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Background: It is of important clinical significance for hepatocellular carcinoma (HCC) 
patients to evaluate prognosis before interventional embolotherapy.
Methods: A total of 106 patients with HCC after interventional embolotherapy who had 
complete data with follow-up information until September 2019 were included in this study. 
These data were analyzed using SPSS Version 22.0 and R (version 3.6.1) statistical software.
Results: 1) The diameter of the tumor, ascites, FIT, AFP, ALT, AST, GGT, and Child–Pugh 
score had the ability to predict the prognosis and survival of patients with HCC. Among these 
molecules, the predictive effectiveness (or the area under the receiver operating characteristic 
[ROC] curve) of GGT was the highest, although it was slightly lower than the predictive 
effectiveness of the Child–Pugh score, which is the gold standard for survival analysis. 2) 
Among survival analyses combining five molecular indicators, the predictive postoperative 
viability for combination 1 was the strongest with an area under the ROC curve (AUC) of 0.856 
(0.779, 0.932), similar to the all-molecular combination (combination 16) with an AUC of 
0.872 (0.798, 0.945), but much higher than that of the Child–Pugh score of 0.720 (0.616, 
0.823) for HCC patients (all p<0.05). 3) Kaplan–Meier analyses showed that the 3-year 
cumulative survival rates were 55.3% for low-risk patients and 2.6% for high-risk patients.
Conclusion: A combined prediction model can determine the optimal combination of 
preoperative routine detection indices in patients with HCC intervention, and ROC curve 
analysis can quantify the efficacy of these indices in the survival and prognosis of HCC. 
Interestingly, combination 1 showed stronger predictive capability than the Child–Pugh score 
in predicting death risks for postoperative patients with HCC. When combination 1 has 
several missing clinical data, these combination prediction models (12, 3, 7, 13, 16) are also 
a replaceable choice. These findings may have important clinical significance in the for
mulation of individualized medical programs.
Keywords: hepatocellular carcinoma after interventional embolotherapy, preoperative 
combined prediction model, survival prognosis, death risk, Child–Pugh score

Introduction
Liver cancer is very common in China, posing a threat to public health. According 
to the Global Cancer Statistics 2018, an estimate of 392,868 new liver cancer cases 
and 368,960 deaths occurred in China, accounting for 46.7% and 47.2% of the 
world, respectively, with high morbidity and mortality ranks.1,2 In recent years, 
with the advancement of science and technology and the increase in people’s 
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awareness of health, the morbidity and mortality in 
patients with liver cancer have been controlled. However, 
the situation remains severe. Without routine screening, 
early diagnosis of hepatocellular carcinoma (HCC) is dif
ficult, and treating late-stage HCC is often unsatisfactory, 
resulting in poor survival.3 Cancer invasion and metastasis 
are the major causes of death in patients with HCC,4,5 and 
interventional embolotherapy for metastatic tumors is rou
tine management.6 Therefore, it is undoubtedly of great 
significance for these patients to carry out research on the 
factors affecting the prognosis of HCC after interventional 
embolotherapy, and to construct a predictive model for the 
prognosis of HCC.

As we all know, the main treatment for patients with 
advanced HCC is interventional embolotherapy, chemother
apy and radiotherapy. There are many studies on the prognosis 
of HCC surgery, but there are relatively few studies on the 
survival prognosis of patients after HCC intervention 
therapy.7,8 The Child–Pugh grade is well established as 
a prognostic factor for patients with HCC.9 We tried to eval
uate the survival of patients with HCC after interventional 
therapy by combining imaging and blood tests evaluating 
liver function.10–12 Basic clinical data mainly included: gen
der, age, FIT, basic physical examination, and related compli
cations such as hepatic encephalopathy. Imaging data mainly 
included: tumor size, number of tumors, presence or absence 
of ascites, PVTT, and metastasis. Liver function-related detec
tion indicators mainly include AFP, ALT, AST, TBIL, ALB, 
ALP, GGT, and the Child–Pugh grade, which have an impact 
on the prognosis of HCC.

The combined detection13–15 and prediction model can 
continuously combine multiple detection indicators to 
evaluate its ability to predict the survival prognosis of 
patients after HCC intervention therapy, until a model 
with a small number of combinations, high sensitivity, 
and specificity is selected for clinical application. The 
establishment of apreoperative combined detection and 
prediction model to assess the risk of postoperative HCC 
patients with high or low mortality will not only provide 
advice for the doctor to choose a treatment strategy for the 
patient but also assist in the formulation of individualized 
medical treatment after intervention.

Materials and Methods
Patients and Follow-Up
A total of 106 patients (2013–2017) with hepatocellular 
carcinoma after interventional therapy who had complete 

data with follow-up information until September 2019 
were included in this study. These data included basic 
characteristics of patients, FIT, imaging data (computer 
tomography and color Doppler ultrasound), and detection 
of liver function-related indicators (AFP, ALT, AST, ALT/ 
AST, AG, GGT, TBIL, DBIL, IBIL, TP, ALB, GLB, ALP, 
PAB, TBA, ADA, AFU, PT, and the Child–Pugh score). 
None of the patients received chemotherapy and/or radio
therapy before interventional embolotherapy. After inter
ventional embolotherapy, HCC patients were followed up 
for 64 months (5 years and 4 months) with a median 
follow-up time of 18 months. Overall survival (OS) was 
defined from the date of interventional embolotherapy 
until the date of death or the date of the last follow-up.

Examination of Liver Function- 
Related Indicators 
Before interventional embolotherapy, heparinized blood 
was drawn from patients after fasting overnight, centri
fuged, and liver function-related indicators in the plasma 
was tested using the Roche Automatic  biochemical 
Analyzer (Roche, Shanghai, China). 

Statistical Analyses
Data analyses were performed using the statistical soft
ware package SPSS, R (version 3.6.1; http://www. 
R-project.org). The Kaplan–Meier method was used to 
calculate and plot survival curves, and a two-Log rank 
test was used to evaluate differences in survival curves. 
Univariate and multivariate analyses of the relative 
prognostic importance of the parameters were performed 
using the Cox proportional hazards model. The 
Spearman rank correlation method was employed to 
identify correlations among preoperative and/or post
operative variables. In addition, we first introduced the 
receiver operating characteristic (ROC) curve and the 
area under the curve (AUC) to quantify impact weights 
(or powers) of survival-predicting factors in terms of 
their differential abilities to predict survival. ROC is 
a graphical plot that illustrates the performance of a 
binary classifier system as its discrimination threshold 
is varied. AUC is a product of considering both sensi
tivity and specificity of a factor in predicting survival, 
which can be translated to discriminative power, that is, 
the larger the AUC, the more powerful the factor that 
can be used to predict prognosis. Logistics combined 
with ROC were used to describe the predictive ability of 
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combined detection on prognosis and survival. The cut
off value was used to divide the patients into high-risk 
and low-risk groups. The Kaplan–Meier method was 
used to re-verify the ability to evaluate the prognosis 
model and identify the high and low mortality risk of 
patients with HCC after interventional embolotherapy. 
All P values were 2-sided and differences with P<0.05 
were considered statistically significant.

Results
Baseline Characteristics of the 
Participants
A total of 106 patients after HCC intervention therapy 
were included in this study. There were 88 men and 18 
women, accounting for 83.0% and 17.0% of the total 
cases, respectively. The age ranged from 29 to 85 years, 
and the median age was 58 years. The average age of 
the patients was 58.85±11.17 years old. There were 63 
cases (59.4%) of Child–Pugh Grade A, 35 cases (33.0%) 
of Grade B, and 8 cases (7.5%) of Grade C. There were 
44 patients (41.5%) who underwent only one interven
tional embolotherapy, 34 patients (32.1%) underwent 
two interventional embolotherapy, and 28 (26.4%) had 
more than three interventional embolotherapy. There 
were 78 cases (73.6%) with a previous history of cir
rhosis. Fifty-three patients (50%) had ascites. Seventy- 
six patients (71.7%) had splenomegaly. Seven patients 
(6.6%) had hepatic encephalopathy. In the imaging data, 
the smallest tumor size was 0.4 cm and the largest was 
19.8 cm, the median tumor diameter was 6.6 cm, and 
the average tumor diameter was 6.80±3.47. There were 
65 cases (61.3%) with 3 or more tumors and 39 cases 
(36.8%) with PVTT. Fifty-eight cases (54.7%) were 
transferred. In addition, baseline characteristics of liver 
function-related indicators was shown in 
(Supplementary Table 1). The longest survival time of 
patients with HCC after the intervention has reached 64 
months. On September 1, 2019, 24 (22.6%) HCC 
patients were still alive, whereas 82 (77.4%) had died. 
Follow-up ranged from 0 to 64 months after intervention 
until September, 2019 and the median follow-up time 
was 18 months (Supplementary Figure 1).

Correlation Analysis of Various Indices in 
Patients with HCC
We tested correlations among liver function-related indi
cators, imaging data, and the Child–Pugh grade. As shown 

in Supplementary Table 2, positive correlations were 
observed between the Child–Pugh grade and cirrhosis, 
splenomegaly, presence of PVTT, presence of ascites, 
and presence of hepatic encephalopathy, respectively 
(P<0.01). Negative correlations were found between the 
Child–Pugh grade and age. Further analysis showed that 
liver function-related indicators (AFP, ALT, AST, TP, 
ALB, GLB, PT, TBIL, DBIL, IBIL, GGT, PAB, TBA, 
and ADA) were positively correlated with the Child– 
Pugh grade (P<0.01).

Risk Factors Affecting the Prognosis of 
Patients with HCC
As shown in Table 1, univariate analyses demonstrated that in 
HCC patients, survival prognosis was associated with tumor 
diameter, the number of tumors, metastasis, portal vein 
thrombi, ascites, FIT, AFP, ALT, AST, TBIL, ALB, ALP, 
GGT, the Child–Pugh grade, and so on (P<0.05). 
Furthermore, multivariate analyses (Table 2) showed that 
metastasis (HR=1.911, 95% CI = (1.151, 3.174), P=0.012), 
portal vein thrombi (HR=1.610, 95% CI = (1.014, 2.557), 
P=0.043), FIT (≥3 vs. 1, HR=0.400, 95% CI = (0.207, 0.772), 
P=0.006), GGT (HR=2.132, 95% CI = (1.295, 3.508), 
P=0.003), and the Child–Pugh grade (B vs A, HR=2.504, 
95% CI = (1.533, 4.091), P<0.001; C vs A, HR=2.734, 95% 
CI = (1.257, 5.945), P=0.011) were independent factors 
affecting HCC patient survival. The mortality risk of patients 
with metastasis was 1.911 times that of patients without 
metastasis, with a 95% CI (1.151, 3.174). The risk of death 
in patients with portal vein tumor thrombi was 1.610 times 
that of those without, with a 95% CI (1.014, 2.557). The 
number of interventional embolotherapy (≥3 times) was 
a protective factor compared with the number of patients 
who underwent interventional embolotherapy only once. 
Patients with GGT (≥79.8) higher than the median were 
2.132 times less than the median (<79.8), with a 95% CI 
(1.295, 3.508). Child–Pugh grade B was 2.504 times higher 
than A, with a 95% CI (1.533, 4.091). Class C was 2.734 
times higher than class A, with a 95% CI (1.257, 5.945).

Basic Information, Imaging Data, and Liver 
Function Blood Indicators Correlate with 
Survival in Patients with HCC
Tumor diameter, the number of tumors, metastasis, PVTT, 
FIT, and ascites have an impact on the prognosis and survival 
of patients after HCC interventional embolotherapy. Tumor 
diameter (≥7 cm), the number of tumors (≥3), the presence of 
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metastasis, portal vein tumor embolism, and ascites were 
associated with poor prognosis in patients with HCC after 
interventional embolotherapy (P<0.05); patients with only 
one intervention had a worse prognosis than those with 
more than three interventions. Therefore, these imaging 
data can predict the poor prognosis of patients with HCC.

AFP, ALT, AST, TBIL, ALB, ALP, GGT, the Child–Pugh 
grade, and other indicators have an impact on the prognostic 
survival of patients after HCC intervention therapy. The 
survival curve of patients is getting lower and lower, and 

the prognosis is getting worse. The survival analysis revealed 
that high expression of AFP, ALT, AST, TBIL, ALB, ALP, 
and GGT correlated with poor prognosis in HCC. The Child– 
Pugh grade (including grades B and C) suggests poor prog
nosis (Supplementary Figure 2).

Predictive Ability of Various Indicators of 
HCC in Predicting Survival
As shown in Table 3, the numeric value of an AUC represents 
the power or weight of a risk factor impacting survival 

Table 1 Risk Factors Affecting the Prognosis of Patients with HCC by Cox Single Factor Analysis

B SE Wald df HR (95% CI) P value

Sex (Females vs Males) −0.325 0.303 1.15 1 0.723 (0.399, 1.308) 0.284
Age (≥58 vs <58 years) −0.363 0.223 2.654 1 0.696 (0.45, 1.076) 0.103

Cirrhosis (yes vs no) 0.237 0.254 0.868 1 1.267 (0.77, 2.084) 0.351

Splenomegaly (yes vs no) 0.186 0.250 0.555 1 1.205 (0.738, 1.967) 0.456
Tumor diameter(≥7 vs <7cm) 0.498 0.224 4.949 1 1.646 (1.061, 2.552) 0.026
Tumor number(≥3 vs <3) 0.609 0.236 6.682 1 1.838 (1.159, 2.916) 0.010
Metastasis (yes vs no) 0.514 0.227 5.138 1 1.672 (1.072, 2.607) 0.023
PVTT (yes vs no) 0.708 0.225 9.893 1 2.031 (1.306, 3.157) 0.002
Ascites(yes vs no) 0.539 0.223 5.844 1 1.715 (1.107, 2.655) 0.016
HE(yes vs no) 0.345 0.396 0.757 1 1.412 (0.649, 3.071) 0.384

FIT (≥2 vs 1) −0.432 0.224 3.721 1 0.649 (0.419, 1.007) 0.054

(2 vs 1) 0.01 0.251 0.001 1 1.01 (0.617, 1.651) 0.970
(≥3 vs 1) −0.969 0.310 9.785 1 0.379 (0.207,0.696) 0.002

AFP (≥60.7 vs <60.7) 0.672 0.225 8.916 1 1.959 (1.26, 3.046) 0.003
ALT (≥46.9 vs <46.9) 0.516 0.224 5.301 1 1.675 (1.08, 2.597) 0.021
AST (≥52.8 vs <52.8) 0.654 0.224 8.482 1 1.923 (1.238, 2.985) 0.004
ALT/AST (≥1.1 vs <1.1) −0.248 0.222 1.248 1 0.780 (0.505, 1.206) 0.264

TP (≥63.6 vs <63.6) −0.392 0.222 3.117 1 0.676 (0.437, 1.044) 0.077
ALB (≥35.4 vs <35.4) −0.763 0.228 11.229 1 0.466 (0.299, 0.729) 0.001
(28~35 vs >35) 0.705 0.236 8.957 1 2.025 (1.276, 3.214) 0.003
(<28 vs >35) 1.075 0.415 6.72 1 2.930 (1.300, 6.604) 0.010
GLb (≥28.9 vs <28.9) −0.017 0.222 0.006 1 0.983 (0.637, 1.519) 0.940

AG (≥1.2 vs <1.2) −0.322 0.222 2.107 1 0.725 (0.47, 1.119) 0.147

PT (≥14.4 vs <14.4) −0.185 0.223 0.689 1 0.831 (0.536, 1.287) 0.407
TBIL (≥22.1 vs <22.1) 0.429 0.223 3.723 1 1.536 (0.993, 2.376) 0.054

(34~51 vs <34) 0.215 0.327 0.434 1 1.240 (0.654, 2.352) 0.510

(>51 vs <34) 1.206 0.483 6.244 1 3.340 (1.297, 8.599) 0.012
DBIL (≥7.7 vs <7.7) 0.356 0.222 2.561 1 1.427 (0.923, 2.206) 0.110

IBIL (≥12.2 vs <12.2) 0.383 0.222 2.964 1 1.467 (0.948, 2.269) 0.085

ALP (≥116.1 vs <116.1) 0.682 0.225 9.191 1 1.977 (1.272, 3.072) 0.002
GGT (≥79.8 vs <79.8) 1.117 0.23 23.53 1 3.056 (1.946, 4799) <0.001
PAB (≥174.5 vs <174.5) −0.311 0.223 1.935 1 0.733 (0.473, 1.136) 0.164

TBA (≥11.6 vs <11.6) 0.396 0.222 3.169 1 1.485 (0.961, 2.296) 0.075
ADA (≥.9.9 vs <9.9) 0.128 0.223 0.332 1 1.137 (0.735, 1.758) 0.565

AFU (≥37.1 vs <37.1) 0.370 0.223 2.756 1 1.448 (0.935, 2.241) 0.097

Child–Pugh grade(B+C vs A) 1.117 0.229 23.874 1 3.057 (1.953, 4.786) <0.001
(B vs A) 1.122 0.24 21.813 1 3.071 (1.918, 4.918) <0.001
(C vs A) 1.098 0.396 7.684 1 2.998 (1.379, 6.517) 0.006

Note: Bold formatted text values indicate P value <0.05. Hepatic function index (unit) was shown in Supplementary Table 1. 
Abbreviation: vs, versus.
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prognosis, which we term as impact weight (IW). The higher 
the AUC/IW of a factor is, the more powerfully that factor 
impacts on survival prognosis. Tumor diameter (AUC=0.676, 
P=0.009), ascites (AUC=0.635, P=0.045), FIT (AUC=0.648, 
P=0.028), AFP (AUC=0.642, P=0.035), ALT (AUC=0.681, 
P=0.007), AST (AUC=0.670, P=0.012), TBIL, ALB, ALP, 
GGT (AUC=0.707, P=0.002), and the Child–Pugh grade 
(AUC=0.720, P=0.001) can predict the postoperative survival 
of HCC patients, of which GGT has the greatest ability to 
predict survival time and quality of life of HCC patients, 
which was slightly lower than the Child–Pugh grade 
(AUC=0.720, P=0.001).

ROC Curve to Evaluate the Efficacy of 
Combined Prediction of Postoperative 
Survival of HCC
The predictive postoperative viability for combination 1 of 
the Child–Pugh score, FIT, GGT, metastasis, and PVTT 

(Child–Pugh score + FIT + GGT + metastasis + PVTT) 
was much higher than a single indicator because the com
bination produced an AUC of 0.856 (95% CI, 0.779–
0.932), which was second only to the combination of 
imaging data and all liver function indicators (0.872 
(0.798, 0.945)), and far higher than the predictive ability 
of the Child–Pugh grade on the survival of patients with 
HCC after interventional embolotherapy (0.720 (0.616, 
0.823)). We select the most appropriate combination with 
the best prediction ability and the least indicators from the 
continuous combination of each indicator. Our results 
show that combinations 3, 7, 12, and 13 predicted the 
survival ability of patients after HCC intervention therapy 
(the AUC was 0.84 (0.758, 0.923), 0.833 (0.741, 0.925), 
0.804 (0.697, 0.910), and 0.798 (0.711, 0.885), respec
tively), P values were all <0.001. We can make the follow
ing individualized judgments: we substitute Child–Pugh 
score + FIT + GGT + metastasis + PVTT into the logistic 

Table 2 Risk Factors Affecting the Prognosis of Patients with HCC by Cox Multiple Factor Regression Analysis

B SE Wald df HR (95% CI) P value

Metastasis (yes vs no) 0.648 0.259 6.260 1 1.911 (1.151, 3.174) 0.012
PVTT (yes vs no) 0.477 0.236 4.084 1 1.610 (1.014, 2.557) 0.043

FIT (≥2 vs 1) 9.728 2 0.003

(2 vs 1) 0.042 0.285 0.022 1 1.043 (0.596, 1.823) 0.883
(≥3 vs 1) −0.917 0.336 7.457 1 0.400 (0.207, 0.772) 0.006

GGT (≥79.8 vs <79.8) 0.757 0.254 8.87 1 2.132 (1.295, 3.508) 0.003

Child–Pugh grade 15.835 2 <0.001
(B vs A) 0.918 0.250 13.437 1 2.504 (1.533, 4.091) <0.001

(C vs A) 1.006 0.396 6.437 1 2.734 (1.257, 5.945) 0.011

Abbreviation: vs, versus.

Table 3 The Area of ROC Curve Between Various Indexes of HCC Patients

Index AUC 95% CI p value Sensibility Specificity Youden Index Cut-Off Value

Tumor diameter 0.676 (0.545, 0.806) 0.009 0.707 0.667 0.374 4.9
Tumor number 0.600 (0.469, 0.731) 0.137 0.659 0.542 0.201 0.5

Metastasis 0.611 (0.483, 0.739) 0.098 0.598 0.625 0.223 0.5

PVTT 0.630 (0.511, 0.749) 0.053 0.427 0.833 0.26 0.5
Ascites 0.635 (0.511, 0.759) 0.045 0.561 0.708 0.269 0.5

FIT 0.648 (0.514, 0.781) 0.028 0.805 0.5 0.305 2.5

AFP 0.642 (0.510, 0.774) 0.035 0.646 0.667 0.313 27.32
ALT 0.681 (0.551, 0.810) 0.007 0.768 0.583 0.351 34.9

AST 0.670 (0.543, 0.797) 0.012 0.671 0.625 0.296 45.1

TBIL 0.613 (0.483, 0.742) 0.095 0.622 0.625 0.247 19.55
ALB 0.623 (0.511, 0.735) 0.067 0.439 0.875 0.314 33.95

ALP 0.587 (0.479, 0.695) 0.195 0.537 0.833 0.370 120.85

GGT 0.707 (0.606, 0.807) 0.002 0.622 0.875 0.497 79.6
Child–Pugh grade 0.72 (0.616, 0.823) 0.001 0.5 0.917 0.417 6.5

Note: Bold formatted text values indicate P value <0.05.
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equation to obtain the combined predicted probability 
value of the combination for death events, if it is greater 
than the optimal critical probability value 0.703, then the 
postoperative outcome of HCC patients can be predicted 
and evaluated with an accuracy rate of 82.1% (Table 4, 
Supplementary Figure 3).

Multi-Factor Combined Detection 
Predicts the Advantages of Postoperative 
Survival in HCC
This study combined imaging data and liver function- 
related indicators to predict the survival prognostic effi
cacy of HCC after interventional embolotherapy. Predicted 

low-risk (PLR) and predicted high-risk (PHR) represent 
the low and high death risk groups in Figure 1, respec
tively, and the cutoff value of combination prediction 
probability is taken as the boundary. If postoperative sur
vival time was longer than the cutoff value, it was PHR 
and less than the cutoff value was PLR. The difference 
shown in the figure is the difference between the cumula
tive survival rates of the low- and high-risk groups, reflect
ing the ability of multi-factor joint detection to distinguish 
them. The difference shown in the figure represents the 
difference in cumulative survival among the low- and 
high-risk groups, reflecting the ability of multifactorial 
combination detection to distinguish them. Kaplan–Meier 

Table 4 ROC Curve to Evaluate the Efficacy of Combined Prediction of Postoperative Survival of HCC

Combinations Index AUC 95% 
CI

p value Sensibility 
(%)

Specificity 
(%)

Accuracy 
Rate(%)

Youden 
Index

Cut- 
Off 
Value

1 Child–Pugh score+FIT 
+GGT+metastasis+PVTT

0.856 (0.779, 
0.932)

<0.001 81.7 83.3 82.1 0.65 0.703

2 Child–Pugh score+FIT 
+GGT+metastasis

0.844 (0.764, 
0.924)

<0.001 80.5 83.3 81.1 0.638 0.722

3 Child–Pugh score+FIT 
+GGT+PVTT

0.840 (0.758, 
0.923)

<0.001 78 87.5 80.2 0.655 0.751

4 Child–Pugh score+FIT 
+metastasis+PVTT

0.846 (0.760, 
0.932)

<0.001 76.8 87.5 79.2 0.643 0.760

5 Child–Pugh score+GGT 
+metastasis+PVTT

0.812 (0.732, 
0.893)

<0.001 69.5 91.7 74.5 0.612 0.802

6 Child–Pugh score+FIT 
+GGT

0.831 (0.743, 
0.919)

<0.001 67.1 91.7 72.6 0.588 0.843

7 Child–Pugh score+FIT 
+metastasis

0.833 (0.741, 
0.925)

<0.001 79.3 83.3 80.2 0.626 0.714

8 Child–Pugh score+FIT 
+PVTT

0.822 (0.727, 
0.918)

<0.001 75.6 87.5 78.3 0.631 0.746

9 Child–Pugh score+GGT 
+metastasis

0.810 (0.726, 
0.894)

<0.001 72 87.5 75.5 0.595 0.744

10 Child–Pugh score+GGT 
+PVTT

0.806 (0.723, 
0.889)

<0.001 72 87.5 75.5 0.595 0.774

11 Child–Pugh score 
+metastasis+PVTT

0.770 (0.678, 
0.862)

<0.001 62.2 83.3 67 0.455 0.787

12 Child–Pugh score+FIT 0.804 (0.697, 
0.910)

<0.001 89 62.5 83 0.515 0.616

(Continued)
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method analysis showed that the 3-year cumulative survi
val rates of the low and high mortality risk groups of 
combinations 1, 3, 7, 12, 13 and 16 were 55.3%, 2.6%; 
47.8%, 2.8%; 46%, 2.7%; 62.5%, 7.5%; 46%, 4.75%; and 
46.2%, 0%, respectively.

Discussion
Primary liver cancer is characterized by a high degree of 
malignancy, strong invasiveness, rapid recurrence, and 
metastasis. It is difficult to achieve early detection for 
poor prognosis in the late stage, and high mortality 
rate.1,2 It seriously endangers the lives and health of our 
people and causes huge economic burdens and losses.16 

Therefore, it is particularly important to study the prog
nosis of patients with HCC.12 Patients with early HCC 
often undergo hepatectomy, while patients with advanced 
HCC often receive only local interventional embolother
apy, with a short postoperative survival time and worse 
prognosis,6 and there are fewer relevant studies.

Most patients with HCC in our country are accompa
nied by diagnoses of hepatitis or cirrhosis, and evaluation 

of liver reserve function is particularly important.17,18 The 
Child–Pugh score integrates indicators of patients with 
hepatic encephalopathy, ascites, ALB, TBIL, PT, etc., 
and is the gold standard for clinical evaluation of liver 
function. A number of studies have shown that the Child– 
Pugh score is an independent prognostic factor for multi
ple treatments and stages of HCC.19–21 This study also 
showed that the Child–Pugh score was an independent risk 
factor for survival of BCLC stage B HCC patients treated 
with TACE.

We followed up patients with HCC for more than 5 years 
and found that tumor diameter (≥7 cm), the number of tumors 
(≥3), the presence of metastasis, portal vein tumor thrombi 
and ascites, FIT (≥3), AFP (≥60.7 ng/mL), ALT (≥46.9 U/L), 
AST (≥52.8 U/L), ALB (≥35.4 g/L), ALP (≥116.1 U/L), 
GGT (≥79.8 U/L), the Child–Pugh grade (Grade B+C), etc. 
(P <0.05) have important significance for the prognosis of 
patients after HCC intervention therapy.22,23 Among them, 
metastasis, PVTT, FIT (≥3 times), GGT (≥79.8 U/L), and 
Child–Pugh grades (Grade B+C) are independent risk factors 
affecting the postoperative survival of HCC patients. It has 

Table 4 (Continued). 

Combinations Index AUC 95% 
CI

p value Sensibility 
(%)

Specificity 
(%)

Accuracy 
Rate(%)

Youden 
Index

Cut- 
Off 
Value

13 Child–Pugh score+GGT 0.798 (0.711, 
0.885)

<0.001 76.8 83.3 78.3 0.601 0.680

14 Child–Pugh score 
+metastasis

0.754 (0.655, 
0.852)

<0.001 45.1 95.8 56.6 0.409 0.874

15 Child–Pugh score+PVTT 0.756 (0.660, 
0.852)

<0.001 67.1 75 68.9 0.421 0.710

16 Child–Pugh score+13 
items*

0.872 (0.798, 
0.945)

<0.001 73.2 95.8 78.3 0.69 0.819

17 All items 0.844 (0.771, 
0.917)

<0.001 64.6 99.9 72.6 0.645 0.847

18 All imaging examinations 0.830 (0.751, 
0.908)

<0.001 62.2 95.8 69.8 0.58 0.849

19 All liver function index 0.747 (0.651, 
0.844)

<0.001 50 95.8 60.4 0.458 0.844

20 Child–Pugh score+All 
imaging examinations

0.869 (0.798, 
0.940)

<0.001 79.3 91.7 82.1 0.71 0.756

21 Child–Pugh score+All liver 
function index

0.811 (0.728, 
0.894)

<0.001 72 87.5 75.5 0.595 0.738

Note: *13 items: meaningful index in Cox single factor regression model (tumor diameter, tumor number, metastasis, PVTT, ascites, FIT, AFP, ALT, AST, TBIL, ALB, ALP, GGT).
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Figure 1 Multi-factor combined detection predicts the advantages of postoperative survival in HCC. Panels (A–F) indicates that the 3-year cumulative survival rates of the 
low and high mortality risk groups of combinations 1, 3, 7, 12, 13 and 16. Panel (A) combination 1= Child–Pugh score+FIT+GGT+metastasis+PVTT; Panel (B) combination 
3= Child–Pugh score+FIT+GGT+PVTT; Panel (C) combination 7= Child–Pugh score+FIT+metastasis; Panel (D) combination 12= Child–Pugh score+FIT; Panel (E) 
combination 13= Child–Pugh score+GGT; Panel (F) combination 16= Child–Pugh score+13items (meaningful index in Cox single factor regression model: Tumor diameter, 
the number of tumors, metastasis, PVTT, ascites, FIT, AFP, ALT, AST, TBIL, ALB, ALP, GGT); PLR and PHR represent low and high death risk groups respectively. If 
postoperative survival time was longer than the cutoff value, it was PHR, while less than the cutoff value was PLR. The difference shown in the figure is the difference 
between the cumulative survival rates of the low- and high-risk groups, reflecting the ability of multi-factor joint detection to distinguish them. 
Abbreviations: PVTT, portal vein tumor thrombus; FIT, frequency of interventional treatment; AFP, α-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotrans
ferase; ALB, albumin; GGT, gamma-glutamyl transpeptidase; TBIL, total bilirubin; ALP, alkaline phosphatase; PLR, predicted low-risk group; PHR, predicted high-risk group.
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been shown that in primary liver cancer, GGT is hyper
synthesized in the liver, which can cause a significant 
increase in blood transpeptidase, even more than 10 times 
normal.24,25 It is an independent risk factor for predicting the 
prognosis of HCC after intervention therapy. FIT, the pre
sence of metastasis, and PVTT26 are common clinical risk 
factors that affect the prognosis.

The area under the ROC curve shows that the Child– 
Pugh score has the largest area and therefore, the strongest 
predictive ability. This result suggests that the population 
is reliable. The predictive power of GGT (the area under 
the line is 0707) is slightly lower than that of the Child– 
Pugh score. This shows that the high blood level of GGT 
has a considerable early warning effect on the survival 
time of patients after intervention.27

Our main purpose is to use the commonly used clinical 
indicators to establish a combination of prognostic predic
tions for patients with HCC that have the best detection 
effect and a small number of indicators. The area under the 
ROC of single clinical indicators in this study was lower 
than that under the Child–Pugh score. This indicated that 
the predictive ability of a single clinical indicator for 
survival and prognosis of hepatocellular carcinoma 
patients after the intervention was lower than that of the 
Child–Pugh grade. The prediction probability of the com
bined indicators made using logistic regression was ana
lyzed by ROC curve, and the cutoff value was used to 
divide the high-risk and low-risk groups. The results show 
that combination 1 predicts the survival ability of patients 
after HCC intervention therapy (the AUC is 0.856 (0.779, 
0.932)), which is much higher than a single index, second 
only to combination 16 (0.872 (0.798, 0.945)), and much 

higher than the predictive ability of the Child–Pugh grade 
for the survival of patients after HCC intervention therapy 
(0.720 (0.616, 0.823)). The above research results indicate 
that we can predict the postoperative survival of patients 
with HCC through combination 1. We can randomly select 
a patient and substitute each indicator in combination 1 
into the logistic equation to obtain the prediction probabil
ity value of the combination to the death event, and deter
mine its critical probability value (Figure 2). Therefore, it 
can be evaluated with an accuracy rate of 82.1% to deter
mine the possible outcome of the patient as death. The 
logistic equation can be set to the inherent paper ruler or 
computer-fixed mode running formula, and directly enter 
the combined index score to judge the survival and death 
of the patient under the corresponding accuracy, sensitiv
ity, and specificity. In addition, if the patient is assessed as 
a high-risk patient, the patient’s next diagnosis and treat
ment plan (interventional surgery/palliative care) can be 
clarified.

Kaplan–Meier analyses showed that the cumulative 
survival rate of the PLR group is higher than that of the 
PHR group, suggesting that the multi-factor combined 
prediction group has the ability to distinguish between 
HCC PHR and PLR groups, with statistical significance. 
Our results showed that combination 1 had a high differ
ence in predicting the prognosis of HCC, indicating that 
the combination has a stronger predictive capability in 
predicting death risks for postoperative HCC patients 
(see Figure 1).

We have established a multi-factor combined predic
tion model for HCC patients after interventional embo
lotherapy, which has important clinical significance for the 

Figure 2 Nomogram to predict individual patient-level 1, 3, 5-year overall survival based on preoperative clinical index. The value of an individual patient is located on each 
variable axis, and predictor points (“Points” scale; top) correspond to each variable. The sum of all five variables is located on the total point axis. 
Abbreviations: PVTT, portal vein tumor thrombus; FIT, frequency of interventional treatment; GGT, gamma-glutamyl transpeptidase.
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survival prognosis of patients with HCC.13–15 

Combination 1 was used to predict the HCC prognosis 
group to assess the survival of HCC patients, that is, to 
determine whether they were part of PLR or PHR. We take 
different measures depending on the level of danger. 
According to the expression of “Child–Pugh score + FIT 
+ GGT + metastasis + PVTT” in HCC patients, post
operative survival can be comprehensively evaluated to 
determine the next diagnosis and treatment plan. The 
combination is used as a “high risk pre-warning combina
tion.” When the five clinical data of the combination were 
missing, the combination prediction models 12, 3, 7, 13, 
and 16 were also a superior choice. Therefore, if the 
clinical data obtained before interventional embolotherapy 
can be administered to patients with individualized surgi
cal planning, the best radiotherapy and chemotherapy dose 
and time, and appropriate follow-up interval can be 
determined.28

Abbreviations
HCC, hepatocellular carcinoma; PVTT, portal vein tumor 
thrombus; FIT, frequency of interventional treatment; AFP, 
α-fetoprotein; ALT, alanine transaminase; AST, aspartate 
aminotransferase; TP, total protein; ALB, albumin; GLB, 
globulin; AG, ALB/GLB; GGT, gamma-glutamyl transpep
tidase; TBIL, total bilirubin; DBIL, Direct Bilirubin; IBIL, 
indirect bilirubin; ALP, Alkaline Phosphatase; PAB, preal
bumin; TBA, Total Bile Acid; ADA, adenosine deaminase; 
AFU, fucosidase; PT, prothrombin time; HE, hepatic ence
phalopathy; PLR, predicted low-risk group; PHR, predicted 
high-risk group; HR, hazard ratio; CI, confidence interval; 
AUC, area under the curve; ROC, receiver operating char
acteristic; Combination 1, Child–Pugh score+FIT+GGT+ 
metastasis +PVTT; Combination 12, Child–Pugh score 
+FIT; Combination 3, Child–Pugh score+FIT+GGT+ 
PVTT; Combination 7, Child–Pugh score+FIT+metastasis; 
Combination 13, Child–Pugh score+GGT; Combination 16, 
Child–Pugh score+13 items (Tumor diameter, Tumor num
ber, metastasis, PVTT, ascites, FIT, AFP, ALT, AST, TBIL, 
ALB, ALP, GGT).
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