbar vertebra skeletal muscle mass index (L3-SMI) was used to evaluate sarcopenia.15 Based on preoperative 
abdominal CT image data, all skeletal muscle area in the third lumbar vertebral plane was sketched by Image J software 
(National Institutes of Health, Maryland), and the L3-SMI was obtained according to the formula. L3-SMI calculation formula: 
L3-SMI = all skeletal muscle area in L3 vertebral plane/height cm2/m2. Images and calculated L3-SMI were assessed by an 
expert radiologist with over 15 years of experience in CT scanning and image postprocessing. NLR was defined as the ratio 
derived from the division of the neutrophil count by the lymphocyte count. The optimal cutoff levels for L3-SMI and NLR were 
calculated by the X-tile software (Yale University, New Haven, CT). In this study, sarcopenia was defined as follows: for male, 
an L3-SMI less than 49 cm2/m2; for female, an L3-SMI less than 36 cm2/m2 The optimal cutoff value for the NLR was 4.0.

Statistical Analysis
All patients were randomly divided into training and validation cohorts according to the ratio of 7:3 through R package 
“caret“. Quantitative variables were presented as median with interquartile range (IQR) and classified variables were 
expressed as frequency or percentage of events. The chi-square test was used to compare category variables among groups, 
and Student’s t-test or non-parametric Mann–Whitney U-test was used to compare continuous variables. Overall survival was 
defined as the time between surgery and death from any cause or until the last follow-up. Survival curves were estimated by the 
Kaplan–Meier method and compared by Log rank test. Cox regression analysis was used to analyze the related factors 
affecting prognosis. Based on the Cox regression analysis, variables with 2-sided P <0.05 were included in the construction of 
the prognosis nomogram. The receiver operating characteristic (ROC) curves were used to assess the diagnostic performance 
of the nomogram. Calibration curves were constructed to compare predicted and observed survival rates. The R package “rms” 
was used to construct and validate the prognostic nomogram. The 1-year, 2-year, and 3-year OS nomogram calibration curves 
were used to evaluate the consistency between predicted and observed survival rates. Harrell’s consistency index (C-index) 
was used to compare with prognostic models, including the HAP score, ALBI-TAE score, and six-and-twelve score6–8 in both 
training and validation cohorts. This study used SPSS 26.0 (SPSS Inc., Chicago, IL) and R ver. 4.2.1 (R Foundation for 
Statistical Computing, Vienna, Austria) to analyze and process the data.

Results
Baseline Characteristic
A total of 364 patients were enrolled and randomly divided into the training cohort (n=255) and validation cohort 
(n=109). Patients received a total of 1062 TACE sessions. The median age of patients was 58 years old, and 82.4% of 
patients were male. HBV infection was the most common cause of HCC (67.9%) and multiple tumors in 199 patients 
(54.7%). BCLC stage A in 84 cases (23.1%), stage B in 193 cases (53.0%), and stage C in 87 cases (23.9%). There was 
no significant difference between the two sets (P > 0.05) except in tumor number and BCLC staging (Table 1).

Table 1 Baseline Characteristics

Characteristics Total n=364 Training Cohort n=255 Validation Cohort n=109 P value

Age, years, median (IQR) 58 (50,66) 58 (51,65) 58 (50,67) 0.756

Gender, n (%) 0.802

Male 300 (82.4%) 211 (82.7%) 89 (81.7%)

Female 64 (17.6%) 44 (17.3%) 20 (18.3%)

HBV, n (%) 0.331

Yes 247 (67.9%) 177 (69.4%) 70 (64.2%)

No 117 (32.1%) 78 (30.6%) 39 (35.8%)

(Continued)
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Table 1 (Continued). 

Characteristics Total n=364 Training Cohort n=255 Validation Cohort n=109 P value

HCV, n (%) 0.140

Yes 11 (3%) 5 (2%) 6 (5.5%)

No 353 (97%) 250 (98%) 103 (94.5%)

Portal vein tumor thrombus, n (%) 0.062

Yes 83 (22.8%) 65 (25.5%) 18 (16.5%)

No 281 (77.2%) 190 (74.5%) 91 (83.5%)

Cirrhosis, n (%) 0.302

Yes 172 (47.3%) 125 (49%) 47 (43.1%)

No 192 (52.7%) 130 (51%) 62 (56.9%)

Portal hypertension, n (%) 0.120

Yes 29 (8%) 24 (9.4%) 5 (4.6%)

No 335 (92%) 231 (90.6%) 104 (95.4%)

Tumor size ≥5 cm, n (%) 0.058

Yes 227 (62.4%) 151 (59.2%) 76 (69.7%)

No 137 (37.6%) 104 (40.8%) 33 (30.3%)

Tumor number ≥2, n (%) <0.05

Yes 199 (54.7%) 150 (58.8%) 49 (45%)

No 165 (45.3%) 105 (41.2%) 60 (55%)

Sarcopenia, n (%) 0.236

Yes 210 (57.7%) 142 (55.7%) 68 (62.4%)

No 154 (42.3%) 113 (44.3%) 41 (37.6%)

AFP≥ 200ng/mL, n (%) 0.552

Yes 185 (50.8%) 127 (49.8%) 58 (53.2%)

No 179 (49.2%) 128 (50.2%) 51 (46.8%)

NLR, median (IQR) 4.092 (2.5992, 6.3484) 4.175 (2.6778, 6.2901) 3.86 (2.3146, 6.4536) 0.418

ALB, g/L, median (IQR) 34.1 (30, 38.05) 34.3 (30.3, 38.1) 33.8 (29.9, 38) 0.247

TBIL, μmol/L, median (IQR) 19.6 (13.7, 27.95) 19.5 (14.05, 27.85) 21.5 (13.1, 27.9) 0.887

AST, IU/L, median (IQR) 47.5 (31, 77) 46 (30, 75) 54 (33, 82) 0.140

ALT, IU/L, median (IQR) 42 (28, 73.25) 41 (26, 75) 48 (31, 71) 0.148

CA19-9, U/mL, median (IQR) 23.45 (12.348, 45.297) 22.56 (12.31, 37.895) 24.55 (13.51, 54.04) 0.165

CEA, mg/L, median (IQR) 2.465 (1.6875, 3.8325) 2.6 (1.735, 3.94) 2.32 (1.66, 3.35) 0.191

(Continued)
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Overall Survival
As of the final follow-up date (December 31, 2021), the median OS of total patients was 11.6 months (IQR 6.8–24.2). 
Among them, the median OS of patients at BCLC-A, B, and C stage were 19.2 months (IQR 11.1–35.2), 11.6 months 
(IQR 6.4–24.4), and 8.5 months (IQR 5.2–13.6), respectively. In the training and validation cohort, the median OS was 
11.4 months (IQR 6.6–24.5) versus 12.0 months (IQR 7.6–23.5). A total of 242 (94.9%) of 255 participants in the 
training cohort and 104 (95.4%) of 109 in the validation cohort were demised. The 1-year, 2-year, and 3-year OS rates 
were 47.8%, 25.5%, and 11.4% in the training cohort and 50.5%, 23.9%, and 15.6% in the validation cohort, respectively. 
There was no significant difference in overall survival time between the two groups (P=0.572). There was a significant 
difference in the OS between patients with or without sarcopenia. In the training cohort, the median survival time was 
16.2 months (IQR 8.2–29.1) versus 9.4 months (IQR 6.1–16.6). For patients in the validation cohort, the median OS was 
14.9 months (IQR 0.8–2.2) versus 10.6 months (IQR 5.4–16.1).

Prognostic Factors of OS
In order to identify the main influencing factors of OS after TACE, the clinical characteristic factors collected in this 
study were analyzed by univariate analysis and multivariate analysis (Table 2). According to the results of Cox regression 
analysis, sarcopenia, preoperative AFP level ≥200 ng/mL, NLR≥4.0, ALBI grade, maximum tumor size (≥5cm), and 
tumor number (≥2) (P<0.05) were selected to be the independent risk factors for OS. Kaplan–Meier curve of these 
independent risk factors in the training cohort (Figure 1).

Construction, Validation and Comparison of the Nomogram
The six variables obtained from the Cox regression analysis were used to construct the nomograms for OS. In both the 
training and validation cohorts, nomogram was used by adding points determined on the predictor point scale. Each 
subtype in the variable was assigned a score. The probability of the result can be calculated by drawing a vertical line on 
the total score to obtain the estimated 1-year, 2-year, and 3-year survival rates were plotted (Figure 2).

The application of the predictive model to the training cohort showed that the time-dependent areas under receiver 
operating characteristic curve (AUROC) values were 0.818 (95% CI 0.763–0.902), 0.742 (95% CI 0.693–0.795), and 

Table 1 (Continued). 

Characteristics Total n=364 Training Cohort n=255 Validation Cohort n=109 P value

ALBI grade, n (%) 0.978

1 52 (14.3%) 37 (14.5%) 15 (13.8%)

2 273 (75%) 191 (74.9%) 82 (75.2%)

3 39 (10.7%) 27 (10.6%) 12 (11%)

BCLC stage, n (%) <0.01

A 84 (23.1%) 48 (18.8%) 36 (33%)

B 193 (53%) 139 (54.5%) 54 (49.5%)

C 87 (23.9%) 68 (26.7%) 19 (17.4%)

Child-Pugh class, n (%) 0.324

A 359 (98.6%) 253 (99.2%) 106 (97.2%)

B 5 (1.4%) 2 (0.8%) 3 (2.8%)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALB, serum albumin; NLR, neutrophil-to-lymphocyte 
ratio; AFP, alpha fetoprotein; CEA, carcinoembryonic antigen; CA 19-9, Carbohydrate Antigen 19-9; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver 
Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus.
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for OS

Characteristics Univariate Analysis P value Multivariate Analysis P value

Hazard Ratio (95% CI) Hazard Ratio (95% CI)

Age yr≥65 0.813 (0.612-1.082) 0.156

Gender

Male, female 1.211 (0.850-1.727) 0.289

Sarcopenia 1.859 (1.426-2.423) <0.001 1.612 (1.212-2.143) 0.005

NLR≥4.0 1.700 (1.316-2.196) <0.001 1.205 (1.102-1.379) <0.001

AFP≥200ng/mL 1.477 (1.146-1.904) 0.003 1.224 (1.222-1.626) <0.001

CA19-9≥28U/mL 0.991 (0.766-1.284) 0.948

CEA≥5mg/L 1.356 (0.902-2.039) 0.143

ALB<35g/L 1.384 (1.074-1.783) 0.012 0.980 (0.728-1.319) 0.892

TBIL≥17.1lmol/L 1.016 (0.785-1.315) 0.902

AST≥40 IU/L 1.220 (0.946-1.574) 0.126

ALT≥ 40 IU/L 1.093 (0.849-1.408) 0.491

ALBI grade

1 Reference

2 0.286 (0.168-0.487) <0.001 0.303 (0.176-0.522) <0.001

3 0.453 (0.297-0.690) <0.001 0.320 (0.205-0.498) <0.001

BCLC stage

A Reference

B 1.319 (0.952-1.828) 0.096 3.955 (0.941-16.626) 0.061

C 0.651 (0.482-0.878) 0.005 0.924 (0.584-1.464) 0.738

Child–Pugh Class

A Reference

B 0.003 (0.000-0.046) <0.001 0.305 (0.200-0.479) 0.201

Tumor size ≥5cm 1.701 (1.308-2.213) <0.001 1.589 (1.147-2.201) <0.001

Tumor number ≥2 1.501 (1.161-1.941) 0.002 1.777 (1.177-2.685) 0.003

Portal vein thrombus 1.675 (1.253-2.239) <0.001 0.362 (0.085-1.538) 0.168

Cirrhosis 0.969 (0.751-1.250) 0.806

HBV 0.853 (0.647-1.123) 0.257

HCV 0.782 (0.368-1.662) 0.523

Portal hypertension 0.721 (0.468-1.110) 0.137

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALB, serum albumin; 
NLR, neutrophil-to-lymphocyte ratio; AFP, alpha fetoprotein; CEA, carcinoembryonic antigen; CA 19-9, Carbohydrate Antigen 
19-9; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus; CI, 
confidence interval.
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Figure 2 Nomogram used to predict the 1-year, 2-year and 3-year survival rate of hepatocellular carcinoma patients.
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Figure 1 Kaplan–Meier curves of risk group stratification for OS in the training cohort (A–F).
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0.748 (95% CI 0.718–0.806) at 1-year, 2-year, and 3-year, and in validation cohorts were 0.827 (95% CI 0.749–0.889), 
0.823 (95% CI 0.755–0.874), and 0.836 (95% CI 0.790–0.898) (Figure 3A and B). In both the training and validation 
cohort, the AUROC values were 0.685 (95% CI 0.378–0.992)/0.803 (95% CI 0.619–0.88), 0.769 (95% CI 0.623–0.915)/ 
0.769 (95% CI 0.623–0.915), and 0.909 (95% CI 0.823–0.995)/0.889 (95% CI 0.803–0.987) on BCLC-A, -B, and -C 
stage patients (Figure 3C and D). In addition, the calibration curves of 1-year, 2-year, and 3-year OS probabilities show 
that the prediction efficiency of the nomogram is in good agreement with the actual observation results in both the 
training and validation cohort (Figure 4). In the training and validation cohort, Harrell’s OS predictive C-index was 0.782 
(95% CI 0.664–0.899) and 0.728 (95% CI 0.496–0.960), higher than single variable (Supplementary Table 1 and 
Supplementary Figure 1), which were also higher than those of other models, including hepatoma arterial- 
embolization prognostic (HAP) score, ALBI-TAE score and six-and-twelve score (Table 3).
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Risk Stratification
Based on the nomogram, patients were divided into the low-risk, medium-risk, and high-risk groups (n=79, n=115, n=61) 
according to the prediction probability of OS, which provided a reasonable basis for the prognosis classification of OS 
patients in the training cohort. For the low-, medium-, and high-risk groups in the training cohort, the median survival 
time was 28.4 months (IQR 23.8–33.0), 15.9 months (IQR 13.3–18.5), and 8.2 months (95% CI 6.0–10.4), respectively. 
The patients in the validation cohort were also divided into three groups (n=33, n=51, and n=25). For each group, the 
median survival time was 31.0 months (IQR CI 24.2–37.7), 14.6 months (IQR 11.7–17.5), and 7.5 months (IQR 5.8–9.3) 
months, respectively. In the training cohort and the validation cohort, the survival curves of the three stratifications were 
significantly different (log-rank P < 0.0001) (Figure 5). Besides, for the three groups in the training cohort, the median 
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Figure 4 Calibration curve showing good fit between the predicted nomogram curve and the observed curve at 1-, 2- and 3-year survival time (A–F). (A–C) represents the 
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Table 3 Comparison of Nomogram and Other Prognostic 
Systems

Models Training Cohort Validation Cohort

C-Index (95% CI) C-Index (95% CI)

Nomogram 0.782 (0.664-0.899) 0.728 (0.496-0.960)

Six-and-twelve score 0.628 (0.502-0.753) 0.635 (0.424-0.846)

ALBI-TAE score 0.599 (0.466-0.733) 0.615 (0.216-1.000)

HAP score 0.492 (0.375-0.608) 0.451 (0.134-0.768)

Abbreviations: ALBI, albumin-bilirubin; HAP, hepatoma arterial-embolization 
prognostic; CI, confidence interval.
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NLR was 2.1 (IQR 1.3–3.1), 3.4 (IQR 2.2–5.1), and 6.4 (IQR 4.1–9.6), and for the different group of patients in the 
validation cohort, the median NLR was 1.3 (IQR 0.8–2.2), 4.1 (IQR 2.4–6.8), and 6.9 (IQR 4.1–11.5), respectively.

Discussion
In real-world practice, TACE is applied across all BCLC stages of HCC.23 However, due to the high heterogeneity of 
HCC, the prognosis of patients who underwent TACE was quite different. Therefore, individualized models were needed 
to be developed to screen patients suitable for TACE. In this study, a novel prognostic model was built based on NLR, 
sarcopenia, AFP level, ALBI grade, tumor number, and maximum tumor size. The model incorporated NLR and 
sarcopenia simultaneously, both of which have been proven by previous studies to be important predictors of HCC. 
The novel nomogram shows good predictive performance after validation and comparison.

In both training and validation cohorts, data of patients with BCLC A-C stages were collected and put into the 
nomogram for evaluation. The AUROC values showed that the nomogram has good performance among all BCLC 
A-C stage patients. The median OS of 11.5 months in the current cohort was shorter than that of 19–38 months reported 
by Llovet et al.24 Probably because more advanced patients were included in the current study, with nearly 24% BCLC-C 
stage patients (Table 1). In fact, not only patients with BCLC A or BCLC B, but also those with BCLC-C stage received 
TACE treatment in the real-world practice. The study population in the current study seemed more representative than 
that of other studies. Based on these characteristics, this nomogram may be more suitable across BCLC-stage HCC 
patients.

Inflammation is a well-known inducing factor of tumors and drives tumor growth, development, and metastasis.25 

About 90% of HCC progression is due to the induction of potential chronic liver inflammation and fibrosis. Chronic 
inflammation caused by hepatitis B or hepatitis C virus infection is key to HCC susceptibility.1 NLR was selected to 
assess the inflammatory immune status of the body, which can be easily obtained in the clinical record system. High NLR 
has been proven to be associated with poor prognosis of various solid tumors.11 In a prospective study, Johnson et al 
found that high NLR is an independent risk factor for HCC patients’ outcomes.26 In this study, a multivariate analysis 
showed that NLR is an independent predictor for HCC patients. As the current nomogram could stratify patients into the 
three strata, for the different groups in the training cohort, the median NLR was 2.1, 3.4, and 6.4, respectively, and for the 
different group of patients in the validation cohort, the median NLR was 1.3, 4.1, and 6.9, respectively. Low NLR has 
proven to be a significant prognostic factor for better survival.
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The systemic inflammatory response of tumors profoundly influences the host’s metabolism and nutritional status.13 

Inflammatory cytokines have been shown to promote muscle atrophy, eventually stimulating protein breakdown and 
inhibiting muscle synthesis. Studies have shown that higher inflammatory levels are related to sarcopenia.27 Feliciano 
et al28 and Petrova et al29 have found that high NLR in patients diagnosed with colorectal cancer or non-small-cell lung 
cancer is related to the occurrence and development of sarcopenia. Sarcopenia is characterized by decreased skeletal 
muscle mass and function that are common in cancer patients and associated with adverse outcomes of many cancers, 
including esophageal and gastric cancer.30,31 Sarcopenia has also been proven to be associated with poor prognosis in 
patients who underwent TACE or hepatectomy.17,19,32 According to the calculated cutoff levels, 210 (57.7%) patients 
were diagnosed with sarcopenia. There was a significant difference in the OS between patients with or without 
sarcopenia. In the training cohort, the median survival time was 16.2 months versus 9.4 months. For patients in the 
validation cohort, the median OS was 14.9 months versus 10.6. In this study, a third lumbar vertebra skeletal muscle 
mass index (L3-SMI) was used to define sarcopenia, compared with common systemic nutrition indicators such as body 
mass index (BMI),33 L3-SMI was obtained from abdominal CT images before TACE, it can avoid the influence of weight 
gain caused by accompanying symptoms such as ascites and reflect the muscle content of the body more precisely.

The widespread use of TACE has stimulated the development of scoring systems to predict patient survival. Several 
milestone models have been developed in past decade, including the HAP score, ALBI-TAE score, and six-and-twelve score. 
Among them, the HAP score was further verified and showed good performance in an international cohort of 3030 patients.34 

While the ALBI-TAE score and six-and-twelve score have not been verified in external cohort so far. Of note, the HAP score was 
developed in BCLC-A and BCLC-B stages HCC population while the ALBI-TAE score and six-and-twelve score were 
developed in only BCLC-B stage HCC population. However, TACE was applied in HCC patients across BCLC A-C stages 
in clinical practice. Therefore, a common model is needed to predict the prognosis of BCLC A-C HCC patients after TACE. In 
the current study, the nomogram showed better prediction ability than these models in same population, with a higher C-index 
(0.782/0.728) compared to the HAP score (0.492/0.451), ALBI-TAE score (0.599/0.615), and six-and-twelve score (0.628/ 
0.635). Theoretically, the nomogram may be beneficial to screen HCC candidates for TACE and rationalize the application of 
TACE in clinical practice.

There are some limitations in this study. First, the data of study population were retrospectively collected from 
a single high-volume center, and the external validation was not conducted. Second, as this was a retrospective study, 
muscle strength loss was not included to measure sarcopenia. Thirdly, most patients in this study were infected with 
HBV. While the performance of this nomogram in HCC population with hepatitis C virus or non-alcoholic fatty liver 
disease was not clear yet.

Conclusion
A novel nomogram based on NLR and sarcopenia may be useful to predict the prognosis of HCC patients who underwent 
TACE across BCLC A-C stage patients.

Abbreviations
BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma; NLR, neutrophil-to-lymphocyte ratio; ALBI, 
albumin-bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; L3-SMI, 
third lumbar vertebra skeletal muscle mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; OS, overall survival; 
TACE, transarterial chemoembolization; CI, confidence interval; IQR, interquartile range; AUROC, areas under receiver 
operating characteristic curve; BMI, body mass index; CT, computed tomography; NAFLD, non-alcoholic fatty liver 
disease; HAP, hepatoma arterial-embolization prognostic.
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