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Abstract 

Background: We have previously reported the prognostic value of the albumin-to-alkaline phosphatase 
ratio (AAPR) for advanced hepatocellular carcinoma (HCC) patients who are not receiving any standard 
anticancer therapy. However, the prognostic value of the AAPR for HCC patients treated with 
trans-catheter arterial chemoembolization therapy (TACE) was not investigated. 
Methods: We retrospectively analysed 372 HCC patients treated with TACE (the training cohort) and 
applied receiver operating characteristic curves (ROC curves) to identify the best cut-off value for the 
AAPR in this cohort. Then, univariate analyses by the Kaplan-Meier method and multivariate analysis by a 
Cox proportional hazards regression model were conducted. Both comparisons of the ROC curves and 
the likelihood ratio test (LRT) were employed to evaluate the abilities of different factors in predicting the 
survival of patients in this cohort. Finally, the prognostic value of the AAPR was validated in two cohorts: 
one included 202 HCC patients treated with supportive care (validation cohort I), and the other included 
82 HCC patients treated with TACE (validation cohort II). 
Results: We identified 0.439 as the best cut-off value of the AAPR by ROC curve analysis. An AAPR > 
0.439 was significantly correlated with a lower frequency of Child-Pugh grade B, portal vein tumour 
thrombus (PVTT), T3-4 and lymph node metastasis (P < 0.05). The median overall survival (OS) of the 
patients with an AAPR > 0.439 was significantly longer than that of those with an AAPR ≤ 0.439 (58.4 m 
vs 17.8 m, respectively, P < 0.001). The AAPR was identified as an independent prognostic factor after 
univariate and multivariate analyses (HR = 0.636, P = 0.003). The independent prognostic value of the 
AAPR was also confirmed in validation cohorts I and II. Additionally, we substituted the AAPR for the 
Child-Pugh grade in the CLIP system and integrated the AAPR into the TNM system. We found that the 
area under the curve (AUC) of the AAPR-CLIP system was significantly larger than that of the CLIP and 
the TNM when predicting 3-month, 6-month, 1-year and 2-year survival (P < 0.05). There was no 
significant difference between the AUCs for the AAPR-CLIP and the AAPR-TNM. The LRT suggested 
that both AAPR-CLIP and AAPR-TNM had significantly larger χ2 values and smaller AIC values than that 
of their corresponding primary system (P < 0.05).  
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Conclusions: The AAPR was an independent prognostic index for the HCC patients treated with 
TACE. Both AAPR-CLIP and AAPR-TNM outperformed their corresponding primary system in 
predicting OS in the current study. 

Key words: albumin-to-alkaline phosphatase ratio; trans-catheter arterial chemoembolization therapy; 
hepatocellular carcinoma; serum biomarker; prognostic factor 

Introduction 
Hepatocellular carcinoma (HCC) is a deadly 

cancer with high incidence and mortality rates [1, 2]. 
HCC patients in the early stages can be cured by 
surgery and liver transplantation. Unfortunately, 
many of them are diagnosed at intermediate or 
advanced stages due to its latent onset and lack of 
specific symptoms. The main treatments for these 
patients include TACE, sorafenib and immune 
checkpoint inhibitors [3-5]. The median overall 
survival (OS) of HCC patients treated with TACE 
varied from 14 to 45 months, while the median OS of 
those treated with sorafenib varied from 6.5 to 10.7 
months [6-8]. The clinical outcomes of these HCC 
patients are heterogeneous because they have 
different tumour burdens, liver function, performance 
status and treatments. Several serum biomarkers 
related to liver function have been reported to be 
prognostic for HCC patients, such as alkaline 
phosphatase (ALP), albumin (ALB) and the 
albumin-to-alkaline phosphatase ratio (AAPR) [9-15].  

The AAPR is a ratio of serum ALB level divided 
by serum ALP level. The AAPR is a novel prognostic 
index for OS in both nasopharyngeal carcinoma 
(NPC) and HCC. Nie M et al. reported that the AAPR 
might be a novel prognostic factor in patients with 
metastatic nasopharyngeal carcinoma after receiving 
cisplatin-based regimens [14]. To the best of our 
knowledge, only two studies have ever explored the 
prognostic value of AAPR in HCC patients. Chan AW 
et al. confirmed the AAPR was an independent 
prognostic factor for HCC patients receiving surgery 
and palliative therapy [11]. Our team has identified 
the AAPR as an independent factor for OS in 
advanced HCC patients who are not receiving any 
standard anticancer therapy [15]. However, no one 
has ever discussed the prognostic value of the AAPR 
for HCC patients who have received TACE 
treatments. 

Researchers have developed more than twelve 
staging systems for either predicting survival or for 
guiding the selection of treatment regimens for HCC 
patients. The Barcelona Clinic Liver Cancer (BCLC) 
system, the Cancer of the Liver Italian Program (CLIP) 
score and the American Joint Committee on Cancer 
(AJCC) TNM staging systems are the three commonly 
used staging systems. The BCLC and the CLIP take 
both tumour burden and liver function into account, 

while the TNM only takes tumour burden into 
account [16]. Integrating a liver function index into 
the TNM system can improve its prognostic value. 
Harimoto N et al. established the ALBI-TNM staging 
system by integrating the albumin-bilirubin (ALBI) 
grade into the TNM and found that the ALBI-TNM 
score was predictive of worse recurrence-free survival 
[17]. Replacing the Child-Pugh grade with a new liver 
function index/grade is also a common way to build a 
new staging system and to improve its prognostic 
ability. A previous study substituted the ALBI grade 
for the Child-Pugh grade in the CLIP system and 
evaluated the prognostic ability of eleven staging 
systems among 1973 patients with HCC. The authors 
concluded that modification of the CLIP scoring with 
the ALBI (ALBI-CLIP) retained and might have 
improved its prognosis prediction for advanced HCC 
[18]. However, no one has discussed the prognostic 
value of the AAPR-TNM and the AAPR-CLIP for 
HCC patients treated with TACE. 

In our current study, we investigated for the first 
time the prognostic value of the AAPR among 372 
HCC patients treated with TACE and compared the 
prognostic abilities of the AAPR-TNM, AAPR-CLIP, 
CLIP and TNM staging systems for predicting overall 
survival. 

Methods 
Patient selection and evaluation 

The training cohort recruited patients who were 
diagnosed with HCC and treated with TACE at the 
Third Affiliated Hospital of Sun Yat-sen University 
from July 2009 to July 2013. The validation cohort I 
recruited 202 HCC patients treated with supportive 
care at the Third Affiliated Hospital of Sun Yat-sen 
University from July 2009 to July 2013, and the 
validation cohort II recruited 82 HCC patients treated 
with TACE from August 2013 to August 2014. 

The training cohort and the validation cohort II 
included patients who met the following criteria: (1) 
pathologically confirmed HCC or HCC confirmed by 
radiological criteria from the American Association 
for the Study of Liver Diseases and (2) primary 
treatments were TACE. We excluded patients who 
met the following criteria: (1) patients who received 
surgery, liver transplantation or sorafenib after TACE; 
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(2) patients with synchronous malignant tumours; (3) 
patients who were lost to follow-up within six 
months; and (4) patients with incomplete baseline 
data such as incomplete liver function test results and 
incomplete TNM information. The validation cohort I 
included those patients with a confirmed diagnosis of 
HCC who received supportive care. 

The patients received TACE treatments after 
multiple disciplinary team discussions. We regularly 
followed up patients and evaluated their treatment 
response three to four weeks after TACE with 
contrast-enhanced spiral computed tomography. If 
necessary, we repeated the TACE procedures.  

We obtained written informed consent from 
patients or their family members before the study. 
The institutional ethics committee approved this 
study, and the study observed the 1964 Helsinki 
Declaration. 

Data collection 
We reviewed and retrieved the patients’ clinical 

data from the hospital database. We collected medical 
history, blood routine examination, biochemical 
examination, tumour markers and CT/MR results 
before the first TACE procedure was administered. 
OS time was defined as the date of the initial 
diagnosis to the date of death or the date of the last 
follow-up.  

In the training cohort, we collected the clinical 
demographics, pretreatment laboratory test results 
(routine blood test, liver function tests including ALB 
and ALP, renal function test, AFP, etc.) and 
tumour-related characteristics of the HCC patients. 
Tumour-related characteristics such as tumour size, 
node metastasis, distant metastasis and portal vein 
tumour thrombus (PVTT) were acquired from 
CT/MR. We substituted the Child-Pugh grade for the 
AAPR in the CLIP score to establish the AAPR-CLIP 
and integrated the AAPR into the TNM staging 
system to establish the AAPR-TNM. Then, the clinical 
staging of each patient was correspondingly 
performed in accordance with the AAPR-CLIP, 
AAPR-TNM, CLIP and TNM staging systems. Next, 
the prognostic value of the AAPR was confirmed in 
both validation cohorts I and II. 

Statistical analysis 
We compared the difference of categorical 

variables between groups by Chi-square test and 
Fisher’s exact test (two-tailed). We compared the 
differences between medians by the Mann-Whitney 
test. We compared the means and standard errors of 
continuous variables by Student’s t test. We 
dichotomized the patients into a high-AAPR group or 
a low-AAPR group based on the best cut-off value of 

the AAPR. We explored the correlations of the AAPR 
levels and other clinical variables by Chi-square test. 
We identified the significant prognostic factors of OS 
in univariate analyses by the Kaplan-Meier method. 
Those significant prognostic factors identified in 
univariate analyses were further analysed in the Cox 
proportional hazards regression model to identify 
independent prognostic factors. A staging system 
would have a better discriminatory ability in 
stratifying patients with different prognosis if it had a 
larger AUC. We compared the prognostic abilities of 
the different staging systems in OS prediction by the 
likelihood ratio test (LRT) and the comparisons of 
Akaike information criterion (AIC) values. All of the 
analyses of the data were performed by using 
Medcalc (version 15.8; MedCalc Software bvba, 
Acacialaan, Belgium), SPSS (version 24.0; IBM Corp., 
Armonk, NY, USA) and SAS (version 9.1.3; SAS 
Institute, Inc., Cary, NC, USA). 

Results 
Patient demographics 

Baseline demographics of the training cohort 
and validation cohorts I and II are shown in Table 1. 
The training cohort recruited 372 HCC patients. Their 
median age was 52 years (IQR 44–61 years). There 
were far more male patients than female ones [348 vs 
24 (93.5% vs 6.5%)]. Seventy-seven (20.7%) patients 
were diagnosed with ascites. Their median levels of 
AFP, BUN, ALB, TBIL, ALT, AST and ALP were 
277.39 ng/dL, 5.05 mmol/L, 38.70 g/L, 16.65 µmol/L, 
46 U/L, 55 U/L and 107 U/L, respectively. A total of 
286 (76.9%) patients were classified as Child-Pugh 
grade A, and 86 (23.1%) patients were classified as 
grade B, while 126 (33.9%) and 155 (41.7%) patients 
were classified as T3 and T4 (AJCC 7th), respectively. 
Seventy-one (19.1%) patients were found to have 
lymph node metastasis, and 30 (8.1%) had distant 
metastasis, while 160 (43.0%) patients were diagnosed 
with PVTT. The 3-month, 6-month, 1-year and 2-year 
survival rates of these patients were 91.1%, 82.0%, 
68.5% and 54.6%, respectively. 

We compared the pretreatment levels of the 
AAPR between the subgroups. The level of the AAPR 
was significantly higher among patients without 
PVTT than those with PVTT (0.405 ± 0.013 vs 0.321 ± 
0.012, respectively, P < 0.001), with T1-2 than those 
with T3–4 (0.416 ± 0.020 vs 0.353 ± 0.010, respectively, 
P = 0.003), with N0 than those with N1 (0.381 ± 0.010 
vs 0.318 ± 0.017, respectively, P = 0.006), and with 
TNM stage I–II than those with TNM stage III–IV 
(0.414 ± 0.020 vs 0.355 ± 0.010, respectively, P = 0.005) 
(Figure 1). 
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Table 1: Baseline demographics and clinical characteristics of the 
three independent cohorts in the current study. 

Characteristics Training 
cohort, n (%) 

Validation 
cohort I, n (%) 

Validation 
cohort II, n (%) 

Total 372 (100.0) 202(100.0) 82(100.0) 
Age, years (median/IQR) 52 (44-61) 56(45-65) 55(44-63) 
Gender Male 348 (93.5) 176 (87.1) 73(89.0) 

Female 24 (6.5) 26 (12.9) 9 (11.0) 
Ascites Yes 77 (20.7) 113 (55.9) 17(20.7) 

No 295 (79.3) 89 (44.1) 65 (79.3) 
Laboratory parameters (median/IQR)   
AFP, ng/mL 277.39 

(19.45-1000.00) 
1000 
(22.78-1210.00) 

34.69 
(8.28-1000.00) 

BUN, mmol/L 5.05 (4.06-5.95) 5.11 (3.99-7.14) 4.47 (3.87-5.64) 
ALB, g/L 38.70 

(34.63-42.00) 
34.60 
(29.55-38.80) 

36.75 
(32.45-40.78) 

TBIL, µmol/L 16.65 
(12.20-25.23) 

31.05 
(17.18-71.88) 

15.95 
(11.93-24.28) 

ALT, U/L 46.00 
(33.00-70.75) 

NA 44.5 (31.75-68.75) 

AST, U/L 55.00 
(38.25-95.25) 

134 
(72.00-228.00) 

53.5 (36.75-74.00) 

ALP, U/L 107.00 
(82.00-155.75) 

154 (100-235.75) 108.5 
(84.5-153.75) 

Child-Pugh grade A 286 (76.9) 54 (26.7) 79 (96.3) 
B 86 (23.1) 100 (49.5) 3 (3.7) 

 C 0 (0) 48 (23.8) 0 (0) 
NCCN-TNM stage 
(AJCC 7th) 

I 21 (5.6) 20 (9.9) 7 (8.5) 
II 67 (18.0) 13 (6.4) 20 (24.4) 
III 213 (57.3) 120 (59.4) 29 (35.4) 
IV 71 (19.1) 49 (24.3) 26 (31.7) 

T category (AJCC 
7th) 

T1 21 (5.6) 21 (10.4) 7 (8.5) 
T2 70 (18.8) 18 (8.9) 21 (25.6) 
T3 126 (33.9) 151 (74.8) 43 (52.4) 
T4 155 (41.7) 12 (5.9) 11 (13.5) 

N category (AJCC 
7th) 

N0 301 (80.9) 143 (70.8) 61 (74.4) 
N1 71 (19.1) 59 (29.2) 21 (25.6) 

M category (AJCC 
7th) 

M0 342 (91.9) 156 (77.2) 77 (93.9) 
M1 30 (8.1) 46 (22.8) 5 (6.1) 

PVTT Yes 160 (43.0) 143 (70.8) 66 (80.5) 
No 212 (57.0) 59 (29.2) 16 (19.5) 

AAPR-TNM 1 10 (2.7) 4 (2.0) 2 (2.5) 
2 38 (10.2) 17 (8.4) 11(13.4) 
3 107 (28.8) 22 (10.9) 22 (26.8) 
4 159 (42.7) 116 (57.4) 27 (32.9) 
5 58 (15.6) 43 (21.3) 20 (24.4) 

CLIP 0 56 (15.1) 2 (1.0) 12 (14.6) 
1 77 (20.7) 15 (7.4) 16 (19.5) 
2 83 (22.3) 26 (12.9) 26 (31.7) 
3 68 (18.3) 39 (19.3) 18 (22.0) 
4 79 (21.2) 52 (25.7) 10 (12.2) 
5 9 (2.4) 51 (25.3) 0 (0) 

 6 0 (0) 17 (8.4) 0 (0) 
AAPR-CLIP 0 32 (8.6) 1 (0.5) 5 (6.1) 

1 81 (21.8) 8 (4.0) 11 (13.4) 
2 61 (16.4) 10 (5.0) 18 (22.0) 
3 71 (19.1) 32 (15.8) 26 (31.7) 
4 74 (19.9) 33 (16.3) 13 (15.8) 
5 53 (14.2) 51 (25.2) 9 (11.0) 

 6 0 (0) 50 (24.8) 0 (0) 
 7 0 (0) 17 (8.4) 0 (0) 
Survival rates 3-month 339 (91.1) 86 (42.6) 81 (98.8) 

6-month 305 (82.0) 43 (21.3) 71 (86.6) 
1-year 255 (68.5) 12 (5.9) 61 (74.4) 
2-year 203 (54.6) 3 (1.5) 49 (59.8) 
5-year 95 (25.5) 0 (0) 19 (23.2) 

HCC: hepatocellular carcinoma; TACE: transcatheter arterial chemoembolization; 
IQR: interquartile range; AFP: alpha fetoprotein; BUN: blood urea nitrogen; ALB: 
albumin; TBIL: total bilirubin; ALT: alanine aminotransferase; AST: aspartate 
aminotransferase; ALP: alkaline phosphatase; AAPR: albumin-to-alkaline 
phosphatase ratio; PVTT: portal vein tumour thrombus; NCCN: The National 
Comprehensive Cancer Network; AJCC: The American Joint Committee on Cancer; 
TNM: tumour-node-metastasis; CLIP: Cancer of the Liver Italian Program. 

 

Comparisons of HCC patients with high- and 
low-AAPR in the training cohort 

We confirmed the best cut-off value for AAPR 
was 0.439 with a sensitivity of 74.6% and a specificity 
of 40.7% by ROC curve analysis. Based on the cut-off 
value, the patients were classified into either the 
high-AAPR group or the low-AAPR group; thus, 117 
(31.5%) and 255 (68.5%) patients were included in the 
high-AAPR group and the low-AAPR group, 
respectively. 

The correlations between the AAPR and other 
clinicopathologic variables were explored by 
Chi-square analysis. As shown in Table 2, compared 
to patients in the low-AAPR group, the patients in the 
high-AAPR group had significantly higher 
frequencies of Child-Pugh grade A, TNM stage I–II, 
T1–T2, ALP ≤ 200 U/L and ALB > 36 g/L, but lower 
frequencies of node metastasis and PVTT (P < 0.05). 

 

Table 2: The Chi-square analysis of the clinicopathologic variables 
between the high-AAPR and low-AAPR groups in the training 
cohort. 

Variables AAPR > 0.439, n 
(%) 

AAPR ≤ 0.439, n 
(%) 

P value 

Total 117 (31.5) 255 (68.5)  
Age, years ≤52 51 (43.6) 135 (52.9) 0.094 

>52 66 (56.4) 120 (47.1)  
Gender Male 110 (94.0) 238 (93.3) 0.803 

Female 7 (6.0) 17 (6.7)  
Ascites Yes 18 (15.4) 59 (23.1) 0.087 

No 99 (84.6) 196 (76.9)  
Laboratory parameters 
AFP, ng/dL >400 47 (40.2) 126 (49.4) 0.097 

≤400 70 (59.8) 129 (50.6)  
BUN, mmol/L >8.9 3 (2.6) 8 (3.1) 0.762 

≤8.9 114 (97.4) 247 (96.9)  
ALB, g/L >36 107 (91.5) 139 (54.5) <0.001 

≤36 10 (8.5) 116 (45.5)  
ALP, U/L >200 0 (0) 51 (20.0) <0.001 

≤200 117 (100.0) 204 (80.0)  
Child-Pugh grade A 104 (88.9) 182 (71.4) <0.001 

B 13 (11.1) 73 (28.6)  
TNM stage III-IV 80 (68.4) 204 (80.0) 0.014 

I-II 37 (31.6) 51 (20.0)  
T category T3-4 79 (67.5) 202 (79.2) 0.015 

T1-2 38 (32.5) 53 (20.8)  
N category N0 105 (89.7) 196 (76.9) 0.003 

N1 12 (10.3) 59 (23.1)  
M category M0 112 (95.7) 230 (90.2) 0.069 

M1 5 (4.3) 25 (9.8)  
PVTT Yes 29 (24.8) 131 (51.4) <0.001 

No 88 (75.2) 124 (48.6)  
Survival rates (%) 3-months 99.1 87.5 ＜0.001 

6-months 94.0 76.5 ＜0.001 
1-year 85.5 60.8 ＜0.001 
2-year 71.8 46.7 ＜0.001 

HCC: hepatocellular carcinoma; TACE: transcatheter arterial chemoembolization; 
AFP: alpha fetoprotein; BUN: blood urea nitrogen; ALB: albumin; ALP: alkaline 
phosphatase; AAPR: albumin-to-alkaline phosphatase ratio; TNM: 
tumour-node-metastasis; PVTT: portal vein tumour thrombus. 

 
We compared the clinical parameters of 372 

HCC patients in the training cohort. The patients in 
the high-AAPR group had significantly lower levels 
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of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP) 
and total bilirubin (TBIL) compared to the low-AAPR 
group (42.77 ± 2.485 vs. 67.99 ± 3.445, P < 0.001; 50.99 ± 
3.521 vs. 93.60 ± 5.924, P < 0.001; 73.22 ± 1.270 vs. 161.0 
± 6.190, P < 0.001; 17.23 ± 0.709 vs. 22.19 ± 1.053, P = 
0.0025, respectively). The patients in the high-AAPR 
group showed a significantly higher level of albumin 
(ALB) than patients in the low-AAPR group (40.91 ± 
0.3710 vs. 36.84 ± 0.3140, respectively, P < 0.001). The 
levels of blood urea nitrogen (BUN) and alpha 
fetoprotein (AFP) were similar between the high- and 
low-AAPR groups (5.185 ± 0.1495 vs. 5.193 ± 0.1058, P 
= 0.965; 554.4 ± 141.1 vs. 563.5 ± 32.35, P = 0.9319, 
respectively). 

Univariate and multivariate analyses of 
prognostic factors for OS 

In the training cohort, the 3-month, 6-month, 
1-year and 2-year survival rates were 99.1%, 94.0%, 
85.5% and 71.8% for patients in the high-AAPR group, 
while they were 87.5%, 76.5%, 60.8% and 46.7% for 
those in the low-AAPR group, respectively. The 
median OS for the patients in the high-AAPR group 
was significantly longer than for those in the 
low-AAPR group (58.4 m vs. 17.8 m, respectively, P < 
0.001). We carried out both univariate and 
multivariate analyses of the potential prognostic 
factors to identify whether the AAPR was an 
independent prognostic factor for OS. In univariate 
analysis, clinical variables including age, gender, 
ascites, AFP, BUN, ALB, ALP, AAPR, T category, N 

category, M category, TNM stage and PVTT were 
evaluated. As shown in Figure 2, the OS was 
significantly different between the subgroups 
classified by the AFP, AAPR, TNM, PVTT, T category 
and M category (P < 0.05). Subsequently, we used the 
above variates in the Cox proportional hazards model 
to further distinguish among the independent 
prognostic factors for OS in multivariate analysis. 
Then, the AAPR was identified as an independent 
prognostic factor for OS (HR = 0.636, P = 0.003) 
together with the PVTT and the distant metastasis 
(HR = 1.781, P = 0.003 for PVTT; HR = 1.916, P = 0.004 
for M category) (Table 3). 

The pretreatment levels of ALB, ALP and the 
Child-Pugh grade have been previously reported as 
prognostic factors for HCC patients. We compared the 
prognostic abilities of the ALB, ALP, Child-Pugh 
grade and AAPR in predicting the OS by ROC 
analysis. As shown in Figure 3, the AUC of the AAPR 
was larger than that of the ALB, ALP or Child-Pugh 
grade (0.574, 0.525, 0.513 and 0.525, respectively), 
suggesting that the AAPR had better prognostic 
ability compared with the ALB, ALP and Child-Pugh 
grades for predicting OS among the 372 HCC patients 
treated with TACE. 

We further confirmed the prognostic value of the 
AAPR in validation cohorts I and II. Both univariate 
and multivariate analyses identified the AAPR as an 
independent prognostic factor for OS in these two 
cohorts (HR = 0.468, P = 0.014; HR = 0.349, P < 0.001) 
(Tables 4 and 5). 

 
Figure 1. The pretreatment levels of the AAPR were compared between subgroups dichotomized by: (A) PVTT (without vs with); (B) T1–2 vs. T3–4; (C) N0 vs. N1; and (D) 
TNM stage I–II vs. III–IV. PVTT: portal vein tumour thrombus. N: node status. M: metastasis status. TNM: tumour-node-metastasis. 
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Figure 2. The Kaplan-Meier curves for overall survival (OS) were stratified by different features of 372 HCC patients treated with TACE. The curves above were stratified by 
gender (A), age (B), ascites (C), AFP, ng/mL (D), BUN, mmol/L (E), ALB, g/L (F), ALP, U/L (G), AAPR (H), T category (AJCC 7th) (I), N category (AJCC 7th) (J), M category (AJCC 
7th) (K), TNM (L) and PVTT (M). The OS was significantly different between subgroups stratified by AFP, AAPR, TNM, PVTT, T category and M category (P < 0.05). AFP: alpha 
fetoprotein; BUN: blood urea nitrogen; ALB: albumin; ALP: alkaline phosphatase; AJCC: American Joint Committee on Cancer; N: node status. M: metastasis status. TNM: 
tumour-node-metastasis. AAPR: albumin-to-alkaline phosphatase ratio; PVTT: portal vein tumour thrombus 

 

Table 3: Univariate and multivariate analyses of the prognostic factors for overall survival in 372 HCC patients treated with TACE. 

Variables Univariate Multivariate 
Log-rank χ2 P value B SE HR 95% CI P value 

Age, years (> 52/≤ 52) 1.068 0.301      
Gender (male/female) 0.262 0.609      
Ascites (yes/no) 1.196 0.274      
Laboratory parameters        
ALP, U/L (> 200/≤ 200) 2.898 0.089      
ALB, g/L (> 36/≤ 36) 2.234 0.135      
AFP, ng/dL (> 400/≤ 400) 4.947 0.026* 0.132 0.138 1.141 0.873 to 1.493 0.337 
BUN, mmol/L (> 8.9/≤ 8.9) 1.967 0.161      
T category (T1-2/T3-4) 7.412 0.006* -0.004 0.733 0.996 0.238 to 4.160 0.996 
N category (N0/N1) 0.527 0.468      
M category (M0/M1) 18.400 < 0.001* 0.650 0.228 1.916 1.229 to 2.987 0.004 
TNM (I-II/III-IV) 7.670 0.006* 0.042 0.744 1.042 0.245 to 4.443 0.955 
PVTT (yes/no) 33.300 < 0.001* 0.577 0.155 1.781 1.318 to 2.408 < 0.001 
Child-Pugh grade (A/B) 0.612 0.434      
AAPR (> 0.439/≤ 0.439) 17.336 < 0.001* -0.453 0.154 0.636 0.471 to 0.858 0.003 

HCC: hepatocellular carcinoma; TACE: transcatheter arterial chemoembolization; ALP: alkaline phosphatase; ALB: albumin; AFP: alpha fetoprotein; BUN: blood urea 
nitrogen; TNM: tumour-node-metastasis; PVTT: portal vein tumour thrombus; AAPR: albumin-to-alkaline phosphatase ratio. 
* Variables with a P value less than 0.05 were entered into multivariate analysis. 
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Figure 3. The comparisons of the area under curves (AUCs) for survival status among AAPR, ALB and ALP using receiver operating characteristic curves (ROC curves). The 
AUCs of AAPR, ALB, ALP and Child-Pugh grade were 0.574, 0.525, 0.513 and 0.525, respectively. AAPR: albumin-to-alkaline phosphatase ratio; ALB: albumin; ALP: alkaline 
phosphatase. 

 

Table 4: Univariate and multivariate analyses of prognostic factors for overall survival in validation cohort I. 

Variables Univariate Multivariate 
Log-rank χ2 P value B SE HR 95% CI P value 

Age, years (> 56/≤ 56) 0.442 0.506      
Gender (male/female) 0.016 0.899      
Ascites (yes/no) 11.315 0.001* -0.156  0.195  0.856  0.586 to 1.250 0.423  
Laboratory parameters        
ALP, U/L (> 200/≤ 200) 6.926 0.008* 0.002  0.177  1.002  0.709 to 1.416 0.991  
ALB, g/L (> 36/≤ 36) 1.692 0.193      
AFP, ng/dL (> 400/≤ 400) 9.048 0.003* 0.268  0.164  1.307  0.950 to 1.799 0.102  
BUN, mmol/L (> 8.9/≤ 8.9) 6.608 0.010* 0.725  0.226  2.064  1.329 to 3.206 0.001  
T category (T1-2/T3-4) 11.450 0.001* -0.252  0.476  0.778  0.307 to 1.969 0.597  
N category (N0/N1) 3.384 0.066      
M category (M0/M1) 0.093 0.761      
TNM (Ⅰ-II/III-IV) 11.280 0.001* 0.895  0.538  2.447  0.858 to 6.980 0.096  
PVTT (yes/no) 25.406 < 0.001* 0.502  0.224  1.652  1.069 to 2.555 0.025  
Child-Pugh grade  23.713 < 0.001*      
A   NA NA 1 Reference NA 
B   0.385  0.217  1.470  0.962 to 2.246 0.076  
C   1.061  0.290  2.889  1.640 to 5.089 < 0.001  
AAPR (> 0.439/≤ 0.439) 19.729 < 0.001* -0.759  0.309  0.468  0.256 to 0.855 0.014  

HCC: hepatocellular carcinoma; TACE: transcatheter arterial chemoembolization; ALP: alkaline phosphatase; ALB: albumin; AFP: alpha fetoprotein; BUN: blood urea 
nitrogen; TNM: tumour-node-metastasis; PVTT: portal vein tumour thrombus; AAPR: albumin-to-alkaline phosphatase ratio; NA: not applicable. 
* Variables with a P value less than 0.05 were entered into multivariate analysis. 
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Table 5. Univariate and multivariate analyses of prognostic factors for overall survival in validation cohort II. 

Variables Univariate Multivariate 
Log-rank χ2 P value B SE HR 95% CI P value 

Age, years (> 55/≤ 55) 0.665 0.415      
Gender (male/female) 0.525 0.469      
Ascites (yes/no) 0.026 0.872      
Laboratory parameters        
ALP, U/L (> 200/≤ 200) 7.166 0.007* 0.333  0.656  1.395  0.388 to 5.009 0.612  
ALB, g/L (> 36/≤ 36) 3.871 0.049* -0.455  0.526  0.634  0.228 to 1.767 0.386  
AFP, ng/dL (> 400/≤ 400) 0.089 0.765      
BUN, mmol/L (> 8.9/≤ 8.9) 43.877 <0.001* 1.526  2.789  1.542  0.153 to 5.676 0.956  
T category (T1-2/T3-4) 8.633 0.003* 0.538  2.561  1.713  0.257 to 6.556 0.999  
N category (N0/N1) 1.699 0.192      
M category (M0/M1) 0.483 0.487      
TNM (Ⅰ-II/III-IV) 8.578 0.003* 2.248  2.562  1.467  0.434 to 5.235 0.999  
PVTT (yes/no) 2.587 0.108      
Child-Pugh grade (A/B) 0.043 0.837      
AAPR (> 0.439/≤ 0.439) 17.336 < 0.001* -0.517  0.254  0.349  0.159 to 0.798 < 0.001 

HCC: hepatocellular carcinoma; TACE: transcatheter arterial chemoembolization; ALP: alkaline phosphatase; ALB: albumin; AFP: alpha fetoprotein; BUN: blood urea 
nitrogen; TNM: tumour-node-metastasis; PVTT: portal vein tumour thrombus; AAPR: albumin-to-alkaline phosphatase ratio; NA: not applicable. 
* Variables with a P value less than 0.05 were entered into multivariate analysis. 

 

 
Figure 4. The Kaplan-Meier curves for OS of 372 HCC patients treated with TACE, which were stratified by TNM (A), AAPR-TNM (B), CLIP (C) and AAPR-CLIP (D). The OS 
was significantly different among subgroups stratified by the above variables (P < 0.05). TNM: tumour-node-metastasis; AAPR: albumin-to-alkaline phosphatase ratio; CLIP: 
Cancer of the Liver Italian Program. 

 

Comparison of the AAPR-CLIP, CLIP, 
AAPR-TNM and TNM staging systems 

To improve the prognostic ability of the CLIP, 
we substituted the AAPR for the Child-Pugh grade to 
establish the AAPR-CLIP (Supplemental Table 1). To 
improve the prognostic ability of the TNM, we 
integrated the AAPR into the TNM to establish the 

AAPR-TNM. In the training cohort, as shown in 
Figure 4, the OS curves were stratified by the TNM, 
AAPR-TNM, CLIP and AAPR-CLIP (P < 0.05). When 
predicting 3-month, 6-month, 1-year and 2-year 
survival, the AUC of the AAPR-CLIP was 
significantly larger than that of both CLIP and TNM 
(P < 0.05). The AUC of the AAPR-TNM was 
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significantly larger than that of the TNM (P < 0.05) 
(Figure 5 and Supplemental Table 2). When predicting 
OS, the LRT suggested that the AAPR-TNM had the 
largest χ2 and the smallest Akaike information 
criterion (AIC) values (P < 0.05). Specifically, the 
AAPR-CLIP had a significantly larger χ2 and a 
smaller AIC value than those of both TNM and CLIP 
(P < 0.05) (Table 6). The AAPR-TNM system was the 

best staging system in predicting OS among these four 
staging systems, followed by the AAPR-CLIP in the 
training cohort and the validation cohort II (Table 6). 
Both AAPR-TNM and AAPR-CLIP outperformed 
their corresponding primary system in predicting OS 
in the training cohort, validation cohorts I and II 
(Table 6). 

 

 
Figure 5. The receiver operating characteristic curves of the TNM, AAPR-TNM, CLIP and AAPR-CLIP for predicting 3-month, 6-month, 1-year and 2-year survival. (A) The 
AUCs of the AAPR-CLIP, AAPR-TNM, CLIP and TNM were 0.812, 0.767, 0.779 and 0.703, respectively, for predicting 3-month survival. (B) The AUCs of the AAPR-CLIP, 
AAPR-TNM, CLIP and TNM were 0.809, 0.756, 0.784 and 0.709, respectively, for predicting 6-month survival. (C) The AUCs of the AAPR-CLIP, AAPR-TNM, CLIP and TNM 
were 0.724, 0.715, 0.691 and 0.656, respectively, for predicting 1-year survival. (D) The AUCs of the AAPR-CLIP, AAPR-TNM, CLIP and TNM were 0.639, 0.658, 0.614 and 0.593, 
respectively, for predicting 2-year survival. TNM: tumour-node-metastasis; AAPR: albumin-to-alkaline phosphatase ratio; CLIP: Cancer of the Liver Italian Program; AUC: area 
under the curve. 

 

Table 6: The comparisons of the AAPR-CLIP, CLIP, AAPR-TNM and TNM staging systems for their values in prediction of overall survival 
in the training cohort and validation cohorts I and II 

Staging system Training cohort  Validation cohort I Validation cohort II 
LRT χ2 AIC P value LRT χ2 AIC P value LRT χ2 AIC P value 

AAPR-TNM 27.15 2520.22 < 0.001 20.70 1617.77 < 0.001 23.52 141.78 < 0.001 
AAPR-CLIP 16.95 2532.13 < 0.001 57.45 1578.11 < 0.001 10.11 161.88 0.002 
TNM 14.39 2533.76 < 0.001 10.49 1629.55 0.001 5.84 166.60 0.016 
CLIP 10.50 2538.54 0.001 54.91 1582.44 < 0.001 4.36 179.55 0.048 

HCC: hepatocellular carcinoma; TACE: transcatheter arterial chemoembolization; TNM: tumour-node-metastasis; CLIP: The Cancer of the Liver Italian Program; LRT: 
likelihood ratio test; AIC: Akaike information criterion. AAPR: albumin-to-alkaline phosphatase ratio; NA: not applicable. 
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Discussion 
Previously, our team confirmed AAPR as an 

independent prognostic index for OS among 
advanced HCC patients who were not receiving any 
standard anticancer therapy. However, the prognostic 
value of the AAPR for HCC patients treated with 
TACE remains unknown. Our current study 
identified the AAPR as an independent prognostic 
factor for predicting OS in a cohort of 372 patients 
who were diagnosed with HCC and treated with 
TACE, which was further confirmed in the validation 
cohort I and II. The AAPR-CLIP system preceded both 
the CLIP and TNM systems in predicting 3-month, 
6-month, 1-year and 2-year survival in the training 
cohort. Both AAPR-TNM and AAPR-CLIP had better 
prognostic abilities than the TNM and CLIP in 
predicting OS in the training cohort, as shown in this 
study. 

Many researchers have set out to identify 
potential independent prognostic factors in the 
routine blood tests and biochemical tests of cancer 
patients for their economical and convenient features. 
Several serum biomarkers such as the neutrophil to 
lymphocyte ratio (NLR), lactic dehydrogenase (LDH), 
ALB, ALP and AAPR have been reported as 
independent prognostic factors of OS in malignant 
tumours [19, 20].  

The serum levels of ALB and ALP are two 
commonly used indicators of liver function in daily 
clinical practice. The serum ALB level is an important 
component of the Child-Pugh grade, which is 
commonly applied in evaluating liver function and 
has been integrated into many staging systems, such 
as the CLIP, BCLC and Japan Integrated Staging 
system (JIS). The serum ALB level can reflect the 
protein synthetic function of the liver and can also 
serve as a nutritional index. Hypoalbuminemia may 
reflect liver dysfunction and malnutrition, which 
eventually impairs the patients’ immunity and results 
in a poor prognosis [21]. Albumin has been shown to 
inhibit the proliferation of hepatocellular carcinoma 
cells and to inhibit the phosphorylation of Rb proteins 
while increasing the expression of p21 and p57, 
leading to an increase in the G0/G1 cell population, 
which suppresses cell proliferation [22]. The ALP is a 
hydrolase enzyme that is mainly present in the liver, 
kidney and bone, etc. The serum ALP level was also 
identified as an independent prognostic factor of 
several malignant tumours, especially in patients with 
bone and liver metastasis. Certain subtypes of ALP 
have been found to be expressed in several tumour 
cell lines [23-25]. Therefore, an increased ALP level 
may reflect a heavy tumour burden or occurrence of 
distant metastasis, resulting in a poor prognosis. 
However, the molecular mechanisms of how ALP 

influences the prognosis of cancer patients needs to be 
further elucidated. 

The AAPR has been confirmed as an 
independent prognostic factor of OS in HCC patients 
who received surgery or palliative therapies without 
any standard therapies, but not in patients treated 
with TACE. In our current study, a high AAPR level 
was associated with lower frequencies of PVTT, 
Child-Pugh grade B, T3–4, node metastasis and TNM 
III–IV stage. The median OS time of the patients in the 
high AAPR group was significantly longer than in the 
low-AAPR group. The patients in the high AAPR 
group had better prognosis. We also confirmed that 
the AAPR ≤ 0.439 was associated with a poorer 
prognosis by both univariate and multivariate 
analyses. A low level of the AAPR may reflect liver 
dysfunction, malnutrition, a heavy tumour burden or 
tumour metastasis. 

The AJCC TNM staging system has been widely 
used for HCC patients who received surgery and liver 
transplantation. However, the TNM has limited 
prognostic value for HCC patients treated with TACE 
and those with poor liver function because it only 
takes the tumour situation into account [26, 27]. 
Integrating the AAPR with the TNM and the CLIP 
may help to improve their prognostic abilities. In the 
current study, we found that both the AAPR-TNM 
and the AAPR-CLIP system were better than the 
TNM system in predicting 3-month, 6-month, 1-year, 
and 2-year survival OS in the training cohort, which 
provided a better stratification among HCC patients 
and might help when choosing treatment options. The 
median OS of the HCC patients with an AAPR-CLIP 
score of 5 was only 6.4 months, which means that they 
may need sorafenib, lenvatinib, cabozantinib or 
immune check point inhibitors in addition to TACE in 
order to improve their prognosis. 

To the best of our knowledge, for the first time, 
we have identified AAPR as an independent 
prognostic factor for 372 HCC patients treated with 
TACE and confirmed the independent prognostic 
value of the AAPR in validation cohorts Ⅰ and II. All of 
the patients in the training cohort and validation 
cohort II were treated with TACE, so we excluded the 
potential effects of other treatment options on their 
prognosis. Integrating AAPR into a widely used 
staging system such as TNM and CLIP may improve 
the prognostic abilities of both TNM and CLIP. Last 
but not least, the AAPR is an objective variable with 
discriminatory ability and is easy to calculate and 
apply in clinical practice. 

However, our study has some limitations. First, 
our study was a retrospective study, and all of the 
patients were from one hospital and were all 
ethnically Chinese patients. Thus, these results may 
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not apply to western populations. Second, the cut-off 
value of the AAPR needs external and prospective 
validation. Third, it is not clear whether the dynamic 
changes of the AAPR can reflect the prognosis and 
guide the treatment options. 

Our current study confirmed the AAPR as an 
independent prognostic factor in HCC patients 
treated with TACE. Both AAPR-TNM and 
AAPR-CLIP outperformed their corresponding 
primary system in predicting OS. The prognostic 
value of the AAPR should be further validated in a 
larger prospective and multi-centre study. 
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