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Introduction

Primary hepatocellular carcinoma (HCC) is the sixth most 
common type of cancer worldwide and one of the leading 
causes of cancer-related death (1). As the most widely used 
treatment for HCC, transarterial chemoembolization 

(TACE) is an interventional procedure for injecting 
chemotherapeutic drugs at the HCC site while impeding 
blood supply to induce the ischemic tumor necrosis. 
TACE is the first-line treatment for HCC patients with 
unresectable large or multinodular tumors without vascular 
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infiltration or extrahepatic spread, which is classified as 
the Barcelona Clinic Liver Cancer intermediate stage  
(BCLC-B) (2). However, emerging evidence has supported 
that HCC patients benefit from TACE treatment even if 
they are in the early or advanced stage (3,4). In patients with 
segmental vascular invasion, TACE treatment has a higher 
survival rate than conservative treatment (5). 

Although TACE is considered a relatively safe and 
effective procedure, repeated treatments have been reported 
to be associated with increased adverse events (e.g., liver 
dysfunction) and reduced efficacy (6,7). As novel molecular 
targeted agents have shown clinical benefits in phase  
3 trials, systemic therapies have significantly prolonged 
the survival of HCC patients compared with the era of 
sorafenib (8-10). However, there is still no standardized 
policy regarding whether patients treated after TACE 
should be retreated or switched to systemic therapies. If 
TACE is continued without proper assessments, patients 
may lose the opportunity for switching to systemic therapies 
due to deterioration of liver function (11).

To identify patients who are not benefiting from 
TACE, researchers have investigated factors that impact 
overall survival (OS) in TACE-treated HCC patients, 
such as tumor burden (tumor number, size, portal vein 
invasion), liver function, alpha-fetoprotein (AFP) level, and 
performance status (12). Particularly, the tumor response 
after TACE has been recognized as an indispensable factor 
to provide further guidance, which is widely recommended 
using the modified Response Evaluation Criteria In Solid 

Tumors (mRECIST) or the European Association for the 
Study of the Liver (EASL) response evaluation criteria 
for assessments (13,14). Based on these predictors, several 
prognostic models such as the Assessment for Retreatment 
with TACE (ART) score, AFP level BCLC stage, Child-
Pugh class, Response after TACE (ABCR) score, Tumor 
Size and Number, baseline AFP, Child-Pugh and Objective 
radiological Response (SNACOR) score and the post-
TACE-Predict Model (15-18), have been established to help 
clinicians decide whether to continue TACE or transition 
to systemic treatment. However, the predictive power and 
applicability of these models are limited in practice (19).

It has been shown that nomograms are more practical 
and accurate than traditional tumor staging systems (20). 
Prognostic nomogram has been implemented to predict 
treatment outcome in HCC patients after TACE (21,22), 
but these studies ignored the negative impact of liver 
function deterioration after TACE on the patient prognosis, 
which has been confirmed as an independent prognostic 
factor. Therefore, in this study, we generated and validated 
a nomogram model using independent risk factors before 
or after TACE to guide further treatment strategies 
in HCC patients undergoing TACE. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6513/rc).

Methods 

Study design and population

A total of 1,738 HCC patients who received TACE 
treatment in the First Affiliated Hospital of Wenzhou 
Medical University from 12 June 2015 to 30 May 2019 
were included. Patients who met the following criteria were 
included: age 18–75 years; the diagnosis of HCC fulfilled the 
clinical standards of the American Association for the Study 
of Liver Diseases (AASLD); and an Eastern Cooperative 
Oncology Group (ECOG) performance status score of 0 or 
1. The exclusion criteria were as follows: patients underwent 
other therapy before or during the first TACE therapy; 
concurrent malignancies; extrahepatic metastasis; tumor 
rupture; and missing essential follow-up data. As selective 
portal vein invasion is no longer contraindicated for TACE, 
we included patients with segmental vein thrombosis in 
the analysis. Finally, 578 patients were randomly allocated 
to 1 of 2 cohorts: a training cohort for establishing the 
nomogram and a validation cohort for confirming the new 
model's performance, in a 7:3 ratio (Figure S1). Written 
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informed consent was provided by each patient included 
in the study. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Wenzhou Medical University (approval number: 
KY2022-R108). 

Data collection and definition

The following clinical data were recorded: gender, age, 
etiology of liver disease [hepatitis B virus (HBV) infection 
or others], tumor characteristics (tumor number, size, 
portal vein invasion), levels of AFP, hemoglobin (Hb), white 
blood cell (WBC), platelet count (PLT), albumin (ALB), 
alanine aminotransferase (ALT), aspartate transaminase 
(AST), total bilirubin (TB), international normalized ratio 
(INR), and fibrinogen (Fbg). Diagnosis of cirrhosis was 
based on clinical, radiological [computed tomography (CT) 
or magnetic resonance imaging (MRI)], and histological 
criteria. The period from the time of TACE to death by any 
cause or last follow-up was defined as OS.

The ALBI was calculated according to the following 
formula: ALBI = [log10 bilirubin (μmol/L) × 0.66] + 
[albumin (g/L) × −0.085]. ALBI was divided into 3 grades: 
grade I (<−2.60), grade II (−2.60≤ ALBI ≤−1.39), and grade 
III (>−1.39). The ART score, ABCR score, SNACOR 
score, and the post-TACE-Predict Model were calculated 
according to each criterion.

Treatment procedure and follow-up

All conventional TACE (cTACE) operations were 
conducted by experienced interventional radiologists. All 
patients were treated with a modified Seldinger puncture 
of the right femoral artery and a microcatheter was super-
selected to the tumor-supplying artery. After the catheter 
was properly positioned, a mixture of doxorubicin (10–
50 mg) and lipiodol (2–20 mL) was injected, adjusted by 
the number, size, and embolization degree of the tumor, 
followed by embolization with gelatin sponge particles until 
the tumor had no contrast staining. Sequential TACE was 
performed ‘‘on demand’’ according to each patient's tumor 
burden, previous treatment response, and liver function at 
6- to 8-week intervals. Within 1 week before each TACE, 
serum AFP, liver function tests, and CT or MRI evaluation 
were conducted. The tumor radiologic response was 
assessed by mRECIST with 4 response categories: complete 
response (CR), partial response (PR), stable disease (SD), 

and progressive disease (PD).

Statistical analysis

The Student’s t-test or Mann-Whitney U-test was used 
to compare continuous variables between different sets, 
and the chi-square test or Fisher’s exact test was used to 
compare binary categorical variables. The independent 
risk factors were identified by univariate and multiple 
Cox proportional hazard regression analyses. Statistically 
significant variables (P<0.01) obtained from univariate 
analysis were incorporated into a stepwise backward 
multivariate regression analysis (entry criteria for selection 
into the final risk prediction model was P<0.05). Based on 
the independent risk factors, we used the “rms” package 
of R software (R Foundation for Statistical Computing, 
Vienna, Austria) to draw a nomogram. Calibration curves 
were depicted to assess the calibration ability of the 
nomogram, and the predictive performance in continuous 
time was presented with the area under time-dependent 
receiver operating characteristic (ROC) curve (AUC) by the 
“timeROC” package. To assess the discrimination ability 
and clinical value of the nomogram and other models, 
the concordance index (C-index) was carried out by the 
survival R package and the decision curve analysis (DCA) 
was performed by source file “stdca.R”. Survival curves 
were plotted by the Kaplan-Meier method and compared 
using the log-rank test. All analyses were performed using R 
version 3.5.1.

Results

Baseline characteristics

The baseline characteristics of the training cohort and 
validation cohort in this study are shown in Table 1. The 
median OS for all patients was 26 months [95% confidence 
interval (CI): 21.296, 30.704]; it was 25 months (95% CI: 
20.071, 29.929) in the training cohort and 30 months (95% 
CI: 19.016, 40.984) in the internal validation cohort. The 
patients were predominantly male (83.0%), with an average 
age of 62.5 (50.5–74.5) years. According to the cause of 
disease, the majority (72.1%) of the participants were 
HBV infected, and 68.1% had cirrhosis. In terms of tumor 
characteristics, about half of the patients had multiple 
tumors (47.1%) and had a tumor larger than 50 mm in 
diameter (55.7%). Many patients experienced chronic 
deterioration in liver function after TACE, presented as a 
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Table 1 Baseline characteristics of patients in the training cohort and validation cohort

Characteristics Total (n=578) Training set (n=405) Validation set (n=173) P value

Age (years) 62.5±12.0 63.1±11.8 61.2±12.3 0.074

Hb (g/L) 127.6±21.4 127.6±21.7 127.6±20.9 0.990

WBC (109/L) 5.8±4.4 5.9±4.9 5.5±2.7 0.367

PLT (109/L) 165.3±96.1 168.1±96.6 158.7±95.0 0.279

Pre-ALT (U/L) 43.5±43.1 41.4±39.2 48.4±50.9 0.073

Post-ALT (U/L) 106.6±140.5 109.3±149.0 1,100.2±118.3 0.473

Pre-AST (U/L) 62.1±58.0 62.0±61.6 62.5±48.5 0.922

Post-AST (U/L) 150.0±220.5 156.1±241.0 136.0±162.6 0.317

Pre-AFP (ng/mL) 4,514.4±1,2777.6 4,560.3±12,879.5 4,408.0±12,574.7 0.896

Post-AFP (ng/mL) 4,190.0±1,2551.9 4,460.1±13,133.9 3,584.2±11,160.5 0.506

INR 1.2±0.2 1.2±0.2 1.2±0.2 0.754

Fbg (g/L) 3.6±1.5 3.7±1.5 3.4±1.4 0.074

Gender 0.686

Male 480 (83.0) 338 (83.5) 142 (82.1)

Female 98 (17.0) 67 (16.5) 31 (17.9)

Etiology 0.518

HBV 417 (72.1) 289 (71.4) 128 (74.0)

Others 161 (27.9) 116 (28.6) 45 (26.0)

Tumor diameter (mm) 0.664

≤50 256 (44.3) 177 (43.7) 79 (45.7)

>50 322 (55.7) 228 (56.3) 94 (54.3)

Number of tumors 0.940

≤3 306 (52.9) 214 (52.8) 92 (53.2)

>3 272 (47.1) 191 (47.2) 81 (46.8)

Portal vein invasion 0.711

Yes 105 (18.2) 72 (17.8) 33 (19.1)

No 473 (81.8) 333 (82.2) 140 (80.9)

Liver cirrhosis 0.959

Yes 392 (68.1) 274 (70.0) 118 (68.2)

No 184 (31.9) 129 (32.0) 55 (31.8)

Tumor response 0.603

CR 127 (22.0) 95 (23.5) 32 (18.5)

PR 277 (47.9) 192 (47.4) 85 (49.1)

SD 127 (22.0) 86 (21.2) 41 (23.7)

PD 47 (8.1) 32 (7.9) 15 (8.7)

Table 1 (continued)
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Table 1 (continued)

Characteristics Total (n=578) Training set (n=405) Validation set (n=173) P value

Pre-ALBI grade 0.830

I 191 (33.3) 136 (33.7) 55 (32.2)

II 360 (62.7) 252 (62.5) 108 (63.2)

III 23 (4.0) 15 (3.7) 8 (4.7)

Post-ALBI grade 0.465

I 79 (13.7) 60 (14.8) 19 (11.0)

II 439 (76.0) 303 (74.8) 136 (78.6)

III 60 (10.4) 42 (10.4) 18 (10.4)

Variables are expressed as mean ± standard deviation or n (%). Hb, hemoglobin; WBC, white blood cell; PLT, platelet count; ALT, alanine 
aminotransferase; AST, aspartate transaminase; AFP, alpha-fetoprotein; INR, international normalized ratio; Fbg, fibrinogen; HBV, hepatitis 
B virus; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ALBI, albumin-bilirubin.

19.3% increase in ALBI grade 2/3. Besides, about half of the 
patients (47.9%) showed PR to the first TACE treatment. 
These clinical characteristics did not differ significantly 
(P>0.05) between the training and validation cohorts.

Development of the prognostic nomogram

As shown in Table 2, the univariate analyses in the training 
cohort revealed that PLT, pre-ALT, pre-AST, post-AST, 
pre-AFP, post-AFP, INR, Fbg, pre-ALBI grade, post-ALBI 
grade, tumor diameter, number of tumors, portal vein 
invasion, and tumor response were related to OS (P<0.05). 
The further multivariate analyses identified that post-ALBI 
grade, tumor diameter, number of tumors, portal vein 
invasion, and tumor response were the final independent 
risk factors of HCC patients undergoing TACE.

The 5 identified risk factors were used to construct a 
nomogram to predict the 1-, 3-, and 5-year OS (Figure 1). 
According to the results of the nomogram, tumor response 
had the greatest impact on the prognosis of HCC patients, 
followed by postoperative ALBI grade, number of tumors, 
portal vein invasion, and tumor diameter. The subtypes of 
each risk factor were given various scores, which were then 
summed together to yield a total score. Finally, the specific 
1-, 3-, and 5-year survival probability of each patient could 
be calculated by vertical lines of the total score. 

Validation of the prognostic nomogram

The calibration plots for the 1-, 3-, and 5-year OS showed 

optimal agreements between the nomogram predictions 
and actual observations in the training cohort and the 
validation cohort (Figure 2). The discrimination ability 
of the nomogram was measured by the time-dependent 
ROC curves and C-index values. In the training cohort, 
the time-dependent AUCs of the nomogram for OS at 1-, 
3-, and 5-year were 0.803 (95% CI: 0.756, 0.851), 0.840 
(95% CI: 0.779, 0.901), and 0.872 (95% CI: 0.791, 0.952), 
respectively (Figure 3A). The 1-, 3-, and 5-year AUCs of 
the nomogram for OS in the validation cohort were 0.833 
(95% CI: 0.767, 0.899), 0.825 (95% CI: 0.748, 0.901), and 
0.878 (95% CI: 0.812, 0.945), respectively (Figure 3B). The 
C-indexes for OS prediction in the training and validation 
cohorts were 0.753 (95% CI: 0.722, 0.784) and 0.770 (95% 
CI: 0.717, 0.823), respectively (Table 3). 

The performance of the nomogram compared to other 
prognostic models

The C‐indexes of the prognostic models including the post-
TACE model, ART score, ABCR score, and SNACOR 
score in both cohorts were also calculated, among which 
only the post-TACE model showed a C‐index higher than 
0.7 (Table 3). The C-index of the nomogram was superior to 
that of other models in the validation cohort (P<0.001 for 
all), indicating the predictive power of the new model for 
HCC patients. 

DCA can clearly show the clinical utility of models for 
patients. The DCAs for the nomogram and other prognostic 
models are plotted in Figure 3. The results presented that if 
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Table 2 Univariate and multivariate analysis in the training cohort

Characteristics
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Gender (male/female) 1.208 0.846, 1.726 0.298

Age (years) 1.005 0.993, 1.017 0.382

Etiology (HBV/others) 0.941 0.698, 1.269 0.692

Hb (g/L) 0.995 0.989, 1.002 0.152

PLT (109/L) 1.001 1.000, 1.003 0.038

WBC (109/L) 1.010 0.990, 1.031 0.345

Pre-ALT (U/L) 1.004 1.002, 1.007 <0.001

Post-ALT (U/L) 1.000 0.999, 1.001 0.485

Pre-AST (U/L) 1.004 1.003, 1.005 <0.001

Post-AST (U/L) 1.001 1.000, 1.001 0.020

Pre-AFP (ng/mL) 1.000 1.000, 1.000 <0.001

Post-AFP (ng/mL) 1.000 1.000, 1.000 <0.001

INR 1.685 0.815, 3.484 0.159

Fbg (g/L) 1.155 1.065, 1.252 <0.001

Liver cirrhosis (yes/no) 0.971 0.720, 1.308 0.844

Pre-ALBI grade

I 1.0 

II 2.155 1.560, 2.976 <0.001

III 1.476 0.669, 3.256 0.335

Post-ALBI grade

I 1.0 

II 2.475 1.529, 4.008 <0.001 1.794 1.100, 2.926 0.019

III 3.424 1.907, 6.149 <0.001 2.647 1.464, 4.787 0.001

Tumor diameter (>50/≤50, mm) 2.575 1.909, 3.473 <0.001 1.462 1.054, 2.029 0.023

Number of tumors (>3/≤3) 2.805 2.111, 3.728 <0.001 2.054 1.522, 2.772 <0.001

Portal vein invasion (yes/no) 2.528 1.831, 3.491 <0.001 1.588 1.137, 2.216 0.007

Tumor response

CR 1.0 1.0

PR 2.903 1.850, 4.554 <0.001 2.117 1.313, 3.414 0.002

SD 4.917 3.048, 7.933 <0.001 2.939 1.773, 4.873 <0.001

PD 9.744 5.516, 17.214 <0.001 5.014 2.722, 9.238 <0.001

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; Hb, hemoglobin; PLT, platelet count; WBC, white blood cell; ALT, alanine 
aminotransferase; AST, aspartate transaminase; AFP, alpha-fetoprotein; INR, international normalized ratio; Fbg, fibrinogen; ALBI, albumin-
bilirubin; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. 
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Figure 1 Nomogram for predicting the 1-, 3-, and 5-year OS rates in patients with HCC undergoing TACE. CR, complete response; PR, 
partial response; SD, stable disease; PD, progressive disease; ALBI, albumin-bilirubin; OS, overall survival; HCC, hepatocellular carcinoma; 
TACE, transarterial chemoembolization.

Figure 2 The calibration curves of the nomogram for 1-, 3-, and 5-year survival probabilities. (A) The 1-year survival for the training 
cohort. (B) The 3-year survival for the training cohort. (C) The 5-year survival for the training cohort. (D) The 1-year survival for the 
validation cohort. (E) The 3-year survival for the validation cohort. (F) The 5-year survival for the validation cohort. OS, overall survival.
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the threshold probability of a patient range was 0.1 to 0.5, 
the nomogram, the post-TACE model, and the SNACOR 
score in predicting OS were more beneficial than an all 
patients dead strategy or no patients dead strategy in both 
the training and validation cohorts. Furthermore, the 
nomogram exhibited higher net benefits than other models, 
implying that it had superior clinical value. 

Based on the OS rate predicted by the nomogram, 
Kaplan-Meier curves were drawn to stratify the patients into 
3 risk subgroups in both cohorts (Figure 4). For the low-
, medium-, and high-risk group in the training cohort, the 
OS were (45.752±2.097), (22.003±2.296), and (7.493±1.059) 
months, respectively, and in the validation cohort were 
(50.161±3.393), (25.656±3.153), and (9.732±1.301) months, 
respectively (both P<0.001). Besides, we also drew Kaplan-
Meier curves of the other 4 models to compare the 
discrimination performance (Figure S2).

Table 3 C-index of the nomogram and conventional prognostic 
models in the training cohort and validation cohort

Models
Training cohort Validation cohort

C-index 95% CI C-index 95% CI

Nomogram 0.753 0.722, 0.784 0.770 0.717, 0.823

Post-TACE 
model

0.711 0.678, 0.744 0.709 0.654, 0.764

ART 0.557 0.524, 0.590 0.569 0.516, 0.622

ABCR 0.56 0.535, 0.585 0.562 0.525, 0.599

SNACOR 0.662 0.625, 0.699 0.703 0.652, 0.754

C-index, concordance index; CI, confidence interval; TACE, 
transarterial chemoembolization; ART, Assessment for 
Retreatment with TACE; ABCR, AFP level BCLC stage, Child-
Pugh class, Response after TACE; SNACOR, Tumor Size and 
Number, baseline AFP, Child-Pugh and Objective radiological 
Response.

Figure 3 (A,B) Time-dependent ROC curve of the nomogram in the training and validation cohort. (A) The AUC for 1-, 3-, and 5-year 
OS was 0.803, 0.840, and 0.872 in the primary cohort, respectively. (B) The AUC for 1-, 3-, and 5-year OS was 0.833, 0.825, and 0.878 in 
the validation cohort, respectively. (C,D) Clinical DCA of the training cohort (C) and validation cohort (D) for clinical benefits. Black line: 
all patients dead. Gray line: none patients dead. Black dashed line: post-TACE-Predict Model. Red dashed line: model of the nomogram. 
Green dashed line: model of ART score. Dark blue dashed line: model of ABCR score. Light blue dashed line: model of SNACOR score. 
AUC, area under the curve; TACE, transarterial chemoembolization; ART, Assessment for Retreatment with TACE; ABCR, AFP level 
BCLC stage, Child-Pugh class, Response after TACE; SNACOR, Tumor Size and Number, baseline AFP, Child-Pugh and Objective 
radiological Response; ROC, receiver operating characteristic; OS, overall survival; DCA, decision curve analysis.
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Discussion

Timely identification of HCC patients who will not benefit 
from continuing TACE or who have poor prognosis is 
important as these patients can still benefit from systemic 
therapies as long as the tumor burden and liver function 
allow for it (23). As there are no guidelines concerning 
standardized re-treatment policy, we established and 
validated a reliable, easy-to-use, and accurate risk prediction 
model to help guide the decision process for the retreatment 
with TACE.

The final nomogram model that we established 
integrated 5 independent risk factors:  post-ALBI 
grade, tumor diameter, number of tumors, portal vein 
invasion, and tumor response, showing outstanding 
predictive performances for OS, which were verified by 
its discrimination and calibration in both training and 
validation cohorts. Compared with the training cohort, 
the validation cohort showed better discrimination ability 
(C-index: 0.770 vs. 0.753), suggesting that the nomogram 
might have adequate external utility. According to the 
death risk predicted by the nomogram, HCC patients 
could be divided into 3 distinct risk groups, and the OS in 
both cohorts was considerably reduced as the death risk 
increased. As systemic therapies have become the main 
treatment strategy for unresectable HCC, the postoperative 
nomogram can provide guidance for identifying patients 
who are not benefiting from TACE and switching to 
systemic therapies or other evidence-based treatments 
timely if the patient is estimated to have poor survival 

outcomes.
Different from other solid tumors, not only tumor 

characteristics, but liver function reserve is crucial to the 
prognosis and the treatment options for HCC patients. 
Guidelines have underlined the necessity of liver function 
reserve during TACE treatments for underlying conversion 
to systemic therapies (23). Acute liver function deterioration 
after TACE treatment generally resolves within 1 month, 
otherwise it may become chronic, potentially compromising 
the survival benefits of TACE (6). Although the Child-
Pugh score (CPS) has been widely used in liver function 
assessment of HCC patients, there is no clear standard for 
subjective factors such as ascites and hepatic encephalopathy, 
and variables of ALB and ascites have a mutual influence. 
Including only 2 laboratory parameters, the ALBI grade 
has been considered a simple and objective indicator of 
liver function, and its predictive value in HCC patients 
is comparable to that of the CPS (24). The postoperative 
ALBI grade was strongly linked with OS in univariate and 
multivariate analyses, indicating that postoperative chronic 
liver function impairment was a prognostic factor for 
TACE-treated HCC patients. 

Instead of the World Health Organization (WHO) 
criteria or RECIST, the mRECIST or EASL criteria have 
been already recommended by guidelines as the standard 
tool for measuring radiological endpoints of HCC (25-27).  
The degree of tumor response reflected by mRECIST 
has been shown to be a strong predictor of median OS in 
HCC patients, which was also validated in this study (28).  
There is no standard for the number of TACE sessions 

Figure 4 Kaplan-Meier survival curves of patients with HCC stratified by the nomogram. (A) In the training cohort. (B) In the validation 
cohort. HCC, hepatocellular carcinoma.
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and the interval between 2 TACEs required to achieve 
an individual’s best response. The over-pursuit of the 
best response through repeated TACE courses may 
miss the opportunity for more prompt optimization of 
treatment strategies. Thus, we included the tumor response 
after the first TACE rather than the best response as a 
prognostic variable in our nomogram model. However, the 
traditional monitoring indicator AFP, which also remains a 
controversial biomarker for HCC, did not have a significant 
prognostic value in this study (29). 

To date, a series of prognostic models or scores have 
been developed for HCC patients undergoing TACE. 
The ART score, first proposed by Sieghart et al. in 2013, 
includes tumor response (EASL criteria) and liver function 
(CPS, AST) (15). The ABCR score [AFP, BCLC, CPS, and 
tumor radiological response (EASL criteria)] was introduced 
by Adhoute et al. in 2015 (16). Similar to the ABCR score, 
the SNACOR score was developed by Kim et al. in 2016 
including liver function (CPS), tumor characteristics (size, 
number), baseline AFP and tumor response (mRECIST 
criteria) (17). Recently, Han et al. proposed the Post-
TACE-Prediction model, based on the baseline AFP, 
bilirubin, tumor characteristics (size, number), and tumor 
response (mRECIST criteria), which were summarized in 
a complex formula (18). Compared to these systems, our 
nomogram has the following merits: First, simple, objective, 
and readily available clinical indicators are included, and it 
can be applied in patients with different stages in adaptation 
to the clinical practice that TACE has been widely used 
beyond the guideline criteria (30). Second, the importance 
of chronic rather than acute liver function deterioration 
after TACE was pointed out. Third, compared with 
simple grades or complex online calculators, the nature of 
nomograms could provide an easy-to-access and accurate 
probability to predict OS. Above all, our nomogram showed 
a more powerful and accurate predictive ability for OS, 
which was indicated by the C-index comparison and DCAs.

This study had some limitations. First, although the 
nomogram performed better in the validation cohort, 
prospective and multicenter external validation is necessary 
to validate the external utility. Second, similar to other 
prognostic tools, the variables included in the nomogram 
were traditional indicators. With the rapid development 
of big data technology, high sensitivity and specificity 
tumor markers of HCC have been found in genomics and 
radiomics analysis, which may improve the predictive ability 
if included in the model, but these indicators still need to be 
further screened and verified (31-34). Third, only patients 

undergoing initial conventional (c)TACE were enrolled, 
though until today no significant difference in tumor 
response or survival has been observed between cTACE and 
drug-eluting bead TACE (DEB-TACE) (35,36). However, 
further validation studies might be necessary for HCC 
patients treated with DEB-TACE and patients underwent 
other therapy before or during the TACE to generalize our 
results.

Conclusions

In conclusion, this study generated and validated a reliable, 
easy-to-use, and accurate nomogram model to predict 
prognosis of HCC patients undergoing TACE. According 
to the death risk predicted by the nomogram, we can 
cautiously speculate that HCC patients who are estimated 
to have poor survival outcomes may not profit from further 
TACE treatments and should be promptly recommended 
switch to another treatment schedule.
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Supplementary

Figure S1 Flow diagram for selecting HCC patients. HCC, 
hepatocellular carcinoma; TACE, transarterial chemoembolization.

Figure S2 Kaplan-Meier curves of risk group stratification for OS in the training cohort (A-E) and validation cohort (F-J) categorized 
according to different prognostic models. (A,F) Model of the nomogram; (B,G) post-TACE-Predict Model; (C,H) model of ART score; (D,I) 
model of ABCR score; (E,J) model of SNACOR score. TACE, transarterial chemoembolization; ART, Assessment for Retreatment with 
TACE; ABCR, AFP level BCLC stage, Child-Pugh class, Response after TACE; SNACOR, Tumor Size and Number, baseline AFP, Child-
Pugh and Objective radiological Response; OS, overall survival. 
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