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Abstract. Despite improved screening programs, the vast 
majority of patients with hepatocellular carcinoma (HCC) are 
diagnosed at an advanced stage. A lack of effective diagnosis 
methods for preclinical HCC has resulted in a low rate of 
early detection. Aldo‑keto reductase family 1 member B10 
(AKR1B10) is associated with several cancer types. However, 
to the best of our knowledge, the diagnostic value of AKR1B10 
in early stage HCC is poorly understood. In the current study, 
the diagnostic performance of serum AKR1B10 in hepatitis 
B virus/hepatitis C virus (HBV/HCV)‑related liver disorders 
was evaluated and the unique role of AKR1B10 in diagnosing 
HCC was assessed. Serum AKR1B10 was detected by sand-
wich ELISA in 84 patients with HBV/HCV‑related HCC, 74 
patients with liver cirrhosis, 29 patients with chronic hepatitis 
and 30 healthy controls. Serum AKR1B10 and α‑fetoprotein 
(AFP) levels were analyzed and compared. Elevated levels 
of serum AKR1B10 were identified in patients with HCC 
compared with patients with other liver disorders (P<0.05). 
Compared with advanced and terminal stage HCC, a signifi-
cant increase in AKR1B10 levels was primarily detected in 
early and intermediate stage HCC. The sensitivity (81.0%) and 
specificity (60.9%) for HCC diagnosis with AKR1B10 were 
high at a cutoff value of 1.51 ng/ml. Conversely, a prominent 
increase in AFP was observed in advanced and terminal 
stage HCC. Furthermore, concurrent measurement of serum 
AKR1B10 and AFP significantly increased sensitivity and 
negative predictive value for HCC diagnosis. The results 
presented in the current study strongly indicate AKR1B10 has 
a unique role as a biomarker for early stage HBV/HCV‑related 
HCC. Compared with AFP alone, a combination of serum 

AKR1B10 and AFP increased the diagnostic performance in 
patients with HCC. In summary, the current results identify a 
unique role of AKR1B10 in HCC diagnosis.

Introduction

Despite improved screening methods for the detection of 
potentially curable hepatocellular carcinoma (HCC), asymp-
tomatic HCC is only sporadically diagnosed in patients (1). As 
a result, HCC is most commonly diagnosed in the advanced 
or terminal stage with the presence of intra‑ or extra‑hepatic 
metastases (1). Therefore, HCC is one of the most lethal cancer 
types, with the third highest mortality rate of all cancer types 
worldwide, following lung cancer and gastric cancer (2). HCC 
has many risk factors, including hepatitis B virus (HBV) and 
hepatitis C virus (HCV), both of which cause acute and chronic 
infections that can lead to cirrhotic pathological processes, 
which are thought to be the underlying causes for HCC (1,3). 
Accumulating evidence suggests that HBV infection is associ-
ated with approximately 80% of HCC cases in China (3,4), 
with this association continuing to increase in recent years (5). 
Surgical tumor resection is considered to be an effective treat-
ment for early stage HCC, providing a good outcome in the 
majority of cases (6). Unfortunately, due to the suboptimal 
diagnostic methods available to detect individuals with a 
high risk of developing HCC, most patients are presented to 
clinicians with advanced stage HCC, at which point a variety 
of treatment options are less effective, including surgical 
resection, liver transplantation and locoregional procedures 
including radiofrequency ablation (7).

In the last decade, several studies have identified that there 
are many serum biomarkers that have the potential to assist 
the early diagnosis of HCC (1,8,9). α‑fetoprotein (AFP) levels 
were detectable in the blood of many patients with advanced 
HCC  (10,11). However, high AFP levels were unreliably 
detected in patients with early stage HCC. The diagnostic 
value of AFP is further complicated by the fact that it cannot 
provide significant discrimination between malignant and 
non‑malignant liver disorders (1). Furthermore, an absence 
of AFP in certain patients with HCC was also identified (12). 
Therefore, exclusively using AFP as a diagnostic biomarker for 
the early detection of HCC is hindered by the aforementioned 
limitations.
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If properly validated, biomarkers circulating in the plasma 
or serum could serve as the criterion standard for non‑invasive 
liver cancer diagnostics. Several other serum biomarkers have 
been identified and their potential as candidates for detection 
of early stage HCC has been thoroughly evaluated in recent 
years (1,8,9). For example, AFP‑L3 and des‑gamma‑carboxy 
prothrombin (DCP) have reportedly been useful in HCC 
screening (13). AFP‑L3 is a glycoform of AFP, used for the 
early detection of HCC (14). AFP‑L3 is exclusively derived 
from cancer cells (9,15) and has a higher specificity for HCC 
compared with AFP (14). However, AFP‑L3 is not typically 
detected when AFP levels are <20 ng/ml (8) and it has a low 
sensitivity for early stage HCC diagnosis (16,17). DCP is an 
abnormal prothrombin molecule that is increased in HCC, 
with a diagnostic sensitivity that may be greater compared 
with AFP (8). However, the detection of DCP alone exhibited 
a low sensitivity in the diagnosis of early stage HCC (18). It 
has previously been demonstrated that the sensitivity for 
diagnosing HCC could be substantially increased if both AFP 
and DCP levels were examined together (18‑20). However, this 
approach appears to be less sensitive in detecting HCC when 
patients have AFP levels <20 ng/ml (8). Therefore, there is 
an urgent need to identify novel and reliable biomarkers that 
can either replace or be used in combination with AFP for the 
detection of preclinical HCC.

As a key member of the aldo‑keto reductase superfamily, 
aldo‑keto reductase family 1 member B10 (AKR1B10) 
modulates cell growth and survival by regulating lipid 
synthesis (21,22) and eliminating carbonyl compounds (23‑28). 
These are key steps involved in the proliferation and develop-
ment of tumors through the regulation of the retinoic acid 
signaling pathway  (29,30). AKR1B10 is overexpressed in 
several types of tumor tissue (23), including HCC tissue (31,32). 
AKR1B10 is mainly expressed in the cytoplasm and can be 
secreted through a lysosome‑mediated non‑classical pathway 
and regulated by lysosome exocytosis signaling (33). As an 
independent risk factor, AKR1B10 can exert its regulatory 
role in the initiation and development of HCC, suggesting it is 
involved in the molecular signaling pathways that lead to the 
development of HCC. However, to the best of our knowledge, 
this role of AKR1B10 is not well understood (34‑36). The 
expression of AKR1B10 in patients with HCC is negatively 
associated with the degree of tumor differentiation; enhanced 
expression of AKR1B10 was identified in well‑differentiated, 
low‑grade HCC tissues and downregulated expression of 
AKR1B10 was identified in poorly differentiated, high‑grade 
HCC tissues (32,37). Patients with low AKR1B10 expression 
appear to be associated with a poorer prognosis compared 
with those with positive expression following surgical resec-
tion of HCC tumors (31,37,38). Although several studies have 
investigated serum AKR1B10 in patients with HCC, to the 
best of our knowledge, the pattern of AKR1B10 expression in 
patients with early stage HCC is unclear.

In the current study, an attempt was made to characterize 
expression profiles of serum AKR1B10 and AFP in patients 
with HCC. Serum AKR1B10 levels were first measured in 
patients with different types of hepatic diseases using sand-
wich ELISA. Next, the diagnostic performance of AKR1B10 
in patients with HCC was determined. Finally, AKR1B10 and 
AFP levels were assessed and evaluated to determine if these 

biomarkers provide optimal sensitivity and specificity for the 
detection of early stage HCC.

Materials and methods

Patients. The current study enrolled a total of 84 patients with 
HBV/HCV‑related HCC (69 males and 15 females), 74 patients 
with HBV/HCV‑associated liver cirrhosis (42  males and 
32  females) and 29 patients with chronic hepatitis B/C 
(14 males and 15 females). These patients were admitted to 
Shengjing Hospital of China Medical University (Shenyang, 
China) from September 2012 to October 2014. Eligible patients 
were confirmed to have a history of either hepatitis B surface 
antigen‑/HBV DNA‑positive or hepatitis C antibody‑/HCV 
RNA‑positive for at least 6 months. An additional 30 healthy 
subjects (14 males and 16 females) who underwent a routine 
health check at the same hospital during the same period of time 
were chosen as controls. The characteristics of all participants 
are summarized in Table I. The diagnostic criteria employed 
were based on the guidelines for the prevention and treatment 
for chronic HBV (2010 version) (39) and diagnosis, manage-
ment and treatment of HCC (V2011) (1). The study protocols 
were reviewed and approved by the Intuitional Review Board 
and the Ethics Committee of Shengjing Hospital of China 
Medical University. Written informed consent was obtained 
from all participants prior to the start of the study. The identity 
of each participant, whose serum samples and medical records 
were obtained, was coded and later decoded after data analysis 
was completed.

Laboratory investigations. Blood samples collected from the 
patients and controls were tested by the Clinical Laboratory 
of Shengjing Hospital of China Medical University. An 
array of biochemical parameters and hepatic enzymes were 
specifically measured and analyzed, including alanine 
aminotransferase, aspartate aminotransferase, albumin, total 
bilirubin, prothrombin time international normalized ratio and 
AFP.

Sandwich ELISA. Serum AKR1B10 was detected by sandwich 
ELISA using the AKR1B10 ELISA kit (CSB‑ELOO1540HU; 
Wuhan Institute of Biological Products Co., Ltd., Wuhan, 
Hubei, China). First, 96‑well plates were coated with the puri-
fied antibody as the solid phase and the sample (100 µl/well) 
was added in triplicate. Plates were incubated at 37˚C for 2 h 
and then incubated at 37˚C for a further 1 h with 1:100 diluted 
biotin‑labelled human AKR1B10 antibody (100 µl/well). After 
3 washes (2 min each) with washing buffer (200 µl/well), plates 
were incubated at 37˚C for 1 h with 100 µl/well of streptav-
idin‑HRP conjugates, then washed 5 times (2 min each) with 
200 µl/well of washing buffer. 3,3',5,5'‑Tetramethylbenzdine 
(90 µl) was added to the wells and incubated at 37˚C for 
15 min. Reactions were stopped with 50 µl/well of stop solu-
tion. Using a plate reader, A450 values were read within 5 min. 
Standard reagents were used for establishing a standard curve 
from which serum AKR1B10 concentration was calculated.

Statistical analysis. Analyses were performed using SPSS 
Statistics 17.0 (SPSS, Inc., Chicago, IL, USA). One‑way anal-
ysis of variance (ANOVA), Fisher's exact test, Mann‑Whitney 
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U test and Z test were used for statistical inference, when appro-
priate. If a significant difference was identified by one‑way 
ANOVA, a post hoc Fisher's least significant difference test 
was used to determine the difference within the groups. 
P<0.05 was considered to indicate a statistically significant 
difference. Receiver operating characteristic (ROC) analyses 
compared the diagnostic performance of experimental param-
eters with a non‑parametric method and the optimal cutoff 
value was screened and proposed. Data were presented as 
mean ± standard deviation.

Results

Patient characteristics. A total of 187 patients and 30 healthy 
controls were enrolled and their demographic and biochemical 
characteristics are summarized in Table  I. Among them, 
84 patients (44.9%) were confirmed to have HCC, 74 patients 
(39.5%) were confirmed to have liver cirrhosis and 29 patients 
(15.5%) were confirmed to have chronic hepatitis. There was 
a male predominance in HCC patients. Compared with the 
controls, there were significant differences in many demo-
graphic and biochemical characteristics among the groups. 
These differences were consistent with clinical practice after 
age and sex were factored into data analysis, and follow the 
general pathophysiological courses of development of liver 
diseases, including HCC, cirrhosis and chronic hepatitis.

Serum AKR1B10 and AFP levels in patients with various liver 
disorders. AKR1B10 levels in the serum samples obtained 
from the subjects in the different groups were compared using 
one‑way ANOVA and the results are presented in Fig. 1A. The 
mean serum AKR1B10 level was significantly higher in patients 
with HCC (4.02±3.53 ng/ml, n=84) compared with patients 
with liver cirrhosis (2.61±2.0 ng/ml, n=74), chronic hepatitis 
(1.12±1.01 ng/ml, n=29) or the controls (0.76±0.74 ng/ml, 
n=30; P<0.05). Furthermore, a significant difference in serum 

AKR1B10 expressions was evident between the patients with 
liver cirrhosis and those with chronic hepatitis (P<0.05), but 
not between patients with chronic hepatitis and the controls 
(P=0.584). This indicates that the production of AKR1B10 
was enhanced when hepatocytes were undergoing cirrhosis. 
Additionally, a significant increase in AFP levels was identi-
fied in patients with HCC (566.82±1,196.90 ng/ml, n=84), liver 
cirrhosis (22.88±50.29 ng/ml, n=74) and chronic hepatitis 
(6.35±11.47  ng/ml, n=29) when compared to the controls 
(3.59±1.08 ng/ml, n=30), as demonstrated in Fig. 1B (P<0.05).

Regardless of the etiology of the infection, no signifi-
cant differences were identified in AKR1B10 expression 
when comparing patients with HBV and HCV‑related HCC 
(P=0.614), liver cirrhosis (P=0.384) or chronic hepatitis 
(P=0.452; Table II), this suggests that release of AKR1B10 
from the damaged hepatocytes is independent of the history 
of the viral infection. However, for patients with HBV infec-
tion, HCC had a significantly higher AKR1B10 expression 
compared with the liver cirrhosis and chronic hepatitis groups 
(P<0.05; Table  II). However no significant difference was 
revealed in AKR1B10 expression between the liver cirrhosis 
and chronic hepatitis groups (P=0.094). For patients with 
HCV infection, the HCC and liver cirrhosis groups exhibited 
a significant increase in AKR1B10 expression compared with 
the chronic hepatitis group (P<0.05). However no significant 
difference was identified in the expression levels between the 
HCC and liver cirrhosis groups (P=0.358).

Association of serum AKR1B10 and AFP levels in patients 
with different stages of HCC. The current study assessed the 
association of AKR1B10 and AFP levels in patients with HCC 
in relation to the stage of liver cancer, based on the Barcelona 
Clinic Liver Cancer (BCLC) staging classification (40). Patients 
with tumors that were in early, intermediate, advanced and 
terminal stages were selected for further subgroup analysis. 
As indicated in Fig. 2, significant differences were identified 

Table I. Characteristics of all participants.

Characteristics	 HCC (n=84)	 Liver cirrhosis (n=74)	 Chronic hepatitis (n=29)	 Healthy control (n=30)

Age, years, mean (range)	 57 (33‑78)	 55 (31‑75)	 36 (23‑57)	 32 (28‑40)
Sex, n				  
  Male	 69	 42	 14	 14
  Female	 15	 32	 15	 16
Etiology, n				  
  HBV infection	 71	 41	 17	 0
  HCV infection	 13	 33	 12	 0
ALT, U/l, mean ± SD	 65.80±61.09	 75.80±101.80	 57.48±59.68	 26.23±6.48a,b

AST, U/l, mean ± SD	 98.70±86.37	 92.04±119.67	 49.21±39.07a,b	 25.37±9.13a,b

Albumin, g/l, mean ± SD	 32.82±6.03	 33.52±6.79	 41.04±4.56a,b	 39.81±3.75a,b

TBil, µmol/l, mean ± SD	 59.19±90.31	 47.23±74.16	 14.38±5.35a,b	 11.50±3.96a,b

PT INR	 1.15±0.18	 1.16±0.27	 0.98±0.09a,b	 0.93±0.09a,b

aP<0.05 vs. patients with HCC. bP<0.05 vs. patients with liver cirrhosis. HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis 
C virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; PT INR, prothrombin time international 
normalized ratio; SD, standard deviation.
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between serum AKR1B10 and AFP levels at different stages. 
The highest AKR1B10 levels were identified in HCC patients 
in early and intermediate stages but they declined to a constant 
level in advanced and terminal stages (Fig. 2A). By contrast, 
the highest levels of AFP were detected in the advanced and 
terminal stages compared with the early and intermediate 
stages of HCC (Fig.  2B). The ratio of AKR1B10 to AFP 
was significantly higher in the early and intermediate stages 
compared with the advanced and terminal stages of HCC 
(Fig. 2C). The current results indicate that there are variations 
in the expression of AKR1B10 and AFP throughout the devel-
opment of HCC. There is a clear increase in AKR1B10 levels 
but not AFP levels in early stage HCC. This suggests that 
AKR1B10 may be a primary factor involved in the develop-
ment of HCC and could therefore be considered as a biomarker 
for the detection of early stage HCC. Conversely, serum AFP 
levels were only significantly higher when HCC was in the 
advanced or terminal stage.

Comparison of the sensitivity and specificity of serum 
AKR1B10 and AFP for the diagnosis of HCC. The sensitivity 
and specificity of serum AKR1B10 and AFP for diagnosing 
HCC were determined by generating an ROC curve (Fig. 3). 
When a cutoff value of 1.51 ng/ml was used, the sensitivity 

and specificity of serum AKR1B10 for diagnosing HCC were 
81.0 and 60.9%, respectively. Accordingly, the sensitivity 
and specificity for HCC were 69.0 and 82.0%, respectively, 
if a cutoff value of 11.71 ng/ml of serum AFP was used. It 
appeared that a high specificity for HCC diagnosis could 
only be achieved when a high level of serum AFP was 
used. In addition, among patients with HCC with ARK1B10 
>1.51 ng/ml, only 26 patients exhibited concentrations of 
AFP <11.71 ng/ml, which is the relative diagnostic threshold 
of AFP with the highest sensitivity and specificity. This 
finding further revealed that there was a marked expression 
of ARK1B10 before AFP becomes more clinical relevant. 
Furthermore, diagnostic performance of AKR1B10 and AFP 
for HCC was further assessed and compared (Table III). With 
95% confidence interval, the area under curve (AUC) for 
AKR1B10 [AUC=0.759 (0.697‑0.821)] and AFP [AUC=0.796 
(0.732‑0.860)] was similar. No statistically significant differ-
ence in the performance for HCC diagnosis was identified 
between AFP and AKR1B10 (Z=0.805, P=0.390).

Complementary diagnostic performance of AKR1B10 with 
AFP for HCC. The current findings suggest that ARK1B10 is 
a potential serum biomarker for early detection of HCC. The 
current study further explored whether concurrent measurement 

Figure 1. Serum AKR1B10 and AFP levels in patients with various liver disorders. (A) Mean serum AKR1B10 levels expressed in patients with HCC (n=84), 
cirrhosis (n=74) and chronic hepatitis (n=29) and controls (n=30). A significant increase in AKR1B10 levels in patients with HCC and liver cirrhosis but not 
chronic hepatitis was identified compared with the controls. Overexpression of AKR1B10 was more prominent in the patients with HCC. aP<0.05 vs. patients 
with HCC. bP<0.05 vs. patients with liver cirrhosis. (B) A significant elevation of AFP levels was associated with HCC but not with liver cirrhosis or chronic 
hepatitis compared with the controls. aP<0.05 vs. patients with HCC. AKR1B10, aldo‑keto reductase family 1 member B10; HCC, hepatocellular carcinoma; 
AFP, α‑fetoprotein.

Table II. Association of AKR1B10 expression with viral etiology of liver disorders.

	 AKR1B10 (ng/ml)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 HCC (n=84)	 Liver cirrhosis (n=74)	 Chronic hepatitis (n=29)

HBV infection	 4.17±3.69 (n=71)	 2.52±2.21 (n=41)a	 1.04±1.04 (n=17)a

HCV infection	 3.27±2.56 (n=13)	 2.72±1.74 (n=33)	 1.24±1.00 (n=12)a,b

P‑value	 0.614	 0.384	 0.452

Data are presented as the mean ± standard deviation. aP<0.05 vs. patients with HCC. bP<0.05 vs. patients with liver cirrhosis. AKR1B10, 
aldo‑keto reductase family 1 member B10; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus.
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of ARK1B10 with AFP could increase the sensitivity of HCC 
diagnosis. As expected, a sensitivity of 92.86% (78/84) for HCC 
diagnosis was achieved when a combination of AKR1B10 and 
AFP proteins were measured. In addition, the specificity and 
positive predictive value for diagnosing HCC were 52.63% 

(70/133) and 55.32% (78/141), respectively, with a nega-
tive predictive value as high as 92.11% (70/76) (Table  IV). 
Compared with a single biomarker, the combined measurement 
of AKR1B10 and AFP levels markedly increased the sensitivity 
and negative predictive value for HCC diagnosis. Taken together, 
these findings demonstrate there is promise for developing a 
novel diagnostic approach to detect early stage HCC.

Discussion

HCC is notorious for its subtle onset and rapid progres-
sion (1). The vast majority of patients with HCC are already 
in advanced stage complicated with multiple intra‑ and 
extra‑hepatic metastases when a diagnosis is confirmed (1). A 
reliable method allowing diagnosis of asymptomatic HCC is of 
paramount importance to reduce mortality and improve prog-
nosis of patients with HCC (41). The current study assessed the 
diagnostic performance of AKR1B10 in diagnosing Chinese 
patients with HCC who had previously contracted either HBV 
or HCV infection. The current results indicated that patients 
with HCC have a significantly higher level of serum AKR1B10 
compared with patients with hepatic cirrhosis and chronic 
hepatitis. Compared with advanced and terminal stage HCC, 
a significant increase in the concentration of AKR1B10 was 

Figure 2. Mean expressions of serum AKR1B10 and AFP levels in patients with HCC at different pathological stages classified using Barcelona Clinic Liver 
Cancer staging. (A) A significant increase in AKR1B10 was observed in early‑ and intermediate‑stage HCC. aP<0.05 vs. patients with early stage. bP<0.05 vs. 
patients with intermediate stage. cP<0.05 vs. patients with advanced stage. (B) A significant increase in AFP was observed in advanced‑ and terminal‑stage 
HCC. aP<0.05 vs. patients with early stage. bP<0.05 vs. patients with intermediate stage. cP<0.05 vs. healthy control. (C) The ratio of AKR1B10: AFP at 
different HCC stages. aP<0.05 vs. patients with early stage. bP<0.05 vs. patients with intermediate stage. AKR1B10, aldo‑keto reductase family 1 member B10; 
AFP, α‑fetoprotein; HCC, hepatocellular carcinoma.

Figure 3. Receiver operating characteristic curve of the sensitivity and 
specificity of serum AKR1B10 and AFP for diagnosing HCC. AKR1B10, 
aldo‑keto reductase family 1 member B10; AFP, α‑fetoprotein; HCC, hepa-
tocellular carcinoma.

https://www.spandidos-publications.com/10.3892/ol.2018.9547
https://www.spandidos-publications.com/10.3892/ol.2018.9547
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detected in patients with early stage HCC, while AFP levels 
were below the threshold for HCC diagnosis.

HCCs are not homogeneous and certain HCCs may have 
normal or only mildly elevated levels of AFP compared with 
healthy individuals. The highest sensitivity and specificity of 
AFP for diagnosis of HCC (60‑80% and 70‑90%, respectively) 
was achieved at a cut of value of 16 nm/ml (42), but AFP was 
not expressed in approximately 30‑40% of patients with HCC, 
which makes this diagnostic approach less reliable (12). In the 
current study, in 31% (26/84) of patients with HCC, enhanced 
AKR1B10 expression was highly associated with HCC, while 
the concentration of AFP was still below its threshold for HCC 
diagnosis. This suggests that the concentration of AKR1B10 
associates well with the development of HCC and thus could 
be a potential biomarker for early HCC detection.

For the high‑risk population, it is recommended that 
serum AFP level measurement and liver ultrasonography 
be performed every 6 months as a screening method (43). 
However, the role of such an approach is devalued by the 
relatively low sensitivity and specificity of AFP as a reliable 
biomarker for identifying early stage HCC. The current study 
identified that 62% of patients with HCC (52/84) had serum 
AFP levels of <200 ng/ml, and 200 ng/ml is considered to be 
the diagnostic value of HCC in clinical practice. Furthermore, 
by setting the ROC curve with a cutoff value of 11.095 ng/ml, 
the sensitivity and specificity of AFP for diagnosing HCC were 
77.1 and 81.2%, respectively, which is consistent with previ-
ously published results (19). Unfortunately, AFP levels below 
the diagnostic threshold of 20 ng/ml were only sporadically 
observed in patients with HCC.

It is known that AKR1B10 expression is upregulated in 
HCC tissues (31,32,37). However, to the best of our knowledge, 

its biological significance in molecular and pathological 
processes in HCC is poorly understood. So far, data from only 
a handful of studies suggest that serum AKR1B10 could be 
a convenient and potential biomarker for diagnosing HCC. 
The current findings indicate that serum AKR1B10 levels in 
patients with HCC were significantly higher compared with 
patients with non‑cancerous hepatic disease, including liver 
cirrhosis and chronic hepatitis and further analysis demon-
strated a strong association between AKR1B10 and HCC, 
as also reported by a previous study (31). Notably, with an 
AKR1B10 cutoff value of 1.51 ng/ml determined by an ROC 
curve in the current study, the sensitivity and specificity of 
AKR1B10 reach a level where diagnosis of HBV/HCV‑related 
HCC could be achieved.

When the association of AKR1B10 levels with BCLC 
staging was considered, the current study identified a 
significant increase in serum AKR1B10 in patients with 
early and intermediate stage HCC compared with patients 
with advanced and terminal stage HCC. This unique pattern 
of expression is the opposite of that identified for AFP levels, 
which were the highest in the terminal stage. These findings 
strongly suggest there is a close association between the 
expression of ARK1B10 and early development of HCC. 
Although the upregulation of AKR1B10 expression is also 
observed in patients with HBV or HCV infections as well as 
hepatic fibrosis (34), it appears that elevation of AKR1B10, 
which has significant clinical implications, occurs as soon 
as hepatocytes begin to undergo cirrhosis, with the final 
pathohistological changes leading to liver cancer. As identi-
fied in the current study, both HBV and HCV increase serum 
AKR1B10, which was more pronounced in HCC and liver 
cirrhosis. Therefore, a robust expression of ARK1B10 during 
the early stage of HCC increases its candidacy as a poten-
tial biomarker compared with AFP, in the early detection 
of HCC. Furthermore, the current data support the notion 
that, with a concurrent evaluation of multiple potential 
biomarkers, which is still a focus of ongoing research, the 
rate of detection of early stage HCC could be improved, 
as reported previously (44). By combining AKR1B10 with 
AFP, there could be a notable improvement in the diagnostic 
performance and screening of HCC.

A limitation of the current study is the relatively small 
number of subjects. In addition, whether the association 
between serum AKR1B10 levels and tissue AKR1B10 expres-
sion in patients with HCC was linearly dependent or not was 
not investigated. In this regard, a prospective large sample 
analysis of the association between serum AKR1B10 levels 

Table IV. Diagnostic performance of serum AKR1B10 in 
combination with AFP in patients with HCC.

AKR1B10/AFP	 HCC	 Non‑HCC	 Total

AKR1B10 >1.5 ng/ml	 78	 63	 141
± AFP >11.71 ng/ml
Negative for both	 6	 70	 76
Total	 84	 133	 217

AKR1B10, aldo‑keto reductase family 1 member B10; AFP, 
α‑fetoprotein; HCC, hepatocellular carcinoma.

Table III. Comparison of the AUC for serum AKR1B10 and AFP for HCC diagnosis.

Item	 AUC	 SE	 95% CI	 Z‑value	 P‑value

AKR1B10	 0.759	 0.032	 0.697‑0.821		
AFP	 0.796	 0.033	 0.732‑0.860		
AFP‑AKR1B10	 0.037	 0.046		  0.805	 0.390

AKR1B10, aldo‑keto reductase family 1 member B10; AFP, α‑fetoprotein; HCC, hepatocellular carcinoma; AUC, area under receiver operating 
characteristic curve; SE, standard error; CI, confidence interval.
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and HCC tissues expression should be performed in multi-
center studies. Furthermore, AKR1B10 expression was not 
exclusively revealed in malignant tumors; a low to moderate 
expression was also observed in the normal human tissues 
or non‑neoplastic conditions. Therefore, further studies are 
required to characterize the specific role of AKR1B10 in liver 
cancer screening.

In conclusion, levels of AKR1B10 are significantly 
elevated in patients with HCC in a stage‑dependent manner 
and could serve as a prospective serum biomarker for diag-
nosing HBV/HCV‑related early HCC. The unique expression 
of AKR1B10 in early stage HCC makes it a stronger candidate 
biomarker compared with others for early detection of HCC. 
Furthermore, evaluating combined AKR1B10 and AFP levels 
has some promising clinical implications, since a high diag-
nostic accuracy for HCC by concurrently examining these two 
biomarkers appears to be achievable.
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