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Abstract. Hepatocellular carcinoma (HCC) is a common 
malignant tumor in the clinic. Although there are increasing 
numbers of available treatment methods, their therapeutic 
effects are not satisfactory. The clinical indicators commonly 
used to predict the prognosis of HCC include tumor size, 
degree of cirrhosis, degree of tumor differentiation and tumor 
microvascular invasion; however, there are currently no 
molecular indicators that can predict the prognosis of HCC. 
Due to the differences in the progression of liver cancer among 
individuals, there is a growing need for prognostic biomarkers 
to accurately stratify patients for appropriate risk‑adaptive 
treatment. The DNA topoisomerase 2‑α (TOP2A) gene, which 
is located on human chromosome 17, encodes DNA topoisom‑
erase IIα. Previous studies have demonstrated that TOP2A 
indicates a poor prognosis in patients with various types of 
tumors, but no such studies are currently available on HCC. 
By analyzing the differential expression of TOP2A in 50 pairs 
of tumor and paracancerous tissue samples in The Cancer 
Genome Atlas (TCGA) database, the present study revealed 
that the expression of TOP2A was significantly higher in 
tumor tissue compared with that in paracancerous tissue 
(P=6.319x10‑16). In the collected clinical samples, the mRNA 
expression levels of TOP2A were significantly upregulated in 
HCC tumor tissues compared with those in the paracancerous 
tissues (P=6.40x10‑3), suggesting that TOP2A was associ‑
ated with the occurrence and development of liver cancer. In 
addition, the associations between TOP2A expression, clini‑
copathological features and prognosis were analyzed using a 
multi‑center large sample dataset from TCGA database, and 
the results demonstrated that high expression of TOP2A was 
associated with a higher T stage, poorer clinical stage and 

higher histological grade compared with those in patients 
with low TOP2A expression. High expression of TOP2A was 
also identified to be associated with a poor prognosis of HCC, 
particularly in Asian populations. These results suggested that 
high expression of TOP2A in HCC tissues may be closely 
associated with tumor progression and metastasis, which may 
be used as a biological indicator to predict tumor prognosis in 
clinical practice.

Introduction

According to the WHO data released in May 2019, the 
number of new liver cancer cases was 841080 worldwide in 
2018 ranked sixth, and the number of deaths was 781631, the 
death rate ranked third among all known types of cancer. 
In Asia, liver cancer ranks fourth in morbidity and third in 
mortality (1). The main treatment methods of primary liver 
cancer include surgical resection, local ablation, transhepatic 
arterial chemotherapy and embolization (TACE), molecular 
targeting and immunotherapy under exploration (2). However, 
the treatment outcomes remain still unsatisfactory. As an 
important indicator for the diagnosis of hepatocellular 
carcinoma (HCC), compared to healthy subjects, the serum 
α‑fetoprotein (AFP) is increased to varying degrees in ≤70% of 
HCC cases. However, it has been demonstrated that AFP levels 
do not predict the tumor stage or prognosis (3). The clinical 
indicators commonly used to predict the prognosis of HCC 
include tumor size, degree of cirrhosis, tumor differentiation 
and microvascular invasion (4,5). Due to the differences in 
the progression of liver cancer among individuals, there is a 
growing need for prognostic biomarkers to accurately stratify 
patients for appropriate risk‑adaptive treatment.

DNA topoisomerase is an enzyme that catalyzes the trans‑
formation of DNA topologies; it is present in the nucleus of 
living organisms and not only serves a catalytic role in the 
breaking and binding of DNA strands, but also affects the 
three‑dimensional structure of DNA (6). DNA topoisomerase 
type I (TOP1) breaks the single strand, whereas DNA topoi‑
somerase II (TOP2) cuts off the double chain (7). Although 
the two TOPs are highly homologous in structure, their distri‑
bution in the organism is significantly different, and they are 
not produced by the same transportation process (8). TOP2 
is divided into two subtypes, of which the 1,531 amino acid 
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170 kDa subtype encoded by the TOP2A gene is topoisom‑
erase IIα, and the 1,621 amino acid 180 kDa subtype encoded 
by the TOP2B gene is topoisomerase IIβ (9). TOP2A serves an 
important role in DNA synthesis and transcription, as well as 
chromosome segregation during mitosis (10). The location of 
the human TOP2A gene is on chromosome 17, and its expres‑
sion is associated with cell proliferation and the cell cycle; its 
production and degradation are regulated by the cell cycle, and 
it decreases rapidly after completing mitosis (11,12). Previous 
studies have reported that the accumulation of the TOP2A 
protein occurs due to the stable upregulation of TOP2A tran‑
scription (13,14).

In addition to its physiological function, TOP2A has been 
reported to be a sensitive and specific marker of active prolif‑
erating cells in the late S, G and M phases of the cell cycle, 
indicating its importance in cancer research (15). Increased 
cell proliferation is a hallmark of malignant tumors, and the 
expression of TOP2A in proliferating cells is significantly 
increased; therefore, its expression levels reflect the tumor 
proliferation level to a certain extent and indicates invasive 
behavior and poor prognosis (16). In colorectal (17), liver (18), 
esophageal (19) and gastric cancer (20), the expression levels 
of TOP2A are higher compared with those in the adjacent 
normal tissues. TOP2A can be used as a potential biomarker 
to predict the prognosis of patients with malignant tumors and 
screen out high‑risk cases in order to enable individualized 
treatment (21). In a study on triple‑negative breast cancer, 
a significant association was observed between the TOP2A 
gene and chromosome  17 polysomy (CEP17) status, and 
TOP2A has a certain predictive effect on the therapeutic effect 
of anthracycline drugs (22). Wittmann et al (23) confirmed 
that the high expression of TOP2A was associated with 
tumor metastasis and death outcome by analyzing 102 cases 
of nephroblastoma. A large‑scale retrospective study has 
demonstrated that TOP2A high expression is associated with 
poor differentiation and neural invasion of esophageal cancer, 
and is also an independent risk factor affecting the prognosis 
of esophageal cancer (24). De Resende et al (25) have reported 
that high expression of TOP2A protein is associated with 
severe lymphatic vascular invasion and a low relapse‑free 
survival rate in prostate cancer. In addition, in breast cancer, 
TOP2A expression is associated with Ki67 expression, 
mitotic count, tumor grade and nipple infiltration, and high 
expression of TOP2A adversely affects prognosis (26). High 
expression of TOP2A in tumors, such as pancreatic cancer, 
prostate cancer and breast cancer is also associated with 
regional lymph node metastasis and metastasis to other 
organs, and these behaviors lead to a poor prognosis (27‑29). 
In studies on endometrial (30) and adrenal gland (31) cancer, 
high expression of TOP2A has been demonstrated to indicate 
a poor prognosis. However, to the best of our knowledge, no 
studies on TOP2A expression and prognosis in primary liver 
cancer are currently available.

The present study aimed to investigate the association 
between TOP2A expression and the clinicopathological char‑
acteristics of patients with liver cancer, and to conduct survival 
analysis on the prognosis of the entire liver cancer cohort 
and the Asian cohort in The Cancer Genome Atlas (TCGA) 
database to explore the feasibility of TOP2A as a prognostic 
indicator.

Materials and methods

Patients and samples. The study protocol and acquisition 
of tissue specimens were approved by the Clinical Ethics 
Committee of The Affiliated Tumor Hospital of Nantong 
University (approval no. 2018‑024). The patients provided 
informed consent for participation and publication of the 
present study. The inclusion criteria were patients who were 
clinically diagnosed with HCC and were about to undergo 
surgical resection, regardless of tumor size, sex and age. All 
specimens were verified as HCC by pathological analysis and 
non‑HCC patients will be excluded. A total of 15 HCC and 
paired paracancerous liver tissue specimens were collected 
during hepatectomy at The Affiliated Tumor Hospital of 
Nantong University between March and August 2018. Among 
the 15 cases, 7 were males and 8 were females, age range, 
47‑77 years old with a mean age of 63 years. The liver tissues 
within 2 cm from the edge of the tumor was obtained as para‑
cancerous tissues. The specimens were immediately stored in 
liquid nitrogen until further experiments. These same speci‑
mens have been used in a previous study (32).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR)
RNA preparation. Total RNA was extracted from 15 pairs of 
HCC and paired paracancerous tissues by TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.).

Synthesis of cDNA chain 1. Total RNA was reverse tran‑
scribed into cDNA, and Beacon Designer 8.14 (http://www.
premierbiosoft.com/molecular_beacons/index.html) was 
used to design the RT‑PCR primers. Total RNA was extracted 
from tumor or paracanerous tissue using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific Inc). The RNA was 
subsequently treated with RNase‑free DNase  I (Roche 
Applied Science, Inc). Reverse transcription was performed 
using the BcaBest® RNA PCR kit (Takara Biotechnology, 
Co., Ltd) with a temperature protocol of 30˚C for 5 min, 
followed by 65˚C for 30 min and 98˚C for 5 min. The quan‑
titative polymerase chain reaction was conducted using the 
StepOnePlus® Real‑Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific Inc.). The primer sequences were 
as follows: TOP2A forward, 5'‑CAT​TGA​AGA​CGC​TTC​
GTT​ATG​G‑3' and reverse, 5'‑CAG​AAG​AGA​GGG​CCA​GTT​
GTG‑3'; and β‑actin forward, 5'‑ATA​GCA​CAG​CCT​GGA​
TAG​CAA​CGT​AC‑3' and reverse, 5'‑CAC​CTT​CTA​CAA​TGA​
GCT​GCG​TGT​G‑3'. The qPCR mix comprised the following: 
10 µl SYBR® Green I (BioRuler, Inc.), 0.8 µl (10 µmol/l) 
qPCR upstream and downstream primers, 2 µl cDNA, 0.4 µl 
50X ROX reference dye and deionized water to 20 µl. The 
reaction conditions were as follows: 95˚C for 1 min, followed 
by 40 cycles of 95˚C for 30 sec and 60˚C for 40 sec. All 
experiments were repeated three times. The relative quan‑
titative was used by 2‑ΔΔCq method  (33). The results were 
analyzed by paired Student's t‑test.

Gene expression data and clinical data from TCGA 
database. Gene expression and clinical data from patients 
with HCC were obtained from TCGA‑liver hepatocel‑
lular carcinoma (LIHC) dataset (https://www.cancer.
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gov/about‑nci/organization/ccg/research/structural‑genomics/tcga). 
A total of 371 cases and 424 samples of gene expression data 
were downloaded. Among them, 50 tumor tissue samples 
were paired with paracancerous tissues, and the rest of 
the 374 samples were tumor tissue. A total of 377 cases of 
clinical data files were obtained, 371 cases retained after 
matching with tissue specimen data when analyzing the 
prognostic factors. Among the 371 cases, 252 were from 
male and 119 were from female patients, with a mean age of 
59.44 years (age range, 16‑90 years). Among the 371 cases, 
one case provided 2 tumor tissue specimens, another case 
provided 3  tumor tissue specimens, and the remaining 
369 cases each provided one tumor tissue specimen. The 
total number of specimens was 374. Of the 371 cases, there 
was one case provided 3 tumor samples, and another case 
provided 2  tumor samples, so the total number of tumor 
samples was  374. Among these 374  tumor specimens, 
some clinical information was missing. Seven cases lacked 
T stage, 17 lacked clinical stage and 2 lacked histological 
grade. These cases were deleted accordingly during analysis.

Differential TOP2A expression analysis. Perl language (www.
perl.org) was used to organize the downloaded data, and R 
(version 3.6.0) (34) was used to analyze the differences in 
TOP2A expression between paracancerous and tumor tissues. 
‘Limma’ (35) and ‘beeswarm’ (36) packages were used to 
analyze the differences in the expression of TOP2A between 
paracancerous and tumor tissues, and Perl was used to pair the 
tumor tissues with paracancerous tissues for analysis.

Associations between TOP2A expression, clinicopathological 
characteristics and prognosis. To study the associations 
between TOP2A expression and pathological grade, clinical 
and T  stage, logistic regression analysis was performed 
using R. Univariate and multivariate analyses were conducted 
for age, sex, pathological grade, clinical staging, T stage and 
TOP2A expression levels using the ‘survival’ package, and 
Kaplan‑Meier analysis was conducted to compare the survival 
of patients stratified into high and low TOP2A expression 
groups.

Statistical analysis. The quantitative data are presented as 
the mean ± SD, and the qualitative data are presented as 
counts or percentages. R (version 3.6.0) was used for statis‑
tical analysis. The median TOP2A expression was used as 
the cut‑off value to determine the high and low expression 
groups. The exact median expression value was assigned to 
the low expression group. Paired t‑test was used to analyze the 
differences in TOP2A mRNA expression in 15 pairs of fresh 
tumors and paracancerous tissues. When analyzing TOP2A 
expression data downloaded from TCGA, all 374  tumor 
samples were compared with 50 paracancerous tissues using 
unpaired Student's t‑test, and 50 pairs of tumors and paracan‑
cerous tissues from the same patients were compared using 
paired Student's t‑test. Kruskal‑Wallis tests were performed 
to determine the associations between TOP2A expression 
and clinicopathological characteristics. Cox multivariate 
regression was used to ascertain the expression of TOP2A 
in tumor and adjacent tissues, and Renyi test was used for 
survival analysis.

Results

TOP2A mRNA expression in tumor and paracancerous tissues. 
To determine the differences in TOP2A expression between 
tumor and paracancerous tissues, RNA was extracted from 
15 pairs of tumor and paracancerous tissues and analyzed by 
RT‑qPCR. The mRNA expression levels of TOP2A in tumor 
tissues was significantly higher compared with those in para‑
cancerous tissues normalized to β‑actin (P=0.0064; Fig. 1).

TOP2A expression and clinicopathological features in 
TCGA‑liver hepatocellular carcinoma (LIHC) dataset. In the 
TCGA‑LIHC dataset, the expression of TOP2A in 374 tumor 
tissue specimens was higher compared with that in 50 para‑
cancerous tissues (P=1.85x10‑27; Fig. 2A). In 50 paired samples 
of tumor and paracancerous tissues, the expression levels of 
TOP2A in tumor tissues were higher compared with those in 
the paired paracancerous tissues (P=6.319x10‑16; Fig. 2B).

The association between the expression of TOP2A and 
T stage, clinical stage and histological grade were analyzed 
by logistic regression. The expression levels of TOP2A in 
stages T3‑T4 were higher compared with those in stages T1‑T2 
(OR, 1.86; 95% CI, 1.16‑3.02; P=0.011; Table I). The expression 
of TOP2A in clinical stage II tumors was higher compared 
those in with stage I (OR, 1.88; 95% CI, 1.11‑3.17; P=0.012); 
the expression of TOP2A in stage III‑IV was higher compared 
with that in stage I (OR, 2.71; 95% CI, 1.59‑4.69; P=2.90x10‑4); 
and the expression of TOP2A in histological grade G3‑G4 
was higher compared with that in grade G1‑G2 (OR, 3.22; 
95% CI, 2.07‑5.07; P=3.12x10‑7; Table I). Kruskal‑Wallis test 
identified significant differences in the expression of TOP2A 
among different histological grades, clinical stages and 
T stages (Fig. 3).

High expression of TOP2A is associated with a poor prognosis. 
To determine the association between TOP2A expression 
and prognosis, Kaplan‑Meier analysis was performed in 
data subsets stratified by clinicopathological factors. As 
presented in Fig. 4, the overall survival of patients with low 
expression of TOP2A was higher compared those with high 

Figure 1. TOP2A expression in HCC and paracancerous fresh tissue samples 
was determined by reverse transcription‑quantitative PCR. The X‑axis repre‑
sents the patient's serial number. HCC, hepatocellular carcinoma; TOP2A, 
DNA topoisomerase IIα.
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expression (P=2.20x10‑4; Fig. 4A). The 5‑year survival rate of 
the TOP2A high expression group was 48.7%, whereas that of 
the low expression group was 55.4%. Among different clinical 
stages, the overall survival of the high expression group does 
not present with improved survival in any of the presented 
groups. Clinical stage I‑III (P=1.90x10‑4; Fig. 4B), stage II‑III 
(P=5.74x10‑4; Fig. 4D), stage III (P=5.99x10‑3; Fig. 4F) and 
stage  III‑IV (P=2.31x10‑2; Fig.  4G) exhibited significant 
differences between the two groups. No significant differences 
were observed between the high and low TOP2A expression 
groups in the overall survival of patients at stage I and stage II 
(P=0.17; Fig. 4C and P=0.13; Fig. 4E), and no independent 
survival analysis was performed for patients at stage IV as the 
number of patients was low.

In the multivariate analysis, high expression of TOP2A 
was the only independent factor for poor prognosis of HCC 
(HR, 1.240; 95% CI, 1.071‑1.435; P=2.23x10‑6; Fig. 5A).

Effects of TOP2A expression on survival in different ethnic 
groups. Kaplan‑Meier analysis was performed using data from 
Asian and non‑Asian patients (all ethnic groups) in the dataset 
to identify whether differences in ethnicity were associated 
with the effects of TOP2A on patient survival in HCC. As 
presented in Fig. 6, the overall survival of Asian patients in 
the high and low TOP2A expression groups was significantly 
different (P=5.03x10‑5), whereas among the non‑Asian groups, 
the overall survival differences due to abnormal TOP2A 
expression were not significant (P=0.212). Multivariate 

analysis results indicated that high expression of TOP2A was 
an independent prognostic factor in the Asian population 
(HR, 2.005; 95% CI, 1.493‑2.692; P=3.74x10‑6; Fig. 5B).

Discussion

HCC is one of the most common malignant tumors world‑
wide  (37). After years of development, the treatment 
methods for HCC have gradually evolved from early surgical 
resection, liver transplantation, TACE, chemotherapy and 
radiotherapy to molecular targeted therapy combined with 
immunotherapy (38). AFP was previously recommended by 
the guidelines as a serum marker for monitoring HCC (39). A 
study by Agopian et al (40) reported that among 665 patients 
with HCC, 31.3% had AFP levels within the normal range. 
Although AFP is still used in the clinic, it cannot be used 
to monitor patients who present with normal levels of 
AFP (41). The European Association for the Study of the 
Liver (EASL) recommends that in addition to AFP, vascular 
endothelial growth factor and angiopoietin 2 can also be used 
as prognostic markers (42). In addition, efforts to identify 
new effective prognostic biomarkers for HCC are ongoing. 
According to previous reports, high expression levels of 
collagen type XXIV alpha 1 chain  (43), ubiquilin 2  (44), 
sushi, von Willebrand factor type  A, EGF and pentraxin 
domain containing 1 (45), acyl‑CoA synthetase long chain 
family member 4 (46) and YTH N6‑methyladenosine RNA 
binding protein 1 (47) are associated with the progression of 

Table I. Logistic regression of TOP2A expression and patient clinicopathological characteristics.

Characteristic	 n	 Total, n	 Odds ratio (95% CI)	 P‑value

T stage, T3‑T4 vs. T1‑T2 	 93 vs. 274	 367	 1.86 (1.16‑3.02)	 1.10x10‑2a

Clinical stage		  347		
  Stage II vs. stage I	 86 vs. 171	 257	 1.88 (1.11‑3.17)	 1.20x10‑2a

  Stage III‑IV vs. stage I 	 90 vs. 86	 176	 2.71 (1.59‑4.69)	 2.90x10‑4a

Histological grade, G3‑G4 vs. G1‑G2	 137 vs. 235	 372	 3.22 (2.07‑5.07)	 3.12x10‑7a

aP<0.05. All the patients were from the TCGA cohort. TOP2A, DNA topoisomerase IIα; TCGA, The Cancer Genome Atlas.

Figure 2. Expression of TOP2A is higher in HCC compared with that in adjacent tissues. (A) TOP2A expression in 50 paracancerous liver tissue samples and 
374 HCC samples obtained from TCGA. (B) TOP2A expression in 50 paired tumor and paracancerous tissues obtained from TCGA. HCC, hepatocellular 
carcinoma; TOP2A, DNA topoisomerase IIα; TCGA, The Cancer Genome Atlas.
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HCC. Another study has demonstrated that in addition to the 
American Joint Committee on Cancer staging system, a long 
non‑coding RNA‑based risk score is another important factor 
affecting the overall survival of patients with HCC  (48). 
However, none of the above methods are currently widely 
used in the clinic. Therefore, there is an urgent need to iden‑
tify new prognostic markers for HCC.

TOP2A serves an important role in various biological 
behaviors of cells, including DNA replication, chromosome 
separation, chromatin concentration and gene expression (49). 
As a DNA replication‑ and cell division‑regulating enzyme, 
TOP2A is the main target of several anticancer drugs, such as 
doxorubicin, etoposide, and mitoxantrone (50). High expres‑
sion levels of TOP2A in various types of tumors, such as lung 

Figure 3. Associations between TOP2A expression and patient clinicopathological characteristics. (A‑C) TOP2A expression levels in patients stratified into 
groups by (A) T stage, (B) clinical stage and (C) histological grade. All samples were obtained from the TCGA. T, tumor; G, tumor grade; TOP2A, DNA 
topoisomerase IIα; TCGA, The Cancer Genome Atlas.

Figure 4. Overall survival of patients with HCC stratified into TOP2A high and low expression groups. (A) All patients. (B‑G) Patients with (B) stage I‑III, 
(C) stage I, (D) stage II‑III, (E) stage II, (F) stage III and (G) stage III‑IV HCC. All samples were obtained from the TCGA. HCC, hepatocellular carcinoma; 
TOP2A, DNA topoisomerase IIα; TCGA, The Cancer Genome Atlas.
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adenocarcinoma, bladder urothelial carcinoma, breast, prostate 
and colon cancer, indicates a poor prognosis (51‑55), although 
this has not been previously reported in HCC. However, 
Panvichian et al (56) have demonstrated that the high expres‑
sion of TOP2A in HCC is associated with the high expression 
of Ki67, and Ki‑67 expression has been found to correlate with 
tumor growth rate and poor prognosis in HCC (57), which 

indicates that TOP2A is a potential target for the treatment of 
HCC. In the present study, TOP2A was selected as a potential 
prognostic marker of HCC for further study. Analysis of the 
differential expression of TOP2A in 50 pairs of tumor and 
paracancerous tissue specimens in TCGA database revealed 
that the expression of TOP2A in tumor tissue was significantly 
higher compared with that in paracancerous tissue. In fresh 

Figure 5. Multivariate analysis of prognostic factors in hepatocellular carcinoma. (A) All cases were fromTCGA cohort. (B) Asian cases in TCGA cohort. 
TOP2A, DNA topoisomerase Iiα; stage, clinical stage; T, tumor size stage; TCGA, The Cancer Genome Atlas.
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clinical samples, the mRNA levels in HCC and paired samples 
confirmed that TOP2A was significantly highly expressed in 
tumor tissues, consistent with a previous study (56), suggesting 
that TOP2A may be associated with the occurrence and devel‑
opment of liver cancer. These results suggested that the high 
expression levels of TOP2A in HCC may be associated with 
tumor growth and metastasis, and that TOP2A may be used 
as a biomarker to predict tumor prognosis in clinical practice.

In the present study, a high T stage, poor differentiation 
degree and a high clinical stage were associated with high 
expression levels of TOP2A. In the univariate and multivariate 
analyses, high expression of TOP2A was identified as an 
independent predictor of HCC prognosis. Zhang et al  (53) 
have reported that TOP2A promotes colon cancer progression 
by regulating ERK and AKT. The ERK and AKT pathways 
are two key signaling pathways involved in various tumor 
processes associated with the malignant proliferation of 
cancer (58,59). Therefore, in HCC, TOP2A may also promote 
the proliferation of HCC by regulating these two pathways.

The results of the present study demonstrated that the 
cumulative survival rate of patients with high expression of 
TOP2A was higher compared with that of patients with low 
expression of TOP2A. Due to ethnic differences, the role of 
TOP2A expression in predicting tumor prognosis in different 
ethnic groups was also different (60). The association between 
high expression of TOP2A and poor prognosis was more 
significant in the Asian population compared with that the 
white population in the present study. The etiology of Asian 
HCC is mostly associated with viral hepatitis (37), which may 
be due to the effects of the hepatitis virus on DNA replication. 
Thus, the predictive effect of TOP2A on HCC may be different 
between the Asian and non‑Asian populations.

However, there were certain limitations to the present 
study. First, the present study determined that high expression 
of TOP2A may lead to a poor prognosis of HCC using TCGA; 
while TCGA is a useful resource for obtaining research clues, 
this result needs to be verified in clinical samples, which will 
be performed in future studies. Second, since the present study 
was preliminary, the difference in the expression of TOP2A in 
15 pairs of tumors and paracancerous tissues was only verified 

at the mRNA level, and these differences will be verified at 
the protein level in more cases in the future study. Third, in the 
survival analysis between the high and low TOP2A expres‑
sion groups, a number of survival curves reversed in the late 
follow‑up period. As Rocha‑Singh (61) has reported, retro‑
spective and observational studies present inherent potential 
moderate and strong bias, which may obscure, overestimate and 
even reverse the real effects. The appearance of this reversal 
may mean that beyond this time point, the value of TOP2A as 
a risk factor for poor prognosis of HCC began to decrease. On 
the other hand, cases in the TCGA database are followed up 
for ≤10 years. With the extension of survival time, a number 
of patients may succumb to other diseases than HCC, which 
may lead to bias in the results at the later stage of follow‑up. 
In addition, further studies will be required in the future to 
establish the prediction model, in vitro and in vivo functions, 
signal transduction pathways and molecular mechanisms that 
affect the expression of TOP2A in HCC.

In conclusion, the results of the present study demonstrated 
that high expression of TOP2A in HCC was associated with an 
advanced clinical stage, a low tumor differentiation grade and 
a high T stage. The expression of TOP2A may be an important 
biomarker for predicting the prognosis of HCC, especially in 
the Asian population.
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