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Introduction
Hepatocellular carcinoma (HCC) is the most common pri-
mary malignancy of liver cancer which is estimated with 
905 677 new cases and the third cause leading cancer-related 
death (death rate about 8.3%) worldwide, according to cancer 
statistics of the GLOBOCAN 2020. In the same year, approxi-
mately 26 418 (14.5%) new cases of HCC are reported in 
Vietnam. HCC progresses quietly without any specific symp-
tom in pre-clinical stage, so most patients are diagnosed in 
advanced stage of HCC who spend expensive cost of cancer 
treatment and healthcare, but have a high rate of postoperative 
recurrence and metastasis and has the 5-year survival rate lower 
than 9%.1

Vietnam was one of the developing countries in the epide-
miological area accounting for about 80% of HCC cases and 
had epidemiological characteristics of HCC such as infection 
with hepatitis virus (HBV) or hepatitis C virus (HCV), alco-
hol use, diabetes, or cirrhosis in the same high prevalence rate. 
Disease burden and low effectiveness of treatment HCC were 
the facts that happened commonly here. Most Vietnamese 
HCC patients had 1 or more comorbidities that were risk fac-
tor of HCC. However, due to their low-socioeconomic and 

lack of knowledge about this disease, only when their health 
got worse and worse, they accepted to visit the hospital for 
treatment. When advanced disease, all therapeutic options 
were limited extremely because of bad prognosis.2

To improve survival rate of HCC patients, clinically diag-
nostic of HCC at early-stage plays a significant role to screen 
and choose an optimal therapy for high-risk patients. 
Regularly, from the findings of abdominal ultrasonography 
and symptoms of liver cirrhosis, patients are diagnosed of 
HCC by combination of methods. Non-invasive tests identi-
fication biomarkers in serum such as Alpha fetoprotein (AFP), 
lens culinary agglutinin-reactive fraction of AFP (AFP-L3%), 
and Des-gramma-carboxy prothrombin (DCP) known as 
PIVKA II (protein introduced by vitamin K absence or antag-
onists II) are used widely. However, these tests of sensitivity 
and specificity are controversial and limited. For example, AFP 
levels may be not increased or normal in approximately 40% 
HCC patients, especially small tumor size, and increased in 
pregnancy, severe hepatitis or cirrhosis.3 In addition, PIVKA-II 
test has higher sensitivity and specificity than AFP3 but its 
levels are also overexpressed in coagulation dysfunction, liver 
cirrhosis, or several non-tumor factors.4 AFP-L3 have been 
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proven as potential biomarker for diagnosing discrimination of 
HCC with AFP level-normal.5 In levels of AFP <20 ng/mL, 
Hie-Won suggested that combination of AFP+AFP-
L3+DCP had sensitivity of 75% in chronic hepatitis patients 
with or without HCC. The present meta-analysis demon-
strated that these biomarkers should be combined to perform 
the overall sensitivity and specificity better than6 just as 88% 
and 79%3 or 92.2 and 81.7,7 respectively. Notably, almost HCC 
patients had liver cirrhosis and approximately 70% of those 
were related to HBV or HCV infection.8,9 Besides, level of 
each biomarker may be different from patients with or without 
liver cirrhosis.10

Using correct diagnosis methods in detection HCC had 
important implication for patients that had background disease 
from liver cirrhosis because HCC was a serious type cancer, 
complex progress, short life-time of patient HCC, and over-
necessary diagnosis should be avoided. There were no-evidence 
clearly and lack of specific guidance on early detection HCC in 
patients at risk, especially in Vietnam. Human telomerase 
reverse transcriptase (hTERT) mRNA in serum was reported 
that was similar to process of HCC, tumor size and number.11 
The sensitivity/specificity of combinations of hTERT mRNA 
with AFP was 96.0%/87.2%.11 From this result, hTERT was 
predicted a potential biomarker for diagnosis and monitored 
the treatment course.11,12 Based on limitation of the previous 
studies, we hoped finding an appropriate diagnosis from iden-
tifying value of hTERT alone and in combination with AFP, 
AFP-L3, DCP to assess sensitivity and specificity of biomark-
ers in detecting early-stage HCC for high-risk Vietnamese 
patients that had cirrhosis liver HBV or HCV-related.

Materials and Methods
Ethics statement

This study was approved by the University of Medicine and 
Pharmacy HCM City Ethics Review Committee (approval 
number #2018-295). Clinical databases and serum of patients 
were collected after written informed consent from partici-
pants. Results of study will support medical doctors to select 
the best regimen for each patient.

Study design and collect sample

During the period from April 2018 to December 2019 at 
University of Medical Center—Ho Chi Minh City University 
of Medicine and Pharmacy, 1900 chronic hepatitis patients 
with HBsAg and/ or HBV-DNA positive over 6 months 
recently and 550 patients with anti HCV + HCV-RNA or 
HCV Core-Ag positive were retrospectively enrolled from 
medical databases of hospital. Patients suffering from liver 
cirrhosis (LC) or in ultrasound were “liver cirrhosis” to be col-
lected in 2 groups. Based on diagnosis and treatment guide-
lines of HCC from Vietnamese Ministry of Health and the 
Barcelona Clinic Liver Cancer (BCLC) system,13 patients 

had 1 of 3 diagnostic results with HCC: (1) histopathology, 
(2) computed tomography (CT scan) with contrast, or (3) 
magnetic resonance imaging (MRI), were recruited in HCC 
group. Non-HCC and liver cirrhosis patients were partici-
pated in LC group. For the current study, we excluded partici-
pants such as metastatic liver cancer, pregnancy, co-infection 
HIV, or received any HCC treatments (surgical resection, 
radiotherapy, chemotherapy) before. A total of 340 patients 
with 170 HCC cases and 170 cirrhosis cases were enrolled 
finally. After writing informed consent, each patient was col-
lected 3 mL blood into serum tube to determine 4 markers. 
All blood samples were obtained from patients at the time of 
admission

Identif ied of serum hTERT mRNA, AFP, 
AFP-L3, DCP

hTERT mRNA was evaluated by Real-time PCR method 
using SYBR Green. Serum AFP+AFP-L3+DCP were 
assessed by µTASWako® i30 a clinical automated immunoana-
lyzer system using a micro-chip capillary electrophoresis 
(Liquid-phase binding assay). Concentrations of AFP and 
AFP-L3% were calculated on the basis of the peak region of 
the fluorescence intensity of complex 1 (part AFP-L3) and 
complex 2 (part AFP-L1). The AFP concentration is the total 
concentration of AFP-L1, AFP-L3 and AFP-L3% deter-
mined by the following formula: (AFP-L3 concentration)/
(AFP-L1 + AFP-L3 concentration) × 100. These tests require 
accuracy and all patient samples are only performed when the 
internal examination results are satisfactory. Epidemiological 
information was collected including age, gender, Child-Pugh 
score and BCLC stage, tumor size, number of tumors, location 
of tumor in HCC group.

Statistical analysis

SPSS software version 20.0 was used for statistical analysis. All 
differences were statistically significant at the 95% confidence 
interval (CI) with P-values were 2-sided and <.05. Categorical 
variables include Child-Pugh grade, BCLC stage, tumor size, 
number of tumors, location of tumor, were presented as case 
number and percentages. For normally distributed continuous 
variables, data was showed as mean ± standard derivation (std), 
or median (interquartile range, lower quartile – upper quartile) 
for its abnormally. Receiver operation characteristic (ROC) 
curve analysis and the area under the curve (AUC) were used 
to evaluate the sensitivity, specific for each cut-off value and to 
compare the diagnostic values of AFP, AFP-L3%, DCP, and 
hTERT mRNA. Using t-test and chi-square test to compare 
differences in groups. For continuous variables or quantitative 
variables (mean/median), Mann-Whitney U test, Kruskal-
Wallis, or ANOVA tests was applied to identified difference of 
each biomarker and to predict the best diagnostic performance 
of them.
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Results
Clinical features
Clinical characteristics of both the HCC and LC groups were 
shown in Table 1. The mean age of HCC patients was 59.8 
(±11.3) years, significantly higher than of the LC patients was 
46.5 (±13.8) years (P < .001). In addition, the male/ female 
ratios were 4.0 and 1.12 among HCC group and LC group 
respectively. This difference was statistical significance 
(P < .001). To BCLC system, there are 5 stages to assess liver 
function. Stage 0 & A were the early-stage of HCC in which 
patients should be diagnosed and follow-up HCC. More haft 

of HCC patients had 1 tumor in liver and the majority location 
of tumor was the right lobe (65.3%).

The present study did not detect hTERT mRNA in serum 
of liver cirrhosis patients but it showed a median of 1610 
(range 498.5-3927.5) copies/mL of HCC patients. Median 
level of AFP, AFP-L3% and DCP in HCC patients were 33 
(5.60-347.95) ng/mL, 7.5 (0.5-39.8)%, and 206.94 (42-3790) 
mAU/mL, higher than those in LC patients were 1.95 
(1.30-2.90) ng/mL, 0.5 (0.5-05)%, and 16 (12.75-20) 
mAU/mL. All these differences were statistical significance 
(P < .001, Table 1).

Table 1. Clinical features of patients in 2 groups.

HCC (N = 170) LC (N = 170) P VALUE

Age (mean ± std, y) 59.8 ± 11.3 46.5 ± 13.8 <.001*

Gender (male/female) 136/34 90/80 <.001*

Child-Pugh grade

 A 152 (89.4) 136 (80.0) .032

 B 17 (10.0) 32 (18.8)  

 C 1 (0.6) 2 (1.2)  

BCLC stage

 0 & A 92 (54.1) 170  

 B, C, D 78 (45.9) 0  

Tumor size, n (%)

 <2 cm 44 (25.9) 0  

 2-5 cm 70 (41.2) 0  

 >5 cm 56 (32.9) 0  

Number of tumors

 1 100 (58.8) 0  

 ⩾2 70 (41.2) 0  

Location of tumor

 The right lobe 111 (65.3) 0  

 The left lobe 21 (12.4) 0  

 Both of lobes 38 (22.4) 0  

AFP (ng/mL) 33 (5.60-347.95) 1.95 (1.30-2.90) <.001*

AFP-L3 (%) 7.5 (0.5-39.8) 0.5 (0.5-05) <.001*

DCP (mAU/mL) 206.94 (42-3790) 16 (12.75-20) <.001*

hTERT mRNA (copies/mL) 1610 (498.5-3927.5) 0.0 (0.0-0.0) <.001*

Data were expressed as mean ± std or median (interquartile range, lower quartile – upper quartile) and numbers (n) with percentage (%). The age variable was 
measured by T-test. The binary variable (gender) was identified by Chi-squared test. The continuous variables (levels of AFP, AFP-L3, DCP, hTERT) with abnormal 
distribution were analyzed by Mann-Whitney U test.
*P-value < .05.
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Correlation between concentration of AFP, 
AFP-L3, DCP and hTERT mRNA with tumor 
marker

As shown in Table 2, the median levels of hTERT mRNA 
were more and more significantly increasing in the develop-
ment of tumor size, and expressed the highest concentration 
compared with other markers (P < .05). However, difference 
median levels of hTERT mRNA among tumor size group 
were not statistically significant. Median concentration of 
AFP, AFP-L3, or DCP was increasing between tumor size 
<2 cm with 2 and 5 cm, but decreasing between tumor size 2 
and 5 cm with >5 cm. Median levels of AFP, AFP-L3, and 
DCP in tumor size group <2 cm were much lower signifi-
cantly than in 5 cm. There was statistically significant 
between the median level of AFP-L3 in tumor size group 
<2 cm with 2 to 5 cm (P < .05). Otherwise, the median level 
of AFP and DCP were significant changes in tumor size 
group <2 and 5 cm.

Diagnostic values of AFP, AFP-L3, DCP, and 
hTERT mRNA alone

To assess the risks for development of HCC progress in 
patients with chronic liver and HBV/ HCV-related, the study 
applied ROC analysis AUC in calculation levels of AFP, AFP-
L3, DCP, and hTERT mRNA individually. As shown in 

Table 3 and Figure 1, DCP marker exhibited the best sensitiv-
ity of 91%, but the worst specific of 76%, at cut-off point of 
20.91 mAU/mL and AUC = 0.925. In 4 serological markers, 
the performances of hTERT mRNA gave desirable diagnostic 
values with sensitivity of 0.88, specific of 0.96 at cut-off point 
of 31.5 copies/mL and the highest AUC value was 0.942. In 
the present study, AFP and AFP-L3 showed lower sensitivity 
of 0.73 and 0.69, respectively, although their specific had the 
better values.

Diagnostic values of AFP, AFP-L3, DCP, and 
hTERT mRNA in combination

The results showed that when combining the 2 markers 
DCP + hTERT mRNA, the AUC area was the highest at cut-
off point of 0.932 (P < .05) with sensitivity of 98.2% and speci-
ficity of 88.2% higher than that of the 3 individual markers 
AFP, AFP-L3, and DCP but lower than that of the hTERT 
mRNA marker alone (see Table 4 and Figure 2). When com-
bining 3 markers AFP+DCP+hTERT mRNA, the AUC 
area was 0.921, the highest diagnosis value with sensitivity of 
100% and specificity of 84.1% than other combinations, but 
lower than of the hTERT mRNA marker used alone. When all 
4 markers were combined, the AUC was only 0.503 although it 
increased the sensitivity but decreased the specificity as non-
diagnostic value.

Table 2. Correlation between concentration of hTERT mRNA, AFP, AFP-L3%, DCP with tumor size.

TUMOR SIzE PA PB PC PD

<2 CM 2-5 CM >5 CM

AFP, ng/mL 8.7 (3.8; 58.5) 183.6 (8.4; 9647.5) 34.8 (8.8; 290.6) .05 .005* .027* .101

AFP-L3, % 2.4 (0.5; 7.7) 16.7 (0.7; 76.1) 9.2 (0.9; 50.3) .001* .001* .221 <.001*

DCP, mAU/mL 31.5 (20.9; 70.7) 3747.7 (750.4; 35 422.5) 178.0 (60.5; 1866.0) .291 <.001* <.001* .003*

hTERT,  
copies/mL

1374.0 (504.3; 2617.5) 1795.0 (550.8; 6826.8) 1876.5 (386.3; 4900.0) .405 .405 .676 .044*

Data were showed as median (lower quartile; upper quartile).
aTumor size group <2 cm with 2 to 5 cm.
bTumor size group <2 cm with >5 cm.
cTumor size group 2 to 5 cm with >5 cm.
dTumor size with each biomarker.
*P-value < .05, using Kruskal-Wallis test to calculate difference of each biomarker.

Table 3. Diagnostic values of AFP, AFP-L3, DCP and hTERT mRNA alone in detection HCC.

MARKERS AUC CUT-OFF SENSITIVITy (%) SPECIFIC (%)

AFP 0.910 5.1 (ng/mL) 0.73 0.92

AFP-L3 0.814 1.05 (%) 0.69 0.90

DCP 0.925 20.91 (mAU/mL) 0.91 0.76

hTERT mRNA 0.942 31.50 (copies/mL) 0.88 0.96
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Figure 1. Receiver operating characteristic (ROC) curves for AFP, AFP-L3, DCP, and hTERT mRNA in detection HCC for liver cirrhosis patients HBV or 

HCV-related.

Table 4. Diagnostic values of AFP, AFP-L3, DCP, and hTERT mRNA in combination.

AUC SENSITIVITy (%) SPECIFIC (%)

AFP+AFP-L3 0.853 81.2 89.4

AFP+DCP 0.900 92.4 87.6

AFP-L3+DCP 0.891 91.2 87.0

AFP+AFP-L3+DCP 0.897 93.5 85.8

hTERT+AFP 0.926 97.6 87.6

hTERT+AFP-L3 0.915 95.9 87.0

hTERT+DCP 0.932 98.2 88.2

hTERT+AFP+ DCP 0.921 100.0 84.1

hTERT+AFP+AFP-L3 0.918 97.6 85.8

hTERT+AFP-L3+ DCP 0.915 99.4 83.5

hTERT+AFP+AFP-L3+DCP 0.503 99.4 1.2
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Discussion
Contemporary medicine has made remarkable advances in 
diagnosis and treatment HCC. However, finding an effective 
screening test about sensitive, easily available, cheap, timely for 
early HCC diagnosis is still the challenge. Some biomarkers 
such as AFP, AFP-L3, DCP, or the combination of these 
markers have been applied commonly to HCC surveillance in 
Asia and Western regions. Unfortunately, it is difficult to be 
reached international consensus due to their limitation of sen-
sitivity and specificity.14 Based on recent technological advance-
ments in medicine, a few studies have suggested that peripheral 
blood telomerase activity may be used as a potentially molecu-
lar marker in diagnosis, prognosis and treatment response 
assessment of HCC.11,15,16 Telomerase enzyme is a complex of 
2 major components in which, human telomerase reverse tran-
scriptase (hTERT) plays a catalytic subunit of its expression. 
Chen et  al17 proved that there was expression of hTERTm-
RNA in tissue (94%) and in serum (the sensitivity/specificity 
about 40%/100%) of breast cancer patients, but undetectable in 
benign disease or healthy persons. hTERT mRNA was absent 
in the healthy liver but low levels of its activity may be observed 
in conditions of physiological activation, chronic liver diseases 
or injury.18,19 Actually, hTERTmRNA was demonstrated to be 
significantly associated with HCC include tumor size/ 
number/grade and presence of intrahepatic metastasis.11,12,20 
Furthermore, with respect to the diagnosis of HCC (with dif-
ferent causes), hTERTmRNA showed sensitivity of 90.2% and 
specificity of 85.4%, higher than AFP, AFP-L3, and DCP,11 
and even be applied to detect HCC in patients with low AFP 
levels.21,22

In the present study, it was noteworthy that the hTERT 
mRNA serum level only occurred in HCC group, significant 

Figure 2. Analysis ROC combination of hTERT mRNA, AFP, AFP-L3, 

and DCP to distinguish between hepatocellular carcinoma patients and 

liver cirrhosis patients.

difference with LC group (P < .001). At cut-off point of 
31.50 copies/mL and AUC = 0.941, hTERTmRNA had the 
best sensitivity (88%) and specificity (96%). From report of 
El-Mazny et  al,21 the role of hTERTmRNA in screening 
HCC was similar to our results. Even so, hTERTmRNA was 
found both in HCC patients, LC patients and healthy persons 
with 200.03 ± 35.3, 84.3 ± 27.3, and 42.8 ± 15.2 copies/mL, 
respectively. At the cut-off point of 144 copies/mL, hTERTm-
RNA had sensitivity of 77.14% and specificity of 100%, lower 
than the present study. This difference could be explained by 
the technical sensitivity of the Real-time PCR kit that was 
used from 2 studies.

HCC has been known as a complex disease with many 
causes in which cirrhosis was the main etiologies. In addition, 
HBV and HCV infection are defined to association with 
HCC,23 mechanisms of HCC development and liver cirrhosis, 
which caused leading to HCC.24 Hence, it is necessary to 
detect early-stage HCC for high-risk patients, especially in 
patients with chronic HBV/HCV infection and liver cirrhosis. 
Previous studies have selected participants include patients 
with different etiologies of liver diseases (HCC, cirrhosis, or 
benign liver disease) and healthy persons. The current study 
enrolled mainly patients with chronic HBV/HCV infection 
and liver cirrhosis but not included control group (healthy 
individuals) that are reported to have little or be absent of 
hTERTmRNA.11,15 All HCC patients in our study had chronic 
HBV/HCV infection and liver cirrhosis for a long time before 
detected with HCC. Therefore, these patients reflected the 
natural history of HCC progression. We mainly focused on the 
analysis of hTERTmRNA with serum AFP, AFP-L3, and 
DCP to identify the most effective markers to complement the 
imaging technology for detection HCC at an early stage, of 
small tumors particularly. The results showed that concentra-
tion of AFP, AFP-L3, and DCP were increased much in HCC 
group than in LC group (significant difference with P < .05). 
However, the ROC curve analysis of each marker was limit 
because of low sensitivity. As shown above, serological markers 
were affected by some potential factors.3,4,25 Caviglia et al26 and 
Park et al27 demonstrated combined application of AFP, AFP-
L3, DCP gave a better overall specificity diagnostic perfor-
mance. Interestingly, when adding hTERTmRNA in analysis 
of other biomarkers had alterations in AUC, and sensitivity/ 
specific. Combining of DCP and hTERTmRNA, the ROC 
curve and the AUC area were the largest at 0.932, with sensi-
tivity of 98.2% and specificity of 88.2%, and higher than that of 
the 3 individual markers AFP, AFP-L3 and DCP but lower 
than that of the hTERT mRNA marker used alone. When all 
4 markers were combined, the AUC was only 0.503 which is 
similar to study of Park et al27 noted that when AFP, AFP-L3, 
and DCP were combined, the AUC was 0.684 smaller than 
when using AFP or DCP alone. Clearly, combination of AFP, 
AFP-L3%, DCP, and hTERT mRNA markers showed 
improvement of HCC diagnostic better than using individual 
marker.
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There was correlation between AFP-L3, DCP, and hTERT 
mRNA with tumor size (P < .05). According to the study of 
Yamamoto et al,28 there was statistically significant difference 
in level of AFP (P < .05) and DCP (P < .001) as tumor size 
increased, while AFP-L3 of changes was not significant. 
Regarding the quantitative results of hTERT mRNA, our 
study illustrated a significant change when the tumor size 
increased (P < .05). This result was consistent with the study of 
El-Mazny et  al21 (P < .001) and the study of Miura et  al11 
(P < .033). These findings indicate that hTERT mRNA could 
be a biomarker for better diagnostic efficacy. Besides, HCC 
often recurs repeatedly, so using serum hTERTmRNA gives 
useful choice to access recurrence or therapeutic effect.11

There was non-evidence of levels hTERT mRNA, AFP, 
AFP-L3 and DCP be affected by age and gender. However, the 
results showed that the mean age of HCC patients was 
59.8 ± 11.3(years), significantly higher than in LC patients, 
consistent with the previous studies and the natural progres-
sion of the disease from hepatitis, cirrhosis to HCC about 10 
to 15 years.29 On the other hand, the proportion of men was 
also more dominant than women and difference significantly 
between HCC group and LC group. This result was the same 
with other studies which were reported that male to female 
ratio incidence in males was significantly higher and averages 
between 2:1 and >4:1.30 Sex hormones, drink much alcohol, or 
diabetes may be cause for the difference in the male/female 
ratio in HCC patients.

In brief, the advantages of study gave medicine evidences 
about diagnostic value of new biomarker namely hTERT 
mRNA combined with AFP, AFP-L3, and DCP for screening 
HCC in liver cirrhosis patients HBV/HCV-related. However, 
hTERT mRNA test was a new method to be applied uncom-
monly in the world and in Vietnam. Thus, using hTERT 
mRNA as a daily test in diagnosis early-stage HCC should be 
needed to validate by more studies with larger sample size and 
multicenter.

Conclusion
This was the first study showed that new combination of 
hTERTmRNA with DCP or AFP to gave a useful choice for 
HCC detection in Vietnamese chronic HBV or HCV associ-
ated liver cirrhosis patients. Besides, the result also demon-
strated that hTERTmRNA was a vital biomarker and only 
expressed in HCC patients. In screening of HCC, clinicians 
can consider to add hTERTmRNA in combination with both 
AFP and DCP for the highest sensitivity, but its specificity is 
lower than in other combinations.

Acknowledgements
We are grateful for supporting data collection and fund of 
University Medical Center Ho Chi Minh City, Ho Chi Minh 
City University of Medicine and Pharmacy, and Ho Chi Minh 
City Department of Science and Technology in Vietnam.

Author Contributions
Bang-Suong Thi Nguyen and Hoang-Bac Nguyen contributed 
to planning, conduct and writing of the manuscript; Xuan-
Thao Thi Le, Huu-Huy Nguyen contributed to design and 
collect sample; Thanh Thanh Vo, Ngan Trung Nguyen, and 
Thien Minh Do-Nguyen analysis of the results; Minh-Khoi 
Le and Cong-Minh Truong Nguyen edit language.

Data Availability
All databases of the study were stored security at University 
Medical Center, Ho Chi Minh City Medicine and Pharmacy 
University. For a reasonable request in the results of this article, 
please contact our corresponding author.

Ethics Approval Statement
Our study was approved by the University of Medicine and 
Pharmacy HCM City Ethics Review Committee (approval 
number #2015-61).

ORCID iD
Bang-Suong Thi Nguyen  https://orcid.org/0000-0003 
-2802-9510

REfEREnCES
 1. Sarveazad A, Agah S, Babahajian A, Amini N, Bahardoust M. Predictors of 

5 year survival rate in hepatocellular carcinoma patients. J Res Med Sci. 2019; 
24:86.

 2. Pan Y, Chen H, Yu J. Biomarkers in hepatocellular carcinoma: current status and 
future perspectives. Biomedicines. 2020;8:576.

 3. Wang X, Zhang Y, Yang N, et al. Evaluation of the combined application of 
AFP, AFP-L3%, and DCP for hepatocellular carcinoma diagnosis: a meta-anal-
ysis. Biomed Res Int. 2020;2020:5087643.

 4. Si YQ , Wang XQ , Fan G, et al. Value of AFP and PIVKA-II in diagnosis of 
HBV-related hepatocellular carcinoma and prediction of vascular invasion and 
tumor differentiation. Infect Agents Cancer. 2020;15:70.

 5. Liu WC, Liu QY. Molecular mechanisms of gender disparity in hepatitis B 
virus-associated hepatocellular carcinoma. World J Gastroenterol. 2014;20: 
6252-6261.

 6. Best J, Bilgi H, Heider D, et al. The GALAD scoring algorithm based on AFP, 
AFP-L3, and DCP significantly improves detection of BCLC early stage hepa-
tocellular carcinoma. Z Gastroenterol. 2016;54:1296-1305.

 7. Qi F, Zhou A, Yan L, et al. The diagnostic value of PIVKA-II, AFP, AFP-L3, 
CEA, and their combinations in primary and metastatic hepatocellular carci-
noma. J Clin Lab Anal. 2020;34:e23158.

 8. Takano S, Yokosuka O, Imazeki F, Tagawa M, Omata M. Incidence of hepato-
cellular carcinoma in chronic hepatitis B and C: A prospective study of 251 
patients. Hepatology. 1995;21:650-655.

 9. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cir-
rhosis: incidence and risk factors. Gastroenterology. 2004;127:S35-S50.

 10. Song T, Wang L, Xin R, Zhang L, Tian Y. Evaluation of serum AFP and DCP 
levels in the diagnosis of early-stage HBV-related HCC under different back-
grounds. J Int Med Res. 2020;48:0300060520969087.

 11. Miura N, Osaki Y, Nagashima M, et al. A novel biomarker TERTmRNA is 
applicable for early detection of hepatoma. BMC Gastroenterol. 2010;10:46.

 12. Zhou XU, Lu J, Zhu H. Correlation between the expression of hTERT gene and 
the clinicopathological characteristics of hepatocellular carcinoma. Oncol Lett. 
2016;11:111-115.

 13. Maria S, Gaetano LG, Rosanna PT, et al. Analysis of BCLC treatment indica-
tions. Have BCLC modified our choice of treatment in HCC patients? A retro-
spective study. Hepatogastroenterology. 2009;56:1090-1094.

 14. Piñero F, Dirchwolf M, Pessôa MG. Biomarkers in hepatocellular carcinoma: 
diagnosis, prognosis and treatment response assessment. Cells. 2020;9:1370.

 15. Kolab WAEM. Telomerase as a tumor marker in hepatocellular carcinoma. 
Biochem Lett. 2012;7:43-63.

https://orcid.org/0000-0003-2802-9510
https://orcid.org/0000-0003-2802-9510


8 Cancer Informatics 

 16. Tatsuma T, Goto S, Kitano S, Lin YC, Lee CM, Chen CL. Telomerase activity 
in peripheral blood for diagnosis of hepatoma. J Gastroenterol Hepatol. 2000; 
15:1064-1070.

 17. Chen XQ , Bonnefoi H, Pelte MF, et al. Telomerase RNA as a detection marker 
in the serum of breast cancer patients. Clin Cancer Res. 2000;6:3823-3826.

 18. In der Stroth L, Tharehalli U, Günes C, Lechel A. Telomeres and telomerase in 
the development of liver cancer. Cancers. 2020;12:2048.

 19. Wiemann SU, Satyanarayana A, Tsahuridu M, et al. Hepatocyte telomere short-
ening and senescence are general markers of human liver cirrhosis. FASEB J. 
2002;16:935-942.

 20. Miura N, Maeda Y, Kanbe T, et al. Serum human telomerase reverse transcrip-
tase messenger RNA as a novel tumor marker for hepatocellular carcinoma. Clin 
Cancer Res. 2005;11:3205-3209.

 21. El-Mazny A, Sayed M, Sharaf S. Human telomerase reverse transcriptase mes-
senger RNA (TERT mRNA) as a tumour marker for early detection of hepato-
cellular carcinoma. Arab J Gastroenterol. 2014;15:68-71.

 22. Chen H, Zhang Y, Li S, et al. Direct comparison of five serum biomarkers in early 
diagnosis of hepatocellular carcinoma. Cancer Manag Res. 2018;10:1947-1958.

 23. Paraskevis D, Magiorkinis G, Magiorkinis E, et al. Dating the origin and dis-
persal of hepatitis B virus infection in humans and primates. Hepatology. 2013;57: 
908-916.

 24. Kanda T, Goto T, Hirotsu Y, Moriyama M, Omata M. Molecular mechanisms 
driving progression of liver cirrhosis towards hepatocellular carcinoma in chronic 
hepatitis B and C Infections: A Review. Int J Mol Sci. 2019;20:1358.

 25. Zhang Z, Zhang Y, Wang Y, Xu L, Xu W. Alpha-fetoprotein-L3 and Golgi pro-
tein 73 may serve as candidate biomarkers for diagnosing alpha-fetoprotein-neg-
ative hepatocellular carcinoma. Onco Targets Ther. 2016;9:123-129.

 26. Caviglia GP, Abate ML, Petrini E, Gaia S, Rizzetto M, Smedile A. Highly sen-
sitive alpha-fetoprotein, Lens culinaris agglutinin-reactive fraction of alpha-
fetoprotein and des-gamma-carboxyprothrombin for hepatocellular carcinoma 
detection. Hepatol Res. 2016;46:E130-E135.

 27. Park SJ, Jang JY, Jeong SW, et al. Usefulness of AFP, AFP-L3, and PIVKA-II, 
and their combinations in diagnosing hepatocellular carcinoma. Medicine. 
2017;96:e5811.

 28. Yamamoto K, Imamura H, Matsuyama Y, et al. AFP, AFP-L3, DCP, and GP73 as 
markers for monitoring treatment response and recurrence and as surrogate markers 
of clinicopathological variables of HCC. J Gastroenterol. 2010;45:1272-1282.

 29. Hann HW, Li D, Yamada H, et al. Usefulness of highly sensitive AFP-L3 and 
DCP in surveillance for hepatocellular carcinoma in patients with a normal 
alpha-fetoprotein. J Med Microbiol Diagn. 2014;3:1-6.

 30. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and 
molecular carcinogenesis. Gastroenterology. 2007;132:2557-2576.


