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Purpose: A retrospective analysis of hepatocellular carcinoma (HCC) patients treated with transarterial chemoembolization (TACE) 
to identify risk factors was conducted, and a novel predictive nomogram model was constructed.
Patients and Methods: A total of 346 HCC patients who underwent TACE as initial treatment were retrospectively included, of 
which 208 were randomly allocated to the derivation cohort and 138 were allocated to the validation cohort. Progression-free survival 
(PFS) was used as the follow-up endpoint according to mRECIST. Kaplan‒Meier analysis and the Cox regression model screened out 
some indicators associated with short-term prognosis, and R language was further used to construct a nomogram model. The 
nomogram was compared with the classical BCLC staging system.
Results: The independent predictors affecting PFS in HCC patients undergoing TACE included the following: 1. Baseline indicators: 
age (P=0.013), albumin-bilirubin (ALBI) grade (grade 2 vs grade 1, P=0.029; grade 3 vs grade 1, P<0.001), and portal vein tumour 
thrombus (PVTT, P<0.001); 2. Indicators at the 1-month follow-up: Neutrophil To Lymphocyte Ratio (NLR, P=0.032) and changes in 
alpha-fetoprotein (AFP, P<0.05) and des-γ-carboxy prothrombin (DCP, P<0.001); and 3. Cumulative treatment numbers of TACE in 6 
months (P=0.007). In the derivation cohort, the calibration curve of the nomogram showed a high consistency between the predicted 
and actual PFS probability, and the nomogram outperformed the BCLC staging system (P=0.004). This result was also confirmed in 
the validation cohort (P=0.012).
Conclusion: The constructed nomogram was suggested to have good predictive efficacy and could be used as a complementary 
assessment to predict the survival and prognosis of HCC patients treated with TACE.
Keywords: primary liver cancer, transarterial chemoembolization, progression-free survival, modified response evaluation criteria in 
solid tumours, prognosis, nomogram

Introduction
Primary liver cancer (PLC) ranks sixth in the incidence of common malignant tumours worldwide and is also one of the most 
common malignant tumours causing death and seriously threatens human life. China has the highest incidence of PLC, and 
Chinese cases account for approximately 50% of the new cases of PLC and PLC-related mortality in the world.1,2

Due to the insidious onset of PLC and the lack of obvious early symptoms, many patients have already entered the 
middle or advanced stage when they are diagnosed, thus losing the opportunity for surgery. Transarterial chemoembo-
lization (TACE) has gradually become one of the most common methods for the nonsurgical treatment of liver cancer. 
Randomized controlled studies have shown that TACE is more beneficial than supportive therapy for patients who are not 
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amenable to surgical resection and that it can improve their quality of life to a large extent.3,4 According to the AASLD5 

and EASL6 guidelines, TACE is currently recommended as a first-line treatment for patients with intermediate and 
advanced hepatocellular carcinoma (HCC) with good liver function. However, individual differences in liver function 
and tumour characteristics are evident in patients with unresectable HCC, which is the main reason for the large 
differences in patient prognosis and survival.7

For HCC patients treated with TACE, the correct and accurate assessment of prognosis is the key to guiding subsequent 
treatment. Since the Barcelona Clinic Liver Cancer (BCLC) staging system was proposed, various new biomarkers and 
scoring systems have emerged internationally. Unfortunately, in predicting the prognostic survival of patients with unresect-
able HCC, both the biomarkers and staging systems that have been reported thus far have significant limitations, and most of 
them are not specific to the specific HCC treatment. Therefore, we need to explore a more practical and reliable prognostic 
scoring system based on objective data to stage and stratify patients according to their underlying conditions.

Nomograms are excellent prediction tools that have been commonly used in recent years to estimate patient survival 
and prognosis. A nomogram can improve the accuracy of correlation predictions from the group level to the individual 
level.8 Currently, nomograms have been used in various tumour-related diseases,9 and some studies have reported their 
usefulness in the diagnosis and treatment of liver cancer.10,11 These simple tools can be used by clinicians to predict the 
probability of disease recurrence or the approximate survival time of patients during diagnosis and treatment planning.

Most of the currently reported nomograms for predicting the prognosis of liver cancer include only baseline data of 
patients,12,13 and less consideration has been given to the dynamic changes in indicators throughout the disease. 
However, the prognostic survival of HCC patients is influenced by several factors. Therefore, in this study, by analysing 
some unresectable HCC patients with TACE as the initial treatment, we established a practical, multifactorial, more 
comprehensive and objective nomogram that includes the dynamic changes in basic liver function, tumour characteristics 
and important indicators of HCC patients after treatment.

Patients and Methods
Patients
This study retrospectively included 346 patients with primary HCC who underwent TACE as the initial treatment at 
Tongji Hospital, Huazhong University of Science and Technology between January 2019 and January 2022, and 208 of 
these patients were used as the derivation cohort to construct the nomogram. The other 138 patients were used as the 
validation cohort to validate the model. The study was approved by the Ethics Committee of Tongji Hospital. All 
procedures followed were in accordance with the ethical standards of the responsible committee on human experimenta-
tion in Tongji Hospital and with the Helsinki Declaration of 1975, as revised in 2008 (5). The identities of patients 
included in our study were kept anonymous to the researchers by computer-generated ID numbers, and therefore consent 
from the patients was waived.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: patients (1) who were aged between 18 and 75 years; (2) had an ECOG 
performance status score of 0 or 1; (3) had not received any form of antitumour therapy prior to enrolment; (4) had 
TACE as their initial treatment; and (5) had a clinical or pathological diagnosis consistent with PLC.

The exclusion criteria were as follows: patients (1) with benign or malignant liver lesions that cannot be clearly 
distinguished or combined with precancerous liver lesions; (2) who had combined primary tumours of other sites in 
addition to liver tumours; (3) who had metastatic liver cancer; (4) with severe malnutrition or other factors such as the 
use of warfarin that may affect the level of des- γ-carboxy prothrombin (DCP) or other indicators to be studied; and (5) 
with incomplete clinical information, poor compliance or those who had not been followed up regularly or treated.

General Clinical Data
Clinical information was collected from the enrolled patients and included general information, past medical history, 
laboratory test data within 7 days before treatment and 1 month and 12 months after the initial TACE, imaging examinations, 
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and the cumulative number of TACE treatments within the 6 months after the initial treatment. The imaging examinations 
included liver ultrasound, computed tomography and magnetic resonance imaging.

TACE Method
All HCC patients in this study were treated with TACE in the Department of Radiation Intervention. Digital subtraction 
angiography (DSA) was used for examination. The right femoral artery was percutaneously punctured, and the catheter 
and microcatheter were successively placed. The tumour site, size, number and blood supplying artery were clarified 
according to the DSA images of the hepatic artery, and the superselective cannula was inserted into the tumour supplying 
artery for perfusion chemotherapy. The chemotherapeutic drugs were mainly anthracyclines and platinum. The appro-
priate embolic agent was selected according to the specific conditions of the tumour, and superiodinated oil was generally 
mixed with chemotherapeutic drugs. After embolization, reimaging was needed. The catheter and catheter sheath were 
removed at the end of the procedure.

Study Endpoints and Follow-Up
Due to the short enrolment of patients, the primary study endpoint was progression-free survival (PFS), defined as the 
time from the date of the first TACE until the onset of tumour progression, patient death, or the last follow-up visit, 
whichever came first. The enrolled HCC patients or their families were followed up from admission until January 2022 
through outpatient, inpatient, and telephone visits. Tumour response to treatment was determined based on imaging data 
and according to the mRECIST, which was reviewed and published by two senior physicians in the Department of 
Radiology and Interventional Medicine.

Statistical Analysis
All continuous variables in the study were converted into dichotomous or ordered categorical variables according to the 
cut-off values, which were determined with X-tile software when risk factor analysis was performed. The Kaplan‒Meier 
method was used to draw PFS curves for the univariate analyses, and the log-rank test was performed in parallel. The 
variables with P≤0.1 were included in the subsequent Cox multivariate regression model analyses, and the forwards LR 
method was used for variable screening.

Based on the results of the univariate analyses, a nomogram was constructed using the rms data package in 
R software to visualize the Cox multivariate regression. The study used the bootstrap self-sampling method 1000 
times with put-back sampling for internal validation of the nomogram and external validation of the model by 
a validation cohort. The consistency index (C-index) and the prediction model calibration curve were used to illustrate 
the accuracy of the model predictions. SPSS 24.0, GraphPad Prism 5 and R software were used for statistical analysis 
and graphing. The Shapiro‒Wilk test was performed to assess whether the samples conformed to a normal distribution, 
those variables with a normal distribution were expressed as the mean±standard deviation, and those variables with 
a skewed distribution were expressed as the median and quadratic spacing. All hypothesis tests were two-sided, and 
P<0.05 indicated that the differences were statistically significant.

Results
Clinical Characteristics of the Enrolled Patients
The mean age of all 346 patients was 53 years, and the patients were predominantly male, accounting for 87.9%. The 
mean age was 54 years in the derivation cohort and 53 years in the validation cohort. Of the 208 patients in the derivation 
cohort, 185 were males, accounting for 88.9%. There were 119 male patients in the validation cohort, accounting for 
86.2%. When including all the patients, they had a high chronic hepatitis B virus (HBV) infection rate of 95.4%. The 
hepatitis C virus (HCV) infection rate was 4% (Table 1).

The albumin-bilirubin (ALBI) grade is classified as follows: <-2.6 is grade 1, −2.60 ≤ grade ≤ −1.39 is grade 2, and 
> −1.39 is grade 3. There were 222 patients who were ALBI grade 1, accounting for 64.2%, 29.4% were grade 2, and the 
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least number of patients, only 6.4%, were grade 3 (Table 1), which suggested that most patients had good liver function 
and could tolerate invasive operations such as TACE.

From the pretreatment imaging data, 79.8% of the patients had more than a single tumour lesion (Table 1). There 
were 165 patients with ≥2 multiple tumour lesions in the original dataset, accounting for 79.4%, and only 27 patients had 
a single tumour lesion in the validation cohort, accounting for 19.6% (Table 2). In addition, when the patients were 
evaluated for vascular invasion based on imaging data, portal vein tumour thrombus (PVTT) was present in 87 of 346 
patients, 50 in the original dataset and 37 in the validation dataset, accounting for 24.0% and 26.8% of each dataset, 
respectively (Table 2).

Table 1 Baseline Characteristics of the Enrolled Patients

Characteristics (n=346) Baseline 1 Month After Initial TACE 12 Months After Initial TACE P* P#

Age (y) 53±12 – – – –
Gender (male, (%)) 304(87.9%) – – – –

Aetiology

HBV, (%) 330(95.4) – – – –
HCV, (%) 14(4.0) – – – –

Others, (%) 2(0.6) – – – –

WBC (10^9/L) 5.9(4.4–8.1) 7.4(5.8–10.7) 5.7(5.0–9.8) 0.029 0.831
NLR 3.1(2.3–5.1) 7.3(5.6–10.8) 4.6(2.1–7.3) <0.001 0.021

Hb (g/L) 131(123–148) 112(90–131) 124(112–143) 0.044 0.570
PLT (10^9/L) 158(100–202) 135(95–210) 145(121–188) 0.720 0.033

ALT (U/L) 36.6(22.9–68.3) 36.5(20.0–79.1) 45.2(26.2–64.3) 0.903 0.388

AST (U/L) 48.9(30.7–88.8) 33.6(28.7–60.0) 40.1(25.1–76.3) 0.012 0.076
γ-GT (U/L) 112.2(61.4–230.3) 97.4(54.1–176.5) 123.6(43.6–210.5) 0.056 0.357

ALP (U/L) 127.6(95.3–210.1) 110.2(78.1–190.5) 125.0(88.1–245.4) 0.033 0.684

ALB (g/L) 39.4(34.0–44.4) 35.4(29.6–40.3) 29.2(25.1–35.9) 0.041 0.029
TBIL (μmol/L) 12.6(7.3–24.9) 13.7(6.1–18.8) 24.4(10.3–42.8) 0.890 0.008

ALBI (%) <0.001 <0.001

1 222(64.2) 128(37.0) 167(48.3)
2 102(29.4) 182(52.6) 146(42.2)

3 22(6.4) 36(10.4) 33(9.5)

PT (s) 14.4(13.5–15.7) 15.3(12.2–15.9) 13.4(12.1–16.4) 0.110 0.991
PTA (%) 80.3(74.1–92.7) 76.2(72.1–85.3) 75.2(72.6–93.2) 0.630 0.402

AFU (IU/L) 34.5(30.6–44.2) 30.2(25.4–40.1) 23.0(19.3–34.7) 0.780 0.670

AFP (ng/mL) 846.7(78.9–6016.5) 476.3(44.6–2056.4) 532.2(116.5–4154.0) <0.001 0.003
DCP (mAU/mL) 412.6(70.0–11,032.2) 101.3(67.1–4366.2) 313.1(92.1–6575.4) <0.001 <0.001

CA199(U/mL) 31.8(13.1–82.8) 23.9(10.4–58.7) 26.4(11.6–77.6) 0.101 0.652

CEA (ng/mL) 3.6(2.1–6.7) 2.3(1.7–7.1) 3.0(2.5–5.7) 0.065 0.105
Tumour number, (%)

Solitary 70(20.2) – – – –

Multiple 276(79.8) – – – –
PVTT, (%)

Yes 87(25.1) – – – –

No 259(74.9) – – – –
BCLC, (%)

A 13(3.8) – – – –

B 246(71.1) – – – –
C 87(25.1) – – – –

Notes: *P: the 1-month follow-up data were analysed and compared with the baseline data, #P: the 12-month follow-up data were analysed and compared with the baseline data. 
Abbreviations: TACE, transarterial chemoembolization; HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cell; NLR, Neutrophil to Lymphocyte Ratio; Hb, 
Hemoglobin; PLT, Platelet; ALT, alanine aminotransferase; AST, aspartate transaminase; γ-GT, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; ALB, albumin; TBIL, total 
bilirubin; ALBI, albumin-bilirubin; PT, prothrombin time; PTA, prothrombin time activity; AFU, alpha-L-fucosidase; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; 
CA199, carbohydrate antigen 199; CEA, carcinoembryonic antigen; PVTT, portal vein tumour thrombus; BCLC, Barcelona Clinic Liver Cancer. n, number; y, year; L, liter; 
g, gram; U, unit; s, second; IU, international unit; ng, nanogram; mL, mini liter; mAU, Milli Absorbance Units.
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Based on the BCLC stage, the majority of the patients were BCLC stage B, with 246 patients (71.1%), followed by 
BCLC stage C patients, which was 87 patients (25.1%), and BCLC stage A patients, which is the group with the lowest 
number of patients (Table 1).

The laboratory test data showed that the majority of the patients had normal blood counts and good baseline liver 
function before treatment. The tumour markers directly related to HCC (AFP, DCP) varied greatly among the patients on 
an individual basis, with values fluctuating between the lowest detected value and the highest upper limit, with a median 
value of 846.7 ng/mL for AFP and 412.6 ng/mL for DCP (Table 1).

Table 2 Characteristics of the Derivation Cohort and Validation Cohort at Baseline

Characteristics Derivation Cohort  
(n=208)

Validation Cohort  
(n=138)

P

Age (y) 54±12 53±12 0.583

Gender (male, (%)) 185(88.9) 119(86.2) 0.518

Aetiology 0.829
HBV, (%) 199(95.7) 131(94.9)

HCV, (%) 9(4.3) 5(3.7)

Others, (%) – 2(1.4)
WBC (10^9/L) 5.7(4.7–8.4) 6.3(4.5–8.9) 0.827

NLR 2.9(2.4–4.7) 3.1(2.5–5.0) 0.266
Hb (g/L) 129(121–146) 137(123–149) 0.722

PLT (10^9/L) 160(111–207) 167(103–203) 0.270

ALT (U/L) 32.5(23.1–70.4) 37.6(25.3–76.8) 0.757
AST (U/L) 50.1(30.2–88.5) 48.3(32.7–90.5) 0.252

γ-GT (U/L) 115.2(65.3–234.3) 110.1(59.2–238.0) 0.079

ALP (U/L) 123.5(97.9–190.7) 131.2(101.0–212.6) 0.604
ALB (g/L) 37.5(33.1–45.8) 36.8(30.2–44.4) 0.441

TBIL (μmol/L) 11.7(6.8–26.1) 12.7(8.9–25.2) 0.267

ALBI, (%) 0.604
1 135(64.9) 87(63.0)

2 58(27.9) 44(31.9)

3 15(7.2) 7(5.1)
PT (s) 14.1(13.6–15.4) 14.2(13.0–16.5) 0.456

PTA (%) 79.2(73.1–88.5) 80.0(71.0–93.0) 0.139

AFU (IU/L) 31.0(29.0–43.0) 33.0(31.7–47.0) 0.173
AFP (ng/mL) 865.4(80.3–7156.3) 814.3(77.5–6492.0) 0.332

DCP (mAU/mL) 434.6(65.3–11,654.4) 399.0(92.8–17,730.0) 0.490

CA199(U/mL) 29.0(12.7–77.5) 31.7(15.3–85.3) 0.106
CEA (ng/mL) 3.2(2.0–6.4) 3.3(1.8–7.1) 0.288

Tumour number, (%) 0.902

Solitary 43(20.7) 27(19.6)
Multiple 165(79.3) 111(80.4)

PVTT, (%) 0.531

Yes 50(24.0) 37(26.8)
No 158(76.0) 101(73.2)

BCLC, (%) 0.691

A 8(3.8) 5(3.6)
B 150(72.1) 96(69.6)

C 50(24.1) 37(26.8)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cell; NLR, Neutrophil to 
Lymphocyte Ratio; Hb, Hemoglobin; PLT, Platelet; ALT, alanine aminotransferase; AST, aspartate transami-
nase; γ-GT, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; ALB, albumin; TBIL, total bilirubin; ALBI, 
albumin-bilirubin; PT, prothrombin time; PTA, prothrombin time activity; AFU, alpha-L-fucosidase; AFP, alpha- 
fetoprotein; DCP, des-γ-carboxy prothrombin; CA199, carbohydrate antigen 199; CEA, carcinoembryonic 
antigen; PVTT, portal vein tumour thrombus; BCLC, Barcelona Clinic Liver Cancer.
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The patients’ follow-up data 1 month after the first TACE treatment were analysed and compared with the baseline 
data: the Neutrophil To Lymphocyte Ratio (NLR) was significantly higher (P=0.001), which implied that the inflamma-
tory response of the body was enhanced. The total bilirubin (TBIL) levels were not significantly different (P=0.890). 
However, the patients were evaluated for ALBI grading, and there was a significant increase in ALBI grade 2 versus 
grade 3 (P<0.001), suggesting that liver reserve function was significantly impaired after TACE. The patients’ serum 
tumour markers decreased significantly, with the median value of AFP decreasing to 476.3 ng/mL (P<0.001) and that of 
DCP decreasing to 101.3 ng/mL (P<0.001), suggesting that TACE treatment controlled tumour development in the short 
term (Table 1).

A total of 1181 TACE procedures were performed in 346 patients within 6 months of the initial treatment. Data from 
patients at the 12-month follow-up visit were analysed; the NLR levels remained significantly higher than those at baseline 
(P=0.021). Liver reserve function improved compared to the first month follow-up but remained significantly lower 
compared to baseline. There was a statistically significant difference in patient ALBI grading, with a significant increase 
in grades 2 and 3 (P<0.001). The patients had significantly lower AFP (P=0.003) and DCP (P<0.001) (Table 1).

At the endpoint of the observation, 170 of 348 patients had no significant progression of tumour lesions, with a 12-month 
PFS rate of 48.9%. The 12-month PFS rates were 48.5% and 50.0% in the derivation and validation cohorts, respectively.

The baseline data of the derivation and validation datasets were subjected to statistical and difference analysis. The 
results showed that no significant differences were observed between the two cohorts, which shows that these cohorts 
could be used in the follow-up study (Table 2).

Prognostic Factors Associated with PFS After TACE in HCC Patients
These indicators were analysed in the derivation cohort according to the patients’ follow-up results, including the 
patients’ basic information, laboratory tests, imaging, and the cumulative number of TACE treatments. The univariate 
analysis revealed that the baseline indicators, including age (P=0.003), aspartate transaminase (AST, P=0.024), ALBI 
(P=0.011), prothrombin time (P=0.049), number of tumours (P=0.031), and PVTT (P<0.001); the 1-month follow-up 
indicators, including NLR (P=0.012), AFP change (P<0.001, and DCP change (P<0.001); and the cumulative number of 
TACE treatments in 6 months (P=0.003) affected progression-free survival (PFS).

As shown in Table 3, the indicators with P≤0.1 were included in the Cox regression multivariate analysis to obtain 
independent predictors associated with PFS after TACE treatment in the derivation cohort: 1. Baseline indicators: age 

Table 3 Prognostic Factors Associated with PFS After TACE in Patients 
with HCC

Characteristics (n=208) HR (95% CI) P

Baseline characteristics
AGE (y)

≤ 53

> 53 2.104(1.327–3.076) 0.013
ALBI

1

2 1.977(1.215–3.712) 0.029
3 2.011(1.664–2.871) <0.001

PVTT

No
Yes 2.541(1.662–3.491) <0.001

Indicators of 1 month after initial TACE

NLR
≤4.4

>4.4 1.675(1.475–2.396) 0.032

(Continued)
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(HR=2.104, 95% CI=1.327–3.076, P=0.013), ALBI (grade 2 vs grade 1, HR=1.977, 95% CI= 1.215–3.712, P=0.029; 
grade 3 vs grade 1, HR=2.011, 95% CI=1.664–2.871, P<0.001), PVTT (HR=2.541, 95% CI=1.662–3.491, P<0.001); 2. 
Indicators at the 1-month follow-up: NLR (HR=1.675, 95% CI=1.475–2.396, P=0.032), change in AFP*(1 vs 0, 
HR=2.065, 95% CI=1.568–3.715, P=0.015; 2 vs 0, HR=2.224, 95% CI=1.456–3.585, P=0.005), change in DCP*(1 vs 
0, HR=3.343, 95% CI=1.79–5.95, P<0.001; 2 vs 0, HR=3.669, 95% CI=2.471–5.877, P<0.001); and 3. cumulative 
number of TACE treatments in 6 months (HR=0.387, 95% CI=0.134–0.521, P=0.007).

Establishment of a Prognostic Nomogram for PFS in HCC Patients After TACE
The above seven screened independent prognosis-related indicators were integrated, and the data were run through the rms 
package of R software to generate a nomogram model (Figure 1). We tested the constructed nomogram, and the C-index for 
predicting the PFS probability in the original dataset was 0.712 (95% CI=0.533–0.931), indicating that the nomogram was 
used for prediction with high accuracy. Each included index in the nomogram was assigned a certain score, and the scores 
corresponding to these indices according to the actual situation of each patient were obtained. Finally, these scores were 
summed to obtain a total score, which corresponded to the PFS probability.

Validation of the PFS Nomogram Model for HCC Patients Treated with TACE
After the internal validation, the C-index of the nomogram developed in this study was 0.712 (95% CI=0.533–0.931), 
and the standard curve of the derivation cohort of the nomogram showed that the model predicted PFS after treatment 
well (Figure 2A). The model was then externally validated with a validation cohort, and the C-index of the validation 
cohort was 0.734 (95% CI=0.636–0.842), with a good fit of the standard curve to the dashed line (Figure 2B). This 
indicates that the nomogram constructed in this study has good predictive efficacy for the PFS probability after TACE in 
HCC patients.

Compared with the BCLC Staging System, the Constructed Nomogram Had Better 
Predictive Efficacy for PFS in HCC Patients
In the derivation cohort, the C-index was 0.712 (95% CI=0.533–0.931) for the nomogram and 0.688 (95% CI=0.542–0.867) 
for the BCLC staging, which was significantly different (P=0.004). In the validation cohort, the nomogram C-index was 0.734 
(95% CI=0.636–0.842), and the BCLC staging C-index was 0.663 (95% CI=0.525–0.791), which was also significantly 
different (P=0.012). In both cohorts, the nomogram had better predictive efficacy than BCLC staging (Table 4).

Table 3 (Continued). 

Characteristics (n=208) HR (95% CI) P

AFP*

0
1 2.065(1.568–3.715) 0.015

2 2.224(1.456–3.585) 0.005

DCP*
0

1 3.343(1.790–5.95) <0.001

2 3.669(2.471–5.877) <0.001
The number of TACE in 6 months

<3

≥3 0.387(0.134–0.521) 0.007

Notes: *Compared with baseline, 0 indicates there was a change of decrease ≥20% in the 
outcome of the follow-up visit; 2 indicates there was a change of increase ≥20%; 1 indicates the 
change in the index follow-up outcome was between 0 and 2. 
Abbreviations: PFS, progression-free survival; TACE, transarterial chemoembolization, HCC, 
hepatocellular carcinoma; ALBI, albumin-bilirubin; PVTT, portal vein tumour thrombus; NLR, 
Neutrophil to Lymphocyte Ratio; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin.
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Figure 3 shows the comparison of the receiver operating characteristic curves (ROCs) of the subjects between the 
BCLC stage and the constructed nomogram to predict PFS at 12 months in the two cohorts. As in the derivation cohort, 
the AUC of the nomogram was also greater than that of BCLC stage in the validation cohort. This indicated that the 
performance of the nomogram for predicting 12-month PFS in TACE-treated HCC patients was better than that of BCLC 
staging.

Figure 2 The calibration curves of the nomogram in the derivation and validation cohorts. (A) derivation cohort, (B) validation cohort. The nomogram-predicted 
probability of PFS is plotted on the x-axis, and the actual PFS is plotted on the y-axis.

Figure 1 A prognostic nomogram for PFS in patients with HCC after TACE. The nomogram included baseline indicators: Age, ALBI, PVTT; indicators of 1 month follow-up: 
NLR, the change of AFP and DCP; and the cumulative number of TACE in 6 months. *Compared with baseline, 0 indicates there was a change of decrease ≥20% in the 
outcome of the follow-up visit; 2 indicates there was a change of increase ≥20%; 1 indicates the change in the index follow-up outcome was between 0 and 2. 
Abbreviations: ALBI, albumin-bilirubin; PVTT, portal vein tumour thrombus; NLR, Neutrophil to Lymphocyte Ratio; AFP, alpha-fetoprotein; DCP, des-γ-carboxy 
prothrombin; TACE, transarterial chemoembolization.
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Discussion
In this study, we conducted a retrospective analysis of HCC patients treated with TACE to identify relevant risk factors 
and constructed a predictive nomogram model that better fit the change in patients’ disease to assess the survival 
prognosis of patients treated with TACE and thus to guide subsequent treatments.

Age is one of the main factors affecting the development and prognosis of HCC. The older patients are, the worse 
their tolerance to surgical resection, radio frequency ablation, TACE and other treatments, and the worse their tumour 
response.14,15 Since a single indicator related to liver function is obviously one-sided in the survival prognosis of patients 
with HCC,16,17 some staging systems including multiple indicators have been established, such as Child-Turcott-Pugh 
(CTP) grading, the end-stage liver disease (MELD) score, and ALBI grading. Although these systems have good 
predictive efficacy, they have some obvious shortcomings. The ALBI grading model is an objective method to judge 
liver damage in patients with liver disease18 and can be used to predict the long-term survival of patients with HCC 
undergoing surgical treatment.19 For HCC patients who had received TACE treatment, it was reported that the ALBI 

Table 4 Comparison of the Concordance Index Between the Constructed Nomogram and 
BCLC Stage for PFS Prediction in the Derivation and Validation Cohorts

Derivation Cohort Validation Cohort

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

Nomogram 0.712(0.533–0.931) 0.734 (0.636–0.842)
BCLC 0.688(0.542–0.867) 0.663(0.525–0.791)

Nomogram vs BCLC 0.004 0.012

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PFS, progression-free survival.

Figure 3 The ROC curve of the nomogram and BCLC for predicting 12-month PFS in the derivation and validation cohorts. The ROC curve of the (A) nomogram in the 
derivation cohort, (B) BCLC in the derivation cohort, (C) nomogram in the validation cohort, and (D) BCLC in the validation cohort, for predicting 12-month PFS. 
Abbreviation: AUC, area under curve.
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grading model was better than CTP grading in predicting survival and prognosis.20 PVTT reflects the aggressiveness of 
the tumour to some extent. In highly selected patients with unresectable liver cancer, patients treated with TACE had 
better survival benefits than those receiving supportive care,4,21 and subsequent studies reported that patients with PVTT 
benefited from TACE treatment.22 In our nomogram, the PFS probability was significantly reduced in patients with 
PVTT. This might be because once PVTT was formed, it was more likely to fall off and enter the blood circulation, 
resulting in intrahepatic metastasis and distant metastasis, which directly affects the progression of the disease and 
ultimately affects the prognosis and survival of patients.

The NLR is a good prognostic factor for cancer.23 In this study, the baseline NLR value of most of the HCC patients treated 
with TACE was low. After receiving TACE, the patients had a relatively strong inflammatory response, and the NLR changed 
significantly, which is of great significance for the later disease outcome. AFP, as a relatively inexpensive and mature indicator, 
has always been considered an important indicator of disease progression and survival prognosis after treatment for liver 
cancer.24 At present, AFP used to predict survival is mostly the baseline value before treatment, but AFP levels are not 
constant and are affected by many factors. A study showed that serum AFP levels before treatment had no significant effect on 
the mortality of patients with liver cancer.25 In this study, we selected the degree of change in the AFP levels one month after 
the initial TACE operation to evaluate the response to treatment. Similar to AFP, DCP can be used as an excellent 
supplemental marker for AFP in both early diagnosis and prognosis prediction of survival in HCC. In this study, we also 
included the dynamic changes in DCP in the nomogram model after performing the multivariate COX regression analysis.

The optimal interval for the initial follow-up is recommended to be 1 month clinically. However, due to economic, 
regional and various problems, it is difficult for patients to return to the doctor regularly. The cumulative number of 
TACE treatments in 6 months was included in our analysis. Our results showed that it was very important whether the 
patient’s condition could be evaluated through follow-up and whether necessary repeated TACE treatment could be 
effectively carried out in time, which could effectively control disease progression to a certain extent.

Although the predictive performance of the nomogram is better than that of BCLC staging, BCLC staging, as 
a classical liver cancer staging system, has been modified, updated and repeatedly validated over a long period of time, 
and its status in clinical application is irreplaceable.

The model established in this study has some shortcomings. First, due to the time limitation of the study, the number of 
enrolled patients was small, and the sample size still needs to be expanded for further analysis and validation of the model. 
Second, the best follow-up endpoint for the study should be overall survival (OS), but due to the short enrolment time, we chose 
PFS as a surrogate. Finally, this is a single-centre retrospective study. HCC is a complex disease with very clear heterogeneity in 
different countries and regions, from epidemiology to tumour development characteristics. The results need to be further 
validated by more samples and other centre cohorts due to the limitations of sample size and being a single-centre study.

Conclusion
The nomogram constructed in our study not only included pretreatment baseline data but also incorporated some 
posttreatment follow-up indicators, and our nomogram had significant dynamic advantages compared to previously 
reported models. It was tested and suggested to have good ability to predict disease progression in the short term, 
indicating that the model has some clinical significance.

Abbreviations
ALB, albumin; ALBI, albumin-bilirubin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AFU, alpha- 
L-fucosidase; AUC, area under curve; BCLC, Barcelona Clinic Liver Cancer; CTP, Child-Turcott-Pugh; CEA, carci-
noembryonic antigen; CA199, carbohydrate antigen 199; CI, confidence interval; C-index, consistency index; DSA, 
Digital subtraction angiography; DCP, des-γ-carboxy prothrombin; γ-GT, γ-glutamyl transpeptidase; HR, hazard ratio; 
Hb, Hemoglobin; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; IQR, interquartile 
range; MELD, end-stage liver disease; mRECIST, modified Response Evaluation Criteria in Solid Tumours; NLR, 
Neutrophil to Lymphocyte Ratio; OS, overall survival; PLT, Platelet; PFS, progression-free survival; PLC, primary liver 
cancer; PT, prothrombin time; PTA, prothrombin time activity; PVTT, portal vein tumour thrombus; TACE, transarterial 
chemoembolization; TBIL, total bilirubin; WBC, white blood cell.
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