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Abstract. The majority of patients with unresectable 
hepatocellular carcinoma (HCC) undergo trans-arterial 
chemoembolization (TACE). However, the prognosis of HCC 
remains poor. In the present study, five staging systems were 
compared to predict the survival rate of patients with HCC 
undergoing TACE treatment. A total of 220 patients with HCC 
were examined according to the model to estimate survival for 
hepatocellular carcinoma (MESH), hepatoma arterial embo-
lization prognostic score (HAP), modified HAP (mHAP), 
performance status combined Japan Integrated Staging system 
(PSJIS) and tumor-node-metastasis (TNM) staging systems. 
The endpoints of the study were 3-month survival, 6-month 
survival, 1-year survival and overall survival (OS) rates. 
Receiver operating characteristic curve analysis indicated that 
the area under the curve of MESH, HAP, mHAP, PSJIS and 
TNM was 0.858, 0.728, 0.690, 0.688 and 0.699, respectively, 
in predicting 3-month survival rates; 0.822, 0.747, 0.720, 
0.722 and 0.715, respectively, in predicting 6-month survival 

rates and 0.725, 0.664, 0.672, 0.645 and 0.654, respectively, in 
predicting 1-year survival rates. Discriminatory ability, homo-
geneity, monotonicity and prognostic stratification ability was 
evaluated using a likelihood ratio test and Akaike information 
criterion values among the five staging systems, and revealed 
that the MESH system was the optimal prognostic staging 
system for HCC. In conclusion, the results of the present study 
suggest that the MESH system is the most accurate prognostic 
staging system of 3-month survival, 6-month survival, 1-year 
survival and OS rates among the five systems analyzed in 
patients with HCC who have received TACE treatment.

Introduction

Hepatocellular carcinoma (HCC) is a common malignancy 
globally, and its mortality rate ranked fourth in 2015 (1,2). In 
total, ~60% of patients with HCC are diagnosed with unre-
sectable HCC, which represents an incurable disease (3,4). 
Barcelona Clinic Liver Cancer (BCLC) guidelines recommend 
patients with intermediate-stage HCC to receive trans-arterial 
chemoembolization (TACE) as a standard treatment. Two 
randomized controlled clinical trials demonstrated the benefits 
of TACE treatment for patients with HCC (5,6). According to 
BCLC guidelines, patients with HCC who present an asymp-
tomatic HCC, lack of portal vein thrombosis or extra-hepatic 
spread, compensated cirrhosis, and patients classified with 
Child-Pugh scores <8 and a performance status (PS) of 0, 
are advised to receive TACE treatment (4). In total, ~20% of 
patients with HCC are at an intermediate stage. These patients 
form a heterogeneous group, owing to discrepancies in tumor 
burden, serum biomarker, liver function, performance status, 
etiology, etc. However, BCLC guidelines do not consider all 
these parameters. The reported survival rates of patients with 
intermediate-stage HCC varies between 11 and 45 months (7).

Staging systems, including model to estimate survival 
rates for hepatocellular carcinoma (MESH), hepatoma arte-
rial embolization prognostic score (HAP), modified HAP 
(mHAP), performance status combined Japan Integrated 
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Staging system (PSJIS) and tumor-node-metastasis (TNM), 
have been developed to determine the optimal treatment for 
the patients. However, it remains unknown which system is 
optimal for the prediction of patient survival rates.

In the present study, the performance of five staging systems, 
i.e., MESH, HAP, mHAP, PSJIS and TNM, was compared in 
predicting 3-month survival, 6-month survival, 1-year survival 
and OS survival rates of patients with HBV-associated HCC 
undergoing TACE. The aim of the present study was to deter-
mine the optimal staging system for patients with HCC.

Patients and methods

Patients. A total of 220 sequential patients with HCC treated 
with TACE were retrospectively reviewed at the Third Affiliated 
Hospital of Sun Yat-Sen University (Guangzhou, China) 
between July 2009 and June 2012. Patient characteristics are 
provided in Table I. The diagnosis of HCC was confirmed using 
pathology or magnetic resonance imaging (MRI)/computed 
tomography (CT) according to the American Association for 
the Study of Liver Diseases guidelines (3). All participants 
studied were patients with HBV-associated HCC and received 
TACE following multidisciplinary team discussion. Patients 
with advanced HCC classified as Child‑Pugh grade A or B 
and with a performance status (PS) of 0 to 2, platelet count 
≥30x109 cells/l and hemoglobin level ≥60 g/l, were eligible for 
enrollment. However, patients were excluded if a second type 
of cancer and/or intractable comorbid medical illness existed. 
Patients classified as Child‑Pugh grade C were also excluded.

Data collection. The Institutional Review Board of the Third 
Affiliated Hospital of Sun Yat‑Sen University reviewed and 
approved the present study. Prior to enrollment, all participants 
provided written informed consent for data sharing.

A range of demographic data were collected including risk 
factors, blood results, imaging and therapy data. Collected 
data also included sex, age, date of diagnosis, date of mortality 
or last follow-up date. The clinical records of the patients were 
retrospectively assessed. Tumor characteristics, including 
tumor size and extension, vascular invasion and lymph node 
metastases, were assessed using CT or MRI. Routine blood 
tests, liver function and coagulation tests were also conducted.

Staging. Baseline data were collected to classify patients 
according to MESH, HAP, mHAP, PSJIS and TNM systems. 
All eligible patients were classified by MESH, HAP, mHAP, 
PSJIS, TNM and BCLC in the first diagnosis, and 91.8% of 
patients with HCC were classified according to BCLC-C. 
Patients with a PS of 2 were also the classified according to 
BCLC‑C at first diagnosis. A baseline evaluation that included 
laboratory studies, imaging studies (CT or MRI) and clinical 
examination was performed. Data were collected at the time 
the patients were diagnosed with advanced HBV-associated 
HCC. Survival times were defined as the time from first 
TACE treatment until mortality or last follow-up. Patients who 
lacked the required data or who were lost to follow-up within 
3 months of diagnosis were excluded from the present study.

Statistical analysis. The primary endpoints of the present 
study were 3-month survival and OS. The secondary 

Table I. Baseline demographic and clinical characteristics of 
patients.

Characteristic Patients

Total patients, n (%) 220 (100)
Sex, n (%) 
  Male 200 (90.90)
  Female 20 (9.10)
Median age, years (range) 52.5 (11-84)
  Etiology, n (%) 
  HBsAg 220 (100)
Tumor size, n (%) 
  <2 cm 20 (9.1)
  2-5 cm 62 (28.2)
  >5 cm 138 (62.7)
  Ascites, n (%) 55 (25.0)
  Portal vein invasion (segmental), n (%) 102 (46.4)
  Extrahepatic spread 21 (9.5)
White blood cell count, x109 cells/l 5.90 (1.54-20.6)
(range)
α-fetoprotein, ng/ml (range) 503.47 (1-1210)
Albumin, g/l (range) 38.06 (22.0-53.3)
Creatinine, µmol/l (range) 73.67 (41.0-160.1)
Alkaline phosphatase, U/l (range) 139.90 (44-1048)
Platelets, x109 cells/l (range) 161.31 (31-520)
Hemoglobin, g/l (range) 130.72 (60-190)
Fibrinogen, g/l (range) 3.48 (1.26-9.39)
Total bilirubin, µmol/l (range) 21.28 (4.7-109.8)
AST, IU/l (range) 82.28 (12-931)
γ-glutamyltransferase, U/l (range) 166.50 (17-1136)
Blood urea nitrogen, mmol/l (range) 5.24 (2.08-12.85)
PT, sec (range) 14.18 (11.2-24.3)
INR (range) 1.11 (0.84-2.21)
90-day survival rate, n (%) 194 (88.18)
6-month survival rate, n (%) 166 (75.45)
1-year survival rate, n (%) 132 (60.00)
2-year survival rate, n (%) 108 (49.09)
5-year survival rate, n (%) 18 (8.18)
TNM 7th edition, n (%) 
  I 14 (6.4)
  II 52 (23.6)
  III 38 (17.3)
  IV 116 (52.7)
Child-Pugh class, n (%) 
  A 153 (69.5)
  B 67 (30.5)
BCLC, n (%) 
  A 6 (2.7)
  B 12 (5.5)
  C 202 (91.8)
MESH, n (%) 
  0 5 (2.3)
  1 27 (12.3)
  2 43 (19.5)
  3 60 (27.3)
  4 53 (24.1)
  5 31 (14.1)
  6 1 (0.5)
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endpoints of the study were 6-month and 1-year survival. 
Kaplan-Meier estimator survival curves and log rank tests 
were used to evaluate the OS rate. Likelihood ratio tests 
(LRTs) were used to compare different staging systems. The 
degree of freedom was set at 1, so that different prognostic 
systems with different numbers of stages could be compared. 
Bias correction of Akaike information criterion (AIC) was 
applied. Lower AIC and higher likelihood ratio values 
indicate improved prognosis capacity of a staging system. 
Statistically significant prognostic variables in univariate 
analyses were identified by multivariate analysis using Cox's 
proportional hazards model. Receiver operating character-
istic (ROC) curve analysis was performed for each staging 
system's predictive value for predicting 3‑month, 6‑month 
and 1-year mortality. Higher area under curve (AUC) 
values of the ROC curves indicate better predictive ability. 
Data were analyzed using SPSS (version 22.0; IBM Corp., 
Armonk, NY, USA) and SAS (version 9.0; SAS Institute, Inc., 
Cary, NC, USA). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Patient characteristics. A total of 220 patients were classified 
using the MESH, HAP, mHAP, TNM and PSJIS systems. The 
baseline characteristics of all patients studied are presented 
in Table I.

Staging system comparison. Analysis of the prognostic perfor-
mance of the staging systems to predict 3-month, 6-month 
and 1-year survival rates was performed. The AUC values for 
predicting 3-month survival rates for MESH, HAP, mHAP, 
PSJIS and TNM systems were 0.858, 0.728, 0.690, 0.688 and 
0.699, respectively. Additionally, the AUC values of MESH, 
HAP, mHAP, PSJIS and TNM for predicting 6-month survival 
rates were 0.822, 0.747, 0.720, 0.722 and 0.715, whereas the 
respective values for predicting 1-year survival rates were 
0.725, 0.664, 0.672, 0.645 and 0.654.

Pairwise comparison of the AUC to predict 3-month, 
6-month and 1-year survival rates revealed that the MESH 
staging system performed optimally in predicting 3- and 
6‑month survival rates (Tables Ⅱ and Ⅲ)(Figs 1 and 2). A 
statistical trend was only observed when MESH was compared 
with mHAP in predicting 1-year survival rate (P=0.0797; 
Table IV; Fig. 3). MESH exhibited an improved performance 
compared with HAP, PSJIS and TNM in predicting 1-year 
survival rate (P<0.05), while mHAP performed equally well 
compared with PSJIS and TNM in predicting 1-year survival 
rate (P>0.05; Table IV).

Additionally, the staging systems, including MESH, 
HAP, mHAP, TNM and PSJIS were analyzed separately, 
using Kaplan-Meier estimator curves (Figs. 4-8, respec-
tively). For the analysis of the MESH system, patients were 
assigned to risk groups (MESH score 0-1, low risk; score 2-4, 
intermediate risk; score 5-6, high risk). The median survival 
was 3 months for the high-risk group, 27 months for the 
intermediate-risk group and 41 months for the low-risk 
group, indicating that high-risk patients had a poor survival 

Table II. Pairwise comparison of receiver operating character-
istic curves predicting 3-month survival rates.

System 1 System 2 Difference P-value

MESH HAP 0.130 0.0008
MESH mHAP 0.168 0.0001
MESH PSJIS 0.170 0.0002
MESH TNM 0.159 <0.0001
HAP mHAP 0.0373 0.1839
HAP PSJIS 0.0395 0.4660
HAP TNM 0.0283 0.5530
mHAP PSJIS 0.00218 0.9706
mHAP TNM 0.00902 0.8639
PSJIS TNM 0.0112 0.8479

HAP, hepatoma arterial embolization prognostic score; MESH, model 
to estimate survival for hepatocellular carcinoma; mHAP, modified 
HAP; PSJIS, performance status combined Japan Integrated Staging 
system; TNM, tumor-node-metastasis.

Table I. Continued.

Characteristic Patients

HAP, n (%) 
  A 26 (11.8)
  B 59 (26.8)
  C 76 (34.5)
  D 59 (26.8)
mHAP, n (%) 
  A 50 (22.7)
  B 74 (33.6)
  C 74 (33.6)
  D 22 (10.0)
JIS, n (%) 
  0 6 (2.7)
  1 52 (23.6)
  2 81 (36.8)
  3 56 (25.5)
  4 22 (10.0)
  5 3 (1.4)
PSJIS, n (%) 
  0 1 (0.5)
  1 12 (5.5)
  2 44 (20.0)
  3 76 (34.5)
  4 46 (20.9)
  5 27 (12.3)
  6 12 (5.5)
  7 2 (0.9)

AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver 
Cancer; HAP, hepatoma arterial embolization prognostic score; HBsAg, 
hepatitis virus B surface antigen; INR, international normalized ratio; 
MESH, model to estimate survival for hepatocellular carcinoma; mHAP, 
modified HAP; PSJIS, performance status combined Japan Integrated 
Staging system; PT, prothrombin time; TNM, tumor-node-metastasis.
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rate (8). For the analysis of the PSJIS system, patients with a 
score of 0-2 represented a low-risk group, whereas patients in 
the high-risk group had a score of 5-7 (9). The Kaplan-Meier 
estimator curves exhibited different prognostic strata for 
MESH, HAP, mHAP, PSJIS and TNM, which was statisti-
cally different (log-rank P<0.05 in all cases). Subsequently, 
Kaplan-Meier estimator analysis of survival rate revealed 
that the MESH staging system exhibited an excellent strati-
fied prognostic capacity.

Following comparison of the LRT χ2 and AIC values of 
the five staging systems, MESH demonstrated the highest χ2 
and lowest AIC value, thus suggesting an improved predictive 
performance compared with that of the HAP, mHAP, PSJIS 
and TNM systems (Table V).

Prognostic factors of survival in patients with HCC. 
Independent prognostic factors including tumor size, portal 
vein invasion (segmental), antiviral therapy and bilirubin for 
OS were revealed by univariate and multivariate analyses 
(Table VI).

Discussion

Many patients with HCC are diagnosed at an advanced 
stage and TACE is a major therapeutic approach. BCLC 
guidelines recommend patients with intermediate-stage HCC 
to receive TACE treatment for first-line therapy. Evidence 
comes from two randomized controlled clinical trials (5,6). 
Llovet et al (5) conducted a randomized controlled trial and 
analyzed 112 patients. It was identified that patients with HCC 
undergoing chemoembolization exhibited a longer survival 

Table IV. Pairwise comparison of receiver operating character-
istic curves predicting 1-year survival rates.

System 1 System 2 Difference P-value

MESH HAP 0.0610 0.0318
MESH mHAP 0.0525 0.0797
MESH PSJIS 0.0796 0.00116
MESH TNM 0.0704 0.0189
HAP mHAP 0.00848 0.6508
HAP PSJIS 0.0186 0.6167
HAP TNM 0.00943 0.7866
mHAP PSJIS 0.0271 0.4793
mHAP TNM 0.0179 0.6189
PSJIS TNM 0.00917 0.7800

HAP, hepatoma arterial embolization prognostic score; MESH, model 
to estimate survival for hepatocellular carcinoma; mHAP, modified 
HAP; PSJIS, performance status combined Japan Integrated Staging 
system; TNM, tumor-node-metastasis.

Figure 1. Receiver operating characteristic curves of MESH, HAP, mHAP, 
TNM and PSJIS for predicting 3-month survival. The optimal threshold 
value of MESH was 3 and the area under the curve of MESH was 0.858 (95% 
confidence interval, 0.805‑0.901; P<0.001). P<0.001 for MESH vs. HAP, 
mHAP, PSJIS or TNM. MESH, model to estimate survival for hepatocellular 
carcinoma; HAP, hepatoma arterial embolization prognostic score; mHAP, 
modified HAP; PSJIS, performance status combined Japan Integrated 
Staging system; TNM, tumor-node-metastasis.

Figure 2. Receiver operating characteristic curves of MESH, HAP, mHAP, 
TNM and PSJIS for predicting 6-month survival. The optimal threshold 
value of MESH was 3 and the area under the curve of MESH was 0.822 
(95% confidence interval, 0.765‑0.870; P<0.001). P<0.01 for MESH vs. HAP, 
mHAP, PSJIS or TNM. MESH, model to estimate survival for hepatocellular 
carcinoma; HAP, hepatoma arterial embolization prognostic score; mHAP, 
modified HAP; PSJIS, performance status combined Japan Integrated 
Staging system; TNM, tumor-node-metastasis.

Table III. Pairwise comparison of receiver operating character-
istic curves predicting 6-month survival rates.

System 1 System 2 Difference P-value

MESH HAP 0.0752 0.0076
MESH mHAP 0.102 0.0016
MESH PSJIS 0.0999 0.0032
MESH TNM 0.107 0.0002
HAP mHAP 0.0266 0.2054
HAP PSJIS 0.0247 0.5311
HAP TNM 0.0320 0.3498
mHAP PSJIS 0.00184 0.9639
mHAP TNM 0.00541 0.8813
PSJIS TNM 0.00725 0.8446

HAP, hepatoma arterial embolization prognostic score; MESH, model 
to estimate survival for hepatocellular carcinoma; mHAP, modified 
HAP; PSJIS, performance status combined Japan Integrated Staging 
system; TNM, tumor-node-metastasis.



ONCOLOGY LETTERS  15:  855-862,  2018 859

time compared with patients undergoing conservative treat-
ment. Chemoembolization decreased mortality by 53%. It 
was concluded that under careful selection, patients with 
unresectable HCC received a survival benefit from chemoem-
bolization (5). Another trial was conducted by Lo et al (6), in 
which 80 patients with HCC were examined. The survival rate 
of the chemoembolization group was significantly increased 
compared with that of the control group. Chemoembolization 
decreased mortality by 51%. This study verified the previous 
results that TACE treatment significantly prolonged the 
survival of Asian patients with HCC at an unresectable stage.

However, it is difficult to predict which group of patients 
would benefit most from TACE treatment. Precise prognosis 
for patients with HCC under TACE treatment is needed. First, 
many patients may not respond to TACE although they fulfill 
the eligibility criteria. Furthermore, patients receiving their 
first course of TACE may develop liver failure and become 
unsuitable to receive the second embolization (10). Lastly, the 
development of TACE techniques has broadened the use of 

TACE beyond the initial eligibility criteria, which widens the 
heterogeneity of the treatment group survival.

Several staging systems, including MESH, HAP, mHAP 
and PSJIS, have been developed for more precise prognosis for 
patients with HCC undergoing TACE. Liu et al (8) proposed 
the MESH staging system. This model was derived from the 
analysis of 3,182 patients with HCC from Taiwan (8), where 
multiple factors, including vascular invasion or metastasis, tumor 
size, serum α-fetoprotein (AFP) and alkaline phosphatase (ALP) 
levels, were employed. MESH scores range between 0 and 6. The 
authors identified that MESH improved prognostic accuracy and 
refined treatment strategies for patients with HCC when compared 
with other staging systems including BCLC, Taipei Integrated 
Scoring (TIS), Cancer of the Liver Italian Program (CLIP) and 
Hong Kong Liver Cancer (HKLC) (8). The second system, 
known as HAP, was established by Kadalayil et al (11) following 
examination of 281 patients with HCC (114 in the training set; 
167 in the validation set) undergoing TACE/trans-arterial embo-
lization (TAE). The authors employed independent prognostic 
factors analyzed using Cox's regression (11). Those parameters 
included albumin levels, tumor size, AFP levels and bilirubin 
levels (albumin, <36 g/dl; maximum tumor diameter, >7 cm; 
AFP, >400 ng/ml; and bilirubin, >17 µmol/l). Patients were 
categorized into HAP groups A-D. The median survival rates for 
HAP A, B, C and D groups were 27.6, 18.5, 9.0 and 3.6 months, 
respectively. Patients in the HAP C and D groups were recom-
mended not to receive TACE owing to the poor survival rate. The 
HAP scoring system was further validated by Pinato et al (12) 
who examined 923 patients with HCC from Asia and Europe. The 
authors proposed a modified version of the HAP score (mHAP), 
based on the tumor size, albumin levels and AFP levels, but 
not bilirubin levels. This mHAP system was identified to offer 
an improved prediction of overall survival (OS) rate compared 
with HAP (12). Another system, the Japan Integrated Score 
(JIS), was established based on analysis of 722 Japanese patients 
with HCC (13). In addition to this system, Nishikawa et al (9) 
proposed the PSJIS system, which is a combination of PS with 
JIS and derived from 1,170 patients with HCC and with liver 
cirrhosis. PSJIS was identified to be an improvement over the 
original JIS system and the BCLC, TNM and CLIP scoring 
systems in predicting 1-, 3- and 5-year survival rates in patients 
with transcatheter arterial therapies (9).

HAP and mHAP staging systems were established based 
on the prognostic analysis of TACE/TAE-treated patients with 
HCC (11,12). Patients with poor prognosis may not benefit from 
TACE. In the HAP staging system, patients were classified into 
HAP groups A‑D. Median survival rates of patients classified as 
HAP A, B, C and D was 27.6, 18.5, 9.0 and 3.6 months, respec-
tively (11). Patients in the HAP C and D group were advised not 
to receive TACE because of poor survival. The MESH score 
includes six common clinical variables including Child-Pugh 
score, vascular invasion or metastasis presence, tumor number 
and tumor size, PS, AFP and ALP. The MESH score considers 
tumor burden, serum biomarker, liver function and PS. It was 
demonstrated that for BCLC stage B-D patients with HCC, 
patients may be classified into different prognostic groups based 
on MESH score (8). The MESH score provided an improvement 
over TIS, HKLC (14) and CLIP (15).

To the best of our knowledge, MESH has not been studied in 
geographical areas other than Taiwan, therefore the present study 

Figure 3. Receiver operating characteristic curves of MESH, HAP, mHAP, 
TNM and PSJIS when predicting 1-year survival. The optimal threshold 
value of MESH was 3 and the area under the curve of MESH was 0.725 (95% 
confidence interval, 0.661‑0.783; P<0.01). P<0.05 for MESH vs. HAP, PSJIS 
or TNM. MESH, model to estimate survival for hepatocellular carcinoma; 
HAP, hepatoma arterial embolization prognostic score; mHAP, modified 
HAP; PSJIS, performance status combined Japan Integrated Staging system; 
TNM, tumor-node-metastasis.

Table V. Homogeneity LRT χ2 test and AIC of different staging 
systems.

Staging system Homogeneity LRT χ2 test AIC P-value

MESH 31 1339 <0.01
PSJIS 19 1354 <0.01
TNM 16 1354 <0.01
mHAP 14 1358 <0.01
HAP 11 1361 <0.01

AIC, Akaike information criterion; HAP, hepatoma arterial emboliza-
tion prognostic score; LRT, likelihood ratio test; MESH, model to 
estimate survival for hepatocellular carcinoma; mHAP, modified 
HAP; PSJIS, performance status combined Japan Integrated Staging 
system; TNM, tumor-node-metastasis.
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Figure 6. Kaplan‑Meier estimator survival curves for patients with advanced hepatocellular carcinoma based on mHAP. mHAP, modified hepatoma arterial 
embolization prognostic score.

Figure 4. Kaplan-Meier estimator survival curves for patients with advanced HCC based on MESH score. HCC; hepatocellular carcinoma; MESH, model to 
estimate survival for hepatocellular carcinoma.

Figure 5. Kaplan-Meier estimator survival curves for patients with advanced hepatocellular carcinoma based on HAP. HAP, hepatoma arterial embolization 
prognostic score.
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Figure 7. Kaplan-Meier estimator survival curves for patients with advanced hepatocellular carcinoma based on TNM. TNM, tumor-node-metastasis.

Figure 8. Kaplan-Meier estimator survival curves for patients with advanced hepatocellular carcinoma based on PSJIS. PSJIS, performance status combined 
Japan Integrated Staging system.

Table VI. Univariate and multivariate analysis of prognostic factors for overall survival in 220 patients with hepatocellular 
carcinoma undergoing trans-arterial chemoembolization.

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------- ---------------------------------------------------------------------
Variable HR 95% CI P-value HR 95% CI P-value

Sex (male/female) 0.77 0.41 to 1.46 0.43    
Age, years (>53/≤53) 0.95 0.68 to 1.32 0.75    
Tumor size (>50% of liver/≤50% of liver) 2.07 1.48 to 2.90 <0.01 1.64 1.11 to 2.42 0.01
Node status (N0/N1)  1.99 1.27 to 3.11 0.01 1.24  0.75 to 2.04 0.40
Extrahepatic spread (yes/no) 1.87 1.11 to 3.14 0.02 1.20  0.67 to 2.14 0.54
Portal vein invasion (segmental; yes/no) 2.12 1.52 to 2.97 <0.01 1.64 1.13 to 2.37 0.01
AFP (>400/≤400 ng/ml) 1.41 1.01 to 1.97 0.04 1.03  0.73 to 1.48 0.85
Child-Pugh grade (A/B) 1.32 0.93 to 1.88 0.12    
Antiviral therapy (yes/no) 0.64 0.45 to 0.89 <0.01 0.70 0.49 to 1.01 0.05
AST (>40/≤40 U/l) 0.58 0.39 to 0.86 <0.01 0.75  0.50 to 1.13 0.18
Bilirubin (>51.3/≤51.3 µmol/l) 2.22 1.09 to 4.54 0.03 2.54  1.21 to 5.36 0.01

AFP, α‑fetoprotein; AST, aspartate transaminase; HR, hazard ratio; CI, confidence interval.
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is the first to compare MESH and other staging systems, including 
HAP, mHAP, PJIS and TNM in patients with HBV-associated 
HCC under TACE therapy. According to the results of the present 
study, the MESH score exhibited the highest AUC value when 
predicting 3-month, 6-month and 1-year survival rates. Life 
expectancy >3 months is a common inclusion criterion of TACE 
clinical trials. Routinely, TACE is repeated every 2-3 months (5). 
As for OS, MESH exhibited the highest χ2 value and the lowest 
AIC value, suggesting that MESH exhibited the optimum 
performance in terms of discriminatory ability, homogeneity and 
monotonicity. The MESH score is user-friendly and precise. The 
median survival of patients with HCC with a MESH score of 5-6 
in the present study was 3 months. They would not benefit from 
TACE due to their poor survival rates.

Sub‑classification of the intermediate stage of BCLC was 
proposed by Bolondi (16). Patients with intermediate-stage HCC 
were classified into four sub‑classes (B1‑B4) based on Child‑Pugh 
score, tumor burden (assessed by the Milan criteria), PS and portal 
vein thrombosis. In the present study, the majority of patients with 
HCC were classified as BCLC‑C, therefore Bolondi's sub‑classi-
fication was not evaluated (16).

Antiviral therapy was identified as an independent prognostic 
factor by multivariate analyses. In the present study, all patients 
with HCC were associated with HBV. In total ~50% of the 
patients received antiviral therapy. HBV reactivation and hepatic 
decompensation are major risks in patients with HBV-associated 
HCC undergoing TACE. Previous studies have also confirmed 
that patients with HCC and with HBV should be considered for 
antiviral therapy for preventing hepatic decompensation and 
HCC development (17-19).

The present study has certain limitations. First, the 
patients included were restricted to a single center and the 
number of patients was limited. Additionally, the patients 
had HBV-associated advanced HCC. Whether the results of 
the present study are applicable to patients with HCC not 
associated with HBV is uncertain. Additional etiologies of 
HCC, including HCV and alcohol, require further study. 
Therefore, standard investigations and large-scale prospective 
studies are required to validate the results of the present study.

In conclusion, MESH score was identified as the most accu-
rate score system for predicting 3-month survival, 6-month 
survival, 1‑year survival and OS rates among the five systems 
analyzed in the patients with HCC who received TACE treat-
ment in the present study.
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