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Abstract. This study aimed to investigate the prognostic value 
of the preoperative alkaline phosphatase‑to‑albumin ratio 
(APAR) in patients with hepatocellular carcinoma (HCC) 
who underwent radical hepatectomy. The clinicopathological 
data from 330 patients was retrospectively analyzed. Receiver 
operating characteristic curves of APAR for diagnostic 
tumor recurrence were plotted with a cut‑off value of 1.74. 
A high preoperative APAR value was significantly associ‑
ated with hepatitis B surface antigen level, tumor diameter, 
and tumor‑node‑metastasis stage. The disease‑free survival 
(DFS) and overall survival (OS) of patients with a high preop‑
erative APAR were shorter than those with a low APAR. The 

independent risk factors for DFS were an APAR ≥1.74, and 
macrovascular invasion or tumor thrombus. The independent 
risk factors for OS were an APAR ≥1.74, existing clinical 
symptoms, α‑fetoprotein level ≥20  ng/ml, macrovascular 
invasion or tumor thrombus, and family history of cancer. In 
conclusion, a preoperative APAR (≥1.74) is an independent 
risk factor influencing the poor prognosis of patients with 
HCC after curative hepatectomy, and patients with such a 
result should be closely monitored.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
type of cancer and the third leading cause of cancer‑related 
death worldwide (1,2). Although significant progress in the 
diagnosis and treatment of HCC has been achieved in recent 
decades, the survival of patients with HCC after resection 
remains poor. Tumor relapse and metastasis are the major 
complications of hepatectomy, occurring in >70% of patients 
within 5  years of follow‑up  (3). Therefore, non‑invasive 
preoperative tumor biomarkers that can better predict HCC 
relapse and metastasis are urgently required. Consequently, 
early detection of patients with a high risk of recurrence or 
mortality and timely intervention may improve the postopera‑
tive survival of patients with HCC.

Alkaline phosphatase (ALP) is a hydrolase enzyme widely 
distributed in the human tissues of the liver, bile duct, intestine, 
bone, and kidney, but most ALP in serum is primarily from the 
liver (4). A previous study has demonstrated that ALP is an 
independent prognostic risk factor for patients with HCC (5). 
ALP is an enzyme typically used to evaluate liver damage (6). 
Albumin (ALB) is a key component of serum proteins and is 
closely related to long‑term malnutrition and systemic immune 
responses (7). Moreover, tumor‑mediated malnutrition and 
systemic inflammatory responses can affect the long‑term 
postoperative survival of patients with HCC (8). To date, the 
significance of the preoperative ALP‑to‑ALB ratio (APAR) in 
predicting tumor relapse and survival of postoperative patients 
with HCC has yet to be established, although the preoperative 
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ALP‑to‑platelet ratio index (APPRI) (9), aspartate aminotrans‑
ferase (AST)‑to‑lymphocyte ratio (10), and ALB‑to‑globulin 
ratio (AGR) (11) have been demonstrated to be independent 
risk factors for poor survival. The APPRI, AST‑to‑lymphocyte 
ratio, and AGR indicators are single feedback indicators for 
either liver function impairment or nutritional status, but none 
of these are useful markers for both. As an indicator of liver 
function, serum ALP levels are frequently used as a biomarker 
to determine the progression of liver diseases  (6) and are 
significantly associated with poor survival in patients with 
HCC (12). Compared with APPRI, the AST‑to‑lymphocyte 
ratio, AGR, and APAR can reflect the systemic inflammatory 
response, immunity level, and nutritional status of patients 
under the influence of tumors. Therefore, this novel indicator 
is significantly important for the prognosis of patients with 
HCC after surgery.

This study aimed to investigate the correlation between 
preoperative APAR and the clinicopathological features of 
HCC and to evaluate the prognostic value of APAR after 
curative resection in patients with HCC. 

Materials and methods

Study population. The clinical and pathological data of 
370 patients with HCC treated with radical hepatectomy 
between November 2010 and January 2014 were retrospec‑
tively analyzed. The criteria for admission were as follows: 
i) radical hepatectomy, ii) pathologically proven HCC after 
surgery, and iii)  absence of anti‑tumor treatment before 
surgery. Patients were excluded if they i) died during the 
perioperative period, ii) were diagnosed with intrahepatic 
cholangiocarcinoma or non‑primary liver cancer, iii) were 
positive for human immunodeficiency virus, iv)  did not 
have complete clinical and pathological data, or v)  had 
severe infections or immune system diseases or used hema‑
tology‑related drugs within 1 month before enrollment in 
this study. Among the 370 patients, 3 died during the peri‑
operative period, 8 had intrahepatic cholangiocarcinoma, 
13 did not have primary liver cancer, and 16 did not have 
complete clinical data. Thus, 330 patients (271 men and 59 
women) were enrolled in this study. Their ages ranged from 
19 to 79 years, and the median age was 52 years. Written 
informed consent was obtained from all enrolled patients. 
The clinicopathological characteristics of these patients, 
including age, sex, clinical symptoms, hepatitis B surface 
antigen (HBsAg) level, serum α‑fetoprotein (AFP) level, 
tumor diameter, tumor number, liver cirrhosis, macrovas‑
cular invasion or tumor thrombus, family history of cancer, 
and tumor‑node‑metastasis (TNM) stage, are displayed in 
Table I. 

Receiver operating characteristic (ROC) curve. ROC curve 
analysis was performed to determine the best cut‑off value 
of APAR to predict the prognosis of patients with HCC after 
the surgery (ALP unit, U/l albumin unit, g/l). The optimal 
cut‑off value was determined as the value closest to the point 
with maximum specificity and sensitivity according to the 
correct index. The correct index, also known as the Youden's 
index, is the sum of the sensitivity and specificity minus 1. 
The best critical point of the cut‑off value was determined 

using the following equation: Youden's index=sensitivity + 
specificity‑1=sensitivity‑(1‑specificity). The best cut‑off value 
was determined based on the maximum value of the Youden's 
index.

Follow‑up. All patients were regularly followed up every 
3 months during the first 3 postoperative years and every 6 
months thereafter. Patients were followed up through outpa‑
tient reviews, phone calls, or house visits. The follow‑up 
primarily consisted of liver function tests (ALT, ALP, 
γ‑glutamyltransferase, total bilirubin, direct bilirubin, total 
protein, ALB, globulin, AGR, triglyceride, cholesterol, 
high‑density lipoprotein cholesterol, low‑density lipoprotein 
cholesterol, and glucose levels), tumor marker tests [AFP, 
carcinoembryonic antigen (CEA), and CA19‑9], chest radiog‑
raphy, and abdominal ultrasound (US). Computed tomography 
(CT) or magnetic resonance imaging (MRI) was performed 
when clinical recurrence was suspected. Clinical relapse 
was confirmed if i) the AFP level increased again (AFP level 
≥400 µg/l), ii) new lesions were detected by US, CT, or MRI, 
and iii) the patient was proven to have HCC after reopera‑
tion. Disease‑free survival (DFS) was defined as the interval 
between the date of surgery and recurrence, metastasis, 
or death, whereas overall survival (OS) was defined as the 
interval between the date of surgery and death. Any missing 
data were treated as censored data for survival analysis.

Statistical analysis. Statistical analysis was performed using 
SPSS version 21.0 (IBM Corp.). A χ2 test was used to compare 
the categorical variables. ROC curve analysis was performed 
to determine the best APAR cut‑off value. Univariate analysis 
was performed to determine the significance of parameters 
found to be significant in the log‑rank test for survival. 
The Cox proportional hazards model was used to perform 
multivariate survival analyses. Survival curves for patients 
with HCC were plotted using the Kaplan‑Meier method. 
P<0.05 was considered to indicate a statistically significant 
difference.

Table I. Clinicopathological data of the 330  patients with 
hepatocellular carcinoma.

Parameters	 Mean ± SD

Age, years	 50.95±0.83
α‑fetoprotein, ng/ml	 3,221.76±942.84
Tumor size, cm	 4.52±0.15
Hemoglobin, g/l	 141.82±0.90
White blood cell, x109/l	 6.29±0.70
Platelets, x109/l	 160.09±3.26
Alkaline phosphatase, U/l	 85.14±1.89
Aspartate aminotransferase, U/l	 44.43±6.01
Alanine aminotransferase, U/l	 45.59±6.04
Albumin, g/l	 42.50±1.17
Total bilirubin, µmol/l	 12.49±0.80
Direct bilirubin, µmol/l	 4.97±0.62
Alkaline phosphatase‑to‑albumin ratio	 2.11±0.06
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Results

Biochemical and clinicopathological characteristics of 
the enrolled patients. Hemoglobin, AFP, ALT, ALP, ALB, 
globulin, total bilirubin, direct bilirubin, preoperative APAR 
values, and white blood cell and platelet counts are presented 
in Table I. The preoperative APAR value in this study was 
calculated using the following formula: (ALP value/ALB 
value) x g/U.

Optimal cut‑off value of APAR for survival analysis. ROC 
curve analysis showed that the optimal cut‑off value of APAR 
for DFS and OS was 1.74. It was considered the uniform point 
for survival analysis (Fig. 1A and B). The area under the curve 
(AUC) of APAR was 0.616 [95% confidence interval (CI): 
0.550‑0.681]. The optimal cut‑off value of 1.74 presented a 
sensitivity of 0.707 and a specificity of 0.503. 

Correlation between preoperative APAR and the clinicopath‑
ological characteristics of patients with HCC. The correlation 
between preoperative APAR and the clinicopathological 
factors of patients with HCC is shown in Table II. Based on 
the cut‑off value of APAR, all patients were divided into a 
high APAR group (≥1.74, n=195) and a low APAR group 
(<1.74, n=135). The results demonstrated that a high preopera‑
tive APAR value was closely associated with positive HBsAg 
levels (P=0.041), tumor diameter (≥5 cm, P<0.001), and TNM 
stage (III/IV, P<0.044). No significant association was noted 
between APAR and age, sex, clinical symptoms, AFP level, 
tumor number, macrovascular invasion or tumor thrombus, or 
a family history of cancer (P>0.05). 

Univariate analysis of prognostic factors in patients with 
HCC. Univariate analysis showed that a preoperative APAR 
value ≥1.74 (P=0.005) and macrovascular invasion or tumor 

thrombus (P=0.001) were associated with the median DFS 
of the patients. The significant predictors of OS were APAR 
≥1.74 (P=0.008), clinical symptoms (P=0.002), AFP level 
≥20  ng/ml (P=0.001), macrovascular invasion or tumors 
thrombus (P<0.001), and a family history of cancer (P=0.015) 
(Table III). 

Multivariate analysis of prognostic factors in patients with 
HCC. The Cox proportional hazards regression model was 
used to examine the independent risk factors for the survival 
of postoperative patients with HCC. A stepwise multivariate 
Cox proportional hazards model revealed that a preopera‑
tive APAR value ≥1.74 [hazard ratio (HR): 1.781; 95% CI: 
1.192‑2.661; P=0.013] and macrovascular invasion or tumor 
thrombus (HR: 2.080; 95% CI: 1.284‑3.368; P=0.003) were 
independent prognostic factors for DFS in patients with 
HCC. A preoperative APAR value ≥1.74 (HR: 1.828; 95% CI: 
1.063‑3.141; P=0.029), clinical symptoms (HR: 1.747; 95% 
CI: 1.045‑2.918; P=0.046), AFP ≥20 ng/ml (HR: 1.739; 95% 
CI: 1.057‑2.862; P=0.029), macrovascular invasion or tumor 
thrombus (HR: 2.216; 95% CI: 1.269‑3.869; P=0.005), and 
a family history of cancer (HR: 1.833; 95% CI: 1.099‑3.059; 
P=0.020) were independent prognostic predictors of OS in 
postoperative patients with HCC (Table IV).

Correlation between preoperative APAR and postoperative 
survival in patients with HCC. The above data confirmed that 
a preoperative APAR value ≥1.74 was significantly associated 
with a shorter DFS (P=0.005 and P=0.013, respectively) and 
OS (P=0.029 and P=0.001, respectively) in patients with HCC 
(Fig. 2A and B). Kaplan‑Meier analysis showed that the 1, 3, 
and 5‑year DFS rates of the APAR <1.74 group were signifi‑
cantly higher than those of the APAR ≥1.74 group (91.4, 73.2 
and 68.3% vs. 81.1, 57.9 and 49.8% respectively, P=0.004). 
The 1, 3, and 5‑year OS rates of the APAR <1.74 group were 

Figure 1. Receiver operating characteristics curve assessing the cut‑off value of the APAR. (A) APAR cut‑off value for DFS and (B) OS in patients with 
hepatocellular carcinoma after radical surgery. DFS, disease‑free survival; OS, overall survival; APAR, alkaline phosphatase‑to‑albumin ratio.
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also markedly higher than those of the APAR ≥1.74 group 
(95.3, 88.8 and 84.1% vs. 93.5, 79.9 and 66.3%, respectively, 
P=0.008). 

Discussion

Predicting the postoperative survival of patients with HCC 
plays a key role in HCC treatment. To improve the accu‑
racy and reliability of predictions, significant efforts have 
been made to identify effective prognostic indicators of 
HCC. Currently, clinicians and researchers commonly rely 
on conventional clinicopathological parameters, such as 
serum AFP, CEA, CA19‑9 level, tumor size, tumor number, 
vascular invasion, and TNM stage. However, the sensitivity 
and specificity of AFP, CEA, and CA19‑9 for predicting the 
prognosis of patients with HCC are limited. For example, 
serum AFP levels are not elevated in ~30% of patients (13), 
and various confounding factors can influence the reliability 
and accuracy of CEA in predicting the prognosis of patients 
with cholangiocarcinoma (14). Elevated serum CA19‑9 levels 
are frequently found in normal bile secreted by a healthy 
biliary tract (15). Therefore, identifying less invasive and 
effective tumor biomarkers is important for the prognostic 
evaluation of HCC.

In this study, the clinicopathological parameters and 
prognosis of 330 patients with HCC who underwent radical 
hepatectomy were retrospectively analyzed. To avoid empir‑
ical selection bias, a reliable and objective cut‑off value of 1.74 
for APAR was determined via ROC curve analysis. Univariate 
analysis revealed that APAR ≥1.74 and macrovascular inva‑
sion or tumor thrombus was significantly correlated with DFS 
and OS after operation in patients with HCC. Meanwhile, Cox 
multivariate regression analysis showed that APAR ≥1.74, and 
macrovascular invasion or tumor thrombus were independent 
prognostic risk factors for DFS and OS in the overall cohort. 
In addition, univariate and Cox multivariate analyses showed 
that existing clinical symptoms, AFP level ≥20 ng/ml, and a 
family history of cancer were significantly associated with OS 
in these patients. The prognostic value of clinical symptoms, 
AFP level, macrovascular invasion or tumor thrombus, and 
a family history of cancer in patients with HCC has been 
reported in previous studies (16‑18). Interestingly, an APAR 
≥1.74 was found to be a novel prognostic indicator in patients 
with HCC after hepatectomy. The Cox regression model 
demonstrated that this indicator has an important prognostic 
value as an independent prognostic factor.

ALP is a hydrolase enzyme that plays a crucial role in 
the dephosphorylation of various biomolecules, including 

Table II. Correlation between clinicopathological parameters and preoperative APAR.

	 APAR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical factor	 Variable	 No. of patients (n=330)	 <1.74 (n=135)	 ≥1.74 (n=195)	 P‑value

Age, years	 <50	 101	 47	 54	 0.167
	 ≥50	 229	 88	 141	
Sex	 Female	 59	 23	 36	 0.740
	 Male	 271	 112	 159	
Clinical symptoms	 No	 267	 113	 154	 0.282
	 Yes	 63	 22	 41	
Hepatitis B surface antigen	 Negative	 96	 31	 65	 0.041a

	 Positive	 234	 104	 130	
α‑fetoprotein, ng/ml	 <20	 194	 81	 113	 0.710
	 ≥20	 136	 54	 82	
Tumor diameter, cm	 <5	 217	 107	 110	 <0.001b

	 ≥5	 113	 28	 85	
Tumor number	 Single	 299	 125	 174	 0.303
	 Multiple	 31	 10	 21	
Macrovascular invasion or tumor thrombus	 No	 280	 116	 164	 0.65
	 Yes	 50	 19	 31	
Liver cirrhosis	 No	 127	 56	 71	 0.352
	 Yes	 203	 79	 124	
Indocyanine green retention rate at 15 min	 <10%	 172	 76	 96	 0.219
	 ≥10%	 158	 59	 99	
Family history of cancer	 No	 254	 104	 150	 0.981
	 Yes	 76	 31	 45	
TNM stage	 I/II	 320	 134	 186	 0.044a

	 III/IV	 10	 1	 9	

aP<0.05, bP<0.001. APAR, alkaline phosphatase‑to‑albumin ratio.
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nucleic acids, proteins, and alkaloids. It is widely distributed 
in human tissues of the liver, intestine, kidney, and bone. 
However, serum ALP is primarily present in the liver (19). 
Several reports have demonstrated increased secretion of 
ALP in the blood during some pathological conditions, such 
as pregnancy, urinary system diseases, and hepatic malignant 

tumors (20‑22). In the correlation analysis, ALP levels were 
closely correlated with HBsAg levels. Preliminary statistical 
data showed that ~95% of patients with HCC in China also 
had hepatitis B virus (HBV) infection and liver cirrhosis (23). 
The three‑step process of HBV infection, liver cirrhosis, 
and progression to HCC is well established (24). Chronic 

Table IV. Multivariate analysis of clinicopathological characteristics influencing prognosis in 330 patients with hepatocellular 
carcinoma.

	 Disease‑free survival	 Overall survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological parameters	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Clinical symptoms, yes vs. no	 1.286 (0.813‑2.035)	 0.283	 1.747 (1.045‑2.918)	 0.046a

α‑fetoprotein, ng/ml, ≥20 vs. <20	 1.029 (0.697‑1.520)	 0.887	 1.739 (1.057‑2.862)	 0.029a

Macrovascular invasion or tumor thrombus, yes vs. no	 2.080 (1.284‑3.368)	 0.003b	 2.216 (1.269‑3.869)	 0.005b

Family history of cancer, yes vs. no	 1.438 (0.948‑2.180)	 0.087	 1.833 (1.099‑3.059)	 0.020a

APAR, <1.74 vs. ≥1.74	 1.781 (1.192‑2.661)	 0.005b	 1.828 (1.063‑3.141)	 0.029a

aP<0.05 and bP<0.01. APAR, alkaline phosphatase‑to‑albumin ratio; CI, confidence interval; HR, hazard ratio.

Table III. Univariate analysis of the clinicopathological characteristics influencing prognosis.

	 Disease‑free survival, months	 Overall survival, months
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical factor	 Variable	 patients (n=330)	 Mean	 95% CI	 P‑value	 Mean	 95% CI	 P‑value

Age, years	 <50	 101	 49.48	 44.08‑54.88	 0.566	 59.98	 56.24‑63.71	 0.431
	 ≥50	 229	 46.99	 43.31‑50.67		  57.22	 54.54‑59.91	
Sex	 Female	 59	 48.56	 41.28‑55.83	 0.814	 58.64	 53.48‑63.80	 0.879
	 Male	 271	 48.07	 44.67‑51.47		  58.62	 56.17‑61.08	
Clinical symptoms	 No	 267	 49.23	 45.89‑52.58	 0.116	 60.18	 57.82‑62.54	 0.002b

	 Yes	 63	 43.29	 35.58‑50.99		  52.48	 46.86‑58.10	
Hepatitis B surface antigen	 Negative	 96	 46.99	 41.27‑52.71	 0.78	 57.14	 52.82‑61.46	 0.843
	 Positive	 234	 48.42	 44.79‑52.05		  58.90	 56.34‑61.45	
α‑fetoprotein, ng/ml	 <20	 194	 49.75	 45.96‑53.55	 0.282	 61.78	 59.28‑64.28	 0.001c

	 ≥20	 136	 45.72	 40.54‑50.90		  54.34	 50.47‑58.21	
Tumor diameter, cm	 <5	 217	 49.90	 46.17‑53.62	 0.135	 59.69	 57.10‑62.27	 0.238
	 ≥5	 113	 44.45	 39.15‑49.74		  55.77	 51.71‑59.84	
Tumor number	 Single	 299	 48.27	 45.05‑51.49	 0.776	 58.89	 56.56‑61.23	 0.265
	 Multiple	 31	 46.13	 35.97‑56.30		  54.40	 47.77‑61.03	
Macrovascular invasion or	 No	 280	 50.10	 46.88‑53.32	 0.001c	 60.44	 58.24‑62.63	 <0.001c

tumor thrombus
	 Yes	 50	 33.97	 26.13‑41.82		  46.60	 39.42‑53.77	
Liver cirrhosis	 No	 127	 49.17	 44.33‑54.01	 0.333	 57.84	 54.03‑61.66	 0.482
	 Yes	 203	 47.18	 43.25‑51.11		  58.60	 55.95‑61.26	
Family history of cancer	 No	 254	 49.58	 46.13‑53.04	 0.080	 59.87	 57.46‑62.29	 0.015a

	 Yes	 76	 42.48	 36.10‑48.86		  52.78	 47.76‑57.80	
TNM stage	 I/II	 320	 48.04	 44.92‑51.16	 0.582	 58.87	 56.63‑61.11	 0.102
	 III/IV	 10	 52.71	 35.21‑70.22		  48.29	 34.67‑61.91	
Alkaline phosphatase‑to‑albumin	 <1.74	 135	 53.53	 49.13‑57.93	 0.004b	 62.07	 59.04‑65.11	 0.008b

ratio	 ≥1.74	 195	 44.38	 40.24‑48.52		  56.23	 53.17‑59.29	

aP≤0.05, bP≤0.01 and cP≤0.001. CI, confidence interval.
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HBV infection is the most severe factor causing progression 
to HCC, and the degree of liver fibrosis is correlated with 
tumor recurrence and OS in postoperative patients with 
small and solitary HBV‑related HCC (25,26). This indicates 
that elevated serum ALP levels are closely correlated with 
HBV status and liver cirrhosis, which is consistent with the 
results of the present study in which high serum APAR was 
significantly associated with HBsAg positively in patients 
with HCC. Meanwhile, the correlation analysis showed 
that ALP was closely correlated with tumor size and TNM 
stage. ALP is related to the differentiation of embryonic 
cells and other stem cells derived from adipose tissue and 
bone (27). Proliferating tumor cells primarily induce aerobic 
glycolysis and elevated amino acid metabolism to maintain 
nucleotide biosynthesis and the transfer of amino groups, 
which are catalyzed by ALP (28). In addition, a study found 
that almost all cultured cancer cells, including HCC cells, 
had high ALP activity in the nucleolus, and the localization 
of ALP in cancer cells changed during the cell cycle (29). 
ALP may be involved in the proliferation and progression of 
malignant cells, indicating its role in tumor size and TNM 
stage (30). Moreover, advanced liver diseases, such as HCC, 
are typically accompanied by mitochondrial damage, which 
can substantially promote the release of ALP (31). However, 
liver fibrosis and cirrhosis reduce the plasma clearance of 
ALP, which also increases serum ALP levels (32). Therefore, 
high serum ALP levels are associated with HCC progression 
and patient survival.

In addition to ALP, the levels of serum liver enzymes, such 
as ALB, are also commonly elevated in patients with HCC 
and play crucial roles in the evaluation of the status of liver 
damage (33). ALB, the major component of serum proteins, is 
a nutritional indicator of the functions of stabilizing cell prolif‑
eration and DNA replication, buffering various biochemical 

variations, and exhibiting an antioxidant role against carcino‑
gens, including nitrosamines and aflatoxins (34,35). Moreover, 
ALB is a reliable prognostic indicator in various malignant 
tumors, including HCC, colorectal, renal, and prostate 
cancers (36‑38). The possible mechanisms for the association 
between low levels of serum ALB and poor survival of patients 
with HCC are systemic inflammatory response and malnutri‑
tion. Systemic inflammation and oxidative stress are pivotal in 
tumor progression (39‑41). ALB is a reliable indicator of the 
host inflammatory response, which is important for tumorigen‑
esis (42). Malnutrition, which is reflected by hypoproteinemia, 
can subvert the host's cellular and humoral immune response, 
resulting in an increased risk of infection and poor sensitivity 
to anti‑cancer therapy (43,44). Furthermore, hypoalbumin‑
emia in patients with HCC is caused by hepatic injury due 
to potential chronic liver disease, and a sustained systemic 
inflammatory reaction, either from the neoplasm itself or 
as a host response (45). Finally, malnutrition and systemic 
inflammatory response cause an imbalance in the tumor 
microenvironment, which can promote tumor growth, inva‑
sion, and metastasis (46). Therefore, decreased serum ALB 
levels may be closely associated with systemic inflammatory 
response and malnutrition, which may increase the risk of 
relapse and thus induce adverse survival in patients with HCC.

Taken together, high serum ALP levels are significantly 
associated with poorer clinical outcomes in patients with 
HCC. Conversely, a significant decrease in serum ALB levels 
is closely correlated with the adverse survival of patients with 
HCC. Therefore, high APAR is a reasonable indicator of poor 
survival in postoperative patients with HCC. Previous studies 
have demonstrated that a high preoperative APPRI (10), AST 
to lymphocyte ratio (11), and AGR (12) are associated with a 
high recurrence rate and poor survival in patients with HCC. 
In contrast to previous studies, the present study showed that a 

Figure 2. Kaplan‑Meier survival analysis of preoperative APAR in 330 patients with hepatocellular carcinoma. (A) Disease‑free survival according to APAR; 
and (B) overall survival according to APAR. APAR, alkaline phosphatase‑to‑albumin ratio.
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high preoperative APAR was associated with poor outcomes 
in patients with HCC after resection. As mentioned above, it is 
hypothesized that the host systemic immune response, inflam‑
matory state, viral infection, liver fibrosis, liver cirrhosis, 
and liver function play key roles in promoting recurrence 
and poor clinical outcomes in patients with HCC (47‑49). 
Accordingly, it is emphasized that a focus should be placed on 
not only hepatic tumors alone, but also on the host liver func‑
tion, preoperative systemic response, and nutritional status of 
patients with HCC after resection. Interestingly, the analysis 
showed that an APAR <1.74 had a better prognostic value than 
APAR ≥1.74. Compared to patients with APAR ≥1.74, those 
with APAR<1.74 had better DFS and OS rates, with 3‑ and 
5‑year DFS rates of 72.2 and 68.3%, respectively, and 3‑ and 
5‑year OS rates of 88.8 and 84.1%, respectively. However, the 
outcomes of patients with APAR ≥1.74 were worse, with 3‑ 
and 5‑year DFS rates of only 57.9 and 49.8%, respectively, and 
3‑ and 5‑year OS rates of only 79.9 and 66.3%, respectively. 
From the above data, an APAR ≥1.74 indicates a high risk of 
recurrence and mortality, whereas an APAR <1.74 indicates a 
low risk of recurrence and mortality. 

Accurately predicting the prognosis of patients with HCC 
who undergo curative resection is important. Concurrently, 
APAR is important in developing follow‑up and further treat‑
ment plans for patients after hepatectomy. Going forward, 
in our daily practice, every patient will have their own table 
of APAR scores, and physicians will determine their APAR 
values. For patients with an APAR ≥1.74, follow‑up will be 
performed at close intervals for the early detection of tumor 
recurrence and progression. For example, once‑a‑month 
follow‑up is recommended for such patients, and more adjuvant 
therapies are recommended, such as transarterial chemoembo‑
lization, systemic chemotherapy, and cellular immunotherapy. 
Notably, antiviral therapy may reduce the host inflammatory 
response, enhance liver functional reserves, and increase the 
survival time of patients with HCC who have chronic hepatitis 
infection (50,51).

The present study has several strengths. First, the prognostic 
significance of APAR in postoperative patients with HCC and 
its correlation with other clinicopathological parameters were 
retrospectively analyzed, which has not been performed in 
previous studies. Second, the APAR values can be readily and 
objectively determined from the peripheral blood of the host. 
Finally, APAR <1.74 as an indicator for prognosis demonstrated 
a better prognostic value than the simple summation of ALP 
and ALB. However, this study has some limitations. First, this 
was a single‑center study comprising only Chinese patients. 
Second, this was a retrospective study with an inherent bias. 
In the DFS analysis, there were 49 patients with censored 
data. Thus, the statistical analysis for DFS included was of 
only 281 patients. Moreover, in the OS analysis, 17 patients 
were lost to follow‑up. For patients who were lost to follow‑up, 
additional attempts to contact them or their families will be 
made through their phone numbers, email addresses, and 
family contact information left in the medical record system. 
Additionally, local hospitals or local health authorities will be 
contacted for home follow‑up, hoping to obtain this part of the 
missing data. The statistical data used for the final analysis 
were obtained from 313 patients. Third, a stratified analysis 
was not performed to evaluate the prognostic value of APAR 

during the different tumor stages given the relatively small 
cohorts after subcategorization. In addition, the optimal cut‑off 
value of APAR also requires external validation. In this study, 
due to the limited number of patients enrolled from a single 
center, all the cases were utilized to determine the cut‑off 
value to ensure that we could obtain the most accurate cut‑off 
value with the highest sensitivity and specificity. As a result, 
the validation queue for the cut‑off value was lost. Therefore, 
future prospective clinical trials and larger multicenter studies 
are warranted to validate the prognostic significance of APAR 
in further studies.

In conclusion, the best preoperative APAR cut‑off value for 
predicting the survival of patients with HCC is 1.74. APAR is 
a novel prognostic indicator in patients with HCC after radical 
surgery. Moreover, a preoperative APAR of ≥1.74 is closely 
correlated with HBsAg positivity, a larger tumor size, and a 
more advanced TNM stage, whereas a preoperative APAR of 
<1.74 is significantly related to improved clinicopathological 
characteristics. Hence, patients with HCC with a higher APAR 
should be closely followed up and timely postoperative 
therapeutic intervention is required to improve their survival 
and quality of life. Finally, the mechanisms for the potential 
correlation between high preoperative APAR and poor prog‑
nosis in postoperative patients with HCC need to be further 
investigated. 
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