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Objective: To develop and validate a prognostic nomogram in eastern patients with 
hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) and portal vein tumor 
thrombus (PVTT) receiving trans-arterial chemoembolization with drug-eluting beads (DEB- 
TACE).
Methods: This retrospective study included 200 patients with training cohort (n = 118) from 
institution 1 and test cohort (n = 82) from institution 2. All these patients received first-line 
DEB-TACE between October 2016 and October 2018. Multivariate Cox proportional hazard 
regression analysis was performed on the training cohort to reveal the independent prog
nostic factors, and then prognostic nomograms were developed. In order to evaluate the 
performance of the nomogram comprehensively in both the training and test cohorts, 
C-index, Kaplan–Meier curve with Log rank test, receiver operating characteristic curve 
(ROC), calibration plot, and decision curve analysis (DCA) were performed.
Results: Tumor number, serum γ-glutamyl transferase (GGT) level, and level of PVTT were 
independent risk factors of prognosis. A nomogram was constructed to predict 6-, 12- and 
18-month overall survival (OS) based on these identified prognostic factors. C-indexes of the 
nomogram were 0.88 (95% confidence interval [CI], 0.79–0.97) in the training cohort and 
0.87 (95% CI, 0.75–0.99) in the test cohort. The Kaplan–Meier curve analysis showed that 
the nomogram was able to separate patients into low- and high-risk subgroups. ROC curves 
for the nomogram at 6-, 12- and 18-month showed satisfied discrimination, with an AUC of 
0.765, 0.803 and 0.809 in the training cohort, respectively, and 0.772, 0.724 and 0.746 in the 
test cohort, respectively. The calibration curve demonstrated good agreement between pre
dicted and actual survival rates in the training and test cohorts. The decision curve showed 
good performance of the nomogram in terms of clinical application.
Conclusion: We developed and validated a nomogram that was accurate and clinically 
useful in eastern patients with HBV-associated HCC with PVTT who underwent DEB- 
TACE.
Keywords: hepatocellular carcinoma, portal vein tumor thrombus, trans-arterial 
chemoembolization, drug-eluting beads, nomogram

Introduction
Hepatocellular carcinoma (HCC) has been the sixth most common cancer and the third 
leading cause of cancer-related death in the world recently, with an increasing rate of 
2% to 3% annually and a 5-year relative survival rate of 18%.1,2 Unfortunately, the 
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opportunity for curative treatment is limited as approximate 
10–40% of the patients are diagnosed at advanced stage with 
portal vein tumor thrombosis (PVTT).3,4 Recent preclinical 
studies and clinical trials evidence that combined treatments, 
involving alternative pathways, have an important role in 
therapy for advanced HCC, and they could bypass resistance 
to the tyrosine kinase inhibitors (TKIs).5 The advent of 
immune checkpoint inhibitors has also been reported to 
show unprecedented results in combination with 
bevacizumab.6,7 The combination therapy of trans-arterial 
chemoembolization (TACE) and sorafenib was confirmed 
to prolong survival for advanced HCC effectively.8 Among 
all these therapies, TACE was the most common treatment 
for HCC patients.

According to the Barcelona Clinic Liver Cancer 
(BCLC) staging system, TACE is the only recommended 
therapies for patients staged BCLC B.1 Different from 
western guidelines, most of the eastern guidelines, such 
as the Hong Kong Liver Cancer (HKLC) staging system, 
recommend that TACE could also be applied to patients 
with vascular invasion.9 In addition, several real-world 
studies reveal that TACE is widely performed not only in 
the intermediate stage but also in HCC with PVTT.10,11

With the development of embolization materials, drug- 
eluting beads (DEB)-TACE has become an alternative for 
the treatment of HCC in recent years. Compared with 
conventional TACE (cTACE), DEB-TACE has the advan
tage of stable drug releasing rate, long drug releasing time, 
and low systemic concentration of the chemotherapeutic 
agent.12 Theoretically, the prognosis between patients who 
undergo DEB-TACE and cTACE should be different. 
A recently published meta-analysis has demonstrated the 
superiority of DEB-TACE over cTACE in the aspect of 
tumor response rate and survival.13 Therefore, it is quite 
important to find significant prognostic factors, combined 
models or scoring systems that can accurately and indivi
dually predict the survival of patients who receive DEB- 
TACE. Thus, patients who may not benefit from this 
procedure can be identified preoperatively and transferred 
to alternative treatment plans promptly. Hepatoma arterial 
embolization prognostic (HAP) score, as the most com
monly used and validated scoring system, consists of 
tumor size, alpha-fetoprotein (AFP), bilirubin, and 
albumin.14 Several improvements were made based on 
HAP, and modified HAP (mHAP)-II and mHAP-III were 
subsequently developed.15,16 Recently, Han et al11 have 
developed a new predictive model based on tumor number 
and size, AFP, albumin, bilirubin, vascular invasion, cause, 

and response, which showed higher predictive efficiency 
compared with the above-mentioned models. It is note
worthy that all these models are based on the results of 
cTACE with typical aetiologic pattern of western popula
tions, whose predominant risk factors for HCC are hepa
titis C virus (HCV) infection and alcohol abuse.17 

However, for eastern populations, hepatitis B virus 
(HBV) infection is the main risk factor.18

Considering the fundamental differences in embolization 
materials and aetiology, we therefore aimed to establish 
a combined model for the precise and individualized predic
tion of overall survival (OS) based on clinical parameters in 
a real-life eastern hepatitis B virus (HBV)-associated HCC 
with PVTT cohort treated with DEB-TACE, and validate this 
model in an independent cohort.

Materials and Methods
Study Population
Approval and written informed consent for this study were 
waived by the Institutional Review Board (IRB) of Peking 
Union Medical College Hospital and Sichuan Provincial 
People’s Hospital due to its retrospective design. All the 
patients included in our study were histopathologically 
demonstrated to be HCC with PVTT or diagnosed by at 
least 2 senior radiologists according to Liver Imaging 
Reporting and Data System (LI-RADS) v2018. 
According to the Liver Cancer Study Group of Japan, the 
level of the PVTT (Vp) was classified into Vp1 (PVTT at 
distal to 2nd portal branch), Vp2 (PVTT at the 2nd portal 
branch), Vp3 (PVTT at the 1st portal branch), and Vp4 
(PVTT at the main portal trunk).19 Patients were recruited 
from two institutions who underwent DEB-TACE between 
October 2016 and October 2018 and identified from insti
tutional electronic databases. Patient consent to review 
their medical records was waived by the IRBs due to the 
retrospective nature of the study. We confirmed that patient 
data was maintained with confidentiality, and this study 
was in full compliance with the Declaration of Helsinki. 
Patients were included if they were treatment-naïve HBV- 
associated HCC with PVTT (BCLC stage C) before DEB- 
TACE, and had complete clinical and laboratory test data, 
imaging data and follow-up data. A total of 283 patients 
met the inclusion criteria. Patients were excluded if they 
had severe liver or kidney dysfunction, including hepatic 
encephalopathy, refractory ascites, Child-Pugh C, creati
nine clearance <30 mL/min or creatinine level >2 mg/dl. 
The final study population included 200 patients.
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DEB-TACE Treatment
Femoral artery puncture was performed using Seldinger tech
nique. 5F-RH (Terumo, Tokyo, Japan) catheter was used for 
abdominal trunk and common hepatic artery angiography, 
combined with intraoperative cone-beam computed tomogra
phy (CBCT) and preoperative imaging data to reconfirm the 
location and number of tumors. If the tumor was found to be 
unclear, the phrenic artery, internal thoracic artery, and inter
costal arteries would be added. A 2.5 F microcatheter (COOK, 
IN, USA) was used to superselect the tumor-feeding artery. 
Oxaliplatin and 5-FU were used for infusion chemotherapy. 
CalliSpheres® (Hengrui, Jiangsu, China) DEBs were loaded 
with epirubicin to embolize the tumor-feeding artery. After the 
treatment, CBCT was performed again to confirm the embo
lized area.

Follow-Up
After DEB-TACE treatment, patients were followed up 
every 2–3 months. Blood tests for the assessment of liver 
and kidney function, routine blood test, alpha-fetoprotein 
(AFP), and abdominal contrast-enhanced computed tomo
graphy (CECT) were recorded. Baseline CECT had to be 
within 1 month prior to treatment, and the first follow-up 
CECT should be within 1 month after treatment for 
patients included in this study. The range of follow-up 
time was from 16 to 26 months. OS was defined as the 
time from initial treatment using DEB-TACE to the date of 
death or the last follow-up.

Statistical Analysis
Continuous variables were expressed by mean ± standard 
deviation (SD) and were compared using the t-test; cate
gorical variables were expressed as number and percen
tage and were compared using the Chi-square or Fisher’s 
exact test. All available clinical variables, including age, 
gender, history of cirrhosis, tumor number, tumor size, 
laboratory tests, and level of PVTT, were evaluated with 
a univariate Cox regression analysis on the training set. 
Variables with P-value <0.1 from univariate analysis were 
selected as candidates for further application in 
a multivariate Cox regression analysis. Likelihood ratio 
test based on the maximum partial likelihood estimates 
was applied to select the significant prognostic factors. 
The Schoenfeld residual test was used to test the propor
tional hazards (PH) assumption for each clinical factor.20 

The clinical factors that satisfy the PH assumption enter 
into the Cox PH regression analysis to establish 

a prognostic model. In addition, a prognostic nomogram 
incorporating the selected predictors was constructed. The 
performance of the nomogram was measured by the con
cordance index (C-index). Survival curves were depicted 
using the Kaplan–Meier method, and statistical signifi
cance was determined using the Log rank test. A two- 
tailed P-value <0.05 was considered to be a statistically 
significant difference. Statistical analysis was done using 
SPSS 17.0 (IBM, Chicago, IL, USA) and R software (ver
sion 3.5.1; http://www.Rproject.org).

Development and Evaluation of 
Nomogram
Discrimination, calibration and clinical usefulness were eval
uated for the prognostic nomogram. Receiver-operating char
acteristic (ROC) curve was performed to evaluate the 
discrimination performance of the nomogram based on area 
under the curve (AUC). Calibration performance was 
assessed based on agreement between predicted and actual 
survival rates in the calibration curve. Decision curve analy
sis (DCA) was performed to determine the clinical usefulness 
of the nomogram by calculating the net benefits at different 
threshold probabilities in the training and test cohort. Please 
see the workflow for this study in Supplementary Figure 1.

Results
Clinical Characteristics
The final study population consisted of 200 patients (median 
age, 58 years; range, 21–83 years): 118 of the 200 patients 
(59%) (median age, 61 years; range, 21–83 years) were 
included from institution 1 and constituted a training cohort; 
82 of the 200 patients (41%) (median age, 56 years; range, 31– 
82 years) were included from institution 2 and constituted a test 
cohort. The main clinical characteristics of patients in the 
training and test cohorts are shown in Table 1. Demographic 
and pretreatment clinical characteristics did not show signifi
cant differences between the training and test cohorts.

Prognostic Model Building
Univariate and multivariate Cox regression analyses were 
performed to determine preoperative clinical risk factors 
associated with survival (Table 2). In univariate analysis, 
there were significant correlation between γ-glutamyl 
transferase (GGT), tumor number, level of PVTT and 
OS. The multivariate analysis was then performed to iden
tify factors distinguished in univariate analysis. Result 
showed that GGT, tumor number, and level of PVTT, 

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S341672                                                                                                                                                                                                                       

DovePress                                                                                                                       
9369

Dovepress                                                                                                                                                           Cheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

http://www.Rproject.org
https://www.dovepress.com/get_supplementary_file.php?f=341672.docx
https://www.dovepress.com
https://www.dovepress.com


Table 1 Main Baseline Demographic and Clinical Characteristics of Patients in the Training and Validation Cohorts

Characteristics Training Cohort (n = 118) Validation Cohort (n = 82) P-value

Age (years) 0.782
≤60 60 (50.85%) 44 (53.66%)

>60 58 (49.15%) 38 (46.34%)

Gender 0.053
Male 102 (86.44%) 58 (70.73%)

Female 16 (13.56%) 24 (29.27%)

Cirrhosis 0.975
Yes 88 (74.58%) 61 (74.39%)

No 30 (25.42%) 21 (25.61%)
Preoperative AFP (ng/mL) 0.503

≤400 64 (54.24%) 50 (60.98%)

>400 54 (45.76%) 32 (39.02%)
Preoperative ALT (U/L) 0.503

≤40 64 (54.24%) 50 (60.98%)

>40 54 (45.76%) 32 (39.02%)
Preoperative AST (U/L) 0.913

≤45 22 (18.64%) 16 (19.51%)

>45 96 (81.36%) 66 (80.49%)
Preoperative GGT (U/L) 0.850

≤50 11 (9.32%) 7 (8.54%)

>50 107 (90.68%) 75 (91.46%)
Preoperative TB (μmol/L) 0.280

≤20 56 (47.46%) 30 (36.59%)

>20 62 (52.54%) 52 (63.41%)
Preoperative ALB (g/L) 0.907

<35 88 (74.58%) 62 (75.61%)

≥35 30 (25.42%) 20 (24.39%)
Preoperative PLT (109/L) 0.671

<100 23 (19.49%) 18 (21.95%)

≥100 95 (80.51%) 64 (78.05%)
Preoperative PT (seconds) 0.726

≤14 56 (47.46%) 36 (43.90%)

>14 62 (52.54%) 46 (56.10%)
Preoperative INR 0.355

≤1.5 76 (64.41%) 60 (73.17%)

>1.5 42 (35.59%) 22 (26.83%)
Preoperative CP class 0.331

A 96 (81.36%) 60 (73.17%)

B 22 (18.64%) 22 (26.83%)
Tumour number 0.899

≤3 50 (42.37%) 34 (41.46%)

>3 68 (57.63%) 48 (58.54%)
Tumour size (cm) 0.815

≤5 37 (31.36%) 27 (32.93%)

>5 81 (68.64%) 55 (67.07%)
PVTT 0.423

Vp1 21 (17.80%) 18 (21.95%)

Vp2 38 (32.20%) 18 (21.95%)

Vp3 41 (34.75%) 30 (36.59%)

Vp4 18 (15.25%) 16 (19.51%)

Note: Unless otherwise indicated, data are number of patients, with percentages in parentheses. 
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CP, Child–Pugh; INR, international normalized ratio; 
GGT, γ-glutamyl transferase; PLT, platelet count; PT, prothrombin time; PVTT, portal vein tumor thrombosis; TB, total bilirubin.

https://doi.org/10.2147/CMAR.S341672                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 9370

Cheng et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


were independent risk factors for prognosis of DEB-TACE 
treated HCC with PVTT, and a prognostic model with 
these parameters was built for prediction of OS. The cut- 
off value obtained was 2.00, which dichotomized the 
cohort into high-risk group with risk score >2 and low- 
risk group with risk score ≤2:

Risk score ¼ 1:225� GGT þ 0:500
� tumor number þ 0:313
� level of PVTT 

(Value assigned: GGT ≤ 50 U/L = 0, GGT > 50 U/L = 
1; tumor number ≤3 = 1–3, tumor number >3 = 4; Vp1 = 1, 
Vp2 = 2, Vp3 = 3, Vp4 = 4).

The Schoenfeld residual test also showed that the 
preoperative clinical features and the final preoperative 
clinical model satisfy the PH assumption with P-value 
>0.05, as shown in Table 3 and Figure 1. The predictive 
model yielded a C-index of 0.88 (95% CI, 0.79–0.97) in 
the training set, and 0.87 (95% CI, 0.75–0.99) in the 
test set.

Table 2 Preoperative Clinical Risk Factors for Overall Survival in Patients with HCC

Univariable Analysis Multivariable Analysis

Variable HR (95% CI) P HR (95% CI) P-value

Age (years)

≤60 vs >60 1.5 (0.75–2.9) 0.25
Gender

Male vs Female 1.9 (0.78–4.6) 0.16

Cirrhosis
Yes vs No 1.3 (0.38–4.1) 0.7

Preoperative AFP (ng/mL)

≤400 vs >400 1.1 (0.54–2.1) 0.87
Preoperative ALT (U/L)

≤40 vs >40 1.1 (0.57–2.2) 0.75

Preoperative AST (U/L)
≤45 vs >45 1.2 (0.51–3) 0.63

Preoperative GGT (U/L)

≤50 vs >50 6.1 (2.5–15) <0.001 4.67 (1.54–14.13) 0.007
Preoperative TB (μmol/L)

≤20 vs >20 0.72 (0.36–1.4) 0.34

Preoperative ALB (g/L)
<35 vs ≥35 1.1 (0.5–2.3) 0.88

Preoperative PLT (109/L)

<100 vs ≥100 2.4 (0.72–7.7) 0.16
Preoperative PT (seconds)

≤14 vs >14 1 (0.53–2) 0.93

Preoperative INR
≤1.5 vs >1.5 1.3 (0.63–2.6) 0.5

Preoperative CP class
A vs B 0.84 (0.32–2.2) 0.72

Tumour number

≤3 vs >3 1.7 (1.2–2.4) 0.003 1.62 (1.10–2.39) 0.016
Tumour size (cm)

≤5 vs >5 1.6 (0.97–2.7) 0.067

PVTT
Vp1–3 vs Vp4 1.5 (1.2–1.9) <0.001 1.51 (1.02–2.23) 0.04

Note: Data in parentheses are 95% confidence intervals. Bold means that the p value lower than 0.05 is statistically significant. 
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; CP, Child–Pugh; INR, 
international normalized ratio; GGT, γ-glutamyl transferase; HCC, hepatocellular carcinoma; PLT, platelet count; PT, prothrombin time; PVTT, portal vein tumor thrombosis; 
TB, total bilirubin; HR, hazard ratio; vs, versus.
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Survival Outcomes
In the training cohort, the 6-, 12- and 18-month survi
val rates were 88.9%, 68.9% and 51.9%, respectively, 
for patients in the low-risk group, and 42.8%, 7.1% 
and 0%, respectively, for patients in the high-risk 
group (P-value <0.0001; Table 4 and Figure 2A). The 
same cut-off value of risk score was used in the test 
cohort with the 6-, 12- and 18-month survival rates of 
89.0%, 67.0% and 56.8%, respectively, in the low-risk 
group, and 35.7%, 21.6% and 11.1%, respectively, in 
the high-risk group (P-value = 0.00014; Table 4 and 
Figure 2B).

Development and Performance of 
Nomogram
A nomogram was constructed to predict 6-, 12- and 18- 
month OS, based on the identified prognostic factors 
(Figure 3). ROC curves for the nomogram at 6-, 12- and 18- 
month showed satisfied discrimination, with an AUC of 
0.765, 0.803 and 0.809 in the training cohort (Figure 4A), 
respectively, and 0.772, 0.724 and 0.746 in the test cohort, 
respectively (Figure 4B). Time-dependent ROC (tdROC) 
curves were also performed to show the trend of AUC values 
over time in both training and test cohorts (Figure 5). The 
calibration curve demonstrated good agreement between pre
dicted and actual survival rates in the training (Figure 6A–C) 
and test (Figure 6D–F) cohorts. The decision curve showed 
good performance of the nomogram in terms of clinical 
application, which added more benefit than either a treat-all 
or treat-none scheme (Figure 7).

Discussion
To the best of our knowledge, this is the first study focus
ing on the prognostic model construction and validation of 
HBV-associated HCC with PVTT following DEB-TACE 

Table 3 Test the Proportional Hazards Assumption of Clinical 
Characteristic Using Schoenfeld Residual Test

Covariates Chi-Square P-value

GGT 0.4877 0.48

Tumor number 0.6832 0.41

PVTT 0.0119 0.91
Predictive model 1.468 0.69

Abbreviations: GGT, γ-glutamyl transferase; PVTT, portal vein tumor thrombosis.

Figure 1 Visualization of Schoenfeld residual test of proportional hazards assumption for clinical characteristics.
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in a real-life eastern cohort. In this study, we proposed 
a predictive model with a corresponding nomogram based 
on GGT, tumor number and level of PVTT, which were 
found to be significantly associated with the survival of 
patients in the training cohort. Importantly, this model was 
validated on a test cohort with satisfactory performance, 
implying its potential use as a promising tool for the 
prediction of survival.

Many studies have investigated the prognostic factors 
for TACE-treated HCC with PVTT. Luo et al21 conducted 
a prospective study to explore the survival benefit and 
prognostic factors of TACE in patients with HCC and 
PVTT, and they found that level of PVTT, tumor number, 
tumor size, and serum bilirubin level were independent 
prognostic factors for survival. In a retrospective study 
that enrolled 3126 consecutive TACE-treated patients who 
suffered from HCC with PVTT, their multivariate analysis 
showed that Child-Pugh class and level of PVTT were the 
independent prognostic factors affecting survival.22 Liang 
et al23 proposed that the presence of ascites, arteriovenous 

fistula and TACE response were significant prognostic fac
tors, which needed further validation as only 57 patients 
were retrospectively enrolled. In addition, tumor burden and 
extrahepatic metastasis were also demonstrated to be clo
sely associated with OS in selected patients with HCC and 
segmental PVTT.24 Based on these potential factors, various 
prognostic models and scoring systems for survival predic
tion were developed.11,14–16,25 However, for DEB-TACE- 
treated patients with HCC and PVTT, few studies have been 
reported.

A most recently published study demonstrated that the 
higher Child-Pugh classification and liver tumor burden 
were independent prognostic factors associated with poor 
survival for HCC patients with PVTT treated by DEB- 
TACE.26 Interestingly, these significant risk factors 
revealed by their study were consistent with another retro
spective study conducted by Gorodetski et al,9 but not with 
ours. The reasons for this discrepancy might be that the 
sample sizes for these 2 studies were relatively small with 
only 58 and 38 patients enrolled, respectively, and no 

Figure 2 Kaplan–Meier analysis of risk score with overall survival (OS). (A) Patients with low-risk score (separated by the cut-off value of 2.00) demonstrated significant 
longer OS compared to patients with high-risk score in the training cohort (p < 0.0001). (B) Patients with low-risk score (≤ 2.00) showed longer OS than patients with high- 
risk score in the test cohort (p = 0.00014).

Table 4 The Median Survival Time and Survival Rate According to Risk Stratification

Train Group Test Group

Risk High Risk Low Risk High Risk Low

Median survival time 6.00 (IQR:5.00~8.00) 14.00 (IQR:12.00~17.00) 4.50 (IQR:3.25~8.75) 13.00 (IQR:10.50~16.00)

6-month survival rate 42.8% 88.9% 35.7% 89.0%
12-month survival rate 7.1% 68.9% 21.6% 67.0%

18-month survival rate 0% 51.9% 11.1% 56.8%

Abbreviation: IQR, inter-quartile range.
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validations were performed to prove the reliability of their 
results. In addition, another previous retrospective study 
conducted in patients with HCC and PVTT following 
DEB-TACE found that age, the extent of liver involvement 
and weight were also independent prognostic factors for 
survival.27 Although lots of potential survival predictors 
were disclosed, only few prognostic models were devel
oped or validated. Peisen et al17 reported that the estab
lished mHAP-II score could be used for the survival 
prediction of HCC following DEB-TACE. Nevertheless, 
this model was validated in western cohorts with alcohol 
abuse contributing most of the aetiology, and patients with 
HCC staged BCLC C only contributed 19% of the whole 

cohort, indicating that the performance of mHAP-II score 
was still controversial if the model was applied in eastern 
HBV-associated HCC with PVTT cohort. In order to find 
the most suitable population for DEB-TACE treatment, 
Prajapati et al28 proposed a BCLC C HCC Prognostic 
(BCHP) staging system based on Child-Pugh class, 
Eastern Cooperative Oncology Group (ECOG) perfor
mance status (PS), tumor size, site of venous thrombus, 
metastasis, and serum level of creatinine and AFP. 
However, 61.3% of the patients with HCC were caused 
by HCV infection, and no validation was performed. 
Therefore, the results of our study were more applicable 
to HBV-associated HCC in the eastern population.

Figure 4 ROC curves for the nomogram at 6-, 12- and 18-month in the training cohort (A) and test cohort (B).

Figure 3 A nomogram to predict the 6-, 12- and 18-month survival rates for patients in the training cohort.
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GGT is a glycoprotein mainly located on the plasma 
membranes of hepatocytes and has the function of extra
cellular catabolism of glutathione.29 It was widely accepted 
that GGT had a close relationship with the risk of cancer, 
and a positive association between GGT and overall cancer 
outcome was found by a meta-analysis, which contained 10 
cohort studies.30 In our study, GGT was proved to be one of 
the independent prognostic factors affecting survival of 
patients with HCC treated by DEB-TACE. Notably, 
a recently published study reported that pretreatment of 
high levels of serum GGT was associated with poor OS in 

patients with advanced HCC treated with TACE,31 which 
was consistent with our results. In fact, Zhang et al32 

reported earlier that GGT could be used to predict survival 
of patients with intermediate HCC who received TACE, and 
higher serum GGT level was closely correlated with worse 
prognosis, even in small HCC and normal AFP subgroup. 
Subsequently, Guiu et al33 proposed that no validation was 
performed by the above-mentioned study and the applic
ability of their conclusions in European populations needs 
to be verified. Therefore, an external validation was con
ducted in a group of 88 patients, and the authors demon
strated that GGT was an independent predictor of OS in 
European population as well. However, the underlying cor
relation between GGT and DEB-TACE therapy effect is still 
unclear. Previous studies postulated that reactive oxygen 
species (ROS) produced by GGT-mediated metabolism 
and GGT-dependent resistance to platinum drugs might 
contribute to tumor progression,29,34 which needed to be 
further verified in our cohort.

There were several limitations in our study. First, as 
this study was retrospectively designed, bias might be 
inevitable most of the time. Second, although the results 
of our training cohort were validated in an independent 
cohort from another center, more validations needed to be 
conducted by different centers to demonstrate the general
izability of our results. Finally, the duration of our follow- 
up time was not long enough, thus the long-term effect of 

Figure 6 Calibration curves to evaluate the performance of the nomogram in 6-, 12- and 18-month survival rates in the training (A–C) and test (D–F) cohorts.

Figure 5 Time-dependent ROC curves to show the trend of AUC values over time 
both in the training and test cohorts.
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DEB-TACE on patients with HCC and PVTT was still 
unclear. Therefore, follow-up with longer time should be 
done in the future. Actually, Sorafenib remains a unique 
TKI for the treatment of advanced HCC able to block 
signal transduction mediated by the mitogen-activated pro
tein kinase (MAPK) pathway; however, HCC cells often 
presented an intrinsic and acquired resistance to TKIs, due 
to several mutations and loss of functions. Recent break
throughs could propose the strategy of combined targeted 
therapy in HCC, and the multi-pathways inhibition, 
together with more frequently customized treatments 
such as DEB-TACE, could eventually open the door for 
better results in the treatment of HCC.5

In conclusion, the prognostic model that we developed 
based on these factors showed satisfactory performance in 
both the training and the validation cohort, and we then built 
a nomogram for better visualization and application of the 
model, which needs further validation in the future. Our 
study holds the potential that this model can be improved 
with the increase in sample size and the development of 
statistical methods, and is expected to become a practical 
tool for the prediction of survival in clinic with the help of 
artificial intelligence, which might be the main knowledge 
gaps for clinicians needing to tackle, in the next few years.
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