
Heliyon 9 (2023) e18494

Available online 20 July 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Prognostic value of preoperative prealbumin levels in patients 
with unresectable hepatocellular carcinoma undergoing 
transcatheter arterial chemoembolisation 

Kai Lei, Jia-Guo Wang, Yin Li, Hong-Xiang Wang, Jie Xu, Ke You, Zuo-Jin Liu * 

Department of Hepatobiliary Surgery, The Second Affiliated Hospital of Chongqing Medical University, Chongqing, 400000, China   

A R T I C L E  I N F O   

Keywords: 
Hepatocellular carcinoma (HCC) 
OS (overall survival) 
Prealbumin (PAB) 
Prognosis 
Transcatheter arterial chemoembolisation 
(TACE) 

A B S T R A C T   

Background: This retrospective study analyzed the prognostic value of preoperative prealbumin 
(PAB) levels in patients with unresectable hepatocellular carcinoma (HCC) after transcatheter 
arterial chemoembolisation (TACE). 
Methods: Four hundred and two patients diagnosed with unresectable HCC were included in this 
retrospective study. All patients underwent their first TACE procedure. Based on PAB levels 
before the first TACE, 402 patients were classified as having low PAB levels and high PAB levels. 
Potential confounding factors between the two groups were eliminated using. Propensity Score 
Matching (PSM) analysis. The time to progression (TTP) and overall survival (OS) of the two 
groups were compared using Kaplan-Meier curves before and after PSM. Risk factors for poor 
prognosis were determined using univariate and multivariate Cox proportional hazards models. 
Results: Before PSM, the high PAB level group had a significantly longer median TTP and OS than 
the low PAB level group (all P values < 0.0001). After PSM, the high PAB level group still had a 
significantly longer median TTP and OS than the low PAB level group (all P values < 0.05). After 
PSM, low PAB level was found to be an independent predictor of shorter OS (HR = 0.656; 95% 
CI:0.448–0.961; P = 0.03). The subgroup analysis before PSM showed that low PAB levels 
increased the risk of poor prognosis in most subgroups. 
Conclusions: Low preoperative PAB levels are associated with poor prognosis in patients with 
unresectable HCC after TACE.   

1. Introduction 

Liver cancer is the sixth most common cancer worldwide and the third leading cause of cancer-related death. Between 70% and 
80% of primary liver cancers are hepatocellular carcinoma (HCC) [1,2]. The preferred treatments for early stage HCC include radical 
resection and liver transplantation. After adopting the Barcelona Clinic Liver Cancer (BCLC) staging system, when many HCC patients 
were first diagnosed, they were already in the advanced stage [3–5]. For patients with unresectable HCC, interventional and systemic 
therapies can prolong survival. As an effective local treatment modality, transcatheter arterial chemoembolisation (TACE) can control 
tumour growth and has significant efficacy in unresectable HCC [6]. 

Many studies have confirmed a significant association between inflammatory or tumour markers and the prognosis of HCC patients 
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after TACE [7–9]. Another study showed that the platelet (PLT) count before TACE in patients with HCC combined with cirrhosis was 
significantly associated with tumour recurrence [10]. As a biomarker of suggesting liver synthesis function, prealbumin (PAB) was 
often found in some nutritional status scores [11,12]. Previous studies have shown that reduced PAB levels can increase the risk of 
postoperative complications [13]. Moreover, PAB levels have been associated with the prognosis of some cancers, such as ovarian 
carcinoma [14,15] and lung cancer [16]. Some studies have reported a correlation between the PAB levels and HCC prognosis. Low 
PAB levels were predictive of liver insufficiency in patients with HCC after liver resection [17]. Some studies have confirmed the 
association between preoperative prealbumin levels and prognosis of HCC patients undergoing radical resection [18,19]. The rela-
tionship between preoperative PAB levels and prognosis of patients with HCC undergoing TACE remains unclear. This retrospective 
study investigated whether low PAB levels were associated with poor prognosis in patients with HCC after TACE. 

2. Material and methods 

2.1. Patient and selection 

This retrospective study was approved by the Ethics Committee. All patients were informed of the risks and provided written 
informed consent prior to treatment. A total of 402 patients were included in this study. All patients were initially diagnosed with HCC 
and underwent their first TACE between January 2013 and December 2018. Inclusion criteria for all clinical cases were as follows: 1) 
between the ages of 18 and 80; 2) had a definite diagnosis of HCC confirmed either by characteristic imaging examination or liver 
biopsy; 3) no other liver disease background except for hepatitis B or C; 4) preoperative liver function in Child-Pugh class A or B; 5) 
BCLC stage B or C; 6) Eastern Cooperative Oncology Group (ECOG) score standard ≤2; 7) no other malignancies. The exclusion criteria 
were as follows: 1) patients who underwent radical resection, liver transplantation, or radiofrequency ablation (RFA); 2) patients who 
received other systemic treatments such as immunotherapy and targeted therapy before the first TACE or during the follow-up period; 
3) patients with preoperative liver function in Child-Pugh class C; and 4) patients who were lost to follow-up or had incomplete 
baseline data. 

2.2. Transcatheter arterial chemoembolisation procedure 

The right femoral artery was punctured using the Seldinger technique. After puncture, a short guidewire was inserted into the 5-Fr 
micropuncture catheter sheath. Under X-ray fluoroscopy, a 5-Fr angiography catheter was inserted into the abdominal trunk and 
common hepatic artery to visualise the distribution of tumour vessels using angiography. Using a micro-guidewire, the tumour 
nutrient artery was superselectively inserted into a 2.7-Fr angiographic microcatheter, which was used to inject a chemotherapeutic 
agent into the tumour nutrient artery. Doxorubicin (20 mg) and iodised oil (5–20 ml) were used. After embolisation with the iodised oil 

Fig. 1. Flowchart for judging the prognostic value of PAB. PAB, prealbumin.  
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emulsion, the microsphere diameter was selected based on tumour size and blood supply. Five minutes after drug injection, digital 
subtraction angiography (DSA) was used to confirm that the arterial flow which provides nutrients to the tumour was stagnant. 

2.3. Data collection and follow-up 

The baseline clinical data for the patients include age, gender, Child-Pugh classification, BCLC stage, portal vessel invasion, tumour 
number, extrahepatic metastasis, alpha-fetoprotein (AFP) level, longest tumour diameter, alanine aminotransferase (ALT), aspartate 
transferase (AST), total bilirubin (TBIL), albumin (ALB), haemoglobin (HB), platelet, prothrombin time (PT), and PAB. Contrast- 
enhanced computed tomography (CT) or magnetic resonance imaging (MRI) were performed to determine the tumour progression 
3–4 weeks after the first TACE to determine tumour progression. If the patient did not meet the diagnostic criteria for tumour pro-
gression and the lesion was active, re-TACE was performed. If a patient was suspected of having extrahepatic metastasis during follow- 
up, a relevant examination for extrahepatic metastasis was performed to clarify the diagnosis. After TACE, the Response Evaluation 
Criteria in Solid Tumours (RECIST) was used to classify tumour response. Tumour response was evaluated for every TACE procedure. 
Tumour progression was defined as progressive disease (PD) after the first TACE. Complete response (CR), partial response (PR), and 
stable disease (SD) were not considered as tumour progression. Follow-up via telephone and outpatient and inpatient medical records 
were provided for all patients after the initial treatment. The deadline for follow-up was June 2022. The primary prognostic endpoint 
of this study was overall survival (OS). OS was defined as the time between the first TACE and death, or the time between the first TACE 
and the deadline of follow-up if death did not occur. The second clinical endpoint was the time to progression (TTP). TTP was defined 
as the time between the first TACE and tumour progression or the time between the first TACE and the deadline of follow-up if tumour 
progression did not occur. 

2.4. Cut-off value and group 

A flowchart for determining the prognostic value of PAB is shown in Fig. 1. The cut-off value of PAB levels in this study was 
obtained using the X-tile software [Fig. 2(A-C)]. The cutoff value was used to classify 402 patients with unresectable HCC into low 
prealbumin levels (PAB＜159 mg/L, n = 228) and high prealbumin (PAB ≥159 mg/L, n = 174) groups. 

2.5. Propensity score matching analysis 

Propensity score matching analysis was performed to eliminate confounding variables between the low- and high-PAB groups. This 
analysis matched all variables that may have influenced the prognostic endpoints, including age, sex, BCLC stage, Child-Pugh clas-
sification, portal vessel invasion, extrahepatic metastasis, AST, TBIL, ALB, HB, PLT, and PT. A matching calliper of 0.05 and 1:1 nearest 
neighbour matching were used in the analysis. 

2.6. Statistical analysis 

SPSS 26.0 software (IBM, Chicago, IL, USA) was used to analyse the data in this study. The clinical baseline data of the low- and 
high-PAB groups were analyzed using descriptive statistics. The mean (standard deviation [SD]) was applied to the parametric var-
iables. The median and interquartile range (IQR) were applied to continuous numerical variables that did not meet the normal dis-
tribution. Categorical variables were summarised as counts and percentages. Before propensity score matching (PSM), comparisons 
between the low and high PAB groups were completed using the independent samples t-test to compare parametric variables, the 
Mann-Whitney U test to compare nonparametric variables, and the Chi-square test to compare categorical variables. After PSM, 
comparisons between the two groups were performed using the paired t-test to compare parametric variables, the Wilcoxon rank-sum 
test to compare nonparametric variables, and the MeNemar test to compare categorical variables. The median TTP and OS between the 
low and high PAB groups before and after PSM were compared using Kaplan-Meier curves. Correlations between clinical baseline data 

Fig. 2. X-tile analysis of OS according to PAB. OS, overall survival; PAB, prealbumin.  
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and OS or TTP were tested using univariate and multivariate Cox proportional hazards models. In the univariate Cox proportional 
hazards models, variables with a P-value lower than 0.05 were included in the multivariate Cox proportional hazards models. Sig-
nificance was set as a p-value <0.05. Due to sample size, subgroup analysis was performed before PSM according to sex, age, BCLC 
stage, Child-Pugh classification, portal vessel invasion, and extrahepatic metastasis. 

3. Results 

3.1. Patient characteristics 

The baseline clinical characteristics and descriptive statistics of the 402 patients included in this study are presented in Table 1. The 
patients were divided into low PAB (PAB＜159 mg/L, n = 228) and high PAB (PAB≥159 mg/L, n = 174) groups based on preoperative 
PAB levels. The average age of patients in the low PAB group was 55.8 (11.0) years, and the average age of patients in the high PAB 
group was 53.6 (11.1) years. There were more male than female patients in this study (n = 355, 88.3%). Before PSM, significant 
differences existed between the low and high PAB groups in clinical baseline data, including age, sex, BCLC stage, Child-Pugh clas-
sification, portal vessel invasion, extrahepatic metastasis, AST, TBIL, ALB, HB, PLT, PT, and PAB. 

3.2. Survival analysis before PSM 

Tumour progression occurred in 228 patients (100%) in the low PAB group and 171 patients (98.3%) in the high PAB group before 
the follow-up deadline. A total of 199 patients (87.3%) in the low PAB group and 138 (79.3%) in the high PAB group died during 
follow-up. Before PSM, the median TTP and OS of the low PAB group were 7.2 months and 19.3 months, respectively. The median TTP 
and OS of the high PAB group were 10.8 months and 37.3 months, respectively. Kaplan–Meier curves with the log-rank test were used 
to compare the median TTP and OS between the low and high PAB groups before PSM [Fig. 3(A-B)]. The high PAB group had a 
significantly longer median TTP and median OS than the low PAB group (log-rank test, all P values < 0.0001). 

Table 1 
Patient characteristics before PSM.  

Variables  PAB＜159 mg/L (n = 228) PAB≥159 mg/L (n = 174) P value 

Age (years), Mean (SD)  55.8 (11.0) 53.6 (11.1) 0.048 
Sex 

BCLC stage 
Male 195(85.5%) 160(92.0%) 0.047 

< 0.001 Female 33(14.5%) 14(8.0%) 
B 135(59.2%) 138(79.3%) 
C 93(40.8%) 36(20.7%) 

Child-Pugh classification A 167(73.2%) 171(98.3%) < 0.001 
B 61(26.8%) 39(1.7%) 

Portal vessel invasion No 144(63.2%) 140(80.5%) < 0.001 
Yes 84(36.8%) 34(19.5%) 

Extrahepatic metastasis No 215(94.3%) 172(98.9%) 0.017 
Yes 13(5.7%) 2(1.1%) 

Tumor number Single 39(17.1%) 19(10.9%) 0.080 
Multiple 189(82.9%) 155(89.1%) 

AFP < 400 ng/ml 153(67.1%) 113(64.9%) 0.650 
≥ 400 ng/ml 75(32.9%) 61(35.1%) 

Tumor longest diameter (mm) 
Median (IQR)  

41(56) 40(46) 0.083 

ALT (U/L) 
Median (IQR)  

35(28) 41(28) 0.057 

AST (U/L) 
Median (IQR)  

50(42) 38(21) < 0.001 

TBIL (umol/L) 
Median (IQR)  

17.3(13.3) 13.7(8.2) < 0.001 

ALB (g/L), Mean (SD)  35.5(5.0) 42.1(3.7) < 0.001 
HB (g/L), Mean (SD)  125.1(22.6) 142.6(15.9) < 0.001 
PLT (10^9/L) 

Median (IQR)  
94(115) 115(74) 0.028 

PT (S), Median (IQR)  15.0(2.4) 13.9(1.2) < 0.001 
PAB (mg/L), Median (IQR)  108(59) 197(56) < 0.001 
Progression No 0(0%) 3(1.7%) 0.047 

Yes 228(100%) 171(98.3%) 
Survival No 199(87.3%) 138(79.3%) 0.032 

Yes 29(12.7%) 36(20.7%) 

PSM, propensity score matching; PAB, prealbumin; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, 
aspartate transferase; TBIL, total bilirubin; ALB, albumin; HB, haemoglobin; PLT, platelet; PT, prothrombin time; IQR, interquartile range. 
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3.3. PSM analysis for patient data 

After PSM, the low and high PAB groups each included 72 patients. After PSM, no significant differences were observed between the 
two groups in the baseline clinical data (Table 2). The respective median TTP and OS of the low PAB group were 7.0 and 19.6 months, 
and the respective median TTP and OS of the high PAB group were 10.6 and 29.4 months. The median TTP and OS were compared by 
the Kaplan–Meier curves between the two groups with differences shown in Fig. 4(A-B). The high PAB group still had a significantly 
longer median TTP and OS than the low PAB group after PSM (log-rank test, all P values < 0.05). 

Fig. 3. Kaplan-Meier curves of TTP (a) and OS (b) in unresectable HCC patients with different pretreatment PAB levels who underwent TACE before 
PSM. PAB, prealbumin; TTP, time to progression; OS, overall survival; HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemo-
embolisation; PSM, propensity score matching. 

Table 2 
Patient characteristics after PSM.  

Variables  PAB <159 mg/L (n = 72) PAB ≥159 mg/L (n = 72) P value 

Age (years), Mean (SD)  55.6 (11.3) 56.0 (11.1) 0.818 
Gender 

Stage of BCLC 
Male 65(90.3%) 65(90.3%) 1.000 

0.505 Female 7(9.7%) 7(9.7%) 
B 47(65.3%) 51(70.8%) 
C 25(34.7%) 21(29.2%) 

Child-Pugh classification A 69(95.8%) 69(95.8%) 1.000 
B 3(4.2%) 3(4.2%) 

Portal vessel invasion No 48(66.7%) 52(72.2%) 0.505 
Yes 24(33.3%) 20(27.8%) 

Extrahepatic metastasis No 71(98.6%) 71(98.6%) 1.000 
Yes 1(1.4%) 1(1.4%) 

Tumor number Single 9(12.5%) 9(12.5%) 0.346 
Multiple 63(87.5%) 63(87.5%) 

AFP < 400 ng/ml 47(65.3%) 51(70.8%) 0.480 
≥400 ng/ml 25(34.7%) 21(29.2%) 

Tumor longest diameter (mm) 
Median (IQR)  

50(40) 48(52) 0.911 

ALT (U/L) 
Median (IQR)  

38(30) 40(28) 0.575 

AST (U/L) 
Median (IQR)  

49(42) 40(21) 0.114 

TBIL (umol/L) 
Median (IQR)  

14.6(7.0) 14.9(10.0) 0.996 

ALB (g/L), Mean (SD)  39.4(3.3) 39.7(3.3) 0.434 
HB (g/L), Mean (SD)  137.8(14.8) 136.1(16.1) 0.461 
PLT (10^9/L) 

Median (IQR)  
116(93) 125(92) 0.969 

PT (S), Median (IQR)  14.3(1.3) 14.4(1.0) 0.838 
PAB (mg/L), Median (IQR)  138(29) 193(39) < 0.001 
Progression No 0(1.4%) 1(1.4%) 0.317 

Yes 72(100%) 71(98.6%) 
Survival No 62(86.1%) 57(79.2%) 0.317 

Yes 10(13.9%) 15(20.8%) 

PSM, propensity score matching; PAB, prealbumin; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, 
aspartate transferase; TBIL, total bilirubin; ALB, albumin; HB, haemoglobin; PLT, platelet; PT, prothrombin time; IQR, interquartile range. 
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3.4. Univariate and multivariate analysis for OS after PSM 

After PSM, univariate and multivariate Cox proportional hazards models were used to analyse risk factors for poor prognosis 
(Table 3). In the univariate analysis of OS, Variables with significant effects on OS included PAB level (HR = 0.648; 95% 
CI:0.451–0.931; P = 0.019), age (HR = 0.982; 95% CI:0.965–1.000; P = 0.046), stage of BCLC (HR = 2.443; 95% CI:1.675–3.563; P <
0.001), portal vessel invasion (HR = 2.570; 95% CI:1.752–3.769; P < 0.001), extrahepatic metastasis (HR = 6.313; 95% 
CI:1.503–26.508; P = 0.012), AFP level (HR = 1.784; 95% CI: 1.217–2.616; P = 0.003), tumour longest diameter (HR = 1.015; 95% 
CI:1.010–1.020; P < 0.001), TBIL (HR = 0.971; 95% CI:0.945–0.997; P = 0.031), PLT (HR = 1.003; 95% CI: 1.001–1.005; P = 0.011). 
Because BCLC stage was associated with portal vessel invasion and extrahepatic metastasis, multiple collinearities could cause errors in 
the multivariate analysis. Therefore, portal vessel invasion and extrahepatic metastasis were excluded from the multivariate analysis. 
Variables included in the multivariate analysis of OS included PAB level, age, BCLC stage, AFP level, longest tumour diameter, TBIL, 
ALB [20], and PLT. In the analysis of multivariate variables, PAB level (HR = 0.656; 95% CI:0.448–0.961; P = 0.03), stage of BCLC (HR 
= 1.681; 95% CI:1.044–2.704; P = 0.032), AFP level (HR = 1.569; 95% CI:1.038–2.371; P = 0.033) and longest tumour diameter (HR 
= 1.008; 95% CI:1.001–1.015; P = 0.036) were significant and independent factors of prognosis in unresectable HCC patients un-
dergoing TACE. 

3.5. Subgroup analysis of OS before PSM 

To exclude the interference of PAB level by other variables before PSM, subgroup analysis was performed according to sex, age, 

Fig. 4. Kaplan-Meier curves of TTP (a) and OS (b) in patients with unresectable HCC with different pretreatment PAB levels who underwent TACE 
after PSM. TTP, time to progression; OS, overall survival; HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolisation; PSM, 
propensity score matching. 

Table 3 
Survival analysis of OS for all patients after PSM.  

Variables Univariate analysis Multivariate analysis 

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

PAB(≥159 mg/L) 0.648 (0.451–0.931) 0.019 0.656 (0.448–0.961) 0.03 
Gender(Female) 1.190 (0.654–2.164) 0.568   
Age(years) 0.982 (0.965–1.000) 0.046 0.988 (0.970–1.007) 0.205 
Stage of BCLC(C） 2.443 (1.675–3.563) < 0.001 1.681 (1.044–2.704) 0.032 
Child-Pugh classification(B) 0.632 (0.231–1.727) 0.371   
Portal vessel invasion (Yes) 2.570 (1.752–3.769) < 0.001   
Extrahepatic metastasis (Yes) 6.313 (1.503–26.508) 0.012   
AFP (≥400 ng/ml) 1.784 (1.217–2.616) 0.003 1.569 (1.038–2.371) 0.033 
Tumor number (Multiple) 0.682 (0.425–1.094) 0.112   
Tumor longest diameter (mm) 1.015 (1.010–1.020) < 0.001 1.008 (1.001–1.015) 0.036 
ALT(U/L) 0.998 (0.994–1.002) 0.291   
AST(U/L) 0.999 (0.995–1.002) 0.388   
TBIL(umol/L) 0.971 (0.945–0.997) 0.031 0.985 (0.958–1.014) 0.313 
ALB(g/L) 0.962 (0.910–1.018) 0.178 0.992 (0.934–1.053) 0.792 
HB(g/L) 1.002 (0.990–1.014) 0.766   
PLT(10^9/L) 1.003 (1.001–1.005) 0.011 1.001 (0.998–1.003) 0.681 
PT(S) 0.818 (0.667–1.004) 0.055   

OS, overall survival; PSM, propensity score matching; HR, hazard ratio; CI, confidence interval; PAB, prealbumin; BCLC, Barcelona Clinic Liver 
Cancer; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALB, albumin; HB, haemo-
globin; PLT, platelet; PT, prothrombin time. 
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BCLC stage, Child-Pugh classification, portal vessel invasion, extrahepatic metastasis, longest tumour diameter, AFP level, and tumour 
number (Fig. 5). Except for the subgroups of stage C BCLC, portal vessel invasion, Child-Pugh classification B liver function, extra-
hepatic metastasis, and tumour number, because of the size of the sample, analysis of the other subgroups demonstrated a significant 
association between preoperative PAB levels and OS (all P < 0.05). Therefore, low preoperative PAB levels are associated with poor 
prognosis in patients with unresectable HCC after TACE. 

4. Discussion 

Transarterial chemoembolisation (TACE) is an effective modality for the treatment of liver cancer, particularly unresectable HCC 
[6]. Evaluating the prognosis after TACE in patients with unresectable HCC is an important question. Relevant studies have found that 
the Child-Pugh classification, inflammatory cytokines, and some tumour markers are associated with the prognosis of patients with 
HCC after receiving TACE [8,9,21–23]. 

As a protein of liver synthesis that can reflect liver function, PAB was not included in the Child-Pugh classification [24]. PAB levels 
are commonly used as indicators of nutritional status. PAB levels can indicate the level of protein consumption, which in turn can 
identify patients at risk of malnutrition [13]. Several studies have found that PAB-based nutritional assessment is associated with 
prognosis of patients with tumours [25–29]. Poor preoperative nutritional status in patients with lung cancer who undergo radical 
resection can increase the risk of postoperative complications [16]. Nutritional assessment including prealbumin could determine 
whether patients with ovarian cancer can undergo radical resection [14,15]. 

PAB is a protein synthesised in the liver that is associated with the prognosis of various liver diseases. Previous studies had 
demonstrated a significant association between PAB levels before partial hepatectomy and the occurrence of postoperative hepatic 
insufficiency, including hepatic failure [17,30]. Combining the PAB and Child-Pugh classification could improve the predictive ac-
curacy of prognosis in patients with HCC undergoing radical resection [24]. A score based on PAB levels can effectively predict the risk 
of early recurrence and mortality in patients who underwent TACE plus locoregional ablative therapy [31]. Fibrinogen to prealbumin 
ratio (FPR) is considered a potential prognostic indicator for HCC patients receiving RFA and TACE [32]. It has also been demonstrated 
that a reduction in the ratio of the non-protein respiratory quotient and PAB might be related to the deterioration of liver function after 
TACE in patients with HCC [33]. Some studies have confirmed the association between preoperative prealbumin levels and the 
prognosis of patients with HCC undergoing radical resection. Patients with low preoperative PAB levels often have a poor prognosis 
[18,19,34]. 

This retrospective study aimed to investigate the association between preoperative PAB levels and prognosis of patients with 
unresectable HCC. This study has the following advantages. First, this study aimed to determine the association between PAB levels 
before TACE and the prognosis of patients with unresectable HCC. After determining the grouping cutoff value, the patients were 
divided into low- and high-PAB groups based on preoperative PAB levels. Second, a PSM analysis was performed to reduce the 
interference of confounding variables between the low- and high-PAB groups. Survival analysis was performed for both groups before 
and after PSM. Subgroup analysis was performed before PSM. Third, two clinical endpoints, TTP and OS, were set up simultaneously to 
explore the long-term survival of patients with unresectable HCC after TACE. By grouping, using PSM to eliminate the interference of 
confounding variables, and using Cox proportional hazards models, this study is the first to demonstrate that low preoperative PAB 
levels are an independent predictor of poor prognosis in patients with unresectable HCC after TACE. To exclude the interference of the 
sample size, a subgroup analysis of OS before PSM was performed. The analysis still demonstrated a significant association between 
low preoperative PAB levels and shortened OS. This finding indicates that low PAB levels still have an important predictive value for 
the long-term survival of patients with unresectable HCC after TACE. 

Low preoperative PAB levels might represent poor liver function and nutritional status, which indicate poor physical condition in 
patients with tumours. Albumin is more widely used in the clinical setting; however, it has better specificity and sensitivity in 
nutritional assessment and judgment of liver function [35,36]. Low PAB levels may indicate a greater tumour burden [13,17,37]. 
Therefore, poor nutritional status is associated with a poor prognosis in patients with different tumours [14–16]. Low PAB levels can 
lead to an increased incidence of postoperative complications. Serious postoperative complications can significantly affect the 
prognosis of patients with tumours. This phenomenon has been confirmed in related studies [18]. Among patients with HCC who 
underwent radical resection, those with low preoperative PAB levels had higher short-term mortality. In addition, TACE has a 
detrimental effect on liver function in HCC patients with low PAB levels [6]. Reduced PAB levels have been shown to be associated with 
the long-term deterioration of liver function in patients undergoing TACE [33]. These reasons suggest that low preoperative PAB levels 
could cause a poor prognosis in patients with HCC after TACE. 

This study has some limitations. First, this was a single-centre, retrospective study and lacked a substantial sample to support the 
conclusion. Second, relatively few studies have demonstrated that improving PAB levels in patients with HCC can improve the 
prognosis after TACE. Therefore, further studies are required to validate these results. 

5. Conclusions 

In summary, low preoperative PAB levels are independent risk factors in patients with unresectable HCC after TACE. Poor 
nutritional status in patients with HCC before TACE may lead to poor prognosis. This finding provides an important basis for nutri-
tional support in patients with HCC prior to TACE. 
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