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ABSTRACT
Background: Tumour characteristics and orthotopic liver transplantation (OLT) criteria are risks
for recurrence of hepatocellular carcinoma (HCC). In Asia, most HCC is caused by chronic hepa-
titis B infection. Whether hepatitis B virus DNA (HBV DNA) is a risk factor for HCC recurrence
after OLT is not clear.
Patients and methods: In this retrospective study, we classified patients into groups of detect-
able and undetectable HBV DNA, non-HCC recurrence, and recurrence and performed analyses
on differed characteristics between groups and risk factors for HCC recurrence after OLT.
Results: Among patients who underwent OLT for HCC, 117 were secondary to CHB infection.
CHB was not a risk, but advanced tumour characteristics were risk factor for HCC recurrence. In
patients with CHB-HCC, 24 (20.5%) of 117 patients had HCC recurrence. Compared to patients
with HBV DNA undetectable (n¼ 75), patients with detectable HBV DNA (n¼ 42) had higher AFP
concentration (p< .001), higher proportion of macrovascular invasion (p¼ .014), greater tumour
diameter (p< .001), poorer TNM stage (p¼ .017), and higher proportion of extended OLT criteria
(p¼ .011) and HCC recurrence (p¼ .036). Preoperative HBV DNA >2000 IU/mL was an independ-
ent risk factor for HCC recurrence (OR ¼ 8.35, 95% CI 1.40, 50.00, p¼ .020). HBV DNA detectable
was not a risk for HCC-related death.
Conclusion: Individuals with preoperative undetectable HBV DNA had advanced tumour charac-
teristics and a higher proportion of HCC recurrence. Antiviral treatment for HCC should be per-
formed, and HBV DNA undetectable should be obtained before OLT. But for an urgent OLT,
preoperative detectable HBV DNA may not affect long-term survival.

KEY MESSAGES

� Patients with HBV DNA detectable had advanced tumour characteristics, a higher proportion
of extended OLT criteria, and HCC-recurrence.

� HBV DNA >2000 IU/mL was a risk factor for HCC recurrence.
� HBV DNA detectable was not a risk for HCC related death; extended OLT criteria affected
long-term survival.
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1. Background

Hepatocellular carcinoma (HCC) is the most common

liver cancer, accounting for 90% of all liver cancer

cases [1]. Chronic hepatitis B infection (CHB) is the

leading cause of HCC and liver-related death in Asia.
Orthotopic liver transplantation (OLT) is a curative

procedure for patients with HCC who meet Milan

criteria. Even so, HCC might be recurrent. Tumour

characteristics, such as alpha-fetoprotein (AFP) con-

centration, tumour diameter, macrovascular invasion,

and extended OLT criteria, are established risk factors

for HCC recurrence [2,3]. In Asia, the most common
aetiology of HCC is CHB infection. A serum hepatitis B
virus DNA (HBV DNA) level is correlated with the risk
of HCC [2,4,5], and serum HBV DNA detectable and
HBV DNA >2000 IU/mL are risk factors for HCC recur-
rence after hepatectomy [4,6,7]. Whether preoperative
HBV DNA status is a risk for HCC recurrence after OLT
is unclear, therefore, we recruited patients with HCC
who had OLT from a referral medical centre and
explored risk factors for HCC recurrence and charac-
teristics of patients with HCC and detectable
HBV DNA.
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2. Methods

2.1. Study design

We conducted a retrospective study of patients with
HCC who had OLT at the fifth medical centre of
Chinese people’s liberation army general hospital from
January 2015 to February 2019 and collected data
from the electronic medical records system of this
hospital. Patients were grouped into preoperative
detectable and undetectable HBV DNA, post-OLT HCC
recurrence, and non-recurrence. The liver transplanta-
tions performed in this study were all deceased classic
OLT. All organs were from donors. This study protocol
conformed to the ethical guidelines of the 1975
Declaration of Helsinki.

2.2. Study population

All patients with HCC who underwent liver transplant-
ation met the following inclusion criteria:

1. Consecutive patients underwent liver transplant-
ation in our hospital from January 2015 to
February 2019.

2. Diagnosis with HCC based on the liver pathology,
imaging, and AFP concentration.

3. Age 18-70 years.

Patients were excluded who met the follow-
ing criteria:

1. Combined with other organ transplantation.
2. Cholangiocarcinoma or combined with other

malignant tumours.
3. Incomplete follow-up data.

2.3. HCC diagnosis

All patients were diagnosed with HCC before OLT. The
HCC diagnosis was based on liver pathology, imaging,
and AFP. After OLT, diagnosis with HCC recurrence
was following the Barcelona Clinic Liver Cancer diag-
nostic criteria [2].

2.4. The status of HBV DNA

Undetectable HBV DNA was defined as <20 IU/mL by
a sensitive polymerase chain reaction assay, and
detectable HBV DNA was more than 20 IU/mL.

2.5. Liver transplant criteria for HCC

Most of the patients in our study met the following
OLT criteria.

Milan criteria: (1) single tumour diameter � 5 cm,
(2) multiple tumour nodules � 3, and each nodule �
3 cm, and (3) no vessels invasion and no metastases.

Up-to-seven criteria: a number of tumours plus the
total tumour diameter � 7, no vessel invasion, and
no metastases.

Hangzhou criteria: (1) no major vascular invasion or
extrahepatic metastasis, (2) total diameter of tumours
�8 cm or >8 cm with preoperative AFP � 400 ng/mL,
and histological studies with high or moderate
differentiation.

2.6. Immunosuppression regimen

All patients received tacrolimus, mycophenolate mofe-
til, and prednisone after liver transplantation.
Prednisone was tapered and terminated one month
after liver transplantation.

2.7. Data collection

We screened the medical records in our hospital sys-
tem. Data included demographic information, HBV
DNA status, aetiology, and tumour characteristics such
as tumour size, number, total tumour diameter, pre-
operative AFP, and vascular invasion. We obtained
pre-OLT tumour size, number, total tumour diameter,
and microvascular invasion based on pathology.

2.8. Statistics

Continuous variables with normal distribution were
reported as the mean and standard deviation, and
non-normal distributions were reported as the median
and interquartile range. Categorical variables were
expressed as a percent. T-test and Mann-Whitney test
were used for comparing means or medians, and the
Chi-squared test was used for comparing categorical
variables. Logistic regression models were conducted
to obtain the association between detectable HBV
DNA, OLT criteria, and recurrence. A Kaplan-Meier ana-
lysis was used to assess overall survival (OS) and dis-
ease-free survival (DFS), and a log-rank test was used
to compare patient survival according to various trans-
plantation criteria. A p-value <.05 was considered to
represent significance. IBM SPSS 25 was used in
this study.
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3. Results

3.1. Characteristics of patients with HCC before
liver transplantation

Our hospital electronic medical records system identi-
fied 170 patients who underwent OLT for HCC from
January 2015 to February 2019. After the medical
record review, we excluded four patients who had
cholangiocarcinoma. One hundred and sixty-six
patients were recruited; 117 of them presented with
chronic hepatitis B infection, which accounted for
70.5% (n¼ 117). There were 146 (88.0%) men, with a
median age of 52.77 ± 0.65 years, and 20 (12.0%)
women, with a median age of 55.90 ± 2.76 years. The
median maximal tumour diameter was 3.0 (1.8, 5.0)
cm; the median tumour count was 1 (1, 2), and the
median AFP concentration was 9.9 (3.7, 88.6) ng/mL.
Of these patients with HCC, 60.8% had microvascular
invasion, and 15.1% had a macrovascular invasion.

3.2. Preoperative tumour characteristics were risk
factors for HCC recurrence, not CHB infection

During the median of 43months of follow-up, 31 out
of 166 (18.67%) patients had HCC recurrence. These
patients with HCC were classified into HCC recurrence
and non-recurrence after OLT. Patients with HCC
recurrence had larger maximal tumour size and a
greater tumour count, higher AFP concentration
(Figure 1), poorer TNM stage (p¼ .001), and higher
prevalence of vascular invasion (p< .001) than those
with non-recurrence. Preoperative CHB infection was
not a risk factor for HCC recurrence after OLT.

3.2.1. Preoperative serum HBV DNA was a risk fac-
tor for HCC recurrence in patients with CHB-HCC
CHB infection is a risk factor for HCC but not a risk for
HCC recurrence after OLT. HBV DNA detectable and
HBV DNA >2000 IU/mL are risk factors for HCC

Figure 1. Patients with HCC recurrence had advanced tumour characteristics and a higher proportion of preoperative HBV DNA
detectable than those with no recurrence. (A) Patients with HCC recurrence had higher AFP concentrations than patients who did
not experience recurrence (p<.001). (B) Patients with HCC recurrence had greater tumour numbers compared with patients who
did not experience recurrence (p¼.034). (C) Patients with HCC recurrence had a longer total tumour diameter than patients with-
out recurrence (p<.001). (D) In patients with HCC recurrence, 54.2% (n¼ 13) patients had preoperative detectable HBV DNA and
45.8% (n¼ 11) had undetectable HBV DNA. Patients with HCC recurrence had a higher proportion of preoperative detectable HBV
DNA than patients without recurrence (p¼.036).
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recurrence after liver resection. Whether they are risks
for HCC recurrence after OLT is unclear. Thus, we con-
ducted a subgroup analysis of 117 patients who had
HCC secondary to CHB infection.

Among these 117 patients with CHB-HCC; 42
(35.9%) patients presented with HBV DNA detectable,
13 (11.1%) patients with HBV DNA >2000 IU/mL.
During 43months follow-up, 24 (20.5%) patients had
HCC recurrence. These patients with CHB-HCC were
grouped into HCC recurrence (n¼ 24) and non-recur-
rence (n¼ 93) after OLT. Variables with p>.1 via uni-
variate analysis were included in the multivariate
analysis. HBV DNA >2000 IU/mL versus HBV DNA
detectable, AFP more than 200 ng/mL versus AFP level
had significant means in the multivariate analysis of
risk for HCC recurrence. Thus, HBV DNA >2000 IU/mL
(p¼ .004), BMI (p¼ .023), AFP more than 200 ng/mL
(p< .001), tumour counts (p¼ .050), maximal tumour
diameter (p< .001), macrovascular invasion (p< .001),
microvascular invasion (p¼ .014), TNM stage (p¼ .004),
and MELD score (p¼ .086) were included in the multi-
variate analysis.

Multivariate analysis showed that independent fac-
tors for HCC recurrence were maximal tumour diam-
eter (OR ¼ 1.38, 95% CI 1.09, 1.75, p¼ .009), HBV DNA
>2000 IU/mL (OR ¼ 8.35, 95% CI 1.40, 50.00, p¼ .020),
and macrovascular invasion (OR ¼ 11.35, 95% CI 2.25,
57.24, p¼ .003).

3.2.2. Patients with detectable HBV DNA had
advanced tumour characteristics before liver
transplantation
Tumour characteristics are risk factors for HCC recur-
rence, and patients with detectable HBV DNA had a
significantly higher proportion of HCC recurrence
(p¼ .036). Thus, we conducted subgroup studies to
explore tumour characteristics between patients with
detectable (n¼ 42) and undetectable (n¼ 75) HBV
DNA in the CHB-HCC setting.

Among these 117 patients with CHB-HCC, patients
with detectable HBV DNA had higher AFP concentra-
tion (p< .001), longer total (p< .001) and maximal
(p¼ .001) tumour diameter, poorer TNM stage
(p¼ .017), a higher percent of macrovascular invasion
(p¼ .014) and microvascular invasion (p¼ .029), and
higher MELD (p¼ .026) and Child scores (p¼ .039)
than those with undetectable HBV DNA (Figure 2 and
Table 1). Patients with detectable HBV DNA had
advanced tumour characteristics and had a higher
prevalence of HCC recurrence than those with
undetectable HBV DNA.

3.2.3. Patients with detectable HBV DNA before liver
transplantation had a higher proportion of
extended OLT criteria
Milan criteria are landmarks for OLT. The extended cri-
teria like “Up-to-seven” and Hangzhou criteria are pro-
posed for benefiting more patients from OLT but
might have higher risks of HCC recurrence and poorer
long-term survival. We performed the subgroups ana-
lysis to figure out whether patients with detectable
HBV DNA had a higher proportion of extended OLT
criteria than those with undetectable HBV DNA and
whether patients with extended OLT criteria had
higher risks for HCC recurrence than Milan criteria.

Patients with detectable HBV DNA had a higher
proportion of extended OLT criteria (54.8%) than those
with undetectable (28.0%; p¼ .011), which was con-
sistent with the results that patients with detectable
HBV DNA had advanced tumour characteristics than
those with undetectable (Figure 3(A)).

Patients with extended OLT criteria had higher risks
for HCC recurrence than Milan criteria. The prevalence
of HCC recurrence was 4.1% (3/73), 18.2% (2/12),
42.9% (9/20), and 83.3% (10/12) in patients with Milan
criteria (n¼ 73), beyond Milan and within “Up-to-sev-
en” (n¼ 12), beyond “Up-to-seven” and within
Hangzhou (n¼ 20), and beyond Hangzhou criteria
(n¼ 12), respectively (p<.001). These results showed
that extended OLT criteria had a statistically higher
prevalence of HCC recurrence (Figure 3(B)).

3.2.4. Extended OLT criteria affected long-term sur-
vival, not detectable HBV DNA
Patients with detectable HBV DNA had a higher pro-
portion of extended OLT criteria than those with
undetectable. However detectable HBV DNA was not a
risk for HCC-related death. For these 117 recipients
with CHB-HCC, the 4-year OS after liver transplantation
was 85.3%; DFS was 75.2%. Among these recipients,
14 (12.0%) patients had HCC-related death.
Multivariate analysis showed that preoperative serum
detectable HBV DNA was not a risk factor for HCC-
related death (OR ¼ 2.71, 95% CI 0.87–8.42). The inde-
pendent factors for death were AFP more than
200 ng/mL (OR ¼ 2.70, 95% CI 1.33–5.50) and macro-
vascular invasion (OR ¼ 12.57, 95% CI 3.25–48.62).

Patients with detectable HBV DNA did not affect
long-term survival. Patients with preoperative serum
detectable HBV DNA had no differences in OS
(p¼ .056) and DFS (p¼ .094) than those with
undetectable (Figure 4(A,B)) after OLT.

Patients with extended OLT criteria affected long-
term survival. Patients with different OLT criteria had a
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significant means in OS (p< .001) and DFS (p< .001;
Figure 4(C,D)). The OS was 96.1%, 90.0%, and 63.6%,
respectively, in patients within Milan criteria, beyond

Milan and within “Up-to-seven,” and beyond “Up-to-sev-
en” and within Hangzhou; and similarly, the DFS was
93.8%, 79.5%, and 46.5% respectively.

Figure 2. Patients with detectable HBV DNA before liver transplantation had advanced tumour characteristics. (A) Patients with
preoperative detectable HBV DNA had higher AFP concentrations compared to those with undetectable HBV DNA (p<.001). (B)
Patients with preoperative detectable HBV DNA had longer maximal tumour diameter compared to those with undetectable
(p<.001). (C) In patients with macrovascular invasion, 60% (n¼ 12) of them had preoperative detectable HBV DNA, and 40%
(n¼ 8) was preoperative undetectable HBV DNA. Patients with macrovascular invasion had a higher proportion of preoperative
detectable HBV DNA (p ¼ .014). (D) Patients with preoperative detectable HBV DNA had a higher MELD score than those with
undetectable (p¼.026). HBV DNA pos: HBV DNA detectable; HBV DNA neg: HBV DNA undetectable.

Table 1. Patients with detectable HBV DNA before liver transplantation had worse tumour
characteristics.

Groups

Variables HBV DNA neg (n¼ 75) HBV DNA pos (n¼ 42) p

Recurrence .036
0 64 (85.3%) 29 (69.0%)
1 11 (14.7%) 13 (31.0%)
BMI (Kg/m2) 24.2(22.4, 26.1) 24.7(22.5, 28.1) .264
AFP (ng/mL) 6.7(3.0,29.4) 82.3(8.3, 382.2) <.001
Tumour counts 1 (1, 2) 1 (1, 3) .166
Max tumour diameter (cm) 2.5(1.5, 3.6) 4.8 (2.5, 8.0) .001
Macrovascular invasion 8 (10.7%) 12 (28.6%) .014
Microvascular invasion 46 (61.3%) 34 (81.0%) .029

TNM stage <.001
Iþ II 78(83.9%) 12(50.0%)
IIIþ IV 15(16.1%) 12(50.0%)
MELD score 11.0 (8.0, 14.0) 14.0 (9.0, 24.0) .026
Child score 9.0 (8.0, 10.0) 10.0 (8.0, 11.0) .039

HBV DNA neg: HBV DNA undetectable; HBV DNA pos: HBV DNA detectable; BMI: Body mass index; AFP: alpha-fetopro-
tein; MELD: model for end stage liver disease.
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4. Discussion

CHB infection is a risk for HCC but not a risk for HCC
recurrence after OLT. We found that, in 117 patients
with CHB-HCC, patients with preoperative serum
detectable HBV DNA had higher AFP concentrations,
longer tumour diameter, a higher percent of macro-
vascular invasion, microvascular invasion, and poorer
TNM stage, and a higher proportion of extended OLT
criteria than those with undetectable HBV DNA. These
characteristics were risk factors for HCC recurrence.
Furthermore, preoperative serum HBV DNA >2000 IU/
mL was an independent risk factor for HCC recurrence
after OLT. However, HBV DNA detectable was not a
risk factor for HCC -related death and did not affect
long-term survival.

Patients with detectable HBV DNA had advanced
tumour characteristics and a higher proportion of HCC
recurrence. The reason might be detectable HBV DNA
per se promote tumour cell growth. Studies reported
that preoperative serum HBV DNA and Ishak hepatic

inflammation score are risk factors for HCC recurrence
after hepatectomy [4,6,7]. We found that hepatic
inflammation was not a risk factor for HCC recurrence
because patients had a normal liver function after
OLT. However, serum high HBV DNA load was still a
risk factor for HCC recurrence. Possibly, the binding of
HBV�protein to nuclear transcription factors pro-
motes tumour cell growth [8], and HBV infection indu-
ces liver progenitor cell activation and abnormal
genetic changes, resulting in malignant transformation
[9]. This possibility might explain why patients with
HBV DNA in our study had large tumour sizes, severe
tumour invasiveness, and advanced tumours. And this
present study suggests that antiviral treatment is
important, and HBV DNA undetectable is even better.
This is consistent with a randomized clinical trial that
showed that nucleotide/nucleoside analog treatments
decreased HBV-HCC recurrence [10]. Some studies
indicated that serum HBV DNA status is a more sensi-
tive criterion compared with HBV DNA titre in liver tis-
sues [8,11–15]. In this current study, we refer to serum
HBV DNA.

Patients with detectable HBV DNA had a higher
proportion of extended OLT criteria than those with
undetectable and extended liver OLT criteria had a
higher prevalence of HCC recurrence. Liver transplant-
ation is the optimal option for patients with HCC who
meet Milan criteria. Many extended criteria were pro-
posed to benefit more patients with HCC and are
adequate models to predict HCC recurrence and long-
term survival [16–21]. The proportion of extended liver
OLT criteria was 54.8% and 28.0% in patients with
detectable and undetectable HBV DNA, respectively.
Patients with extended liver OLT criteria (Up-to-seven,
Hangzhou, and beyond Hangzhou criteria) had a
higher prevalence of HCC recurrence (18.2%, 42.9%,
and 83.3%) than Milan criteria (4.1%).

HBV DNA detectable was not a risk for HCC-related
death and did not affect long-term survival, and
extended liver OLT criteria affected long-term survival.
Preoperative HBV DNA detectable was not a risk for
HCC-related death that might be partially due to the
use of high genetic barrier nucleos(t)ide analogue(s)
and HCC recurrence matter much to long-term sur-
vival. AFP and macrovascular invasion, which are risks
for death and components defined as extended OLT
criteria, affected long-term survival. In this study,
patients with detectable HBV DNA had no differences
in OS (p¼ .056) and DFS (p¼ .094) than those with
undetectable. Extended liver transplant criteria were
risk factors for HCC recurrence and long-term survival.
The 4-year OSs were 96.1%, 90.0%, 63.6%, and 57.1%

Figure 3. Patients with detectable HBV DNA before liver trans-
plantation had a higher prevalence of extended OLT criteria,
and extended OLT criteria had a higher prevalence of recur-
rence than Milan criteria. (A) There were 26% (n¼ 19), 33.3%
(n¼ 4), 55.0% (n¼ 11), and 66.7% (n¼ 8) preoperative detect-
able HBV DNA patients in Milan, beyond Milan within “Up-to-
seven” out of “Up-to-seven” within Hangzhou, and beyond
Hangzhou criteria, respectively (p¼.011). (B) The prevalence of
HCC recurrence was 4.1% (n¼ 3), 18.2% (n¼ 2), 42.9% (n¼ 9),
and 83.3% (n¼ 10) that was significantly different between
patients with Milan criteria, beyond Milan and within “Up-to-
seven” beyond “Up-to-seven” and within Hangzhou, and
beyond Hangzhou criteria, respectively (p<.001). �Beyond HZ:
Beyond Hangzhou criteria. HBV DNA pos: HBV DNA detectable;
HBV DNA neg: HBV DNA undetectable.

2218 D. ZHANG ET AL.



in patients who met the Milan criteria, exceeded Milan
criteria and met the “Up-to-seven” criteria, exceeded
the “Up-to-seven” criteria and met the Hangzhou crite-
ria, and exceeded Hangzhou criteria, respect-
ively (p< .001).

A limitation of this study was a moderate sample
size, and the study was retrospective. However, we
found that patients with detectable HBV DNA had
advanced tumour characteristics and higher preva-
lence of extended OLT criteria, and a higher propor-
tion of HCC recurrence, which suggested that antiviral
treatment for HCC should be performed, and
undetectable HBV DNA before OLT would be better.

5. Conclusions

Patients with preoperative serum detectable HBV DNA
had more advanced tumour characteristics and a
higher proportion of extended OLT criteria, and HCC
recurrence than those with undetectable, and HBV

DNA >2000 IU/mL was a risk for HCC recurrence after
OLT. Antiviral treatment for HCC should be performed,
and undetectable HBV DNA before OLT is necessary.
But for an urgent OLT, preoperative HBV DNA detect-
able did not affect long-term survival; extended OLT
criteria were affected.
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